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Abstract 

Background: Health workers' compliance with "test and treat" malaria case-management 

guidelines is not yet optimal despite improvement trends and the availability of diagnostic and 

therapeutic commodities. Whether these improvement trends differ by malaria endemicity, 

what factors influence the improvement trends, and what predicts compliance at a high level 

of performance without further improvements remain poorly defined.  

Methods: I conducted a secondary analysis of 11 national, cross-sectional, outpatient 

malaria case-management surveys undertaken in Kenya from 2010 to 2016 after cleaning, 

merging, linking, and restricting the datasets. Trends in compliance with four primary "test 

and treat" and eight secondary outcomes reflecting artemether-lumefantrine dosing, 

dispensing, and counselling were measured stratified by malaria endemicity. Logistic 

regression modelling of 31 multilevel factors associated with the 2010-2016 improvement 

trends in five compliance outcomes and compliance with three outcomes during the 

plateauing performance phase between 2014-2016 was performed.  

Results: Improvements in all four "test and treat" and three dispensing and counselling 

outcomes were observed in the highest malaria risk areas around Lake Victoria. In low-risk 

areas (central Kenya), the only outcome that improved was compliance with no antimalarial 

treatment for test negative patients, while compliance with malaria testing showed declining 

trends. Malaria endemicity and 23 health facility, health worker, and patient-level factors were 

associated with improvement trends, compliance during the plateauing performance phase or 

both periods. The only interventional factors in the 2010-2016 dataset that I found associated 

with improving outcomes were RDT availability and access to guidelines. However, in the 

2014-2016 analysis, training and supervision with feedback were also associated with 

compliance in addition to the access to guidelines. 
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Conclusions: Compliance with outpatient malaria "test and treat" guidelines is influenced by 

malaria endemicity, interventional factors including RDT availability, access to guidelines, 

training, and supervision with feedback and 17 non-interventional factors operating at 

different periods of the policy implementation. 

  



vii 

 

Table of Contents 

Dedication.................................................................................................................... i 

Acknowledgements ................................................................................................... ii 

Abstract ...................................................................................................................... v 

Table of Contents ..................................................................................................... vii 

List of Tables ............................................................................................................. xi 

List of Figures .......................................................................................................... xii 

List of Appendices .................................................................................................. xiii 

List of Acronyms ..................................................................................................... xiv 

Scope of the thesis and role of the candidate .................................................... xviii 

Chapter 1: Malaria epidemiology and control ......................................................... 1 

1.1 Introduction .................................................................................................................... 2 

1.2 Global malaria epidemiology and control ........................................................................ 2 

1.2.1 Malaria ..................................................................................................................... 2 

1.2.2 Epidemiology of malaria disease .............................................................................. 2 

1.2.3 Malaria burden ......................................................................................................... 4 

1.2.4 Malaria control strategies ......................................................................................... 5 

1.2.4.1 Global Technical Strategy for malaria 2016-2030 ............................................... 5 

1.2.4.2 Malaria prevention .............................................................................................. 7 

1.2.4.3 Malaria case-management ................................................................................. 9 

1.2.4.4 Changes in malaria case-management standards ............................................ 12 

1.2.4.5 Integrated Management of Childhood Illness .................................................... 18 

1.2.4.6 Integrated Community Case-Management of Malaria ....................................... 19 

1.2.4.7 Funding for malaria control ............................................................................... 20 

1.3 Kenyan malaria epidemiology and control .................................................................... 21 

1.3.1 Kenya country profile and population ...................................................................... 21 

1.3.2 Malaria parasites and vectors ................................................................................. 23 

1.3.3 Malaria endemicity ................................................................................................. 23 

1.3.4 Malaria burden ....................................................................................................... 28 

1.3.5 Malaria control in Kenya ......................................................................................... 29 

1.3.5.1 National Malaria Control Programme ................................................................ 29 

1.3.5.2 History of malaria control in Kenya.................................................................... 32 

1.3.5.3 Kenya National Malaria Strategy ....................................................................... 34 

1.3.5.4 Kenyan Monitoring and Evaluation Plan ........................................................... 36 

1.3.5.5 National changes and implementation of case-management standards  ........... 37 

1.4 Kenyan health system and policy context ..................................................................... 48 

1.4.1 Kenya vision 2030 .................................................................................................. 48 

1.4.2 Kenyan health policy 2014-2030 ............................................................................ 49 

1.4.3 Health governance ................................................................................................. 50 

1.4.4 Health financing ...................................................................................................... 50 

1.4.5 Human resources for health ................................................................................... 50 

1.4.6 Organization and structure of the Kenyan health system ........................................ 51 



viii 

 

Chapter 2: Quality of care, literature review and PhD objectives ........................ 54 

2.1 Introduction .................................................................................................................. 55 

2.2 Health worker performance and the determinants ........................................................ 55 

2.2.1 Health worker performance .................................................................................... 55 

2.2.2 Interventions and strategies to improve health worker performance ....................... 56 

2.2.3 Determinants of health worker performance ........................................................... 58 

2.3 Literature review of the quality of outpatient malaria case-management in Africa ......... 60 

2.3.1 Introduction to review ............................................................................................. 60 

2.3.2 Methods ................................................................................................................. 61 

2.3.3 Results ................................................................................................................... 64 

2.3.3.1 Summary of reviewed studies ........................................................................... 65 

2.3.3.2 Composite malaria “test and treat” performance ............................................... 69 

2.3.3.3 Compliance with malaria testing of febrile patients ............................................ 71 

2.3.3.4 Compliance with ACT treatment for malaria test positive patients ..................... 73 

2.3.3.5 Compliance with no antimalarial treatment for test negative patients ................ 75 

2.3.3.6 Compliance with ACT dosing, dispensing, and counselling ............................... 78 

2.3.3.7 Effect of malaria endemicity on “test and treat” practices .................................. 81 

2.3.4 Summary of findings ............................................................................................... 82 

2.3.5 Evidence gaps ........................................................................................................ 86 

2.4 PhD objectives ............................................................................................................. 87 

2.5 Conceptual framework ................................................................................................. 88 

Chapter 3: Malaria case-management monitoring in Kenya and data 
management for secondary analysis ..................................................................... 90 

3.1 Introduction .................................................................................................................. 91 

3.2 Malaria case-management monitoring in Kenya ........................................................... 91 

3.2.1 Kenya Demographic and Health Survey ................................................................. 91 

3.2.2 Kenya Malaria Indicator Survey .............................................................................. 92 

3.2.3 The District Health Information System................................................................... 92 

3.2.4 Monitoring of outpatient malaria case-management in Kenya ................................. 93 

3.2.4.1 The author’s contribution to health facility surveys in Kenya ............................. 93 

3.2.4.2 Introduction to Kenya health facility surveys ..................................................... 94 

3.2.4.3 Methods of the health facility surveys ............................................................... 96 

3.2.4.4 National level results ....................................................................................... 101 

3.3 Data management and description of the study population ........................................ 116 

3.3.1 Data management ................................................................................................ 116 

3.3.2 Description of the study population ....................................................................... 118 

Chapter 4: Trends in health workers’ compliance with outpatient malaria case-
management guidelines across malaria epidemiological zones in Kenya, 2010-
2016 ......................................................................................................................... 125 

4.1 Introduction ................................................................................................................ 126 

4.2 Methods ..................................................................................................................... 126 

4.2.1 Malaria epidemiological zones .............................................................................. 126 

4.2.2 Indicators .............................................................................................................. 127 

4.2.3 Statistical analysis ................................................................................................ 128 



ix 

 

4.3 Results ....................................................................................................................... 129 

4.3.1 Description of the study population ....................................................................... 129 

4.3.2 Trends in compliance with malaria “test and treat” guidelines across zones ......... 130 

4.3.3 Trends in AL dosing, dispensing, and counselling performance across zones ...... 134 

4.4 Discussion.................................................................................................................. 140 

4.5 Conclusion ................................................................................................................. 145 

Chapter 5: Determinants of improvement trends in compliance with outpatient 
malaria case-management guidelines in Kenya, 2010-2016 .............................. 146 

5.1 Introduction ................................................................................................................ 147 

5.2 Methods ..................................................................................................................... 147 

5.2.1 Indicators and factors ........................................................................................... 147 

5.2.2 Statistical analysis ................................................................................................ 149 

5.3 Results ....................................................................................................................... 152 

5.3.1 Description of the study population ....................................................................... 152 

5.3.2 Factors associated with trends in compliance with “test and treat” performance ... 152 

5.3.3 Factors associated with trends in compliance with “test and treat” outcomes ....... 155 

5.3.4 Factors associated with trends in compliance with prompt AL administration  ...... 159 

5.4 Discussion.................................................................................................................. 161 

5.5 Conclusion ................................................................................................................. 165 

Chapter 6: Determinants of health workers’ compliance with outpatient malaria 
case-management guidelines at the plateauing performance phase in Kenya, 
2014-2016 ................................................................................................................ 166 

6.1 Introduction ................................................................................................................ 167 

6.2 Methods ..................................................................................................................... 167 

6.2.1 Indicators and factors ........................................................................................... 167 

6.2.2 Statistical analysis ................................................................................................ 168 

6.3 Results ....................................................................................................................... 170 

6.3.1 Description of the study population ....................................................................... 170 

6.3.2 Factors influencing compliance with composite “test and treat” performance ....... 170 

6.3.3 Factors influencing compliance with malaria testing of febrile patients ................. 174 

6.3.4 Factors influencing compliance with no antimalarial treatment for test negatives .. 177 

6.4 Discussion.................................................................................................................. 179 

6.5 Conclusion ................................................................................................................. 183 

Chapter 7: Discussion and conclusion ................................................................ 184 

7.1 Introduction ................................................................................................................ 185 

7.2 Background ................................................................................................................ 185 

7.3 Malaria endemicity and quality of malaria case-management .................................... 186 

7.4 Factors influencing compliance .................................................................................. 187 

7.4.1 Interventional factors ............................................................................................ 188 

7.4.2 Non-interventional factors ..................................................................................... 190 

7.5 Policy implications and recommendations .................................................................. 192 

7.6 Thesis limitations........................................................................................................ 194 

7.7 Further research ........................................................................................................ 195 

7.8 Conclusion ................................................................................................................. 195 



x 

 

References.............................................................................................................. 198 

Appendices............................................................................................................. 225 

 

  



xi 

 

List of Tables 

Table 1.1 Tiers and levels of the health system in Kenya, 2014-2030 ................................... 52 

Table 2.1 The effectiveness of strategies to improve health worker performance ................. 57 

Table 2.2 Characteristics of included studies in the review, 2010-2018 ................................ 67 

Table 2.3 Compliance with malaria case-management guidelines across Africa ................... 84 

Table 2.4 Factors associated with compliance with “test and treat” policy and ACT dosing .. 86 

Table 3.1 National outpatient health facility survey rounds, timings, and sample sizes  ...... 102 

Table 3.2 Characteristics of public health facilities in Kenya, 2010-2016 ............................ 105 

Table 3.3 Characteristics of interviewed health workers, 2010-2016 ................................... 107 

Table 3.4 Characteristics of febrile patients, 2010-2016...................................................... 109 

Table 3.5 Malaria case-management of febrile patients in Kenya, 2010-2016 .................... 111 

Table 3.6 Compliance with AL dosing, dispensing and counselling tasks, 2010-2016 ......... 114 

Table 3.7 The number of included health facilities, health workers, and febrile patients ...... 117 

Table 3.8 Description of the study population ..................................................................... 121 

Table 4.1 Number of included health facilities, health workers and patients by zones ......... 129 

Table 4.2 Compliance with outpatient malaria guidelines by epidemiological zones ........... 138 

Table 4.3 Time trends in compliance with outpatient malaria guidelines by zones .............. 139 

Table 5.1 Factors associated with trends in composite “test and treat”, 2010-2016 ............ 154 

Table 5.2 Factors associated with trends in compliance with malaria testing, 2010-2016 ... 156 

Table 5.3 Factors associated with trends in compliance with malaria test results................ 158 

Table 5.4 Factors associated with trends in the administration of the first AL dose ............. 160 

Table 6.1 Factors associated with compliance with composite “test and treat”, 2014-2016 . 172 

Table 6.2 Factors associated with compliance with malaria testing, 2014-2016 .................. 175 

Table 6.3 Factors associated with compliance with no antimalarials for test negatives ....... 178 

  



xii 

 

List of Figures 

Figure 1.1 Malaria case-management health systems effectiveness pathway  ..................... 10 

Figure 1.2 Kenya map showing the distribution of the population by county .......................... 22 

Figure 1.3 Malaria epidemiological zones in Kenya .............................................................. 26 

Figure 1.4 The annual mean PfPR2-10 by malaria epidemiological zone, 2010-2015 .............. 27 

Figure 1.5 Trend in the national annual mean PfPR2-10 in Kenya from 1990 to 2015 ............. 29 

Figure 1.6 Position and structure of the National Malaria Control Programme ...................... 31 

Figure 1.7 The 2010 outpatient malaria case-management algorithm in Kenya .................... 39 

Figure 1.8 Routine translation of malaria diagnosis and treatment policy in Kenya ............... 48 

Figure 1.9 A Kenya map showing the distribution of public health facilities  .......................... 53 

Figure 2.1 Framework of the determinants of health worker performance ............................. 59 

Figure 2.2 Summary of the literature search ......................................................................... 65 

Figure 2.3 A pooled meta-analysis of composite malaria “test and treat” compliance ........... 70 

Figure 2.4 A pooled meta-analysis of compliance with malaria testing of febrile patients ...... 72 

Figure 2.5 A pooled meta-analysis of compliance with ACT treatment for test positives ....... 75 

Figure 2.6 A pooled meta-analysis of compliance with no antimalarials for test negatives .... 77 

Figure 2.7 Temporal trends in compliance with malaria “test and treat” guidelines................ 78 

Figure 2.8 A meta-analysis of compliance with ACT dosing, dispensing, and counselling ..... 80 

Figure 2.9 Conceptual framework for the PhD work .............................................................. 89 

Figure 3.1 Timeline of survey rounds and key implementation activities in Kenya............... 103 

Figure 3.2 Time trends in the availability of malaria diagnostics and AL, 2010-2016 ........... 104 

Figure 3.3 Health workers’ coverage with malaria interventions in Kenya, 2010-2016 ........ 108 

Figure 3.4 National trends in malaria “test and treat” case-management, 2010-2016 ......... 112 

Figure 3.5 National trends in compliance with AL dosing, dispensing, and counselling ....... 113 

Figure 3.6 Linking of health facility, health worker and patient-level datasets ...................... 118 

Figure 4.1 The distribution of health facilities included in the analysis by zones  ................. 127 

Figure 4.2 Time trends in compliance with composite “test and treat” across zones ........... 131 

Figure 4.3 Time trends in compliance with malaria testing across zones ............................ 132 

Figure 4.4 Time trends in compliance with AL treatment for test positives across zones .... 133 

Figure 4.5 Time trends in compliance with no antimalarials for test negatives  ................... 134 

Figure 4.6 Time trends in compliance with AL dosing, dispensing and counselling  ............ 137 

Figure 5.1 2010-2016 national trends in compliance with outpatient malaria guidelines ...... 148 

Figure 6.1 2010-2016 national trends in “test and treat” compliance ................................... 168 



xiii 

 

List of Appendices 

Appendix 1: Search strategy and outputs ........................................................................... 226 

Appendix 2: Health facility assessment form ....................................................................... 229 

Appendix 3: Health worker interview form ........................................................................... 234 

Appendix 4: Patient exit interview form ............................................................................... 236 

Appendix 5: Bivariable analysis of factors associated with trends in composite  ................. 240 

Appendix 6: Covariates adjusted for factors influencing trends in composite  ..................... 244 

Appendix 7: Bivariable analysis of factors associated with trends in malaria testing  .......... 245 

Appendix 8: Covariates adjusted for factors influencing trends in malaria testing ............... 249 

Appendix 9: Bivariable analysis of factors associated with trends in AL treatment  ............. 250 

Appendix 10: Bivariable analysis of factors associated with trends in no antimalarials ........ 253 

Appendix 11: Covariates adjusted for factors influencing trends in results compliance ....... 257 

Appendix 12: Bivariable analysis of factors associated with trends in AL administration   ... 258 

Appendix 13: Covariates adjusted for factors influencing trends in AL administration  ........ 261 

Appendix 14: Univariable analysis of factors associated with composite “test and treat”  .... 262 

Appendix 15: Univariable analysis of factors associated with malaria testing  ..................... 266 

Appendix 16: Univariable analysis of factors associated with no antimalarial compliance ... 270 

  



xiv 

 

List of Acronyms 

Acronym Meaning 

ACD  Active Case Detection 

ACTs  Artemisinin-Combination Therapies 

AL  Artemether-Lumefantrine 

AMFm  Affordable Medicines Facility for malaria  

ANC  Antenatal Care 

AS-AQ  Artesunate-Amodiaquine 

AS-MQ Artesunate-Mefloquine  

AS-SP  Artesunate-Sulfadoxine-Pyrimethamine  

CCMm  Community Case Management of malaria 

CHAI  Clinton Health Access Initiative  

CHWs  Community Health Workers 

CM TWG Case-management Technical Working Group 

CMCCs County Malaria Control Coordinators 

CME  Continuous Medical Education 

COEs  Committees of Experts 

CQ  Chloroquine 

DDT  Dichlorodiphenyltrichloroethane 

DFID  Department for International Development 

DHA-PPQ Dihydroartemisinin-Piperaquine  

DHIS2  District Health Information Software2 

DHMTs District Health Management Teams 

DHS  Demographic and Health Surveys 

DMSC  Drug Management Sub-committee  

DOMC  Division of Malaria Control 

EIR  Entomological Inoculation Rate 

FBO  Faith-based Organisation 

FY  Fiscal Year 

GFATM Global Fund to Fight AIDS, Tuberculosis, and Malaria 

GHSC-PSM Global Health Supply Chain-Procurement and Supply Management  

GMAP  Global Malaria Action Plan 

GTS  Global Technical Strategy for Malaria 2016-2030 

HBHI  High Burden High Impact 



xv 

 

Acronym Meaning 

HF  Health facility 

HFA  Health Facility Assessment 

HHFA  Harmonized Health Facility Assessment 

HMM  Home Management of Malaria 

HRH  Human Resources for Health 

HW  Health Worker 

ICCM  Integrated Community Case-management  

IDeAL  Initiative to Develop African Research Leaders 

IMCI  Integrated Management of Childhood Illness 

IPTi  Intermittent Preventive Treatment in infants 

IPTp  Intermittent Preventive Treatment in pregnancy 

IRS  Indoor Residual Spraying 

ITNs  Insecticide Treated Nets 

IVM  Integrated Vector Management  

KDHS  Kenya Demographic and Health Survey 

KEMRI  Kenya Medical Research Institute  

KEMSA Kenya Medical Supplies Authority  

KHSSP Kenya Health Sector Strategic and Investment Plan 

KMIS  Kenya Malaria Indicator Survey  

KMS  Kenya Malaria Strategy  

KMTCs Kenya Medical Training Colleges  

KNBS  Kenya National Bureau of Statistics 

KNMS  Kenya National Malaria Strategy  

KWTRP KEMRI-Wellcome Trust Research Programme  

LAs  Local Authorities  

LLINs  Long-lasting Insecticide-Treated Nets 

LMICs  Low and Middle-Income Countries  

LMIS  Logistic Management Information System 

LSM  Larval Source Management  

M&E  Monitoring and Evaluation  

MCM  Malaria Case-Management 

MCU  Malaria Control Unit 

MDA  Mass Drug Administration 



xvi 

 

Acronym Meaning 

MDGs  Millennium Development Goals 

MERG  Monitoring & Evaluation Reference Group 

MICC  Malaria Interagency Coordination Committee 

MICs  Multiple Indicator Cluster Surveys 

MIS  Malaria Indicator Survey 

MoH  Ministry of Health 

MSH  Management Services for Health  

NGO  Non-governmental Organization 

NMCP  National Malaria Control Programme 

OTSS  Outreach Training and Support Supervision 

PACD  Proactive Active Case Detection 

PfPR2-10 Plasmodium falciparum Prevalence Rate in 2-10-year olds 

PHMTs Provincial Health Management Teams  

pHRP-2 Plasmodium Histidine-Rich Protein 2  

pLDH  Plasmodium Lactate Dehydrogenase  

PMI  President’s Malaria Initiative 

PPB  Pharmacy and Poisons Board  

RACD  Reactive Active Case Detection 

RBM  Roll Back Malaria 

RCTs  Randomized Controlled Trials  

RDTs  Rapid Diagnostic Tests 

SARA  Service Availability and Readiness Assessment 

SARAM Service Availability and Readiness Assessment and Mapping 

SDGs  Sustainable Development Goals 

SMC  Seasonal Malaria Chemoprevention 

SP  Sulfadoxine-Pyrimethamine 

SPA  Service Provision Assessment 

SR  Survey Range  

SSA  sub-Saharan Africa 

T3  “Test, Treat and Track” 

UHC  Universal Health Coverage  

UKAID  United Kingdom Department for International Development 

UNICEF United Nations Children's Fund 



xvii 

 

Acronym Meaning 

USAID  United States Agency for International Development 

USD  US Dollars 

WHO  World Health Organization  

WMR  World Malaria Report  



xviii 
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Chapter 1 presents my review of the relevant literature about the global malaria context, 

including the description of malaria, the main parasites, vectors, epidemiology, and the 

estimates of the burden. Furthermore, malaria control strategies, including malaria prevention 

and malaria case-management, are provided with a major focus on the recommendations 

and changes in diagnosis and treatment standards. The chapter also describes the Kenyan 

specific malaria context focusing on national malaria control strategies, monitoring and 

evaluation, and national changes and implementation of the case-management standards. 

The chapter ends with a description of the Kenyan health system and policy context that 

includes the government policies, governance, financing, human resources for health, and 

the organisation of the health system.  

Chapter 2 describes the concept of health worker performance, summarises the interventions 

and strategies to improve performance and introduces the factors that might influence health 

workers performance under routine service delivery. The chapter also presents a literature 

review of the quality of outpatient malaria case-management in sub-Saharan Africa (SSA), 

highlighting the evidence gaps in the literature that the PhD thesis addresses. It further 

outlines the PhD objectives ending with the conceptual framework for the research work. This 

chapter represents my review of the relevant literature, including a quantitative meta-analysis 

that I conducted. I also present the conceptual framework and objectives that I developed in 

consultation with my supervisors. 

Chapter 3 provides background information on monitoring outpatient malaria case-

management in Kenya, including population and health facility-based data sources. The 

chapter provides a detailed description of the methodologies and national-level results of the 

health facility surveys specifically designed to monitor the quality of outpatient malaria case-
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management in Kenyan public health facilities between 2010 and 2016. It further describes 

the data management process of linking, merging, and restricting national-level datasets for 

the patient-level secondary analysis of the PhD objectives. I wrote the background 

information and participated in the data management that supported the acquisition of the 

data utilised for the PhD work. I independently undertook the data management process and 

reanalysed the data to provide the national descriptive results presented in this chapter. The 

chapter concludes with the description of the final patient-level dataset with attributed 

multilevel characteristics used for analysis and results presented in Chapters 4, 5, and 6. 

Chapter 4 provides descriptive trends in health workers’ compliance with outpatient malaria 

case-management guidelines stratified by malaria endemicity. It begins with an introduction, 

followed by the methods section that includes a brief description of the malaria 

epidemiological zones, indicators, and the statistical analysis incorporating multilevel random 

effects regression models. The chapter describes the results of the trends analysis, a 

discussion of the results and a conclusion. I wrote this chapter and conducted the analysis 

and interpretation presented. The work presented in this chapter has been published 

[Amboko et al., 2020a]. 

Chapter 5 presents the analysis of multilevel factors (malaria endemicity, health facility, 

health worker, and patient-level) associated with the improvement trends in health workers’ 

compliance with outpatient malaria guidelines between 2010 and 2016. It begins with an 

introduction, describes the indicators, factors and statistical analysis that involves multilevel 

random-effects multivariable logistic regression models. It further presents the results, 

provides a comparative discussion of factors associated with health workers’ compliance with 

the outpatient malaria guidelines and a conclusion. I wrote this chapter and conducted the 
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analysis and interpretation presented. I have also presented this work at the 69th annual 

meeting of the American Society of Tropical Medicine and Hygiene [Amboko et al., 2020b].  

Chapter 6 presents the analysis of multilevel factors associated with health workers’ 

compliance with outpatient malaria guidelines during the plateauing performance phase 

between 2014 and 2016. It begins with an introduction and describes the indicators, factors, 

and statistical analysis involving multilevel random-effects multivariable logistic regression 

models. The chapter presents the results, followed by a comparative discussion of the factors 

associated with health workers’ compliance and ends with a conclusion. I wrote this chapter 

and conducted the analysis and interpretation presented. 

Finally, Chapter 7 provides the overall discussion and conclusion of the thesis emphasising 

the major findings, policy implications, and recommendations. It outlines the thesis limitations 

and identifies some of the areas that require further research. This chapter ends with an 

overall conclusion from the PhD work.  
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Chapter 1: Malaria epidemiology and control 
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1.1 Introduction 

This introductory chapter describes the global (Section 1.2) and Kenyan (Section 1.3) malaria 

context, including the epidemiology of malaria, estimates of the malaria burden and control 

strategies focusing on case-management standards. The chapter ends with a description of 

the Kenyan health system and policy context in Section 1.4. 

1.2 Global malaria epidemiology and control  

This section describes the changes in the global malaria epidemiology and malaria control 

strategies focusing on outpatient malaria case-management standards.  

1.2.1 Malaria 

Malaria is a parasitic infection caused by a protozoan parasite of genus Plasmodium 

transmitted by an infected female Anopheles mosquito bite. The main species causing 

malaria in humans are: P. falciparum, P. vivax, P. ovale, P. malariae and more recently there 

were reports of P. knowlesi in South East Asia [Kantele & Jokiranta, 2011]. P. falciparum is 

the most prevalent in SSA and accounts for over 90% of global mortality [World Health 

Organization, 2018a].  

1.2.2 Epidemiology of malaria disease  

Malaria disease presents as an acute febrile illness. The first signs and symptoms of malaria 

are non-specific and are similar to other febrile illnesses like pneumonia [Bartoloni & 

Zammarchi, 2012; White et al., 2014]. Malaria disease can either be uncomplicated (mild) or 

severe based on the presenting symptoms. Uncomplicated malaria is defined as symptomatic 

malaria infection without signs of a severe disease characterised by the presence of fever or 
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a history of fever and peripheral parasitaemia. Other features may include chills, profuse 

sweating, muscle pains, joint pains, abdominal pain, diarrhoea, nausea, vomiting, irritability, 

and refusal to feed [World Health Organization, 2006; 2010a]. 

Delay or use of ineffective drugs to treat uncomplicated malaria, particularly P. falciparum 

malaria, may result in progression to severe forms associated with high case-fatality rates. 

The clinical features of severe malaria in the presence of malaria parasitaemia include one or 

more of the following: altered level of consciousness, prostration (inability to drink, 

breastfeed, sit, stand or walk), multiple convulsions of 2 or more within 24 hours, 

hypoglycaemia (blood glucose < 2.2 mmol/l), shock, respiratory distress, pulmonary oedema, 

abnormal bleeding, jaundice, haemoglobinuria, renal impairment, severe anaemia, jaundice, 

and hyperlactatemia. Severe malaria is a medical emergency that requires prompt treatment 

as it is associated with a high risk of death within the first 24 hours [Marsh et al., 1995; White 

et al., 2014; World Health Organization, 2015a]. At this stage, the disease is associated with 

up to 20% mortality despite treatment and higher mortality if left untreated [World Health 

Organization, 2014a; 2015a]. 

Children under the age of five years, due to their less-developed immunity, and pregnant 

women with altered immunity, are at a higher risk of severe malaria [Menendez, 1995; Desai 

et al., 2007; Roca-Feltrer et al., 2008]. However, the age profile of susceptibility to severe 

malaria differs depending on the endemicity of malaria. As transmission intensity decreases, 

the age patterns of severe malaria increase to include older children but substantially 

declines beyond the first few years of life at moderate to high transmission intensity and even 

in low but stable transmission settings by the 10th birthday. Severe malaria is very rare in 

most endemic areas of SSA in adulthood [Snow et al., 1994; 1997; Kinyanjui, 2012; Kamau et 

al., 2020].  
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1.2.3 Malaria burden  

The prevalence of P. falciparum declined in parts of Africa, resulting in a decrease in malaria 

transmission over 115 years, although a minimal change in the high transmission areas in the 

Central and Western parts was noted [Snow et al., 2017]. Over the 115 years, there were 

periods of rapid increase or decrease in the transmission, which may have been due to 

changes in the climate or the introduction of interventions. Two major sharp declines were 

reported between 1945 to 1949, and 2005 to 2009, which coincided with the introduction of 

dichlorodiphenyltrichloroethane (DDT) and chloroquine (CQ), and insecticide-treated bed nets 

(ITNs) and artemisinin-based combination therapy (ACTs), respectively [Snow et al., 2017]. 

The periods of increase in transmission coincided with El Niño rains and resistance to 

antimalarial drugs such as CQ [Snow et al., 2017]. Despite these reports on the decline of 

malaria morbidity and mortality, there is still uncertainty on the modelled estimates and 

causes of the observed declines [Cibulskis et al., 2011].  

Malaria is a major cause of morbidity and mortality globally. In 2018, the World Health 

Organization (WHO) estimated a total of 228 million cases to have occurred worldwide. Over 

90% of the cases occurred in SSA, and 99.7% of the cases were caused by P. falciparum 

[World Health Organization, 2019]. In the same year, the WHO estimated 405,000 deaths 

due to malaria globally. 94% of the deaths occurred in Africa and 67% in children under five 

years. Today, 18 countries (Nigeria, Democratic Republic of Congo, Uganda, Cote d’Ivoire, 

Mozambique, Niger, Burkina Faso, Mali, Angola, Tanzania, Ghana, Cameroon, Rwanda, 

Benin, Malawi, Kenya, Guinea, and Burundi) in SSA carry almost 80% of the global malaria 

burden. The incidence of malaria in SSA has stood at 57 cases per 1,000 population at risk 

between 2014 and 2018 [World Health Organization, 2019].  
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The estimated global malaria cases reported in 2018 were lower than the 2010 estimates of 

251 million cases. Despite having lower cases in 2018 compared to 2010 globally, there was 

a slight upward trend in cases between 2015 and 2018, showing that the progress in malaria 

control has stalled. In 2018, the WHO reported a modelled decline in malaria cases and 

mortality by 22% and 30%, respectively, compared to 2010 [World Health Organization, 

2019]. 

1.2.4 Malaria control strategies 

1.2.4.1 Global Technical Strategy for malaria 2016-2030 

The WHO and the global malaria community’s vision is to have a malaria-free world. In 2015, 

the Global Technical Strategy (GTS) for malaria 2016-2030 was developed at the end of the 

Millennium Development Goals (MDGs) era to achieve the global vision and set global 

targets of reducing malaria cases and deaths by at least 90% by 2030 [World Health 

Organization, 2015b]. In this strategy, the following targets, compared to 2015, were set; a) 

reduction of mortality due to malaria by 40%, b) reduction of malaria incidence by 40% 

globally, c) elimination of malaria from at least ten countries that had the transmission in 

2015, and d) prevention of re-establishment of malaria in all malaria-free countries. The 

strategic framework for global malaria control and elimination is anchored on three pillars 

[World Health Organization, 2015b]: 

Pillar 1: Ensure universal access to malaria prevention, diagnosis, and treatment, 

Pillar 2: Accelerate efforts towards elimination and attainment of malaria-free status, 

Pillar 3: Transform malaria surveillance into a core intervention. 

The first pillar involves malaria control strategies to reduce morbidity and mortality. This pillar 

entails two major domains of interventions and strategies, i.e. prevention and case-
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management, to prevent transmission, the occurrence of the disease, and progression to 

severe life-threatening forms. 

However, the GTS 2016-2030 targets might not be met as the progress against malaria has 

stalled since 2015, especially in the ten highest malaria burden African countries (Nigeria, 

Democratic Republic of Congo, Uganda, Cote d’Ivoire, Mozambique, Niger, Burkina Faso, 

Mali, Angola, Tanzania) and India [World Health Organization, 2018a; 2018b]. These 11 

highest malaria burden countries account for 70% of the global case burden and 71% of the 

global deaths [World Health Organization, 2018b; 2019]. The 10 African countries reported an 

increase in malaria cases from 2015. Therefore, in November 2018, the WHO and the Roll 

Back Malaria (RBM) Partnership to End Malaria launched the High Burden High Impact 

(HBHI) approach. The HBHI approach is a country-led and country-owned response to 

accelerate progress against malaria in the high-burden settings [World Health Organization, 

2018b]. The key elements of HBHI response include:  

1. The political will to reduce malaria deaths by translating the will into resources and 

tangible actions that will save more lives, 

2. Strategic information to drive impact through better analysis and strategic use of local 

data to move away from a one-size-fits-all approach to guide the deployment of most 

effective malaria control tools for a substantial impact,  

3. Better guidance, policies, and strategies that can be adapted to the local settings,  

4. Coordinated national response complemented by other sectors to ensure efficient use 

of resources [World Health Organization, 2018b]. 
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1.2.4.2 Malaria prevention 

One of the essential components of malaria prevention is vector control which is the mainstay 

of preventing and reducing malaria transmission. The main strategies for vector control 

include the use of ITNs and indoor residual spraying (IRS). Long-lasting insecticides-treated 

bed nets (LLINs) are the most widely used strategy in Africa, with an estimated 50% of the 

population at risk protected in 2017 [World Health Organization, 2018a]. Since 1997, IRS with 

insecticides has been used in 23 countries in SSA, resulting in approximately 21 million 

people being protected in 2017 [Tangena et al., 2020]. These control measures reduce the 

contact between humans and the malaria vectors and the lifespan of the vectors. ITNs protect 

people sleeping under the nets from mosquito bites, and the insecticides kill the mosquitoes 

resulting in reduced malaria incidence and mortality [Lengeler, 2004]. IRS involves spraying 

insecticides in the houses to kill female Anopheles mosquitos that tend to rest in the inner 

dwelling of surfaces after a blood meal [Pluess et al., 2010]. However, the development of 

resistance in some areas has resulted in reduced efficacy of insecticide-based vector control 

measures [Van den Berg, 2009].  

In 2004, the WHO developed a global strategic framework recommending the use of 

integrated vector management (IVM) approach. The IVM advocates for an evidence-based, 

integrated approach for non-chemical and chemical vector control methods together with 

other disease control measures and offers guidance for successful operationalisation of the 

diverse approaches [World Health Organization, 2004; Beier et al., 2008]. 

The second component of malaria prevention is chemoprevention using preventive treatment 

in the most vulnerable groups. The recommended preventive treatment against malaria 

includes the use of Intermittent Preventive Treatment in pregnancy (IPTp) [World Health 

Organization, 2012a], Seasonal Malaria Chemoprevention (SMC) for children under-five 
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years [Wilson, 2011; World Health Organization, 2012b] and Intermittent Preventive 

Treatment for infants (IPTi) [Aponte et al., 2009; World Health Organization, 2010b]. Malaria 

infection has serious risks, including maternal mortality, anaemia, stillbirths, and low birth 

weight to the mother, the unborn child, and newborn [Snow, 2000; Guyatt & Snow, 2001; 

2004; Steketee et al., 2001; Desai et al., 2007]. Therefore, it is recommended that pregnant 

women living in areas with moderate to high malaria transmission should be given 

Sulfadoxine-Pyrimethamine (SP) at each antenatal care (ANC) visits from the second 

trimester to the time of delivery [World Health Organization, 2012a; Desai et al., 2018]. In 

2018, an estimated 31% of pregnant women received the recommended three or more doses 

of IPTp through ANC, and 31 million children in 12 countries in Africa’s Sahel subregion were 

protected through SMC. However, IPTi coverage remains low, with only one country (Sierra 

Leone) having scaled it up nationally by 2018 [World Health Organization, 2019]. 

The latest development in the malaria prevention field is a malaria vaccine (RTS, S/AS01) for 

African children. The results from a large Phase 3 trial undertaken in seven SSA countries 

among children aged 5-17 months reported a vaccine efficacy of 39% and 32% after four 

doses against clinical and severe malaria, respectively [RTSS, 2014; World Health 

Organization, 2015c]. In January 2016, the WHO recommended large-scale pilot 

implementations to test the vaccine safety, effectiveness and impact on mortality in young 

children in African settings of moderate-to-high malaria transmission in Kenya, Malawi, and 

Ghana [World Health Organization, 2016a]. Lastly, malaria mass drug administration (MDA) 

is currently being considered as a malaria control intervention to achieve the GTS 2016-2030 

target of eliminating malaria in at least 35 countries by 2030 [Alonso, 2020; Steketee et al., 

2020]. The MDA involves the provision of a therapeutic dose of an effective antimalarial drug 

to the entire target population, irrespective of infection status or symptoms, in a specific 
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geographical area at the same time [Poirot et al., 2013; World Health Organization, 2015d; 

Alonso, 2020]. 

1.2.4.3 Malaria case-management 

The cornerstone of malaria case-management is the provision of prompt diagnosis and 

effective treatment for suspected malaria cases (patients with a fever or a history of fever). 

Case-management of malaria is outlined in the published guidelines for the diagnosis and 

treatment of malaria [World Health Organization, 2015a]. Prompt parasitological testing by 

microscopy or rapid diagnostics tests (RDTs) of all suspected malaria cases and treatment of 

the confirmed cases with an effective antimalarial prevents the progression of the disease to 

severe forms, reduces the length of illness and averts mortality [World Health Organization, 

2010a; Thwing et al., 2011]. 

The health systems effectiveness of malaria case-management using highly efficacious ACTs 

(efficacy) involves a pathway of the following four steps: 1) illness awareness and treatment-

seeking at a health facility (access), 2) malaria blood testing of febrile patients to confirm 

malaria (diagnostics), 3) appropriate ACT treatment for malaria based on test results (health 

workers’ compliance), and 4) adherence to the prescribed treatment by completing the 

recommended antimalarial dose (patient adherence) (Figure 1.1) [Mumba et al., 2003; 

malERA, 2011; Littrell et al., 2013; Galactionova et al., 2015].   
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Figure 1.1 Malaria case-management health systems effectiveness pathway [malERA, 2011] 

 

Multiple data sources can be used to assess the performance at each step of the pathway, 

whereas the overall coverage can be calculated as the product of coverage at each step 

[Littrell et al., 2013; Galactionova et al., 2015]. For instance, population-level data from 

community surveys can provide estimates for access and patient adherence steps, while, 

data from antimalarial resistance monitoring provide estimates of antimalarial efficacy. For the 

diagnostics and health workers’ compliance steps, data from health facility surveys focusing 

on the quality of case-management provided at formal facilities can be used to assess the 

health worker performance of malaria diagnosis and treatment policy [Littrell et al., 2013; 

Galactionova et al., 2015].  

Several health system factors categorised into health facility, health worker, and patient-level, 

influence the implementation of each step of the case-management effectiveness pathway. 

The availability of malaria diagnostic tests and effective antimalarial drugs at the health 

facilities is a prerequisite for the malaria diagnosis and health workers’ compliance steps 

[PLoS Medicine Editors, 2009]. Besides the availability of diagnostic tests and antimalarial 

drugs, other health facility factors such as effective supply chain for malaria commodities, 
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availability of support equipment and guidelines; and health worker factors such as training 

on malaria case-management, motivation and supervision influence the health workers’ 

compliance with the diagnosis and treatment guidelines. Patient-level factors such as level of 

education, age, the severity of illness, and beliefs can affect access and adherence to the 

prescribed medication regimen [Mumba et al., 2003; malERA, 2011; Littrell et al., 2013; 

Galactionova et al., 2015].  

The World Malaria Report (WMR) 2019 reported case-management indicators from two 

sources; national household surveys and country reports based on routine health information 

system [World Health Organization, 2019]. Based on the national household surveys 

conducted in 20 countries in SSA between 2015 and 2018, a median of 42%, 10%, and 3% of 

under-fives with fever sought care at public, private and informal health sectors, respectively. 

From 19 national household surveys conducted between 2015 and 2018 in SSA, 66%, 40% 

and 9% of febrile children who sought care from the respective sectors received a finger or 

heel stick (a proxy for malaria testing). Based on 61 household surveys undertaken between 

2010-2018 in SSA, a median of 48% and 76% of febrile children were estimated to have 

received a diagnostic test before treatment in public health facilities for 2010-2013 and 2015-

2018 periods, respectively. From 19 household surveys, among febrile children who sought 

care and were prescribed an antimalarial, 80%, 77%, and 60% were respectively prescribed 

a recommended ACT at the three sectors. Lastly, based on the country reports, an estimated 

84% of the febrile children seen in public health facilities were tested for malaria [World 

Health Organization, 2019]. Both sources of the facility-based “test and treat” indicators have 

major limitations – recall bias compromising household surveys [Eisele et al., 2013; Ashton et 

al., 2019] and lack of fever denominator compromising country reports relying on routine 

information systems [Plucinski et al., 2018; Colborn et al., 2020].  
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1.2.4.4 Changes in malaria case-management standards 

1.2.4.4.1 Diagnosis recommendations 

Several attempts of creating algorithms to include additional signs and symptoms to fever to 

construct a diagnostic algorithm for malaria have had poor sensitivity [Chandramohan et al., 

2002]. Hence fever, in most settings, was equated to malaria illness for decades leading to 

presumptive treatment of all fevers with antimalarial drugs. The use of fever was historically 

acceptable due to a high proportion of people with a fever having malaria infection across the 

high transmission settings that characterised pre-2000 Africa. The cheap, safe, and 

efficacious first-line treatments such as CQ and SP were widely available up to the 1990s, 

and it was accepted that malaria fevers were potentially life-threatening; hence presumptive 

treatment was promoted for a long time.  

Considering the higher risk of poor clinical outcomes in young children and lower prevalence 

of the disease in older children and adults [Snow & Marsh, 2002], the common WHO 

recommendations promoted parasitological diagnosis of malaria in older children and adults 

across malaria transmission settings and presumptive antimalarial treatment of febrile 

children under five years of age, particularly in areas with high malaria transmission [World 

Health Organization, 2006]. The recommendations were theoretically justified but ambiguous 

and complex to implement given the lack of field information on the proportion of fevers due 

to malaria, their seasonal variations and availability of malaria microscopy only at higher-level 

facilities. The presumptive treatment of malaria led to increased chances of missing other 

potential causes of fever, resulting in higher mortality among non-malaria febrile patients 

[Reyburn et al., 2004]. It also promoted the selection pressure of resistant strains on 

antimalarial monotherapy medicines [EANMAT, 2003; Myint et al., 2004; Talisuna et al., 

2004]. The use of a symptom-based algorithm for testing of febrile patients resulted in 
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substantial underdiagnosis of malaria patients due to low sensitivity in both high and low 

malaria risk transmission areas and across seasons [Thwing et al., 2017]. 

The following factors led to an international paradigm shift from presumptive to the universal 

test-based treatment of malaria in 2010 [World Health Organization, 2010a]: 1) the advent of 

reliable and simple to use malaria RDTs that require minimal training, no need for expensive 

equipment nor electricity, and which can be used at all levels of the health system including 

lower-level facilities and the community; 2) the decline in malaria transmission reported in 

various parts of the world and SSA that resulted in many areas which were previously 

classified as high stable transmission to transition to moderate or low malaria transmission 

and therefore, decreasing the chances of fever being due to malaria [D'Acremont et al., 

2010a]; and 3) the failure of cheap antimalarial monotherapies that led to worldwide 

introduction of highly efficacious ACTs that are expensive, have dosing complexities and are 

faced with threats of resistance due to irrational and inappropriate use [World Health 

Organization, 2006; 2010a; D'Acremont et al., 2009; Graz et al., 2011]. Therefore, across all 

age groups and areas of malaria transmission, the WHO recommended in 2010 the universal 

testing of all suspected malaria patients, based on fever or a history of fever, by either 

microscopy or RDTs, and treatment according to test results. The aim of testing all suspected 

cases of malaria is to confirm or rule out malaria and decide on appropriate treatment by 

giving effective antimalarials to those with a test positive and withholding antimalarials when 

the result is negative [World Health Organization, 2010a]. These recommendations were also 

known as the “test and treat” policy for malaria.  

The WHO argued that the test-based management of malaria, compared to clinical diagnosis: 

increases the specificity resulting in reduced over-diagnosis and over-treatment of malaria, 

leads to better management of positive malaria cases, reduces selective pressure of resistant 
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parasites on ACTs, prevents adverse effects by averting unnecessary use of antimalarials in 

negative patients, promotes identification of negative cases where other diagnoses should be 

sought, improves malaria detection and reporting, and identifies treatment failures [World 

Health Organization, 2010a]. 

The main methods of parasitological confirmation of malaria are either by microscopy or 

RDTs. Microscopy is the mainstay and the gold standard of malaria diagnosis. However, it is 

a preserve of higher-level facilities with electricity, requires trained personnel, frequent quality 

control visits and routine validation of slide examination. Malaria microscopy identifies 

parasites in a blood smear commonly by Giemsa staining method. The Giemsa staining 

method quantifies the parasites, distinguishes the blood stages and the parasite species. 

Thick films are recommended for parasite detection and can be used for monitoring response 

to treatment, while thin films are used for species identification [Payne, 1988].  

On the other hand, RDTs which are used as alternatives to microscopy, are 

immunochromatographic tests that detect three types of parasite antigens. There are three 

types of RDTs in use. The first one is histidine-rich protein 2 (pHRP-2), which is specific to P. 

falciparum. The second is plasmodium lactate dehydrogenase (pLDH) which is specific to 

either P. falciparum or P. vivax or all Plasmodium species (pan-specific) and the last one is 

plasmodium adolase which is specific to all Plasmodium species. The RDTs that detect 

pHRP-2 antigen are more sensitive and can withstand heat and humidity during 

transportation and storage without degradation compared to those that detect pLDH [World 

Health Organization, 2017a]; hence, they are the most widely used across the globe, 

including SSA [World Health Organization, 2018a]. 

However, there have been recent reports of false-negative results due to deletions or 

mutations of pfhrp2/3 genes in South America, India, and various African countries, including 
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Kenya, Ethiopia, Eritrea, Ghana, Rwanda, Democratic Republic of Congo, among other 

countries [Akinyi et al., 2013; Cheng et al., 2014; Bharti et al., 2016; Parr et al., 2016; Beshir 

et al., 2017; Kozycki et al., 2017; Agaba et al., 2019; Boush et al., 2020; Golassa et al., 2020; 

Kojom & Singh, 2020; Alemayehu et al., 2021]. Currently, the WHO recommends the use of 

alternative non-pHRP-2 RDTs in countries in South America and surveillance to monitor the 

prevalence of the pfhrp2/3 deleted parasites in Africa and other countries due to lower 

prevalence estimates [World Health Organization, 2017b]. A large number of RDTs have 

been tested for accuracy and are available on the market [World Health Organization, 2011a; 

2017a].  

Parasitological confirmation of malaria before treatment was estimated to be cost-effective, 

assuming high compliance to test results [Lubell et al., 2008; Shillcutt et al., 2008; Yukich et 

al., 2010; Odaga et al., 2014]. Compared to clinical diagnosis of malaria, the use of RDTs 

resulted in improved targeting of ACTs and reduction in antimalarial consumption [Msellem et 

al., 2009; Kyabayinze et al., 2010; D'Acremont et al., 2011; Thiam et al., 2011; Yukich et al., 

2012; Bruxvoort et al., 2017]. Moreover, withholding antimalarials in children with a negative 

malaria test was reported to be safe even in areas of high endemicity [D'Acremont et al., 

2010b], while the use of RDTs did not result in missing malaria cases [Mtove et al., 2011]. 

Furthermore, in 2012, the WHO added the “track” component to the “test and treat” policy 

leading to the “Test, Treat and Track” (T3) policy that emphasises the promotion of 

confirmation diagnosis before treatment and disease surveillance. Confirmation of malaria 

provides timely and accurate surveillance data based on confirmed rather than suspected 

cases, while the “track’’ component advocates for tracking every malaria case in a 

surveillance system. The routine health information systems should capture and reliably 

report commodity stocks, testing of all suspected cases and subsequent appropriate 
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treatment [World Health Organization, 2012c; 2015a]. Effective surveillance of malaria cases 

and deaths is expected to help malaria control programmes and international funders to 

identify the most affected population groups and areas and target resources accordingly. In 

2012, the WHO released two manuals to aid endemic countries in strengthening their malaria 

surveillance systems: Disease Surveillance for Malaria Control targeting malaria control 

settings, and Disease Surveillance for Malaria Elimination for those settings undertaking 

elimination programmes [World Health Organization, 2012d; 2012e]. These surveillance 

guidelines were revised and updated into a single reference manual in 2017 [World Health 

Organization, 2018c]. 

1.2.4.4.2 Treatment recommendations 

1.2.4.4.3 Uncomplicated malaria treatment 

Prompt treatment of uncomplicated malaria with an efficacious and effective antimalarial drug 

prevents progression to severe forms of malaria [Thwing et al., 2011]. Quinine was the first 

drug to be used for the treatment of malaria, but it was later replaced by CQ, a synthetic drug, 

becoming the drug of choice in SSA from the 1960s [Packard, 2014]. Chloroquine was widely 

used, leading to resistance by P. falciparum parasite in the late 1970s [Packard, 2014]. By 

the 1990s, escalating CQ resistance contributed to morbidity and mortality epidemics across 

SSA [Snow et al., 2001; 2017] and led to a transition to the use of SP. However, SP quickly 

resulted in antimalarial resistance, first in Southeast-Asia and then worldwide [Packard, 

2014]. 

The resistance towards affordable monotherapies [White et al., 1999a; White, 2006; World 

Health Organization, 2006; Packard, 2014] led to the shift of malaria treatment policy to 

ACTs. ACTs entails simultaneous administration of a combination of two or more antimalarial 
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drugs with independent mechanisms of action [White et al., 1999a]. In 2001, the WHO 

recommended the use of ACTs for the treatment of uncomplicated falciparum malaria in all 

age groups except in the first trimester of pregnancy [World Health Organization, 2006]. It 

was shown that ACTs were efficacious, effective and may delay the development of 

resistance [Price et al., 1997; White, 1997; Van Vugt et al., 1998]. By 2009, nearly all malaria-

endemic countries had changed their treatment policy to using ACTs as the first-line 

treatment for uncomplicated malaria [World Health Organization, 2010a]. 

In 2010, the WHO recommended the following 3-day courses of ACTs for malaria treatment: 

artemether-lumefantrine (AL), artesunate-amodiaquine (AS-AQ), artesunate-sulfadoxine-

pyrimethamine (AS-SP), dihydroartemisinin-piperaquine (DHA-PPQ) and artesunate-

mefloquine (AS-MQ). In case of treatment failure, an alternative ACT or quinine plus an 

antibiotic with antimalarial activities are recommended [World Health Organization, 2010a]. 

The 48 African malaria-endemic countries which have adopted ACTs as first-line drugs for 

uncomplicated malaria use AL (22; 46%), AS+AQ (14; 29%), AL or AS+AQ (10; 21%), and 

AS+SP (2; 4%) [World Health Organization, 2015e]. 

1.2.4.4.4 Antimalarial dosing, dispensing, and counselling recommendations 

Patients’ adherence to the dosing schedule of the drugs is emphasised to optimise the 

therapeutic response of ACTs and prevent the development of resistance. For instance, the 

dosing of AL is rather complex based on four weight bands for three days, with an eight-hour 

interval between the first and second dose to enhance parasite clearance and clinical cure. 

The artemether component of AL is rapidly absorbed with a half-life of one hour, resulting in a 

rapid reduction of parasites and resolution of symptoms. On the other hand, the lumefantrine 

component is eliminated slowly with a half-life of 3-6 days to eliminate the remaining 

parasites at the end of the 3-day treatment course. Lumefantrine has a variable bioavailability 
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due to fat-dependent absorption [White et al., 1999b] even though it may be less of a problem 

in Africa [Borrmann et al., 2010]. The manufacturers recommend that AL should be taken with 

a fatty meal to aid the absorption and recovery from malaria [Ezzet et al., 2000; Djimdé & 

Lefèvre, 2009].  

Recognising the complexity of dosing and administration of the recommended ACTs 

compared to the previous monotherapies like single dose SP, various dosing, dispensing, 

and counselling tasks are recommended to increase chances of patient adherence to 

medicines and good treatment outcomes. These tasks include correct ACT dosing based 

preferentially on weight over age, administration of the first dose at the facility to promote 

prompt treatment, and tasks that should be performed for all uncomplicated malaria patients 

treated with ACT. The counselling tasks include advising patients to complete all doses, take 

drugs with meals, what to do in case of vomiting within 30 minutes after taking drugs, and 

dosage explanation [World Health Organization, 2005a; 2014b]. 

1.2.4.5 Integrated Management of Childhood Illness  

Since the 1990s, the WHO, together with the United Nations Children's Fund (UNICEF), 

promoted the Integrated Management of Childhood Illness (IMCI) strategy targeting countries 

with child mortality rates of >40/1000 live births [World Health Organization, 1992; Gove, 

1997; World Health Organization, 1997; Tulloch, 1999]. The IMCI strategy aims to improve 

health worker case-management skills, strengthen the health system, and improve family and 

community health care practices [Tulloch, 1999]. As opposed to prior single disease 

paediatric approaches [World Health Organization, 1989; 1990; Wolfheim et al., 2019], the 

IMCI strategy included five leading causes of morbidity and mortality in under-five children: 

malaria, pneumonia, diarrhoea, malnutrition, and measles [Tulloch, 1999; Liu et al., 2012]. 

IMCI was also introduced due to non-specific and overlapping symptoms of the above 
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infections (e.g. malaria and pneumonia), making an integrated approach of management 

more appropriate [Tulloch, 1999]. The strategy aims to improve the quality of care provided at 

first-level health facilities where most children seek care in developing countries. In the 

outpatient settings of these facilities, the IMCI strategy recommends using a simple algorithm 

for the correct identification of childhood illnesses based on the assessment of signs and 

symptoms, appropriate treatment, and prompt referral of severely ill children. Moreover, the 

IMCI guidelines explicitly outline drug dispensing and counselling tasks that should be 

performed by health workers when they provide treatment to sick children in the outpatient 

departments. The dispensing and counselling tasks to be performed for caretakers of children 

given oral drugs to take at home include: appropriate drug dosing for the child’s weight or 

age, demonstration of how to measure a dose, direct observation of the caretaker giving the 

first dose of the drug to the child at the facility, explanation of how to give the drug, advise to 

finish all the drugs even if the child gets better, and advise to return to the health facility for a 

follow-up visit if the child does not get better [World Health Organization, 1992; 1997; Gove, 

1997; Tulloch, 1999]. By 2015, over 100 countries had adopted the IMCI strategy [Costello & 

Dalglish, 2016], and the implementation was associated with a 15% reduction in child 

mortality [Gera et al., 2016]. 

1.2.4.6 Integrated Community Case-Management of Malaria 

Community Case-Management of malaria (CCMm), previously known as Home Management 

of Malaria (HMM), involved the adoption of simplified IMCI guidelines for community use by 

lay health workers [World Health Organization, 2005b; Ruizendaal et al., 2014]. CCMm 

promoted early recognition, prompt diagnostic testing and appropriate treatment of malaria 

among children under 5 in the home or community. The CCMm strategy evolved in 2011 to 

integrated Community Case-Management of Malaria (iCCM), an integrated approach 

promoting the management of common life-threatening conditions in children (malaria, 
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pneumonia, and diarrhoea). ICCM aims to improve the assessment and treatment of common 

childhood illnesses, counselling of caregivers and referral of severe cases at the community 

level [World Health Organization, 2011b]. 

Alongside the increased availability of RDTs, iCCM promotes the WHO test-based 

management of malaria and the use of an integrated approach for the management of non-

malaria fevers. Pre-referral management of suspected severe malaria with rectal artesunate 

in areas where access to a health facility is greater than six hours [Gomes et al., 2009] and 

immediate referral is also promoted. The IMCI algorithm was adapted and simplified for use 

by CHWs in order to classify and treat malaria, pneumonia, and diarrhoea along with 

malnutrition and other conditions [World Health Organization, 2011b; Marsh et al., 2012]. In 

2018, 30 countries were implementing iCCM at different levels, with a few implementing 

nationally [World Health Organization, 2019]. 

1.2.4.7 Funding for malaria control  

The WHO proposed the universal coverage of the population at risk with malaria prevention 

and case-management interventions in malaria-endemic areas [World Health Organization, 

2013a]. This has been ensured through funding from international and national governments. 

Between 2010 and 2018, the endemic countries’ governments provided 30% and the 

international funders, including the United States of America, United Kingdom of Great Britain 

and Northern Ireland, Germany, France, Japan, Canada, Bill and Melinda Gates Foundation, 

funding the rest of the budgets (70%). Approximately 44% of the funding was channelled 

through the Global Fund to Fight AIDS, Tuberculosis, and Malaria (GFATM) [World Health 

Organization, 2018a]. The GFATM was launched in 2002 as a financing mechanism for 

commodities and delivery of control measures for HIV/AIDS, tuberculosis, and malaria 

[Feachem & Sabot, 2007]. 
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Between 2010 and 2015, for countries to achieve the MDG target of halting and reversing the 

malaria burden by 2015 and universal coverage of the population at risk with malaria control 

interventions, an estimated global annual budget of US dollar (USD) 5.1 billion was required. 

However, the available yearly funding was short of the target and ranged between 39 and 

57% between 2010 and 2015 [World Health Organization, 2015e; 2016b]. After adopting the 

GTS 2016-2030 for malaria, it was estimated that the annual funding required for achieving 

the targets would be USD 6 billion per year. Similarly, the available funding has been short of 

the annual target and ranged between 45 and 52% from 2016 to 2018 [World Health 

Organization, 2017c; 2018a; 2019]. The HBHI approach calls for increased domestic funding 

and targeting of resources for high impact on malaria morbidity and mortality [World Health 

Organization, 2018b; 2019]. Even so, the international community need to ensure enough 

funding to meet the GTS targets for global malaria control and elimination.  

1.3 Kenyan malaria epidemiology and control  

This section begins with a brief description of the country profile and population of Kenya. It 

further describes the epidemiology of malaria, estimates of the malaria burden and control 

strategies focusing on case-management standards in Kenya. The section ends with the 

implemented activities to aid the translation of the outpatient malaria diagnosis and treatment 

policy into practice. 

1.3.1 Kenya country profile and population 

Kenya is in East Africa, neighbouring Tanzania, Uganda, South Sudan, Ethiopia, and 

Somalia. The country is subdivided into 47 counties that govern the health sector. In 2019, 

the Kenyan population was 47.6 million people [KNBS, 2019]. The population is over-

dispersed with areas along the west-east belt comprising of Lake Victoria region, western and 
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central highlands, Nairobi corridor through to the main coastal areas being densely 

populated. In contrast, the southern and northern regions are sparsely populated. This over-

dispersion of the population has consequences for disease distribution and health service 

delivery (Figure 1.2) [MoH, 2016a]. 

Figure 1.2 Kenya map showing the distribution of the population by county with one red dot 
representing 500 people from the 2019 population census [KNBS, 2019]  
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1.3.2 Malaria parasites and vectors 

Three species of human malaria parasites: P. falciparum, P. malariae and P. ovale cause 

malaria in Kenya. P. vivax is very rare but has been reported in some sites in Western Kenya 

[Ryan et al., 2006]. In 2010, the predominant species causing up to 98.5% of all positive 

cases of malaria was P. falciparum [NMCP et al., 2016]. The main Anopheles (An.) malaria 

vectors in Kenya are An. gambiae sensu stricto (s.s.), An. arabiensis, An. merus and An. 

funestus sensu lato (s.l.) [Okara et al., 2010; Kyalo et al., 2017]. For many decades, An. 

gambiae s.s. was the predominant vector in lake malaria-endemic region. However, a decline 

in the prevalence of the vector was noted from 1999 that might be attributed to the use of 

LLINs, resulting in An. arabiensis becoming the predominant vector in this region [Bayoh et 

al., 2010]. Three vectors, An. gambiae s.s., An. arabiensis and An. funestus s.l., are mostly 

found at the lake and coast endemic regions, whereas An. merus is only found at the coast 

[Okara et al., 2010; Kyalo et al., 2017]. 

1.3.3 Malaria endemicity 

Kenya supports a range of malaria transmission conditions within its national borders 

[Macharia et al., 2018]. Despite major shifts in the intensity of malaria transmission over the 

last 25 years [Macharia et al., 2018], the Kenya National Malaria Control Programme (NMCP) 

malaria stratification of the country considers five malaria epidemiological zones. The zones 

are based on the prevalence of P. falciparum parasites standardised to age 2-10 years 

(PfPR2-10) estimated in 2009 by geostatistical models using parasite rate data obtained from 

cross-sectional community surveys. The methods of estimating the PfPR2-10 were published 

by Noor et al. [2009a]. In summary, data were assembled from 2,682 cross-sectional 

community-based surveys undertaken from 1975 to 2009. The data were then standardised 

to ages 2-10 years, and each survey location was geo positioned and adjusted for ecological 



24 

 

and climate covariates in geostatistical models to predict categorical and continuous map of 

the mean PfPR2-10 at 1 x 1 km resolution across Kenya for the year 2009 [Noor et al., 2009a]. 

This 2009 malaria risk map was then used by the Kenya NMCP to stratify the country into five 

malaria epidemiological zones displayed in Figure 1.3 [Noor et al., 2009a; MOPHS, 2010; 

MOPHS/MMS, 2010a], and adopted by the Kenya Malaria Strategy 2009-2018 [MoH, 2014a]. 

The five zones include: 

Endemic zones: These are the areas around Lake Victoria in Western Kenya with 

stable malaria transmission all year round, described as “high risk” and low to 

moderate transmission areas along the Indian Ocean coast described as “moderate 

risk”. Malaria transmission is intense throughout the year, with annual entomological 

inoculation rates (EIR) of between 30 and 100. Suitable climatic conditions, including 

rainfall, temperature, and humidity, favour the high survival rates of the vector despite 

having a short life cycle. Children under the age of five years and pregnant women 

are at a higher risk of severe malaria. However, repeated exposure to the disease 

offers partial immunity reducing the risk of severe disease in older children and adults. 

These areas are usually classified into coast and lake endemic zones. In 2009, the 

population at risk of malaria was 8.1 million in the lake and 3.4 million in the coast 

endemic areas.  

Highland malaria epidemic-prone areas: These are areas in the western highlands 

of Kenya with seasonal and year-to-year variation in malaria transmission. The 

epidemic phenomenon is experienced when climatic conditions favour sustainability of 

minimum temperatures around 18° C, experienced mostly during the periods of long 

rains. This increase in minimum temperatures favours and sustains vector breeding, 

resulting in the increased intensity of malaria transmission. The entire population is 
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susceptible, and case fatality rates during an epidemic can be up to 10 times greater 

than what is experienced in regions where malaria occurs regularly. Eight million 

people were at risk of malaria in this region in 2009. 

Semi-arid seasonal malaria transmission areas: These are acute, seasonal, low 

transmission arid and semi-arid areas of the Northern and South-Eastern parts of the 

country where temperatures are generally high. During the rainfall seasons, these 

areas experience short periods of intense malaria transmission because of the water 

pools created during the rainy season that provide breeding sites for malaria vectors. 

Extreme climatic conditions such as flooding in these areas result in epidemic 

outbreaks with high morbidity rates due to the population’s low immunity status. In 

2009, eight million people were at risk of malaria in these areas.  

Low risk malaria areas: These are malaria-free or extremely low transmission areas 

in the central highlands of Kenya and Nairobi. Temperatures in these areas are 

usually too low to allow completion of the sporogonic cycle of the malaria parasite in 

the vector. In 2009, 11.9 million people were at risk of malaria in these areas (Figure 

1.3). 
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Figure 1.3 Malaria epidemiological zones in Kenya showing low risk in green, seasonal transmission in 
light green, coast endemic in yellow, lake endemic in orange and highland epidemic areas in red 
colours [NMCP et al., 2016] 

 

More recently, Macharia et al. [2018] repeated the approach taken by Noor et al. [2009a] to 

provide the annual mean PfPR2–10 in populated areas able to support transmission for each 

zone from 2010-2015 (Figure 1.4). The process of obtaining these estimates has been 

previously described [Macharia et al., 2018]. In summary, 5,020 P. falciparum parasite 

prevalence (PfPR) surveys from 3,701 communities undertaken in Kenya between 1980 and 

2015 were assembled, and spatio-temporal geostatistical modelling was used to predict the 

annual mean PfPR2–10 at 1 × 1 km spatial resolution. The model accounted for unmeasured 

spatio-temporal risk factors (structured random effects) and unexplained variation within 

communities (unstructured random effects) while standardising for age. The PfPR2-10 ranged 

between 0.3% and 28% in 2010, and 0.3% and 21% in 2015 across the five epidemiological 

zones [Macharia et al., 2018] (Figure 1.4). The annual trends in PfPR2-10 across the five 

epidemiological zones between 2010 and 2015 are presented in Figure 1.4. There was a 
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decline in the mean PfPR2-10 within the lake endemic zone between 2010 and 2011 and a rise 

between 2011 and 2014. Within the coast endemic region, the mean PfPR2-10 remained low 

with a slight rise in 2014, while it remained low throughout the period within the highland, 

semi-arid seasonal and low risk areas (Figure 1.4). 

Figure 1.4 The annual mean PfPR2-10 by malaria epidemiological zone, 2010-2015 
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1.3.4 Malaria burden  

Malaria is a major cause of mortality and morbidity in children under five years of age in 

Kenya. The disease accounts for a third of outpatient attendance and about 19% of 

admissions to health facilities, and 5% of inpatient mortality in Kenya [MoH, 2009a]. In high 

malaria prevalence areas, malaria accounts for over two-thirds of admissions, and it is among 

the leading causes of mortality [Amboko et al., 2016; Ayieko et al., 2016]. 

Like in most parts of Africa (Section 1.2.3), the burden of malaria has declined in Kenya over 

the years as a result of malaria control efforts characterised by a decrease in malaria 

admissions and deaths [Okiro et al., 2007; O'Meara et al., 2008; Okiro et al., 2009; Desai et 

al., 2014; Mogeni et al., 2016; Khagayi et al., 2017; Njuguna et al., 2019]. The noted decline 

was mostly observed among younger children from the late 1990s to 2009, with a rise in 

admissions among older children from 2009 to 2014 [Mogeni et al., 2016].  

