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Abstract
Background: The Government of Tanzania is the main source of long-lasting insecticidal nets (LLINs) for its population. Mosquito nets (treated and untreated) are also available in the commercial market. To sustain investments and
health gains in the fight against malaria, it is important for the National Malaria Control Programme to monitor LLIN
coverage especially in the years between mass distributions and to understand what households do if their free nets
are deemed unusable. The aim of this paper was to assess standard LLIN indicators by wealth status in Tanzania in
2013, 2 years after the last mass campaign in 2011, and extend the analysis to untreated nets (UTNs) to investigate
how households adapt when nets are not continuously distributed.
Methods: Between October–December 2013, a household survey was conducted in 3398 households in eight districts in Tanzania. Using the Roll Back Malaria indicators, the study analysed: (1) household net ownership; (2) access to
nets; (3) population net use and (4) net use:access ratio. Outcomes were calculated for LLINs and UTNs. Results were
analysed by socio-economic quintiles and by district.
Results: Only three of the eight districts had household LLIN ownership of more than 80%. In 2013, less than a quarter of the households had one LLIN for every two people and only half of the population had access to an LLIN. Only
the wealthier quintiles increased their net ownership and access to levels above 80% through the addition of UTNs.
Overall net use of the population was low (LLINs: 32.8%; UTNs: 9.5%) and net use:access ratio was below target level
(LLINs: 0.66; UTN: 0.50). Both measures varied significantly by district.
Conclusions: Two years after the last mass campaign, the percentage of households or population with access to
LLINs was low. These findings indicate the average rate at which households in Tanzania lose their nets is higher than
the rate at which they acquire new nets. The wealthiest households topped up their household net ownership with
UTNs. Efforts to make LLINs available through commercial markets should be promoted, so those who can afford
to buy nets purchase LLINs rather than UTNs. Net use was low around 40% and mostly explained by lack of access
to nets. However, the use:access ratio was poor in Mbozi and Kahama districts warranting further investigations to
understand other barriers to net use.
Keywords: Long-lasting insecticidal nets (LLINs), Untreated nets, Universal coverage, Net ownership,
Net access, Net use, Tanzania
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Background
Since the global resurgence of interest in malaria control
about 20 years ago, insecticide-treated nets (ITNs) have
been the most widely distributed intervention against
malaria and account for a 68% decline in Plasmodium falciparum infection prevalence in sub-Saharan Africa [1].
Universal coverage as recommended by the World Health
Organization (WHO) is defined as “universal access to,
and use of, long-lasting insecticidal nets (LLINs)” of all
people at risk of malaria, and is defined operationally as
one net for every two people [2]. Tanzania has a longstanding record in the deployment of mosquito nets as an
intervention for malaria control [3–7]. The use of ITNs
in Tanzania has been associated with the reduction of
malaria morbidity and mortality, particularly in children
under the age of five [8, 9].
Mass distribution campaigns are the primary source
of LLINs in most malaria endemic countries and aim to
ensure equitable distribution across all socio-economic
groups [1, 10–12]. Given the increasing distribution
of large numbers of mosquito nets in communities, the
Roll Back Malaria Monitoring and Evaluation Reference
Group (MERG) developed indicators to assess and compare LLIN interventions in countries at risk of malaria
[13]. Household surveys are widely used to measure the
MERG indicators, which determine achievements of universal coverage of LLINs following mass distributions
[13].
Between 2004 and 2014, the Government of Tanzania distributed nets to pregnant women and infants
at a subsidised cost during their routine antenatal and
immunization clinic visits through the Tanzania National
Voucher Scheme (TNVS) [14–16]. Nationwide, children
under the age of 5 received nets free of charge through
the Under-Five Catch-up Campaign (U5CC) between
2009 and 2010 [17], and a Universal Coverage Campaign
(UCC) was implemented in 2010 and 2011 to reach all
remaining uncovered sleeping spaces [18]. Another mass
universal replacement campaign (URC) was conducted
between 2015 and 2017 to achieve universal coverage
in most of the country. Since 2013, the School Net Programme (SNP) has been ongoing in the Southern Zone to
explore sustainable continuous “Keep Up” mechanisms
to distribute nets into the community [19, 20, 21].
In addition, both insecticidal and untreated mosquito nets (UTNs) are available through the private sector at varying costs [22]. A to Z Textile Mills Ltd. holds
the biggest market share for mosquito nets in Tanzania,
but their commercial market is currently restricted to
UTNs (Safinet) and supplies to international funders for
mass LLIN campaigns (Olyset and Miranet) within the
region and elsewhere (Nick Brown, Business Development Manager, pers. comm.). There are three more local
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manufacturers of UTNs than LLINs in Tanzania, which
increases the accessibility and availability of UTNs in
the commercial markets at a cheaper cost [22]. Though
not as efficient as LLINs for protection against malaria,
UTNs do provide physical protection against mosquitoes
if in relatively good condition [8, 23–25].
While many studies focus on evaluating the achievements of the LLIN distributions usually immediately following mass campaigns [12, 26–30], this study provides,
(1) data on LLIN coverage at a unique time between mass
campaigns, and (2) an account of how households adapt
when nets are not freely distributed, including the acquisition of UTNs. Using the MERG indicators, LLIN and
UTN ownership, access and use was assessed to investigate the net landscape of Tanzania 2 years since the last
mass campaign with particular emphasis on how the
population responds to loss of free LLINs and whether
this is affected by socio-economic status. The National
Malaria Control Programme (NMCP) could use these
data to predict current LLIN coverage following the URC
in 2015–2017 to better assess target areas and populations for continuous net distribution strategies.

