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Abstract 

Background: Insecticide‑treated nets are a key intervention for malaria prevention. While mass distribution can 
rapidly scale up ITN coverage, multiple channels may be needed to sustain high levels of ITN access and ownership. In 
Ghana’s Eastern Region, a continuous ITN distribution pilot, started in October 2012, 18–24 months after a mass cam‑
paign. The pilot distributed ITNs through antenatal care services (ANC), child welfare clinic services (CWC) through the 
Expanded Programme on Immunization, and to students in two classes of primary schools.

Methods: ITN ownership and access were evaluated through two cross‑sectional surveys, conducted at baseline in 
April 2012, 11–15 months after the mass campaign, and at endline in December 2013, after 1 year of continuous dis‑
tribution. A representative sample was obtained using a multi‑stage cluster sampling design. Household heads were 
interviewed using a structured questionnaire.

Results: Household ownership of at least one ITN was 91.3% (95% CI 88.8–93.9) at baseline and was not statisti‑
cally significant at endline 18 months later at 88.3% (95% CI 84.9–91.0) (p = 0.10). Ownership of at least 1 ITN per two 
people significantly decreased from 51.3% (95% CI 47.1–55.4) to 40.2% (95% CI 36.4–44.6) (p < 0.01). Population access 
to an ITN within the household also significantly decreased from 74.5% (95% CI 71.2–77.7) at baseline to 66.4% (95% 
CI 62.9–69.9) at endline (p < 0.01). The concentration index score for any CD channel was slightly positive (0.10; 95% CI 
0.04–0.15).

Conclusion: Thirty‑one months after the mass campaign, the 15 months of continuous distribution activities had 
maintained levels of household ownership at least one ITN, but household ownership of one ITN for every two people 
and population access to ITN had declined. Ownership and access were higher with the CD programme than without. 
However, the number of ITNs delivered via ANC, CWC and two primary school classes were insufficient to sustain 
coverage targets. Future programmes should implement continuous distribution strategies fully within 1 year after a 
campaign or widen eligibility criteria (such as increase the number of classes) during the first year of implementation 
to make up for programme delays.
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Background
Insecticide-treated nets (ITN) are an important tool 
for preventing malaria-related morbidity and mortality, 
estimated to be responsible for 68% of the over 600 mil-
lion cases averted since 2000 [1]. Most ITNs have been 
distributed through mass campaigns, which have been 
shown to increase coverage rapidly and equitably [2–14]. 
However, births, migration, and ITN damage erode cov-
erage gains and require repeated or ongoing inputs of 
new ITNs. Recognizing the importance of sustaining uni-
versal coverage, the World Health Organization (WHO) 
began recommending a combination of mass campaigns 
and continuous distribution (CD) channels in 2013 to 
reach ownership and access targets [15].

Recent pilots have shown that programme areas with 
continuous distribution through community agents 
(Madagascar and South Sudan) or schools (Tanzania) are 
more likely to have sustained or higher ITN access levels 
than without the pilot approximately 2 years after a mass 
campaign [16–18]. However, these studies examined the 
contribution of community and school channels alone, 
without the implementation of health facility-based dis-
tribution through antenatal care (ANC) or the Expanded 
Programme on Immunization (EPI), a common policy 
in many sub-Saharan countries. To understand which 
combination of channels are appropriate for efficiently 
maintaining coverage levels, a multi-channel, continu-
ous distribution model was tested in Ghana shortly after 
a mass campaign.

Malaria contributes significantly to morbidity and mor-
tality in Ghana, with 24.2 million people at risk of the dis-
ease. National parasite prevalence in children under five 
has remained stable at around 27–28% between 2011 and 
2014, and while outpatient department cases increased 
significantly due to National Health Insurance expansion 
and improved access to health care, institutional case 
fatality rates for children under five have dropped from 
14.1% in 2000 to 0.6% in 2012 [19]. In 2010–2012, Ghana 
implemented a national mass campaign with a goal of 

universal coverage. During this period, 12.5 million ITNs 
were distributed nationwide through a door-to-door 
‘hang-up’ strategy [20].

In November 2011, implementing partners and the 
National Malaria Control Programme developed a draft 
strategy to maintain ITN ownership and access after the 
campaign. NetCALC 1.0, an open-access population-
based modelling tool, was used to select the combina-
tion of channels and the number of classes for the school 
distribution, with estimates based on targets set at main-
taining 90% of households owning at least 1 ITN. The 
major components of the strategy were ITN distribu-
tion to: (1) pregnant women through ANC, (2) infants 
through measles II booster visits at Child Welfare Clinics 
(CWC), (3) children enrolled in class 2 and 6 of public 
and private primary schools. Three additional compo-
nents of the strategy were expected to reach (4) children 
aged 4 during measles II booster ‘mop up’ campaigns 
(estimated at 2.8% of the total population), (5) secondary 
school students purchasing ITNs as part of school sup-
ply lists for boarding schools (estimated to reach 50% of 
one class of secondary school students per year), and (6) 
an estimated 10% of households purchasing one ITN per 
year through commercial channels. NetCALC models 
showed that these six channels would, in theory, be able 
to maintain universal coverage in Ghana if implementa-
tion began before the universal coverage campaign nets 
begin to wear out. Eastern Region was the first region to 
be fully covered in the mass campaign, in two phases in 
November–December 2010 and in April–May 2011, and 
was therefore selected as the pilot region.

