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Abstract. 

We evaluated the impact of integrated case management of childhood illness (integrated Community Case 

Management [iCCM]) on careseeking for childhood illness and child mortality in Malawi, using a National 

Evaluation Platform dose—response design with 27 districts as units of analysis. ―Dose‖ variables included density 

of iCCM providers, drug availability, and supervision, measured through a cross-sectional cellular telephone survey 

of all iCCM-trained providers. ―Response‖ variables were changes between 2010 and 2014 in careseeking and 

mortality in children aged 2–59 months, measured through household surveys. iCCM implementation strength was 

not associated with changes in careseeking or mortality. There were fewer than one iCCM-ready provider per 1,000 

under-five children per district. About 70% of sick children were taken outside the home for care in both 2010 and 

2014. Careseeking from iCCM providers increased over time from about 2–10%; careseeking from other providers 

fell by a similar amount. Likely contributors to the failure to find impact include low density of iCCM providers, 

geographic targeting of iCCM to ―hard-to-reach‖ areas although women did not identify distance from a provider as 

a barrier to health care, and displacement of facility careseeking by iCCM careseeking. This suggests that targeting 

iCCM solely based on geographic barriers may need to be reconsidered. 

INTRODUCTION 

The Millennium Development Goals (MDGs) threw a spotlight on the need to accelerate 

progress of women and children.
1
 The fourth MDG (MDG4) called for a reduction of two-thirds 

in child mortality between 1990 and 2015. A landmark publication in 2003 demonstrated that 

high proportions of child deaths were attributable to causes for which simple and cost-effective 

intervention were available and recommended that child survival programs should be refocused 

on evidence-based,
2
 high-impact interventions, delivered through strategies effective in reaching 

large populations of women and children.
3
 One such strategy is integrated Community Case 

Management (iCCM). iCCM is endorsed by the World Health Organization (WHO) and United 

Nations Children’s Fund (UNICEF)
4–6

 as a strategy to extend the provision of correct treatment 

of childhood pneumonia, diarrhea, and malaria beyond health facilities so that more children 

have access to lifesaving treatments.
7
 Despite important progress, these three infectious diseases 
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still account for 31% of deaths in children under 5 years of age.
8
 Many countries with high rates 

of under-five mortality have adopted iCCM as a policy, particularly in sub-Saharan Africa.
9,10

 

The interventions delivered through iCCM are efficacious in reducing deaths from 

pneumonia through prompt treatment with antibiotics, diarrhea through the administration of oral 

rehydration salts (ORS) solution and zinc, and malaria through artemisinin-based combination 

therapy (ACT)—either presumptively or after administration of a rapid diagnostic test to confirm 

the presence of malaria infection.
4
 However, little is known about the effectiveness of the 

strategy in reducing under-five mortality when implemented at scale by governments and 

partners. There is a large and growing body of research focusing on iCCM implementation and 

intermediate outcomes,
11

 including the iCCM policy adoption process,
12

 the extent and 

challenges of implementing iCCM in low- and middle-income countries,
9
 the quality of care 

provided by health-care workers trained in iCCM,
13,14

 and the health system supports needed to 

implement iCCM effectively.
15

 

In 2008, Malawi was one of the first countries in sub-Saharan Africa to adopt the iCCM 

strategy and plan for its implementation nationwide, targeting areas of each district with limited 

access to fixed health facilities. Located in east Africa, with a population of about 16 million in 

2012, Malawi is one the poorest countries in world. It had a gross domestic product per capita of 

815 in 2014,
16

 and ranked 174th of 187 on the human development index in that year.
17

 Despite 

these daunting statistics, Malawi is among the few countries in sub-Saharan Africa that has 

achieved MDG4, reducing its under-five mortality rate from 245 deaths per 1,000 live births in 

1990 to 68 deaths per 1,000 live births in 2013.
18

 Among the estimated 41,000 under-five deaths 

in Malawi in 2013, about half (48%) were attributed to infectious diseases, including pneumonia 

(13%), malaria (15%), diarrhea (8%), and human immunodeficiency virus infection/acquired 

immunodeficiency syndrome (12%).
8
 

This article reports on a prospective evaluation of iCCM in Malawi, including assessments of 

iCCM implementation strength, utilization, costs, intervention coverage, and impact on child 

mortality. 

METHODS 

Description of the iCCM program in Malawi. 

The Ministry of Health (MOH) has been implementing iCCM at scale in its 28 districts as a 

part of the national Essential Health Package
19

 since 2009, with support from various partners. 

The MOH intended that iCCM services at community level would complement the rollout of the 

Integrated Management of Childhood Illness (IMCI) strategy in first-level health facilities, 

resulting in rapid increases in coverage for all sick children. Paid government health workers 

(called health surveillance assistants [HSAs]) are responsible for providing iCCM services to 

defined target populations of about 1,000 individuals in ―hard-to-reach areas,‖ defined by each 

district based on geographic access to a fixed health facility (> 8 km or other geographic barrier). 

As of July 2013, the MOH reported that 3,392 HSAs were providing iCCM services among 

9,555 HSAs in the country.
20

 

HSAs participated in a 6-day training course on iCCM that adhered closely to the standard 

WHO/UNICEF iCCM training curriculum.
21

 After training, HSAs received an initial supply of 

drugs, which they could replenish at no cost from their assigned fixed health facility. Members 

of the District Health Management Team, including some who had not been trained in correct 



clinical management of childhood illness, supervised the HSAs initially. Beginning in 2011, 

some HSAs were provided with clinical mentoring when they visited the fixed health facility to 

collect their monthly salary and drug resupplies. HSAs are expected to live in their catchment 

areas and provide child health-care services through at least two special sessions each week and 

on-demand for sick children brought to them for care. ICCM services and drugs are provided 

free of charge. Further information on how the iCCM strategy is being implemented in Malawi is 

available elsewhere.
22

 

Evaluation objectives and impact model. 

The objective of the evaluation was to assess the extent to which the introduction of iCCM in 

Malawi was associated with increases in careseeking for childhood illness, leading to accelerated 

declines in under-five mortality. 

The original design, developed in a workshop conducted in-country in December 2008, was a 

pretest–posttest quasi‐experimental design with six intervention districts selected from among 

those in which iCCM implementation was supported by WHO and UNICEF under the Canadian-

led Catalytic Initiative to Save a Million Lives
23

 and six comparison districts. However, by 2009, 

the MOH had secured financial and technical assistance to scale-up iCCM using similar 

approaches in all districts in the country, precluding the use of an intervention-comparison 

design. 

This and similar developments in other Catalytic Initiative countries prompted the 

development of a new approach to evaluating programs at scale, called the National Evaluation 

Platform (NEP).
24

 The NEP uses districts as the unit of analysis and supports various types of 

analysis. For the impact evaluation of iCCM in Malawi, we used a ―dose–response‖ analysis 

with measures of iCCM implementation strength as the dose and measures of outcomes 

(treatment coverage as reflected in careseeking for childhood illness and intervention coverage) 

and impact (child mortality) as the response, adjusting for appropriate confounders. The NEP 

design covers 27 of the 28 districts in Malawi. (The 28th district, Likoma, is an 18-km
2
 island in 

Lake Malawi with an estimated population in 2008 of 10,445 inhabitants.
25

) 

The evaluation was designed to test the assumptions underlying a five-step impact model: 1) 

it is possible to train, deploy, supply with drugs, and supervise a substantial number of HSAs 

who will provide iCCM for malaria, pneumonia, and diarrhea (provision); 2) HSAs will be able 

to provide appropriate, high-quality iCCM services (quality); 3) mothers will take their sick 

children to HSAs for care (utilization); 4) the proportion of sick children who need care from a 

trained provider who actually receive that care will increase (coverage); and 5) rates of child 

mortality will decline (impact). 

Data sources and variables. 

Table 1 lists all variables used in the analysis and their sources. 

Our original design included prospective collection of routine data related to the 

implementation of all maternal, newborn, and child health (MNCH) programs at district level. 