Methods
Study sites and population sampling

The study was conducted in eight districts in Tanzania
(Fig. 1) between October and December 2013, during
the baseline survey of a long-term LLIN durability study
[31]. The eight districts were selected from 23 districts
enrolled in the Sentinel Panel of Districts (SPD) for the
Sample Vital registration with Verbal Autopsy (SAVVY)
project [32], a demographic surveillance platform based
at the Ifakara Health Institute (IHI). The eight districts
were selected to represent six of the eight geographical
zones of Tanzania with varying malaria prevalence across
study sites, excluding the Southern Zone (ongoing SNP)
and the Northern Zone (low malaria prevalence at the
time) [33]. This study was conducted leading into the
short rainy season when transmission is usually lowest.
Of the eight districts, two (Kinondoni and Iringa) were
urban while the other six were rural. Ten villages in each
district were selected for inclusion except for Kinondoni
district where only six villages were available. In each
selected village, 45 households were randomly selected
from the SAVVY database, giving a total of 3420 households. The sample size calculation was for the overall
long-term LLIN durability study outcomes [31].
Data collection

A cross-sectional household survey was conducted. The
household questionnaire was programmed using Open
Data Kit (ODK) [34] and administered using Google
Nexus tablet computers. The questionnaire included
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Fig. 1 Geographical distribution of the eight districts in Tanzania sampled for this study. The eight districts sampled in this study were: (1)
Kinondoni, (2) Bagamoyo, (3) Kilosa, (4) Iringa Urban, (5) Mbozi, (6) Kahama, (7) Geita, and (8) Musoma Rural

a household member roster and questions about the
mosquito net(s) owned and whether the net(s) had
been used the previous night. The number of sleepers
under each net the previous night was recorded. Each
mosquito net identified in the household was assigned
a unique barcode. All participating households were
provided with new LLINs to cover all sleeping spaces
as part of their enrolment into the net durability study
[31]. All mosquito nets present in these households
were collected and returned to the IHI laboratories
in Bagamoyo where they were sorted by colour, size,
product label and manufacturing date (creating a “net
database”). The insecticide treatment status of each net
was identified using its attached product label and categorized as either LLIN, UTN or unknown (if label was
missing). The net database was linked to the questionnaire data using the unique barcode assigned to each
mosquito net collected.

Data analysis
Mosquito net indicators

This study used the MERG indicators to report the status of Tanzania’s mosquito net coverage in 2013 (Table 1)
[13]. Household net ownership, which is defined as
the percentage of households owning at least one net,
one LLIN or UTN, was determined. The percentage of
households with at least one net for every two people
in its household (“households with enough nets”) was
also determined for LLINs, any net and UTNs. “Population access”, i.e. the percentage of the population with
potential to be protected by a net within their household,
assuming a net can be used by two people was determined for LLINs, any net and UTNs (values were corrected to a maximum value = 1 to ensure the value for
potential users does not exceed the number of actual
household members [A. Kilian pers. comm.]). Population
access was calculated using the following equation:

Mboma et al. Malar J (2018) 17:100

Page 4 of 14

Table 1 Descriptions of mosquito net indicators used
Mosquito net indicator

Indicator description

Household ownership

Percentage of households owning at least one net, one LLIN, or one untreated net

Household with enough nets

Percentage of households with at least one net, one LLIN, or one untreated net, for every two people

Population access

Percentage of the population with access to any net, LLIN, or untreated net within their household, assuming each net
is used by two people

Population net use

Percentage of the population that used any net, any LLIN, or any untreated net the previous night

Net use:access ratio

Percentage of the population that used a net the previous night divided by the percentage of the population that had
access to a net

Net use gap

The proportion of the population who had access to a net within their household, assuming each net is used by two
people, but did not sleep under one (1-use:access ratio)

Population Access =

Number of nets present in household ∗ 2
Number of people who slept in the household the previous night

The proportion of the population that reported to have
used a net, an LLIN or UTN, the previous night was
calculated.
The use:access ratio was calculated by dividing the percentage of the population that reportedly used a net the
previous night by the percentage of the population that
had access to a net. The mean number of sleepers per net
was calculated by multiplying the use:access ratio by two,
assuming each net should be used by two people. The
net use gap (“1-use:access ratio” [28]), i.e. the proportion
of the population who had access to a net within their
household, assuming each net is used by two people, but
did not sleep under one, was also determined. The net
use gap indicates whether people made a choice not to
sleep under a net despite having access or whether they
were without access to nets in their households [28].
Socio‑economic status

The socio-economic status (SES) of each participating household was calculated by creating a wealth index
based on measures such as the materials used to construct the house, household amenities and assets owned
[35]. Questions to measure assets were adapted from the
WHO sample questionnaire for monitoring LLIN durability under operational conditions [36] to fit the current
local context. Using principal component analysis (PCA)
[37], a weighted score was calculated for each household
and the whole population divided into five quintiles,
following the methods described by the Demographic
Health Survey Comparative Report No. 6 [38].
Statistical analysis

Data analysis was carried out using statistical software
package STATA 13.1 (StataCorp LP, College Station,

TX). Using the survey suite of commands to account
for the clustered sampling design, a single-stage sampling
scheme designated the variable ‘village’ as the primary
sampling unit. This was done to account for the highest
level of clustering (village) to give the correct standard
errors even if the lower levels of clustering (household)
were not explicitly modelled [39]. Statistical analysis
focused on the effect of socio-economic status on the
variation between access to and use of any net (treated
and untreated) and LLINs. Logistic regressions were
performed to analyse the effect of SES on the following
dependent variables: (1) ownership of at least one net
(any type), (2) ownership of at least one LLIN, (3) ownership of at least one UTN, (4) households with enough
nets (any type), (5) households with enough LLINs, (6)
households with enough UTNs, (7) population access to
any net within the household, (8) population access to an
LLIN within the household, (9) population access to an
UTN within the household, (10) population net use the
previous night, (11) population LLIN use the previous
night, (12) population use of UTNs the previous night,
(13) any net use:access ratio, (14) LLIN use:access ratio,
and (15) UTN use:access ratio, adjusting for district variation (Table 2).
Variations between net use and access among different
districts was assessed for LLINs only. This is because the
WHO specifically recommends universal coverage with
LLINs [2].