Similarly, PfPR2-10 estimates from community surveys reported a transition of more people 

living in low malaria risk areas over the years [Noor et al., 2009a; Snow et al., 2015; Macharia 

et al., 2018]. Malaria prevalence has declined between 1990 and 2015 among children 

(Figure 1.5) [Macharia et al., 2018]. Important declines in transmission occurred between 

1998 and 2011, coinciding with the use of SP that replaced CQ in 1998 and the later use of 

LLINS and ACTs from 2006. However, there were periods of rising prevalence from the late 

1980s due to the emergence of resistance to CQ and in 2014 (Figure 1.5) [Snow et al., 2015; 

Macharia et al., 2018].  
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Figure 1.5 Trend in the national annual mean PfPR2-10 (black line), with 2.5–97.5% (light green 
boundaries) interquartile credibility range (ICR) and 25–75% ICR (dark green boundaries) in Kenya 
from 1990 to 2015 [Macharia et al., 2018] 

 

Moreover, in 2010 the Kenya Malaria Indicator Survey (KMIS) reported a decline in malaria 

prevalence from 40% in 2007 to less than 20% in the country, with low transmission areas 

having a prevalence of below 1% [DOMC et al., 2011]. The KMIS reported a further decline in 

2015 when the prevalence of malaria was 8% in children, which was lower than the 2010 

prevalence. However, a bigger proportion of the population in the lake region still live under 

conditions of a high prevalence of 27% [NMCP et al., 2016]. In 2000, 13% of the Kenyan 

population lived in areas with PfPR2-10 of >50%; however, in 2015, there were no such areas. 

Nearly half of the population (44%) was living in malaria-free or areas with PfPR2-10 of <1% by 

2015 [MoH, 2016a; Macharia et al., 2018].  

1.3.5 Malaria control in Kenya 

1.3.5.1 National Malaria Control Programme 

The department responsible for coordinating malaria control activities has evolved over the 

years. In 1994, the Malaria Control Unit (MCU) was established under the Division of Vector-

Borne Diseases. The MCU became the Division of Malaria Control (DOMC) in 2000 but 

reverted to MCU in 2013 under the Division of Communicable Disease Prevention and 
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Control. In 2015, the MCU was renamed the NMCP [MoH, 2016a]. It is currently under the 

Division of National Strategic Public Health Programmes, Department of Preventive and 

Promotive Health Services of the Ministry of Health (MoH) in Kenya (Figure 1.6).  

The Kenya NMCP’s role is to provide policy and strategic guidance and coordination and 

scale up malaria control and elimination strategies. It is headed by a programme manager 

who supervises and provides oversight to the technical and administrative units. The 

programme is comprised of the six technical units: Vector Control; Malaria in Pregnancy; 

Case-management; Malaria Elimination; Surveillance, Monitoring, Evaluation and Operational 

Research; and Social and Behaviour Change. The units have the responsibility of 

implementing the strategic objectives outlined in the Kenya Malaria Strategy (KMS) as 

advised by the Committees of Experts (CoEs) (previously known as Technical Working 

Groups) that meet quarterly [MoH, 2014a; 2019a]. 

At the national level, the Malaria Health Sector Working Committee (previously known as the 

Malaria Interagency Coordination Committee (MICC)) is the technical coordinating agency for 

malaria control and elimination in Kenya. This committee is convened quarterly and is 

comprised of members from the NMCP and the partners described below. The purpose of the 

committee is to review recommendations from the various CoEs, and advocate for and 

mobilise resources for malaria control and elimination. At the county level, county malaria 

control coordinators (CMCCs) have been appointed since 2013 to oversee malaria control 

and elimination activities within the counties (Figure 1.6) [MoH, 2014a; 2019a]. 
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Figure 1.6 Position and structure of the National Malaria Control Programme [MoH, 2019a] 

 

The Kenya NMCP has established malaria control partnerships with other MoH units and 

departments (e.g., Disease Surveillance and Response Unit), other ministries (e.g., Ministry 

of Education Science and Technology), other governments institutions (e.g., Kenya Medical 

Supplies Authority (KEMSA), Kenya Medical Research Institute (KEMRI), Pharmacy and 

Poisons Board (PPB)), county governments, development and technical partners (e.g., 

Global Fund, USAID, United States President’s Malaria Initiative (PMI), UNICEF, WHO, 

governments of China and Cuba, United Kingdom Department for International Development 

(UKAID), African Leaders Malaria Alliance, RBM), NGOs (e.g., Kenya NGOs Alliance Against 

Malaria, Malaria No More), and the private sector. These partnerships provide a range of 

financial, technical, and operational support [MoH, 2014a; 2019b]. 

 



32 

 

1.3.5.2 History of malaria control in Kenya 

This section highlights the major milestones of malaria control in Kenya, including prevention, 

malaria case-management standards and funding. Detailed malaria case-management 

milestones will be further discussed under Section 1.3.5.5. 

During the 20th century, malaria was a major public health problem in Kenya, with several 

epidemics resulting in high mortality occurring countrywide [Campbell, 1929]. However, the 

discovery and implementation of DDT for malaria control and CQ for malaria prophylaxis and 

treatment resulted in a decline in malaria transmission in the 1950s across Africa, including 

Kenya [Snow et al., 2012]. This was, however, interrupted by the widespread resistance of 

malaria parasites to CQ in the 1980s resulting in high morbidity and mortality, with CQ 

remaining the treatment of choice for uncomplicated malaria infections until 1998 when 

revised guidelines supporting the use of SP were launched [Shretta et al., 2000]. Notably, by 

1995 more than 50% of studies showed parasitological failures to CQ [Shretta et al., 2000; 

EANMAT, 2001].  

In 2001, the first Kenya National Malaria Strategy (KNMS) 2001-2010 was launched [MoH, 

2001]. This strategy emphasised improving access to effective medicines for malaria 

treatment, scaling up distribution of ITNs, and epidemic preparedness and response. In the 

same year, the national ITN strategy was launched to promote the public-private sector 

partnership through the retail and subsidised distribution of ITNs. In 2009, IVM policy 

guidelines were developed, and case-management policies were revised to incorporate the 

“test and treat” policy together with the launch of the KNMS 2009-2017, which was later 

revised in 2014 [MoH, 2009a; 2014b; MOPHS/MMS, 2010a]. In 2010, supported by the 

Global Fund, the Affordable Medicines Facility for malaria (AMFm) was launched to enhance 

the delivery of the subsidised quality-assured ACTs to the private sector [MoH, 2016a].  



33 

 

In 2012, a nationwide rollout of RDTs was conducted in the public sector to support the “test 

and treat” policy. Mass free distribution of LLINs was completed in endemic and epidemic-

prone areas in the same year. A malaria surveillance curriculum was developed, and iCCM 

guidelines for the management of childhood illnesses comprising of a component for CHWs 

to diagnose malaria using RDTs and treat with AL at the household level were launched in 

2013. Lastly, in 2016, an insecticide resistance strategy and plan were developed, and the 

iPTp strategy was revised to a minimum of three doses of SP every ANC visit after the 20th 

week of gestation [MoH, 2016a]. 

Between 2001 and 2005, substantial funding was provided by the UK's Department for 

International Development (DFID) to support malaria control activities. Most notable amongst 

these commitments was 33 million USD to Population Services International to mount a 

social marketing campaign of ITNs and net re-treatments to encourage the private sector to 

sell subsidised products. However, this delivery mechanism reached a few children and 

pregnant women in poor rural households [Guyatt et al., 2002; Noor et al., 2007]. In 2006, the 

policy of mass free distribution of LLINs was launched to improve coverage. Kenya was 

awarded the Global Fund round 2 worth 34 million USD in 2004 to support the distribution of 

nets to pregnant mothers and under-five children, scaling up of iPTp, effective case-

management, and improving dispensing practices in retail outlets. In addition, the Global 

Fund round 4 approved 150 million USD through to 2010 and PMI started the annual funding 

support of about 6 million USD from 2007 to 2015 totalling to 263 million USD [MoH, 2016a]. 

The available funding from donors and the government for supporting malaria control 

activities from 2014 to 2018 was 268 million USD with a deficit of 315 million USD [MoH, 

2014a]. 

By now, the National and County governments and international donors under the RBM 

Partnership, have invested billions of shillings in controlling malaria in Kenya. The 



34 

 

international donors include GFATM, PMI, UK's DFID, and WHO, who have also been 

offering technical support to Kenya. The funding of procurement and distribution of malaria 

commodities in Kenya is mainly from PMI, GFATM, Clinton Health Access Initiative (CHAI), 

and USAID. The cost of implementing the KNMS 2019-2023 is estimated to be 591 million 

USD, with 361 million USD available [MoH, 2019a]. 

1.3.5.3 Kenya National Malaria Strategy  

Kenya launched the second KNMS 2009-2017 in 2009 [MoH, 2009a], which was later revised 

in 2014 (KNMS 2019-2018) after a mid-term evaluation at the end of the MDGs era [MoH, 

2014a]. The revised KNMS aligns with the Sustainable Development Goals (SDGs) and the 

Kenya Vision 2030. It outlines the operational framework of malaria control interventions. 

Malaria in Kenya has been targeted for pre-elimination and subsequent elimination [MoH, 

2014a]. The strategic framework of the strategy entails six objectives to be achieved in the 

path towards malaria elimination: 

• Objective 1: To have at least 80% of people living in malaria risk areas using the right 

malaria preventive interventions by 2018, 

• Objective 2: To have 100% of all suspected malaria cases presenting to health 

providers managed according to the national malaria treatment guidelines by 2018, 

• Objective 3: To ensure that 100% of the malaria epidemic-prone and seasonal 

transmission sub-counties can detect and timely respond to malaria epidemics by 

2018, 

• Objective 4: To ensure that all malaria indicators are routinely monitored, reported, 

and evaluated in all counties by 2018, 

• Objective 5: To increase the utilisation of all malaria control interventions by 

communities in Kenya to at least 80% by 2018, and 
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• Objective 6: To improve the capacity in coordination, leadership, governance, and 

resource mobilisation at all levels towards achieving the malaria program objectives 

by 2018. 

The main malaria control strategies implemented in Kenya to help achieve the set objectives 

include: routine and mass distribution of LLINs, intermittent preventive treatment of malaria in 

pregnancy, IRS in targeted areas, Larval Source Management (LSM), parasitological 

diagnosis and effective treatment of malaria cases, and epidemic preparedness and 

response.  

Objective 2 is relevant to malaria case-management and involves the parasitological 

diagnosis and effective treatment of all malaria cases presenting to health workers. The 

following interventions have been implemented to aid the achievement of this objective: 1) in-

service training to improve the capacity of health workers, 2) strengthening of the supply 

chain to deliver diagnostics and quality-assured medicines at all levels of the health system, 

3) revision and dissemination of updated case-management guidelines and job aids, and 4) 

supportive supervision of health workers [MoH, 2014a]. 

The strategy has been reviewed and updated for the KMS 2019-2023 with the main goal of 

reducing malaria incidence and mortality by at least 75% of the 2016 levels by 2023 [MoH, 

2019a]. The following objectives have been set to achieve this goal without any change in the 

case-management objective: 

• To protect 100% of people living in malaria risk areas through access to appropriate 

malaria preventive interventions by 2023, 

• To manage 100% of suspected malaria cases according to the Kenya malaria 

treatment guidelines by 2023, 

• To establish systems for malaria elimination in targeted counties by 2023, 
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• To increase the utilisation of appropriate malaria interventions in Kenya to at least 

80% by 2023, 

• To strengthen malaria surveillance and use of information to improve decision making 

for programme performance, and 

• To provide leadership and management for optimal implementation of malaria 

interventions at all levels to achieve all objectives by 2023.  

1.3.5.4 Kenyan Monitoring and Evaluation Plan  

The Monitoring and Evaluation (M&E) mechanisms are vital in tracking and understanding the 

progress towards achieving the set of national case-management objectives. Kenya 

developed the M&E Plan 2009-2017 together with the KNMS 2009-2017 to monitor and 

evaluate the implementation of the malaria interventions [MoH, 2009b]. One of the key aims 

of the M&E plan has been to track the progress towards the optimistic target set at 100% of 

suspected cases of malaria presenting to health workers managed according to the national 

malaria treatment guidelines by 2018 [MoH, 2014b]. The case-management indicators 

outlined in the M&E plan to be monitored at the facility level through the outpatient health 

facility surveys described in Section 3.2.4 include:  

• The proportion of patients with fever presenting to health facility who are tested for 

malaria using microscopy or RDTs, 

• The proportion of patients with fever presenting to health facility who are tested and 

treated following the national malaria guidelines (tested for malaria and test positive 

prescribed ACT or test negative not treated with an antimalarial),  

• The proportion of patients presenting to a health facility with fever and ACT prescribed 

who had ACT dispensing and counselling tasks performed according to the national 

guidelines, 
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• The proportion of health facilities having no stock-out of ACTs for seven consecutive 

days in the past three months before the surveys, and 

• The proportion of health facilities able to perform malaria parasitological diagnosis by 

either providing malaria microscopy or RDTs. 

Alongside the latest KMS 2019-2023, the M&E plan has also been reviewed with the same 

indicators for case-management monitoring through outpatient health facility surveys between 

2019 and 2023 [MoH, 2019b]. 

1.3.5.5 National changes and implementation of malaria case-management standards 

in Kenya 

Malaria diagnosis and treatment policies in Kenya have been revised severally to reflect the 

global recommendations by the WHO. The key implementation activities comprised of 1) 

development, revision, and dissemination of national malaria case-management guidelines 

and job aids; 2) strengthening of the supply chain to deliver diagnostics and quality assured 

antimalarial medicines to all levels of the health system; 3) in-service training to improve the 

capacity of the front-line health workers, and 4) supportive supervision of health workers.  

1.3.5.5.1 Development and revisions of national malaria case-management guidelines 

and job aids 

For many decades, fever or a history of fever was equated to malaria in Kenya, and 

presumptive antimalarial treatment of febrile patients was commonly recommended by clinical 

guidelines [MoH, 1998; 2003]. In the 2006 guidelines, malaria diagnosis recommendations 

became age-specific. The guidelines promoted the presumptive antimalarial treatment of 

fevers in children below the age of five years in high malaria risk areas (most of the country at 

the time) and, wherever possible, malaria microscopy or RDTs for febrile older children and 

adults [MoH, 2006a]. In 2010, the prior diagnostic policies based on age and endemicity were 
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abandoned in Kenya. In line with 2010 WHO “test and treat” guidelines [World Health 

Organization, 2010a], malaria testing of all febrile patients across all areas of endemicity by 

RDT or microscopy with subsequent antimalarial treatment for only test positive patients was 

unambiguously recommended [MOPHS/MMS, 2010a] (Figure 1.7a).  

For many years, CQ was the first-line drug for uncomplicated malaria treatment until 1979, 

when P. falciparum parasite resistance was first noted in Kenya [Rapuoda et al., 1996; 

Shretta et al., 2000]. The parasite resistance ranged from 7-85% across the country in 1997 

[Rapuoda et al., 1996; MoH, 2003]. Consequently, the treatment policy for malaria in Kenya 

was first changed from CQ to SP in 1998 [Shretta et al., 2000]. The new malaria treatment 

policy using SP was reflected in the malaria treatment guidelines revised in 2003 [MoH, 2003] 

despite the concerns about the decline in the sensitivity of SP leading to more than 25% 

failure rates at day 14 [EANMAT, 2001; 2003]. 

In 2004, Kenya changed the treatment policy from SP to ACTs for the treatment of 

uncomplicated malaria [Amin et al., 2007]. The new policy was reflected in the 2006 malaria 

guidelines [MoH, 2006a]. AL was adopted as the first-line treatment for uncomplicated 

malaria and oral quinine as the second-line drug. Quinine was also recommended for 

particular patient groups such as children below 5 kg of weight, pregnant women, treatment 

failures, and severe malaria. The implementation of the policy occurred in 2006, together with 

the roll-out of new malaria treatment guidelines, job aids and training of health workers [MoH, 

2006a; Amin et al., 2007].  

Recognizing the complexity of dosing and administration of the recommended AL compared 

to the previous single-dose SP monotherapy, the emphasis was put on dosing, dispensing, 

and counselling tasks. The dosing and dispensing tasks included weighing of patients 

prescribed AL, the correct AL dosing based on weight, and administration of the first AL dose 



39 

 

at the facility to promote prompt treatment. The promoted counselling tasks included dose 

explanation and advising patients to complete all the six AL doses, take the second dose 

after eight hours, repeat the dose if vomiting occurs within 30 minutes after AL administration, 

take the drug with meals at home, and return to the nearest health facility if they do not feel 

better after three days. The dosage regimens of the recommended antimalarial drugs are 

based on the patient’s weight [MoH, 2006a; MOPHS/MMS, 2010a]. The dosing, dispensing, 

and counselling tasks are to ensure patient adherence and good treatment outcomes, as 

summarized in the job aid in Figure 1.7b. 

Figure 1.7 The 2010 outpatient malaria case-management recommendations algorithm in Kenya  

 

In 2010, the treatment policy for uncomplicated malaria was further revised to recommend 

dihydroartemisinin-piperaquine (DHA-PPQ) as the second-line treatment and the use of AL in 

a)                                                                                                            b) 
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the second and the third trimester of pregnancy and for all non-pregnant patients regardless 

of their weight [MOPHS/MMS, 2010a]. The recommended first-line treatment for 

uncomplicated malaria, AL, is a co-formulated or child-friendly dispersible tablet. AL contains 

20 mg of artemether and 120 mg of lumefantrine. The drug should be administered as a 6-

dose treatment over three days, with the second dose given eight hours after the first dose 

and the remaining doses to be given twice daily over two days. The AL tablets are packaged 

based on patients’ weight as follows: AL 1 X 6 for patients weighing 5 to <15 kgs, AL 2 X 6 for 

patients weighing 15 to <25 kgs, AL 3 X 6 for patients weighing 25 to <35 kgs and AL 4 X 6 

for those weighing ≥35 kgs [MOPHS/MMS, 2010a]. The second line treatment, DHA-PPQ, is 

available as a fixed-dose combination. Paediatric tablets contain 20 mg dihydroartemisinin 

and 160 mg of piperaquine. The adult tablets contain 40 mg dihydroartemisinin and 320 mg 

of piperaquine. The drug should be administered once daily for three days [MOPHS/MMS, 

2010a].  

Parenteral quinine was the recommended drug for treating severe malaria for many decades 

in Kenya. In 2012, the treatment policy was changed to recommend parenteral artesunate in 

all age groups in line with the WHO recommendations [MOPHS, 2012]. The same year, the 

treatment policy was further revised to recommend intramuscular artesunate for pre-referral 

treatment of suspected severe malaria [MOPHS, 2012]. Following these changes, quinine 

only remained as the recommended treatment for uncomplicated malaria in the first trimester 

of pregnancy. 

Following each change in malaria diagnosis and treatment policies, job aids and guidelines 

were developed and revised by the case-management technical working group (CM TWG) 

and, after that, disseminated to health workers during the in-service training programmes 

(Section 1.3.5.5.3). The first outpatient job aid was developed in 2008 to reflect the test-
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based management of patients above five years of age. The current algorithm developed in 

2010 for fever management across all age groups is shown in Figure 1.7a.  

1.3.5.5.2 Supply chain system for AL and RDTs 

The supply of malaria commodities (AL and RDTs) to public health facilities in Kenya is 

integrated within the essential medicines supply system. The supply chain system aims to 

ensure prompt availability and appropriate use of safe, quality, and effective medicines. The 

system is complex, with the first stage in the process comprising the selection of diagnostics 

and drugs for the treatment of malaria. The selection is undertaken during the guideline 

development process by the CM TWG. After that, the drug management sub-committee 

(DMSC) defines the specifications of the required types and brands of tests and drugs. The 

DMSC is comprised of representatives from the NMCP case-management unit, KEMSA, 

Global Fund, PMI, and other implementing partners supporting the supply chain 

management. The specified tests and drugs are then forwarded to the MICC for approval. 

The approved types of drugs and tests to be procured are subsequently sent to the KEMSA 

and Global Health Supply Chain-Procurement and Supply Management (GHSC-PSM) 

agency. These agencies undertake the annual quantification of antimalarial medicines and 

diagnostic equipment to establish the required quantities for the entire country. After the 

procurement, the commodities are obtained and shipped to KEMSA for warehousing and 

distribution to public health facilities. 

Historically, the public supply chain had two systems of distributing commodities to health 

facilities: a kit-based (push) system and an inventory-based ordering (pull) system. The push 

system, under which malaria commodities, together with other essential drugs, were 

distributed to health facilities based on their historical estimated needs, was used in Kenya for 

many decades. In 2006, piloting of the pull system that involves the distribution of 
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commodities based on what health facilities ordered began. All rural health facilities from 

three provinces and all hospitals across the country were under the pull system, while rural 

health facilities from the remaining five provinces received predetermined quantities under the 

push system. After the implementation of devolved health services in 2013, there was a 

complete shift to the exclusive use of the pull system for all health facilities in Kenya. The 

distribution of AL and RDTs is undertaken quarterly based on the health facility consumption 

using the pull system. The orders are prepared by health facilities, collected by the sub-

county pharmacists, and forwarded to the county pharmacists, who, in turn, make orders to 

KEMSA via the KEMSA Logistic Management Information System (LMIS). The orders take 

between 6 to 8 weeks to be delivered to the health facilities. 

Once the commodities are delivered at the health facility, the stock level is expected to be a 

minimum of three and a maximum of six months. The received commodities are 

counterchecked against the standard order and delivery note and manually recorded in the 

stock or bin cards. The consumed commodities are recorded in the daily activity registers for 

malaria commodities from the dispensing areas. The consumption per facility is summarized 

in the health facility monthly summary forms, which are then entered into the District Health 

Information System (DHIS2) by the sub-county pharmacists at the sub-county level. The 

NMCP uses the data for quantification and procurement planning.  

There have been challenges that affected the supply of malaria commodities leading to 

central level stock-outs of RDTs and AL. The challenges included a fire that burnt stocks at 

KEMSA stores in 2013, the implementation of the railway development levy that delayed 

delivery of AL for ten months in 2014, and irrational ordering by counties in May 2014 that led 

to a huge distribution of commodities from the central warehouse to the counties. The 

irrational ordering resulted in overstocking in some facilities and stock-outs in others across 

the country. To correct the disparities in the stocks, the NMCP and Management Services for 
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Health (MSH) carried out a redistribution exercise through the county pharmacists. In 

addition, there have been two major smart pushes of malaria commodities to health facilities 

to avert nationwide stock-outs in 2014 and 2017.  

1.3.5.5.3 Malaria case-management in-service training for health workers 

Three-day malaria case-management training focusing on assessment, parasitological 

diagnosis and effective treatment of malaria cases has been conducted annually since 2006. 

The training uses a standardized curriculum outlined in the facilitator and participant training 

manuals [MoH, 2016b]. The content includes the malaria epidemiology, malaria burden, the 

changes in the malaria diagnosis and treatment policy for uncomplicated and severe malaria, 

and it explains the algorithm for malaria case-management, including IMCI for under-fives 

and job aids. The training involves updating health workers on the current malaria treatment 

standards, using case scenarios, discussions, and role-plays. Pre-and post-test questions 

have been used to assess health workers’ understanding of malaria case-management.  

After the changes in the outpatient malaria case-management treatment policy in 2006, the 

first training curriculum was developed to update health workers on the changes [MoH, 

2006b; 2006c]. The training focused on the first-line treatment policy changes for 

uncomplicated malaria from SP to AL. Besides, the health workers were informed about 

parasitological testing of patients above five years old before antimalarial treatment. 

The curriculum was further revised in 2008 to update health workers on the need to carefully 

assess for the cause of fever using RDTs in patients above five years of age [MoH, 2008]. It 

also emphasized using the first-line antimalarial for uncomplicated malaria, AL, and the 

dispensing and counselling tasks. The procedure of using RDTs, interpreting the results, and 

quality control of diagnostics were also emphasized.  
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In 2010, the curriculum was revised for the third time to reflect the change in epidemiology 

and malaria diagnosis and treatment policy [MOPHS/MMS, 2010b; 2010c]. The 3-day training 

course manual included the change in malaria epidemiology in Kenya, the use of 

confirmatory diagnosis of malaria in all febrile patients using microscopy or RDTs, and the 

introduction of second-line treatment of uncomplicated malaria (DHA-PPQ) [MOPHS/MMS, 

2010a]. Moreover, the curriculum included the targeted treatment policy recommending ACT 

treatment for all confirmed cases of uncomplicated malaria and no antimalarial treatment for 

test negative patients.  

The first nationwide training of around 4,800 public sector health workers on the new case-

management policy recommending testing of all suspected malaria cases was conducted 

between April to September 2010, followed by the launch of the new guidelines in September 

2010 [MOPHS/MMS, 2010a; Nyandigisi et al., 2011]. Following the implementation of the 

new malaria diagnosis and treatment guidelines in Kenya, nationwide rounds of malaria case-

management in-service training of front-line health workers have been undertaken annually. 

The training utilized a standardized curriculum supported by wall charts reflecting all age 

outpatient algorithms. Job aids and guidelines were distributed to health workers through the 

routine commodity supply channels and during the in-service training. By the end of 2016, 

over 49,000 private and public health workers were trained on malaria case-management 

supported by the Global Fund, MSH, and PMI. 

1.3.5.5.4 Supportive supervision for health workers 

Before 2010, coordination and supervision of malaria control activities were integrated into 

the general supervision of health workers. However, recognizing the importance of 

standardised supportive supervision for effective M&E of malaria control strategies under the 

KNMS 2009-2017, the NMCP developed a manual for implementing decentralized malaria-
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specific supervision in 2010. The supervision manual was revised and implemented in 2011 

with funding obtained from the Global Fund. 

Supervision was undertaken vertically from the national level to the provincial level and, 

lastly, at the district level. Supervision at the national level was undertaken by the NMCP, 

who supervised the provinces, with a role of identifying constraints in programme 

implementation, providing technical assistance and capacity building to the Provincial Health 

Management Teams (PHMTs), and targeted support to districts identified in consultation with 

the PHMTs. The national team is responsible for the development, review, and dissemination 

of tools and training materials, and it advocates for adequate budgetary support to regional 

teams. The PHMTs supervised the District Health Management Teams (DHMTs) by 

supporting the districts and acting as the link to the national level. The PHMTs handled the 

development and implementation of provincial operational plans for the delivery of health 

care. The DHMTs oversaw the development and implementation of district health plans, 

direct supervision of health workers and continuous implementation of malaria control 

activities in the districts. However, after devolution in 2013, the supervision levels were 

changed to the national level, the county replacing the provincial level and sub-county 

replaced the district level. The national team supervises the county, while the county 

supervises the sub-county, which undertakes health worker supervision at the facility level. 

According to the Kenya M&E Plan 2009-2017, supervision visits to the counties and sub-

counties should be undertaken quarterly, whereas, at the hospital level, the expected 

frequency of visits is monthly [MoH, 2009b]. The approaches include an assessment at the 

various levels of supervision (national, county, sub-county, and facility), immediate feedback, 

and on-job training. The supervision begins with planning and coordination of the visits by 

identifying the supervision team, health facilities to be supervised, the contact persons and 
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days of supervision. The supervision teams are composed of health managers having a 

variety of skills, competencies, and experiences.  

At the health facility, a structured checklist is used while conducting supervision. The 

checklist is made up of sections that include assessment of the human resource (health 

workers) capacity and training in malaria case-management status and malaria case-

management practices. Assessment of the quality of malaria case-management is 

undertaken through interviews with clinicians providing malaria services and observation of 

the care given, including malaria drug dispensing and counselling procedures. In addition, the 

availability of malaria commodities (tests and drugs), data management and reporting 

documents, malaria guidelines, and job aids are also assessed.  

On completion of the supervision visits, the team holds a brief meeting with the staff to give 

feedback on the findings, brainstorm on viable solutions for identified problems, give them 

recommendations, update the health workers on new knowledge and policies, and agree on 

the way forward. The supervision team then drafts a report which should be sent to the next 

supervision level, and a feedback report forwarded to the concerned county, sub-county, or 

facility after supervision. 

Additionally, in 2015, MalariaCare, a USAID partnership, began working in eight high malaria 

burden counties in Western Kenya (Bungoma, Busia, Homa Bay, Kakamega, Kisumu, Migori, 

Siaya and Vihiga). The project aimed to improve the quality of diagnosis and treatment of 

malaria and other febrile illnesses [MalariaCare, 2015]. The objectives of the project were to 

1) improve the accuracy of diagnostic testing to >90%, 2) increase the proportion of febrile 

patients tested for malaria, 3) increase the proportion of febrile patients treated according to 

test results to 100%, and 4) strengthen country-level laboratory systems’ ability to detect 

malaria and other infectious diseases. The implemented activities included training, on-site 
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supervision, and mentoring (known as “outreach training and support supervision, OTSS”), 

electronic data collection and follow up evaluation, and implementation of the lessons 

learned. The implementation involved technical training of the county- and sub-county level 

clinical and laboratory OTSS supervisors. They, in turn, provided regular supervision and 

mentoring to other health workers in public health facilities. The OTSS supervisors were 

trained on diagnostics, clinical case-management, and OTSS supervision and mentoring 

skills. The project implementation was undertaken in 3 phases, with phase 1 and 2 covering 

five counties (Homa Bay, Kakamega, Kisumu, Migori and Vihiga) in 2015 [MalariaCare, 2015] 

and phase 3 covering the three remaining counties (Bungoma, Busia, and Siaya) in 2016. By 

2017, two rounds of OTSS had been conducted in phase 1 and 2 counties, reaching 98% 

coverage of the facilities in the region (out of 619) and 9% national coverage [MalariaCare, 

2016; 2017]. 

The milestones regarding the routine translation of the outpatient malaria case-management 

policies are summarized in Figure 1.8. This diagram highlights the main implementation 

activities of the current outpatient malaria diagnosis and treatment policy in Kenya. The 

activities include but are not limited to the introduction of AL for malaria treatment in 2006, the 

launch of the “test and treat” policy in 2010, annual national training of health workers on the 

new policy, the national roll-out of RDTs, and introduction of the use of artesunate in 2012. 

Some of the challenges facing the routine implementation of the policy like central level stock-

outs and other organizational interventions like MalariaCare, as described in this section, are 

also highlighted.  
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Figure 1.8 Routine translation of malaria diagnosis and treatment policy in Kenya  
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1.4.1 Kenya vision 2030  

In 2008, the Government of Kenya launched the country’s long-term development 
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[Government of Kenya, 2010]. Additionally, in 2018, the government launched the "The Big 

Four" agenda in line with Vision 2030 and the 2010 constitution. The agenda includes 1) 

universal health coverage (UHC), 2) manufacturing, 3) affordable housing, and 4) food 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

HWs CM training(Apr-Sept) 

Launch of T&T guide (Sept) 

2010 

2011 2012 2013 2014 2015 2016

10 

2017

10 

HW CM training 

(N=49000) & 

supervision 

National roll-out of RDTs 

Central stock outs 

Smart push of supplies 

Artesunate policy 

2006 

AL MalariaCare activities 

by USAID in Lake 

endemic zone 



49 

 

security. The UHC advocates for all Kenyans to receive quality health care without financial 

hardship through the expansion of insurance coverage [Government of Kenya, 2018].  

1.4.2 Kenyan health policy 2014-2030 

In 2014, the MoH developed the Kenya Health Policy 2014-2030, a long-term plan for the 

health sector to contribute to Vision 2030 and attain the highest standards of health tailored to 

the Kenyan population needs. The health policy identifies seven policy orientations for 

investment to enable the achievement of the policy objectives. The policy orientations include 

healthcare financing, health leadership, health products and technologies, health information, 

health workforce, service delivery systems, and health infrastructure [MoH, 2014c].  

To realize the policy goal, the Kenya Health Sector Strategic and Investment Plan (KHSSP) 

2014-2018 set out the agenda for the health sector with a theme of “accelerating attainment 

of Universal Health Coverage” [MoH, 2014d]. The strategic objectives set out in the KHSSP 

2014-2018 for the health sector include to: 

• Reduce the burden of communicable conditions,  

• Halt and reverse the rising burden of non-communicable conditions,  

• Reduce the burden of violence and injuries, 

• Improve access to and quality of person-centred essential health services, 

• Reduce exposure to health risk factors through inter-sectoral health promotion, and 

• Strengthen collaboration with private and other sectors that have an impact on health.  
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1.4.3 Health governance  

In the devolved system, healthcare governance occurs at two levels: national and county. At 

the national level, the MoH handles the coordination of health policy, regulation, national 

referral services, capacity building and technical assistance to counties. Whereas at the 

county level, county departments of health are responsible for coordinating and managing the 

delivery of health services. The roles of the two levels of government are outlined in the 

constitution of Kenya 2010 [Government of Kenya, 2010].  

1.4.4 Health financing 

The government financing of health care as a percentage of the total government expenditure 

has been between 6 and 8% in the last decade. In the fiscal year (FY) 2015/2016, the total 

health expenditure was 5% of the gross domestic product. The major sources of healthcare 

financing include the government, private (consumers) and donors. Most of the financing 

comes from private-sector sources, including out-of-pocket payments from households. In FY 

2015/2016, the government financed 33% while the households and donors contributed the 

remaining health expenditure [MoH, 2014c; 2017a]. 

1.4.5 Human resources for health 

The Human Resources for Health (HRH) are the cornerstone of the health system defined as 

“all people engaged in actions with a primary intent to enhance health” [World Health 

Organization, 2007]. In Kenya, the government has over 30 cadres of HRH, which include 

medical and non-medical staff. Pre-service training of the HRH is provided by the 

government, faith-based organisations (FBOs), non-governmental organizations (NGOs) or 

privately-owned institutions. The institutions include universities that train medical officers, 
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dentists, and degree nurses and Kenya Medical Training Colleges (KMTCs) that train 

certificate and diploma level cadres.  

Medical officers and dentists undergo a five-year training and a one-year internship program. 

Clinical officers undergo three-year training for a diploma and four years for a degree level 

plus a one-year internship. Nurses undertake a two-year training for a certificate level, three 

years for a diploma and four years plus a one-year internship for the bachelors’ degree level. 

Laboratory technicians earn a certificate after two years of training, and technologists earn a 

diploma in three years and a degree after four years of training [MoH, 2014e]. In the 

outpatient departments, most of the care is provided by clinical officers and nurses. 

1.4.6 Organization and structure of the Kenyan health system 

The health system delivery in Kenya has been under the national and 47 county governments 

since the devolution of health services in 2013 [Government of Kenya, 2010]. The national 

government handles the delivery of national referral and specialised services, development of 

policies and providing technical support to the counties. The county government oversees 

three levels of care: county referral, primary care, and community health services. The health 

care delivery system in Kenya was organised in a six-tier system at the beginning of the 

health policy implementation in 2014 with a plan to transform the system into a four-tiered 

system at the end of the policy in 2030 as defined in the Kenya Health Policy [MoH, 2014c] 

and the KHSSP 2014-2018 [MoH, 2014d].  

The proposed new levels are shown in Table 1.1. Community health services involve the 

creation of demand for services, promotion of healthy behaviours, community diagnosis, 

management, and identification of cases within communities that need a referral to higher 

levels of care. Primary care facilities include dispensaries, health centres, and maternity 



52 

 

homes. The primary care facilities are tasked with providing promotive, preventive, essential 

outpatient curative services, emergency inpatient services and facilitation of referrals from the 

community to the referral facilities. County referral hospitals are operated and managed by a 

given county and act as the first referral level. They provide comprehensive in-patient 

diagnostic, medical, surgical, rehabilitative, and reproductive health services; specialized 

outpatient services; and facilitate and manage referrals from lower and other levels. National 

referral facilities provide highly specialized services and include all tertiary referral hospitals, 

national laboratories, and services, research, and training institutions. The health system has 

an upward referral system from the local community to primary care facilities that refer to 

county referral hospitals and upward referral to national specialist referral hospitals and vice 

versa [MoH, 2014c]. 

Table 1.1 Tiers and levels of the health system in Kenya, 2014-2030 

Policy tiers of care Levels of care at the beginning of 
the policy in 2014 

Proposed levels of care at the end of the 
policy in 2030 

Tier 1: Community Level 1: Community Level 1: Community health services 

Tier 2: Primary care Level 2: Dispensaries and clinics, 
Level 3: Health centres 

Level 2: Primary care services  

Tier 3: Secondary referral Level 4: Primary care facilities 
Level 5: Secondary care facilities 

Level 3: County referral health services  

Tier 4: Tertiary referral  Level 6: Tertiary referral facilities Level 4: National referral services  

A master facility list has been collated by the MoH [MoH, 2017b] with assistance from the 

KEMRI-Wellcome Trust Research Programme (KWTRP) [Noor et al., 2004; 2009b; Maina et 

al., 2019]. The master facility list is linked to the Kenya health information system [DHIS2, 

2018]. As of 2017, Kenya had a total number of 11,549 health facilities. More than half 

(6,153, 53%) are public facilities owned by the MoH, local government, FBOs, NGOs and the 

community (Figure 1.9) [Maina et al., 2017]. Approximately 4,444 (39%) are privately owned 

facilities, while 952 (8%) are facilities owned by parastatals, special forces, prisons, and 

schools that do not offer routine curative services to the public. About 70% of children with 
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fever sought advice or treatment from public health facilities, 25% from private and 3% from 

faith-based facilities, according to the 2015 KMIS [NMCP et al., 2016].  

Figure 1.9 A Kenya map showing the distribution of 11,549 public health facilities across the 47 
counties [Maina et al., 2017] 
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2.1 Introduction 

This chapter, under Section 2.2, describes the concept of health worker performance, 

summarises interventional strategies to improve performance and elaborates on the role of 

determinants in assessing health worker performance under routine service delivery. Section 

2.3 presents a literature review of evaluations of the quality of outpatient malaria case-

management in Africa. The chapter continues with the objectives of the PhD work in Section 

2.4 and ends with a conceptual framework used for addressing the PhD objectives (Section 

2.5). 

2.2 Health worker performance and the determinants 

This section describes the concept of health worker performance, summarises the 

interventional strategies to improve performance and explains the determinants of health 

worker performance under routine service delivery. 

2.2.1 Health worker performance  

Health worker performance, according to the recommended guidelines and standards, is the 

cornerstone of quality assurance in health care [Donabedian, 1988; Marquez, 2001]. 

Guidelines provide directions on evidence-based practices that result in quality health 

services. Compliance with the standards is associated with positive health outcomes 

[Grimshaw & Russell, 1993], while non-compliance leads to poor quality of health services 

resulting in slow progress in reducing morbidity and mortality [Marquez, 2001]. In addition, it 

exposes patients to the harmful effects of medicines and the development of resistance due 

to unnecessary prescriptions [World Health Organization, 2001; Jha et al., 2013].  
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The performance of health workers according to standards in Low and Middle-Income 

Countries (LMICs) is often reported to be poor. A review of the use of medicines over two 

decades in LMICs reported that less than half of the prescribed treatments were according to 

the recommended guidelines, with approximately 40% and less than 30% of prescribing 

compliance in public and private sectors, respectively [Holloway et al., 2013]. Over 5 million 

deaths were attributable to receiving poor-quality health care based on estimates from the 

Global Burden of Disease study in 2016 and population surveys [Kruk et al., 2018].  

2.2.2 Interventions and strategies to improve health worker performance 

Various strategies to improve health worker performance have been proposed. The evidence 

of whether these interventional strategies are effective should be ideally tested through 

rigorous study designs such as RCTs, pre-post evaluations with control groups and time-

series studies. The effectiveness of 118 unique strategies to improve facility-based health 

worker performance from 337 studies with rigorous designs from LMICs was recently 

reviewed [Rowe et al., 2018]. The effect sizes of the following improvement strategies 

assessed by at least three studies were reported: print or electronic media or job aids, 

supervision, training, patient support (e.g. health education, printed materials, home visits), 

community support (e.g. health education, social marketing), strengthening infrastructure 

(e.g. provision of medicines), health worker financial incentives, health system financing, 

regulation, and governance, technology-based strategies (e.g. text message reminders) and 

group problem solving (e.g. collaborative improvement) [Rowe et al., 2018]. 

The group problem solving that included collaborative improvement (i.e. healthcare teams 

from different facilities working together for a certain period to achieve noteworthy 

improvements in health care delivery by implementing ideas and measuring the quality 

supported by learning and coaching sessions [Institute for Healthcare Improvement, 2003]) 
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had the largest effect size of 28 percentage points on improving performance. A combination 

of supervision and training had an effect size of 18 percentage points. However, the provision 

of only job aids or printed information or the use of technology-based interventions had none 

to small effect sizes (Table 2.1). With the baseline performance of 40%, the results indicate 

that even after implementing these strategies and interventions, close to a third of patients 

across the 337 reviewed studies did not receive the recommended care [Rowe et al., 2018].  

Table 2.1 The effectiveness of strategies to improve health worker performance [Rowe et al., 2018] 

Strategy  
Percentage practice outcomes 
Adjusted median effect size (IQR; 
range) 

Continuous practice  
Unadjusted median effect size 
(IQR; range) 

Community support plus strengthening 
infrastructure plus supervision plus other 
management techniques plus any training 

NA 76·1 (NA; 73·9 to 153·0) 

Strengthening infrastructure plus health 
system financing and other incentives plus 
supervision plus other management 
techniques plus any training 

57·7 (NA; 4·4 to 58·7) NA 

Group problem solving plus any training 56·0 (40·9 to 68·6; 29·2 to 77·8) 52·4* 

Strengthening infrastructure plus supervision 
plus other management techniques plus any 
training 

33·1 (NA; 29·4 to 36·7) 183·2 (63·2 to 456·3; 56·9 to 
615·5) 

Group problem solving only 28·0 (12·1 to 41·7; 5·5 to 61·2) -8·1 (–24·3 to 44·2; –28·2 to 84·1) 

Community support plus supervision plus any 
training 

20·7 (7·5 to 24·3; –2·9 to 25·3) NA 

Other management techniques plus printed 
information or job aid for HWs 

18·2 (NA; 4·7 to 31·8) 11·8 (NA; 0·3 to 16·5) 

Supervision plus any training  18·0 (6·0 to 25·2; –2·7 to 67·0) 11·1 (7·3 to 60·4; –16·3 to 101·1) 

Other management techniques only 16·5 (2·3 to 21·3; –11·1 to 25·3) NA 

Other management techniques plus any 
training 

15·9 (2·8 to 23·9; –1·7 to 54·2) 9·1 (NA; 8·3 to 9·9) 

Community support plus any training  15·1 (9·0 to 25·0; 8·2 to 29·6) 4·5 

Supervision only 14·8 (6·2 to 25·2; –6·1 to 56·3) –3·0 (NA; –90·4 to 31·4) 

Strengthening infrastructure only 13·0 (NA; –7·0 to 15·8) 152·1 (NA; 4·2 to 300·0) 

Supervision plus other management 
techniques plus any training 

11·4 (0·7, 11·4; –16·2 to 26·7) 30·1 (NA; 28·3 to 31·9) 

Patient support plus any training  11·2 (2·6 to 15·3; –6·4 to 31·5) 73·3 

Any training only 10·3 (6·1 to 20·7; –19·9 to 60·8) 17·5 (0·1 to 23·7; –25·0 to 81·4) 

Strengthening infrastructure plus supervision 
plus any training 

8·9 (–0·8 to 39·8; –4·8 to 64·9) 64·3 (31·9 to 88·7; 2·6 to 110·1) 

Supervision plus other management 
techniques 

7·7 (–1·3 to 11·7; –7·9 to 13·3) 94·3 (NA; –9·2 to 197·9) 

Group problem-solving plus information and 
communication technology for HWs 

6·7 (NA; –3·5 to 32·6) NA 

Supervision plus printed information or job 
aids for HWs 

2·3 (NA; 2·1 to 24·4) –3·7 (NA; –7·1 to 16·7) 

Printed information or job aids for HWs only 1·4 (–4·8 to 6·2; –13·7 to 11·6) –3·4 (NA; –72·0 to 6·5) 

Strengthening infrastructure plus supervision 
plus any training plus information and 
communication technology for HWs 

1·3 (NA; –1·7 to 20·1) NA 

Health system financing and other incentives 
only 

1·2 (NA; –2·6 to 5·0) 20·4 (NA; –23·9 to 72·4) 

Information and communication technology for 
only 

1·0 (–2·8 to 9·9; –2·9 to 15·1) –38·9 
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The use of multi-faceted interventions targeting infrastructure, training, supervision, and other 

management techniques (e.g. health worker self-assessment), and a combination of training 

and group problem solving might result in large effects in improving health worker 

performance [Marquez, 2001; Rowe et al., 2005; 2018; Holloway et al., 2013]. Additionally, 

the effectiveness of the strategies varies depending on the context of implementation, 

moderate versus low resource, or inpatient versus outpatient settings. 

2.2.3 Determinants of health worker performance 

Numerous factors may influence health worker performance. These factors can be grouped 

into two categories; interventional and non-interventional factors [Rowe et al., 2005]. 

Interventional factors include training, supervision, access to guidelines, among others, while 

non-interventional factors include patient characteristics such as age, gender, or severity of 

illness. Various factors also influence health worker performance at different levels of the 

health system. The factors can be grouped into health worker level characteristics, health 

system and facility characteristics, patient factors, and characteristics of the broader political 

and socio-economic environment [Rowe et al., 2005]. The conceptual framework for 

explaining the factors is displayed in Figure 2.1. 

Randomised controlled trials (RCTs) are ideally the best source of evidence of the effect of 

interventions on health worker performance; however, in LMICs, they are rare and expensive 

to conduct [Rowe et al., 2005]. Therefore, "other study designs (e.g., observational designs), 

although inherently more susceptible to some types of bias than randomised studies, can 

show what happens in real-life, and might be the only feasible choice” [Rowe et al., 2005]. 

Besides, RCTs cannot provide information on the true determinants under large scale routine 

implementation of programmatic interventions [Rowe et al., 2005]. Lastly, non-interventional 

factors cannot be studied through interventional studies; however, they can be understood by 
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hypothesised associations through cross-sectional or observational studies [Rowe et al., 

2005]. Therefore, a better understanding of the true determinants of health worker 

performance under routine implementation is essential for the development of targeted 

strategies and refining of programmatic interventions to improve performance. Rowe’s 

framework [2005] incorporated into the RBM malaria M&E logic model will be used to explore 

the factors influencing the quality of outpatient malaria case-management in later sections of 

this thesis (Section 2.5). 

Figure 2.1 Framework of the determinants of health worker performance [Rowe et al., 2005] 
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2.3 Literature review of the quality of outpatient malaria case-management in 

Africa 

This section presents a literature review of descriptive and interventional studies undertaken 

in Africa, focusing on health workers’ compliance with the outpatient malaria case-

management guidelines after adopting test-based management of malaria in 2010. The 

methodological characteristics of the studies, compliance levels and the factors associated 

with compliance are presented, concluding with a summary of the findings and evidence 

gaps. 

2.3.1 Introduction to review 

Before 2010, and during the period of complex and commonly ambiguous malaria case-

management recommendations, the problem of health workers’ suboptimal compliance with 

malaria guidelines was often reported across the continent [Zurovac et al., 2006; 2008a; 

2008b; Hamer et al., 2007; Reyburn et al., 2007; Rowe et al., 2009a; Juma & Zurovac, 2011; 

Sarrassat et al., 2011; Mangham et al., 2012]. Low testing rates [Zurovac et al., 2008a; Rowe 

et al., 2009a; Masanja et al., 2010; Steinhardt et al., 2014a], overtreatment of test negative 

cases with antimalarials [Zurovac et al., 2006; 2008a; Hamer et al., 2007; Reyburn et al., 

2007; Ssekabira et al., 2008; Nankabirwa et al., 2009; Sarrassat et al., 2011; Mangham et al., 

2012; Manyando et al., 2014] and presumptive treatment of malaria without testing were 

commonly reported across various countries [Hamer et al., 2007; Zurovac et al., 2008a; 

Mangham et al., 2012]. 

After the paradigm shift to universal test-based management of malaria in the outpatient 

settings in 2010, 44 out of 46 malaria-endemic countries in Africa adopted the new treatment 

policy by 2018 [World Health Organization, 2019]. The adoption was followed by a scaling up 
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of diagnostic ability by introducing RDTs in resource-limited facilities that could not 

parasitologically diagnose malaria. Nevertheless, household surveys conducted after 2010 

across SSA countries have indicated low uptake of malaria testing among febrile children 

[Johansson et al., 2014; World Health Organization, 2019]. By 2018, two systematic reviews 

examining facility-based health workers’ compliance with malaria guidelines after 2010 had 

been undertaken. However, they focused narrowly on RDTs, only on compliance with RDT 

results and included studies before 2010 during the time of complex and ambiguous 

recommendations [Kabaghe et al., 2016; Boyce & O’Meara, 2017]. This literature review is 

broader and includes a range of 12 outcomes along the “test and treat” pathway, as well as 

the factors influencing compliance with each of the examined outcomes. It consists of the use 

of both microscopy and RDTs after introducing the universal and unambiguous “test and 

treat” policy in 2010. Therefore, a review of the literature was conducted to assess the 

reported levels of health workers’ compliance and the factors influencing compliance with the 

malaria case-management guidelines in Africa after the policy change in 2010.  

2.3.2 Methods 

The PubMed, Web of Science and Ovid Embase databases were searched on 21st 

September 2018 for the relevant articles published in English between January 2010 and 

September 2018. The population of interest were febrile patients, defined as either a patient 

reporting a fever complaint, a history of fever during the current illness or having an axillary 

temperature measurement of ≥37.5 °C during outpatient consultations at health facilities in 

Africa. There was no restriction on the type of study design included in the review. A search 

strategy combining relevant terms and the names of the African countries was applied (Box 

2.1), and the output from the searches are shown in Appendix 1.  
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Box 2.1: Search strategy 

("Malaria, falciparum"[Mesh] OR "Plasmodium falciparum"[Mesh] OR malaria) 

AND 
("Africa"[Mesh] OR Algeria or Angola or Benin or Botswana or "Burkina Faso" or "Burkina Faso" 
or "Burkina Fasso" or "Upper Volta" or "Upper Volta" or Burundi or Cameroon or "Cape Verde" or 
Africa* or Chad or Comoros or "Iles Comores" or "Comoro Islands" or Congo or Zaire or Djibouti 
or Egypt or "Equatorial Guinea" or Eritrea or Ethiopia or Gabon or Gambia or Ghana or Guinea 
or "Ivory Coast" or "Cote d’Ivoire" or Kenya or Lesotho or Liberia or Libya or Libia or Jamahiriya 
or Jamahiryia or Madagascar or Malawi or Mali or Mauritania or Mauritius or "Ile Maurice" or 
Morocco or Mozambique or Namibia or Niger or Nigeria or Rwanda or "Sao Tome" or Senegal or 
Seychelles or "Sierra Leone" or Somalia or Sudan or Swaziland or Tanzania or Tanganyika or 
Zanzibar or Togo or Tunisia or Uganda or Sahara* or Zambia or Zimbabwe or Subsaharan or 
Sub-Saharan) 
AND 
(Ambulatory Care OR Outpatients OR Outpatient Clinics, Hospital OR Hospitals OR outpatient* 
OR health center* OR health centre* OR hospital OR hospitals OR facility OR facilities) 
AND 
(prescription OR ACT OR artemisinin-based combination therapy OR management OR case-
management OR treat* OR over-treatment OR antimalarial* OR health worker practice OR test* 
OR RDT OR diagnostic OR counselling OR dispensing OR guidelines OR care OR policy OR 
overtreat* OR antimalarial* OR guideline OR Diagnostic Tests, Routine OR "Antimalarials" OR 
"Artemisinins" OR "Health Policy" OR "Guideline Adherence" OR “Compliance”) 
AND 
English language 
AND 
year= ("2010 -Current") 

The main outcomes were constructed around health workers’ compliance with malaria “test 

and treat” case-management policy indicators (Box 2.2). First, studies that reported either the 

proportion of febrile patients who were tested for malaria, test positive patients treated with 

ACT, test negative patients not treated for malaria, or a composite indicator of testing and 

treating patients according to test results, and were undertaken after the global 

implementation of the “test and treat” policy in 2010, were included. Second, studies that 

reported the performance of any of the eight ACT dosing, dispensing, and counselling tasks 

were also included (Box 2.2). Third, studies reporting factors influencing health workers’ 

compliance with the malaria case-management guidelines were included. Lastly, the search 

also identified studies that reported the effect of malaria risk on compliance with malaria 

guidelines. All relevant studies were considered, and additional studies were identified from 

the citations of relevant articles and personal communications.  
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Box 2.2: Compliance with outpatient malaria case-management guidelines indicators 

Indicator Definition 

Primary indicators - “test and treat” compliance 

1. Testing compliance Febrile patients tested for malaria by either 
microscopy or RDTs  

2. Treatment compliance for test positive patients Prescription of recommended ACT for test positive 
patients 

3. Treatment compliance for test negative patients No antimalarial treatment prescribed for test negative 
patients 

4. Composite “test and treat” performance Febrile patients tested for malaria, and ACT 
prescribed for test positive or no antimalarial 
prescribed for test negative patients  

Secondary indicators - ACT dosing, dispensing, and counselling 

1. Correct ACT dosing Recommended ACT dose prescribed based on the 
age or weight of the patients 

2. Weighing Weight measured for patients prescribed ACT  

3. Prompt ACT administration  Direct observation of patients taking the first ACT 
dose at the facility 

4. ACT dosage explanation Patients explained how to take the ACT at home as 
per the dosing schedule 

5. Advice on the second dose schedule  Patients advised to take the second ACT dose after 
eight hours of taking the first dose 

6. Advice on taking ACT drugs after meals  Patients advised to take the ACT with food, milk or on 
a full stomach 

7. Advice on what to do in case of vomiting  Patients advised to repeat ACT dose if they vomit 
within 30 minutes and return to the facility for 
replacement 

8. Advice on completion of all ACT doses  Patients advised to complete all tablets even if they 
feel better 

The study selection process began by screening the titles and abstracts retrieved from 

different electronic databases for study inclusion after dropping duplicates using Endnote X8, 

followed by the full-text review of eligible articles. Data on general information, i.e. author 

name, year of publication, year of study, country, malaria transmission setting, the scale of 

evaluation, sample size, age of patients, level of health facility, study design, ownership of 

facilities and number of evaluations were extracted. All data were extracted using a 

standardised extraction sheet in Microsoft excel.  

Reporting of the levels of compliance from the reviewed studies was undertaken separately 

by the implementation context as 1) routine - combining the results from cross-sectional 

surveys, baseline surveys, pre-intervention studies, and control arms of trials, and 2) 

interventional - combining results from intervention arms and post-intervention results. Data 

were reported separately from studies that reported results from two or more study areas 
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resulting in more evaluations than the included studies. For the studies that reported repeated 

surveys, the results of the last surveys are included as the baseline surveys were undertaken 

before the implementation of the test-based policy.  

Random-effects meta-analysis was used to estimate the pooled levels of each of the 

outcomes by the implementation context, and the estimates were reported as proportions 

with 95% confidence intervals (95% CI) [Nyaga et al., 2014]. The linear temporal trends in 

“test and treat” performance were plotted using scatter and line graphs for routine 

evaluations. All analyses were undertaken using Stata version 15, and the results are 

presented using forest plots and graphs. A narrative synthesis of the factors associated with 

compliance was also reported from the studies.  

2.3.3 Results 

The searches yielded a total of 4,832 articles. An additional five articles were identified from 

hand searches and personal communications. After removing the duplicates, a total of 4,248 

articles were screened by titles and abstracts, whether they reported any of the indicators in 

Box 2.2 or factors influencing compliance (Figure 2.2). After excluding systematic reviews, 

study protocols, studies undertaken before 2010 and non-relevant studies, a total of 58 full-

text articles were assessed for eligibility and 29 were included in the review (Figure 2.2). 
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Figure 2.2 Summary of the literature search 

 

2.3.3.1 Summary of reviewed studies 

Table 2.2 reports the characteristics of the reviewed studies. The studies were undertaken in 

the following 12 African countries: seven in Tanzania (study numbers (no) 17-23), four in 

Malawi (study no 1-4), three in Uganda (study no 5-7), one in Angola (study no 8), two in 

Sudan (study no 12, 13), one in Nigeria (study no 24), two in Mozambique (study no 26, 27), 

one in Cameroon (study no 28), one in Namibia (study no 29), one in Congo (study no 25), 

three in Ghana (study no 4-16), and three in Kenya (study no 9-11).  

All searches  
(n =4,832) 

4,248 articles screened by 
titles and 4,071 discarded 

177 articles screened by 

abstracts; 119 articles discarded 

58 full text articles 

assessed for eligibility 
Full text articles 

removed  

(n=7 studies done 

before 2010, n=3 

reporting same results, 

n=16 no outcome 

reported, n=3 inpatient) 

  

Studies included 

(n = 29) 
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Three-quarters of the studies reported results from the public sector (22; 76%), 6 (21%) from 

both public and private sectors, and only one study reported results from the private sector 

alone. Six studies were undertaken on a national scale (study no 2-4,10-12), while the rest 

were either undertaken in a single district, zone, state, or multiple districts but on a sub-

national scale. The median number of health facilities assessed, health workers interviewed, 

and febrile patients evaluated were 22 (IQR 9-105), 119 (IQR 39-209) and 1,636 (IQR 681-

2,156), respectively. Twenty studies were cross-sectional surveys undertaken under routine 

conditions of malaria case-management implementation (study no 1-6, 8,10-19, 24-26) and 

nine were interventional studies (study no 7,9,20-23,27-29). The interventions evaluated by 

the nine studies included training on case-management and RDTs use, the supply of RDTs, 

interactive activities on adapting to change, professionalism and effective communication, 

feedback, text message reminders, and distribution of job aids. Twenty-one studies evaluated 

case-management indicators across all patient age groups and five in children under five 

years. Most of the reported studies (77%) were conducted at one point of evaluation except 

for one study from Kenya (study no 10) that reported trends across six surveys.  

The malaria endemicity of the study setting was reported from the methods or results 

sections of 23 studies (79%). Malaria prevalence levels were reported by only five studies 

(study no 1, 15, 17, 18, 23) and ranged between 0.5 to 60%. The authors used various terms 

to describe malaria endemicity in the remaining 17 studies. The terms included: endemic, 

high, low, perennial, EIR ranging from very low (<1) to very high (>100), intense, stable, 

holoendemic, mesoendemic, hypoendemic, moderate to high or all-year-round transmission. 

The authors did not report the transmission setting in eight studies (Table 2.2). 
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Table 2.2 Characteristics of included studies evaluating the quality of outpatient malaria case-management in Africa, 2010-2018 

Author [year] 
(Study number) 

Country 
 

Year of 
study 

Year of T&T 
policy 
adoption* 

Scale of 
study 

Ownership of 
facility 

Study 
design 

Study 
participants’ 
age 

Number of 
evaluations 

Sample 
size 

Malaria endemicity  

Namuyinga et al., 
[2017] (1) 

Malawi 
 

2015 2011 7 districts MoH/CHAM Cross-
sectional 

All 1  1427 Prevalence of 30% in <5 
and 60% in 5-21-year-old 

Johansson et al., 
[2016] (2) 

Malawi 2013-
2014 

2011 National MoH/private 
 

Cross-
sectional 

<5 years 1  1981 Endemic 

Steinhardt et al., 
[2014b; 2014a] (3,4) 

Malawi 2011 2011 National MoH/CHAM Cross-
sectional 

All 1  2019 Moderate-high 
transmission  

Bawate et al., [2016] 
(5) 

Uganda 2014 2012 1 district MoH Cross-
sectional 

All 1  240 NR 

Mbonye et al., 
[2015] (6) 

Uganda 2010-
2011 

2012 28 districts Public/private Cross-
sectional 

<6 months 1  18415 EIR very low (<1) to very 
high (>100) 

Sears et al., [2013] 
(7) 

Uganda 2011-
2012 

2012 6 districts MoH Longitudinal All 1  165,510 High and low 

Plucinski et al., 
[2017] (8) 

Angola 2016 2009 2 provinces MoH Cross-
sectional 

All 1  790 High and low 
transmission seasons 

Onchiri et al., [2015] 
(9) 

Kenya 2012-
2013 

2010 1 province MoH Cross-
sectional 

6 months-15 
years 

1  1362 Hypoendemic and 
holoendemic 

Zurovac et al., 
[2014] (10) 

Kenya 2010-
2013 

2010 National MoH/FBO/NGO Cross-
sectional 

All 6 1208-
2408 

NR 

Nyandigisi et al., 
[2011] (11) 

Kenya 2010 2010 National MoH/FBO/NGO Cross-
sectional  

All  2 4861 NR 

Abdelgader et al., 
[2012] (12) 

Sudan 2009 2009 National MoH/NGO Cross-
sectional 

All 1  1643 NR 

Bilal et al., [2015] 
(13) 

Sudan 2013 2009 1 hospital MoH Cross-
sectional 

<5 years 1  749 Low intensity  

Ameme et al., 
[2014] (14) 

Ghana 2013 2010 1 district MoH Cross-
sectional 

All 1  70 Endemic 

Kankpetinge et al., 
[2016] (15) 

Ghana 2015 2010 1 
municipality 

MoH/private Cross-
sectional 

<5 years 1  246 Prevalence of 25% 

Agandaa et al., 
[2016] (16) 

Ghana 2016 2010 1 district MoH Cross-
sectional 

<5 years 1  353 All year-round 
transmission 

Bastiaens et al., 
[2011] (17) 

Tanzania 2009-
2010 

2009 2 regions MoH Cross-
sectional 

<10 years 2  1608 Prevalence of 1-42% 
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Table 2.2 Continued 

Author [year] 
(Study 
number)  

Country 
 

Year of 
study 

Year of T&T 
policy 
adoption* 

Scale of 
study 

Ownership of 
facility 

Study design Study 
participants’ 
age 

Number of 
evaluations 

Sample 
size 

Malaria endemicity  

Bruxvoort et 
al., [2013] (18) 

Tanzania 2010 2009 3 regions MoH Pre-& post RDT 
surveys 

All 2  3446 Prevalence of 0.5-
19% 

Mubi et al., 
[2013] (19) 

Tanzania 2010-
2011 

2009 1 district MoH Cross-sectional All 1  195 Perennial 
transmission 

Masanja et al., 
[2012] (20) 

Tanzania 2010 2009 2 districts MoH/private Pre-& post RDT 
surveys 

All 1  1247 High and low 
transmission seasons 

Masanja et al., 
[2013] (21) 

Tanzania 2010 2009 2 districts MoH/private Cross-sectional All 1  503 High and low 
transmission seasons 

Cundill et al., 
[2015] (22)  

Tanzania 2011-
2012 

2009 2 districts MoH/FBO  RCT All 1  44121 Moderate and low 
transmission 

Shakely et al., 
[2013] (23) 

Tanzania 2010 2009 2 districts MoH Observational All 1  3890 Prevalence of 0.6-2% 

Mokuolu et al., 
[2016] (24) 

Nigeria 2014 2011 6 states private Cross-sectional All 1  2077 Intense, stable and 
holoendemic 

Mavoko et al., 
[2015] (25) 

Congo 2011 2010 12 health 
zones 

Public/private Observational All 1  624 NR 

Salomao et al., 
[2015] (26) 

Mozambique 2011 2009 11 
provinces 

Public Cross-sectional All  1  61730 Holoendemic 

Bottieau et al., 
[2013] (27) 

Mozambique 2010 2009 1 province MoH Observational-
RCT 

All 1  2672 Perennial 
transmission 

Mbacham et 
al., [2014] (28)  

Cameroon 2011 2011 2 regions MoH/FBO  RCT All 1  3982 NR 

Lourenco et 
al., [2014] (29) 

Namibia 2012 2011 4 districts Public RCT All 1  13882 Endemic 

T&T- “test and treat”; CHAM-Christian Health Association of Malawi; MoH-Ministry of Health; NGO-Non-Governmental Organisation; FBO-Faith-based Organisation; RCT-randomized controlled 

trial; * source WHO; NR-Not reported; EIR- entomological inoculation rate
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2.3.3.2 Composite malaria “test and treat” performance  

Ten studies undertaken under routine implementation (study no 5, 8, 10-12, 14, 15, 24, 25, 

28) and one interventional study (study no 28) reported composite malaria “test and treat” 

indicator measuring whether a patient was tested for malaria and only those with test positive 

results were treated with the recommended ACT. The proportion of patients who were tested 

and treated according to test results was 53% (95% CI 40-65%) across routine evaluations. 

The levels ranged between 27% in a study undertaken in Angola (study no 7) to 81% in a 

study undertaken in Nigeria (study no 24) (Figure 2.3). The temporal trend in the composite 

“test and treat” performance increased over the years (Figure 2.7). 

Only one trial undertaken in Cameroon evaluated the composite “test and treat” performance 

(study no 28). The performance was 43% in the arm that assessed the supply of RDTs with 

one-day training on RDT use and compliance with guidelines, and 55% in another arm that 

evaluated RDT supply, two-day training, supportive interactive activities and communication 

(study no 28). The composite “test and treat” performance was 52% (95% CI 42-62%) across 

the routine and interventional studies (Figure 2.3).  

Two cross-sectional studies evaluated factors associated with composite “test and treat” 

performance (study no 5, 8). In Uganda, level III health centres compared to level IV health 

centres, enrolled nurses compared to nursing aides, health workers’ attendance of continuing 

medical education sessions, and presence of functional laboratory in the facility were 

associated with health worker compliance with malaria diagnosis and treatment guidelines. 

The performance was not associated with health worker age, gender, educational level, 

refresher training, availability of job aids, facility supervision, antimalarial stock-outs, and 

patient-level factors (study no 5). 
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In Angola, the results were reported per province. In Huambo province, located in a low 

malaria transmission area, the proportion of health workers trained on malaria case-

management was the only factor associated with the correct management of suspected 

malaria cases. There was no association with patient age, patient gender, health facility type, 

availability of ACTs or diagnostics, the proportion of supervised health workers in the 

previous six months, and patients who tested positive on re-examination. However, in Uige 

province, located in a high transmission area, the availability of ACTs and patients age of ≥5 

years were associated with compliance. There was no association with patient gender, facility 

type, availability of diagnostics, the proportion of supervised health workers, trained health 

workers and patients who tested positive on re-examination in this province (study no 8).  

Figure 2.3 A pooled meta-analysis of composite malaria “test and treat” compliance presented as a 
proportion (ES) with 95% CI 
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2.3.3.3 Compliance with malaria testing of febrile patients  

Testing rates among febrile patients were reported across 28 evaluations. The proportion of 

febrile patients tested for malaria was 56% (95% CI 46-66%) from the studies undertaken 

under routine implementation (study no 1, 2, 8, 10-16, 18-20, 22, 24, 28, 29). The levels 

ranged from 16% in a baseline study undertaken in Tanzania before the implementation of 

RDTs (study no 18) to 92% in a study undertaken in under-five children in Ghana (study no 

16) (Figure 2.4). The temporal trend in malaria testing increased over the years (Figure 2.7). 

From the interventional studies with a recent intervention to improve the quality of malaria 

care, the testing rate was 72% (95% CI 56-87%) (study no 7, 20, 22, 28, 29). The 

interventions included malaria case-management and RDT use training, supervision, the 

supply of RDTs, communication, health worker and patient relationship training, distribution of 

posters and leaflets, feedback and motivational messages sent to health workers. The testing 

rates ranged from 55% in a randomised controlled trial undertaken in Tanzania where health 

workers were trained on RDT use and malaria case-management, sent performance 

feedback and motivational messages on their mobile phones, and distributed patient posters 

and clinic leaflets encouraging testing and compliance with test results (study no 22), to 98% 

in a longitudinal study undertaken in six sentinel surveillance sites in Uganda where the 

health workers were trained on fever management, and the facilities received diagnostic 

support and feedback (study no 7) (Figure 2.4). 
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Figure 2.4 A pooled meta-analysis of compliance with malaria testing of febrile patients presented as a 
proportion (ES) with 95% CI 

 

Only two studies evaluated the factors associated with health workers’ compliance with 

malaria testing of febrile patients in Kenya and Malawi (study no 1, 11). Patient-level factors 

were the strongest predictors of malaria testing. Patients who spontaneously reported fever, 

headache or vomiting to health workers, those without a cough or a running nose, aged five 
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years and above, were more likely to be tested for malaria. Moreover, patients who were 

seen by health workers with access to guidelines, those who visited FBO/NGO-owned, 

facilities with functional microscopy and with low caseload on the survey day were more likely 

to be tested for malaria. However, patients who had a skin problem complaint were less likely 

to be tested for malaria (study no 1, 11). There was no association between testing and 

health workers’ in-service malaria case-management training, supervision, and access to 

malaria guidelines in Kenya (study no 11).  

