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Abstract 

Background  In 2020, the Zambia National Malaria Elimination Centre targeted the distribution of long-lasting insec-
ticidal nets (LLINs) and indoor-residual spraying (IRS) campaigns based on sub-district micro-planning, where speci-
fied geographical areas at the health facility catchment level were assigned to receive either LLINs or IRS. Using data 
from the 2021 Malaria Indicator Survey (MIS), the objectives of this analysis were to (1) assess how well the micro-
planning was followed in distributing LLINs and IRS, (2) investigate factors that contributed to whether households 
received what was planned, and (3) investigate how overall coverage observed in the 2021 MIS compared to the 2018 
MIS conducted prior to micro-planning.

Methods  Households’ receipt of ≥ 1 LLIN, and/or IRS within the past 12 months in the 2021 MIS, was compared 
against the micro-planning area under which the households fell. GPS points for 3,550 households were overlayed 
onto digitized micro-planning maps in order to determine what micro-plan the households fell under, and thus 
whether they received their planned intervention. Mixed-effects regression models were conducted to investigate 
what factors affected whether these households: (1) received their planned intervention, and (2) received any inter-
vention. Finally, coverage indicators between the 2021 and 2018 MIS were compared.

Results  Overall, 60.0% (95%CI 55.4, 64.4) of households under a micro-plan received their assigned intervention, 
with significantly higher coverage of the planned intervention in LLIN-assigned areas (75.7% [95%CI 69.5, 80.9]) 
compared to IRS-assigned areas (49.4% [95%CI: 44.4, 54.4]). Regression analysis indicated that households falling 
under the IRS micro-plan had significantly reduced odds of receiving their planned intervention (OR: 0.34 [95%CI 0.24, 
0.48]), and significantly reduced odds of receiving any intervention (OR: 0.51 [95%CI 0.37, 0.72] ), compared to house-
holds under the LLIN micro-plan. Comparison between the 2021 and 2018 MIS indicated a 27% reduction in LLIN 
coverage nationally in 2021, while IRS coverage was similar. Additionally, between 2018 and 2021, there was a 13% 
increase in households that received neither intervention.

Conclusions  This analysis shows that although the micro-planning strategy adopted in 2020 worked much better 
for LLIN-assigned areas compared to IRS-assigned areas, there was reduced overall vector control coverage in 2021 
compared to 2018 before micro-planning.
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Background
Malaria remains a significant global public health con-
cern, with an estimated 247  million cases and 619,000 
deaths worldwide in 2021. Endemic countries on the 
African continent account for nearly all of the global 
burden, with approximately 94% global cases, and 96% 
of global deaths in 2021 [1]. The persistent high burden 
of malaria in endemic countries precipitated the “High 
Burden to High Impact” (HBHI) approach recommended 
and supported in countries with the highest malaria bur-
den. Importantly, the HBHI approach encourages high 
burden countries to conduct data-driven sub-national 
targeting of malaria interventions to bolster impact 
[2–7].

In Zambia, despite increasing access to diagnosis and 
treatment of malaria, as well as expansion of vector con-
trol efforts [8, 9], there were nearly 9,000 malaria deaths 
in 2021 [1]. Zambia’s s National Malaria Elimination 
Programme (NMEP) has deployed several strategies to 
combat malaria, among which vector control strategies 
are an essential component. In recent years, vector con-
trol in Zambia has primarily consisted of distribution 
of long-lasting insecticidal mosquito nets (LLINs) and 
indoor residual spraying (IRS), with small-scale larval 
source management (LSM) in selected urban and pre-
elimination settings. IRS was the primary vector control 
intervention in the National Malaria Elimination Strate-
gic Plan (NMESP) 2017–2021, while the current NMESP 
2022–2026 prioritizes LLINs as the primary vector con-
trol intervention [9–11].

In Zambia, LLINs are typically distributed through: 
mass campaigns; routine distributions through antenatal 
care (ANC) and expanded programme on immunization 
(EPI) clinics; and school-based distributions in selected 
districts, with the vast majority of LLINs are distributed 
through mass campaigns [12]. IRS is typically conducted 
in annual campaigns in 115 out of the 116 districts of 
Zambia, and spraying is usually planned to start in Octo-
ber/November just before the start of the rainy season 
[10].

