
1 

Ongoing long-lasting insecticide-treated net distribution efforts are 1 
insufficient to maintain high rates of use among children in rural Uganda 2 
 3 
 4 
Claire M. Cote1, Varun Goel2,3, Rabbison Muhindo4, Emmanuel Baguma4, Moses 5 
Ntaro4, Bonnie E. Shook-Sa5, Raquel Reyes6, Sarah G. Staedke7, Edgar M. 6 
Mulogo4, Ross M. Boyce4,8* 7 
 8 
1. Gillings School of Global Public Health, University of North Carolina at Chapel 9 
Hill, Chapel Hill, NC, USA 10 
 11 
2. Department of Geography, University of North Carolina at Chapel Hill, Chapel 12 
Hill, NC, USA 13 
 14 
3. Carolina Population Center, University of North Carolina at Chapel Hill, Chapel 15 
Hill, NC, USA 16 
 17 
4. Department of Community Health, Mbarara University of Science and 18 
Technology, Mbarara, Uganda 19 
 20 
5. Department of Biostatistics, Gillings School of Global Public Health, University 21 
of North Carolina at Chapel Hill, Chapel Hill, NC, USA 22 
 23 
6. Division of Hospital Medicine, UNC School of Medicine, University of North 24 
Carolina at Chapel Hill, Chapel Hill, NC, USA 25 
 26 
7. London School of Hygiene and Tropical Medicine, London, UK 27 
 28 
8. Institute of Global Health and Infectious Diseases, UNC School of Medicine, 29 
University of North Carolina at Chapel Hill, Chapel Hill, NC, USA 30 
 31 
*Corresponding Author: 32 
 33 
Ross M. Boyce 34 
Division of Infectious Diseases 35 
University of North Carolina at Chapel Hill 36 
130 Mason Farm Road, CB 7030 37 
Chapel Hill, NC 27599 38 
roboyce@med.unc.edu  39 
 40 
Running Title: LLIN distribution in rural Uganda 41 
 42 
Words: Abstract - 200 | Text – 3,472 43 
  44 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 1, 2021. ; https://doi.org/10.1101/2021.02.26.21252527doi: medRxiv preprint 

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.

https://doi.org/10.1101/2021.02.26.21252527
http://creativecommons.org/licenses/by-nc-nd/4.0/


2 

ABSTRACT 45 

Background: Long-lasting insecticide-treated nets (LLINs) remain a cornerstone 46 

of malaria control, but optimal distribution strategies to sustain universal 47 

coverage are not well-defined 48 

 49 

Methods: We conducted a cross-sectional survey of 2,190 households in the 50 

highlands of western Uganda to examine LLIN source and use among children 51 

age with elevation and distance to clinic being the primary variables of interest.  52 

 53 

Results: We found that only 64.7% (95% CI 64.0 – 65.5%) of children were 54 

reported to have slept under a LLIN the previous night. Compared to those living 55 

<1 km from a health center, households at ≥ 2 km were less likely to report the 56 

child sleeping under a LLIN (RR 0.86, 95% CI: 0.83 – 0.89, p<.001). Households 57 

located farther from a health center received a higher proportion of nets from 58 

government distributions compared to households living closer to health centers. 59 

  60 

Conclusions: Continuous, clinic-based distribution efforts were insufficient to 61 

sustain high rates of LLIN use among children between mass distribution 62 

campaigns. More frequent campaigns and complementary approaches are 63 

required to achieve and maintain universal LLIN coverage in rural areas. 64 

 65 
KEYWORDS 66 
 67 
Malaria, Plasmodium, Mosquito Nets, Insecticide-Treated Bednets, Uganda  68 
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BACKGROUND 70 