2.3.3.4 Compliance with ACT treatment for malaria test positive patients  

Studies that reported health workers’ compliance with test results by treating test positive 

patients with recommended ACTs were evaluated. The proportion of ACT treatment for test 

positive patients was 79% (95% CI 71-87%) across all the studies undertaken under routine 

implementation (study no 1, 3, 5, 8,10-12,14-16, 18, 20, 22, 24, 25, 28, 29). The treatment of 

positive cases with an ACT ranged from 33% in a study conducted in Congo (study no 25) to 

all test positive patients treated with an ACT in studies in Ghana and Namibia (study no 

14,15, 29) (Figure 2.5). The temporal trend in ACT treatment for test positive patients 

increased over the years (Figure 2.7). 

The proportion of test positive treated with ACT was 87% (95% CI 79-94%) across all 

interventional studies. The proportion ranged from 72% in a study undertaken in Tanzania 

where the facilities were supplied with RDTs and health workers were trained, given 

guidelines and supervised (study no 20), to the universal ACT treatment for test positive 

patients in a trial conducted in Namibia where the interventions included enhanced training of 

trainers, use of supportive mobile phone text reminders, motivation, and performance 

feedback (study no 29). Across all studies, the overall proportion of ACT treatment for 

positive patients was 82% (95% CI 76-88) (Figure 2.5). Some studies reported the use of 
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monotherapy like quinine (study no 13, 19, 25). Two studies did not specify the antimalarial 

treatment (study any 16, 19), and one study reported the use of either oral or injectable 

antimalarials (study no 2).  

Only two studies from Malawi and Uganda evaluated the association between a range of 

factors with the ACT treatment for patients with a positive malaria test (study no 3, 7). In 

Malawi, study number 3 evaluated the association of five health facility, five health worker, 

eight patient, and one regional factor with the correct treatment of confirmed malaria patients. 

The study reported an association in patients who complained of fever or chills or had a 

temperature of ≥37.5°C and those who were seen by medical assistants compared to those 

seen by either clinical or medical officers. In contrast, patients who complained of cough were 

less likely to be treated for confirmed malaria. There was no association with the following 

factors: patient age, gender, a complaint of fatigue or vomiting at the patient level; previous 

training in either IMCI or malaria case-management, supervision in the previous six months, 

gender and access to current guidelines at the health worker level; health facility type, 

availability of AL, presence of a thermometer, functional microscopy and ownership at the 

health facility level; and the region (study no 3).  

In Uganda, a cross-sectional study evaluated one health worker and five patient-level factors 

associated with the failure to prescribe ACT to positive cases from six sentinel sites (study no 

7). The interventions provided to these sites included training of health workers, provision of 

feedback on case-management and supply of laboratory materials. There was an association 

with the clinical site, a patient aged less than ten years, and women aged 15 to 49 years old 

compared to other women and patients prescribed antibiotics. There was no association with 

malaria transmission season (study no 7). 
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Figure 2.5 A pooled meta-analysis of compliance with ACT treatment for test positive patients 
presented as a proportion (ES) with 95% CI 

 

2.3.3.5 Compliance with no antimalarial treatment for test negative patients  

The level of health workers’ compliance with not prescribing any antimalarial for test negative 

patients was 77% (95% CI 69-84%) across evaluations under routine implementation. The 

proportion ranged from 16% in a study conducted in Cameroon (study no 28) to 98% in 

studies undertaken in Angola and Namibia (study no 8, 29) (Figure 2.6). The temporal trend 
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in compliance with no antimalarial treatment for test negative patients increased over the 

years (Figure 2.7). 

Across interventional studies, the compliance level was 90% (95% CI 81-96%). The 

compliance level ranged from 48% in a trial undertaken in Cameroon that involved training of 

health workers on RDT use and compliance with treatment guidelines (study no 28) to 99.9% 

in a study undertaken in Zanzibar that included health workers’ training on updated IMCI 

guidelines that incorporated the use of RDTs (study no 23). No antimalarial treatment for test 

negative patients was 82% (95% CI 75-88%) across all the routine and interventional studies 

(Figure 2.6). 

Two studies from Kenya and Malawi evaluated factors associated with overtreatment of 

malaria in patients with negative malaria test (study no 3, 9). In Kenya, a cross-sectional 

paediatric study undertaken within an ongoing surveillance study in two health facilities 

reported an association between malaria treatment for negative cases with fever and the 

presence of at least one IMCI danger sign. Whereas test negative patients who sought care 

before consultation and those who had taken antibiotics were less likely to be treated for 

malaria. There was no association with prior use of antimalarials and children whose mothers 

were HIV positive (study no 9). 

In a nationally representative cross-sectional study undertaken in Malawi, patients who 

spontaneously complained of fever, vomiting, chills, and had a temperature measurement of 

≥37.5°C on exit were more likely to be over-treated for malaria in the presence of test 

negative results. However, those who complained of fatigue were less likely to be over-

treated for malaria. There was no association between the health facility and regional factors 

(study no 3).  
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Figure 2.6 A pooled meta-analysis of compliance with no antimalarial treatment for test negative 
patients presented as a proportion (ES) with 95% CI 
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Figure 2.7 Temporal trends in compliance with malaria “test and treat” guidelines 

 
*Source: from the literature review by the author 

2.3.3.6 Compliance with ACT dosing, dispensing, and counselling  

Six studies evaluated at least one of the eight dosing, dispensing, and counselling tasks 

provided to patients prescribed ACTs. Only one study evaluated all the eight tasks (study no 

10), two studies evaluated six tasks (study no 1, 4), two studies reported the compliance with 

five tasks (study no 8, 12), and one reported performance of two tasks (study no 21) (Figure 

2.8).  

Correct ACT dosing according to weight or age was reported in five studies with an overall 

proportion of 85% (95% CI 72-94%). The dosing correctness ranged from 27% reported in a 

study undertaken in Angola (study no 8) to 99.8% revealed in Kenya (study no 10). Only 

three studies reported whether patients were weighed. The weighing performance ranged 

from 6% in Sudan (study no 12) to 64% in a study undertaken in Kenya (study no 10), with an 
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overall proportion of 32% (95% CI 5-68%) (study no 8, 12, 21). Five studies undertaken in 

Angola, Malawi, Sudan, and Kenya reported whether the first ACT dose was administered at 

the facility. The overall proportion of patients given the first ACT dose at the facility was 19% 

(95% CI 6-37%) (study no 1, 4, 8, 10, 12), ranging from 3% in a national study undertaken in 

Sudan (study no 12) to 51% reported from Kenya (study no 10). Most patients were explained 

the ACT dosage, with an overall proportion of 92% (95% CI 88-95%; range: 84-95%) across 

five studies (study no 1, 4, 8, 10, 12). Conversely, a few patients were advised on what to do 

in case of vomiting with an overall proportion of 7% (95% CI 6-8%; range: 6-7%) across four 

studies (study no 1, 4, 10, 12). Only one study evaluated advising patients to take the second 

ACT dose after eight hours of taking the first dose (study no 10) (Figure 2.8).  

No study explored the factors associated with ACT dispensing and counselling compliance 

except one study undertaken in Tanzania that evaluated seven health facility and five patient-

level factors affecting correct AL dosing (study no 21). Patients aged 3 to 12 years compared 

to those below three years, those weighing >15 to 35 kg compared to those below 15 kg, and 

those seen in private facilities were less likely to be prescribed the correct AL dose. Presence 

of fever, tests performed, treatment provided, facility supervision, training on AL, facility type, 

availability of AL, diagnostics, reference materials on guidelines and weighing scales in the 

facilities were not associated with correct AL dosing (study no 21). 
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Figure 2.8 A pooled meta-analysis of compliance with ACT dosing, dispensing, and counselling 
presented as a proportion (ES) with 95% CI 
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2.3.3.7 Effect of malaria endemicity on “test and treat” practices 

The effect of malaria risk on “test and treat” performance was singled out as it can be 

hypothesised that health workers in high malaria risk areas comply more with testing of fevers 

with inadequate compliance with test negative results. In contrast, those from low-risk areas 

might not comply with testing of all fevers but have higher compliance with test results due to 

the pre-and post-test probability of malaria depending on the risk level of a particular area 

[Graz et al., 2011]. Pre-test probability of a disease is whereby a health worker suspects the 

presence of a disease in a patient before s/he performs a diagnostic or screening test. It is 

based on specific signs and symptoms of presentation of patients through history taking and 

physical examination (e.g. fever for malaria), clinical experience or background disease 

prevalence (e.g. malaria parasite prevalence), resulting in differential clinical diagnosis. The 

presenting pre-test probability of disease can increase or decrease the likelihood of utilizing a 

test [Heneghan et al., 2009; Arroll et al., 2012]. On the other hand, the post-test probability of 

a disease is the possibility of a patient having a disease based on the test results [Graz et al., 

2011; Arroll et al., 2012; Gogtay & Thatte, 2017].  

Therefore, the studies were also reviewed on whether malaria endemicity was evaluated 

either as a covariate or a stratifying factor for compliance. Only four studies incorporated 

malaria endemicity in their evaluations (study no 6-9). In Angola, outpatient malaria case-

management was evaluated in two provinces, one located in high and one in low 

transmission areas (study no 8). The results indicated higher health workers’ compliance with 

malaria testing and treatment guidelines in the high malaria transmission area (59%) 

compared to only 27% compliance rate in the low malaria transmission area despite the high 

availability of diagnostic services and malaria drugs at the facilities. The difference in 

compliance levels was highly driven by 69% and 30% testing rates in the high and low 

malaria risk areas, respectively. The authors attributed the difference in performance between 
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the two areas to the decline in malaria transmission in the low-risk area resulting in the 

complacency of health workers to test for malaria as they had low malaria suspicion. 

Whereas in the high stable malaria transmission area, health workers recognized the role of 

malaria as a cause of illness in their population, resulting in higher, albeit not optimal, testing 

compliance (study no 8). 

In Uganda, two studies examined malaria endemicity as a factor influencing compliance with 

test results (Study no 6, 7). Malaria endemicity was associated with the prescription of 

antimalarials for test negative infants. Infants who visited facilities in medium to high malaria 

areas had higher odds of being prescribed an antimalarial despite a negative malaria test 

compared to those in very high malaria transmission areas (study no 6). Moreover, another 

Ugandan study evaluated the association of the transmission season (high vs low) with ACT 

treatment for test positive patients and found no association (study no 7). Lastly, in Kenya, 

the frequency of overtreatment for test negative patients and the factors associated with such 

practices were evaluated in two hospitals from different malaria transmission settings (study 

no 9). The results indicated 57% and 7% of antimalarial treatments for test negative patients 

at high and low malaria risk areas, respectively (study no 9).  

2.3.4 Summary of findings  

Table 2.3 shows the pooled estimates of compliance levels, while Table 2.4 shows the factors 

associated with compliance across the reviewed studies. Despite some improvement trends, 

health workers’ performance of the 2010 “test and treat” malaria guidelines remain 

suboptimal. From the reviewed studies, approximately 44% of febrile patients presenting to 

outpatient health facilities in Africa were not tested for malaria under the routine 

implementation of the policy. The testing levels are lower compared to 84% based on routine 

data and 66% from household surveys reported in the WMR 2019 [World Health 
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Organization, 2019]. Furthermore, the studies reviewed showed that when patients were 

tested, and the results were positive, not all were treated with ACTs (79%) (Table 2.3), with 

some reporting the use of non-recommended drugs or monotherapies. The levels of ACT 

treatment for test positive patients was similar to the WMR 2019 report of 80% [World Health 

Organization, 2019]. However, the levels were lower compared to 97% treatment rates 

reported by Kabaghe et al. [2016], probably because this review did not focus only on ACT 

treatment. Inappropriate antimalarial treatment for test negative patients leading to over-

treatment of malaria was common across the evaluations (23%) (Table 2.3), a finding similar 

to the previous reviews [Kabaghe et al., 2016; Boyce & O’Meara, 2017]. Almost half of the 

febrile patients (47%) were not tested and treated according to the malaria case-management 

guidelines, as measured by the composite indicator (Table 2.3).  

Performance of the ACT dosing, dispensing, and counselling tasks was generally suboptimal. 

However, most of the patients were given an ACT dosage explanation (90%). In contrast, 

only 7% of the patients were counselled on what to do in case of vomiting after taking the 

ACT. Moreover, the administration of the first ACT dose at the facility to promote prompt 

treatment and patient adherence was performed for only 19% of the patients (Table 2.3). 

Furthermore, despite higher performance compared to the routine settings, health workers’ 

compliance was still suboptimal from post-interventional studies. In these studies, 72% of 

febrile patients were tested for malaria, 87% of test positive patients were treated with ACTs, 

90% of test negative patients were not treated with antimalarial and the composite “test and 

treat” performance was 49%. None of the interventional studies evaluated any ACT dosing, 

dispensing, and counselling tasks (Table 2.3). Although the summary estimates from the 

meta-analyses were limited by the high levels of heterogeneity, suggesting variability across 

the included studies, they give a modest guidance on the levels of compliance to expect 
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across Africa and that they might vary between countries and even within countries as I will 

later explore in the thesis. 

Table 2.3 Compliance with malaria “test and treat” policy, and ACT dosing, dispensing, and counselling 
tasks across Africa 

Indicator Routine  

% (95% CI)  

Interventional  

% (95% CI) 

Overall  

% (95% CI) 

Malaria testing of febrile patients 56 (46-66) 72 (56-87) 61 (50-72) 

ACT treatment for test positive patients 79 (71-87) 87 (79-94) 82 (76-88) 

No antimalarial treatment for test negative patients 77 (69-84) 90 (81-96) 82 (75-88) 

Composite “test and treat” performance 53 (40-65) 49 (47-51) 52 (42-62) 

Correct ACT dosing 85 (72-94)   

Weighing 32 (5-68)   

Administration of the first ACT dose at the health 
facility 

19 (6-37)   

ACT dosage explanation 92 (88-95)   

Advised to take second ACT dose after eight hours 76 (72-80)   

Advised to take ACT after meals 36 (19-54)   

Advised what to do in case of vomiting 7 (6-8)   

Advised to complete all ACT doses 65 (48-80)   

Interventional (e.g. exposure to training, supervision, job-aids, guidelines) and non-

interventional (e.g. patients’ age, clinical features) factors influencing malaria case-

management were occasionally examined by one or two studies per outcome (Table 2.4). 

The factors associated with health workers’ compliance with the four “test and treat” 

indicators (malaria testing, ACT treatment for test positive, no antimalarials for test negative 

patients, and composite “test and treat” performance) and correct AL dosing were examined 

by at least one study. The factors associated with these outcomes varied across studies, 

study populations and indicators (Table 2.4). Overall, the most widely used interventional 

strategies to implement the test-based management of malaria across SSA, such as in-

service training, supervision, and job aids, did not influence compliance with the five 

indicators. However, the proportion of trained health workers was associated with a higher 
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composite “test and treat” compliance in a low malaria transmission area. The availability of 

commodities (diagnostics and ACTs) and access to malaria guidelines had either a positive 

or no effect on compliance across the reviewed studies.  

Patients’ signs and symptoms suggestive of malaria (fever, headache, vomiting and chills) 

were associated with higher compliance with testing and ACT treatment for test positive 

patients. On the other hand, being in high malaria risk areas, the presence of a danger sign in 

children, anaemia, and the above signs suggestive of malaria led to overtreatment when the 

results were negative. Skin problem and cough were associated with higher compliance with 

test negative results and lower compliance with testing and ACT treatment (Table 2.4). Lastly, 

malaria endemicity seems to influence health workers’ compliance with the test-based 

management of malaria with higher compliance in high-risk areas compared to low 

transmission areas.   
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Table 2.4 Factors associated with compliance with malaria “test and treat” policy and ACT dosing 

 Composite 
“test and treat” 
performance  

Malaria testing 
of febrile 
patients 

ACT treatment 
for test positive 
patients 

No antimalarial 
treatment for 
test negative 
patients 

Correct ACT 
dosing 

No of studies 2 2 2 2 1 

   Clinical site   

Health facility 
level 

Lower facility 
level 

FBO/NGO 
ownership 

  Private 
ownership  

 Functional 
laboratory 

Microscopy 
available 

   

 Availability of 
ACTs 

Low patient 
caseload 

   

Health 
worker level 

Higher cadre  Access to 
guidelines 

Lower cadre   

 CME attendance     

 In-service 
training 

    

Patient-level ≥5 years of age Fever Fever Fever 3 to 12 years 
of age 

  Headache Chills IMCI danger sign Weight of 
>15 to 35 kg 

  Vomiting Temperature 
≥37.5°C 

Sought care prior 
to consultation  

 

  Cough  Cough Prior use of 
antibiotics 

 

  Running nose <10 years of age Vomiting  

  Age Women aged 15 
to 49 years  

Chills  

  Skin problem Prior use of 
antibiotics 

Temperature 
≥37.5°C 

 

    Fatigue  
*Source: from the literature review by the author; CME-continuous medical education.  

2.3.5 Evidence gaps 

Most of the reviewed studies were undertaken on a limited, nationally non-representative 

scale (24/29, 83%). Only one study evaluated the national trends of quality of care over time 

from 2010-2014 [Zurovac et al., 2014]. However, whether the performance varies sub-

nationally with respect to malaria endemicity over time has not been examined in any of the 

reviewed studies. Two studies evaluated the factors associated with malaria testing 

[Nyandigisi et al., 2011] and treatment according to test results [Steinhardt et al., 2014b] on 

the national scale but at only one point in time. Most of the studies were conducted at a single 

point as stand-alone evaluations (25/29, 86%), with a few remaining studies done as pre-and 

post-intervention evaluations only [Bastiaens et al., 2011; Bruxvoort et al., 2013]. Most 
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studies reported either one or two “test and treat” outcomes such as recommended treatment 

or malaria testing (18/29, 62%). Some studies did not specify the antimalarial prescribed for 

positive cases [Mubi et al., 2013; Agandaa et al., 2016]. A few studies examined the 

determinants of a single outcome (e.g. only malaria testing) [Nyandigisi et al., 2011; Sears et 

al., 2013; Onchiri et al., 2015; Bawate et al., 2016; Namuyinga et al., 2017; Plucinski et al., 

2017]. The studies rarely considered the effect of malaria endemicity on the case-

management practices [Sears et al., 2013; Mbonye et al., 2015; Onchiri et al., 2015; Plucinski 

et al., 2017; 2018] and applied statistical methods that did not adjust for confounding effects 

[Sears et al., 2013; Bawate et al., 2016]. Some of the studies restricted the study populations 

to specific outpatient groups (e.g. only children) [Bastiaens et al., 2011; Bilal et al., 2015; 

Mbonye et al., 2015; Onchiri et al., 2015; Agandaa et al., 2016; Johansson et al., 2016; 

Kankpetinge et al., 2016] with a paucity of data examining compliance across all age-groups. 

A few studies examined the determinants of compliance at the high levels of performance 

[Masanja et al., 2013; Steinhardt et al., 2014b; Namuyinga et al., 2017]. Finally, while only a 

few studies evaluated the determinants of malaria case-management performance, there is a 

notable absence of the studies examining determinants of the compliance improvements over 

time and across all the outcomes along the “test and treat” pathway, including the ACT 

dosing, dispensing and counselling tasks. 

2.4 PhD objectives 

The overall aim of this PhD work is to explore health workers’ compliance trends by malaria 

endemicity and the determinants of compliance using the Kenyan national health facility 

survey datasets described in the next chapter. The two objectives addressed by the PhD are 

as follows:  
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1. To determine trends in health workers’ compliance with outpatient malaria case-

management guidelines by malaria endemicity, 

2. To examine the determinants of health workers’ compliance with outpatient malaria 

case-management guidelines. 

The determinants of compliance were explored over two time periods: a) the period of 

improvement trends from 2010-2016 (Objective 2a), and b) the period of plateauing 

performance phase from 2014-2016 (Objective 2b), based on the Kenyan national-level 

results described in Section 3.2.4 in the next chapter.  

2.5 Conceptual framework  

Rowe’s framework of determinants of health worker performance presented in Section 2.2.3 

(Figure 2.1) [Rowe et al., 2005] applied to the RBM M&E logic model for malaria control 

developed by the Monitoring and Evaluation Reference Group (MERG) and reflected in the 

Global Malaria Action Plan (GMAP) 2008-2015 [RBM & WHO, 2000; RBM, 2008] was used in 

the thesis. The M&E logic model for malaria case-management describes the linear 

relationship from inputs indicators (e.g. malaria commodities, guidelines, health workers) and 

processes (e.g. training, treatments, delivery of interventions) resulting in outputs (e.g. 

services delivered, RDTs delivered, staff trained) that ultimately lead to the desired outcomes 

(e.g. patients tested) and long term impact on the health of the population (e.g. reduced 

mortality). Rowe’s framework focuses on the outcome component of the RBM logic model by 

examining health facility, health worker and patient-level factors influencing performance.  

Figure 2.9 illustrates how the PhD objectives relate to this logic model and conceptual 

framework. As malaria endemicity may influence compliance (Section 2.3.3.7), objective 1 

examines the trends in compliance with guidelines by the malaria epidemiological zones 
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described in Section 1.3.3. Objective 2 expands the examination of the factors influencing 

health workers’ compliance beyond the levels of endemicity. Using Rowe’s framework of 

determinants of health worker performance, the second objective examines whether multi-

level interventional and non-interventional factors are associated with 1) compliance 

improvements between 2010 and 2016 (Objective 2a) and 2) high but suboptimal compliance 

levels without further improvements between 2014 and 2016 (Objective 2b) (Figure 2.9). 

Figure 2.9 Conceptual framework for the PhD work 
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Chapter 3: Malaria case-management monitoring in Kenya 

and data management for secondary analysis 
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3.1 Introduction 

This chapter provides background information on monitoring malaria case-management in 

Kenya, including a description of the methodologies and a reanalysis of the national-level 

results of the national surveys specifically designed to monitor the quality of outpatient 

malaria case-management in Kenyan public health facilities between 2010 and 2016 (Section 

3.2). It further describes the data management process of linking, merging, and restricting 

national-level datasets for the patient-level secondary analyses of the PhD objectives. The 

chapter concludes with the description of the final patient-level dataset with attributed 

multilevel characteristics used for analysis and results presented in Chapters 4, 5, and 6 

(Section 3.3).  

3.2 Malaria case-management monitoring in Kenya 

This section describes the main population- and health facility-based data sources of malaria 

case-management indicators in Kenya.  

3.2.1 Kenya Demographic and Health Survey 

In 2014, the Kenya National Bureau of Statistics (KNBS), in collaboration with the MoH and 

other departments and partners, conducted the sixth Kenya Demographic and Health Survey 

(KDHS), a follow-up of the previous 2008-09 survey [KNBS et al., 2014]. KDHS is a nationally 

representative population-based household survey undertaken after every four to five years 

to collect data on a wide variety of demographic and health indicators. The KDHS was 

conducted between May and October 2014, and it included malaria-related questions based 

on household survey indicators for measuring population coverage with malaria control 

interventions [DHS, 2013]. The KDHS included indicators assessing malaria case-
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management among children under five years. A total of 36,430 households were interviewed 

during the survey, and information about 18,702 under-five children was obtained. Overall, 

24% of the under-five children had a fever in the past two weeks, similar to the 2008-09 

estimate. Among the children with fever, 72%, compared to 49% in 2008-09, sought care 

from a health care provider, 35% were tested for malaria, and 27% compared to 23% in 

2008-09 took an antimalarial. Only 23% of children took an ACT, an improvement of 8% 

compared to 2008-09 [KNBS & ICF Macro, 2010; KNBS et al., 2014].  

3.2.2 Kenya Malaria Indicator Survey 

In 2015, the NMCP, in collaboration with ICF International and KNBS, conducted the KMIS, a 

follow-up of the KMIS 2010. KMIS are nationally representative population-based household 

surveys assessing household coverage and morbidity indicators. The KMIS was conducted 

between 6th July and 15th August 2015, and it included an assessment of malaria case-

management indicators (testing and treatment) for children below five years of age. A total of 

6,481 households were interviewed during the survey, and information on 3,168 under-five 

children was obtained. Among the under-five children, 36% compared to 27% in 2010 had a 

fever in the past two weeks. Among the children with fever, 72% sought care from a health 

care provider compared to 59% in 2010, and 39% compared to 12% in 2010 had their blood 

taken for testing. Among all children with fever, 27% took an antimalarial compared to 35% in 

2010 and only 25% were treated with ACT, an increase compared to 18% in 2010 [DOMC et 

al., 2011; NMCP et al., 2016].  

3.2.3 The District Health Information System  

The DHIS2 is a free and open-source web-based reporting system for routine health data 

collection, collation, management, and reporting [HISP, 2017]. In Kenya, the system was first 
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piloted in 2010 and later launched in 2011 [Manya et al., 2012]. The system is managed by 

the MoH and relies on health records officers who upload the facility-level data on diseases, 

commodities, and service delivery every month. The records officers use paper-based source 

documents (e.g. tally sheets, registers, monthly data reporting forms) to collect data at the 

health facilities, which are then keyed into the DHIS2 system. Clinical and confirmed malaria 

cases are reported through the system. The DHIS2 system can ideally provide some data 

elements for M&E of malaria case-management. However, the data reporting through the 

system is faced with adequacy, reliability and completeness challenges resulting in the 

absence of the case-management indicators, specifically lack of malaria testing rates for 

febrile patients, treatment according to test results, and dispensing and counselling practice 

indicators [Githinji et al., 2017; Maina et al., 2017; Okello et al., 2019]. 

3.2.4 Monitoring of outpatient malaria case-management in Kenya  

This section presents the national surveys specifically designed to monitor the quality of 

outpatient malaria case-management in Kenya between 2010 and 2016. It begins with my 

contribution to the surveys, followed by a brief introduction and description of the survey 

methods. The section ends with reanalysed 2010-2016 national-level results of a) health 

systems readiness to provide recommended malaria case-management, and b) actual health 

workers’ practices measuring compliance with outpatient malaria case-management 

guidelines. The descriptions provide the basis for further data management (Section 3.3) and 

secondary analyses addressing the PhD objectives (Chapters 4-6). 

3.2.4.1 The author’s contribution to health facility surveys in Kenya 

I participated in the 10th and 11th rounds of the national health facility surveys in Kenya. My 

contribution comprised sampling of the health facilities, preparation of data collection 
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databases, training of data entry clerks, data management and cleaning, and the analysis 

and write up of the survey reports for the NMCP. During these two rounds, I have specifically 

prepared random samples of health facilities, team lists and maps of the facility locations 

used by field workers during the surveys, provided one-day training of data entry clerks, 

supervised data entry, undertook data management, conducted under supervision, the 

descriptive data analysis and contributed to the writing of two NMCP reports. 

3.2.4.2 Introduction to Kenya health facility surveys 

In 2001, the DOMC established four sentinel districts with different malaria transmission 

levels for monitoring of the quality of outpatient malaria case-management [Zurovac et al., 

2004; Zurovac et al., 2005; Zurovac et al., 2006; Njogu et al., 2008; Zurovac et al., 2008a; 

2008b]. However, the monitoring of case-management comprising only four out of 70 districts 

countrywide was on a small, non-nationally representative scale. Therefore, from 2010 and 

alongside the 2009-2017 KNMS implementation, the DOMC expanded the scale and 

launched nationally representative health facility surveys to monitor on a biannual basis the 

implementation of the new 2010 “test and treat” policy [Nyandigisi et al., 2011; Zurovac et al., 

2014]. The primary objectives of these surveys were to monitor the availability of “test and 

treat” commodities for malaria and to evaluate health workers’ compliance with outpatient 

malaria case-management guidelines at public health facilities in Kenya.  

The role of health facility surveys was programmatically re-examined in 2012, alongside the 

extension of the “test and treat” policy to include the WHO promoted “track” component 

aiming at universal testing and improved malaria surveillance through the routine health 

management information systems [World Health Organization, 2012c]. The inadequacy of 

case-management data elements at source documents (e.g. lack of fever, dispensing and 

counselling information), absence of patient-level linked information (e.g. treatment based on 
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test results), the inability of attributing practices to the facility readiness (e.g. testing where 

diagnostics are available), competing interests between control programmes and 

complexities of revising source documents, high discordance between source documents, 

summary reports and DHIS2 data, and low reporting rates are some of the reasons 

supporting the continued use of health facility surveys to monitor the quality of outpatient 

malaria case-management. The low reliability of routine case-management reports observed 

in Kenya [Githinji et al., 2017; Maina et al., 2017] is not unique and concur with similar 

findings reported over decades in Africa [Rowe et al., 2009b; Cibulskis et al., 2011; Maokola 

et al., 2011; World Health Organization, 2012d; 2018d; Colborn et al., 2020]. Even though 

increased reporting rates have been noted more recently [Alegana et al., 2020], the 

challenges of the inadequacy of source documents and unreliability of reporting has 

unfortunately persisted across the continent [Colborn et al., 2020]. 

Moreover, the existing integrated national health facility surveys like Service Availability and 

Readiness Assessment and Mapping (SARAM) or Service Provision Assessment (SPA), 

either limit assessments to the readiness component (e.g. SARAM) or limit case-

management evaluation only to children (e.g. SPA) [NCAPD et al., 2011; World Health 

Organization, 2013b; Government of Kenya, 2014; Macarayan et al., 2018; Cohen et al., 

2020]. While these surveys are potentially modifiable to capture malaria readiness and case-

management indicators comprehensively, they are, however, rarely undertaken to be able to 

provide timely information for policy implementers and donors. Notably, despite commonly 

cited periodicity of 3-5 years, the latest Kenyan SPA survey reporting paediatric quality of 

care was undertaken a decade ago, in 2010 [NCAPD et al., 2011]. Moreover, the latest 

2018/2019 Harmonized Health Facility Assessment (HHFA) combining SPA and SARAM 

surveys focused exclusively on the readiness but not on the case-management evaluation 

[MoH, 2019c]. 
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The shortcomings of the routine information systems and low periodicity with limited quality of 

care information of the integrated facility surveys have contributed to either absence of the 

case-management information in most African countries, including Kenya, or the availability 

of limited data collected on an ad hoc basis by research groups under rarely generalizable 

implementation scenarios, as described in the literature review in Section 2.3. Therefore, to 

circumvent these deficiencies, the Kenyan NMCP launched an innovative strategy deploying 

repeated, cross-sectional health facility surveys since 2010. 

3.2.4.3 Methods of the health facility surveys 

3.2.4.3.1 Survey objectives and indicators 

The objectives of the malaria case-management health facility surveys were: 

• To determine the national levels and trends in the availability of recommended 

antimalarial drugs, malaria diagnostics and other malaria-related support activities at 

public health facilities, 

• To determine the national levels and trends in health workers’ compliance with 

outpatient guidelines for malaria diagnosis, treatment, drug dispensing and 

counselling at public health facilities. 

The key monitoring indicators included the ones specified in the M&E Plan 2009-2017 

(Section 1.3.5.4) measured at the health facility, health worker and patient level. The facility-

level indicators reflect the readiness to provide malaria case-management services and 

include the availability of AL, malaria diagnostics, guidelines, and job aids. The health worker 

level indicators include exposure to the training on the new case-management 

recommendations, guidelines, and supportive supervision. The indicators measured at the 

patient level are outlined in Box 2.2 under Section 2.3.2. The primary monitoring indicator is a 

composite “test and treat” performance, measured at the patient level and comprised of 



97 

 

malaria testing of febrile patients, AL treatment for test positive patients or no antimalarial for 

test negative patients. The case-management indicators were measured in two ways. First, at 

all health facilities, regardless of the availability of malaria diagnostics and antimalarial 

medicines to assess the overall performance of the “test and treat” policy. Second, at the 

facilities with available malaria diagnostics and antimalarial medicines to assess health 

workers’ compliance with outpatient malaria guidelines, which cannot be measured in the 

absence of the “test and treat” commodities. Health workers’ compliance measured at 

facilities with available commodities presented the primary objective of the case-management 

monitoring. 

3.2.4.3.2 Sample size determination 

The sample size of health facilities and patients included in each survey was calculated to 

detect a 15 percentage-points difference in health workers’ compliance with the composite 

“test and treat” indicator between two surveys. To address the primary objective of health 

workers’ compliance measurement and homogeneity of practices within facilities, the sample 

was adjusted for clustering effect at the health facility level and the likelihood of practices at 

facilities without case-management commodities. The following sample size calculation 

formula was used: 

 

Where: 

Z1-α = 1.96 (5% significance)  

Z1-β = 0.84 (80% power)  

P1 = the value of key outcome at time 1 

n=
deff x {Z1-α  𝟐𝑷  𝟏 − 𝑷 + Z1-β 𝑷1 𝟏 − 𝑷1 + 𝑷2(𝟏 − 𝑷2)}

(P2 − P1)2
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P2 = the value of key outcome at time 2 

P = (P1 + P2)/2 

deff = design effect 

Therefore, assuming that 50% of health facilities would lack malaria diagnostics and AL on 

the survey day, a sample size of 680 in each age group (below and above five years of age) 

was required at each survey. With an assumption of recruiting an average of 4 patients per 

facility per survey day, a minimum of 170 health facilities was required per survey.  

3.2.4.3.3 Sampling 

A proportionate stratified random sample was drawn from all public health facilities taking into 

consideration the level of the facility, ownership (government or FBO/NGO), and 

administrative boundaries (provinces) to ensure national representativeness for each survey. 

An updated list of all public health facilities was obtained from the MoH before each survey. It 

included all facilities owned by the MoH, local authorities (LAs), FBOs, NGOs, and the local 

communities. Level six hospitals, as they serve as referral facilities, mobile clinics and 

government facilities providing services to special patient groups (e.g. military or prisoners), 

and facilities from Nairobi Province due to the absence of malaria transmission, were 

excluded from the surveys. The facilities were grouped into the following four strata within 

each of the seven provinces: 1) FBO/NGO facilities, 2) MoH and LAs owned facilities, 3) 

smaller facilities (dispensaries and health centres), and 4) hospitals, resulting in 28 strata. 

From each of the 28 formed strata, a proportionate random sample of facilities was drawn. 

The same sampling methods were applied during all surveys with the exception of the 

following modifications: first, from 2013, due to the administrative devolution process in the 

country, the national representativeness of the facilities after the sixth survey was ensured by 

taking into consideration sampling fraction of facilities based on the county boundaries 

instead of previously used provinces. Second, the surveys between the fourth and sixth round 
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omitted facilities from the counties in the North Eastern Province due to security reasons. 

Lastly, from the seventh survey, facilities from Nairobi County were included to ensure a 

complete national representation. 

3.2.4.3.4 Data collection 

Data collection was undertaken during each survey round over four weeks using 

standardized questionnaires (Appendices 2, 3 and 4) by field workers trained for five days 

before each survey. Data collectors were trained on how to conduct health facility 

assessments, obtain written informed consent, interview health workers, caretakers, and 

patients, perform the basic vital assessment, and abstract data from patient-held records. Ten 

teams conducted the surveys, each comprising three data collectors. Of the three data 

collectors, one was the team leader who performed facility assessments and interviewed 

health workers. The other two team members carried out exit interviews during the working 

hours of the facility (8 am-5 pm) with patients from the outpatient departments.  

At each health facility, data was collected over one day using three methods. First, all 

patients presenting to the outpatient departments on the survey day were screened for 

eligibility when they were ready to leave the facility. Patients who had a fever or a history of 

fever during present illness and presented for an initial consultation weighing ≥5 kilograms 

were included in the surveys. On the other hand, patients referred to other facilities for 

hospitalization or admitted to the same facility and pregnant women were excluded. Patients 

were requested to be interviewed if they met the above criteria and consented to the survey. 

Information on their characteristics, symptoms of current illness, diagnostic tests requested, 

reported results, prescribed, and dispensed medication, and counselling provided by health 

workers was collected.  
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Second, to assess the health facility readiness to implement the “test and treat” policy, each 

facility was assessed through interviews with facility in-charges and direct observation to 

determine the availability of drugs and diagnostics services (RDTs or microscopy). 

Additionally, the availability of support tools like weighing scales, malaria treatment 

guidelines, job aids and medicine inventory materials was also assessed. Finally, all health 

workers who provided clinical consultations in the outpatient departments on survey day were 

interviewed. Information on their demographic characteristics, pre-service training, access to 

guidelines and job aids, in-service training, supervision, knowledge on malaria “test and treat” 

policy, and perception of malaria endemicity was collected. The same data collection 

methodology was applied across all surveys.  

Data quality was assured throughout the training of data collectors, data collection and data 

management. During training, all data collectors went through concordance testing until the 

agreement between them and the trainers was above 95%. At the end of each survey day, 

the data collectors went through all the questionnaires to ensure completeness and corrected 

any mistakes. In addition, a team from the NMCP supervised the data collection. Lastly, the 

data were double-entered and verified using Microsoft Access database 2007 (Microsoft Inc., 

Redmond Washington), data entry errors corrected, and data validated against the paper 

questionnaires to check for consistency and completeness. 

3.2.4.3.5 Ethical consideration 

Ethical approval for the surveys was provided by the Kenyatta National Hospital/the 

University of Nairobi Ethics and Research Committee (KNH/ERC/R/108). Informed written 

consent was obtained from all interviewed health workers, patients, and caretakers of young 

children. 
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3.2.4.3.6 Analytic approaches  

The analytical approach was to describe the levels and trends at the health facility, health 

worker, and patient level. First, the analysis was undertaken at the health facility and health 

worker levels to assess the health systems readiness to implement the test-based malaria 

case-management policy. This included an assessment of the availability of key malaria 

commodities (diagnostics tests and AL) and health workers’ coverage with in-service training 

and supervision. Second, the patient-level analysis was undertaken at all surveyed facilities 

regardless of the availability of AL and malaria diagnostics services to assess the national 

uptake of the ‘‘test and treat’’ policy through case-management practices. Third, as the 

absence of commodities precludes recommended malaria case-management practices, the 

patient-level analysis was also restricted to health facilities with available AL and malaria 

diagnostic services to assess health workers’ compliance with the test-based guidelines. 

Lastly, to assess the AL dosing, dispensing, and counselling compliance, the analysis was 

restricted to patients who had AL prescribed and those who had AL prescribed and 

dispensed at the facility, respectively. Level estimates are presented as survey proportions, 

while time trends are displayed in bar graphs. All analyses were undertaken using Stata 

version 15 (StataCorp, College Station, Texas). 

3.2.4.4 National level results 

3.2.4.4.1 Survey samples and timings 

A total of eleven health facility surveys have been conducted, with the baseline survey 

undertaken in January 2010 and the subsequent ten follow-up surveys conducted from 

November 2010 to July 2016. The number of assessed health facilities, health workers and 

febrile patients ranged between 169 and 176, 203 and 237, and 696 and 2,409, respectively, 
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across all surveys. At facilities with available “test and treat” commodities, a range of 631 to 

1,297 febrile patients were included in the analysis (Table 3.1).  

Table 3.1 Outpatient malaria case-management health facility survey rounds, timings, and sample 
sizes in Kenya from 2010-2016 

Survey round 1 2 3 4 5 6 7 8 9 10 11 

Year 2010 2010 2011 2012 2012 2013 2014 2014 2015 2015 2016 

Month Jan-
Feb 

Nov-
Dec 

Jul-
Aug 

Mar-
Apr 

Nov Jun Feb Sept Apr-
May 

Nov-
Dec 

Jun-
Jul 

Health facilities 174 176 174 172 172 172 172 172 169 172 172 

Health workers 224 237 233 216 216 227 211 212 203 227 224 

Febrile patients  2,409 1,457 1,208 1,291 1,244 1,431 1,218 988 856 696 844 

Febrile patients at HFs 
with diagnostics and AL  

1,241 862 634 775 919 1,297 771 783 771 631 674 

Figure 3.1 outlines key routine programmatic activities which have been implemented to 

support the countrywide translation of the 2010 malaria case-management policy into clinical 

practice. As described in Section 1.3.5.5, several activities have been implemented routinely 

on a national scale to support the implementation of the “test and treat” policy, the period 

within which the surveys were conducted (2010-2016). The key activities included nationwide 

rounds of annual 3-day in-service malaria case-management training, national scale-up of 

RDTs, dissemination of guidelines and strengthening of malaria-specific supervision. 

Besides, other factors during this period should be noted; first, the central level stock-outs of 

AL and RDTs due to a fire at the Kenya Medical Supplies Agency (KEMSA) stores in 2013 

and levy tax that delayed the delivery of commodities for ten months in 2014. Second, the 

pilot implementation of laboratory quality assurance and quality control for malaria 

microscopy and RDTs in low transmission counties that included on-job training and 

mentorship from June to December 2013 [Odhiambo et al., 2017; Wanja et al., 2017]. Finally, 

MalariaCare, a USAID partnership, activities within the lake endemic zone to improve the 

quality of malaria diagnosis using microscopy and RDTs, and clinical case-management of 

malaria and other febrile illnesses in 2015 (Figure 3.1) [MalariaCare, 2015].  
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Figure 3.1 Timeline of survey rounds and key implementation activities of malaria diagnosis and 
treatment policy in Kenya 

 

3.2.4.4.2 Health facility and health worker readiness  

Table 3.2 and Figure 3.2 show the main health facility characteristics, while Table 3.3 and 

Figure 3.3 show the main characteristics of outpatient health workers interviewed during each 

of the 11 survey rounds. By the eleventh survey undertaken in 2016, a total of 1,897 facilities 

were assessed for readiness to provide outpatient malaria case-management services. Most 

of the health facilities were government-owned by ownership (survey range [SR]: 74-89%) 

and by the level of care dispensaries or clinics (SR: 56-70%).  

Comparing baseline and the last survey, the availability of malaria diagnostic services (RDTs 

or microscopy) increased from 55 to 93%. The availability of RDTs increased from 8% at the 

baseline survey to 72% during the last survey in 2016. The availability of any AL pack at the 

facilities was relatively high across all the surveys (SR: 78-97%). Retrospective stock-outs of 

any AL pack lasting seven days or more in the previous three months was experienced by 

23-74% of facilities across all surveys. The availability of both diagnostic services and AL 

drugs at the facilities increased from 52% at baseline to 82% at the last survey (SR: 52-92%). 

Lastly, the presence of the current malaria guidelines reflecting the “test and treat” policy 

increased from 0 to 76%, while the availability of wall charts displaying the current malaria 
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diagnosis and treatment policy increased from 0 to 36% at the last survey (Table 3.2 and 

Figure 3.2).  

Figure 3.2 Time trends in the availability of malaria diagnostics and AL in public health facilities in 
Kenya, 2010-2016 
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Table 3.2 Main characteristics, availability of malaria diagnostics, antimalarial drugs, and guidelines for malaria case-management at public health facilities 
in Kenya, 2010-2016 

Survey round 1 2 3 4 5 6 7 8 9 10 11 

N 
174 
n (%) 

176 
n (%) 

174 
n (%) 

172 
n (%) 

172 
n (%) 

172 
n (%) 

172 
n (%) 

172 
n (%) 

169 
n (%) 

172 
n (%) 

172 
n (%) 

Facility level  
 Dispensary/clinic 
Health Centre 
Hospital 

 
122(70.1) 
32(18.4) 
20(11.5) 

 
117(66.5) 
38(21.6) 
21(11.9) 

 
111(63.8) 
43(24.7) 
20(11.5) 

 
118(68.6) 
13(19.2) 
21(12.2) 

 
115(66.9) 
39(22.7) 
18(10.5) 

 
113(65.7) 
43(25.0) 
16(9.3) 

 
112(65.1) 
38(22.1) 
22(12.8) 

 
106(61.6) 
44(25.6) 
22(12.8) 

 
94(55.6) 
54(32.0) 
21(12.4) 

 
108(62.8) 
47(27.3) 
17(9.9) 

 
112(65.1) 
43(25.0) 
17(9.9) 

Ownership 
 Government 
 FBO/NGO 

 
129(74.1) 
45(25.9) 

 
138(78.4) 
38(21.6) 

 
133(76.4) 
41(23.6) 

 
153(89.0) 
19(11.0) 

 
146(84.9) 
26(15.1) 

 
144(83.7) 
28(16.3) 

 
133(77.3) 
39(22.7) 

 
137(79.7) 
35(20.3) 

 
134(79.3) 
35(20.7) 

 
152(88.4) 
20(11.6) 

 
132(76.7) 
40(23.3) 

Availability of diagnostics 
Functional microscopy 
Non-expired RDT 
Any functional diagnostic 

 
88(50.6) 
13(7.5) 
96(55.2) 

 
94(53.4) 
15(8.5) 
102(58.0) 

 
94(54.0) 
22(12.6) 
102(58.6) 

 
92(53.8) 

29(16.9) 
112(65.1) 

 
97(56.4) 
54(31.4) 
130(75.6) 

 
86(50.0) 
125(72.7) 
158(91.9) 

 
81 (47.1) 
69(40.1) 
133(77.3) 

 
84(48.8) 
118(68.6) 
157(91.3) 

 
71(42.3) 

149(89.2) 
164(97.0) 

 
75(43.6) 
145(84.3) 
166(96.5) 

 
78(45.4) 
123(71.5) 
160(93.0) 

Availability of any AL pack 164(94.3) 171(97.2) 155(89.1) 161(93.6) 160(93.0) 166(96.5) 143(83.1) 134(77.9) 159(94.6) 158(92.4) 149(86.6) 

Retrospective AL stockouts 103(59.2) 92(52.3) 78(44.8) 67(39.2) 78(45.4) 39(22.8) 96(56.1) 125(72.7) 125(74.4) 92(53.8) 103(61.0) 

Availability of diagnostics & AL  90(51.7) 97(55.1) 91(52.3) 106(61.6) 122(70.9) 153(89.0) 111(64.5) 122(70.9) 155(91.7) 154(89.5) 141(82.0) 

MCM Guidelines NA 10(5.7) 83(47.7) 78(45.6) 97(56.7) 101(58.7) 79(46.8) 111(64.5) 103(61.7) 124(72.1) 129(75.9) 

Wallcharts 
 AL dispensing chart 
 Malaria outpatient algorithm  

 
64(36.8) 
NA 

 
67(38.1) 
NA 

 
98(56.3) 
33(19.0) 

 
93(54.1) 
26(15.1) 

 
84(49.1) 

34(29.8) 

 
66(38.4) 
48(28.1) 

 
78(46.4) 

37(22.0) 

 
79(45.9) 
40(23.3) 

 
71(42.5) 

30(17.9) 

 
105(61.4) 

68(40.2) 

 
88(51.5) 

61(35.9) 

*MCM-malaria case-management 



106 

 

Between 2010 and 2016, the number of participating health workers ranged between 203 and 

237 across all the surveys. The mean age of health workers was 35.4 years; most of them 

were female (SR: 49-60%), and by cadre nurses (SR: 49-66%) followed by clinical officers 

(SR: 28-44%). Most of the health workers (70%) perceived malaria endemicity of their 

working place as high risk at baseline. An inverse was observed at the last survey when over 

60% of health workers perceived their work area as low risk. Health workers’ access to the 

new malaria case-management guidelines increased from 0 to 72% and IMCI guidelines from 

33 to 79% at the last survey.  

The coverage of health workers with in-service training on the new “test and treat” policy 

increased from 0 at baseline to 64% at the last survey. Similarly compared to the baseline 

levels, the proportion of health workers who had received any supervision three months 

before the surveys increased from 42 to 73%, malaria case-management supervision from 18 

to 55% and observation of consultations from 7 to 45% at the last survey (Table 3.3 and 

Figure 3.3). Health workers’ knowledge about universal testing of febrile patients assessed 

from the second survey was high throughout the monitoring period (SR: 82-87%). On the 

other hand, their knowledge about the targeted malaria treatment policy increased from 52% 

at baseline to 91% in the last survey (Table 3.3 and Figure 3.3). 
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Table 3.3 Characteristics of interviewed health workers performing outpatient consultations at public health facilities in Kenya, 2010-2016 

Survey round 1 2 3 4 5 6 7 8 9 10 11 

N 224 
n (%) 

237 
n (%) 

233 
n (%) 

216 
n (%) 

216 
n (%) 

227 
n (%) 

211 
n (%) 

212 
n (%) 

203 
n (%) 

227 
n (%) 

224 
n (%) 

Age 
Mean age (SD) 

 
36.5(10.0) 

 
34.9(9.4) 

 
35.7(10.0) 

 
36.9(10.2) 

 
33.9(9.7) 

 
36.7(9.8) 

 
35.5(10.4) 

 
35.1(9.3) 

 
35.2(8.8) 

 
34.8(8.4) 

 
33.9(9.0) 

Gender 
Female  

 
118(52.7) 

 
126(53.2) 

 
124(53.2) 

 
117(54.2) 

 
122(56.5) 

 
136(59.9) 

 
103(48.8) 

 
115(54.3) 

 
111(54.7) 

 
113(49.8) 

 
122(54.5) 

Facility in-charge 104(46.4) 101(42.6) 101(43.4) 88(41.9) 82(38.1) 97(42.7) 90(42.7) 81(38.2) 73(36.0) 84(37.5) 73(33.2) 

Cadre 
 Medical officer 
 Clinical officer 
 Nurse 
 Others  

 
2(0.9) 
70 (31.3) 
141(63.0) 
11(4.9) 

 
4(1.7) 
67(28.3) 
152(64.1) 
14(5.9) 

 
2(0.9) 
69(29.6) 
153(65.7) 
9(3.9) 

 
3(1.4) 
67(31.3) 
132(62.6) 
11(5.1) 

 
2(0.9) 
67(31.0) 
127(58.8) 
20(9.3) 

 
2(0.9) 
66(29.1) 
149(65.6) 
9(4.0) 

 
0 
71(33.7) 
124(58.8) 
13(6.2) 

 
5(2.4) 
67(32.1) 
129(60.9) 
9(4.3) 

 
0 
84(41.6) 
108(53.5) 
8(3.9) 

 
2(0.9) 
79(35.0) 
129(57.1) 
14(6.2) 

 
1(0.5) 
99(44.2) 
109(48.7) 
11(6.7) 

HW perception of endemicity 
Low 
High 

 
68(30.4) 
156(69.6) 

 
109(46.0) 
128(54.0) 

 
120(51.5) 
113(48.5) 

 
110(51.9) 
102(48.1) 

 
118(54.9) 
97(45.1) 

 
127(56.0) 
100(44.1) 

 
131(62.1) 
80(37.9) 

 
136(64.2) 
76(35.9) 

 
131(64.9) 
71(35.2) 

 
155(68.3) 
72(31.7) 

 
143(64.1) 
80(35.9) 

MCM in-service training 0 51(21.5) 59(25.3) 60(27.8) 46(21.3) 93(41.0) 68(32.2) 104(49.1) 82(40.4) 127(56.0) 151(67.3) 

Supervision 
Any supervision  
MCM supervision 
Observation of consultations  

 
93(41.5) 
40(17.9) 
15(6.7) 

 
123(51.9) 
31(13.1) 
16(6.8) 

 
143(61.4) 
77(33.1) 
26(11.2) 

 
128(60.4) 
47(21.8) 
24(11.1) 

 
143(66.2) 
92(42.6) 
37(17.1) 

 
157(69.2) 
70(30.8) 
30(13.2) 

 
88(41.7) 
25(11.9) 
9(4.3) 

 
138(65.1) 
65(30.7) 
35(16.5) 

 
142(70.0) 
64(31.5) 
33(16.3) 

 
128(56.9) 
50(22.0) 
30(13.2) 

 
162(72.7) 
124(55.4) 
95(42.4) 

Access to MCM guidelines 0 10 (4.2) 104(44.6) 103(48.1) 113(52.8) 129(56.8) 106(51.0) 137(64.6) 120(59.7) 158(70.2) 160(72.1) 

Access to IMCI guidelines 74(33.0) 95(40.1) 89(38.2) 78(36.6) 82(38.1) 136(60.2) 139(66.2) 146(68.9) 136(67.3) 169(74.8) 174(78.7) 

Knowledge about testing NA 195(82.3) 191(82.3) 183(85.9) 183(84.7) 190(84.1) 178(84.4) 184(86.8) 167(82.3) 197(86.8) 194(87.0) 

Knowledge about treatment  NA 124(52.3) 126(54.3) 120(56.1) 147(68.1) 181(80.1) 164(77.7) 182(86.3) 177(87.2) 199(87.7) 202(90.6) 

*MCM-malaria case-management; HW- health worker.
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Figure 3.3 Health workers’ coverage with malaria interventions in Kenya, 2010-2016 

 

3.2.4.4.3 Malaria case-management 

The national-level description of malaria case-management practices was performed among 

febrile, non-pregnant patients weighing ≥5 kgs who presented for an initial outpatient visit 

without being referred for hospitalization. Between 2010 and 2016, febrile patients 

interviewed across all the surveys ranged between 696 and 2,409. Most of the patients were 

female (SR: 53-59%) and aged five years and above (SR: 54-63%). The most common age 

group was above fifteen years (SR: 29-38%), followed by 1-4-year old (SR: 33-40%). Most of 

the patients weighed more than 35 kgs (SR: 37-78%) and had an axillary temperature lower 

than 37.5°C (SR: 65-76%) (Table 3.4). 
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Table 3.4 Characteristics of febrile patients attending outpatient public facilities in Kenya, 2010-2016 

Survey round 1 2 3 4 5 6 7 8 9 10 11 

N 2409 
n (%) 

1457 
n (%) 

1208 
n (%) 

1291 
n (%) 

1244 
n (%) 

1431 
n (%) 

1218 
n (%) 

988 
n (%) 

856 
n (%) 

696 
n (%) 

844 
n (%) 

Gender 
Female  

 
1353(56.2) 

 
784(53.8) 

 
668(55.3) 

 
746(57.8) 

 
722(58.0) 

 
788(55.1) 

 
680(55.9) 

 
535(54.2) 

 
472(55.1) 

 
382(54.9) 

 
496(58.8) 

Age 
<1 year 
1-4 years 
5-14 years 
≥15 years 

 
289(12.0) 
784(32.5) 
508(21.1) 
827(34.3) 

 
200(13.7) 
475(32.6) 
264(18.1) 
518(35.6) 

 
112(9.3) 
423(35.0) 
227(18.8) 
446(36.9) 

 
173(13.4) 
407(31.5) 
248(19.2) 
463(35.9) 

 
142(11.4) 
367(29.5) 
265(21.3) 
470(37.8) 

 
129(9.0) 
469(32.8) 
414(28.9) 
418(29.2) 

 
135(11.1) 
416(34.2) 
276(22.7) 
391(32.1) 

 
85(8.6) 
309(31.3) 
263(26.6) 
331(33.5) 

 
103(12.0) 
276(32.2) 
218(25.5) 
259(30.3) 

 
97(13.9) 
224(32.2) 
144(20.7) 
231(33.2) 

 
55(6.5) 
258(30.6) 
265(31.4) 
266(31.5) 

Weight 
5-14 kg 
15-24 kg 
25-34 kg 
≥35 kg 

 

 
988(41.0) 
411(17.1) 
119(4.9) 
891(37.0) 

 
604(41.5) 
252(17.3) 
62(4.3) 
534(36.7) 

 
472(39.3) 
203(16.9) 
56(4.7) 
471(39.2) 

 
542(42.0) 
202(15.7) 
58(4.5) 
488(37.8) 

 
158(35.9) 
62(14.1) 
25(5.7) 
195(44.3) 

 
51(35.8) 
341(23.9) 
98(6.9) 
475(33.2) 

 
86(7.1) 
115(9.4) 
62(5.1) 
948(77.8) 

 
364(37.0) 
170(17.3) 
85(8.6) 
365(37.1) 

 
339(39.7) 
157(18.4) 
63(7.4) 
293(34.3) 

 
292(42.0) 
112(16.1) 
42(6.0) 
249(35.8) 

 
267(32.5) 
169(20.6) 
73(8.9) 
311(37.9) 

Temperature 
≥37.5°C 

 
633(26.2) 

 
453(31.1) 

 
373(31.1) 

 
308(24.0) 

 
348(28.0) 

 
497(34.8) 

 
320(26.3) 

 
238(24.1) 

 
295(34.5) 

 
229(33.0) 

 
275(33.2) 
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The levels and trends in malaria case-management practices were evaluated in two ways. 

First, at all facilities regardless of the availability of “test and treat” commodities to measure 

the policy performance, and second, at facilities with diagnostics services available and AL in 

stock on the survey day, to assess health workers’ compliance with outpatient malaria case-

management guidelines.  

The composite “test and treat” performance measured at all health survey facilities 

substantially increased from 17% at baseline to 59% at the last survey. Malaria testing of all 

febrile patients attending public facilities increased from 24 to 63%. For the patients who 

tested positive, AL treatment improved from 83 to 97%, while no antimalarial treatment for 

negative patients increased from 48 to 91% at the last survey (Table 3.5 and Figure 3.4a). 

Higher compliance levels were reported at health facilities with available “test and treat” 

commodities. At these facilities, compared to all facilities, higher levels of the composite “test 

and treat” compliance and testing rates for febrile patients were observed across all the 

surveys (Table 3.5 and Figure 3.4b). The composite “test and treat “compliance at these 

facilities increased from 31% at baseline to 65% at the last survey, while testing rates 

improved in the same period from 43 to 69%. AL treatment for test positive patients increased 

from 83 to 99%, and compliance with negative results improved from 47 to 90% at the last 

survey (Table 3.5 and Figure 3.4b). 
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Table 3.5 Malaria case-management of patients attending public health facilities in Kenya, 2010-2016 

Survey round 
1 

n(%) 

2 

n(%) 

3 

n(%) 

4 

n(%) 

5 

n(%) 

6 

n(%) 

7 

n(%) 

8 

n(%) 

9 

n(%) 

10 

n(%) 

11 

 n(%) 

Policy performancea N=2409 N=1457 N=1208 N=1291 N=1244 N=1431 N=1218 N=988 N=856 N=696 N=844 

Composite “test and 
treat” 

415(17.2) 330(22.7) 316(26.2) 349(27.0) 482(38.7) 708(49.4) 427(35.1) 552(55.9) 507(59.2) 417(59.9) 501(59.4) 

Malaria testing 576(23.9) 450(30.9) 443(36.7) 471(36.5) 581(46.7) 828(57.8) 523(42.9) 612(61.9) 558(65.2) 441(63.4) 534(63.3) 

 N=296 N=213 N=206 N=187 N=186 N=344 N=171 N=205 N=268 N=141 N=261 

AL treatment for test 
positive patients 

245(82.8) 190(89.2) 143(69.4) 153(81.8) 165(88.7) 299(86.9) 130(76.0) 180(87.8) 239(89.2) 139(98.6) 253(96.9) 

 N=280 N=237 N=237 N=284 N=395 N=483 N=352 N=407 N=290 N=300 N=273 

No AM for test 
negative patients 

134(47.9) 132(55.7) 166(70.0) 197(69.4) 318(80.5) 408(84.5) 296(84.1) 371(91.2) 267(92.1) 278(92.7) 248(90.8) 

Health workers’ 
complianceb N=1241 

N=862 N=634 N=775 N=919 N=1297 N=771 N=783 N=771 N=631 N=674 

Composite “test and 
treat” 

379(30.5) 311(36.1) 265(41.8) 332(42.8) 437(47.6) 705(54.4) 365(47.3) 471(60.2) 474(61.5) 386(61.2) 436(64.7) 

Malaria testing 527(42.5) 425(49.3) 358(56.5) 442(57.0) 527(57.3) 822(63.4) 441(57.2) 527(67.3) 524(68.0) 410(65.0) 463(68.7) 

 N=277 N=201 N=155 N=173 N=167 N=339 N=140 N=186 N=257 N=130 N=220 

AL treatment for test 
positive patients 

231(83.4) 180(89.6) 116(74.8) 146(84.4) 152(91.0) 297(87.6) 114(81.4) 163(87.6) 229(89.1) 128(98.5) 218(99.1) 

 N=250 N=224 N=203 N=269 N=360 N=483 N=301 N=341 N=267 N=280 N=243 

No AM for test 
negative patients 

118(47.2) 126(56.3) 142(70.0) 187(69.5) 286(79.4) 408(84.5) 250(83.1) 308(90.3) 244(91.4) 258(92.1) 218(89.7) 

a measured at all health facilities regardless of the availability of diagnostic services and AL; b measured at health facilities with malaria diagnostics services available and AL in stock 
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Figure 3.4 National trends in malaria “test and treat” case-management showing: a) policy 
performance, and b) health workers’ compliance in Kenya, 2010-2016 

 

Patients who were prescribed AL and for whom dosage information was available ranged 

between 169 and 1,330 across all the surveys. Among the patients prescribed AL, the 

correctness of weight-based AL dosing was high across all the surveys (SR: 86-100%). 

Patients who were prescribed and dispensed AL at the facility ranged between 142 and 1,408 

across the surveys. The quality of AL dispensing and counselling performance was evaluated 
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for seven tasks (Table 3.6 and Figure 3.5). Compared to baseline levels, the following 

dispensing and counselling tasks increased at the last survey: weighing of patients from 52 to 

76%, administration of the first AL dose at the facility from 32 to 63%, advising patients to 

take the second AL dose after eight hours from 76 to 92% and advising patients to complete 

all AL doses from 80 to 87%. However, no changes were observed in dosage explanation 

which was above 90% across all the surveys, advising of patients to take another dose in 

case of vomiting within 30 minutes (SR: 5-11%) and to take AL after meals (SR: 55-72%) 

(Table 3.6 and Figure 3.5). 

Figure 3.5 National trends in compliance with AL dosing, dispensing and counselling tasks in Kenya, 
2010-2016 
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Table 3.6 Health workers’ compliance with AL dosing, dispensing and counselling tasks in Kenya, 2010-2016 

 

Survey round 
1 

n(%) 

2 

n(%) 

3 

n(%) 

4 

n(%) 

5 

n(%) 

6 

n(%) 

7 

n(%) 

8 

n(%) 

9 

n(%) 

10 

n(%) 

11 

 n(%) 

 N=1330 N=839 N=569 N=545 N=423 N=476 N=346 N=247 N=256 N=169 N=305 

Correct AL dosing 1186(89.2) 774(92.3) 528(92.8) 499(91.6) 413(97.6) 474(99.6) 314(90.8) 212(85.8) 226(88.3) 167(98.8) 295(96.7) 
 

N=1408 N=797 N=478 N=549 N=401 N=463 N=306 N=204 N=256 N=142 N=262 

Weighing 729(51.8) 426(53.6) 251(52.5) 285(52.0) 205(51.4) 300(65.1) 194(63.4) 128(63.1) 163(63.9) 86(60.6) 198(75.9) 

Administration of first 
AL dose at the facility 

452(32.1) 214(26.9) 179(37.5) 227(41.4) 170(42.4) 235(50.8) 119(38.9) 77(37.8) 124(48.4) 68(47.9) 164(62.6) 

AL dosage 
explanation 

1354(96.2) 740(92.9) 451(94.4) 517(94.2) 379(94.8) 442(95.5) 284(92.8) 187(91.7) 242(94.5) 135(95.1) 255(97.3) 

Advised to complete 
all the AL doses 

 

1131(80.3) 

 

657(82.4) 

 

408(85.4) 

 

478(87.2) 

 

327(81.6) 

 

419(90.7) 

 

249(81.4) 

 

166(81.4) 

 

212(83.1) 

 

103(72.5) 

 

228(87.4) 

Advised to take the 
second AL dose after 
8 hours 

 

1070(76.0) 

 

516(64.7) 

 

374(78.2) 

 

420(76.5) 

 

309(77.1) 

 

348(75.2) 

 

234(76.5) 

 

115(56.4) 

 

186(72.7) 

 

105(73.9) 

 

240(92.0) 

Advised to take AL 
after meals 

942(66.9) 482(60.5) 327(68.4) 393(71.6) 271(67.6) 312(67.4) 185(60.5) 132(64.7) 140(54.7) 84(59.2) 183(70.4) 

Advised what to do in 
case of vomiting  

88(6.3) 47(5.9) 22(4.6) 34(6.2) 22(5.5) 32(6.9) 14(4.6) 10(4.9) 27(10.6) 9(6.3) 23(8.8) 
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3.2.4.4.4 Summary of national level results 

Health facility readiness to provide malaria case-management improved over time. There 

was an increase in the capacity of health facilities to offer malaria diagnostic services due 

to the increased availability of RDTs over time. The availability of at least one weight-

specific AL pack in the facilities was high across all the surveys. The coverage of health 

workers with in-service training on the new malaria case-management guidelines also 

increased over time. However, the supervision and observation of health workers, despite 

some improvements, remained suboptimal.  

Over the six-year monitoring period between 2010 and 2016, substantial improvements 

have been observed in health workers’ compliance with nearly all malaria case-

management indicators. There was a 34% increase in the composite “test and treat” 

performance (febrile patients tested and treated according to test results), reaching 65% 

at facilities with diagnostics and AL available. Similarly, in the same period of compliance 

there was a 26% increase in malaria testing, reaching 69% of febrile patients tested. 

Finally, AL treatment for test positive patients improved from 83 to 99%, and compliance 

with no antimalarial treatment recommendations for test negative patients increased from 

47 to 90%.  

Despite these improvements, malaria testing of febrile patients, no antimalarial treatment 

for test negative patients, and composite “test and treat” compliance still showed 

performance gaps towards the universal targets despite the availability of tests and AL at 

the facilities, and importantly, without substantial changes observed during the last four 

survey rounds. Notably, compliance levels of 60-65%, 65-69%, and 90-92% were 

observed for the composite “test and treat” performance, malaria testing and no 

antimalarial treatment for test negative patients, respectively, during the last four surveys 

between 2014 and 2016.  
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Compliance with four out of the eight AL dosing, dispensing, and counselling tasks which 

are important for patient adherence and effectiveness of antimalarial drugs, improved. 

Over 60% of patients prescribed and dispensed AL were counselled on six tasks at the 

last survey. However, the patients were seldom advised to take another dose in case they 

vomited within 30 minutes of taking AL. 

3.3 Data management and description of the study population 

This section describes the data management process, which I undertook, and it involved 

the linking, merging and restriction of the national-level datasets presented in Section 

3.2.4. The section concludes with the description of the final patient-level dataset with 

attributed multilevel characteristics used for the secondary PhD analysis and results 

presented in Chapters 4, 5, and 6.  

