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Executive Summary 
The Mozambique National Malaria Control Program and its partners undertook a pilot of primary school-based distributions of insecticide-treated nets (ITNs) in Namarroi district, Zambezia province, following a mass distribution campaign in June/July 2017. In 2018 and 2019, ITNs were distributed to all registered students of classes 1, 3, and 5 of public primary schools. To assess the success of the pilot, a before/after intervention-control evaluation design was applied and data were collected by district-representative, cross-sectional cluster household interview surveys; Mulevala district was the control area. The baseline survey was completed in December 2017, six months after the mass campaign; the endline survey was completed in May/June 2019, 23 months after the campaign and one month after the second round of school distributions in Namarroi district.
At baseline, 1,012 households were sampled and at endline 1,029 were sampled; these represent 98% of the sample size target. Demographic and socio-economic characteristics of the two districts were comparable at baseline, but, at endline, the control district—Mulevala—showed some improvements in educational status, particularly for female heads of households, ownership of household assets, and economic resources. However, the intervention district—Namarroi—stagnated or declined.  
In the intervention district, households with at least one ITN was sustained 79% from baseline to endline. Households with one ITN for every two people slightly declined, from 59% to 50% (p=0.1) and population access to ITNs declined from 71% to 64% (p=0.26). Contrary to expectations, ITN indicators did not decline in the control district, which was 80% and 89% for any ITN, 51% and 50% for one ITN for every two people, and 69% and 70% for population access at baseline and endline, respectively. Difference in Differences analysis did not suggest any before after change in favor of the intervention.
However, in the intervention, district the ITN indicators only considering the 2017 campaign nets declined significantly with population access dropping from 71% to 40% (p<0.0001), while the decline was only moderate in the control district: 66% to 55% (p=0.032). Meanwhile, increases in ownership in ITNs from routine health services (antenatal care) was significantly higher at endline in the control district: 29% versus 13% (p<0.0001). 
ITN use, given access, was equally high in both districts at baseline (rainy season) with 95%, and it was slightly lower at endline (dry season) with 89%. While ITN use in households with enough ITNs for all members was equally high in all age groups, and for men and women; in households with insufficient ITNs, children under-five and adults, especially women 15–49 years were given priority ITN use.
The major conclusions from this evaluation can be summarized as follows:
1. Two annual rounds of distributing ITNs to three classes of primary school students in a rural district in Zambezia province significantly contributed to sustaining the ITN coverage obtained through the previous mass ITN distribution campaign. 
2. Equity of the school-based distribution was good and it was only driven by equity of school access.
3. Follow-up of only two years post-campaign was too short to allow any definite statements regarding the feasibility of the school channel to sustain universal ITN coverage without further mass campaigns. However, the findings suggest that this approach, in combination with SBCC on positive net care behaviors, could be a promising element in a continuous ITN distribution strategy. If school distribution is only considered as an additional channel between mass campaigns every three years, then the findings suggest that school distributions are a feasible way to reduce the pre-campaign trough in coverage by 24 percentage points .
4. After two years, no differences in ITN coverage were found between intervention and control. This was due to “unintended interventions” in the control district of higher access to ANC and EPI ITNs and higher retention of campaign ITNs most likely due to better net care behavior. Data suggest, however, that increasing differences would be seen in the following years without further campaign distributions.
5. ITN use culture in both districts was excellent with slightly lower use rates in the dry season, but generally use with access of 89–95%. For households with insufficient ITNs, young children and adults, particularly women, were prioritized.
6. Based on the findings, it is suggested to focus future SBCC more on positive net care behavior.
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[bookmark: _Toc19010882]Background
In recent years, malaria prevention with insecticide-treated nets (ITNs) has seen a tremendous scale up in sub-Saharan Africa. Many countries have achieved high ITN ownership coverage and are approaching the universal coverage target of one net for every two people for the population at risk, as recommended by the World Health Organization (WHO) [1]. A critical question remaining is how to sustain these successes. One option is the repeated implementation of mass distribution campaigns every three years, [3] accompanied by distributions of ITNs though routine health services—antenatal care (ANC) and Expanded Programme on Immunization (EPI)—to particularly vulnerable populations, such as young children and pregnant women [4]. Another option is to use more continuous distribution strategies that provide ITNs to communities [5,6] or use annual distributions of ITNs to selected classes of primary school students, in addition to the routine health services channel. So far, this school-based approach has only been used at larger scale by the Tanzania National Malaria Control Program (NMCP) [7] with very promising results [8]. Five years after the last mass distribution campaign in three regions in Southern Tanzania, population access to an ITN within the household was still 65%, compared to only 38% in a control area without school-based distribution. However, the feasibility of using school-based distribution of ITNs to sustain universal coverage may differ from country to country and malaria control programs may want to pilot it in each specific environment.  
The Mozambique NMCP, with its partners, conducted a school-based ITN distribution pilot in Zambezia province;; during two years, ITNs were distributed to primary public school classes 1, 3, and 5. The rationale for selecting these classes was based on modeling, which showed that the number of ITNs distributed through this mechanism would sustain universal coverage, while not over-supplying the population with ITNs. Because school distribution is a continuous distribution strategy that is planned for longer periods of time, the entire primary school–attending population benefits from the intervention (e.g., a child in class 2 this year will get an ITN the following year). 
The primary objective of the evaluation was:
1. [bookmark: _Ref419893945]To measure the outcome of school-based distributions by capturing the key ITN ownership and use indicators following a mass distribution campaign (baseline); then, after two annual rounds of school distribution (endline), comparing the results to an area that had the mass campaign only.
The hypotheses of the study were:
· Two rounds of annual school-based ITN distribution in three classes of primary school (1, 3,, and 5) will be able to sustain universal coverage with ITNs, defined as 85% population access to an ITN within the household.
· Without school-based ITN distribution, universal coverage of ITNs will not be sustained and population access to an ITN within the household will be significantly below 85%.
[bookmark: _Toc19010883]Methods
[bookmark: _Toc19010884]Study sites
The school pilot and its evaluation took place in Zambezia province, which is located in the center of Mozambique. It has an area of ​​105,008 km2 and a population of 5,110,787 inhabitants (census 2017), population density of about 37 inhabitants per km2, including 22 districts.
The intervention area was Namarroi district and the control area was Mulevala district (Figure 1). They were selected based on primary school enrollment and drop-out rates, not being a target district for indoor residual spraying, and being a rural district. To avoid contaminating the intervention, the areas could not directly border each other.
The district of Namarroi is 230 km from the provincial capital, Quelimane City, with an area of ​​3,071 km2, a population estimated at 180,243 (registration data from 2017 ITN mass campaign), and population density of about 36 inhabitants per km2. The language spoken most is Lomwe (83%). Mulevala district, a former administrative post in the district of Ile, became a district in 2013. Mulevala is about 250 km from Quelimane City; as an administrative post, the population is 134,972, and the primary language is Lomwe. 
Figure 1: Map of Zambezia province with intervention and control districts for school pilot
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[bookmark: _Toc19010885]Study design and sampling
The principal evaluation design was a before/after comparison between a representative household sample from the intervention area (two rounds of school-based ITN distribution in Namarroi district) and a control area (no school-based ITN distribution in Mulevala district): see Figure 2. Data were collected using a two-stage cluster design with clusters selected with probability proportionate to size, based on the previously completed mass campaign micro-planning lists of communities and their population. Clusters were only selected once and they remained the same for baseline and endline surveys. By contrast, households within the clusters were selected for each survey using simple random sampling, based on household listings of all inhabited houses, compiled by the survey team on the day of data collection. The needed number of households were sampled using a random number–generating app on tablet personal computers (PCs). For each cluster, up to five replacement households were sampled in case the selected households were not available for interview. In communities with 200 households or more, the community was divided into sections and one section was randomly selected for household listing. 
Figure 2: Overview of design and time lines
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The following assumptions underlay the calculations of the sample size:
· Confidence interval 95% (alpha-error 0.05) for two-sided test
· Power 90% (beta-error 0.1)
· Design effect of 2.0
· Household non-response rate 15%. 

