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	ANC
	antenatal care

	BCC
	behavior change communication

	CCP
	Johns Hopkins Center for Communication Programs

	CI
	confidence interval

	EPI
	expanded program of immunization

	GER
IPC
	gross enrolment ratio
inter-personal communication

	IRB
	institutional review board

	IRS
ITN
	Indoor residual spraying
insecticide-treated net

	JHU
	Johns Hopkins University

	LLIN
	long-lasting insecticidal nets

	MOH
	Ministry of Health

	NMCP
	National Malaria Control Program

	ODK
	Open Data Kit

	OR
	odds ratio

	PMI
	President’s Malaria Initiative 

	PC
	personal computer
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	principal component analysis
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	United States Agency for International Development

	WHO
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As mainland Tanzania and Zanzibar shift from repeated mass campaigns to an ITN distribution strategy that relies primarily on continuous distributions channels, the question arises of how best to monitor this new approach. While mass campaigns every three years or so do not need special attention to programmatic monitoring between campaigns, this is different in a continuous distribution strategy. Continuous distribution must fine-tune yearly ITN needs to ensure coverage is kept up at target levels, and this requires that data is available to say whether the anticipated levels of ITN coverage are being reached. 
It is obvious that annual representative household surveys are not an option as this would not be cost-effective. Instead the programmatic monitoring system would need to provide annual information in a cost-effective way at a regional level which would be sufficient for NMCP and regional authorities to take decisions whether the output of the distribution channels that allow some adjustment (schools in mainland Tanzania and community in Zanzibar) are sufficient as is, or need to be increased or reduced.
The primary indicator for such monitoring would be population access to an ITN within the household as it most closely reflects the measure of “universal coverage”, but the other ITN ownership indicators (households owning at least one ITN and one ITN for every two people) would also be collected for triangulation of results. Suggested levels or targets to be measured are:
· Population access to ITN 80% as the optimal coverage target to be maintained[footnoteRef:1]  [1:  The target of 80% population access is recommended by WHO, but as has recently been shown (Koenker et al. 2018 Malaria Journal 17: 355) is rarely reached at national level. This is largely due to the fact that timing of campaigns is rarely nationwide and ITN ownership begins to decline shortly after a mass distribution campaign.] 

· Population access to ITN 60% as a still acceptable coverage but which needs moderate upward adjustment in system output
· Population access to ITN 40% as the critical threshold below which a “catch-up” campaign will be needed as the continuous distribution system will no longer be able to recover in a reasonable time frame.
Lot-quality assurance sampling (LQAS) is a sampling technique that has been well established in public health [1]. By reducing the response to a simple yes/no or pass/fail vis-à-vis a defined target and minimally acceptable level of performance rather than a numerical estimate, this sampling technique allows a reduction of the sample size to low levels, classically 19 per stratum referred to as a lot. The purpose of this study is to test whether LQAS can be used at regional level as a sufficiently accurate tool to decide whether continuous ITN distribution is on track or whether it needs to be adjusted.
The primary objective of the evaluation study was:
1. To validate the possibility of using Lot-Quality-Assurance Sampling (LQAS) to monitor ITN ownership coverage targets by comparing results from one zone with three regions to the results from a Malaria Indicator Survey (MIS) undertaken at about the same time.
The hypothesis of the study was:
· LQAS will be able to allocate each of the three regions to the ITN coverage target levels that correspond to the results from the MIS for that zone. 
[bookmark: _Toc190673]Methods
[bookmark: _Toc190674]Study Sites
The southern zone of mainland Tanzania comprising Lindi, Mtwara, and Ruvuma regions (Figure 1) were selected purposively in collaboration with the National Malaria Control Programme.
Figure 1: Southern Zone and its three regions within Tanzania
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[bookmark: _Toc79821364][bookmark: _Toc257354729][bookmark: _Toc257354886][bookmark: _Toc257355767]The design of this study had two parts. The first was the implementation of an LQAS household survey in each of the three regions of Lindi, Mtwara and Ruvuma within the southern zone of Tanzania with the objective to make an assessment of pass/fail for the three levels of targets of ITN ownership coverage based on population access to an ITN within the household. The LQAS survey was undertaken two months after the Malaria Indicator Survey (MIS 2017).
The second part is a secondary analysis of the ITN ownership data from the MIS 2017. Estimates of all ITN ownership indicators will be calculated for the selected zone and its regions with 95% confidence intervals (CI). These will be compared to the LQAS results. If the MIS estimate and CI for a region puts the result in the same cut-off category as the LQAS result, they will be stated as agreement. 
Sample size
For LQAS sample size and decision rule calculations were made using the following website: http://www.brixtonhealth.com/hyperLQAS.html   
Assumptions were as follows:
· The null-hypothesis is that the region has failed to reach the minimal target level 
· Population size (region): 40,000
· Type I error (probability that the null-hypothesis is rejected although true) ≤ 0.1
· Type II error (probability that the null-hypothesis is accepted although false) ≤ 0.15