Malaria remains an important cause of global morbidity and mortality despite 71 

substantial gains against the disease over the past two decades [1]. Much of the 72 

progress against malaria can be attributed to the development and widespread 73 

implementation of long-lasting insecticide-treated nets (LLINs) [2]. When widely 74 

distributed in the community and employed in the household, LLINs provide both 75 

a physical barrier against the bite of female Anopheles mosquitoes as well as a 76 

killing effect (i.e., vector control) resulting from contact between the mosquito and 77 

the impregnated pyrethroid insecticide [3]. Yet the emergence of resistance to 78 

pyrethroid insecticides, including permethrin and deltamethrin, threatens many of 79 

these gains [4]. Recent reports suggest that global progress against malaria has 80 

stalled and may even be slipping backwards among high-burden countries in 81 

sub-Saharan Africa (SSA) [1]. Nets employing novel insecticides or combinations 82 

of insecticides have shown to be effective in settings with established insecticide 83 

resistance, but these nets are not yet widely deployed [5, 6]. Therefore, 84 

continued focus on the development of effective implementation strategies to 85 

achieve universal coverage, which the World Health Organization (WHO) defines 86 

as one LLIN for every two persons at risk of malaria, remains a critical 87 

undertaking [7]. 88 

 89 

Among malaria-endemic countries in SSA, Uganda has been a leader in the 90 

effort to achieve universal coverage [8]. Uganda conducted its first mass LLIN 91 

distribution campaign in 2013, with over 20 million nets distributed [9]. This effort 92 
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was followed by similar campaigns every three years, including in 2017-18 and 93 

most recently in 2020-21 in accordance with WHO guidelines [7]. Households 94 

reporting at least one LLIN increased from 16% in the 2006 Demographic and 95 

Health Survey (DHS) to more than 80% in the 2018 Malaria Indicator Survey, 96 

while over the same period the proportion of households with at least one LLIN 97 

for every two people increased from 5% to 54% [10]. Furthermore, in the years 98 

immediately following the initial distribution campaign, substantial reductions in 99 

malaria parasite prevalence and disease burden were observed [11]. Towards 100 

the end of each three-year cycle, however, attrition due to physical damage and 101 

even loss of nets can leave households well below universal coverage targets 102 

with a resulting increase in malaria transmission intensity [12, 13]. 103 

 104 

To maintain coverage between mass distribution campaigns, the WHO 105 

recommends continuous LLIN distribution through antenatal care clinics and the 106 

expanded program on immunization. These channels, which leverage public 107 

health services utilized by at-risk populations (e.g., pregnant women and young 108 

children), aim to fill coverage gaps that emerge due to population growth in the 109 

interval period between mass distribution campaigns. However, strategies to 110 

replace nets that experience premature attrition are not as well-defined. This may 111 

be partly attributable to the high cost of  monitoring LLIN durability and 112 

performing gap analysis [14, 15]. At present, the WHO does not recommend 113 

replacement or “top-up” campaigns because “accurate quantification for such 114 
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campaigns is generally not feasible and the cost of accounting for existing nets 115 

outweighs the benefits [7].”  116 

 117 

A much smaller proportion of the existing literature has examined the 118 

effectiveness of LLIN distribution outside of mass distribution campaigns, [16-21] 119 

particularly in regard to geographic factors that may impact the coverage. While 120 

analysis of routine DHS data from 25 countries found that facility-based 121 

distribution improves LLIN ownership rates and reported use [22] a study in rural 122 

Kenya found that increased distance from health facilities was associated with 123 

decreased bed net ownership [23] and another a study in Malawi found that 124 

households further from health facilities were less likely to own a net and have 125 

their child sleep under it [24] Therefore, as part of an ongoing, cross-sectional 126 

study of malaria transmission in the western Ugandan highlands, we sought to 127 

examine how geographic factors, including elevation and distance to clinic, might 128 

influence malaria risk and LLIN use in order to inform future distribution 129 

strategies. 130 

 131 

Study Site 132 

The Bugoye sub-county, located in the Kasese District of Western Uganda is 133 

comprised of 35 villages, spanning a rural, highland area of approximately 55 134 

km2. The population of the sub-county is 50,249, approximately one-quarter of 135 

whom are children under five years of age [15]. The geography of the sub-county 136 
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is highly varied and characterized by deep river valleys and steep hillsides with 137 

elevations up to 2,500 meters (Figure 1).  138 

 139 

The sub-county’s primary public health facility is the Bugoye Level III Health 140 

