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Background: Long lasting insecticidal nets (LLIN) are one of the core components of global 12 

malaria prevention and control. The lifespan of LLIN varies widely depending on the 13 

population or environment, and randomized studies are required to compare LLIN in 14 

households under different field condition. This study investigated survival of different LLIN 15 

brands in Senegal. 16 

Methods: 12,608 LLINs were distributed in 5 regions each stratified by rural and urban 17 

setting. As part of the longitudinal follow-up, 2222 nets were randomly sampled and 18 

monitored from 6 to 36 months. Using random effects for households, Bayesian model were 19 

allowed to estimate independent survival by net type and by area (rural/urban). The 20 

complement of survival, attrition and median survival time of each LLIN brand, was 21 

determined as those nets that were missing because they were reported given away, destroyed 22 

and thrown, or repurposed. 23 

Results: Three net types had a proportion of survival above 80% after 24 months: 24 

Interceptor®87.8% (95% CI 80-93.4); conical PermaNet® 2.0 86.9% (95% CI 79.3-92.4) and 25 

Life Net® 85.6% (95% CI 75-93). At 36 months, conical PermaNet® 2.0 maintained a good 26 

survival rate, 79.5% (95% CI 65.9-88.8). The attrition due to redistributed nets showed that 27 

the two conical net types (PermaNet® 2.0 and Interceptor®) were more often retained by 28 

households and their median retention time was well above three years (median survival time 29 

=3.5 years for PermaNet® 2.0 and median survival time =4 years for Interceptor®). Despite 30 

this good retention, Interceptor® had a weak physical integrity and its median survival due to 31 



wear and tear was below three years (median survival time = 2.4 years). The odds ratio of 32 

survival was 2.5 times higher in rural settings than in urban settings (OR 2.5; 95% CI 1.7-33 

3.7).  34 

Conclusions: Differences in survival among LLIN may be driven by brand, shape or 35 

environmental setting. It appears that in Senegal, conical nets may be retained longer. This 36 

study suggests that a distribution of preferred LLIN brand, accompanied by good 37 

communication on care and repair, could lead to increased effective lifespan, and allow for 38 

longer intervals between universal coverage campaigns.  39 

Keywords: LLIN, Survival, Retention, Median survival time, Senegal. 40 
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Background 60 

Vector control based on use of long lasting insecticidal nets (LLIN) is a major element for 61 

fighting against malaria. Since decades studies have shown that LLIN reduce morbidity and 62 

mortality due to malaria [1, 3, 19, 24]. Technology of LLIN was developed in response to the 63 

low retreatment rate of conventional nets [11, 19, 39, 40]. Beyond the physical protection 64 

offered by bednets, they induce a mass effect due to the lethal effect on the vector population 65 

[8, 13, 19]. With these results, LLIN became an essential component of health programs 66 

around the world [33]. 67 

In recent years, many efforts are being undertaken in malaria-endemic areas, particularly in 68 

sub-Saharan Africa to increase distribution and use of LLIN. Manufacturers are reported to 69 

have delivered 582 million nets worldwide between 2014 and 2016. Sub-Saharan Africa alone 70 

received 505 million nets, compared to 301 million in the previous three years (2010–2013) 71 

[38]. In Senegal, mass distribution campaigns began since 2010 with an aim to cover all 72 

sleeping spaces and increasing the use rate of LLIN [25]. 73 

Despite these investments in LLIN distribution and use, there are still questions about the 74 

effective lifespan of LLIN under local conditions [15, 16, 32]. In 2010, the Vector Control 75 

Working Group (VCWG) of Roll Back Malaria (RBM) called for more research on the 76 

durability of LLINs distributed in different malaria endemic areas [27]. 77 

LLIN are nets that are able to keep their insecticidal properties after 20 washes under 78 

laboratory conditions [29, 30]. However, the effectiveness of a LLIN is determined not only 79 

by its insecticidal effect but also by its physical survival rate in households [7], which 80 

includes both retention and the physical condition of the net. Many studies have been done on 81 

the evaluation of LLIN durability. Some have shown that LLIN, contrary to implied 82 

expectations, may not have an effective lifespan of three years [2, 9, 16]. It is important to 83 

monitor at what point nets are given away or discarded in addition to their physical condition. 84 

