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Background Despite progress made over the past twenty years, child mortality remains
high, with 5.3 million children under five years having died in 2018 globally. Pneumonia,
diarrhoea, and malaria remain among the commonest causes of under-five mortality; con-
tributing 15%, 8%, and 5% of global mortality respectively. Recent evidence shows that
integrated community case management (iCCM) of pneumonia, diarrhoea, and malaria
can reduce under-five mortality. However, despite growing evidence of the effectiveness
of iCCM, there are implementation challenges, especially stock out of iCCM commodi-
ties and inadequate supportive supervision of community health workers (CHWs). This
study aimed to address these two key challenges to successful iCCM implementation by
using mobile health (mHealth) technology.

Methods This cluster randomised controlled trial compared health centre catchment ar-
eas (clusters) where CHWs and their supervisors implemented mHealth-enhanced iCCM
supportive supervision and supply chain management vs clusters implementing iCCM as
per current Zambian guidelines. CHWs in intervention clusters used community DHIS2
platform on mobile phones to report on a weekly basis children with iCCM conditions
and make requisitions for iCCM commodities. Their supervisors received electronic re-
ports on disease caseloads and monthly automated supervision reminders. The super-
visors on receipt of requisitions, organized the medical supplies and notified CHWs for
collection. Intention-to-treat analysis on the primary outcome, the percentage of children
aged 2-59 months receiving appropriate treatment for malaria, pneumonia, or diarrhoea
from an iCCM trained CHW, was performed using a generalized linear model. Prevalence
ratios and 95% confidence intervals comparing the prevalence of appropriate treatment
in the intervention and control groups were calculated using log binomial regression with
an exchangeable correlation matrix, adjusted for clustering by health facility.

Results In the intervention clusters, 61.3% (98/160) of expected monthly supervision
visits took place vs 52.0% (78/150) in the controls. A total of 3690 children 2-59 months
old presented with malaria, diarrhoea, or pneumonia. In the intervention group, 65.9%
(1,252/1,899) of children received appropriate care for iCCM conditions, compared to
63.3% (1,134/1,791) in the control group. The mHealth intervention was associated with
18.0% improvement in supportive supervision and 21.0% increase in appropriate treat-
ment for pneumonia; these changes were not statistically significant. There was a 2-3-
fold increase in the proportion of CHWs receiving supplies ordered: prevalence ratios
ranged from 2.82 (confidence interval (CI)=1.50, 5.30) to 3.01 (95% Cl=1.29, 7.00)
depending on the particular commodity.

Conclusion This study was unable to determine whether using mHealth technology
would strengthen supervision and supply chain management of iCCM commodities for
community-level workers. There was no statistically significant effect of mHealth en-
hanced iCCM on appropriate diagnosis and treatment for children with malaria, pneu-
monia, and diarrhoea in rural Zambia. Longer term longitudinal studies are required
to determine the impact of mHealth enhanced iCCM on health outputs and outcomes.
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Globally, child mortality remains high; with an estimated 5.3 million deaths of children under 5 years
in 2018; 3.3 million of these deaths were from sub-Saharan Africa [1]. Close to a third of all under-five
deaths globally are due to pneumonia (15%), diarrhoea (8%), and malaria (5%) [1].

In resource-limited countries, access to health facilities for prompt and appropriate management of these
diseases is often complicated by shortages of essential medicines and insufficient human resources. iCCM
has been increasingly adopted as a comprehensive, equity-based strategy that complements and extends
the reach of public health services by providing timely and effective treatment of malaria, pneumonia and
diarrhoea to populations with limited access to facility-based health care providers, and especially chil-
dren under five years of age [2,3]. In June 2012, the World Health Organization (WHO) and the United
Nations International Children’s Education Fund (UNICEF) issued a joint statement supporting iCCM to
improve access for the poorest, most underserved children to treatment for these diseases [4].

As part of iCCM, CHWs are trained and supplied with appropriate medicines and diagnostic tools, and
receive supportive supervision to correctly diagnose children presenting with fever and treat them for
malaria, pneumonia and diarrhoea, using artemisinin-based combination therapy (ACT), oral antibiot-
ics, oral rehydration salts and zinc. The iCCM approach incorporates WHO’ recommendation that all
suspected malaria cases undergo diagnostic testing prior to treatment [5]. Following a diagnostic algo-
rithm, all patients are screened for the three diseases and treatment is administered based on the results
of the examination and diagnostic testing that includes malaria rapid diagnostic tests (mRDTs), disease
history and respiratory rate timers. The availability of high-quality mRDTs has made testing for malaria
at the community level possible [6].

The iCCM strategy, especially when mRDTs are used properly, offers several benefits, including early access
to appropriate treatment for malaria and pneumonia [7,8], reduction in the inappropriate use of expen-
sive antimalarial drugs [8,9], increased care seeking in the community through increased caretaker trust
in adequate treatment from CHWs [10,11], and reductions in health centre attendance of uncomplicated
cases that help to reduce the workload at primary health care centres (task-shifting) [11,12].

Despite growing evidence of the effectiveness of iCCM, there are gaps in knowledge on optimal implemen-
tation approaches. One major challenge to the effectiveness of iCCM is the frequent stockout of drugs and
commodities such as mRDTs [13]. In addition, supportive supervision of CHWs is an important bottle-
neck to effective iCCM implementation. Insufficient supervision adversely impacts quality of care as well
as health worker motivation and retention [14,15]. A recent pilot evaluation of the community health
assistant (CHA) strategy in two districts of Zambia highlighted the importance of the availability of drugs
and supplies and supervision to improving access to treatment of malaria, diarrhoea, and pneumonia in
children under five years [16].

Diarrhoea, malaria and pneumonia are among the commonest causes of morbidity and mortality in Zam-
bia. Overall, 2% of children under age 5 showed symptoms of an acute respiratory tract infection (ARD),
16% exhibited fever, and 15% experienced diarrhoea in the 2 weeks preceding the survey [17]. Malaria
remains endemic in all ten provinces, with the entire population considered to be at risk. Health Man-
agement Information System (HMIS) data show a steady increase in annual confirmed malaria cases from
23258581in 2011 to 5503010 in 2017 [18].

In order to deal with the challenge of these three diseases (diarrhoea, malaria, and pneumonia) Zambia has
been implementing the integrated management of childhood illness (IMCI). There are two components
to the strategy: facility IMCI and community IMCI (cIMCI). The latter is also called iCCM of diarrhoea,
malaria, and pneumonia. iCCM is implemented by trained CHWs who diagnose and treat diarrhoea with
zinc and oral rehydration salts (ORS), malaria with artemether-lumefantrine, and pneumonia with oral
amoxicillin. The program started in May 2010 in one district and has been scaled to 78 districts and so
far, 6724 CHWs and 1114 supervisors have been trained in iCCM.

