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Glossary of Key Terms 

Terms Definition 

All-cause child mortality rate 
Probability of dying from any cause between the first and fifth birthday per 
1,000 children who survived to age 12 months. 

Civil registration and vital 
statistics 

A system for recording vital events in a population, including births and 
deaths, with medical certification of the cause of death according to the rules 
and procedures of the International Classification of Diseases (World Bank, 
2006). 

Confirmed malaria case 
Suspected malaria case in which malaria parasites have been demonstrated 
in a patient’s blood by microscopy or a rapid diagnostic test (World Health 
Organization, 2012). 

Contextual factors 

Non-malaria programs and other factors, such as rainfall, socioeconomic 
status, urbanization, and policy changes, that could confound the association 
between scale-up of the intervention and its potential health impact or modify 
the effect of the intervention, and affect the conclusion. 

Direct malaria mortality 
Deaths in which malaria was the underlying cause. The World Health 
Organization (1993) defines it as “the disease or injury which initiated the train 
of morbid events leading directly to death.”  

Endemic malaria 
Term used to describe ongoing malaria with a measurable incidence of cases 
and mosquito-borne transmission in an area over a succession of years 
(World Health Organization, 2012). Also known as “stable malaria.” 

Epidemic malaria 
Term used to describe occasional malaria outbreaks in normally malaria-free 
regions; a particularly severe malaria season in a normally low-risk area. Also 
known as “unstable malaria.” 

Evaluation 
Periodic assessment of whether objectives are being achieved, often requiring 
special surveys or studies (Gertler, 2011). 

Health facility-based malaria 
morbidity indicators 

Indicators of morbidity based on data from surveillance and routine 
information systems, such as health facility registries or health management 
information systems. Examples are malaria outpatient visits or cases, hospital 
inpatient admissions, and outpatient visits and hospitalizations for severe 
anemia in young children in high-endemic settings. 

Indirect malaria mortality 

Deaths in which malaria was a contributing cause, and the death was 
categorized as a non-malaria death. Examples are deaths from the combined 
effects of malaria-associated anemia and pneumonia, in which the cause was 
categorized as pneumonia; deaths linked to low birth weight caused by 
malaria in the mother during pregnancy; or deaths resulting from 
consequences of clinical management, such as HIV exposure from a blood 
transfusion for malaria-related anemia or sequelae of a malaria infection, such 
as epilepsy caused by cerebral malaria (Snow, et al., 2003). 

Malaria parasite prevalence Proportion of children ages 6–59 months with malaria parasite infection (Roll 
Back Malaria guidelines, 2009). 

Malaria transmission Spread of malaria by completion of a full transmission cycle 
(man→mosquito→man). 

Malaria transmission intensity Measured as entomological inoculation rate (EIR): the number of infectious 
mosquito bites a person is exposed to in a certain time period, typically a year. 
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Terms Definition 

Malaria-related mortality Deaths in which malaria was the underlying cause or a contributing cause; the 
sum of direct and indirect malaria mortality (Rowe, et al., 2007). 

Monitoring Ongoing tracking of progress toward an objective, often using routinely 
collected data (MEASURE Evaluation). 

Parasitemia Presence of parasites in the blood; number of parasites per volume of blood. 

Plausibility argument An assumption that mortality reductions can be attributed to programs if 
improvements are found along the causal pathway between intervention 
scale-up and mortality trends (Habicht, et al., 1999 and Morgenstern 1982). 

Population-level malaria 
morbidity indicators 

Indicators on malaria morbidity collected through population-based surveys; 
examples are malaria parasite prevalence and anemia. 

Under-5 mortality Probability of dying before the fifth birthday per 1,000 live births. 

Verbal autopsy A method for determining cause of death. A knowledgeable person in the 
household where a deceased person lived is asked about signs and 
symptoms of the terminal illness, usually 1–6 months after the death (Garenne 
& Fontaine 1990; Anker, et al., 1999; Soleman, et al., 2006). To attribute 
causes of deaths, interviews are analyzed by an algorithm or clinicians who 
decide on causes by majority vote (Rowe, et al., 2007). 
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Abbreviations 

ACCM All-cause child mortality 

ACT Artemisinin combination therapies  

BIMCP Bioko Island Malaria Control Project 

CRVS Civil registration and vital statistics 

DHS Demographic and Health Surveys 

EIR Entomological inoculation rate 

GDP Gross domestic product 

Global Fund The Global Fund to Fight AIDS, Tuberculosis and Malaria 

HBR Human biting rate 

HDSS 
HMIS 

Health and Demographic Surveillance System 
Health management information system 

IGME Inter-agency Group for Child Mortality Estimation 

IPTp Intermittent preventive treatment for pregnant women 

IRS Indoor residual spraying 

ITNs Insecticide-treated nets 

LiST Lives Saved Tool  

LLINs Long-lasting insecticidal nets 

M&E Monitoring and evaluation 

MDGs Millennium Development Goals 

MERG Monitoring and Evaluation Reference Group 

MICS Multiple Indicator Cluster Surveys  

MIS Malaria Indicator Surveys 

MoH Ministry of Health 

NMCC National Malaria Control Center 

NMCP National Malaria Control Program 

PfPR Plasmodium falciparum parasite rate 

PMI President’s Malaria Initiative 

RBM Roll Back Malaria 

RDT 
RHMIS 

Rapid diagnostic test 
Routine health management information system 

UN 
UNDP 

United Nations  
United Nations Development Programme 

UNICEF 
VA 

United Nations’ Children Fund 
Verbal autopsy 

VC Vectorial capacity 

WHO World Health Organization 
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 Executive Summary I.
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 Introduction and Objectives II.

II.1 The Problem 

Key points 

 Over the last decade, funding for malaria programs has increased significantly, especially in 
Sub Saharan Africa, which has led to the scale-up of key interventions (insecticide-treated 
nets, indoor residual spraying, intermittent preventive treatment for pregnant women, and 
effective treatment). 

 The purposes of this guidance document are to (1) review and update the evaluation 
framework as proposed by the Monitoring and Evaluation Reference Group in 2007 and (2) 
provide recommendations for evaluating the scale-up of malaria control interventions in 
highly malaria-endemic countries. 

 The target audiences of this guidance document are staff of National Malaria Control 
Programs Ministries of Health, and funding agencies, in addition to people who work in 
monitoring and evaluation. 

