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ABSTRACT
Background: Despite progress in reducing child mortality, preventable child deaths remain
a challenge in South Africa. Poor implementation of Integrated Management of Childhood
Illness (IMCI) guidelines has been well described, and the reported barriers to implementation
include a lack of user-friendly implementation tools.
Aim: To investigate whether an electronic decision support tool to strengthen IMCI imple-
mentation is acceptable to nurses, clinic managers and caregivers at primary care facilities in
KwaZulu-Natal, South Africa.
Methods: The electronic IMCI (eIMCI) software was tested in 15 health facilities in
uMgungundlovu district from May to July 2018. System use was tracked and qualitative
data obtained from three user groups. IMCI practitioners participated in questionnaires and
focus groups, operational managers in in-depth interviews and caregivers in exit interviews.
Results: Thirty-two IMCI practitioners, six operational managers and 30 caregivers were
included. Acceptance was high among caregivers and operational managers, albeit less
conclusive among IMCI practitioners whose eIMCI uptake indicated higher variability in
acceptance than the qualitative reports. Despite suboptimal staff deployment after training
and low baseline computer literacy levels, 3626 eIMCI records were captured across 12 sites
over 14 weeks, with a median of 19 records per facility per week. Practitioners’ indicators of
self-efficacy improved significantly (p < 0.05) post-implementation compared to baseline.
Seventy-six percent of caregivers reported a marked difference in experience compared to
previous consultations, emphasising the comprehensiveness and efficiency of care.
Conclusion: Uptake was promising and acceptance was good, with themes converging
across participant groups to highlight improved comprehensiveness and efficiency of service.
Limited computer literacy was the principal barrier to uptake. The next steps include incre-
mental scale-up with stronger mentoring and supervision components and evaluations to
assess the feasibility, effectiveness and cost-effectiveness of eIMCI implementation.

Abbreviations: CDSS: clinical decision support system; CHCs: community health centres; DoH:
Department of Health; eIMCI: electronic IMCI; eHealth: electronic health; EHR: electronic
health records; ICT: information and communication technology; IMCI: Integrated
Management of Childhood Illness; OM: operational managers; PHCs: primary healthcare
clinics; SA: South Africa; SSA: sub-Saharan Africa.
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Introduction

Despite progress in reducing child mortality, preven-
table child deaths remain a problem globally [1,2]. In
South Africa, under-5 mortality rates declined from
about 56/1000 live births in 2009 to 37–44/1000 live
births in 2015. However, the rate of reduction has
slowed down [3]. Integrated Management of
Childhood Illness (IMCI), a World Health Organization
(WHO) and United Nations Children’s Fund (UNICEF)
strategic programme for reducing child mortality, was
adopted by South Africa in 1998. IMCI aims to address
preventable and treatable causes of death and illness
in children under 5 years of age by improving

healthcare worker skills, strengthening health systems
and improving family and community practices. The
case management guidelines adopt an integrated
approach with algorithms of simple, evidence-based
and cost-effective interventions for managing com-
mon childhood illnesses in primary healthcare
settings.

Poor implementation of IMCI is well described,
both in South Africa [4,5] and globally [1,2]. In two
predominantly rural South African settings (KwaZulu-
Natal and Limpopo provinces), the majority of IMCI
assessments were found to be incomplete, incorrect
and lacking adequate counselling and advice [4]. Only
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12% of health workers consistently undertook assess-
ment for general danger signs and 18% for all main
symptoms. Nutrition status was assessed in 53% of
children, and two-thirds of poorly nourished children
received feeding assessment and advice. Less than
50% of children with severe conditions requiring hos-
pital admission were identified correctly.

Important barriers to effective implementation of
IMCI identified in the South African setting include
frequent staff rotation, inadequate supervision and
mentoring and a lack of user-friendly tools for imple-
mentation [1,5]. Health workers have said that they do
not feel fully competent after training, that they
receive little support and supervision and that correct
IMCI implementation is too time-consuming [6].

The challenges in implementing IMCI in South
Africa mirror those at a global level. Commonly
reported global barriers in implementing IMCI include
expensive training, poor literacy among health work-
ers, lack of political support and fragmented health
systems [1,2,7].

One of the global responses to these challenges
has been the introduction of electronic aids for IMCI
training and case management. A review of existing
electronic clinical decision algorithms (eCDAs) for
assessing febrile children concluded that these have
the potential to improve clinical management, includ-
ing more rational use of antibiotics [8]. Studies in
Tanzania report improved protocol adherence,
improved cure rates and reduced unnecessary anti-
biotic prescription in consultations where health
workers used electronic algorithms compared with
consultations with conventional IMCI case manage-
ment [9,10]. Although electronic tools for the imple-
mentation of IMCI have not been evaluated in South
Africa, a small study from the Western Cape found
superior performance by nurses using electronic algo-
rithms compared with those using paper-based
guidelines during IMCI training [11].