Results
A total of 6529 nets were collected from 3398 households
from 76 villages across eight districts in Tanzania [40].
Seventy-seven percent of nets were LLINs, 16% UTNs,
and 7% had no labels attached (Fig. 2). The predominant
net product was Olyset (74.2%). Other LLIN products
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Table 2 Number (%) of households by socio-economic quintiles (SES) in the eight districts in Tanzania, 2013
District

Socio-economic quintiles (SES)
Poorest

Total

Second poorest

Medium

Wealthier

Wealthiest

Bagamoyo (R)

66 (15.0)

77 (17.5)

114 (26.0)

126 (28.8)

55 (12.6)

Kinondoni (U)

0 (0.0)

0 (0.0)

2 (0.7)

25 (9.3)

242 (90.0)

269 (100)

124 (27.6)

80 (17.8)

85 (18.9)

118 (26.3)

42 (9.4)

449 (100)

Kilosa (R)

438 (100)

Iringa (U)

0 (0.0)

4 (0.9)

24 (5.4)

144 (32.1)

277 (61.7)

449 (100)

Mbozi (R)

49 (10.9)

125 (27.8)

162 (36.1)

95 (21.2)

18 (4.0)

449 (100)

Kahama (R)

164 (36.6)

113 (25.2)

70 (15.6)

64 (14.3)

37 (8.3)

448 (100)

Geita (R)

131 (29.2)

131 (29.2)

120 (26.7)

65 (14.5)

2 (0.5)

449 (100)

Musoma (R)

146 (32.7)

150 (33.6)

102 (22.8)

43 (9.6)

6 (1.3)

447 (100)

Total

680 (20.0)

680 (20.0)

679 (20.0)

680 (20.0)

679 (20.0)

3398 (100)

R rural, U urban

e
d

c

805
12%

257
4%

456
7%

a
b

1,025
16%

3,986
61%

a

Campaign Nets (U5CC+ UCC)

b

Untreated Nets

c

No Label

d

TNVS Nets

e

Other LLINs

Fig. 2 Assessment of 6529 nets collected from households. a Campaign Nets: Under-Five Catch-Up Campaign (U5CC) and Universal Coverage
Campaign (UCC); b untreated nets; c no label; d Tanzania National Voucher Scheme (TNVS); and e other LLINs

included PermaNet (1.5%) and BASF (0.9%). Untreated
net products included Safinet (13.5%), SupaNet (1.5%)
and Health Net Ltd (0.5%). Seventy-three percent of all
nets collected were identified by their colour to have
come from a government distribution mechanism
(TNVS, U5CC or UCC) (Fig. 2). Of the 3986 campaign
nets identified, only 1063 could be distinguished by manufacturing date (U5CC: 135, UCC: 928), the rest had lost
their manufacturing label. Of the 6529 nets collected,
85% were single size (3 × 6 feet) while 15% were double

size (4 × 6 feet) in dimensions. Eighty-five percent of
the single size nets were LLINs. Fifty-one percent of the
double-sized nets were UTNs, 35% were LLINs and 14%
unknown. Ninety-seven percent of nets were square in
shape while 3.3% were conical-shaped. Seventy-one percent of the conical-shaped nets were UTNs.
Most of the households in Kinondoni and Iringa (urban
districts) ranked among the wealthiest SES quintile while
none ranked among the poorest quintile (Table 2). Household ownership of at least one government-distributed
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Fig. 3 Ownership, access, and use of any nets, LLINs and UTNs by socio-economic quintile. The mean percentage household ownership, access
and use of any nets, LLINs and UTNs by socio-economic quintile in Tanzania, October–December 2013 (also see Additional file 1 for tabulated data).
Error bars represent 95% confidence intervals. Definitions of mosquito net indicators used are listed in Table 1
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LLIN (TNVS, U5CC or UCC) was almost twice as high
among the poorest quintile at 90.0% [95% CI 86.2–92.8%]
compared to the wealthiest quintile at 47.3% [95% CI
42.1–52.6%]. Thirty-five percent of households owned
both an LLIN and a UTN.
Net ownership

Overall, 85.0% [95% CI 82.3–87.4%] of households
owned at least one net (any type) while 74.5% [95% CI
71.0–77.7%] and 36.7% [95% CI 32.6–41.0%] of households owned at least one LLIN and at least one UTN,
respectively (Fig. 3). The wealthiest quintiles had the
highest percentage of household net ownership at
89.3% [95% CI 85.3–92.3%] but the lowest percentage of
households owning at least one LLIN at 66.6% [95% CI
59.2–73.2%] (Fig. 3). The poorest quintile had the lowest
household ownership of any net at 78.1% [95% CI 70.8–
84.0%] while the middle quintile had the highest LLIN
ownership at 78.6% [95% CI 72.8–83.5%] (Fig. 3). Ownership of UTNs increased with the increase of wealth
quintile.
Socio-economic status was significantly positively
associated with ownership of any net (Table 3). For
those in the wealthiest quintile, the odds of owning
a net was 2.62 times the odds of owning any net for
those in the lowest quintile. There was no statistically
significant association between SES and LLIN ownership. However, the odds of the middle quintile to own
an LLIN was 1.47 times the odds of owning an LLIN
for those in the lowest quintile. Socio-economic status
was significantly positively associated with ownership
of UTNs. The odds of the wealthiest quintile to own a
UTN was 6 times the odds of owning an UTN for those
in the lowest quintile (Table 3).
Households with one net for every two people

Overall, the percentage of households with enough
LLINs to cover every two of its household members was
low (Fig. 3). Only in the wealthiest quintile did more than
half of the households have enough nets (any type) for
everyone in the household at 53.3% [95% CI 48.7–57.9%].
The percentage of households with at least one LLIN for
every two people was below 30% across all socio-economic quintiles. The odds of the wealthiest quintile to
have households with enough nets of any type was 2.47
times the odds for those in the lowest quintile, but there
was no statistically significant effect of SES on household access to LLINs (Table 3). There was a significantly
positive association between SES and households with
enough UTNs (Table 3).