Based on the different hypothesis for the intervention area (sustain universal coverage using school distributions) and control area (failure to sustain universal coverage), the sample size requirements differed between intervention and control areas:
For the intervention area, a sample size of 633 households was required to obtain a precision of +/- 7.5 percentage points around an estimate of 85% population access needed to sustain universal coverage. For the intervention area, this resulted in a sample of 40 clusters, with 16 households each, for a total of 640 households.
For the control area, a lower sample size was considered sufficient. The ITN population access at endline was expected to be lower than the intervention area and below 70%, because they have not received additional ITNs since the campaign, except through ANC services. Therefore, a +/- 10 percentage point was considered sufficient to demonstrate failure to sustain 85% population access, in accordance with the hypotheses of the study. This resulted in a required sample of 372 households or 30 clusters with 13 households each and 390 households. The rationale for a different cluster size in the intervention and control area was as follows: the optimal number of clusters to minimize the design effect in cluster surveys is 30, and this was applied to the control area. However, a 30-cluster design for the intervention area would result in a required 21 households per cluster. This would be difficult, if not impossible, for field teams to complete the cluster in one day, which was important for efficient implementation. Therefore, the number of clusters in the intervention area was increased to 40 to facilitate field work without jeopardizing epidemiological standards. 
[bookmark: _Toc19010886]Fieldwork
The survey tool was a structured, mainly closed-question questionnaire that was built on the standard questionnaire for the Malaria Indicator Survey recommended by WHO, with additional questions on primary school attendance. The baseline questionnaire had the following sections:
· household characteristics (house characteristics, assets, educational level of head of household)
· household member roster, including primary schooling history for children 5–15 years of age
· household ownership of mosquito nets (number received from public sources such as campaign, ANC, primary school)
· campaign ITN presence or absence and reasons for loss, if applicable 
· exposure to mosquito net related messages
· net roster with details of type, age, source, and users of each net found in the household.

A visual aid for ITN brand identification was provided to identify ITNs by the brand label. This plasticized sheet had photos of the campaign brand of ITN, as well as other ITN brands common in the area, with one shot of the label and one of the net package.

Five field teams implemented the survey: three in Namarroi and two in Mulevala. Each team comprised one supervisor and three interviewers, and each site had a coordinator. Field work for the baseline took place December 4–18, 2017, and the endline survey between May 23 and June 6, 2019. A two-day training preceded each survey.

After selecting the households (see above), each selected household was visited and the head of household or his/her spouse was given the consent script. If no adequate respondent (family member 18 years or older) was found at the house, a new visit was scheduled for later that day. 

Before the interview, the head of household or respondent was informed about the purpose of the study in the local language. After consent was obtained (using signature or finger print), the interview was carried out. 
[bookmark: _Toc19010887]Data management and analysis
For data collection, electronic devices (Android-based tablet PCs) allowed for a detailed programming of skip patterns and internal controls to ensure all necessary data was collected, was consistent, and of high quality. The Open Data Kit system was used as an open source and freely accessible platform. At the end of each survey day, data were collected from the tablets to the coordinator’s laptop and uploaded to a password-protected Dropbox folder. Each day, a co-investigator screened the collected interviews for quality issues; immediate feedback was sent to the field teams. Data backups were prepared on secure storage devices.