Prior to 2020, the strategy for vector control was 
to achieve universal coverage with LLINs, with IRS 
deployed in addition to LLINs in selected high-burden 
areas that were accessible for spraying [10]. In 2020, the 
NMEP adopted a ‘mosaic’ approach to vector control 
deployment at the sub-district, health facility catchment 
level, where some settlements were assigned to receive 
LLINs during the 2020–2021 mass campaign while oth-
ers received IRS under a micro-planning strategy [10, 
13, 14]. The rationale for this approach was to maxi-
mize available IRS and LLIN supplies, and the aim was 
to ensure households received only one vector control 
intervention and that co-deployment of the interventions 

was minimized [13]. Hereafter, the process of assign-
ing areas to receive LLIN or IRS will be referred to as 
micro-planning, and the designations themselves will be 
referred to as micro-plans.

Following the shift to a ‘mosaic’ approach in the vec-
tor control strategy in 2020, a key interest was in under-
standing how well the micro-planning was implemented 
to achieve high vector control coverage with either 
LLINs or IRS. To answer this primary question, this 
analysis took data from the 2021 Zambia Malaria Indi-
cator Survey (MIS), and compared what interventions 
households actually received, against what interven-
tions were planned for their areas based on the NMEP 
micro-plan maps. The objectives of this study were to: 
(1) assess how well the micro-planning was followed 
in distributing LLINs and IRS, (2) investigate factors 
that contributed to whether or not households received 
what was planned, and (3) investigate how overall vec-
tor control coverage ascertained in the MIS 2021 survey 
(post-micro-planning) compared to the 2018 MIS survey 
(pre-micro-planning).

Methods
The analysis was split into two parts. The first part, which 
covers objectives 1 and 2, was the micro-planning analy-
sis where coverage indicators from the 2021 MIS were 
analysed in context of the 2020 micro-planning exercise. 
The second part, which covers objective 3, compared 
overall coverage between the 2021 and 2018 MIS without 
explicitly considering the micro-planning data.

MIS data and 2020 micro‑planning maps
Zambia is divided into ten provinces, which are further 
divided into 116 districts. For statistical purposes, each 
district is divided into census supervisory areas (CSAs) 
and these are in turn subdivided into standard enumera-
tion areas (SEAs) which comprise on average around 23 
households. The MIS surveys in Zambia use a 2-stage 
cluster sampling design where the SEAs serve as ‘clus-
ters’, and are selected at first stage with the probability 
of selection proportional to cluster population size. The 
second-stage involves enumerating and then sampling 
households within selected clusters, where a set num-
ber of households in each cluster are randomly selected 
via simple random sampling for inclusion in the survey 
[12, 15]. The surveys are conducted in April-May, to 
coincide with the end of the rainy season and the peak 
in malaria transmission season. The 2018 MIS included 
4177 households across 179 clusters [15], while the 2021 
MIS included 4621 households across 202 clusters [12]. A 
breakdown of the sample sizes for each province is pre-
sented in Table 1.
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The 2020 micro-planning for vector control was car-
ried out at the health facility catchment level, which is 
the geolocated operational unit for vector control plan-
ning and implementation in Zambia. In the 2020 micro-
planning exercise, selection of which settlements would 
receive IRS was based on existing knowledge of structure 
density, accessibility, suitability of construction material 
of structures for IRS (including plastered vs. unplastered 
walls, walls made of reeds/grass, wooden/plank walls), 
and other operational aspects including feasibility [13]. 
To ensure each area received at least one of the interven-
tions, IRS/LLIN micro-planning workshops were held in 
each district. Using spatial data from the Geo-Referenced 
Infrastructure and Demographic Data for Development 
(GRID3) program together with population data from the 
Zambia Statistics Agency (ZamStats), micro-planning 
maps were developed assigning LLIN or IRS to different 
health facility catchment areas across the country. Under 
microplanning in 2020, the NMEP targeted 3.1  mil-
lion structures for spraying, and 12.9 million people for 
protection under IRS, while 10.6  million people were 
targeted to receive LLIN. In this analysis, the micro-plan-
ning maps, which were stored in PDF and PNG format, 
were digitized using QGIS 3.20.3 “Odense” software [16].

For the micro-planning analysis, GPS points of 
households in the MIS 2021 data were overlayed onto 
the digitized maps in order to determine what micro-
plan the households fell under (Fig.  1). Households 
that fell under the LLIN micro-plan and received ≥ 1 

LLIN, as well as households that fell under the IRS 
micro-plan and received IRS within the past 12 
months, were deemed to have received their planned 
intervention.

The micro-planning analysis excluded households 
from Lusaka province due to limited vector control tar-
geting in this province, households from Copperbelt 
province were excluded due to missing micro-plan-
ning data, and households in clusters with ambigu-
ous micro-planning maps were also excluded from the 
analysis. These exclusions reduced the total number of 
households from the MIS 2021 data in the micro-plan-
ning analysis from 4621 households to 3550.