Page 7 of 14

Population access

The wealthier quintiles had the highest percentage of
their population with access to a net (any net: 74.3%
[95% CI 69.2–79.4%]; LLINs: 54.3% [95% CI 49.5–59.0%];
UTNs: 60.5% [95% CI 55.4–65.9%] (Fig. 3)). Socio-economic status was significantly associated with population access to all nets (treated and untreated) (Table 3).
For LLINs, the middle quintile had the highest odds of its
populations having access while the wealthiest had the
lowest odds.
Population net use

The average number of people sleeping under any net was
1.8 with 43.1% of nets having only 1 sleeper while 54.5%
with 2–3 sleepers under one net. The average number of
people sleeping under an LLIN was 1.8 with 31.4% of the
LLINs having only one sleeper while 39.4% of LLINs had
2–3 sleepers. The mean number of sleepers under UTNs
was 1.7 with 34.5% having only one sleeper under it while
38.1% had 2–3 sleepers.
Population net use was lowest in the poorest quintile
regardless of the net’s insecticide-treatment status (any
net: 33.9% [95% CI 27.9–39.8%]; LLIN: 28.2% [95% CI
23.2–33.2%]; UTNs: 1.6% [95% CI 0.6–2.6%] (Fig. 3)).
Socio-economic quintile was significantly associated with
population net use. The odds of the wealthiest households compared to the odds of the poorest households
using nets was 3 times for any net, 1.2 times for an LLIN
and 18.89 times for a UTN (Table 3).
Use:access ratio and net use gap

The overall proportion of people that had access to a net
and slept under it the previous night was 0.73 for any net,
0.66 for LLINs, and 0.50 for UTNs (Fig. 3). The net use
gap ranged between 0.20–0.33 for any net, 0.30–0.36 for
LLINs, and 0.25–0.81 for UTNs depending on the socioeconomic quintile (Fig. 3). The odds of the wealthiest
individuals to sleep under any net if they had access to it
was 1.7 times the odds of sleeping under any net for the
poorer individuals. There was no statistically significant
association between socio-economic status and LLIN
use:access ratio (Table 3).
District variation of LLIN coverage

Overall, households with enough LLINs for every two of
its household members were 23.8% [95% CI 21.2–26.7%],
the percentage of the population with access to an LLIN
within their household was 49.2% [95% CI 46.3–52.0%],
and the percentage of the population that used an LLIN
the previous night was 38.2% [95% CI 29.9–35.8%]
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Table 3 The effect of SES on mosquito net indicators for any net, LLINs and untreated nets
Mosquito net indicator

Variable

Household ownership

Any net

LLIN

Untreated net

Household with enough nets

Any net

LLIN

Untreated net

Population access

Any net

LLIN

Untreated net

SES

Unadjusted odds
ratio (95% CI)

P value

Poorest

1

0.013

Second Poorest

1.38

Adjusted odds
ratioa (95% CI)

P value

1

0.005

1.53

Medium

2.01

2.33

Wealthier

2.33

2.61

Wealthiest

1.86

Poorest

1

Second Poorest

1.13

2.62
0.070

1

Medium

1.29

1.47

Wealthier

1.15

1.26

Wealthiest

0.7

Poorest

1

Second poorest

1.31

0.87
0.000

1

Medium

2.08

2.18

3.24

3.35

Wealthiest

6.19
1

6.95
0.000

1

Second poorest

1.2

1.22

Medium

1.76

1.67

Wealthier

2.46

2.04

Wealthiest

2.97

2.47

Poorest

1

Second poorest

1.18

0.039

1

Medium

1.27

1.2

1.53

1.29

Wealthiest

1.04
1

Second poorest

0.88

1

1.31

1.10

2.30

1.78

5.09
1

Second poorest

1.40

3.41
0.005

1

Medium

2.06

2.31

2.58

2.68

Wealthiest

1.92
1

Second poorest

1.15

2.43
0.039

1

Medium

1.31

1.44

1.26

1.25

Wealthiest

0.7
1

Second poorest

1.33

0.021

1.24

Wealthier
Poorest

0.005

1.53

Wealthier
Poorest

0.002

0.81

Medium
Wealthiest

0.121

0.92
0.000

Wealthier
Poorest

0.001

1.21

Wealthier
Poorest

0.000

1.36

Wealthier
Poorest

0.053

1.25

0.77
0.000

1
1.35

Medium

2.15

2.17

Wealthier

3.51

3.40

Wealthiest

6.52

6.68

0.000
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Table 3 (continued)
Mosquito net indicator

Variable

Population net use

Any net

LLIN

Untreated net

Use:access ratio

Any net

LLIN

Untreated net

SES

Unadjusted odds
ratio (95% CI)

P value

Poorest

1

0.000

Second poorest

1.23

Adjusted odds
ratioa (95% CI)

P value

1

0.000

1.3

Medium

1.8

1.93

Wealthier

2.49

2.52

Wealthiest

2.82

Poorest

1

Second poorest

1.13

2.92
0.009

1

Medium

1.44

1.51

Wealthier

1.54

1.56

Wealthiest

1.18

Poorest

1

Second poorest

2.05

1.23
0.000

1

Medium

3.82

4.08

9.62

8.17

Wealthiest

23.47
1

Second poorest

1.04

18.89
0.014

1

Medium

1.13

1.28

1.62

1.77

Wealthiest

1.85
1

Second poorest

0.83

1.7
0.771

1

Medium

0.88

0.99

1.01

1.11

Wealthiest

1.07

0.97

Poorest

1
1.31

0.899

0.94

Wealthier

Second poorest

0.050

1.23

Wealthier
Poorest

0.000

2.25

Wealthier
Poorest

0.002

1.19

0.721

1

0.321

3.47

Medium

1.97

1.25

Wealthier

2.02

0.69

Wealthiest

2.37

0.76

See Table 1 for definitions of mosquito net indicators
a

Adjusted for district

(Fig. 4). The overall use:access ratio of LLINs was 0.66
and in turn the LLIN use gap was 0.34.
Only three districts, namely Bagamoyo, Kilosa and
Musoma had more than 80% of households owning at
least one LLIN (Fig. 4). Kinondoni district had the lowest percent of household ownership of LLINs at 62.5%
[95% CI 40.5–80.3%] while neighbouring Bagamoyo had
the highest at 83.3% [95% CI 74.3–89.6%]. Geita had the
lowest percentage of households with enough LLINs at
16.0% [95% CI 12.2–20.8%] and low population access at
45.6% [95% CI 40.7–50.5%]. Mbozi and Kahama districts,
who have the lowest household ownership of LLINs, had
the lowest LLIN use:access ratios of 0.39 and 0.52 respectively while Musoma district had the highest at 0.80
(Fig. 4).