After data collection for the survey round was completed and data was verified, the data sets were transferred to Stata Statistical software package for further consistency checks and preparation for analysis (labeling, preparation of additional variables, etc.). Stata do-files (macros) documented this process to ensure that any interested partner can repeat the steps on their copy of the data set.
Final analysis followed the outcome measures, defined in the protocol as the dependent variables. For continuous variables, arithmetic means were used to describe the central tendency and the t-test to compare groups, provided the data were normally distributed. If it was not, median and non-parametric tests (e.g., Kruskal Wallis Test) were used. Proportions were compared by contingency tables and the Chi-squared test was used to test for differences in proportions.
For calculation of confidence intervals around estimates, the intra- and between-cluster correlation was considered (design effect). In addition to descriptive uni-variable analysis, multi-variable analysis was performed to assess determinants of ITN coverage and/or use. For this purpose, linear and logistic regression models were used. Difference in Differences (DiD) analysis for each outcome variable of interest was done using regression analysis, using the following dependent variables: survey (baseline-endline), intervention (intervention-control) and interaction (survey*intervention) as the variable for DiD.
Using principal component analysis (PCA), a wealth index was computed at the household level. The variables for household amenities, assets, livestock, and other characteristics that are related to a household’s socio-economic status were used for the computation. All variables were dichotomized, except those of animal ownership, where the total number owned was used. The first component of the PCA was used as the wealth index. Households were classified according to their index value into quintiles within each study location (district) and time point. 
[bookmark: _Toc19010888]Ethical clearance
Ethical clearance for the evaluation study was obtained from the Institutional Review Board (IRB) at the Johns Hopkins University, Baltimore, USA (reference number 8035) and the Comité Institucional de Bioética para a Saúde (CIBS-INS), Maputo, Mozambique (reference number 129/CIBS-INS/2017).


[bookmark: _Toc19010889]Results
[bookmark: _Toc19010890]Sample
Overall, 1,012 households were sampled at baseline, representing 98.3% of the target and 1,029 at endline (99.9% of target). See Table 1 for details of the sample. At baseline, one entire cluster had to be dropped in Namarroi because of the of the community leader’s refusal claiming that, in a previous similar activity, the community did not receive ITNs. However, this community participated fully at endline.
Table 1: Targeted and achieved sample size
	Indicator
	Namarroi Intervention
	Mulevala - Control

	
	Target
	Achieved
	Target
	Achieved

	Baseline
	
	
	
	

	Clusters
	40
	  39 (97.5%)
	30
	30 (100%)

	Households
	640
	623 (97.4%)
	390
	389 (99.7%)

	Individuals (de facto)*
	-.-
	2,456
	-.-
	1,736

	Endline
	
	
	
	

	Clusters
	40
	40 (100%)
	30
	30 (100%)

	Households
	640
	639 (99.8%)
	390
	390 (100%)

	Individuals (de facto)*
	-.-
	2,739
	-.-
	1,789


*De facto: population present at the day of the survey, including visitors
[bookmark: _Toc19010891]Household and demographic characteristics
The demographic characteristics of the samples at the two time points—as shown in Table 2—were similar between the two districts and were consistent over time. The only significant variable were women reporting to be currently pregnant. This rate (among entire population) was higher in Namarroi with 4.8% at baseline and 3.4% at endline; compared to 2.1% and 2.3%, respectively, in Mulevala (p<0.0001 for overall comparison between districts).
 
Table 2:  Demographic characteristics of households and population
	Indicator
	Namarroi - Intervention
	Mulevala - Control

