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Abstract 

Introduction 

In resource-limited countries, access to health facilities for prompt and appropriate management 

of common childhood illnesses is complicated by shortages of essential medicines and insufficient 

human resources. Integrated community case management (iCCM) of malaria, diarrhea, and 

pneumonia is a comprehensive, equity-based strategy to improve access for the poorest, most 

underserved children to treat these conditions. iCCM implementation in various countries has been 

faced with numerous challenges, including frequent stock outs of iCCM commodities and 

inadequate supportive supervision. The Zambian Centre for Applied Health Research and 

Development (ZCAHRD) Limited and Boston University, with financial support from and in 

collaboration with UNICEF, conducted a study from 2015 to 2016 to address three of the major 

challenges to successful iCCM implementation, namely: a) evaluation of strategies to improve 

supervision and quality of care using mHealth technology; b) evaluation of strategies for, and costs 

of, supervising the community health workers (CHWs); and c) evaluation of strategies to improve 

integration of iCCM logistics (diagnostics and drug supply) at health facility and central levels to 

the supply system at the community level. 

Study design 

A cluster, randomized controlled trial comparing outcomes in health centre catchment areas with 

CHWs trained in and implementing mHealth enhanced iCCM supportive supervision and supply 

chain management versus health centre catchment areas implementing iCCM as per current 

Zambian guidelines (business as usual) was performed. The intervention was to train CHWs to use 

community DHIS2 (C-DHIS2) platform installed on mobile phones to weekly report on cases of 

malaria, diarrhoea, and pneumonia seen, send advance messages to health centres for referred 

patients, as well as send reports and requisitions of iCCM commodities. Health centre staff (CHW 

supervisors) in the intervention arm were trained to use the C-DHIS2 to receive reports on disease 

caseloads, medical supplies reports and requisitions, referrals from CHWs and monthly automated 

reminders to supervise and mentor CHWs and provide feedback to CHWs on cases referred. The 

primary outcome was the proportion of children under five years presenting with malaria, 

diarrhoea, or pneumonia, who were appropriately prescribed treatment. Secondary outcomes 

included supervision prevalence, medical supplies reports, and requisition submission rates using 

mobile phones, rates of availability and stock outs of iCCM commodities.  

Results 

A total of 69 CHWs (34 intervention, 35 control) participated in the study, covering 40 health 

facility clusters. Data on 3,690 children under five years with malaria, diarrhoea, or pneumonia 

were analysed. Supervision prevalence was 61.3% in the intervention and 52% in the control; 

medical supplies reports and requisition submission rate using DHIS2 platform loaded on mobile 

phone was 28% in the intervention arm.  mHealth interventions were associated with 18% 

improvement in supportive supervision and 21% increase in appropriate treatment for pneumonia, 
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though these changes were not statistically significant. There was no difference in diarrhoea and 

malaria treatment between intervention and control. There was a 2-3 times increase in the 

proportion of CHWs receiving the supplies ordered; for example, the adjusted prevalence ratio for 

receipt of artemether-lumefantrine ordered was 2.82 (95% CI: 1.50-5.30) and for amoxicillin was 

3.59 (95% CI: 1.79-7.20). However, there was no reduction of stock outs of iCCM commodities. 

Conclusion 

Considering the observed positive effect on supportive supervision, appropriate treatment for 

pneumonia, and increase in proportion of CHWs receiving supplies they ordered in the 

intervention arm, in the midst of low intervention coverage, with higher and sustained intervention 

coverage, appropriately implemented mHealth interventions have the potential to improve 

supervision, mentorship, supply chain management, and overall management of iCCM conditions. 

In addition, the DHIS2 platform allows for systematic documentation of malaria, diarrhoea, and 

pneumonia diagnosed at the community level and integration of these important data into the 

national health management information system. 
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Background 

Child mortality in low and middle income countries remains unacceptably high with an estimated 

5.8 million deaths of children younger than 5 years in 2015, even though this is a 52% decrease 

relative to 1990.[1] As of 2013, malaria, pneumonia, and diarrhea together accounted for >30% of 

global child deaths in 2013.[2] In resource-limited countries, access to health facilities for prompt 

and appropriate management of common childhood illnesses is limited and often complicated by 

shortages of essential medicines and insufficient human resources. To address this access gap and 

provide early access to treatment, many countries have been testing and scaling up community-

based programs for the treatment of common childhood infectious diseases. Given the overlap of 

clinical symptoms of the most common childhood diseases, i.e., malaria, pneumonia, and diarrhea, 

integrated community case management (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 diarrhea to 

populations with limited access to facility-based health care providers, and especially to children 

under five. In June 2012, WHO and UNICEF issued a joint statement to support iCCM to improve 

access for the poorest, most underserved children to treatment for these diseases.[3] 

 

As part of iCCM, front-line workers at the community level are trained, supplied with the 

appropriate medicines and receive supportive supervision to correctly diagnose and treat children 

for malaria, pneumonia and diarrhea, using artemisinin-based combination therapy (ACT), oral 

antibiotics, oral rehydration salts and zinc. The availability of high-quality RDTs for malaria has 

made testing for malaria at the community level possible. The iCCM approach incorporates 

WHO’s recommendation that all suspected malaria cases undergo diagnostic testing prior to 

treatment.[4]  Following a diagnostic algorithm, 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 (RDTs), disease history and respiratory rate timers. The 

availability of high-quality RDTs for malaria has made testing for malaria at the community level 

possible. The iCCM approach incorporates WHO’s recommendation that all suspected malaria 

cases undergo diagnostic testing prior to treatment.[4]  

 

The iCCM strategy, especially when mRDTs are used properly, offers several benefits, including 

early access to appropriate treatment for malaria and pneumonia [5,6], reduction in the 

inappropriate use of expensive antimalarial drugs when RDTs are used [6,7], increased care 

seeking in the community through increased caretaker trust in adequate treatment from community 

health workers (CHWs) [8,9], and reductions in health center attendance of uncomplicated cases 

that help to reduce the workload at primary health care centers(task-shifting).[9,10]  

 

Despite growing evidence of the effectiveness of iCCM, there are gaps in knowledge on optimal 

implementation approaches. One major challenge to the effectiveness of iCCM is the frequent 

stock outs of drugs and commodities such as RDTs. In addition, supportive quality supervision of 