South African studies assessing user acceptability
of electronic aids for healthcare are scarce. In two
tertiary hospitals introducing electronic health records
(EHR), health workers reported good acceptance and
improvement in patient experience, patient informa-
tion and efficiency [12]. High initial acceptance fol-
lowed by poor uptake was reported for a mobile
tool for tracking multidrug-resistant tuberculosis
patients in a rural setting [13]. The implementation
of Tier.net, an electronic system to monitor and eval-
uate an antiretroviral treatment (ART) programme,
was described as complex and reliant on a strong
perceived benefit combined with adequate mentor-
ing and supervision [14].

User-friendly IMCI implementation tools and super-
vision systems are needed to strengthen the quality of
South African public child health services. Data on the
user acceptance of electronic tools for healthcare in

this setting are limited. Electronic IMCI (eIMCI) entails
electronic medical records for children which incorpo-
rate automated management algorithms and illustra-
tions, developed to facilitate comprehensive IMCI case
management. This study aimed to evaluate the
acceptability and uptake of eIMCI among healthcare
workers, clinic managers and caregivers in KwaZulu-
Natal, South Africa.

Methods

The study was undertaken in uMgungundlovu district
in the province of KwaZulu-Natal. A mixed-methods
approach was adopted to assess the acceptability to
coalface health workers, clinic managers and mothers
of children at primary healthcare facilities of the elec-
tronic IMCI (eIMCI) application. Primary study out-
comes included: (i) the quantitative description of
acceptability based on eIMCI uptake rates; (ii) the
qualitative description of eIMCI acceptability to IMCI
practitioners and clinic managers; (iii) the qualitative
description of eIMCI acceptability by caregivers of
children receiving primary healthcare.

Software development

eIMCI was developed and tested to improve the
implementation of IMCI by strengthening health
workers’ capacity to correctly and comprehensively
apply the IMCI guidelines. The software was designed
for desktop computers to comply with available hard-
ware in the Department of Health (DoH).
Development involved ongoing testing with IMCI-
experienced clinicians and focused initially on the
management of children aged 2 months to 5 years.
South African IMCI guidelines were coded into elec-
tronic algorithms with all essential elements being
mandatory and with pop-up messages for urgent
conditions (Appendix Figure 1), and with automation
of growth monitoring/Z-scores (Appendix Figure 2),
classifications and drug doses. Explanatory graphic
illustrations were included to enhance user-
friendliness (Appendix Figure 3). The software plat-
form also allowed for electronic medical records
(EMR), assessment summaries (Appendix Fig. 4), prin-
table referral letters and aggregation of the data into
routine registers and reports.

Study procedures and participants

Eligibility criteria for inclusion of health facilities
included primary care facilities, i.e. primary healthcare
clinics (PHCs) and community health centres (CHCs);
a clinic child headcount of at least 15 per day; access
to a computer in the IMCI consultation room; and at
least two IMCI-trained practitioners among the staff.
The sampling frame in uMgungundlovu district was
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insufficient for randomisation. Representation of dif-
ferent settings (rural, urban and peri-urban) was
ensured.

Three groups of study participants were recruited
on the basis that perspectives and experiences with
implementing eIMCI may differ between the following
groups of users/beneficiaries: IMCI practitioners,
operational managers (OM) and caregivers. IMCI prac-
titioners are professional nurses who have been
trained in primary healthcare and IMCI and whose
daily duties involve caring for sick children under
5 years of age. OM are senior nurses appointed to
oversee the day-to-day operation of primary care facil-
ities including financial, material and human resource
allocation, infrastructure, clinical care, health informa-
tion systems and performance. A caregiver was
defined as the person bringing a sick child to the
clinic, including a biological mother/father, another
relative, a neighbour or someone from an orpha-
nage/place of safety.

In each facility, two IMCI practitioners were identi-
fied by the clinic manager and selected (purposive
selection) if they fulfilled the following criteria: regis-
tered nurse, completed IMCI training, currently
assigned to the IMCI section and having practiced
IMCI for the last 6 months or more. Six OM were
included by random selection. Thirty caregivers from
six facilities were selected randomly after their child
had attended an eIMCI consultation.

