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The Impact of Mass Azithromycin Distribution and Seasonal Malaria Chemoprevention on 

Child Health: Heterogeneity of Treatment Effects, Wealth Disparities, and Broader Health 

Implications 

Elisabeth Gebreegziabher 

 

Abstract 

Seasonal malaria chemoprevention (SMC) and mass azithromycin (AZ) distribution are two 

interventions shown to reduce child mortality in high-burden settings. While SMC is intended to 

prevent malaria through monthly administration of sulfadoxine-pyrimethamine and amodiaquine 

during the rainy season, it is unclear whether its benefit extends to non-malarial infections and 

overall child health. Additionally, although AZ has been effective in reducing child mortality, its 

effectiveness in the context of concurrent SMC use and the heterogeneity of its effects based on 

factors affecting access to treatment remains unclear. 

The objective of this dissertation is to evaluate how mass distribution of AZ and SMC can be 

optimized to reduce infections and mortality among children under five in sub-Saharan Africa, 

with the goal of guiding mass drug administration program implementation. 

This research combines national program records, clinic surveillance, and clinical trial data from 

341 communities in Burkina Faso. Chapter 1 explores changes in non-malarial infections and 

antibiotic prescriptions following SMC to understand its indirect benefits and broader 

implications for reducing infections in real-world programmatic settings, including how its 

implementation may influence other interventions. Chapter 2 assesses the impact of concurrent 

administration of azithromycin and SMC on treatment outcomes, and whether the effect of AZ 
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on all-cause child mortality varies by SMC season and coverage. Chapter 3 examines the 

presence of a wealth gradient in child mortality and investigates heterogeneity in AZ treatment 

effects in relation to wealth-related health disparities at both the household and community 

levels. 

With SMC being part of routine program delivery and mass distribution of azithromycin 

continuing to expand across sub-Saharan Africa, findings from this work provide insights into 

the broader impacts of these interventions and help offer guidance on optimizing their timing, 

targeting, and integration into health systems.  
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Chapter 1: Seasonal Malaria Chemoprevention and Its Indirect Effect on Non-Malarial 

Pediatric Infections and Routine Antibiotic Use: A Pre-Post Study with Positive and 

Negative Controls 

 

INTRODUCTION 

Infectious diseases, particularly acute diarrheal and respiratory infections, and malaria, are the 

leading causes of illness and death in children in low- and middle-income countries.1 One 

strategy to prevent malaria infections and subsequent child mortality is the administration of 

seasonal malaria chemoprevention (SMC) for children under five. SMC involves administration 

of sulfadoxine-pyrimethamine and amodiaquine (SP-AQ) during the rainy season in areas with 

highly seasonal malaria transmission and regions where Plasmodium falciparum strains are 

sensitive to this antimalarial.2 In most regions, SMC is administered in four or five monthly 

cycles, beginning July of each year.  

 

In 2012, the World Health Organization recommended the adoption of SMC, and since then, 

several countries in Africa have implemented, with over 50 million children receiving it in 

2023.3-5 Recent guidelines have introduced more flexibility, allowing for adjustments in age 

groups, dosages, and treatment frequency based on local conditions.6 Evidence from randomized 

controlled trials (RCTs) and observational studies show that SMC is an effective malaria control 

strategy.7-9 

 

Although SMC has been shown to prevent clinical malaria and reduce all-cause mortality,10,11 its 

effect on non-malarial infections is not clear. While SMC primarily targets malaria, the SP 
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component has weak antimicrobial/antibiotic properties that may help prevent or treat other 

infections.12,13 It remains unclear whether there are additional mechanisms through which SMC 

might lower all-cause mortality beyond its effects on malaria. Additionally, malaria may increase 

susceptibility to other infections through indirect effects on the immune system,14 anemia,15 and 

nutrition/growth16. Therefore, by reducing malaria morbidity and susceptibility to other 

infections, malaria control efforts such as SMC may have potential to offer broader health 

benefits for children beyond those directly linked to malaria reduction. 

 

Previous research suggests that clearance of chronic malaria was associated with lower overall 

illness, decreased antibiotic use and improved immunocompetence against non-malaria 

infections among children.17 Effective malaria control interventions may reduce other infections 

and routine antibiotic use,17 potentially contributing to improvements in overall health and a 

reduction in selection for antibiotic resistance from routine use. Therefore, examining the impact 

of SMC on overall infection burden, common infections such as pneumonia and diarrhea, and 

subsequent antibiotic use, can help determine whether it reduces non-malarial illnesses, offers 

broader health benefits beyond malaria, and potentially help in designing integrated health 

interventions. 

 

Furthermore, previous research shows variability in the effectiveness of SMC across cycles, with 

the greatest benefit against malaria observed in the fourth and final cycle.18 Understanding 

whether any indirect benefits SMC may have vary over the course of administration may help 

health programs optimize and integrate malaria interventions with broader infectious disease 

control efforts. 
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To explore this, we assessed the short-term effects of SMC on non-malarial outcomes in the 

weeks following treatment by analyzing routine surveillance data on diagnoses for children 

under five from primary healthcare facilities in Nouna, Burkina Faso. The objectives of this 

study were to 1) to determine whether and how non-malarial outcomes such as pneumonia, 

diarrhea, and acute malnutrition among children under five change following SMC 

administration; 2) compare overall antibiotic use at the population level in the weeks before and 

after SMC; and 3) assess whether changes, if any, in non-malarial outcomes following SMC, or 

indirect health benefits, vary by month of administration. We hypothesized that SMC could have 

indirect benefits and help lower non-malarial diagnoses and antibiotic prescription rates.  

 

METHODS 

Study Setting and Population 

Health posts (n=51) in the rural northwestern district of Nouna in Burkina Faso, including both 

the Nouna Health and Demographic Surveillance Site (HDSS),19 and the surrounding non-

HDSS area20 were included in the analysis. In Burkina Faso, children under five years of age 

receive free care at Centres de Santé et de Promotion Sociale (CSPS), which are government-

run, nurse-led primary healthcare facilities offering basic preventive and treatment services, 

including antenatal care, postnatal care, and vaccinations for children. These centers are often 

the first line of care and provide referrals for more advanced cases. The median rate of 

healthcare visits in the villages served by these health posts in 2020 was 6.7 per 100 child-

months with the most common reasons for visits being pneumonia (37.5%), malaria (25.1%) 
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and diarrhea (9.1%) infections.21 In this analysis, we included data on diagnoses from 2020 and 

2021 for children aged 1-59 months, as reported by the health posts in the study area. 

 

The study was reviewed and approved by the Institutional Review Boards at the University of 

California, San Francisco and the Comité National d’Ethique pour la Recherche (National Ethics 

Committee of Burkina Faso) in Ouagadougou, Burkina Faso. Written informed consent was 

obtained from the caregiver of each participant.  

 

Data Sources and Measures 

We used three data sources for this analysis: 1) primary healthcare surveillance, 2) Community 

Health with Azithromycin Trial (CHAT) census data,22 and 3) Burkina Faso’s National Malaria 

Control Program (NMCP) data.  

 

Primary Healthcare Surveillance: Passive surveillance was conducted at each CSPS (health post) 

in the study area. Each visit by a child under five was recorded, including the reason for the visit 

(e.g., fever, diarrhea, malnutrition, etc.), the village of residence, the child’s age and sex, the 

diagnosis (e.g., malaria, pneumonia, etc.), the treatment provided (e.g., antibiotics, antimalarial 

agents, etc.), and the timing of the visit (e.g., first versus follow-up visit). Data were routinely 

collected by facilities on paper forms and were entered into an electronic database. Clinic visit 

counts for malaria, pneumonia, diarrhea, acute malnutrition and injury cases were used to 

determine diagnosis rates for their respective outcomes. Malaria was typically diagnosed using a 

rapid diagnostic test (RDT) and based on symptoms during stockouts.23 Other diagnoses were 

determined based on the WHO community management of childhood illness algorithms, but the 
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accuracy of these diagnoses was not captured.23  Acute malnutrition included both moderate and 

severe forms of acute malnutrition, which were combined due to the low number of cases. 

Injuries included various types, such as bites, burns, and wounds. Treatments prescribed by 

healthcare providers were grouped by type at entry, and the counts of antibiotics and 

antimalarials were analyzed. We restricted the surveillance data to villages in Nouna where the 

census was conducted and to the year 2020 and 2021, for which SMC administration data were 

obtained. 

 

CHAT Trial Data: CHAT was a cluster RCT of 285 villages, designed to evaluate the efficacy 

of mass and targeted azithromycin strategies for reducing child mortality.22 It was conducted 

for 3 years (2019-2023). The census performed for the CHAT trial was used to generate the 

population denominator for this study. CHAT’s methods, including the setting and size of the 

study, have been described in detail previously.20,22 In this trial, a census was conducted every 

6 months documenting births, deaths, pregnancies, and migration. The 2020 and 2021 census 

data were used as denominator to derive the number of children in each health post, which was 

then used to calculate diagnoses rates.  

 

NMCP Data: these data were used to obtain SMC administration dates and the corresponding 

epidemiological (epi) weeks for each round of treatment in 2020 and 2021. Epi week or a CDC 

week begins on a Sunday and ends on Saturday and is a standardized method of counting weeks 

to allow comparison of data year after year.24 In 2020, SMC was administered on July 13- 16 

(epi-week 29), August 12 - 15 (epi-week 33), September 11- 14 (epi-week 37) and October 10- 

13 (epi-week 41). In 2021, it was administered on July 6- 9 (epi-week 27), August 3 - 6 (epi-



 6 

week 31), August 31- September 2 (epi-week 35) and September 28- October 1 (epi-week 39). 

During each round, SMC was administered to the entire study area during the same epi week 

over a 3-4 day period.  

 

Study Design and Statistical Analysis Methods 

We used a one-group pretest-posttest design with multiple follow-up measurements,25 that were 

then combined into a post-treatment period. We compared diagnoses and treatment prescription 

rates during the administration weeks with rates in the three weeks following administration. The 

three weeks were combined as post-intervention weeks since SMC is conducted every 4 weeks, 

and the effect has also been shown to last for only the few weeks after administration.26,27 We 

used a conceptual framework (Figure 1) to show the relationships between variables and how 

SMC could be related to changes in other infections and antibiotic prescription rates. However, 

in the analyses, we only adjusted for the cycle (month of administration), a time-related factor, as 

some of these diagnoses are seasonal, with the month potentially influencing these rates. Since 

our assessment examines rates in the same population over time, it minimizes bias from time-

invariant factors at the population level, which is one of the benefits of pre-post comparisons.28  

To evaluate potential influence of unmeasured confounding from other factors that may change 

over time, we used both negative and positive control outcomes.29,30 Specifically, since we did 

not have a control group to account for changes in the absence of intervention, we used these 

control outcomes to help identify the presence of unmeasured confounding or other factors 

influencing outcomes. We used malaria as the positive control outcome, as it is the outcome for 

which SMC is intended and has been proven effective.7,8 Injury rate was used as a negative 

control outcome as it would share the same potential sources of bias (given that these were 



 7 

reported by the same facilities using the same process) and is an outcome that cannot be related 

to treatment (SMC).29,30 Additionally, we examined how antimalarial prescription rates in 2020 

and 2021 changed following SMC administration (which were expected to change with 

malaria), to serve as a positive control outcome for antibiotic prescription rates. We used 

methods similar to those used in the main analyses described below to examine changes in 

control outcomes following SMC administration, compared to administration weeks. 

 

Statistical Analysis 

Diagnoses for each year (2020 and 2021) were aggregated to counts by epi week for each of the 

51 health posts (CSPS) in the study area. Person-weeks were calculated using the total number of 

children in each CSPS for each year based on the census data. The surveillance and census data 

at the health post level were joined by CSPS. For each CSPS, weekly diagnoses counts were 

included in a longitudinal format. We estimated incidence rates and 95% confidence intervals for 

several epi weeks before and after administration to describe diagnoses and treatment 

prescription trends during and after SMC distribution in 2020 and 2021.  

 

For the pre-post comparison, the administration weeks (8 epi-weeks across the 51 health posts) 

served as reference against which the rates for the post administration period (the three weeks 

after (24 epi-weeks)) were compared. Approximately 10% of the epi weeks across all health 

posts did not have recorded counts of diagnoses and treatments. Given the limited amount of 

missing data, we conducted a complete-case analysis. 
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We used a Poisson regression model with person-weeks used as an offset and standard errors 

clustered by health post. We calculated marginal effects, expressed as incidence rate ratios (IRR) 

and incidence rate differences (IRD) across all health posts. To examine whether the effect of 

SMC varied across cycles, we included an interaction term between post-SMC period and SMC-

cycle in the models. Results were considered statistically significant at an alpha level of p < 0.05. 

To adjust for multiple comparisons, we used the Romano-Wolf method with 1000 repetitions, 

which uses bootstrap resampling to control for the familywise error rate.31 

 

Since the benefit of SMC for malaria has been shown to decline in the weeks following 

administration,27,32 as a sensitivity analysis, we examined how rates of diagnoses and treatment 

prescriptions following SMC changed in the first, second and third week post administration.  

SAS 9.4 (SAS Institute, Cary, NC) was used for data cleaning and for generating the dataset for 

analysis. Stata version 14.2 (StataCorp, College Station, TX) was used for all other analyses. 

 

RESULTS 

The characteristics of the health posts included in the analysis are shown in Table 1. The average 

number of children 1 to 59 months of age across the 51 health post catchment areas was 2,246. 

The average age was 38.3 months (3.2 years), and approximately 50% of the children were male. 

Among diagnoses, malaria, pneumonia and diarrhea were most frequent with average rates of 6.0 

(95% CI: 5.2–6.9), 4.3 (95% CI: 3.5–5.2), and 1.1 (95% CI: 0.8–1.4) cases per 1,000 person-

weeks, respectively. Acute malnutrition and injury were rare with average rates of 0.12 (95% CI: 

0.07 –0.18) and 0.16 (95% CI: 0.13–0.19) cases per 1,000 person-weeks. Anti-malarial 

prescription rates closely mirrored that of malaria with an average rate of 6.0 (95% CI: 5.1 – 6.9) 
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prescriptions per 1,000 person-weeks, while antibiotic prescription rates were slightly higher, at 

6.9 (95% CI: 5.7 – 8.0) prescriptions per 1,000 person-weeks. By quarter of year, malaria and 

pneumonia diagnoses as well as treatment prescription rates were highest in the fourth quarter 

(Oct-Dec) while diarrhea rates were relatively higher in the first (Jan-Mar) and third (July-Sep) 

quarter of the year. 

 

Changes in Diagnosis and Treatment following SMC 

Figure 2 shows the rates of diagnoses and treatment prescriptions in 2020 and 2021 during the 

multiple weeks before and after SMC administration. Pneumonia diagnosis and antibiotic 

prescription rates showed some seasonality, with relatively higher rates toward the end of the 

year (after the administration of the fourth round of SMC). In contrast, acute malnutrition rates 

remained relatively constant in the weeks before, during, and after the SMC, while diarrhea rates 

were slightly higher around the weeks of SMC administration, with small fluctuations in trends 

(Figure 2). 

 

For the control outcomes, malaria and antimalarial prescription rates showed high seasonality, 

with higher rates toward the end of the year, while injury rates remained relatively constant 

throughout the weeks (Supplementary Figure 1). 

 

In the pre-post comparison, compared to the administration weeks, the rates of pneumonia, 

diarrhea, and acute malnutrition declined by 14% (95% CI: 7%–21%), 17% (95% CI: 7%–26%), 

and 29% (95% CI: 3%–49%), respectively (Table 2). Following SMC administration, antibiotic 

prescription rates declined by 12% (95% CI: 6%–17%).   
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For control outcomes, malaria rates (the positive control outcome) declined by 38% (95% CI: 

31% to 44%), while injury rates (the negative control outcome) remained unaffected during the 

post-SMC administration period, as expected (Table 2). Antimalarial prescription rates (the 

positive control outcome) decreased by 37% (95%CI: 31% to 44%), mirroring changes in 

malaria rates. 

 

The statistical significance of the findings remained unchanged after adjusting for multiple 

comparisons using Romano-Wolf P-values, with all outcomes except injury rates remaining 

statistically significant (Table 2). 

 

Variation in Changes in Outcomes by Month of Administration 

For the comparison of changes across SMC cycles, the change in rates following SMC 

administration varied by month (cycle) for pneumonia, diarrhea, and antibiotic prescriptions (P 

values for the global test of interaction= 0.000, 0.047, and 0.002, respectively; Figure 3, 

Supplementary Table 1). Among the four cycles, the change in rates following SMC 

administration was most pronounced in October for pneumonia and antibiotic prescriptions, and 

in August for diarrhea. No significant variation was observed for acute malnutrition.  

For the control outcomes, the reduction in rates following SMC was also highest in October for 

both malaria incidence and antimalarial prescription rates, while no significant variation was 

observed for injury (Supplementary Figure 2).  