CHWs is one of the most important bottlenecks to effective iCCM implementation, and it impacts 
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quality of care as well as health worker motivation and retention.[11,12] A recent evaluation of 

the pilot community health assistant (CHA) strategy in two districts of Zambia also highlighted 

the importance of availability of drugs and supplies and supervision to improving access to 

treatment of iCCM diseases.[13]  

 

A recent Child Health and Nutrition Research Initiative (CHNRI) exercise conducted by Wazny 

and colleagues identified 20 priority research questions for iCCM, notably including strategies to 

improve supervision, motivation and retention of health workers ranked highly among experts both 

at headquarter level and in the field.[14] 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, which tend to be slow to react to local situations, and redirect the 

immediate monitoring of stocks partly to the CHWs themselves.  mHealth also has the potential 

of improving the frequency and quality of supervision and mentoring.[15–17]  

 

This study aimed to addresses three of these challenges to the successful implementation of iCCM, 

namely: a) evaluation of strategies to improve supervision and quality of care using mHealth 

technology; b) evaluation of strategies for, and costs of, supervising the CHW; and c) evaluation 

of strategies to improve integration of iCCM logistics (diagnostics and drug supply) to the central 

procurement and supply system at the community level. The overall aim was to determine whether 

improvements in supplies for community-level workers and strengthened supervision result in 

improved appropriate treatment for children with malaria, pneumonia, and diarrhea in rural 

Zambia in comparison to offering iCCM without mHealth-enhanced logistics and supervision 

support. This study also aimed to generate evidence for the Zambian Ministry of Health (MOH), 

the Global Fund for AIDS, Tuberculosis, and Malaria, and UNICEF on how to effectively 

implement iCCM with a focus on improving both the flow of supplies to CHWs as well as the 

quality of their supervision and mentorship. 

 

Methods 

Trial design 

This was a cluster randomized controlled trial, comparing the appropriate treatment of malaria, 

diarrhea, and pneumonia of children under the age of 5 years between CHWs implementing 

mHealth enhanced iCCM (intervention) and CHWs following current standard Ministry of Health 

(MOH) practices (control). The interventions were: a) mHealth enhanced inventory management; 

and b) mHealth enhanced supportive supervision and mentorship. A cluster was defined as a health 

center/post, including all CHWs in its catchment area that were providing iCCM, and the children 

under 5 years old with malaria, pneumonia, and diarrhea that they had treated. The study used five 

quantitative data collection instruments:  

a) Baseline form that was used to extract child level data from the sick child recording form. 

The baseline form was used to collect patient demographics, presenting symptoms, 
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examination findings, and treatment given. The baseline and sick child recording forms are 

attached in Appendix 1 and 2 respectively. 

b) CHW Assessment form was administered to CHWs to collect their socio-demographic 

information, training, and work related data (Appendix 3). 

c) Day 5-7 Follow-up form was used to collect data to measure study outcomes on all the 

children that were enrolled onto the study (Appendix 4). 

d) Monthly activity form was administered to CHWs to collect data on supportive supervision 

and mentorship they received the previous month (Appendix 5). 

e) Supervisor Assessment form was administered to the supervisors of CHWs to collect their 

socio-demographic information, training, and work related data (Appendix 6). 

  

Study Sites 

This project was implemented in Chipata and Chadiza districts in Eastern Province, Zambia, with 

populations of 486,500 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 Mwana, a nationwide scale up of a mHealth strategy designed to reduce the time 

for reporting early infant HIV diagnoses [18]. 

 

Participants and randomization 

Study participants included health facility staff supervising CHWs, iCCM trained CHWs, and 

caregivers of children 2-59 months who had been treated for malaria, pneumonia, or diarrhea.  

Randomization of clusters was done prior to community sensitization and the initiation of 

training. We stratified by number of CHWs associated with each health post, and then we 

conducted stratified restricted randomization [19]. Variables used for balance criteria for the 

restricted randomization included: the estimated population of children under 5 years in the health 

post catchment area and the number of CHWs within each health post catchment area. Assignment 

to the intervention and control study arms was done using a random number generator. The 

randomization was done in pairs matched on district, distance from the district health office, and 

facility type. We then generated a restricted list of 20 randomization numbers (1 or 2) and assigned 

these numbers to the first facility in each pair. If the first facility was assigned to intervention, then 

its pair was assigned to control.  Likewise, if the first facility was assigned to control, then its pair 

was assigned to intervention. 

Sample size and sample size calculation 

We calculated the sample size necessary to show differences between intervention and control 

patients accounting for the clustering of patients within health facilities. We collected data within 

the catchment area of 40 health facilities each with 2 CHWs within its catchment area. We 

estimated that each CHW would treat on average 8 children under the age of 5 years with malaria, 

pneumonia, and/or diarrhoea per month.  Over an estimated 6-month period of data collection, this 

would result in an estimated total of 3,840 under-five children with malaria, pneumonia, or 

diarrhoea.  Results from a recent study on the impact of deploying CHAs at community level 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% [13]. We then calculated the 



10 
 

sample size accounting for clusters with a power of 80%, a two-sided 5% alpha, and an intracluster 

correlation coefficient (k) of 0.20 [19]. Table A below shows the sample size necessary to 

demonstrate an increase of various percentages over the baseline of 60%.  The table shows the 

number of clusters, the participants per cluster, the total number of participants and the design 

effect.  These calculations showed that we would have sufficient number of clusters and children 

under the age of 5 with malaria, pneumonia, or diarrhoea to demonstrate differences greater than 

15% over baseline.  Both the baseline estimate of 60% appropriate treatment and the intracluster 

correlation coefficient of 0.20 were conservative estimates.  Based upon Table 1, 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 implementing the project however, we observed 

that during the first full month of data collection the study interventions were not fully established 

and functioning smoothly. It therefore became necessary to increase the sample size from 3,840 to 

4,720 under-fives with malaria, pneumonia, or diarrhoea, which would be sufficient to demonstrate 

a 15% increase in appropriate treatment. The increase in sample size was approved by the local 

IRB (ERES Converge) and the BU IRB. 