Compared to other countries, Koenker and colleagues found that in Senegal, loss of LLIN is 85 

relatively early [18]. 86 

Several methodologies have been adopted to understand the durability of LLIN [34]. Now, the 87 

first approach in durability monitoring aim to see if nets are still in household and if not 88 

‘where or why they are? This study presents an investigation on survival of different LLIN 89 

brands. 90 



Methods 91 

Study area 92 

In November 2014, the Senegalese National Malaria Control Program (NMCP) supported by 93 

their financial partner the President Malaria Initiative (USAID/PMI), launched a universal 94 

coverage campaign in four regions of the central zone (Diourbel, Fatick, Kaffrine and 95 

Kaolack) and in March 2015 in a region of the West zone (Thiès). Distribution of LLINs was 96 

done in order to obtain urban and rural stratification in different regions. Urban areas were 97 

localized in Diourbel and Kaolack respectively represented by districts of Leona and Grand 98 

Diourbel. Rural areas were localized in Fatick represented by the villages of Ndiongolor and 99 

in Kaffrine represented by the villages of Nganda and Kathiote. The western region, Thiès, 100 

was divided into two rural and urban areas represented by Malicounda and Thienaba 101 

respectively (Figure1). 102 

These regions are characterized by a Sahelian, Sahelo-Sudanian or Sudano-Sahelian climate 103 

with a long dry season (eight to nine months) and a short rainy season (three to four months). 104 

In the central zone, the average annual rainfall is 750 to 800 mm with a rotation farming 105 

system of peanuts, millet, maize, cowpeas, etc. In the western zone, the average rainfall is 400 106 

to 500 mm, and gardening is practiced because of water availability a few meters below the 107 

ground. The incidence of malaria varies: between 5 and 15 cases per 1000 inhabitants in Thiès 108 

and Fatick, between 15 and  25 per 1000 inhabitants in Kaffrine, and over 25 per 1000 109 

inhabitants in Diourbel and Kaolack [26]. Plasmodium falciparum is responsible for 90% of 110 

malaria infections and the dominant vectors are Anopheles gambiae, Anopheles coluzzii, 111 

Anopheles arabiensis and Anopheles funestus [23]. 112 

LLIN distribution 113 

A total of 12,608 nets were distributed during the campaign, one per sleeping space in a 114 

numerical order classified by region, LLIN brands and zone. Individual households received 115 

nets of one of eight product types. LLIN distributed by households was done by chance and if 116 

some brands are finished we completed by others that mean one household can have different 117 

LLIN brands. All the eight LLIN brands distributed (Interceptor®, Life Net®, MAGNet™, 118 

Netprotect®, Olyset® Net, PermaNet® 2.0 R, PermaNet® 2.0 C, Yorkool® LN) were 119 

recommended by WHOPES (World Health Organization Pesticide Evaluation Scheme) [37]. 120 

The characteristics of different types of LLINs were summarized in Table 1. The interim 121 

recommendation of Netprotect® has been withdrawn but the WHOPES working group 122 



recommended that programs should continue to assess its durability under local conditions to 123 

obtain more information about product quality [35]. Five brands (Interceptor®, Netprotect®, 124 

Olyset® Net, PermaNet® 2.0 R, PermaNet® 2.0 C) were distributed in central regions 125 

(Diourbel, Fatick, Kaolack and Kaffrine) and two others (Life Net®, Yorkool® LN) in the 126 

western region Thiès. MAGNet™ was only distributed in Kaolack and Kaffrine. 127 

Sampling and survey 128 

A distribution database of households was generated by the NMCP classified by area, type of 129 