In a recent Child Health and Nutrition Research Initiative (CHNRI) exercise, experts both at headquarter
level and in the field identified 20 priority research questions for iCCM of which strategies to improve su-
pervision, motivation and retention of health workers were ranked highly [19]. Mobile health (mHealth)
innovations could offer potential solutions to redirect the immediate monitoring of stocks, at least in
part, to CHWs and away from central procurement systems. mHealth also has potential to improve the
frequency and quality of supervision and mentoring [20-22]. This potential, however, has not been fully
investigated to assess its impact on health outputs and outcomes. Several studies have been conducted on
mHealth technology and iCCM implementation. For example, a study in Malawi evaluated the effect of
mHealth technology to improve quality of iCCM care delivered by CHWs called Health Surveillance As-
sistants (HSAs). Although the study found that HSAs using mHealth technology tended to adhere better
to the iCCM guidelines than those using paper-based forms, there was no impact on treatment. The au-
thors therefore recommended more studies on mHealth to improve community-level quality of care [23].
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Another study conducted in Uganda assessed the impact of mobile phone deployment on iCCM effec-
tiveness in terms of appropriate treatment for diarhhoea, malaria and diarrhoea [24]. The study reported
that CHWs supported by mobile phones instituted ‘appropriate’ treatment in 97.1% of fever cases, 88.2%
of pneumonia cases, and 92.4% of diarrhoea cases, based on the algorithms which are a component of
iCCM training. None of the above studies, however, assessed the impact of mHealth technology on sup-
portive supervision and supply chain management as pathways or strategies to improving appropriate
treatment for the three iCCM conditions. Inadequate supportive supervision and ineffective supply chain
management of iCCM commodities remain key challenges to effective implementation of iCCM [25]. On
the other hand, onsite training and supervision of CHWs have been shown to improve clinical practices
[26]. The present study was therefore designed to evaluate strategies to improve a) supervision and qual-
ity of care using mHealth technology; and b) integration of iCCM logistics (diagnostics and drug supply)
at health facility and central levels to the supply system at the community level [27]. The overall aim was
to determine whether using mHealth technology to strengthen supervision and supply chain manage-
ment (commodities reporting and requisition) for community-level workers would result in improved ap-
propriate diagnosis and treatment for children with malaria, pneumonia, and diarrhoea in rural Zambia.

PAPERS

STUDY DESIGN AND METHODS

Design

This cluster randomised controlled trial compared the proportion of children aged 2-59 months who re-
ceived appropriate treatment of malaria, diarrhoea, and pneumonia between clusters where CHWs im-
plemented mHealth enhanced iCCM (intervention) and clusters where CHWs followed current standard
practices (control). A cluster was defined as a health centre/post, including all CHWs in its catchment
area that were providing iCCM, and all children 2-59 months old who presented with suspected malaria,
pneumonia, or diarrhoea to these CHWs.

In the control clusters, CHWs continued to submit paper-based disease aggregation reports and supplies
and requisition forms to the health facilities, and then collected their supplies accordingly. In terms of sup-
portive supervision, health centre staff conducted their routine quarterly supportive supervision, CHWs
were given children to diagnose while the supervisor observed and asked questions. Based on the super-
visor’s observation and responses from the questions asked, the supervisor then completed a paper-based
mentorship form and provided CHWs with feedback.

The intervention consisted of a mobile health (mHealth)-enhanced inventory management, supportive
supervision and mentorship approach.

Study sites

This project was implemented in Chipata and Chadiza districts in Eastern Province, Zambia, with pop-
ulations of 486500 and 92 300, respectively. Both districts have cellular coverage from all three major
network carriers in Zambia and have previously supported mHealth programs, including Project Mwa-
na, a nationwide scale up of a mHealth strategy designed to reduce the time for reporting early infant
HIV diagnoses [28].

Study population, sample size and sampling strategy

We calculated the sample size necessary to show differences between intervention and control clusters,
accounting for clustering of patients within health facilities. We estimated that each CHW would treat
on average 8 children under the age of 5 years with malaria, pneumonia, or diarrhoea per month, yield-
ing an estimated total of 3840 under-five children with one of these three conditions over a projected
6-month period of data collection. A recent study on the impact of deploying CHAs at community lev-
el in Luwingu and Senanga districts of Zambia showed that the percentage of children under five years
treated appropriately for malaria, pneumonia or diarrhoea was 60% [16]. We then calculated the sample
size accounting for clusters with a power of 80%, a two-sided 5% alpha, and an intracluster correlation
coefficient (k) of 0.20. We calculated our sample size to demonstrate differences greater than 15% over
a baseline of 60%. Both the baseline estimate of 60% appropriate treatment and the intracluster correla-
tion coefficient of 0.20 were conservative estimates. We estimated that we would use forty clusters (20
in intervention and 20 in control) and collect data from a minimum of 30 CHW treatment episodes of
children under five with malaria, pneumonia, or diarrhoea in each cluster. During the course of imple-
menting the project however, we observed that during the first 1-2 months of data collection the study
interventions were not fully established and functioning smoothly due to technical difficulties with mo-
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bile phone usage. We therefore increased the sample size from 3840 to 4720 under-fives with malaria,
pneumonia, or diarrhoea, which would be sufficient to demonstrate a 15% increase in the proportion of
children who received appropriate treatment for the three diseases.

Study participants included health facility staff supervising CHWs, iCCM trained CHWs, and children
2-59 months who had been treated for malaria, pneumonia, or diarrhoea and their caregivers. There were
60 health facilities in the two districts. We selected 40 facilities using stratified random sampling, matched
on district, facility type and distance from the district health office. We generated 20 random values of 1
(intervention) and 2 (control) to assign facility pairs to intervention and control. If the first facility pair
was assigned to intervention, then its pair was assigned to control. Likewise, if the first facility was as-
signed to control, then its pair was assigned to intervention. We randomised clusters prior to community
sensitization and the initiation of mHealth training.