With a sample size of 19 households per region the decision rules and set targets were determined using the approach suggested by Rhoda et al. [2]:

· Population access to ITN is at least 80% and upper target (for type II error) 98% = 17 
· Population access to ITN is at least 60% and upper target (for type II error) 85% = 13
· Population access to ITN is at least 40% and upper target (for type II error) 65% = 9

Decision rules for other indicators followed the same cut-offs as defined above.

[bookmark: _Toc190676]Selection of participants
Participants were drawn from a representative sample of clusters and households in each of the three regions of the southern zone of Tanzania.
Inclusion Criteria: 
· Households with head of household, spouse or other household member 18 years older
· Consents to be interviewed 
Exclusion Criteria: 
· Household head, spouse of other household member does not have the capacity to understand questions and respond intelligibly;
· Household head or representative not available on the day of survey.
The LQAS survey used a standard two-stage cluster sampling approach with the only difference that only one household was selected per cluster.
Stage one: selection of clusters
For the selection of 19 clusters per region the 2012 census data base for Lindi, Mtwara and Ruvuma regions was used. A cluster was defined as village as listed in the data base. The selection with probability proportionate to size was done based on the population as the measure of size using an Excel spreadsheet for semi-automatic cluster selection. 
Stage two: selection of households 
Within each selected community one household was selected using the following methodology: if the village was small (less than 200 households) the field team mapped the whole community (i.e. list all inhabited houses where people live) and from the compiled list of eligible households the supervisor randomly selected the necessary households with equal probability for each household using random number lists. In addition, five replacement households were sampled which were to be used if a sampled household was not available for interview. 
The definition of a household was “people eating from the same pot”. If the community was large, i.e. exceeding 200 households, one of the community sub-units (Belozi) was selected and all households listed. Sampling of household then proceeded as described above. Selected clusters were informed before the survey for mobilization and where feasible household lists were prepared in advance by the Belozi or community leaders. 
If an eligible household respondent (head of household, spouse or other member at least 18 years of age) was available oral consent was obtained using the consent script. If the household did not give consent, it was dropped and a replacement household was selected from the list of eligible households until one household per cluster was interviewed.

[bookmark: _Toc190677]Fieldwork
Once a household had been selected and the participant had consented, a brief questionnaire was administered collecting the following information:
· Number of people usually staying in the household the previous night
· Number of nets currently owned and used by the household
· Number of those nets that could be identified as long-lasting insecticide treated nets based on brand
· Number of household members who used a net last night
· Number of nets obtained since November 2017 (date of MIS in the region) 
Each region had its own implementation team with one overall survey coordinator. Each team consisted of one supervisor and two interviewers. 
Interviewers and supervisors were carefully selected so that they were culturally acceptable, had good knowledge of the local languages and experience in household surveys. Final selection of the field team was done after a one day training on January 24 in Dar es Salaam with the following objectives:
· Understanding the study design and sampling procedures
· General approach to ethics of field work (consent and interview)
· Detailed study of interview with role play
· Introduction to and practice of use of the data entry device
Field work took place immediately following the training from 30 January to 6 February 2018.
Data was collected using tablet PCs and the Open Data Kit (ODK) software package. After each day of field work data was transferred from the tablet to a laptop and at the end of the field work uploaded to a password protected Dropbox folder. Data was screened by one of the co-investigators on a daily basis. Once validated, data from ODK was extracted and converted to the Stata statistical package (version 14.2) for further analysis. In addition, supervisor and coordinators entered the daily results in a simple Excel spreadsheet which automatically determined the main outcome (access) based on the decision rule stated above (see Figure 1). This allowed the field teams to have results available for the LQAS part of the study immediately after completion of the fieldwork and communicate it to the regional health staff as well as zonal and national health authorities and the NMCP.
Figure 2: Template for immediate result determination of “population access” per region for the LQAS component
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From these data the following indicators and outcomes were calculated:
· Household has any ITN - yes/no
· Household has enough ITN for all members [footnoteRef:2]- yes/no [2:  Defined as: number of ITN owned is equal or larger than the number of people divided by two rounding up for uneven numbered households.] 