Descriptive statistics for coverage
In this analysis, LLIN coverage was defined as the pro-
portion of households which received ≥ 1 LLIN, while 
IRS coverage refers to proportion of households that 
were sprayed in the last 12 months, as per the recom-
mended coverage indicators by the Roll Back Malaria 
(RBM) Surveillance Monitoring and Evaluation Refer-
ence Group. Survey point estimates of coverage were 
weighted to correct for unequal probabilities of house-
hold selection [12, 17], resulting in weights at the clus-
ter level equal to the inverse of the ultimate probability 
of selection for each household. Empirically estimated 
standard errors for survey point estimates were esti-
mated using the Taylor linearization method to account 
for the 2-stage cluster sampling design.

Table 1  Sample sizes for households in the micro-planning analysis, and the comparison between the 2021 and 2018 MIS.

The number of households included (second column) and excluded (third column) from the microplanning analysis are presented. Additionally, the sample sizes for 
the 2021 and 2018 MIS are presented in the fourth and fifth columns respectively (in bold). aDenotes households that were excluded in the microplanning analysis 
due to ambiguous micro-planning maps. Details of the sampling design for both the 2021 and 2018 MIS can be found in the respective MIS reports published by the 
NMEP [12, 15]

Microplanning analysis with
2021 MIS data

Comparison between the 2021 and 2018 MIS

Households included in 
micro-planning analysis

Households excluded from 
micro-planning analysis

Total number of households 
in the 2021 MIS data

Total number of 
households in the 2018 
MIS data

Central 474 1a 475 292

Copperbelt 0 467 467 284

Eastern 824 0 824 655

Luapula 461 0 461 666

Lusaka 0 456 456 307

Muchinga 328 0 328 304

North-Western 293 0 293 293

Northern 406 14a 420 299

Southern 364 133a 497 295

Western 400 0 400 782

Total 3550 1071 4621 4177
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Regression analysis
Separate mixed effects regression models were conducted 
to investigate which factors affected whether households 
under a micro-plan: (1) received their planned interven-
tion, and (2) received any intervention. Therefore, the 
analysis included two binomial regression models, with a 
logit link function. In the first model, the outcome vari-
able was binary, indicating whether or not the house-
hold received the planned intervention according to the 
micro-plan in its geography. In the second model, the 
outcome variable was also binary, indicating whether or 
not the household received any of the two interventions, 
regardless of the micro-plan under which it fell.

The covariates in the regression models were selected 
based on knowledge and experience of intervention 
deployment in the Zambia context as is presented in the 
NMEP’s MIS reports [12, 15], as well as availability of 
data. For example, the micro-planning exercise was con-
ducted at health facility catchment level, therefore travel 
time to the health facility may have an impact. Lower 

population density areas are likely to have more rural 
and harder to reach households, and this may present 
challenges to receiving the vector control interventions. 
Additionally, household wealth has historically had an 
impact on vector coverage indicators [12, 15].

In both models, the fixed effects included: the micro-
plan under which the household fell, the average malaria 
incidence (estimated annual cases per 1000 people from 
the routine information system) in up to five surround-
ing health facilities, travel time to the nearest health facil-
ity (in hours via walking), population density (people 
per square kilometre), and household wealth quintiles. 
Travel time was derived from friction surfaces of travel 
time across 1  km × 1  km grids from the Malaria Atlas 
Project (MAP) [18]. Population density was based on the 
2020 GRID3 surface, rescaled to sum to approximately 
18.4  million (to align with the official Zambian popula-
tion estimate for 2020) then scaled to 2021 assuming a 
3% annual growth rate [19]. The wealth quintiles were 
derived from raw scores created by assigning a factor 

Fig. 1  Spatial distribution of 2021 MIS households against the 2020 LLIN and IRS micro-plans. 40.1% [95% CI 32.6–48.0%] of households fell 
under the LLIN-assigned areas while 59.9% [95% CI 52.0–67.4%] of households fell under IRS – assigned areas
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weight to a variety of material assets or household char-
acteristics from the MIS data, generated through prin-
cipal component analysis [12]. Both average malaria 
incidence and population density were log transformed 
to improve linearity. Finally, a random effect on cluster 
was included for both models.

Comparison between 2021 and 2018 MIS
Coverage indicators were compared between the 2021 
and 2018 MIS. Coverage for LLIN was defined as the pro-
portion of households with ≥ 1 LLIN, while for IRS, this 
was defined as the proportion which received IRS within 
the past 12 months. This comparison consisted of all 
4177 households from the 2018 survey, and the full 4621 
households from the 2021 survey.