Discussion
Overall, the percentage of households with one LLIN for
every two people was below 30%. This finding indicates
that 2 years after the mass distribution, many households
were without enough nets to cover their population,
leading to low population access to LLINs (below 50%).
This emphasizes that the URC was long overdue by 2013.
Recent national surveys suggest that malaria prevalence
in Tanzania may have increased from 9.2% in 2011–2012
to 14.4% in 2015–2016 [33, 41], which could be attributed to poor LLIN indicators although the difference in
malaria prevalence could also be attributed to varying
transmission intensity between the survey years [42, 43].
The WHO currently recommends mass distribution campaigns to be conducted at 3-year intervals unless there is
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Fig. 4 Ownership, access, and use of LLINs by district in Tanzania, October–December 2013. The mean percentage household ownership, access
and use of LLINs by district in Tanzania, October–December 2013 (also see Additional file 2 for tabulated data). Error bars represent 95% confidence
intervals. Definitions of mosquito net indicators used are listed in Table 1
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reliable data to justify longer replacement intervals or as
per locally available investments to accommodate population growth and intermittent net loss [2]. This study
emphasizes the need for continuous malaria intervention
especially during the gap years between mass distributions. Geita district, for example, recorded the highest
malaria prevalence (38.4%) in 2015–2016 [41] and lowest percentage of households with enough LLINs (16%)
in this study. It is currently profiting from the expansion
of SNP to the Western and Lake Zone since late 2016 to
maintain high net coverage [44].
Generally, household ownership of any type of net
was highest among the wealthiest quintile (89.3%). Sixty
percent of the wealthiest households owned at least one
UTN, most probably acquired from the commercial market. This indicates willingness to purchase affordable
nets for continued protection against mosquitoes in the
absence of free net distributions. A literature review by
Koenker and Yukich [45] found that households tend to
use the nets available to them irrespective of net characteristics (colour, shape, size or texture), probably because
they are restricted to what is distributed or what they
have access to. Purchasing their own nets, however,
allowed households to exercise choice regarding treatment status, material and size of net. This assessment
found that 51% of the double-size nets and 71% of the
conical-shaped nets were UTNs.
The inequalities observed across socio-economic quintiles in the acquisition of UTNs was similar to what was
observed in Nigeria [46]. The wealthiest households,
situated in the urban districts of Kinondoni and Iringa,
increased their household access to nets through the
commercial markets. Access to a variety of products and
affordable prices have been shown to have a significant
association with willingness to purchase mosquito nets
in Ethiopia [47]. Remotely-located districts are often disadvantaged by increased costs to cover transport charges
[16]. This study found that household ownership of at
least one government-distributed LLIN (TNVS, U5CC,
UCC), distributed 2–4 years prior to this study, was
almost twice as high in the poorest quintile (90%) compared to the wealthiest quintile (47%). This indicates that
households belonging to the lower socio-economic quintiles relied mostly on campaign LLINs and kept them
for longer. Hence, there is a need to identify pro-poor
methods of targeting net distributions such as the SNP
to lower socio-economic quintiles to ensure households
have enough nets to cover all members.
It will be important to identify locally and culturally
appropriate avenues for behavioural-change campaigns
(BCC) to motivate increased purchasing of LLINs while
strengthening the local production of LLINs through
private–public partnerships [22, 48, 49]. It is also useful
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to explore factors associated with net retention and how
those can be incorporated in the BCC in districts with
high net loss. Household net ownership of at least one
LLIN in Mbozi district dropped by 28.8% from what was
reported by the THMIS 2011–2012, 10 months prior to
this study [33].
Population net use of any net type and LLINs was low
across all socio-economic quintiles. Any net use was
highest among the wealthiest quintile but was still below
60%. Overall, LLIN use:access ratio of 0.66 indicated that
not all of the nets collected from households were used
[29]. Previous studies have identified reasons for net nonuse include lack of access to nets [50, 51] or discomfort,
low mosquito density, or sleeping elsewhere [52, 53].
Across districts, the LLIN use:access ratio was lowest in
Mbozi at 0.39 (mean number of people per net was 0.7).
Mbozi district is in the Southern Highlands, a hypoendemic zone (with less than 3 months of transmission a
year, < 10% malaria prevalence in children 2–9 years old)
[54, 55]. Thus, people might not see malaria as a public
health threat, explaining the low use rate. Further studies need to be conducted to understand the barriers to
net use in specific geographical areas, especially following the informative “Hang Up” campaign by the Tanzania
Red Cross Society after the UCC [56].
This study was unable to match net use with user characteristics such as age and gender from the household
member roster. Therefore, it was not possible to analyse
the person-type most and least likely to sleep underneath
a net, to understand those most likely to remain uncovered that ought to be targeted in future net distributions [57–59]. The uneven distribution of SES quintiles
observed after PCA analysis where most of the households in Kinondoni and Iringa (urban districts) ranked
among the wealthiest while no household ranked among
the poorest (Table 2), is an important limitation of this
study. However, statistical analysis controlled for the
variation observed between districts. Decision-makers
should adjust by district SES-focused interventions and
consult with the Tanzania Social Action Fund on the
modalities of pro-poor focused interventions [60].

Conclusions
In 2013, 2 years after the last mass campaign and 2 years
before the URC, the percentage of households or populations with access to LLINs, assuming each LLIN is used
by two people, was low (< 30 and < 50%, respectively).
These findings indicate that the average rate at which
households in Tanzania lose their nets is higher than the
rate at which they acquire new nets. There is a need for
continuous distribution of LLINs, especially during gap
years between mass distributions. The NMCP is currently
implementing continuous “Keep Up” strategies delivering
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LLINs free of charge through the expanding SNP, and
through routine health care to pregnant women at their
first antenatal clinic (ANC) and at an infant’s first vaccination clinic. Household ownership of any type of net
was highest among the wealthier quintile (89.3%), who
topped up their ownership with UTNs. Efforts to make
LLINs available through commercial markets should be
promoted, so that those who can buy nets from the market purchase LLINs rather than UTNs. Targeted BCC is
crucial to motivate net use among those with access to
nets within their households. Further investigation is recommended to understand barriers to net use and what
can be done to ensure year-round net use.