Although the cycles with the highest reduction varied slightly by outcome, the last round 

(October) was the period during which the reductions following SMC were seen for most 

outcomes. 
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In the sensitivity analyses examining changes in diagnoses and prescription rates in each of the 

three weeks following administration, rates of diarrhea, acute malnutrition, and antibiotic use 

declined most in the second week post-administration, while pneumonia rates declined most in 

the third week post-administration (Supplementary table 2). Rates of the control outcomes, 

malaria and antimalarial prescription rates also declined most in the second week post-

administration. 

 

DISCUSSION 

We evaluated the short-term changes in non-malarial outcomes following SMC administration 

under routine program conditions in Burkina Faso. We found modest declines in rates of 

pneumonia, diarrhea and acute malnutrition in the post-SMC period. Additionally, there was a 

small reduction in antibiotic prescription rates. The change in rates of pneumonia, diarrhea, acute 

malnutrition and antibiotic prescription following SMC varied by the month of administration, 

with its overall benefits appearing more pronounced in October (after the final round of 

administration). 

 

The modest reductions in non-malarial outcomes following SMC may be partially explained by 

the antimicrobial properties of sulfadoxine-pyrimethamine (SP). In a previous study, SP had a 

clinically significant effect on concurrent infectious diseases in pregnant women and has 

demonstrated antibacterial effects in vitro, particularly against pathogens such as Staphylococcus 

aureus and Streptococcus pneumoniae.13 This suggest that sulfadoxine-pyrimethamine may have 
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an effect against some bacterial pathogens, potentially contributing directly to reductions in 

pneumonia and diarrhea.  

 

SMC may also indirectly lower susceptibility to other infections by reducing malaria burden. 

Malaria control strategies may contribute to a reduction in other infections by reducing malaria-

related immunosuppression.33 Malaria can weaken the immune system because repeated or long-

term infections can lead to a dysregulated immune response, making the body less effective at 

fighting off new or other types of infections.33 Previous evidence shows that children with recent 

or acute malaria are at an increased risk of bacterial infections, with those experiencing both 

malaria and invasive bacterial infections facing a substantially higher risk of mortality.34  

 

Malaria can also exacerbate malnutrition, which in turn increases risk of infections, illness and 

mortality in children.35 A previous study showed that children who received chemoprophylaxis 

with chloroquine had fewer episodes of severe malnutrition compared to the control group.36 Our 

findings also show modest declines in acute malnutrition following SMC. Therefore, the 

reduction in malaria burden following SMC could lead to improvements in immunocompetence, 

malnutrition and overall health, further reducing the risk of other infections or concurrent 

illnesses. 

 

These indirect health benefits may contribute to reductions in mortality associated with SMC 

administration. Previous studies have found that SMC reduces all-cause hospitalization and 

death,10,11 although it is not clear whether its effect on all-cause mortality is due primarily to its 

impact on severe malaria or if it also reduces mortality from other infections. Our findings 
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suggest that SMC’s impact on non-malaria infections may contribute to its previously 

demonstrated effect on all-cause mortality,11 as rates of the most common non-malaria illnesses 

appear to lower following SMC administration. Future studies should further investigate its role 

in reducing mortality from non-malarial causes to better understand its broader effects on all-

cause mortality in children and its potential integration with other health interventions.  

 

The reductions in antibiotic use following SMC administration may be due to a decrease in 

febrile illnesses related to malaria, as well as a reduction in non-malarial infections. A previous 

study assessing indication for antibiotic prescriptions in health facilities in rural Burkina Faso 

found that 5% of all antibiotic prescriptions were for malaria diagnoses.23 Overall, 7.3% of 

malaria diagnoses received an antibiotic prescription while 97% of pneumonia diagnoses and 

92% of dysentery diagnoses resulted in an antibiotic prescription.23 While broad-spectrum 

antibiotic treatment is recommended for children with severe malaria,37 some of the antibiotic 

prescriptions for malaria may be unnecessary or the result of misdiagnosis, as pneumonia and 

malaria can present with similar clinical signs, including fever.23,38  

 

The lower rate of antibiotic prescriptions following SMC may therefore reflect a reduced need 

for antibiotics, indicating a decrease in the overall burden of infections. This, in turn, could help 

lower pressure on healthcare systems, particularly in facilities serving multiple communities. A 

study on the healthcare burden in Burkina Faso showed that infectious illnesses not only strain 

healthcare systems but also significantly impact households, forcing families to deplete savings, 

sell livestock or reduce consumption to afford treatment.39 Therefore, reducing infections and 
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improving overall health could potentially help ease the burden on health systems and lower 

treatment costs for families.  

 

Additionally, the reduction in antibiotic prescriptions following SMC could have implications for 

antibiotic resistance. Estimates of the global burden of bacterial antimicrobial resistance (AMR) 

indicate that AMR is a major issue in sub-Saharan Africa.40,41 A study examining antibiotic 

prescription rates following universal distribution of long-lasting insecticidal nets (LLIN) and 

indoor residual spraying of insecticide (IRS) also observed a reduction in antibiotic use and 

highlighted the potential for effective malaria interventions to help mitigate antibiotic resistance 

resulting from routine use of antibiotics.17 Therefore, there is potential for SMC administration to 

help reduce subsequent routine antibiotic use at the population level. 

 

The relatively higher benefits of SMC observed in October for pneumonia and antibiotic 

prescriptions, may be partly due to the seasonality of infections. Rates for these outcomes were 

higher during the last round of SMC compared to prior rounds (Figure 2). Consequently, the 

observed benefit of SMC in October may appear more pronounced because the baseline (pre-

administration) rates were higher, leading to a larger reduction in infection burden and 

subsequent treatment prescriptions. A previous study in Togo also found that the greatest 

reduction in malaria compared to the first round was during the peak periods, in the last round of 

SMC in October.18 Similarly, diarrhea rates particularly in 2020, were slightly higher around the 

second round of SMC, during which the largest reduction in diarrhea rates following SMC was 

observed. Although antibiotic prescription rates were slightly higher, the trends mirrored those of 
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pneumonia diagnoses (Figure 2), as the majority of pediatric antibiotic prescriptions in this area 

of Burkina Faso are related to pneumonia.23  

 

This study has some limitations. First, although we used negative and positive control outcomes, 

we cannot fully rule out unmeasured or residual confounding. SMC campaigns which include 

community sensitization42 may temporarily strengthen health-seeking behaviors and increase 

adherence to preventive practices,43 such as increased bednet use and improved sanitation and 

hygiene, which may affect the risk of other infections.  Furthermore, these indirect benefits of 

SMC were assessed in a setting where mass distribution of azithromycin was provided to some 

communities as part of a cluster-randomized trial. Additionally, the years included in the 

analyses (2020 and 2021) were during the COVID-19 pandemic, which may have affected clinic 

visits or regular patterns of care-seeking. Therefore, these findings may have limited 

generalizability to other periods or areas. Additionally, it is not clear whether non-malarial 

outcomes, such as pneumonia, diarrhea, and acute malnutrition, occurred independently or if 

some were concurrent with malaria. This distinction may influence how SMC affects the rates of 

these other infections in the weeks following administration. Future studies should evaluate this 

aspect to better understand the full impact of SMC on co-infections and overall health outcomes. 

Second, potential misclassification in diagnosing cases could affect our weekly count estimates. 

Additionally, surveillance data may be subject to underreporting or inconsistencies in data 

collection. Despite these limitations, it offers large-scale, real-time insights that are helpful for 

monitoring disease trends in populations and evaluating the need for and impact of 

interventions.44 Lastly, the variability in indirect health benefits over the months may partly 

reflect chance findings, as only two years of data were available for analysis. Any differences 
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observed could also be mixed with seasonal changes in these outcomes that could mask effects 

during earlier administrations or be partially due to the waning of the seasonal epidemic of 

infections (e.g., respiratory pathogens) that could appear as enhanced benefit during particular 

cycles. Therefore, these results should be interpreted cautiously and confirmed by a study with a 

longer time frame with multiple years of data, which could provide a more accurate assessment 

of differences in effects across months and cycles. 

 

Conclusion 

We found modest reductions in non-malarial infectious outcomes following SMC administration, 

with reductions more pronounced in the last month of administration. Our findings suggest that 

SMC may have additional benefits beyond malaria prevention, particularly in contributing to 

reductions in common infectious diseases among children and routine antibiotic use. These 

findings indicate that SMC could have a broader utility in improving health and potentially 

lowering pressure on healthcare systems although further investigation is needed to fully assess 

its broader effects on health outcomes. 
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Figure 1.1- Conceptual Framework for SMC, Non-Malarial Outcomes, and Antibiotic 
Prescription Rates. 
Note: This conceptual framework illustrates how SMC administration is hypothesized to affect 
non-malarial diagnoses and antibiotic prescriptions, though it does not depict every relationship 
between these factors/variables.  
  

SMC 
Admin Malaria  Other 

Infections 
Antibiotic 

Rx 

Malnutrition 

Immuno-
competence 
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Figure 1.2- Diagnoses Rates and Treatment Prescription Rates in 2020 and 2021 in the Context 
of SMC Administration. Dashed vertical lines mark the four SMC administrations in each year of 
surveillance. 
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Figure 1.3- Difference in Incidence Rates of Diagnoses and Treatment During SMC 
Administration vs. Post-Administration Weeks, by Month of Administration 
Note: P-values from the global test of interaction of SMC and month of administration were 
0.000, 0.047, and 0.654 for pneumonia, diarrhea, and acute malnutrition, and 0.002 for antibiotic 
prescription rates. 
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Supplementary Figure 1.1- Diagnoses Rates and Treatment Prescription Rates for Control 
Outcomes in 2020 and 2021 in the Context of SMC Administration 
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Table 1.1 Diagnoses and treatment rates in CSPS/Health Posts in Nouna, 
Burkina Faso included in the Analysis (n = 51), 2020 and 2021.  
Rates per 1,000 

person-week 
(95%CI) Overall 

Quarter 1  
(Jan-Mar) 

Quarter 2  
(Apr-Jun) 

Quarter 3  
(July-Sept) 

Quarter 4  
(Oct-Dec) 

Diagnoses      

Pneumonia 
4.3  

(3.5 to 5.2) 
4.8  

(3.9 to 5.7) 
4.2  

(3.4 to 5) 
3.2  

(2.7 to 3.8) 
5.3  

(4 to 6.5) 

Diarrhea 
1.1  

(0.8 to 1.4) 
1.2  

(0.9 to 1.5) 
1.0  

(0.7 to 1.3) 
1.2  

(0.9 to 1.5) 
0.95  

(0.7 to 1.2) 

Acute malnutrition 
0.12  

(0.1 to 0.2) 
0.1  

(0.06 to 0.15) 
0.14  

(0.1 to 0.2) 
0.11  

(0.1 to 0.2) 
0.13  

(0.1 to 0.2) 
Malaria 

(positive control) 
6.0  

(5.2 to 6.9) 
5.3  

(4.4 to 6.1) 
2.5  

(2.1 to 3) 
4.9  

(4.1 to 5.7) 
11.4  

(9.8 to 13.1) 
Injury 

(negative control) 
0.16  

(0.13 to 0.19) 
0.15  

(0.12 to 0.18) 
0.18  

(0.14 to 0.21) 
0.16  

(0.13 to 0.19) 
0.16  

(0.12 to 0.19) 

Treatments      
Antibiotic 

prescription 
6.9  

(5.7 to 8.0) 
6.7  

(5.5 to 7.8) 
7.1  

(5.9 to 8.2) 
6.3  

(5.3 to 7.3) 
7.4  

(5.8 to 9.0) 
Antimalarial 
prescription 

(positive control) 
6.0  

(5.1 to 6.9) 
5.3  

(4.5 to 6.1) 
2.5  

(2.0 to 2.9) 
4.9  

(4.1 to 5.8) 
11.4  

(9.7 to 13.1) 
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Table 1.2 Incidence rate, rate ratio and rate difference of outcomes on SMC administration 
weeks and the three weeks post administration.  

Pre and Post SMC 
administration 

Incidence rate 
per 1,000 

person-week 
(95%CI) 

Incidence 
rate ratio 
(95%CI) 

Incidence 
Rate 

Difference per 
1,000 person-
week (95%CI) 

P 
value 

Romano-
wolf 

adjusted 
p value 

Pneumonia      

Admin weeks 4.7  
(3.8 to 5.6) Ref Ref - - 

Post admin weeks 4.1  
(3.3 to 4.8) 

0.86 
(0.79 to 0.93) 

-0.7 
(-1.0 to -0.3) 0.000 0.003 

Diarrhea      

Admin weeks 1.4  
(1.0 to 1.7) Ref Ref   

Post admin weeks 1.1  
(0.8 to 1.4) 

0.83 
(0.74 to 0.93) 

-0.2 
(-0.4 to -0.1) 0.002 0.003 

Acute Malnutrition      

Admin weeks 0.17  
(0.09 to 0.24) Ref Ref   

Post admin weeks 0.12  
(0.05 to 0.18) 

0.71 
(0.51 to 0.97) 

-0.05 
(-0.09 to 0.0) 0.034 0.040 

Control outcomes      
Malaria  

(Positive control)      

Admin weeks 9.8  
(8.1 to 11.5) Ref Ref - - 

Post admin weeks 6.1  
(5.1 to 7) 

0.62 
(0.56 to 0.69) 

-3.7 
(-4.8 to -2.6) 0.000 0.003 

Injury  
(Negative control) 

     

Admin weeks 0.17  
(0.12 to 0.23) Ref Ref - - 

Post admin weeks 0.15  
(0.12 to 0.19) 

0.89 
(0.67 to 1.19) 

-0.02 
(-0.07 to 0.03) 0.422 0.232 

      
Treatments      

Antibiotic use      

Admin weeks 7.9  
(6.6 to 9.2) Ref Ref - - 

Post admin weeks 6.9  
(5.8 to 8.1) 

0.88 
(0.83 to 0.94) 

-0.9 
(-1.4 to -0.40) 0.000 0.003 

Antimalarial use 
(Positive control) 

     

Admin weeks 9.7  
(8 to 11.4) Ref Ref - - 



 24 

Pre and Post SMC 
administration 

Incidence rate 
per 1,000 

person-week 
(95%CI) 

Incidence 
rate ratio 
(95%CI) 

Incidence 
Rate 

Difference per 
1,000 person-
week (95%CI) 

P 
value 

Romano-
wolf 

adjusted 
p value 

Post admin weeks 6.1  
(5.1 to 7.1) 

0.63 
(0.56 to 0.69) 

-3.6 
(-4.7 to -2.5) 0.000 0.003 
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Supplementary Table 1.1 Changes in Diagnoses and Treatment rates following SMC by Month 
of SMC Administration and Overall (IRR, 95% CI). 