3.3.1 Data management  

Table 3.7 shows the included data at the health facility, health worker and patient-level as 

a proportion of the all sample in Table 3.1, while Figure 3.6 outlines the data management 

steps. As the secondary analysis addressing PhD objectives was performed at the 

patient-level at facilities with malaria “test and treat” commodities, only a merged subset of 

data from the outpatient malaria case-management surveys described in Section 3.2.4 

were utilized. There were two inclusion criteria of febrile patients for the analysis. First, 

since compliance with guidelines cannot be measured in the absence of commodities, the 

febrile patients should have visited facilities with diagnostic services and AL drugs 

available on survey days. Second, to examine the multilevel factors, the patients should 

have had both the health facility (HF) and health worker (HW) level information. Therefore, 

the patient-level data were linked to the HW and HF level datasets resulting in fewer 

observations being analysed compared to the initial samples in Table 3.1. 
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Data management followed multiple steps shown in Figure 3.6. First, HW level data were 

linked with HF level datasets, and, across all the surveys, only two HWs did not have the 

health facility information (2/2,430, 0.2%) and 18 HFs did not have their HWs interviewed 

(18/1,897, 1.0%). Second, the patient-level datasets were then linked with the HF and HW 

linked data above, resulting in fewer HFs, HWs and patients being included. A total of 

252/1,879 (13%) assessed HFs, and 292/2,428 (12%) HWs did not have febrile patients, 

and 188 (1.4%) patients did not have HW-level data. Therefore, 13,454/13,642 (98.6%) 

febrile patients had all three-level information available (HF, HW, and patient-linked data).  

Finally, to restrict the analysis to febrile patients who visited HFs with diagnostic services 

and AL drugs available on the survey day, a total of 9,173/13,454 (68.2%) patients who 

visited 1,208 HFs and were seen by 1,538 HWs were included. Across all surveys, 517 

(30%) health facilities, 598 (28%) health workers, and 4,281 (31.8%) febrile patients were 

excluded from the analysis after the restriction. The proportion of included patients among 

all febrile patients ranged between 52 and 89% across all the surveys (Table 3.7 and 

Figure 3.6). Availability of malaria diagnostics and AL improved over time, as indicated by 

the increase in the proportion of health facilities included in the analysis from 51% at 

baseline to over 70% in the last survey (Table 3.7). 

Table 3.7 The number of included health facilities, health workers, and febrile patients by survey 
round as a proportion of all the surveyed facilities in Table 3.1 (merged and restricted sample size) 

Survey 
round 

1 2 3 4 5 6 7 8 9 10 11 

Year 2010 2010 2011 2012 2012 2013 2014 2014 2015 2015 2016 

Month Jan-
Feb 

Nov-
Dec 

Jul-
Aug 

Mar-
Apr 

Nov Jun Feb Sept Apr-
May 

Nov-
Dec 

Jun-
Jul 

Health 
facilities, 
n/N (%) 

89/ 
174 
(51.2) 

91/ 
176 
(51.7) 

87/ 
174 
(50.0) 

93/ 
174 
(54.1) 

114/ 
172 
(66.3) 

143/ 
72 
(83.1) 

105/ 
172 
(61.0) 

109/ 
172 
(63.4) 

129/ 
169 
(76.3) 

126/ 
172 
(73.3) 

122/ 
172 
(70.9) 

Health 
workers, 
n/N (%) 

116/ 
224 
(51.8) 

127/ 
237 
(53.6) 

118/ 
233 
(50.6) 

122/ 
216 
(56.5) 

143/ 
216 
(66.2) 

188/ 
227 
(66.2) 

130/ 
211 
(61.6) 

131/ 
212 
(61.8) 

152/ 
203 
(74.9) 

156/ 
227 
(68.7) 

155/ 
224 
(69.2) 

Febrile 
patients, 
n/N (%) 

1241/ 
2409 
(51.5) 

862/ 
1457 
(59.2) 

634/ 
1208 
(52.5) 

738/ 
1291 
(57.2) 

905/ 
1245 
(72.7) 

1270/ 
1432 
(88.7) 

771/ 
1218 
(63.3) 

741/ 
988 
(75.0) 

727/ 
856 
(84.9) 

610/ 
696 
(87.6) 

674/ 
844 
(79.9) 
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Figure 3.6 Linking of health facility, health worker and patient-level datasets 

 

3.3.2 Description of the study population 

Table 3.8 describes the final study population of febrile patients by attributed malaria 

endemicity, health facility, health worker and patient-level characteristics at each of 11 

survey rounds between 2010 and 2016. The total number of analysed patients was 9,173 

(SR: 610-1,241), seen by 1,538 health workers (SR: 116-118) at 1,208 health facilities 

(SR: 89- 143). Almost a third of the patients were from the lake endemic zone (2,766; 

30%, SR: 21-36%) followed by semi-arid seasonal transmission zone (2,071; 23%, SR: 
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20-30%). Most patients visited government-owned facilities (SR: 75-93%) and 

dispensaries (SR: 35-63%), followed by health centres (SR: 23-41%).  

At baseline, most patients visited health facilities with only microscopy available (87%); 

however, over time, this declined to only 21% at the last survey (p<0.001) while those who 

visited facilities with either RDTs only (10 to 51%, p<0.001) or both microscopy and RDTs 

(4 to 28%, p<0.001) available increased. Moreover, patients visiting facilities that had 

experienced historical RDT stockouts lasting seven days or more declined over time from 

95 to 29% (p<0.001), while the absence of microscopy services increased from 17 to 25% 

(p=0.236) and of both diagnostic services (microscopy and RDTs) declined from 14 to 

10% (p=0.984) at the last survey. Similarly, the proportion of patients visiting facilities with 

retrospective stockouts of AL declined from 71 to 52% (p=0.038) at the last survey. The 

availability of malaria treatment guidelines in the visited facilities increased from none to 

74% (p<0.001). Across all the surveys, patients visited facilities where drugs were 

dispensed by nurses or clinical officers ranging between 35 to 55%, followed by 

pharmacists or pharmaceutical technologists (SR 31-36%) (Table 3.8).  

Most patients were seen by male health workers (SR: 45-59%) and nurses (SR: 46-70%). 

The median health workers’ age ranged between 30 and 34 years across the surveys. 

Similarly, most patients were seen by health workers who perceived malaria endemicity 

as high risk, although the proportion declined over time, from 83 to 53% (p<0.001). The 

proportion of patients seen by health workers trained on the new case-management policy 

increased over time from 0 to 71% (p<0.001, SR: 28-72%) and by health workers who had 

received any supervision from 49 to 70% (p=0.019). The proportion of patients seen by 

health workers who received malaria case-management supervision, observation of 

consultations and received feedback increased from 22 to 57% (p<0.001, SR: 18-57%), 6 

to 41% (p<0.001, SR: 6-41%) and 9 to 42% (p<0.001, SR: 9-42%), respectively. Patients 

seen by health workers with access to the new malaria case-management guidelines 
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increased from none to 69% (p<0.001, SR: 0-76%) and IMCI guidelines from 48 to 74% 

(p=0.001, SR: 41-78%). Over three-quarters of the patients were seen by health workers 

who were knowledgeable about universal testing of all febrile patients across all surveys 

(SR: 77-92%). On the other hand, those seen by health workers with the correct 

knowledge about the targeted malaria treatment policy increased from 47 to 95% 

(p<0.001, SR: 47-95%) (Table 3.8).  

Across the surveys, the median age of the patients ranged between five and eight years, 

with the majority having a temperature measurement of less than 37.5 °C (SR: 65-78%). 

Across all the surveys, the median duration of the current illness was three days, and a 

few patients had taken any antimalarial before visiting the facilities (SR: 2-6%). Most 

patients (above 75%) presented with a main complaint of fever followed by cough (SR: 

42-51%) and headache (SR: 29-45%). The least common main complaints included chills 

and rash, ranging between 2-10%, and 2-4% across all surveys, respectively (Table 3.8). 

Across all the surveys, a few factors had missing values and ranged between 0.1 and 9%. 

The patient-level data presented in Table 3.8 were used for the subsequent secondary 

analysis of the PhD objectives elaborated in Section 2.4. The results of the analyses are 

presented and discussed in Chapters 4, 5 and 6. 
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Table 3.8 Description of the study population by malaria endemicity, health facility, health worker and patient-level characteristics by survey round 

Survey round 1 
N=1241 
n (%) 

2 
N=862 
n (%) 

3 
N=634 
n (%) 

4 
N=738 
n (%) 

5 
N=905 
n (%) 

6 
N=1270 
n (%) 

7 
N=771 
n (%) 

8 
N=741 
n (%) 

9 
N=727 
n (%) 

10 
N=610 
n (%) 

11 
N=674 
n (%) 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  
Low risk 

 
407 (32.8) 
200 (16.1) 
208 (16.8) 
244 (19.7) 
182 (14.7) 

 
275 (31.9) 
95 (11.0) 
213 (24.7) 
195 (22.6) 
84 (9.7) 

 
161 (25.4) 
76 (12.0) 
185 (29.2) 
133 (21.0) 
79 (12.5) 

 
193 (26.2) 
62 (8.4) 
127 (17.2) 
218 (29.5) 
138 (18.7) 

 
325 (35.9) 
41 (4.5) 
175 (19.3) 
183 (20.2) 
181 (20.0) 

 
355 (28.0) 
110 (8.7) 
262 (20.6) 
272 (21.4) 
271 (21.3) 

 
162 (21.0) 
78 (10.1) 
152 (19.7) 
207 (26.7) 
172 (22.3) 

 
270 (36.4) 
72 (9.7) 
150 (20.2) 
189 (25.5) 
60 (8.1) 

 
185 (25.5) 
33 (4.5) 
221 (30.4) 
159 (21.9) 
129 (17.7) 

 
203 (33.3) 
85 (13.9) 
84 (13.8) 
126 (20.7) 
112 (18.4) 

 
230 (34.1) 
80 (11.9) 
121 (18.0) 
145 (21.5) 
98 (14.5) 

Health Facility level 

Facility ownership 
FBO/NGO 
Government 

 
315 (25.4) 
926 (74.6) 

 
99 (11.5) 
763 (88.5) 

 
113 (17.8) 
521 (82.2) 

 
86 (11.7) 

652 (88.4) 

 
109 (12.0) 
796 (88.0) 

 
147 (11.6) 

1123 (88.4) 

 
116 (15.0) 
655 (85.0) 

 
65 (8.8) 

676 (91.2) 

 
89 (12.2) 
638 (87.8) 

 
43 (7.1) 

567 (93.0) 

 
102 (15.1) 
572 (84.9) 

Facility level 
Dispensary 
Health centre 
Hospital 

 
604 (48.7) 
411 (33.1) 
226 (18.2) 

 
300 (34.8) 
354 (41.1) 
208 (24.1) 

 
227 (35.8) 
220 (34.7) 
187 (29.5) 

 
365 (49.5) 
170 (23.0) 
203 (27.5) 

 
451 (49.8) 
283 (31.3) 
171 (18.9) 

 
721 (56.8) 
361 (28.4) 
188 (14.8) 

 
362 (47.0) 
257 (33.3) 
152 (19.7) 

 
435 (58.7) 
181 (24.4) 
125(16.9) 

 
347 (47.7) 
268 (36.9) 
112 (15.4) 

 
354 (58.0) 
160 (26.3) 
96 (15.7) 

 
427 (63.4) 
160 (23.7) 
87 (12.9) 

Caseload  
≤25 patients 
>25 patients 

 
881 (71.0) 
360 (29.0) 

 
599 (69.5) 
263 (30.5) 

 
554 (87.4) 
80 (12.6) 

 
710 (96.2) 
28 (3.8) 

 
877 (96.9) 
28 (3.1) 

 
1148 (90.4) 
122 (9.6) 

 
771 (100) 

0 

 
687 (92.7) 
54 (7.3) 

 
670 (92.2) 
57 (7.8) 

 
582 (95.4) 
28 (4.6) 

 
643 (95.4) 
31 (4.6) 

Malaria diagnostic test 
RDT  
Microscopy  
Both 

 
120 (9.7) 

1078 (86.9) 
43 (3.5) 

 
39 (4.5) 

761 (88.3) 
62 (7.2) 

 
36 (5.7) 

508 (80.1) 
90 (14.2) 

 
101 (13.7) 
614 (80.1) 
23 (3.1) 

 
161 (17.8) 
621 (68.6) 
123 (13.6) 

 
567 (44.7) 
211 (16.6) 
492 (38.7) 

 
231 (30.0) 
462 (59.9) 
78 (10.1) 

 
353 (47.6) 
183 (24.7) 
205 (27.7) 

 
373 (51.3) 
82 (11.3) 
272 (37.4) 

 
249 (40.8) 
165 (27.1) 
196 (32.1) 

 
340 (50.5) 
143 (21.2) 
191 (28.3) 

RDT stockouts 
No 
Yes 

 
66 (5.3) 

1175 (94.7) 

 
97 (11.3) 
765 (88.8) 

 
105 (16.6) 
529 (83.4) 

 
204 (27.6) 
474 (64.2) 

 
205 (22.7) 
699 (77.2) 

 
787 (62.0) 
370 (29.1) 

 
257 (33.3) 
509 (66.0) 

 
539 (72.7) 
202 (27.3) 

 
537 (73.9) 
183 (25.2) 

 
442 (72.5) 
158 (25.9) 

 
460 (68.3) 
196 (29.1) 

No microscopy  
No 

 Yes 

 
1031 (83.1) 
210 (16.9) 

 
800 (92.8) 
62 (7.2) 

 
557 (87.9) 
77 (12.2) 

 
641 (86.9) 
97 (13.1) 

 
821 (90.7) 
84 (9.3) 

 
936 (73.7) 
334 (26.3) 

 
585 (75.9) 
186 (24.1) 

 
505 (68.2) 
236 (31.9) 

 
575 (79.1) 
152 (20.9) 

 
484 (79.3) 
126 (20.7) 

 
504 (74.8) 
170 (25.2) 

 RDT and microscopy 
stockouts 
No 
Yes 

 
 

1071 (86.3) 
170 (13.7) 

 
 

822 (95.4) 
40 (4.6) 

 
 

570 (89.9) 
64 (10.1) 

 
 

712 (96.5) 
26 (3.5) 

 
 

859 (94.9) 
46 (5.1) 

 
 

1225 (96.5) 
45 (3.5) 

 
 

727 (94.3) 
44 (5.7) 

 
 

728 (98.3) 
13 (1.8) 

 
 

709 (97.5) 
18 (2.5) 

 
 

599 (98.2) 
11 (1.8) 

 
 

608 (90.2) 
66 (9.8) 
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Table 3.8 Continued 

Survey round 1 
N=1241 
n (%) 

2 
N=862 
n (%) 

3 
N=634 
n (%) 

4 
N=738 
n (%) 

5 
N=905 
n (%) 

6 
N=1270 
n (%) 

7 
N=771 
n (%) 

8 
N=741 
n (%) 

9 
N=727 
n (%) 

10 
N=610 
n (%) 

11 
N=674 
n (%) 

AL stockouts 
No 
Yes  

 
362 (29.2) 
879 (70.8) 

 
291 (33.8) 
571 (66.2) 

 
309 (48.7) 
325 (51.3) 

 
467 (63.3) 
267 (36.2) 

 
556 (61.4) 
349 (38.6) 

 
979 (77.1) 
266 (20.9) 

 
398 (51.6) 
368 (47.7) 

 
319 (43.1) 
422 (57.0) 

 
212 (29.2) 
515 (70.8) 

 
323 (53.0) 
278 (45.6) 

 
307 (45.6) 
353 (52.2) 

MCM guidelines  
No 
Yes 

 
1241 (100) 

0 

 
833 (96.6) 
29 (3.4) 

 
321 (50.6) 
313 (49.4) 

 
360 (48.8) 
372 (50.4) 

 
297 (32.8) 
597 (66.0) 

 
539 (42.4) 
731 (57.6) 

 
364 (47.2) 
382 (49.6) 

 
262 (35.4) 
479 (64.6) 

 
275 (37.8) 
434 (59.7) 

 
137 (22.5) 
473 (77.5) 

 
173 (25.7) 
497 (73.7) 

Malaria new chart 
No 
Yes 

 
1241 (100) 

0 

 
862 (100) 

0 

 
519 (81.9) 
115 (18.2) 

 
615 (83.3) 
123 (17.7) 

 
773 (85.4) 
132 (14.6) 

 
982 (77.3) 
288 (22.7) 

 
587 (76.1) 
123 (16.0) 

 
561 (75.7) 
180 (24.3) 

 
603 (82.9) 
116 (16.0) 

 
404 (66.2) 
194 (31.8) 

 
433 (64.2) 
229 (34.0) 

Cadre dispensing 
drugs 
CHWs 
Nurse/ Clinician  
Pharmacists  
Others  

 
 

267 (21.5) 
433 (34.9) 
292 (23.5) 
249 (20.1) 

 
 

152 (17.6) 
331 (38.4) 
283 (32.8) 
96 (11.1) 

 
 

68 (10.7) 
251 (39.6) 
228 (36.0) 
87 (13.7) 

 
 

106 (14.4) 
304 (41.2) 
209 (28.3) 
119 (16.1) 

 
 

167 (18.5) 
412 (45.5) 
189 (20.9) 
137 (15.1) 

 
 

194 (15.3) 
545 (42.9) 
262 (20.6) 
269 (21.2) 

 
 

80 (10.4) 
427 (55.4) 
179 (23.2) 
81 (10.5) 

 
 

151 (20.4) 
330 (44.5) 
186 (25.1) 
74 (10.0) 

 
 

115 (15.8) 
330 (45.4) 
189 (26.0) 
93 (12.8) 

 
 

31 (5.1) 
252 (41.3) 
189 (31.0) 
123 (20.2) 

 
 

116 (17.2) 
331 (49.1) 
171 (25.4) 
56 (8.3) 

Health worker level 

Age, median (IQR) 34 (28-44) 31 (27-40) 32 (26-43) 33 (28-42) 30 (27-37) 34 (29-45) 32 (28-40) 31 (29-40) 34 (30-40) 34 (28-38) 30 (27-34) 

Gender 
Male 
Female 

 
701 (56.5) 
540 (43.5) 

 
500 (58.0) 
362 (42.0) 

 
314 (49.5) 
320 (50.5) 

 
348 (47.2) 
390 (52.9) 

 
462 (51.1) 
443 (49.0) 

 
566 (44.6) 
704 (55.4) 

 
453 (58.8) 
318 (41.3) 

 
342 (46.2) 
399 (53.9) 

 
352 (48.4) 
375 (51.6) 

 
330 (54.1) 
280 (45.9) 

 
352 (52.2) 
322 (47.8) 

Facility in charge 
No 
Yes 
Missing 

 
757 (61.0) 
484 (39.0) 

 
577 (66.9) 
285 (33.1) 

 
398 (62.8) 
236 (37.2) 

 
463 (62.7) 
263 (35.6) 

12 1.6) 

 
577 (63.8) 
326 (36.0) 

2 (0.2) 

 
699 (55.0) 
571 (45.0) 

 

 
475 (61.6) 
296 (38.4) 

 

 
455 (61.4) 
286 (38.6) 

 
475 (65.3) 
252 (34.7) 

 
339 (55.6) 
260 (42.6) 
11 (1.8) 

 
510 (75.7) 
149 (22.1) 
15 (2.2) 

Cadre 
Others  
Nurse 
Clinical / Medical officer 

 
0 

710 (57.2) 
531 (42.8) 

 
40 (4.6) 

412 (47.8) 
410 (47.6) 

 
8 (1.3) 

361 (56.9) 
265 (41.8) 

 
27 (3.7) 

382 (51.8) 
329 (44.6) 

 
48 (5.3) 

520 (57.5) 
337 (37.2) 

 
18 (1.4) 

891 (70.2) 
361 (28.4) 

 
41 (5.3) 

391 (50.7) 
339 (44.0) 

 
52 (7.0) 

423 (57.1) 
266 (35.9) 

 
51 (7.0) 

372 (51.2) 
304 (41.8) 

 
28 (4.6) 

338 (55.4) 
244 (40.0) 

 
51 (7.6) 

310 (46.0) 
313 (46.4) 

Perception of 
endemicity 
Low 
High 

 
 

209 (16.8) 
1032 (83.2) 

 
 

314 (36.4) 
548 (63.6) 

 
 

289 (45.6) 
345 (54.4) 

 
 

295 (40.0) 
415 (56.2) 

 
 

392 (43.3) 
510 (56.4) 

 
 

610 (48.0) 
660 (52.0) 

 
 

455 (59.0) 
316 (41.0) 

 
 

356 (48.0) 
385 (52.0) 

 
 

363 (49.9) 
360 (49.5) 

 
 

268 (43.9) 
342 (56.1) 

 
 

315 (46.7) 
359 (53.3) 

 



123 

 

Table 3.8 Continued  

Survey round 1 
N=1241 
n (%) 

2 
N=862 
n (%) 

3 
N=634 
n (%) 

4 
N=738 
n (%) 

5 
N=905 
n (%) 

6 
N=1270 
n (%) 

7 
N=771 
n (%) 

8 
N=741 
n (%) 

9 
N=727 
n (%) 

10 
N=610 
n (%) 

11 
N=674 
n (%) 

MCM training 
No 
Yes 

 
1241 (100) 

0 

 
625 (72.5) 
237 (27.5) 

 
414 (65.3) 
220 (34.7) 

 
472 (64.0) 
266 (36.0) 

 
634 (70.1) 
271 (29.9) 

 
623 (49.1) 
647 (50.9) 

 
484 (62.8) 
287 (37.2) 

 
339 (45.8) 
402 (54.3) 

 
350 (48.1) 
377 (51.9) 

 
174 (28.5) 
436 (71.5) 

 
194 (28.8) 
480 (71.2) 

Access to MCM 
guidelines 
No 
Yes  

 
 

1241 (100) 
0 

 
 

825 (95.7) 
37 (4.3) 

 
 

346 (54.6) 
288 (45.4) 

 
 

344 (46.6) 
389 (52.7) 

 
 

326 (36.0) 
568 (62.8) 

 
 

590 (46.5) 
680 (53.5) 

 
 

362 (47.0) 
385 (49.9) 

 
 

282 (38.1) 
459 (61.9) 

 
 

306 (42.1) 
412 (56.7) 

 
 

138 (22.6) 
465 (76.2) 

 
 

203 (30.1) 
467 (69.3) 

Access to IMCI 
guidelines 
No 
Yes  

 
 

648 (52.2) 
593 (47.8) 

 
 

396 (45.9) 
466 (54.1) 

 
 

374 (59.0) 
260 (41.0) 

 
 

354 (48.0) 
379 (51.4) 

 
 

442 (48.8) 
459 (50.7) 

 
 

552 (43.5) 
716 (56.4) 

 
 

212 (27.5) 
557 (72.2) 

 
 

274 (37.0) 
467 (63.0) 

 
 

243 (33.4) 
483 (66.4) 

 
 

132 (21.6) 
478 (78.4) 

 
 

169 (25.1) 
501 (74.3) 

Any supervision  
No 
Yes 

 
628 (50.6) 
613 (49.4) 

 
424 (49.2) 
438 (50.8) 

 
203 (32.0) 
431 (68.0) 

 
298 (40.4) 
440 (59.6) 

 
291 (32.2) 
614 (67.9) 

 
321 (25.3) 
949 (74.7) 

 
370 (48.0) 
401 (42.0) 

 
247 (33.3) 
494 (66.7) 

 
171 (23.5) 
556 (76.5) 

 
245 (40.2) 
365 (59.8) 

 
203 (30.1) 
471 (69.9) 

MCM supervision  
No 
Yes 

 
971 (78.2) 
270 (21.8) 

 
674 (78.2) 
188 (21.8) 

 
410 (64.7) 
224 (35.3) 

 
557 (75.5) 
181 (24.5) 

 
472 (52.2) 
433 (47.9) 

 
849 (66.9) 
421 (33.2) 

 
653 (84.7) 
118 (15.3) 

 
454 (61.3) 
287 (38.7) 

 
425 (58.5) 
302 (41.5) 

 
405 (66.4) 
205 (33.6) 

 
287 (45.6) 
387 (57.4) 

Observation of 
consultations  
No 
Yes 

 
 

1163 (93.7) 
78 (6.3) 

 
 

740 (85.9) 
122 (14.2) 

 
 

563 (88.8) 
71 (11.2) 

 
 

652 (88.4) 
86 (11.7) 

 
 

718 (79.3) 
187 (20.7) 

 
 

1133 (89.3) 
137 (10.8) 

 
 

697 (90.4) 
74 (9.6) 

 
 

591 (79.8) 
150 (20.2) 

 
 

606 (83.4) 
121 (16.6) 

 
 

451 (73.9) 
159 (26.1) 

 
 

396 (58.8) 
278 (41.3) 

Feedback  
No 
Yes 

 
1129 (91.0) 
112 (9.0) 

 
753 (87.4) 
109 (12.7) 

 
448 (70.7) 
186 (29.3) 

 
598 (81.0) 
140 (19.0) 

 
551 (60.9) 
354 (39.1) 

 
968 (76.2) 
302 (23.8) 

 
681 (88.3) 
90 (11.7) 

 
521 (70.3) 
220 (29.7) 

 
488 (67.1) 
239 (32.9) 

 
441 (72.3) 
169 (27.7) 

 
392 (58.2) 
282 (41.8) 

Knowledge of testing  
No 
Yes 

 
NA 

 
114 (13.2) 
748 (86.8) 

 
138 (21.8) 
492 (77.6) 

 
88 (11.9) 

638 (86.5) 

 
151 (16.7) 
754 (83.3) 

 
248 (19.5) 

1015 (79.9) 

 
116 (15.1) 
655 (85.0) 

 
56 (7.6) 

685 (92.4) 

 
78 (10.7) 
649 (89.3) 

 
80 (13.1) 
530 (86.9) 

 
54 (8.0) 

620 (92.0) 

Knowledge of 
treatment  
No 
Yes 

 
 

NA 

 
 

460 (53.4) 
402 (46.6) 

 
 

292 (46.1) 
342 (53.9) 

 
 

316 (42.8) 
422 (57.2) 

 
 

256 (28.3) 
649 (71.7) 

 
 

271 (21.3) 
999 (78.7) 

 
 

181 (23.5) 
590 (76.5) 

 
 

71 (9.6) 
670 (90.4) 

 
 

77 (10.6) 
650 (89.4) 

 
 

73 (12.0) 
537 (88.0) 

 
 

35 (5.2) 
639 (94.8) 
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Table 3.8 Continued  

Survey round 1 
N=1241 
n (%) 

2 
N=862 
n (%) 

3 
N=634 
n (%) 

4 
N=738 
n (%) 

5 
N=905 
n (%) 

6 
N=1270 
n (%) 

7 
N=771 
n (%) 

8 
N=741 
n (%) 

9 
N=727 
n (%) 

10 
N=610 
n (%) 

11 
N=674 
n (%) 

Patient level 

Age  
<5 years 
≥5 years 

 
593 (47.8) 
648 (42.2) 

 
420 (48.7) 
442 (51.3) 

 
301 (47.5) 
333 (52.5) 

 
327 (44.3) 
411 (55.7) 

 
375 (41.4) 
530 (58.6) 

 
536 (42.2) 
733 (57.7) 

 
349 (45.3) 
422 (54.7) 

 
284 (38.3) 
457 (61.7) 

 
318 (43.7) 
409 (56.3) 

 
279 (45.7) 
331 (54.3) 

 
234 (34.7) 
440 (65.3) 

Temperature 
<37.5°C 
 ≥37.5°C  

 
870 (70.1) 
369 (29.7) 

 
595 (69.0) 
266 (30.9) 

 
415 (65.5) 
213 (33.6) 

 
575 (77.9) 
161 (21.8) 

 
656 (77.5) 
246 (27.2) 

 
822 (64.7) 
447 (35.2) 

 
559 (72.5) 
208 (27.0) 

 
566 (76.4) 
174 (23.5) 

 
473 (65.1) 
253 (34.8) 

 
410 (67.2) 
197 (32.3) 

 
448 (66.5) 
217 (32.2) 

Prior use of AM 
No 
Yes  

 
1165 (93.9) 

76 (6.1) 

 
824 (95.6) 
38 (4.4) 

 
599 (94.5) 
35 (5.5) 

 
713 (96.6) 
25 (3.4) 

 
851 (94.0) 
54 (6.0) 

 
1220 (96.1) 

50 (3.9) 

 
756 (98.1) 
15 (2.0) 

 
722 (97.4) 

9 (2.6) 

 
692 (95.2) 
35 (4.8) 

 
598 (98.0) 
12 (2.0) 

 
651 (96.6) 
23 (3.4) 

Main complaints             

Fever  
No 
Yes 

 
208 (16.7) 

1033 (83.2) 

 
121 (14.0) 
741 (86.0) 

 
108 (17.0) 
526 (83.0) 

 
114 (15.5) 
624 (84.6) 

 
190 (21.0) 
715 (79.0) 

 
199 (15.7) 

1071 (84.3) 

 
96 (12.5) 
675 (87.6) 

 
128 (17.3) 
613 (82.7) 

 
75 (10.3) 
652 (89.7) 

 
55 (9.0) 

555 (91.0) 

 
95 (14.1) 

579 (85.9) 

Cough 
No 
Yes 

 
692 (55.8) 
549 (44.2) 

 
499 (57.9) 
363 (42.1) 

 
349 (55.1) 
285 (45.0) 

 
412 (55.8) 
326 (44.2) 

 
486 (53.7) 
419 (46.3) 

 
624 (49.1) 
646 (50.9) 

 
430 (55.8) 
341 (44.2) 

 
403 (54.4) 
338 (45.6) 

 
430 (59.2) 
297 (40.9) 

 
317 (52.0) 
293 (48.0) 

 
371 (55.0) 
303 (45.0) 

Diarrhoea 
No 
Yes 

 
1081 (87.1) 
160 (12.9) 

 
748 (86.8) 
114 (13.2) 

 
567 (89.4) 
67 (10.6) 

 
642 (87.0) 
96 (13.0) 

 
820 (90.6) 
85 (9.4) 

 
1149 (90.5) 
121 (9.5) 

 
679 (88.1) 
92 (11.9) 

 
664 (89.6) 
77 (10.4) 

 
633 (87.1) 
94 (12.9) 

 
538 (88.2) 
72 (11.8) 

 
622 (92.3) 
52 (7.7) 

Headache 
No 
Yes 

 
801 (64.5) 
440 (35.5) 

 
615 (71.4) 
247 (28.7) 

 
418 (65.9) 
216 (34.1) 

 
489 (66.3) 
249 (33.7) 

 
608 (67.2) 
297 (32.8) 

 
804 (63.3) 
466 (36.7) 

 
539 (69.9) 
232 (30.1) 

 
416 (56.1) 
325 (43.9) 

 
447 (61.5) 
280 (38.5) 

 
383 (62.8) 
227 (37.2) 

 
371 (55.0) 
303 (45.0) 

Running nose 
No 
Yes 

 
1058 (85.3) 
183 (14.8) 

 
779 (90.4) 
83 (9.6) 

 
572 (90.2) 
62 (9.8) 

 
661 (89.6) 
77 (10.4) 

 
775 (85.6) 
130 (14.4) 

 
1100 (86.6) 
170 (13.4) 

 
693 (89.9) 
78 (10.1) 

 
679 (91.6) 
62 (8.4) 

 
634 (87.2) 
93 (12.8) 

 
521 (85.4) 
89 (14.6) 

 
581 (86.2) 
93 (13.8) 

Rash 
No 
Yes 

 
1211 (97.6) 

30 (2.4) 

 
830 (96.3) 
32 (3.7) 

 
614 (96.9) 
20 (3.2) 

 
725 (98.2) 
13 (1.8) 

 
887 (98.0) 
18 (2.0) 

 
1242 (97.8) 

28 (2.2) 

 
752 (97.5) 
19 (2.5) 

 
725 (97.8) 
16 (2.2) 

 
709 (97.5) 
18 (2.5) 

 
591 (96.9) 
19 (3.1) 

 
662 (98.2) 
12 (1.8) 

Vomiting  
No 
Yes 

 
1049 (84.5) 
192 (15.5) 

 
697 (80.9) 
165 (19.1) 

 
525 (82.8) 
109 (17.2) 

 
618 (83.7) 
120 (16.3) 

 
776 (85.8) 
129 (14.3) 

 
1021 (80.4) 
249 (19.6) 

 
639 (82.9) 
132 (17.1) 

 
601 (81.1) 
140 (18.9) 

 
591 (81.3) 
136 (18.7) 

 
499 (81.8) 
111 (18.2) 

 
572 (84.9) 
102 (15.1) 

Chills 
No 
Yes  

 
1217 (98.1) 

24 (1.9) 

 
816 (94.7) 
46 (5.3) 

 
598 (94.3) 
36 (5.7) 

 
704 (95.4) 
34 (4.6) 

 
868 (95.9) 
37 (4.1) 

 
1184 (93.2) 

86 (6.8) 

 
727 (94.3) 
44 (5.7) 

 
 687 (92.7) 

54 (7.3) 

 
665 (91.5) 
62 (8.5) 

 
576 (94.4) 
34 (5.6) 

 
605 (89.8) 
69 (10.2) 
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Chapter 4: Trends in health workers’ compliance with 

outpatient malaria case-management guidelines across 

malaria epidemiological zones in Kenya, 2010-2016   
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4.1 Introduction 

Section 2.3 highlighted the suboptimal health workers’ compliance with the outpatient malaria 

diagnosis and treatment guidelines between 2010 and 2018 across Africa. However, since 

2010, recent outpatient evaluations have suggested improvements in specific compliance 

indicators such as testing of febrile patients or compliance with test negative results [Pulford 

et al., 2016; Boyce & O’Meara, 2017; Namuyinga et al., 2017; Plucinski et al., 2017]. It has 

also been suggested that the malaria transmission setting may influence “test and treat” 

practices [Graz et al., 2011; Plucinski et al., 2018], but trends in compliance have not been 

widely explored in relation to malaria endemicity [Onchiri et al., 2015; Plucinski et al., 2017]. 

Therefore, this chapter examines whether the improvement trends reported in Kenya on the 

national scale in Section 3.2.4 differ in relation to malaria endemicity at health facilities with 

available “test and treat” commodities. 

4.2 Methods 

4.2.1 Malaria epidemiological zones 

The Kenya NMCP malaria stratification of the country considers five malaria epidemiological 

zones described in Section 1.3.3. In summary, the five zones are as follows: 1) Lake endemic 

– high transmission areas around Lake Victoria in western Kenya with stable malaria 

transmission all year round, 2) Coast endemic – low to moderate transmission areas along 

the Indian Ocean coast, 3) Highland epidemic – areas of the western highlands with unstable, 

year-to-year variation in transmission, 4) Semi-arid seasonal transmission – arid and semi-

arid areas of northern, eastern and south-eastern Kenya with acute seasonal and low 

transmission, and 5) Low risk – areas of central highlands including Nairobi with low 

transmission (Figure 1.3 and 4.1). 
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Figure 4.1 The distribution of the health facilities included in the analysis as purple dots by malaria 

epidemiological zones (low risk in green, seasonal transmission in light green, coast endemic in yellow, 

lake endemic in orange and highland epidemic areas in red colours) in Kenya 

 

4.2.2 Indicators  

Twelve indicators of health workers’ compliance with the malaria case-management 

guidelines outlined in Box 2.2 were examined at health facilities with available “test and treat” 

commodities. The indicators included four primary indicators of health workers’ compliance 

with malaria “test and treat” policy and eight secondary indicators of compliance with AL 

dosing, dispensing and counselling tasks among patients who had AL prescribed and 

dispensed to be taken at home (Box 2.2).  
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4.2.3 Statistical analysis  

For each of the 12 compliance indicators, the primary analytic approach was to estimate 

temporal trends over 11 survey rounds from January 2010 to July 2016, within each malaria 

risk zone and compare the trends between the zones. For a contextual understanding of 

these trends, compliance levels for each indicator stratified by the malaria risk zone were 

calculated for the baseline and the last survey. Multilevel mixed-effects logistic models with 

patients nested within health facilities were used to assess the temporal trends. The models 

accounted for clustering at the health facility level by fitting random intercepts for a health 

facility to adjust for correlated observations [Hu et al., 1998]. The trends were examined for 

each outcome in a model with an interaction term between each malaria risk zone and time 

as a continuous variable. For the baseline survey, conducted in January 2010, the time was 

set to zero and time in months since the baseline survey was calculated for the consecutive 

surveys. This was then converted to years by dividing by 12 to estimate the annual change in 

the performance of each outcome. Therefore, the fitted models were as presented in 

Equation 4.1. 

logit (𝜇𝑖𝑗) = 𝛼 +  𝛽1𝑡𝑗 + 𝛽2𝑋𝑖𝑗 + 𝛽3 𝑋 ∗ 𝑡 𝑖𝑗 + 𝜀𝑖𝑗 + µ𝑗 Equation 4.1 

where α is the intercept; t is the survey year; β1 the annual time trends in health workers’ 

compliance; β2 is the epidemiological zones’ main effect, and β3 is the interaction between 

time* zone effect to evaluate the annual time trends in health workers' compliance within each 

zone at health facility j and; 𝜀𝑖𝑗 and µ𝑗 the residuals at levels 1 and 2, respectively, and 

capture unobserved variation.  

P-values less than 0.05 were considered statistically significant. The results are presented as 

time trends (annual odds ratios) with 95% confidence intervals (CI) and plots of the observed 
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levels versus predicted marginal regression lines. All analyses were conducted using Stata 

version 15 (StataCorp, College Station, TX, USA). 

4.3 Results 

4.3.1 Description of the study population 

Analyses were undertaken on 9,173 patients seen at health facilities with available “test and 

treat” commodities across the 11 survey rounds conducted from 2010 to 2016. The trends 

analysis across the five epidemiological zones included a range of 932 to 2,766 (survey 

range [SR]: 33-407) febrile patients aged between 1 month and 98 years, 129 to 1,178 test 

positive, 321 to 882 test negative, 191 to 1,620 AL prescribed and 184 to 1,570 patients who 

had AL dispensed at facilities. Over the 11 survey rounds, the number of health facilities and 

health workers who saw febrile patients across the five zones ranged between 93 to 331 (SR: 

5-38) and 126 to 408 (SR: 5-45), respectively (Table 4.1).  

Table 4.1 Number of included health facilities, health workers and febrile patients by malaria 

epidemiological zones 

Survey round 1 2 3 4 5 6 7 8 9 10 11 

Health facilities  
Lake endemic 23 18  15  17  25  26  19  26 24  25  24  
Coast endemic 9 7  10  6 5  12 7  8  11 9 9  
Highland epidemic 21  21 22  15 27  31  20  24 28  26 26 
Semi-arid seasonal  16  26  21 32 30  37  33  33  37  28  38 
Low risk 20 19  19 23  28  37  26  18 29  38  26  

Health workers 
Lake endemic 28  33 22 21  36 41 22 35  30  33  31  
Coast endemic 14  12  11 9  5  16 7 14 12  13 12 
Highland epidemic 26  26  34 20  29 41  29 26  33 31 30 
Semi-arid seasonal  22 36 27 42  35  45 42 35 44  35 45  
Low risk 26 20 24 30 37 45  30 21  33  43 37 

Febrile patients  
Lake endemic 407 275  161 193 325 355  162 270 185  203 230  
Coast endemic 200 95 76 62 41 110  78 72 33 85  80 
Highland epidemic 208  213 185 127  175 262 152  150 221 84 121 
Semi-arid seasonal  244  195 133  218  183 272  207  189 159 126  145  
Low risk 182  84 79 138  181 271 172  60 129 112  98  
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4.3.2 Trends in compliance with malaria “test and treat” guidelines across malaria 

epidemiological zones  

The composite “test and treat” performance, measured as febrile patients tested for malaria 

and treated according to the test results, was low at baseline and ranged between 18 and 

40% across the five epidemiological zones (Table 4.2). Within three epidemiological zones, 

the compliance increased significantly with an annual increment in the odds of 80% in the 

lake endemic (OR=1.80 annually; 95% CI: 1.61-2.01), 48% in the highland epidemic 

(OR=1.48; 95% CI: 1.32-1.66) and 24% in the coast endemic (OR=1.24; 95% CI: 1.05-1.46). 

The annual trends were significantly higher within the lake endemic compared to the highland 

epidemic (p=0.015) and coast endemic (p<0.001) zones. There were no significant changes 

in the performance trends within the semi-arid seasonal transmission and low risk zones 

(Table 4.3 and Figure 4.2). In the last survey, the composite “test and treat” performance was 

highly variable across the zones and ranged from 25% in the low risk area to 90% in the lake 

endemic zone (Table 4.2).  
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Figure 4.2 Time trends in compliance with composite “test and treat” performance across malaria 

epidemiological zones showing the actual levels in dots and predicted trends as marginal regression 

lines 

 

The trends in compliance with the specific components of the “test and treat” policy are 

specified below. The proportions of febrile patients who were tested for malaria were similar 

across the five epidemiological zones and ranged between 40 and 46% at baseline (Table 

4.2). The odds of compliance with malaria testing of febrile patients increased significantly 

over time in the lake endemic (OR=1.71; 95% CI: 1.51-1.93) and highland epidemic areas 

(OR=1.32; 95% CI: 1.18-1.49). The annual trend was higher in the lake endemic compared to 

the highland epidemic areas (p=0.003). In contrast, there was some evidence of a decline in 

testing febrile patients over time within the low-risk zone (OR=0.89; 95% CI: 0.79-1.01). No 

significant changes were observed within the semi-arid seasonal and coast endemic zones 

(Table 4.3 and Figure 4.3). In the coast endemic zone, variability in the proportion of tested 

patients was observed between surveys resulting in no consistent time trend. In the last 

survey, the proportion of tested patients ranged between 25 and 94% across the zones, with 
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the low-risk area showing the lowest levels of testing (25%) and the lake endemic having the 

highest proportion (94%) of tested patients (Table 4.2).  

Figure 4.3 Time trends in compliance with malaria testing of febrile patients across malaria 

epidemiological zones showing the actual levels in dots and predicted trends as marginal regression 

lines 

 

With regards to AL treatment for test positive patients, the levels ranged between zones from 

71% in the coast endemic area to 94% in the low risk zone at baseline (Table 4.2). Despite 

relatively high baseline levels, AL treatment for test positive patients showed similar 

(p=0.638) and significant time trends within the lake (OR=1.56; 95% CI: 1.26-1.92) and coast 

endemic (OR=1.77; 95% CI: 1.07-2.94) zones. There were no significant changes within the 

highland epidemic, semi-arid seasonal, and low-risk zones over time (Table 4.3 and Figure 

4.4). In the last survey, a range of 97 to 100% of test positive patients were treated with AL 

across the five zones (Table 4.2). 
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Figure 4.4 Time trends in compliance with AL treatment for malaria test positive patients across 

malaria epidemiological zones showing the actual levels in dots and predicted trends as marginal 

regression lines 

 

Lastly, withholding antimalarial treatment for test negative patients was variable at baseline 

and ranged between 33 and 81% across the five zones. The semi-arid seasonal transmission 

areas had the highest levels of compliance (81%). In comparison, only 33 and 36% of test 

negative patients were not prescribed an antimalarial in the highland and lake endemic 

zones, respectively (Table 4.2). Across all five malaria risk zones, the odds of compliance 

with no antimalarial treatment policy for test negative patients significantly increased over 

time with an annual increase in the odds of thrice within the coast endemic (OR=3.12; 95% 

CI: 1.76-5.53), twice in the low risk (OR=2.27; 95% CI: 1.61-3.19) and lake endemic 

(OR=2.04; 95% CI: 1.65-2.54), 80% in the highland epidemic (OR=1.80; 95% CI: 1.45-2.24) 

and 34% in the semi-arid seasonal transmission (OR=1.34; 95% CI: 1.06-1.69) areas. The 

annual trends were significantly higher within the lake endemic (p=0.008), coast endemic 

(p=0.007), and low risk (p=0.012) compared to the semi-arid seasonal transmission areas 
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(Table 4.3 and Figure 4.5). During the last survey, the proportion of test negative patients 

who were not prescribed an antimalarial was high in all zones and ranged from 83% in the 

highland epidemic zone to 100% in the low risk area (Table 4.2). 

Figure 4.5 Time trends in compliance with no antimalarial treatment for malaria test negative patients 

across malaria epidemiological zones showing the actual levels in dots and predicted trends as 

marginal regression lines 

 

4.3.3 Trends in AL dosing, dispensing, and counselling performance across malaria 

epidemiological zones 

At baseline, the levels of eight AL dosing, dispensing, and counselling performance tasks 

differed between the evaluated tasks (Table 4.2). Correct prescribing of AL dose and 

explaining of AL dose to be taken at home was at high-performance levels and for the 

respective tasks ranged across five zones from 86 to 93% and 92 to 98%. The health 

workers’ performance of the remaining six tasks was much lower at the baseline with the 

following task range across malaria zones: weighing 33-62%, administration of the first AL 
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dose 15-41%, and provision of advice on taking the second AL dose after eight hours 56-

91%, to take AL after meals 53-73%, to complete all AL doses 71-82% and what to do in 

case of vomiting 2-9% (Table 4.2). 

Significant annual trends were observed in health workers’ compliance with three dispensing 

and counselling tasks, specifically, administering the first AL dose at the health facility, 

weighing patients, and advising patients to take the second AL dose after eight hours. The 

proportion of patients who had the first AL dose administered at the facility significantly 

increased over time in three malaria zones, with the odds increasing five times annually 

within the coast endemic (OR=5.02; 95% CI=2.77-9.09), twice in the lake endemic (OR=2.33; 

95% CI=1.76-3.10) and 44% within the semi-arid seasonal transmission (OR=1.44; 95% 

CI=1.02-2.04). The annual trends were significantly higher within the coast endemic zone 

compared to lake endemic (p=0.014) and semi-arid seasonal transmission areas (p<0.001). 

In the lake endemic zone, significant annual improvement trends were also observed in the 

weighing of patients (OR=1.17; 95% CI=1.01-1.36) and advising patients to take the second 

AL dose after eight hours (OR=1.27; 95% CI=1.09-1.48). Within the highland epidemic and 

low risk areas, none of the eight monitored tasks showed significant changes over time 

(Table 4.3 and Figure 4.6).  

No significant changes were observed in any of the five epidemiological zones in the 

proportion of patients who were prescribed the correct AL dose, explained AL dose, advised 

to take AL after meals, advised to complete all AL doses and what to do in case of vomiting 

(Table 4.3 and Figure 4.6). For correct AL dosing and explaining AL dose to be taken at 

home, the performance levels were high at baseline and remained so throughout the surveys. 

Except for advice on vomiting, which was rarely offered throughout the monitoring period and 

across all zones (range 0 to 17%), the last survey found that all of the seven remaining AL 
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dosing, dispensing and counselling tasks were performed for more than two-thirds of the 

patients in the lake and coast endemic areas. In contrast, in the highland, semi-arid seasonal 

transmission and low risk areas, the performance in the administration of the first AL dose at 

the facility was significantly lower. It ranged across these three zones from 26 to 33% (Table 

4.2).
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Figure 4.6 Time trends in compliance with AL dosing, dispensing, and counselling performance by malaria epidemiological zones showing the actual levels 

in dots and predicted trends as marginal regression lines 
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Table 4.2 Compliance with outpatient malaria guidelines by epidemiological zones in Kenya, 2010 and 2016 

Indicators of malaria case-management quality Lake endemic  Coast endemic Highland epidemic Semi-arid seasonal  Low risk 

Primary indicators - “test and treat” compliance 

Malaria testing of febrile patients 
Baseline-2010 % (n/N) 
Last survey-2016 % (n/N) 

 
43.5 (177/407) 
93.9 (216/230) 

 
40.0 (80/200) 
76.3 (61/80) 

 
41.4 (86/208) 
70.3 (85/121)  

 
45.9 (112/244) 
53.1 (77/145) 

 
39.6 (72/182) 
24.5 (24/98) 

AL treatment for test positive patients 
Baseline % (n/N) 
Last survey % (n/N) 

 
82.7 (86/104) 
98.6 (139/141)  

 
71.4 (35/49) 
100 (32/32) 

 
73.9 (17/23) 
96.9 (31/32)  

 
91.4 (64/70) 
100 (12/12) 

 
93.6 (29/31) 
100 (3/3) 

No antimalarial for test negative patients 
Baseline % (n/N) 
Last survey % (n/N) 

 
35.6 (26/73) 
89.3 (67/75) 

 
48.4 (15/31) 
96.6 (28/29) 

 
33.3 (21/63) 
83.0 (44/53) 

 
81.0 (34/42) 
90.8 (59/65) 

 
56.1 (23/41) 
100 (21/21) 

Composite “test and treat” performance 
Baseline % (n/N) 
Last survey % (n/N) 

 
27.5 (112/407) 
89.6 (206/230) 

 
25.0 (50/200) 
75.0 (60/80) 

 
18.3 (38/208) 
62.0 (75/121) 

 
40.2 (98/244) 
49.0 (71/145) 

 
28.6 (52/182)  
24.5 (24/98) 

Secondary indicators - AL dosing, dispensing, and counselling compliance 

Correct AL dosing  
Baseline % (n/N) 
Last survey % (n/N) 

 
92.7 (240/259) 
94.6 (139/147) 

  
91.2 (83/91) 
85.3 (29/34) 

 
91.3 (105/115) 
97.5 (39/40) 

 
86.9 (106/122) 
89.5 (17/19) 

 
86.4 (51/59) 
100 (3/3) 

Weighing of patients prescribed AL 
Baseline % (n/N) 
Last survey % (n/N) 

 
61.9 (169/273) 
83.9 (125/149) 

 
48.2 (53/110) 
74.3 (26/35) 

 
51.2 (62/121) 
55.0 (22/40) 

 
37.2 (55/148) 
52.6 (10/19) 

 
33.3 (20/60) 
33.3 (1/3) 

First AL dose administered at the facility  
Baseline % (n/N) 
Last survey % (n/N) 

 
41.4 (113/273) 
69.1 (103/149) 

 
14.6 (16/110) 
97.1 (34/35)  

 
37.2 (45/121) 
27.5 (11/40) 

 
16.2 (24/148) 
26.3 (5/19) 

 
20.0 (12/60)  
33.3 (1/3) 

Explanation of AL dosage 
Baseline % (n/N) 
Last survey % (n/N) 

 
98.2 (268/273) 
98.0 (146/149) 

 
97.3 (107/110) 
97.1 (34/35) 

 
92.6 (112/121) 
97.5 (39/40) 

 
94.6 (140/148) 
89.5 (17/19) 

 
91.7 (55/60) 
100 (3/3) 

Advised to take the second AL dose after 8 hours  
Baseline % (n/N) 
Last survey % (n/N) 

 
70.3 (192/273) 
91.9 (136/148) 

 
90.9 (100/110) 
91.4 (32/35) 

 
67.8 (82/121) 
95.0 (38/40) 

 
56.1 (83/148) 
89.5 (17/19) 

 
66.7 (40/60) 
100 (3/3) 

Advised to take drugs after meals  
Baseline % (n/N) 
Last survey % (n/N) 

 
54.6 (149/273) 
76.2 (112/147)  

 
72.7 (80/110) 
68.6 (24/35) 

 
68.6 (83/121) 
42.5 (17/40) 

 
53.4 (79/148) 
84.2 (16/19) 

 
53.3 (32/60) 
33.3 (1/3) 

Advised what to do in case of vomiting  
Baseline % (n/N) 
Last survey % (n/N) 

 
5.9 (16/273) 
10.1 (15/149) 

 
9.1 (10/110) 
17.1 (6/35) 

 
1.7 (2/121)  
2.5 (1/40) 

 
2.0 (3/148) 
5.3 (1/19) 

 
1.7 (1/60) 
0 (0/3) 

Advised to complete all AL doses  
Baseline % (n/N) 
Last survey % (n/N) 

 
76.6 (209/273) 
87.2 (129/148) 

 
70.9 (78/110) 
85.7 (30/35) 

 
81.8 (99/121) 
87.5 (35/40) 

 
76.4 (113/148) 
84.2 (16/19) 

 
80.0 (48/60) 
100 (3/3) 
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Table 4.3 Time trends in compliance with outpatient malaria guidelines by epidemiological zones in Kenya, 2010-2016 

 Lake endemic Coast endemic Highland epidemic Semi-arid seasonal  Low risk 

 N  
(Mean† %) 

Time trend* 

[95% CI]  
(p-value) 

N  
(Mean %) 

Time trend  
[95% CI]  
(p-value) 

N  
(Mean %) 

Time trend 
 [95% CI]  
(p-value) 

N  
(Mean† %) 

Time trend 
[95% CI] 
 (p-value) 

N  
(Mean %) 

Time trend  
[95% CI]  
(p-value) 

Primary indicators – “test and treat” compliance 

Malaria testing of 
febrile patients 

2766 
(74.5) 

1.71 [1.51-1.94] 
(<0.001) 

932 (54.6) 1.13 [0.95-1.35] 
(0.165) 

1898 
(58.5) 

1.32 [1.18-1.49] 
(<0.001) 

2071 
(51.2) 

0.93 [0.83-1.04] 
(0.212) 

1506 
(41.0) 

0.89 [0.79-1.01] 
(0.064) 

AL treatment for 
test positive 
patients 

1178 
(88.4) 

1.56 [1.26-1.89] 
(<0.001) 

189 (87.8) 1.77 [1.07-2.94] 
(0.026) 

304 (86.2) 1.18 [0.85-1.66] 
(0.326) 

400 (88.8) 1.01 [0.72-1.40] 
(0.973) 

129 (87.6) 0.70 [0.44-1.12] 
(0.134) 

No antimalarial for 
test negative 
patients 

882 (71.5) 2.04 [1.65-2.54] 
(<0.001) 

321 (90.7) 3.12 [1.76-5.53] 
(<0.001) 

806 (74.8) 1.80 [1.45-2.24] 
(<0.001) 

661 (83.2) 1.34 [1.06-1.69] 
(0.013) 

490 (88.0) 2.27 [1.62-3.19] 
(<0.001) 

Composite “test 
and treat” 
performance  

2766 
(60.5) 

1.80 [1.61-2.01] 
(<0.001) 

932 (48.9) 1.24 [1.05-1.46] 
(0.011) 

1898 
(45.6) 

1.47 [1.32-1.65] 
(<0.001) 

2071 
(43.7) 

0.98 [0.88-1.09] 
(0.725) 

1506 
(36.1) 

0.97 [0.87-1.09] 
(0.652) 

Secondary indicators - AL dosing, dispensing, and counselling compliance 

Correct AL dosing 1561 
(93.5) 

0.95 [0.85-1.08] 
(0.446) 

251 (92.4) 0.94 [0.74-1.20] 
(0.617) 

637 (91.8) 0.89 [0.76-1.06] 
(0.193) 

687 (90.5) 1.17 [0.97-1.41] 
(0.107) 

187 (90.4) 0.98 [0.73-1.31] 
(0.880) 

Weighing of 
patients 
prescribed AL 

1570 
(72.5) 

1.17 [1.00-1.36] 
(0.044) 

269 (55.0) 1.11 [0.83-1.49] 
(0.468) 

635 (44.7) 1.02 [0.84-1.23] 
(0.875) 

686 (33.8) 1.15 [0.93-1.42] 
(0.204) 

184 (35.9) 0.99 [0.73-1.35] 
(0.960) 

First AL dose 
administered at 
the facility  

1570 
(44.6) 

2.33 [1.76-3.10] 
(<0.001) 

269 (49.1) 5.02 [2.77-9.09] 
(<0.001) 

635 (30.9) 1.25 [0.89-1.74] 
(0.194) 

686 (23.8) 1.44 [1.02-2.04] 
(0.029) 

184 (29.4) 1.46 [0.85-2.52] 
(0.170) 

Explanation of AL 
dosage 

1569 
(95.1) 

0.98 [0.84-1.14] 
(0.795) 

269 (97.8) 1.04 [0.69-1.56] 
(0.869) 

635 (92.6) 1.04 [0.85-1.28] 
(0.681) 

686 (92.6) 1.13 [0.90-1.43] 
(0.297) 

184 (95.1) 1.28 [0.79-2.05] 
(0.317) 

Advised to take 
the second AL 
dose after 8 hours  

1569 
(74.0) 

1.27 [1.09-1.48] 
(0.003) 

269 (90.3) 1.37 [0.93-2.02] 
(0.108) 

635 (71.2) 1.05 [0.86-1.27] 
(0.657) 

686 (62.2) 1.02 [0.83-1.27] 
(0.838) 

184 (73.9) 1.07 [0.77-1.49] 
(0.673) 

Advised to take 
drugs after meals  

1568 
(61.2) 

1.04 [0.95-1.14] 
(0.363) 

269 (72.5) 1.05 [0.87-1.26] 
(0.643) 

635 (55.4) 0.92 [0.82-1.05] 
(0.209) 

686 (63.6) 1.04 [0.90-1.20] 
(0.571) 

184 (69.6) 1.00 [0.80-1.26] 
(0.974) 

Advised what to 
do in case of 
vomiting  

1570 (6.1) 1.10 [0.94-1.29] 
(0.225) 

269 (11.5) 1.15 [0.87-1.53] 
(0.326) 

635 (6.3) 1.03 [0.82-1.30] 
(0.801) 

686 (5.8) 1.23 [0.96-1.58] 
(0.107) 

184 (3.8) 1.13 [0.70-1.82] 
(0.612) 

Advised to 
complete all AL 
doses  

1567 
(83.0) 

1.06 [0.96-1.18] 
(0.258) 

269 (79.2) 1.20 [0.97-1.49] 
(0.090) 

635 (80.8) 0.90 [0.79-1.04] 
(0.164) 

686 (81.0) 1.03 [0.88-1.20] 
(0.743) 

184 (83.7) 0.92 [0.71-1.19] 
(0.521) 

† The mean indicator value across 11 survey rounds.  
* Change in the odds of the indicator per year within each malaria risk zone; Bold font indicates a significant trend at p<0.05 
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4.4 Discussion  

This is the first study to provide data on long term trends in health workers’ compliance with 

outpatient malaria case-management guidelines stratified by malaria endemicity. This chapter 

examining compliance trends across the five malaria epidemiological zones revealed 

important spatial differences in health workers’ compliance with the outpatient guidelines, 

which have implications for future malaria case-management in Kenya. Overall, major 

improvement trends in health workers’ “test and treat” practices in an area of the highest 

malaria risk around Lake Victoria were observed, whereby at the end of the monitoring 

period, over 90% of all febrile patients were both tested and treated according to guidelines. 

Moreover, it was only in this area that the performance of several drug dispensing and 

counselling tasks significantly improved. In low malaria risk areas, and particularly in areas of 

very low risk in central Kenya, no significant changes were observed in the performance of 

any of the case-management tasks, except in compliance with no antimalarial policy for test 

negative patients, which improved in all epidemiological zones. This is despite various 

activities being implemented nationally to support the implementation of the “test and treat” 

policy (Figure 2.9). Several specifics of the case-management practices are highlighted 

below. 

Malaria testing of all febrile patients is a critical, early step of malaria case-management 

[Plucinski et al., 2018] which, if not systematically performed, leads to missed malaria 

diagnosis both in high and low transmission settings [Chandramohan et al., 2001; 

Chandramohan et al., 2002; Mwangi et al., 2005; Thwing et al., 2017]. Low malaria testing 

rates of fevers have been commonly reported as one of the weakest components of 

outpatient malaria case-management despite the testing readiness at health facilities 

[Abdelgader et al., 2012; Mubi et al., 2013; Johansson et al., 2014; Bilal et al., 2015; Plucinski 
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et al., 2017; Candrinho et al., 2019]. The 2010 findings showing less than half of febrile 

patients tested for malaria at facilities with available “test and treat” commodities concur with 

these reports. Notable differences were observed in testing trends between high and low 

malaria risk areas between 2010 and 2016. Major improvements in Kenyan high malaria risk 

areas reaching over 90% of tested febrile patients, though imperfect, are encouraging 

findings. However, they are in stark contrast with low risk areas where no improvement or 

even declining trends resulting in only a quarter of febrile patients tested in areas of the 

lowest risk were observed. Both behaviours have been commonly attributed to health 

workers’ practices considering pre-test probability of malaria [Graz et al., 2011], as similarly 

shown for other diseases where local epidemiology of diseases influence health workers’ 

selection of diagnostic tests [Heneghan et al., 2009; Arroll et al., 2012]. The higher testing 

compliance trends within the high-risk areas can also be explained by the accumulation of 

experience with test positive results [Faust et al., 2015] or the quality improvement activities 

implemented in these areas [MalariaCare, 2015].  

Not only does the undertesting in low risk areas compromise case-management, but also 

prospects of ensuring quality routine data through the DHIS2 for surveillance as an 

intervention for malaria elimination to which Kenya is aspiring in these areas [World Health 

Organization, 2017d; MoH, 2019a; Alegana et al., 2020]. Pillar 3 of the GTS 2016-2030 

advocates transforming surveillance into a core intervention [World Health Organization, 

2015b]. To eliminate malaria within the low risk areas, identification, investigation, and 

elimination of foci of transmission should be an objective of surveillance [Moonen et al., 2010; 

Stresman et al., 2010; Sturrock et al., 2013; World Health Organization, 2018c]. Passive 

surveillance involves the accurate parasitological diagnosis of malaria using RDTs or 

microscopy and appropriate treatment of febrile patients when seeking care [World Health 

Organization, 2018c]. In addition to passive surveillance that only captures symptomatic 
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patients, the use of active case detection (ACD) is also recommended in low transmission 

areas [Sturrock et al., 2013]. Active case detection includes finding and treating both 

symptomatic and asymptomatic cases within the community and households to ascertain 

whether they are imported or local. There are two types of ACD, 1) reactive ACD (RACD) that 

involves testing and treating contacts of a passively detected index case, and 2) proactive 

ACD (PACD) that involves targeted or mass screening of high-risk groups to search for cases 

without a passively detected case. RACD is recommended in low risk areas, while PACD is 

recommended in moderate to low malaria risk areas [Stresman et al., 2010; Sutcliffe et al., 

2012; Sturrock et al., 2013]. Within the low risk areas, health workers are less likely to test 

febrile patients for malaria resulting in a missed opportunity to treat infections, curb imported 

cases, and prevent onward transmission. Optimised test-based case-management at health 

facilities, if controlled for the importation of cases, has been predicted to be a potentially 

sufficient strategy to achieve malaria elimination in historically low risk areas assuming that all 

infected individuals are symptomatic [Gerardin et al., 2017]. Carefully designed and evaluated 

interventions changing health workers testing behaviour in low malaria risk areas should be a 

case-management priority of malaria control programmes and operational researchers. 

Health workers’ compliance with test negative results is an important case-management 

component determining the cost-benefit of the “test and treat” policy for malaria [Lubell et al., 

2008]. Despite the improvement trends in this practice across Africa [Boyce & O’Meara, 

2017], rates of 20-30% of test negative outpatients treated for malaria have been estimated 

with large variability of non-compliant practices between individual studies [Kabaghe et al., 

2016]. With respect to malaria transmission, malaria treatments for test negative patients 

have been reported in 57% and 7% of high and low malaria risk hospital outpatients, 

respectively, in western Kenya in 2012/2013 [Onchiri et al., 2015]. The analysis in this 

chapter showed high levels of non-compliant practices in 2010. However, there were major 
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improvements in all epidemiological zones resulting in nearly all test negative patients not 

being treated for malaria in low risk areas but also in 90% of the patients for whom health 

workers complied with the guidelines in areas of the highest malaria risk around the Lake 

Victoria in 2016. In these high malaria risk areas, likely due to the highest prevalence of 

disease and a long history of presumptive treatment practices [MoH, 2006a], the behavioural 

changes were the slowest and, even though they are imperfect, high levels of compliance 

with test negative results have been observed only five years after the policy change.  

Treatment with highly efficacious ACTs for confirmed cases is one of the direct measures of 

case-management effectiveness [Littrell et al., 2013; Galactionova et al., 2015]. In Kenya, the 

ACT policy recommending AL for uncomplicated malaria was implemented in 2006 [Amin et 

al., 2007] and health workers’ prescribing preferences for other therapies in the presence of 

ACTs were common during the early years of the policy implementation [Zurovac et al., 

2008a; Zurovac et al., 2008b], as similarly shown in other African countries [Zurovac et al., 

2008c; Rowe et al., 2009a; Sserwanga et al., 2011; Webster et al., 2014]. Such practices, 

though at lower levels, have persisted until 2010 in Kenya and were particularly pronounced 

in the high-risk lake endemic and coastal areas where the use of parenteral antimalarials on 

an outpatient basis was a frequent treatment practice [Zurovac et al., 2014; Onchiri et al., 

2015]. From 2010 onwards, notable improvements were observed in these areas. During the 

surveys in 2016, irrational use of injectable antimalarials has nearly disappeared, and AL 

prescribing for confirmed cases has been standardised across all areas of malaria risk. 

Despite modest changes in the overall quality of AL dispensing and counselling across the 

zones, the major improvement trends observed in the administration of the first AL dose at 

the facility in the high-risk lake endemic (OR=2.3) and coastal areas (OR=5.0) should not be 

underestimated. Administration of the first AL dose ensures prompt treatment for malaria and 
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is one of the main factors determining patients’ adherence to medicines and treatment 

effectiveness [Beer et al., 2009; Mace et al., 2011; Talisuna et al., 2017]. A series of 

outpatient evaluations, including interventional studies, have reported suboptimal 

performance of this task and a reluctance to practice change [Abdelgader et al., 2012; 

Namuyinga et al., 2017; Plucinski et al., 2017]. Under routine conditions of the policy 

implementation, major improvements have been seen in high transmission areas where most 

ACTs are prescribed in Kenya, despite a potential practice conflict between prompt treatment 

and recommended AL dosing after a meal. Alongside improvements in the AL administration 

at the facility, a declining trend in advising patients to take AL at home after a meal was not 

observed. 

Interestingly, in areas of low malaria risk, where antimalarials are rarely prescribed, only 

minor improvement trends have been observed, and AL administration in these areas 

remained at very low levels. The findings imply that in low risk areas, high workload may not 

be a reason for poor dispensing practices for antimalarials, as commonly reported in the past 

[Steinhardt et al., 2014a; Pulford et al., 2016; Namuyinga et al., 2017; Kaunda-Khangamwa et 

al., 2018]. Finally, across the zones and over the years, most patients were correctly dosed, 

advised on dosing at home, and told to ‘finish” all doses; however, advice on what to do in 

case of vomiting was rarely provided. Since vomiting is common and non-replacement of 

doses compromises patients’ adherence and treatment outcomes [Kachur et al., 2004], 

further investigations to understand such practices are required. Accountability for 

replacement doses at the facilities might be one of the systems factors worth exploring as a 

reason for the low levels of advising patients on what to do in case of vomiting. 
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4.5 Conclusion 

Trends in health workers’ compliance with outpatient malaria case-management guidelines 

differed across different malaria endemicity areas between 2010 and 2016 in Kenya. The 

major improvements in health workers’ “test and treat” practices, including improved 

performance of drug dispensing and counselling, were observed in areas of the highest 

malaria risk around Lake Victoria. Conversely, in low-risk areas, no significant changes have 

been seen in the performance of any of the case-management tasks, except in compliance 

with test negative results, which indeed increased across all epidemiological zones. By the 

end of 2016, antimalarial treatment compliance with test positive results, and somewhat less 

to test negative results, has largely become the standard practice at facilities with available 

commodities across all zones while major undertesting gaps of febrile patients have been 

revealed in areas of low risk calling for interventions to change health workers’ behaviour in 

these areas. Some AL dosing and counselling compliance levels were, however, high at 

baseline with little room for further improvement. The disparities in health workers’ 

compliance with the outpatient malaria diagnosis and treatment guidelines in relation to 

malaria endemicity reported in this chapter call for the understanding of other determinants of 

the noted improvements in health workers’ compliance with malaria “test and treat” guidelines 

which are explored in the next chapter.  
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Chapter 5: Determinants of improvement trends in 

compliance with outpatient malaria case-management 

guidelines in Kenya, 2010-2016  
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5.1 Introduction 

Despite suboptimal performance in health workers’ compliance with the 2010 “test and treat” 

malaria guidelines reported in outpatient facilities across Africa, there have been some 

improvement trends in compliance since 2010. Besides commodities as the basic “test and 

treat” pre-requisite, various interventional and non-interventional factors that influence health 

workers’ compliance with the test-based management of malaria have been reported (Section 

2.3.4). In Kenya, there have been improvements in the national-level compliance with malaria 

“test and treat” guidelines between 2010 and 2016 (Section 3.2.4). As shown in Chapter 4, 

the improvement trends in compliance were different in relation to malaria endemicity. 