All statistical analyses were conducted in the R soft-
ware environment [20]. The regression models were 
estimated using the glmer function in the lme4 R pack-
age [21], while all coverage estimates were obtained and 
significance tests conducted by a chi-square using svyby, 
svyciprop and svytable functions in the survey package 
[22].

Results
Descriptive statistics for coverage
Out of the 3,550 households in the micro-planning anal-
ysis, a significantly higher proportion fell under the IRS 
micro-plan (59.9% [95% CI 52.0, 67.4]) compared to the 
LLIN micro-plan (40.1% [95%CI 32.6, 48.0]). Among all 
households under a micro-plan, only 60.0% (95%CI 55.4, 
64.4) received their assigned intervention; the remaining 
40.2% [95%CI 35.3, 45.2] received an intervention that 
was not planned or no intervention at all (Fig. 2). Among 

all households, 77.0% [95%CI 73.6, 80.3] received at least 
LLIN and/or IRS, while the remaining 23.0% [95%CI 
19.7, 26.4] did not receive either vector control interven-
tion and had no protection at the time of the 2021 MIS 
(Fig. 2).

Households in the LLIN-assigned areas had signifi-
cantly higher coverage (X2 = 244.86, p < 0.001) for their 
planned intervention (75.7% [95% CI: 69.5, 80.9]) com-
pared to households under the IRS micro-plan (49.4% 
[95% CI: 44.4, 54.4]). LLIN and IRS coverage varied 
across provinces, with a general tendency towards higher 
LLIN coverage compared to IRS coverage. The micro-
plan achieved significantly higher LLIN coverage than 
IRS in 5 of the 8 Provinces included in the analysis: Cen-
tral (X2 = 110.09, p < 0.001), North-Western (X2 = 18.92, 
p = 0.01), Northern (X2 = 76.23, p < 0.001), Southern 
(X2 = 47.42, p < 0.001), and Western (X2 = 79.25, p < 0.001) 
provinces (Fig. 3).

Regression analysis
Regression results show that households falling under the 
IRS micro-plan had significantly reduced odds of receiv-
ing their planned intervention (OR: 0.34 [0.24, 0.48]), and 
also significantly reduced odds of receiving either inter-
vention (OR: 0.51 [0.37, 0.72]) when compared to house-
holds under the LLIN plan (Table 2).

An increase in population density significantly 
increased the odds of households receiving their planned 
intervention, or either of the two vector control inter-
ventions (OR 1.16 [95%CI 1.05, 1.29] and 1.17 [95%CI 
1.05, 1.30], respectively. Meaning an approximate 3 fold 
increase in the number of people per km2 increases the 
odds of a household receiving their planned intervention 
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Fig. 2  Intervention coverage among 2021 MIS households which were under a micro-plan
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by 1.16 times. Similarly, an approximate 3 fold increase 
in the number of people per km2 increases the odds of 
a household receiving either of the two intervention by 
1.17 times. An increase in household wealth quintile also 
significantly increased the odds of receiving any vector 
control (OR: 1.21 [95%CI 1.12, 1.3], and 1.40 [1.30, 1.53], 
respectively) (Table 2).

An increase in average malaria incidence in surround-
ing health facilities did not have a significant effect 
on whether or not households received the planned 
intervention (OR: 1.05 [0.93, 1.19]), but was associ-
ated with increased odds of households receiving either 

intervention (OR: 1.15 (1.01, 1.29)) (Table  2). Meaning 
that an approximately 3 fold increase in annual malaria 
cases per 1000 people increased the odds of households 
receiving either intervention by 1.15 times.

Comparison between 2018 and 2021 MIS
Comparison between the MIS 2018 and 2021 surveys 
indicated a decline in overall vector control cover-
age in 2021. There was a significant decrease in overall 
LLIN coverage from 80.1% in 2018 to 53.3% in 2021 
(X2 = 714.21, p < 0.001), as well as a significant decrease in 
the proportion of households receiving at least one of the 
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Fig. 3  Coverage of planned interventions by province, among 2021 MIS households. LLIN coverage in LLIN-assigned areas was higher than IRS 
coverage in IRS-assigned areas in Central. * denotes provinces where the difference between LLIN-assigned and IRS-assigned areas is significant 
with p-value < 0.05 from chi-square analysis. Error bars represent 95% CIs

Table 2  Odds ratios with associated 95% CIs (within brackets), from the Regression analyses

Significant codes are as follows: *** indicates p < 0;** indicates p < 0.001; while * indicates p < 0.05

Covariate First model: outcome variable is whether or 
not the household received their planned 
intervention
Odds Ratio (95% CIs)

Second model: outcome variable is whether or 
not the household received any intervention
Odds Ratio (95% CIs)