Training and implementation

The implementing health workers attended a 3-day
training workshop in a computer laboratory. Training
included a brief IMCI update but focused on complet-
ing assessments of case scenarios using eIMCI.
Participants also worked in pairs to mimic real-life
consultations and practice maintaining focus on the
patient and caregiver whilst operating a computer.
Following the installation of eIMCI in the facilities,
support and mentorship were provided by the project
team which included weekly IT support calls, a peer
support cellphone texting group and 2–3-weekly IT
support visits. Four weeks after implementation, clin-
icians ran a troubleshooting workshop for all eIMCI
implementers.

Data collection and analysis

The baseline data collected included facility profiles
and baseline questionnaires for the implementing
IMCI practitioners. The uptake of eIMCI was tracked
throughout the implementation period. Although the
eIMCI software was designed for automatic synchroni-
sation with the central server, unresolved internet chal-
lenges at clinic level necessitated a manual solution
with the extraction of files from the computers during

site visits and subsequent data aggregation. Data ele-
ments obtained electronically included the number of
electronic records per practitioner/per facility, patient
age and the classifications rendered. Data collected
after implementation included IMCI practitioner follow-
up questionnaires and focus groups, in-depth inter-
views with OM and caregiver exit interviews. Pre- and
post-implementation questionnaires were structured
with graded responses (Likert scales one to ten) to
ascertain IMCI practitioners’ self-reported confidence
in applying IMCI case management in children; the
frequency with which they engaged in specific IMCI-
related care practices; and their confidence in using
computers. Post-implementation questionnaires had
additional questions to assess the impact of eIMCI
implementation on workflow, efficiency and quality of
patient care. Three focus-group discussions (each with
seven-to-ten practitioners) were conducted at a central
training venue by a paediatrician (DP) and a medical
officer (CJ). The in-depth interviews with OM were
conducted by the medical officer (CJ) at their respec-
tive clinics. Focus groups and in-depth interviews were
conducted in English, employed open-ended questions
with prompts and were recorded in field notes and on
flipcharts. Caregiver exit-interviews were conducted by
a field worker in the caregivers’ native language
(isiZulu), and were structured with open-ended ques-
tions and prompts to inquire about the caregiver’s
experience of the quality of clinical care, the quality
of interpersonal interaction, comparison with previous
consultations and perceived disadvantages and bene-
fits of eIMCI. The caregivers’ responses were captured
in field notes and translated into English by the field
worker.

Field notes were then transcribed into Microsoft
Excel and underwent manual content analysis by
two researchers independently. Differing interpreta-
tions were discussed to reach consensus on major
and minor themes. User acceptance (IMCI practi-
tioners and OM) was analysed according to pre-
determined themes of acceptability: efficiency, ease
of use, self-efficacy, impact on patient satisfaction and
impact on workflow, care processes and health sys-
tems. Beneficiary acceptance (caregiver interviews)
was analysed by identifying emergent themes and
quantifying their frequency of occurrence.

Quantitative data were captured in Microsoft Excel,
and Excel data analysis tools were used for summary
statistics. A censored regression (Tobit model) and levels
of significance were obtained using Stata 14.0.
Associations were considered statistically significant
when p < 0.05. A Tobit model was applied to estimate
how the facility and IMCI practitioner characteristics were
related to the number of eIMCI records per practitioner.
The Tobitmodel is a censored regressionmodel designed
to estimatemultivariate linear relationships when there is
either left or right censoring in the dependent variable.
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For some practitioners, there was no uptake of eIMCI.
However, if one were to consider their propensity for
uptake on a latent scale, even those capturing zero
records may vary in their inclination to use the system.
In this respect, the records are left-censoring in the
dependent variable at 0. With a limited number of facil-
ities (13), only the facility type was included as an expla-
natory facility characteristic in the estimations. IMCI
practitioner characteristics for the 32 participants
included age, qualifications, self-reported child caseload
per day and computer ownership or confidence rating in
using a computer.

Ethics

The study was approved by the uMgungundlovu
Health Ethics Approval Board, the uMgungundlovu
Health District Management and KwaZulu-Natal
Department of Health. All groups of participants
signed informed consent before participation.

Results

Characteristics of eIMCI implementation facilities and
IMCI practitioners

Of the 15 facilities identified for inclusion, 12 were PHCs
and three were CHCs. Thirteen facilities (11 PHCs and
two CHCs) had some uptake of eIMCI, five (39%) of
which were rural, six (46%) peri-urban and two (15%)

urban. During the study period, themedian (range) daily
clinic headcount (children and adults) was 169 (100–-
605) and the median daily child headcount was 24 (11–-
72). The median child caseload per nurse was 18
(11–27), of which approximately 3% had a severe classi-
fication requiring urgent referral. Although the median
daily clinic headcount (CHC 564, PHC 167) and median
daily child headcount (CHC 70, PHC 22) differed by
facility type, the median daily total caseload (children
and adults) per nurse (CHC 20, PHC 19) andmedian daily
child caseload per nurse (CHC 18, PHC 18) were compar-
able. The proportion of children in the overall daily
headcount ranged from 8% to 18% with a median of
13%. Key facility and practitioner characteristics are
summarised in Table 1.