However, factors beyond commodities and malaria endemicity that determine the long-term 

improvement trends in compliance when new case-management standards are routinely 

implemented on a national scale are unknown. Therefore, in this chapter, in addition to 

malaria endemicity, I also examine health facility, health worker and patient-level factors to 

explain the determinants of improvement trends in health workers’ compliance with the 

malaria case-management guidelines in Kenya from 2010 to 2016 at health facilities with 

malaria “test and treat” commodities.  

5.2 Methods  

5.2.1 Indicators and factors 

The methods used to collect the datasets utilised are described in Section 3.2.4, and the 

details of the included data for this analysis are described in Section 3.3. Five out of the 

twelve compliance indicators in Box 2.2, showing improvements in health workers’ 

compliance with national malaria case-management guidelines between 2010 and 2016, 

were selected (Figure 5.1). The outcomes reflected health workers’ decisions to test febrile 
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patients for malaria, comply respectively with test positive and test negative results, deliver 

composite “test and treat” performance, and provide prompt treatment by administering the 

first AL dose at the facility. With respect to the factors, Box 5.1 lists malaria endemicity, ten 

health facility, 14 health worker and six patient-level factors examined for the association with 

the 2010-2016 improvement trends in health workers’ compliance with each of the five 

outcomes. 

Figure 5.1 2010-2016 national trends in compliance with outpatient malaria “test and treat”, and AL 

dispensing guidelines at facilities with malaria diagnostic services available and AL in stock 
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Box 5.1: List of examined factors 

A) Malaria endemicity 
1. Epidemiological zone (Lake endemic vs coast endemic vs highland epidemic vs semi-arid seasonal vs 

low) 
B) Health facility level  

1. Facility ownership (government vs FBO/NGO) 
2. Level of outpatient care (dispensary vs health centre vs hospital) 
3. Febrile patients’ caseload on the survey day (≤25 vs >25 patients) 
4. Type of diagnostic test available at the facility (RDTs vs microscopy vs both) 
5. Stock-outs of RDTs in the past 3 months (Yes vs No) 
6. Stock-outs of AL in the past 3 months (Yes vs No) 
7. Absence of malaria microscopy in the past 3 months (Yes vs No) 
8. Availability of malaria guidelines (Yes vs No) 
9. Displayed malaria case-management chart (Yes vs No) 
10. Cadre dispensing drugs (CHW vs nurse/clinician vs pharmacist vs others) 

C) Health worker level  
1. Health workers’ age (continuous) 
2. Gender (male vs female) 
3. Outpatient responsibility (in-charge vs others) 
4. Perception of malaria endemicity (high vs low) 
5. Cadre (nurse vs clinical/medical officer vs others) 
6. Malaria case-management in-service training (Yes vs No) 
7. Access to current malaria case-management guidelines (Yes vs No) 
8. Access to IMCI guidelines (Yes vs No) 
9. Any supervisory visit received in past 3 months (Yes vs No) 
10. Supervisory visit including any malaria case-management activity in the past 3 months (Yes vs No) 
11. Supervisory visit with the observation of consultation in the past 3 months (Yes vs No) 
12. Supervisory visit with feedback in the past 3 months (Yes vs No) 
13. Correct knowledge of malaria testing policy (Yes vs No) 
14. Correct knowledge of antimalarial treatment policy (Yes vs No) 

D) Patient-level  
1. Age (<5 years vs >5 years), (0-11 months, 12-59 months, 5-14 years, 15-45 years, >45 years) and as 

a continuous variable  
2. Duration of illness (number of days) 
3. Temperature (continuous and <37.5 vs ≥ 37.5° C) 
4. Prior use of antimalarials for the same illness (Yes vs No) 
5. Main complaints (fever, cough, diarrhoea, headache, running nose, rash, vomiting, and chills) 
6. Case complexity (fever and other complaints vs fever only vs no fever) 

5.2.2 Statistical analysis 

Patient-level multilevel mixed-effects logistic regression models with random intercepts at the 

health facility level were used to assess the factors associated with improvement trends in 

compliance. The models accounted for clustering at the health facility level by fitting random 

intercepts for each health facility to adjust for correlated observations [Hu et al., 1998]. The 

examined factors varied across the outcomes based on previous literature and hypothesised 

effect on compliance. To explore the different factors, I expanded the models presented in 

Chapter 4 to include multivariable factors at the health facility, health worker and patient level 

and interactions between time and the factors tested. For each outcome, the probability 𝜇𝑖𝑗 
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that the patient i was correctly managed from a health facility j was modelled, and hence [𝜇𝑖𝑗/ 

(1- 𝜇𝑖𝑗)] define the odds of compliance. The annual trends in compliance with each binary 

outcome were first estimated using unadjusted multilevel logistic regression models with time 

in years as the only independent variable in the model (base model) and summarised as an 

odds ratio (OR) that represents the annual change in the odds of compliance over time. The 

base model for the health workers’ compliance with each outcome was specified as: 

logit (𝜇𝑖𝑗) = 𝛼 +  𝛽𝑡𝑗 + 𝜀𝑖𝑗 + µ𝑗   Equation 5.1 

where α is the intercept; t is the survey year; β the annual time trends in health workers’ 

compliance at health facility j and; 𝜀𝑖𝑗 and µ𝑗 the residuals at levels 1 and 2, respectively, and 

capture unobserved variation. A bivariable analysis of each outcome was then performed 

where the annual trends were fitted as in the previous model (Equation 5.1) but were a) 

adjusted for each covariate at baseline as follows: 

logit (𝜇𝑖𝑗) = 𝛼 +  𝛽1𝑡𝑗 + 𝛽2𝑋𝑖𝑗 + 𝜀𝑖𝑗 + µ𝑗  Equation 5.2 

where β1 is the time trends and β2 is the covariates’ effect at baseline, and (b) each covariate 

was added as interaction with time (covariate * time) [Ayieko et al., 2019] as follows: 

logit (𝜇𝑖𝑗) = 𝛼 +  𝛽1𝑡𝑗 + 𝛽2𝑋𝑖𝑗 + 𝛽3 𝑋 ∗ 𝑡 𝑖𝑗 + 𝜀𝑖𝑗 + µ𝑗  Equation 5.3 

where β3 is the interaction between time* covariate effect to evaluate the factors associated 

with the time trends in health workers’ compliance. Likelihood ratio tests comparing bivariable 

with base models at a significance level of a p-value (p) of <0.05 were used to perform the 

initial selection of covariates and interaction terms for multivariable analysis. 

In the multivariable analysis for each outcome, any covariate (Equation 5.2) or interaction 

term (Equation 5.3) significant at p<0.05 from the bivariable models were included in the first 

model. Covariates and interaction terms that turned non-significant at p<0.05 (based on 
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likelihood ratio test) were dropped from the models. Other potential factors from the 

covariates and interaction terms that were non-significant in the bivariable analysis were 

tested one at a time and added to the model if they satisfied the p<0.05 criterion in the 

likelihood ratio tests. At the same time, variables that did not lead to a significant change in 

log-likelihood tests were excluded from the models. The process of adding and dropping 

covariates and interaction terms was repeated until none of the variables in the model could 

be omitted without significantly increasing the model log-likelihood, and none of the excluded 

variables significantly reduced the model log-likelihood. Collinearity between covariates and 

interaction terms included in the multivariable models was automatically assessed using 

Stata and collinear variables omitted when warranted.  

The results of the final multivariable models are presented as the adjusted odds ratio (aOR, 

representing the baseline odds of compliance) and (T-aOR, the adjusted ratio of annual 

trends representing the multiplication factor for odds ratio for the annual change in 

compliance associated with a unit change in the covariate) with 95% CI. For instance, a T-

aOR value of 5.0 for an interaction between age (<5 coded as 0 vs ≥5 years as 1) and time 

means that the annual increment in the odds of compliance is five times higher for ≥5-year 

olds compared to under-fives. The adjusted OR from the interaction terms between a 

covariate and time (T-aOR) were the main results for the factors associated with the 

improvement trends adjusting for main effects and baseline levels. All analyses were 

conducted using Stata version 15 (StataCorp, College Station, TX, USA). 
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5.3 Results 

5.3.1 Description of the study population 

Frequency distributions of the study patients by malaria endemicity zones, ten health facility, 

14 health worker, and six patient-level characteristics are shown for each of the 11 survey 

rounds in Table 3.8. In summary, 9,173 febrile patients (SR: 610-1,241) seen by 1,538 health 

workers (SR: 116-118) at 1,208 health facilities (SR: 89-143) were analysed. Median patients’ 

age ranged across surveys between five and eight years. The majority of the patients (>75%) 

had the main complaint of fever, followed by cough (SR: 42-51%) and headache (SR: 29-

45%). Most patients visited government-owned facilities (SR: 75-93%) and dispensaries (SR: 

35-63%). A majority of the patients were seen by male health workers (SR: 45-59%) and 

nurses (SR: 46-70%). The proportion of patients seen by malaria trained health workers 

increased over time from 0 to 71% (p<0.001) and by supervised health workers from 49 to 

70% (p=0.019). Moreover, patients who were seen by health workers with access to malaria 

treatment guidelines increased from 0 to 69% (p<0.001) and IMCI guidelines from 48 to 74% 

(p=0.001). Over three-quarters of the patients were seen by health workers who were 

knowledgeable about universal testing of all febrile patients across all surveys. At the same 

time, those with the correct knowledge of the targeted malaria treatment policy increased 

from 47 to 95% (p<0.001) (Table 3.8). 

5.3.2 Factors associated with improvement trends in compliance with overall “test and 

treat” performance 

Overall, the odds of health workers’ compliance with testing and treating patients according to 

the malaria case-management guidelines increased between 2010 and 2016 by 26% 

annually (OR=1.26 annually; 95% CI: 1.19-1.33). The results of the unadjusted bivariable 
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analysis of the factors associated with the annual trends are shown in Appendix 5. From the 

final multivariable model (Table 5.1), the baseline odds of composite “test and treat” 

compliance were lower for febrile patients from the lake endemic (aOR=0.47) compared to 

low risk zone, those from busy facilities with a caseload of more than 25 febrile patients 

(aOR=0.40) compared to less busy facilities, those from facilities with RDTs (aOR=0.09) 

compared to microscopy services available and for children aged less than five years 

(aOR=0.66) compared to older patients. The annual improvement trends were 67% and 35% 

higher in lake endemic (p<0.001) and highland epidemic (p<0.001) zones compared to low 

risk zone. Similarly, the improvements were 15% higher in patients who visited FBO/NGO 

compared to government-owned facilities (p=0.036), 46% higher in busy facilities with a 

caseload of more than 25 febrile patients compared to less busy facilities (p=0.003), and 49% 

higher in facilities with RDTs compared to microscopy available on the survey day (p<0.001). 

Lastly, the improvement trends were 7% higher in under-fives compared to older patients 

(p=0.013) (Table 5.1). None of the health worker level factors, including training, supervision, 

and access to guidelines, were associated with the improvement trends in overall malaria 

“test and treat” performance (Appendix 5). 
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Table 5.1 Factors associated with improvement trends in composite malaria “test and treat” performance, 2010-2016 - results from the final multivariable 

model 

Factor  
Baseline (2010), % 
(n/N) 

Last survey (2016), 
% (n/N) 

aOR* 
(95% CI; p-value) 

T-aOR** 
(95% CI; p-value) 

P-value for 
interaction 
(factor*time) 

Year   0.90 (0.79-1.03; p=0.117)a   

Epidemiological zone  
Low risk 
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  

 
28.6 (52/182) 
27.5 (112/407) 
25.0 (50/200) 
18.3 (38/208) 
40.2 (98/244) 

 
24.5 (24/98) 
89.6 (206/230) 
75.0 (60/80) 
62.0 (75/121) 
49.0 (71/145) 

 
Ref 
0.47 (0.25-0.87; p=0.016) 
1.16 (0.54-2.49; p=0.714) 
0.55 (0.29-1.03; p=0.064) 
1.87 (1.02-3.44; p=0.044) 

 
Reference 

1.67 (1.43-1.95; p<0.001) 
1.18 (0.97-1.43; p=0.098) 
1.35 (1.16-1.58; p<0.001) 
0.97 (0.84-1.13; p<0.738) 

 
 
 
 
 
<0.001 

Facility ownership 
Government 
FBO/NGO 

 
23.7 (219/926) 
41.6 (131/315) 

 
63.1 (361/572) 
73.5 (75/102) 

 
Ref  
1.24 (0.77-2.00; p=0.371) 

 
Reference 

1.15 (1.01-1.30; p=0.036) 

 
 
<0.001 

Febrile patients’ caseload  
≤25 patients  
>25 patients 

 
31.4 (277/881) 
20.3 (73/360) 

 
63.5 (408/643) 
90.3 (28/31) 

 
Ref 
0.40 (0.20-0.82; p=0.012) 

 
Reference 

1.46 (1.14-1.87; p=0.003) 

 
 
0.010 

Type of malaria diagnostic tests at 
the facility 
Microscopy  
RDTs  
Both available 

 
 
30.2 (326/1078) 
7.5 (9/120) 
34.9 (15/43) 

 
 
61.5 (88/143) 
64.1 (218/143) 
68.1 (130/191) 

 
 
Ref 
0.09 (0.05-0.18; p<0.001) 
1.64 (0.85-3.19; p=0.143) 

 
 
Reference 

1.49 (1.28-1.73; p<0.001) 
0.94 (0.81-1.10; p=0.467) 

 
 
 
 
<0.001 

Patient age 
≥5 years  
<5 years 

 
36.3 (235/648) 
19.4 (115/593) 

 
67.7 (298/440) 
59.0 (138/234) 

 
Ref 
0.66 (0.53-0.82; p<0.001) 

 
Reference 

1.07 (1.02-1.14; p=0.013) 

 
 
0.001 

*aOR=fixed effect representing the baseline odds ratio; **T-aOR = Ratio of annual change in the odds between the covariate levels and reference category adjusted for covariates at baseline; ; 
afixed effects of time representing the annual change in the odds of compliance among older patients from the low malaria risk area seen at government-owned, less busy and microscopy only 
available facilities; The covariates adjusted for at baseline are presented in Appendix 6 and included health worker gender, HW perception of endemicity, supervision with feedback, correct 
knowledge about “test and treat” policy, temperature, patients’ main complaint of diarrhoea, headache, vomiting, running nose, cough and rash.
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5.3.3 Factors associated with improvement trends in compliance with individual “test 

and treat” outcomes  

Between 2010 and 2016, the overall odds of health workers’ compliance with malaria testing 

of febrile patients increased by 14% annually (OR=1.14; 95% CI: 1.07-1.22) while compliance 

with malaria test results increased annually by 26% (OR=1.26; 95% CI: 1.10-1.45) and 81% 

(OR=1.81; 95% CI: 1.60-2.05) for positive and negative cases, respectively. For the 

respective outcomes, the results from the unadjusted bivariable analysis of the factors are 

presented in Appendices 7, 9 and 10.  

From the final multivariable model (Table 5.2), the baseline odds of compliance with malaria 

testing were lower for febrile patients from facilities with RDTs (aOR=0.11) compared to 

microscopy services available and for children aged less than five years (aOR=0.56) 

compared to older patients. The annual improvement trends in testing recommendations 

were twice higher for patients from the lake endemic (p<0.001) and 49% higher in the 

highland epidemic (p<0.001) zones compared to those from the low risk zone. The annual 

increase in the odds of testing was also 35% higher in patients visiting facilities stocking only 

RDTs compared to those providing only malaria microscopy services (p=0.001). Finally, 

patient age was also associated with improvements in malaria testing where under-fives 

compared to older patients had 9% higher annual odds of being tested (p=0.022) (Table 5.2).
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Table 5.2 Factors associated with improvement trends in compliance with malaria testing of febrile patients, 2010-2016 - results from the final multivariable 

model 

Factor  
Baseline (2010), % 
(n/N) 

Last survey (2016), 
% (n/N) 

aOR* 
(95% CI; p-value) 

T-aOR** 
(95% CI; p-value) 

P-value for 
interaction 
(factor*time) 

Year    0.82 (0.69-0.97; p=0.019)a  
 

Epidemiological zone  
Low risk 
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  

 
39.6 (72/182) 
43.5 (177/407) 
40.0 (80/200) 
41.4 (86/208) 
45.9 (112/244) 

 
24.5 (24/98) 
93.9 (216/230) 
76.3 (61/80) 
70.3 (85/121) 
53.1 (77/145) 

 
Ref 
0.44 (0.18-1.06; p=0.068) 
0.82 (0.28-2.45; p=0.727) 
0.50 (0.21-1.17; p=0.112) 
1.38 (0.60-3.17; p=0.454) 

 
Reference 

2.02 (1.63-2.49; p<0.001) 
1.26 (0.97-1.62; p=0.085) 
1.49 (1.22-1.83; p<0.001) 
1.08 (0.89-1.32; p<0.436) 

 
 
 
 
 
<0.001 

Type of malaria diagnostic tests at 
the facility 

Microscopy  
RDTs  
Both available 

 
 
43.7 (471/1078) 
28.3 (34/120) 
51.2 (22/43) 

 
 
67.8 (97/143) 
67.4 (229/340) 
71.7 (137/191) 

 
 
Ref  
0.11 (0.05-0.25; p<0.001) 
1.51 (0.66-3.50; p=0.333) 

 
 
Reference 

1.35 (1.13-1.62; p=0.001) 
0.93 (0.77-1.13; p=0.494) 

 
 
 
 
<0.001 

Patient age  
≥5 years 
<5 years 

 
50.8 (329/648) 
33.4 (198/593) 

 
71.8 (316/440) 
62.8 (147/234) 

 
Ref  
0.56 (0.41-0.76; p<0.001) 

 
Reference 
1.09 (1.01-1.18; p=0.022) 

 
 
0.022 

*aOR=fixed effect representing the baseline odds ratio; **T-aOR = Ratio of annual change in the odds between the covariate levels and reference category adjusted for covariates at baseline; a 

fixed effect of time representing the annual change in the odds of testing among older patients from the low malaria risk area seen at facilities with microscopy only available; The covariates 
adjusted for at baseline are presented in Appendix 8 and included facility ownership, facility level, RDT stockouts, health worker gender, HW perception of endemicity, knowledge about universal 
testing, temperature, patients’ main complaint of fever, diarrhoea, headache, vomiting, chills, running nose and rash.
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Only one factor was associated with improvement trends in AL treatment for test positive 

patients (Table 5.3). Malaria test positive patients seen by health workers who had access to 

the new malaria case-management guidelines had lower baseline odds of compliance 

(aOR=0.16) and a 50% higher annual increase in the odds of AL treatment compared to 

those seen by health workers who did not have access to the guidelines (p=0.027).  

On the other hand, the improvement trend in health workers’ compliance with no antimalarial 

treatment for test negative patients was independently associated with six factors from the 

final multivariable model (Table 5.3). The baseline odds of compliance with no antimalarial 

treatment for test negative patients were lower in lake endemic (aOR=0.16) and highland 

epidemic (aOR=0.20) zones compared to semi-arid seasonal transmission zone, in facilities 

with a caseload of >25 patients (aOR=0.22), in facilities with RDT stockouts (aOR=0.23) and 

patients with the main complaint of fever (aOR=0.26). Compared to patients from semi-arid 

seasonal transmission areas, patients from the lake endemic (p=0.006), coast endemic 

(p=0.005), and low risk (p=0.001) zones had higher improvement trends in compliance. At the 

health facility level, busy facilities with a caseload of >25 febrile patients had a twice higher 

annual increase in the odds of compliance compared to less busy facilities (p=0.030). 

Similarly, patients seen at facilities without historical RDTs stockouts compared to those with 

stockouts had a 51% higher annual increase in the odds of compliance (p=0.006). At the 

health worker level, patients seen by females compared to male health workers had a 26% 

higher annual increase in compliance (p=0.028). Whereas, when the health workers were 

knowledgeable about treating only patients who tested positive, the annual increase in the 

odds of compliance was 53% higher (p<0.001). At the patient level, patients with a main 

complaint of fever had a 34% higher annual increase in the odds of not being treated for 

malaria when they tested negative (p=0.006) (Table 5.3). 
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Table 5.3 Factors associated with improvement trends in compliance with malaria test results, 2010-2016- results from the final multivariable models 

*aOR=fixed effect representing the baseline odds ratio ; **T-aOR = Ratio of annual change in the odds between the covariate levels and reference category adjusted for covariates at baseline; MCM-malaria case-,management; afixed effect of time representing 
the annual change in the odds of AL treatment among test positive patients seen by health workers without access to the guidelines; The covariates adjusted for at baseline in the final model for trends in AL treatment for test positives are presented in Appendix 
11 and included in-service training and temperature; bfixed effect for time representing the annual change in the odds of no antimalarial treatment for test negative patients without a main complaint of fever, from semi-arid seasonal transmission areas, seen at 
less busy facilities, those with retrospective RDTs stockouts, and seen by male health workers and those not knowledgeable about the targeted treatment policy; The covariates adjusted for at baseline in the final model for trends in no antimalarial treatment for 

test negatives are presented in Appendix 11 and included the type of diagnostic test, AL stockouts, facility level, RDT stockouts, HW perception of endemicity, temperature, patients’ main complaint of headache, vomiting and cough.

Factor  
Baseline 
(2010), % (n/N) 

Last survey (2016), 
% (n/N) 

aOR* 
(95% CI; p-value) 

T-aOR** 
(95% CI; p-value) 

P-value for interaction 
(factor*time) 

1. AL treatment for malaria test positive patients 

Year    1.11 (0.88-1.40; p=0.395)   

Access to MCM guidelines 
No 
Yes  

 
91.3 (178/195) 
83.3 (5/6) 

 
98.5 (67/68) 
98.7 (150/152) 

 
Ref  
0.16 (0.04-0.66; p=0.011)a 

 
Reference 

1.50 (1.04-2.15; p=0.027) 

 
 
0.002 

2. No antimalarial treatment for test negative patients 

Year    0.50 (0.34-0.72; p<0.001)b   

Epidemiological zone  
Semi-arid seasonal  
Lake endemic 
Coast endemic 
Highland epidemic 
Low risk  

 
81.0 (34/42) 
35.6 (26/73) 
48.4 (15/31) 
33.3 (21/63) 
56.1 (23/41) 

 
90.8 (59/65) 
89.3 (67/75) 
96.6 (28/29) 
83.0 (44/53) 
100 (21/21) 

 
Ref 
0.16 (0.05-0.55; p=0.004) 
0.46 (0.08-2.58; p=0.376) 
0.20 (0.06-0.70; p=0.012) 
0.31 (0.08-1.23; p=0.096) 

 
Reference 
1.56 (1.14-2.13 p=0.006) 
2.50 (1.32-4.72; p=0.005) 
1.36 (1.00-1.86; p=0.053) 
2.04 (1.34-3.11; p=0.001) 

 
 
 
 
<0.001  

Caseload on the survey day 
≤25 patients  
>25 patients 

 
62.3 (104/167) 
40.4 (23/57) 

 
89.7 (210/234) 
100 (9/9) 

 
Ref  
0.22 (0.05-0.88; p=0.032) 

 
Reference 
2.09 (1.08-4.08; p=0.030) 

 
 
0.048 

Retrospective RDT stockouts 
Yes 
No 

 
58.5 (120/205) 
36.8 (7/19) 

 
83.8 (62/74) 
92.6 (149/161) 

 
Ref  
0.23 (0.07-0.83; p=0.025) 

 
Reference 
1.51 (1.12-2.02; p=0.006) 

 
 
0.022 

Health worker gender 
Male 
Female 

 
61.5 (80/130) 
50.0 (47/94) 

 
87.4 (111/127) 
93.1 (108/116) 

 
Ref  
0.55 (0.27-1.13; p=104) 

 
Reference 
1.26 (1.03-1.55; p=0.028) 

 
 
0.079 

Correct knowledge on targeted treatment policy 
No 
Yes 

 
46.8 (51/109) 
66.1 (76/115) 

 
52.9 (9/17) 
92.9 (210/226) 

 
Ref  
0.96 (0.44-2.07; p=0.910) 

 
Reference 
1.53 (1.21-1.92; p<0.001) 

 
 
<0.001 

Fever complaint 
No  
Yes 

 
83.2 (108/131) 
79.0 (94/119) 

 
93.1 (27/29) 
89.7 (192/214) 

 
Ref  
0.26 (0.13-0.53; p<0.001) 

 
Reference 
1.34 (1.09-1.66; p=0.006) 

 
 
0.001 
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5.3.4 Factors associated with improvement trends in compliance with prompt AL 

administration at the health facility  

The overall odds of administering the first AL dose at the facility increased twice annually 

between 2010 and 2016 (OR=2.00, 95% CI: 1.66-2.42). Appendix 12 presents the results of 

the unadjusted bivariable analysis of factors associated with the improvement trend. From the 

final multivariable model (Table 5.4), three factors were associated with the improvement 

trends without significant differences in the baseline odds of compliance. The annual trends in 

the administration of the first AL dose at the facility were significantly higher in patients from 

the coast endemic region (p<0.001) and lake endemic (p=0.020) zones compared to patients 

from the highland epidemic zone. Moreover, patients who were seen in health facilities where 

CHWs dispensed medicines had a 90% higher increase in the annual odds of compliance 

compared to patients having medicines dispensed by higher-level cadres (p=0.016). Lastly, 

patients who were seen by health workers who had access to the IMCI guidelines compared 

to those without access had a 39% higher annual increase in the odds of being given the first 

AL dose at the health facility (p=0.026) (Table 5.4). None of the patient-level factors was 

associated with the improvement trends in compliance with this task. 
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Table 5.4 Factors associated with improvement trends in the administration of the first AL dose at the health facility, 2010-2016 - results from the final 

multivariable model 

*aOR=fixed effect representing the baseline odds ratio; **T-aOR = Ratio of annual change in the odds between the covariate levels and reference category adjusted for covariate levels at baseline; 
afixed effect of time representing the annual change in the odds of first AL dose administration at the facility in highland epidemic areas, when pharmacists dispensed medicines and health workers 
did not have access to IMCI guidelines; The covariates adjusted for at baseline in the final model are presented in Appendix 13 and included facility ownership, facility level, caseload, HW gender, 
HW cadre, supervision and temperature.

Factor  
Baseline (2010), % 
(n/N) 

Last survey (2016), 
% (n/N) 

aOR* 
(95% CI; p-value) 

T-aOR** 
(95% CI; p-value) 

P-value for 
interaction 
(factor*time) 

Year    0.66 (0.41-1.06; p=0.089)a   

Epidemiological zone  
Highland epidemic 
Lake endemic 
Coast endemic 
Semi-arid seasonal  
Low risk  

 
37.2 (45/121) 
41.4 (113/273) 
14.6 (16/110) 
16.2 (24/148) 
20.0 (12/60) 

 
27.5 (11/40) 
69.1 (103/149) 
97.1 (34/35) 
26.3 (5/19) 
33.3 (1/3) 

 
Ref  
0.47 (0.10-2.26; p=0.348) 
0.47 (0.05-4.18; p=0.495) 
0.20 (0.04-1.09; p=0.062) 
0.21 (0.03-1.55; p=0.126) 

 
Reference 

1.67 (1.08-2.59; p=0.020) 
3.45 (1.75-6.77; p<0.001) 
1.41 (0.85-2.33; p=0.180) 
1.68 (0.86-3.20; p=0.112) 

 
 
 
 
 
0.001 

Cadre dispensing drugs 
Pharmacists  
Community health workers 
Nurse/ Clinician  
Others  

 
22.4 (32/143) 
21.1 (41/194) 
32.4 (73/225) 
42.7 (64/150) 

 
42.7 (32/75) 
69.8 (30/43) 
73.1 (68/93) 
68.6 (24/35) 

 
Ref  
0.87 (0.12-6.22; p=0.888) 
1.95 (0.39-9.76; p=0.417) 
1.26 (0.19-8.26; p=0.807) 

 
Reference 

1.90 (1.13-3.21; p=0.016) 
1.33 (0.89-1.98; p=0.172) 
1.52 (0.92-2.53; p=0.104) 

 
 
 
 
0.149 

Access to IMCI guidelines 
No 
Yes 

 
25.9 (94/363) 
33.2 (116/349) 

 
40.5 (36/89) 
75.2 (118/157) 

 
Ref  
0.41 (0.15-1.13; p=0.085) 

 
Reference 

1.39 (1.04-1.85; p=0.026) 

 
 
0.150 
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5.4 Discussion  

This study is novel in applying regression models and Rowe’s framework (Figure 2.1) to 

assess the determinants of improvements in health workers’ performance over time using 

compliance to outpatient malaria diagnosis and treatment guidelines trends. Determinants of 

improvement trends were assessed using interactions between each factor and time 

adjusting for significant covariates at the baseline (factors with a significant main effect but 

non-significant interaction with time). The interactions allowed for the examination of the 

difference between the trends by level of a factor to assess the determinants of improvement 

trends. Based on Rowe’s framework, the findings revealed various interventional and non-

interventional factors associated with compliance trends when the “test and treat” policy is 

routinely implemented on a large scale. The findings indicate that even when malaria 

diagnostic tests and recommended antimalarials are available, malaria endemicity and other 

interventional and non-interventional factors influence health workers’ clinical behaviour. 

Controlling for other factors, malaria endemicity independently influenced improvement trends 

in health workers’ compliance, confirming our previous findings on the effect of malaria 

endemicity on compliance and informing prioritisation of case-management interventions to 

low malaria risk areas, as discussed in Chapter 4. At the health facility level, the type of 

diagnostic test, ownership, caseload, and cadre dispensing medicines were associated with 

the improvements in compliance. The type of diagnostic test available at the facility on the 

survey day, particularly exclusive availability of RDTs compared to microscopy, was 

associated with higher improvement trends in testing and subsequently with composite “test 

and treat” compliance. The finding is similar to the reports of interventional studies that 

indicated the deployment of RDTs resulted in higher testing rates [Masanja et al., 2012; 

Mbacham et al., 2014; Chandler et al., 2017]. This is, however, in contrast with the first year 
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(2010) report of higher compliance with testing in facilities with microscopy available 

compared to RDTs in Kenya [Nyandigisi et al., 2011]. Higher and wider availability of RDTs 

over time and increased health workers’ trust in the test results due to accumulated field 

experience [Faust et al., 2015; Kabaghe et al., 2016; World Health Organization, 2019] may 

explain the patterns observed. On the contrary, I found that historical RDT stockouts were 

associated with lower compliance trends with negative test results. Both findings support the 

national policy of deploying RDTs in facilities without diagnostic capabilities (where 

microscopy is not available) and ensuring universal and continuous availability of RDTs 

[MoH, 2009a; 2013].  

Government-owned facilities showed lower improvement trends in “test and treat” compliance 

compared to FBO/NGO facilities. The higher cost of laboratory services [Batwala et al., 2011], 

wealthier patients [Nyandigisi et al., 2011], and higher motivation of health workers [Leonard 

& Masatu, 2007] are possible reasons explaining higher testing policy adoption in FBO/NGO 

sector. Furthermore, at busier facilities, I found higher improvement trends in compliance with 

negative test results, results concurring with better quality of care observed for children 

attending busier facilities in Benin [Steinhardt et al., 2015] and in contrast to a report from 

Angola [Rowe et al., 2009a]. Finally, when CHWs dispensed medicines, they were more likely 

to provide prompt treatment and administer the first AL dose at the facility over time. Lay 

health workers have been shown to improve the quality of care [Huicho et al., 2008; 

Callaghan et al., 2010; Lewin et al., 2010], and task shifting of the medicine dispensing from 

often overwhelmed nurses to CHWs can be considered by malaria control managers [Rao et 

al., 2013].  

Several associations between health workers’ characteristics and improvement trends in 

compliance with guidelines were observed. Interestingly, access to the new malaria case-
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management guidelines was associated with improvement in AL treatment for test positive 

patients, the finding in contrast with studies reporting no association between provision of 

guidelines and recommended ACT treatment [Zurovac et al., 2008c; Steinhardt et al., 2014b] 

or no effect of guideline dissemination on broader health worker performance [Selemani et 

al., 2013; Mangham-Jefferies et al., 2015; Rowe et al., 2018]. The finding is, however, in line 

with those reviews suggesting that context-specific dissemination of guidelines can improve 

care [Grimshaw & Russell, 1993; Grimshaw et al., 2004]. In this context, health workers’ 

reference to malaria guidelines may have been of higher interest for treatment than 

diagnostic changes. I also observed that access to IMCI guidelines was associated with 

improvements in the administration of the first AL dose at the facility. The possible 

explanation would be that IMCI guidelines put considerable emphasis on dispensing and 

counselling tasks [Gove, 1997; World Health Organization, 1997; Tulloch, 1999].  

Additionally, correct health workers’ knowledge about targeted treatment policy was a 

predictor of improvement trends in compliance with negative test results. A finding similar to 

other reports of higher knowledge scores resulting in higher health workers’ compliance 

[Mohanan et al., 2015; Epstein et al., 2019] and in contrast to studies indicating that 

knowledge does not translate to better care [Rowe et al., 2005; Mangham-Jefferies et al., 

2015; Rowe et al., 2017; Gage et al., 2018; Russell et al., 2018; Candrinho et al., 2019]. The 

positive association of knowledge with the improvements may indicate that the effect of 

correct knowledge on compliance is sustained over time, or it is due to other unmeasured 

factors. Lastly, male health workers showed lower improvements in compliance with negative 

test results, a factor rarely examined but in contrast with reports from Uganda reporting no 

gender association [Steinhardt et al., 2014b; Bawate et al., 2016; Kaula et al., 2018].  
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Conversely, the most widely used interventions to implement case-management policies, 

training, and supervision were not associated with improved trends in health workers’ 

compliance. This contrasted reports from interventional studies that suggested an effect of 

training and supervision on improving health worker performance [Masanja et al., 2012; 

Nguyen et al., 2013; Lourenco et al., 2014; Mbacham et al., 2014; Cundill et al., 2015; 

Burchett et al., 2017; Visser et al., 2017; Rowe et al., 2018]. The potential explanation for the 

lack of association with improvements over time may be the suboptimal quality of training and 

supervision implementation that affected the effectiveness of these strategies [Wasunna et 

al., 2010; Leslie et al., 2016], or possible contamination of patient observations as front-line 

health workers who attend the training are meant to mentor on-job other health workers at 

their facilities [Nyandigisi et al., 2011]. Another reason could relate to the intention of in-

service training to expand knowledge, while supervision may increase health worker 

motivation and translation of knowledge into practice. However, this might be inadequate for 

a long-term effect on health worker performance as their influence decrease [Bosch-

Capblanch & Garner, 2008; Bosch-Capblanch et al., 2011; Institute of Medicine, 2015] or do 

not change over time [Rowe et al., 2012]. This calls for further qualitative research to 

understand the details of the quality and content of training and supervision routinely 

delivered to health workers and interventional studies of the most cost-effective set of 

strategies to improve health worker performance further.  

At the patient level, only two factors were associated with improvements, patient age and the 

main complaint of fever. Patient age was key to improvement in compliance with testing, 

which was higher in under-five children compared to older patients. This is likely to reflect the 

adoption of malaria testing after 2010 among under-fives, the patient population that was 

presumptively treated for malaria before 2010 [World Health Organization, 2010a]. Finally, 

patients’ main complaint of fever was associated with improvement in compliance with 
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negative test results. Over time, health workers might have acknowledged that all fevers 

cannot be equalised with malaria due to the decline in transmission in most areas hence 

better compliance when patients reported fever as the main complaint [D'Acremont et al., 

2010a].  

5.5 Conclusion  

The analysis revealed a series of factors associated with the 2010-2016 improvements in 

health workers’ compliance with outpatient malaria case-management guidelines at health 

facilities with malaria “test and treat” commodities in Kenya. The improvements in clinical 

practices examined over six years have been associated with high malaria risk areas, RDT 

availability, high patient caseloads, female and non-governmental health workers, 

dissemination of malaria and IMCI guidelines, under-five patients’ age, the main complaint of 

fever and health workers knowledge about the targeted treatment policy. For prompt 

treatment and administration of the first AL dose at the facility, task-shifting duties to CHWs 

was beneficial. Nonetheless, in-service training and supervision were not associated with the 

improvement trends.  

Despite the notable improvements (Section 3.2.4) and various factors associated with the 

improvement trends shown in this chapter, the improvements have plateaued during the last 

four surveys between 2014 and 2016 at the highest yet suboptimal levels of performance 

(Section 3.2.4). The next chapter examines the determinants of compliance during the 

highest level of performance between 2014 and 2016 to inform policy implementers on how 

to optimise compliance with malaria “test and treat” guidelines. 
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Chapter 6: Determinants of health workers’ compliance 

with outpatient malaria case-management guidelines at the 

plateauing performance phase in Kenya, 2014-2016 
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6.1 Introduction 

Chapter 4 reported the variability of the improvement trends in compliance in relation to 

malaria endemicity. Chapter 5 reported other factors associated with the improvement trends 

in compliance besides malaria endemicity after examining a series of health facility, health 

worker, and patient-level factors as potential determinants. The analysis in Chapter 5 

assumed a linear trend. However, the national level results in Section 3.2.4 revealed a 

plateau performance phase during the last four rounds between 2014 and 2016. The 

plateaued performance suggests a need for separately analysing these data to understand 

the specific factors influencing compliance during this recent period of performance if 

important future improvements are to be achieved. Therefore, in this chapter, malaria 

endemicity, and various health facility, health worker and patient-level factors are analysed to 

examine the determinants of compliance at the highest levels of performance between 2014 

and 2016, when no further improvements have been observed at health facilities with 

available “test and treat” commodities. 

6.2 Methods 

6.2.1 Indicators and factors 

During the last four surveys, where improvements have plateaued at the highest yet 

suboptimal levels of compliance, factors associated with compliance with three key “test and 

treat” indicators were assessed. The indicators included composite “test and treat” 

performance among all febrile patients, malaria testing of febrile patients, and no antimalarial 

treatment for test negative patients (Figure 6.1). As shown in Figure 6.1, the respective levels 

of compliance ranged between 60-65% for composite “test and treat” performance, 65-69% 

for malaria testing, and 90-92% for no antimalarial treatment for test negative patients across 
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the four surveys between 2014 and 2016. The factors associated with AL treatment for test 

positive patients where health workers’ compliance was almost optimal (99%) were not 

assessed. Box 5.1 in Chapter 5 outlines malaria endemicity, ten health facility, 14 health 

worker, and six patient-level factors examined for the association with the 2014-2016 health 

workers’ compliance with each of the three study outcomes. 

Figure 6.1 2010-2016 national trends in “test and treat” compliance indicators showing plateaued 

performance between 2014 and 2016 (circled in orange) at facilities with available malaria diagnostic 

services and AL in stock  

 

6.2.2 Statistical analysis 

A pooled analysis of factors associated with compliance with outcome indicators across the 

four surveys using multilevel logistic regression models at the patient-level with random 

intercepts at the health facility level to adjust for clustering [Hu et al., 1998] was performed. 

Due to the lack of significant time trends between 2014 and 2016, the models used in this 

chapter did not adjust for the effect of time compared to the models in Chapters 4 and 5. The 

models were specified as:  
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logit (𝜇𝑖𝑗) = 𝛼 +  𝛽𝑋𝑖𝑗 + 𝜀𝑖𝑗 + µ𝑗  Equation 6.1 

where α is the intercept; X is the factor; β the effect of the factor on health workers’ 

compliance at health facility j and; 𝜀𝑖𝑗 and µ𝑗 the residuals at levels 1 and 2, respectively, and 

capture unobserved variation.  

For the initial selection of covariates to be included in the multivariable models, the 

association of each outcome and a factor at a time was examined in univariable models 

(Equation 6.1). Likelihood ratio tests comparing univariable with null models at a significance 

level of the p-value (p) <0.05 were used to identify covariates to initially add to the 

multivariable models. In the multivariable analysis for each outcome, all covariates significant 

at p<0.05 from the univariable models were included. Covariates that turned non-significant at 

p<0.05 were dropped from the models. Other potential factors from the covariates that were 

non-significant in the univariable analysis were tested one at a time and added to the model if 

they satisfied the p<0.05 criterion in the likelihood ratio tests. At the same time, variables that 

did not lead to significant changes in log-likelihood tests were excluded from the models. The 

process of adding and dropping covariates in the multivariable models was repeated until no 

more factors could be added to or removed from the models using the likelihood ratio test of 

p<0.05. Collinearity between covariates included in the multivariable models was 

automatically assessed using Stata, and collinear variables were omitted when warranted. 

The association between factors and outcomes was expressed in univariable and 

multivariable models as odds ratio (OR) with accompanying 95% CI and p-values. Hypothesis 

testing and CI estimation were done with an alpha level of 0.05. All analyses were conducted 

using Stata version 15 (StataCorp, College Station, TX, USA). 
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6.3 Results  

6.3.1 Description of the study population 

Frequency distributions of study patients by malaria endemicity zones, ten health facility, 14 

health worker, and six patient-level characteristics are shown for each of the four survey 

rounds of interest (rounds 8-11) in Table 3.8. In summary, a total of 2,752 (SR: 610-741) 

febrile patients seen by 594 (SR: 131-156) health workers at 486 (SR: 109-129) health 

facilities were analysed between 2014 and 2016. Median patients’ age ranged across surveys 

between six and eight years. Across the four surveys, the majority of the patients (87%, SR: 

83-97%) had the main complaint of fever followed by cough (45%, SR: 41-48%) and 

headache (41%, SR: 37-45%). Most patients were seen in the lake endemic zone (32%, SR: 

26-36%), at government-owned facilities (89%, SR: 85-93%), and dispensaries (57%, SR: 48-

63%). Health workers’ median age was 32 years (IQR: 28-38), 50% were male (SR: 46-54%), 

and 52% were nurses (SR: 46-57%). More than half of the patients were seen by health 

workers who were trained on malaria case-management (62%, SR: 52-72%), two-thirds by 

those who had access to the malaria treatment guidelines (66%, SR: 57-76%), and only 40% 

by health workers who had received malaria-specific supervision (SR: 34-57%). Over 90% of 

the patients were seen by health workers who had correct knowledge about testing all febrile 

patients for malaria (Table 3.8 and Appendix 13). 

6.3.2 Factors influencing compliance with composite “test and treat” performance  

Between 2014 and 2016, the proportion of patients tested and treated according to malaria 

guidelines ranged between 60 and 65%. The results of the univariable analysis of the factors 

are shown in Appendix 14. From the final multivariable model (Table 6.1), patients from the 

coast endemic (aOR=0.25; 95% CI: 0.13-0.51), highland epidemic (aOR=0.37; 95% CI: 0.20-
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0.67), semi-arid seasonal (aOR=0.21; 95% CI: 0.11-0.39) and low risk (aOR=0.12; 95% CI: 

0.06-0.24) areas were less likely to be correctly managed compared to those from the lake 

endemic areas. Additionally, patients who visited government-owned compared to FBO/NGO-

owned facilities had 72% lower odds of being managed according to the malaria guidelines 

(p<0.001).  

At the health worker level, males compared to female health workers were 38% less likely to 

comply with the guidelines (p=0.005). While patients seen by health workers who perceived 

malaria endemicity as high risk (aOR=1.85; 95% CI: 1.16-2.94) and those who were 

knowledgeable about universal malaria testing and targeted treatment policy (aOR=1.64; 

95% CI: 1.19-2.94) had higher odds of being correctly managed. An important interventional 

factor associated with compliance at this level was in-service malaria case-management 

training, where trained health workers had 64% higher compliance odds than untrained health 

workers (p=0.002).  

At the patient-level, nine factors were associated with the overall “test and treat” compliance. 

Patients aged 1-5 years (aOR=1.90; 95% CI: 1.30-2.79), 5-14 years (aOR=1.57; 95% CI: 

1.02-2.39) and >15 years (aOR=1.66; 95% CI: 1.09-2.54) compared to infants, those with a 

temperature measurement of ≥37.5°C (aOR=1.59; 95% CI: 1.24-2.04), those with main 

complaints of headache (aOR=2.30; 95% CI: 1.73-3.06), vomiting (aOR=1.60; 95% CI: 1.18-

2.17), chills (aOR=2.38; 95% CI: 1.47-3.85), or diarrhoea (aOR=1.58; 95% CI: 1.10-2.26) had 

higher odds of being correctly managed. However, patients with main complaints of a running 

nose (aOR=0.67; 95% CI: 0.47-0.94) or a rash (aOR=0.46; 95% CI: 0.23-0.93) had lower 

odds of being tested and treated according to the malaria guidelines (Table 6.1). 
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Table 6.1 Factors associated with compliance with composite “test and treat” performance, 2014-2016 - results from the final multivariable model 

 Factor  N n (%) Unadjusted OR  
(95% CI) 

P-value Adjusted OR  
(95% CI) 

P-value 

Malaria endemicity Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  
Low risk  

 
888 
270 
576 
619 
399 

 
735 (82.8) 
164 (60.7) 
376 (65.3) 
289 (46.7) 
132 (33.1) 

 
Ref 
0.22 (0.11-0.43) 
0.30 (0.17-0.50) 
0.12 (0.07-0.19) 
0.07 (0.04-0.11) 

 
 
<0.001 
<0.001 
<0.001 
<0.001 

 
Ref  
0.25 (0.13-0.51) 
0.37 (0.20-0.67) 
0.21 (0.11-0.39) 
0.12 (0.06-0.24) 

 
 
<0.001 
0.001 
<0.001 
<0.001 

Health facility level Facility ownership 
FBO/NGO 
Government 

 
299 
2453 

 
208 (69.6) 
1488 (60.7) 

 
Ref 
0.35 (0.20-0.63) 

 
 
<0.001 

 
Ref  
0.28 (0.17-0.46) 

 
 
<0.001 

Health worker level Health worker gender 
Female 
Male  

 
1376 
1376 

 
844 (61.3) 
852 (61.9) 

 
Ref  
0.90 (0.64-1.25) 

 
 
0.520 

 
Ref  
0.64 (0.47-0.88) 

 
 
0.005 

 HW perception of endemicity 
Low 
High 

 
1302 
1446 

 
589 (45.2) 
1105 (76.4) 

 
Ref 
4.84 (3.39-6.91) 

 
 
<0.001 

 
Ref  
1.85 (1.16-2.94) 

 
 
0.010 

 MCM in-service training 
No 
Yes 

 
1057 
1695 

 
584 (55.3) 
1112 (65.6) 

 
Ref 
1.65 (1.18-2.32) 

 
 
0.003 

 
Ref 
1.64 (1.19-2.24)  

 
 
0.002 

 Correct knowledge about the 
test and treat policy 

No 
Yes 

 
 
504 
2248 

 
 
251 (49.8) 
1445 (64.3) 

 
 
Ref 
1.78 (1.19-2.67) 

 
 
 
0.005 

 
 
Ref  
1.64 (1.13-2.39) 

 
 
 
0.010 

Patient-level  Patient age 
0-11 months 
12-59 months 
5-14 years 
≥15 years 

 
270 
845 
742 
895 

 
121 (44.8) 
496 (58.7) 
513 (69.1) 
566 (63.2) 

 
Ref 
2.00 (1.37-2.92) 
2.61 (1.76-3.88) 
2.30 (1.57-3.36) 

 
 
<0.001 
<0.001 
<0.001 

 
Ref  
1.90 (1.30-2.79) 
1.57 (1.02-2.39) 
1.66 (1.09-2.54) 

 
 
0.001 
0.038 
0.019 

 Temperature 
<37.5°C 

 ≥37.5°C 

 
1897 
841  

 
1119 (59.0) 
568 (67.5) 

 
Ref 
1.65 (1.30-2.10) 

 
 
<0.001 

 
Ref  
1.59 (1.24-2.04) 

 
 
<0.001 
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Table 6.1 Continued 

 Factor  N n (%) Unadjusted OR 
 (95% CI) 

P-value Adjusted OR 
 (95% CI) 

P-value 

 Main complaint 
Fever only 
No fever 
Fever and other complaints  

 
315 
353 
2084 

 
187 (59.4) 
219 (62.0) 
1290 (61.9) 

 
Ref 
0.88 (0.57-1.35) 
1.04 (0.75-1.44) 

 
 
0.557 
0.832 

 
Ref  
0.40 (0.24-0.65) 
0.69 (0.48-1.01) 

 
 
<0.001 
0.054 

 Diarrhoea complaint 
No 
Yes  

 
2457 
295 

 
1521 (61.9) 
175 (59.3) 

 
Ref 
1.24 (0.89-1.74) 

 
 
0.208 

 
Ref  
1.58 (1.10-2.26) 

 
 
0.013 

 Headache complaint 
No 
Yes  

 
1617 
1135 

 
881 (54.5) 
815 (71.8) 

 
Ref 
2.12 (1.70-2.64) 

 
 
<0.001 

 
Ref  
2.30 (1.73-3.06) 

 
 
<0.001 

 Vomiting complaint 
No 
Yes  

 
2263  
489 

 
1354 (59.8) 
342 (69.9) 

 
Ref 
1.65 (1.24-2.19) 

 
 
<0.001 

 
Ref  
1.60 (1.18-2.17) 

 
 
0.003 

 Chills complaint 
No 
Yes  

 
2533  
219 

 
1515 (59.8) 
181 (82.7) 

 
Ref 
2.30 (1.46-3.60) 

 
 
<0.001 

 
Ref  
2.38 (1.47-3.85) 

 
 
<0.001 

 Running nose complaint 
No 
Yes  

 
2415  
337 

 
1541 (63.8) 
155 (46.0) 

 
Ref 
0.45 (0.33-0.63) 

 
 
<0.001 

 
Ref  
0.67 (0.47-0.94) 

 
 
0.022 

 Rash complaint 
No 
Yes  

 
2687 
65 

 
1669 (62.1) 
27 (41.5) 

 
Ref 
0.35 (0.17-0.70) 

 
 
0.003 

 
Ref  
0.46 (0.23-0.93) 

 
 
0.030 
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6.3.3 Factors influencing compliance with malaria testing of febrile patients 

The proportion of febrile patients tested for malaria between 2014 and 2016 ranged between 

66 and 69%. The results from the unadjusted univariable analysis are presented in Appendix 

15. From the final multivariable model (Table 6.2), lower odds of health workers’ compliance 

with malaria testing were observed among febrile patients who visited government-owned 

compared to FBO/NGO-owned facilities (aOR=0.17; 95% CI: 0.10-0.31), and from coast 

endemic (aOR=0.17; 95% CI: 0.08-0.39), highland epidemic (aOR=0.42; 95% CI: 0.20-0.88), 

semi-arid seasonal (aOR=0.17; 95% CI: 0.08-0.37) and low risk (aOR=0.08; 95% CI: 0.04-

0.19) areas compared to lake endemic areas.  

At the health worker level, patients who were seen by health workers who perceived malaria 

endemicity as high risk (aOR=3.05; 95% CI: 1.78-5.23), those who were supervised and 

received feedback (aOR=1.84; 95% CI: 1.18-2.87) or had access to either IMCI or malaria 

case-management guidelines (aOR=1.96; 95% CI: 1.13-3.40) were more likely to be tested 

for malaria. Patients aged between one to five years compared to infants (aOR=2.02; 95% CI: 

1.34-3.06), those with a temperature measurement of ≥37.5°C (aOR=2.03; 95% CI: 1.53-

2.70), presenting with a main complaint of fever (aOR=2.28; 95% CI: 1.54-3.37), diarrhoea 

(aOR=1.52; 95% CI: 1.02-2.26), headache (aOR=2.70; 95% CI: 2.00-3.63), vomiting 

(aOR=2.01; 95% CI: 1.41-2.85), or chills (aOR=3.29; 95% CI: 1.81-6.00) also had higher 

odds of being tested. However, patients with a main complaint of a cough (aOR=0.65; 95% 

CI: 0.50-0.85), a running nose (aOR=0.59; 95% CI: 0.41-0.85) or a rash (aOR=0.32; 95% CI: 

0.15-0.69) had lower odds of being tested (Table 6.2).
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Table 6.2 Factors associated with compliance with malaria testing of febrile patients, 2014-2016 - results from the final multivariable model 

 Factor  N n (%) Unadjusted OR  
(95% CI) 

P-value  Adjusted OR  
(95% CI) 

P-value  

Malaria endemicity Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  
Low risk  

 
888  
270  
576  
619  
399  

 
797 (89.8) 
166 (61.5) 
421 (73.1) 
316 (51.1) 
141 (35.3) 

  
Ref 
0.09 (0.04 - 0.20) 
0.20 (0.09 - 0.43) 
0.06 (0.03 - 0.13) 
0.03 (0.01 - 0.06) 

  
  
<0.001 
<0.001 
<0.001 
<0.001 

  
Ref  
0.17 (0.08-0.39) 
0.42 (0.20-0.88) 
0.17 (0.08-0.37) 
0.08 (0.04-0.19) 

  
  
<0.001 
0.022 
<0.001 
<0.001 

Health facility level Facility ownership 
FBO/NGO 
Government 

  
299 
2453 

  
234 (78.3) 
1607 (65.5) 

  
Ref 
0.20 (0.10 - 0.40) 

  
  
<0.001 

  
Ref  
0.17 (0.10-0.31) 

` 
  
<0.001 

Health worker 
level 

HW perception of endemicity 
Low 
High  

  
1302  
1446  

  
630 (48.4) 
1209 (83.6) 

  
Ref  
9.00 (5.97 - 13.58) 

  
  
<0.001 

  
Ref  
3.05 (1.78-5.23) 

  
  
<0.001 

MCM supervision and received 
feedback in the previous 3 months 

No 
Yes 

  
 
1842 
910 

 
  
1109 (60.2) 
732 (80.4) 

 
  
Ref  
3.20 (2.02 - 5.08) 

 
  
  
<0.001 

 
  
 Ref  
1.84 (1.18-2.87) 

  
  
 
0.007 

Access to MCM/IMCI guidelines 
No 
Yes 

 
354 
2397 

 
231 (65.3) 
1610 (67.2) 

 
Ref 
1.78 (0.96-3.32) 

 
 
0.069 

 
 
1.96 (1.13-3.40) 

 
 
0.016 

Patient-level Patient age 
0-11 months 
12-59 months 
5-14 years 
≥15 years 

 
270  
845  
742  
895  

 
133 (49.6) 
537 (63.6) 
558 (75.2) 
613 (68.5) 

 
Ref  
2.22 (1.48 - 3.32) 
3.19 (2.13 - 4.78) 
2.54 (1.70 - 3.81) 

 
  
<0.001 
<0.001 
<0.001 

 
  
2.02 (1.34-3.06) 
1.56 (0.99-2.48) 
1.55 (0.97-2.46) 

  
 
0.001 
0.058 
0.067 

Temperature 
<37.5°C 
 ≥37.5°C 

  
1897  
841  

  
1208 (63.7) 
624 (74.2) 

  
Ref  
2.09 (1.60 - 2.74) 

  
  
<0.001 

  
  
2.03 (1.53- 2.70) 

  
  
<0.001 

Fever complaint 
No  
Yes 

 
353 
2399 

 
236 (66.9) 
1605 (66.9) 

  
Ref  
1.26 (0.89 - 1.77) 

 
  
0.190  

  
  
2.28 (1.54-3.37) 

  
  
<0.003 
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Table 6.2 Continued 

 Factor  N n (%) Unadjusted OR 
 (95% CI) 

P-value Adjusted  
OR (95% CI) 

P-value 

 Diarrhoea complaint 
No  
Yes 

 
2457  
295 

 
1650 (67.2) 
191 (64.8) 

 
Ref  
1.30 (0.90-1.88) 

 
 
0.163 

 
Ref 
1.52 (1.02-2.26) 

 
 
0.041 

Headache complaint 
No  
Yes 

 
1617 
1135 

 
947 (58.6) 
894 (78.8) 

 
Ref  
2.78 (2.18 - 3.56) 

  
  
<0.001 

 
Ref  
2.70 (2.00-3.63) 

  
  
<0.001 

 Vomiting complaint 
No  
Yes 

 
2263 
489 

 
1461 (64.6) 
380 (77.7) 

 
Ref  
2.21 (1.60 - 3.06) 

  
  
<0.001 

 
Ref  
2.01 (1.41-2.85) 

  
  
<0.001 

Chills complaint 
No  
Yes 

 
2533 
219 

 
1645 (64.9) 
196 (89.5) 

 
Ref  
3.51 (2.00 - 6.15) 

 
 
<0.001 

 
Ref  
3.29 (1.81-6.00) 

 
 
<0.001 

Cough complaint 
No  
Yes 

 
1521 
1231 

 
1107 (72.8) 
734 (59.6) 

 
Ref  
0.46 (0.36 - 0.58) 

  
  
<0.001 

 
Ref  
0.65 (0.50-0.85) 

` 
  
0.001 

Running nose complaint 
No  
Yes 

 
2415 
337 

 
1678 (69.5) 
163 (48.4) 

 
Ref 
0.36 (0.26-0.51) 

 
 
<0.001 

 
Ref 
0.59 (0.41-0.85) 

 
 
0.005 

Rash complaint 
No  
Yes 

 
2687 
65 

 
1813 (67.5) 
28 (43.1) 

 
Ref 
0.28 (0.14-0.59) 

 
 
0.001 

 
Ref 
0.32 (0.15-0.69) 

 
 
0.003 
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6.3.4 Factors influencing compliance with no antimalarial treatment for test negative 

patients 

The proportion of test negative patients not treated with an antimalarial ranged between 90 

and 93% during the last four surveys. The results from the unadjusted univariable analysis 

are presented in Appendix 16. From the final multivariable model (Table 6.3), patients who 

visited facilities with only microscopy available on the survey day as malaria diagnostic 

method had 68% lower odds of not being given antimalarials when they tested negative 

compared to those patients at facilities with only RDTs (p=0.031). At the health worker level, 

lower odds of compliance were observed among patients seen by older health workers 

(aOR=0.28; 95% CI: 0.11-0.67) and those who perceived the endemicity as high-risk 

(aOR=0.16; 95% CI: 0.07-0.40). Whereas patients seen by health workers who were 

knowledgeable about the targeted malaria treatment policy (aOR=8.89; 95% CI: 3.15-25.13) 

and those who had received in-service training (aOR=5.34; 95% CI: 2.21-12.90) had higher 

odds of compliance. A unit increase in temperature measurement (aOR=0.69; 95% CI: 0.52-

0.93) and the main complaint of headache (aOR=0.51; 95% CI: 0.27-0.95) were associated 

with lower odds, while the main complaint of cough was associated with 2.9 times higher 

odds of compliance (p=0.002) (Table 6.3). 
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Table 6.3 Factors associated with compliance with no antimalarial treatment for test negative patients, 2014-2016 - results from the final multivariable model 

 Factor  N n (%) Unadjusted OR 
 (95% CI) 

P-value  Adjusted OR 
 (95% CI)  

P-value  

Health facility level Type of malaria diagnostic at the facility 
RDTs 
Microscopy  
Both  

 
479 
212 
390 

 
443 (92.5) 
180 (84.9) 
369 (94.6) 

Ref 
0.36 (0.13 - 1.02) 
1.83 (0.65 - 5.14) 

0.054 
0.249 

 
Ref 
0.32 (0.11-0.90) 
2.27 (0.81-6.37) 

 
 
0.031 
0.120 

Health worker lev HW age 
≤35 years 
>35 years 

 
680 
387 

 
628 (92.4) 
350 (90.4) 

 
Ref 
0.47 (0.20-1.08) 

 
 
0.074 

 
Ref 
0.28 (0.11-0.67) 

 
 
0.005 

HW perception of endemicity 
Low 
High 

 
540 
539  

 
512 (94.8) 
478 (88.7) 

 
Ref 
0.27 (0.11-0.65) 

 
 
0.003 

 
Ref 
0.16 (0.07-0.40) 

 
 
<0.001 

Correct knowledge on malaria treatment policy 
No 
Yes 

 
116 
965 

 
85 (73.3) 
907 (94.0) 

 
Ref 
10.32 (4.00-26.62) 

 
 
<0.001 

 
Ref 
8.89 (3.15-25.13) 

 
 
<0.001 

MCM in-service training 
No 
Yes 

 
422 
659 

 
365 (86.5) 
627 (95.1) 

 
Ref 
5.49 (2.47-12.20) 

 
 
<0.001 

 
Ref 
5.34 (2.21-12.90) 

 
 
<0.001 

Patient-level Temperature  
  

0.79 (0.60-1.05) 0.105 0.69 (0.52-0.93) 0.013 

Headache main complaint 
No 
Yes  

 
623 
458  

 
584 (93.7) 
408 (89.1) 

 
Ref 
0.38 (0.21-0.71) 

 
 
0.002 

 
Ref  
0.51 (0.27-0.95) 

 
 
0.035 

Cough main complaint 
No 
Yes  

 
574 
501 

 
510 (88.9) 
482 (95.1) 

 
Ref 
3.31 (1.67-6.59) 

 
 
0.001 

 
Ref 
2.91 (1.46-5.80) 

 
 
0.002 
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6.4 Discussion  

Drawing on Rowe’s framework of determinants of health worker performance (Figure 2.1), 

this chapter revealed various interventional and non-interventional factors influencing “test 

and treat” compliance at high but still suboptimal levels between 2014 and 2016. As 

shown in Chapters 4 and 5, malaria endemicity independently affect health workers’ 

compliance with the outpatient malaria case-management guidelines. Notably, higher 

malaria endemicity was associated with malaria testing of febrile patients, consequently 

influencing overall malaria “test and treat” compliance highlighting the need for spatial 

targeting of the interventions with a focus on low malaria risk areas.  

Only two factors at the health facility level were associated with compliance during this 

study period: the type of diagnostic test available at the health facility on the survey day 

and facility ownership. RDT availability was associated with compliance with no 

antimalarial treatment for test negative patients between 2014 and 2016. Despite high 

compliance with test negative results (90-93%), health workers were less likely to comply 

at facilities where malaria diagnosis was exclusively based on microscopy compared to 

those facilities providing malaria testing by only RDTs. Lack of confidence in microscopy 

results due to quality issues [Zurovac et al., 2006; Wanja et al., 2017] or gained 

confidence over the years in RDT results [Yukich et al., 2010; Masanja et al., 2012] might 

explain the observed associations. While these findings on prescribing outcomes support 

the Kenyan policy decision on introducing RDTs exclusively at health facilities without 

diagnostic capacities [MoH, 2013], the lack of effect observed on malaria testing during 

the plateauing performance phase calls for further studies to understand health workers’ 

testing behaviour. The second health facility factor pointing at testing non-compliance 

suggested a higher likelihood of compliance at faith-based and non-governmental 

facilities. The findings similarly observed since the beginning of the monitoring period in 
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2010 (Chapter 5) and calling for further targeting of government health workers with 

effective strategies to improve their compliance.  

Several interesting associations were identified at the health worker level. The most 

widely used interventions to improve health worker performance, i.e., training, and 

supervision with feedback, were associated with compliance during this period as similarly 

reported in Mozambique [Candrinho et al., 2019]. However, the finding is in contrast with 

other cross-sectional studies that reported no effect of the interventions on compliance 

[Steinhardt et al., 2014b; Bawate et al., 2016; Plucinski et al., 2017]. Although more subtle 

qualitative research is required, it can be hypothesized that the quality of supportive 

supervision and in-service training improved over time and resulted in substantial effects 

observed only at the latest surveys. Nevertheless, the positive associations found at these 

levels call for the use of multifaceted interventions incorporating training and supervision 

with feedback to optimize health worker performance [Ayieko et al., 2011; Rao et al., 

2013; Leslie et al., 2016; Rowe et al., 2018; Worges et al., 2018]. 

Another common intervention, dissemination of malaria case-management or IMCI 

guidelines, was associated with higher malaria testing between 2014 and 2016. From 

Chapter 5, health workers’ access to malaria treatment guidelines was associated with 

improvements in AL treatment for malaria test positive patients. However, when 

compliance to test results was nearly optimal, and there was no recent change in the 

treatment policy, it was only then that access to guidelines influenced testing. A finding 

similar to a report from Malawi where health workers who had access to guidelines were 

more likely to test for malaria at higher compliance levels of 76% [Namuyinga et al., 2017] 

and in contrast to a Kenyan study that did not find an effect when testing rates were low 

[Nyandigisi et al., 2011].  

Additionally, correct health workers’ knowledge about the targeted treatment policy 

continued to predict compliance with negative test results at the latest surveys as it was 
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similarly observed with the improvement trends in Chapter 5. Whereas health workers’ 

correct knowledge about universal testing and targeted treatment policy and health 

workers’ female gender was associated with higher composite performance. While not 

extensively examined in Africa, the association of female health workers with better 

performance is similar to reports from high-income countries [Berthold et al., 2008; 

Dahrouge et al., 2016]. The findings support continued in-service training of health 

workers to expand their knowledge and targeting of male health workers to improve 

performance. Moreover, at these levels of performance, health workers’ age was 

associated with compliance, with older health workers less likely to comply with no 

antimalarial treatment policy for test negative patients. The reliance on their experiences 

more than guidelines or resistance to change among older health workers could explain 

the observed pattern, as reported in evaluating the quality of IMCI care in Benin 

[Steinhardt et al., 2015].  

Lastly, in addition to the effects of local malaria endemicity reported in Chapters 5 and 6 

[Onchiri et al., 2015; Plucinski et al., 2017; Plucinski et al., 2018; Candrinho et al., 2019], 

health workers perception of malaria risk independently influenced compliance during this 

period. The perception of an area as high risk, as also speculated in Mozambique 

[Candrinho et al., 2019], was a strong predictor of increasing the likelihood of testing three 

times. The probabilistic reasoning applied before testing febrile patients for malaria may 

explain the observed pattern [Heneghan et al., 2009; Arroll et al., 2012]. Even though the 

local endemicity did not influence compliance with no antimalarial treatment for test 

negative patients during the latest period, health workers’ perception of endemicity 

determined compliance. When health workers perceived the endemicity as high, they 

overtreated test negative patients for malaria. While no study examined the association 

between overtreatment and perception of risk, the common explanations for this 

overtreatment might include mistrust of test results [Mubi et al., 2013; Kabaghe et al., 

2016], a long history of presumptive treatment, or lack of alternative diagnosis [Chandler 
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et al., 2008]. The in-service training and supervision should consider health workers’ 

perceptions of malaria endemicity while emphasizing the importance of universal testing 

of all febrile patients and withholding antimalarials in test negative patients.  