Micro-plan under which the household fell
(reference level is LLIN micro-plan)

0.34 (0.24, 0.48)*** 0.51 (0.37, 0.71) ***

Log average malaria incidence 1.05 (0.93, 1.19) 1.15 (1.01, 1.29)*

Travel time to the nearest health facility 1.06 (0.88, 1.28) 1.13 (0.94, 1.36)

Log population density 1.16 (1.05, 1.29)** 1.17 (1.05, 1.30) **

Household wealth quintile 1.21 (1.12, 1.3)*** 1.40 (1.30, 1.53)***
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vector control interventions (LLIN or IRS) from 83.9% 
in 2018 to 70.6% in 2021 (X2 = 221.52, p < 0.001). Overall, 
IRS coverage did not change significantly, while the over-
all proportion of households receiving neither interven-
tion increased significantly from 16.1% in 2018 to 29.4% 
in 2021 (X2 = 221.52, p < 0.001) (Fig. 4).

Breaking down results by province, overall LLIN cov-
erage was higher in the 2018 MIS in 8 of Zambia’s 10 
provinces: Eastern (X2 = 263.22, p < 0.001), Luapula 
(X2 = 221.33, p < 0.001), Muchinga (X2 = 55.76, p < 0.001), 
North-Western ((X2 = 32.31, p = 0.001), Northern 
(X2 = 107.46, p < 0.001), Southern (X2 = 53.02, p < 0.001), 
Western (X2 = 53.02, p < 0.001), and Lusaka (X2 = 198.14, 
p < 0.001) provinces, while remaining similar between 

2018 and 2021 in Central and Copperbelt (Fig.  5). IRS 
coverage was similar between the two surveys across 
all provinces except Northern where there was a sig-
nificant reduction from 69.4% in 2018 to 40.7% in 2021 
(X2 = 42.106, p < 0.01) and Copperbelt where there was a 
significant increase from 22.3% in 2018 to 53.3 in 2021 
(X2 = 77.22, p < 0.001) (Fig. 6).

Additionally, the proportion of households pro-
tected by either an LLIN or IRS decreased signifi-
cantly between 2018 and 2021 in 6 of 10 Provinces: 
Eastern (X2 = 54.25, p < 0.001), Luapula (X2 = 49.21, 
p < 0.001), North-Western (X2 = 22.43, p < 0.01), North-
ern (X2 = 58.37, p < 0.001), Southern (X2 = 53.88, 
p < 0.001), Lusaka (X2 = 152.66, p < 0.001. Coverage with 
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and 2021 surveys is significant with p-value < 0.05 from chi-square analysis. Error bars represent 95% CIs
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either vector control intervention was similar between 
the survey years in Central, Muchinga and Western 
provinces, and increased significantly in Copperbelt 
(X2 = 38.30, p < 0.001). The proportion of households 
without any vector control protection increased signifi-
cantly between 2018 and 2021 in 6 of the 10 Provinces 
(Eastern, Luapula, North-Western, Northern, Southern 
and Lusaka), while remaining similar in Central, Much-
inga, and Western provinces, and decreasing signifi-
cantly in Copperbelt (Fig. 7).

Discussion
This study sought to investigate how well micro-plan-
ning was followed in distributing LLINs and IRS, follow-
ing the ‘mosaic’ approach to vector control distribution 
adopted in Zambia in 2020, while also comparing overall 
vector control coverage between the 2021 and 2018 MIS 
surveys.

Assessment of coverage indicators for LLINs and IRS 
showed that under the ‘mosaic’ approach, the LLIN 
distribution performed significantly better than IRS 
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Fig. 6  Overall IRS coverage, by province, in the 2018 Vs 2021 MIS. * denotes where the difference in IRS coverage between the 2018 and 2021 
surveys is significant with p-value < 0.05 from chi-square analysis. Error bars represent 95% CIs
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deployment at achieving high population coverage. This 
result may be attributable to differences in operational 
feasibility between LLIN and IRS deployment. The 2020–
2021 mass LLIN campaign was concluded just prior to 
2021 MIS data collection in April/May, while IRS deploy-
ment was scheduled for October/November 2020. IRS 
deployment has historically had challenges in Zambia. 
For example between 2017 and 2020, there were opera-
tional challenges in IRS deployment leading to delayed 
spraying in some areas [10] Additionally, IRS coverage 
has almost always lagged behind LLIN coverage in Zam-
bia [12].

Delayed spraying may have led to spraying efforts fall-
ing within the rainy season, which could in turn con-
tribute to low acceptance rates for IRS if households are 
faced with the inconvenience of packing, arranging and 
rearranging their household belongings prior to and after 
spraying [23] during the rains. In Zambia, IRS accept-
ability in urban areas has also historically contributed to 
lower IRS coverage when compared to LLIN [10].