	
	Baseline
	Endline
	Baseline
	Endline

	Mean household size
	3.90
	4.22
	4.42
	4.56

	% of HH with female head
	31.8%
	27.2%
	26.4%
	27.3%

	Mean age of head (years)
	39.9
	38.0
	40.7
	38.0

	% of U-5 in population
	14.7%
	15.7%
	17.3%
	18.2%

	% of women in rep. age
	26.5%
	25.8%
	23.2%
	25.0%

	% pregnant women
	  4.8%
	2.1%
	  3.4%
	2.3%



See Figure 3 for the educational status of heads of households. There are two major observations. First, the educational status of female heads of household was significantly lower than the male heads of household. Adjusting for district and time point, female heads were almost three times as likely to be non-literate compared to males (adjusted Odds Ratio [aOR] 2.87, 95% CI 2.24–3.67) and only one-third as likely to have any primary education (aOR 0.39, 95% CI 0.30–0.50). Interestingly, the difference for any secondary or higher education was less pronounced, with aOR 0.72, 95% CI 0.54–0.96. The second observation concerns changes between the baseline and endline surveys. For male heads of household, the situation improved in both districts, in similar ways, with more heads reporting some primary education at the endline survey and less being non-literate (p=0.009 for Namarroi and p=0.006 for Mulevala). In contrast, for female heads, there was no change over time in Namarroi, but a significant change in Mulevala (p<0.0001), with an increase of reported primary education from 27% at baseline to 60% at endline. At the same time, the median age of female heads of household in Mulevala was an average of four years younger in Mulevala at endline, suggesting that younger, better educated women had moved to the head of household position.
Figure 3: Educational status of heads of households by gender
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In both districts, the physical structure of the houses was very basic, with the vast majority having roofs made of thatch or grass, floors of earth or sand, and walls of mud or thatch/grass. However, housing was slightly more developed in Namarroi than Mulevala, with 7% versus 2% of houses having sheet roofing (p=0.007), 33% versus 2% having brick walls (p<0.0001), and 4% versus 2% tile floors (p=0.03). Baseline and endline results had no major differences.
Fuel for cooking was mainly firewood, but 3% of households used charcoal, with no difference between districts or surveys. Latrine access was generally low, but higher in Namarroi where 51% had some kind of latrine compared to 39% in Mulevala (p=0.01); no changes were seen over time. Similarly, access to safe water was around 50% in Namarroi and 39% in Mulevala (p=0.06) with no major changes over time.
Ownership of household assets was generally very low in both districts. Only 3% owned a television and fewer than 1% owned items, such as a refrigerator, fan, iron, smart phone, or car. The most common items were radios, bicycles, motorcycles, and mobile phones. Bicycles were owned by 51% of households, with no differences between districts or surveys, while motorcycles were more common in Namarroi (12% versus 7%, p=0.0009). In Namarroi, radios were more common, with 54% compared to 35% in Mulevala (p<0.0001) and, again, there was no change over time. Most interesting is the ownership of mobile phones; see figure 4 for the distribution by wealth quintile, district, and survey. Initially, mobile phone ownership was similar, with a slight advantage for Namarroi (41%) compared to Mulevala (37%, p=0.2). However, at endline, ownership had decreased by 5 percentage points  in Namarroi to 36% and increased in Mulevala by 9 percentage points to 47%, resulting in an overall 15 percentage point shift for Mulevala (p=0.009 for DiD). At baseline, there was a strong pro-rich gradient of mobile phone ownership in both districts, with an equity ratio (ratio between lowest and highest wealth quintile) of 0.25 for Namarroi and 0.10 for Mulevala. At endline, inequality had significantly increased for both districts with the equity ratio dropping to 0.04 and 0.02, respectively; good evidence showed this change was not by chance (p=0.017 for shift in equity curves in logistic regression model).
Figure 4: Ownership of mobile phones by wealth quintile, district, and survey
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Inhabitants of both districts relied predominantly on subsistence farming for household income: 98% of households in Namarroi and 99% in Mulevala have land for farming or livestock, or both. Land size was generally small with a median of 1.0 hectare (inter-quartile range 1.0–2.0) in Namarroi and 2. 0 (1.0–2.0) in Mulevala. Not surprisingly, the most common livestock were chickens, which about half the households owned; followed by pigs (owned by about 20%), and ducks and goats (owned by 5%–10%). Only a few households owned cows (<1%). As seen for education of heads of household and mobile phone ownership, economic resources shifted between baseline and endline surveys (see Figure 5). The proportion of households that had both land for farming and livestock decreased from 67% to 52% in Namarroi (p=0.005) and increased from 56% to 71% in Mulevala (p=0.0001).
Figure 5: Economic resources of households
[image: ]
[bookmark: _Toc19010892]ITN ownership and access to new ITN from primary school and other sources
The primary outcome indicators for this evaluation are ITN ownership and access indicators at baseline (six months after the mass distribution campaign) and at endline (23 months after the campaign), comparing the intervention district that received two annual rounds of primary school distributions to classes 1, 3, and 5 and the control district that did not receive new ITNs via schools. See Table 3 and Figure 6 for the key results. In the intervention district, Namarroi, the level of household ownership of at least one ITN was sustained at 79%, while households with enough ITNs for all members (one ITN for every two people), as well as population access to ITNs, declined from 59% to 50% and from 71% to 64%, respectively. But, confidence intervals overlapped and statistical analysis suggest that the results are still consistent with “sustaining the status quo post campaign” with p-values of 0.10 and 0.26, respectively, for the before/after comparison. The two household ITN ownership indicators varied considerably between communities in Namarroi, shown by a design effect of around 3.5, but variation was slightly lower for the population-based access indicator with a design effect of 2.0. Although the 85% access level stipulated in the primary hypothesis was not reached, this was because of the lower-than-expected result of the mass campaign and not a failure of the intervention.
Table 3: ITN ownership indicators
	Location
	Namarroi - Intervention
	Mulevala - Control

	Survey and time since 2017 campaign
	Baseline 
(6 months)
	Endline 
(23 months)
	Baseline 
(6 months)
	Endline 
(23 months)

	
	% (95% CI)
	% (95% CI)
	% (95% CI)
	% (95% CI)

	Household has any ITN 
	79.1 (68.6–86.8)
	79.3 (73.1–84.5)
	80.2 (72.5–86.2)
	88.5 (83.7–92.0)

	Household has 1 ITN/2 people 
	59.1 (49.7–67.8)
	49.9 (41.5–58.4)
	50.9 (43.8–57.9)
	50.0 (42.3–57.8)

	Population access to ITN 
	71.2 (60.3–80.2)
	64.2 (57.3–70.6)
	68.8 (61.3–76.4)
	70.0 (64.0–75.4)





Figure 6: Difference in Differences analysis for the three main ITN indicators
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Table 4: ITN ownership of 2017 campaign nets and receiving nets from other public sources
	Location
	Namarroi - Intervention
	Mulevala - Control

	Survey and time since 2017 campaign
	Baseline (6 months)
	Endline (23 months)
	Baseline (6 months)
	Endline (23 months)

	Owns any ITN from 2017 campaign 
	78.3 (67.8–86.1)
	52.3 (45.8–58.1)
	80.0 (72.1–86.0)
	71.3 (64.7–77.1)

	Owns 1 ITN/2 people from 2017 campaign
	58.6 (49.3–67.3)
	28.5 (22.3–35.6)
	45.0 (37.9–52.3)
	34.6 (27.8–42.1)

	Population access to ITN from 2017 campaign
	70.8 (59.9–79.8)
	40.0 (33.9–46.5)
	65.7 (58.2–72.5)
	54.5 (48.3–60.5)

	Received any nets from ANC/HF 
	  3.1 ( 1.8– 5.3)
	13.3 (10.3–17.0)
	11.3 (7.3–17.0)
	29.3 (24.6–34.3)

	Had children in P1, 3, 5 in 2018 
	
	32.4 (27.7–37.5)
	
	34.4 (29.2–39.9)

	Received nets from primary school in 2018
	
	25.8 (22.1–29.9)
	
	  0.0

	Had children in P1, 3, 5 in 2019
	
	41.6 (37.2–46.2)
	
	48.7 (42.0–55.5)

	Received nets from primary school in 2019
	
	13.2 (10.4–16.4)
	
	  0.0

	Had children in P1, 3, 5 in 2018/2019
	
	54.2 (49.6–58.7)
	