Thirty-two IMCI practitioners participated, 30 of
whom were female. The majority (95%) of nurses
were older than 30 years. Few (21%) owned a compu-
ter. Many had access to a computer but used it infre-
quently (56% reported less than once a month). The
majority of nurses were IMCI-trained and had prac-
ticed IMCI for more than a year.

Adoption and uptake

Six facilities (40%) had a functional computer in the
IMCI consultation room and began to implement
eIMCI in early May 2018. The remaining clinics com-
menced implementation once computers became

Table 1. Facility and participant baseline characteristics.
Characteristic Category n (%)

eIMCI implementation facility characteristics (n = 13)
Type of facility PHCa 11 (85)

CHCb 2 (15)
Setting Rural 5 (39)

Peri-urban 6 (46)
Urban 2 (15)

Facility child under-5 years caseload per nurse daily <20 8 (62)
20–25 4 (31)
>25 1 (8)

Facility overall patient caseload per nurse daily <25 7 (54)
≥25 6 (46)

IMCI practitioner characteristics (n = 32)
Characteristic Category n (%)
Practitioner age, y <30 2 (6)

30–50 22 (69)
>50 8 (25)

Owns a personal computer Yes 7 (22)
No 25 (78)

Frequency of computer use Never before 8 (25)
Less than once a month 10 (31)
1–4 times per month 4 (13)
2–6 times per week 8 (25)
Every day 2 (6)

Qualifications
(IMCI training; PHC training)

IMCI 9 (28)
IMCI + PHC 16 (50)
PHC 4 (13)
Basic nursing only 3 (9)

Self-reported daily caseload of children (n = 31) <25 children/day 5 (16)
>25 children/day 26 (84)

Duration of allocation to IMCI/child health 6–12 months 9 (28)
1–3 years 15 (47)
>3 years 8 (25)

aPrimary healthcare clinics; bcommunity health centres.
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available. Consequently, the number of implementa-
tion weeks until the end of July varied from 2 to
14 weeks with a mean of 12 weeks. Two facilities did
not commence implementation at all owing to unre-
solved hardware and infrastructural problems. The
uptake could not be established at one facility in
which the records had not been saved. At one large
facility (CHC), the computer was out of order for
several weeks. Staff deployment to the IMCI section
after training was generally low. A quarter of the
nurses were not deployed at all, 14 (44%) were allo-
cated to IMCI every day and 10 (31%) were allocated
for 1–4 days per week. Four participants took several
weeks of leave during the study which limited their
exposure to eIMCI. However, six nurses who were not

initially included or trained in eIMCI requested and
were given login access, three of whom captured
more than 24 eIMCI records overall. Rated on
a Likert scale of one to ten, the average baseline
score for IMCI practitioners’ confidence in using
a computer was 4.2.

The uptake of eIMCI varied considerably between
the facilities (Figure 1). Overall, 3626 records were
captured across 12 sites from 30 May to
5 August 2018, with a median (range) number of
records per facility per week of 19 (0.5–78.0). Five
facilities (42%) captured a median of >30 records per
week, two facilities (17%) 10–30 records per week and
five facilities (42%) <10 records per week. Owing to
limitations in data collection, the proportion of sick

Figure 1. Electronic IMCI uptake per week per facility (F1–F12) from 30 April to 5 August 2018. Each subdivision in the stacked
columns represents one facility. The date of commencing implementation varied between facilities. IQR, Interquartile range
(middle 50%).

Table 2. Tobit estimation of number of eIMCI records per IMCI practitioner divided by implementation weeks.
Tobit regression Coefficient 95% CI p-value Coefficient 95% CI p-value

Facility characteristics
PHC facility (CHC = 0) 13.532 5.139–21.926 0.003 12.601 3.237–21.965 0.01

IMCI practitioner characteristics
Reported caseload per day −2.948 −7.546–1.650 0.19 −3.362 −6.917–0.193 0.06
Age −0.314 −0.666–0.0388 0.080 −0.100 −0.528–0.327 0.63
Owns PC (does not own PC = 0) 15.286 2.736–27.837 0.019
Confidence using a PC (scale 1–10) 3.302 0.763–5.840 0.01