Table A. Sample Size—Number of clusters, participants per cluster, number of participants 

and design effect necessary to measure an increase of 10%, 15%, 20%, 25%, 30%, or 40% 

in the percentage of children under the age of five treated appropriately for malaria, 

pneumonia, and/or diarrhea 

Percentage increase in 

appropriate treatment from 

baseline (60%) 

Number of clusters 

(participants per cluster) 

Number of participants (design 

effect) 

10% 58 (1,126)* 65,308 (92.5) 

15% 40 (30) 1,200 (4.0) 

20% 22 (67) 1,518 (9.7) 

25% 20 (19) 380 (4.1) 

30% 20 (9) 180 (3.1) 

40% 18 (3) 54 (2.3) 

*Minimum for percentage increase 

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 

CHW supervisors were trained in iCCM supervisory skills. The main intervention was the use of 

java enabled mobile phones, loaded with the iCCM community district health management 

software version 2 (C-DHIS2) Java 2 platform micro edition (J2ME) aggregation and tracker 

applications. Following their training in iCCM, both CHWs and their supervisors in the 

intervention clusters were trained in the C-DHIS2 mobile applications. The iCCM C-DHIS2 

mobile application was designed to be adapted into the existing DHIS2 platform. The C-DHIS2 

mobile consists of two separate applications: the DHIS2 J2ME aggregate capture application and 
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DHIS2 J2ME patient tracker application. This application was used to enhance inventory 

management by CHWs and supportive supervision and mentorship of CHWs by health facility 

staff. The application was loaded on the CHW mobile phone as well as the health facility 

supervisors’ java enabled mobile phones.  The applications allowed the CHWs to request 

additional drug and diagnostic supplies, refer patients with danger signs to the health facilities, and 

the number of under-five children seen with malaria, pneumonia, or diarrhoea.  Supervisors used 

the applications to provide feedback to CHWs on referral case outcomes and notify CHWs to 

collect drug and diagnostics.  Automated messages were sent to supervisors reminding them to 

conduct supervisory visits with CHWs.  Supervisors also had access to an internet-based dashboard 

with all of the CHW reports. 

 

mHealth enhanced inventory management 

In the intervention clusters a drugs and supplies report and requisition (R&R) form for iCCM 

commodities was loaded onto the CHWS’s java enabled mobile phones to capture amounts of 

stock received, amount consumed, and amount remaining in stock for artemether-lumefantrine, 

amoxicillin, oral rehydration solution (ORS), zinc, and malaria RDTs. Using their mobile phones 

CHWs sent requests for iCCM drugs and malaria RDTs to the health centre supervisors and the 

supervisors would then send feedback to CHWs when their requested commodities were ready for 

collection.  

 

In the control clusters, CHWs continued to submit paper-based R&R forms to the health facilities 

and then collected their supplies accordingly. 

mHealth enhanced supportive supervision and mentorship. 

The iCCM C-DHIS2 mobile platform has two applications: a) Patient Referral Tracker and Alert 

application; b) aggregate application. The patient referral tracker and alert application consists of 

two major components: A patient referral tracker, which is used to notify clinicians/health centre 

staff of the name of the patient referred to the clinic, their observed danger signs, and any pre-

referral treatment administered. It is also used by clinicians to provide feedback to CHWs on the 

case outcome of referred patients; that is whether referred to hospital, treated and discharged, or 

deceased. The tracker is also used to alert the supervisor that the time for mentorship is due. Once 

a month an automated SMS is sent out to the supervisor to remind them to conduct mentorship 

with the CHWs under their supervision. After a mentorship period at the health facility, the 

supervisor records three main weaknesses observed and enters them on the mentorship report 

through the simple feature phone and submits the results into C-HMIS after providing feedback to 

the CHW. 

 

In the Aggregate Application, in addition to the R&R form, there are two other forms that can be 

selected for data entry by the CHWs: 

• iCCM Disease Management form, which is used to report information on diseases such as 

diarrhoea (bloody and non-bloody), pneumonia, and RDT-confirmed malaria, cases seen, 

referred, and deaths. 
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• The New-born Care at Home form, which captures the number of new-born babies in the 

CHW catchment area; those visited, referred, or who have died. 
 

An important feature of this mHealth enhancement of iCCM management is the online availability 

of the application to supervisors at facility, district, provincial, and national levels. This makes the 

iCCM data visible at all levels, with potential for use as a management tool for analysing 

community-based health management information and decision making. 

 

Study Data Collection Quality Control Measures 

 

The study team implemented stringent quality assurance and quality control measures to ensure 

data quality. These included the following measures: 

 

1) Selection of data collectors and field supervisors 

Curriculum vitae (CVs) from experienced data collectors from the Central Statistics Office 

(CSO) in Eastern Province were reviewed and thirty-six (36) data collectors were 

shortlisted for training. After the training (see below) all the data collectors were subjected 

to a theory and a practical test. The twenty (20) best performing data collectors in both tests 

were selected. Out of the 20 data collectors, eight (8) applied for field supervisor position; 

out of which four were selected based on evidence of prior field supervisor experience 

(from CV), excellent performance in both theory and practical tests (75% or above), and 

good performance in supervisor-specific interviews. 

 

2) Training of data collectors and supervisors  

Data collectors and field supervisors received a five day training that included training in 

data collection methods, quality control in data collection, orientation to the study protocol 

and a word by word review of the data collection instruments. The data collectors and 

supervisors were also trained in protection of human participants, including the informed 

consent process. The training was conducted by the two Co-Principal Investigators (PIs) 

and the Study Project Director. 

 

3) Field Supervision of data collectors 

Four experienced supervisors were specifically selected and trained. The supervisor carried 

out spot checks on the data collectors, observed some of the interviews, and checked and 

signed off on every data collection form. 

 

4) Supervision of supervisors 

 The Project Director monitored the supervisors through daily reporting, counter-checking 

of data forms, and field visits. 

 

5) Quality checks by investigators 

 Apart from bi-weekly conference calls among investigators at which all issues from the 

field were discussed, the study team instituted the following quality assurance and quality 

control activities in addition to the quality checks by supervisors: 

 

a) At the beginning of the data collection period, the Zambia based PI and the Study 

Project Director supervised a sample of the data collection to trouble shoot and make 
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sure there were no issues with data quality. 

 

b) A few weeks into data collection, one of the co-investigators made a field visit and 

sampled a number of sites and at the same time checked the data forms. 

 

c) A few more weeks into data collection, the Zambia based PI and the Study Project 

Director conducted a data quality check which included random checks on caregiver's 

homes that were recorded as having been visited to confirm that they indeed had been 

visited. 