The National Statistical Office (NSO)–trained HMIS officers from the 16 districts originally 

included in the evaluation (10 CI and six non-CI) to coordinate quarterly data extraction using a 

predesigned tool. Between 2011 and 2013, we abstracted MNCH data from the HMIS and CCM 

monthly reporting forms on a quarterly basis in each of these districts. NSO visited each district 



on a biannual basis to collect the forms and conduct interviews with DHMT staff on contextual 

factors that could affect MNCH (epidemics, food shortages, vaccination campaigns, etc.). 

Despite repeated efforts to improve data completeness and quality (e.g., frequent follow-up by 

phone and in-person, refresher trainings, increased per diems, data review meetings, and 

involving other district staff such as the district health officer and program coordinators), the 

MOH, implementing partners and the evaluation team agreed in 2013 that the information 

collected was not sufficiently comprehensive and accurate to be used as the basis for assessing 

iCCM implementation strength over this period. Important data needed to assess the strength of 

iCCM implementation were not available in district records (e.g., supervision frequency, data on 

stockouts of iCCM drugs and other commodities). Even for data that were available, there were 

numerous inconsistencies identified through triangulation with MOH records. 

In collaboration with the MOH, we therefore developed and tested an alternative approach 

for collecting data on the strength of iCCM implementation. This method used cellphone 

interviews to collect data directly from a random sample of the HSAs. The standardized 

interview protocol asked HSAs for information on a core set of iCCM implementation strength 

indicators (supervision, training, utilization, drug stocks, etc.) that had been agreed upon by the 

MOH and iCCM implementation partners, which in turn reflected global consensus benchmark 

indicators for iCCM.
26

 In the validation study,
27

 the research team visited each interviewed HSA 

within 48 hours to confirm their response via records at their assigned fixed health facility and 

inspection visits at the HSA’s village clinic. The sensitivity and specificity of the measurements 

collected via cell phone interviews were above 80% for all indicators, and many were higher (> 

90%). 

We therefore proceeded to implement the implementation strength snapshot method among a 

census of all iCCM-trained HSAs in the country in mid-2013. The MOH reported that the iCCM 

program was being implemented at full strength at this time, although delays in the endline 

household survey created a gap of several months between the measurements of implementation 

strength and intervention coverage and mortality. Further details on the methods of this iCCM 

―implementation strength snapshot‖ are available elsewhere
20

 and in Supplemental Web Annex 

1, Part 1. 

We used provision of iCCM at the district level as measured through the implementation 

strength snapshot as the dose variable, and defined it as the density of iCCM-ready HSAs per 

1,000 under-five population, as shown in Table 1. We estimated the utilization of iCCM services 

by asking each iCCM-trained HSA how many sick children he/she had managed in the previous 

month. We used population data to translate this estimate into the estimated number of sick 

children treated by HSAs per 10,000 under-five population in the previous month, and child 

contacts with an iCCM-trained HSA per child per year. 

We used data from household surveys conducted by the Malawi NSO in 2010 and 2014 to 

estimate levels of careseeking for childhood illnesses addressed by iCCM and child mortality 

between the ages of 2 and 59 months, which were the outcome and impact indicators, 

respectively. We considered both as ―response‖ variables in the analysis. The 2010 survey was 

conducted under the Demographic and Health Surveys (DHS) program,
28

 and the 2014 MDG 

survey was conducted under the UNICEF Multiple Indicator Cluster Survey (MICS) program.
29

 

The surveys used comparable methods and interviewed samples of about 1,000 households 

representative of each district. The clustered sample design and sample weights were taken into 



account when calculating district-level estimates. The two surveys had similar questions on 

careseeking for illness and included HSA or village worker/HSA as a specific response code. 

We used careseeking as a proxy for treatment coverage for all three of the infectious diseases 

targeted by iCCM. The careseeking data were reanalyzed by the study team to ensure consistent 

definition across the two surveys. We defined ―formal providers‖ as either public (government) 

or private health facilities or community-based workers (e.g., hospitals, clinics or mobile clinics, 

physicians, nurses, and HSAs). Private pharmacies, shops/vendors, traditional practitioners, and 

non-health system sources (friend/neighbor) were not considered formal providers. 

In the main analyses, we report on careseeking for all three conditions (pneumonia, diarrhea, 

and malaria) combined for children aged 2–59 months. Results for individual conditions and by 

type of provider are presented in Supplemental Web Annex 1, Part 2. In 2010, the survey also 

included a question on geographic access to services, asking mothers: ―Is distance a problem for 

obtaining health care?‖ We used the responses (yes/no) as a stratifier in reporting the careseeking 

results at baseline. Although this question referred to the woman’s own health care, we 

considered it as an adequate proxy for perceived barriers to careseeking for family health. This 

question was not included in the 2014 survey. 

During the surveys, trained fieldworkers obtained full birth histories from women of 

reproductive age to estimate child mortality. We conducted the analysis using changes in 

mortality for both all under-five children and children aged 2–59 months, as the latter group is 

the specific target of iCCM as implemented to date in Malawi. There were no differences in the 

results for these two age groups, and we therefore present results on deaths among children aged 

2–59 months in the article and the under-five mortality results in Supplemental Web Annex 1, 

Part 3. We conferred with the MOH to define the pre-iCCM (baseline) period as October 2007 to 

September 2009, and the full iCCM implementation period (endline) as October 2010 to 

September 2013, for the purpose of mortality analysis. Data on deaths from the iCCM phase-in 

period of October 2009 to September 2010 were not included in the analyses. 

We anticipated that both the density of health facilities in a district and the density of health 

facility workers could be confounders in the analysis. The IMCI unit within the MOH therefore 

contacted all districts in November 2014 to obtain information on the numbers of health facilities 

and health facility workers, and the results were included in the analyses as potential 

confounders. 

The analyses of inequalities in careseeking included stratification by urban/rural residence 

and wealth quintiles, as measured in the 2010 and 2014 household surveys. For the latter, we 

used asset indices based on household possessions and building materials, calculated with the 

same methodology in the 2010 and 2014 surveys.
30

 

We estimated the economic costs of providing iCCM through HSAs in 2012 U.S. dollars. 

Data sources included HSAs, health facilities, district health offices, and implementing partners. 

We collected data on HSA salaries, equipment, drugs, training, supervision, and other program 

costs. We estimated cost per HSA, cost per district, cost per child, and the total cost of the iCCM 

program in 2012. Details of the costing methods and results are available in Supplemental Web 

Annex 2. 



Plan of analysis. 

We used a NEP approach, including dose–response analyses of iCCM implementation 

strength versus the defined outcomes across 27 of the 28 districts in the country. 

We produced descriptive statistics for all variables at district level and assessed correlations 

among them. 

We estimated careseeking for each district at baseline using the 2010 DHS. We defined the 

careseeking variable as the percent of children aged 2–59 months reported by their caregiver to 

have had diarrhea, pneumonia, or fever in the past 2 weeks, who received care from a formal 

provider. For the same reference group of children, we also estimated the percent receiving care 

from a formal provider at endline for each district from the 2014 MICS survey. We use the 

difference in these estimated percents for each district as our outcome of interest. We also 

estimated the mortality rates among children aged 2–59 months separately for baseline and 

endline in each district, using full birth histories from the 2014 MICS survey. We used the 

difference between these mortality rates as another outcome measure. We conducted ordinary 

least squares (OLS) regression analyses relating iCCM implementation strength (the dose) with 

changes in careseeking and mortality rates (the responses). We then used multiple linear 

regression to examine the relationship between the dose and the two response variables, 

adjusting for district population and the density of health facilities and health facility workers. 

We also carried out dose–response analyses using more complex, two-stage least squares (TSLS) 

models; the results were similar, so we report only the OLS results here. The TSLS results are 

available in Supplemental Web Annex 1, Part 4. 

We used two approaches to take baseline levels of the outcomes into account. The first was 

to incorporate changes in the levels of the outcome variables (careseeking, mortality) in the 

analyses as change variables (endline minus baseline levels); these analyses are presented here. 