Qualification (PHC & short courses = 0)
Basic nursing −9.29 −24.060–5.482 0.21 −13.263 −28.898–2.374 0.09
Post basic/PHC 4.13 −11.909–20,169 0.60 2.500 −11.009–16.010 0.71
Basic + short courses 8.38 −10.176–26.940 0.36 9.719 −3.532–22.970 0.14

Constant 24.27 −3.595–52.130 0.08 7.899 −25.223–41.022 0.63
Observations 32 32
F statistics (p-value) 8 (<0.0001) 10 (<0.0001)

Standard errors are clustered as there is more than one IMCI practitioner per facility. Coefficient: A 1-unit increase in the independent variable is
associated with an X unit increase (+ve) or decrease (-ve) in the number of eIMCI records per IMCI practitioner per week. As the sample size is small
and the results sensitive, the magnitude of the coefficients must be interpreted with caution. Tobit regression is left-censored at 0.
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children per facility assessed by eIMCI could not be
ascertained. However, the weekly median eIMCI pro-
portion of total under-5 years child visits (sick and
well child) ranged from 0 to 80% across facilities,
with a median of 13% (>30% in three facilities,
10–30% in three facilities and <10% in six facilities).

eIMCI exposure was defined as the number of records
captured per nurse during the study and eIMCI uptake as
the number of records captured per week. Seven nurses
(22%) had high exposure (>100 records), eight (25%) had
intermediate exposure (10–100 records) and17 (53%)had
low or no exposure to eIMCI (<10 records). When the
participants with very low exposure to eIMCI were
excluded, the median (range) number of records cap-
tured per week was 10 (2–62). Four nurses (29%) had
a high uptake (>25 records/week), six (43%) had an inter-
mediate uptake (5–25 records/week) and four (29%) had
a low uptake (<5 records/week). The participant with the
highest uptake (62 eIMCI records perweek) captured over
800 records during the study.

Table 2 shows that, compared with CHCs, signifi-
cantly (p < 0.05) more records were captured in PHC
clinics by IMCI practitioners who either owned
a computer or whose self-reported confidence using
a computer was higher (p < 0.05). There was a weakly
significant negative association (p < 0.1, column 4)
between the number of records captured and the self-

reported caseload per day (the higher the child case-
load, the lower the eIMCI uptake).

Self-reported indicators of self-efficacy

Significant improvements (post- compared with pre-
implementation) were observed in practitioners’ self-
reported indicators for (i) confidence in applying IMCI
case management in children; (ii) frequency of IMCI-
related care practices; and (iii) confidence in using com-
puters. For specific IMCI-related care practices, signifi-
cantly higher scores (p < 0.05) were seen for the
frequency of evaluating mothers’ health, assessing for
non-presenting symptoms, feeding assessment, growth/
nutrition assessment and HIV screening (Table 3). There
were no significant increases in the self-reported fre-
quency of providing counselling to caregivers or TB
screening.

User acceptability: IMCI practitioners and operational
managers

In structured interviews, five of six OM reported that
eIMCI was easy to accommodate within the daily
staff allocation and clinic workflow. One OM reported
that eIMCI had been a challenge to accommodate
and that they were still completing paper-based

Table 3. IMCI practitioner indicators measured before and after eIMCI implementation.

Before After Difference
p-value

(one sided t-test) n (practitioners)

Confidence in IMCI/managing children
Likert scale rating:
1 = Cannot do at all
5 = Moderately confident
10 = Highly confident

Using IMCI guidelines 8.47 9.00 0.53 0.06 32
Green classifications 8.56 9.28 0.72 0.01 32
Yellow classifications 8.53 9.25 0.72 0.00 32
Red classifications 8.25 9.06 0.81 0.01 32
Green treatments 8.56 9.34 0.78 0.01 32
Yellow treatments 8.41 8.97 0.56 0.03 32
Red treatments 8.38 9.09 0.72 0.02 32
Urgent referrals 8.53 9.06 0.53 0.09 32
Average across 8 indicators 8.46 9.13 0.67 0.01 32

Self-reported frequency of practices
Likert scale rating:
1 = Never
5 = Sometimes
10 = Always

Assessing for non-presenting symptomsa 7.63 8.52 0.89 0.01 31
Growth/nutritionb 8.23 8.97 0.74 0.00 31
Feeding assessmentc 7.59 8.50 0.91 0.01 32
HIV screeningd 8.59 9.22 0.63 0.04 32
TB screeninge 8.88 9.00 0.13 0.32 32
Counselling of caregiverf 8.53 8.56 0.03 0.46 32
Mother’s healthg 7.06 8.34 1.28 0.00 32
Average across 7 indicators 8.07 8.73 0.66 0.00 32