Center (BHC). BHC is comprised of a 25-bed inpatient ward, where patients can 141 

receive intravenous medications, a busy outpatient clinic that evaluates 60-80 142 

patients per day, a maternity ward, and a small laboratory capable of performing 143 

point-of-care tests for diseases such as malaria and HIV. There are also level II 144 

health centers in each of the six parishes that offer basic outpatient services 145 

including routine vaccination, and one private-not-for-profit level III health center 146 

operated by the Rwenzori Mountaineering Services.  147 

 148 

The climate in Bugoye permits year-round malaria transmission marked by semi-149 

annual transmission peaks typically following the end of the rainy seasons in May 150 

and December [25]. The most recent malaria indicator surveys undertaken in the 151 

Mid-Western region (2014-15) and Tooro sub-national region (2018-19) which 152 

include Bugoye, reported P. falciparum parasitemia rates (PfPR) of 17.4% and 153 

7.3%, respectively [10, 26]. The most recent mass government distribution of 154 

LLINs took place in 2017 and is supplemented by ongoing distributions through 155 

antenatal and immunization clinics. 156 

 157 

Household Survey 158 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted March 1, 2021. ; https://doi.org/10.1101/2021.02.26.21252527doi: medRxiv preprint 

https://doi.org/10.1101/2021.02.26.21252527
http://creativecommons.org/licenses/by-nc-nd/4.0/


7 

Household surveys were conducted in each of the 35 villages of Bugoye sub-159 

county. Prior to each survey, community health workers (CHWs) disseminated 160 

information about the aims and methods of the study to the residents of their 161 

respective coverage areas in an attempt to maximize participation. During the 162 

survey, CHWs guided study staff to the nearest household with an eligible child 163 

(age 2 – 10 years) residing in the home. An adult caregiver provided written 164 

consent to participate in the study. Children ≥8 years of age were asked to 165 

provide written assent to participate. If multiple eligible children were present in 166 

the household, a random number generator was used to create an integer 167 

sequence with values between 2 and 10.  The first child to have an age matching 168 

a number in the sequence was selected for testing. If there was no adult present 169 

at the time of the visit, the survey team recorded the GPS location and moved to 170 

the next household.  171 

 172 

After consent was provided, the study team administered a brief questionnaire 173 

that elicited responses about care-seeking behaviors, bed net ownership and 174 

use, and recent health (available in Supplementary Material). Axillary 175 

temperature was measured in all children and 50 μl of capillary blood drawn for a 176 

malaria rapid diagnostic test (RDT) (SD Bioline Malaria Ag P.f., Abbott 177 

Laboratories, Chicago, IL, USA). The RDT is a qualitative test for the detection of 178 

histidine-rich protein II (HRP-II) antigen of Plasmodium falciparum in human 179 

whole blood [27]. RDT results were recorded as either positive or negative, with 180 
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faint lines being considered positive. Results were provided to the consenting 181 

caregiver and recorded in the questionnaire.  182 

 183 

All children with a history of fever in the prior 48 hours or documented fever 184 

(axillary temperature ≥37.5o C) at the time of initial evaluation and a positive RDT 185 

test result received weight-based treatment with artemether-lumefantrine [28]. 186 

Children with a positive RDT test result, but no reported history of fever or 187 

documented fever on initial evaluation were not treated as this may represent 188 

HRP-II antigen persistence following recent treatment or asymptomatic 189 

parasitemia, which is consistent with current national guidelines [29]. Children 190 

with fever and a negative RDT test result were referred to the nearest public 191 

health facility for further evaluation. 192 

 193 

Data Management & Analysis 194 

The sample size was estimated to achieve a coefficient of variation of 195 

approximately 20% for village-level malaria prevalence estimates. Based on 196 

these calculations, we planned to survey 60 eligible households in each village - 197 

further stratified into twelve households per CHW in order to achieve spatial 198 

distribution within each village. CHWs and study staff first visited the nearest 199 

house to the CHW’s home, then moved in a clockwise direction, visiting every 200 

other household until the required number of households had been surveyed.  All 201 

information was recorded in and uploaded to a secure electronic database (i.e. 202 