Interventions

Prior to beginning data collection, 80 CHWs and 40 health facility staff (CHW supervisors) were trained
in a basic one-week iCCM training course using a standard MOH training curriculum. The supervi-
sors were trained in iCCM, supervisory and mentorship skills. Forty CHWs and 40 health center staff
(supervisors) were participants in the intervention cluster, while there were 39 CHWs (1 dropout) and
40 supervisors in the control cluster. The main intervention was the use of Java-enabled mobile fea-
ture phones, loaded with the iCCM community district health management information systems soft-
ware version 2 (C-DHIS2) Java 2 platform micro edition (J2ME) aggregation and tracker applications
[29,30]. The project procured these phones for CHWs and their supervisors, and provided data bun-
dles through a selected mobile network service provider. Following their training in iCCM, both CHW:s
and their supervisors in the intervention clusters were trained in the C-DHIS2 mobile applications. We
designed the iCCM C-DHIS2 mobile application to be adapted into the existing national DHIS2 plat-
form. The C-DHIS2 mobile consists of two separate applications: the DHIS2 J2ME aggregate capture
application and DHIS2 J2ME patient tracker application. These applications are used to enhance in-
ventory management by CHWs, patient referrals to health centres and feedback to CHWs, as well as
supportive supervision and mentorship of CHWs by health facility staff. The applications were installed
on the CHWSs’ mobile phones as well as the CHW supervisors’ feature mobile phones. As explained
earlier, the application had two progammes; the aggregator and tracker programmes. The aggregator
enabled CHWs, on a weekly basis, to not only electronically submit disease cases diagnosed, treated
and referred to the health facility for further management, but also submit electronically requisitions
and consumption reports of supplies received. At a click of the “send” button the information became
available to all that had access passwords as this was a cloud-based application. Supervisors therefore
had real-time access to information about diagnosis, treatment, referrals, and consumption of medi-
cines and diagnostic supplies such as RDTs. These weekly electronic reports facilitated supervision and
mentorship. The tracker programme registered each child seen with any danger sign with a unique ID.
Using the inbuilt clinical information in the application, CHWs were able to make informed decisions
on which cases to refer after administering appropriate pre-referral medication. Information on referrals
such as name, age, danger signs observed and pre-referral treatment administered became available to
the health facility staff before the patient arrived. The exchange of all this electronic information be-
tween CHWs and their supervisors facilitated quality supervision and mentorship.

The applications allowed the CHWs to request drugs and diagnostic supplies, refer patients with dan-
ger signs to the health facilities, and send weekly reports on the number of under-five children seen
with malaria, pneumonia, or diarrhoea. The application also allowed CHWs in the intervention group
to receive an SMS reminder on use of the sick child recording form and submission of weekly reports.
Supervisors used the applications to provide feedback to CHWs on referral case outcomes and notify
CHWs to collect drugs and diagnostic supplies. Monthly automated messages were sent to supervi-
sors reminding them to conduct supervisory visits with CHWs. Supervisors also had access to an in-
ternet-based dashboard with all of the CHW reports. Details of the mHealth application functionalities
and implementation have been published elsewhere [29].

Data collection

Sixteen data collectors and four field supervisors received a five-day training in data collection methods,
quality control in data collection, orientation to the study protocol and a review of the data collection
instruments. The study used five data collection instruments as summarized in Table S1 in the Online
Supplementary Document.
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Data management and analysis

The primary outcome was the percentage of children aged 2-59 months receiving appropriate treatment
for malaria, pneumonia, or diarrhoea from an iCCM trained CHW. Appropriate treatment was defined as
the patient receiving appropriate diagnosis and the correct medication for that diagnosis. Secondary out-
comes were availability of iCCM medicines and diagnostic supplies, clinical supervision coverage, and
correct illness classification by CHWs. Data entry was managed with the use of TeleForms®, a program
that allows paper copies of data collection forms to be scanned into a computer database and verified
by a data entry specialist. We have used this approach successfully in previous large research projects in
Southern Province, Zambia and it has proven useful in managing and verifying large amounts of data [31].

Baseline characteristics, such as age and gender by study arm, potentially related to the outcome were
compared between the two groups using tests as appropriate for continuous or categorical variables. In-
tention-to-treat analysis (ITT) of the primary outcome was performed using a generalized linear model.
Prevalence ratios (PR) and their 95% confidence intervals (CI) comparing the prevalence of appropriate
treatment in the intervention and control groups were calculated using log binomial regression with an
exchangeable correlation matrix, adjusted for clustering by health facility. Secondary outcomes were cal-
culated in a similar model. We conducted all analyses in SAS v9.4 (IBM, Armonk, NY, USA).

PAPERS

In addition to the composite primary outcome, ITT analysis on the appropriate treatment of malaria, pneu-
monia, and diarrhoea was performed separately. The study was not powered to show differences in the
appropriate treatment of each of these conditions, but a disaggregated analysis by condition was important
to help define the burden of disease and the relative success in appropriate treatment for each condition.

Ethics, consent and permissions

We obtained approvals from both the Boston University and ERES Converge IRBs, and clearance from
the Zambia National Health Research Authority. We also received approval from the Chipata and Chadiza
district health offices. Informed consent was obtained from all study participants and study participation
was voluntary. Three categories of study participants were required to provide informed consent; super-
visors, CHWs and caregivers. For all the three categories, detailed written consent forms were prepared
explaining the purpose of the study, participant roles in the study and that participation was voluntary
and that they were free to decline. For supervisors and CHWs, consent forms were prepared in English
while consent forms for caregivers were translated in the local language. For all these categories, the con-
sent process involved reading the contents of the consent form to participants and allowing them to ask
questions and providing clarifications. After providing clarifications, participants were asked to either
consent by signing the consent forms or decline to sign. The consent form for caregivers had a provision
for signing (if literate) or using a thumbprint for those who were not able to sign using a pen. As stated
earlier, we had to increase the sample size during the study and the increase in sample size was approved
by the local (ERES Converge) and the Boston University IRBs.

RESULTS

Recruitment

We enrolled 3774 study participants between February and July 2016, and analysed data on 3690 chil-
dren under five years with malaria, diarrhoea, or pneumonia. Figure 1 summarizes the numbers allocat-
ed and analysed by study arm.

Baseline socio-demographic

characteristics of study participants

l Allocation l We collected a limited amount of demographic
\ Allocated tointervention (=1974) ‘ ‘ Allocated to control (a=1800) ‘ information on the children: age and sex (Table
l [ Follow-Up ] l 1). Approximately one third of the children in our

sample were aged between 36 and 59 months.
The intervention and control groups were com-
parable in terms of age and gender of children.

Lost to follow-up among intervention (n=75)

Lost to follow-up among controls (n=9) ‘

l [ Available for analysis ] l

‘ Analysed intervention (n=1899)

Analysed control (n=1791) ‘

We trained 80 CHWsSs, but 69 participated in the
Figure 1. Participants’ flow diagram. study (34 intervention; 35 control). Out of the
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Table 1. Baseline demographic characteristics of children 2-59 mo assessed for treatment by CHWs by study arm (n, %)

VARIABLE InTeRrvenTion ControL AuL susJecTs
Number of patients 1899 1791 3690
Age group (months):

2-11 22.9 (435) 23.3 (417) 23.1 (852)
12-23 25.1 (477) 24.3 (436) 24.7 (913)
24-35 19.5 (371) 20.1 (360) 19.8 (731)
36-59 32.4 (616) 32.3 (578) 32.4 (1,194)
Sex:

Male 50.1 (952) 50.3 (900) 50.2 (1,852)
Female 45.4 (861) 46.2 (828) 45.8 (1,689)
Missing sex 4.5 (86) 3.5 (63) 4.0 (149)

80 trained CHWs, 1 with serious learning difficulties was dropped, all 79 consented, but only 69 were
available and participated when data collection finally started (10 dropouts). Consenting exercise took
place on the last day of training. CHWs consisted of more men than women (67% vs 33%); most were
married (87%) and aged between 35 and 49 years. Seventy percent of the CHWs had attained secondary
level of education. The vast majority of CHWs reported farming as their primary occupation (85%). De-
mographic characteristics were similar between the two study arms except for ethnic group and religion.