· In the household at least 80% of people staying in the house last night have access to an ITN (assuming each net is used by two people) - yes/no
These yes/no responses were counted at regional level and a determination made with respect to the decision rules stated above. In addition a numeric estimate was made for the entire zone for each indicator using an analysis weighted by the relative size of each of the three regions. For the access indicator the proportion with access was calculated for each household and then the mean was calculated weighted by household size and region size. A net use indicator was only calculated at zonal level.
The data files for the Tanzania Malaria Indicator Survey 2017 were obtained with permission from the DHS Program web site (https://dhsprogram.com/ ). The standard ITN indicators (households with any ITN; households with one ITN for every two people; population access to ITN within the household; population use of ITN last night) were calculated by region for the three regions involved in the Southern Zone School Net Programme with 95% confidence interval taking account of the cluster design. In order to reflect the exact definition of the LQAS outcome variable an additional indicator was calculated for comparison: “% of households with at least 80% of members having access to ITN”.
[bookmark: _Toc190679]Ethical clearance
A “non-human subjects research” determination was obtained from the JHU-IRB under reference number 8311and ethical clearance was obtained from the Tanzania National Institute of Medical Research under reference number: NIMR/HQ/R.8a/Vol.IX/2653.
[bookmark: _Toc190680]Results
All clusters in all three regions were completed but one cluster in Lindi (cluster 111) had to be replaced due to flooding in the originally selected cluster (bridge had broken).
Result from LQAS for “households with at least one ITN” was equal to or above 80% for all three regions. This result matched the MIS result for Lindi (81.5%) but slightly overestimated the results for Mtwara and Ruvuma which were both just below 80% in the MIS (Table 1). However, for both Mtwara and Ruvuma the 95% confidence interval for the MIS included the 80% value so that it can be said that LQAS predicted correctly the MIS result within the range of the confidence interval. For the overall estimate at zonal level the LQAS result also overestimated the MIS result (89.5% vs. 79.0%), but again, the confidence intervals overlap so that the LQAS result is statistically not different from the MIS result.
For the indicator “households with at least one ITN per two people” the LQAS survey correctly stated the outcome for Lindi and Mtwara, but underestimated the result in Ruvuma (Table 2). In this case the zonal level estimates from the two surveys were very similar with 57.6% for LQAS and 55.9% for MIS.
Table 1: Households with at least one ITN from LQAS and MIS, HH=household
	Households with any ITN
	Lindi
	Mtwara
	Ruvuma
	Total Southern Zone (weighted)

	LQAS access/n HH
	17/19
	17/19
	17/19
	51/57

	LQAS result % (95% CI)
	≥ 80%
	≥ 80%
	≥ 80%
	89.5% (78.4-96.0)

	MIS estimate % 
(95% CI)
	81.5% 
(75.9-86.0)
	78.8% 
(73.8-83.1)
	77.0% 
(72.5-81.0)
	79.0%
(76.0-81.6)



Table 2: Households with at least one ITN for every two people from LQAS and MIS, HH=household
	Households with any ITN
	Lindi
	Mtwara
	Ruvuma
	Total Southern Zone (weighted)

	LQAS access/n HH
	14/19
	12/19
	8/19
	34/57

	LQAS result % (95% CI)
	≥ 60%-80%
	≥ 40%-60%
	<40%
	57.6% (43.8-70.4)

	MIS estimate % 
(95% CI)
	60.2% 
(53.9-66.2)
	57.1% 
(50.7-63.3)
	50.5% 
(43.6-57.5)
	55.9%
(52.0-59.8)



The “population with access to ITN within the household” is the most important indicator as it is the recommended basis for programmatic decisions on ITN distributions in the public sector. However, due to the need in LQAS methodology for a binary outcome at household level in order to apply a decision rule, the indicator that is used in LQAS is “households with at least 80% of members with access to ITN”. Table 3, therefore, first compares these between LQAS and MIS and for all three regions a correct prediction was made by the LQAS survey. Furthermore, the estimate for this indicator at zonal level matched very well with 65.6% for LQAS and 62.4% for the MIS.