Successful IRS deployment is also dependent on the 
accuracy and efficiency of the enumeration process. 
The spray teams are required to visit every household 
in the target area, and when there is no census to guide 
the teams’ movements, and where implementation area 
boundaries are unclear, it is likely that households will 
be missed. Zambia has previously piloted an electronic 
tool, mSpray (now called REVEAL) [24], which uses sat-
ellite imagery for IRS implementation, in select districts 
in Luapula, Eastern, and Southern provinces with some 
success [25]. Additionally, IRS campaigns use ‘spray 
areas’ which are defined by specific numbers or groups of 
households. Therefore, remote households are likely to be 
systematically excluded from IRS campaigns.

Another potential operational challenge with the 
‘mosaic’ approach is that the micro-planning exercise 
was conducted at health facility catchment level. Because 
health facility catchment areas do not have well-defined 
boundaries that are known by IRS field teams, it is likely 
to be more operationally challenging than implemen-
tation at a more macro-level, such as the district level 
where clear boundaries are more easily recognized. 
HBHI countries are encouraged to use sub-national tai-
loring [26], however if this sub-national tailoring does 
not use a feasible operational unit, it may not be effec-
tive, thus leaving populations in need without essential 
vector control coverage. A key factor for future con-
sideration is what unit level is operationally feasible for 
targeting vector control interventions using the ‘mosaic’ 
approach, while maintaining the advantage of spreading 
out resources for maximum intervention coverage.

In addition to ensuring households received 
their planned intervention, a key intention of the 

micro-planning exercise was to minimize co-deployment 
of IRS and LLIN. Results indicate that a large propor-
tion of households received an intervention that was not 
planned (40.2%). This proportion represents households 
that received the opposite intervention or received an 
additional intervention to the one they were assigned. 
Furthermore, 23.1% of households received both vector 
control interventions. In either case, these proportions 
represent a substantial deviation from the intention of 
the micro-planning exercise. It is unclear what factors 
contributed to these deviations, although it is likely a 
combination of factors including operational reasons and 
historical vector control practices on the ground.

Given the lower coverage of IRS compared to LLIN in 
their respectively assigned areas, it is unsurprising that 
households falling within IRS-assigned areas had lower 
odds of receiving their planned intervention. Moreo-
ver, results suggest that households within IRS-assigned 
areas, with the observed challenges to achieving high IRS 
coverage in these areas, were significantly more likely 
than LLIN-assigned areas to have no vector control pro-
tection, leaving them without any malaria prevention. 
With prioritization of IRS deployment under the 2020–
2021 ‘mosaic’ approach, the risk of households being 
missed by vector control was higher in the face of under-
performing IRS deployment.

Having households missed by vector control cover-
age is further illustrated in the comparison of coverage 
between the 2018 and 2021 MIS, where IRS coverage 
was similar between the two survey years while LLIN 
declined significantly. Coupled with the decline in overall 
vector control coverage from the 2018 to the 2021, these 
results suggest that the focus on IRS coverage under the 
‘mosaic’ approach was insufficient to make up for the 
decline in LLIN coverage. Furthermore, it may be neces-
sary, even in IRS targeted areas, to distribute some LLINs 
to the most remote households, knowing they will likely 
be missed by the IRS campaigns.

Increased population density and household wealth 
quintile had a positive association with households 
receiving their planned intervention, while they were 
inversely associated with households not receiving any 
vector control. This is likely because higher density and 
wealthier households were closer to health facilities, 
which operate as operational hubs for LLINs distribution 
and spaying in Zambia.

Looking at the break-down of results by province, 
coverage indicators comparing the 2018 and 2021 MIS 
largely agreed across all provinces except Copperbelt, 
where instead of a decline in vector control coverage, 
there was an increase, particularly for IRS. The level of 
IRS coverage for 2021 was the highest in this province 
since 2008 [12]. It is not possible to determine whether 
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adherence to the micro-planning was different for Cop-
perbelt compared to the other provinces due to missing 
micro-planning data for this province. Such informa-
tion would have greatly added to the interpretation of 
results.

Finally, while this analysis did not take into account the 
impact of the COVID-19 pandemic, it is very likely that 
this event had an impact on the full-scale deployment of 
interventions leading up to the 2021 MIS, particularly in 
light of subsequent financial challenges, as well as disrup-
tions to the supply chain for commodities and movement 
of people caused by the pandemic [10, 12].