 This guidance document is not intended to be an exhaustive resource on evaluation 
methodology. 
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II.2 Immediate Needs for Consistent Measurement 
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II.3 Objectives of the Framework Document 

 

 

 

II.4 Target Audiences 
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II.5 Limitations 
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 Implementing Impact Evaluations III.

III.1 Process 

  

Key Points 

 A framework for impact evaluation consists of five interdependent steps: (1) engage 
stakeholders, (2) describe the malaria control program, (3) design an evaluation, (4) 
generate credible evidence, and (5) promote use and disseminate findings. 

 Stakeholder engagement is essential throughout the impact evaluation to ensure credibility, 
transparency, and, ultimately, use of the evaluation findings. 

 It is advisable to involve a local partner to coordinate the impact evaluation in country and 
hire additional staff, including an analyst with epidemiology and biostatistics skills, as 
needed. 
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FIGURE III.1: IMPLEMENTATION FRAMEWORK FOR EVALUATING THE EFFECT OF MALARIA CONTROL 
PROGRAMS 

 

III.1.1 Engage Stakeholders  

III.1.2 Describe Malaria Control Program  

Engage stakeholders 
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FIGURE III.2: EVALUATION TIME FRAME 

 
Notes: The mortality trend is measured with three surveys that each give a five-year mortality estimate: a 2000 
baseline survey provides an estimate for 1996–2000, a 2006 mid-point survey provides an estimate for 2002–2006, 
and a 2011 end-line survey provides an estimate for 2007–2011. Also shown are intervention rollout and policy 
changes. 

Source: Adapted from “Evaluation of the Impact of Malaria Control Interventions on All-Cause Mortality in Children Under Five in 
Uganda.” Draft documents, March 2013. 

III.1.3 Design an Evaluation  
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III.1.4 Generate Credible Evidence 

III.1.5 Promote Use and Disseminate Evaluation Findings 
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III.2 Challenges 

III.2.1 Different Needs for the Evaluation 

III.2.2 Data Access 
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III.3 Description of Resources 

III.3.1 Timeline 

FIGURE III.3: ILLUSTRATIVE TIMELINE FOR CONDUCTING AN IMPACT EVALUATION 

Activity Estimated 
time Parties involved 

Start discussion with in-country and international stakeholders 4 weeks Funding partners, national 
authorities 

Develop work plan, analysis plan, and task matrix  2 weeks Evaluation team 

Identify and contract implementation partner and any remaining 
members of evaluation team  6 weeks Evaluation team 

Kick off the evaluation with a stakeholder meeting  2 weeks Evaluation team, funding 
partners, national authorities 

Gain access to datasets 2 weeks Evaluation team 

Conduct preliminary analysis  3 weeks Evaluation team 

Develop report outline  1 week Evaluation team 

Complete rest of analysis plan  4 weeks Evaluation team 

Develop draft report and share with core stakeholders  4 weeks Evaluation team 

Allow core stakeholders to review draft report 4 weeks Core stakeholders 

Convene consultative meeting to present preliminary results 1 week Core stakeholders, evaluation 
team 

Develop second draft report, incorporating feedback 4 weeks Evaluation team 

Allow external reviewers to comment on report 4 weeks Selected stakeholders 

Complete final edits, proofreading, and formatting 4 weeks Evaluation team, editor, 
proofreader, graphic designer 

Print report 1 week Printer 

Hold launch event to share findings 2 weeks Evaluation team, national 
authorities 
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III.3.2 Human Resources and Skills 

III.3.3 Financial Resources 
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  Evaluation Design  IV.

IV.1 Aim of the Impact Evaluation in Each Country 

 

 

 

IV.2 Constraints in Evaluating Malaria Programs 

Key Points 

 It is challenging to attribute changes in all-cause child mortality to malaria interventions due 
to lack of malaria-specific mortality. 

 Experimental design in the context of national-scale interventions may not be feasible 
because it would be difficult to define a control group.  

 The overall impact evaluation should rely on an ecological study design, often referred to as 
a plausibility study design, which assesses simultaneous changes in intervention coverage 
and malaria burden.  
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IV.3 Study Design Options 
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TABLE IV.1:  SUMMARY OF STUDY DESIGN OPTIONS TO EVALUATE COUNTRY MALARIA CONTROL 
PROGRAMS 

Study Design Causal 
Inference Feasibility Strengths Weaknesses Key Assumptions 

E
x

p
e

ri
m

e
n

ta
l 

Community 
randomized 
control trial 
(CRCT): 
pretest/posttest, 
posttest only 
designs, and 
interrupted time 
series with 
randomized 
control 

High 
(Strongest) 

Low High internal 
validity 
Strong 
evidence of 
impact  
Relatively 
simple analysis 
(difference-in-
differences) 

• Does not lend itself 
to full-coverage 
programs, or 
where other 
programs are 
rolling out  

• Unethical to 
intentionally 
withhold proven 
interventions, so 
often impossible to 
use  

• Randomization produces 
equivalent groups 

• External influences affect 
both groups equally 

• Same intensity of 
treatment 

• Assignment to 
experimental groups does 
not itself alter the behavior 
of service providers or 
study subjects 

• Limited contamination 

Q
u

a
s

i-
e

x
p

e
ri

m
e

n
ta

l 

Nonequivalent 
control/ 
nonrandomized 
step-wedge and 
interrupted time 
series with 
nonrandomized 
control  

High Medium Useful for 
phased 
program rollout 
Strong 
evidence of 
impact 
High internal 
validity 
Allows conduct 
of difference-in-
difference 
analysis to 
assess impact 

• Selected areas for 
initial rollout may 
differ on key 
characteristics to 
areas in 
subsequent 
phases (selection 
bias)  

• Unethical to 
intentionally 
withhold proven 
interventions, so 
not possible to use 
in many situations 

• Does not lend itself 
to full-coverage 
programs or where 
other programs are 
rolling out 

• Project influences when 
and where the phased 
rollout starts 

• Confounding factors can 
be measured and 
controlled for in analysis 

Constructed 
control: 
matching and 
discontinuity 
designs, 
instrumental 
variables 

Medium Medium Attempts to 
account for 
selection bias 
through 
statistical 
analysis 
Versatility 
Some evidence 
of impact 
Medium 
internal validity 