LLIN, number of LLINs received, and consent of the household head. From this database, 130 

random sampling of individual LLIN to follow throughout the three years was done. The 131 

study was of longitudinal type with regular follow-ups at 6, 12, 24 and 36 months. Two 132 

hundred fifty to Three hundred samples of each LLIN brand, stratified by rural and urban 133 

areas, were drawn during the random sampling at the 6th month post distribution; creating a 134 

cohort of 2,222 nets in households. For the random sampling, the nets included in the survey 135 

were selected using Stata software (version 11.2) with stratification for the LLIN product 136 

distributed. Due to the presence of some large households with many sleeping spaces and 137 

many nets, several LLINs (of the same product type) were sampled in these households. After 138 

consent from the household head at each round, a member of the team administered the 139 

questionnaire to a household respondent aged at least 18 years old. A double marking system 140 

was used to identify cohort LLINs: barcodes sewn onto the label and written onto the label 141 

with indelible marker in case the barcode was removed. At each follow-up, the surveys were 142 

conducted in the households available in the database. Unavailable households (due to 143 

absence, excluded, not accessible…) that were not replaced contributed to the drop in the 144 

number of household surveyed over time. 145 

The survey questionnaire was administered using Android tablets with Open Data Kit (ODK) 146 

software. Investigators collected GPS coordinates at baseline to map households surveyed. 147 

From the tablets, data were sent to a server that hosted the main database. The 6-month data 148 

collection took place simultaneously in the 4 central regions and (Diourbel, Fatick, Kaffrine 149 

and Kaolack) in May 2015 and in the western region Thiès in September 2015. The 12, 24 150 

and 36 month rounds were conducted in November 2015, 2016 and 2017 in the four central 151 

regions and in March 2016, 2017 and 2018 in the western region Thiès.  152 

 153 

 154 



Physical integrity 155 

The physical condition of nets was measured by counting the number of the category of holes 156 

that were on the surface of each net. Four categories of holes were defined by the World 157 

Health Organization (WHO) [34]: size 1 (0.5–2cm diameter), size 2 (2–10cm diameter), size 158 

3 (10–25cm diameter) and size 4 (>25 cm diameter). With holes classified in those size 159 

categories and counted, a proportionate hole index (pHI) was calculated for each net in order 160 

to estimate the physical damage: 161 

pHI= # size 1 holes + (# size 2 holes × 23) + (# size 3 holes × 196) + (# size 4 holes × 576) 162 

The pHI allowed classifying nets into three categories according to arbitrary thresholds:  163 

Good: 0 ≤ pHI ≤ 64; Damaged: 65 ≤pHI≤642; Torn: pHI> 642. 164 

Data preparation and analysis 165 

Data was cleaned to improve matching of LLIN identification codes (IDs) and household IDs 166 

throughout the follow-up. For each survey round, each cohort LLIN was coded as ‘LLIN not 167 

found’ (LLIN given away, household not found), ‘LLIN discarded’ (LLIN discarded due to 168 

wear and tear), or ‘LLIN present’. Data was reorganized into a matrix with household IDs, 169 

LLIN IDs as line names, and survey round as column names. Any LLIN present at a time of 170 

follow-up was considered to be present in previous follow-up even it was not seen or 171 

investigated in the last survey. For example, if an LLIN was registered as present at 24 172 

months, it must have been present in previous follow-ups (6 and 12 months). In the case that 173 

an LLIN was recorded as destroyed or used for other purposes, it was still considered to be 174 

destroyed even if it was not seen at subsequent investigations. In case of a ‘LLIN not found’ 175 

value during a survey before an ‘LLIN discarded’ value, it is unknown whether the net was 176 

already destroyed during that survey, or still present. A Bayesian model with Gibbs sampling, 177 

capable of dealing with this uncertainty in the data, was used for the analysis. Each iteration, 178 

this model assigned the status for the unknown data points with a probability based on the 179 

known data points. This model considered the probability of net presence at a survey round 180 

with a probability equal to zero if the LLIN was  assigned the status of ‘discarded’ in the 181 

previous survey round. Thus, a probability of survival since the previous follow-up was 182 

calculated for each subsequent follow-up. Using random effects for households, several 183 

Bayesian models were used: one model with independent survival estimates by LLIN product 184 

type and another model for which environment (rural/urban) was taken as explanatory 185 



variable. The Bayesian model was implemented in JAGS called from the software platform R 186 