Finally, patient-level factors were strongly associated with health workers’ compliance with 

guidelines during the plateauing performance phase. First, infants were less likely to be 

tested and treated according to the guidelines compared to older patients. Despite higher 

malaria risk among infants [Mbonye et al., 2015; Serign et al., 2015], the association might 

be due to lower suspicion of malaria in this age group compared to older children [Mbonye 

et al., 2015]. Second, compliance with guidelines was influenced by a variety of main 

complaints. The complaints traditionally associated with uncomplicated malaria (e.g., 

fever, headache, vomiting, chills, and diarrhoea) were associated with higher testing and 

overall compliance, whereas complaints less suggestive of malaria (e.g., cough, rash, and 

running nose) resulted in lower testing compliance. Similar findings were reported in 

Malawi [Namuyinga et al., 2017], earlier in Kenya [Nyandigisi et al., 2011], and recently 

from Zambia [Worges et al., 2019].  

Related to the main complaint of fever, higher body temperature was positively associated 

with malaria testing and overall performance but negatively with compliance for test 

negative patients. When presenting with a cough, patients with a negative malaria test 

had up to three times higher odds of no antimalarial treatment compared to those with no 

cough. Overall, despite the poor sensitivity of various clinical case definitions 

[Chandramohan et al., 2002], health workers seem to rely on signs and symptoms to rule 

out malaria in febrile patients. The findings are similar to other studies that indicated 

patients’ clinical signs and symptoms determining compliance with malaria guidelines 

[Steinhardt et al., 2014b; Mbonye et al., 2015; Onchiri et al., 2015; Namuyinga et al., 

2017]. Given the strong association between compliance and various signs and 

symptoms, the strategy of encouraging patients to report fever or a history of fever 
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spontaneously to health workers should be explored. Whereas, health workers should be 

reminded to ask patients about fever, measure temperature, and finally test all febrile 

patients regardless of other presenting symptoms.  

6.5 Conclusion  

To optimize outpatient malaria case-management, reduce testing compliance gaps and 

eliminate overtreatment of test negative patients, the Kenyan NMCP should not only 

ensure universal and continuous availability of “test and treat” commodities but also focus 

on health worker performance standards in low malaria risk areas; target male, older and 

government health workers; disseminate updated guidelines; continue with in-service 

training and supportive supervision with feedback, and generally improve health workers’ 

knowledge about malaria testing criteria considering their perceptions of endemicity. 

Further qualitative research exploring the quality and content of training and supervision 

routinely delivered to health workers and interventional studies identifying the most cost-

effective set of strategies are justified. 

The next chapter provides an overall discussion of the findings presented in Chapters 4 to 

6, including the policy implications of the findings, overall thesis limitations and 

recommendations for future research studies ending with a general conclusion of the PhD 

work. 
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Chapter 7: Discussion and conclusion 
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7.1 Introduction 

This final chapter begins with a brief background, including the aims of the PhD thesis and 

provides an overall discussion of the key findings, policy implications, and 

recommendations. The chapter further highlights the thesis limitations and areas requiring 

further research. The chapter concludes with an overall conclusion of the PhD work.  

7.2 Background  

Effective case-management remains the bedrock of malaria control in Africa. In 2010, the 

globally recommended practice became the universal testing of all suspected malaria 

patients and treatment of only test positive patients with recommended ACTs, also known 

as the “test and treat” policy. The essential pre-requisite for the “test and treat” policy 

implementation is the universal and continuous availability of malaria tests and ACTs at 

health facilities through effective supply chains. However, the effectiveness of test-based 

management also depends on how well health workers comply with malaria case-

management guidelines when attending to suspected cases.  

Since 2010, improvements in health workers’ compliance with the “test and treat” malaria 

guidelines have been observed across Africa (Figure 2.7). However, the compliance is not 

yet optimal despite the availability of diagnostic and treatment commodities. In Kenya, 

compliance has been improving since 2010 but has notably plateaued at the highest yet 

suboptimal levels between 2014 and 2016 (Section 3.2.4.4.4 & Figure 6.1). Malaria 

endemicity and other factors have the potential to influence compliance. However, 

whether the compliance improvement trends differ in relation to malaria endemicity, what 

factors influence the improvement trends, and what predicts compliance at the plateauing 

performance phase is poorly defined. Therefore, this thesis, utilising data from 11 national 

Kenyan outpatient malaria case-management surveys, sought to analyse the 

improvement trends in compliance stratified by malaria endemicity and assess the factors 
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associated with the compliance. Drawing on Rowe’s framework of factors that might 

influence health worker performance in Figure 2.1 [Rowe et al., 2005], the factors were 

assessed for two periods in Kenya: a) the period of improvement trends from 2010-2016, 

and b) the period of plateauing performance phase from 2014-2016.  

7.3 Malaria endemicity and quality of malaria case-management  

Malaria endemicity can potentially influence health workers’ compliance with outpatient 

malaria case-management guidelines due to the pre-and post-test probability of malaria 

[Graz et al., 2011]. It can be hypothesised that health workers in high malaria risk areas 

commonly test febrile patients for malaria while inadequately complying with test negative 

results. On the other hand, health workers from low-risk regions might not comply with 

testing of all fevers but have higher compliance with test results. Malaria endemicity in 

Kenya is heterogeneous. It ranges from areas of highest transmission around Lake 

Victoria in western Kenya to very low-risk areas of the central highlands [Noor et al., 

2009a; NMCP et al., 2016; Macharia et al., 2018]. I explored the effect of malaria 

endemicity on health workers’ compliance in the trends analysis presented in Chapter 4 

and the analyses of factors in Chapters 5 and 6.  

The descriptive analysis of trends across malaria epidemiological zones presented in 

Chapter 4 revealed important spatial differences in health worker clinical practices. Major 

improvements in the overall “test and treat” performance and specifically in the testing of 

febrile patients, use of AL treatment for test positive patients, and compliance with no 

antimalarial treatment policy for test negative patients, including the recommended 

performance of drug dispensing and counselling tasks, were all observed within high-risk 

areas. However, in low-risk areas, no significant changes were observed in the 

performance of any of the case-management tasks, except in compliance with test 

negative results, which increased across all risk areas. Even after adjusting for other 

factors in Chapter 5, high-risk areas were still associated with higher compliance trends.  
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As most SSA malaria-endemic countries have sub-national heterogeneity in malaria 

transmission [Snow et al., 2017], similar patterns in compliance, especially with malaria 

testing, are likely to be observed in other countries, as reported in Angola [Plucinski et al., 

2017].  

Malaria testing is a crucial early step of malaria case-management across all transmission 

settings [World Health Organization, 2010a; 2012c; 2013a]. The findings from this thesis 

have shown that low testing rates are common in low malaria risk areas. The undertesting 

in low-risk areas not only compromises case-management resulting in missing malaria 

cases [Chandramohan et al., 2001; Thwing et al., 2017], but also prospects of ensuring 

good quality routine data for surveillance of parasitologically confirmed cases as an 

intervention for malaria elimination to which Kenya and other countries are aspiring in 

such areas [World Health Organization, 2017d; MoH, 2019b; Anand et al., 2020]. To 

eliminate malaria within the low-risk areas, identification, investigation, and elimination of 

foci of transmission should be an objective of surveillance [Moonen et al., 2010; Stresman 

et al., 2010; Sturrock et al., 2013; World Health Organization, 2018c]. Therefore, the major 

gaps in the testing of febrile patients in low malaria risk areas call for targeting 

interventions and strategies to improve health workers’ compliance in low-risk areas, both 

under the current control phase and the prospects of malaria elimination. 

7.4 Factors influencing compliance 

Various interventional and non-interventional factors may influence health worker 

performance, as elaborated in Section 2.2.3 and my literature review in Section 2.3 

Understanding the true factors influencing compliance under routine implementation is 

essential for targeting strategies and refining programmatic interventions to improve 

performance. Based on Rowe’s framework of factors that may influence health worker 

performance (Figure 2.1), 23 interventional and non-interventional factors besides malaria 

endemicity were associated with the improvement trends or compliance during the 
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plateauing performance phase as presented and discussed in Chapters 5 and 6. The 

factors were often different for compliance trends moving from low to high-performance 

levels (Chapter 5) and when compliance reached the plateauing phase at the highest 

levels (Chapter 6). Only eight factors were associated with compliance across both 

periods in Kenya. The key findings from the analysis of the factors, implications and 

recommendations are highlighted below. 

7.4.1 Interventional factors 

Understanding the effect of interventional factors on compliance is imperative to 

understanding what works to address non-interventional factors influencing compliance 

and the case-management gaps. Many studies have evaluated the effectiveness of 

several strategies to improve health worker performance in LMICs [Grimshaw et al., 2004; 

Bosch-Capblanch et al., 2011; Holloway et al., 2013; Nguyen et al., 2013; Rowe et al., 

2018]. However, the effectiveness of the examined strategies varies depending on the 

care setting (inpatient, outpatient), type of the health worker (clinician, nurse, lay health 

workers), health facility ownership (profit, non-profit), and income setting (high, low) [Rowe 

et al., 2005; Rowe et al., 2018]. RCTs are an ideal source of evidence about the effects of 

interventions; however, in our settings, such studies are rare. They cannot provide 

information on the true determinants under large scale routine implementation of 

programmatic interventions. Therefore, observational or cross-sectional studies are often 

the only quantitative evaluation designs that can be used despite potential biases [Victora 

et al., 2004; Rowe et al., 2005]. The association of some of the interventions with 

compliance on a large scale were examined in this thesis. From my analysis, five 

interventional factors were found to influence the improvement trends, compliance during 

the latest performance period or both periods in Kenya. The interventional factors included 

RDT availability, access to malaria case-management and IMCI guidelines, training, and 

supervision with feedback.  
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The availability of RDTs compared to microscopy services was associated with higher 

trends in testing and compliance with no antimalarial treatment for negative cases during 

the latest period, while RDT stockouts were associated with lower trends in no antimalarial 

treatment for test negative patients. A finding concurring with reports of deployment of 

RDTs resulting in higher testing rates [Masanja et al., 2012; Mbacham et al., 2014; 

Chandler et al., 2017]. The association of the exclusive availability of RDTs with higher 

compliance supports the continuation of the NMCP’s policy of implementing RDTs in 

health facilities without microscopy capacities [MoH, 2013]. However, the lack of 

association with testing compliance during the latest period calls for further understanding 

of the effects of the type of malaria diagnostics on health workers’ testing behaviours.  

Health workers’ access to malaria case-management and IMCI guidelines was associated 

with both improvement trends and performance at the latest plateauing phase. A finding 

similar to reviews suggesting that context-specific dissemination of guidelines can improve 

care [Grimshaw & Russell, 1993; Grimshaw et al., 2004]. However, the finding is in 

contrast with studies reporting no effect of guidelines on compliance [Zurovac et al., 

2008c; Nyandigisi et al., 2011; Steinhardt et al., 2014b] or on broader health worker 

performance [Mangham-Jefferies et al., 2015; Rowe et al., 2018]. The positive finding 

supports the continued dissemination of guidelines to health workers.  

In-service training of health workers on the new case-management guidelines was 

associated with higher compliance with no antimalarial treatment for test negative patients 

during the plateauing performance phase between 2014-2016 in Kenya. The positive 

association is similar to reviews that reported a positive effect of training on health worker 

performance [Nguyen et al., 2013; Rowe et al., 2018]. The finding is, however, in contrast 

with studies included in my literature review that did not find an association between 

training and compliance [Nyandigisi et al., 2011; Masanja et al., 2013; Steinhardt et al., 

2014b; Bawate et al., 2016]. Supervision with feedback was similarly associated with 
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compliance with malaria testing only during the latest period of plateauing performance, 

2014-2016. Supervision tends to have none to moderate effect on health worker 

performance [Bosch-Capblanch et al., 2011; Bailey et al., 2016; Rowe et al., 2018], with 

most of the studies in my literature review reporting no association of supervision with 

compliance [Nyandigisi et al., 2011; Masanja et al., 2013; Steinhardt et al., 2014b; Bawate 

et al., 2016; Plucinski et al., 2017]. 

The positive association of training and supervision, the commonly used strategies to 

improve health worker performance in Africa, with compliance during the latest period, 

support their continued use jointly or together with other strategies like group problem 

solving for more substantial effects to improve compliance further. However, the lack of 

association of training or supervision with improvement trends reported in this thesis, in 

addition to the moderate effect of the two interventions when implemented as a stand-

alone intervention [Leslie et al., 2016; Rowe et al., 2018], calls for qualitative research of 

to understand the content, quality and details of the implementation of the two 

interventions. Lastly, studies evaluating the cost-effective set of strategies to improve 

health worker performance in the outpatient settings are needed as the effect of the 

interventions vary depending on the context of implementation [Kaplan et al., 2010; May 

et al., 2016; Nilsen & Bernhardsson, 2019].  

7.4.2 Non-interventional factors 

Non-interventional factors such as patient characteristics are important determinants of 

compliance which can be best understood by examining hypothesised associations 

through cross-sectional or observational studies [Rowe et al., 2005]. I found 17 non-

interventional factors associated with compliance, especially at the latest performance 

period in Kenya. Even though these factors are not directly modifiable, NMCPs and other 

implementing partners should consider them when implementing the interventions to 

improve compliance.  
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Facility ownership continued to be associated with compliance during both periods, with 

higher compliance reported at faith-based and non-governmental compared to 

government facilities as similarly reported at baseline [Nyandigisi et al., 2011]. The 

findings call for targeting behavioural interventions to improve compliance at government 

health workers. The cadre of health workers dispensing medicines at the facility was 

associated with improvements in administering the first AL dose. For instance, CHWs had 

higher compliance with administering AL at the facility compared to higher-level cadres 

over time. Lay health workers have been shown to improve the quality of care [Huicho et 

al., 2008; Callaghan et al., 2010; Lewin et al., 2010], and task shifting of the medicine 

dispensing to CHWs can be considered by malaria control managers and MoH [Rao et al., 

2013]. Interestingly, febrile patients’ caseload at the health facility was only associated 

with improvement trends with no antimalarial treatment for test negative patients and 

composite “test and treat” compliance but not compliance during the latest period, 

probably signifying a reduction in the number of febrile patients.  

Health worker gender was associated with improvement trends and compliance during the 

latest period with males compared to female health workers having lower odds of 

compliance as similarly reported from high-income countries [Berthold et al., 2008; 

Dahrouge et al., 2016]. Health workers’ age was also associated with compliance during 

the latest period, where health workers older than 35 years had lower odds of compliance, 

similar to a report on IMCI care in Benin [Steinhardt et al., 2015]. Therefore, during the 

implementation of health worker support activities, greater attention in reinforcing 

compliance with malaria guidelines needs to be devoted to the health workers of male 

gender and older age.  

Health workers’ correct knowledge about the universal testing and targeted treatment 

policy was associated with improvement trends and compliance during the latest period. 

This contrasts with studies indicating that knowledge does not translate into better care 



192 

 

[Rowe et al., 2005; Mangham-Jefferies et al., 2015; Rowe et al., 2017; Gage et al., 2018; 

Russell et al., 2018; Candrinho et al., 2019]. The positive association of “test and treat” 

knowledge and guidelines compliance support continued in-service training of health 

workers to expand their knowledge. Moreover, health workers’ perceptions of malaria 

endemicity, a rarely examined factor, was associated with compliance during the latest 

period. The in-service training and supervision should emphasise the importance of 

complying with case-management guidelines universally regardless of health workers’ 

perception of endemicity. 

Finally, ten patient-level factors were strong factors influencing compliance, particularly 

during the latest period. Patient age, higher body temperature and several patients’ main 

complaints were associated with compliance similar to other reports [Steinhardt et al., 

2014b; Mbonye et al., 2015; Onchiri et al., 2015; Namuyinga et al., 2017]. The main 

complaints traditionally associated with uncomplicated malaria (e.g., fever, headache, 

vomiting, chills, and diarrhoea) were associated with higher “test and treat” compliance. In 

contrast, complaints less suggestive of malaria (e.g., cough, rash, and running nose) 

resulted in lower compliance. Furthermore, when patients presented with a cough, higher 

odds of compliance with negative tests were observed, while a headache, on the contrary, 

was associated with lower compliance. Given the strong association between compliance 

and various signs and symptoms, the strategy of encouraging patients to report fever or a 

history of fever to health workers spontaneously should be explored. Whereas, health 

workers should be reminded to ask patients about fever, measure temperature and most 

importantly, test all febrile patients regardless of other presenting symptoms. 

7.5 Policy implications and recommendations 

The following policy recommendations are made based on the findings from the PhD 

work: 
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• Malaria endemicity, as a strong factor influencing compliance, especially 

influencing testing of febrile patients, calls for the targeting of interventions and 

strategies to improve health workers’ compliance in low malaria risk areas, both 

under the current control phase and the prospects of malaria elimination.  

• The lower testing rates in government compared to the faith-based sector calls for 

targeting behavioural interventions to improve compliance of government health 

workers. 

• The association of exclusive availability of RDTs with higher compliance supports 

the continuation of the NMCP’s policy of deploying RDTs in facilities without 

microscopy capacities. 

• Despite the lack of association with improvements at early periods of the policy 

implementation, recent positive findings of the commonly deployed interventions 

such as in-service training and supervision with feedback support their continued 

use. 

• Ministry of Health can consider task shifting of the dispensing and counselling 

tasks to CHWs as higher compliance with antimalarial administration tasks was 

observed when CHWs dispensed medicines. 

• Health workers’ access to malaria and IMCI guidelines has been shown to be an 

effective intervention in Kenya, improving treatment compliance from low to high 

levels and testing compliance at the period without further improvements 

suggesting continued and strengthened dissemination of the guidelines.  

• The positive association of the correct health workers’ “test and treat” knowledge 

and compliance with influencing support continued in-service training of health 

workers to expand their knowledge.  

• During the implementation of health worker support activities, greater attention in 

reinforcing compliance with malaria guidelines needs to be devoted to the health 

workers of male gender and older age.  
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• The in-service training and supportive supervision should emphasize the 

importance of complying with case-management guidelines despite the health 

workers’ perception of endemicity, patients’ main complaints or the local area 

endemicity.  

• Testing of malaria among febrile infants should be encouraged.  

• Measurement of temperature should be emphasized as higher temperature 

measurement was associated with compliance with testing. 

• Health workers should be reminded to ask patients about fever, assess for it and 

more importantly to test all febrile patients regardless of other presenting 

symptoms. On the other hand, patients should be encouraged to spontaneously 

report fever or a history of fever to health workers. 

7.6 Thesis limitations 

This PhD work based on secondary analyses was not void of limitations. First, I might 

have failed to detect significant trends or effects of factors due to small sample sizes for 

some indicators and the presence of variability in compliance levels across the years. 

Second, the impact of diagnostic and treatment practices on true malaria cases among 

the universe of febrile patients could not be established due to the lack of gold standard 

testing, which was beyond the scope of this compliance study. Third, health workers’ 

behaviour may be affected by a variety of other factors, including contextual and latent 

ones like motivation, attitude, experience, confidence, that could not be examined from 

the data. Fourth, the available data examining compliance with counselling tasks through 

exit interviews may have been subjected to recall or courtesy bias. Fifth, the analysis 

period presented in this thesis ended in 2016, even though the national surveys 

monitoring the quality of outpatient malaria case-management in Kenya are ongoing and 

require regular analysis to inform policy and implementation. Sixth, I performed multiple 

comparisons of factors, and some of the results may have been significant by chance. 
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Finally, the use of statistical significance tests for the initial variable selection and 

identification of final factors and trends might have left out important associations and 

trends. 

7.7 Further research  

Several studies, mainly qualitative, would be beneficial to provide an in-depth 

understanding of the findings revealed in this thesis—first, the understanding of the 

factors associated with poor compliance with testing in low malaria risk areas. Second, 

examining the contextual and latent factors influencing health workers’ compliance cannot 

be examined quantitatively. Third, the reasons for poor compliance with some of the 

dispensing and counselling tasks, such as advising patients on what to do in case of 

vomiting. Fourth, to understand the details of the quality, content and delivery of training 

and supervision routinely delivered to health workers. Lastly, interventional studies of the 

most cost-effective set of strategies to further improve outpatient malaria case-

management performance are needed.  

7.8 Conclusion 

The findings from this PhD work reveal endemicity specific trends of health workers’ 

compliance with outpatient malaria guidelines, identify the factors associated with 

compliance trends, and provide insight into the factors influencing compliance at high 

levels of health workers’ performance. The findings are specific to the facilities with 

available malaria diagnostic and treatment commodities, the minimum pre-requisite 

enabling the measurement of health worker compliance with “test and treat” standards for 

malaria. The results confirm the hypothesised effect of malaria endemicity on health 

workers’ testing behaviour where major improvement trends were noted only within high-

risk areas. The findings, however, contrast the hypothesised negative effect of high 
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endemicity on compliance with negative results, for which the performance improved in all 

areas of malaria risk.  

Besides malaria endemicity, the findings in this thesis have also shown that compliance 

with guidelines is influenced by various interventional and non-interventional factors 

operating at the health facility, health worker and patient levels. The improvement trends 

were associated with patients’ age, caseload and main complaint of fever, specifics of the 

supply chain for malaria diagnostics, ownership of facilities, knowledge of treatment 

policy, availability of guidelines, the cadre of health workers and their gender. In contrast 

to early periods of implementation, the latest study period with plateaued performance 

suggests that continued use of training, supportive supervision, and dissemination of 

guidelines could further improve health workers’ compliance with malaria “test and treat” 

guidelines. Furthermore, the evidence of health workers relying on non-interventional 

factors such as patient age and main presenting complaints calls for consideration of 

patient factors when implementing activities to improve compliance further.  

To reduce the case-management gaps, particularly in malaria testing, compliance with 

test negative results, and dispensing and counselling practices, with a focus towards 

achieving universal KMS 2019-2023 targets, the opportunity lies in the implementation of 

a comprehensive case-management interventions package. The content of this package 

can include constant supply and availability of RDTs, dissemination of malaria case-

management and IMCI guidelines, high-quality in-service training and supervision with 

feedback focusing on the compliance gaps and the non-interventional factors identified in 

this thesis. However, research on a set of cost-effective strategies to achieve and 

maintain health workers’ compliance in different outpatient contexts is needed.  

Lastly, this work could not have been possible without the national outpatient health 

facility survey datasets. Therefore, due to the inadequacy of the routine health facility data 

in providing malaria case-management indicators to monitor the implementation of the 
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“test and treat” policy, there is need for the continued support of the health facility surveys 

to provide timely data to inform the implementation of the policy. 

  



198 

 

 

 

 

 

 

 

 

References 

  



199 

 

Abdelgader TM, Ibrahim AM, Elmardi KA, Githinji S, Zurovac D, Snow RW et al (2012). 
Progress towards implementation of ACT malaria case-management in public health 
facilities in the Republic of Sudan: a cluster-sample survey. BMC Public Health; 12:11.  

Agaba BB, Yeka A, Nsobya S, Arinaitwe E, Nankabirwa J, Opigo J et al (2019). 
Systematic review of the status of pfhrp2 and pfhrp3 gene deletion, approaches and 
methods used for its estimation and reporting in Plasmodium falciparum populations in 
Africa: review of published studies 2010–2019. Malar J; 18:355.  

Agandaa A, Kweku S, Agboli M, Takase E, Mohamed T, Wisdom T et al (2016). 
Implementation and challenges of test, treat and track (T3) strategy for malaria case 
management in children under five years in the Bongo District, Ghana. Clinical Research 
and Trials; 2:235-241.  

Akinyi S, Hayden T, Gamboa D, Torres K, Bendezu J, Abdallah JF et al (2013). Multiple 
genetic origins of histidine-rich protein 2 gene deletion in Plasmodium falciparum 
parasites from Peru. Sci Rep; 3:2797.  

Alegana VA, Okiro EA & Snow RW (2020). Routine data for malaria morbidity estimation 
in Africa: challenges and prospects. BMC Med; 18:121.  

Alemayehu GS, Blackburn K, Lopez K, Cambel Dieng C, Lo E, Janies D et al (2021). 
Detection of high prevalence of Plasmodium falciparum histidine-rich protein 2/3 gene 
deletions in Assosa zone, Ethiopia: implication for malaria diagnosis. Malar J; 20:109.  

Alonso PL (2020). The Role of Mass Drug Administration of Antimalarials. Am J Trop Med 
Hyg; 103:1-2.  

Amboko B, Stepniewska K, Bejon P, Snow RW & Zurovac D (2020b). Determinants of 
improvement trends in compliance with outpatient malaria case-management guidelines in 
Kenya, 2010-2016. Poster presented at the 69th Annual Meeting of the American Society 
of Tropical Medicine and Hygiene.  

Amboko B, Stepniewska K, Macharia PM, Machini B, Bejon P, Snow RW et al (2020a). 
Trends in health workers’ compliance with outpatient malaria case-management 
guidelines across malaria epidemiological zones in Kenya, 2010–2016. Malar J; 19:406.  

Amboko BI, Ayieko P, Ogero M, Julius T, Irimu G & English M (2016). Malaria 
investigation and treatment of children admitted to county hospitals in western Kenya. 
Malar J; 15:506.  

Ameme DK, Afari EA, Nyarko KM, Malm KL, Sackey S & Wurapa F (2014). Direct 
observation of outpatient management of malaria in a rural Ghanaian district. Pan Afr Med 
J; 19:367.  

Amin AA, Zurovac D, Kangwana BB, Greenfield J, Otieno DN, Akhwale WS et al (2007). 
The challenges of changing national malaria drug policy to artemisinin-based 
combinations in Kenya. Malar J; 6:72.  



200 

 

Anand A, Favero R, Dentinger C, Ralaivaomisa A, Ramamonjisoa S, Rabozakandraina O 
et al (2020). Malaria case management and elimination readiness in health facilities of five 
districts of Madagascar in 2018. Malar J; 19:351.  

Aponte JJ, Schellenberg D, Egan A, Breckenridge A, Carneiro I, Critchley J et al (2009). 
Efficacy and safety of intermittent preventive treatment with sulfadoxine-pyrimethamine for 
malaria in African infants: a pooled analysis of six randomised, placebo-controlled trials. 
Lancet; 374:1533-1542.  

Arroll B, Allan G, Elley CR, Kenealy T, McCormack J, Hudson B et al (2012). Diagnosis in 
primary care: probabilistic reasoning. J Prim Health Care; 4:166-173.  

Ashton RA, Doumbia B, Diallo D, Druetz T, Florey L, Taylor C et al (2019). Measuring 
malaria diagnosis and treatment coverage in population-based surveys: a recall validation 
study in Mali among caregivers of febrile children under 5 years. Malar J; 18:3.  

Ayieko P, Irimu G, Ogero M, Mwaniki P, Malla L, Julius T et al (2019). Effect of enhancing 
audit and feedback on uptake of childhood pneumonia treatment policy in hospitals that 
are part of a clinical network: a cluster randomized trial. Implement Sci; 14:20.  

Ayieko P, Ntoburi S, Wagai J, Opondo C, Opiyo N, Migiro S et al (2011). A multifaceted 
intervention to implement guidelines and improve admission paediatric care in Kenyan 
district hospitals: a cluster randomised trial. PLoS Med; 8:e1001018.  

Ayieko P, Ogero M, Makone B, Julius T, Mbevi G, Nyachiro W et al (2016). 
Characteristics of admissions and variations in the use of basic investigations, treatments 
and outcomes in Kenyan hospitals within a new Clinical Information Network. Arch Dis 
Child; 101:223-229.  

Bailey C, Blake C, Schriver M, Cubaka VK, Thomas T & Martin Hilber A (2016). A 
systematic review of supportive supervision as a strategy to improve primary healthcare 
services in sub‐Saharan Africa. Int J Gynaecol Obstet; 132:117-125.  

Bartoloni A & Zammarchi L (2012). Clinical aspects of uncomplicated and severe malaria. 
Mediterr J Hematol Infect Dis; 4:e2012026.  

Bastiaens GJH, Schaftenaar E, Ndaro A, Keuter M, Bousema T & Shekalaghe SA (2011). 
Malaria diagnostic testing and treatment practices in three different Plasmodium 
falciparum transmission settings in Tanzania: before and after a government policy 
change. Malar J; 10:76.  

Batwala V, Magnussen P, Hansen KS & Nuwaha F (2011). Cost-effectiveness of malaria 
microscopy and rapid diagnostic tests versus presumptive diagnosis: implications for 
malaria control in Uganda. Malar J; 10:372.  

Bawate C, Sylvia TC-C, Nsajju B & Bwayo D (2016). Factors affecting adherence to 
national malaria treatment guidelines in management of malaria among public healthcare 
workers in Kamuli District, Uganda. Malar J; 15:112.  



201 

 

Bayoh MN, Mathias DK, Odiere MR, Mutuku FM, Kamau L, Gimnig JE et al (2010). 
Anopheles gambiae: historical population decline associated with regional distribution of 
insecticide-treated bed nets in western Nyanza Province, Kenya. Malar J; 9:62.  

Beer N, Ali AS, Rotllant G, Abass AK, Omari RS, Al‐mafazy AwH et al (2009). Adherence 
to artesunate–amodiaquine combination therapy for uncomplicated malaria in children in 
Zanzibar, Tanzania. Trop Med Int Health; 14:766-774.  

Beier JC, Keating J, Githure JI, Macdonrefald MB, Impoinvil DE & Novak RJ (2008). 
Integrated vector management for malaria control. Malar J; Suppl 1:S4.  

Berthold H, Gouni‐Berthold I, Bestehorn K, Böhm M & Krone W (2008). Physician gender 
is associated with the quality of type 2 diabetes care. J Intern Med; 264:340-350.  

Beshir KB, Sepúlveda N, Bharmal J, Robinson A, Mwanguzi J, Busula AO et al (2017). 
Plasmodium falciparum parasites with histidine-rich protein 2 (pfhrp2) and pfhrp3 gene 
deletions in two endemic regions of Kenya. Sci Rep; 7:14718.  

Bharti PK, Chandel HS, Ahmad A, Krishna S, Udhayakumar V & Singh N (2016). 
Prevalence of pfhrp2 and/or pfhrp3 Gene Deletion in Plasmodium falciparum Population in 
Eight Highly Endemic States in India. PLoS One; 11:e0157949.  

Bilal JA, Gasim GI, Abdien MT, Elmardi KA, Malik EM & Adam I (2015). Poor adherence 
to the malaria management protocol among health workers attending under-five-year-old 
febrile children at Omdurman Hospital, Sudan. Malar J; 14:34.  

Borrmann S, Sallas WM, Machevo S, González R, Björkman A, Mårtensson A et al 
(2010). The effect of food consumption on lumefantrine bioavailability in African children 
receiving artemether-lumefantrine crushed or dispersible tablets (Coartem®) for acute 
uncomplicated Plasmodium falciparum malaria. Trop Med Int Health; 15:434-441.  

Bosch-Capblanch X & Garner P (2008). Primary health care supervision in developing 
countries. Trop Med Int Health; 13:369-383.  

Bosch-Capblanch X, Liaqat S & Garner P (2011). Managerial supervision to improve 
primary health care in low- and middle-income countries. Cochrane Database Syst Rev; 
2011:CD006413.  

Bottieau E, Gillet P, De Weggheleire A, Scheirlinck A, Stokx J, Das Dores Mosse C et al 
(2013). Treatment practices in patients with suspected malaria in Provincial Hospital of 
Tete, Mozambique. Trans R Soc Trop Med Hyg; 107:176-182.  

Boush MA, Djibrine MA, Mussa A, Talib M, Maki A, Mohammed A et al (2020). 
Plasmodium falciparum isolate with histidine-rich protein 2 gene deletion from Nyala City, 
Western Sudan. Sci Rep; 10:12822.  

Boyce MR & O’Meara WP (2017). Use of malaria RDTs in various health contexts across 
sub-Saharan Africa: a systematic review. BMC Public Health; 17:470.  



202 

 

Bruxvoort KJ, Kalolella A, Nchimbi H, Festo C, Taylor M, Thomson R et al (2013). Getting 
antimalarials on target: impact of national roll‐out of malaria rapid diagnostic tests on 
health facility treatment in three regions of Tanzania. Trop Med Int Health; 18:1269-1282.  

Bruxvoort KJ, Leurent B, Chandler CIR, Ansah EK, Baiden F, Bjorkman A et al (2017). 
The impact of introducing malaria rapid diagnostic tests on fever case management: A 
synthesis of ten studies from the ACT Consortium. Am J Trop Med Hyg; 97:1170-1179.  

Burchett HE, Leurent B, Baiden F, Baltzell K, Björkman A, Bruxvoort K et al (2017). 
Improving prescribing practices with rapid diagnostic tests (RDTs): synthesis of 10 studies 
to explore reasons for variation in malaria RDT uptake and adherence. BMJ Open; 
7:e012973.  

Callaghan M, Ford N & Schneider H (2010). A systematic review of task-shifting for HIV 
treatment and care in Africa. Hum Resour Health; 8:8.  

Campbell JM (1929). Malaria in the Uasin Gishu and Trans Nzoia. Kenya and East African 
Medical Journal; 6.  

Candrinho B, Plucinski MM, Colborn JM, da Silva M, Mathe G, Dimene M et al (2019). 
Quality of malaria services offered in public health facilities in three provinces of 
Mozambique: a cross-sectional study. Malar J; 18:162.  

Chandler CI, Jones C, Boniface G, Juma K, Reyburn H & Whitty CJ (2008). Guidelines 
and mindlines: why do clinical staff over-diagnose malaria in Tanzania? A qualitative 
study. Malar J; 7:53.  

Chandler CI, Webb EL, Maiteki-Sebuguzi C, Nayiga S, Nabirye C, DiLiberto DD et al 
(2017). The impact of an intervention to introduce malaria rapid diagnostic tests on fever 
case management in a high transmission setting in Uganda: A mixed-methods cluster-
randomized trial (PRIME). PLoS One; 12:e0170998.  

Chandramohan D, Carneiro I, Kavishwar A, Brugha R, Desai V & Greenwood B (2001). A 
clinical algorithm for the diagnosis of malaria: results of an evaluation in an area of low 
endemicity. Trop Med Int Health; 6:505-510.  

Chandramohan D, Jaffar S & Greenwood B (2002). Use of clinical algorithms for 
diagnosing malaria Trop Med Int Health; 7:45-52.  

Cheng Q, Gatton ML, Barnwell J, Chiodini P, McCarthy J, Bell D et al (2014). Plasmodium 
falciparum parasites lacking histidine-rich protein 2 and 3: a review and recommendations 
for accurate reporting. Malar J; 13:283.  

Cibulskis RE, Aregawi M, Williams R, Otten M & Dye C (2011). Worldwide incidence of 
malaria in 2009: estimates, time trends, and a critique of methods. PLoS Med; 
8:e1001142.  

Cohen JL, Leslie HH, Saran I & Fink G (2020). Quality of clinical management of children 
diagnosed with malaria: A cross-sectional assessment in 9 sub-Saharan African countries 
between 2007–2018. PLoS Med; 17:e1003254.  



203 

 

Colborn JM, Zulliger R, Da Silva M, Mathe G, Chico AR, Castel-Branco AC et al (2020). 
Quality of malaria data in public health facilities in three provinces of Mozambique. PLoS 
One; 15:e0231358.  

Costello AM & Dalglish SL (2016). Towards a grand convergence for child survival and 
health: a strategic review of options for the future building on lessons learnt from IMNCI. 
Geneva: WHO; 3.  

Cundill B, Mbakilwa H, Chandler CI, Mtove G, Mtei F, Willetts A et al (2015). Prescriber 
and patient-oriented behavioural interventions to improve use of malaria rapid diagnostic 
tests in Tanzania: facility-based cluster randomised trial. BMC Med; 13:118.  

D'Acremont V, Kahama-Maro J, Swai N, Mtasiwa D, Genton B & Lengeler C (2011). 
Reduction of anti-malarial consumption after rapid diagnostic tests implementation in Dar 
es Salaam: a before-after and cluster randomized controlled study. Malar J; 10:107.  

D'Acremont V, Lengeler C & Genton B (2010a). Reduction in the proportion of fevers 
associated with Plasmodium falciparum parasitaemia in Africa: a systematic review. Malar 
J; 9:240.  

D'Acremont V, Lengeler C, Mshinda H, Mtasiwa D, Tanner M & Genton B (2009). Time to 
move from presumptive malaria treatment to laboratory-confirmed diagnosis and 
treatment in African children with fever. PLoS Med; 6:e252.  

D'Acremont V, Malila A, Swai N, Tillya R, Kahama-Maro J, Lengeler C et al (2010b). 
Withholding antimalarials in febrile children who have a negative result for a rapid 
diagnostic test. Clin Infect Dis; 51:506-511.  

Dahrouge S, Seale E, Hogg W, Russell G, Younger J, Muggah E et al (2016). A 
comprehensive assessment of family physician gender and quality of care. Med Care; 
54:277-286.  

Demographic Health Survey (DHS) (2013). Household survey indicators for malaria 
control. https://www.measureevaluation.org/resources/publications/ms-13-78. 

Desai M, Buff AM, Khagayi S, Byass P, Amek N, van Eijk A et al (2014). Age-specific 
malaria mortality rates in the KEMRI/CDC health and demographic surveillance system in 
western Kenya, 2003–2010. PLoS One; 9:e106197.  

Desai M, Hill J, Fernandes S, Walker P, Pell C, Gutman J et al (2018). Prevention of 
malaria in pregnancy. The Lancet Infect Dis; 18:e119-e132.  

Desai M, ter Kuile FO, Nosten F, McGready R, Asamoa K, Brabin B et al (2007). 
Epidemiology and burden of malaria in pregnancy. Lancet Infect Dis; 7:93-104.  

District Health Information System (DHIS2) (2018). Kenya Health Information System. 
https://hiskenya.org/dhis-web-commons/security/login.action. 

Division of Malaria Control (DOMC), Kenya National Bureau of Statistics (KNBS) & ICF 
Macro (2011). 2010 Kenya Malaria Indicator Survey. Nairobi, Kenya. 



204 

 

Djimdé A & Lefèvre G (2009). Understanding the pharmacokinetics of Coartem. Malar J; 8 
Suppl 1:S4.  

Donabedian A (1988). The quality of care: how can it be assessed? Jama; 260:1743-
1748.  

East African Network of Monitoring Antimalarial Treatment (EANMAT) (2001). Monitoring 
antimalarial drug resistance within National Malaria Control Programmes: the EANMAT 
experience. Trop Med Int Health; 6:891-898.  

East African Network of Monitoring Antimalarial Treatment (EANMAT) (2003). The 
efficacy of antimalarial monotherapies, sulphadoxine-pyrimethamine and amodiaquine in 
East Africa: implications for sub-regional policy. Trop Med Int Health; 8:860-867.  

Eisele TP, Silumbe K, Yukich J, Hamainza B, Keating J, Bennett A et al (2013). 
Measuring coverage in MNCH: accuracy of measuring diagnosis and treatment of 
childhood malaria from household surveys in Zambia. PLoS Med; 10:e1001417.  

Epstein A, Moucheraud C, Sarma H, Rahman M, Tariqujjaman M, Ahmed T et al (2019). 
Does health worker performance affect clients’ health behaviors? A multilevel analysis 
from Bangladesh. BMC Health Serv Res; 19:516.  

Ezzet F, Van Vugt M, Nosten F, Looareesuwan S & White N (2000). Pharmacokinetics 
and pharmacodynamics of lumefantrine (benflumetol) in acute falciparum malaria. 
Antimicrob Agents Chemother; 44:697-704.  

Faust C, Zelner J, Brasseur P, Vaillant M, Badiane M, Cisse M et al (2015). Assessing 
drivers of full adoption of test and treat policy for malaria in Senegal. Am J Trop Med Hyg; 
93:159-167.  

Feachem R & Sabot O (2007). The Global Fund 2001-2006: a review of the evidence. 
Glob Public Health; 2:325-341.  

Gage AD, Kruk ME, Girma T & Lemango ET (2018). The know-do gap in sick child care in 
Ethiopia. PLoS One; 13:e0208898.  

Galactionova K, Tediosi F, de Savigny D, Smith T & Tanner M (2015). Effective coverage 
and systems effectiveness for malaria case management in sub-Saharan African 
countries. PLoS One; 10:e0127818.  

Gera T, Shah D, Garner P, Richardson M & Sachdev HS (2016). Integrated management 
of childhood illness (IMCI) strategy for children under five. Cochrane Database Syst Rev: 
CD010123.  

Gerardin J, Bever CA, Bridenbecker D, Hamainza B, Silumbe K, Miller JM et al (2017). 
Effectiveness of reactive case detection for malaria elimination in three archetypical 
transmission settings: a modelling study. Malar J; 16:248.  



205 

 

Githinji S, Oyando R, Malinga J, Ejersa W, Soti D, Rono J et al (2017). Completeness of 
malaria indicator data reporting via the District Health Information Software 2 in Kenya, 
2011-2015. Malar J; 16:344.  

Gogtay N & Thatte U (2017). Statistical Evaluation of Diagnostic Tests–Part 2 [Pre-test 
and post-test probability and odds, Likelihood ratios, Receiver Operating Characteristic 
Curve, Youden’s Index and Diagnostic test biases]. J Assoc Physicians India; 65:86-91.  

Golassa L, Messele A, Amambua-Ngwa A & Swedberg G (2020). High prevalence and 
extended deletions in Plasmodium falciparum hrp2/3 genomic loci in Ethiopia. PLoS One; 
15:e0241807.  

Gomes M, Faiz M, Gyapong J, Warsame M, Agbenyega T, Babiker A et al (2009). Pre-
referral rectal artesunate to prevent death and disability in severe malaria: a placebo-
controlled trial. Lancet; 373:557-566.  

Gove S (1997). Integrated management of childhood illness by outpatient health workers: 
technical basis and overview. The WHO Working Group on Guidelines for Integrated 
Management of the Sick Child. Bull World Health Organ; 75 Suppl 1:7-24.  

Government of Kenya (2008). Kenya vision 2030. https://vision2030.go.ke/about-vision-
2030/ 

Government of Kenya (2010). Constitution of Kenya. Nairobi, Kenya. 

Government of Kenya (2014). Kenya Service Availability and Readiness Assessment 
Mapping (SARAM). Ministry of Health Nairobi, Kenya.03/02/2020. 

Government of Kenya (2018). The Big Four. http://www.president.go.ke/ 

Graz B, Willcox M, Szeless T & Rougemont A (2011). "Test and treat" or presumptive 
treatment for malaria in high transmission situations? A reflection on the latest WHO 
guidelines. Malar J; 10:136.  

Grimshaw J, Thomas R, MacLennan G, Fraser C, Ramsay C, Vale L et al (2004). 
Effectiveness and efficiency of guideline dissemination and implementation strategies. 
Health Technol Assess; 8:iii-iv, 1-72.  

Grimshaw JM & Russell IT (1993). Effect of clinical guidelines on medical practice: a 
systematic review of rigorous evaluations. Lancet; 342:1317-1322.  

Guyatt HL & Snow RW (2001). The epidemiology and burden of Plasmodium falciparum-
related anemia among pregnant women in sub-Saharan Africa. Am J Trop Med Hyg; 
64:36-44.  

Guyatt HL & Snow RW (2004). Impact of malaria during pregnancy on low birth weight in 
sub-Saharan Africa. Clin Microbiol Rev; 17:760-769.  



206 

 

Guyatt HL, Gotink MH, Ochola SA & Snow RW (2002). Free bednets to pregnant women 
through antenatal clinics in Kenya: a cheap, simple and equitable approach to delivery. 
Trop Med Int Health; 7:409-420.  

Hamer DH, Ndhlovu M, Zurovac D, Fox M, Yeboah-Antwi K, Chanda P et al (2007). 
Improved diagnostic testing and malaria treatment practices in Zambia. Jama; 297:2227-
2231.  

Health Information System Program (HISP) (2017). District Health Information Software 
(DHIS2). https://www.dhis2.org/inaction. 

Heneghan C, Glasziou P, Thompson M, Rose P, Balla J, Lasserson D et al (2009). 
Diagnostic strategies used in primary care. BMJ; 338:b946-b946.  

Holloway KA, Ivanovska V, Wagner AK, Vialle-Valentin C & Ross-Degnan D (2013). Have 
we improved use of medicines in developing and transitional countries and do we know 
how to? Two decades of evidence. Trop Med Int Health; 18:656-664.  

Hu FB, Goldberg J, Hedeker D, Flay BR & Pentz MA (1998). Comparison of population-
averaged and subject-specific approaches for analyzing repeated binary outcomes. Am J 
Epidemiol; 147:694-703.  

Huicho L, Scherpbier RW, Nkowane AM & Victora CG (2008). How much does quality of 
child care vary between health workers with differing durations of training? An 
observational multicountry study. Lancet; 372:910-916.  

Institute for Healthcare Improvement (2003). The breakthrough series: IHI’s collaborative 
model for achieving breakthrough improvement. Cambridge, MA. 
http://www.ihi.org/resources/Pages/IHIWhitePapers/TheBreakthroughSeriesIHIsCollaborat
iveModelforAchievingBreakthroughImprovement.aspx. 

Institute of Medicine. (2015). Improving quality of care in Low-and Middle-Income 
Countries: workshop summary (N. A. Press Ed.). Washington, DC. 

Jha AK, Larizgoitia I, Audera-Lopez C, Prasopa-Plaizier N, Waters H & Bates DW (2013). 
The global burden of unsafe medical care: analytic modelling of observational studies. 
BMJ Qual Saf; 22:809-815.  

Johansson EW, Gething PW, Hildenwall H, Mappin B, Petzold M, Peterson SS et al 
(2014). Diagnostic testing of pediatric fevers: meta-analysis of 13 national surveys 
assessing influences of malaria endemicity and source of care on test uptake for febrile 
children under five years. PLoS One; 9:e95483.  

Johansson EW, Selling KE, Nsona H, Mappin B, Gething PW, Petzold M et al (2016). 
Integrated paediatric fever management and antibiotic over-treatment in Malawi health 
facilities: data mining a national facility census. Malar J; 15:396.  

Juma E & Zurovac D (2011). Changes in health workers' malaria diagnosis and treatment 
practices in Kenya. Malar J; 10:1.  



207 

 

Kabaghe AN, Visser BJ, Spijker R, Phiri KS, Grobusch MP & van Vugt M (2016). Health 
workers’ compliance to rapid diagnostic tests (RDTs) to guide malaria treatment: a 
systematic review and meta-analysis. Malar J; 15:163.  

Kachur SP, Khatib RA, Kaizer E, Fox SS, Abdulla SM & Bloland PB (2004). Adherence to 
antimalarial combination therapy with sulfadoxine-pyrimethamine and artesunate in rural 
Tanzania. Am J Trop Med Hyg; 71:715-722.  

Kamau A, Mtanje G, Mataza C, Mwambingu G, Mturi N, Mohammed S et al (2020). 
Malaria infection, disease and mortality among children and adults on the coast of Kenya. 
Malar J; 19:1-12.  

Kankpetinge C, Kweku M, Baiden F, Agboli E, Akapoeh D, Takramah W et al (2016). 
Clinicians’ adherence to implementation of Test, Treat and Track strategy for Malaria 
Control among Children Under-five Years in Ho Municipality, Volta Region, Ghana. 
International Journal of TROPICAL DISEASE & Health; 20:1-11.  

Kantele A & Jokiranta TS (2011). Review of cases with the emerging fifth human malaria 
parasite, Plasmodium knowlesi. Clin Infect Dis; 52:1356-1362.  

Kaplan HC, Brady PW, Dritz MC, Hooper DK, Linam WM, Froehle CM et al (2010). The 
influence of context on quality improvement success in health care: a systematic review of 
the literature. The Milbank quarterly; 88:500-559.  

Kaula H, Kiconco S & Nuñez L (2018). Cross-sectional study on the adherence to malaria 
guidelines in lakeshore facilities of Buyende and Kaliro districts, Uganda. Malar J; 17:432.  

Kaunda-Khangamwa BN, Steinhardt LC, Rowe AK, Gumbo A, Moyo D, Nsona H et al 
(2018). The effect of mobile phone text message reminders on health workers' adherence 
to case management guidelines for malaria and other diseases in Malawi: lessons from 
qualitative data from a cluster-randomized trial. Malar J; 17:481.  

Kenya National Bureau of Statistics (KNBS) & ICF Macro (2010). Kenya Demographic 
and Health Survey 2008-09. Calverton, Maryland. 
https://dhsprogram.com/pubs/pdf/fr229/fr229.pdf. 

Kenya National Bureau of Statistics (KNBS) (2019). 2019 Kenya population and housing 
census. http://housingfinanceafrica.org/app/uploads/VOLUME-I-KPHC-2019.pdf. 

Kenya National Bureau of Statistics (KNBS), Ministry of Health (MoH), National AIDS 
Control Council (NACC), Kenya Medical Research Institute (KEMRI), National Council for 
Population and Development (NCPD) & ICF International (2014). Kenya Demographic 
and Health Survey 2014. Nairobi, Kenya. 
https://dhsprogram.com/pubs/pdf/fr308/fr308.pdf. 

Khagayi S, Amek N, Bigogo G, Odhiambo F & Vounatsou P (2017). Bayesian spatio-
temporal modeling of mortality in relation to malaria incidence in Western Kenya. PLoS 
One; 12:e0180516.  



208 

 

Kinyanjui SM (2012). The Immunology of Malaria. In D. O. Okwa (Ed.), Malaria Parasites: 
IntechOpen. 

Kojom LP & Singh V (2020). Prevalence of Plasmodium falciparum field isolates with 
deletions in histidine-rich protein 2 and 3 genes in context with sub-Saharan Africa and 
India: a systematic review and meta-analysis. Malar J; 19:46.  

Kozycki CT, Umulisa N, Rulisa S, Mwikarago EI, Musabyimana JP, Habimana JP et al 
(2017). False-negative malaria rapid diagnostic tests in Rwanda: impact of Plasmodium 
falciparum isolates lacking hrp2 and declining malaria transmission. Malar J; 16:123.  

Kruk ME, Gage AD, Joseph NT, Danaei G, García-Saisó S & Salomon JA (2018). 
Mortality due to low-quality health systems in the universal health coverage era: a 
systematic analysis of amenable deaths in 137 countries. Lancet; 392:2203-2212.  

Kyabayinze DJ, Asiimwe C, Nakanjako D, Nabakooza J, Counihan H & Tibenderana JK 
(2010). Use of RDTs to improve malaria diagnosis and fever case management at primary 
health care facilities in Uganda. Malar J; 9:200.  

Kyalo D, Amratia P, Mundia CW, Mbogo CM, Coetzee M & Snow RW (2017). A geo-
coded inventory of anophelines in the Afrotropical Region south of the Sahara: 1898-
2016. Wellcome Open Res; 2:57.  

Lengeler C (2004). Insecticide‐treated bed nets and curtains for preventing malaria. 
Cochrane Database Syst Rev; 11:CD000363.  

Leonard KL & Masatu MC (2007). Variations in the quality of care accessible to rural 
communities in Tanzania. Health Aff (Millwood); 26:w380-392.  

Leslie HH, Gage A, Nsona H, Hirschhorn LR & Kruk ME (2016). Training and supervision 
did not meaningfully improve quality of care for pregnant women or sick children in sub-
Saharan Africa. Health Aff (Millwood); 35:1716-1724.  

Lewin S, Munabi‐Babigumira S, Glenton C, Daniels K, Bosch‐Capblanch X, van Wyk BE 
et al (2010). Lay health workers in primary and community health care for maternal and 
child health and the management of infectious diseases. Cochrane Database Syst Rev; 
2010:CD004015.  

Littrell M, Miller JM, Ndhlovu M, Hamainza B, Hawela M, Kamuliwo M et al (2013). 
Documenting malaria case management coverage in Zambia: a systems effectiveness 
approach. Malar J; 12:371.  

Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE et al (2012). Global, regional, 
and national causes of child mortality: an updated systematic analysis for 2010 with time 
trends since 2000. Lancet; 379:2151-2161.  

Lourenco C, Kandula D, Haidula L, Ward A & Cohen JM (2014). Strengthening malaria 
diagnosis and appropriate treatment in Namibia: a test of case management training 
interventions in Kavango Region. Malar J; 13:508.  



209 

 

Lubell Y, Reyburn H, Mbakilwa H, Mwangi R, Chonya S, Whitty CJ et al (2008). The 
impact of response to the results of diagnostic tests for malaria: cost-benefit analysis. 
BMJ; 336:202-205.  

Macarayan EK, Gage AD, Doubova SV, Guanais F, Lemango ET, Ndiaye Y et al (2018). 
Assessment of quality of primary care with facility surveys: a descriptive analysis in ten 
low-income and middle-income countries. Lancet Glob Health; 6:e1176-e1185.  

Mace KE, Mwandama D, Jafali J, Luka M, Filler SJ, Sande J et al (2011). Adherence to 
treatment with artemether-lumefantrine for uncomplicated malaria in rural Malawi. Clin 
Infect Dis; 53:772-779.  

Macharia PM, Giorgi E, Noor AM, Waqo E, Kiptui R, Okiro EA et al (2018). Spatio-
temporal analysis of Plasmodium falciparum prevalence to understand the past and chart 
the future of malaria control in Kenya. Malar J; 17:340.  

Maina J, Ouma PO, Macharia PM, Alegana VA, Mitto B, Fall IS et al (2019). A spatial 
database of health facilities managed by the public health sector in sub-Saharan Africa. 
Scientific data; 6:134.  

Maina JK, Macharia PM, Ouma PO, Snow RW & Okiro EA (2017). Coverage of routine 
reporting on malaria parasitological testing in Kenya, 2015–2016. Glob Health Action; 
10:1413266.  

MalariaCare (2015). Universal diagnosis and treatment to improve maternal and child 
health, MalariaCare, A USAID Partnership. Washington, DC. 
https://malariacare.org/resources/. 

MalariaCare (2016). Universal diagnosis and treatment to improve maternal and child 
health: MalariaCare, A USAID Partnership. Washington, DC. 
https://malariacare.org/resources/. 

MalariaCare (2017). Universal diagnosis and treatment to improve maternal and child 
health: MalariaCare, A USAID Partnership. Washington, DC. 
https://malariacare.org/resources/. 

malERA (2011). A research agenda for malaria eradication: health systems and 
operational research. PLoS Med; 8:e1000397.  

Mangham LJ, Cundill B, Achonduh OA, Ambebila JN, Lele AK, Metoh TN et al (2012). 
Malaria prevalence and treatment of febrile patients at health facilities and medicine 
retailers in Cameroon. Trop Med Int Health; 17:330-342.  

Mangham-Jefferies L, Hanson K, Mbacham W, Onwujekwe O & Wiseman V (2015). Mind 
the gap: knowledge and practice of providers treating uncomplicated malaria at public and 
mission health facilities, pharmacies and drug stores in Cameroon and Nigeria. Health 
Policy Plan; 30:1129-1141.  



210 

 

Manya A, Braa J, Øverland LH, Titlestad OH, Mumo J & Nzioka C (2012). National roll out 
of District Health Information Software (DHIS 2) in Kenya, 2011–Central server and Cloud 
based infrastructure. Poster presented at the IST-Africa 2012 Conference Proceedings. 

Manyando C, Njunju EM, Chileshe J, Siziya S & Shiff C (2014). Rapid diagnostic tests for 
malaria and health workers' adherence to test results at health facilities in Zambia. Malar 
J; 13:166.  

Maokola W, Willey B, Shirima K, Chemba M, Armstrong Schellenberg J, Mshinda H et al 
(2011). Enhancing the routine health information system in rural southern Tanzania: 
successes, challenges and lessons learned. Trop Med Int Health; 16:721-730.  

Marquez L (2001). Helping healthcare providers perform according to standards. 
Operations Research Issue Paper; 2:1-34.  

Marsh DR, Hamer DH, Pagnoni F & Peterson S (2012). Introduction to a special 
supplement: evidence for the implementation, effects, and impact of the integrated 
community case management strategy to treat childhood infection. Am J Trop Med Hyg; 
87:2-5.  

Marsh K, Forster D, Waruiru C, Mwangi I, Winstanley M, Marsh V et al (1995). Indicators 
of life-threatening malaria in African children. N Engl J Med; 332:1399-1404.  

Masanja IM, McMorrow M, Kahigwa E, Kachur SP & McElroy PD (2010). Health workers' 
use of malaria rapid diagnostic tests (RDTs) to guide clinical decision making in rural 
dispensaries, Tanzania. Am J Trop Med Hyg; 83:1238-1241.  

Masanja IM, Selemani M, Amuri B, Kajungu D, Khatib R, Kachur SP et al (2012). 
Increased use of malaria rapid diagnostic tests improves targeting of anti-malarial 
treatment in rural Tanzania: implications for nationwide rollout of malaria rapid diagnostic 
tests. Malar J; 11:221.  

Masanja IM, Selemani M, Khatib RA, Amuri B, Kuepfer I, Kajungu D et al (2013). Correct 
dosing of artemether-lumefantrine for management of uncomplicated malaria in rural 
Tanzania: do facility and patient characteristics matter? Malar J; 12:446.  

Mavoko M, Ilombe G, Inocencio da Luz R, Kutekemeni A, Van geertruyden JP & Lutumba 
P (2015). Malaria policies versus practices, a reality check from Kinshasa, the capital of 
the Democratic Republic of Congo. BMC Public Health; 15:352.  

May CR, Johnson M & Finch T (2016). Implementation, context and complexity. 
Implement Sci; 11:141.  

Mbacham WF, Mangham-Jefferies L, Cundill B, Achonduh OA, Chandler CIR, Ambebila 
JN et al (2014). Basic or enhanced clinician training to improve adherence to malaria 
treatment guidelines: a cluster-randomised trial in two areas of Cameroon. Lancet Glob 
Health; 2:e346-e358.  



211 

 

Mbonye MK, Burnett SM, Naikoba S, Colebunders R, Wouters K, Weaver MR et al 
(2015). Malaria care in infants aged under six months in Uganda: an area of unmet needs! 
PLoS One; 10:e0123283.  

Menendez C (1995). Malaria during pregnancy: a priority area of malaria research and 
control. Parasitol Today; 11:178-183.  

Ministry of Health (MoH) (1998). National guidelines for diagnosis, treatment and 
prevention of malaria for health workers in Kenya. Nairobi, Kenya: Malaria Control Unit. 

Ministry of Health (MoH) (2001). Kenya National Malaria Strategy 2001-2010. Nairobi, 
Kenya: Division of Malaria Control. 

Ministry of Health (MoH) (2003). National guidelines for diagnosis, treatment and 
prevention of malaria for health workers in Kenya. Nairobi, Kenya: Division of Malaria 
Control. 

Ministry of Health (MoH) (2006a). National guidelines for diagnosis, treatment and 
prevention of malaria for health workers in Kenya. Nairobi, Kenya: Division of Malaria 
Control. 

Ministry of Health (MoH) (2006b). Training guide for the 2006 national guidelines for 
diagnosis, treatment and prevention of malaria in Kenya: Participants manual. Nairobi, 
Kenya: Division of Malaria Control. 

Ministry of Health (MoH) (2006c). Training guide for the 2006 national guidelines for 
diagnosis, treatment and prevention of malaria in Kenya: Facilitators manual. Nairobi, 
Kenya: Division of Malaria Control. 

Ministry of Health (MoH) (2008). Diagnosis, management and prevention of malaria in 
Kenya: Participants manual. Nairobi, Kenya: Division of Malaria Control. 

Ministry of Health (MoH) (2009a). Kenya National Malaria Strategy 2009-2017. Nairobi, 
Kenya: Division of Malaria Control. 

Ministry of Health (MoH) (2009b). Kenya National Malaria Monitoring and Evaluation plan 
2009-2017. Nairobi, Kenya: Division of Malaria Control. 

Ministry of Health (MoH) (2013). National guidelines for the parasitological diagnosis and 
entomological field methods for malaria. Nairobi, Kenya: Division of Malaria Control. 

Ministry of Health (MoH) (2014a). Kenya National Malaria Strategy 2009-2018 (Revised 
2014). Nairobi, Kenya: National Malaria Control Programme. 
http://www.nmcp.or.ke/index.php/resource-centre/download-centre/category/4-
programme-management. 

Ministry of Health (MoH) (2014b). Kenya National Malaria Monitoring and Evaluation plan 
2009-2018 (Revised 2014). Nairobi, Kenya. 



212 

 

Ministry of Health (MoH) (2014c). Kenya Health Policy 2014-2030. Nairobi, Kenya. 

Ministry of Health (MoH) (2014d). The Kenya Health Sector Strategic and Investment 
Plan-KHSSP July 2014-June 2018. Nairobi, Kenya. http://www.health.go.ke. 

Ministry of Health (MoH) (2014e). Kenya Human Resources for Health Strategy. Nairobi, 
Kenya. 

Ministry of Health (MoH) (2016a). The epidemiology and control profile of malaria in 
Kenya: reviewing the evidence to guide the future vector control, National Malaria Control 
Programme, Ministry of Health. Technical support provided by the LINK Project (London 
School of Hygiene and Tropical Medicine and the Information for Malaria (INFORM) 
Project, KEMRI-Wellcome Trust Research Programme). Nairobi, Kenya. 

Ministry of Health (MoH) (2016b). Diagnosis, management and prevention of malaria in 
Kenya: Participants manual. Nairobi, Kenya: National Malaria Control Programme. 

Ministry of Health (MoH) (2017a). Kenya National Health Accounts 2015/2016. Nairobi, 
Kenya. 

Ministry of Health (MoH) (2017b). Kenya Health Master Facility list. 
http://kmhfl.health.go.ke/#/home 

Ministry of Health (MoH) (2019a). Kenya Malaria Strategy 2019-2023. Nairobi, Kenya: 
National Malaria Control Programme. http://www.nmcp.or.ke/index.php/resource-
centre/download-centre/category/4-programme-management. 

Ministry of Health (MoH) (2019b). Kenya Malaria Monitoring and Evaluation plan 2019-
2023. Nairobi, Kenya: National Malaria Control Programme. http://www.nmcp.or.ke/. 

Ministry of Health (MoH) (2019c). Kenya Harmonized Health Facility Assessment (KHFA) 
2018-19. Nairobi, Kenya. https://www.health.go.ke/wp-content/uploads/2020/01/KHFA-
2018-19-Community-Systems-Report-Final.pdf. 

Ministry of Public Health and Sanitation (MOPHS) (2010). National malaria policy. Nairobi, 
Kenya: Division of Malaria Control. 

Ministry of Public Health and Sanitation (MOPHS) (2012). National guidelines for the 
diagnosis, treatment and prevention of malaria in Kenya. Nairobi, Kenya: Division of 
Malaria Control. http://www.nmcp.co.ke. 

Ministry of Public Health and Sanitation/ Ministry of Medical Services (MOPHS/MMS) 
(2010a). National guidelines for diagnosis, treatment and prevention of malaria in Kenya. 
Nairobi, Kenya: Division of Malaria Control. http://www.nmcp.co.ke. 

Ministry of Public Health and Sanitation/ Ministry of Medical Services (MOPHS/MMS) 
(2010b). Diagnosis, management and prevention of malaria in Kenya: Participants 
manual. Nairobi, Kenya: Division of Malaria Control. 



213 

 

Ministry of Public Health and Sanitation/ Ministry of Medical Services (MOPHS/MMS) 
(2010c). Diagnosis, management and prevention of malaria in Kenya: Trainers manual. 
Nairobi, Kenya: Division of Malaria Control. 

Mogeni P, Williams TN, Fegan G, Nyundo C, Bauni E, Mwai K et al (2016). Age, spatial, 
and temporal variations in hospital admissions with malaria in Kilifi County, Kenya: a 25-
year longitudinal observational study. PLoS Med; 13:e1002047.  

Mohanan M, Vera-Hernández M, Das V, Giardili S, Goldhaber-Fiebert JD, Rabin TL et al 
(2015). The know-do gap in quality of health care for childhood diarrhea and pneumonia in 
rural India. JAMA Pediatr; 169:349-357.  

Mokuolu OA, Ntadom GN, Ajumobi OO, Alero RA, Wammanda RD, Adedoyin OT et al 
(2016). Status of the use and compliance with malaria rapid diagnostic tests in formal 
private health facilities in Nigeria. Malar J; 15:4.  

Moonen B, Cohen JM, Snow RW, Slutsker L, Drakeley C, Smith DL et al (2010). 
Operational strategies to achieve and maintain malaria elimination. Lancet; 376:1592-
1603.  

Msellem MI, Martensson A, Rotllant G, Bhattarai A, Stromberg J, Kahigwa E et al (2009). 
Influence of rapid malaria diagnostic tests on treatment and health outcome in fever 
patients, Zanzibar: a crossover validation study. PLoS Med; 6:e1000070.  

Mtove G, Hendriksen ICE, Amos B, Mrema H, Mandia V, Manjurano A et al (2011). 
Treatment guided by rapid diagnostic tests for malaria in Tanzanian children: Safety and 
alternative bacterial diagnoses. Malar J; 10 290.  

Mubi M, Kakoko D, Ngasala B, Premji Z, Peterson S, Bjorkman A et al (2013). Malaria 
diagnosis and treatment practices following introduction of rapid diagnostic tests in Kibaha 
District, Coast Region, Tanzania. Malar J; 12:293.  

Mumba M, Visschedijk J, Cleeff Mv & Hausman B (2003). A Piot model to analyse case 
management in malaria control programmes. Trop Med Int Health; 8:544-551.  

Mwangi TW, Ross A, Snow RW & Marsh K (2005). Case definitions of clinical malaria 
under different transmission conditions in Kilifi District, Kenya. J Infect Dis; 191:1932-
1939.  

Myint HY, Tipmanee P, Nosten F, Day NP, Pukrittayakamee S, Looareesuwan S et al 
(2004). A systematic overview of published antimalarial drug trials. Trans R Soc Trop Med 
Hyg; 98:73-81.  

Namuyinga RJ, Mwandama D, Moyo D, Gumbo A, Troell P, Kobayashi M et al (2017). 
Health worker adherence to malaria treatment guidelines at outpatient health facilities in 
southern Malawi following implementation of universal access to diagnostic testing. Malar 
J; 16:40.  

Nankabirwa J, Zurovac D, Njogu NJ, Rwakimari BJ, Counihan H & Snow RW (2009). 
Malaria misdiagnosis in Uganda—implications for policy change. Malar J; 8:66.  



214 

 

National Coordinating Agency for Population and Development (NCAPD), Ministry of 
Medical Services (MOMS), Ministry of Public Health and Sanitation (MOPHS), Kenya 
National Bureau of Statistics (KNBS) & ICF Macro (2011). Kenya Service Provision 
Assessment (SPA) Survey 2010. Nairobi, Kenya. 
https://dhsprogram.com/pubs/pdf/SPA17/SPA17.pdf. 

National Malaria Control Program (NMCP), Kenya National Bureau of Statistics (KNBS) & 
ICF International (2016). Kenya Malaria Indicator Survey 2015. Nairobi, Kenya. 
https://dhsprogram.com/pubs/pdf/MIS22/MIS22.pdf. 