 

d) Mid-way during the data collection period, the Zambia based PI and the Study Project 

Director convened a meeting of all the data collectors and their supervisors to review how 

the data collection process had gone and emphasized the need for quality. A follow-up 

meeting with the supervisors was held with an emphasis on strict monitoring and 

supervision of data collectors. 

 

Outcomes and data analysis 

Primary outcome  

The primary outcome was the percentage of children 2-59 months receiving appropriate 

treatment from an iCCM trained CHW for malaria, pneumonia, or diarrhoea.  

Secondary outcomes  

The main secondary outcomes were iCCM medicines and diagnostic availability and clinical 

supervision coverage.  

Data entry was managed with the use of TeleForms®, a program that allows for paper copies of 

data collection forms to be scanned into a computer and verified by a data entry specialist. This 

method has successfully been utilized by ZCAHRD in previous large research projects in Southern 

Province and has proven useful in managing and verifying large amounts of data [20].  

 

Baseline characteristics potentially related to the outcome were compared between the two groups 

using tests as appropriate for continuous or categorical variables. Intention-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 using an 

exchangeable correlation matrix, adjusted for clustering by health facility.  Any characteristics that 

were determined to be unbalanced in the comparison of baseline characteristics was included in 

an adjusted model.  Secondary outcomes were also included in the adjusted model.  These analyses 

were conducted in SAS v9.4 using the proc genmod procedure. 

In addition to the composite primary outcome, ITT analysis on the appropriate treatment of 

malaria, pneumonia, and diarrhoea was performed separately. The study was not powered to show 

differences in the appropriate treatment of each of these conditions, but a disaggregate analysis by 

condition was important to help define the burden of disease and the relative success in appropriate 

treatment for each condition. 
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Results 
 

Recruitment 

We enrolled 3,774 and analysed data on 3,690 children under five years with malaria, diarrhoea, 

or pneumonia. Figure 1 summarizes the numbers allocated and finally analysed by study arm. 

Fig 1. Participants Flow Diagram  

 

 

 

 

 

 

 

 

 

 

 

 

Baseline socio-demographic characteristics 

Table 1 shows that approximately one third of the children in our sample were aged between 36 

and 59 months. There were slightly more males than females.  The intervention and control 

groups were comparable in terms of age group and gender. 

   Table 1 Baseline socio-demographic characteristics of children 0-59 months by study arm 

Variable Intervention Control All Subjects 95% CI 

Number of patients 1899 1791 3690   

Age group of child  % (n)       

0-11 months 22.9 (435) 23.3 (417) 23.1 (852) (21.7-24.4) 

12-23 months 25.1 (477) 24.3 (436) 24.7 (913) (23.4-26.1) 

24-35 months 19.5 (371) 20.1 (360) 19.8 (731) (18.5-21.1) 

36-59 months 32.4 (616) 32.3 (578) 32.4 (1,194) (30.8-33.9) 

Child sex  N=1813 

% (n) 

 N=1728 

% (n) 

N=3541 

% (n) 

  

Male 52.5 (952) 52.1 (900) 52.3 (1,852) (50.7-53.9) 

Female 47.5 (861) 47.9 (828) 47.7 (1,689) (46.1-49.3) 

 

Analysed intervention (n=1899) 

 

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

Allocated to intervention (n=1974) 

 

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

 

Allocated to control (n=1800) 

 

Analysed control (n=1791) 

 

 

Allocation 

Available for analysis 

Follow-Up 

Enrolled (n=3774) 
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The CHWs consisted of more males than females (67% versus 33%); most were married (87%) 

and aged between 35 and 49 years. Seventy percent of the CHWs had attained secondary level of 

education (Table 2). The vast majority of CHWs reported farming as their primary occupation 

(85%). 

 

Table 2 Community Health Workers Baseline Characteristics by district and by study arm 

Variable Chadiza 

Intervention 

Chadiza 

Control 

Chipata 

Intervention 

Chipata 

Control 

All 

Subjects 

Number of CHWs 10 10 24 25 69 

Age (years)  % (n)         

20-24 0.0 (0) 0.0 (0) 4.2(1) 0.0 (0) 1.4 (1) 

25-29 40.0 (4) 0.0 (0) 4.2(1) 8.0 (2) 10.1 (7) 

30-34 10.0 (1) 30.0 (3) 0.0(0) 16.0 (4) 11.6 (8) 

35-39 20.0 (2) 10.0 (1) 37.5(9) 20.0 (5) 24.6 (17) 

40-44 20.0 (2) 10.0 (1) 16.7(4) 16.0 (4) 15.9 (11) 

45-49 10.0 (1) 20.0 (2) 12.5(3) 24.0 (6) 17.4 (12) 

50-54 0.0 (0) 10.0 (1) 8.3(2) 12.0 (3)   8.7 (6) 

55-59 0.0 (0) 20.0 (2) 12.5(3) 0.0 (0)   7.2 (5) 

60-64 0.0 (0) 0.0 (0) 0.0 (0) 4.0 (1)   1.4 (1) 

65+ 0.0 (0) 0.0 (0) 4.2 (1) 0.0 (0)   1.4 (1) 

Sex  % (n)          

Male 80.0 (8) 90.0 (9) 66.7 (16) 52.0 (13) 66.7 (46) 

Female 20.0 (2) 10.0 (1) 33.3 (8) 48.0 (12) 33.3 (23) 

Educational attainment  % (n)         

Primary 0.0 (0) 50.0 (5) 29.2 (7) 24.0 (6) 26.1 (18) 

Secondary 100 (10) 50.0 (5) 62.5 (15) 72.0 (18) 69.6 (48) 

Higher 0.0 (0) 0.0 (0) 8.3 (2) 4.0 (1) 4.3 (3) 

Marital status                  %(n)         

Single/not married 10.0 (1) 0.0 (0) 8.3 (2) 8.0 (2) 7.2 (5) 

Married 90.0 (9) 100.0 (10) 87.5 (21) 80.0 (20) 87.0 (60) 

Separate/divorced 0.0 (0) 0.0 (0) 4.2 (1) 4.0 (1) 2.9 (2) 

Widowed 0.0 (0) 0.0 (0) 0.0 (0) 8.0 (2) 2.9 (2) 

Religion  % (n)         

Christian (Catholic) 50.0 (5) 60.0 (6) 25.0 (6) 52.0 (13) 43.5 (30) 

Christian (Protestant) 20.0 (2) 40.0 (4) 54.2 (13) 28.0 (7) 37.7 (26) 

Christian (Pentecostal) 20.0 (2) 0.0 (0) 4.2 (1) 16.0 (4) 10.1 (7) 

African Christian 

Church 

10.0 (1) 0.0 (0) 0.0(0) 4.0 (1) 2.9 (2) 

Muslim 0.0 (0) 0.0 (0) 4.2 (1) 0.0(0) 1.4 (1) 

Other 0.0 (0) 0.0 (0) 12.5 (3) 0.0 (0) 4.3 (3) 
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Most of the 34 CHW supervisors were male, half were married, and primarily nurses (56%), 

followed by EHT, clinical officers and midwives (Table 3).  