(version 3.3.2). 187 

Attrition, the complement of survival, was defined as those nets that were missing because 188 

they were reported given away, destroyed and thrown, or repurposed. To better understand 189 

what happen to lost or present nets, the survival rate of LLIN was calculated in two different 190 

ways: ‘Survival rate’ or proportion of nets surviving in serviceable condition: defined as the 191 

proportion obtained by calculating the number of sampled LLINs physically present and 192 

usable on the number of LLIN surveyed at time x. The lost LLIN which were given away, 193 

sold, or stolen were excluded from the denominator, as their ultimate outcome is unknown. 194 

This survival rate accurately reflects the level of loss due to diminishing physical integrity 195 

over time. The number of LLIN present and serviceable was calculated by including data on 196 

the reason for the loss (either damaged and discarded, or used for other purposes) and the 197 

calculation of pHI. LLINs that had a destroyed surface less than 1000 cm2 were considered 198 

serviceable (0 ≤ pHI ≤ 642). We used same calculation proposed by the Vector Control 199 

Technical Expert Group [36] with some modifications. In this study the denominator didn’t 200 

include all nets from the original distribution but only the selected and surveyed nets at time 201 

x. This was due to excluded households during each follow-up, i.e. after sampling for 202 

laboratory tests or other obstacles (absence, refusal, no accessibility…). This form of 203 

calculation allowed having a very low denominator at 36 months which can induce a slight 204 

increase of survival or retention. 205 

Number of LLIN present and serviceable 206 

% Survival rate =                                                                                          * 100  207 

Number of LLIN surveyed at time x 208 

Retention rate: defined as the proportion obtained by dividing the number of sampled LLIN 209 

physically present over the number of LLIN surveyed at time x. Lost nets that were damaged 210 

and discarded, or used for other purposes are excluded from the denominator. This rate 211 

reflects the level of LLIN retention within households. 212 

                                               Number of LLIN present 213 

% Retention rate =                                                                                          * 100 214 

                                               Number of LLIN surveyed at time x 215 



Median survival time was calculated for each LLIN brand using for survival and retention 216 

rates. Due to the small number of cohort LLIN found at 36 months, the calculation of the 217 

median survival time (in years) was done from data obtained at 12 and 24 months. 218 

Tm = 𝑡1 + (𝑡2 − 𝑡1) ∗ (𝑝1 − 50)(𝑝1 − 𝑝2)  219 

Tm is the median survival time, t1 and t2 represent respectively first and second year, p1 and 220 

p2 represent respectively the survival and retention rate in the first and second year [36]. The 221 

confidence interval of the median net survival was obtained by applying the formula to the 222 

lower and upper limits of p1 and p2, respectively. These who used survival curve proposed by 223 

the Vector Control Technical Expert Group, it was observed that projections toward the 224 

median should only be attempted if the first time point is at least 85% or lower. In this study, 225 

survival curve was not used because some LLIN brands had a first time point (12 months) 226 

higher than 85%. The Tm is calculated separately and represented in histograms with-error-227 

bars. 228 

Ethics 229 

The study protocol has been submitted to the approval of the National Committee of Ethics 230 

and Health Research (CNERS/Senegal).After approbation, study was adopted and distribution 231 

started. All households that received LLINs during the distribution campaign were eligible for 232 

the study. Prior to the distribution, project was explained to all participants by the community-233 

based agents deployed by the health posts of the concerned districts. Participation was 234 

voluntary and the participant could refuse to continue the survey at any time.  235 

 236 
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Results 242 

Reasons for LLIN being absent 243 

From the initial cohort of 2,222 LLIN surveyed at 6 months post-distribution, 1,652 were 244 

surveyed at 12 months, 1,128 at 24 months and 119 at 36 months. Checks on the presence of 245 

LLINs showed that at 6 months 2,141 nets were present and 81 absent; at 12 months 1,366 246 

were present and 286 absent; at 24 months 498 were present and 630 absent; at 36 months 70 247 

were present and 49 absent. The reasons for LLIN being absent are listed in Table 2.  248 

The recorded reasons for absence show that the early loss is due to nets being given away to 249 

others, representing 51.85% of reasons at 6 months and 41.26% at 12 months. However, at 24 250 

and 36 months, loss is mainly due to damage and theft representing respectively 38.25% and 251 