REDCap) using a portable tablet device [30]. Data were analyzed using Stata 203 
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version 16 (College Station, Texas). After the survey was complete, data was 204 

cleaned by manual review. Minor typographical errors were corrected for 205 

temperature, latitude, and longitude. Entries without evaluable latitude and 206 

longitude were excluded from further analysis. 207 

 208 

The following outcome measures were assessed: (i) parasite prevalence or PfPR 209 

defined as the proportion of children with a positive malaria RDT result among all 210 

tests performed (ii) LLIN use among children, measured by asking the caregiver 211 

if the participating child slept under a net the previous night, and (iii) the source of 212 

the LLIN. Weighted estimates of parasite prevalence and LLIN use were 213 

generated using the svyset command in Stata, which accounted for the 214 

estimated probability of selection for each household, sample stratification, and 215 

the finite population correction (FPC) factors [31]. Village population estimates 216 

were obtained from the most recent CHW census and were used to determine 217 

sampling weights and FPC factors. Unless stated otherwise, all estimates are 218 

weighted to the sub-county population. Weighted categorical outcomes were 219 

analyzed using Pearson’s Chi-squared test and binary outcomes were modeled 220 

using log-binomial regression to estimate crude and adjusted risk ratios (RR). 221 

 222 

Elevation data for each household location was derived using the Google 223 

Elevation Application Programming Interface. Elevation quartiles were generated 224 

in Stata using the xtile command. Euclidean distances were calculated for both 225 

distance to nearest health center (level II or III) and distance to nearest level III 226 
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health center. Distances were categorized by <1 km, 1-2 km, and >2 km to 227 

nearest health center level II or III. The association between bed net use and 228 

distance to health centers was estimated from a design-consistent log binomial 229 

regression model. 230 

 231 

Ethical Approvals 232 

Ethical approval of the study was provided by the institutional review boards of 233 

the University of North Carolina at Chapel Hill (19-1094), the Mbarara University 234 

of Science and Technology (06/03-19), and the Uganda National Council for 235 

Science and Technology (HS 2628). 236 

 237 

RESULTS 238 

From January 8 to March 11, 2020, field staff surveyed a total of 2,190 239 

households, representing 31.8% of all households in the sub-county. After 240 

removal of erroneous values, 99.2% (2,173 of 2,190) of entries had evaluable 241 

GPS coordinates, while malaria rapid diagnostic test results were available for 242 

99.9% (2,170 of 2,173) of entries. Overall, 6.8% (148 of 2,170) of children age 2 243 

– 10 years of age had a positive RDT result, yielding a weighted estimate of 244 

5.8% (95% confidence interval [CI] 5.4 – 6.2%). Yet, we observed substantial 245 

variability in the positivity rates among villages, ranging from 0% (0 of 360) in six 246 

villages to a high of 31.7% (19 of 60) in Kansanzi village. A summary of 247 

household characteristics and malaria positivity prevalence (e.g., PfPR) stratified 248 

by elevation quartile is shown in Table 1. High-elevation villages had a lower 249 
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PfPR than lower-elevation villages, and a smaller proportion of children with a 250 

self-reported fever had a positive RDT at the time of the survey.  251 

 252 

Of those surveyed, 64.7% (95% CI 64.0 – 65.5%) of caregivers reported that the 253 

participating child slept under a bed net the previous night. The vast majority of 254 

respondents reported obtaining the net from either a government distribution 255 

campaign (n=1,119, 82.1%) or a health facility (n=265, 17.2%). Only four 256 

households reported purchasing a net from a vendor. The proportion of children 257 

sleeping under a net was similar in the sites of lowest elevation (Quartile 1 and 258 

Quartile 2, Table 1), but was lower in households at higher elevation when 259 

compared to the lowest quartiles. 260 

 261 

Among households reporting LLIN use, an estimated 5.4% (95% CI 5.0 – 5.8%) 262 

had a positive RDT result, whereas 6.6% (95% CI 6.0 – 7.3) of children who were 263 

not reported to have slept under a net had a positive RDT result (p=.002). In the 264 

univariate analysis, children who reported using LLINs were less likely to have a 265 

positive RDT result compared to children who did not use nets (RR 0.83, 95% CI 266 