Outcome Overall July August September October P value for 
global test 

of 
interaction 

Pneumonia 0.86 
(0.79 to 

0.93) 

0.66 
(0.57 to 

0.74) 

0.92 
(0.80 to 

1.05) 

1.0 
(0.83 to 

1.18) 

0.81 
(0.69 to 

0.92) 

0.000 

Diarrhea 0.83 
(0.74 to 

0.93) 

1.02 
(0.82 to 

1.22) 

0.74 
(0.61 to 

0.88) 

0.85 
(0.70 to 

1.0) 

0.82 
(0.67 to 

0.97) 

0.047 

Acute 
malnutrition 

0.71 
(0.51 to 

0.97) 

0.49 
(0.03 to 

0.94) 

0.69 
(0.23 to 

1.14) 

0.81 
(0.29 to 

1.34) 

0.80 
(0.47 to 

1.13) 

0.654 

Control 
outcomes 

      

Malaria 
(positive 
control) 

0.62 
(0.56 to 

0.69) 

0.90 
(0.73 to 

1.07) 

0.59 
(0.52 to 

0.67) 

0.54 
(0.47 to 

0.61) 

0.67 
(0.58 to 

0.75) 

0.000 

Injury 
(negative 
control) 

0.89 
(0.67 to 

1.19) 

0.92 
(0.46 to 

1.37) 

1.03 
(0.57 to 

1.48) 

0.80 
(0.44 to 

1.16) 

0.82 
(0.43 to 

1.20) 

0.861 

       
Treatments       
Antibiotic 

prescription 
0.88 

(0.83 to 
0.94) 

0.78 
(0.70 to 

0.86) 

0.92 
(0.84 to 

1.0) 

1.0 
(0.86 to 

1.13) 

0.81 
(0.72 to 

0.91) 

0.002 

Antimalarial 
prescription 

(positive 
control) 

0.63 
(0.56 to 

0.69) 

0.90 
(0.72 to 

1.07) 

0.60 
(0.53 to 

0.68) 

0.54 
(0.47 to 

0.61) 

0.67 
(0.58 to 

0.76) 

0.000 
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Chapter 2: The role of Seasonal Malaria Chemoprevention in the effect of Azithromycin on 

Child Mortality: A Secondary Analysis of the CHAT Cluster Randomized Clinical Trial 

 
INTRODUCTION 

Many regions of sub-Saharan Africa have high child mortality rates.45 Infectious diseases, in 

particular acute diarrheal and respiratory infections, and malaria, are the leading causes of illness 

and death in children in low- and middle-income countries.1 Antimicrobial-based strategies such 

as mass drug administration of azithromycin (MDA AZ) and seasonal malaria chemoprevention 

(SMC) have been used to reduce child mortality in these settings.11,46 Azithromycin (AZ) has 

been shown to reduce all-cause mortality as well as infectious morbidity due to diarrhea, 

pneumonia, and malaria.46-48 The MORDOR study which randomized communities in Malawi, 

Niger, and Tanzania to four twice-yearly mass distributions of either oral AZ or placebo found 

that childhood mortality was lower in communities randomized to AZ, with the largest effect (a 

relative reduction in all-cause mortality of 18.1%) seen in Niger, where SMC was not being 

distributed.46 The Community Health with Azithromycin Trial (CHAT) completed in 2023 and 

the AVENIR (Azithromycine pour la Vie des Enfants au Niger: Implementation et Recherche) 

trial in Niger also demonstrated that mass distribution of AZ remains effective at reducing child 

mortality in a setting receiving SMC.22,49 The finding of these trials was consistent with 

MORDOR-Niger, showing a reduction in all-cause mortality overall in communities randomized 

to AZ compared to placebo.22  

 

SMC involves monthly administration of a 3-day regimen of sulfadoxine-pyrimethamine and 

amodiaquine (SP-AQ) during the malaria season in regions with highly seasonal transmission, 

where there is no evidence of resistance to these drugs.2 SMC treats current infection and 
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provides protection against future infections for up to 3-4 weeks.50 As of 2020, following the 

WHO policy recommendation, 13 countries in Africa have adopted SMC with different scales of 

implementation.3,51 Large-scale evaluations have found SMC effective at reducing malaria 

infection and all-cause mortality.9,10 Despite the adoption of SMC, it is not clear how the 

antimalarial, antibacterial, anti-inflammatory and overall benefits of SP in SMC might affect the 

benefit of AZ for child mortality.52 Since Sulfadoxine is a broad-spectrum, long acting antibiotic, 

it may influence infections that AZ is effective against. Previous evidence for the combined 

effect of AZ and SP in pregnant women showed that the combination of these drugs was superior 

in antimalarial activity compared to SP with chloroquinine53,54 and SP alone.55 A recent RCT 

found that children receiving the addition of AZ to SMC, versus placebo and SMC, had fewer 

episodes of gastrointestinal infections, upper respiratory tract infections, and nonmalarial febrile 

illnesses. However, there was no significant difference in incidence of death or hospitalization 

between these groups.12 The lack of benefit of AZ for mortality observed in this trial raises 

questions about whether the mortality benefit of AZ may be lower when SMC is also 

administered. On a larger scale, these questions are relevant for the implementation of MDA AZ, 

particularly in relation to the timing of AZ administration (since SMC is administered 

seasonally) and for identifying communities that would benefit most based on SMC coverage. 

Communities with gaps in SMC coverage may also have other vulnerabilities and gaps in care, 

for which AZ might be particularly effective.56 

 

The potential heterogeneity in the effect of AZ calls for further studies before its widespread use 

can be recommended.57 Studies are needed to refine key aspects of implementation, such as the 

optimal dose, frequency, timing,58 and the populations to target or prioritize.59,60 Additionally, 
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understanding how malaria seasonality and the concurrent use of malaria interventions like SMC 

impact the effectiveness of MDA AZ programs can help in tailoring these interventions to 

enhance their benefits, use resources efficiently and develop integrated strategies.  

 

Using data from the CHAT cluster-randomized controlled trial in Burkina Faso22 and the 

country’s National Malaria Control Program (NMCP) data on SMC administration and coverage, 

we examined whether the effect of mass AZ distribution on mortality among children aged 1-59 

months varies with SMC administration season or SMC coverage. 

 

METHODS 

Study Design, Setting, Population and Data Collection 

This was a secondary analysis of the CHAT trial and additionally included SMC data from 

NMCP. The methods and primary results have been reported previously.20,22 In brief, CHAT was 

a cluster-randomized placebo-controlled trial designed to evaluate the efficacy of mass AZ 

strategies.20 The trial enrolled children aged 1-59 months in Nouna District of Burkina Faso and 

covered both the Nouna Health and Demographic Surveillance Site (one third of Nouna District 

),19 as well as the non-HDSS area in Nouna.20 A map of the study area is included in the primary 

analysis of the trial.22 Communities randomized to intervention received biannual mass oral AZ 

and communities randomized to placebo received biannual mass oral placebo for 3 years (2019-

2023). The overall coverage of MDA was approximately 90% for both AZ and placebo arms. 

Every 6 months, a census was conducted documenting births, deaths, pregnancies, and 

migration. CHAT had an open cohort design with children contributing different amounts of 

person time, and vital status recorded at each 6-month census (phases) for each child enrolled. 
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Six rounds of census and treatment occurred during the study corresponding to the following 

phases: 0-6 months, 6-12, 12-18, 18-24, 24-30 and 30-36 months (Figure 1). Trial data were 

aggregated by cluster and these phases. 1,086 deaths over 119,139 person-years were observed.22 

 

Four monthly cycles of SMC were administered per local standard-of-care to children aged 3 to 

59 months during the malaria transmission season from July through October each year. SMC 

was administered to the study area over a 3-4 day period.61 NMCP records were reviewed to 

obtain SMC coverage data, including number of children under 5 treated during each cycle and 

the timing of treatment at the health post (CSPS) level. Each community falls within a CSPS 

catchment area, and was assigned the SMC coverage level of its corresponding CSPS.   

 

The CHAT trial which served as basis for these analyses was reviewed and approved by the 

Institutional Review Boards at the University of California, San Francisco and the Comité 

National d’Ethique pour la Recherche (National Ethics Committee of Burkina Faso) in 

Ouagadougou, Burkina Faso. 

 

Statistical Analysis 

The primary outcome for these analyses was all-cause mortality. The sample size was based on 

childhood mortality for the overall AZ versus placebo comparison in CHAT trial. Details of 

sample size calculation have been reported previously.22 For the subgroup analysis, we 

calculated the minimum detectable effect (additive interaction effect per 1000 children) based on 

methods described by Hayes & Moulton for calculating power and sample size for examining 

interaction in cluster randomized trials, 62 This method accounts for clustering by using a 
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randomization -unit level summary statistic.62 Using parameters from CHAT data at 24 months, 

with 139 clusters per arm, 27 person-years of observation per cluster per subgroup, cluster 

standard deviation of 0.0223 and alpha of 0.05 for 2-sided test, we estimated that we would have 

80% power to detect a delta of 1.16 (additive interaction effect of ~1 death per 1000 children). 

We conducted three analyses in which we assessed the effect of AZ (AZ vs placebo) in 1) the 

months of no SMC (January- June) versus months during and immediately following SMC (July-

December), 2) by SMC coverage level (0-100%) on a continuous scale, and 3) by SMC coverage 

of below or above a threshold level of 80%, which was chosen a priori based on recommended 

WHO coverage levels. Descriptive analyses were used to report the mean number of children in 

each community, cluster-level mean percentages of children by age-group and sex, as well as 

SMC coverage levels. We used the interaction directed acyclic graph63 shown in Figure 2 to 

visualize the relationship between SMC and effect of AZ on under 5 mortality examined in the 

interaction analyses. 

 

For the analysis by season, the six phases were categorized as non-SMC (January-June) versus 

the SMC (July-December) seasons of the year, based on the timing of treatment and census. A 

Poisson regression model was used to analyze data at the cluster phase level with person-years 

included as an offset and robust standard errors clustered at the cluster level to account for 

repeating phases. This was used to estimate the mortality rate in AZ and placebo groups, their 

rate ratio by season, and their interaction on the multiplicative scale. The margins command in 

Stata was used to estimate incidence rate differences (IRDs) with 95% CIs using the delta 

method. Number needed to treat to avert one death was calculated using the rate differences. 
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Relative excess risk due to interaction (RERI) with bootstrap 95% confidence limits and 1000 

repetitions was used to assess interaction on the additive scale. 

 

For the analysis by coverage, we updated the SMC coverage for 2020 and 2021 originally 

reported by NMCP using 2006 denominators (estimates of total number of children), by the 

corresponding census denominators from CHAT to obtain more accurate coverage estimates for 

each CSPS. The SMC coverage for each cycle in each year for each CSPS was calculated as the 

number of children treated (obtained from NMCP) divided by the total number of children in the 

CSPS catchment area. 

 

SMC coverage percentages for each cluster and each year (2019, 2020, 2021) were linked to the 

trial data by cluster. Since SMC coverage estimates for 2019 were not available and given the 

high correlation (>90%) in CSPS level coverage between 2020 and 2021, coverage estimates for 

2020 were used for both 2019 and 2020. For the coverage estimate for each year, we used the 

average coverage level across the 4 cycles of SMC distributed during that year. Clusters with 

coverage estimates above 100% (~8%) were capped to 100%. SMC coverage was scaled for each 

unit increase to represent 10% increase in coverage. Given the short duration of protection of 

SMC,64 for the analysis by coverage, we restricted the data to the second half of each year (July-

December), the period during and immediately after SMC was administered. The analysis dataset 

included the treatment type (AZ vs placebo), number of deaths and person-time aggregated by 

cluster and phase year, along with the coverage estimate for each cluster and phase, in a 

longitudinal format.  
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For the analysis by coverage level of 80% or above, we used the dataset for the coverage analysis 

described above and dichotomized coverage level as below or 80% and above and examined 

whether the effect of AZ varied in these subgroups. We considered this cutoff reasonable since it 

has been noted that 69% of children receiving all SMC cycles or 90% receiving at least one 

cycle, can be considered high coverage.65 For both analyses by coverage level, we used Poisson 

regression models with robust standard errors and similar methods described above for 

examining interactions on additive and multiplicate scales. 

 

Due to the imbalance in SMC coverage between arms, we conducted sensitivity analysis 

adjusting for SMC coverage in the analysis by SMC season. Furthermore, we categorized the 

year into quarters, in a sensitivity analysis, to evaluate during which time of the year AZ 

distribution yielded the greatest benefit against mortality. Lastly, we examined the role of SMC 

coverage in the effect of AZ on child mortality, adjusting for age of children and distance to 

health facility, and their interactions with AZ,63 as both may influence the level of SMC 

coverage and affect the benefit of AZ for mortality.46,56,66 

 

We plotted the mortality rate and rate differences by SMC season, coverage level, and by a 

threshold coverage level of 80% to visualize changes in the effect of AZ, and in the mortality 

rates by arm. SAS 9.4 (SAS Institute, Cary, NC) was used for data cleaning and for generating 

the datasets for analyses. Stata version 14.2 (StataCorp, College Station, TX) was used for all 

other analyses. 
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RESULTS 

Characteristics of communities included in the trial are presented in Table 1. Over 30% of the 

children in each arm were aged 12-23 months. The age and sex distributions were similar across 

arms. The SMC coverage estimates that were updated by recent denominators showed 

variability, with an overall average coverage of 79% (SD 0.59). The average SMC coverage 

across rounds was slightly higher in treatment versus placebo arm, 83% versus 74%, 

respectively. In both arms, SMC coverage level was slightly higher in the 4th cycle compared to 

other cycles. 

 

For both arms, mortality rate was higher in the SMC seasons: 7.9 per 1000 person-years, 95% CI 

(6.9 to 9.0) in the first half of the year, compared to 10.3 per 1000 person-years, 95%CI (9.0 to 

11.6) in the second half of the year (Figure 3a) In both SMC and non-SMC seasons, mortality 

rate was higher in placebo arm (Table 2). The interaction between AZ and SMC season was not 

statistically significant on either the multiplicative or additive scale. The effect of AZ compared 

to placebo was 0.77, 95%CI (0.6 to 0.98) in SMC season vs 0.89 (0.68 to 1.15) in non-SMC 

season (Figure 3b).   

 

Table 3 shows the mortality rates by arm and the effect of AZ at different SMC coverage levels. 

The interaction between AZ and SMC coverage (both on continuous scale and dichotomous at 

80% coverage threshold) was not statistically significant on either the multiplicative or additive 

scale (P>0.05)., However, the benefit of AZ appeared to slightly lower with increasing SMC 

coverage (Figure 4b). The effect of AZ compared to placebo in clusters with <80% SMC 
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coverage was 0.73 95%CI (0.56 to 0.96) and in clusters with ³80% SMC coverage, it was 1.0 

95%CI (0.59 to 1.69). 

 

Although the interaction was not statistically significant, the mortality rate was lower in the AZ 

arm compared to the placebo arm (IRR AZ vs placebo=0.73, 95%CI (0.56 to 0.96) in clusters 

with SMC coverage below 80%.  No significant difference in the mortality rate was observed 

between the AZ and placebo arms in clusters with SMC coverage of 80% or above: IRR=1.0, 

95%CI (0.59 to 1.69), Table 4, Figure 5b).   

 

In the sensitivity analysis, we found that adjusting for coverage in the analysis by season 

generated similar findings in which the effect of AZ compared to placebo was 0.77 95%CI (0.6 

to 0.98) in SMC season vs 0.89 95%CI (0.68 to 1.15) in non-SMC season (Supplementary Table 

1, Supplementary Figure 1). 

 

In the sensitivity analysis by quarters, the interaction between AZ and quarter did not reach 

statistical significance (P=0.203). However, the benefit of AZ appeared to be more pronounced 

when administered in the last 3 months of the year (October–December); IRD = -4.0 per 1,000 

person-years (95% CI: -7.9 to -0.11) (Supplementary Figure 2). In the analysis in which we 

examined the role of SMC coverage in the effect of AZ on child mortality, adjusting for age of 

children and distance to health facility and their interaction with AZ, we found that the results 

were similar in which we did not reach statistical significance but the benefit of AZ appeared to 

slightly lower with increasing SMC coverage (Supplementary Figure 3).  
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DISCUSSION 

We evaluated how the effect of AZ changes by seasons of SMC administration and coverage. 

We found that the interaction between AZ and SMC season or coverage did not reach statistical 

significance on both the additive or multiplicative scales. Mortality rates appeared higher during 

SMC seasons for both AZ and placebo-treated clusters. Although not significant, the benefit of 

AZ may have been higher during these high-mortality SMC seasons. Mortality rates appeared to 

decrease with increasing SMC coverage in placebo clusters but not in AZ clusters. Compared to 

placebo, our results suggested that AZ may have had an increasing benefit as SMC coverage 

decreased. Its effect was also more pronounced in clusters with <80% versus ³80% SMC 

coverage.  

 

The effect of AZ appeared higher during and after the months when SMC was administered, 

particularly towards the end of the year. This is likely due to the high malaria transmission and 

associated high child mortality during this period.67 Since AZ may provide short-term infection 

prevention and treatment by clearing infections,47,68 its impact may be higher when administered 

around peak morbidity and mortality periods. It is suggested that optimal administration of AZ 

requires targeting asynchronous peaks in morbidity and mortality from various causes, as AZ is 

not specific to a single pathogen.68 Although other infectious diseases treated by AZ, such as 

pneumonia and diarrhea, may follow different seasonal patterns than malaria,69,70 AZ appeared to 

have a larger effect during this period of elevated malaria transmission and mortality. Previous 

studies in this region have found that malaria rates remained high in November and December, 

extending beyond the final cycle of SMC in October.27 Furthermore, the sensitivity analysis 

(Supplementary Figure 2) suggests that the effect of AZ may be more pronounced during these 
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late months of the year, compared to the third quarter when SMC is primarily administered.  

While the overall benefit of AZ appeared greater in the post-SMC period (July–December), its 

enhanced effect may have been concentrated in the final quarter, when malaria and potentially 

mortality rates remain high without further cycles of SMC. This likely higher benefit however 

may also be due to a higher number of deaths to be prevented or greater statistical power to 

detect an effect of AZ, given the higher mortality during this season. Given concerns about the 

frequency of AZ in relation to resistance,57,58 as well as its short-term effects, future studies 

should examine whether fewer rounds of AZ, but administered during the malaria transmission 

and SMC season, particularly when mortality is elevated, could be beneficial.   

 

Although the interaction was not statistically significant, the slightly higher effect of AZ in 

clusters with lower SMC coverage may suggest that the benefit of AZ may be greater in areas 

with gaps in SMC coverage. A likely contributing factor could be that SMC coverage may be 

related to engagement with the healthcare system, with low-coverage areas likely facing 

obstacles to care.66 AZ MDA has been found more effective for children who often have less 

access to preventive and curative care. 56 Therefore, the lower SMC coverage may reflect 

broader gaps in community and facility resources related to SMC administration. Previous 

studies have identified several barriers to SMC uptake, including local shortages, challenges 

reaching mobile populations and underserved areas, and issues related to community distributors' 

working conditions, such as workload and incentives.66,71 Therefore regions with lower SMC 

coverage may also have other gaps in routine child health interventions and care, where AZ  may 

be particularly helpful. Although it did not reach statistical significance, the higher benefit of AZ 
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in low SMC communities suggests that prioritizing AZ treatment in areas with inadequate SMC 

coverage might be beneficial. 