	60.5 (54.7–66.1)

	Received nets from primary school in 2018/2019
	
	33.2 (28.9–37.7)
	
	  0.0






Looking at the results for the control district, Mulevala, shows that the second hypothesis of the evaluation of a decline post-campaign of ITN ownership and access and, therefore, a clear difference between intervention and control district did not materialize. Households with at least one ITN increased from 80% to 89% (p=0.05), households with enough ITNs for all members was sustained (51% and 50%, respectively, p=0.9), as was population access to an ITN (69% and 70%, respectively, p=0.8). Therefore, the DiD analysis (Figure 5) did not show significant differences between intervention and control (p>0.1 for all three indicators) and, generally, a trend in favor of the control and not intervention.
The similarity of the ITN ownership coverage in the two districts is also seen when a differentiated look at intra-household ITN supply is taken and stratified by household size, as presented in Figure 7. The gap of households not reached by the 2017 campaign was not closed in either districts, larger households tended to have bigger ITN deficits, but very little difference was seen in the patterns between districts at endline.
Figure 7: Intra-household supply with ITN by household size, survey, and district
[image: ]
Two things help to understand this finding better: (1) the influx of ITNs from schools in the intervention districts and (2) the presence and influx of nets from other sources in the two districts. As shown in Table 4, in Namarroi, 32% of households in the endline survey had any children age 5–15 years who reported attending primary school classes 1, 3, or 5 the previous year (2018); 42% at endline that resulted in 54% of households with any children eligible for school ITNs. These rates were very similar in the control district of Mulevala, with a trend toward slightly higher rates. The ratio of households with eligible children for school ITNs and households that received any ITNs from school in Namarroi was 1:0.79 for 2018, but only 1:0.32 for 2019, resulting in an overall ratio of 1:0.61. Comparing households with and without eligible children, according to the household member roster (Figure 8), shows that if only the latter group is considered, only 18% of the eligible households received any school ITNs, according to this data.
Figure 8: Namarroi households receiving ITNs from school by eligibility status
[image: ]
Is it possible that some school ITNs were not declared as such? When the respondents (in 80% the head of household and 18% the spouse) were asked about how many ITNs they received from schools in either 2018 or 2019, the total was 335. Independently from this assessment, the respondents were asked the source of each of the inspected nets; in Namarroi, 298 were declared as school ITNs. These two independent data points match well, considering that some ITNs from 2018 may already have been lost. However, this finding does not exclude some misclassification of school nets. The reliability of the recorded data on school ITNs is further supported by the reported age of ITNs, which had a median of two months compared to the old campaign ITNs of 23 months. As shown in Figure 9, Namarroi and Mulevala had a significant difference in the age of nets at endline, which were generally older in the latter.
Figure 9: Age distribution of nets by district and survey
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Table 4 shows the second point on the availability of old campaign ITNs and the influx of new nets from other sources. The first observation is that the proportion of households still owning any ITNs from the 2017 campaign differed significantly between the two districts at endline (52% versus 71%, p=0.0001), although they were similar at baseline (78% versus 80%, p=0.8). The same was true for the other ITN indicators for campaign ITNs only, notably the population access to a campaign ITN dropped in Namarroi from 71% to 40% (p<0.0001) compared to a change from 66% to 55% in Mulevala (p=0.032). Nothing indicated that this more rapid decline in Namarroi, compared to Mulevala, was due to the presence of the school ITNs, because the rate was the same for households that had received any ITNs from primary school (53%) and those that had not (52%, p=0.8). The second observation is that while the proportion of households that received any ITNs from an ANC, EPI, or other health facility services increased over time (it is cumulative), the access to this source of new ITNs was significantly more common in Mulevala at all time points (Table 4, p<0.0001 for both comparisons). At endline, households in Mulevala were 2.7 (95% CI 1.9–3.9) times as likely to have received additional ITNs from health facilities than households in Namarroi. Together, these observations suggest that Mulevala received a “hidden” or unintentional intervention in a slower decline of the campaign ITN crop and a higher influx of new ITNs from other public sector sources, which corresponded to the influx of new ITNs from the school pilot and resulted in the similar ITN ownership coverage between the two districts at endline.
Figure 10 presents the findings on the potential equity of access to ITNs though primary school classes 1, 3, and 5 in both districts and the actual equity of access in Namarroi. Both districts had a moderate pro-rich gradient for potential access (households had reported any children attending the classes this or last year), but this was less pronounced in Mulevala, with an equity ratio of 0.84 compared to 0.62 in Namarroi; there was no evidence that the gradient was significantly different (p=0.4). Actually receiving any ITNs from primary school in Namarroi was as equitable as the potential access (equity ratio 0.63) suggesting that the school distribution was equitable and any inequity came from the lower school enrollment rates in the lower wealth quintiles. 
Figure 10: Equity of school ITN eligibility and receiving ITN from school
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[bookmark: _Toc19010893]ITN use
Across districts, any net hanging over a sleeping place was highly likely also to be reported as used (98%). Therefore, looking at the proportion of the nets owned that is hanging gives a good indication of the proportion of nets in use, but also shows issues of non-use. The left panel of Figure 11 shows the results of hanging. At baseline, 91% of the nets in Namarroi and 81% in Mulevala (p=0.0008) were hanging with 6% and 11%, respectively, in the package, and 3% and 8% in storage. At endline, the hanging rate was slightly lower in Namarroi than Mulevala (p=0.013), and the proportion of nets still in the package was reversed, with 11% in Namarroi and 3% in Mulevala and 13% in both districts in storage. In both districts and at both times, the hanging rate of nets was 8 percentage points higher in households that had some, but not enough, nets (89% versus 81%, p<0.0001). The reasons for not using nets at endline clearly differed between districts (Figure 11, right panel) with 60% of nets in Namarroi being “extra” with no user; in Mulevala, 73% were unused because they were considered too old (p<0.0001), indicating that nets were older in Mulevala (see Figure 9). These two groups of nets not used as regularly can also be seen from the logistic regression analysis of hanging against age of the net (Figure 12). Very new nets were significantly less likely to be hanging (and still in the package) as were nets older than three years (in storage).