We trained 40 supervisors, and all 40 consented, 6 dropped out before data collection started; most of
them were transferred from their work stations and some went for further studies. Thirty-four supervi-
sors therefore participated in the study when data collection started (14 intervention; 20 control). Con-
sent was obtained on the last day of training. Approximately three-quarters of the supervisors were male,
only 50% were married, and they were younger than the CHWs they supervised. More than 50% of the
supervisors were nurses, and the rest comprised of midwives, clinical officers and environmental health
technicians. There was also approximate balance of children’s demographic characteristics between the
two study arms except regarding age, which was slightly higher in the control group.

Appropriate treatment by study arm

In the intervention group, 65.9% of children 2-59 months old received appropriate care for iCCM con-
ditions, compared to 63.3% in the control group (PR=1.04; 95% CI1=0.94, 1.16) (Table 2).

More CHWs appropriately prescribed amoxicillin for pneumonia in the intervention arm compared to the
control but the difference was not statistically significant (PR=1.21; 95% C1=0.87, 1.67). Table 2 shows
the results of the primary variable, depicting high levels of appropriate treatment for malaria (86.7%,
n=1530) and diarrhoea excluding zinc (90.1%, n=673) among intervention and control groups com-
bined. The appropriate treatment of diarrhoea including zinc was low, although this may have been due
to limited availability of this adjunct to oral rehydration therapy.

Supervision, mentorship, and supply chain management

Monthly supervision and mentorship coverage was 18% higher in the intervention than the control arm
but was not statistically significant (PR=1.18; 95% CI=0.95, 1.47) (Table 3).

Health facility staff carried out most of the supervision (93.8%; n=165) and supervision and mentor-
ship were mainly carried out at the health facility (61.7%; n=108). The reporting rates for weekly dis-
ease management and drug supply management were 45.0% and 42.8% respectively in the intervention
arm (Table 3). Forty-three percent (n=27) of CHWs in the intervention arm reported receiving an SMS

Tahle 2. Proportion of children 2-59 mo of age given appropriate treatment by CHWs by study arm
VIARIABLE Inrervenmion, % (n/N) Controt, % (v/N) Au sussects, % (n/N) PR (95% Cl)

Appropriate treatment of malaria,
; ) 65.9(1,252/1,899)  63.3 (1,134/1,791) 64.7 (2,386/3,690) 1.04 (0.94,1.16)
diarrhoea, and/or pneumonia

Appropriate treatment of individual illnesses

Malaria 85.7 (780/910) 87.7 (750/855) 86.7 (1530/1765)  0.97 (0.93, 1.02)
Diarrhoea:

-Including zinc 40.4 (158/391) 47.2 (168/356) 43.6 (326/747) 0.91 (0.55, 1.49)
-Excluding zinc 87.2 (341/391) 93.3 (332/356) 90.1 (673/747) 0.93 (0.88, 0.99)
Pneumonia 52.3 (426/814) 45.4 (361/795) 48.9 (787/1,609) 1.21 (0.87, 1.67)

CHW — community health worker, PR — prevalence ratio, CI — confidence interval
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Tahle 3. Monthly supervision and mentorship contacts by study arm*

VARIABLE INTERVENTION ControL Au PR (95% CI)
N=160,% (n) N=150,% (n) N=310,% (n)

Received supervision & mentorship in the last month 61.3 (98) 52.0 (78) 56.8 (176) 1.18 (0.95, 1.47)
Cadre of supervisor N=98 N=78 N=176
Health facility staff 96.9 (95) 89.7 (70) 93.8 (165)
DHMT 3.1 3 7.7 (6) 5.1 (9)
CHA 0.0 (® 0.0 (0 0.0 (0
Other 0.0 (0) 2.6 (2) 1.1 (2)
Place of supervision N=98 N=78 N=176
At the CHP 27827 26.9 21) 27.4 (48) 2
At the health facility 68.0 (66) 53.8 (42) 61.7 (108) 63
Other 4.1 17.9 (14) 103 (18) %
Receipt of SMS reminder by CHW on use of sick N=160. % (1) (a®
child recording form and submission of weekly report ’
Reported SMS 39.4 (63) N/A N/A
Confirmed SMS 42.9 27) N/A N/A
No. of CHWs sending weekly disease management o

. . % (/N)
reports using mobile phone
Weekly disease management reports 45.0 (72/160) N/A N/A
Weekly drug reports 42.8 (68/159) N/A N/A
Weekly new born care reports 36.5 (58/159) N/A N/A

No. of -CHWs recei.ving feedback by phone from N=160. % (n)
supervisors on patients referred
Reported SMS 13.1 21/160) N/A N/A

Confirmed SMS 47.6 (10/21) N/A N/A

PR —prevalence ratio DHMT — district health management team, CHA-community health assistant, CHP — community health post,
CHW — community health worker
*N =Total number of expected supervision and mentorship contacts.

reminder on the use of the sick child recording form and submission of weekly reports. About half of
CHWs referring patients to health posts reported receiving feedback from their supervisors on patient
outcomes (47.6%, 10/21).

In terms of supply chain management, the overall prevalence of submission of reports and requisitions
by CHWSs by mobile phone was 27.9% (n=67). There was no difference between the intervention and
control arms in the availability of iCCM commodities on the day of the survey visit or reported stockouts
during the month before the survey (Table 4). More CHWs in the intervention arm reported receipt of

Table 4. Proportion of CHWs reporting monthly commodity availability by study arm*

VARIABLE Invervention, N = 240, % (v)  Convror, N = 241, % (v)  Aue sussects, N = 481, % (n) PR (95% CI)
Submit drugs report and requisition form using phone:

Submitted report 27.9 (67) 0.8 (2) 14.3 (69) 33.6 (8.8, 128.5)
iCCM commodities available on day of visit:

Artemether-lumefantrine 50.4 (121) 45.2 (109) 47.8 (230) 1.12 (0.82,1.52)
mRDTs 44.2 (106) 39.8 (96) 42.0 (202) 1.11 (0.80, 1.55)
Amoxicillin 52.5(126) 48.1 (116) 50.3 242) 1.09 (0.83, 1.43)
ORS 60.4 (145) 55.2 (133) 57.8 (278) 1.10 (0.59, 1.70)
Zinc 20.7 (64) 26.6 24) 26.6 (128) 1.01 (0.59, 1.70)
All above 12.9 (31) 13.3 (32) 13.1 (63) 0.98 (0.51, 1.86)
Stockouts of iCCM commodities past month before visit:

Artemether-lumefantrine 30.8 (74) 33.2 (80) 32.0 (154) 0.93 (0.69, 1.26)
mRDTs 35.4 (85) 35.3 (85) 35.3 (170) 1.00 (0.77,1.31)
Amoxicillin 24.2 (58) 22.4 (549) 23.3(112) 1.08 (0.71, 1.65)
ORS 11.7 (28) 11.2 27) 11.4 (55) 1.04 (0.64, 1.68)
Zinc 44.6 (107) 40.2 (97) 42.4 (204) 1.11 (0.75, 1.64)
Received supplies of iCCM commodities ordered:

Artemether-lumefantrine 37.5 (90) 13.3 (32) 254 (122) 2.82 (1.50, 5.30)
mRDTs 31.7 (76) 12.0 29) 21.8 (105) 2.62 (1.37,5.09)
Amoxicillin 35.8 (86) 10.0 24) 229 (110) 3.59 (1.79, 7.20)
ORS 36.3 (87) 11.6 28) 23.9(115) 3.11 (1.70,5.71)
Zinc 15.0 (36) 5.0 (12) 10.0 (48) 3.01 (1.29, 7.00)

PR — prevalence ratio, CI — confidence interval, ORS — oral rehydration salts, mRDT — malaria rapid diagnostic tests, iCCM — inte-
grated community case management
* N =Total number of expected commodity reports submitted.
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iCCM commodities that they ordered than CHWs in the control arm with prevalence ratios ranging from
2.62 for mRDTs (95% CI 1.37, 5.04) to 3.59 for amoxicillin (95% CI 1.79, 7.20).

CHWs illness classification of iCCM conditions by study arm

Both intervention and control CHWs displayed moderate levels of competence as measured by their
ability to classify each of the three iCCM conditions (Table 5) in comparison to recorded symptoms.

Overall, a comparison of illness classification by CHWs and classifications based on recorded presenting
symptoms and signs indicate a kappa of 0.98 (95% CI=0.97, 0.98), 0.93 (95% CI=0.92, 0.95), and 0.80
(95% C1=0.78, 0.82) for malaria, diarrhoea and pneumonia, respectively.

Tahle 5. Comparison of illness classification of iCCM conditions by CHW and recorded diagnostic criteria by
study arm

Invervention, N = 1899, % (v)  Convror, N=1791, % (n)  Aw susects, N = 3690, % (v)

Classification by CHWs:

Malaria 48.8 (927) 48.6 (970) 48.7 (1797)
Diarrhoea 20.0 (380) 19.4 (347) 19.7 (727)
Pneumonia 47.6 (904) 51.3 (918) 49.4 (1822)
Classification based on recorded diagnostic criteria

Malaria 47.9 (910) 47.7 (855) 47.8 (1765)
Diarrhoea 20.6 (391) 19.9 (356) 20.2 (747)
Pneumonia 42.9 (814 44.4 (795) 43.6 (1609)
Interoperator Agreement Kappa statistic (95% CI)
Malaria 0.98 (0.97, 0.98)
Diarrhoea 0.93(0.92, 0.95)
Pneumonia 0.80 (0.78, 0.82)

CHW — community health worker, CI — confidence interval

DISCUSSION

The results of this study show a higher prevalence of supportive supervision in the intervention group
compared to the control. This difference, however, was not statistically significant and did not translate
into statistically significant increases in the appropriate treatment of malaria, diarrhoea, or pneumonia.
We observed no effect of the intervention on the proportion of children appropriately treated for malar-
ia, diarrhoea and pneumonia by CHWs. We also found that mHealth interventions were associated with
a 2-3-fold non-significant increase in the proportion of CHWs that received supplies they had ordered,
but there was no overall impact on stockouts of iCCM commodities. This is possibly attributable to the
low coverage of the intervention at 61% supervision and 28% prevalence of report submission and req-
uisition using mHealth technology. This low coverage may have been due to the short implementation
period of 5.5 months.

CHWs have used mHealth technologies to advance a range of health care objectives globally, partic-
ularly for enhancement of their supportive supervision [32]. However, in order to have an impact on
CHW performance, health service coverage, and ultimately health impact, as well as both frequency
and quality of supervision are essential [33,34]. Although we did not identify a cut off point for the
level of supervision required to have an impact on health outcomes, we are of the view that supervi-
sion coverage of 61% is too low and may therefore explain the reason for the observed low impact on
appropriate treatment.

This study did not measure supervision quality; however, the mHealth platform was designed to per-
mit supervisors from the District Health Office and central level health personnel with access privi-
leges to be able to review supervisors’ activities. For example, the district iCCM focal point persons
and the Principal IMCI Officer from MOH headquarters used the system to monitor iCCM activities
in each district.
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Some of the important features of the mHealth enhanced supervision and mentorship program were the
feedback provided to the CHWSs by supervisors on patients they received and mentorship reports the
supervisors produced. Almost half (47.6%) of CHWs reported receiving feedback by phone from their
supervisors on patients they referred.

This feedback not only provided an opportunity for CHWs to know the final outcome of the patients they
referred but may also have acted as a motivating factor to the CHWs. Positive performance feedback has
been shown to have a significant effect on health worker compliance with IMCI treatment guidelines [35]
and on health worker performance [36,37]. The 21% increase in appropriate treatment for pneumonia
by CHWSs observed in this study, though not statistically significant, is clinically important to note as a
potential benefit of mHealth technology on CHW performance, because it suggests that, with mHealth
interventions, CHWs are able to provide appropriate treatment to one in every five more children with
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pneumonia than they currently do. Overall, appropriate treatment for pneumonia was low in this study,

as only 48.9% of children with pneumonia were prescribed appropriate medication compared to 78% to
98.9% frequency of appropriate treatment reported in other studies conducted in Zambia [38,39]. The
reasons for inappropriate treatment of pneumonia in this study include misdiagnosis and prescription of
the wrong medication for those who were correctly diagnosed. More capacity building in the diagnosis
and treatment of pneumonia by CHWs is therefore recommended.

Overall, the CHWs in this study in both control and intervention arms displayed high levels of compe-
tence in terms of correct classification of iCCM conditions and appropriate treatment for malaria and di-
arrhoea. This is mainly due to the fact that both groups had recently been trained in iCCM. However, they
performed well only in two of the three iCCM conditions, most likely due to the fact that pneumonia is
more complicated to diagnose and treat. These results are similar to those found by a recent demonstra-
tion project in Uganda [40]. In the Ugandan demonstration study, appropriate treatment for pneumonia
was lowest at 88.2% vs 97.1% for fever and 92.4% for diarrhoea.