• Vulnerable to 
selection bias  

• Advanced 
statistical analyses 
required 

• Local average 
treatment effect 
cannot always be 
generalized 

• Confounding factors can 
be measured and 
controlled for in analysis  

• Constructed control yields 
unbiased treatment effect 

• Constructed control has 
produced equivalent 
groups 

• External influences affect 
both groups equally 

• Same intensity of 
treatment 

• Extraneous factors do not 
differentially alter the 
behavior of service 
providers or study 
subjects  
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Study Design Causal 
Inference Feasibility Strengths Weaknesses Key Assumptions 

  
  

 O
b

s
e

rv
a

ti
o

n
a

l 

Dose response  Medium-low Medium-high • Versatile: 
estimates of 
impact 
derived at 
multiple 
levels 

• Modest 
internal 
validity 

• Selection bias 
• No counterfactual 

• Differential 
participation bias 

• Differential attrition 
bias 

• Confounding factors can 
be measured and 
controlled  

• Exposure to treatment will 
vary 

Interrupted time 
series without a 
control group, 
reflexive 
control: time 
series and 
repeated 
measures 
designs 
(plausibility 
design) 

Low-
medium  

High • Treatment 
group serves 
as its own 
control over 
time; easy to 
implement 

• No need to 
exclude 
group from 
treatment 

• Versatility 

• Useful for 
full coverage 
programs 

• No counterfactual, 
so cause and 
effect cannot be 
inferred 

• Must measure and 
account for 
confounding 
factors in analysis 
to establish 
plausible impact 

• Unobserved 
heterogeneity 

• Differential 
selection bias and 
attrition 

• Program is preexisting or 
full coverage 

• Pretest measures are 
valid estimates of the 
counterfactual 

• Treatment effect 
demonstrated if posttest 
measures significantly 
differ from pretest 
measures 

• No other plausible 
explanations for observed 
treatment effects 

IV.4 Plausibility Design 



 

Evaluation Design 24 
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FIGURE IV.1:  CONCEPTUAL FRAMEWORK OF KEY FACTORS IN ASSESSING THE IMPACT OF MALARIA 
CONTROL PROGRAMS ON MALARIA AND ALL-CAUSE CHILD MORTALITY, USING A 
PLAUSIBILITY STUDY DESIGN 

 
Notes: ANC=antenatal care, EIR=entomological inoculation rate, EPI=Expended Program on Immunization, 
ITN=insecticide-treated net, IRS=indoor residual spraying, IPTp=intermittent preventive treatment for pregnant 
women, GDP=gross domestic product, MCM=malaria case management, Vit A=vitamin A, PMTCT= prevention of 
mother-to-child transmission of HIV 

IV.5 What Results Might Look Like 
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 Program Description  V.

V.1 Country Background 

V.2 Health Care System 

Key Points 

 The malaria control program description puts the evaluation into context and provides 
information to interpret evaluation findings. 

 The description of the malaria control program should include basic country information, a 
description of the health care system, a malaria epidemiologic profile of the country, a 
timeline for implementing malaria control interventions and policies, funding and commodity 
inputs, and key events in the country. 



 

Program Description 29

V.3 Malaria Epidemiologic Profile 

V.4 Malaria Control Strategy 
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FIGURE V.1: MILESTONES IN MALARIA CONTROL, MAINLAND TANZANIA, 2000–2010 (EXAMPLE)  

Notes: Insecticide-treated net (ITN), Tanzania (Tz), pregnant women (PW), antenatal care (ANC), Tanzania National 
Voucher Scheme (TNVS), indoor residual spraying (IRS), children under five years of age (U5), chloroquine (CQ), 
sulfadoxine/pyrimethamine (SP), intermittent preventive treatment in pregnancy (IPTp), The Global Fund to Fight 
AIDS, Tuberculosis, and Malaria (Global Fund), President’s Malaria Initiative (PMI), artemisinin combination therapy 
(ACT), rapid diagnostic test (RDT) 

Source: Evaluation of the Impact of Malaria Control Interventions on All-Cause Mortality in Children Under-5 in Mainland Tanzania. 
Tanzania Malaria Impact Evaluation Group. Supporting evaluation documents, 2012. 

V.5 Financial Resources 
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V.6 Commodity Inputs 

FIGURE V.2: MALARIA COMMODITIES PROCURED OR DISTRIBUTED IN ANGOLA, 2005–2011 (EXAMPLE) 

 
Notes: Insecticide-treated nets refer to the number distributed; artemisinin combination therapies and rapid 
diagnostic tests refer to the number procured; and indoor residual spraying refers to the number of structures 
sprayed. 

Source: RBM Progress & Impact Series: Focus on Angola. Draft, May 2013.  
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V.7 Key Events 
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Key Points 

 Large population-based surveys, such as the Demographic and Health Surveys (DHS), 
Malaria Indicator Surveys (MIS), and Multiple Indicator Cluster Surveys (MICS), are key 
sources of coverage data. Other sources, including routine health information systems, also 
can provide coverage data or other complementary information. 

 Here are some aspects to consider when measuring the coverage of malaria control:  

 Survey timing: DHS and MICS data generally are collected during the dry season, and 1.
MIS is conducted during peak transmission season; consider the timing when 
comparing indicators from different types of surveys.  

 Malaria endemicity: Evaluators should stratify their analyses by intervention coverage in 2.
the highest-risk populations and in-country variation of endemicity. 

 Routine data offers information about service delivery and facility performance, which helps 
measure coverage. 

 Measuring the Coverage of Malaria Control VI.
Interventions  
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TABLE VI.1: RBM OUTCOME INDICATORS TO MONITOR MALARIA CONTROL INTERVENTIONS 

Source: World Malaria Report. Geneva, World Health Organization, 2012.  
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VI.1 Outcome Indicators Derived from Population-based Household 
Surveys 

VI.1.1 Considerations 
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VI.2 Outcome Indicators from Routine Health Information Systems 
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VI.2.1 Considerations 

 

 

 

 

VI.2.2 Key Reference Documents 
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Key Points 

 Malaria risk can be measured using the entomological inoculation rate, parasite prevalence, 
or parasite incidence in a number of ways. 

 These different measures can be used to compare different geographical settings in a 
country, compare different periods of time (such as rainy season in contrast to dry season, 
before and after an intervention), or examine trends over time. 

 To understand transmission risk, it is important to have regular data on temperature, which 
plays a major role in the malaria vector life cycle, and rainfall, which allows for mosquito 
breeding. Because these factors can vary greatly in a small area, they are particularly useful 
for subnational analyses. 

 Measuring Transmission Intensity  VII.