0.72-0.93). At lower elevation sites, the risk of a positive RDT result was greater 267 

in children who did not use bed nets compared to those who did. However, at the 268 

highest elevation sites, where malaria transmission is presumably lowest, no 269 

difference in malaria risk was observed for children who used nets versus those 270 

who did not (Table 2). 271 

 272 
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To further explore the relationship between LLIN use and geographic factors, we 273 

examined rates of reported bed net use stratified by distance to the nearest 274 

health facility. In the first analysis, we estimated the shortest Euclidean (i.e., 275 

straight-line) distance to either a level II or level III facility, where bed nets are 276 

routinely provided to pregnant women seeking antenatal care and children 277 

receiving immunizations. Distance from either a level II or III health center ranged 278 

from 0.01 km (11 m) to 6.55 km with a median of 1.12 km and interquartile range 279 

0.70 – 1.69 km. However, approximately 1 in 7 (15.2%, 95% CI 14.8 – 15.6) 280 

households was located more than 2 km from the nearest health facility. 281 

Households at lower elevations were more likely to live closer to healthcare 282 

facilities (Table 1). For example, at the lowest three elevation quartiles, 283 

approximately half of respondents live less than 1 km from a level II or III health 284 

center, whereas at the highest elevation quartile approximate half live ≥ 2 km 285 

away from a health center. 286 

 287 

As shown in Figure 2, reported bed net use declined among households living ≥ 288 

2 km from the nearest level II or level III facility. Compared to those living <1 km 289 

from a health center, households at more than 2 km were less likely to report the 290 

child sleeping under a LLIN (RR 0.86, 95% CI: 0.83 – 0.89, p<.001) (Table 3). 291 

We repeated the analysis using only the distance to level III facilities, which 292 

house the only labor and delivery wards and inpatient units in the sub-county. 293 

Again, we observed an inverse association between LLIN use and distance to 294 
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clinic with estimated net use dropping by more than 15% beyond a distance of 295 

4km (not shown).  296 

 297 

Given that the majority of participants reported obtaining LLINs through a 298 

government campaign, we examined the association between geographic factors 299 

and net source. Overall, government mass distributions represented the primary 300 

source of nets across distance categories. However, households located farther 301 

from a health center were more likely to own nets sourced from mass 302 

distributions, while those located closer to health centers were more likely to own 303 

nets sourced through clinic visits (Figure 3). Those who received their LLINs 304 

from a mass distribution lived a median distance of 248 m (IQR 184 – 315 m, 305 

p<.001) farther from a health center than those who received a LLIN from a 306 

health facility. 307 

 308 

DISCUSSION 309 

Despite Uganda’s substantial commitment to achieving universal LLIN coverage, 310 

our study - which was conducted near the end of a three-year government LLIN 311 

distribution cycle - suggests that approximately one-third of surveyed children did 312 

not sleep under a LLIN the previous night. The lowest rates of use were 313 

observed among households at elevations above 1,600 m and those farthest 314 

from health facilities. These results expand upon previous studies showing an 315 

inverse association between LLIN ownership or use and distance to a health 316 

facility, particularly in rural areas [23, 24]. Notably, households living ≥ 2 km from 317 
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health facilities were much more likely to report receiving LLINs from mass 318 

distribution campaigns rather than from continuous distributions focused on high-319 

risk patient populations at health facilities. While the observed differences in net 320 

sourcing are not unexpected, the findings do have important implications 321 

regarding implementation strategies to achieve and, perhaps more importantly, 322 

sustain universal LLIN coverage in rural Uganda. 323 

 324 

While the WHO states that “mass campaigns are the only proven cost-effective 325 

way to rapidly achieve high and equitable coverage [7],” coverage gaps begin to 326 

appear almost immediately post-campaign due to net attrition well before the 327 

expiration manufacturer’s three-year lifespan [32-36]. Previous studies in Uganda 328 