Average confidence in PC use
Likert scale rating:
1 = Cannot do at all
5 = Moderately confident
10 = Highly confident

4.15 6.50 2.35 0.00 32

Self-reported frequency of practices was graded from one to 10, where one represented a practice never done, five represented a practice done for
about half of children seen and 10 represented a practice done for every child. aAssessing for non-presenting complaints involves screening for danger
signs and the main symptoms: cough, difficult breathing, diarrhoea, fever, ear pain and throat pain; bgrowth/nutrition refers to making a full
nutritional status assessment, including assessing growth and growth trends, mid-upper-arm circumference and checking for oedema of the feet;
cfeeding assessment includes asking about the type, amount and frequency of fluids and food given to the child—this should be done for children
under 2 years of age and all children with anaemia or growth faltering; dHIV screening involves enquiring about HIV test results and doing
symptomatic screening; eTB screening entails using a standardised TB symptom questionnaire; fcounselling caregiver includes giving advice on how to
provide home care including prescribed treatments, age-appropriate feeding and when to return; gmother’s health refers to making a general inquiry
regarding the caregiver’s health with appropriate management and counselling.
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records for each child. All six OM reported that no
extra human resources or OM support time had been
required. Two said that eIMCI had led to less fre-
quent staff rotation and two mentioned a reduced
need for clinical supervision. Apart from a computer,
no additional material resources were needed for
implementation. All six OM reported an initial cost
in time (a period when consultations took longer)
before the nurses became familiar with working on
a computer, although the duration of this period
varied between facilities.

IMCI practitioners and OM were asked to describe
their experience in implementing eIMCI, including
important disadvantages/barriers and benefits/facilita-
tors. Commonly reported disadvantages and implemen-
tation barriers included limited computer literacy,
unavailability of computers, staffing numbers and work-
load challenges. Concerns were raised around disrup-
tion of communication with the patients and potential
reliance on the eIMCI system.

Major themes describing the benefits and enabling
factors of eIMCI (Table 4) included ease of use/user-
friendly interface, improved efficiency, completeness
and correctness of care, increased health worker con-
fidence, a boost in caregiver satisfaction and health
system benefits such as improved waiting times,
reduced errors, better antibiotic stewardship,
improved consistency of health messages and simpli-
fied recording and data management. Most OM
reported that the eIMCI process provided clarity and

understanding and that this increased the nurses’
confidence in general, particularly in providing treat-
ment and health education messages. One OM stated
that her IMCI practitioner had become excellent with
children and had begun to teach other staff how to
care for children using eIMCI.

Beneficiary acceptability: caregivers

Exit interviews were conducted with 30 caregivers, 23
(76%) of whom found the eIMCI consultation to be
different from previous experiences. However, all 30
(100%) reported that there were no disadvantages of
eIMCI, that the computer was not a barrier to com-
munication and that they would like the programme
to continue. Table 5 shows the major themes which
emerged during the caregiver interviews and the fre-
quency of their occurrence for each interview
question.

Comprehensiveness and efficiency were common
themes in the mothers’ descriptions of differences
between eIMCI and previous consultations. A more
comprehensive and holistic experience was reported
by most caregivers using words such as ‘thorough
service’, ‘everything was covered’, ‘a lot more ques-
tions asked’, ‘asked questions in detail’ and ‘physical
check’. A few caregivers noted that the nurses now
seemed calmer and more patient, taking more time to
listen, using words such as ‘attentive’, ‘patient’, ‘lis-
tened well’, ‘explained well’, ‘able to explain so

Table 4. Major benefits and disadvantages of eIMCI identified by users.
IMCI practitioners (n = 32) Operational managers (n = 6)

1. Major benefits and facilitators
● Increased self-efficacy.
● Improved completeness and correctness of care: nutrition, HIV, TB, drug

doses.
● Improved client satisfaction and meeting expectations.
● Health systems benefits:

○ Ease of use, less writing.
○ Improved efficiency.
○ Better antibiotic stewardship.
○ Consistency of health messages.

● Improved staff competence.
● Less supervision needed.
● Boost in caregiver satisfaction.
● Health systems benefits:

○ Patient safety/reduced errors.
○ Improved standards for care.
○ Simplicity/automated process.
○ Efficiency/reduced waiting times.
○ Better antibiotic stewardship.
○ Improved record-keeping, referrals, data management.

2. Key disadvantages and barriers
● Initial time cost to gain computer literacy/become familiar with software.
● Self-efficacy: potential reliance on eIMCI.
● Hardware: limited access to computers.
● High workload.
● Not deployed to IMCI after training.