Additional files
Additional file 1. Tabulated data representing household ownership,
access and use of any nets, LLINs and UTNs by socio-economic quintile in
Tanzania, October–December 2013 also presented in Fig. 3. Definitions of
mosquito net indicators are listed in Table 1.
Additional file 2. Tabulated data representing household ownership,
access and use of LLINs by district in Tanzania, October–December 2013
also presented in Fig. 4. Definitions of mosquito net indicators are listed
in Table 1.

Abbreviations
IHI: Ifakara Health Institute; ITN: insecticide-treated net; LLIN: Long-lasting
insecticidal net; MERG: Roll Back Malaria Monitoring and Evaluation Group;
NMCP: National Malaria Control Programme; ODK: Open Data Kit; PCA: principal component analysis; SAVVY: Sample Vital registration with Verbal Autopsy;
SES: Socio-economic status; SNP: School-Net Programme; SPD: Sentinel Panel
of Districts; THMIS: Tanzania HIV/AIDS and Malaria Indicator Survey; TNVS:
Tanzania National Voucher Scheme; U5CC: Under-Five Catch-up Campaign;
UCC: Universal Coverage Campaign; URC: universal replacement campaign;
UTN: untreated net; WHO: World Health Organization.
Authors’ contributions
HJO, SM, JM, KK and LML conceived and designed the study. ZM, DM collected
the data. ZM, JB, LML analysed the data. ZM wrote the manuscript. HJO, SM,
JM, JB, KK, JL and LML critically reviewed the manuscript. All authors read and
approved the final manuscript.
Author details
Ifakara Health Institute, Bagamoyo, Tanzania. 2 Department of Disease Control, London School of Hygiene and Tropical Medicine, London, UK. 3 Faculty
of Science and Technology, Norwegian University of Life Sciences, Ås, Norway.
4
Swiss Tropical and Public Health Institute, Basel, Switzerland. 5 University
of Basel, Petersplatz 1, 4003 Basel, Switzerland. 6 MRC Tropical Epidemiology Group, London School of Hygiene and Tropical Medicine, London, UK.
7
National Institute for Medical Research, Muheza, Tanzania.
1

Acknowledgements
Much gratitude to the entire SAVVY team: field enumerators and district coordinators under the leadership of Erasto Maziba for their tireless efforts to enroll
and interview all participating households. Many thanks to all the ABCDR
technicians for their commitment during fieldwork and re-assessment of all
nets collected while at the laboratory. Special thanks to Nick Brown for providing insights on the commercial net market of Tanzania from the perspective of
a net manufacturer and to Albert Kilian for critically reviewing the manuscript.
Competing interests
The authors declare that they have no competing interests.

Page 12 of 14

Availability of data and materials
The datasets analysed in this current study are available in part in the additional information files but also from the corresponding author on reasonable
request.
Consent for publication
Nick Brown has reviewed and approved the publication of this manuscript.
Ethics approval and consent to participate
Ethical approval was obtained from the Ifakara Health Institute (Ref: IHI/IRB/
No: 19-2013), the National Institute of Medical Research, Tanzania (Ref: NIMR/
HQ/R.8a/Vol I/285) and the London School of Hygiene & Tropical Medicine
(Ref: 6333). The household questionnaire was administered upon written
informed consent by interviewees above 18 years of age. Initials were used in
the household member roster to ensure anonymity. All participating households were given new LLINs in replacement of all nets collected from the
household or to cover every sleeping space. This manuscript is published with
the permission of the Director-General of the National Institute of Medical
Research (NIMR), Tanzania.
Funding
The study was funded by the Research Council of Norway under the ABCDR
Project No: 220757.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 30 May 2017 Accepted: 22 February 2018

References
1. Bhatt S, Weiss D, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et al. The
effect of malaria control on Plasmodium falciparum in Africa between
2000 and 2015. Nature. 2015;526:207–11.
2. WHO. WHO recommendations for achieving universal coverage with
long-lasting insecticidal nets in malaria control. Geneva: World Health
Organization; 2014.
3. Lyimo EO, Msuya FHM, Rwegoshora RT, Nicholson EA, Mnzava A, Lines JD,
et al. Trial of pyrethroid impregnated bed-nets in an area of Tanzania holoendemic for malaria. Part 3. Effects of prevalence of malaria parasitemia
and fever. Acta Trop. 1991;49:157–63.
4. Magesa SM, Wilkes TJ, Mnzava AE, Njunwa KJ, Myamba J, Kivuyo MD, et al.
Trial of pyrethroid impregnated bed-nets in an area of Tanzania holoendemic for malaria. Part 2. Effects on malaria vector populations. Acta Trop.
1991;49:97–108.
5. Miller J, Buriyo A, Karugila A, Lines J. A new strategy for treating nets. Part
1: formulation and dosage. Trop Med Int Health. 1999;4:160–6.
6. Miller J, Jones C, Nduguru S, Curtis V, Lines J. A new strategy for treating
nets. Part 2: user’s perceptions of efficacy and washing practices and their
implications for insecticide dose. Trop Med Int Health. 1999;4:167–74.
7. Njunwa KJ, Lines J, Magesa S, Mnzava A, Wilkes TJ, Alilio M, et al. Trial of
pyrethroid impregnated bed-nets in an area of Tanzania holoendemic
for malaria. Part 1. Operational methods and acceptability. Acta Trop.
1991;49:87–96.
8. Hill J, Lines J, Rowland M. Insecticide-treated nets. Adv Parasitol.
2006;61:77–128.
9. Lengeler C. Insecticide-treated bed nets and curtains for preventing
malaria. Cochrane Database Syst Rev. 2004;2:CD000363.
10. UNICEF, WHO. Achieving the malaria MDG target: reversing the incidence
of malaria 2000–2015. Geneva: World Health Organization; 2015. http://
www.who.int/malaria/publications/atoz/9789241509442/en/. Accessed
30 Nov 2016.
11. Bernard J, Mtove G, Mandike R, Mtei F, Maxwell C, Reyburn H. Equity and
coverage of insecticide-treated bed nets in an area of intense transmission of Plasmodium falciparum in Tanzania. Malar J. 2009;8:65.