  

The slightly reduced benefit of AZ in areas with high SMC coverage may also partly be due to 

reduction in malaria disease burden following SMC administration.61 In regions with lower SMC 

coverage, important gaps in malaria prevention remain,65 making AZ MDA likely beneficial as it 

may have some efficacy against both malaria and bacterial infections. Although the effect of AZ 

on malaria infections has been inconsistent,72 analysis of causes of death from the MORDOR 

trial found that malaria was one of the primary causes of mortality against which AZ was 

beneficial.48 With effective malaria interventions like SMC, the impact of AZ may be less 

apparent.73 This is also consistent with the lack of observed benefit of AZ for mortality in the 

household randomized trial, where all enrolled children received SMC.12 

 

This study has some limitations. First, it may have been underpowered to a detect significant 

interaction between AZ and SMC on the mortality outcome. For the analysis by coverage level, 

the data was further restricted to SMC seasons, which further reduced our sample size. However, 

we still observed patterns suggestive of a differential effect of AZ by season and SMC coverage. 

Considering the lack of statistical power, is it possible that the slight differences we observed 

may be due to chance. These findings should be confirmed in larger studies and examined in 

different settings. Second, the SMC data used in our analysis were programmatic data, not 

prospectively collected for research purposes and therefore had less specificity and details such 

as daily doses or whether treatment was directly observed. Additionally, the data were provided 

at the health post level, and any differences in coverage levels between clusters were not 
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captured. The absence of data for 2019 is also another limitation in our analysis. Furthermore, 

although we adjusted for distance to facility and age group of children, there may be other 

unknown factors that can affect SMC coverage as well as the effect of AZ on child mortality. 

However, since the goal of this these analyses was to identify subgroups that potentially 

benefitted the most from AZ treatment, only confounding of the primary exposure-outcome (AZ-

mortality) relationship needs to be taken into account.74 We would not expect confounding to be 

an issue for the AZ-mortality effect due to the randomized nature of the intervention. There may 

also be measurement error in our coverage level estimates of SMC. To minimize this, we 

updated denominators using recent census estimates of the number of children and capped 

outliers.  

 

Conclusion 

Although the interactions did not reach statistical significance, our findings raise the question of 

whether MDA AZ programs could be more effective if prioritized during the latter part of the 

year, when malaria transmission and mortality are elevated. Additionally, regions with lower 

SMC coverage may represent a useful target for AZ MDA interventions. Future studies should 

explore whether prioritizing AZ administration in these high-risk periods or areas with gaps in 

SMC coverage leads to greater reductions in child mortality.  
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Figure 2.2- Interaction Directed Acyclic Graphs Illustrating the Interaction Between Mass AZ 
Treatment and SMC 
 
Note: Age-age of children, Distance-distance to health facility, SMC-SMC coverage level, Y-
under-five mortality, A- AZ treatment, △YA-effect of AZ on child mortality. The figure shows 
how SMC may modify the effect of AZ on child mortality, with potential confounders including 
the interaction of distance to a health facility with AZ, and the interaction of child age with AZ 
on child mortality. Adjusted analyses are presented in Supplementary Figure 3 
  

SMC △YA Distance Age 
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Supplementary Figure 2.2- Mortality rate difference (AZ vs placebo) by quarter of year 
 
Note: P value for the interaction between AZ and quarter was 0.203 on the multiplicative 
scale and 0.148 on the additive scale 
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Supplementary Figure 2.3- Mortality Rate by Treatment and SMC Coverage: a) Continuous 
Scale and c) Threshold Level; Mortality Rate Difference (AZ vs. Placebo) by SMC Coverage: 
b) Continuous Scale and d) Threshold Level, Adjusting for Distance to Facility, Age of 
Children, and Their Interaction  
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Table 2.1 Characteristics of communities in CHAT trial. 
 

 
Azithromycin group 
(152 communities) 

Placebo group 
(145 communities) 

Number of Children (mean 
number, SD) 

265 (148) 280 (149) 

Age groups (mean %, SD) 
1–11 months 19.5% (5.0) 18.7% (4.0) 

12–23 months 33.0% (5.4) 32.7% (4.8) 
24–35 months 16.4% (3.1) 16.8% (3.4) 
36–47 months 15.8% (4.3) 15.5% (3.1) 
48–59 months 15.4% (3.8) 16.3% (4.3) 

Male sex (mean %, SD) 50.2% (4.2) 50% (4.0) 

SMC coverage (mean %, SD) 83% (0.67) 74% (0.49) 
 

Cycle 1 (July) 81% (0.65) 72% (0.47) 

Cycle 2 (August) 82% (0.66) 73% (0.5) 

Cycle 3 (September) 84% (0.67) 75% (0.5) 

Cycle 4 (October) 86% (0.69) 76% (0.51) 
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Table 2.2 Effect of Azithromycin vs Placebo Distribution on Child Mortality by overall and 
by SMC season.  

 Overall (Jan-
Dec) 

Non-SMC 
(Jan-Jun) 

During/post-
SMC 

(Jul-Dec) 
Mortality rate per 1000 

PY (all clusters) 
9.1  

(8.1 to 10.1) 
7.9  

(6.9 to 9) 
10.3 

(9 to 11.6) 
Mortality rate per 1000 

PY in AZ 
8.2  

(7.1 to 9.4) 
7.5  

(6.1 to 8.8) 
9.0 

(7.5 to 10.4) 
Mortality rate per 1000 

PY in Placebo 
10.0  

(8.4 to 11.7) 
8.4  

(6.8 to 10.1) 
11.7  

(9.5 to 13.9) 

IRR (AZ vs placebo) 0.82  
(0.66 to 1.01) 

0.89  
(0.68 to 1.15) 

0.77  
(0.6 to 0.98) 

IRD (AZ vs placebo) -1.82  
(-3.8 to 0.14) 

-0.97  
(-3.07 to 1.14) 

-2.7  
(-5.32 to -0.07) 

Number needed to treat 
to prevent one death 549 1037 371 

Interaction Coeff 
multiplicative 0.87 (0.65 to 1.16), p= 0.335  

Interaction Coeff additive -0.21 (-0.57 to 0.16), P=0.268  
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Table 2.3 Effect of Azithromycin vs Placebo Distribution on Child Mortality by SMC coverage 
level 
 
SMC 
coverage 

Mortality 
rate per 1000 

PY 
(all clusters) 

Mortality rate 
per 1000 PY 

in AZ 

Mortality 
rate per 1000 

PY 
in Placebo 

IRR 
(AZ vs 

placebo) 

IRD 
(AZ vs 

Placebo) per 
1000 PY 

Number 
needed 
to treat 

Overall 10.3 
(9.1 to 11.6) 

9.0 
(7.5 to 10.4) 

11.6 
(9.6 to 13.6) 

0.77 
(0.6 to 0.98) 

-2.6 
(-5.0 to -0.1) 

387 

30% 11.6 
(7.6 to 15.7) 

8.5 
(4.8 to 12.3) 

14.9 
(7.6 to 22.2) 

0.57 
(0.2 to 0.95) 

-6.4 
(-14.6 to 1.8) 

157 

40% 11.2 
(8.2 to 14.2) 

8.6 
(5.7 to 11.6) 

13.9 
(8.6 to 19.2) 

0.62 
(0.3 to 0.94) 

-5.2 
(-11.3 to 0.8) 

191 

50% 10.8 
(8.7 to 12.9) 

8.8 
(6.6 to 11) 

12.9 
(9.3 to 16.5) 

0.68 
(0.42 to 0.93) 

-4.2 
(-8.4 to 0) 

240 

60% 10.4 
(9.0 to 11.8) 

8.9 
(7.3 to 10.5) 

12 
(9.7 to 14.4) 

0.74 
(0.54 to 0.93) 

-3.2 
(-6.0 to -0.3) 

318 

70% 10.1 
(8.9 to 11.3) 

9.0 
(7.5 to 10.5) 

11.2 
(9.4 to 13) 

0.80 
(0.62 to 0.99) 

-2.2 
(-4.5 to 0.2) 

456 

80% 9.8 
(8.3 to 11.2) 

9.2 
(7.2 to 11.1) 

10.5 
(8.3 to 12.6) 

0.88 
(0.62 to 1.14) 

-1.3 
(-4.2 to 1.6) 

775 

90% 9.5 
(7.5 to 11.5) 

9.3 
(6.5 to 12.1) 

9.7 
(6.9 to 12.6) 

0.95 
(0.56 to 1.35) 

-0.4 
(-4.4 to 3.5) 

2274 

100% 9.3 
(6.7 to 11.8) 

9.4 
(5.7 to 13.2) 

9.1 
(5.5 to 12.6) 

1.04 
(0.46 to 1.62) 

0.4 
(-4.8 to 5.5) 

2743 

Interaction Coeff multiplicative scale    1.1 (0.9 to 1.3), P=0.297 
Interaction Coeff additive scale            0.08 (-0.06 to 0.21), P= 0.264 
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Table 2.4 Effect of Azithromycin vs Placebo Distribution on Child Mortality by SMC coverage 
threshold of 80% 
 
Note: Some clusters may appear in both high and low coverage counts if their estimates were 
above the threshold in one year and below the threshold in another year. 
 

  
Across all clusters 

(N=285) 
Coverage below 

80% (N=222) 
Coverage 80% or 

above (N=86) 
Mortality rate per 1000 
PY (all clusters) 10.3 (9 to 11.5) 10.5 (9 to 11.9) 9.2 (6.8 to 11.7) 
Mortality rate per 1000 
PY in AZ 9.0 (7.5 to 10.4) 8.9 (7.3 to 10.5) 9.2 (5.9 to 12.6) 
Mortality rate per 1000 
PY in Placebo 11.5 (9.4 to 13.6) 12.1 (9.6 to 14.7) 9.2 (5.8 to 12.7) 
IRR (AZ vs placebo) 0.78 (0.61 to 0.99) 0.73 (0.56 to 0.96) 1.0 (0.59 to 1.69) 
IRD (AZ vs placebo) -2.49 (-5.03 to 0.05) -3.3 (-6.2 to -0.3) 0.01 (-4.8 to 4.9) 
Number Needed to treat 
to prevent one death 402 308 119,306 
Interaction Coeff 
multiplicative 1.37 (0.76 to 2.48), P= 0.301  
Interaction Coeff 
additive 0.27 (-0.19 to 0.72), P=0.247  
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Chapter 3: Exploring Heterogeneity in Treatment Effects: The Impact and Interaction of 

Asset-Based Wealth and Mass Azithromycin Distribution on Child Mortality 

 
INTRODUCTION 

The Sustainable Development Goals aim to end preventable deaths of children under 5 by 

2030.75 Although significant progress has been made in reducing global child mortality, 

improving child survival remains an international priority.76 As of 2022, the global under-five 

mortality rate was 37 deaths per 1000 live births, a significant decline from the 93 deaths per 

1,000 live births in 1990.76 However, there is considerable variability in mortality rates and 

improvements across regions,45 with substantial inequalities observed in sub-Saharan Africa.77 

For instance, in 2019, two regions accounted for the majority of under-5 deaths: sub-Saharan 

Africa with 55% (53–57) of global under-5 deaths, and south Asia with 26% (26–27) of the 

total.78 Considering such disparities, assessing local and regional trends can help identify areas 

for improvement despite overall progress, and help prioritize child survival interventions for 

those who need them most.45 Understanding context-specific differences is essential for 

evaluating health equity, informing policy decisions, and effectively addressing local health 

disparities and their specific challenges. 

 

The leading causes of child mortality, particularly in sub-Saharan Africa, include infections such 

as malaria, diarrhea, and pneumonia.79 Addressing these issues involve strengthening health 

systems, implementing nutritional interventions, improving water, sanitation, and hygiene 

services, and preventing infections.80 Antibiotic-based strategies, such as mass distribution of 

azithromycin (AZ), have also been used to reduce child mortality in these settings. Previous 

randomized controlled trials, such as the MORDOR study, conducted in Malawi, Niger, and 
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Tanzania, as well as the recent community-randomized CHAT trial in Burkina Faso, and the 

AVENIR trial in Niger have shown that childhood mortality was lower in communities that 

received mass distributions of oral AZ.22,46,49 

 

Previous evidence suggests that AZ is not only effective in reducing child mortality but can also 

help buffer against disparities in child mortality by potentially addressing gaps in treatment.56 A 

secondary analysis of the MORDOR trial found that the effect of MDA with AZ was larger in 

communities farther from clinics.56 Since distance from health facilities is a barrier to accessing 

routine and life-saving interventions,21,81 hard-to-reach and rural communities, which often lack 

resources, 21,82 may benefit more from mass AZ treatment. Another key determinant of access to 

treatment and care is socioeconomic status (SES).83 Socioeconomic factors are known to be 

important determinants of child mortality, by which disparities in health outcomes have been 

previously noted.77,84Individuals in poorer communities often have less access to quality care, 

services and information,83 and may therefore also benefit more from mass AZ treatment. 

However, despite its suggested effect in addressing gaps in treatment, there is no clear evidence 

whether MDA of AZ interacts with wealth status to help reduce wealth-related inequalities in 

child mortality. 

 

Additionally, poorer communities may have greater exposure to infectious diseases due to 

crowding, poorer housing structures, and limited access to clean water and sanitation.85 

Consequently, the poorest communities may experience a higher infection burden and benefit 

more (have more harm averted) from treatment.86 For instance, previous research shows that 
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reducing childhood infections, particularly in families with lower SES, may more substantially 

reduce the burden of cardiovascular disease in adults compared to families with higher SES.87   

Therefore, examining whether the effect of AZ varies by wealth level may help determine 

whether AZ MDA is more beneficial for households and communities with lower SES, which 

typically have reduced access to resources, healthcare, and antibiotics, and aid in resource 

prioritization and the development of targeted approaches. 

 

Evaluating these effects at both the household and cluster/community levels may provide a 

comprehensive understanding of how MDA interventions could affect wealth-related 

inequalities. Since socioeconomic determinants operate at multiple levels such as individual, 

household, and community,88 this approach may provide insights into effects within individual 

households, as well as broader patterns and resource gaps at the community level, enabling more 

targeted strategies. 

Using data from a cluster randomized trial of 278 villages in Burkina Faso22 (CHAT) and data on 

household characteristics, we examined whether there is an asset-based wealth gradient in under-

five mortality in these communities and whether there is an interaction between mass AZ 

distribution and wealth status on child mortality. 

 

 

METHODS 

Study Design, Setting, and Population  

This was a secondary analysis that utilized data from the CHAT trial and a pre-census survey 

data collected prior to the first CHAT census, before the trial began. The CHAT trial was a 
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cluster-randomized study aimed at assessing the effectiveness of mass AZ distribution for 

prevention of mortality in children aged 1-59 months.20 It involved children under-five in the 

Nouna District of Burkina Faso, in both the Nouna Health and Demographic Surveillance Site 

(HDSS) and the surrounding non-HDSS area.20 Under-five mortality in Burkina Faso declined 

substantially,89 from 184 per 1,000 live births in 2003 to 48 per 1,000 live births in 2021, 

largely due to improvements in prevention and care.75 Malaria, pneumonia, and diarrhea were 

the leading causes of child death.90 A previous study found that the median rate of visits to 

government-run primary healthcare facilities for children under five in the villages was 6.7 per 

100 child-months, with the majority due to pneumonia (37.5%), malaria (25.1%), and diarrhea 

(9.1%).21 The median distance from healthcare facilities for a child was approximately 5 km.21 

Over 40% of the population of Burkina Faso lives below the poverty line,91 with poverty 

concentrated in rural areas.92  

 

Data Collection  

In the CHAT trial, mass drug administration (MDA) of AZ or placebo was assigned at the 

cluster, specifically at the community level. Eligible children in treatment clusters received 

twice yearly doses of oral AZ, while those in placebo clusters received twice yearly doses of 

oral placebo over a period of 3 years (2019-2023; 6 treatment distributions in total).20 A census 

was conducted every 6 months to record births, deaths, pregnancies, and migrations. The study 

employed an open cohort design, with varying person-time contributions from enrolled 

children as children could age in or out of the cohort or could move in or away or die. Vital 

status updates for each child, along with their household and community identifiers, were 

recorded during each 6-month census phase. Throughout the study, six rounds of census and 
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treatment were performed, and a total of 1,086 deaths were observed across 119,139 person-

years.22 Detailed methods of the CHAT trial have been described previously.20,22 The CHAT 

trial was reviewed and approved by the Institutional Review Boards at the University of 

California, San Francisco, and the Comité National d’Ethique pour la Recherche in 

Ouagadougou, Burkina Faso. Written informed consent was obtained from the caregiver of 

each enrolled child. 