Table 3 Supervisor Baseline characteristics by district and by study arm 

Parameter Chadiza 

Interventio

n 

Chadiza 

Control 

Chipata 

Interventi

on 

Chipata 

Control 

All Subjects 

Number of 

Supervisors 

4 5 10 15 34 

Age group (years)  % (n)         

20-24 0.0 (0) 0.0 (0) 10.0 (1) 20.0 (3) 11.8 (4) 

25-29 0.0 (0) 60.0 (3) 40.0 (4) 0.0 (0) 20.6 (7) 

30-34 50.0 (2) 0.0 (0) 40.0 (4) 40.0 (6) 35.3 (12) 

35-39 25.0 (1) 0.0 (0) 10.0 (1) 6.7 (1) 8.8 (3) 

40-44 0.0 (0) 0.0 (0) 0.0 (0) 13.3 (2) 5.9 (2) 

45-49 25.0 (1) 0.0 (0) 0.0 (0) 13.3 (2) 8.8 (3) 

50-54 0.0 (0) 20.0 (1) 0.0 (0) 6.7 (1) 5.9 (2) 

55-59 0.0 (0) 20.0 (1) 0.0 (0) 0.0 (05) 2.9 (1) 

Sex   % (n)         

Male 50.0 (2) 40.0 (2) 90.0 (9) 80.0 (12) 73.5 (25) 

Female 50.0 (2) 60.0 (3) 10.0 (1) 20.0 (3) 26.5 (9) 

Marital status           

Single/not married 50.0 (2) 60.0 (3) 50.0 (5) 46.7 (7) 50.0 (17) 

Married 50.0 (2) 40.0 (2) 50.0 (5) 53.3 (8) 50.0 (17) 

Occupation  % (n)         

CHA 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

Nurse 25.0 (1) 60.0 (3) 60.0 (6) 60.0 (9) 55.9 (19) 

Midwife 50.0 (2) 20.0 (1) 0.0 (0) 0.0 (0) 8.8 (3) 

Clinical Officer 25.0 (1) 20.0 (1) 10.0 (1) 6.7 (1) 11.8 (4) 

EHT 0.0 (0) 0.0 (0) 30.0 (3) 33.3 (5) 23.5 (8) 

Religion  % (n)         

Christian (Catholic) 50.0 (2) 20.0 (1) 50.0 (5) 6.7 (1) 26.5 (9) 

Christian 

(Protestant) 

25.0 (1) 60.0 (3) 20.0 (2) 60.0 (9) 44.1 (15) 

Christian 

(Pentecostal) 

25.0 (1) 20.0 (1) 30.0 (3) 26.7 (4) 26.5 (9) 

Other 0.0 (0) 0.0 (0) 0.0 (0) 6.7 (1) 2.9 (1) 

 

Supervision and mentorship coverage was 18% higher in the intervention compared to the 

control (adjusted prevalence ratio [aPR]: 1.18; 95% CI: 0.95, 1.47) (Table 4). Most of the 

supervision was carried out by health facility staff (93.8%; n=165) and most of the supervision 
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and mentorship was carried out at the health facility (61.7%; n=108). Table 4 also shows that the 

weekly reporting rates for disease management and drug supply management were 45% and 

42.8% respectively in the intervention. Forty-three percent (n=27) of CHWs in the intervention 

group reported receiving an SMS reminder on the use of the sick child recording form and 

submission of weekly reports. About half (47.6%, n=10) of CHWs reported receiving feedback 

by phone from their supervisors on patients they referred. 

Table 4 Intervention Coverage by study arm: Supervision & Mentorship  

Variable  Intervention Control All  aPR (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 (0)  

Other 0.0 (0) 2.6 (2) 1.1 (2)   

Place of supervision  N=98  N=78  N=176   

At the CHP 27.8 (27) 26.9 (21) 27.4 (48)   

At the health facility 68.0 (66) 53.8(42) 61.7(108)   

Other 4.1(4) 17.9(14) 10.3(18)   

Receipt of SMS reminder by 

CHW on use of sick child 

recording form and submission 

of weekly report 

N= 160 

% (n) 

   

Reported SMS 39.4 (63) N/A N/A  

Confirmed SMS 42.9 (27) N/A N/A  

# of CHWs sending weekly 

disease management reports 

using mobile phone 

 

% (n/N) 

   

Weekly disease management 

reports 

45.0 (72/160) N/A N/A  

Weekly drug reports 42.8 (68/159) N/A N/A  

Weekly newborn care reports 36.5 (58/159) N/A N/A  

# of CHWs receiving feedback 

by phone from supervisors on 

patients referred 

% (n/N)    

Reported SMS 13.1 (21/160) N/A N/A  

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

 

The prevalence of supervision and mentorship coverage in the intervention arm was 49.1% 

(n=27) and 67.6% (n=71) in Chadiza and Chipata districts respectively. There was a larger 

difference in prevalence of supervision and mentorship between intervention and control in 
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Chadiza than in Chipata (see Table 5). CHW weekly disease management and drug management 

reporting prevalence in the intervention was similar between Chadiza (47.3%, 40.7%) and 

Chipata (43.8%, 43.8%). 