 

VII.1 Transmission Intensity 
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TABLE VII.1: MALARIA RISK PARAMETERS 9,10  

Parameter Definition of index 

Human biting rate (HBR) Bites per person per night by vector population 

Vectorial capacity (VC) Expected human inoculations per infective case per unit of time  

Basic reproductive rate (R0) Expected new infections per cases without immunity 

Entomological inoculation rate (EIR) Number of infective bites per-person, per-time unit 

Parasite prevalence  Percentage of infected people 

Incidence of malaria morbidity Number of new cases during a given period 
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Key Points 

 Malaria-related morbidity should be measured using data from both population-based 
sources and health facilities. 

 For population-level morbidity indicators in areas with high-intensity malaria transmission, 
measurements should be taken for anemia (hemoglobin value < 8g/dL) and malaria parasite 
prevalence in children ages 6 to 59 months to assess malaria-related morbidity. 

 Health facility-based morbidity indicators help assess malaria-related morbidity, notably in 
children ages 5 years and under. 

 To help interpret data, health facility-based morbidity indicators should be supported by 
indicators of laboratory testing coverage; specifically, the malaria test positivity rate and 
proportion of suspected malaria cases that received a laboratory diagnosis. 

 Measuring Malaria Morbidity  VIII.

 

VIII.1 Population-based Indicators 

 

 



 

Measuring Malaria Morbidity 42 
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TABLE VIII.1: MALARIA-RELATED POPULATION-BASED MORBIDITY INDICATORS 

Indicator Numerator Denominator Stratification Frequency/Timing Strengths/Limitations Source 

Proportion of 
children ages 
6–59 months 
with malaria 
infection 

Number of 
children 
with malaria 
parasitemia 
(microscopy 
or RDT) 

Number of 
children tested 
for malaria 
parasitemia 

Rural or urban 
residence, 
wealth 
quintiles, 
region 

DHS: Every five 
years, dry season, 
low transmission 
season 
 
MIS: Every two to 
three years, high 
transmission 
season 

This indicator directly 
measures parasite 
prevalence among 
children ages 6–59 
months at the national 
level. However, 
parasite prevalence 
can fluctuate 
dramatically over a 
year with the 
seasonality of malaria, 
so survey timing may 
affect indicator values. 

Survey 
(DHS, 
MIS) 

Proportion of 
children ages 
6–59 months 
with a 
hemoglobin 
measurement 
of less than 8 
g/dL 

Number of 
children 
with anemia 

Number of 
children tested 
for anemia 

Rural or urban 
residence, 
wealth 
quintiles, 
region 

 Provides a proxy 
measure of the 
prevalence of malaria-
related anemia among 
children ages 6–59 
months at the national 
level. However, this 
indicator is subject to 
seasonal variation in 
malaria-related 
anemia, which makes 
survey outcomes 
sensitive to the season 
of measurement. 

Survey 
(DHS, 
MIS) 

VIII.2 Health Facility-based Indicators 
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TABLE VIII.2: MALARIA-RELATED MORBIDITY INDICATORS FROM HEATH FACILITIES 

Indicator Numerator Denominator Stratification Frequency 
and Timing 

Strengths and 
Limitations 

Outpatient 
malaria cases, 
annual rate 

Number of 
confirmed 
malaria cases 
(by microscopy 
or RDT) 

Catchment 
population of 
health facilities 
concerned, or in 
case of national 
HIS data, the 
national population 
at risk of malaria 

All ages, 
children under 
age 5, sex, 
species, 
parasitologically 
confirmed, 
compared with 
all suspected  
fever cases. 
When available, 
prefer monthly 
data evaluated 
over several 
years 

Information is 
collected 
routinely—
daily, then 
compiled 
weekly, 
monthly, 
quarterly, and 
annually. 

Provides 
information on 
outpatient level of 
malaria infection. 
However, change in 
use of health 
services and 
availability of 
diagnosis tests 
affects this 
indicator. 

Outpatient 
malaria cases, 
proportion of 
all-cause 
outpatient 
cases 

Number of 
confirmed 
malaria cases 
(by microscopy 
or RDT) 

Total number of 
outpatient cases 
from any cause 

Information is 
collected 
routinely—
daily, then 
compiled 
weekly, 
monthly, 
quarterly, and 
annually. 

Provides data on 
the contribution of 
malaria to 
outpatients 
compared with 
other illnesses. 
However, this 
indicator is sensitive 
to quality and 
availability of 
diagnosis tests. 

Inpatient 
malaria cases 
and 
hospitalizations, 
annual rate 

Hospitalizations 
with primary 
diagnosis of 
malaria at 
discharge 

Persons at risk 
of malaria 

All ages, 
children under 
age 5, sex 

Information is 
collected 
routinely—
daily, then 
compiled 
weekly, 
monthly, 
quarterly, and 
annually. 

Provides 
information on the 
level of 
hospitalization due 
to malaria. 

Inpatient 
malaria cases 
and 
hospitalizations, 
proportion of 
all-cause 
hospitalizations 

Hospitalizations 
with primary 
diagnosis of 
malaria at 
discharge 

Total number of 
hospitalizations 
from any case 

Information is 
collected 
routinely—
daily, then 
compiled 
weekly, 
monthly, 
quarterly, and 
annually. 

Provides 
information on level 
of severe malaria 
compared with 
other causes of 
hospitalization. 
However, 
hospitalization 
capacity and use of 
health services 
affects this 
indicator. 
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Indicator Numerator Denominator Stratification Frequency 
and Timing 

Strengths and 
Limitations 

Malaria-test 
positivity 

Number of 
outpatient 
laboratory-
confirmed 
malaria cases 

Total number of 
outpatient 
suspected malaria 
cases tested 

All ages, 
children under 
age 5, sex, 
species, 
passive 
compared with 
active case 
detection, 
microscopy 
compared with 
RDT 

Information is 
collected 
routinely—
daily, then 
compiled 
weekly, 
monthly, 
quarterly, and 
annually. 

Provides 
information of the 
level of infection 
among patients. 
However, this 
indicator is affected 
by variation in use 
of health services. 

Proportion of 
suspected 
malaria cases 
with laboratory 
diagnosis 

Number of 
suspected 
malaria cases 
that receive 
microscopy or 
RDT laboratory 
examination for 
malaria  

Number of 
suspected malaria 
cases 

All ages, 
children less 
than 5, sex 

Information is 
collected 
routinely—
daily, then 
compiled 
weekly, 
monthly, 
quarterly, and 
annually. 