 

Before the study began, the study team conducted a pre-census survey in study communities, 

collecting data on household-level wealth indicators in regions outside of the HDSS. These data 

included habitat type (e.g.simple detached house, villa, multiple dwelling building, apartment 

building), ownership status (e.g., owner, tenant, housed by employer/parents/friends, other), and 

housing structure, such as the construction material used for walls (hard, semi-hard, banco, 

straw), floors (tiles, cement, clay, sand), and roofs (concrete, tiles, sheets, straw/leaf, crammed 

earth). It also included the main source of cooking energy (electricity, gas, coal/wood, petroleum 

stove) and access to clean water and toilets (e.g., type of toilet such as flush toilet, latrines, 

unconfined latrines, no toilet) and the main source of drinking water (faucet, well, drilling, river). 

Data on asset ownership was also collected, including items such as radio, television, video/DVD 

player, telephone, freezer, gas cooker, generator, computer, car, motor, and tricycle. The pre-

census data covered 15,291 households in 170 clusters involved in the CHAT trial, while 12,872 

households in CHAT were not included in the pre-census. 
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Statistical Analysis Methods 

We conducted three steps: 1) generated the wealth index score for each household, 2) assessed 

how child mortality rates change with the asset-based wealth index, and 3) evaluated the 

interaction between the azithromycin MDA intervention and wealth on all-cause mortality. The 

latter two analyses were conducted at both the household and cluster levels. Descriptive 

analyses were used to describe the characteristics of households from the pre-census, by 

treatment arm. While the overall sample size was based on childhood mortality for the AZ 

versus placebo comparison in CHAT trial,22 only households present in both the pre-census and 

the trial were included in the household-level analyses, while clusters with at least one 

household in the pre-census were included in the cluster level analyses. 

 

Principal Component Analysis (PCA) 

The wealth index score for each household was created using PCA, which is a data reduction 

technique that reduces dimensionality by replacing many correlated variables with a smaller set 

of uncorrelated 'principal components' that explain most of the variance.93,94 To prepare 

variables for PCA, household characteristics were recoded as either improved or unimproved 

based on DHS categorization.95 Ownership of assets was recorded as binary. We assessed 

household characteristics, their correlations, eigenvalues and the factors that explained majority 

of the variability.  

 

Of these characteristics/assets, 14 were selected for inclusion in the PCA based on higher 

prevalence, component loading, and their positive association with wealth status. These 

included improved wall, floor, roof, and toilet, as well as ownership of radio, TV, video/DVD, 
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mobile, freezer, solar plate, solar lamp, motorcycle, bicycle and cart. We used the first 

component that explained the largest proportion of the total variance to create the wealth score, 

with higher scores representing wealthier households. 

 

We categorized the wealth index into quintiles, dividing households into five groups from the 

least wealthy 20% to the wealthiest 20% based on this relative measure of poverty.96 

 

Wealth status and Mortality 

The wealth index score for each household was merged with the mortality data, which included 

the number of deaths, person-time at risk (aggregated by household), and the corresponding 

treatment value (AZ vs placebo) for the cluster in which each household was located. We 

examined whether mortality rate in children under five changes with increase in each quintile of 

the wealth index. Quintiles were analyzed both as a linear ordinal predictor and as categorical 

variables (with the least wealthy group as the reference), following tests for linear trends across 

categories.  

 

We used a Poisson regression model with person-years as an offset, a log link, and robust 

standard errors clustered at the cluster level to account for the cluster-level treatment in the 

household-level analysis. The margins command in Stata was used to estimate incidence rate 

differences (IRDs) with 95% CIs using the delta method. In the adjusted analysis, we included 

distance to facility as a covariate, since it has been previously identified as strong predictor of 

child mortality in this setting,97 and is often associated with wealth.98 
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We also assessed wealth-related inequalities in mortality by calculating the Relative Index of 

Inequality (RII) and the Slope Index of Inequality (SII) which are key measures used in 

epidemiologic studies to quantify and compare health inequalities across populations.99 The RII 

represents the ratio of predicted outcomes between the wealthiest and poorest quintiles in the 

wealth distribution of the population, whereas the SII reflects the absolute difference between 

these groups. 99 RII and SII values of 1 and 0 indicate no inequality, respectively, while higher 

values indicate worse outcomes for the most disadvantaged group. We used bootstrapping with 

1,000 replicates, resampling clusters with replacement, to calculate the 95% confidence limits for 

these estimates. Additionally, we used the Gini index and the concentration index. The Gini 

index, commonly used to measure income inequality, is also used to measure health inequality 

by providing estimates that capture the distribution of health or health risks.100,101 We used the 

Gini index to assess the overall distribution and degree of inequality in child mortality across 

households and communities. The Gini index ranges from 0 to 1, where a value of 0 represents 

perfect equality and a value of 1 indicates perfect inequality.101 The concentration index captures 

the extent to which health outcomes differ across individuals or communities ranked by an 

indicator of socioeconomic status, and is commonly used to measure socioeconomic related 

health inequality.102 The concentration index was used to measure how child mortality is 

concentrated among different wealth groups. It is defined as twice the area between the 

concentration curve and the 45° line, which represents equality, and ranges from -1 to 1. For an 

ill-health outcome (such as child mortality), a negative concentration index indicates that ill 

health is higher among the poor. A value of -1 represents maximal pro-rich inequality 

(disproportionate burden on the poor), 0 indicates no inequality, and 1 represents maximal pro-

poor inequality (disproportionate burden on the wealthy).102,103 
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Wealth-AZ Interaction 

We examined whether the effect of AZ on child mortality varies by asset-based wealth and 

whether the relationship between wealth and mortality varies by treatment arm. We used the 

interaction directed acyclic graph (DAG)63 shown in Figure 1A and 1B to determine and 

visualize the relationships between variables relevant for the interaction analyses. We used 

Poisson regression models similar to those described above, including both the main effects of 

wealth and AZ, as well as their interaction term to assess interaction on a multiplicative scale. To 

evaluate interaction on an additive scale, we calculated the relative excess risk due to interaction 

(RERI) with bootstrap 95% confidence intervals, resampling clusters with replacement, using 

1000 repetitions. Based on the interaction DAG, distance to facility was included as a covariate 

in adjusted models. 

 

In addition to household-level analyses, we conducted these analyses at the cluster level by 

aggregating deaths and person-time by cluster and averaging household wealth scores to 

determine wealth quintiles for each cluster. This approach provided insights into community-

level relationships and allowed the use of pre-census household wealth data to calculate the 

wealth index for clusters with at least one household in the pre-census. As a result, clusters with 

at least one household in the pre-census were included in the cluster-level analysis, enabling the 

inclusion of mortality data from clusters missing households in the pre-census data.  

 

Sensitivity Analyses 

We conducted several sensitivity analyses. First, since the first 4 principal components explained 

a much larger proportion of the total variance than just the first component, we combined them 
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(using weighted sum) to create the wealth score, which was then used in analyses similar to those 

conducted for the wealth index constructed from the first component.93 Second, because 

households not included in the pre-census were excluded from the household-level analysis, we 

examined whether the effect of AZ on mortality varied by selection/inclusion into the analysis 

(Figure 1C). Third, we assessed whether selection/inclusion into the household-level analyses 

varied by treatment arm to determine if changes in mortality by wealth could be related to 

selection through treatment (Figure 1D). The latter two sensitivity analyses were conducted to 

assess potential selection bias and determine whether the results from the selected population can 

be generalized to the full sample and target population.63 

 

SAS 9.4 (SAS Institute, Cary, NC) was used for data cleaning and for generating the datasets for 

analyses. Stata version 14.2 (StataCorp, College Station, TX) was used for all other analyses. 

  

 

RESULTS 

There were 15,291 households in 170 clusters included in the analysis. About 53% of these 

households were in communities randomized to receive AZ (Table 1). Over 97% of participants 

in both arms lived in self-owned habitats, and over 75% resided in simple detached houses or 

villas. Housing materials varied: while three-quarters of households had relatively improved roof 

materials (concrete, tiles, or sheets), less than 40% had improved floor materials (tiles or 

cement), and fewer than 10% had houses with improved wall materials (hard or semi-hard 

walls). 5.3% of households in the AZ group and 4.5% in the placebo group had access to flush 
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toilets or latrines. In both arms, less than 1% had access to clean drinking water, and similarly 

low percentages used electricity or gas for cooking. The most commonly owned assets, with over 

70% prevalence in both groups, included mobile phones, bicycles, and solar lamps. The largest 

differences between the groups were in the ownership of radios and solar plates, with 44.6% and 

57.5% in the AZ group compared to 49.3% and 61.5% in the placebo group, respectively. 

 

PCA  

In the PCA, the first four components had eigenvalues greater than 1, explaining 46% of the 

variability, with the first component accounting for the largest portion at 20.5%. The Kaiser-

Meyer-Olkin (KMO) Measure of Sampling Adequacy was 0.78, indicating that the data was 

suitable for PCA.104 

 

Ownership of solar plates, motorbikes, radios, and TVs, as well as having an improved floor, had 

component loadings greater than 0.3, indicating a larger contribution to the asset score. 

Approximately 99% of the standardized asset score values ranged from -3.5 to 4.2, with a 

maximum score of 6.2, and a mean of 2.6. Based on the asset score rankings, the wealth index 

had five levels, with the least wealthy 20% of households in the 1st quintile and the wealthiest 

20% in the 5th quintile. 

 

Wealth and Mortality 

The mortality rate across all households was 9.7 per 1,000 person-years, 95% CI: 8.3 to 11.2 

(Table 2). Mortality rates varied by wealth, with households in the first quintile experiencing the 

highest rate (12.3 per 1,000 person-years, 95% CI: 9.4 to 15.2) and those in the fifth quintile 
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having the lowest rate (7.0 per 1,000 person-years, 95% CI: 5.3 to 8.6). There was a 11% 

decrease in mortality rate for each one-level increase in wealth quintile (IRR = 0.89, 95% CI: 

0.83 to 0.95). With measures of inequality, on the relative scale (RII), children in households in 

the lowest wealth quintile were 1.12 times (95% CI: 1.05 to 1.19) more likely to die than those in 

the wealthiest households. On the absolute scale, households in the lowest socioeconomic status 

experienced approximately 1.5 additional child deaths per 1,000 person-years (95% CI: 0.5 to 

2.5) compared to the wealthiest households (Table 3). The Gini index was 0.59 (95% CI: 0.56 to 

0.62) at the household level and 0.40 (95% CI: 0.37 to 0.43) at the community level, indicating 

high inequality in child mortality within households, with some households experiencing much 

higher child mortality rates than others, and moderate inequality across communities (Table 3). 

The Concentration Index was -0.14 (95% CI: -0.25 to -0.04) at the household level and -0.15 

(95% CI: -0.24 to -0.06) at the community level, reflecting modest but statistically significant 

inequality in child mortality by wealth, disadvantaging the poor (Figure 3). 

 

Mortality rates decreased with increasing wealth quintiles at both the household and cluster 

levels, with the greater reductions occurring from the first to the second and the fourth to the fifth 

quintile (Figure 2). Although the trend was similar, the change in mortality rate by wealth was 

slightly more pronounced at cluster level, with a 15% reduction for each increase in quintile level 

(IRR = 0.85, 95% CI: 0.77 to 0.94).  

 

The wealth related inequalities in mortality were also slightly larger at the community level with 

RII of 1.17, 95%CI (1.05 to 1.29) and SII: 2.3 per 1000-person year, 95%CI (0.2 to 4.4). These 
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disparities, though small, were statistically significant. The observed changes in mortality by 

wealth quintiles remained consistent when adjusting for distance to the facility (Table 2). 

 

Wealth-AZ Interaction 

Mortality rates decreased with increasing wealth quintiles for both AZ and placebo clusters (IRR 

for AZ = 0.87, 95% CI: 0.80 to 0.95; IRR for placebo = 0.90, 95% CI: 0.82 to 0.99). Across all 

quintiles, the mortality rate was lower in the AZ group compared to the placebo group (IRR = 

0.83, 95% CI: 0.63 to 1.1). The effect of AZ compared to placebo did not change significantly 

with the wealth index, and the change in mortality rate by wealth did not vary significantly 

between the arms (Table 4, Figure 4). Although there was a slight difference in the pattern of 

change at the household versus cluster level (Figure 4), there was no significant interaction 

between AZ and wealth on either the multiplicative or additive scale at both the household and 

cluster levels (Table 4). Differences in RII and SII by arm were also minimal (Table 5). 

 

Sensitivity Analyses 

In the sensitivity analysis using the first 4 components, the results were similar (Supplementary 

Figure 1 and 2). We found that that the probability of households being included in the pre-

census (selected) did not vary significantly by study arm (RR= 1.14, 95%CI (0.9 to 1.44). 

Furthermore, the effect of AZ on mortality did not vary substantially between households 

included in pre-census (selected) and missing households (P value for AZ*selection 

interaction=0.862, Supplementary Table 1).  
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DISCUSSION 

We found a wealth gradient in child mortality at both household and community levels, with 

more pronounced disparities at the community level. At both levels, those in the least wealthy 

quintile had the highest mortality rates. These wealth-related disparities were similar in both AZ 

and placebo groups. Although AZ-treated groups consistently had lower mortality rates, the 

effect of AZ compared to placebo did not vary significantly across wealth quintiles. There was 

no significant interaction between AZ and wealth status on either a multiplicative or additive 

scale at the household or cluster levels. 

 

Wealth and Mortality 

We found that mortality rates declined substantially with increasing wealth, consistent with 

previous studies that identified wealth as a key factor in under-5 mortality variability.77,105 

Wealth may influence child mortality in several ways. At the community level, factors such as 

ecological settings (e.g., local environment), political economy (e.g., economic conditions and 

governance), and health systems (e.g., access to healthcare services) can all influence child 

mortality.88 At the household level, factors linked to a family’s income and wealth can influence 

access to goods and services—such as housing, food, transportation, and healthcare.88,106 These 

factors can individually and collectively affect mortality through more proximal factors like 

poorer living conditions, higher susceptibility to infections, and reduced access to quality 

care,88,107,108 likely contributing to the higher child mortality observed among the poorest 

households and communities. Additional barriers include limited access to routine services, such 

as timely childhood vaccination, which are often lower among the most disadvantaged 

populations in Sub-Saharan Africa.109 Distance to facilities and the inability to afford care—
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factors commonly associated with poverty—have been noted as reasons for such disparities and 

as general barriers to care.21,110,111  However, in our study, adjusting for distance to facilities did 

not change the disparities in mortality observed by wealth.  

 

Over the years, Burkina Faso has made notable progress in reducing childhood mortality by 

increasing access to free care, adopting seasonal malaria chemoprevention, expanding services, 

and improving the quality of care.112 While free healthcare for children under 5 has improved 

healthcare utilization and helped reduce inequalities,113 some disparities remain, with the least 

wealthy households and communities experiencing the highest mortality rates. The modest 

change in mortality rates for those in the 40th to 80th percentiles suggests that the wealth impacts 

on under 5 mortality may be most pronounced in the wealthiest and poorest 20%. A closer 

examination of how wealth translates to health outcomes at the extremes of the wealth spectrum 

could be helpful. Although the Gini index showed higher variability in child mortality across 

households than communities, disparities by wealth appeared to be higher at the community 

level, as seen with the relative and slope inequality indices, as well as the concentration index. 

The more pronounced community-level disparities (than the household level) may suggest that 

aggregate factors—such as healthcare accessibility, environmental conditions, and community 

resources—may play a larger role, especially in the context of residential segregation by wealth. 

Targeted approaches addressing the specific challenges of vulnerable populations,114 including 

enhancing community resilience,115 may further reduce differential mortality.   
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Wealth-AZ Interaction 

We did not find evidence of an interaction between AZ and wealth on mortality rates. The wealth 

gradient in child mortality was similar in both AZ and placebo-treated clusters. Previous research 

indicated that AZ could help reduce health disparities by being particularly beneficial for distant 

communities with reduced access to healthcare and antibiotics.56 Although the mechanism of 

action is not clear, AZ may improve short-term health outcomes by clearing infections,48 which 

is critical given that many infectious diseases can worsen rapidly without treatment. This can 

make AZ particularly effective at reducing mortality and morbidity in populations that are 

geographically disadvantaged, where treatment access is limited.  While distance to facilities is a 

significant barrier to accessing routine and life-saving interventions,21,81 it often represents one of 

many obstacles to care. Thus, while mass AZ distribution may also help address some of the 

wealth-related disparities due to barriers to treatment and care, its effectiveness in addressing 

broader disparities influenced by factors such as economic inequality, nutrition, and living 

conditions may be more limited. 