Figure 11: Hanging and storage of nets (left) and reported reasons for not using (right)
[image: ]
Figure 12: Adjusted Odds Ratio of ITN hanging as a function of net age (adjusted for survey, district, and wealth quintile; error bars represent aOR 95% CI)
[image: ]

Table 5: ITN Use 
	Location
	Namarroi - Intervention
	Mulevala - Control

	Survey and time since 2017 campaign
	Baseline (6 months)
	Endline (23 months)
	Baseline (6 months)
	Endline (23 months)

	
	% (95% CI)
	% (95% CI)
	% (95% CI)
	% (95% CI)

	Population access to ITN 
	71.2 (60.3–80.2)
	64.2 (57.3–70.6)
	68.8 (61.3–76.4)
	70.0 (64.0–75.4)

	Population using ITN last night
	71.2 (60.1–80.2)
	60.8 (54.4–66.8)
	72.0 (63.6–79.1)
	69.1 (62.5–75.1)

	ITN use last night if access[footnoteRef:1] [1:  For this indicator a use-adjusted calculation of access was used] 

	94.7 (92.6–96.3)
	88.2 (84.9–90.8)
	95.4 (92.7–97.2)
	90.8 (86.9–93.6)

	
	
	
	
	

	ITN use last night by children under-five 
	73.9 (60.3–83.9)
	58.2 (51.4–64.6)
	75.4 (65.1–83.5)
	73.8 (65.7–80.6)

	ITN use last night by children 5–14 years
	69.0 (55.9–79.7)
	58.7 (51.3–65.7)
	64.3 (54.0–73.3)
	57.5 (48.1–66.4)

	ITN use last night by men age 15–49 years
	67.7 (55.7–77.8)
	61.7 (54.2–68.4)
	75.6 (66.5–82.9)
	74.4 (67.2–80.5)

	ITN use last night by women age 15–49 years, not pregnant 
	73.1 (62.0–82.0)
	63.9 (56.8–70.5)
	77.3 (67.9–84.6)
	74.6 (67.0–81.0)

	ITN use last night by pregnant women
	67.5 (53.9–78.7)
	77.2 (67.5–84.6)
	73.0 (56.1–85.1)
	77.5 (58.4–89.4)

	ITN use last night by persons 50+ years
	79.5 (68.2–87.5)
	54.5 (47.3–67.0)
	71.0 (58.9–80.7)
	81.8 (71.5–89.0)



Figure 13: ITN use by intervention, age group, and household supply of nets
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Considering use if people had access to an ITN within the household (assuming an average of two users per net, Table 5) shows a very high ITN use of 95% in both districts at baseline and a lower (p<0.00001), but very similar, use given access at endline of 88% in Namarroi and 91% in Mulevala (p=0.2). This lower use at endline is most likely linked to the seasonality in the area—the baseline survey was done in December, at the beginning of the rains—while the endline survey was in May/June, well into the dry season.

Figure 13 is a closer look at ITN use by age and household supply with ITNs. This shows that if a household had at least one ITN for every two people in the household, ITN use was very high in both districts; there were no differences by age or gender (not shown in graph). If, however, the household owned some, but not enough ITNs, children under-five and adults 25 years of age and older were prioritized for ITN use. The age groups 15–24 years and 25–49 years had clear prioritization for women with aOR 1.44 (95% CI 1.18–1.76). School-age children were the least prioritized if households did not have enough nets, but this situation seemed to improve somewhat in Namarroi at endline; school children were more likely to use an ITN compared to Mulevala (aOR 1.32), but the evidence was not strong (p=0.28). However, looking at who of the ITN-using population used ITNs, from which source (Figure 14), shows that Namarroi school ITNs had the highest contribution of 45% in the school-age group followed by under-fives, with 26% using school ITNs. In Mulevala, on the other hand, ITNs from health facilities had the highest shares among under-fives (34%) and age group 15–24 years (27%).

Figure 14: Who uses which ITN at endline survey?
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[bookmark: _Toc19010894]Exposure to social and behavior change communication
Table 6 shows the reported exposure of respondents to any messages around mosquito nets and ITNs in the preceding six months. Three observations can be made: (1) at no time was exposure to social and behavior change communication (SBCC) net messages very high, with a maximum of 68% in Mulevala at baseline (i.e., around the mass campaign); (2) SBCC exposure declined from baseline to endline; and (3) at both time points, exposure was higher in Mulevala compared to Namarroi, but the decline in Mulevala was more pronounced (27 percentage points ) than in Namarroi (13 percentage points). Overall, there was a 14 percentage point difference in differences in favor of Namarroi (p=0.045).
Table 6: Exposure to SBCC and communication channels 
	Location
	Namarroi - Intervention
	Mulevala - Control

	Survey and time since 2017 campaign
	Baseline 
(6 months)
	Endline 
(23 months)
	Baseline 
(6 months)
	Endline 
(23 months)

	Exposure to any ITN messages: 
% (95% CI)
	48.0 (36.2–60.1)
	34.6 (27.7–42.2)
	68.4 (62.2–74.0)
	41.5 (34.4–49.1)

	Information sources mentioned 
(if any): mean (95% CI)
	  2.1 (1.9–2–4)
	  2.0 (1.8–2.1)
	  1.5 (1.4–1.7)
	  2.3 (2.1–2.6)

	Type of communication channel 
(if any): %
Media*only
Both
IPC only
	

  1.0
16.4
82.6
	

  3.1
  8.2
88.6
	

  0.0
  2.3
97.7
	

 1.9
21.6
76.5



In Namarroi, the main channels of communication at both time points were inter-personal communication channels, mainly through community health workers, staff of health facilities, and community leaders (Table 6 and Figure 15). Initially, this was also true in Mulevala, but media channels significantly increased at endline, essentially through radio, which also increased the number of information sources mentioned by the respondents in Mulevala: from 1.5 to 2.3 (Table 6). Around 20% of respondents in Namarroi at endline mentioned schools as an information source for ITNs, but this does not necessarily reflect the level of communication from the school ITN pilot. The respondents were primarily the heads of households who may not have been aware of the messages their children heard at school. 