31.75% of reasons after 24 months and 65.31% and 18.37% of reasons after 36 months. 252 

Probability of survival of different LLIN brands 253 

Longitudinal monitoring of LLIN in households over time shows that the probability of 254 

survival of an LLIN in a household varies from one brand to another and / or from one survey 255 

round to another (Figure 2). The results showed that the survival of all LLINs brands is 256 

highest during the first 6 months post-distribution (near 100%). A significant reduction in 257 

survival is noted over the subsequent rounds. This loss is greater for some brands than for 258 

others. Indeed, 24 months after distribution, a survival rate less than 80% is observed for 259 

LLIN brands such as PermaNet® 2.0 R with a probability of 66.9% (95% CI 54.6–77.7), 260 

MAGNet™ 60.7% (95% CI 42–77.4), Netprotect® 59% (95% CI 45.5–71), Olyset® Net 261 

55.7% (95% CI 43–68.2) and Yorkool® LN with a probability of 51.2% (95% CI 34.9–66.7). 262 

Meanwhile, net survival was higher in Interceptor®, PermaNet® 2.0 C and Life Net® 263 

respectively 87.8% (95%CI 80–93.4); 86.9% (95% CI 79.3–92.4); 85.6% (95% CI 75–92.9). 264 

However after 36 months, only PermaNet® 2.0 C had a probability of survival close to 80% 265 

(95% CI 65.9–88.8). 266 

Impact of zone on the survival of LLIN brands 267 

Using the zone as an explanatory variable, the results of the model with random effects for 268 

households showed that the probability of survival of LLINs was twice as high in rural areas 269 

compared to urban areas during over the study period. The coefficient was 0.924 (95% CI 270 

0.543–1.316) corresponding to an odds ratio of 2.5 (95% CI 1.7–3.7). 271 

 272 



Survival rates of different LLIN brands 273 

For each LLIN brand, we calculated its survival and retention rates and the corresponding 274 

median survival time (Tm). Results (Figure 3) revealed that loss due to destroyed or 275 

repurposed varied from one LLIN brand to another. At 6 months, Yorkool® LN had an 276 

average survival rate of 94.9% (95% CI 91.6-97.2), Interceptor® 95.5% (95% CI 92.2-97.6) 277 

and Olyset®Net 95.7% (95% CI 92.5-97.7). At 12 months, the loss is more important in 278 

Olyset® Net with an average survival rate of 66.3% (95% CI 59.1-73), in Yorkool® LN with 279 

75.4% (95% CI 68.4-81.6), in Interceptor® with 77% (95% CI 70.3-82.9) and in Netprotect® 280 

with 74.3% (95% CI 67.4-80.4). At 24 months, a decrease in survival is noted in almost all 281 

LLIN brands distributed excepted Life Net® and PermaNet® 2.0 C which have respectively an 282 

average survival rate of 77.3% (95% CI 66.2-86.2) and 76.7% (95% CI 68.1-84).  283 

The level of retention also varied from one LLIN brand to another (Figure 4). At 6 months, 284 

loss due to giving away is relatively greater for Life Net® with an average retention rate of 285 

94% (95% CI 90.7-96.4). At 12 months, the retention rate decreases in Life Net® with 80.2% 286 

(95% CI 74.3-85.2), Yorkool® LN 81% (95% CI 74.8-86.3) and PermaNet® 2.0 R 82.2% 287 

(95% CI 76.5-87.1). At 24 months, large decrease in retention is noted in all LLIN brands 288 

except Interceptor® and PermaNet® 2.0 C which had respectively an average retention rate of 289 

79.1% (95% CI 70.3-86.3) and 76% (95% CI 67.7-83.1). 290 

The low number of denominator (surveyed nets at 36 months) induced to observe a rise of 291 

survival and retention rate in some LLIN brands but a real decrease of nets in households was 292 

the main cause of these finding. 293 

Survival rates in urban and rural areas 294 

Pooling LLIN brands together, the survival rate is higher in rural areas compared to urban 295 

areas. We also noted that loss due to moving away or giving away is very marked in urban 296 

area (Figure 5 and 6). Beyond the low number of surveyed nets at 36 months, it’s important to 297 

know that the few nets retained in households are those that were in good condition. 298 