● Initial time cost to gain computer literacy/become familiar with
software.

● Staff competence: potential reliance on eIMCI.
● Hardware: limited access to computers.
● Workload and staffing challenges.

Table 5. Key themes from caregiver interviews (n = 30).
Theme number 1 2 3 4 5

Key themes: no. of times mentioned per interview question Completeness Service change Communication Efficiency Medical records
1. Quality of clinical care 22 2 11 2 0
2. Quality of interpersonal interaction 8 3 28 0 0
3. Comparison with previous experiences 16 23 6 9 4
4. Benefits of eIMCI 16 24 5 12 9
5. Weighing benefit vs disadvantages 12 14 14 8 9

Sum occurrences 74 66 55 31 22
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I understood’, ‘able to help me understand how my
child is growing’ and ‘more information given’. IMCI
elements highlighted as new or improved practices
included triage/danger signs, nutrition and feeding
assessment/counselling, preventive treatment, HIV
screening, TB screening and more information and
health education. Improved efficiency of service was
described using terms such as ‘quicker’, ‘faster than
before’ and ‘we normally wait long, even for the files’.
Sample caregiver quotes are listed in Table 6.

Additional caregiver themes were relating to ser-
vice transformation and electronic medical records.
Some mothers expressed gratitude for a ‘changed
service’, ‘improvement’ and ‘transformation’, being
helped with ‘what I did not think of as a concern’
and receiving ‘more than I came for’. The change
also related to experiencing the care process as
being more provider-driven rather than guided only
by what the mother remembered or reported.

Most caregivers recognised the value of electronic
medical records to improve the availability and safety
of patient information and enhance continuity of care.
Terms describing this aspect included ‘When I come
back there will be a good history’, ‘unlike the files that
get lost’, ‘the child’s information is kept well’ and
‘information for future reference’.

Discussion

Electronic IMCI, a computer-based software system,
was developed and implemented in 15 primary care
facilities in uMgungundlovu District, KwaZulu-Natal to
strengthen the implementation of IMCI. This study
describes its uptake and the qualitative indicators of
its acceptability to IMCI practitioners, OM and
caregivers.

During the 14 week study period, 3626 eIMCI
records were captured in 12 facilities, with wide varia-
bility in uptake. Factors that contributed to lower
uptake included unavailability of computers, non-
allocation of trained staff, low computer literacy, the
time required to become familiar with the software,

inadequate mentoring and supervision, high self-
reported workload and staff perceptions of the extra
workload required to provide a comprehensive
service.

The study observed sub-optimal staff deployment
after training (with only 44% of nurses allocated full-
time to IMCI), a previously well described obstacle to
effective implementation of the programme in South
Africa [5]. The baseline characteristic most strongly
related to uptake (p < 0.05) was confidence in using
computers, suggesting that a minimum level of com-
puter literacy is required for effective uptake of eIMCI.
The trend towards increasing uptake over time might
indicate that implementation becomes more accepta-
ble to practitioners when computer literacy improves.
The uptake was also significantly greater at PHC
clinics than at CHCs but, given the small number of
CHCs in the sample, it was not possible to establish
the reasons for the difference. It could not be
explained by the workload because the median child
caseload per nurse did not vary with the type of
facility. A weaker association (p < 0.1) was seen
between higher self-reported daily child caseload
and lower eIMCI uptake rates. Practitioners with
higher self-reported caseloads (perceived or real)
might thus be reluctant to adopt a new system or it
might reflect reluctance to implement IMCI guidelines
comprehensively. In line with previous studies [14],
the findings suggest that adequate mentoring and
supervision are essential to successful implementation
of the programme. Yet the capacity and structure for
mentoring and support often remain inadequate in
real-life settings, unless provided by externally funded
non-government agents.

Although South African literature on the accept-
ability of electronic health information systems is
scarce, the reported good acceptability with variable
uptake is consistent with previous evaluations of elec-
tronic medical records, monitoring systems and
mobile tools at community, clinic and hospital level
[12–14].

The performance of health workers was not evalu-
ated objectively in this study. However, self-reported

Table 6. Caregiver quotes.
‘It was faster than before and more questions were asked.’
‘They asked questions well and also physically examined the child. The nurses are very professional.’
‘I got helped. He even reminded me of my overdue PCR test that I had forgotten.’
‘This visit was outstanding because I got help even for what I did not think of as a concern. It was good to see him log information on the computer.
It will help with follow-up and keeping the information up-to-date. Paper-based files sometimes get lost.’