Recall of specific messages or topics by those respondents at endline who reported any SBCC exposure shows that the most commonly remembered messages was “use your net” or “use your net every night,” with 95% in Namarroi and 98% in Mulevala. For other messages, Mulevala had better recall compared to Namarroi. The message on “care for your nets” was recalled by 91% of exposed respondents in Mulevala and 82% in Namarroi (p=0.060), “hang your net” was 91% versus 63% (p=<0.0001), “nets prevent malaria” was 94% versus 53% (p<0.0001), and “repair your net was 44% versus 25% (p=0.024).
Figure 15: Distribution of mentioned communication channels (multiple responses)—left, IPC channels; right, media channels
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[bookmark: _Toc19010895]Discussion and Conclusions
This evaluation was to provide the NMCP with data on the feasibility of using annual distributions through primary schools to sustain high levels of population access to ITNs after a mass campaign. 

In Zambezia province, two subsequent years after the campaign of 2017, three classes of primary school students (classes 1, 3, and 5) in the intervention district—Namarroi—received a new ITN, while another district—Mulevala—the control, did not receive school-based ITN distribution. Neither district had indoor residual spraying, but ITNs were available in both districts through health facilities (ANC). The evaluation was a before/after comparison of the DiD between intervention and control, with two main hypotheses:

· Two rounds of annual school-based ITN distribution in three classes of primary school (1, 3, and 5) can sustain universal coverage; ITN coverage is defined as 85% population access to an ITN within the household.
· Without school-based ITN distribution, universal coverage of ITNs will not be sustained and population access to an ITN within the household will be significantly below 85%.
For the first hypothesis, the evaluation found that, in the intervention district, the population access to ITNs decreased by 7 percentage points , from 71% at baseline six months after the mass campaign to 64% at endline, 23 months after distribution. No strong evidence was seen of a dramatic decline of coverage, as shown by overlapping confidence intervals of the estimates and a p-value of 0.26 for the intervention before/after comparison. This means the results were still consistent with sustaining the coverage obtained post-campaign. Even if the coverage was well below the targeted 85%, this was largely due to the lower than-hoped-for post-campaign coverage at baseline; the campaign registration was poor in some of the remote communities of Namarroi district. The effect of the intervention can also be seen when ITN indicators, based only on the remaining 2017 campaign ITNs, are considered. Population access to ITNs at endline in the intervention district would have been only 40%, 24 percentage points lower than the actual observed 64%. 

Furthermore, the decline of population access from 71% six months after distribution to 40% after 23 months, a 31 percentage point drop, is similar to declines seen in other countries. In a secondary analysis of the 2015 Nigeria Malaria Indicator Survey, since the campaign, population access dropped as a function of time by 25 percentage points after 13–24 months, and 30 percentage points after 25–36 months (A. Kilian, unpublished). Similarly, in a continuous distribution scheme evaluation in South Sudan, following a mass campaign, a 38 percentage point drop in households with campaign ITNs was found after about two years [15]. 

There was no evidence that the presence of the school ITNs had accelerated the loss of the campaign ITNs; ownership rates were the same for households with and without additional nets from schools. This suggests that the observed decline in campaign ITNs was a general phenomenon and roughly equivalent to a median physical survival of the campaign ITNs of about three years. 

There was good evidence of impact of the school-based ITN distribution in sustaining high coverage levels of ITNs post-campaign. This was the most important contribution, resulting in school ITNs comprising 27% of the nets in Namarroi at endline compared to only 8% for nets from health facilities and 2% from the private sector. However, the school- and facility-based distributions did not fill all the gaps left by the campaign, because the proportion of households without any nets did not change over time and, also, left slightly more households over-supplied (one net per person) than at baseline.

One puzzling observation was the low rate of only 56% of households that reported having had children in primary school classes 1, 3 or 5 in the year of the endline survey, or the preceding year, that also reported having received any ITNs from school. Presented by year, this was particularly low (18%) in the second year of school distribution, even though administrative records did not suggest any significant under-performance and the number of school ITNs distributed in 2019 of 27,800 matches the estimated population of students attending primary classes 1, 3, or 5 from the survey of 29,700[footnoteRef:2]. There is no reason to assume that the sample of households was biased, because statistically sound sampling methodology was applied. On the other hand, there was no evidence that people consciously lied about the school ITNs. When asked how many school ITNs they received in either of the years, they reported 335; when, independently, the source of each net in the household was asked, 298 school ITNs were identified or 89%, which matches approximately because some nets were received more than a year ago. Furthermore, the age reported by the respondents matched the source, something not easily “faked.” Some recall bias is possible regarding age or class of children, or some children may have been registered but not attending school, but the most plausible explanation is that ITNs obtained from school were “extra”(i.e., not needed then) and were immediately given to others. This was not recalled when asked about school ITNs. [2:  Determined by multiplying reported students per household with the estimated number of households in the district.] 