Apart from the effect on appropriate treatment for pneumonia, the mHealth intervention was associated
with good response from health facilities on iCCM commodities ordered as CHWs in the mHealth sup-
ported study arm were more than 2-3 times likely to receive the commodities they ordered compared
to the non-mHealth supported CHWs. There is evidence that mHealth technologies are associated with
lower lead times for drug re-supply and lower mean drug stockout rates [41]. What remains unclear in
our study is why there was no difference between the mHealth supported CHWs and the non-mHealth
supported CHW s in terms of availability of iCCM commodities and stockouts, despite more CHWs in
the intervention reporting that they received the commodities they ordered. Caseload analysis from a
costing component of this study, to be reported in a separate publication, showed that the intervention
CHWs saw a total of 9356 cases of the three iCCM conditions while the control CHWs saw a total of
6069 cases. This means that although intervention CHWs received the commodities they ordered most
of these commodities were consumed by the higher number of children they attended to. In fact, com-
modities consumption data showed that the intervention CHWs dispensed 60% of the commodities.

Limitations

This study has several limitations. As indicated above, insufficient time for full uptake of the interven-
tion may have limited its impact. The study was powered to detect a difference of 15% in the appropri-
ate treatment of malaria, diarrhoea, and pneumonia, and the observed difference in the study was only
2.6%; greater time to allow the intervention to proceed might have resulted in greater impact. However,
available funds could not allow for a longer period of implementation. Lack of data on the frequency of
paper-based reports and requisitions in the control arm makes it difficult to compare the two arms for
this indicator (frequency of paper-based reports).

CONCLUSION

This study was unable to determine whether using mHealth technology would strengthen supervision
and supply chain management of iCCM commodities for community-level workers. The study was
also not able to demonstrate a statically significant effect of mHealth enhanced iCCM on appropriate
diagnosis and treatment for children with malaria, pneumonia, and diarrhoea in rural Zambia. Longer
term longitudinal studies are required to determine the impact of mHealth enhanced iCCM on health
outputs and outcomes.

www.joghorg * doi: 10.7189/jogh.10.010425 9 JUNE 2020 + VOL. TONoO. 1 * 010425



Biemba et al.

Acknowledgements: We wish to acknowledge UNICEE, with funds from the Bill and Belinda Gates Foundation,
for providing financial and technical support for this study; Akros for technical support in the adaptation of DHIS2
to iCCM DHIS2 Mobile; and the Ministry of Health Child Health Unit for technical support through provision of
: training materials as well as general guidance in the planning and execution of the iCCM implementation science
A\ project; Eastern Province health office for general guidance and support; Chipata and Chadiza district health offices
N\ ; for direct coordination and support; and the National Malaria Control Center for their technical support during the

9 planning of the study. We are grateful to Mark Young, Rory Nefdt, and Valentina Buj for their contributions to the
design and initial implementation planning of the project.

Funding: This study was funded by UNICEF with Funds from the Bill and Melinda Gates Foundation.

Authorship contributions: All authors made significant contributions to this manuscript. All significantly contrib-
uted to the study design and Protocol development. GB, BC, KY, KL, DH, and WM contributed to the development
of study instruments. GB BM and DH trained the data collectors. GB and BC supervised the data collection. WM
cleaned and analysed the data. All the authors contributed significantly to the interpretation of data and the drafting
of the manuscript. All authors read and approved the final manuscript.

Competing interests: The authors have completed the ICMJE Unified Conflict of Interest Form (available upon re-
quest from the corresponding author) and declare that they have no competing interests.

Additional material

Online Supplementary Document

1 UN Inter-agency Group for Child Mortality Estimation Report. 2019. Levels and Trends in Child Mortality. Available:
https://reliefweb.int/sites/reliefweb.int/files/resources/UN-IGME-Child-Mortality-Report-2019.pdf, Accessed: 4 Novem-
ber 2019.

2 Amouzou A, Morris S, Moulton LH, Mukanga D. Assessing the impact of integrated community case management
(iCCM) programs on child mortality: Review of early results and lessons learned in sub—Saharan Africa. ] Glob Health.
2014;4:020411. Medline:25520801 doi:10.7189/jogh.04.020411

3 World Health Organization. Integrated community case management of malaria. Available: https:/www.who.int/malar-
ia/areas/community_case_management/overview/en/. Accessed: 19 February 2020.

4 UNICEE 2012. WHO/UNICEEF JOINT STATEMENT Integrated Community Case Management. Available: https:/www.
who.int/maternal_child_adolescent/documents/statement_child_services_access_whounicef.pdf. Accessed: 20 Septem-
ber 2019.

5 World Health Organization. Guidelines for the Treatment of Malaria, Third Edition. Geneva: WHO, 2015. Available:
http://apps.who.int/medicinedocs/documents/s21839en/s21839en.pdf. Accessed: 20 September 2019.

6 World Health Organization. Rapid diagnostic tests. Available: https://www.who.int/malaria/areas/diagnosis/rapid_diag-
nostic_tests/en/. Accessed: 8 April 2020.

7 Kalyango JN, Alfven T, Peterson S, Mugenyi K, Karamagi C, Rutebemberwa E. Integrated community case management
of malaria and pneumonia increases prompt and appropriate treatment for pneumonia symptoms in children under five
years in Eastern Uganda. Malar J. 2013;12:340. Medline:24053172 doi:10.1186/1475-2875-12-340

8 Yeboah-Antwi K, Pilingana P, Macleod WB, Semrau K, Siazeele K, Kalesha P, et al. Community case management of fe-
ver due to malaria and pneumonia in children under five in Zambia: a cluster randomized controlled trial. PLoS Med.
2010;7:e1000340. Medline:20877714 doi:10.1371/journal.pmed.1000340

9 Ndyomugyenyi R, Magnussen P, Lal S, Hansen K, Clarke SE. Appropriate targeting of artemisinin-based combination
therapy by community health workers using malaria rapid diagnostic tests: Findings from randomized trials in two con-
trasting areas of high and low malaria transmission in south western Uganda. Trop Med Int Health. 2016;21:1157-70.
Medline:27383558 doi:10.1111/tmi. 12748

10 Mukanga D, Tibenderana JK, Kiguli J, Pariyo GW, Waiswa P, Bajunirwe E et al. Community acceptability of use of
rapid diagnostic tests for malaria by community health workers in Uganda. Malar J. 2010;9:203. Medline:20626863
doi:10.1186/1475-2875-9-203

11 Seidenberg PD, Hamer DH, Iyer H, Pilingana P, Siazeele K, Hamainza B. Impact of integrated community case manage-
ment on health-seeking behavior in rural Zambia. Am J Trop Med Hyg. 2012;87(5 Suppl):105-10. Medline:23136285
doi:10.4269/ajtmh.2012.11-0799

12 Yansaneh AI, Moulton LH, George AS, Rao SR, Kennedy N, Bangura B, et al. Influence of community health volunteers
on care seeking and treatment coverage for common childhood illnesses in the context of free health care in rural Sierra
Leone. Trop Med Int Health. 2014;19:1466-76. Medline:25243929 doi:10.1111/tmi.12383