We did not attempt to use relative changes as response variables, because this would not affect 

the overall results. We also used the endline value as the dependent variable, including the 

baseline value as one of the independent variables; the results of this analysis are available in 

Supplemental Web Annex 1, Part 5. 

iCCM was designed as an intervention for rural areas, so we explored the possibility of 

restricting all analyses to rural areas. However, the 2014 MDG survey indicated that 86% of the 

Malawi population is rural, and only two districts (Blantyre and Lilongwe) are more than 30% 

urban. We repeated the main analyses after excluding these two districts and found that 

associations with iCCM implementation strength were virtually unchanged. We therefore present 

results only for the full population in the 27 districts. 

Role of the funding source. 

The sponsors had no role in the analysis and interpretation of the evidence, in writing the 

paper, or in the decision to submit for publication. All authors, including the corresponding 

author, had full access to all the data and participated in the decision to submit the manuscript for 

publication. 



RESULTS 

Table 2 shows the means, medians, and ranges of all study variables and the year in which 

data were collected for each. Figure 1 shows the district medians and spread for the three 

components of the iCCM implementation strength measure. 

The results of the 2013 census of iCCM-trained HSAs show that 3,392 HSAs were trained in 

iCCM and that 3.3 HSAs per under-five population were actively managing sick children at that 

time.
20

 The findings indicate that levels of iCCM system support for the HSAs providing iCCM 

were moderate: 58% of HSAs reported they were supervised in the previous 3 months with 

reinforcement of clinical practice and 59% reported no stockouts of key iCCM drugs (co-

trimoxazole, lumefantrine–artemether, ORS, and zinc) in the previous 3 months lasting longer 

than 7 days.
20

 

Districts showed substantial variability in all indicators. On average, there were fewer than 

one iCCM-ready HSA per 1,000 children per district (range: 0.1–2.1), and utilization was about 

0.93 contacts per child per year. The under-five mortality rate dropped by about 30% in the 

evaluation period. Nationally, careseeking for pneumonia, diarrhea, and malaria (combined) 

remained stable at 70% at baseline and endline (Table 2). Careseeking from HSAs increased 

from 2 to 10%. Careseeking results for individual diseases and by type of provider are 

available in Supplemental Webannex 1, Part 2. Of women, 57% reported that distance to a health 

facility was a problem in accessing health care in 2010 (range: 37–81%). 

We correlated all indicators in Table 2 among themselves, with the 27 districts as the units of 

analysis. The full correlation matrix is available in Supplemental Web Annex 1, Part 6. Selected 

results of particular interest that were significant at the P < 0.05 level include those showing that 

higher district under-five population was associated with lower rates of utilization of HSAs, 

higher HSA density and higher density of iCCM-ready HSAs were associated with higher HSA 

utilization rates, and higher levels of careseeking for childhood illness at baseline were 

associated with smaller district populations and higher levels of maternal schooling and densities 

of heath facility workers. Baseline mortality was not related to any of the contextual factors, and 

neither the iCCM implementation strength indicator nor its component parts were correlated with 

changes in careseeking or mortality. Mothers’ perceptions that distance was a problem in 

accessing health care at baseline were not associated with larger increases in careseeking 

between 2010 and 2014. 

Figure 2 shows a lack of association at district level between our primary dose variable 

reflecting the density of iCCM-ready HSAs and either of our two response variables: careseeking 

for childhood illness and mortality. Neither of the component parts of the dose measure—density 

or readiness—were associated with changes in careseeking for childhood illness or mortality; 

additional results are available in Supplemental Web Annex 1, Part 7. 

Table 3 shows the results of OLS linear regressions of change in mortality and careseeking, 

adjusted for confounding district population, density of health facility workers, and density of 

iCCM-ready HSAs based on the bivariate correlations shown in Supplemental Web Annex 1, 

Part 6. Neither effect is statistically different from zero, and both are of small magnitude. We 

examined diagnostics for these analyses, both for the change in district careseeking and for the 

change in district child mortality rates. For these regression results to be valid, the residual 

change must approximate a normal distribution. In a Shapiro–Wilk test for normality,
31

 we found 



no evidence that the change in careseeking (P = 0.49) or the change in mortality (P = 0.52) was 

contrary to this assumption. 

Figure 3 shows careseeking for childhood illness disaggregated by household wealth (poorest 

and richest quintiles) and between rural and urban households. Figure 3A shows that in 2010, 

careseeking from any provider was about 10% points higher in the wealthiest quintile than 

among the poorest. By 2014, this difference had disappeared, but this was mostly due to a drop 

in careseeking among the rich. Careseeking from HSAs increased over time, particularly for the 

poorest quintile. By 2014, HSAs were managing 10.4% of all episodes in this group. 

Careseeking from other providers fell by approximately the same extent as HSA careseeking 

increased, in all wealth groups (Supplemental Web Annex 1, Part 8). 

Figure 3B shows that careseeking rates were virtually identical in 2010 for urban and rural 

children. By 2014, rural children had a slight advantage of about 4 percentage points. HSAs were 

appropriately focusing on their work in rural areas, and HSAs saw virtually no urban children. 

Careseeking from HSAs increased from 2.5% to 11.1% of all episodes among rural children 

between 2010 and 2014. In 2010, caretakers answered a question on whether they considered 

distance as a problem in accessing health care. For those answering ―yes,‖ the careseeking rate 

was 66.3%, compared with 69.7% for those who answered ―no‖ (P = 0.06). 

The average annual cost of providing iCCM was US$1,812 (95% confidence interval [CI]: 

$1,327–$2,304) per HSA with an average cost per case seen of US$1.86 (95% CI: $1.36–$2.43). 

The total cost of the national program in 2012 was estimated at US$6.96 million (95% CI: 

$5.10–$8.85), with HSAs’ salaries and drugs accounting for 52% and 28% of the total, 

respectively. This corresponds to an annual cost of US$2.43 per under-five child per year (95% 

CI: $1.78–$3.09) (Table 4). 

DISCUSSION 

This first NEP analysis of the effects of the national scale-up of the iCCM strategy in Malawi 

found no relationship at district level between the strength of iCCM implementation and changes 

between 2010 and 2014 in careseeking for childhood illness or mortality. We examined possible 

reasons for this by returning to the impact model underlying the evaluation design and using it to 

interpret our findings and related evidence on iCCM provision, quality, utilization, coverage, and 

impact. All findings have been reviewed and discussed with program implementers including the 

MOH and are being used now to plan for strengthened MNCH and nutrition programs in 

Malawi. 

In terms of provision, Malawi has demonstrated that it is possible to train, deploy, supply 

with drugs, and supervise a substantial number of HSAs who will provide iCCM for childhood 

pneumonia, diarrhea, and malaria. As of mid-2014, the MOH and its development partners have 

provided high-quality iCCM training to about 3,500 HSAs, or 1.5 iCCM-trained and active 

HSAs per 1,000 under-five children (H. Nsona, personal communication, November 17, 2014). 

On the basis of an assumption that on average, the percent of the total population that is under 5 

years of age is 17%, this translates into a ratio of one HSA per 5,882 population, well below the 

MOH target of one HSA per 1,000 population. Among those trained, about half reported in 2013 

that their clinical skills in iCCM had been reinforced by a supervisor or mentor within the last 3 

months, and six in 10 reported continuous supplies of all essential iCCM drugs for the same 

period. Despite these considerable achievements, there is clearly room for improvement in the 

provision of iCCM services. 



The MOH in Malawi deploys iCCM-trained HSAs to district-defined areas with limited 

geographic access to fixed health facilities, or hard-to-reach areas. We considered restricting the 

analyses to such areas, but despite repeated attempts, it was not possible to obtain precise 

boundaries from implementing partners. In addition, iCCM was a district-based strategy that 

included health systems changes at district level, not only in specific areas. Furthermore, the 

premise behind the deployment of iCCM in HTRAs was that careseeking was particularly low in 

such areas, and therefore careseeking rates at district level would be improved by reaching such 

children who were previously unreached; our results at district level should have picked up such 

an increase, had it occurred. 