Somewhat surprising, the second hypothesis of the evaluation, that the control district would have significantly lower ITN coverage rates than the intervention two years after the mass campaign, did not materialize. All the ITN ownership indicators in the control district of Mulevala were as high, or slightly higher, than the intervention (Table 3) and the DiD analysis showed no evidence of a significant difference, with a trend of a slight advantage for the control (Figure 6). Two main reasons may explain this: first, access to ITNs from routine health services was significantly better in Mulevala than Namarroi, resulting in a proportion of households with any nets from this distribution channel of 29% versus 13%, respectively (p<0.0001), and a relative contribution of these ITNs among the net crop of 15% versus 8% (p=0.0002). This difference cannot be attributed to differences in the size of the target groups for these ITNs because demographic characteristics were very comparable between the districts (see Table 2); therefore, it is probably due to a higher availability of ITNs through this channel in Mulevala. 

Second, the decline in the ownership of nets from the 2017 mass campaign was significantly lower in the control district than the intervention. Even though they started out at the same or on similar levels, ITN coverage indicators for only the campaign ITNs were higher in Mulevala at endline by between 6–19 percentage points (see Table 4). This was not due to a faster loss of campaign nets in households that received the school nets in the intervention district, as discussed above. Equally, no evidence suggests that the campaign ITNs in Mulevala were used less than those in Namarroi, as seen in Figure 11. This strongly suggests that the increased retention of campaign ITNs in the control district was caused by a better net care behavior and, subsequently, a higher median survival of the campaign ITNs. Because neither physical durability nor net care behavior data were collected in this evaluation, this cannot be certain, but other findings make this explanation plausible. 

A social-economic assessment in these very rural districts, dominated by subsistence agriculture, had shown very similar conditions at baseline with—if anything—slight advantages for Namarroi. However, the endline data suggests that development in Mulevala during the study period was positive, with younger, better educated female heads of households, with increases in household assets and economic resources; while Namarroi stagnated or declined. This difference in socio-economic development could have triggered improvements in net care behavior, as suggested by findings in Nigeria [16, 17]. In addition, slightly higher exposure to SBCC messages on nets in Mulevala could also have contributed. 

Even though the ITN ownership coverage indicators did not show any differences between intervention and control at the time of the endline survey, there were differences. The average age of nets in the households was significantly higher in Mulevala (Figure 9); nets being “too old” was the prominent reason for not using nets in Mulevala at endline, but not in Namarroi (Figure 11). This may predict that—assuming an influx of new nets through the respective channels, at the same rates as before—increasing differences in ITN coverage indicators in favor of the intervention site would appear in the following years as campaign ITNs further declined. The difference in sustaining supply between intervention and control would be more decisive, as seen in the Tanzania school net program [8] or the school pilot in Nigeria [18].

Findings from this evaluation on ITN use show that net use is well established in these communities and not really a concern. Among households with at least one ITN for every two household members, ITN use was above 90% at baseline and above 85% at endline in both districts, irrespective of age or gender (Figure 13). In households with any, but not enough ITNs, children under-five and adults, particularly women 15–49, were given preference for the existing nets, leaving the biggest gaps for school-age children. This is the similar to findings from many other countries in Africa and an expression of a good net use culture [13, 19]. The school-pilot district had a slight trend of better coverage of school children in households with insufficient ITNs, but the evidence was not strong. The data further showed that nets from specific channels were primarily used, although not exclusively, by the group they targeted: ANC nets by young children and their mothers or guardians and school ITNs by school-age children and their younger siblings. Overall, ITNs were used if access was 95% at baseline at the beginning of the rainy season and 89% (p<0.0001) at endline in the early dry season. This seasonal variation is consistent with findings from a recent study that found seasonal ITN use to be more pronounced in areas with strong seasonality, away from the equatorial region [20]. 

Finally, the findings suggest there were two groups of unused nets in households, those less than six-months-old, not yet used, and often “extra”, which tended to still be in the package; and those nets three-years-old or older but no longer used, mostly stored, and soon to be discarded or used for alternative purposes. This is an important observation to remind us that not every unused net is due to unwillingness to use nets and SBCC messages encouraging net use may not result in old and already torn nets being used. Indeed, the findings from this evaluation of a very high use if access suggests that future SBCC activities should focus more on improving positive net care behavior to increase median survival of the distributed nets.

Limitations
The major limitation in the surveys was the recall bias of respondents on relevant factors, such as when and where ITNs were obtained and who used them the previous night. This potential bias is inherent in any interview survey. However, by training interviewers and cross-referencing data (e.g., the brand of ITN distributed through the different channels, and consistency checks during data entry and analysis), these potential biases can be minimized. Another possible limitation is that the two survey rounds did not follow-up the same households, but selected fresh representative samples from the same communities. Although a biased sample was not seen, some difference in sample composition cannot be excluded.

Conclusions
The major conclusions from this evaluation are summarized as follows:
1. Two annual rounds of distributing ITNs to three classes of primary school students in a rural district in Zambezia province significantly contributed to sustaining the ITN coverage obtained through the previous mass ITN distribution campaign. 
2. Equity of the school-based distribution was good and only driven by equity of school access.
3. Follow-up of only two years post-campaign was too short to allow any definite statements regarding the feasibility of the school channel to sustain universal ITN coverage without further mass campaigns. However, the findings suggest that this approach, in combination with SBCC on positive net care behaviors, could be a promising element in a continuous ITN distribution strategy. If school distribution is only considered as an additional channel between mass campaigns every three years, then the findings suggest that school distributions are a feasible way to reduce the pre-campaign trough in coverage by 24 percentage points .
4. After two years, no differences in ITN coverage were found between intervention and control. This was due to “unintended interventions” in the control district of higher access to ANC and EPI ITNs and higher retention of campaign ITNs most likely due to better net care behavior. Data suggest, however, that increasing differences would be seen in the following years without further campaign distributions.
5. ITN use culture in both districts was excellent with slightly lower use rates in the dry season, but generally use with access of 89–95%. For households with insufficient ITNs, young children and adults, particularly women, were prioritized.
6. Based on the findings, it is suggested to focus future SBCC more on positive net care behavior.
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