13 Strachan C, Wharton-Smith A, Sinyangwe C, Mubiru D, Ssekitooleko J, Meier J, et al. Integrated community case man-
agement of malaria, pneumonia and diarrhoea across three African countries: A qualitative study exploring lessons learnt
and implications for further scale up. J Glob Health. 2014;4:020404. Medline:25520794 doi:10.7189/jogh.04.020404

14 Hamer DH, Marsh DR, Peterson S, Pagnoni E Integrated community case management: next steps in addressing the
implementation research agenda. Am J Trop Med Hyg. 2012;87(5 SuppD:151-3. Medline:23136291 doi:10.4269/ajt-
mh.2012.12-0505

JUNE 2020 ¢ VoL. TONoO. 1 « 010425 10 www.jogh.org ® doi: 10.7189/jogh.10.010425


http://jogh.org/documents/issue202001/jogh-10-010425-s001.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25520801&dopt=Abstract
https://doi.org/10.7189/jogh.04.020411
https://www.who.int/malaria/areas/community_case_management/overview/en/
https://www.who.int/malaria/areas/community_case_management/overview/en/
https://www.who.int/maternal_child_adolescent/documents/statement_child_services_access_whounicef.pdf
https://www.who.int/maternal_child_adolescent/documents/statement_child_services_access_whounicef.pdf
https://www.who.int/malaria/areas/diagnosis/rapid_diagnostic_tests/en/
https://www.who.int/malaria/areas/diagnosis/rapid_diagnostic_tests/en/
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24053172&dopt=Abstract
https://doi.org/10.1186/1475-2875-12-340
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20877714&dopt=Abstract
https://doi.org/10.1371/journal.pmed.1000340
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27383558&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27383558&dopt=Abstract
https://doi.org/10.1111/tmi.12748
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20626863&dopt=Abstract
https://doi.org/10.1186/1475-2875-9-203
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23136285&dopt=Abstract
https://doi.org/10.4269/ajtmh.2012.11-0799
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25243929&dopt=Abstract
https://doi.org/10.1111/tmi.12383
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25520794&dopt=Abstract
https://doi.org/10.7189/jogh.04.020404
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23136291&dopt=Abstract
https://doi.org/10.4269/ajtmh.2012.12-0505
https://doi.org/10.4269/ajtmh.2012.12-0505

Impact of mhealth-enhanced supportive supervision on iCCM

15 Strachan DL, Kallander K, ten Asbroek AH, Kirkwood B, Meek SR, Benton L, et al. Interventions to improve motiva-
tion and retention of community health workers delivering integrated community case management (iCCM): Stake-
holder perceptions and priorities. Am J Trop Med Hyg. 2012;87(5 SuppD):111-9. Medline:23136286 doi:10.4269/ajt-
mh.2012.12-0030

16 Biemba G, Yeboah-Antwi K, Vosburg KB, Prust ML, Keller B, Worku Y, et al. Effect of deploying community health as-
sistants on appropriate treatment for diarrhoea, malaria and pneumonia: quasi-experimental study in two districts of
Zambia. Trop Med Int Health. 2016;21:985-94. Medline:27224652 doi:10.1111/tmi.12730

17 Central Statistical Office (CSO) [Zambia], Ministry of Health (MOH) [Zambial], and ICE 2019. Zambia Demographic and
Health Survey 2018: Key Indicators. Rockville, Maryland, USA: Central Statistical Office, Ministry of Health, and ICE

18 Available at. https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy19/
ty-2019-zambia-malaria-operational-plan.pdf?sfvrsn=3. Accessed: 29 February 2020.

19 Wazny K, Sadruddin S, Zipursky A, Hamer DH, Jacobs T, Kallander K, et al. Setting global research priorities for inte-

PAPERS

grated community case management (iCCM): Results from a CHNRI (Child Health and Nutrition Research Initiative)
exercise. ] Glob Health. 2014;4:020413. Medline:25520803 doi:10.7189/jogh.04.020413

20 Agarwal S, Perry HB, Long LA, Labrique AB. Evidence on feasibility and effective use of mHealth strategies by frontline
health workers in developing countries: Systematic review. Trop Med Int Health. 2015;20:1003-14. Medline:25881735
doi:10.1111/tmi. 12525

21 Aysha Z, Kashif S, Saleem I, Shagufta P, Wafa A, Fauziah R. Strengthening health system: using mobile phones for co-

ordinated community case management of childhood diarrhea and pneumonia in District Badin, Pakistan. Health Syst
Policy Res. 2016;3:2.

22 Henry JV, Winters N, Lakati A, Oliver M, Geniets A, Mbae SM, et al. Enhancing the supervision of community health
workers with WhatsApp mobile messaging: qualitative findings from 2 low-resource settings in Kenya. Glob Health Sci
Pract. 2016;4:311-25. Medline:27353623 doi:10.9745/GHSP-D-15-00386

23 Boyce SP, Nyangara E Kamunyori J. A mixed-methods quasi-experimental evaluation of a mobile health application and
quality of care in the integrated community case management program in Malawi. J Glob Health. 2019;9:010811. Med-
line:31263554 doi:10.7189/jogh.09.010811

24 Kabakyenga J, Barigye C, Brenner J, Maling S, Buchner D, Nettle-Aquirre A, et al. A demonstration of mobile phone
deployment to support the treatment of acutely ill children under five in Bushenyi district, Uganda. Afr Health Sci.
2016;16:89-96. Medline:27358618 doi:10.4314/ahs.v16i1.12

25 UNICEE Review of Systematic Challenges to the Scale-up of Integrated Community Case Management. Available: https:/
www.unicef.org/infobycountry/files/Analysis_of_Systematic_Barriers_cover_1163.pdf. Accessed: 8 April 2020.

26 Bosch-Capblanch X, Marceau C. Training, supervision and quality of care in selected integrated community case man-
agement (ICCM) programmes: A scoping review of programmatic evidence. J Glob Health. 2014;4:020403. Med-
line:25520793 doi:10.7189/jogh.04.020403

27 UNICEE Research Report: Strengthening the delivery of integrated community case management ICCM) in two dis-
tricts of Eastern Province, Zambia—A cluster randomized trial. Available: https://www.unicef.org/zambia/media/651/file/
Zambia-iccm-study-2017.pdf. Accessed: 1 March 2020.

28 Seidenberg P, Nicholson S, Schaefer M, Semrau K, Bweupe M, Masese N, et al. Early infant diagnosis of HIV infec-
tion in Zambia through mobile phone texting of blood test results. Bull World Health Organ. 2012;90:348-56. Med-
line:22589568 doi:10.2471/BLT.11.100032

29 Biemba G, Chiluba B, Yeboah-Antwi K, Silavwe V, Lunze K, Mwale RK, et al. A mobile-based community health man-
agement information system for community health workers and their supervisors in 2 districts of Zambia. Glob Health
Sci Pract. 2017;5:486-94. Medline:28855233 doi:10.9745/GHSP-D-16-00275

30 Java 2 Platform Micro Edition (J2ME). Available: https://www.techopedia.com/definition/3375/java-2-platform-micro-
edition-j2me. Accessed: 20 September 2019.