 299 

 300 

 301 

 302 



Median survival time of LLIN brands 303 

Calculation of median survival time applied to survival rates (loss due to diminishing physical 304 

integrity) showed that out of the 8 LLIN brands, only PermaNet® 2.0 C and Life Net® had an 305 

estimated median survival time relatively close to 4 years (95% CI 2.8-5.8). Interceptor®, 306 

MAGNet™, PermaNet® 2.0 R, Netprotect®, Olyset®Net and Yorkool® LN had a median 307 

survival time below 2.5 years (95% CI 1.4-3.2). Calculation of median survival time applied 308 

to retention rates revealed that PermaNet® 2.0 C and Interceptor® had respectively a median 309 

retention time of 3.5 years (95% CI 2.8-4.5) and 4 years (95% CI 3.1-5.6). Life Net®, 310 

MAGNet™, PermaNet® 2.0 R, Netprotect®, Olyset®Net and Yorkool® LN have a median 311 

retention time below 2.5 years (95% CI 1.6-3.2) (Figure 7 and 8). 312 

 313 
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Discussion 331 

Currently, there is a growing field of research on efficacy of malaria vector control tools, 332 

particularly investigations into survival and availability of Long Lasting Insecticidal Nets 333 

(LLINs) in households. This study shows that day by day, LLIN survival decreases. This 334 

corroborates a study done in Mozambique where it was found that the proportion of mosquito 335 

nets reported as damaged increases every year [22]. Loss is either due to declining physical 336 

condition (holes or tears), or to redistribution by giving away, moving away or theft. Loss due 337 

to moving away is the most important during the first months post-distribution. These results 338 

confirm those of Koenker who found that the majority of lost nets during the first months 339 

were given away to other people, and provides additional information on the early loss of 340 

LLIN found in Senegal [18]. In Benin, Azondekon found that majority of lost nets after 6 341 

months were from people moving away [4]. 342 

Some LLIN brands developed holes faster than others. Yorkool® LN, Olyset® Net and 343 

Interceptor® were observed to develop holes faster than other brands. Studies observed poor 344 

physical integrity of LLIN due to holes [2, 9, 14, 22]. In the case of Life Net®, we observed 345 

better physical integrity but higher rates of giving away to other people, which may 346 

demonstrate the impact of user preferences or acceptability between the different LLIN 347 

brands distributed. 348 

Results on LLIN retention have found that two nets (Interceptor® and PermaNet® 2.0 C) were 349 

the most retained in households. This strong retention might be explained by their conical 350 

shape, which is popular in Senegal. In Ethiopia, Baume found that circular nets were much 351 

more likely to be used than rectangular ones [6]. Net shape may also explain why conical 352 

PermaNet® 2.0 was well retained in households (median retention time of 3.5 years) while 353 

PermaNet® 2.0 R (rectangular), which has the same physical qualities, was found with low 354 

retention (median retention time 2.2 years). Our results with PermaNet® 2.0 R (rectangular) is 355 

below to those found by Kilian after 3 years at three different sites in Nigeria [17]. This 356 

finding suggests that researchers could have detailed information by calculating separately 357 

survival with answers at the time of survey. 358 

The Bayesian model is an excellent survival analysis tool because showing the availability of 359 

Life Net® despite a strong redistribution but unable to detect poor physical integrity of 360 

Interceptor®. In this context, it can be said that loss of nets due to moving away does not 361 

constitute a real loss, as the outcome of the net is unknown (and the net is likely to be in use 362 



somewhere else). This said, it’s important to use different methodologies to control survival 363 

rate for better understanding the factors linked to loss nets.  364 

These results allow us to say that the simple acquisition of holes does not solely determine the 365 

loss rate of LLINs in households. Interceptor®, despite its poor physical condition, was still 366 

retained in households. It is also important to note that users may perceive nets as ‘very torn’ 367 

before they reach a pHI of 642, influencing gloss due to discarded nets (survival rate). We 368 