 

Regardless of its impact on wealth-related disparities, AZ remains effective in reducing child 

mortality,22,46,49 as reflected with the lower mortality rates in AZ treated communities. Therefore, 

using AZ with comprehensive approaches that strengthen health systems and services in poor 

communities, improve living conditions and nutritional status of disadvantaged children, increase 

awareness and coverage of interventions, and enhance the quality and equity of care may better 

help address wealth-related disparities.114 

 

The consistent effect of AZ across different wealth levels may imply that it provides similar  
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benefits across economically diverse communities, with no evidence suggesting enhanced 

benefits for disadvantaged communities or for prioritizing treatment based on wealth status. 

Previous studies exploring the heterogeneity of AZ’s effect by underlying mortality rate116 or by 

nutritional status117 did not find strong evidence of effect modification. While concerns about 

resistance call for targeted approaches,60 AZ appears beneficial for a broad range of populations. 

Findings from the AVENIR trial also showed that nontargeted intervention for all children aged 

1 to 59 months yielded a greater benefit against mortality compared to restricting treatment to 

infants 1-11 months.118 While it is important to explore whether certain populations benefit more 

from MDA with AZ and prioritize them accordingly, continuing to treat all children who can 

benefit from it remains crucial in the absence of evidence for a targeted approach or better 

alternatives.119 A study weighing the risks and benefits of MDA AZ found that the short term 

benefits outweigh the risks, as AZ is an effective short-term strategy for reducing mortality that 

can be used along with larger-scale structural and systemic changes.120  

 

This study has some limitations. The first is reduced statistical power due to relatively low 

mortality rates. The need to restrict the analysis to households included in the pre-census—i.e., 

the exclusion of missing households—further lowered our sample size. Analyzing data at the 

cluster level partly mitigated this issue by averaging household wealth scores and aggregating 

mortality by cluster, allowing us to incorporate mortality information from households missing 

wealth scores. This, however, relied on the assumption that the households with non-missing 

scores can adequately represent those with missing scores. Additionally, our sensitivity analyses 

suggest that the missingness of households in the pre-census appears to be a random process and 

does not differ systematically by study arm. The scenario shown in Figure 1D indicates that 
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selection can be a threat to generalizability of findings to target population if S (selection) for 

inclusion in the analysis is associated with changes in mortality by wealth (△YW).63 Our 

sensitivity analysis shows that treatment (A) is not associated with selection (S), thereby 

breaking the link between these variables. Additionally, the effect of AZ on mortality in the 

selected and missing households was also similar. This suggests that the threat to validity shown 

in Figure 1C may not apply, since there is no association between selection into the sample (S) 

(selection) and the effect of AZ on mortality (△YA ) in our data. This implies that the observed 

effects in the selected population can be generalized to the full sample and target population.63 

 

Second, there is a potential for misclassification or measurement error, as the asset-based wealth 

index may not fully capture the complexity of wealth within households. Although this limitation 

could affect the accuracy of our analyses, it would likely impact all communities similarly and 

would not be differential by mortality levels. The extent to which these scores adequately 

represent wealth can also be affected by the PCA. Although the proportion of variability 

explained by the first component was not large, the combination of the first 4 components, which 

explained a much larger proportion of variability, generated similar findings. Additionally, a 

summary of household characteristics by wealth index quintile shows that asset ownership 

increases with wealth, as expected. This trend further strengthens our confidence in using the 

scores generated from PCA to represent wealth status (Supplementary table 1). Lastly, since we 

did not have additional data on clusters and households, we could not adjust for other potential 

confounders of the wealth-mortality association, such as bed net access. Therefore, the objective 

was to examine how mortality rates vary with wealth in these communities and examine how it 
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interacts with AZ, rather than to estimate the causal effect of asset-based wealth on child 

mortality. 

 

Conclusion 

Our results suggest that while wealth-related disparities in child mortality were observed at both 

the household and community levels, mass AZ treatment did not appear to mitigate these 

disparities, highlighting the need for other targeted approaches that could address this differential 

mortality. We did not find evidence of an enhanced benefit of AZ for disadvantaged 

communities or for prioritizing treatment based on wealth status. Therefore, it may be beneficial 

for MDA AZ programs to continue providing treatment to all children who could benefit. Further 

work is needed to address the underlying factors contributing to disparities in child mortality in 

these communities.  
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Figure 3.1- Interaction Directed Acyclic Graphs Illustrating the Interaction Between Mass AZ 
Treatment and Asset-Based Wealth. 
Note: W- Wealth, A- AZ treatment, S-Selection (household being included in pre-census), D-
Distance to health facility, Y-under-five mortality, △YA-effect of AZ on mortality, △YW- 
change in mortality by wealth. Figure 1A-how wealth may modify the effect of AZ on mortality 
with distance to health facility as a potential confounder; Figure 1B-how AZ may influence the 
change in mortality by wealth; Figure 1C- selection as a threat to generalizability to target 
population -sensitivity analysis examined association between selection (S) and effect of AZ on 
mortality (△YA). Figure 1D- selection as a threat to generalizability to target population, 
sensitivity analysis examined association between S (selection) and A (AZ) 
 

A △YW W △YA D 

S △YA W S △YW A 

A B 

C D 
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Table 3.1 Characteristics of households from the pre-census (n= 15, 291 households in 170 
clusters).  
Note: †Characteristics included in principal component analysis  

 
Azithromycin 

(n=8,157 households) 
Placebo 

(n=7,134 households) 
Persons per household (mean, SD) 7.24 (4.86) 7.17 (4.86) 
Children per household (mean, SD) 1.59 (1.39) 1.56 (1.37) 
Household characteristics (n, %)   
Improved housing (case, simple detached 
house, villa) 6254 (76.7%) 5522 (77.4%) 
Ownership of habitat (own) 7983 (97.9%) 7027 (98.5%) 
Improved wall material (hard, semi-hard)† 535 (6.6%) 594 (8.3%) 
Improved floor material (tiles, cement) † 2917 (35.8%) 2573 (36.1%) 
Improved roof material (concrete, tiles, 
sheets) † 6201 (76%) 5343 (74.9%) 
Source of cooking energy (electricity, gas) 43 (0.5%) 18 (0.3%) 
Access to toilet (flush toilet, latrines) † 430 (5.3%) 329 (4.6%) 
Access to clean drinking water (source-
faucet, well) 52 (0.6%) 41 (0.6%) 
Ownership of assets   
Radio† 3593 (44.6%) 3503 (49.3%) 
TV† 991 (12.6%) 884 (12.7%) 
Video / CD / DVD Player† 262 (3.4%) 250 (3.6%) 
Fixed telephone 11 (0.1%) 14 (0.2%) 
Mobile telephone† 6113 (75.4%) 5559 (78.4%) 
Freezer† 27 (0.3%) 5 (0.1%) 
Solar plate† 4645 (57.5%) 4362 (61.5%) 
Generator 7 (0.1%) 4 (0.1%) 
Solar lamp† 5951 (73.9%) 5426 (77.4%) 
Petroleum lamp 8 (0.1%) 16 (0.2%) 
Car 14 (0.2%) 8 (0.1%) 
Motorbike† 3254 (40.9%) 3066 (43.7%) 
Tricycle 87 (1.1%) 70 (1%) 
Bicycle† 5792 (71.6%) 5288 (74.6%) 
Cart† 4695 (58.2%) 4415 (62.4%) 
Computer office 3 (0%) 0 (0%) 
Laptop computer 14 (0.2%) 8 (0.1%) 
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Table 3.2 Mortality Rates, Rate Ratios, and Rate Differences by Asset-Based Wealth Quintiles. 
Note: IRR-Incidence Rate Ratio, IRD-Incidence Rate Difference, P=0.0004 and P= 
0.0018 for test of linear trend in categories for household and cluster level respectively 
   

Unadjusted Adjusted for distance to 
facility  

  Mortality 
Rate per 
1000 PY 

IRR IRD per 
1000 PY 

IRR IRD per 
1000 PY 

Household level Across quintiles 
    

Wealth index 
quintile linear  

9.7 
(8.3 to 11.2) 

0.89 
(0.83 to 0.95) 

-1.1 
(-1.8 to -0.5) 

0.89 
(0.83 to 0.95) 

-1.2 
(-1.8 to -0.5) 

Wealth index 
quintile 

In each quintile 
    

1st (least 
wealthy) 

12.3 
(9.4 to 15.2) 

ref ref ref ref 

2nd 10.1 
(8.1 to 12.2) 

0.83 
(0.65 to 1.05) 

-2.1 
(-4.9 to 0.6) 

0.82 
(0.65 to 1.05) 

-2.2 
(-5.0 to 0.6) 

3rd 9.6 
(7.6 to 11.6) 

0.78 
(0.6 to 1.01) 

-2.7 
(-5.7 to 0.3) 

0.78 
(0.6 to 1.01) 

-2.8 
(-5.7 to 0.2) 

4th 9.5 
(7.4 to 11.6) 

0.77 
(0.6 to 0.99) 

-2.8 
(-5.6 to 0.0) 

0.77 
(0.6 to 0.98) 

-2.9 
(-5.6 to -0.1) 

5th (wealthiest) 7.0 
(5.3 to 8.6) 

0.57 
(0.42 to 0.77) 

-5.3 
(-8.4 to -2.3) 

0.56 
(0.42 to 0.76) 

-5.4 
(-8.4 to -2.3) 

Cluster level Across quintiles 
    

Wealth index 
quintile 
continuous 

9.9 (8.5 to 11.2) 0.85 
(0.77 to 0.94) 

-1.6 
(-2.6 to -0.5) 

0.85 
(0.77 to 0.94) 

-1.5 
(-2.6 to -0.5) 

Wealth Index 
quintile 

In each quintile 
    

1st (least 
wealthy) 

13.1 (9.1 to 
17.2) 

ref ref ref ref 

2nd 10.6 (7.2 to 
14.1) 

0.81 
(0.52 to 1.27) 

-2.5 
(-7.8 to 2.8) 

0.85 
(0.54 to 1.32) 

-2.0 
(-7.2 to 3.3) 

3rd 9.7  
(7.3 to 12.0) 

0.73 
(0.5 to 1.09) 

-3.5 
(-8.2 to 1.2) 

0.77 
(0.52 to 1.15) 

-2.9 
(-7.6 to 1.7) 

4th 8.9  
(5.8 to 12.0) 

0.68 
(0.43 to 1.07) 

-4.2 
(-9.3 to 0.8) 

0.69 
(0.44 to 1.09) 

-4.0 
(-8.9 to 1.0) 

5th (wealthiest) 6.3  
(4.2 to 8.5) 

0.48 
(0.31 to 0.76) 

-6.8 
(-11.3 to -2.2) 

0.49 
(0.31 to 0.77) 

-6.5 
(-10.9 to -2.1) 

 
 
  



 

 78 

Table 3.3 Estimates of Inequality Indices: Relative Index, Slope Index, and 
Concentration Index at household and cluster level. 
 
  Point Estimate (95%CI) 

Household level  

Relative Index of Inequality (RII) 1.12 (1.05 to 1.19), P=0.00 
Slope Index of Inequality (SII): average  
difference in mortality per 1000 PY 1.50 (0.5 to 2.5), P=0.004 

Gini Index 0.59 (0.56 to 0.62), P=0.000 

Concentration Index -0.14 (-0.25 to -0.04), P=0.007 
Cluster level  

Relative Index of Inequality (RII) 1.17 (1.05 to 1.29), P=0.00  
Slope Index of Inequality (SII): average  
difference in mortality per 1000 PY 2.30 (0.2 to 4.4), P=0.034 

Gini Index 0.40 (0.37 to 0.43), P=0.00 

Concentration index -0.15 (-0.24 to -0.06), P=0.002 
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Table 3.4 Interaction between wealth and treatment on under-5 mortality at household and 
cluster level. 
Note: IRR-Incidence Rate Ratio, IRD-Incidence Rate Difference. Wealth quintiles were 
used as linear form in estimating effect of wealth on mortality by treatment arm. Distance 
to facility was included as covariate. Slope Index of Inequality (SII) showing average 
difference in mortality per 1000 PY 
 

Household level Azithromycin Placebo IRR (AZ vs 
placebo) 

IRD (AZ vs 
placebo) per 

1000PY 
Mortality rate per 1000 PY   

Across quintiles 8.9 
(7.3 to 10.5) 

10.7 
(8.3 to 13.1) 

0.83 
(0.63 to 1.1) 

-1.8 
(-4.7 to 1.1) 

By wealth index 
quintile     

1st 11.5 
(8.6 to 14.3) 

13.0 
(8.8 to 17.1) 

0.88 
(0.53 to 1.24) 

-1.5 
(-6.5 to 3.5) 

2nd 10.0 
(8.0 to 12.0) 

11.7 
(8.7 to 14.7) 

0.86 
(0.58 to 1.13) 

-1.7 
(-5.3 to 1.9) 

3rd 8.7 
(7.2 to 10.2) 

10.6 
(8.2 to 12.9) 

0.83 
(0.59 to 1.06) 

-1.8 
(-4.6 to 1.0) 

4th 7.6 
(6.2 to 9.1) 

9.5 
(7.4 to 11.7) 

0.80 
(0.56 to 1.04) 

-1.9 
(-4.5 to 0.7) 

5th 6.7 
(5.1 to 8.2) 

8.6 
(6.3 to 10.9) 

0.77 
(0.5 to 1.05) 

-2.0 
(-4.7 to 0.8) 

Interaction Coeff multiplicative scale       0.97 (0.85 to 1.1), P=0.607 
Interaction Coeff additive scale (RERI)  -0.02 (-0.19 to 0.15), P= 0.823 

Cluster level     
Mortality rate per 1000 PY   

Across quintiles 8.9 
(7.3 to 10.5) 

10.7 
(8.3 to 13.1) 

0.83 
(0.63 to 1.1) 

-1.8 
(-4.7 to 1.1) 

By wealth index 
quintile     

1st 11.9 
(8.2 to 15.6) 

14.9 
(9.8 to 20) 

0.80 
(0.43 to 1.17) 

-3.0 
(-9.3 to 3.3) 

2nd 10.0 
(7.8 to 12.1) 

12.7 
(9.5 to 15.8) 

0.79 
(0.53 to 1.05) 

-2.7 
(-6.5 to 1.1) 

3rd 8.4 
(7 to 9.7) 

10.8 
(8.4 to 13.1) 

0.78 
(0.57 to 0.99) 

-2.4 (-5.1 to 
0.3) 

4th 7.0 
(5.7 to 8.3) 

9.2 
(6.7 to 11.6) 

0.77 
(0.51 to 1.02) 

-2.1 (-5.0 to 
0.7) 

5th 5.9 
(4.2 to 7.5) 

7.8 
(4.9 to 10.7) 

0.75 
(0.4 to 1.11) 

-1.9 (-5.3 to 
1.4) 

Interaction Coeff multiplicative scale       0.99 (0.82 to 1.19), P=0.881 
Interaction Coeff additive scale (RERI)   0.02 (-0.23 to 0.27), P= 0.884 
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Table 3.5 Estimates of Inequality Indices by treatment arm at household and cluster level 
 
Household level Azithromycin Placebo 
IRR (wealth-> mortality) 0.87 (0.8 to 0.95) 0.90 (0.82 to 0.99) 
IRD (wealth-> mortality) per 1000 PY -1.20 (-2.0 to -0.4) -1.10 (-2.2 to 0.0) 

Relative Index of Inequality (RII) 1.15 (1.05 to 1.24), 
P=0.00 

1.11 (1.01 to 1.2), 
P=0.00 

Slope Index of Inequality (SII) 1.70 (0.30 to 3.10), 
P=0.019 

1.40 (-0.10 to 2.90), 
P=0.072 

Gini Index 0.59 (0.54 to 0.63), 
P=0.00 

0.58 (0.54 to 0.62), 
P=0.00 

Concentration index -0.20 (-0.32 to -0.08), 
P=0.002 

-0.09 (-0.26 to 0.08), 
P=0.289 

Cluster level   
IRR (wealth-> mortality) 0.84 (0.74 to 0.95) 0.85 (0.74 to 0.98) 
IRD (wealth-> mortality) per 1000 PY -1.50 (-2.70 to -0.3) -1.80 (-3.5 to -0.1) 

Relative Index of Inequality (RII) 1.19 (1.04 to 1.34), 
P=0.00 

1.18 (1.0 to 1.35), 
P=0.00 

Slope Index of Inequality (SII) 2.30 (-0.30 to 4.9), 
P=0.084 

2.60 (-0.8 to 6.1), 
P=0.134 

Gini Index 0.41 (0.37 to 0.46), 
P=0.00 

0.38 (0.34 to 0.41), 
P=0.00 

Concentration index -0.17 (-0.31 to -0.03), 
P=0.021 

-0.13 (-0.25 to -0.01), 
P=0.032 
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Supplementary Table 3.1 Sensitivity Analyses Assessing the Role of Selection into Analysis 
Note: HH-household, a Sensitivity analysis corresponding to Figure 1D representing relative 
risk; b sensitivity analyses corresponding to Figure 1C representing rate ratios 
 