Mboma et al. Malar J (2018) 17:100

12. Noor AM, Amin AA, Akhwale WS, Snow RW. Increasing coverage and
decreasing inequity in insecticide-treated bed net use among rural
Kenyan children. PLoS Med. 2007;4:e255.
13. M DHS, PMI, RBM, UNICEF, WHO. Household survey indicators for malaria
control. Geneva: World Health Organization; 2013. http://www.malariasur
veys.org/documents/Household%20Survey%20Indicators%20for%20Mal
aria%20Control.pdf. Accessed 10 May 2015.
14. Hanson K, Nathan R, Marchant T, Mponda H, Jones C, Brue J, et al.
Vouchers for scaling up insecticide-treated nets in Tanzania: methods for
monitoring and evaluation of a national health system intervention. BMC
Public Health. 2008;8:205.
15. Lamtey G. UK withdraws mosquito nets voucher programme. The Guardian. Dar-es-Salaam: IPP Media; 2014. http://www.ippmedia.com/front
end/index.php?l=70313. Accessed 25 Jul 2014.
16. Kramer K, Mandike R, Nathan R, Mohamed A, Lynch M, Brown N, et al.
Effectiveness and equity of the Tanzania National Voucher Scheme for
mosquito nets over 10 years of implementation. Malar J. 2017;16:255.
17. Bonner K, Mwita A, McElroy PD, Omari S, Mzava A, Lengeler C, et al.
Design, implementation and evaluation of a national campaign to
distribute nine million free LLINs to children under five years of age in
Tanzania. Malar J. 2011;10:73.
18. Renggli S, Mandike R, Kramer K, Patrick F, Brown N, McElroy PD, et al.
Design, implementation and evaluation of a national campaign to deliver
18 million free long-lasting insecticidal nets to uncovered sleeping
spaces in Tanzania. Malar J. 2013;12:85.
19. NATNETS. Tanzania School Net Programme. National Insecticide-Treated
Nets. 2015. http://www.natnets.org/index.php/programme-components
/school-net-programme.html. Accessed 10 Feb 2015.
20. Koenker H, Yukich JO, Mkindi A. Tanzania keep-up strategy options:
options and recommendations for maintaining universal coverage with
LLINs in Tanzania 2012–2021. NATNETS. 2011. http://www.natnets.org/
attachments/article/65/Final%20Keep%20Up%20Report%20Tanzania
.pdf. Accessed 17 Nov 2016.
21. Lalji S, Ngondi JM, Thawer NG, Tembo A, Mandike R, Mohamed A, et al.
School distribution as keep-up strategy to maintain universal coverage of
long-lasting insecticidal nets: implementation and results of a program in
Southern Tanzania. Glob Health Sci Pract. 2016;4:251–63.
22. Kilian A. Comprehensive strategy for sustaining universal coverage with
LLIN and the potential of the commercial LLIN market in Tanzania. Part 2:
options for LLIN market strengthening. Dar-es-Salaam: DFID; 2014.
23. D’alessandro U, Olaleye B, McGuire W, Thomson M, Langerock P, Bennett
S, et al. A comparison of the efficacy of insecticide-treated and untreated
bed nets in preventing malaria in Gambian children. Trans R Soc Trop
Med Hyg. 1995;89:596–8.
24. Clarke SE, Bøgh C, Brown RC, Pinder M, Walraven GE, Lindsay S. Do
untreated bednets protect against malaria? Trans R Soc Trop Med Hyg.
2001;95:457–62.
25. Guyatt HL, Snow RW. The cost of not treating bednets. Trends Parasitol.
2002;18:12–6.
26. Bhatt S, Weiss DJ, Mappin B, Dalrymple U, Cameron E, Bisanzio D, et al.
Coverage and system efficiencies of insecticide-treated nets in Africa
from 2000 to 2017. eLife. 2015;4:e09672.
27. Koenker H, Kilian A, Zegers del Beyl C, Onyefunafoa E, Selby R, Abeku
T, et al. What happens to lost nets: a multi-country analysis of reasons
for LLIN attrition using 14 household surveys in four countries. Malar J.
2014;13:464.
28. Koenker H, Killian A. Recalculating the net use gap: a multi-country
comparison of ITN use versus ITN access. PLoS ONE. 2014;9:e97496.
29. Koenker H, Ricotta E. PMI ITN access and use report—2016. Baltimore:
Johns Hopkins Center for Communications Program, VectorWorks; 2016.
30. West PA, Protopopoff N, Rowland MW, Kirby MJ, Oxborough RM, Mosha
FW, et al. Evaluation of a national universal coverage campaign of longlasting insecticidal nets in a rural district in north-west Tanzania. Malar J.
2012;11:273.
31. Lorenz LM, Overgaard H, Massue D, Mageni Z, Bradley J, Moore J, et al.
Investigating mosquito net durability for malaria control in Tanzania—
attrition, bioefficacy, chemistry, degradation and insecticide resistance
(ABCDR): study protocol. BMC Public Health. 2014;14:1266.
32. Kabadi GS, Geubbels E, Lyatuu I, Smithson P, Amaro R, Meku S, et al.
Data resource profile: the sentinel panel of districts: Tanzania’s national
platform for health impact evaluation. Int J Epidemiol. 2014;4:79–86.