have demonstrated the extent to which LLIN coverage and use declines in the 329 

interval period between distribution campaigns with only two-thirds of 330 

respondents reporting owning at least one LLIN three years after the last 331 

distribution campaign [12]. While we did not measure household coverage, our 332 

finding of 65% LLIN use by children (who are often more likely to sleep under 333 

nets) is consistent with these trends. Furthermore, declines in LLIN coverage and 334 

use have been associated with increased parasite prevalence, which highlights 335 

the need to develop novel strategies to replace lost and damaged nets between 336 

distribution campaigns [13]. 337 

  338 

Continuous distribution through existing health facilities is often cited as an 339 

effective supplemental strategy to overcome net attrition [7]. Yet our results 340 
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suggest that this approach is insufficient to sustain coverage in rural areas, 341 

particularly as distance to health facilities increases with the greatest reduction in 342 

current use observed beyond a distance of 2 km. Households in these areas 343 

appear more dependent on mass distribution campaigns as the primary source of 344 

LLINs. In these more remote communities, school-based distributions may 345 

sustain higher and more equitable coverage [16, 17, 37]. Uganda also has an 346 

established network of community health workers, many of whom already 347 

perform evaluation and management of uncomplicated malaria, who could be 348 

leveraged to identify households without adequate LLINs [38-40]. This could take 349 

place through regular household surveys or as a component of febrile illness 350 

visits. Community-based malaria case management programs have been shown 351 

to reduce household costs associated with care seeking and similar benefits 352 

might be accrued if LLIN distribution was similarly decentralized [41]. 353 

 354 

The potential policy implications stemming from the finding of lower reported 355 

LLIN use at higher elevations, even when adjusting for distance to clinic, are 356 

more nuanced. We found that above 1,400 m the PfPR declines substantially 357 

with a number of the highest elevation villages having no positive RDT results; 358 

this result is consistent with the known association between malaria transmission 359 

and elevation [42, 43]. Furthermore, there does not appear to be any difference 360 

in the risk of malaria parasitemia between children sleeping under a net and 361 

those who did not (Table 2). Therefore, residents living at higher elevations may 362 

be making conscious decisions not to obtain or not to use LLINs given the lower 363 
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risk of infection.  Low perceived risk has been previously documented as a 364 

potential barrier to LLIN use [44].  While we did not assess travel histories or 365 

perform entomologic surveillance [45, 46], it is possible that some, if not most, of 366 

the infections identified at higher elevations may have been acquired during 367 

travel to lower-elevation market areas or social events (i.e., church, weddings). 368 

Given the lower prevalence of infection and minimal expected effect of LLINs on 369 

travel-related risk, our findings suggest that, at least from an economic 370 

standpoint, LLIN distribution at higher altitudes may be an inefficient use of 371 

resources. However, the additional effort and resources required to define 372 

discrete altitudinal thresholds at which LLIN distribution campaigns may no 373 

longer be effective may not be cost-effective, especially given that most of the 374 

Ugandan population resides well below these elevations. Furthermore, we 375 

acknowledge that despite potentially limited effectiveness for malaria control, 376 

LLIN distribution networks and distribution campaigns may serve other health 377 

and non-health goals, such as demonstrating the ability of local government to 378 

deliver essential services. 379 

 380 

Our study, which was conducted in a setting of highly variable geography and 381 

malaria transmission intensity, has a number of strengths including the unique 382 

study area, the high-proportion of households sampled, and rigorous spatial 383 

mapping and analysis of individual households. There are also important 384 

limitations. First, we largely relied on self-reported outcomes such as bed net 385 

source and use. Participants may have perceived a social desirability pressure to 386 
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state that the child had slept under the net. We are reassured that we observed 387 

differences in reported LLIN use across the elevation quartiles, as we would not 388 

expect a differential bias by elevation. Second, our use of RDTs may not have 389 

identified low-density (e.g., <50 parasites/µL), asymptomatic infections [27]. 390 