found that some LLIN in good physical condition were thrown away or used for other 369 

purposes; this was the case for MAGNet™. Loll found that in Senegal, the determining factor 370 

to the end of life of nets was a poor perception of physical integrity [20]. The observed high 371 

retention of conical LLIN leads us to assume that a less preferred LLIN with holes is more 372 

likely to be discarded or used for other purposes than a preferred LLIN with the same physical 373 

condition. Our results could help Batisso as well as Helinski to explain their respective 374 

results: finding that 1/3 of discarded nets were less than 12 months and that a large number of 375 

nets were discarded 6 months post-distribution with a paradoxical reason of 'very old or very 376 

torn’[5, 14]. In Ethiopia, after one year of distribution, some users were concerned about the 377 

condition of their mosquito nets saying that: «Mosquito nets are old and have holes, they do 378 

not protect against mosquitoes » [6]. These findings demonstrate that the survival time of 379 

LLIN in households depends on a set of intrinsic and extrinsic factors, including the type of 380 

LLIN distributed. 381 

The longevity of LLIN is likely to differ from one region or culture to another [31]. Beyond 382 

the difference between LLIN brands, the 'zone' factor can also influence survival rates. This 383 

study showed that loss, whether due to wear and tear or giving away, was much greater in 384 

urban than in rural areas. A study in Rwanda found that the loss of physical integrity was 385 

more pronounced in urban localities [12]. Another study carried out in 4 malaria-endemic 386 

countries showed that loss due to giving away nets was greater in urban compared to rural 387 

areas [18]. High retention in rural areas might be explained firstly by their attachment to the 388 

use of nets rural populations often have better rates of LLIN use among those with access 389 

[18], and secondly by a lack of choice forcing households to use or retain the available LLIN. 390 

Several studies have found that the burden of malaria weighs more in rural areas generally 391 

characterized by poverty [10, 21, 28]. The considerable net loss noted in urban areas may be 392 

explained by the availability of other nets (purchased in local markets) and other means of 393 

combating nuisance (mosquito coils, insecticide sprays and screened windows). 394 



Limitations 395 

This study has some limitations caused by small number of surveyed nets which decreased 396 

over time. It would be more rigorous to replace excluded households in order to keep a large 397 

sample of LLIN brands.  398 

Conclusion 399 

The concept of net durability must not be defined only by the availability of insecticidal effect 400 

but above all by the physical availability of nets in households. It would be interesting to 401 

include to the assessments of net durability the intrinsic and extrinsic factors of net 402 

acceptability, environment, and household behaviors and attitudes to better define and 403 

understand the effective lifespan of LLIN. The loss of nets in urban areas could be filled by 404 

social marketing, and the other distribution channels more focused in rural areas. This study 405 

suggests that a distribution of preferred types of LLIN, accompanied by good communication 406 

on care and repair, could lead to increased net median lifespan, and allow for longer intervals 407 

between universal coverage campaigns, reducing costs to donors and national programs. 408 
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Tables 575 

Table 1: Characteristics of different LLIN brands distributed 576 

Brand name   Product type 

 

Insecticide 

concentration 

 

Denier 

 

Shape 

 

Manufacturer 

 

WHOPES 

approval 

Interceptor®   

Alpha-

cypermethrin 

coated on 

polyester 

 

200 mg/m2 

 

100 

 

Circular 

 

BASF 

 

Full 

LifeNet®     

Deltamethrin 

incorporated 

into 

polypropylene 

 

8,5 g/kg 

 

100 

 

Rectangular 

 

BAYER  

 

Interim 

MAGNet™    

Alpha-

cypermethrin 

incorporated 

into 

polyethylene 

 

5,8 g/kg 

 

150±7% 

 

Rectangular 

 

V.K.A 

polymers 

 

Full 

Netprotect®   

Deltamethrin 

incorporated 

into 

polyethylene 

 

68 mg/m2 

 

118 

 

Rectangular 

 

Bestnet  

 

withdrawn 

Olyset® Net   

Permethrin 

incorporated 

into 

polyethylene 

 

1000 mg/m2 

 

150 

 

Rectangular 

 

Sumitomo 

Chemical 

 