Page 13 of 14

33. TACAIDS, ZAC, NBS, OCGS, ICF International. Tanzania HIV/AIDS and
Malaria Indicator Survey 2011–2012. National Bureau of Statistics. 2013.
http://www.nbs.go.tz/nbs/index.php?option=com_content&view=artic
le&id=353:2011-12-tanzania-hivaids-and-malaria-indicator-survey-thmis
-report&catid=55:this&Itemid=145. Accessed 10 Oct 2014.
34. Open Data Kit: magnifying human resources through technology. OpenDataKit. 2016. https://opendatakit.org/. Accessed 20 Nov 2016.
35. Filmer D, Pritchett L. Estimating wealth effects without expenditure
data-or tears: an application to educational enrollments in states of India.
Demography. 2001;38:115–32.
36. WHO. Guidelines for monitoring the durability of long-lasting insecticidal
mosquito nets under operational conditions. Geneva: World Health
Organization; 2011.
37. Vyas S, Kumaranayake L. Constructing socio-economic status indices: how to use principal component analysis. Health Policy Plan.
2006;21:459–68.
38. Rutstein SO, Johnson K. The DHS Wealth Index—Comparative Reports
No. 6. Calverton: ORC Macro. 2004.
39. Bottomley C, Kirby MJ, Lindsay SW, Alexander N. Can the buck always
be passed to the highest level of clustering? BMC Med Res Methodol.
2016;16:29.
40. Massue DJ, Moore SJ, Mageni ZD, Moore JD, Bradley J, Pigeon O, et al.
Durability of Olyset campaign nets distributed between 2009 and 2011 in
eight districts of Tanzania. Malar J. 2016;15:176.
41. MoHCDGEC, MoH Zanzibar, NBS, OCGS, ICF International. Tanzania
Demographic and Health Survey and Malaria Indicator Survey (TDHSMIS) 2015–2016. National Bureau of Statistics 2016. http://www.nbs.go.tz/
nbstz/index.php/english/statistics-by-subject/health-statistics/demog
raphic-and-health-survey-dhs/730-the-2015-16-tanzania-demographi
c-and-health-survey-and-malaria-indicator-survey-key-findings-report.
Accessed 27 Jul 2016.
42. Mboera LE, Senkoro KP, Mayala BK, Rumisha SF, Rwegoshora RT, Mlozi
M, et al. Spatio-temporal variation in malaria transmission intensity in
five agro-ecosystems in Mvomero district, Tanzania. Geospat Health.
2010;4:167–78.
43. Zhou G, Minakawa N, Githeko AK, Yan G. Association between climate
variability and malaria epidemics in the East African highlands. Proc Natl
Acad Sci USA. 2004;101:2375–80.
44. PMI. Tanzania Malaria Operational Plan FY 2017. Washington: USAID; 2016.
45. Koenker H, Yukich JO. Effect of user preferences on ITN use: a review of
literature and data. Malar J. 2017;16:233.
46. Onwujekwe O, Hanson K, Fox-Rushby J. Inequalities in purchase of mosquito nets and willingness to pay for insecticide-treated nets in Nigeria:
challenges for malaria control interventions. Malar J. 2004;3:6.
47. Aleme A, Girma E, Fentahun N. Willingness to pay for insecticide-treated
nets in Berehet district, Amhara region, northern Ethiopia: implication of
social marketing. Ethiop J Health Sci. 2014;24:75–84.
48. Heierli U, Lengeler C. Should bednets be sold or given free? The role of
the private sector in malaria control. Swiss Agency for Development and
Co-operation and Swiss Tropical Institute; 2016. https://team.swisstph.ch/
share/s/9C9FjzU9Qy6mnBATdoomMg. Accessed 26 Aug 2016.
49. Lines J, Lengeler C, Cham K, de Savigny D, Chimumbwa J, Langi P, et al.
Scaling-up and sustaining insecticide-treated net coverage. Lancet Infect
Dis. 2003;3:465–6.
50. Eisele TP, Keating J, Littrell M, Larsen D, Macintyre K. Assessment of
insecticide-treated bednets among children and pregnant women across
15 countries using standardized national surveys. Am J Trop Med Hyg.
2009;80:209–14.
51. Hetzel MW, Gideon G, Lote N, Makita L, Siba PM, Mueller I. Ownership and
usage of mosquito nets after four years of large scale free distribution in
Papua New Guinea. Malar J. 2012;11:192.
52. Pulford J, Hetzel MW, Bryant M, Siba PM, Mueller I. Reported reasons for
not using a mosquito net when one is available: a review of the published literature. Malar J. 2011;10:83.
53. Birhanu Z, Abebe L, Sudhakar M, Dissanayake G, Yihdego Y, Alemayehu
G, et al. Access to and use gaps of insecticide-treated nets among communities in Jimma Zone, southwestern Ethiopia: baseline results from
malaria education interventions. BMC Public Health. 2015;15:1304.
54. NMCP Tanzania, WHO Tanzania, IHI, Kemri-Wellcome Trust Kenya. An
epidemiological profile of malaria and its control in mainland Tanzania.
Dar-es-Salaam: National Malaria Control Programme, Tanzania; 2013.

Mboma et al. Malar J (2018) 17:100

55. Hay SI, Smith DL, Snow RW. Measuring malaria endemicity from intense
to interrupted transmission. Lancet Infect Dis. 2008;8:369–78.
56. NATNETS Universal Coverage Campaign. National Insecticide Treated
Nets Tanzania 2015. http://www.natnets.org/index.php/programmecomponents/universal-coverage-campaign.html. Accessed 27 Nov 2016.
57. Baume CA, Marin MC. Intra-household mosquito net use in Ethiopia,
Ghana, Mali, Nigeria, Senegal, and Zambia: are nets being used? Who in
the household uses them? Am J Trop Med Hyg. 2007;77:963–71.

Page 14 of 14

58. Graves PM, Ngondi JM, Hwang J, Getachew A, Gebre T, Mosher AW, et al.
Factors associated with mosquito net use by individuals in households
owning nets in Ethiopia. Malar J. 2011;10:354.
59. Tsuang A, Lines J, Hanson K. Which family members use the best nets? An
analysis of the condition of mosquito nets and their distribution within
households in Tanzania. Malar J. 2010;9:211.
60. TASAF. Tanzania Social Action Fund 2017. http://www.tasaf.go.tz/.
Accessed 30 Mar 2017.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