Additional iterations of micro-planning and evaluation 
of the outcomes would be helpful in assessing whether 
these micro-planning exercises can be done effectively 
in order to achieve the desired malaria vector control 
coverage.

Conclusion
This analysis shows that in the micro-planning strategy 
used by the Zambia NMEP in 2020–2021 that focused 
on increasing IRS coverage and reducing the over-
lap between IRS and LLINs, areas targeted for LLINs 
achieved significantly higher coverage than those tar-
geted for IRS. Moreover, households in IRS-assigned 
areas were significantly more likely to have been missed 
altogether and had unacceptably high levels of being 
unprotected by any vector control intervention. This sug-
gests that it is more feasible to achieve higher coverage 
of vector control protection by LLIN mass campaigns as 
compared to IRS deployment which historically has been 
challenging to implement to achieve high population 
coverage. Given that the 2020 micro-planning strategy 
focused on IRS deployment, these challenges in imple-
mentation may have contributed to the poor coverage in 
IRS-assigned areas, as well as to the decrease in vector 
control coverage in the 2021 MIS compared to the 2018 
MIS.

Acknowledgements
We are grateful to the health facilities, District Health Office, Provincial Health 
Office and NMEP staff who are collected and shared the data presented in this 
study.

Author contributions
IK: Conceptualization, Methodology, Formal analysis, Investigation, Data 
curation, Visualization, Writing-original draft. AA and ZM: Conceptualization, 
Formal analysis, Investigation. JM: Formal analysis, Resources. DP, CR, AB, HS, 
JMM, KS: Resources. TPE: Conceptualization, Methodology, Supervision. All 
authors: Writing-review and editing.

Funding
Bill & Melinda Gates Foundation through PATH MACEPA. The funder of the 
study had no role in study design, data collection, data analysis, data interpre-
tation, or writing of the report. The corresponding author had full access to all 
the data in the study and had final responsibility for the decision to submit for 
publication.

Availability of data and materials
Zambia National Malaria Elimination Centre remain the final owners of these 
data. De-identified data can be requested from the first author by researchers 
who have been granted permission by the NMEP.

Declarations

Competing interests
The authors declare no competing interests.

Author details
1 School of Public Health and Tropical Medicine, Tulane University, 1440 Canal 
Street, Suite 2350, New Orleans, LA, USA. 2 AKROS, Lusaka, Zambia. 3 PATH, 
Seattle, WA, USA. 4 National Malaria Elimination Centre, Lusaka, Zambia. 5 PATH, 
Lusaka, Zambia. 

Received: 25 September 2023   Accepted: 25 November 2023

References
	1.	 WHO. World Malaria report 2022. Geneva: World Health Organization; 

2022.
	2.	 Runge M, Thawer SG, Molteni F, Chacky F, Mkude S, Mandike R, et al. 

Sub-national tailoring of malaria interventions in Mainland Tanzania: 
simulation of the impact of strata-specific intervention combinations 
using modelling. Malar J. 2022;21:92.

	3.	 The Global Fund. The Global Fund Strategy Framework (2023–2028). 
Geneva,. Switzerland, 2022.  https://​www.​thegl​obalf​und.​org/​media/​
11223/​strat​egy_​globa​lfund​2023-​2028_​frame​work_​en.​pdf.

	4.	 WHO. Global technical strategy for malaria 2016–2030, 2021 update. 
Geneva: World Health Organization; 2021.

	5.	 WHO. Update on the High burden to high impact (HBHI) approach. 
Geneva: World Health Organization; 2022.

	6.	 Sarpong E, Acheampong DO, Fordjour GNR, Anyanful A, Aninagyei E, 
Tuoyire DA, et al. Zero malaria: a mirage or reality for populations of sub-
saharan Africa in health transition. Malar J. 2022;21:314.

	7.	 WHO. Malaria Policy Advisory Group (MPAG) meeting. Geneva: World 
Health Organization., 2022.  https://​apps.​who.​int/​iris/​bitst​ream/​handle/​
10665/​364715/​97892​40063​303-​eng.​pdf?​seque​nce=1

	8.	 Chanda E, Mukonka VM, Kamuliwo M, Macdonald MB, Haque U. Opera-
tional scale entomological intervention for malaria control: strategies, 
achievements and challenges in Zambia. Malar J. 2013;12: 10.

	9.	 Nkya TE, Fillinger U, Sangoro OP, Marubu R, Chanda E, Mutero CM. Six 
decades of malaria vector control in southern Africa: a review of the 
entomological evidence-base. Malar J. 2022;21:279.

	10.	 Zambia National Malaria Elimination Programme. National malaria elimi-
nation strategic plan 2022–2026. Zambia: Lusaka; 2022.