Nguyen DT, Leung KK, McIntyre L, Ghali WA & Sauve R (2013). Does integrated 
management of childhood illness (IMCI) training improve the skills of health workers? A 
systematic review and meta-analysis. PLoS One; 8:e66030.  

Nilsen P & Bernhardsson S (2019). Context matters in implementation science: a scoping 
review of determinant frameworks that describe contextual determinants for 
implementation outcomes. BMC Health Serv Res; 19:189.  

Njogu J, Akhwale W, Hamer DH & Zurovac D (2008). Health facility and health worker 
readiness to deliver new national treatment policy for malaria in Kenya. East Afr Med J; 
85:213-221.  

Njuguna P, Maitland K, Nyaguara A, Mwanga D, Mogeni P, Mturi N et al (2019). 
Observational study: 27 years of severe malaria surveillance in Kilifi, Kenya. BMC Med; 
17:124.  

Noor AM, Alegana VA, Gething PW & Snow RW (2009b). A spatial national health facility 
database for public health sector planning in Kenya in 2008. Int J Health Geogr; 8:13.  

Noor AM, Amin AA, Akhwale WS & Snow RW (2007). Increasing coverage and 
decreasing inequity in insecticide-treated bed net use among rural Kenyan children. PLoS 
Med; 4:e255.  

Noor AM, Gething PW, Alegana VA, Patil AP, Hay SI, Muchiri E et al (2009a). The risks of 
malaria infection in Kenya in 2009. BMC Infect Dis; 9:180.  

Noor AM, Gikandi PW, Hay SI, Muga RO & Snow RW (2004). Creating spatially defined 
databases for equitable health service planning in low-income countries: the example of 
Kenya. Acta Trop; 91:239-251.  

Nyaga VN, Arbyn M & Aerts M (2014). Metaprop: a Stata command to perform meta-
analysis of binomial data. Arch Public Health; 72:39.  

Nyandigisi A, Memusi D, Mbithi A, Ang'wa N, Shieshia M, Muturi A et al (2011). Malaria 
case-management following change of policy to universal parasitological diagnosis and 
targeted artemisinin-based combination therapy in Kenya. PLoS One; 6:e24781.  

Odaga J, Sinclair D, Lokong JA, Donegan S, Hopkins H & Garner P (2014). Rapid 
diagnostic tests versus clinical diagnosis for managing people with fever in malaria 
endemic settings. Cochrane Database Syst Rev; 2014:CD008998.  



215 

 

Odhiambo F, Buff AM, Moranga C, Moseti CM, Wesongah JO, Lowther SA et al (2017). 
Factors associated with malaria microscopy diagnostic performance following a pilot 
quality-assurance programme in health facilities in malaria low-transmission areas of 
Kenya, 2014. Malar J; 16:371.  

Okara RM, Sinka ME, Minakawa N, Mbogo CM, Hay SI & Snow RW (2010). Distribution 
of the main malaria vectors in Kenya. Malar J; 9:1-11.  

Okello G, Molyneux S, Zakayo S, Gerrets R & Jones C (2019). Producing routine malaria 
data: an exploration of the micro-practices and processes shaping routine malaria data 
quality in frontline health facilities in Kenya. Malar J; 18:420.  

Okiro EA, Alegana VA, Noor AM, Mutheu JJ, Juma E & Snow RW (2009). Malaria 
paediatric hospitalization between 1999 and 2008 across Kenya. BMC Med; 7:75.  

Okiro EA, Hay SI, Gikandi PW, Sharif SK, Noor AM, Peshu N et al (2007). The decline in 
paediatric malaria admissions on the coast of Kenya. Malar J; 6:151.  

O'Meara WP, Bejon P, Mwangi TW, Okiro EA, Peshu N, Snow RW et al (2008). Effect of a 
fall in malaria transmission on morbidity and mortality in Kilifi, Kenya. Lancet; 372:1555-
1562.  

Onchiri FM, Pavlinac PB, Singa BO, Naulikha JM, Odundo EA, Farquhar C et al (2015). 
Frequency and correlates of malaria over-treatment in areas of differing malaria 
transmission: a cross-sectional study in rural Western Kenya. Malar J; 14:97.  

Packard RM (2014). The origins of antimalarial-drug resistance. N Engl J Med; 371:397-
399.  

Parr JB, Verity R, Doctor SM, Janko M, Carey-Ewend K, Turman BJ et al (2016). Pfhrp2-
Deleted Plasmodium falciparum Parasites in the Democratic Republic of the Congo: A 
National Cross-sectional Survey. J Infect Dis; 216:36-44.  

Payne D (1988). Use and limitations of light microscopy for diagnosing malaria at the 
primary health care level. Bull World Health Organ; 66:621-626.  

PLoS Medicine Editors (2009). Time for a “third wave” of malaria activism to tackle the 
drug stock-out crisis. PLoS Med; 6:e1000188.  

Plucinski MM, Ferreira M, Ferreira CM, Burns J, Gaparayi P, Joao L et al (2017). 
Evaluating malaria case management at public health facilities in two provinces in Angola. 
Malar J; 16:186.  

Plucinski MM, Guilavogui T, Camara A, Ndiop M, Cisse M, Painter J et al (2018). How far 
are we from reaching universal malaria testing of all fever cases? Am J Trop Med Hyg; 
99:670-679.  

Pluess B, Tanser FC, Lengeler C & Sharp BL (2010). Indoor residual spraying for 
preventing malaria. Cochrane Database Syst Rev; 4:CD006657.  



216 

 

Poirot E, Skarbinski J, Sinclair D, Kachur SP, Slutsker L & Hwang J (2013). Mass drug 
administration for malaria. Cochrane Database Syst Rev; 2013:CD008846.  

Price RN, Nosten F, Luxemburger C, Van Vugt M, Phaipun L, Chongsuphajaisiddhi T et al 
(1997). Artesunate/mefloquine treatment of multi-drug resistant falciparum malaria. Trans 
R Soc Trop Med Hyg; 91:574-577.  

Pulford J, Smith I, Mueller I, Siba PM & Hetzel MW (2016). Health worker compliance with 
a 'Test and Treat' malaria case management protocol in Papua New Guinea. PLoS One; 
11:e0158780.  

Rao VB, Schellenberg D & Ghani AC (2013). Overcoming health systems barriers to 
successful malaria treatment. Trends Parasitol; 29:164-180.  

Rapuoda B, Ouma J, Njiagi K, Khan B & Omar S (1996). Status of antimalarial drugs 
sensitivity in Kenya. Malaria and Infectious Diseases in Africa; 8:25-43.  

Reyburn H, Mbakilwa H, Mwangi R, Mwerinde O, Olomi R, Drakeley C et al (2007). Rapid 
diagnostic tests compared with malaria microscopy for guiding outpatient treatment of 
febrile illness in Tanzania: randomised trial. BMJ; 334:403.  

Reyburn H, Mbatia R, Drakeley C, Carneiro I, Mwakasungula E, Mwerinde O et al (2004). 
Overdiagnosis of malaria in patients with severe febrile illness in Tanzania: a prospective 
study. BMJ; 329:1212.  

Roca-Feltrer A, Carneiro I & Armstrong Schellenberg JR (2008). Estimates of the burden 
of malaria morbidity in Africa in children under the age of 5 years. Trop Med Int Health; 
13:771-783.  

Roll Back Malaria (RBM) & World Health Organization (WHO) (2000). Framework for 
monitoring progress and evaluating outcomes and impact. Geneva, Switzerland. 
https://apps.who.int/iris/bitstream/handle/10665/66745/WHO_CDS_RBM_2000.25.pdf?se
quence=1. 

Roll Back Malaria (RBM) (2008). The global malaria action plan. Roll Back Malaria 
partnership.  

Rowe AK, de Leon GF, Mihigo J, Santelli A, Miller N & Van-Dunem P (2009a). Quality of 
malaria case management at outpatient health facilities in Angola. Malar J; 8:275.  

Rowe AK, Kachur SP, Yoon SS, Lynch M, Slutsker L & Steketee RW (2009b). Caution is 
required when using health facility-based data to evaluate the health impact of malaria 
control efforts in Africa. Malar J; 8:209.  

Rowe AK, Osterholt DM, Kouame J, Piercefield E, Herman KM, Onikpo F et al (2012). 
Trends in health worker performance after implementing the Integrated Management of 
Childhood Illness strategy in Benin. Trop Med Int Health; 17:438-446.  

Rowe AK, Rowe S, Peters D, Holloway K, Chalker J & Ross-Degnan D (2017). The 
effectiveness of strategies to improve health worker knowledge in low- and middle-income 



217 

 

countries and the association between knowledge and clinical practice: a systematic 
review. Poster presented at the 66th Annual Meeting of the American Society for Tropical 
Medicine and Hygiene, Baltimore, Maryland, USA.  

Rowe AK, Rowe SY, Peters DH, Holloway KA, Chalker J & Ross-Degnan D (2018). 
Effectiveness of strategies to improve health-care provider practices in Low-and Middle-
Income Countries: a systematic review. Lancet Glob Health; 6:e1163-e1175.  

Rowe AK, Savigny D, Lanata CF & Victora CG (2005). How can we achieve and maintain 
high-quality performance of health workers in low-resource settings? Lancet; 366:1026-
1035.  

RTSS Clinical Trials Partnership (2014). Efficacy and safety of the RTS,S/AS01 malaria 
vaccine during 18 months after vaccination: a phase 3 randomized, controlled trial in 
children and young infants at 11 African sites. PLoS Med; 11:e1001685.  

Ruizendaal E, Dierickx S, Peeters Grietens K, Schallig HDFH, Pagnoni F & Mens PF 
(2014). Success or failure of critical steps in community case management of malaria with 
rapid diagnostic tests: a systematic review. Malar J; 13:229.  

Russell D, Dowding DW, McDonald MV, Adams V, Rosati RJ, Larson EL et al (2018). 
Factors for compliance with infection control practices in home healthcare: findings from a 
survey of nurses' knowledge and attitudes toward infection control. American journal of 
infection control; 46:1211-1217.  

Ryan JR, Stoute JA, Amon J, Dunton RF, Mtalib R, Koros J et al (2006). Evidence for 
transmission of Plasmodium vivax among a duffy antigen negative population in Western 
Kenya. Am J Trop Med Hyg; 75:575-581.  

Salomao CA, Sacarlal J, Chilundo B & Gudo ES (2015). Prescription practices for malaria 
in Mozambique: poor adherence to the national protocols for malaria treatment in 22 
public health facilities. Malar J; 14:483.  

Sarrassat S, Lalou R, Cisse M & Le Hesran JY (2011). Management of uncomplicated 
malaria in children under 13 years of age at a district hospital in Senegal: from official 
guidelines to usual practices. Malar J; 10:285.  

Sears D, Kigozi R, Mpimbaza A, Kakeeto S, Sserwanga A & Staedke GS (2013). Anti-
malarial prescription practices among outpatients with laboratory-confirmed malaria in the 
setting of a health facility-based sentinel site surveillance system in Uganda. Malar J; 
12:252.  

Selemani M, Masanja IM, Kajungu D, Amuri M, Njozi M, Khatib RA et al (2013). Health 
worker factors associated with prescribing of artemisinin combination therapy for 
uncomplicated malaria in rural Tanzania. Malar J; 12:334.  

Serign JC, Lamine K, Alain N, Makie Abdoulie T, Joseph O, Muna A et al (2015). Malaria 
prevalence among young infants in different transmission settings, Africa. Emerg Infect 
Dis; 21:1114-1121.  



218 

 

Shakely D, Elfving K, Aydin-Schmidt B, Msellem MI, Morris U, Omar R et al (2013). The 
usefulness of rapid diagnostic tests in the new context of low malaria transmission in 
Zanzibar. PLoS One; 8:e72912.  

Shillcutt S, Morel C, Goodman C, Coleman P, Bell D, Whitty C et al (2008). Cost-
effectiveness of malaria diagnostic methods in sub-Saharan Africa in an era of 
combination therapy. Bull World Health Organ; 86:101-110.  

Shretta R, Omumbo J, Rapuoda B & Snow RW (2000). Using evidence to change 
antimalarial drug policy in Kenya. Trop Med Int Health; 5:755-764.  

Snow RW & Marsh K (2002). The consequences of reducing transmission of Plasmodium 
falciparum in Africa. Adv Parasitol; 52:235-264.  

Snow RW (2000). The burden of malaria: understanding the balance between immunity, 
public health and control. J Med Microbiol; 49:1053-1055.  

Snow RW, Amratia P, Kabaria CW, Noor AM & Marsh K (2012). The changing limits and 
incidence of malaria in Africa: 1939–2009. Adv Parasitol; 78:169.  

Snow RW, De Azevedo IB, Lowe BS, Kabiru EW, Nevill CG, Mwankusye S et al (1994). 
Severe childhood malaria in two areas of markedly different falciparum transmission in 
east Africa. Acta Trop; 57:289-300.  

Snow RW, Kibuchi E, Karuri SW, Sang G, Gitonga CW, Mwandawiro C et al (2015). 
Changing malaria prevalence on the Kenyan coast since 1974: climate, drugs and vector 
control. PLoS One; 10:e0128792.  

Snow RW, Omumbo JA, Lowe B, Molyneux CS, Obiero JO, Palmer A et al (1997). 
Relation between severe malaria morbidity in children and level of Plasmodium falciparum 
transmission in Africa. Lancet; 349:1650-1654.  

Snow RW, Sartorius B, Kyalo D, Maina J, Amratia P, Mundia CW et al (2017). The 
prevalence of Plasmodium falciparum in sub-Saharan Africa since 1900. Nature; 550:515-
518.  

Snow RW, Trape J-F & Marsh K (2001). The past, present and future of childhood malaria 
mortality in Africa. Trends Parasitol; 17:593-597.  

Ssekabira U, Bukirwa H, Hopkins H, Namagembe A, Weaver MR, Sebuyira LM et al 
(2008). Improved malaria case management after integrated team-based training of health 
care workers in Uganda. Am J Trop Med Hyg; 79:826-833.  

Sserwanga A, Harris JC, Kigozi R, Menon M, Bukirwa H, Gasasira A et al (2011). 
Improved malaria case management through the implementation of a health facility-based 
sentinel site surveillance system in Uganda. PLoS One; 6:e16316.  

Steinhardt LC, Chinkhumba J, Wolkon A, Luka M, Luhanga M & Sande J (2014b). Patient, 
health worker and health facility level determinants of correct malaria case management 



219 

 

at publicly funded health facilities in Malawi: results from a nationally representative health 
facility survey. Malar J; 13:64.  

Steinhardt LC, Chinkhumba J, Wolkon A, Luka M, Luhanga M, Sande J et al (2014a). 
Quality of malaria case management in Malawi: results from a nationally representative 
health facility survey. PLoS One; 9:e89050.  

Steinhardt LC, Onikpo F, Kouame J, Piercefield E, Lama M, Deming MS et al (2015). 
Predictors of health worker performance after Integrated Management of Childhood 
Illness training in Benin: a cohort study. BMC Health Serv Res; 15:276.  

Steketee RW, Miller JM & Kawesha EC (2020). Implications of the MDA Trial in Southern 
Province, Zambia, for Malaria Control and Elimination. Am J Trop Med Hyg; 103:98-101.  

Steketee RW, Nahlen BL, Parise ME & Menendez C (2001). The burden of malaria in 
pregnancy in malaria-endemic areas. Am J Trop Med Hyg; 64:28-35.  

Stresman GH, Kamanga A, Moono P, Hamapumbu H, Mharakurwa S, Kobayashi T et al 
(2010). A method of active case detection to target reservoirs of asymptomatic malaria 
and gametocyte carriers in a rural area in Southern Province, Zambia. Malar J; 9:265.  

Sturrock HJ, Hsiang MS, Cohen JM, Smith DL, Greenhouse B, Bousema T et al (2013). 
Targeting asymptomatic malaria infections: active surveillance in control and elimination. 
PLoS Med; 10:e1001467.  

Sutcliffe CG, Kobayashi T, Hamapumbu H, Shields T, Mharakurwa S, Thuma PE et al 
(2012). Reduced risk of malaria parasitemia following household screening and treatment: 
a cross-sectional and longitudinal cohort study. PLoS One; 7:e31396.  

Talisuna AO, Bloland P & D'Alessandro U (2004). History, dynamics, and public health 
importance of malaria parasite resistance. Clin Microbiol Rev; 17:235-254.  

Talisuna AO, Oburu A, Githinji S, Malinga J, Amboko B, Bejon P et al (2017). Efficacy of 
text-message reminders on paediatric malaria treatment adherence and their post-
treatment return to health facilities in Kenya: a randomized controlled trial. Malar J; 16:46.  

Tangena J-AA, Hendriks CM, Devine M, Tammaro M, Trett AE, Williams I et al (2020). 
Indoor residual spraying for malaria control in sub-Saharan Africa 1997 to 2017: an 
adjusted retrospective analysis. Malar J; 19:1-15.  

Thiam S, Thior M, Faye B, Ndiop M, Diouf ML, Diouf MB et al (2011). Major reduction in 
anti-malarial drug consumption in Senegal after nation-wide introduction of malaria rapid 
diagnostic tests. PLoS One; 6:e18419.  

Thwing J, Ba F, Diaby A, Diedhiou Y, Sylla A, Sall G et al (2017). Assessment of the utility 
of a symptom-based algorithm for identifying febrile patients for malaria diagnostic testing 
in Senegal. Malar J; 16:95.  

Thwing J, Eisele TP & Steketee RW (2011). Protective efficacy of malaria case 
management and intermittent preventive treatment for preventing malaria mortality in 



220 

 

children: a systematic review for the Lives Saved Tool. BMC Public Health; 11 Suppl 
3:S14.  

Tulloch J (1999). Integrated approach to child health in developing countries. Lancet; 354 
Suppl 2:SII16-SII20.  

Van den Berg H (2009). Global status of DDT and its alternatives for use in vector control 
to prevent disease. Environ Health Perspect; 117:1656-1663.  

Van Vugt M, Brockman A, Gemperli B, Luxemburger C, Gathmann I, Royce C et al 
(1998). Randomized comparison of artemether-benflumetol and artesunate-mefloquine in 
treatment of multidrug resistant falciparum malaria. Antimicrob Agents Chemother; 
42:135-139.  

Victora CG, Habicht J-P & Bryce J (2004). Evidence-based public health: moving beyond 
randomized trials. Am J Public Health Res; 94:400-405.  

Visser T, Bruxvoort K, Maloney K, Leslie T, Barat LM, Allan R et al (2017). Introducing 
malaria rapid diagnostic tests in private medicine retail outlets: A systematic literature 
review. PLoS One; 12:e0173093.  

Wanja E, Achilla R, Obare P, Adeny R, Moseti C, Otieno V et al (2017). Evaluation of a 
laboratory quality assurance pilot programme for malaria diagnostics in low-transmission 
areas of Kenya, 2013. Malar J; 16:221.  

Wasunna B, Zurovac D, Bruce J, Jones C, Webster J & Snow RW (2010). Health worker 
performance in the management of paediatric fevers following in-service training and 
exposure to job aids in Kenya. Malar J; 9:261.  

Webster J, Baiden F, Bawah J, Bruce J, Tivura M, Delmini R et al (2014). Management of 
febrile children under five years in hospitals and health centres of rural Ghana. Malar J; 
13:261.  

White NJ (1997). Assessment of the pharmacodynamic properties of antimalarial drugs in 
vivo. Antimicrob Agents Chemother; 41:1413-1422.  

White NJ (2006). Malaria — Time to act. N Engl J Med; 355:1956-1957.  

White NJ, Nosten F, Looareesuwan S, Watkins WM, Marsh K, Snow RW et al (1999a). 
Averting a malaria disaster. Lancet; 353:1965-1967.  

White NJ, Pukrittayakamee S, Hien TT, Faiz MA, Mokuolu OA & Dondorp AM (2014). 
Malaria. Lancet; 383:723-735.  

White NJ, van Vugt M & Ezzet FD (1999b). Clinical pharmacokinetics and 
pharmacodynamics of artemether-lumefantrine. Clin Pharmacokinet; 37:105-125.  

Wilson AL (2011). A systematic review and meta-analysis of the efficacy and safety of 
intermittent preventive treatment of malaria in children (IPTc). PLoS One; 6:e16976.  



221 

 

Wolfheim C, Fontaine O & Merson M (2019). Evolution of the World Health Organization's 
programmatic actions to control diarrheal diseases. J Glob Health; 9:020802.  

Worges M, Celone M, Finn T, Chisha Z, Winters A, Winters B et al (2019). Malaria case 
management in Zambia: A cross-sectional health facility survey. Acta Trop; 195:83-89.  

Worges M, Whitehurst N, Yamo E, Moonga H, Yukich J & Benavente L (2018). Outreach 
training and supportive supervision for malaria case management in Zambia: the effects of 
focused capacity building on indicators of diagnostic and clinical performance. Malar J; 
17:438.  

World Health Organization (1989). The Management and prevention of diarrhoea: 
practical guidelines, 2nd Edition. Geneva, Switzerland.  

World Health Organization (1990). Acute respiratory infections in children: case 
management in small hospitals in developing countries, a manual for doctors and other 
senior health workers. Geneva, Switzerland. https://apps.who.int/iris/handle/10665/61873. 

World Health Organization (1992). The overlap in the clinical presentation and treatment 
of malaria and pneumonia in children: report of a meeting (Geneva, 8 April 1991). 
Geneva, Switzerland. 

World Health Organization (1997). IMCI: The integrated approach. Geneva, Switzerland. 
https://www.who.int/maternal_child_adolescent/documents/imci/en/. 

World Health Organization (2001). Interventions and strategies to improve the use of 
antimicrobials in developing countries: a review. Geneva, Switzerland. 
http://www.who.int/csr/resources/publications/drugresist/WHO_CDS_CSR_DRS_2001_9/
en/. 

World Health Organization (2004). Global strategic framework for integrated vector 
management. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/who_cds_cpe_pvc_2004_10/en/. 

World Health Organization (2005a). IMCI integrated management of childhood illness. 
Geneva, Switzerland. https://www.who.int/maternal_child_adolescent/topics/child/imci/en/. 

World Health Organization (2005b). The Roll Back Malaria strategy for improving access 
to treatment through home management of malaria. Geneva, Switzerland. 

World Health Organization (2006). Guidelines for the treatment of malaria. Geneva, 
Switzerland.  

World Health Organization (2007). Everybody’s business: strengthening health systems to 
improve health outcomes – WHO’s framework for action. Geneva, 
Switzerland.https://www.who.int/healthsystems/strategy/everybodys_business.pdf. 

World Health Organization (2010a). Guidelines for the treatment of malaria. Geneva, 
Switzerland. 



222 

 

World Health Organization (2010b). WHO Policy recommendation on Intermittent 
Preventive Treatment during infancy with sulphadoxine-pyrimethamine (SP-IPTi) for 
Plasmodium falciparum malaria control in Africa. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/policy_recommendation_IPTi_032010/en/. 

World Health Organization (2011a). Malaria rapid diagnostic test performance, results of 
WHO product testing of malaria RDTs: round 3 (2010-2011). Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/9789241502566/en/. 

World Health Organization (2011b). Integrated management of childhood illness: caring 
for newborns and children in the community. Geneva, Switzerland. 
https://apps.who.int/iris/handle/10665/44398. 

World Health Organization (2012a). Updated policy recommendation: Intermittent 
Preventive Treatment of malaria in pregnancy using Sulfadoxine-Pyrimethamine (IPTp-
SP). Geneva, Switzerland. 
https://www.who.int/malaria/areas/preventive_therapies/pregnancy/en/. 

World Health Organization (2012b). Seasonal Malaria Chemoprevention (SMC) for 
Plasmodium falciparum malaria control in highly seasonal transmission areas of the Sahel 
sub-region in Africa. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/who_smc_policy_recommendation/en/. 

World Health Organization (2012c). T3: Test. Treat. Track. Scaling up diagnostic testing, 
treatment and surveillance for malaria. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/t3_brochure/en/. 

World Health Organization (2012d). Disease surveillance for malaria elimination: 
operational manual. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/9789241503334/en/. 

World Health Organization (2012e). Disease surveillance for malaria control: operational 
manual. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/9789241503341/en/. 

World Health Organization (2013a). Universal access to malaria diagnostic testing: an 
operational manual. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/9789241502092/en/. 

World Health Organization (2013b). Service availability and readiness assessment 
(SARA): an annual monitoring system for service delivery: reference manual. Geneva, 
Switzerland. 

World Health Organization (2014a). Severe malaria. Trop Med Int Health; 19:7-131.  

World Health Organization (2015a). Guidelines for the treatment of malaria, 3rd Edition. 
Geneva, Switzerland. https://www.who.int/malaria/publications/atoz/9789241549127/en/. 



223 

 

World Health Organization (2015b). Global Technical Strategy for malaria (GTS) 2016-
2030. Geneva, Switzerland. 
http://www.who.int/malaria/areas/global_technical_strategy/en/. 

World Health Organization (2015c). Meeting of the Strategic Advisory Group of Experts on 
immunization, October 2015 - conclusions and recommendations. Wkly Epidemiol Rec; 
90:681-699.  

World Health Organization (2015d). Mass drug administration, mass screening and 
treatment and focal screening and treatment for malaria. Geneva, Switzerland.  

World Health Organization (2015e). World Malaria Report 2015. Geneva, Switzerland. 
http://www.who.int/malaria/publications/world-malaria-report-2016/report/en/. 

World Health Organization (2016a). Malaria vaccine: WHO position paper-January 2016. 
Geneva, Switzerland. https://www.who.int/wer/2016/WER9104.pdf?ua=1. 

World Health Organization (2016b). World Malaria Report 2016. Geneva, Switzerland. 
http://www.who.int/malaria/publications/world-malaria-report-2016/report/en/. 

World Health Organization (2017a). Malaria rapid diagnostic test performance, results of 
WHO product testing of malaria RDTs: round 7 (2014-2016). Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/9789241510035/en/. 

World Health Organization (2017b). False-negative RDT results and implications of new 
reports of P. falciparum histidine-rich protein 2/3 gene deletions. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/information-note-hrp2-based-rdt/en/. 

World Health Organization (2017c). World Malaria Report 2017. Geneva, Switzerland. 
https://www.who.int/malaria/publications/world-malaria-report-2017/en/. 

World Health Organization (2017d). A framework for malaria elimination. Geneva, 
Switzerland. https://www.who.int/malaria/publications/atoz/9789241511988/en/. 

World Health Organization (2018a). World Malaria Report 2018. Geneva, Switzerland. 
https://www.who.int/malaria/publications/world-malaria-report-2018/en/. 

World Health Organization (2018b). High burden to high impact: a targeted malaria 
response. Geneva, Switzerland. https://www.who.int/malaria/publications/atoz/high-
impact-response/en/. 

World Health Organization (2018c). Malaria surveillance, monitoring & evaluation: a 
reference manual. Geneva, Switzerland. 
https://www.who.int/malaria/publications/atoz/9789241565578/en/. 

World Health Organization (2018d). Analysis and use of health facility data. Guidance for 
malaria programme managers. Working document– September 2018. Geneva, 
Switzerland. https://www.who.int/healthinfo/tools_data_analysis_routine_facility/en/. 



224 

 

World Health Organization (2019). World Malaria Report 2019. Geneva, Switzerland. 
https://www.who.int/publications-detail/world-malaria-report-2019. 

World Health Organization. (2014b). IMCI integrated management of childhood illness- 
Chart booklet In Department of Child and Adolescent Health and Development, editor. 
Geneva, Switzerland. 
https://www.who.int/maternal_child_adolescent/documents/IMCI_chartbooklet/en/.  

Yukich J, Bennett A, Albertini A, Incardona S, Moonga H, Chisha Z et al (2012). 
Reductions in artemisinin-based combination therapy consumption after the nationwide 
scale up of routine malaria rapid diagnostic testing in Zambia. Am J Trop Med Hyg; 
87:437-446.  

Yukich J, D'Acremont V, Kahama J, Swai N & Lengeler C (2010). Cost savings with rapid 
diagnostic tests for malaria in low-transmission areas: evidence from Dar es Salaam, 
Tanzania. Am J Trop Med Hyg; 83:61-68.  

Zurovac D, Githinji S, Memusi D, Kigen S, Machini B, Muturi A et al (2014). Major 
improvements in the quality of malaria case-management under the test and treat policy in 
Kenya. PLoS One; 9:e92782.  

Zurovac D, Midia B, Ochola SA, English M & Snow RW (2006). Microscopy and outpatient 
malaria case management among older children and adults in Kenya. Trop Med Int 
Health; 11:432-440.  

Zurovac D, Njogu J, Akhwale W, Hamer DH, Larson BA & Snow RW (2008a). Effects of 
revised diagnostic recommendations on malaria treatment practices across age groups in 
Kenya. Trop Med Int Health; 13:784-787.  

Zurovac D, Njogu J, Akhwale W, Hamer HD & Snow RW (2008b). Translation of 
artemether-lumefantrine treatment policy into paediatric clinical practice: an early 
experience from Kenya. Trop Med Int Health; 13:99-107.  

Zurovac D, Ochola SA, Midia B & Snow RW (2005). The quality of sulfadoxine-
pyrimethamine prescriptions, counselling and drug-dispensing practices, for children in 
Kenya. Ann Trop Med Parasitol; 99:321-324.  

Zurovac D, Rowe AK, Ochola SA, Noor AM, Midia B, English M et al (2004). Predictors of 
the quality of health worker treatment practices for uncomplicated malaria at government 
health facilities in Kenya. Int J Epidemiol; 33:1080-1091.  

Zurovac D, Tibenderana JK, Nankabirwa J, Ssekitooleko J, Njogu JN, Rwakimari JB et al 
(2008c). Malaria case-management under artemether-lumefantrine treatment policy in 
Uganda. Malar J; 7:181.  
  



225 

 

 

 

 

 

 

 

 

Appendices  

  



226 

 

Appendix 1: Search strategy and outputs 

PubMed 

 ((((((("Malaria, falciparum"[Mesh]) OR "Plasmodium falciparum"[Mesh])) OR 

malaria[Title/Abstract])) AND (("Africa"[Mesh]) OR ((Algeria[Title/Abstract] OR 

Angola[Title/Abstract] OR Benin[Title/Abstract] OR Botswana[Title/Abstract] OR Burkina 

Faso[Title/Abstract] OR “Burkina Faso”[Title/Abstract] OR Burkina Fasso[Title/Abstract] 

OR Upper Volta[Title/Abstract] OR “Upper Volta”[Title/Abstract] OR Burundi[Title/Abstract] 

OR Cameroon[Title/Abstract] OR Cape Verde[Title/Abstract] OR “Cape 

Verde”[Title/Abstract] OR Central African Republic[Title/Abstract] OR Chad[Title/Abstract] 

OR Comoros[Title/Abstract] OR “Iles Comores”[Title/Abstract] OR Iles 

Comores[Title/Abstract] OR Comoro Islands[Title/Abstract] OR “Comoro 

Islands”[Title/Abstract] OR Congo[Title/Abstract] OR Democratic Republic 

Congo[Title/Abstract] OR “Democratic Republic of the Congo”[Title/Abstract] OR 

Zaire[Title/Abstract] OR Djibouti[Title/Abstract] OR Egypt[Title/Abstract] OR Equatorial 

Guinea[Title/Abstract] OR “Equatorial Guinea”[Title/Abstract] OR Eritrea[Title/Abstract] OR 

Ethiopia[Title/Abstract] OR Gabon[Title/Abstract] OR Gambia[Title/Abstract] OR 

Ghana[Title/Abstract] OR Guinea[Title/Abstract] OR Guinea Bissau[Title/Abstract] OR 

“Guinea Bissau”[Title/Abstract] OR Ivory Coast[Title/Abstract] OR “Ivory 

Coast”[Title/Abstract] OR Cote d’Ivoire[Title/Abstract] OR “Cote d’Ivoire”[Title/Abstract] OR 

Kenya[Title/Abstract] OR Lesotho[Title/Abstract] OR Liberia[Title/Abstract] OR 

Libya[Title/Abstract] OR Libia[Title/Abstract] OR Jamahiriya[Title/Abstract] OR 

Jamahiryia[Title/Abstract] OR Madagascar[Title/Abstract] OR Malawi[Title/Abstract] OR 

Mali[Title/Abstract] OR Mauritania[Title/Abstract] OR Mauritius[Title/Abstract] OR Ile 

Maurice[Title/Abstract] OR “Ile Maurice”[Title/Abstract] OR Morocco[Title/Abstract] OR 

Mozambique[Title/Abstract] OR Moçambique[Title/Abstract] OR Namibia[Title/Abstract] 

OR Niger[Title/Abstract] OR Nigeria[Title/Abstract] OR Rwanda[Title/Abstract] OR Sao 

Tome[Title/Abstract] OR “Sao Tome”[Title/Abstract] OR Senegal[Title/Abstract] OR 

Seychelles[Title/Abstract] OR Sierra Leone[Title/Abstract] OR “Sierra 

Leone”[Title/Abstract] OR Somalia[Title/Abstract] OR South Africa[Title/Abstract] OR 

“South Africa”[Title/Abstract] OR Sudan[Title/Abstract] OR South Sudan[Title/Abstract] OR 

“South Sudan”[Title/Abstract] OR Swaziland[Title/Abstract] OR Tanzania[Title/Abstract] 

OR Tanganyika[Title/Abstract] OR Zanzibar[Title/Abstract] OR Togo[Title/Abstract] OR 

Tunisia[Title/Abstract] OR Uganda[Title/Abstract] OR Western Sahara[Title/Abstract] OR 

“Western Sahara”[Title/Abstract] OR Zambia[Title/Abstract] OR Zimbabwe[Title/Abstract] 

OR Africa[Title/Abstract] OR Africa*[Title/Abstract] OR Southern Africa[Title/Abstract] OR 

West Africa[Title/Abstract] OR Western Africa[Title/Abstract] OR Eastern 

Africa[Title/Abstract] OR East Africa[Title/Abstract] OR North Africa[Title/Abstract] OR 

Northern Africa[Title/Abstract] OR Central Africa[Title/Abstract] OR Sub Saharan 

Africa[Title/Abstract] OR Subsaharan Africa[Title/Abstract] OR Sub-Saharan 

Africa[Title/Abstract])))) AND ((((((((("Ambulatory Care"[Mesh]) OR "Outpatients"[Mesh]) 

OR "Outpatient Clinics, Hospital"[Mesh]) OR "Hospitals"[Mesh])) OR 

outpatient*[Title/Abstract] OR health center*[Title/Abstract] OR health 

centre*[Title/Abstract] OR ((hospital[Title/Abstract] OR hospitals[Title/Abstract]))) OR 

facility[Title/Abstract]) OR facilities[Title/Abstract])) AND (((((prescription[Title/Abstract] OR 

ACT[Title/Abstract] OR artemisinin-based combination therapy[Title/Abstract] OR 

management[Title/Abstract] OR case-management[Title/Abstract] OR treat*[Title/Abstract] 

OR over-treatment[Title/Abstract] OR antimalarial*[Title/Abstract] OR health worker 

practice[Title/Abstract] OR test*[Title/Abstract] OR RDT[Title/Abstract] OR 

diagnostic[Title/Abstract] OR counselling[Title/Abstract] OR dispensing[Title/Abstract] OR 

guidelines[Title/Abstract] OR care[Title/Abstract] OR policy[Title/Abstract]))) OR 
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((overtreat*[Title/Abstract] OR anti-malarial*[Title/Abstract] OR guideline[Title/Abstract]))) 

OR ((((("Diagnostic Tests, Routine"[Mesh]) OR "Antimalarials"[Mesh]) OR 

"Artemisinins"[Mesh]) OR "Health Policy"[Mesh]) OR "Guideline Compliance"[Mesh]))  

Filters activated: Publication date from 2010/01/01 to 2018/12/31, English. 

1882 results retrieved on 21/09/18 

Database: Embase 1974 to present 

Search Strategy: 

1 malaria falciparum/ (14888) 

2 exp Plasmodium falciparum/ (37614) 

3 malaria.ti,ab. (81253) 

4 1 or 2 or 3 (94135) 

5 exp Africa/ (282261) 

6 (Algeria or Angola or Benin or Botswana or "Burkina Faso" or "Burkina Faso" or 

"Burkina Fasso" or "Upper Volta" or "Upper Volta" or Burundi or Cameroon or "Cape 

Verde" or Africa* or Chad or Comoros or "Iles Comores" or "Comoro Islands" or Congo or 

Zaire or Djibouti or Egypt or "Equatorial Guinea" or Eritrea or Ethiopia or Gabon or 

Gambia or Ghana or Guinea or "Ivory Coast" or "Cote d’Ivoire" or Kenya or Lesotho or 

Liberia or Libya or Libia or Jamahiriya or Jamahiryia or Madagascar or Malawi or Mali or 

Mauritania or Mauritius or "Ile Maurice" or Morocco or Mozambique or Namibia or Niger or 

Nigeria or Rwanda or "Sao Tome" or Senegal or Seychelles or "Sierra Leone" or Somalia 

or Sudan or Swaziland or Tanzania or Tanganyika or Zanzibar or Togo or Tunisia or 

Uganda or Sahara* or Zambia or Zimbabwe or Subsaharan or Sub-Saharan).ti,ab. 

(511791) 

7 5 or 6 (569714) 

8 exp outpatient care/ or exp outpatient/ or exp outpatient department/ (182334) 

9 exp ambulatory care/ (44077) 

10 exp hospital/ (996480) 

11 (outpatient* or facility or facilities or hospital or hospitals or "health center*" or "health 

centre*").ti,ab. (1764276) 

12 8 or 9 or 10 or 11 (2219953) 

13 exp diagnostic test/ (819923) 

14 exp antimalarial agent/ (103447) 

15 health care policy/ (178556) 

16 protocol compliance/ (9111) 

17 (prescription or ACT or therapy or management or treat* or over-treatment or 

antimalarial* or health worker practice or test* or RDT or diagnostic or counselling or 

dispensing or guideline* or care or policy or anti-malarial* or overtreat*).ti,ab. (12145054) 

18 13 or 14 or 15 or 16 or 17 (12542921) 
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19 4 and 7 and 12 and 18 (5474) 

20 19 (5474) 

21 limit 20 to (english language and yr="2010 -Current") (3743) 

*************************** 

Search date 21/09/18 

Web of Science Core Collection (search date 21/09/18) 

#1 TOPIC: (malaria) 

#2 TOPIC: ("plasmodium falciparum") 

#3 #1 or #2 

#4 TOPIC: (Algeria or Angola or Benin or Botswana or "Burkina Faso" or "Burkina Faso" 

or "Burkina Fasso" or "Upper Volta" or "Upper Volta" or Burundi or Cameroon or "Cape 

Verde" or Africa* or Chad or Comoros or "Iles Comores" or "Comoro Islands" or Congo or 

Zaire or Djibouti or Egypt or "Equatorial Guinea" or Eritrea or Ethiopia or Gabon or 

Gambia or Ghana or Guinea or "Ivory Coast" or "Cote d’Ivoire" or Kenya or Lesotho or 

Liberia or Libya or Libia or Jamahiriya or Jamahiryia or Madagascar or Malawi or Mali or 

Mauritania or Mauritius or "Ile Maurice" or Morocco or Mozambique or Namibia or Niger or 

Nigeria or Rwanda or "Sao Tome" or Senegal or Seychelles or "Sierra Leone" or Somalia 

or Sudan or Swaziland or Tanzania or Tanganyika or Zanzibar or Togo or Tunisia or 

Uganda or Sahara* or Zambia or Zimbabwe or Subsaharan or Sub-Saharan) 

#5 TOPIC: (outpatient* or facility or facilities or hospital or hospitals or “health center*” or 

“health centre*”) 

#6 TOPIC: (prescription or ACT or therapy or management or treat*or over-treat* or 

antimalarial* or health worker practice or test* or RDT or diagnostic or counselling or 

dispensing or guideline* or care or policy or anti-malarial* or overtreat*) 

#7 #3 and #4 and #5 and #6 

#8 #3 and #4 and #5 and #6 Refined by: PUBLICATION YEARS: (2018 OR 2010 OR 

2017 OR 2016 OR 2015 OR 2014 OR 2013 OR 2012 OR 2011) AND LANGUAGES: 

(ENGLISH) 

655 results retrieved on 21/09/18  

 

Search Results 

PubMed 1882 

Ovid Embase 2295 

Web of Science Core Collection 655 

Total 4814 

Total after dropping duplicates 4243 
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Appendix 2: Health facility assessment form 
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Appendix 2: Continued 
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Appendix 2: Continued 
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Appendix 2: Continued 
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Appendix 2: Continued 

 

 



234 

 

Appendix 3: Health worker interview form 
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Appendix 3: Continued 
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Appendix 4: Patient exit interview form 
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Appendix 4: Continued 
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Appendix 4: Continued 
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Appendix 4: Continued 
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Appendix 5: Bivariable analysis of factors associated with improvement trends in composite malaria “test and treat” performance, 2010-2016 

 Factor  N=9173 
n (%) 

Tested and treated n 
(%) 

OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

Malaria 
endemicity 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal 
Low risk  

 
2766 (30.2) 
932 (10.2) 
1898 (20.7) 
2071 (22.6) 
1506 (16.4) 

 
1672 (60.5) 
456 (48.9) 
865 (45.6) 
904 (43.7) 
543 (36.1) 

 
Ref 
0.56 (0.36 - 0.85) 
0.39 (0.28 - 0.54) 
0.35 (0.26 - 0.48) 
0.23 (0.17 - 0.32) 

0.007 
<0.001 
<0.001 
<0.001 

 
Ref 
0.69 (0.57 - 0.84) 
0.82 (0.70 - 0.96) 
0.55 (0.47 - 0.64) 
0.54 (0.46 - 0.64) 

 
<0.001 

Health 
Facility level 

Facility ownership 
FBO/NGO 
Government 

 
1284 (14.0) 
7889 (86.0) 

 
718 (55.9) 
3722 (47.2) 

Ref 
0.43 (0.32 - 0.57) <0.001 

Ref 
0.98 (0.85 - 1.13) 0.777 

Facility level 
Dispensary  
Health centre  
Hospital  

 
4593 (50.1) 
2825 (30.8) 
1755 (19.1) 

 
2395 (52.1) 
1336 (47.3) 
709 (40.4) 

Ref 
1.00 (0.77 - 1.29) 
0.79 (0.58 - 1.09) 

0.999 
0.146 

Ref 
0.99 (0.87 - 1.13) 
1.09 (0.92 - 1.28) 0.551 

Caseload on the survey 
day 

≤25 patients  
>25 patients 

 
 
8122 (88.5) 
1051 (11.5) 

 
 
4007 (49.3) 
433 (41.2) 

Ref 
1.11 (0.61 - 2.01) 

 
 
 
0.740 

Ref 
1.72 (1.29 - 2.30) <0.001 

Type of malaria diagnostic 
at the facility 

RDTs 
Microscopy  
Both  

 
 
2570 (28.2) 
4828 (52.5) 
1775 (19.3) 

 
 
1228 (47.8) 
2135 (44.2) 
1077 (60.7) 

Ref 
2.37 (1.77 - 3.16) 
2.69 (1.97 - 3.67) 

<0.001 
<0.001 

Ref  
0.69 (0.58 - 0.81) 
0.64 (0.52 - 0.78) <0.001 

Retrospective RDT 
stockouts 

No 
Yes 

 
 
3699 (41.3) 
5260 (58.7) 

 
 
1977 (53.5) 
2349 (44.7) 

Ref 
1.52 (1.17 - 1.97) 0.002 

Ref 
0.97 (0.84 - 1.11) 0.626 

Retrospective microscopy 
stockouts 

No 
Yes 

 
 
7439 (81.1) 
1734 (18.9) 

 
 
3687 (49.6) 
753 (43.4) 

Ref  
0.48 (0.36 - 0.63) <0.001 

Ref 
1.21 (1.04 - 1.41) 0.013 

Retrospective RDT and 
microscopy stockouts 

No 
Yes 

 
 
8630 (94.1) 
543 (5.9) 

 
 
4205 (48.7) 
235 (43.3) 

Ref 
0.78 (0.48 - 1.28) 0.330 

Ref 
1.30 (1.03 - 1.63) 0.026 

 



241 

 

Appendix 5: Continued 

 Factor  N=9173 
n (%) 

Tested and treated n 
(%) 

OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Retrospective AL 
stockouts 

No 
Yes  

 
 
4523 (49.6) 
4592 (50.4) 

 
 
2284 (50.5) 
2129 (46.3) 

Ref 
0.84 (0.67 - 1.05) 0.119 

Ref 
0.90 (0.80 - 1.01) 0.062 

Malaria guidelines 
available 

No 
Yes 

 
 
4802 (52.7) 
4307 (47.3) 

 
 
2024 (42.2) 
2374 (55.1) 

Ref 
1.30 (1.02 - 1.66) 0.036 

Ref 
0.98 (0.86 - 1.11) 0.742 

Malaria new chart 
No 
Yes 

 
7580 (83.5) 
1500 (16.5) 

 
3564 (47.0) 
807 (53.8) 

Ref 
1.06 (0.80 - 1.41) 0.691 

Ref 
0.94 (0.79 - 1.12) 0.509 

Health 
worker level 

Age, median (IQR) 33 (28-40)  1.00 (0.99 - 1.01) 0.656 1.00 (0.99 - 1.00) 0.849 

Gender  
 Female 
 Male 

 
4453 (48.5) 
4720 (51.5) 

 
2243 (50.4) 
2197 (46.6) 

Ref 
0.87 (0.73 - 1.03) 0.110 

Ref 
0.96 (0.87 - 1.05) 0.341 

Facility in charge 
No 
Yes 

 
5725 (62.7) 
3408 (37.3) 

 
2694 (47.1) 
1729 (50.7) 

Ref 
1.15 (0.95 - 1.39) 0.143 

Ref 
0.97 (0.89 - 1.07) 0.583 

Cadre 
Others  
Nurse 
Clinical officer/ Medical 
officer 

 
364 (4.0) 
5110 (55.7) 
3699 (40.3) 

 
170 (46.7) 
2547 (49.4) 
1723 (46.6) 

Ref 
1.68 (1.05 - 2.68) 
1.77 (1.09 - 2.85) 
 

0.031 
0.020 
 

Ref 
1.10 (0.83 - 1.46) 
1.00 (0.76 - 1.33) 
 

0.191 
0.979 
 

HW perception of 
endemicity 

Low 
High 

 
 
3866 (42.3) 
5272 (57.7) 

 
 
1623 (42.0) 
2803 (53.2) 

Ref 
2.22 (1.81 - 2.72) <0.001 

Ref 
1.38 (1.25 - 1.53) <0.001 

MCM in-service training 
No 
Yes 

 
5550 (60.5) 
3623 (39.5) 

 
2382 (42.9) 
2058 (56.8) 

Ref 
1.27 (1.06 - 1.54) 0.012 

Ref 
1.12 (1.01 - 1.24) 0.037 

Access to current malaria 
diagnosis and treatment 
guidelines 

No 
Yes  

 
 
 
4963 (54.5) 
4150 (45.5) 

 
 
 
2122 (42.8) 
2297 (55.4) 

Ref 
1.26 (1.01 - 1.56) 0.043 

Ref 
0.99 (0.88 - 1.12) 0.889 
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Appendix 5: Continued 

 Factor  N=9173 
n (%) 

Tested and treated n 
(%) 

OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Any supervision in the 
previous 3 months 

No 
Yes 

 
 
3401 (37.1) 
5772 (62.9) 

 
 
1488 (43.8) 
2952 (51.1) 

Ref 
1.13 (0.92 - 1.39) 0.247 

Ref 
1.02 (0.92 - 1.13) 0.719 

MCM supervision in the 
previous 3 months 

No 
Yes 

 
 
6157 (67.1) 
3016 (32.9) 

 
 
2777 (45.1) 
1663 (55.1) 

Ref 
1.42 (1.16 - 1.75) 0.001 

Ref 
1.18 (1.06 - 1.31) 0.002 

Observation of 
consultations in the 
previous 3 months 

No 
Yes 

 
 
7710 (84.1) 
1463 (16.0) 

 
 
3575 (46.4) 
865 (59.1) Ref 

1.52 (1.15 - 2.00) 0.003 
Ref 
1.22 (1.06 - 1.40) 0.005 

Feedback in the previous 3 
months 

No 
Yes 

 
 
6970 (76.0) 
2203 (24.0) 

 
 
3128 (44.9) 
1312 (59.6) 

Ref 
1.77 (1.40 - 2.23) 0.000 

Ref 
1.18 (1.04 - 1.33) 0.011 

Correct knowledge on 
testing  

No 
Yes 

 
1123 (14.2) 
6786 (85.8) 

 
455 (40.5) 
3633 (53.5) Ref 

1.57 (1.21 - 2.03) 0.001 
Ref 
1.00 (0.86 - 1.17) 0.975 

 Correct knowledge of 
targeted malaria treatment 
policy  

No 
Yes 

 
 
3273 (35.7) 
5900 (64.3) 

 
 
1188 (36.3) 
3252 (55.1) Ref 

1.48 (1.20 - 1.83) 0.000 
Ref 
0.98 (0.88 - 1.10) 0.727 

Patient level  Age (median, IQR) 6 (2-23)      

 <5 years 
≥5 years 

4016 (43.8) 
5156 (56.2) 

1666 (41.5) 
2774 (53.8) 

Ref 
1.59 (1.43 - 1.78) <0.001 

Ref 
0.94 (0.89 - 0.99) 0.028 

 0-11 months 
12-59 months 
5-14 years 
≥15 years 

1050 (11.5) 
2966 (32.3) 
2102 (22.9) 
3054 (33.3) 

355 (33.8) 
1311 (44.2) 
1145 (54.5) 
1629 (53.3) 

Ref 
1.61 (1.33 - 1.94) 
2.14 (1.75 - 2.62) 
2.39 (1.97 - 2.89) 

 
<0.001 
<0.001 
<0.001 

Ref 
1.07 (0.97 - 1.18) 
1.04 (0.93 - 1.15) 
0.96 (0.87 - 1.06) 0.021 

 Temperature 
<37.5°C 
 ≥37.5°C 

 
6389 (69.9) 
2751 (30.1) 

 
2981 (46.7) 
1442 (52.4) 

Ref 
1.33 (1.18 - 1.50) <0.001 

Ref 
1.11 (1.05 - 1.19) <0.001 
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Appendix 5: Continued 

 Factor  N=9173 
n (%) 

Tested and treated n 
(%) 

OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Prior use of antimalarial 
No 
Yes  

 
8791 (95.8) 
382 (4.2) 

 
4240 (48.2) 
200 (52.4) 

Ref 
1.10 (0.84 - 1.44) 0.495 

Ref 
1.06 (0.92 - 1.22) 0.416 

 Main complaints        

 Fever  
No 
Yes 

 
1389 (15.1) 
7784 (84.9) 

 
658 (47.4) 
3782 (48.6) 

Ref 
1.01 (0.86 - 1.18) 0.904 

Ref 
1.08 (1.00 - 1.17) 0.064 

 Cough 
No 
Yes 

 
5013 (54.7) 
4160 (45.3) 

 
2635 (52.6) 
1805 (43.4) 

Ref  
0.66 (0.59 - 0.73) <0.001 

Ref 
0.97 (0.92 - 1.03) 0.333 

 Diarrhoea 
No 
Yes 

 
8143 (88.8) 
1030 (11.2) 

 
3954 (48.6) 
486 (47.2) 

Ref 
1.15 (0.97 - 1.36) 0.115 

Ref 
1.07 (0.98 - 1.17) 0.128 

 Headache 
No 
Yes 

 
5891 (64.2) 
3282 (35.8) 

 
2513 (42.7) 
1927 (58.7) 

Ref 
1.90 (1.69 - 2.13) <0.001 

Ref 
1.00 (0.94 - 1.05) 0.893 

 Running nose 
No 
Yes 

 
8053 (87.8) 
1120 (12.2) 

 
4027 (50.0) 
413 (36.9) 

Ref 
0.57 (0.48 - 0.67) 0.000 

Ref 
1.01 (0.93 - 1.10) 0.812 

 Rash 
No 
Yes 

 
8948 (97.6) 
225 (2.5) 

 
4369 (48.8) 
71 (31.6) 

Ref 
0.40 (0.28 - 0.58) <0.001 

Ref 
0.93 (0.77 - 1.12) 0.436 

 Vomiting  
No 
Yes 

 
7588 (82.7) 
1585 (17.3) 

 
3576 (47.1) 
864 (54.5) 

Ref 
1.33 (1.15 - 1.53) <0.001 

Ref 
1.10 (1.02 - 1.18) 0.013 

 Chills 
No 
Yes  

 
8647 (94.3) 
526 (5.7) 

 
4091 (47.3) 
349 (66.4) 

Ref 
1.62 (1.27 - 2.07) <0.001 

Ref 
1.14 (1.00 - 1.31) 0.054 

 Case complexity 
No fever  
Fever only  
Fever and other complaints  

 
1389 (15.12) 
1172 (12.8) 
6612 (72.1) 

 
658 (47.4) 
529 (45.1) 
3253 (49.2) 

Ref 
0.88 (0.71 - 1.08) 
1.04 (0.89 - 1.22) 
 

0.209 
0.650 
 

Ref 
1.11 (1.00 - 1.24) 
1.07 (0.99 - 1.16) 
 

0.126 
 

*MCM-malaria case-management; 1-main effects estimate adjusting for time; 2- T-OR =unadjusted odds ratio from the covariate and time interaction 
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Appendix 6: Covariates adjusted for in the final multivariable model of factors associated 

with improvements trends in composite “test and treat” performance, 2010-2016 

Factor  Adjusted OR (95% CI)  P-value  
HW gender 
Female  
Male 

 
Ref 
0.80 (0.68-0.94) 

 
 
0.008 

HW perception of endemicity 
Low 
High 

 
Ref 
1.40 (1.11-1.77) 

 
 
0.005 

Supervision with feedback  
No 
Yes 

 
Ref 
1.45 (1.16-1.81) 

 
 
0.001 

Correct “test and treat” knowledge 
No 
Yes  

 
Ref 
1.67 (1.39-2.00) 

 
 
<0.001 

Temperature 
<37.5°C 
 ≥37.5°C 

 
Ref 
1.38 (1.22-1.56) 

 
 
<0.001 

Diarrhoea 
No 
Yes  

 
Ref 
1.25 (1.04-1.49) 

 
 
0.016 

Headache 
No 
Yes  

 
Ref 
1.63 (1.43-1.86) 

 
 
<0.001 

Vomiting  
No 
Yes  

 
Ref 
1.32 (1.13-1.53) 

 
 
<0.001 

Running nose 
No 
Yes  

 
Ref 
0.74 (0.62-0.89) 

 
 
0.001 

Cough  
No 
Yes  

 
Ref 
0.85 (0.76-0.96) 

 
 
0.007 

Rash 
No 
Yes  

 
Ref 
0.45 (0.31-0.66) 

 
 
<0.001 
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Appendix 7: Bivariable analysis of factors associated with improvement trends in malaria testing of febrile patients, 2010-2016 

 Factor  N=9173 
n (%) 

Tested n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

Malaria 
endemicity 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  
Low risk  

 
2766 (30.2) 
932 (10.2) 
1898 (20.7) 
2071 (22.6) 
1506 (16.4) 

 
2060 (74.5) 
509 (54.6) 
1110 (58.5) 
1060 (51.2) 
618 (41.0) 

 
Ref  
0.25 (0.16 - 0.40) 
0.27 (0.17 - 0.43) 
0.18 (0.12 - 0.29) 
0.11 (0.07 - 0.17) 

 
Ref 
<0.001 
<0.001 
<0.001 
<0.001 

 
Ref 
0.66 (0.53 - 0.82) 
0.78 (0.63 - 0.96) 
0.55 (0.44 - 0.68) 
0.52 (0.42 - 0.65) 

 
 
<0.001 

Health 
Facility level 

Facility ownership 
FBO/NGO 
Government 

 
1284 (14.0) 
7889 (86.0) 

 
934 (72.7) 
4423 (56.1) 

 
Ref  
0.24 (0.18 - 0.34) 

 
 
<0.001 

 
Ref 
1.03 (0.88 - 1.20) 

 
 
0.780 

Facility level 
Dispensary  
Health centre  
Hospital  

 
4593 (50.1) 
2825 (30.8) 
1755 (19.1) 

 
2395 (60.9) 
1646 (58.3) 
916 (52.2) 

 
Ref  
1.04 (0.78 - 1.38) 
0.88 (0.66 - 1.16) 

 
 
0.783 
0.464 

 
Ref 
0.96 (0.83 - 1.11) 
1.02 (0.88 - 1.18) 

 
 
 
0.759 

Caseload on the survey 
day 
≤25 patients  
>25 patients 

 
8122 (88.5) 
1051 (11.5) 

 
4810 (59.2) 
547 (52.1) 

 
Ref  
1.07 (0.55 - 2.06) 

 
 
0.847 

 
Ref 
1.78 (1.29 - 2.44) 

 
 
0.001 

Type of malaria diagnostic 
at the facility 
RDTs 
Microscopy  
Both  

 
 
2570 (28.2) 
4828 (52.5) 
1775 (19.3) 

 
 
1399 (54.4) 
2745 (56.9) 
1213 (68.3) 

 
 
Ref  
2.87 (2.09 - 3.93) 
2.89 (2.11 - 3.96) 

 
 
 
<0.001 
<0.001 

 
 
Ref 
0.74 (0.63 - 0.88) 
0.66 (0.56 - 0.78) 

 
 
 
<0.001 

Retrospective RDT 
stockouts 
No 
Yes 

 
3699 (41.3) 
5260 (58.7) 

 
2207 (59.7) 
2993 (56.9) 

 
Ref  
1.81 (1.36 - 2.41) 

 
 
<0.001 

 
Ref 
0.97 (0.84 - 1.13) 

 
 
0.729 

Retrospective microscopy 
stockouts 
No 
Yes 

 
 
7439 (81.1) 
1734 (18.9) 

 
 
4480 (60.2) 
877 (50.6) 

 
 
Ref  
0.41 (0.30 - 0.55) 

 
 
 
<0.001 

 
 
Ref 
1.20 (1.03 - 1.41) 

 
 
 
0.023 

Retrospective RDT and 
microscopy stockouts 
No 
Yes 

 
 
8630 (94.1) 
543 (5.9) 

 
 
5080 (58.9) 
277 (51.0) 

 
 
Ref  
0.61 (0.36 - 1.03) 

 
 
 
0.064 

 
 
Ref 
1.39 (1.08 - 1.79) 

 
 
 
0.010 

Retrospective AL 
stockouts 
No 
Yes  

 
4523 (49.6) 
4592 (50.4) 

 
2623 (58.0) 
2699 (58.8) 

 
Ref  
1.05 (0.82 - 1.34) 

 
 
0.699 

 
Ref  
0.82 (0.72 - 0.93) 

 
 
0.002 
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Appendix 7: Continued 

 Factor  N=9173 
n (%) 

Tested n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Malaria guidelines 
available 
No 
Yes 

 
4802 (52.7) 
4307 (47.3) 

 
2596 (54.1) 
2714 (63.0) 

 
Ref  
1.16 (0.88 - 1.51) 

 
 
0.294 

 
Ref 
1.00 (0.87 - 1.15) 

 
 
0.975 

Malaria new chart 
No 
Yes 

 
7580 (83.5) 
1500 (16.5) 

 
4365 (57.6) 
922 (61.5) 

 
Ref  
0.96 (0.70 - 1.32)  

 
 
0.802 

 
Ref 
0.94 (0.78 - 1.14) 

 
 
0.524 

Health 
worker level 

Age, median (IQR) 33 (28-40)  1.00 (0.99 - 1.01) 0.639 1.00 (1.00 - 1.01) 0.846 

Gender  
 Female 
 Male 

 
4453 (48.5) 
4720 (51.5) 

 
2695 (60.5) 
2662 (56.4) 

 
Ref  
0.92 (0.76 - 1.11) 

 
 
0.365 

 
Ref  
0.98 (0.89 - 1.08) 

 
 
0.734 

Facility in charge 
No 
Yes 

 
5725 (62.7) 
3408 (37.3) 

 
3286 (57.4) 
2050 (60.2) 

 
Ref  
1.16 (0.95 - 1.42) 

 
 
0.139 

 
Ref 
1.02 (0.92 - 1.12) 

 
 
0.749 

Cadre 
Others  
Nurse 
Clinical/ Medical officer 

 
364 (4.0) 
5110 (55.7) 
3699 (40.3) 

 
200 (55.0) 
3051 (59.7) 
2106 (56.9) 

 
Ref  
1.49 (0.90 - 2.47) 
1.59 (0.96 - 2.65) 

 
 
0.126 
0.077 

 
Ref  
0.94 (0.70 - 1.26) 
0.88 (0.65 - 1.18) 

 
 
0.420 

HW perception of 
endemicity 
Low 
High 

 
3866 (42.3) 
5272 (57.7) 

 
1859 (48.1) 
3478 (66.0) 

 
Ref  
3.38 (2.72 - 4.21) 

 
 
<0.001 

 
Ref  
1.41 (1.27 - 1.58) 

 
 
<0.001 

MCM in-service training 
No 
Yes 

 
5550 (60.5) 
3623 (39.5) 

 
3065 (55.2) 
2292 (63.3) 

 
Ref  
1.09 (0.89 - 1.33) 

 
 
0.422 

 
Ref 
1.07 (0.96 - 1.20) 

 
 
0.222 

Access to current malaria 
diagnosis and treatment 
guidelines 
No 
Yes  

 
 
 
4963 (54.5) 
4150 (45.5) 

 
 
 
2723 (54.9) 
2608 (62.8) 

 
 
 
Ref  
1.14 (0.90 - 1.46) 

 
 
 
 
0.279 

 
 
 
Ref  
1.04 (0.91 - 1.19) 

 
 
 
 
0.564 

Any supervision in the 
previous 3 months 
No 
Yes 

 
 
3401 (37.1) 
5772 (62.9) 

 
 
1865 (54.8) 
3492 (60.5) 

 
 
Ref  
1.17 (0.94 - 1.46) 

 
 
 
0.167 

 
 
Ref  
1.05 (0.94 - 1.17) 

 
 
 
0.412 
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Appendix 7: Continued  

 Factor  N=9173 
n (%) 

Tested n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 MCM supervision in the 
previous 3 months 
No 
Yes 

 
 
6157 (67.1) 
3016 (32.9) 

 
 
3399 (55.2) 
1958 (64.9) 

 
 
Ref  
1.66 (1.32 - 2.09) 

 
 
 
<0.001 

 
 
Ref  
1.17 (1.04 - 1.30) 

 
 
 
0.009 

Observation of 
consultations in the 
previous 3 months 
No 
Yes 

 
 
7710 (84.1) 
1463 (16.0) 

 
 
4382 (56.8) 
975 (66.6) 

 
 
Ref 
1.61 (1.20 - 2.18)  

 
 
 
<0.001 

 
 
Ref  
1.19 (1.03 - 1.38) 

 
 
 
<0.001 

Feedback in the previous 3 
months 
No 
Yes 

 
 
6970 (76.0) 
2203 (24.0) 

 
 
3848 (55.2) 
1509 (68.5) 

 
 
Ref  
1.91 (1.48 - 2.47) 

 
 
 
<0.001 

 
 
Ref  
1.22 (1.07 - 1.39) 

 
 
 
0.005 

Correct knowledge on 
testing  
No 
Yes 

 
1123 (14.2) 
6786 (85.8) 

 
545 (48.5) 
4277 (63.0) 

 
Ref  
1.73 (1.32 - 2.27) 

 
 
<0.001 

 
Ref  
1.03 (0.88 - 1.21) 

 
 
0.724 

Patient level  Age (median, IQR) 6 (2-23)  1.01 (1.01 - 1.02) <0.001 1.00 (1.00 - 1.00) <0.001 
 <5 years 

≥5 years 
4016 (43.8) 
5156 (56.2) 

2019 (50.3) 
3337 (64.7) 

Ref  
1.86 (1.66 - 2.08) 

 
<0.001 

Ref  
0.92 (0.87 - 0.98) 
 

 
0.006 

0-11 months 
12-59 months 
5-14 years 
≥15 years 

1050 (11.5) 
2966 (32.3) 
2102 (22.9) 
3054 (33.3) 

430 (41.0) 
1589 (53.6) 
1363 (64.8) 
1974 (64.6) 

Ref  
1.84 (1.52 - 2.22) 
2.79 (2.31 - 3.37) 
3.04 (2.52 - 3.68) 

 
<0.001 
<0.001 
<0.001 

Ref  
1.08 (0.98 - 1.18) 
1.03 (0.93 - 1.13) 
0.95 (0.86 - 1.04) 

 
 
 
0.004 

Duration of illness (median 
IQR) 

3 (2-4)  0.99 (0.97 - 1.01) 0.494 1.00 (0.99 - 1.01) 0.500 

Temperature 
<37.5°C 
 ≥37.5°C 

 
6389 (69.9) 
2751 (30.1) 

 
3546 (55.5) 
1793 (65.2) 

 
Ref  
1.26 (1.20 - 1.33) 

 
 
<0.001 

 
Ref  
1.15 (1.08 - 1.23) 

 
 
0.003 

Prior use of antimalarial 
No 
Yes  

 
8791 (95.8) 
382 (4.2) 

 
5084 (57.8) 
273 (71.5) 

 
Ref  
1.80 (1.34 - 2.44) 

 
 
<0.001 

 
Ref  
0.95 (0.82 - 1.11) 

 
 
0.547 

Main complaints        

Fever  
No 
Yes 

 
1389 (15.1) 
7784 (84.9) 

 
797 (57.4) 
4560 (58.6) 

 
Ref  
1.08 (0.92 - 1.27) 

 
 
0.346 

 
Ref  
1.08 (1.00 - 1.18) 

 
 
0.053 
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Appendix 7: Continued 

 Factor  N=9173 
n (%) 

Tested n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Cough 
No 
Yes 

 
5013 (54.7) 
4160 (45.3) 

 
3247 (64.8) 
2110 (50.7) 

 
Ref  
0.52 (0.47 - 0.58) 

 
 
<0.001 

 
Ref  
0.95 (0.90 - 1.00) 

 
 
0.056 

 Diarrhoea 
No 
Yes 

 
8143 (88.8) 
1030 (11.2) 

 
4756 (58.4) 
601 (58.4) 

 
Ref  
1.19 (1.00 - 1.42) 

 
 
0.052 

 
Ref  
1.07 (0.98 - 1.17) 

 
 
0.119 

 Headache 
No 
Yes 

 
5891 (64.2) 
3282 (35.8) 

 
3004 (51.0) 
2353 (71.7) 

 
Ref  
2.80 (2.48 - 3.17) 

 
 
<0.001 

 
Ref  
0.99 (0.93 - 1.05) 

 
 
0.725 

 Running nose 
No 
Yes 

 
8053 (87.8) 
1120 (12.2) 

 
4865 (60.4) 
492 (43.9) 

 
Ref  
0.51 (0.42 - 0.60) 

 
 
<0.001 

 
Ref 
0.96 (0.88 - 1.04) 

 
 
0.322 

 Rash 
No 
Yes 

 
8948 (97.6) 
225 (2.5) 

 
5274 (58.9) 
83 (36.9) 