 

Table 5 Intervention Coverage by district and study arm: Supervision & Mentorship 

Variable Chadiza 

Intervention 

Chadiza 

Control 

Chipata 

Intervention 

Chipata 

Control 

All Subjects 

Received mentorship 

or support in last 

month 

 % (n/N)     

Received mentorship 

or support 

49.1 (27/55) 27.1 (13/48) 67.6 (71/105) 63.7 (65/102) 56.8 (176/310) 

Cadre of supervisor 

performing supportive 

supervision or 

mentorship 

 N=27 

% (n) 

N=13 

% (n) 

N=71 

% (n) 

N=65 

% (n) 

N=176 

% (n) 

Health facility staff 88.9 (24) 53.8 (7) 100.0 (71) 96.9 (63) 93.8 (165) 

DHMT 11.1 (3) 46.2 (6) 0.0 (0) 0.0 (0) 5.1 (9) 

CHA 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 

Other 0.0 (0) 0.0 (0) 0.0 (0) 3.1 (2) 1.1 (2) 

Place of supportive 

supervision or 

mentorship 

 N=27 

% (n) 

N=13 

% (n) 

N=71 

% (n) 

N=65 

% (n) 

N=176 

% (n) 

At the community 

health post 

14.8 (4) 7.7 (1) 32.4 (23) 30.8 (20) 27.3 (48) 

At the health facility 85.2 (23) 69.2 (9) 60.6 (43) 50.8 (33) 61.4 (108) 

Other 0.0 (0) 23.1 (3) 5.6 (4) 16.9 (11) 10.2 (18) 

Receipt of SMS 

reminder by CHW on 

use of sick child 

recording form and 

submission of weekly 

report 

 % (n/N) % (n/N) % (n/N) % (n/N) % (n/N) 

Reported SMS 38.2 (21/55) N/A 40.0 (42/105) N/A 20.3 (63/310) 

Confirmed SMS 28.6 (6/21) N/A 50.0% 

(21/42) 

N/A 42.9 (27/63) 

# of CHWs sending 

weekly disease 

management reports 

using mobile phone 

 % (n/N) % (n) N=105 

% (n) 

% (n) % (n/N) 

Weekly disease 

management reports 

47.3 (26/55) N/A 43.8 (46) N/A 23.3(72/309) 

Weekly drug reports 40.7 (22/54) 0.0% (0/48) 43.8 (46) N/A 22.1(68/308) 

Weekly newborn care 

reports 

35.2 (19/54) 0.0% (0/48) 37.1 (39) N/A 18.8(58/308) 
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# of CHWs receiving 

feedback by phone 

from supervisors on 

patients referred 

 % (n/N)         

Reported SMS 20.0% (11/55) N/A 9.5 (10/105) N/A 6.8 (21/309) 

Confirmed SMS 36.4% (4/11) N/A 60.0 (6/10) N/A 47.6 (10/21) 

 

In terms of supply chain management, the overall prevalence of submission of reports and 

requisitions by CHWs using mobile phone was 27.9% (n=67). There was no difference in the 

prevalence of the availability of iCCM commodities on the day of the survey visit or stock outs 

during the month before the survey between the intervention and control (Table 6). However, 

there was a two to three-fold increase in the prevalence of CHWs reporting that they received the 

iCCM commodities they ordered (aPR=2.62 to 3.56). 

 

Table 6 Intervention coverage by study arm: Supply chain management  

Variable Intervention 

N=240 

% (n) 

Control 

N=241 

% (n)  

All Subjects 

N=481 

% (n) 

aPR (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) 

RDTs 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 26.7 (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) 

Stock outs of iCCM commodities 

past month before visit 

    

Artemether-lumefantrine 30.8 (74) 33.2 (80) 32.0 (154) 0.93 (0.69, 1.26) 

RDTs 35.4 (85) 35.3 (85) 35.3 (170) 1.00 (0.77, 1.31) 

Amoxicillin 24.2 (58) 22.4 (54) 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) 25.4 (122) 2.82 (1.50, 5.30) 

RDTs 31.7 (76) 12.0 (29) 21.8 (105) 2.62 (1.37, 5.04) 

Amoxicillin 35.8 (86) 10.0 (24) 22.9 (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) 
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Both Chadiza and Chipata districts recorded a higher prevalence of CHWs reporting that they 

received the supplies they had ordered in the intervention than in the control arm (Table 7). 

Table 7 Intervention coverage by district and study arm: Supply chain management  

Variable Chadiza 

Intervention 

N=60 

% (n) 

Chadiza 

Control 

N=60 

% (n) 

Chipata 

Intervention 

N=180 

% (n) 

Chipata 

Control 

N=181 

% (n) 

All 

Subjects 

N=481 

% (n) 

Supplies available today           

Artemether-lumefantrine 81.7 (49) 71.7 (43) 40.0 (72) 36.5 (66) 47.8 (230) 

RDTs 78.3 (47) 65.0 (39) 32.8 (59) 31.5 (57) 42.0 (202) 

Amoxicillin 80.0 (48) 68.3 (41) 43.3 (78) 41.4 (75) 50.3 (242) 

ORS 90.0 (54) 73.3 (44) 50.6 (91) 49.2 (89) 57.8 (278) 

Zinc 10.0 (6) 3.3 (2) 32.2 (58) 34.3 (62) 26.6 (128) 

All of the above 8.3 (5) 0.0 (0) 14.4 (26) 17.7 (32) 13.1 (63) 

Stock outs in the past 

month 

          

Artemether-lumefantrine 36.7 (22) 26.7 (16) 28.9 (52) 35.4 (64) 32.0 (154) 

RDTs 36.7 (22) 25.0 (15) 35.0 (63) 38.7 (70) 35.3 (170) 

Amoxicillin 25.0 (15) 21.7 (13) 23.9 (43) 22.7 (41) 23.3 (112) 

ORS 6.7% (4) 10.0 (6) 13.3 (24) 11.6 (21) 11.4 (55) 

Zinc 85.0 (51) 80.0 (48) 31.1 (56) 27.1 (49) 42.4 (204) 

Submit drugs report and 

requisition form using 

phone 

          

Submitted report 41.7 (25) 0.0 (0) 23.3 (42) 1.1 (2) 14.3 (69) 

Receive supplies that you 

ordered 

          

Artemether-lumefantrine 65.0 (39) 11.7 (7) 28.3 (51) 13.8 (25) 25.4 (122) 

RDTs 55.0 (33) 11.7 (7) 23.9 (43) 12.2 (22) 21.8 (105) 

Amoxicillin 61.7 (37) 6.7 (4) 27.2 (49) 11.0 (20) 22.9 (110) 

ORS 60.0 (36) 5.0 (3) 28.3 (51) 13.8 (25) 23.9 (115) 