Given that RDTs are now widely employed for malaria indicator surveys, we 391 

believe this is a reasonable approach and is unlikely to have impacted our 392 

conclusions. Lastly, our site has large variations in elevation and malaria 393 

transmission intensity over a relatively small geographic area. While these 394 

characteristics make the site ideal for studies such as this, they may also limit the 395 

generalizability and utility of our findings to areas of more homogeneous terrain 396 

and/or transmission. 397 

  398 

CONCLUSIONS 399 

In a setting of variable geography and malaria transmission, we found that 400 

continuous distribution efforts were insufficient to sustain high rates of LLIN use 401 

among children approximately three years after the last mass distribution 402 

campaign. Furthermore, geographic factors including elevation and distance to 403 

health facilities influenced reported rates of LLIN use. Households closer to 404 

health centers were more likely to have obtained a net from a health center, while 405 

households farther away were more likely to have a net from a government 406 

distribution and were less likely to use a net. Together, these findings suggest 407 

that more frequent mass distribution campaigns or combination implementation 408 

strategies may be required to achieve and maintain universal LLIN coverage. 409 

  410 
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ABBREVIATIONS 447 

BHC  Bugoye Level III Health Center 448 

Co  Degrees Celsius 449 

CHW  Community Health Worker 450 

CI  Confidence interval 451 

DHS  Demographic and Health Survey 452 

FPC  Finite population correction 453 

HRPII  Histidine-rich protein II 454 

IQR  Interquartile range 455 

LLIN  Long-lasting insecticide-treated net 456 

Km  Kilometer 457 

M  Meter 458 

PfPR  Plasmodium falciparum positivity rate 459 

RDT  Rapid diagnostic test 460 

RR  Risk ratio 461 

SSA  sub-Saharan Africa 462 
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Table 1: Summary of household characteristics stratified by elevation quartile. 609 
Unless otherwise indicated, data presented represents weighted proportion of 610 
households with corresponding 95% confidence intervals. 611 
 612 

 
Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-value* 

  General       

  Households (n) 544 543 543 543 - 

  Elevation range (m) 1096 - 1263 1264 - 1419 1420 - 1614 1615 - 2420 - 

  Median elevation (m, IQR) 
1219 

(1186 – 1241) 
1362 

(1318 – 1388) 
1500 

(1452 – 1555) 
1737 

(1674 – 1829) 
- 

  Distance to health center      

       Less than 1 km 54.9 
(53.7 – 56.1) 

58.4 
(57.2 – 59.7) 

56.4 
(55.3 – 57.6) 

16.3 
(15.3 – 17.3) 

<.001        1km to 2 km 37.0 
(35.7 – 38.3) 

41.2 
(39.9 – 42.5) 

33.3 
(32.1 – 34.6) 

38.1 
(36.9 – 39.4) 

       More than 2 km 8.1 
(7.2 – 9.0) 

0.4 
(0.2 – 0.6) 

10.2 
(9.5 – 11.0) 

45.6 
(44.4 – 46.8) 

  Care Seeking      

  Sought care in past two weeks? 
16.2 

(15.0 – 17.5) 
16.4 

(15.3 – 17.5) 
12.0 

(11.1 – 13.0) 
9.1 

(8.2 – 10.1) 
<.001 

  Location where care provided (n, %)  
  

  

       Hospital 1 (1.1) 2 (2.4) 1 (1.5) 2 (4.1) 

0.74 

       Health center 47 (53.4) 42 (50.0) 36 (53.7) 21 (42.9) 

       Pharmacy or drug shop 11 (12.5) 12 (14.3) 14 (20.9) 9 (18.4) 

       Community health worker 26 (29.6) 27 (32.1) 15 (22.4) 17 (34.7) 

       Traditional healer 3 (3.4) 1 (1.2) 1 (1.5) 0 (0.0) 

  LLINs      

     Child slept under LLIN last night? 
65.6 

(64.0 – 67.2) 
69.8 

(68.4 – 71.2) 
66.0 

(64.6 – 67.4) 
56.4 

(54.8 – 67.4) <.001 

     LLIN source      

          Government distribution 77.8 
(76.1 – 79.5) 

81.5 
(80.1 – 82.9) 

81,8 
(80.4 – 83.1) 

89.2 
(87.8 – 90.4) 

<.001           Health center 22.2 
(20.5 – 23.9) 

16.9 
(15.6 – 18.3) 