  Relative risk (95%CI) 
Association between AZ and HH being observeda 1.14 (0.9 to 1.44) 
Effect of AZ on mortality overall 0.82 (0.66 to 1.01) 
Effect of AZ on mortality among pre-census HHs (selected)b 0.82 (0.62 to 1.09) 
Effect of AZ on mortality among missing HHsb 0.79 (0.58 to 1.08) 

Interaction Coeff for AZ* HH being observedb 
1.04 (0.69 to 1.56), 
P=0.862 
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Supplementary Table 3.2 Summary of household characteristic by wealth index quintiles 
 

 Wealth Index quintile  
Household characteristics 
(Proportion) 

1 
(n=2,925) 

2 
(n=2,759) 

3 
(n=2,840) 

4 
(n=3,014) 

5 
(n=2,638) 

Component 
loading 

Improved wall material 
(hard, semi-hard) 0.02  0.04  0.04  0.06  0.24  0.281 
Improved floor material 
(tiles, cement) 0.05  0.18  0.33  0.44  0.82  0.524 
Improved roof material 
(concrete, tiles, sheets) 0.40  0.70  0.80  0.92  0.97  0.464 
Access to toilet (flush toilet, 
latrines) 0.04  0.05  0.05  0.03  0.09  0.064 
Ownership of assets       
Radio 0.08  0.26  0.46  0.69  0.88  0.564 

TV 0.0003  0.004  0.03  0.05  0.58  0.576 
Video / CD / DVD Player 0  0  0  0.01  0.18  0.387 
Mobile telephone 0.41  0.76  0.85  0.92  0.97  0.465 

Freezer 0  0  0  0.0007  0.011  0.092 
Solar plate 0.06  0.37  0.69  0.93  0.96  0.661 
Solar lamp 0.62  0.79  0.73  0.88  0.82  0.155 
Motorbike 0.04  0.17  0.39  0.65  0.90  0.629 
Bicycle 0.42  0.69  0.77  0.91  0.91  0.417 
Cart 0.26  0.42  0.67  0.85  0.85  0.490 
 



 

 83 

 
References 

1. Walker CLF, Rudan I, Liu L, et al. Global burden of childhood pneumonia and diarrhoea. 

Lancet. Apr 20 2013;381(9875):1405-1416. doi:10.1016/s0140-6736(13)60222-6 

2. Ndiaye M, Sylla K, Sow D, et al. Potential Impact of Seasonal Malaria Chemoprevention on 

the Acquisition of Antibodies Against Glutamate-Rich Protein and Apical Membrane 

Antigen 1 in Children Living in Southern Senegal. Am J Trop Med Hyg. Oct 

2015;93(4):798-800. doi:10.4269/ajtmh.14-0808 

3. World Health Organization. Malaria Prevention Works, Let’s Close the Gap. Geneva, 

Switzerland: World Health Organization; 2017: 127–129 Retrieved February 27, 2023  

4. Seasonal malaria chemoprevention with sulfadoxine–pyrimethamine plus amodiaquine in 

children: a field guide. Global Malaria Programme;  World Health Organization;  Second 

edition; ISBN: 978-92-4-007369-2. May 2023; 

5. Alliance S. 53 million children living in 18 countries covered with Seasonal Malaria 

Chemoprevention in 2023. Retrieved March 4, 2025 April 5, 2024; 

6. WHO guidelines for malaria. Geneva: World Health Organization; 2023 (WHO/UCN/GMP/ 

202301 Rev1) License: CC BY-NC-SA 30 IGO). 16 October 2023; 

7. Dicko A, Diallo AI, Tembine I, et al. Intermittent preventive treatment of malaria provides 

substantial protection against malaria in children already protected by an insecticide-treated 

bednet in Mali: a randomised, double-blind, placebo-controlled trial. PLoS Med. Feb 1 

2011;8(2):e1000407. doi:10.1371/journal.pmed.1000407 

8. Khan J, Suau Sans M, Okot F, et al. A quasi-experimental study to estimate effectiveness of 

seasonal malaria chemoprevention in Aweil South County in Northern Bahr El Ghazal, 

South Sudan. Malaria Journal. 2024/01/24 2024;23(1):33. doi:10.1186/s12936-024-04853 



 

 84 

9. Partnership A-S. Effectiveness of seasonal malaria chemoprevention at scale in west and 

central Africa: an observational study. Lancet. Dec 5 2020;396(10265):1829-1840. 

doi:10.1016/s0140-6736(20)32227-3 

10. Wilson AL. A systematic review and meta-analysis of the efficacy and safety of intermittent 

preventive treatment of malaria in children (IPTc). PLoS One. Feb 14 2011;6(2):e16976. 

doi:10.1371/journal.pone.0016976 

11. Issiaka D, Barry A, Traore T, et al. Impact of seasonal malaria chemoprevention on hospital 

admissions and mortality in children under 5 years of age in Ouelessebougou, Mali. Malar 

J. Mar 3 2020;19(1):103. doi:10.1186/s12936-020-03175-y 

12. Chandramohan D, Dicko A, Zongo I, et al. Effect of Adding Azithromycin to Seasonal 

Malaria Chemoprevention. N Engl J Med. Jun 6 2019;380(23):2197-2206. 

doi:10.1056/NEJMoa1811400 

13. Capan M, Mombo-Ngoma G, Makristathis A, Ramharter M. Anti-bacterial activity of 

intermittent preventive treatment of malaria in pregnancy: comparative in vitro study of 

sulphadoxine-pyrimethamine, mefloquine, and azithromycin. Malar J. Oct 29 2010;9:303. 

doi:10.1186/1475-2875-9-303 

14. Faure E. Malarial pathocoenosis: beneficial and deleterious interactions between malaria 

and other human diseases. Front Physiol. 2014;5:441. doi:10.3389/fphys.2014.00441 

15. Smithson P, Florey L, Salgado SR, et al. Impact of Malaria Control on Mortality and 

Anemia among Tanzanian Children Less than Five Years of Age, 1999-2010. PLoS One. 

2015;10(11):e0141112. doi:10.1371/journal.pone.0141112 



 

 85 

16. Kang H, Kreuels B, Adjei O, Krumkamp R, May J, Small DS. The causal effect of malaria 

on stunting: a Mendelian randomization and matching approach. Int J Epidemiol. Oct 

2013;42(5):1390-8. doi:10.1093/ije/dyt116 

17. Krezanoski PJ, Roh ME, Rek J, et al. Marked reduction in antibiotic usage following 

intensive malaria control in a cohort of Ugandan children. BMC Med. Nov 30 

2021;19(1):294. doi:10.1186/s12916-021-02167-2 

18. Bakai TA, Thomas A, Iwaz J, et al. Effectiveness of seasonal malaria chemoprevention in 

three regions of Togo: a population-based longitudinal study from 2013 to 2020. Malaria 

Journal. 2022/12/31 2022;21(1):400. doi:10.1186/s12936-022-04434-w 

19. Sié A, Louis VR, Gbangou A, et al. The Health and Demographic Surveillance System 

(HDSS) in Nouna, Burkina Faso, 1993-2007. Glob Health Action. Sep 14 

2010;3doi:10.3402/gha.v3i0.5284 

20. Sié A, Ouattara M, Bountogo M, et al. A double-masked placebo-controlled trial of 

azithromycin to prevent child mortality in Burkina Faso, West Africa: Community Health 

with Azithromycin Trial (CHAT) study protocol. Trials. Dec 4 2019;20(1):675. 

doi:10.1186/s13063-019-3855-9 

21. Oldenburg CE, Sié A, Ouattara M, et al. Distance to primary care facilities and healthcare 

utilization for preschool children in rural northwestern Burkina Faso: results from a 

surveillance cohort. BMC Health Serv Res. Mar 9 2021;21(1):212. doi:10.1186/s12913-021-

06226-5 

22. Oldenburg CE, Ouattara M, Bountogo M, et al. Mass Azithromycin Distribution to Prevent 

Child Mortality in Burkina Faso: The CHAT Randomized Clinical Trial. JAMA. 

2024;331(6):482-490. doi:10.1001/jama.2023.27393 



 

 86 

23. Sié A, Ouattara M, Bountogo M, et al. Indication for Antibiotic Prescription Among 

Children Attending Primary Healthcare Services in Rural Burkina Faso. Clinical Infectious 

Diseases. 2021;73(7):1288-1291. doi:10.1093/cid/ciab471 

24. Arias JR. EPI Week Calendars 2008-2024. Central MassMosquito Control Project.  

25. Harris AD, McGregor JC, Perencevich EN, et al. The use and interpretation of quasi-

experimental studies in medical informatics. J Am Med Inform Assoc. Jan-Feb 

2006;13(1):16-23. doi:10.1197/jamia.M1749 

26. Cairns ME, Sagara I, Zongo I, et al. Evaluation of seasonal malaria chemoprevention in two 

areas of intense seasonal malaria transmission: Secondary analysis of a household-

randomised, placebo-controlled trial in Houndé District, Burkina Faso and Bougouni 

District, Mali. PLoS Med. Aug 2020;17(8):e1003214. doi:10.1371/journal.pmed.1003214 

27. Gebreegziabher EO, Mamadou; Bountogo, Mamadou et al. Trends in Uncomplicated and 

Severe Malaria following Seasonal Malaria Chemoprevention Administration in Nouna, 

Burkina Faso. PREPRINT available at Research Square. July 2024; 

28. Lopez Bernal J, Cummins S, Gasparrini A. The use of controls in interrupted time series 

studies of public health interventions. International Journal of Epidemiology. 

2018;47(6):2082-2093. doi:10.1093/ije/dyy135 

29. Arnold BF, Ercumen A. Negative Control Outcomes: A Tool to Detect Bias in Randomized 

Trials. Jama. Dec 27 2016;316(24):2597-2598. doi:10.1001/jama.2016.17700 

30. Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: a tool for detecting 

confounding and bias in observational studies. Epidemiology. May 2010;21(3):383-8. 

doi:10.1097/EDE.0b013e3181d61eeb 



 

 87 

31. Clarke D, Romano JP, Wolf M. The Romano–Wolf multiple-hypothesis correction in Stata. 

The Stata Journal. 2020/12/01 2020;20(4):812-843. doi:10.1177/1536867X20976314 

32. Cairns M, Carneiro I, Milligan P, et al. Duration of protection against malaria and anaemia 

provided by intermittent preventive treatment in infants in Navrongo, Ghana. PLoS One. 

May 21 2008;3(5):e2227. doi:10.1371/journal.pone.0002227 

33. Calle CL, Mordmüller B, Singh A. Immunosuppression in Malaria: Do Plasmodium 

falciparum Parasites Hijack the Host? Pathogens. Oct 3 

2021;10(10)doi:10.3390/pathogens10101277 

34. Church J, Maitland K. Invasive bacterial co-infection in African children with Plasmodium 

falciparum malaria: a systematic review. BMC Med. Feb 19 2014;12:31. doi:10.1186/1741-

7015-12-31 

35. Child Malnutrition. Unicef datauniceforg/topic/nutrition/malnutrition/May 2023  

36. Bradley-Moore AM, Greenwood BM, Bradley AK, Kirkwood BR, Gilles HM. Malaria 

chemoprophylaxis with chloroquine in young Nigerian children. Annals of Tropical 

Medicine & Parasitology. 1985/01/01 1985;79(6):575-584. 

doi:10.1080/00034983.1985.11811964 

37. World Health O. Management of severe malaria: a practical handbook. 3rd ed. World 

Health Organization; 2012. 

38. Kaboré B, Post A, Lompo P, et al. Aetiology of acute febrile illness in children in a high 

malaria transmission area in West Africa. Clinical Microbiology and Infection. 2021/04/01/ 

2021;27(4):590-596. doi:doi: 10.1016/j.cmi.2020.05.029 



 

 88 

39. Yaya Bocoum F, Grimm M, Hartwig R. The health care burden in rural Burkina Faso: 

Consequences and implications for insurance design. SSM Popul Health. Dec 2018;6:309-

316. doi:10.1016/j.ssmph.2018.10.012 

40. Laxminarayan R. The overlooked pandemic of antimicrobial resistance. The Lancet. 

2022;399(10325):606-607. doi:10.1016/S0140-6736(22)00087-3 

41. Murray CJL, Ikuta KS, Sharara F, et al. Global burden of bacterial antimicrobial resistance 

in 2019: a systematic analysis. The Lancet. 2022;399(10325):629-655. doi:10.1016/S0140-

6736(21)02724-0 

42. Preventing Childhood Malaria through Seasonal Malaria Chemoprevention (SMC): Three 

Big Lessons. PMI Impact Malaria USAID; 2019 Retrieved January 23, 2025 blog. 2019.  

43. Onyinyechi OM, Mohd Nazan AIN, Ismail S. Effectiveness of health education 

interventions to improve malaria knowledge and insecticide-treated nets usage among 

populations of sub-Saharan Africa: systematic review and meta-analysis. Front Public 

Health. 2023;11:1217052. doi:10.3389/fpubh.2023.1217052 

44. Nsubuga P WM, Thacker SB, et al. Public Health Surveillance: A Tool for Targeting and 

Monitoring Interventions. Disease Control Priorities in Developing Countries 2nd edition 

Washington (DC): The International Bank for Reconstruction and Development / The World 

Bank; 2006 Chapter 53Co-published by Oxford University Press, New York.  

45. Golding N, Burstein R, Longbottom J, et al. Mapping under-5 and neonatal mortality in 

Africa, 2000-15: a baseline analysis for the Sustainable Development Goals. Lancet. Nov 11 

2017;390(10108):2171-2182. doi:10.1016/s0140-6736(17)31758-0 



 

 89 

46. Keenan JD, Bailey RL, West SK, et al. Azithromycin to Reduce Childhood Mortality in 

Sub-Saharan Africa. N Engl J Med. Apr 26 2018;378(17):1583-1592. 

doi:10.1056/NEJMoa1715474 

47. Schachterle SE, Mtove G, Levens JP, et al. Short-term malaria reduction by single-dose 

azithromycin during mass drug administration for trachoma, Tanzania. Emerg Infect Dis. 

Jun 2014;20(6):941-9. doi:10.3201/eid2006.131302 

48. Keenan JD, Arzika AM, Maliki R, et al. Cause-specific mortality of children younger than 5 

years in communities receiving biannual mass azithromycin treatment in Niger: verbal 

autopsy results from a cluster-randomised controlled trial. Lancet Glob Health. Feb 

2020;8(2):e288-e295. doi:10.1016/s2214-109x(19)30540-6 

49. O’Brien Kieran S, Arzika Ahmed M, Amza A, et al. Azithromycin to Reduce Mortality — 

An Adaptive Cluster-Randomized Trial. New England Journal of Medicine. 2024/08/21 

2024;391(8):699-709. doi:10.1056/NEJMoa2312093 

50. Zongo I, Compaoré YD. Seasonal malaria chemoprevention: drug design and selection. The 

Lancet Global Health. 2024;12(3):e358-e359. doi:10.1016/S2214-109X(24)00011-1 

51. Nikiema S, Soulama I, Sombié S, et al. Seasonal Malaria Chemoprevention Implementation: 

Effect on Malaria Incidence and Immunity in a Context of Expansion of P. falciparum 

Resistant Genotypes with Potential Reduction of the Effectiveness in Sub-Saharan Africa. 

Infect Drug Resist. 2022;15:4517-4527. doi:10.2147/idr.S375197 

52. Roh ME, Kuile FOT, Rerolle F, et al. Overall, anti-malarial, and non-malarial effect of 

intermittent preventive treatment during pregnancy with sulfadoxine-pyrimethamine on 

birthweight: a mediation analysis. Lancet Glob Health. Jul 2020;8(7):e942-e953. 

doi:10.1016/s2214-109x(20)30119-4 



 

 90 

53. Unger HW, Ome-Kaius M, Wangnapi RA, et al. Sulphadoxine-pyrimethamine plus 

azithromycin for the prevention of low birthweight in Papua New Guinea: a randomised 

controlled trial. BMC Med. Jan 16 2015;13:9. doi:10.1186/s12916-014-0258-3 

54. Unger HW, Hansa AP, Buffet C, et al. Sulphadoxine-pyrimethamine plus azithromycin may 

improve birth outcomes through impacts on inflammation and placental angiogenesis 

independent of malarial infection. Scientific Reports. 2019/02/19 2019;9(1):2260. 

doi:10.1038/s41598-019-38821-2 

55. Luntamo M, Rantala A-M, Meshnick SR, et al. The Effect of Monthly Sulfadoxine-

Pyrimethamine, Alone or with Azithromycin, on PCR-Diagnosed Malaria at Delivery: A 

Randomized Controlled Trial. PLOS ONE. 2012;7(7):e41123. 

doi:10.1371/journal.pone.0041123 

56. Chao DL, Arzika AM, Abdou A, et al. Distance to Health Centers and Effectiveness of 

Azithromycin Mass Administration for Children in Niger: A Secondary Analysis of the 

MORDOR Cluster Randomized Trial. JAMA Network Open. 2023;6(12):e2346840-

e2346840. doi:10.1001/jamanetworkopen.2023.46840 

57. John CC, Namazzi R, Schneider JG. Azithromycin for Prevention of Mortality in African 

Children: More Data, More Questions. JAMA. 2024;331(6):475-476. 

doi:10.1001/jama.2023.27329 

58. Pickering H, Hart JD, Burr S, et al. Impact of azithromycin mass drug administration on the 

antibiotic-resistant gut microbiome in children: a randomized, controlled trial. Gut Pathog. 