Provides 
information on the 
health capacity to 
test for malaria. 
However, this 
indicator is affected 
by availability of 
diagnosis 
commodities. 
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Key Points 

 Malaria-specific mortality is challenging to measure at the population level because most 
deaths in malaria-endemic countries occur outside the health care system and without 
proper diagnostic tests. 

 Routine health information systems provide useful data on all-cause and malaria-specific 
mortality at the subnational level. These data should be analyzed with a clear understanding 
of limitations. 

 Civil registration and vital statistics systems provide information on all-cause mortality and, in 
some cases, malaria-specific mortality. However, for most malaria endemic countries 
coverage is too low to provide unbiased estimates at the national level. 

 Health and demographic surveillance systems provide longitudinal data on malaria-specific 
mortality, but these data are restricted to specific geographic areas within countries. 

 Verbal autopsy tools provide data on malaria-specific mortality at the population level and 
can be nested to other data sources. However, these tools have low specificity and 
sensitivity in detecting malaria mortality. 

 Given the limited availability of malaria-specific mortality data, the MERG recommends using 
all-cause child mortality as an impact indicator. This can be measured reliably at the national 
level through household surveys. 

 Measuring Mortality IX.

IX.1 Malaria-specific Mortality 

IX.1.1 Routine Health Management and Information Systems and Sentinel Surveillance 
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Box IX.1: Civil Registration and Vital Statistics 

Civil registration and vital statistics systems (CRVS) have the potential to provide direct 
measurement of population-level mortality for malaria, if malaria diagnosis is reliable and medical 
autopsies are performed. Trends in all-cause, age-specific mortality recorded in CRVS systems 
suggest that it is possible to track the impact of scaling up antiretroviral treatment on HIV-
attributable deaths.3,4,5 CRVS-recorded deaths are starting to produce informative time trends on 
tuberculosis in an increasing number of low- and especially middle-income countries.6,7 
Unfortunately, in most low- and middle-income countries where malaria and other major 
infectious diseases are concentrated, CRVS systems function poorly and produce incomplete 
data. 

Only a few countries have been able to improve their CRVS systems significantly in the past 50 
years.8 For most malaria-endemic countries, notably in Sub Saharan Africa, the first challenge is 
to build and roll out a national-scale functioning CRVS system that captures all deaths.9 None of 
the malaria-endemic countries in recent national-level estimations of the causes and time trends 
in child mortality used CRVS data.10,11 Studies in a few malaria-endemic countries have tried to 
validate the sensitivity and specificity of CRVS for malaria-attributable deaths, comparing CRVS-
based, malaria-death attribution with the results of verbal autopsy (Box VIII.2) in health and 
demographic surveillance sites or in sample civil registration and vital statistics systems12,13,14,15 
or routine hospital records.16 These studies suggested poor levels of agreement between CRVS 
and the CRVS- or hospital-based recordings, which results in major underreporting of malaria-
attributable deaths in children in rural Kenya15 or overreporting on children and adults in 
Tanzania.16 The ongoing rollout of malaria parasitological diagnostic tools (microscopic or rapid 
diagnostic tests) as part of routine malaria case management is expected to improve the 
reliability of malaria-death recording in hospitals. 

Political commitment has increased in recent years, as demonstrated by the Africa Programme 
on Accelerated Improvement of Civil Registration and Vital Statistics and endorsed by African 
Ministers in Ethiopia (2010) and South Africa (2012) and the Global Summit on Civil Registration 
and Vital Statistics (2013). The Millennium Development Goals Africa Steering Group estimated a 
cost of US $80 million, or US $0.10 per person, to achieve CRVS in Africa. This is generally 
considered a reasonable price for a global public health good that improves the progress of 
monitoring and yields an actual impact from health investments.17,18 Some countries, such as 
Ethiopia and Rwanda, have started to use recent increased funding for health to employ and 
empower community health workers throughout the country to record deaths and births in 
communities. This type of initiative has the potential to improve monitoring all-cause, under-5 
mortality and may enhance the reporting of deaths for specific selected causes.17  

CRVS systems are important to develop over the long term for general health and development. 
These systems also can serve as a tool for strengthening national health systems, setting 
priorities, and evaluating disease programs.19 As malaria control expands and malaria declines 
as a leading cause of death in young children, CRVS systems could become a more useful data 
source for tracking malaria-attributable deaths. National governments and global health 
initiatives, including Roll Back Malaria, should call for improving CRVS systems, and urge donors 
and international funding agencies to support this.19 
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IX.1.2 Health and Demographic Surveillance Systems 
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Box IX.2: Verbal Autopsy 

Verbal autopsy (VA) is a method of collecting data on the probable causes of death. Demographic Health 
Surveys, health and demographic surveillance systems, and civil registration and vital statistics systems all 
use the VA method. VA involves interviewing primary caregivers of recently deceased people to gather 
information on the circumstances of death by using standard data-collection instruments determined by the 
World Health Organization and its partners.33 Interpreting information on the circumstances of death helps 
derive probable causes of death, using the International Classification of Diseases Version 10 (ICD-10) list 
or an abridged version.34,35,36,37,38  

VA provides an alternative method to record causes of death in settings where CRVS is not functioning. 
Although VA works better at identifying some causes of death than others, the consensus is that it remains 
the best alternative to use in developing countries without a national CRVS to understand cause-of-death 
patterns.9,33,39 SCRVS, which continuously register births and deaths in a representative sample of 
population clusters throughout a country, can include VA.40,41,42 In this situation, causes are classified based 
on verbal autopsies for deaths that occur at home, which is typically a large proportion of total deaths. 