	11.	 Zambia National Malaria Elimination Centre. National malaria elimination 
strategic plan 2017–2021. Zambia: Lusaka; 2017.

	12.	 Zambia National Malaria Elimination Programme. Zambia Malaria Indica-
tor Survey 2021. Technical report. Lusaka, Zambia, 2022.

	13.	 Borkovska O, Pollard D, Hamainza B, Kooma E, Renn S, Schmidt J, 
et al. Developing high-resolution population and settlement data for 
impactful Malaria interventions in Zambia. J Environ Public Health. 
2022;2022:2941013.

	14.	 U.S. President’s Malaria Initiative. Zambia malaria operational plan FY 
2022. Washington, USA. 2022.

	15.	 Ministry of Health. Zambia national malaria indicator survey report 2018. 
Zambia: Lusaka; 2018.

	16.	 Development Team QGIS. 2018. QGIS geographic information system. 
Open source geospatial foundation project. cited 2023; http://​qgis.​osgeo.​
org.

	17.	 Roll Back Malaria Monitoring & Evaluation Reference Group. Household 
survey indicators for malaria control. Geneva, World Health Organization, 
2018.  https://​www.​malar​iasur​veys.​org/​docum​ents/​House​hold%​20Sur​
vey%​20Ind​icato​rs%​20for%​20Mal​aria%​20Con​trol_​FINAL.​pdf.

https://www.theglobalfund.org/media/11223/strategy_globalfund2023-2028_framework_en.pdf
https://www.theglobalfund.org/media/11223/strategy_globalfund2023-2028_framework_en.pdf
https://apps.who.int/iris/bitstream/handle/10665/364715/9789240063303-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/364715/9789240063303-eng.pdf?sequence=1
http://qgis.osgeo.org
http://qgis.osgeo.org
https://www.malariasurveys.org/documents/Household%20Survey%20Indicators%20for%20Malaria%20Control_FINAL.pdf
https://www.malariasurveys.org/documents/Household%20Survey%20Indicators%20for%20Malaria%20Control_FINAL.pdf


Page 11 of 11Kyomuhangi et al. Malaria Journal          (2023) 22:365 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	18.	 Weiss DJ, Nelson A, Gibson HS, Temperley W, Peedell S, Lieber A, et al. A 
global map of travel time to cities to assess inequalities in accessibility in 
2015. Nature. 2018;553:333–6.

	19.	 Ministry of Lands and Natural Resources, Agency ZS. Geo-referenced 
infrastructure demographic data for development (GRID3). 2022; https://​
zambia-​nsdi-​mlnr.​hub.​arcgis.​com/

	20.	 R Core Team. R: A language and environment for statistical computing. R 
Foundation for statistical computing, Vienna, Austria, 2013. (cited 2023); 
http://​www.R-​proje​ct.​org/.

	21.	 Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models 
using lme4. J Stat Softw. 2015;67:1–48.

	22.	 Lumley T. “survey: analysis of complex survey samples”. R package version 
4.0., 2020. 2022; https://​rdrr.​io/​rforge/​survey/.

	23.	 Suuron VM, Mwanri L, Tsourtos G, Owusu-Addo E. An exploratory study of 
the acceptability of indoor residual spraying for Malaria control in upper 
western Ghana. BMC Public Health. 2020;20:465.

	24.	 Eskenazi B, Quirós-Alcalá L, Lipsitt JM, Wu LD, Kruger P, Ntimbane T, et al. 
mSpray: a mobile phone technology to improve malaria control efforts 
and monitor human exposure to Malaria control pesticides in Limpopo, 
South Africa. Environ Int. 2014;68:219–26.

	25.	 Keating J, Yukich JO, Miller JM, Scates S, Hamainza B, Eisele TP, et al. Ret-
rospective evaluation of the effectiveness of indoor residual spray with 
pirimiphos-methyl (actellic) on malaria transmission in Zambia. Malar J. 
2021;20:173.

	26.	 The Global Fund. Information note - malaria allocation period 2023–2025. 
Switzerland: Geneva; 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://zambia-nsdi-mlnr.hub.arcgis.com/
https://zambia-nsdi-mlnr.hub.arcgis.com/
http://www.R-project.org/
https://rdrr.io/rforge/survey/

	Assessing national vector control micro-planning in Zambia using the 2021 malaria indicator survey
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	MIS data and 2020 micro-planning maps
	Descriptive statistics for coverage
	Regression analysis
	Comparison between 2021 and 2018 MIS

	Results
	Descriptive statistics for coverage
	Regression analysis
	Comparison between 2018 and 2021 MIS

	Discussion
	Conclusion
	Acknowledgements
	References