A comparison with the standard access indicator (Table 3) shows that the access variable modification used for LQAS is below the standard access indicator by 5-10 percentage-points. In this case the standard population access indicator for the LQAS survey can only be calculated from the aggregate zonal data and here it overestimates the MIS results by 8 percentage-points, but again, confidence intervals overlap so they cannot be considered statistically different.
Table 3 : Population access to ITN estimate from LQAS and MIS, HH=household
	Population access to ITN
	Lindi
	Mtwara
	Ruvuma
	Total Southern Zone (weighted)

	LQAS access >80%/n HH
	14/19
	13/19
	11/19
	38/57

	LQAS result access>80% in % 
(95% CI)
	≥ 60%-≤80%
	≥ 60%-≤80%
	≥ 40%-≤60%
	65.6% 
(51.8-77.5)

	MIS % of hh with >80% access (95% CI)
	66.1%
(60.4-71.7)
	63.4%
(56.6-70.2)
	57.9%
(50.7-65.0)
	62.4%
(58.4-66.4)

	LQAS aggregate access estimate % (95% CI)
	-.-
	-.-
	-.-
	80.3%
(72.7-88.0)

	MIS access estimate % 
(95% CI)
	72.4% 
(67.2-77.0)
	74.7% 
(69.0-79.6)
	69.6% 
(63.7-74.8)
	72.4%
(69.2-75.4)



The one variable for which the LQAS survey did not produce reliable estimates was ITN use. Calculated only at the zone level the LQAS survey estimated a use rate 78.8% (70.0-87.6) while the corresponding rate in the MIS was 58.7% (54.2-63.0). These estimates are statistically different from each other at the 95% confidence level. It is possible that responses in the LQAS survey of “how many people slept under a net” were exaggerated compared to the specific questions in the MIS of who used which net.
The direct cost of the field work – excluding the design, coordination and analysis – was USD 7,136 per region. This included renting vehicles from a commercial provider and hiring consultants as field supervisors. The largest share of the cost was per diems and accommodation for field staff with 35% followed by survey team (31%) and transport (28%). Training cost comprised 3% of direct cost, compensation for local guides was 2% and communication (airtime etc.) 1%.
[bookmark: _Toc190681]Discussion and Conclusions
The primary purpose of this study was to test whether an annual LQAS-based survey with the region defined as the “lot” or area of interest would be able to provide sufficiently robust estimates of ITN access in the region to allow programmatic decisions on the level of coverage and whether or not ITN quantities need to be adjusted in subsequent rounds of school or community distribution.
The LQAS survey was easily implemented and with the involvement of regional health staff provided immediate results for decision making. The level of “population access to an ITN within the household” was correctly predicted by the LQAS survey. In addition, the LQAS survey correctly identified one of the regions, Ruvuma, as the one with lowest coverage which might need an additional boost of nets. The other two were identified as “sufficient coverage” with no current action needed. The decisions that would have been derived from the LQAS results are verified by the MIS data in which Ruvuma is the one region with the lowest ITN access. Given that the LQAS decision rules are based on a 95% confidence to correctly identify if a region’s access coverage is in the target region (e.g. 60-80%), it can be said that with the MIS confirmation for all three tested regions the LQAS results correctly predicted the access coverage with 95% confidence.
The one indicator that LQAS was not able to predict accurately is the ITN use which was off by 20 percentage-points.
In conclusion it can be stated that the LQAS survey methodology proposed here is adequate and suitable to provide low-cost estimates at regional level of ITN ownership coverage which are sufficiently accurate to be used for programmatic decisions on ITN distributions.
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