Based on information collected during verbal autopsies, officials use several methods to ascertain and 
summarize causes of death. These include a physician’s review, expert algorithms, data-derived algorithms, 
and computer-based modeling (probabilistic and symptom-pattern methods).35,43,44,45,46 

Concerns about the overall validity of verbal autopsy data mostly pertain to a lack of standardization of 
collection methods47 and the variable sensitivity and specificity across diseases. VA appears to work well to 
classify deaths resulting from certain diseases of public health significance (such as measles, whooping 
cough, and cholera), because of the distinct symptoms and signs of these conditions. Verbal autopsies also 
can help classify deaths that result from injuries and violence. Verbal autopsies, however, are not as 
sensitive for conditions with less specific symptoms and signs, such as malaria.48 Despite the imperfect 
sensitivity, VA has an important role to play in providing information on malaria-specific mortality. A number 
of studies that used verbal autopsy data quantified the burden and trends in malaria mortality.49,50,51,52 For 
example, a study of a town in northwestern Burkina Faso between 1999 and 2004 demonstrated that all-
cause mortality rates declined, while malaria-attributed mortality remained constant.53 Another study in 
Ethiopia confirmed the seasonality of malaria mortality and treatment patterns and care-seeking behavior of 
malaria victims before death.50  

VA validation studies conducted in malaria-endemic settings have estimated low sensitivity (24 to 75%) and 
moderate to high specificity (77 to 100%) for malaria; in other words, verbal autopsies often miss true 
malaria deaths, but conversely misclassify non-malaria deaths as malaria.37,54 The reason for the low 
sensitivity may be clinical presentation, especially in children under age 5 years, who are affected the most. 
Because of their underdeveloped immune systems, these children present nonspecific symptoms, such as 
fever, vomiting, and diarrhea. If the sensitivity and specificity have been estimated in local validation studies, 
analysts can adjust for malaria misclassification in verbal autopsies. 

Malaria-specific mortality data derived from verbal autopsies may have validity issues, especially in relation 
to their low sensitivity. However, considering the poor state of CRVS systems in most of the countries that 
have the highest burden of malaria, verbal autopsies provide a reasonable short-to-medium-term source of 
malaria-specific mortality data. It is difficult to point to any of the platforms that use verbal autopsies—such 
as HDSS, DHS, census, or SCRVS—as the most ideal to generate malaria-specific mortality because of 
their limitations. Combining data from different systems can help derive better estimates. For example, 
evaluators could combine hospital-based data on malaria mortality with data gained through verbal 
autopsies from an HDSS, using the symptom pattern method to generate population-level malaria-specific 
mortality fractions; the precise approach or combination of approaches used depends on the available 
context-specific resources. As much as possible, evaluators should use standardized processes for verbal 
autopsies, questionnaires, and analysis tools to ensure high-quality data. 

Timely, reliable mortality data by age, sex, and cause—both nationally and subnationally—are critical for the 
design, implementation, and monitoring and evaluation of health programs. Countries should capitalize on 
VA strengths to generate reasonable estimates of malaria-specific mortality data rather than let the 
limitations of verbal autopsies hinder them.  
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IX.1.3 Demographic and Health Surveys and National Censuses 

IX.1.4 Ways Forward—Examine, Improve Data Quality and Completeness 
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IX.2 All-Cause Child Mortality from Household Surveys 
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 Measuring and Accounting for Nonmalaria X.
Programs, Contextual Factors 

Key Points 

 Contextual factors can (1) confound the association between scale-up of the intervention 
and its potential health impact and (2) modify the effect of the intervention, and thus, affect 
the conclusion. 

 Contextual factors differ with variations in data quantity and quality in and among countries. 
Each country evaluation should list relevant contextual factors and assess whether to 
change them and to what degree they can affect outcomes on the mortality of children 
under age 5 years. 

 Although contextual factors vary from country to country, all countries must assess some 
core contextual factors. 
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TABLE X.1: EXAMPLES OF CONTEXTUAL FACTORS THAT SHOULD BE EXAMINED  

Category Examples Data sources Justification 

Child survival 
interventions  

Expanded Program on 
Immunization coverage, such as 
measles and DPT3 
Micronutrient supplementation 
coverage, such as vitamin A, iron, 
zinc 
 

WHO, UNICEF annual 
estimates of national 
immunization coverage 
UNICEF Vitamin A 
coverage database 
DHS, MICS, MIS 

Observed reductions in child 
morbidity and mortality may 
actually be due to increased 
coverage of these programs 
rather than malaria control 
interventions. 

Climatic and 
environmental 
factors  

Total precipitation 
Number of days with rain 
Land cover and vegetation 
Air temperature 
Extreme weather events, such as 
floods 

National meteorological 
agency 
Columbia University Earth 
Institute 
National Oceanographic 
and Atmospheric 
Administration 
 

These factors affect 
mosquito breeding and 
malaria transmission and 
may cause observed 
changes in outcomes over 
time or geography, rather 
than the interventions 
themselves. 

Health 
systems 
factors 

Per capita expenditure on health 
Government expenditure on health 
as percentage of total government 
expenditure 
Availability of essential drugs 
Political situation and stability 
 

WHO 
The World Bank 
 

Health systems can affect 
comparisons across time or 
geography by influencing 
access to interventions. 
These factors modify the 
impact of malaria control 
interventions.  

Socioeconomic 
factors 

Household assets and income  
Parental education 
Conflict or emergency settings 
GDP per capita 
Gini per capita 
Population living below poverty line 

DHS, MICS 
The World Bank 

If different socioeconomic 
groups access malaria 
control interventions 
differently, these factors 
may serve as effect 
modifiers that influence 
outcomes. 

Notes: DPT3=diphtheria, pertussis, tetanus vaccine, 3 doses; WHO=World Health Organization; UNICEF=United 
Nations Children’s Fund; DHS=Demographic and Health Surveys; MICS=Multiple Indicator Cluster Survey; 
MIS=Malaria Indicator Survey; GDP=Gross domestic product. 

X.1 Data Sources  
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X.2 Accounting for Environmental Factors 

X.2.1 Temperature 
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FIGURE X.1:  EFFECT OF AMBIENT TEMPERATURE ON MALARIA VECTOR ADULT STAGE: (A) DURATION 
OF THE SPOROGONIC CYCLE IN DAYS; (B) DAILY MOSQUITO SURVIVAL; (C) PERCENTAGE 
OF VECTORS THAT SURVIVE SPOROGENY; (D) GONOTROPHIC CYCLE  
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FIGURE X.2:  EFFECT OF MEAN TEMPERATURE ON CLINICAL MALARIA RISK AMONG STUDY CHILDREN 
IN NORTHWEST BURKINA FASO, 2007 

 

Note: Horizontal and vertical red lines indicate the reference point (rate ratio = 1; T = 27 °C). 

Source: Ye, et al. 2007 

X.2.2 Rainfall and Humidity 
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FIGURE X.3:  EFFECT OF TOTAL RAINFALL ON CLINICAL MALARIA RISK AMONG STUDY CHILDREN IN 
NORTHWEST BURKINA FASO, 2007 

 

Note: Horizontal and vertical red lines indicate the reference point (rate ratio = 1, Pmm = 163 millimeters). 