The results reported here suggest that this geographic targeting may need to be re-examined. 

In 2010, 37% of mothers reported that geographic distance or barriers were a problem in 

accessing health care, and we found no association between mothers who reported this problem 

and changes in careseeking between 2010 and 2014, after the introduction of iCCM. What iCCM 

planners did not know in 2010, when they were planning the rollout of the strategy, was that 

careseeking for childhood illness had already increased dramatically at that time, from about 

50% or less for all three diseases targeted by iCCM in 2006
32

 to 70% in 2010. The results from 

the 2010 survey were not released until 2011, by which time iCCM was fully rolled out. This 

illustrates the importance of having sound, recent data available to support MNCH decisions and 

suggests that geographic access alone cannot explain why iCCM did not result in increases in 

careseeking for childhood illness. It also suggests, with benefit of hindsight, that one of the key 

assumptions behind iCCM implementation was not supported by evidence. 

Our findings on the density of iCCM-ready HSAs—reported here as an average of 1.5 HSAs 

providing iCCM per 1,000 under-five children—must be interpreted in context. The MOH target 

was to train and deploy one HSA for each 1,000 total population. The notion of density assumes 

that every iCCM-trained HSA is present in the community full-time, and available to provide 

child health services on demand. In fact, only 70% of iCCM-trained HSAs reported that they 

resided in their catchment areas in the 2013 iCCM implementation strength snapshot,
20

 and even 

those living in the community are often called away to perform duties other than iCCM. 

Discussions about the ―right‖ level of density for iCCM are under way now as a part of Malawi’s 

larger redesign of their MNCH strategy. 

In terms of quality, a 2009 observation-based assessment of random samples of iCCM-

trained HSAs in six districts in Malawi found that they were providing child health care at 

reasonably good levels,
13

 at least equivalent to the care provided in first-level health facilities at 

about the same time.
33

 However, in both settings, only about six in 10 sick children presenting 

for care were correctly assessed for danger signs and managed for an iCCM illness, and among 

children needing referral (who are the most likely to die), only about half were referred. We 

report here on a 2013 assessment of a proxy measure of ―readiness‖ to deliver iCCM as reflected 

in trained workers who were recently supervised and had continuous supplies of essential iCCM 

drugs, and find an average score of 1.5 on a 0–3 point scale (range: 0.87–2.37), certainly below 

what is needed and potentially discouraging utilization. Also related to quality is the fact that the 

current iCCM program does not address deaths among infants less than 2 months of age, 

estimated in 2014 to represent just over one-third of all under-five deaths.
34

 The MOH is keenly 

aware that service quality can drive demand and is an essential prerequisite for iCCM impact. 

Even the best child health services cannot save lives unless the population uses them. Our 

results show that in 2013, each iCCM-trained HSA was managing an average of 55 sick children 



per month, or nearly two sick children per day. This rate is more than 10 times higher than that 

reported among iCCM-trained community volunteers in nine districts of Burkina Faso,
35

 and 

over three times higher than that reported by iCCM-trained health extension workers in Oromia 

Region, Ethiopia.
36

 This rate of utilization translates into an average of about one sick child 

contact with an iCCM-trained HSA per child per year, which is difficult to interpret without a 

true estimate of need. 

There was no change in rates of careseeking for childhood illness from any formal provider 

between 2010 and 2014. The increase in careseeking from HSAs—from 2% in 2010 to 10% in 

2014—is in the right direction, but this increase replaced facility attendances rather than adding 

to them. Our finding that almost all of this increase occurred among poor, rural households is 

encouraging, but again, in the same group facility use was reduced by 5 percentage points. We 

found remarkably small inequalities in careseeking in 2010, either by wealth quintile or by 

urban/rural residence. This is in line with previous cross-country comparisons showing that 

Malawi is a relatively equitable country in terms of child health indicators.
37

 Even for the poorest 

and for rural children, HSAs provided services to only about 10% of the 70% of sick children 

taken outside the home for care, representing about one in seven sick child contacts with health-

care providers. We must gain a better understanding of the characteristics of the children who are 

not being taken for care and their families, and why they are not being taken for care. 

Although HSAs appear to be largely replacing other sources of care, this may be a positive 

finding if families who are already seeking care are able to find care closer and more 

conveniently. This should be addressed by further research, which should also investigate why 

about 30% of HSAs do not reside in the community to which they are allocated and why 

careseeking rates from HSAs are lower than initially expected. A 2012 study shows that in one 

district of Malawi, iCCM increased geographic access to health care, but the increase in 

―effective access‖—access to a trained and equipped health-care worker—was much lower, only 

one-third of the increased geographic access.
38

 

The costing results suggest that a case of childhood illness may be treated in the community 

by an HSA for about US$1.86. Because HSAs are an existing cadre in Malawi whose salaries are 

already financed through the government, the incremental cost of iCCM may be lower than in 

other settings. Our results are in line with those reported recently by Collins and others,
39

 except 

that we identified drugs as the main cost item (see Supplemental Web Annex 2), whereas in their 

study, salaries were ranked first. An important limitation is that we collected data only on direct 

costs, and the results therefore do not reflect opportunity costs, such as the difference in costs to 

caregivers of accessing care in settings close to home. 

This study is limited by the ―real-world‖ challenges of evaluating programs being 

implemented by government at scale. First, use of district populations as the denominator for our 

implementation strength measure was appropriate given the intention of the program to improve 

careseeking, coverage, and therefore population health for all children within a district. However, 

a companion assessment of the impact of iCCM in the hard-to-reach areas targeted by the 

program would have been useful in interpreting the results. Second, we used careseeking as a 

proxy for treatment because of issues in measuring treatment coverage.
40

 However, careseeking 

may not reflect correct treatment, particularly in areas with frequent stockouts. Nevertheless, 

results based on the careseeking measures are more conservative than true treatment measures, 

given the former are by definition higher than the latter. Third, our baseline measure for 

careseeking, based on the 2010 DHS, may have been affected by early iCCM implementation, 



but only about 2% of all careseeking at that time was received from an HSA (Table 2). Fourth, 

we measured mortality retrospectively, and the baseline period was October 2007 to September 

2009, that is, prior to iCCM implementation. Fifth and finally, our measure of iCCM 

implementation strength may be too narrow, especially given that the three items in the readiness 

scale are not independent of one another. However, the measure reflects the core components of 

the iCCM strategy as defined by the MOH and implementing partners. We conducted the 

national mobile phone census of HSAs in 2013 using validated methods
18

 at the request of the 

MOH, after the data provided through partner reporting and the routine information system fell 

short of what was needed. Nevertheless, measurement of implementation strength is a complex 

task, and further methodological work is needed. Regardless of the quality of our measurement 

of implementation strength, however, the undisputed finding that overall careseeking for 

childhood illness did not increase provides strong evidence that the iCCM program has not yet 

achieved its original goal. 

Our negative results must be interpreted in light of important contextual factors that were 

present in Malawi. The proportion of children already accessing care at baseline was very high, 

unlike most countries in sub-Saharan Africa.
41

 Mothers did not consider distance from a fixed 

health facility as a major barrier to family health care. Under-five mortality had improved 

markedly during the previous decade, and the decline continued throughout the country during 

the evaluation, making it more difficult to pick up an additional acceleration in the rate of 

reduction that might be attributable to iCCM. Nevertheless, the fact that the regression and 

correlation coefficients derived from the dose–response analyses were virtually equal to zero 

suggests that lack of statistical power to detect a significant reduction was not a problem. Finally, 

the iCCM program appears to have prioritized the supply side (training, drugs, etc.) rather than 

the demand side, through which effective behavior-change initiatives to promote HSA utilization 

might have led to important gains in careseeking. For this reason, we do not believe that the 

present results are necessarily generalizable to other programs in the region. 