 
Ref  
0.31 (0.21 - 0.44) 

 
 
<0.001 

 
Ref  
0.96 (0.80 - 1.15) 

 
 
0.660 

 Vomiting  
No 
Yes 

 
7588 (82.7) 
1585 (17.3) 

 
4251 (56.0) 
1106 (69.8) 

 
Ref  
1.99 (1.71 - 2.32) 

 
 
<0.001 

 
Ref  
1.11 (1.02 - 1.20) 

 
 
0.010 

 Chills 
No 
Yes  

 
8647 (94.3) 
526 (5.7) 

 
4933 (57.1) 
424 (80.6) 

 
Ref  
2.72 (2.04 - 3.61) 

 
 
<0.001 

 
Ref 
1.06 (0.91 - 1.23) 

 
 
0.449 

 Case complexity 
No fever  
Fever only 
Fever and other complaints 

 
1389 (15.12) 
1172 (12.8) 
6612 (72.1) 

 
797 (57.4) 
631 (53.8) 
3929 (59.4) 

 
Ref  
0.83 (0.67 - 1.02) 
1.14 (0.92 - 1.41) 

 
 
0.077 
0.123 

 
Ref  
1.09 (0.98 - 1.22) 
1.08 (0.97 - 1.20) 

 
 
 
0.171 
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Appendix 8: Covariates adjusted for in the final multivariable model of factors associated 

with improvements trends in malaria testing of febrile patients, 2010-2016 

Factor  Adjusted OR (95% CI)  P-value  

Facility ownership 
FBO/NGO 
Government 

 
Ref 
0.32 (0.23-0.44) 

 
 
<0.001 

Facility level 
Dispensary  
Health centre  
Hospital  

 
Ref 
0.76 (0.58-1.00) 
0.64 (0.45-0.92) 

 
 
0.047 
0.015 

Retrospective RDT and microscopy 
stockouts 
No 
Yes 

 
 
Ref  
0.53 (0.31-0.89) 

 
 
 
0.017 

Health worker gender  
 Female 
 Male 

 
Ref 
0.80 (0.66-0.97) 

 
 
0.021 

HW perception of endemicity 
Low 
High 

 
Ref  
1.77 (1.35-2.32) 

 
 
<0.001 

Correct knowledge on testing  
No 
Yes 

 
Ref  
1.43 (1.10-1.84) 

 
 
0.006 

Temperature  1.32 (1.26-1.40) <0.001 
Fever 
No 
Yes 

 
Ref  
1.69 (1.40-2.05) 

 
 
<0.001 

Diarrhoea 
No 
Yes 

 
Ref  
1.42 (1.15-1.75) 

 
 
0.001 

Headache  
No 
Yes 

 
Ref 
2.71 (2.31-3.18) 

 
 
<0.001 

Vomiting  
No 
Yes 

 
Ref  
2.33 (1.94-2.79) 

 
 
<0.001 

Chills  
No 
Yes 

 
Ref  
2.29 (1.67-3.12) 

 
 
<0.001 

Running nose 
No 
Yes 

 
Ref  
0.74 (0.60-0.90) 

 
 
0.003 

Rash  
No 
Yes 

 
Ref  
0.40 (0.27-0.60) 

 
 
<0.001 
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Appendix 9: Bivariable analysis of factors associated with improvement trends in AL treatment for test positive patients, 2010-2016 

 Factor  N=2200 
n (%) 

AL treated n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

Malaria 
endemicity 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal 
Low risk  

 
1178 (53.6) 
189 (8.6) 
304 (13.8) 
400 (18.2) 
129 (5.6) 

 
1041 (88.4) 
166 (87.8) 
262 (86.2) 
355 (88.8) 
113 (87.6) 

 
Ref 
1.97 (0.65 - 5.99) 
1.20 (0.54 - 2.67) 
1.95 (0.90 - 4.21) 
1.90 (0.66 - 5.51) 

 
 
0.231 
0.652 
0.090 
0.237 

 
Ref 
1.14 (0.66 - 1.96) 
0.76 (0.51 - 1.13) 
0.65 (0.44 - 0.95) 
0.45 (0.27 - 0.75) 

 
 
0.007 

Health 
Facility level 

Facility ownership 
FBO/NGO 
Government 

 
435 (19.8) 
1765 (80.2) 

 
337 (77.5) 
1600 (90.7) 

 
Ref  
3.04 (1.65 - 5.57) 

 
 
<0.001 

 
Ref 
1.11 (0.82 - 1.49) 

 
0.495 

Facility level 
Dispensary  
Health centre  
Hospital  

 
1236 (56.2) 
667 (30.3) 
297 (13.5) 

 
1112 (90.0) 
577 (86.5) 
248 (83.5) 

 
Ref 
0.78 (0.42 - 1.45) 
0.52 (0.25 - 1.09) 

 
 
0.424 
0.084 

 
Ref 
1.10 (0.80 - 1.50) 
1.37 (0.92 - 2.04) 

 
 
0.289 

Caseload on the survey 
day 

≤25 patients  
>25 patients 

 
1934 (87.9) 
266 (12.1) 

 
1696 (87.7) 
241 (90.6) 

 
Ref 
1.26 (0.43 - 3.69) 

 
 
0.672 Ref  

1.40 (0.77 - 2.56) 0.254 
Retrospective AL 
stockouts 

No 
Yes  

 
960 (43.9) 
1227 (56.1) 

 
872 (90.8) 
1056 (86.1) Ref  

0.53 (0.30 - 0.94) 0.030 
Ref  
0.97 (0.72 - 1.30) 0.834 

Malaria guidelines 
available 

No 
Yes 

 
1101 (50.4) 
1082 (49.6) 

 
963 (87.5) 
958 (88.5) Ref  

0.66 (0.35 - 1.23) 0.189 
Ref  
1.38 (0.99 - 1.92) 0.056 

Malaria new chart 
No 
Yes 

 
1801 (82.7) 
376 (17.3) 

 
1586 (88.1) 
329 (87.5) 

Ref  
0.91 (0.42 - 1.97) 0.816 

Ref  
0.99 (0.63 - 1.58) 0.987 

Health 
worker level 

Age, median (IQR) 33 (28-40)  0.99 (0.96 - 1.01) 0.273 1.00 (0.99 - 1.01) 0.839 

Gender  
 Female 
 Male 

 
1071 (48.7) 
1129 (51.3) 

 
947 (88.4) 
990 (87.7) 

Ref  
1.02 (0.62 - 1.67) 0.940 

Ref  
1.02 (0.80 - 1.32) 0.845 

Facility in charge 
No 
Yes 

 
1297 (59.1) 
898 (40.90 

 
1132 (87.3) 
800 (89.1) 

Ref  
1.22 (0.75 - 1.99) 0.416 

Ref  
0.90 (0.70 - 1.14) 0.392 
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Appendix 9: Continued 

 Factor  N=2200 
n (%) 

AL treated n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Cadre 
Others  
Nurse 
Clinical officer/ Medical officer 

 
75 (3.4) 
1324 (60.2) 
801 (36.4) 

 
72 (96.0) 
1180 (89.1) 
685 (85.5) 

Ref  
0.68 (0.13 - 3.62) 
0.49 (0.09 - 2.69) 
 

0.653 
0.413 
 

Ref  
2.09 (0.71 - 6.13) 
1.88 (0.64 - 5.53) 
 

0.298 
 

HW perception of endemicity 
Low 
High 

 
416 (19.0) 
1773 (81.0) 

 
372 (89.4) 
1555 (87.7) 

Ref  
0.70 (0.38 - 1.31) 0.263 

Ref  
1.48 (1.08 - 2.03) 0.015 

 MCM in-service training 
No 
Yes 

 
1297 (59.0) 
903 (41.1) 

 
1109 (85.5) 
828 (91.7) 

Ref  
1.61 (0.92 - 2.80) 0.093 

Ref  
1.51 (1.11 - 2.06) 0.008 

Access to current malaria 
diagnosis and treatment 
guidelines 

No 
Yes  

 
 
 
1182 (53.8) 
1016 (46.2) 

 
 
 
1031 (87.2) 
905 (89.1) 

Ref  
0.75 (0.42 - 1.35) 0.342 

Ref  
1.51 (1.08 - 2.09) 0.014 

Any supervision in the previous 3 
months 

No 
Yes 

 
 
721 (32.8) 
1479 (67.2) 

 
 
619 (85.9) 
1318 (89.1) 

Ref  
1.26 (0.72 - 2.21) 0.421 

Ref  
0.96 (0.73 - 1.28) 0.800 

MCM supervision in the previous 
3 months 

No 
Yes 

 
 
1302 (59.2) 
898 (40.8) 

 
 
1130 (86.8) 
807 (89.9) 

Ref  
0.89 (0.52 - 1.52) 0.670 

Ref  
1.28 (0.97 - 1.69) 0.074 

Observation of consultations in 
the previous 3 months 

No 
Yes 

 
 
1740 (79.1) 
460 (20.9) 

 
 
1513 (87.0) 
424 (92.2) 

Ref  
1.02 (0.51 - 2.07) 0.945 1.37 (0.96 - 1.94) 0.077 

Feedback in the previous 3 
months 

No 
Yes 

 
 
1473 (67.0) 
727 (33.1) 

 
 
1278 (86.7) 
659 (90.7) 

Ref  
0.90 (0.49 - 1.65) 0.734 

Ref  
1.26 (0.92 - 1.73) 0.141 

Correct knowledge on malaria 
treatment policy  

No 
Yes 

 
 
769 (35.0) 
1431 (65.1) 

 
 
636 (82.7) 
1301 (90.9) 

Ref  
1.44 (0.82 - 2.55) 0.208 

Ref  
1.34 (1.00 - 1.80) 0.053 

Patient 
level  

Age (median, IQR) 8 (3.2-22)  1.01 (1.00 - 1.02) 
 0.026 1.00 (0.99 - 1.00) 0.687 
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Appendix 9: Continued 

 Factor  N=2200 
n (%) 

AL treated n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 <5 years 
≥5 years 

754 (34.3) 
1446 (65.7) 

652 (86.5) 
1285 (88.9) 

Ref  
1.44 (1.00 - 2.08) 0.049 

Ref  
1.00 (0.83 - 1.20) 0.974 

 Duration of illness 
(median IQR) 

3 (1-4)  
1.02 (0.94 - 1.09) 0.665 0.99 (0.95 - 1.02) 0.450 

 Temperature 
<37.5°C 
 ≥37.5°C 

 
1345 (61.4) 
846 (38.6) 

 
1200 (89.2) 
728 (86.1) 

Ref  
0.65 (0.46 - 0.93) 0.018 1.03 (0.86 - 1.24) 0.717 

 Prior use of antimalarial 
No 
Yes  

 
2084 (94.7) 
116 (5.3) 

 
1844 (88.5) 
93 (80.2) 

Ref  
0.50 (0.25 - 0.97) 0.041 

Ref  
1.26 (0.86 - 1.84) 0.221 

 Main complaints        
 Fever  

No 
Yes 

 
337 (15.3) 
1863 (84.7) 

 
298 (88.4) 
1639 (88.0) 

Ref  
0.77 (0.47 - 1.27) 0.304 

Ref  
0.88 (0.68 - 1.15) 0.348 

 Cough 
No 
Yes 

 
1506 (68.5) 
694 (31.6) 

 
1320 (87.7) 
617 (88.9) 

Ref  
0.98 (0.67 - 1.44) 0.928 

Ref  
1.12 (0.92 - 1.36) 0.274 

 Diarrhoea 
No 
Yes 

 
1997 (90.8) 
203 (9.2) 

 
1765 (88.4) 
172 (84.7) 

Ref  
0.79 (0.45 - 1.38) 0.402 

Ref  
1.08 (0.80 - 1.45) 0.622 

 Headache 
No 
Yes 

 
1106 (50.3) 
1094 (49.7) 

 
970 (87.7) 
967 (88.4) 

Ref  
1.04 (0.73 - 1.48) 0.823 

Ref  
1.10 (0.92 - 1.32) 0.280 

 Running nose 
No 
Yes 

 
2058 (93.6) 
142 (6.5) 

 
1811 (88.0) 
126 (88.7) 

Ref  
1.02 (0.50 - 2.08) 0.959 

Ref  
1.14 (0.79 - 1.65) 0.473 

 Vomiting  
No 
Yes 

 
1633 (74.2) 
567 (25.8) 

 
1461 (89.5) 
476 (84.0) 

Ref  
0.52 (0.36 - 0.76) 0.001 

 
Ref 
0.92 (0.75 - 1.12) 0.394 

 Chills 
No 
Yes  

 
1988 (90.4) 
212 (9.6) 

 
1747 (87.9) 
190 (89.6) 

Ref  
0.66 (0.35 - 1.24) 0.192 

Ref  
1.29 (0.92 - 1.82) 0.138 

 Case complexity 
No fever  
Fever only  
Fever and other complaints  

 
337 (15.3) 
250 (11.4) 
1613 (73.3) 

 
298 (88.4) 
227 (90.8) 
1412 (87.5) 

Ref  
1.26 (0.62 - 2.58) 
0.71 (0.43 - 1.18) 
 

0.527 
0.184 
 

Ref  
0.82 (0.57 - 1.18) 
0.90 (0.69 - 1.18) 
 

0.561 
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Appendix 10: Bivariable analysis of factors associated with improvement trends in compliance with no antimalarial for test negative patients, 

2010-2016 

 Factor  N=3158 
n (%) 

No antimalarial n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

Malaria 
endemicity 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal 
Low risk  

 
882 (27.9) 
321 (10.2) 
806 (25.5) 
660 (20.9) 
489 (15.5) 

 
631 (71.5) 
291 (90.7) 
603 (74.8) 
549 (83.2) 
430 (87.9) 

Ref  
14.28 (5.10 - 39.98) 
1.12 (0.63 - 2.00) 
2.05 (1.12 - 3.75) 
6.69 (3.28 - 13.63) 
 

<0.001 
0.702 
0.020 
<0.001 
 

Ref 
1.53 (0.83 - 2.81) 
0.88 (0.65 - 1.19) 
0.66 (0.48 - 0.90) 
1.11 (0.75 - 1.65) 
 

0.010 
 

Health 
Facility level 

Facility ownership 
FBO/NGO 
Government 

 
500 (15.8) 
2658 (84.2) 

 
383 (76.4) 
2122 (79.8) 

 
Ref 
1.10 (0.63 - 1.94) 0.734 

 
Ref 
1.08 (0.82 - 1.43) 

 
 
0.587 

Facility level 
Dispensary  
Health centre  
Hospital  

 
1560 (49.4) 
979 (31.0) 
619 (19.6) 

 
1284 (82.3) 
759 (77.5) 
461 (74.5) 

Ref 
0.85 (0.51 - 1.42) 
0.57 (0.31 - 1.04) 

0.525 
0.067 

Ref 
1.30 (0.98 - 1.72) 
1.03 (0.76 - 1.41) 0.173 

Caseload on the survey 
day 

≤25 patients  
>25 patients 

 
2877 (91.1) 
281 (8.9) 

 
2312 (80.4) 
192 (68.3) Ref 

0.54 (0.20 - 1.49) 0.236 
Ref  
1.84 (0.97 - 3.48) 0.048 

Type of malaria diagnostic 
at the facility 

RDT  
Microscopy  
Both  

 
 
834 (26.4) 
1551 (49.1) 
773 (24.5) 

 
 
701 (84.1) 
1114 (71.8) 
689 (89.1) 

Ref 
0.97 (0.54 - 1.75) 
2.46 (1.26 - 4.83) 

0.927 
0.009 

Ref 
0.67 (0.47 - 0.94) 
0.85 (0.55 - 1.31) 0.052 

Retrospective RDT 
stockouts 

No 
Yes 

 
1331 (43.7) 
1717 (56.3) 

 
1166 (87.6) 
1262 (73.5) Ref 

0.72 (0.43 - 1.22) 0.227 1.26 (0.98 - 1.62) 0.061 
Retrospective microscopy 
stockouts 

No 
Yes 

 
 
2619 (82.9) 
539 (17.1) 

 
 
2065 (78.9) 
439 (81.5) 

Ref 
0.91 (0.51 - 1.64) 0.755 

Ref  
1.11 (0.80 - 1.54) 0.542 

Retrospective RDT and 
microscopy stockouts 

No 
Yes 

 
 
3017 (95.5) 
141 (4.5) 

 
 
2398 (79.5) 
106 (75.2) 

Ref 
1.25 (0.44 - 3.56) 0.674 

Ref 
0.77 (0.49 - 1.21) 0.268 
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Appendix 10: Continued 

 Factor  N=3158 
n (%) 

No antimalarial n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Retrospective AL 
stockouts 

No 
Yes  

 
1662 (53.0) 
1472 (47.0) 

 
1413 (85.0) 
1073 (72.9) Ref 

0.44 (0.28 - 0.68) <0.001 
Ref 
1.22 (0.96 - 1.54) 0.113 

Malaria guidelines 
available 

No 
Yes 

 
1495 (47.8) 
1633 (52.2) 

 
1061 (71.0) 
1417 (86.8) Ref 

1.96 (1.21 - 3.18) 0.007 
Ref 
0.94 (0.71 - 1.22) 0.647 

Malaria new chart 
No 
Yes 

 
2565 (82.5) 
546 (17.6) 

 
1979 (77.2) 
478 (87.6) 

Ref 
1.39 (0.76 - 2.55) 0.288 

Ref  
1.02 (0.70 - 1.49) 0.916 

Health 
worker level 

Age, median (IQR) 32 (28-40)  1.01 (0.98 - 1.03) 0.590 0.99 (0.98 - 1.01) 0.311 

Gender  
 Female 
 Male 

 
1624 (51.4) 
1534 (48.6) 

 
1296 (79.8) 
1208 (78.8) 

Ref 
0.73 (0.51 - 1.06) 0.096 

Ref 
0.80 (0.65 - 0.98) 0.035 

Facility in charge 
No 
Yes 

 
1990 (63.3) 
1152 (36.7) 

 
1563 (78.5) 
929 (80.6) 

Ref 
1.13 (0.75 - 1.70) 0.552 

Ref 
0.83 (0.67 - 1.03) 0.096 

Cadre 
Others  
Nurse 
Clinical officer/ Medical 
officer 

 
125 (4.0) 
1727 (54.7) 
1306 (41.4) 

 
98 (78.4) 
1367 (79.2) 
1039 (79.6) 

Ref 
2.55 (1.00 - 6.49) 
2.58 (0.98 - 6.81) 
 

0.050 
0.056 
 

Ref 
1.60 (0.91 - 2.82) 
1.50 (0.84 - 2.66) 
 

0.256 
 

HW perception of 
endemicity 

Low 
High 

 
1443 (45.8) 
1706 (54.2) 

 
1251 (86.7) 
1249 (73.2) Ref 

0.34 (0.22 - 0.53) <0.001 
Ref 
1.02 (0.81 - 1.29) 0.869 

MCM in-service training 
No 
Yes 

 
1769 (56.0) 
1389 (44.0) 

 
1274 (72.0) 
1230 (88.6) 

Ref 
2.26 (1.51 - 3.37) <0.001 

Ref 
1.44 (1.12 - 1.84) 0.003 

Access to current malaria 
diagnosis and treatment 
guidelines 

No 
Yes  

 
 
 
1542 (49.2) 
1592 (50.8) 

 
 
 
1092 (70.8) 
1392 (87.4) 

Ref 
1.81 (1.18 - 2.79) 0.007 

Ref 
0.90 (0.70 - 1.16) 0.427 
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Appendix 10: Continued 

 Factor  N=3158 
n (%) 

No antimalarial n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Any supervision in the 
previous 3 months 

No 
Yes 

 
 
1145 (36.3) 
2013 (63.7) 

 
 
870 (76.0) 
1634 (81.2) 

Ref 
1.07 (0.70 - 1.63) 0.749 

Ref 
0.87 (0.69 - 1.10) 0.255 

MCM supervision in the 
previous 3 months 

No 
Yes 

 
 
2098 (66.4) 
1060 (33.6) 

 
 
1648 (78.6) 
856 (80.8) 

Ref 
0.81 (0.53 - 1.24) 0.339 

Ref 
1.09 (0.87 - 1.38) 0.463 

Observation of 
consultations in the 
previous 3 months 

No 
Yes 

 
 
2643 (83.7) 
515 (16.3) 

 
 
2063 (78.1) 
441 (85.6) Ref 

1.13 (0.64 - 2.02) 0.671 
Ref 
1.11 (0.82 - 1.50) 0.500 

Feedback in the previous 3 
months 

No 
Yes 

 
 
2376 (75.2) 
782 (24.8) 

 
 
1851 (77.9) 
653 (83.5) 

Ref 
1.28 (0.78 - 2.10) 0.324 

Ref 
1.05 (0.80 - 1.39) 0.729 

Correct knowledge on 
testing  

No 
Yes 

 
957 (30.3) 
2201 (69.7) 

 
552 (57.7) 
1952 (88.7) Ref 

4.31 (2.94 - 6.33) <0.001 
Ref 
1.40 (1.13 - 1.73) 0.002 

Patient-level  Age (median, IQR) 8 (2.3-28)  1.00 (1.00 - 1.01)  0.421 1.00 (0.99 - 1.00)  0.145 
 <5 years 

≥5 years 
1265 (40.1) 
1892 (59.9) 

1014 (80.2) 
1490 (78.8) 

Ref 
0.77 (0.59 - 1.01) 0.063 

Ref  
0.87 (0.75 - 1.01) 0.071 

 0-11 months 
12-59 months 
5-14 years 
≥15 years 

297 (9.4) 
968 (30.7) 
658 (20.8) 
1234 (39.1) 

242 (81.5) 
772 (79.8) 
513 (78.0) 
977 (79.2) 

Ref 
0.80 (0.50 - 1.29) 
0.52 (0.31 - 0.86) 
0.75 (0.47 - 1.21) 

0.366 
0.010 
0.235 

Ref 
0.95 (0.72 - 1.26) 
0.92 (0.69 - 1.23) 
0.80 (0.61 - 1.05) 0.182 

 

Duration of illness  

(median IQR) 

 

3 (2-4) 

 

1.06 (1.00 - 1.12) 0.052 1.00 (0.97 - 1.03) 0.984 
 Temperature 

<37.5°C 
 ≥37.5°C 

 
2202 (69.9) 
947 (30.1) 

 
1782 (80.9) 
714 (75.4) 

Ref 
0.57 (0.43 - 0.76) <0.001 

Ref 
0.96 (0.83 - 1.13) 0.660 

 Main complaints        
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Appendix 10: Continued 

 Factor  N=3158 
n (%) 

No antimalarial n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Fever  
No 
Yes 

 
460 (14.6) 
2698 (85.4) 

 
360 (78.3) 
2144 (79.5) 

Ref 
0.65 (0.44 - 0.95) 0.024 

Ref 
1.27 (1.03 - 1.56) 0.028 

 Cough 
No 
Yes 

 
1742 (55.2) 
1416 (44.8) 

 
1316 (75.6) 
1188 (83.9) 

Ref 
2.20 (1.68 - 2.88) <0.001 

Ref 
1.08 (0.93 - 1.26) 0.297 

 Diarrhoea 
No 
Yes 

 
2760 (87.4) 
398 (12.6) 

 
2190 (79.4) 
314 (78.9) 

Ref 
1.16 (0.79 - 1.71) 0.457 

Ref 
1.06 (0.86 - 1.32) 0.574 

 Headache 
No 
Yes 

 
1898 (60.1) 
1260 (39.9) 

 
1543 (81.3) 
961 (76.3) 

Ref 
0.53 (0.40 - 0.69) <0.001 

Ref 
0.85 (0.74 - 0.98) 0.030 

 Running nose 
No 
Yes 

 
2808 (88.9) 
350 (11.1) 

 
2217 (79.0) 
287 (82.0) 

Ref 
1.32 (0.86 - 2.04) 0.206 

Ref 
1.26 (0.98 - 1.62) 0.061 

 Rash 
No 
Yes 

 
3101 (98.2) 
57 (1.8) 

 
2459 (79.3) 
45 (79.0) 

Ref 
0.66 (0.25 - 1.73) 0.392 

Ref 
1.09 (0.62 - 1.91) 0.753 

 Vomiting  
No 
Yes 

 
2619 (82.9) 
539 (17.1) 

 
2116 (80.8) 
388 (72.0) 

Ref 
0.42 (0.30 - 0.59) <0.001 

Ref 
1.23 (1.01 - 1.49) 0.036 

 Chills 
No 
Yes  

 
2946 (93.3) 
212 (6.7) 

 
2345 (79.6) 
159 (75.0) 

Ref 
0.53 (0.32 - 0.88) 0.014 

Ref 
0.98 (0.75 - 1.30) 0.907 

 Case complexity 
No fever  
Fever only  
Fever and other complaints  

 
460 (15.6) 
381 (12.1) 
2317 (73.4) 

 
360 (78.3) 
302 (79.3) 
1842 (79.5) 

Ref 
0.72 (0.43 - 1.20) 
0.63 (0.43 - 0.93) 
 

0.205 
0.020 
 

Ref  
1.69 (1.25 - 2.29) 
1.22 (0.98 - 1.50) 
 

0.002 
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Appendix 11: Covariates adjusted for in the final multivariable models of factors associated 

with improvements trends in compliance with test results, 2010-2016 

Factor  Adjusted OR (95% CI)  P-value  

1. AL treatment for malaria positive patients 

MCM training 
No  
Yes  

 
Ref  
1.79 (1.02-3.17) 

 
 
0.044 

Temperature 
<37.5°C 
 ≥37.5°C 

 
Ref  
0.65 (0.44-0.96) 

 
 
0.030 

2. No antimalarial treatment for test negative patients 

Type of malaria diagnostic tests at the 
facility 
RDT  
Microscopy  
Both  

 
 
Ref  
1.38 (0.69-2.76) 
3.21 (1.64-6.29) 

 
 
 
0.365 
0.001 

Retrospective AL stockouts 
No 
Yes  

 
Ref 
0.39 (0.25-0.61) 

 
 
<0.001 

HW perception of endemicity 
Low 
High  

 
Ref  
0.44 (0.26-0.74) 

 
 
0.002 

Temperature 
<37.5°C 
 ≥37.5°C 

 
Ref 
0.55 (0.41-0.74) 

 
 
<0.001 

Headache  
No  
Yes 

 
Ref 
0.58 (0.43-0.78) 

 
 
<0.001 

Vomiting  
No  
Yes 

 
Ref 
0.39 (0.27-0.56) 

 
 
<0.001 

Cough  
No  
Yes 

 
Ref 
2.07 (1.55-2.79) 

 
 
<0.001 
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Appendix 12: Bivariable analysis of factors associated with improvement trends in the administration of first AL dose at the facility, 2010-

2016 

 Factor  N=3341 
n (%) 

Given AL n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

Malaria 
endemicity 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  
Low risk  

 
1570 (47.0) 
269 (8.1) 
632 (18.9) 
686 (20.5) 
184 (5.5) 

 
700 (44.6) 
132 (49.1) 
195 (30.9) 
163 (23.8) 
54 (29.4) 

Ref 
12.09 (3.23 - 45.22) 
0.38 (0.15 - 0.91) 
0.18 (0.07 - 0.44) 
0.47 (0.14 - 1.54) 
 

<0.001 
0.031 
<0.001 
0.213 
 

Ref 
2.15 (1.17 - 3.97) 
0.54 (0.35 - 0.83) 
0.62 (0.40 - 0.96) 
0.63 (0.34 - 1.16) 
 

0.019 
 

Health 
Facility level 

Facility ownership 
FBO/NGO 
Government 

 
514 (15.4) 
2827 (84.6) 

 
204 (39.7) 
1040 (36.8) 

Ref 
0.44 (0.19 - 1.02) 0.056 

Ref 
1.63 (1.08 - 2.46) 0.091 

Facility level 
Dispensary  
Health centre  
Hospital  

 
1752 (52.4) 
966 (28.9) 
623 (18.7) 

 
781 (44.6) 
351 (36.3) 
112 (18.0) 

Ref 
0.46 (0.22 - 0.97) 
0.02 (0.01 - 0.05) 

0.042 
<0.001 

Ref 
1.11 (0.77 - 1.60) 
0.74 (0.47 - 1.16) 0.738 

Caseload on the survey 
day 

≤25 patients  
>25 patients 

 
2753 (82.4) 
588 (17.6) 

 
1093 (39.7) 
151 (25.7) Ref 

0.13 (0.03 - 0.49) 0.003 
Ref 
0.97 (0.48 - 1.97) 1.000 

Retrospective AL 
stockouts 

No 
Yes 

 
1434 (43.1) 
1892 (56.9) 

 
578 (40.3) 
665 (35.2) Ref 

0.66 (0.35 - 1.28) 0.221 
Ref 
1.36 (0.98 - 1.89) 0.193 

Cadre dispensing drugs 
Community health 
workers 
Nurse/ Clinician  
Pharmacists /pharm techs 
Others  

 
654 (19.6) 
1351 (40.4) 
826 (24.7) 
510 (15.3) 

 
284 (43.4) 
546 (40.4) 
171 (20.7) 
243 (47.7) 

Ref 
0.84 (0.34 - 2.07) 
0.04 (0.01 - 0.13) 
0.87 (0.29 - 2.66) 

0.707 
<0.001 
0.810 

Ref 
0.57 (0.36 - 0.90) 
0.46 (0.27 - 0.76) 
0.71 (0.41 - 1.22) 0.269 

Malaria guidelines 
available 

No 
Yes 

 
2031 (61.1) 
1291 (38.9) 

 
612 (30.1) 
613 (47.5) Ref 

3.42 (1.60 - 7.33) 0.002 
Ref 
1.01 (0.69 - 1.47) 0.961 
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Appendix 12: Continued 

 Factor  N=3341 
n (%) 

Given AL n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 Cadre 
Others  
Nurse 
Clinical officer/ Medical 
officer 

 
147 (4.4) 
1917 (57.4) 
1277 (38.2) 

 
58 (39.5) 
811 (42.3) 
375 (29.4) 

Ref 
5.52 (1.60 - 19.06) 
2.36 (0.65 - 8.59) 
 

0.007 
0.192 
 

Ref 
1.10 (0.52 - 2.35) 
1.42 (0.66 - 3.08) 
 0.254 

HW perception of 
endemicity 

Low 
High 

 
687 (20.7) 
2638 (79.3) 

 
217 (31.6) 
1017 (38.6) Ref 

1.78 (0.94 - 3.38) 0.076 
Ref 
1.48 (1.06 - 2.06) 0.076 

MCM in-service training 
No 
Yes 

 
2245 (67.2) 
1096 (32.8) 

 
724 (32.3) 
520 (47.5) 

Ref 
1.49 (0.87 - 2.57) 0.147 

Ref 
1.17 (0.88 - 1.56) 0.456 

Access to current malaria 
diagnosis and treatment 
guidelines 

No 
Yes  

 
 
 
2123 (63.6) 
1213 (36.3) 

 
 
 
661 (31.1) 
583 (48.1) 

Ref 
1.97 (1.00 - 3.88) 0.051 

Ref 
1.32 (0.92 - 1.92) 0.388 

Access to IMCI guidelines 
No 
Yes 

 
1420 (42.6) 
1916 (57.4) 

 
445 (31.3) 
799 (41.7) 

Ref 
1.35 (0.78 - 2.33) 0.278 

Ref 
1.65 (1.25 - 2.19) 0.004 

Any supervision in the 
previous 3 months 

No 
Yes 

 
 
1213 (36.3) 
2128 (63.7) 

 
 
292 (24.1) 
952 (44.7) 

Ref 
3.10 (1.70 - 5.64) <0.001 

Ref 
1.22 (0.90 - 1.65) 0.609 

MCM supervision in the 
previous 3 months 

No 
Yes 

 
 
2140 (64.1) 
1201 (36.0) 

 
 
641 (30.0) 
603 (50.2) 

Ref 
2.64 (1.50 - 4.66) 0.001 1.06 (0.80 - 1.40) 0.687 

Observation of 
consultations in the 
previous 3 months 

No 
Yes 

 
 
2747 (82.2) 
594 (17.8) 

 
 
944 (34.4) 
300 (50.5) Ref 

3.27 (1.47 - 7.29) 0.004 
Ref 
1.16 (0.80 - 1.68) 1.000 

Feedback in the previous 3 
months 

No 
Yes 

 
 
2436 (72.9) 
905 (27.1) 

 
 
784 (32.2) 
460 (50.8) 

Ref 
2.84 (1.45 - 5.57) 0.002 

Ref 
0.96 (0.69 - 1.34) 0.721 

Patient-level  Age (median, IQR) 7 (2.5-21)  0.99 (0.98-1.00) 0.067 1.00 (1.00-1.00) 0.527 
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Appendix 12: Continued 

 Factor  N=3341 
n (%) 

Given AL n (%) OR (95% CI)1 P-value  T-OR (95% CI)2 P-value for interaction 
(factor*time) 

 <5 years 
≥5 years 

1362 (40.8) 
1978 (59.2) 

517 (38.0) 
726 (36.7) 

Ref 
0.83 (0.62 - 1.10) 0.199 

Ref 
1.11 (0.97 - 1.27) 0.137 

 0-11 months 
12-59 months 
5-14 years 
≥15 years 

295 (8.8) 
1067 (32.0) 
915 (27.4) 
1063 (31.8) 

108 (36.6) 
409 (38.3) 
405 (44.3) 
321 (30.2) 

Ref 
1.25 (0.74 - 2.14) 
1.24 (0.71 - 2.14) 
0.80 (0.46 - 1.38) 

0.406 
0.447 
0.414 

Ref 
1.14 (0.86 - 1.50) 
1.35 (1.02 - 1.78) 
1.11 (0.83 - 1.47) 

0.062 
 

 Temperature 
<37.5°C 
 ≥37.5°C 

 
2105 (63.3) 
1223 (36.8) 

 
715 (34.0) 
526 (43.0) 

Ref 
2.23 (1.65 - 3.01) <0.001 

Ref 
1.01 (0.88 - 1.16) 0.971 

 Main complaints        

 Fever  
No 
Yes 

 
479 (14.3) 
2862 (85.7) 

 
171 (35.7) 
1073 (37.5) 

Ref 
1.05 (0.70 - 1.57) 0.823 

Ref 
1.13 (0.93 - 1.38) 0.261 

 Cough 
No 
Yes 

 
2118 (63.4) 
1223 (36.6) 

 
806 (38.1) 
438 (35.8) 

Ref 
1.10 (0.83 - 1.47) 0.511 

Ref 
1.04 (0.91 - 1.19) 0.594 

 Diarrhoea 
No 
Yes 

 
2986 (89.4) 
35 (10.6) 

 
1114 (37.3) 
130 (36.6) 

Ref 
0.73 (0.46 - 1.15) 0.172 

Ref 
0.93 (0.75 - 1.15) 0.511 

 Headache 
No 
Yes 

 
1865 (55.8) 
1476 (44.2) 

 
667 (35.8) 
577 (39.1) 

Ref 
1.18 (0.89 - 1.56) 0.259 

Ref 
1.12 (0.98 - 1.28) 0.098 

 Running nose 
No 
Yes 

 
3060 (91.6) 
281 (8.4) 

 
1156 (37.8) 
88 (31.3) 

Ref 
1.00 (0.60 - 1.67) 0.997 

Ref 
0.89 (0.70 - 1.14) 0.366 

 Rash 
No 
Yes 

 
3283 (98.3) 
58 (1.7) 

 
1220 (37.2) 
24 (41.4) 

Ref 
1.23 (0.43 - 3.54) 0.701 

Ref 
0.79 (0.46 - 1.37) 0.410 

 Vomiting  
No 
Yes 

 
2591 (77.6) 
750 (22.5) 

 
940 (36.3) 
304 (40.5) 

Ref 
1.03 (0.74 - 1.42) 0.879 

Ref 
1.01 (0.87 - 1.18) 0.887 

 Chills 
No 
Yes  

 
3077 (92.1) 
264 (7.9) 

 
1125 (36.6) 
119 (45.1) 

Ref 
1.28 (0.79 - 2.09) 0.322 

Ref 
1.18 (0.90 - 1.56) 0.230 

 Case complexity 
No fever  
Fever only  
Fever and other complaints  

 
479 (14.3) 
400 (12.0) 
2462 (73.7) 

 
171 (35.7) 
155 (38.8) 
918 (37.3) 

Ref 
1.05 (0.61 - 1.80) 
1.05 (0.70 - 1.58) 

0.868 
0.824 

Ref 
0.85 (0.65 - 1.12) 
1.18 (0.96 - 1.45) 0.006 
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Appendix 13: Covariates adjusted for in the final multivariable model of factors associated 

with improvements trends in the administration of first AL dose at the facility, 2010-2016 

Factor  Adjusted OR (95% CI)  P-value  

Facility ownership 
FBO/NGO 
Government 

 
Ref 
0.40 (0.17-0.95) 

 
 
0.037 

Facility level 
Dispensary  
Health centre  
Hospital  

 
Ref 
0.77 (0.35-1.70) 
0.09 (0.02-0.31) 

 
 
0.517 
<0.001 

Caseload on the survey day 
≤25 patients  
>25 patients 

 
Ref 
0.16 (0.04-0.65) 

 
 
0.011 

Health worker gender 
Female 
Male  

 
Ref 
0.53 (0.32-0.87) 

 
 
0.013 

Cadre 
Others  
Nurse 
Clinical officer/ Medical officer 

 
Ref 
4.16 (1.15-14.20) 
5.42 (1.33-22.14) 

 
 
0.029 
0.018 

MCM supervision  
No 
Yes 

 
Ref 
2.29 (1.28-4.10) 

 
 
0.006 

Temperature 
<37.5°C 
 ≥37.5°C 

 
Ref 
2.27 (1.67-3.07) 

 
 
<0.001 



262 

 

Appendix 14: Univariable analysis of factors associated with compliance with composite “test and treat” performance, 2014-2016 

 Factor  N=2752 
n (%) 

Tested and treated [n (%)] Unadjusted OR (95% CI) P-value  

Malaria 
endemicity 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  
Low risk  

 
888 (32.3) 
270 (9.8) 
576 (20.9) 
619 (22.5) 
399 (14.5) 

 
735 (82.8) 
164 (60.7) 
376 (65.3) 
289 (46.7) 
132 (33.1) 

Ref 
0.21 (0.11 - 0.43) 
0.29 (0.17 - 0.50) 
0.12 (0.07 - 0.19) 
0.07 (0.04 - 0.11) 

<0.001 
<0.001 
<0.001 
<0.001 

Health facility 
level 

Facility ownership 
FBO/NGO 
Government 

 
299 (10.9) 
2453 (89.1) 

 
208 (69.6) 
1488 (60.7) 

Ref 
0.35 (0.20 - 0.63) <0.001 

 Facility level 
Dispensary  
Health centre  
Hospital  

 
1563 (56.8) 
769 (27.9) 
420 (15.3) 

 
1005 (64.3) 
472 (61.4) 
219 (52.1) 

Ref 
1.02 (0.63 - 1.63) 
0.79 (0.43 - 1.45) 

0.950 
0.448 

 Caseload on the survey day 
≤25 patients  
>25 patients 

 
2582 (93.8) 
170 (6.2) 

 
1549 (60.0) 
147 (86.5) 

Ref 
5.45 (1.20 - 24.79) 0.028 

 Type of malaria diagnostic at the facility 
RDT  
Microscopy  
Both RDT & microscopy  

 
1315 (47.8) 
573 (20.8) 
864 (31.4) 

 
809 (61.5) 
324 (56.5) 
563 (65.2) 

Ref 
1.23 (0.70 - 2.14) 
1.69 (1.06 - 2.71) 

0.472 
0.029 

 Retrospective RDT stockouts 
No 
Yes 

 
1978 (71.9) 
739 (26.9) 

 
1220 (61.7) 
457 (61.8) 

Ref 
1.41 (0.87 - 2.27) 0.159 

 Retrospective microscopy stockouts 
No 
Yes 

 
2068 (75.2) 
684 (24.9) 

 
1282 (62.0) 
414 (60.5) 

Ref 
0.83 (0.52 - 1.33) 0.450 

 Retrospective RDT and microscopy stockouts 
No 
Yes 

 
2644 (96.1) 
108 (3.9) 

 
1609 (60.9) 
87 (80.6) 

Ref 
4.53 (1.42 - 14.38) 0.011 

 Retrospective AL stockouts 
No 
Yes  

 
1161 (42.2) 
1567 (56.9) 

 
758 (65.3) 
926 (59.1) 

Ref 
0.58 (0.38 - 0.89) 0.012 

 Malaria guidelines available 
No 
Yes 

 
1883 (69.0) 
847 (31.0) 

 
526 (62.1) 
1158 (61.5) 

Ref 
1.13 (0.72 - 1.77) 0.607 

 Malaria new chart 
No 
Yes  

 
2001 (72.7) 
719 (26.1) 

 
1240 (62.0) 
434 (60.4) 

Ref 
1.13 (0.72 - 1.78) 0.590 
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Appendix 14: Continued 

 Factor  N=2752 
n (%) 

Tested and treated [n (%)] Unadjusted OR (95% CI) P-value  

Health worker level  Age (median, IQR) 32 (28-38)  1.00 (0.98 - 1.02) 0.718 
 Age  

≤35 years 
>35 years 

 
1754 (64.5) 
964 (35.5) 

 
1065 (60.7) 
599 (62.1) 

Ref 
0.86 (0.60 - 1.22) 0.390 

 Gender  
 Female 
 Male 

 
1376 (50.0) 
1376 (50.0) 

 
844 (61.3) 
852 (61.9) 

Ref 
0.90 (0.64 - 1.25) 0.520 

 Facility in charge 
No 
Yes 

 
1779 (65.3) 
947 (34.7) 

 
1063 (59.8) 
617 (65.2) 

Ref 
1.14 (0.79 - 1.62) 0.487 

 Cadre 
Others  
Nurse 
Clinical officer/ Medical officer 

 
182 (6.6) 
1443 (52.4) 
1127 (41.0) 

 
112 (61.5) 
929 (64.4) 
655 (58.1) 

Ref 
1.51 (0.71 - 3.19) 
1.39 (0.65 - 2.96) 

0.281 
0.395 

 HW perception of endemicity 
Low 
High 

 
1302 (47.4) 
1446 (52.6) 

 
589 (45.2) 
1105 (76.4) 

Ref 
4.84 (3.39 - 6.91) <0.001 

 MCM in-service training 
No 
Yes 

 
1057 (38.4) 
1695 (61.6) 

 
584 (55.3) 
1112 (65.6) 

Ref 
1.65 (1.18 - 2.32) 0.003 

 Access to current malaria diagnosis and 
treatment guidelines 

No 
Yes  

 
 
929 (34.0) 
1803 (66.0) 

 
 
588 (63.3) 
1098 (60.9) 

Ref 
1.03 (0.68 - 1.56) 0.900 

 Any supervision in the previous 3 
months 

No 
Yes 

 
 
866 (31.5) 
1886 (68.5) 

 
 
478 (55.2) 
1218 (64.6) 

Ref 
1.34 (0.91 - 1.98) 0.140 

 MCM supervision in the previous 3 
months 

No 
Yes 

 
 
1571 (57.1) 
1181 (42.9) 

 
 
856 (54.5) 
840 (71.1) 

Ref 
2.28 (1.57 - 3.31) <0.001 

 Observation of consultations in the 
previous 3 months 

No 
Yes 

 
 
2044 (74.3) 
708 (25.7) 

 
 
1179 (57.7) 
517 (73.0) 

Ref 
2.47 (1.57 - 3.89) <0.001 
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Appendix 14: Continued 

 Factor  N=2752 
n (%) 

Tested and treated [n (%)] Unadjusted OR (95% CI) P-value  

 Feedback in the previous 3 months 
No 
Yes 

 
1842 (66.9) 
910 (33.1) 

 
1015 (55.1) 
681 (74.8) 

Ref 
2.45 (1.64 - 3.66) <0.001 

 Correct knowledge on testing  
No 
Yes 

 
268 (9.7) 
2484 (90.3) 

 
127 (47.4) 
1569 (63.2) 

Ref 
1.59 (0.96 - 2.64) 0.069 

 Correct knowledge on malaria treatment 
policy 

No 
Yes 

 
 
256 (9.3) 
2496 (90.7) 

 
 
133 (52.0) 
1563 (62.6) 

Ref 
1.76 (1.03 - 3.00) 0.038 

Patient-level  Age (median, IQR) 7 (2.4-20)  1.00 (0.99 - 1.01) 0.661 

 <5 years 
>5 years 

1115 (40.5) 
1637 (59.5) 

617 (55.5) 
1079 (65.9) 

Ref 
1.43 (1.15 - 1.77) 0.001 

 0-11 months 
12-59 months 
5-14 years 
≥15 years 

270 (9.8) 
845 (30.7) 
742 (27.0) 
895 (32.5) 

121 (44.8) 
496 (58.7) 
513 (69.1) 
566 (63.2) 

Ref 
2.00 (1.37 - 2.93) 
2.61 (1.76 - 3.88) 
2.30 (1.57 - 3.36) 

<0.001 
<0.001 
<0.001 

 Duration of illness (median IQR)   0.96 (0.93 - 1.00) 0.072 

 Temperature 
<37.5°C 
 ≥37.5°C 

 
1897 (69.3) 
841 (30.7) 

 
1119 (59.0) 
568 (67.5) 

Ref 
1.19 (1.09 - 1.30) <0.001 

 Prior use of antimalarial 
No 
Yes  

 
2663 (96.8) 
89 (3.2) 

 
1631 (61.3) 
65 (73.0) 

Ref 
1.25 (0.66 - 2.35) 0.499 

 Main complaints      
 Fever  

No 
Yes 

 
353 (12.8) 
2399 (87.2) 

 
219 (62.0) 
1477 (61.6) 

Ref 
1.17 (0.85 - 1.61) 0.322 

 Cough 
No 
Yes 

 
1521 (55.3) 
1231 (44.7) 

 
1001 (65.8) 
695 (56.5) 

Ref 
0.60 (0.49 - 0.75) <0.001 

 Diarrhoea 
No 
Yes 

 
2457 (89.3) 
295 (10.7) 

 
1521 (61.9) 
175 (59.3) 

Ref 
1.24 (0.89 - 1.74) 0.208 
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Appendix 14: Continued 

 Factor  N=2752 
n (%) 

Tested and treated [n (%)] Unadjusted OR (95% CI) P-value  

 Headache 
No 
Yes 

 
1617 (58.7) 
1135 (41.2) 

 
881 (54.5) 
815 (71.8) 

Ref 
2.12 (1.70 - 2.64) <0.001 

 Running nose 
No 
Yes 

 
2415 (87.8) 
337 (12.3) 

 
1541 (63.8) 
155 (46.0) 

Ref 
0.45 (0.33 - 0.63) <0.001 

 Rash 
No 
Yes 

 
2687 (97.6) 
65 (2.4) 

 
1669 (62.1) 
27 (41.5) 

Ref 
0.35 (0.18 - 0.70) 0.003 

 Vomiting  
No 
Yes 

 
2263 (82.2) 
489 (17.8) 

 
1354 (59.8) 
342 (69.9) 

Ref 
1.65 (1.24 - 2.19) 0.001 

 Chills 
No 
Yes  

 
2533 (92.0) 
219 (8.0) 

 
1515 (59.8) 
181 (82.7) 

Ref 
2.29 (1.46 - 3.60) <0.001 

 Case complexity 
No fever  
Fever only  
Fever and other complaints 

 
353 (12.8) 
315 (11.5) 
2084 (75.7) 

 
219 (62.0) 
187 (59.4) 
1290 (61.9) 

Ref 
1.14 (0.74 - 1.74) 
1.18 (0.86 - 1.62) 

0.557 
0.313 
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Appendix 15: Univariable analysis of factors associated with compliance with malaria testing of febrile patients, 2014-2016 

 Factor  N=2752 
n (%) 

Tested [n (%)] Unadjusted OR (95% CI) P-value  

Malaria 
endemicity 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  
Low risk  

 
888 (32.3) 
270 (9.8) 
576 (20.9) 
619 (22.5) 
399 (14.5) 

 
797 (89.8) 
166 (61.5) 
421 (73.1) 
316 (51.1) 
141 (35.3) 

 
Ref 
0.09 (0.04 - 0.20) 
0.20 (0.09 - 0.43) 
0.06 (0.03 - 0.13) 
0.03 (0.01 - 0.06) 

 
 
<0.001 
<0.001 
<0.001 
<0.001 

Health facility 
level 

Facility ownership 
FBO/NGO 
Government 

 
299 (10.9) 
2453 (89.1) 

 
234 (78.3) 
1607 (65.5) 

 
Ref 
0.20 (0.10 - 0.40) 

 
 
<0.001 

 Facility level 
Dispensary  
Health centre  
Hospital  

 
1563 (56.8) 
769 (27.9) 
420 (15.3) 

 
1079 (69.0) 
512 (66.6) 
250 (59.5) 

 
Ref 
1.01 (0.59 - 1.74) 
0.78 (0.46 - 1.34) 

 
 
0.965 
0.164 

 Caseload on the survey day 
≤25 patients  
>25 patients 

 
2582 (93.8) 
170 (6.2) 

 
1694 (65.6) 
147 (86.5) 

 
Ref 
3.57 (0.62 - 20.43) 

 
 
0.153 

 Type of malaria diagnostic at the facility 
RDTs  
Microscopy  
Both RDT & microscopy  

 
1315 (47.8) 
573 (20.8) 
864 (31.4) 

 
858 (62.3) 
375 (65.5) 
608 (70.4) 

 
Ref 
1.84 (0.97 - 3.50) 
1.98 (1.04 - 3.76) 

 
 
0.061 
<0.013 

 Retrospective RDT stockouts 
No 
Yes 

 
1978 (71.9) 
739 (26.9) 

 
1309 (66.2) 
513 (69.4) 

 
Ref 
1.93 (1.11 - 3.34) 

 
 
0.020 

 Retrospective microscopy stockouts 
No 
Yes 

 
2068 (75.2) 
684 (24.9) 

 
1391 (67.3) 
450 (65.8) 

 
Ref 
0.72 (0.42 - 1.23) 

 
 
0.226 

 Retrospective RDT and microscopy stockouts 
No 
Yes 

 
2644 (96.1) 
108 (3.9) 

 
1749 (66.2) 
92 (85.2) 

 
Ref 
6.85 (1.72 - 27.33) 

 
 
0.006 

 Retrospective AL stockouts 
No 
Yes  

 
1161 (42.2) 
1567 (56.9) 

 
809 (69.7) 
1020 (65.1) 

 
Ref 
0.60 (0.37 - 0.98) 

 
 
0.041 

 Malaria guidelines available 
No 
Yes 

 
1883 (69.0) 
847 (31.0) 

 
574 (67.8) 
1252 (66.5) 

 
Ref 
1.09 (0.65 - 1.83) 

 
 
0.733 

 Malaria new chart 
No 
Yes  

 
2001 (72.7) 
719 (26.1) 

 
1345 (67.2) 
474 (65.9) 

 
1.08 (0.65 - 1.82) 
Ref 

 
0.763 
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Appendix 15: Continued 

 Factor  N=2752 
n (%) 

Tested [n (%)] Unadjusted OR (95% CI) P-value  

Health worker level  Age (median, IQR) 32 (28-38)  1.00 (0.98 - 1.02) 0.999 
 Age  

≤35 years 
>35 years 

 
1754 (64.5) 
964 (35.5) 

 
1159 (66.1) 
650 (67.4) 

 
Ref 
0.90 (0.60 - 1.35) 

 
 
0.617 

 Gender  
 Female 
 Male 

 
1376 (50.0) 
1376 (50.0) 

 
911 (66.2) 
930 (67.6) 

 
Ref  
1.02 (0.70 - 1.48) 

 
 
0.934 

 Facility in charge 
No 
Yes 

 
1779 (65.3) 
947 (34.7) 

 
1155 (64.9) 
670 (70.8) 

 
Ref 
1.24 (0.83 - 1.86) 

 
 
0.761 

 Cadre 
Others  
Nurse 
Clinical officer/ Medical officer 

 
182 (6.6) 
1443 (52.4) 
1127 (41.0) 

 
125 (68.7) 
988 (68.5) 
728 (64.6) 

 
Ref  
1.03 (0.44 - 2.43) 
1.10 (0.47 - 2.57) 

 
 
0.938 
0.835 

 HW perception of malaria risk 
Low 
High 

 
1302 (47.4) 
1446 (52.6) 

 
630 (48.4) 
1209 (83.6) 

 
Ref  
9.00 (5.97 - 13.58) 

 
 
<0.001 

 MCM in-service training 
No 
Yes 

 
1057 (38.4) 
1695 (61.6) 

 
674 (63.8) 
1167 (68.9) 

 
Ref 
1.18 (0.81 - 1.73) 

 
 
0.379 

 Access to current malaria diagnosis and 
treatment guidelines 

No 
Yes  

 
 
929 (34.0) 
1803 (66.0) 

 
 
645 (69.4) 
1186 (65.8) 

 
 
Ref  
1.19 (0.74 - 1.91) 

 
 
 
0.481 

 Any supervision in the previous 3 months 
No 
Yes 

 
866 (31.5) 
1886 (68.5) 

 
512 (59.1) 
1329 (70.5) 

 
Ref  
1.59 (1.03 - 2.46) 

 
 
0.036 

 MCM supervision in the previous 3 
months 

No 
Yes 

 
 
1571 (57.1) 
1181 (42.9) 

 
 
937 (59.6) 
904 (76.6) 

 
 
Ref  
2.61 (1.71 - 3.98) 

 
 
 
<0.001 

 Observation of consultations in the 
previous 3 months 

No 
Yes 

 
 
2044 (74.3) 
708 (25.7) 

 
 
1287 (63.0) 
554 (78.3) 

 
 
Ref  
2.90 (1.73 - 4.86) 

 
 
 
<0.001 

 Feedback in the previous 3 months 
No 
Yes 

 
1842 (66.9) 
910 (33.1) 

 
1109 (60.2) 
732 (80.4) 

  
Ref  
3.20 (2.02 - 5.08) 

  
  
<0.001 
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Appendix 15: Continued 

 Factor  N=2752 
n (%) 

Tested [n (%)] Unadjusted OR (95% CI) P-value  

 Correct knowledge on testing  
No 
Yes 

 
268 (9.7) 
2484 (90.3) 

 
135 (50.4) 
1706 (68.7) 

 
Ref  
1.84 (1.06 - 3.19) 

 
 
0.030 

Patient-level  Age (median, IQR) 7 (2.4-20)  1.00 (1.00 - 1.00) 0.872 
 <5 years 

>5 years 
1115 (40.5) 
1637 (59.5) 

670 (60.1) 
1171 (71.5) 

Ref  
1.52 (1.21 - 1.92) 

 
<0.001 

 0-11 months 
12-59 months 
5-14 years 
≥15 years 

270 (9.8) 
845 (30.7) 
742 (27.0) 
895 (32.5) 

133 (49.3) 
537 (63.6) 
558 (75.2) 
613 (68.5) 

Ref  
2.22 (1.48 - 3.32) 
3.19 (2.13 - 4.78) 
2.54 (1.70 - 3.81) 

 
<0.001 
<0.001 
<0.001 

 Duration of illness (median IQR)   0.96 (0.93 - 1.01) 0.093 
 Temperature 

<37.5°C 
 ≥37.5°C 

 
1897 (69.3) 
841 (30.7) 

 
1208 (63.7) 
624 (74.2) 

 
Ref  
2.09 (1.60 - 2.74) 

 
 
<0.001 

 Prior use of antimalarial 
No 
Yes  

 
2663 (96.8) 
89 (3.2) 

 
1768 (66.4) 
73 (82.0) 

 
Ref  
0.95 (0.82 - 1.11) 

 
 
0.540 

 Main complaints      
 Fever  

No 
Yes 

 
353 (12.8) 
2399 (87.2) 

 
236 (66.9) 
1605 (66.9) 

 
Ref 
1.26 (0.89-1.77) 

 
 
0.190 

 Cough 
No 
Yes 

 
1521 (55.3) 
1231 (44.7) 

 
1107 (72.8) 
734 (59.6) 

 
Ref  
0.46 (0.36 - 0.58) 

 
 
<0.001 

 Diarrhoea 
No 
Yes 

 
2457 (89.3) 
295 (10.7) 

 
1650 (67.2) 
191 (64.8) 

 
Ref 
1.30 (0.90-1.88) 

 
 
0.163 

 Headache 
No 
Yes 

 
1617 (58.7) 
1135 (41.2) 

 
947 (58.6) 
894 (78.8) 

 
Ref  
2.78 (2.18 - 3.56) 

 
 
<0.001 

 Running nose 
No 
Yes 

 
2415 (87.8) 
337 (12.3) 

 
1678 (69.5) 
163 (48.4) 

 
Ref 
0.36 (0.26 - 0.51) 

 
 
<0.001 

 Rash 
No 
Yes 

 
2687 (97.6) 
65 (2.4) 

 
1813 (67.5) 
28 (43.1) 

 
Ref  
0.28 (0.14 - 0.59) 

 
 
0.001 
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Appendix 15: Continued 

 Factor  N=2752 
n (%) 

Tested [n (%)] Unadjusted OR (95% CI) P-value  

 Vomiting  
No 
Yes 

 
2263 (82.2) 
489 (17.8) 

 
1461 (64.6) 
380 (77.7) 

 
Ref  
2.21 (1.60 - 3.06) 

 
 
<0.001 

 Chills 
No 
Yes  

 
2533 (92.0) 
219 (8.0) 

 
1645 (64.9) 
196 (89.5) 

 
Ref  
3.51 (2.00 - 6.15) 

 
 
<0.001 

 Case complexity 
No fever (0) 
Fever only (1) 
Fever and other complaints (2) 

 
353 (12.8) 
315 (11.5) 
2084 (75.7) 

 
236 (66.9) 
201 (63.8) 
1404 (67.4) 

 
Ref  
1.12 (0.71 - 1.78) 
1.28 (0.81 - 2.03) 

 
 
0.624 
0.164 
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Appendix 16: Univariable analysis of factors associated with compliance with no antimalarial for test negative patients, 2014-2016 

 Factor  N=1081 
n (%) 

No antimalarial [n (%)] Unadjusted OR (95% CI) P-value  

Malaria 
endemicity 

Epidemiological zone  
Lake endemic 
Coast endemic 
Highland epidemic 
Semi-arid seasonal  
Low risk  

 
306 (28.3) 
110 (10.2) 
289 (26.7) 
260 (24.1) 
116 (10.7) 

 
274 (89.5) 
109 (99.1) 
256 (88.6) 
239 (91.9) 
114 (98.3) 

Ref 
29.29 (1.58 - 542.10) 
0.74 (0.26 - 2.13) 
1.19 (0.40 - 3.60) 
14.60 (1.64 - 130.13) 

0.023 
0.572 
0.754 
0.016 

Health facility 
level 

Facility ownership 
FBO/NGO 
Government 

 
161 (14.9) 
920 (85.1) 

 
147 (91.3) 
845 (91.9) 

Ref 
0.78 (0.23 - 2.67) 0.696 

 Facility level 
Dispensary  
Health centre  
Hospital  

 
621 (57.5) 
302 (27.9) 
158 (14.6) 

 
572 (92.1) 
282 (93.4) 
138 (87.3) 

Ref 
1.52 (0.52 - 4.44) 
0.52 (0.16 - 1.68) 

0.441 
0.273 

 Type of malaria diagnostic at facility 
RDTs  
Microscopy  
Both RDT & microscopy  

 
479 (44.3) 
212 (19.6) 
390 (36.1) 

 
443 (92.5) 
180 (84.9) 
369 (94.6) 

Ref 
0.36 (0.13 - 1.02) 
1.83 (0.65 - 5.14) 

0.054 
0.249 

 Retrospective RDT stockouts 
No 
Yes 

 
776 (72.6) 
293 (27.4) 

 
721 (92.9) 
259 (88.4) 

Ref 
0.45 (0.18 - 1.14) 0.090 

 Retrospective microscopy stockouts 
No 
Yes 

 
799 (73.9) 
282 (26.1) 

 
733 (91.7) 
259 (91.8) 

Ref 
1.22 (0.44 - 3.41) 0.699 

 Retrospective RDT and microscopy stockouts 
No 
Yes 

 
1037 (95.9) 
44 (4.1) 

 
952 (91.8) 
40 (90.9) 

Ref 
0.52 (0.07 - 3.76) 0.513 

 Retrospective AL stockouts 
No 
Yes  

 
495 (46.1) 
578 (53.9) 

 
460 (93.9) 
524 (90.7) 

Ref 
0.66 (0.27 - 1.59) 0.354 

 Malaria guidelines available 
No 
Yes 

 
316 (29.6) 
752 (70.4) 

 
287 (90.8) 
694 (92.3) 

Ref 
1.31 (0.50 - 3.45) 0.584 

 Malaria new chart 
No 
Yes  

 
776 (72.9) 
288 (27.1) 

 
709 (91.4) 
266 (92.4) 

Ref 
1.30 (0.50 - 3.40) 0.596 

Health worker 
level  

Age (median, IQR) 32 (29-39)  
0.97 (0.93 - 1.02) 0.244 
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Appendix 16: Continued 

 Factor  N=1081 
n (%) 

No antimalarial [n (%)] Unadjusted OR (95% CI) P-value  

 Age  
≤35 years 
>35 years 

 
680 (63.7) 
387 (36.3) 

 
628 (92.4) 
350 (90.4) 

Ref 
0.47 (0.20 - 1.08) 0.074 

 Gender  
 Female 
 Male 

 
571 (52.8) 
510 (47.2) 

 
534 (93.5) 
458 (89.8) 

Ref 
0.44 (0.20 - 0.98) 0.044 

 Facility in charge 
No 
Yes 

 
696 (65.1) 
373 (34.9) 

 
640 (92.0) 
340 (91.2) 

Ref 
0.79 (0.35 - 1.76) 0.557 

 Cadre 
Others  
Nurse 
Clinical officer/ Medical officer 

 
77 (7.1) 
583 (53.9) 
421 (39.0) 

 
66 (85.7) 
542 (93.0) 
384 (91.2) 

Ref 
3.39 (0.89 - 12.91) 
2.78 (0.67 - 11.50) 

0.073 
0.158 

 HW perception of endemicity 
Low 
High 

 
540 (50.1) 
539 (50.0) 

 
512 (94.8) 
478 (88.7) 

Ref 
0.27 (0.11 - 0.65) 0.003 

 MCM in-service training 
No 
Yes 

 
422 (39.0) 
659 (61.0) 

 
365 (86.5) 
627 (95.1) 

Ref 
5.49 (2.47 - 12.21) <0.001 

 Access to current malaria diagnosis and 
treatment guidelines 

No 
Yes  

 
 
357 (33.3) 
714 (66.7) 

 
 
322 (90.2) 
660 (92.4) 

Ref 
1.01 (0.40 - 2.53) 0.985 

 Any supervision in the previous 3 
months 

No 
Yes 

 
 
353 (32.7) 
728 (67.4) 

 
 
331 (93.8) 
661 (90.8) 

Ref 
0.52 (0.21 - 1.33) 0.175 

 MCM supervision in the previous 3 
months 

No 
Yes 

 
 
640 (59.2) 
441 (40.8) 

 
 
591 (92.3) 
401 (90.9) 

Ref 
0.87 (0.37 - 2.04) 0.752 

 Observation of consultations in the 
previous 3 months 

No 
Yes 

 
 
834 (77.2) 
247 (22.9) 

 
 
766 (91.9) 
226 (91.5) 

Ref 
1.12 (0.40 - 3.12) 0.829 

 Feedback in the previous 3 months 
No 
Yes 

 
741 (68.6) 
340 (31.5) 

 
682 (92.0) 
310 (91.2) 

Ref 
1.01 (0.40 - 2.55) 0.989 
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Appendix 16: Continued 

 Factor  N=1081 
n (%) 

No antimalarial [n (%)] Unadjusted OR (95% CI) P-value  

 Correct knowledge on testing  
No 
Yes 

 
116 (10.7) 
965 (89.3) 

 
85 (73.3) 
907 (94.0) 

Ref  
10.32 (4.00 - 26.62) <0.001 

Patient-level  Age (median, IQR) 7.7 (2.3-26)  0.99 (0.98 - 1.01) 0.474 

 <5 years 
>5 years 

431 (39.9) 
650 (60.1) 

399 (92.6) 
593 (91.2) 

Ref 
0.55 (0.28 - 1.06) 0.075 

 0-11 months 
12-59 months 
5-14 years 
≥15 years 

93 (8.6) 
338 (31.3) 
240 (22.2) 
410 (37.9) 

85 (91.4) 
314 (92.9) 
216 (90.0) 
377 (92.0) 

Ref 
1.10 (0.34 - 3.59) 
0.63 (0.19 - 2.15) 
0.55 (0.17 - 1.81) 

0.880 
0.461 
0.326 

 Duration of illness (median IQR) 3 (2-4)  1.00 (0.89 - 1.13) 0.954 

 Temperature 
<37.5°C 
 ≥37.5°C 

 
769 (71.5) 
307 (28.5) 

 
710 (92.3) 
277 (90.2) 

Ref 
0.69 (0.35 - 1.34) 0.274 

 Main complaints      
 Fever  

No 
Yes 

 
134 (12.4) 
947 (87.6) 

 
123 (91.8) 
869 (91.8) 

Ref 
1.20 (0.48 - 3.00) 0.695 

 Cough 
No 
Yes 

 
574 (53.1) 
507 (46.9) 

 
510 (88.9) 
482 (95.1) 

Ref 
3.31 (1.67 - 6.55) 0.001 

 Diarrhoea 
No 
Yes 

 
945 (87.4) 
136 (12.6) 

 
867 (91.8) 
125 (91.9) 

Ref 
1.39 (0.56 - 3.46) 0.475 

 Headache 
No 
Yes 

 
623 (57.6) 
458 (42.4) 

 
584 (93.7) 
408 (89.1) 

Ref 
0.38 (0.21 - 0.70) 0.002 

 Running nose 
No 
Yes 

 
961 (88.9) 
120 (11.1) 

 
877 (91.3) 
115 (95.8) 

Ref 
2.54 (0.76 - 8.58) 0.132 

 Rash 
No 
Yes 

 
1060 (98.1) 
21 (1.9) 

 
972 (91.7) 
20 (95.2) 

Ref 
0.89 (0.08 - 10.13) 0.928 
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Appendix 16: Continued 

 Factor  N=1081 
n (%) 

No antimalarial [n (%)] Unadjusted OR (95% CI) P-value  

 Vomiting  
No 
Yes 

 
921 (85.2) 
160 (14.8) 

 
845 (91.8) 
147 (91.9) 

Ref 
1.04 (0.45 - 2.40) 0.933 

 Chills 
No 
Yes  

 
991 (91.7) 
90 (8.3) 

 
912 (92.0) 
80 (88.9) 

Ref 
0.51 (0.19 - 1.35) 0.176 

 Case complexity 
No fever  
Fever only  
Fever and other complaints  

 
134 (12.4) 
124 (11.5) 
823 (76.1) 

 
123 (91.1) 
116 (93.6) 
753 (91.5) 

Ref 
2.14 (0.58 - 7.87) 
1.11 (0.44 - 2.81) 

0.255 
0.823 
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