Source: Ye, et al. 2007 
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X.2.3 Land Cover 

X.3 Data Analysis 

TABLE X.2:  HOUSEHOLD ATTRIBUTES AND ASSET OWNERSHIP, MAINLAND TANZANIA, 1999–2010 

Survey Year 
1999 2010    

% 95% CI N % 95% CI n % change 
Dir. 

change 
Sig. 

Improved water source, (% 
households)  65.8 (59.1-71.8) 3526 56.9 (53.3-60.4) 9377 -13.5  ns 

Time to water source less 
than 15 minutes, (% 
households)  

34.3 (29.6-39.4) 3526 36.5 (33.8-39.4) 9377 6.4  ns 

Improved toilet facilities (not 
shared), (% households)  1.5 (1.0-2.3) 3526 12.1 (10.5-14.0) 9377 7.1  * 

Improved roof (not 
thatch/grass/mud), (% 
households) §  

50.6 (47.3-53.8) 9483 61.9 (58.9-64.9) 9377 22.3  * 

Modern floor material (not 
earth, sand, or dung), (% 
households)  

20.9 (17.0-25.4) 3526 31.8 (28.7-35.0) 9377 52.2  * 
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Survey Year 
1999 2010    

% 95% CI N % 95% CI n % change 
Dir. 

change 
Sig. 

Electricity, (% households)  7.7 (5.5-10.7) 3526 14.2 (11.9-17.0) 9377 84.4  * 

Telephone, (% households) 
§  8.9 (7.6-10.5) 9483 45.5 (42.9-48.0) 9377 411.2  * 

Often/always had problems 
satisfying food needs in past 
year (% households)  

22.6 (21.2-24.1) 9483 23.3 (21.6-25.1) 9377 3.1  ns 

Notes: Improved water source is protected, borehole, piped; § signifies 2004/5 DHS source.  

Dir. Change: direction of change. Sig: Statistical significance. Statistics with non-overlapping 95% confidence 
intervals are considered significantly different change. NS denotes no statistically significant change; * denotes 
statistically significant change.  
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 Data Synthesis, Triangulation, XI.
and Interpretation  

XI.1 Trends Over Time 

Key Points 

 Assessing the overall impact of a country’s scale-up of its full-coverage, malaria control 
program requires an ecological study design.  

 Work by Bhattarai and colleagues (2007) provides an excellent example of plotting data 
from multiple sources, including cases from the Health Management Information System, 
timing of surveys, intervention start dates, and rainfall. 

 Following an ecological analysis of all available datasets to assess trends in malaria 
morbidity and mortality over time, MERG suggests conducting sub-analyses to help validate 
any positive effects found by the plausibility design. 
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FIGURE XI.1:  MALARIA INTERVENTIONS, CROSS-SECTIONAL SURVEYS, MONTHLY RAINFALL, AND 
REPORTED CLINICAL MALARIA DIAGNOSES IN CHILDREN UNDER AGE 5 YEARS IN NORTH 
A DISTRICT, ZANZIBAR (1999–2006) 

Source: Bhattarai, et al., 2007 

XI.2 Further Analysis 
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XI.3 Multicountry Meta-analysis  

XI.4 Synthesis of Results 
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TABLE XI.1:  NINE CONSIDERATIONS TO ASSESS WHETHER OBSERVED ASSOCIATIONS INVOLVE 
CAUSAL RELATIONSHIPS 

1. Strength of 
association 

Strong associations are more likely to have causal components than 
weaker associations. 

2. Consistency Observing similar evaluation results across evaluation methods, over time, 
and across countries from meta-analyses increases the likelihood of 
causal relationships.  

3. Specificity Observing an association specific to outcomes of interest among specific 
groups increases the argument for causal effect. 

4. Temporality Changes in program must precede changes in disease or coverage 
outcomes. 

5. Gradient Changes in disease or coverage outcomes increase the same amount for 
increases to program exposure or intensity. 

6. Plausibility Biological plausibility links exposure to intervention with health outcome. 

7. Coherence Causal inference is possible only if the literature or substantive knowledge 
supports this conclusion 

8. Experiment Causation is a valid conclusion if researchers have seen observed 
associations in prior experimental studies.  

9. Analogy  For similar programs operating, similar results can be expected to bolster 
the causal inference concluded. 

Source: Bradford Hill Considerations for Causality: a counterfactual perspective 
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Appendices 

A. Limitations and Assumptions of the Plausibility Study Design  

B. What Results Might Look Like: Example Scenarios 

C. Malaria Risk Parameters 

D. Details of Analyses to Help Validate and Quantify Results Obtained from the 
Plausibility Study Design  

E. Country Case Studies on the Analytic Approaches  

F. Case Study 1: Bioko Island  

G. Case Study 2: Zambia 

H. Case Study 3: Zanzibar, North A District 

I. Case Study 4: Mainland Tanzania 

J. Case Study 5: Malawi 
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Appendix A. Limitations and Assumptions of the Plausibility Study Design 

Limitation Assumption Potential means of mitigation 

Causal inference of the 
malaria control program on 
observed morbidity and 
mortality outcomes cannot 
be established.  

Changes in outcomes 
would not have happened 
without the scale-up of the 
malaria control program. 

There is strong empirical evidence that interventions 
all have an impact on the malaria and morbidity 
outcomes.  
Interpretation of results with the inclusion of 
extraneous factors might also influence malaria 
impact indicators. 
Sub-analyses assessing specific components of the 
intervention on malaria outcomes can bolster the 
plausibility argument.  

Most of the primary malaria 
control trials established 
estimates of efficacy, which 
do not always translate to 
the same effectiveness 
under program conditions. 

The efficacies established 
by the trials approximate 
the effectiveness of the 
interventions under 
program conditions. 

Sub-analyses can quantify the effectiveness of 
interventions under program conditions (such as 
multi-level regression analyses of cross-sectional data 
to assess the association of insecticide-treated nets 
with malaria parasite prevalence after accounting for 
selection bias). 

Quantifying contribution of 
different components of the 
national malaria control 
program on outcomes will be 
limited. 

Impact evaluation captures 
the effects of all in-country 
malaria control efforts. 

Potential for a dose-response or comparative analysis 
between regions, given an uneven rollout over time. 
Use of models (such as the Lives Saved Tool [LiST]) 
may help quantify the relative contribution of different 
interventions on modeled reductions in all-cause child 
mortality or malaria-specific mortality. 

Measuring external 
contextual factors—such as 
rainfall, socioeconomic 
status, and policy changes—
will be challenging. 