Malawi has experienced an impressive drop in child mortality in the past two decades.
18

 A 

recent analysis using the Lives Saved Tool
42

 as part of a Countdown to 2015 in-depth country 

case study in Malawi shows that this mortality reduction is the result of increases in coverage of 

treatment of diarrhea, pneumonia, and fever; ITN coverage; and childhood vaccination 

coverage.
43

 Although this projection showed that treatment of iCCM illnesses has saved lives 

since 2001, we found no evidence through this study that those increases in treatment coverage 

were the result of the iCCM program scale-up. 

This analysis points to the benefits of a full evaluation using an NEP approach, which 

incorporates intermediate measures of implementation strength. We agree with the 

recommendations of a 2013 iCCM evidence review symposium that assessments of processes 

and inputs are essential complements to assessments of outcomes and impact in the evaluation of 

programs being delivered at scale by governments and partners.
44

 The public health community 

must continue to invest in full and rigorous evaluations of such programs, including their impact 

on population health, as a way to improve the effectiveness of their efforts. 
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FIGURE 1. District medians and spread for three component measures of iCCM implementation strength in Malawi 

(N = 27 districts). HSAs = health surveillance assistants; iCCM = integrated Community Case Management. 

 

 

 

FIGURE 2. Correlations between the density of iCCM-ready HSAs and changes between 2010 and 2014 careseeking 

and mortality for children aged 2–59 months in Malawi (N = 27 districts). HSAs = health surveillance assistants; 

iCCM = integrated Community Case Management. 

 

 

 

FIGURE 3. Careseeking for childhood illness in 2010 and 2014 among children living in (A) the poorest and 

wealthiest quintiles of the population and (B) households in rural and urban areas, Malawi. HSAs = health 

surveillance assistants. 

 

 

 

 

 



TABLE 1 

Indicators and data sources 

Indicator Definition/notes Source* Year 

Provision and quality (iCCM implementation strength) 

 HSA density Density of HSAs working in iCCM per 1,000 under-five population (trained and treated a child in the previous 3 months) ISS 2013 

 iCCM readiness 

Summary score ranging from 0 to 3 measured among HSAs who reported managing a sick child in the previous 7 days, 

based on: 1) receipt of iCCM supervision at their place of work in the community in the previous 3 months; 2) reinforcement 

of clinical practices (through observation of case management, practicing case scenarios, or mentoring) during most recent 

supervision; 3) no stockouts of essential iCCM drugs in previous 3 months 

ISS 2013 

 iCCM-ready HSA density Density of HSAs with high iCCM readiness (readiness score of 2 or 3) per 1,000 under-five population ISS 2013 

Utilization 

 iCCM utilization Sick children treated by HSAs per 10,000 under-five population in previous month ISS 2013 

Coverage (outcome) 

 Careseeking for childhood illness from formal health-care 

providers 
Children reported to have suspected pneumonia, diarrhea, or fever/malaria and have been taken for care to a formal provider 

DHS 2010 

MDGE 2014 

 Careseeking for childhood illness from an HSA Children reported to have suspected pneumonia, diarrhea, or fever/malaria and have been taken for care to an HSA 
DHS 2010 

MDGE 2014 

Impact 

 2–59 months mortality rate 
Probability that a child surviving until 1 month will die before reaching 5 years of age, per 1,000 live births, for baseline 

(2007–2009) and endline (2010–2013) periods 
MDGE 2014 

Contextual factors 

 Under-five population Population of children under 5 years of age Census 2008 

 Total population Total population Census 2008 

 Poverty % of households living below 2011 Malawi national poverty line IHS3 2010 

 Maternal education % of mothers having any level of education DHS 2010 

 Health facility density Density of health facilities per 10,000 total population MOH 2014 

 Health facility worker density Density of facility worker per 10,000 total population MOH 2014 

 Distance to health facility perceived as a problem Proportion of women who responded that distance to health facility is a problem in accessing health care DHS 2010 

DHS = demographic and health survey; HSA = health surveillance assistant; iCCM = integrated Community Case Management; IHS3 = integrated household 

survey 3; ISS = implementation strength snapshot; MDGE = millennium development goals endline survey; MOH = Malawi Ministry of Health. 

* Key. 

 



TABLE 2 

Unweighted descriptive results for district variables included in the dose–response analysis and year in which data 

were collected, for 27 districts in Malawi 

District variables Year Mean Median Minimum Maximum 

Provision and quality (iCCM implementation strength) 

 HSA density (per 1,000 under-five children) 2013 1.5 1.1 0.3 4.0 

 Average iCCM readiness score 2013 1.5 1.6 0.9 2.4 

 iCCM-ready HSA density (per 1,000 under-five children) 2013 0.8 0.8 0.1 2.1 

Utilization 

 Children treated by HSAs in the previous month (per 10,000 under-five children) 2013 778 776 200 1,524 

Coverage 

 Baseline careseeking for iCCM conditions 2010 70.2 69.6 58.1 82.6 

 Endline careseeking for iCCM conditions 2014 69.8 70.4 60.1 77.9 

 Change in careseeking for iCCM conditions between baseline and endline – 0.3 0.1 9.3 8.7 

 Baseline careseeking from HSA for iCCM conditions 2010 2.4 1.9 0.0 6.5 

 Endline careseeking from HSA for iCCM conditions 2014 10.4 9.1 2.3 23.6 

 Change in careseeking from HSA for iCCM conditions between baseline and endline – 8.0 6.9 0.7 19.5 

Impact 

 Baseline 2–59 months mortality rate (2007–2009) – 62.7 55.8 31.2 102.3 

 Endline 2–59 months mortality rate (2010–2013) – 45.5 48.1 23.2 69.6 

 Change in 2–59 months mortality rate between baseline and endline – 17.3 16.5 61.5 21.0 

Contextual factors 

 Under-five population (in thousands) 2008 88,089 77,707 16,701 336,695 

 Poverty (%) 2010 53 46 24 82 

 Any maternal education (% of mothers) 2010 85 86 65 99 

 Health facility density (per 10,000 total population) 2014 0.52 0.43 0.18 1.30 

 Health facility worker density (per 10,000 total population) 2014 13 12 7 26 

 Proportion of women reporting that distance to health facility is a problem in accessing health care 2010 57 57 37 81 

HSA = health surveillance assistants; iCCM = integrated Community Case Management. 

 

 

 

 

 

 

 

 

 

 

 

 



TABLE 3 

OLS regression of the change in careseeking and mortality from 2 to 59 months in Malawi, predicted by 

implementation strength and contextual factors 

Outcome Predictors Estimate SE P 

Change in careseeking between 

baseline and endline (% points) 

Intercept* 6.83 4.52 0.145 

District population (total population/100,000) 0.27 0.56 0.627 

Health facility density (per 10,000 total population) 3.27 5.31 0.544 

Facility worker density (per 10,000 total population) 0.49 0.32 0.134 

iCCM-ready HSA density (per 1,000 under-five children) 1.17 2.18 0.596 

Change in mortality rate between 

baseline and endline (deaths per 

1,000 live births) 

Intercept* 37.03 18.30 0.055 

District population (total population/100,000) 1.16 2.25 0.610 

Health facility density (per 10,000 total population) 13.06 21.48 0.550 

Facility worker density (per 10,000 total population) 1.19 1.28 0.363 

iCCM-ready HSA density (per 1,000 under-five children) 3.07 8.82 0.731 

HSA = health surveillance assistants; iCCM = integrated Community Case Management; OLS = ordinary least 

square; SE = standard error. 

* Intercept interpretable as the expected change for average district population (426,300), with a facility and facility 

worker density of zero and an iCCM-ready HSA density of zero. 

 

 

 

 

 

TABLE 4 

Estimated annual cost of providing iCCM program in Malawi, 2012 

Variable Training, supervision Other program costs Salaries Equipment Drugs Total 

Cost per HSA (US$) 138 207 503 39 381 1,268 

Cost per case seen (US$) 0.14 0.21 0.52 0.04 0.39 1.31 

Cost per district (US$) 15,151 22,683 55,103 4,233 41,727 138,897 

Cost per child under 5 years of age in 

district* (US$) 
0.56 0.83 2.02 0.16 1.53 5.09 

Estimated cost of iCCM program† (US$) 507,530 759,839 1,845,831 141,785 1,397,753 4,652,739 

HSA = health surveillance assistants; iCCM = integrated Community Case Management. 