Full 

PermaNet® 

2.0 R   

Deltamethrin 

coated on 

polyester 

 

55 mg/m2 

 

100 

 

Rectangular 

 

Vestergaard 

Group 

 

Full 

PermaNet® 

2.0 C   

Deltamethrin 

coated on 

polyester 

 

55 mg/m2 

 

100 

 

Circular 

 

Vestergaard 

Group 

 

Full 

Yorkool® 

LN   

Deltamethrin 

coated on 

polyester 

 

55 mg/m2 

 

100 

 

Rectangular 

 

Tianjin 

Yorkool 

 

Full 
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Table 2: Reasons for LLIN being absent at 6, 12, 24 and 36 months 585 

Reason for LLIN 

absence 

  6 months 12 months 24 months 36 months 

  N=81 % N=286 % N=630 % N=49 % 

Damaged and 

discarded 
  10 12.35% 67 23.43% 241 38.25% 32 65.31% 

Used for other 

purposes 
  1 1.23% 8 2.80% 13 2.06% 0 0.00% 

Given away   42 51.85% 118 41.26% 143 22.70% 6 12.24% 

Stolen   8 9.88% 83 29.02% 200 31.75% 9 18.37% 

Exchanged   20 24.69% 10 3.50% 33 5.24% 2 4.08% 
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Figures 603 

Figure 1: Location of study sites  604 

Figure 2: Probability of survival of different LLIN brands.  605 

Abbreviations: PermaNet 2.0 cir: PermaNet 2.0 Curcilar, PermaNet 2.0 rect : PermaNet 2.0 Rectangular. 606 

Figure 3: Survival rate of different LLIN brands at 6, 12, 24 and 36 months 607 

Abbreviations: PermaNet 2.0 C:PermaNet 2.0 Circular, PermaNet 2.0 R : PermaNet 2.0 Rectangular. 608 

Figure 4: Retention rate of different LLIN brands at 6, 12, 24 and 36 months 609 

Abbreviations: PermaNet 2.0 C : PermaNet 2.0 Circular, PermaNet 2.0 R : PermaNet 2.0 Rectangular  610 

Figure 5: Survival rate in rural and urban areas at 6, 12, 24 and 36 months 611 

Figure 6: Retention rate in rural area at 6, 12, 24 and 36 months 612 

Figure 7: Median survival rate time of different LLIN brands 613 

Abbreviations: PermaNet 2.0 C : PermaNet 2.0 Circular, PermaNet 2.0 R : PermaNet 2.0 Rectangular  614 

Figure 8: Median retention time of different LLIN brands 615 

Abbreviations: PermaNet 2.0 C : PermaNet 2.0 Circular, PermaNet 2.0 R : PermaNet 2.0 Rectangular  616 
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Figures

Figure 1

Location of study sites Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning
the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries. This map has been provided by the authors.



Figure 2

Probability of survival of different LLIN brands. Abbreviations: PermaNet 2.0 cir: PermaNet 2.0 Curcilar,
PermaNet 2.0 rect : PermaNet 2.0 Rectangular.



Figure 3

Survival rate of different LLIN brands at 6, 12, 24 and 36 months Abbreviations: PermaNet 2.0
C:PermaNet 2.0 Circular, PermaNet 2.0 R : PermaNet 2.0 Rectangular.

Figure 4



Retention rate of different LLIN brands at 6, 12, 24 and 36 months Abbreviations: PermaNet 2.0 C :
PermaNet 2.0 Circular, PermaNet 2.0 R : PermaNet 2.0 Rectangular

Figure 5

Survival rate in rural and urban areas at 6, 12, 24 and 36 months



Figure 6

Retention rate in rural area at 6, 12, 24 and 36 months



Figure 7

Median survival rate time of different LLIN brands Abbreviations: PermaNet 2.0 C : PermaNet 2.0 Circular,
PermaNet 2.0 R : PermaNet 2.0 Rectangular

Figure 8

Median retention time of different LLIN brands Abbreviations: PermaNet 2.0 C : PermaNet 2.0 Circular,
PermaNet 2.0 R : PermaNet 2.0 Rectangular