It will be possible to 
measure changes in 
contextual factors over 
time.  

The evaluation will involve many stakeholders across 
government agencies and organizations, thus access 
to longitudinal data at the district level should be 
possible. 

Survey data may be only 
from two data points and 
may not reflect a recent 
rapid scale-up of 
intervention and its impact; 
surveys may not have 
sufficient sample size to 
allow regional or district-
level trend analysis.  

Two data points 
adequately represent pre- 
and post- intervention 
situation in a country. 

Two data points will be interpreted along with trends 
from estimates derived from health information 
management systems (HMIS). 
Surveys have sampling error, but can be statistically 
presented. 
Birth history and regression analysis can produce 
estimates for other years.  

HMIS-derived estimates of 
malaria incidence and 
mortality are biased. 

Although HMIS-derived 
estimates produce 
underestimates of these 
indicators, the estimates 
can help assess relative 
changes over time, 
assuming access and 
utilization 
(underestimation) are, for 
the most part, constant 
over time, except where 
diagnostics is introduced 
along with changes in case 
definition from clinical to 
laboratory confirmed.  

Trends in HMIS-derived estimates will be interpreted, 
along with trends in health service access and 
utilization.  
The estimates can assess not only trends in absolute 
case and death numbers, but also the proportion that 
malaria (and in stable endemic Sub Saharan Africa, 
also anemia) makes up out of all-cause outpatient 
visits, hospital admissions, and hospital 
deaths (Aregawi, et al., 2011).  
Multiple data sources will be used to measure 
outcomes, including surveys, HMIS, and studies.  
Analysis should carefully consider the case definition, 
focusing on confirmed malaria cases where possible.  
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Appendix B. What Results Might Look Like: Example Scenarios 
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FIGURE B.1 A–D: ASSESSMENT OF MULTIPLE DATA POINT FOR INDICATORS FOR MALARIA CONTROL 
POPULATION  
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Appendix C. Malaria Risk Parameters 

Parameter Methods Formula 

Human biting rate (HBR) a, mosquito feeding frequency 
m, human blood index, proportion of mosquito blood meals 
obtained from humans 

ma  

Vectorial capacity (VC) ma (HBR) 
p, daily mosquito population survival 
n, incubation period of parasite in vector p

pma n

ln

2

−  

Basic reproductive rate (R0) b, % of vector developing parasite following ingestion of gametes 
r, recovery rate from infection 

   
pr

bpma n

ln

2

−
 

Entomological inoculation 
rate (EIR) 

ma (HBR) 
s, proportion of infected mosquitoes (sporozoite rate) 

   mas   

Parasite prevalence  Confirmed with malaria diagnostic test (microscopy or rapid 
diagnostic test) out of the total tested 

 

Incidence of malaria 
morbidity 

Confirmed with malaria diagnostic test and clinical examination  
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Appendix D. Details of Analyses to Help Validate and Quantify Results 
Obtained from the Plausibility Study Design 
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Appendix E. Country Case Studies on the Analytic Approaches 
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Appendix F. Case Study 1: Bioko Island (Kleinschmidt, et al., 2009) 

Background 

Evaluation Study Design 

Primary Evaluation Outcomes 

 

 

 

 

 

 

Primary Data Sources 
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Data Synthesis and Analysis 

Primary Findings  

Primary Conclusions and Issues for Interpretation 
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Appendix G. Case Study 2: Zambia (Chizema-Kawesha, et al., 2010)  

Background 

Evaluation Study Design 

Primary Evaluation Outcomes 

 

 

 

 

 

 

 

Primary Data Sources 
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Data Synthesis and Analysis 

Primary Findings  

Primary Conclusions and Issues for Interpretation 
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Appendix H. Case Study 3: Zanzibar, North A District (Bhattarai, et al., 2007) 

Background 

Evaluation Study Design 

Primary Evaluation Outcomes 

 

 

 

 

Primary Data Sources 
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Data Synthesis and Analysis 

Primary Findings  

Primary Conclusions and Issues for Interpretation 
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Appendix I. Case Study 4: Mainland Tanzania (Tanzania Malaria Impact 
Evaluation Research Group, available at www.pmi.gov) 

Background 

Evaluation Study Design 

Primary Evaluation Outcomes 
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Primary Data Sources 

Data Synthesis and Analysis 

Primary Findings  
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Primary Conclusions and Issues for Interpretation 
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Appendix J. Case Study 5: Malawi (Malawi Malaria Impact Evaluation 
Research Group, will be available at www.pmi.gov) 

Background 

Evaluation Study Design 
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Primary Evaluation Outcomes 

 

 

 

 

 

 

 

Primary Data Sources 

Data Synthesis and Analysis 
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TABLE J.1:  MULTIVARIABLE REGRESSION MODELS USED IN THE MALAWI IMPACT EVALUATION 

Type of Analysis Hypothesis Tested Data Sources 

Random-effects logistic regression 
model 

Has increasing ITN ownership led to 
reductions in anemia? 

A&P surveys [subnational, 6-30 
mos.] (ITNs & anemia); MODIS 
satellite (temperature); FEWS NET 
(rainfall) 

Random-effects logistic regression 
model 

Has increasing ITN ownership led to 
reductions in malaria parasitemia? 

A&P surveys [subnational, 6-30 
mos.] (ITNs & parasitemia); MODIS 
satellite (temperature); FEWS NET 
(rainfall) 

Random-effects Poisson regression 
model 

Has increasing ITN ownership led to 
reductions in severe malaria cases? 

Program distribution data (ITNs); 
IDSR (severe inpatient malaria 
cases); 1998 and 2008 census (mid-
year, district-level population data); 
MODIS satellite (temperature); 
FEWS NET (rainfall)  

Cox proportional hazards model 
(matched strata included as a shared 
frailty) 

Is ITN ownership protective against 
mortality in children under five years 
of age? 

2010 DHS (ITNs, mortality, other 
covariates); MAP 2010 (PfPR2-10); 
MODIS satellite (temperature); 
FEWS NET (rainfall)  

District Level Poisson regression Has the scale-up of ITN ownership 
led to declines in mortality in children 
under five years of age? 

2006 MICS & 2010 DHS (ITNs, 
mortality, other covariates); MAP 
2010 (PfPR2-10); FEWS NET (rainfall)  

 

Primary Findings  
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Primary Conclusions and Issues for Interpretation 



 

 



      

 



      

 

 