* All children in district (not just children living in areas served by HSAs). 

† Estimate for the entire country, based on the number of HSAs trained in iCCM in the country. 



SUPPLEMENTAL WEB ANNEX 1: STATISTICAL METHODS AND ADDITIONAL RESULTS 

Part 1: Development of summary measures of integrated Community Case Management 

implementation strength. 

As part of our primary analysis, we ran factor analysis on the implementation strength 

snapshot (ISS) data set containing the six ―core‖ indicators of integrated Community Case 

Management (iCCM) implementation strength as defined by the Malawi Ministry of Health 

(MOH) and iCCM stakeholders. We extracted the first component for use as our underlying or 

latent variable. The distribution of these indicators is shown in Supplemental Table 1.1, and their 

correlations are shown in Supplemental Figure 1.1. 

As shown in Supplemental Table 1.1, three of the six indicator frequencies were very close to 

100% (health surveillance assistant [HSA] trained, HSA deployed, and HSA received initial 

iCCM drug kit), and thus were not informative about differences in implementation strength 

between HSAs or districts. 

We used the correlation matrix to estimate the implementation strength for each HSA.
1
 

However, a simple additive score of the readiness of each HSA was closely related to this factor-

analyzed implementation strength, with a correlation for all HSAs in the ISS survey of 0.94. 

We therefore moved forward with a simple additive score of the readiness of each HSA to 

provide iCCM, based on whether they had been supervised in the past 3 months, whether the 

most recent supervision visit included the observation of clinical practice, and whether there had 

been no stockouts in the previous 3 months. These indicators are not independent of each other, 

and in general are closely related. Their sum produced a readiness score with a range of 0–3. 

This score was strongly correlated (r = 0.94) with the more complex score derived through factor 

analysis. An HSA was considered to be ―iCCM-ready‖ if they had a score of 2–3. 

 

 

 

 

 

 

 

 

 

 

 

 



SUPPLEMENTAL TABLE 1.1 

Summary of implementation indicators for HSAs from the ISS survey 

Implementation indicator Percent of HSAs 

Trained in CCM 99 

CHW deployed and working 100 

Received initial drug kit 99 

Supervised/mentored in past 3 months 60 

Supervised in past 3 months with clinical feedback or mentored 58 

No stockout of CCM drug in 3 months 38 

CCM = community case management; CHW = community health worker; HSA = health surveillance assistants; ISS 

= implementation strength snapshot. 

 

 

 

 

 

SUPPLEMENTAL FIGURE 1.1. Correlation matrix of implementation strength indicators for 3,392 health surveillance 

assistants from the implementation strength snapshot survey. 

 

 

 

 

 

 

 

 

 

 



Part 2: Results on careseeking for individual diseases (pneumonia, diarrhea, and malaria) 

and by type of provider. 

In the main analyses, we report on a careseeking indicator for any child with diarrhea, 

pneumonia, or fever/malaria. In this section, we report on findings for each condition separately. 

Supplemental Table 2.1 shows the reported number of illness episodes in the previous 2 weeks 

by disease, as well as their co-occurrence. The considerable overlap among diseases is shown in 

a Venn diagram in Supplemental Figure 2.1. 

 

 

 

 

 

SUPPLEMENTAL TABLE 2.1 

Reported illness episodes in previous 2 weeks, 2014 MDG survey 

Counts 
Pneumonia No pneumonia 

Total 
Diarrhea No diarrhea Diarrhea No diarrhea 

Fever 290 576 1,857 4,395 7,118 

No fever 151 421 2,121 9,170 11,863 

Total 441 997 3,978 13,565 18,981 

MDG = Millennium Development Goal. 

 

 

 

 

 

SUPPLEMENTAL FIGURE 2.1. Venn diagram showing the overlap of diarrhea, pneumonia, and fever in the 2014 

Millennium Development Goal survey. 

 

 

 

 

 

 



Supplemental Table 2.2 shows the prevalence of careseeking (%) from any provider and 

from HSAs for children reporting each of the three diseases. 

 

 

 

 

 

SUPPLEMENTAL TABLE 2.2 

Unweighted, descriptive district results (%) on careseeking for children with symptoms of pneumonia, diarrhea, and 

malaria and year in which data were collected in 27 districts in Malawi 

District variables Year Mean (%) Median (%) Minimum (%) Maximum (%) 

Pneumonia: any formal provider 

 Baseline careseeking 2010 75.0 76.4 36.7 96.8 

 Endline careseeking 2014 69.7 70.9 47.5 89.9 

 Change in careseeking between baseline and endline – 5.3 5.5 10.8 6.9 

Pneumonia: HSAs 

 Baseline careseeking 2010 1.3 0.0 0.0 5.3 

 Endline careseeking 2014 8.0 7.0 0.0 24.9 

 Change in careseeking between baseline and endline – 6.7 7.0 0.0 19.6 

Diarrhea: any formal provider 

 Baseline careseeking 2010 66.7 64.1 53.4 79.6 

 Endline careseeking 2014 69.3 69.0 58.1 81.0 

 Change in careseeking between baseline and endline – 2.6 4.9 4.7 1.4 

Diarrhea: HSAs 

 Baseline careseeking 2010 3.1 2.7 0.0 10.9 

 Endline careseeking 2014 11.3 9.5 2.6 27.0 

 Change in careseeking between baseline and endline – 8.2 6.8 2.6 16.1 

Malaria: any formal provider 

 Baseline careseeking 2010 68.4 68.0 56.4 79.8 

 Endline careseeking 2014 67.1 67.1 52.0 79.6 

 Change in careseeking between baseline and endline – 1.3 0.9 4.4 0.2 

Malaria: HSAs 

 Baseline careseeking 2010 1.6 1.1 0.0 5.3 

 Endline careseeking 2014 8.8 7.7 0.9 20.4 

 Change in careseeking between baseline and endline – 7.2 6.6 0.9 15.1 

HSA = health surveillance assistant. 

 

 

 

 

 



Supplemental Table 2.3 shows the intercorrelations between changes in careseeking for the 

three diseases between 2010 and 2014, showing some evidence of moderate positive 

associations. The correlation was strongest for changes in careseeking due to malaria and 

pneumonia. 

 

 

 

 

 

SUPPLEMENTAL TABLE 2.3 

Correlations between changes in careseeking for pneumonia, diarrhea, and malaria from baseline 2010 DHS to 

endline 2013 MDG survey in 27 districts in Malawi 

 Endline–baseline CS for pneumonia Endline–baseline CS for diarrhea Endline–baseline CS for malaria 

Change in careseeking for pneumonia 1.00 0.29 (P = 0.136) 0.49 (P = 0.009) 

Change in careseeking for diarrhea 0.29 (P = 0.136) 1.00 0.38 (P = 0.049) 

Change in careseeking for malaria 0.49 (P = 0.009) 0.38 (P = 0.049) 1.00 

DHS = Demographic and Health Surveys; MDG = Millennium Development Goal. 

 

 

 

 

 

SUPPLEMENTAL TABLE 2.4 

Careseeking for the three iCCM illnesses (fever, diarrhea, and pneumonia) by careseeking source for the baseline 

(DHS 2010) and endline (MDG 2014) 

 Baseline (DHS 2010) (%) Endline (MDG 2014) (%) 

Appropriate careseeking 67.6 68.1 

Public health sector (including HSA) 54.2 60.8 

Public health sector (excluding HSA) 52.3 51.2 

HSA 2.6 10.4 

Private health sector* (excluding pharmacies) 15.2 7.8 

Informal sector (pharmacies, shops, and friends/neighbors) 11.3 14.2 

No careseeking 30.2 26.6 

DHS = Demographic and Health Surveys; HSA = health surveillance assistant; iCCM = integrated Community Case 

Management; MDG = Millennium Development Goals. 