Jan 6 2022;14(1):5. doi:10.1186/s13099-021-00478-6 



 

 91 

59. Rolfe RJ, Shaikh H, Tillekeratne LG. Mass drug administration of antibacterials: weighing 

the evidence regarding benefits and risks. Infectious Diseases of Poverty. 2022/06/30 

2022;11(1):77. doi:10.1186/s40249-022-00998-6 

60. Mabey D, Okomo U, Greenwood B. Priorities in reducing child mortality: Azithromycin 

and other interventions. PLOS Medicine. 2020;17(9):e1003364. 

doi:10.1371/journal.pmed.1003364 

61. de Cola MA, Sawadogo B, Richardson S, et al. Impact of seasonal malaria chemoprevention 

on prevalence of malaria infection in malaria indicator surveys in Burkina Faso and Nigeria. 

BMJ Global Health. 2022;7(5):e008021. doi:10.1136/bmjgh-2021-008021 

62. Hayes RJ, and Moulton, L. H. (2017). Cluster randomised trials, second edition. BOOK. 

CRC Press. 2017/1/1; 

63. Nilsson A, Bonander C, Strömberg U, Björk J. A directed acyclic graph for interactions. 

International Journal of Epidemiology. 2021;50(2):613-619. doi:10.1093/ije/dyaa211 

64. Cairns M, Barry A, Zongo I, et al. The duration of protection against clinical malaria 

provided by the combination of seasonal RTS,S/AS01(E) vaccination and seasonal malaria 

chemoprevention versus either intervention given alone. BMC Med. Oct 7 2022;20(1):352. 

doi:10.1186/s12916-022-02536-5 

65. Braunack-Mayer L, Malinga J, Masserey T, et al. Design and selection of drug properties to 

increase the public health impact of next-generation seasonal malaria chemoprevention: a 

modelling study. medRxiv. 2023:2023.10.13.23292651. doi:10.1101/2023.10.13.23292651 

66. Ogbulafor N, Uhomoibhi P, Shekarau E, et al. Facilitators and barriers to seasonal malaria 

chemoprevention (SMC) uptake in Nigeria: a qualitative approach. Malar J. Apr 11 

2023;22(1):120. doi:10.1186/s12936-023-04547-w 



 

 92 

67. Arisco NJ, Sewe MO, Bärnighausen T, Sié A, Zabre P, Bunker A. The effect of extreme 

temperature and precipitation on cause-specific deaths in rural Burkina Faso: a longitudinal 

study. The Lancet Planetary Health. 2023;7(6):e478-e489. doi:10.1016/S2542-

5196(23)00027-X 

68. Phiri MD, Cairns M, Zongo I, et al. The Duration of Protection from Azithromycin Against 

Malaria, Acute Respiratory, Gastrointestinal, and Skin Infections When Given Alongside 

Seasonal Malaria Chemoprevention: Secondary Analyses of Data from a Clinical Trial in 

Houndé, Burkina Faso, and Bougouni, Mali. Clin Infect Dis. Oct 5 2021;73(7):e2379-e2386. 

doi:10.1093/cid/ciaa1905 

69. Ouédraogo S, Traoré B, Nene Bi ZA, et al. Viral etiology of respiratory tract infections in 

children at the pediatric hospital in Ouagadougou (Burkina Faso). PLoS One. 

2014;9(10):e110435. doi:10.1371/journal.pone.0110435 

70. Lee TT, Dalvie MA, Röösli M, et al. Understanding diarrhoeal diseases in response to 

climate variability and drought in Cape Town, South Africa: a mixed methods approach. 

Infect Dis Poverty. Aug 18 2023;12(1):76. doi:10.1186/s40249-023-01127-7 

71. Lasmi K, Elimian K, Donovan L, et al. Barriers to the quality delivery of seasonal malaria 

chemoprevention in Chad and Burkina Faso: a qualitative exploration of caregivers and 

community distributors’ perspectives. Malaria Journal. 2024/07/19 2024;23(1):216. 

doi:10.1186/s12936-024-05034-6 

72. Rosenthal PJ. Azithromycin for Malaria? Am J Trop Med Hyg. Jul 6 2016;95(1):2-4. 

doi:10.4269/ajtmh.16-0332 

73. Yaméogo KB, Yerbanga RS, Ouattara SB, et al. Effect of seasonal malaria chemoprevention 

plus azithromycin on Plasmodium falciparum transmission: gametocyte infectivity and 



 

 93 

mosquito fitness. Malaria Journal. 2021/07/27 2021;20(1):326. doi:10.1186/s12936-021-

03855-3 

74. VanderWeele TJ, Knol MJ. A Tutorial on Interaction. Epidemiologic Methods. 

2014;3(1):33-72. doi:doi:10.1515/em-2013-0005 

75. How Burkina Faso cut its under-five mortality by 74%. Exemplars In Global Health. 

December 2022; 

76. Under-five mortality. UNICEF Datauniceforg/topic/child-survival/under-five-mortality/. 

March 2024; 

77. Van Malderen C, Amouzou A, Barros AJD, Masquelier B, Van Oyen H, Speybroeck N. 

Socioeconomic factors contributing to under-five mortality in sub-Saharan Africa: a 

decomposition analysis. BMC Public Health. 2019/06/14 2019;19(1):760. 

doi:10.1186/s12889-019-7111-8 

78. Sharrow D, Hug L, You D, et al. Global, regional, and national trends in under-5 mortality 

between 1990 and 2019 with scenario-based projections until 2030: a systematic analysis by 

the UN Inter-agency Group for Child Mortality Estimation. Lancet Glob Health. Feb 

2022;10(2):e195-e206. doi:10.1016/s2214-109x(21)00515-5 

79. Liu L, Oza S, Hogan D, et al. Global, regional, and national causes of under-5 mortality in 

2000-15: an updated systematic analysis with implications for the Sustainable Development 

Goals. Lancet. Dec 17 2016;388(10063):3027-3035. doi:10.1016/s0140-6736(16)31593-8 

80. Amegah AK. Improving Child Survival in Sub-Saharan Africa: Key Environmental and 

Nutritional Interventions. Ann Glob Health. Jul 6 2020;86(1):73. doi:10.5334/aogh.2908 



 

 94 

81. Karra M, Fink G, Canning D. Facility distance and child mortality: a multi-country study of 

health facility access, service utilization, and child health outcomes. Int J Epidemiol. Jun 1 

2017;46(3):817-826. doi:10.1093/ije/dyw062 

82. Ogunkola IO, Adebisi YA, Imo UF, Odey GO, Esu E, Lucero-Prisno DE, 3rd. Rural 

communities in Africa should not be forgotten in responses to COVID-19. Int J Health 

Plann Manage. Nov 2020;35(6):1302-1305. doi:10.1002/hpm.3039 

83. Peters DH, Garg A, Bloom G, Walker DG, Brieger WR, Rahman MH. Poverty and access 

to health care in developing countries. Ann N Y Acad Sci. 2008;1136:161-71. 

doi:10.1196/annals.1425.011 

84. Bado AR, Appunni SS. Decomposing Wealth-Based Inequalities in Under-Five Mortality in 

West Africa. Iran J Public Health. Jul 2015;44(7):920-30.  

85. Sahasranaman A, Jensen HJ. Poverty in the time of epidemic: A modelling perspective. 

PLoS One. 2020;15(11):e0242042. doi:10.1371/journal.pone.0242042 

86. Fallah MP, Skrip LA, Gertler S, Yamin D, Galvani AP. Quantifying Poverty as a Driver of 

Ebola Transmission. PLoS Negl Trop Dis. Dec 2015;9(12):e0004260. 

doi:10.1371/journal.pntd.0004260 

87. Liu RS, Burgner DP, Sabin MA, et al. Childhood Infections, Socioeconomic Status, and 

Adult Cardiometabolic Risk. Pediatrics. Jun 2016;137(6)doi:10.1542/peds.2016-0236 

88. Mosley WH, Chen LC. An analytical framework for the study of child survival in 

developing countries. 1984. Bull World Health Organ. 2003;81(2):140-5.  

89. Becher H, Müller O, Dambach P, et al. Decreasing child mortality, spatial clustering and 

decreasing disparity in North-Western Burkina Faso. Trop Med Int Health. Apr 

2016;21(4):546-55. doi:10.1111/tmi.12673 



 

 95 

90. Liu L, Johnson HL, Cousens S, et al. Global, regional, and national causes of child 

mortality: an updated systematic analysis for 2010 with time trends since 2000. The Lancet. 

2012;379(9832):2151-2161. doi:10.1016/S0140-6736(12)60560-1 

91. The World Bank in Burkina Faso. The World Bank Sep 2023; 

92. General information on Burkina Faso. SOS CHILDREN’S VILLAGES.  

93. Lisa Hjelm AM, Darryl Miller, Amit Wadhwa. Creation of a Wealth Index. World Food 

Programme. 2017; 

94. Greenacre M, Groenen PJF, Hastie T, D’Enza AI, Markos A, Tuzhilina E. Principal 

component analysis. Nature Reviews Methods Primers. 2022/12/22 2022;2(1):100. 

doi:10.1038/s43586-022-00184-w 

95. Analyzing DHS Data. Guide to DHS Statistics  DHS-8 dhsprogramcom/data/Guide-to-

DHS-Statistics/indexhtm#t=Analyzing_DHS_Datahtm  

96. Bellows N, Weinberger M, Reidy M. Using the Demographic Health Survey wealth index to 

create family planning market segments based on absolute income levels. BMJ Glob Health. 

Sep 2020;5(9)doi:10.1136/bmjgh-2020-002450 

97. Schoeps A, Gabrysch S, Niamba L, Sié A, Becher H. The effect of distance to health-care 

facilities on childhood mortality in rural Burkina Faso. Am J Epidemiol. Mar 1 

2011;173(5):492-8. doi:10.1093/aje/kwq386 

98. Dotse-Gborgbortsi W, Nilsen K, Ofosu A, et al. Distance is "a big problem": a geographic 

analysis of reported and modelled proximity to maternal health services in Ghana. BMC 

Pregnancy Childbirth. Aug 31 2022;22(1):672. doi:10.1186/s12884-022-04998-0 



 

 96 

99. Moreno-Betancur M, Latouche A, Menvielle G, Kunst AE, Rey G. Relative index of 

inequality and slope index of inequality: a structured regression framework for estimation. 

Epidemiology. Jul 2015;26(4):518-27. doi:10.1097/ede.0000000000000311 

100. Truman B, Smith K, Roy K, Chen Z, Moonesinghe R, Zhu J, Crawford C, Zaza S. Rationale 

for Regular Reporting on Health Disparities and Inequalities --- United States. Morbidity 

and Mortality Weekly Report (MMWR). January 14, 2011; 

101. Steinbeis F, Gotham D, von Philipsborn P, Stratil JM. Quantifying changes in global health 

inequality: the Gini and Slope Inequality Indices applied to the Global Burden of Disease 

data, 1990-2017. BMJ Glob Health. 2019;4(5):e001500. doi:10.1136/bmjgh-2019-001500 

102. O'Donnell O, O'Neill S, Van Ourti T, Walsh B. conindex: Estimation of concentration 

indices. Stata J. 1st Quarter 2016;16(1):112-138.  

103. Analyzing Health Equity: The Concentration Index. Worldbank Retrieved February 5, 2025  

104. Carillo MF, Largo FF, Ceballos RF. Principal component analysis on the Philippine health 

data. arXiv preprint arXiv:190207905. 2019; 

105. Tekeba B, Tamir TT, Workneh BS, et al. Early neonatal mortality and determinants in 

Ethiopia: multilevel analysis of Ethiopian demographic and health survey, 2019. BMC 

Pediatr. Aug 30 2024;24(1):558. doi:10.1186/s12887-024-05027-z 

106. Lartey ST, Khanam R, Takahashi S. The impact of household wealth on child survival in 

Ghana. Journal of Health, Population and Nutrition. 2016/11/22 2016;35(1):38. 

doi:10.1186/s41043-016-0074-9 

107. Reducing Child Mortality – The Challenges in Africa. The United Nations Chronicle 

wwwunorg/en/chronicle/article/reducing-child-mortality-challenges-africa.  



 

 97 

108. Asif MF, Pervaiz Z, Afridi JR, Safdar R, Abid G, Lassi ZS. Socio-economic determinants of 

child mortality in Pakistan and the moderating role of household's wealth index. BMC 

Pediatr. Jan 3 2022;22(1):3. doi:10.1186/s12887-021-03076-2 

109. Mutua MK, Mohamed SF, Porth JM, Faye CM. Inequities in On-Time Childhood 

Vaccination: Evidence From Sub-Saharan Africa. American Journal of Preventive 

Medicine. 2021/01/01/ 2021;60(1, Supplement 1):S11-S23. doi:doi: 

10.1016/j.amepre.2020.10.002 

110. McLaren ZM, Ardington C, Leibbrandt M. Distance decay and persistent health care 

disparities in South Africa. BMC Health Services Research. 2014/11/04 2014;14(1):541. 

doi:10.1186/s12913-014-0541-1 

111. Chuma J, Okungu V, Molyneux C. Barriers to prompt and effective malaria treatment 

among the poorest population in Kenya. Malaria Journal. 2010/05/27 2010;9(1):144. 

doi:10.1186/1475-2875-9-144 

112. How Burkina Faso cut its under-five mortality by 74%. Exemplars In Global Health 

wwwexemplarshealth/stories/how-burkina-faso-cut-its-under-five-mortality December 8, 

2022; 

113. Druetz T, Fregonese F, Bado A, et al. Abolishing Fees at Health Centers in the Context of 

Community Case Management of Malaria: What Effects on Treatment-Seeking Practices for 

Febrile Children in Rural Burkina Faso? PLOS ONE. 2015;10(10):e0141306. 

doi:10.1371/journal.pone.0141306 

114. Lassi ZS, Mallick D, Das JK, Mal L, Salam RA, Bhutta ZA. Essential interventions for 

child health. Reprod Health. 2014;11 Suppl 1(Suppl 1):S4. doi:10.1186/1742-4755-11-s1-s4 



 

 98 

115. Popay J, Kaloudis H, Heaton L, et al. System resilience and neighbourhood action on social 

determinants of health inequalities: an English Case Study. Perspect Public Health. Jul 

2022;142(4):213-223. doi:10.1177/17579139221106899 

116. Porco TC, Oldenburg CE, Arzika AM, et al. Efficacy of Mass Azithromycin Distribution for 

Reducing Childhood Mortality Across Geographic Regions. Am J Trop Med Hyg. Sep 

2020;103(3):1291-1294. doi:10.4269/ajtmh.18-1003 

117. O'Brien KS, Arzika AM, Maliki R, et al. Biannual azithromycin distribution and child 

mortality among malnourished children: A subgroup analysis of the MORDOR cluster-

randomized trial in Niger. PLoS Med. Sep 2020;17(9):e1003285. 

doi:10.1371/journal.pmed.1003285 

118. O’Brien KS, Arzika AM, Amza A, et al. Azithromycin to Reduce Mortality — An Adaptive 

Cluster-Randomized Trial. New England Journal of Medicine. 2024;391(8):699-709. 

doi:doi:10.1056/NEJMoa2312093 

119. Tam CC, Offeddu V, Lim JM, Voo TC. One drug to treat them all: ethical implications of 

the MORDOR trial of mass antibiotic administration to reduce child mortality. J Glob 

Health. Jun 2019;9(1):010305. doi:10.7189/jogh.09.010305 

120. Kahn R, Eyal N, Sow SO, Lipsitch M. Mass drug administration of azithromycin: an 

analysis. Clinical Microbiology and Infection. 2023;29(3):326-331. 

doi:10.1016/j.cmi.2022.10.022 

 



 
Publishing Agreement 
 
It is the policy of the University to encourage open access and broad distribution of all 
theses, dissertations, and manuscripts. The Graduate Division will facilitate the 
distribution of UCSF theses, dissertations, and manuscripts to the UCSF Library for 
open access and distribution.  UCSF will make such theses, dissertations, and 
manuscripts accessible to the public and will take reasonable steps to preserve these 
works in perpetuity. 
  
I hereby grant the non-exclusive, perpetual right to The Regents of the University of 
California to reproduce, publicly display, distribute, preserve, and publish copies of my 
thesis, dissertation, or manuscript in any form or media, now existing or later derived, 
including access online for teaching, research, and public service purposes.  
  
 
__________________________       ________________ 

   Author Signature               Date 
 

4/18/2025

99