‘It saves time and I got a lot of information about my child’s health.’
‘I see change, even with the queue, and the level of service is high.’
‘The service has improved. There will now be a good history of the child in the computer—as opposed to before when they only relied on what the
mother reported.’

‘Today there was more care and thorough service, unlike before when less information was covered and they seemed exhausted.’
‘The time spent is short, and there will always be a history of the child when I come to the clinic. I am happy that there is transformation and
improvements brought to us in our rural setting.’

‘There were more benefits. Like before, when they were using paper (records), there were some questions that were not asked, e.g. history of TB at
home and my (HIV) status as well as the child’s status.’

‘With today’s service I can only hope that this system will be used in all clinics as it is helpful to us and our children.’
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indicators of confidence and comprehensiveness in
applying IMCI case management were assessed, with
significant improvements (p < 0.05) in the study per-
iod. Because of the non-experimental design of the
study, it was not possible to determine whether these
changes were the result of eIMCI implementation, the
training or a Hawthorne effect. If the changes in
responses had been owing to implementing the
eIMCI, one would expect to see significant positive
linear relationships between uptake and change in
the self-reported measures. Such linear relationships
were not seen. Interestingly, the IMCI practitioners’
self-reported performance at baseline was high with
an average rating of 80% for the comprehensiveness
of guideline application. This is inconsistent with
observed IMCI protocol adherence in our context,
reported to be <20% [4]. Nevertheless, an overall
positive shift in self-reported indicators over time
could signal practitioners’ increased confidence in
their ability to provide a comprehensive service, i.e.
improved self-efficacy.

Other studies evaluating the implementation of
IMCI-based electronic algorithms in resource-limited
settings have reported better protocol adherence and
treatment outcomes than conventional paper-based
case management [8–10]. Although the study was not
comparative, the themes highlighted by the three par-
ticipating groups included improvement in the com-
prehensiveness, correctness and efficiency of care.
Previously reported benefits of electronic algorithms
in reducing the over-prescription of antibiotics were
also confirmed in this study by qualitative data from
IMCI practitioners and OM.

Similar major themes occurred in IMCI practitioner
focus groups and OM interviews, with the benefits of
eIMCI outweighing the barriers and disadvantages.
However, its variable uptake indicates that the accept-
ability to practitioners might have been less than that
reported in the focus groups. This might reflect
response bias, e.g. socially desirable or acquiescent
responding [15,16] leading practitioners to underreport
their lack of confidence in using computers, staffing
problems and other implementation barriers.
Participants were encouraged to express a diversity of
perspectives. However, within a DoH (employer)-
endorsed programme, discussion might not have
been frank if practitioners thought that their responses
could affect their work relationships or job security.

Acceptance by OM was generally good. Major
themes included improved efficiency and comprehen-
siveness of care with no additional resources required
for implementation. The same benefits were acknowl-
edged also by caregivers whose responses to the
programme were overwhelmingly positive. Thus,
there was strong convergence across the three parti-
cipant groups with themes alluding to the potential
efficacy of eIMCI in improving IMCI implementation.

The strengths of the study include the triangula-
tion of data sources which enabled cross-verification
of qualitative data elements. Incorporating eIMCI
uptake as a quantitative measure also allowed for
more objective assessment of acceptability than qua-
litative data alone. There were several study limita-
tions. Challenges in obtaining data on non-eIMCI
consultations prevented comparison between eIMCI
and non-eIMCI consultations. A delay in server imple-
mentation inhibited the continuous real-time aggre-
gation of uptake data. During the facility selection,
randomisation was not possible owing to an inade-
quate sampling frame, which might have introduced
selection bias. The participant sample size was small
and the evaluation timeframe relatively short
(14 weeks). Outcomes might have been different if
the timeframe had been longer.

The eIMCI was evaluated in a district with limited
infrastructure for information and communication tech-
nology (ICT). The results might not be generalisable to
settings in which the ICT infrastructure is non-existent
or is fully functional. The nature and degree of health
system challenges in this setting were, however, com-
parable to those commonly seen elsewhere in South
Africa and other resource-limited settings.

There was good acceptance of the eIMCI intervention
by caregivers and OM at primary care clinics. The extent
of acceptance by IMCI practitioners was less clear, and
eIMCI uptake rates indicated greater variability in accep-
tance than the qualitative data would suggest. Major
themes converged across the three participant groups
to highlight improved comprehensiveness and effi-
ciency of service. Limited computer literacy was the
principal barrier to uptake. The next steps would include
an incremental scale-up with stronger mentoring and
supervision as well as evaluation of the feasibility, effec-
tiveness and cost-effectiveness of implementing eIMCI.
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