These are individual averages, not district averages as shown in the article. 

* Mission hospitals/clinics (CHAM) are included under private health sector. 



Part 3: Analyses for under-five mortality and careseeking. 

 

 

 

SUPPLEMENTAL TABLE 3.1 

Ordinary unweighted least squares linear regression of the changes in careseeking for childhood illness and under-

five mortality, predicted by iCCM implementation strength and controlling for contextual factors 

Outcome Predictors Estimate SE P 

Change in careseeking between baseline 

and endline (% points) 

Intercept* 7.70 6.10 0.220 

District population (total population/100,000) 0.26 0.55 0.643 

Health facility density (per 10,000 total population) 3.47 5.22 0.513 

Facility worker density (per 10,000 total population) 0.48 0.31 0.140 

Ready HSA density (per 1,000 under-five children) 1.30 2.15 0.550 

Change in mortality rate between baseline 

and endline (deaths per 1,000 live births) 

Intercept* 36.56 22.44 0.117 

District population (total population/100,000) 1.07 2.76 0.701 

Health facility density (per 10,000 total population) 5.89 26.33 0.825 

Facility worker density (per 10,000 total population) 0.67 1.57 0.674 

Ready HSA density (per 1,000 under-five children) 4.55 10.82 0.678 

HSA = health surveillance assistant; iCCM = integrated Community Case Management; SE = standard error. 

* Intercept interpretable as the expected change for average district population (426,300), with a facility and facility 

worker density of zero and an iCCM-ready HSA density of zero. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Part 4: Two-stage least squares regression methods and results. 

We used an additional approach to the dose–response analyses based on two-stage least 

squares (TSLS) regression. Economists have been using this approach for many years to 

understand causal effects in observed data.
2,3

 If implementation strength were randomly assigned 

to each district, then OLS regression would yield unbiased estimates of the effect of iCCM on 

changes in mortality and careseeking, by assuming 

0 1 1   ρIS  Y X   ò 

where Y is the outcome, X1 are contextual factors, IS is implementation strength, E is a normally 

distributed error, and  is the primary relationship of interest. However, implementation strength 

was not random, instead it was constrained in part by factors particular to each district. If we can 

identify factors X2 that are associated with implementation strength, but are not directly related to 

the change in mortality or careseeking except through implementation, implementation strength 

can be predicted by 

0 1 1 2 2IS      X X      

Then, we use an additional second stage regression using the predicted implementation 

strength, whose effect  has a causal interpretation under certain conditions. The second stage 

regression takes the form 

0 1 1    IS  Y X    ò  

where E* is an error term distinct from E. For this analysis to be valid, three conditions must 

hold: 1) factor X2 is related to implementation strength but not directly to the change in mortality 

or careseeking, 2) relationships between X1, X2 and implementation strength allow for uniquely 

identified effects, and 3) factor X2 is predictive of implementation strength.
3
 A summary of these 

conditions is shown in Table 2 for implementation strength predicted by district population, 

health facility density, and facility worker density. 

 

 

 

 

 

 

 

 

 

 

 

 

 



A summary of results for TSLS is shown in Supplemental Table 4.1. 

 

 

 

 

 

SUPPLEMENTAL TABLE 4.1 

Summary of results for TSLS regression models for the change in U5MR and careseeking for pneumonia, diarrhea, 

and malaria in 27 districts in Malawi 

Outcome Predictors Estimate SE P 

Endline–baseline U5MR 

Intercept* 34.33 15.71 0.029 

District population 1.27 2.61 0.627 

Predicted iCCM-ready HSA density† 7.07 18.28 0.699 

Endline–baseline careseeking 

Intercept* 1.71 2.87 0.551 

District population 0.34 0.57 0.554 

Predicted iCCM-ready HSA density† 1.67 3.51 0.634 

HSA = health surveillance assistant; iCCM = integrated Community Case Management; SE = standard error; TSLS 

= two-stage least squares; U5MR = under-five mortality rate. 

* Intercept interpretable at average district population (426,300). 

† Predicted by health facilities and facility worker density. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Part 5: Results for baseline mortality and careseeking. 

In the main analysis, we accounted for baseline levels of the outcomes by incorporating 

changes in the levels of the outcome variables (careseeking, mortality) as change variables 

(endline minus baseline levels). We also used the endline value as the dependent variable, 

including the baseline value as one of the independent variables. These results are presented in 

Supplemental Table 5.1. 

 

 

 

 

 

SUPPLEMENTAL TABLE 5.1 

OLS regression of endline U5MR and careseeking, predicted by implementation strength and contextual factors, 

including baseline mortality and careseeking 

Outcome Predictors Estimate SE P 

Endline U5MR 

Intercept* 76.39 19.71 0.001 

District population 2.23 6.00 0.971 

Baseline U5MR 0.04 0.13 0.764 

Health facilities 4.46 14.78 0.761 

Facility worker density 0.50 1.48 0.740 

Ready HSA density 4.44 6.52 0.504 

Endline careseeking 

Intercept* 45.9 6.10 0.220 

District population 0.26 0.21 0.226 

Baseline careseeking 0.41 0.23 0.087 

Health facilities 4.95 5.06 0.339 

Facility worker density 0.53 0.57 0.363 

Ready HSA density 0.95 2.21 0.672 

HSA = health surveillance assistant; OLS = ordinary least squares; SE = standard error; U5MR = under-five 

mortality rate. 

* Intercept interpretable as the expected endline measure for average district population (426,300), with a facility 

and facility worker density of zero and an integrated Community Case Management–ready HSA density of zero. 

 

 

 

 

 

 

 

 



Part 6: Correlation matrix. 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 Under-five population (in thousands) 1.00               

2 Poverty (%) 0.31 1.00              

3 Any maternal education (% of mothers) 0.11 0.53 1.00             

4 Health facility worker density (per 10,000 total population) 0.59 0.21 0.21 1.00            

5 Proportion of women reporting that distance to health 

facility is a 
0.25 0.09 0.18 0.15 1.00           

6 Density of HSAs working iCCM (per 1,000 under-five 

children 
0.33 0.04 0.09 0.43 0.01 1.00          

7 iCCM readiness 0.12 0.20 0.00 0.16 0.03 0.07 1.00         

8 Children treated by HSAs (per 10,000 under-five children 

per month) 
0.45 0.14 0.13 0.45 0.08 0.77 0.19 1.00        

9 Density of HSAs with high iCCM readiness (per 1,000 

under-five children) 
0.29 0.01 0.03 0.37 0.09 0.85 0.38 0.78 1.00       

10 Baseline U5MR (2007–2009) 0.18 0.05 0.30 0.20 0.10 0.14 0.16 0.09 0.11 1.00      

11 Baseline careseeking for iCCM conditions 0.45 0.11 0.49 0.69 0.21 0.30 0.21 0.36 0.15 0.28 1.00     

12 Baseline careseeking from HSA for iCCM conditions 0.17 0.13 0.01 0.13 0.11 0.06 0.17 0.09 0.06 0.36 0.02 1.00    

13 Change in U5MR between baseline and endline 0.12 0.10 0.24 0.12 0.13 0.02 0.20 0.08 0.03 0.86 0.20 0.43 1.00   

14 Change in careseeking for iCCM conditions between 

baseline and endline 
0.01 0.40 0.10 0.20 0.44 0.20 0.25 0.01 0.02 0.11 0.49 0.04 0.19 1.00  

15 Change in careseeking from HSA for iCCM conditions 

between baseline and endline 
0.04 0.17 0.03 0.20 0.32 0.19 0.19 0.15 0.24 0.27 0.22 0.18 0.36 0.22 1.00 

HSA = health surveillance assistant; iCCM = integrated Community Case Management; U5MR = under-five mortality rate. 

Significance levels are shown by shading, with P < 0.05 in dark gray shading and P < 0.10 in light gray shading. 

 

 

 



Part 7: Additional dose–response results. 