Zinc 10.0 (6) 0.0 (0) 16.7 (30) 6.6(12) 10.0 (48) 

 

CHWs in both intervention and control displayed high levels of competence as measured by their 

ability to classify each of the three iCCM conditions (Table 8). Overall, a comparison of illness 

classification by CHWs and classifications based on presenting symptoms and signs indicate a 

kappa of 0.98 (95% CI: 0.97, 0.98), 0.93 (95% CI: 09.2, 0.95), and 0.80 (95% CI: 0.78, 0.82) for 

malaria, diarrhoea and pneumonia respectively. 
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1Table 8 Illness classification of iCCM conditions by study arm 

Variable  Intervention 

N=1899 

% (n) 

Control 

N=1791 

% (n) 

All Subjects 

N=3690 

% (n) 

Classification by CHWs 
   

Malaria  48.8 (927) 48.6 (970) 48.7 (1797) 

Diarrhea  20.0 (380) 19.4 (347) 19.7 (727) 

Pneumonia  47.6 (904) 51.3 (918) 49.4 (1822) 

Classification based on diagnostic 

criteria 

   

Malaria  47.9 (910) 47.7 (855) 47.8 (1765) 

Diarrhea  20.6 (391) 19.9 (356) 20.2 (747) 

Pneumonia  42.9 (814) 44.4 (795) 43.6 (1609) 

 

Data disaggregated by district show no difference between the two districts in terms of illness 

classification by CHWs (Table 9). 

 

Table 9 Illness classification of iCCM conditions by district and study arm 

 

Variable Chadiza 

Intervention      

N=395                 

%(n) 

Chadiza 

Control 

N=481                 

%(n) 

Chipata 

Intervention 

N=1504               

%(n) 

Chipata 

Control 

N=1310                          

%(n) 

All Subjects 

Classification by 

CHWs 

          

Malaria 55.4 (219) 46.2 (222) 47.1 (708) 49.5 (648) 48.7 (1,797) 

Diarrhea 16.2 (64) 16.0 (77) 21.0 (316) 20.6 (270) 19.7 (727) 

Pneumonia 43.0 (170) 52.2 (251) 48.8 (734) 50.9 (667) 49.4 (1,822) 

Classification based on 

recorded symptoms 

and signs 

          

Malaria 53.7 (212) 45.3 (218) 46.4 (698) 48.6 (637) 47.8 (1,765) 

Diarrhea 17.2 (68) 15.8 (76) 21.5 (323) 21.4 (280) 20.2 (747) 

Pneumonia 41.5 (164) 45.7 (220) 43.2 (650) 43.9 (575) 43.6 (1,609) 

 

There was a 21% non-significant increase in the prevalence of CHWs appropriately prescribing 

amoxicillin for pneumonia in the intervention arm compared to the control (aPR: 1.21; 95% CI: 

                                                           
1 Please note the difference between table 8 and table 12 in terms of numbers of patients seen by CHWs. This table 

shows enrolled patients as recorded by data collectors during the implementation of the main part of the study. Table 

12 records data on all patients seen by CHWs during the study period as recorded by data collectors for the costing 

analysis. Table 13 is also a record of ICCM commodities consumed for all patients, not just those enrolled. The data 

was collected for the costing component of the study but has been included here because it helps us interpret the 

supply chain data which shows that although the intervention received the supplies they ordered they still had the 

same level of stock outs as the control (see discussion section). 
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0.87, 1.67). However, there was no difference in appropriate treatment for malaria and diarrhoea 

between the two study arms (Table 10). Overall there were high levels of appropriate treatment 

for malaria (86.7%, n=1,530) and diarrhoea treatment excluding zinc (90.1%, n=673) although 

this may have been due to the limited availability of this adjunct to diarrhoea therapy. By 

contrast, appropriate treatment for pneumonia was less than 50% overall and was marginally 

better in the intervention group. 

 

Table 10 Appropriate treatment by study arm 

Variable Intervention 

% (n/N) 

Control 

% (n/N) 

All Subjects 

% (n/N) 

aPR (95% CI) 

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

Diarrhea      
 

  

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) 

 

CHWs in both Chadiza and Chipata districts displayed high levels of appropriate treatment for 

malaria and diarrhea without zinc in both intervention and control arms (Table 11), whereas they 

exhibited low levels for pneumonia. Malaria treatment is the same across district and 

intervention.  There is a big difference in appropriate treatment between the districts for 

diarrhoea with zinc, but similar for diarrhoea excluding zinc, although this appears to be better in 

control arms. Appropriate treatment for pneumonia was higher in Chipata district.   

Table 11 Appropriate treatment by district and by study arm 

Variable Chadiza 

Intervention      

%(n/N) 

Chadiza 

Control                  

%(n/N) 

Chipata 

Intervention 

%(n/N) 

Chipata 

Control 

%(n/N) 

All Subjects 

Malaria 86.8 (184/212) 88.1 (192/218) 85.4 (596/698) 87.6 (558/637) 86.7(1,530/1765) 

Diarrhea           

Including 

zinc 

1.5 (1/68) 2.6 (2/76) 48.6 (157/323) 59.3 (166/280) 43.6 (326/747) 

Excluding 

zinc 

83.8 (57/68) 96.1 (73/76) 87.9 (284/323) 92.5 (259/280) 90.1 (673/747) 

Pneumonia 34.1 (56/164) 38.2 (84/220) 56.9 (370/650) 48.2 (277/575) 48.9 (787/1,609) 

 

Overall CHWs in the intervention treated 61% of children with malaria, diarrhea, and pneumonia 

(Table 12) and consumed 60% of the iCCM commodities (Table 13). 
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Table 12 Number of iCCM conditions treated by CHWs by study arm 

Variable Intervention 

% (n) 

Control 

% (n) 

All Subjects 

% (n) 

Malaria  61.2 (4,245) 38.8 (2,686) 100 (6,931) 

Diarrhea  61.5 (1,670) 38.5 (1,044) 100 (2,714) 

Pneumonia  59.5 (3,441) 40.5 (2,339) 100 (5,780) 

Total 60.7 (9,356) 39.3 (6,069) 100 (15,425) 

 

Table 13 Consumption of iCCM commodities by study arm 

Variable Intervention 

Row % (n) 

Control 

Row % (n) 

All Subjects 

Row % (n) 