18.2 
(16.9 – 19.6 

10.8 
(9.6 – 12.2) 

          Store / Private vendor - 1.6 
(1.2 – 2.1) 

- - 

  Fever and Malaria      

  Subjective fever in past two days? 
9.3 

(8.4 – 10.3) 
10.0 

(9.1 – 10.9) 
5.3 

(4.7 – 6.0) 
5.2 

(4.5 – 6.0) <.001 

  PfPR 
9.24 

(8.35 – 10.22) 
9.28 

(8.42 – 10.20) 
2.98 

(2.52 – 3.52) 
1.82 

(1.42 – 2.32) <.001 

      
*p-value from Pearson’s chi squared test for difference in proportions across elevation quartiles 613 
 614 
 615 
 616 
  617 
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Table 2: Results from univariate (left columns) and multivariate (right columns) 618 
log binomial regression modeling of a positive malaria RDT result 619 
 620 

Variable RR 95% CI p-Value aRR 95% CI p-Value 

Bed Net 0.82 0.72 – 0.93 0.002 0.75 0.66 – 0.85 <.001 

Elevation       

Quartile 1  REF  - - - 

     No Net - - -  REF  

     Yes Net - - - 0.65 0.53 – 0.81 <.001  
Quartile 2 1.00 0.87 – 1.16 0.96 - - - 

     No Net - - - 0.87 0.70 – 1.09 0.24 

     Yes Net - - - 0.74 0.61 – 0.90 0.002 

Quartile 3 0.32 0.27 – 0.39 <0.001 - - - 

     No Net - - - 0.33 0.25 – 0.44 <.001 

     Yes Net - - - 0.21 0.16 – 0.28 <.001 

Quartile 4 0.20 0.15 – 0.26 <0.001 - - - 

     No Net - - - 0.15 0.10 – 0.23 <.001 

     Yes Net - - - 0.15 0.11 – 0.22 <.001 

Note: Univariate model regresses RDT result on elevation quartile, and multivariate model regresses RDT 621 
result on elevation quartile, bed net use, and their interaction. Abbreviations: CI = confidence interval; RR = 622 
risk ratio; aRR = adjusted risk ratio 623 
  624 
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Tables 3: Estimated risk ratios from univariate (left columns) and multivariate 625 
(right columns) log binomial regression modeling. 626 
 627 

Variable RR 95% CI p-Value aRR 95% CI p-Value 

Elevation Quartile       

   Quartile 1  REF   REF  

   Quartile 2 1.06 1.03 – 1.10 <0.001 1.07 1.03 – 1.11 0.02 

   Quartile 3 1.01 0.97 – 1.04 0.73 0.97 0.93 – 1.02 0.23 

   Quartile 4 0.86 0.83 – 0.89 <0.001 0.87 0.81 – 0.94 <.001   

Distance to Clinic       

   < 1 km  REF   REF  

   1 - 2 km 0.99 0.96 – 1.01 0.22 1.03 0.98 – 1.08 0.23 

   ≥ 2 km 0.86 0.83 – 0.89 <0.001 0.73 0.64 – 0.82 <.001 
       
Note: Univariate models separately regresses LLIN use on (1) elevation quartile and (2) distance to the 628 
nearest level II of level III health center. Multivariate model regresses LLIN use on elevation quartile and 629 
distance to the nearest level II of level III health center. Abbreviations: CI = confidence interval; km = 630 
kilometer; RR = risk ratio; aRR = adjusted risk ratio 631 
  632 
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Figure 1: Elevation map of Bugoye sub-county displaying parish boundaries and 633 
location of Level II and Level III health centers.  634 
 635 
Figure 2: Map displaying the percentage of households that use a LLIN 636 
distributed through a health center compared to all households that use a bed 637 
net. Each hexagonal grid represents a minimal diameter of 200 meters.  638 
 639 
Figure 3: Estimated risk ratios of obtaining LLIN from health center (versus 640 
government distribution) by distance to health centers. Households living less 641 
than 1km from the health center are the reference group. Note: Dropped 642 
observations where net was reported as “purchased” (n=4) or “other” (n=3). 643 
 644 
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