Correlations between the density of iCCM-ready HSAs and changes between 2010 and 2014 

in careseeking for childhood illness and mortality rates in children under 5 years of age, for 27 

districts in Malawi. 

 

 

 

SUPPLEMENTAL FIGURE 7.1. 

 

 

 

Correlations between the two component parts of the iCCM implementation readiness (the 

density of HSAs per 1,000 under-five children and average district iCCM-readiness scores) and 

changes between 2010 and 2014 in outcomes measures (careseeking for childhood illness and 

under-five mortality rate). 

 

 

 

SUPPLEMENTAL FIGURE 7.2. 

 

 

 

 

 

Part 8: Careseeking by wealth quintile. 

 

 

SUPPLEMENTAL FIGURE 8.1. Careseeking at baseline (2010) and endline (2014) by type of provider, according to 

wealth quintile. 



SUPPLEMENTAL WEB ANNEX 2: DETAILS OF COSTING METHODS 

Data were collected for calendar year 2012. We collected data from six districts in Malawi, 

of which four districts were in the central region and two were in the southern region. Four of 

these districts were selected based on inclusion in a baseline costing study of child health 

services in Malawi. The additional two districts were selected in discussion with the MOH to 

increase the representativeness of the results, subject to available study resources (the additional 

districts selected are located in the northern part of the central region). 

Three research teams attended a weeklong training prior to data collection. Each team 

consisted of one supervisor and five data collectors. Wherever possible, we selected supervisors 

from among district health office (DHO) staff in each of our districts to facilitate data collection 

activities. A staff member from IIP or Chancellor College accompanied each team during data 

collection. The main phase of data collection occurred over a period of 6 weeks from August to 

September 2013. Data were double-entered into Microsoft Excel and checked by study staff prior 

to analysis. 

In each district, we collected the following cost data at the HSA, health facility, DHO, and 

implementing partner levels: 

HSA data from HSAs affiliated with six health facilities included two assessments of their time use, a sample of 24 

records from the HSA patient register, and an assessment of equipment and supplies provided to HSAs for iCCM. 

Details of the methods for the assessment of HSA time use have been presented elsewhere.
4
 

Health facility data from six health facilities included drugs, medical supplies, and non-medical supplies distributed 

to HSAs and iCCM utilization data for HSAs within the health facility catchment area. 

DHO data included HSA salaries, including any monetary or nonmonetary incentives provided to HSAs. DHO data 

also included district-specific program costs paid by the government to support iCCM, though these were generally 

difficult to estimate and have not been included. 

Implementing partner data included program costs associated with supporting iCCM nationally and at the district 

level. National program costs were allocated to district costs based on the number of districts in which the partner 

operated. Program costs included supervision, mentorship, sensitization, promotion/communication materials, and 

training. Training included initial iCCM training, refresher training, supervision training, and any other training. 

With the exception of training costs, all program costs were limited to calendar year 2012. Training costs were 

collected for the period 2009–2012. Implementing partner data also included overhead costs, such as partner staff 

costs and equipment. 

Data collection also included demographic, programmatic, and price components at the 

national level. We collected staffing levels for HSAs trained in iCCM from the MOH. We used 

the population projections from the 2008 Census to estimate the population of children under 5 

years of age in each district.
5
 We collected national drug and commodity price data from the 

Central Medical Stores (CMS) catalog whenever possible. These data were occasionally 

unavailable through CMS, in which case price data was collected from local sources. 

The study protocol was submitted and approved by the institutional review boards of Johns 

Hopkins Bloomberg School of Public Health and the National Commission for Science and 

Technology of Malawi. 



Data analysis. 

Program costs. 

The cost of training an HSA on iCCM was estimated assuming that the training would last 

for 5 years, on average, while refresher training was assumed to be needed every 4 years. 

Refresher training, supervision, and staff and equipment costs above the level of service delivery 

were assumed to be needed on an annual basis. For these latter costs, we calculated the total 

costs of all activities in 2012 and divided it by the number of active HSAs delivering iCCM to 

determine the cost per HSA per year. 

Drug costs. 

Average drug costs per child seen were computed based on a sample of patient records taken 

from HSA registers. Missing values were estimated using multiple imputation with chained 

equations. The total cost per case was estimated as the sum of the individual drug costs, which 

were calculated as the product of the quantities and prices. Average costs per case and 95% 

confidence intervals (CIs) were calculated at the district and national levels. Uncertainty due to 

imputation of missing data accounted for less than 2% of the overall uncertainty. 

Salaries. 

To determine the average salary of HSAs, we used the weighted average of salaries and 

benefits based on distribution of HSAs among different pay grades. We used the average 

proportion of time HSAs spent on iCCM to estimate the salary and benefit costs of HSAs. 

Equipment. 

We took an inventory of equipment in possession of HSAs at the facilities visited. We then 

estimated the average annual costs of this equipment for an HSA. 

Annualization. 

Cost was annualized using a 3% discount rate. Start-up activities, such as training and 

community sensitization, were assumed to have useful life of 4–5 years on average. Capital 

items, such as equipment, were annualized based on the estimated useful life of each item. 

Uncertainty analysis. 

The following table provides the mean estimate for each input variable, the type of 

distribution used around the mean, and the parameters for the distribution method for the Monte 

Carlo analysis. From each distribution, we drew 1,000 values at random, sorted the results in 

order of value, and used the 25th and 975th observations as the 95% CI. 

 

 

 

 

 



Cost variable Mean per HSA per year Distribution Distribution parameters 

Costs above service delivery level 

 Initial training of HSAs on iCCM US$87.44 Normal SE = 18.2 

 Refresher training US$21.55 Truncated normal SE = 21.3 

 Supervision US$25.88 Normal SE = 2.5 

 Other training US$18.66 Normal SE = 2.1 

 Sensitization US$1.28 Truncated normal SE = 1.2 

 Programmatic staff US$159.17 Normal SE = 15.4 

 Equipment for programmatic staff US$8.93 Normal SE = 0.7 

Costs at service delivery level 

 Salaries/benefits of HSA time spent on iCCM US$503.23 Uniform Range = 390.4–603.0 

 HSA equipment US$38.65 Truncated normal SE = 1.5 

 Drugs US$434.32 Multivariate normal 
SE for cost per case = 0.02; SE for 

number of cases seen = 145.9 

HSA = health surveillance assistants; iCCM = integrated Community Case Management; SE = standard error. 

Values are rounded for ease of presentation. 

 

 

 

 

 

 



Estimated recurring and annualized capital costs of CCM program, 2012 U.S. dollars (95% CI) 

Variable Training, supervision Other program costs Salaries Equipment Drugs Total 

Cost per HSA (US$) 154 (106–211) 169 (139–198) 503 (390–603) 39 (35–42) 947 (656–1,250) 1,812 (1,327–2,304) 

Cost per case seen (US$) 0.16 (0.11–0.22) 0.17 (0.14–0.20) 0.52 (0.40–0.62) 0.040 (0.036–0.044) 0.97 (0.67–1.28) 1.86 (1.36–2.37) 

Cost per district (US$) 20,335 (14,057–27,943) 22,435 (18,469–26,176) 66,651 (51,711–79,863) 5,120 (4,619–5,620) 125,481 (86,892–165,524) 240,022 (175,748–305,128) 

Cost per child under 5 years of age 

in district* (US$) 
0.21 (0.14–0.28) 0.23 (0.19–0.26) 0.67 (0.52–0.81) 0.052 (0.047–0.057) 1.27 (0.88–1.67) 2.43 (1.78–3.09) 

Estimated cost of CCM program 

(millions)† (US$) 
0.59 (0.41–0.81) 0.65 (0.54–0.76) 1.93 (1.50–2.32) 0.15 (0.13–0.16) 3.64 (2.52–4.80) 6.96 (5.10–8.85) 

CCM = community case management; CI = confidence interval; HSA = health surveillance assistant. 

* All children in district (not just children living in areas served by HSAs). 

† Estimate for the entire country, based on the number of HSAs trained on integrated Community Case Management in the country. 
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