RDTs done 62.3 (6,834) 37.7 (4,127) 100 (10,961) 

Artemether-

lumefantrine tablets 

consumed 

61.4 (40, 153) 38.6 (25,208) 100 (65,361) 

Amoxicillin tabs 

consumed 

55.8 (44,261) 44.2 (35,071) 100 (79,332) 

ORS sachets consumed 69.9 (5,450) 30.1 (2,349)  100 (7,799) 

Zinc tablets consumed 62.4 (12,265) 37.6 (7,406) 100 (19,671) 

Total 59.5 (108,963) 40.5 (74,161) 100 (183,124) 
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Discussion 

The results of this study show that mHealth interventions were associated with 18% improvement 

in supportive supervision and a 21% increase in appropriate treatment for pneumonia by CHWs; 

but had no effect on diarrhoea and malaria treatment. The study also shows that mHealth 

interventions were associated with a 2-3 times increase in the proportion of CHWs that received 

the supplies they ordered, but there was no overall impact on stock outs of iCCM commodities. 

All the above results were not statistically significant. This is possibly attributable to the low 

coverage of the intervention at 61% supervision and 28% prevalence of report submission and 

requisition 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 healthcare objectives globally, 

particularly for enhancement of their supportive supervision [21]. However, in order to have an 

impact on CHW performance, health service coverage, and ultimately health impact, both 

frequency and quality of supervision are essential [22, 23]. 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 supervision coverage of 61% is too low and may therefore explain the reason for low 

impact on appropriate treatment observed. With a longer implementation period, we expect the 

frequency, coverage of supervision, and quality of supervision to increase and to lead to better 

health outcomes. The point here is that while the intervention was taking place during the 5.5 

months, mHealth interventions were applied at sub-optimal levels due to technical difficulties, 

especially during the first two months. With longer application, we expect that most of the 

technical challenges would be dealt with and the supervisors would use the application more, and 

hence the coverage of supervision is expected to increase. 

 This study did not measure quality of supervision; however, the mHealth platform was designed 

in such a way that supervisors from the District Health Office and central level health personnel 

with access privileges were 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 the iCCM activities in each district.  

Some of the important features of the mHealth enhanced supervision and mentorship program 

were the feedback provided to the CHWs by supervisors on patients they received and the 

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 did not only 

provide an opportunity for CHWs to know the final outcome of the patients they referred but also 

acted as a motivating factor to the CHWs. Past research indicates that positive performance 

feedback has a significant effect on health worker compliance with IMCI treatment guidelines [24] 

and on health worker performance (25,26). 

The 21% increase in appropriate treatment for pneumonia by CHWs observed in this study, though 

not statistically significant, is clinically important to note as an effect of mHealth technology on 
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CHW performance, because it implies that, with mHealth interventions, CHWs are able to provide 

appropriate treatment to one in every five more children with 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 (27, 28). The reasons for 

inappropriate treatment of pneumonia in this study include misdiagnosis and for those who were 

correctly diagnosed they were given the wrong medication. In total, there were 1,532 children with 

pneumonia that were correctly diagnosed by CHWs.  They did not diagnose 77 children with both 

cough and fast breathing as pneumonia and they diagnosed 290 as pneumonia without either cough 

[22], fast breathing (248) or both [24].  Total of 822 cases of pneumonia were incorrectly 

prescribed; with 310 receiving no antibiotic, but 512 receiving an antibiotic but with an incorrect 

dose.  Therefore, the major problem with diagnosis was assessing for fast breathing and the major 

problem with treatment was giving the correct dose of amoxicillin.   

 Overall, the CHWs in this study in both control and intervention arms displayed high levels of 

competence in terms of correct classification of iCCM conditions and appropriate treatment for 

malaria and diarrhoea. This mainly due to the fact that both groups were recently 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 another demonstration project in Uganda recently [29]. In the Ugandan demonstration 

study, appropriate treatment for pneumonia was the lowest at 88.2% versus 97.1% for fever and 

92.4% for diarrhoea.  

Apart from the effect on appropriate treatment for pneumonia, mHealth interventions were 

associated with good response from health facilities on iCCM commodities ordered as CHWs in 

the mHealth supported study arm were more than 2-3 times likely to receive the commodities they 

ordered compared to the non-mHealth supported CHWs.  It is not completely clear why this is the 

case.  There is evidence to show that supportive supervision in itself is associated with increased 

availability of medicines for iCCM [30]; it is not clear however whether this is a factor in this 

study. What seems to be clear is why there was no difference between the mHealth supported 

CHWs and the non-mHealth supported CHWs in terms of availability of iCCM commodities and 

in terms of stock outs, despite more CHWs in the intervention reporting that they received the 

commodities they ordered. Caseload analysis showed that the intervention CHWs saw a total of 

9,356 cases of the three iCCM conditions while the control CHWs saw a total of 6,069 cases. This 

means that although the intervention CHWs received the commodities they ordered most of these 

commodities were consumed by the higher number of cases they attended to. In fact, commodities 

consumption data shows that the intervention CHWs dispensed 60% of the commodities. 
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Limitations 

This study has a number limitations. As indicated above, the insufficient time for full uptake of 

the intervention may have limited its impact; the lack of data on the frequency of paper based 

reports and requisitions in the control arm makes it difficult to compare the two arms on this 

indicator. 

Conclusion  

Considering the observed positive effect on supportive supervision, appropriate treatment for 

pneumonia, and increase in proportion of CHWs receiving supplies they ordered in the 

intervention arm, in the midst of low intervention coverage, with higher and sustained intervention 

coverage, mHealth has potential to improve supervision, mentorship, supply chain management, 

and overall management of iCCM conditions. This study shows that mHealth interventions are 

associated with higher rates of treatment for pneumonia.  

Recommendations 

Based on the results of this study, we recommend a phased scale up of the pilot mHealth enhanced 

supportive supervision and supply chain management, first to the rest of the two districts studied, 

then to all districts in Eastern Province over a period of 12 months. Data on key output and outcome 

indicators should be collected over this period and analyzed to inform further scale up country-

wide. 

 We also recommend a qualitative implementation research to study implementation factors and 

bottlenecks in this cluster, randomized controlled trial that may impact effective scale up of the 

program.  

Lastly we recommend a country-wide scale up of the C-DHIS2 developed as part of this program 

to serve as a platform for the implementation of community health management information 

system (c-HMIS). 
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