31 Semrau KEA, Herlihy J, Grogan C, Musokotwane K, Yeboah-Antwi K, Mbewe R, et al. Effectiveness of 4% chlorhexidine
umbilical cord care on neonatal mortality in Southern Province, Zambia: a cluster randomised controlled trial. Lancet
Glob Health. 2016;4:e827-36. Medline:27693439 doi:10.1016/52214-109X(16)30215-7

32 Braun R, Catalani C, Wimbush J, Israelski D. Community Health workers and mobile technology: A Systematic review
of the literature. PLoS One. 2013;8:¢65772. Medline:23776544 doi:10.1371/journal.pone.0065772

33 Hill Z, Dumbaugh M, Benton L, Kallander K, Strachan D, ten Asbroek A, et al. Supervising community health work-
ers in low-income countries - a review of impact and implementation issues. Glob Health Action. 2014;7:24085. Med-
line:24815075 doi:10.3402/gha.v7.24085

34 Kok MC, Dieleman M, Taegtmeyer M, Broerse JE, Kane SS, Ormel H, et al. Which intervention design factors influence
performance of community health workers in low- and middle-income countries? A systematic review. Health Policy
Plan. 2015;30:1207-27. Medline:25500559 doi:10.1093/heapol/czul26

35 Kelley E, Geslin C, Djibrina S, Boucar M. Improving performance with clinical standards: the impact of feedback on
compliance with the integrated management of childhood Illness algorithm in Niger, West Africa. Int J Health Plann
Manage. 2001;16:195-205. Medline:11596557 doi:10.1002/hpm.632

36 Kambarami RA, Mbuya MN, Pelletier D, Fundira D, Tavengwa NV, Stoltzfus RJ. Factors associated with community health
worker performance differ by task in a multi-tasked setting in rural Zimbabwe. Glob Health Sci Pract. 2016;4:238-50.
Medline:27353617 doi:10.9745/GHSP-D-16-00003

www.jogh.org ® doi: 10.7189/jogh.10.010425 11 JUNE 2020 ¢ VOL. TONO. 1 « 010425


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23136286&dopt=Abstract
https://doi.org/10.4269/ajtmh.2012.12-0030
https://doi.org/10.4269/ajtmh.2012.12-0030
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27224652&dopt=Abstract
https://doi.org/10.1111/tmi.12730
https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy19/fy-2019-zambia-malaria-operational-plan.pdf?sfvrsn=3
https://www.pmi.gov/docs/default-source/default-document-library/malaria-operational-plans/fy19/fy-2019-zambia-malaria-operational-plan.pdf?sfvrsn=3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25520803&dopt=Abstract
https://doi.org/10.7189/jogh.04.020413
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25881735&dopt=Abstract
https://doi.org/10.1111/tmi.12525
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27353623&dopt=Abstract
https://doi.org/10.9745/GHSP-D-15-00386
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31263554&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31263554&dopt=Abstract
https://doi.org/10.7189/jogh.09.010811
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27358618&dopt=Abstract
https://doi.org/10.4314/ahs.v16i1.12
https://www.unicef.org/infobycountry/files/Analysis_of_Systematic_Barriers_cover_1163.pdf
https://www.unicef.org/infobycountry/files/Analysis_of_Systematic_Barriers_cover_1163.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25520793&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25520793&dopt=Abstract
https://doi.org/10.7189/jogh.04.020403
https://www.unicef.org/zambia/media/651/file/Zambia-iccm-study-2017.pdf
https://www.unicef.org/zambia/media/651/file/Zambia-iccm-study-2017.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22589568&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22589568&dopt=Abstract
https://doi.org/10.2471/BLT.11.100032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28855233&dopt=Abstract
https://doi.org/10.9745/GHSP-D-16-00275
https://www.techopedia.com/definition/3375/java-2-platform-micro-edition-j2me
https://www.techopedia.com/definition/3375/java-2-platform-micro-edition-j2me
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27693439&dopt=Abstract
https://doi.org/10.1016/S2214-109X(16)30215-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23776544&dopt=Abstract
https://doi.org/10.1371/journal.pone.0065772
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24815075&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24815075&dopt=Abstract
https://doi.org/10.3402/gha.v7.24085
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25500559&dopt=Abstract
https://doi.org/10.1093/heapol/czu126
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11596557&dopt=Abstract
https://doi.org/10.1002/hpm.632
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27353617&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27353617&dopt=Abstract
https://doi.org/10.9745/GHSP-D-16-00003

Biemba et al.

37 Bagonza J, Kibira SP, Rutebemberwa E. Performance of community health workers managing malaria, pneumonia
and diarrhea under the community case management programme in central Uganda: a cross sectional study. Malar J.
2014;13:367. Medline:25231247 doi:10.1186/1475-2875-13-367

38 Sinyangwe C, Graham K, Nicholas S, King R, Mukupa S, Kallander K, et al. Assessing the quality of care for pneumo-
nia in integrated community case management: a cross-sectional mixed methods study. PLoS One. 2016;11:e0152204.
Medline:27011331 doi:10.1371/journal.pone.0152204

39 Hamer DH, Brooks ET, Semrau K, Pilingana P, MacLeod WB, Siazeele K, et al. Quality and safety of integrated communi-
ty case management of malaria using rapid diagnostic tests and pneumonia by community health workers. Pathog Glob
Health. 2012;106:32-9. Medline:22595272 doi:10.1179/1364859411Y.0000000042

40 Kabakyenga J, Barigye C, Brenner J, Maling S, Buchner D, Nettle-Aquirre A, et al. A demonstration of mobile phone
deployment to support the treatment of acutely ill children under five in Bushenyi district, Uganda. Afr Health Sci.
2016;16:89-96. Medline:27358618 doi:10.4314/ahs.v16il1.12

41 Shieshia M, Noel M, Andersson S, Felling B, Alva S, Agarwal S, et al. Strengthening community health supply chain per-
formance through an integrated approach: Using mHealth technology and multilevel teams in Malawi. J Glob Health.
2014;4:020406. Medline:25520796 doi:10.7189/jogh.04.020406

JUNE 2020 ¢ VoL. TONoO. 1 « 010425 12 www.jogh.org ® doi: 10.7189/jogh.10.010425


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25231247&dopt=Abstract
https://doi.org/10.1186/1475-2875-13-367
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27011331&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27011331&dopt=Abstract
https://doi.org/10.1371/journal.pone.0152204
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22595272&dopt=Abstract
https://doi.org/10.1179/1364859411Y.0000000042
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27358618&dopt=Abstract
https://doi.org/10.4314/ahs.v16i1.12
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25520796&dopt=Abstract
https://doi.org/10.7189/jogh.04.020406