Methods
Programme implementation
Although six channels had been envisaged, only three 
channels were implemented during the pilot period. Stu-
dents in primary class 2 and 6 received ITNs in October 
2012. In November 2013, primary class 4 and 5 received 
ITNs, shown in Fig. 1. This change in classes was made 

Fig. 1 Timeline of study and intervention activities in Eastern Region, 2010–2013
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because nation-wide school distribution was expected 
in May 2014, toward the end of the school year, serving 
classes 2 and 6; planners wanted to avoid distributing 
ITNs twice in a single school year to the same classes. 
The health facility and school distributions used exist-
ing structures within ANC and CWC clinics and schools, 
namely the storage, records, beneficiaries, and staff. 
Implementation required coordination between three 
main government agencies, the Ghana Health Service’s 
NMCP, the division of Reproductive and Child Health, 
the division of EPI, and the Ghana Education Service’s 
GES School Health Education Programme (SHEP). Rep-
resentatives from each agency were involved in planning, 
execution and supervision at all levels: national, regional, 
districts, circuits/sub-districts and school or health facil-
ity level.

The number of ITNs distributed through schools was 
quantified using student enrolment data for the target 
classes. Twenty-six district SHEP coordinators and 180 
circuit supervisors were trained on how to collect and 
compile enrollment data from schools and how to dis-
tribute ITNs and complete reports. ITNs were trans-
ported to district education stores and then directly to 
schools by circuit supervisors. Radio messaging and dra-
mas accompanied school distributions to promote aware-
ness, answer questions about eligibility, and encourage 
ITN use.

For the final 10 months of the pilot period, there was an 
increased focus on improving ITN distribution through 
health facilities through the provision of training, super-
vision visits and ITNs. All public and private health 
facilities that offered ANC and CWC services in Eastern 
Region participated in the programme. Every pregnant 
woman who visited ANC for the first time was entitled to 
receive an ITN, and given information about the effects 
of malaria in pregnancy and the need for proper use of 
nets. At CWC clinics, every child aged 18–24  months 
receiving measles II booster dose was entitled to an ITN. 
The choice to provide the ITN at the measles booster 
was made partly to boost rates for this new vaccination. 
To facilitate record-keeping, the Maternal Record Book 
and Child Health Card was modified to include “ITN 
given” and ITNs issued were recorded in ANC and CWC 
registers.

During the study period, 135,070 ITNs were distrib-
uted in the first round of school distribution in October 
2012, and 136,000 were distributed in the second round 
in November 2013. Students in 2682 public and private 
primary schools received ITNs. During the same period, 
114,000 ITNs were allocated across all health facilities in 
the 26 districts. All told, 385,070 ITNs were distributed 
during the pilot. NetCALC modelling indicated that 
this would have been sufficient to maintain levels of 90% 

household ownership of at least 1 ITN, and 77% popu-
lation ITN access for 2012 and 2013, on the assumption 
that the Eastern Region campaign had achieved those 
coverage targets in 2011 based on distribution data.

Survey design
A baseline survey was conducted in April 2012, 
12–16  months after the mass campaign, and about 
4  months before the start of CD activities (Fig.  1). The 
endline survey was carried out in December 2013, after 
1  year of CD implementation, including two rounds of 
school distribution and 10 months of health facility dis-
tribution. Ghana has two rainy seasons each year, from 
April to July and from September to November; baseline 
data collection took place at the beginning of the first 
rainy season, while the endline data collection fielded 
near the end of the second rainy season. The primary 
outcomes of interest were ownership of at least one ITN 
and population access to an ITN, as defined by RBM’s 
Malaria Evaluation Reference Group [21]. Secondary out-
comes included levels of over and under-supply within 
households, the relative contribution of each channel to 
ITN ownership, and ITN use.

Study population
A multi-stage cluster sampling design was used in both 
surveys to ensure comparison across time. A cluster was 
defined as a community and 60 clusters were selected 
using systematic sampling with probability proportion-
ate to size (PPS) based on population data from the cam-
paign’s household registration lists. Within each cluster, 
a list of households was prepared by the survey team and 
households were then randomly selected for interview. 
If a cluster had more than 200 households, an equal-size 
section approach was used and one section was randomly 
chosen from the household list. Households were defined 
as “people eating from the same pot” which was the defi-
nition used in the mass campaign. Seventeen households 
per cluster at baseline and fifteen households per cluster 
at endline were targeted. To demonstrate that household 
ownership of 1 ITN for every 2 people was maintained 
between baseline and endline surveys, the standard for-
mula for an equivalence study was used [22]. Sample size 
was calculated using an alpha error of 95%, a beta error of 
80%, a design effect of 1.75, an anticipated non-response 
rate of 5%, and the expectation that there would be 5.0 
persons per household, 15% of the population under 
5, 4% of the proportion was pregnant, and that the per-
centage of households with 1 ITN for two people would 
be 49.8% at baseline and 48% at endline. The population 
estimates were based on the 2008 Ghana Demographic 
and Health Survey [23].
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Data collection and analysis
For data collection, the same pre-tested questionnaire 
was used for baseline and endline data collection. The 
primary respondent was the head of household or his/her 
spouse and the person who was present during the visit 
of mass campaign team. The questionnaire was based 
on the Malaria Indicator Survey and focused on house-
hold ownership and use of ITNs. Questions were added 
to capture several processes specific to continuous dis-
tribution such as the number of ITNs received through 
school, ANC, or CWC as well as the number of eligible 
students within the household. ANC/EPI (CWC) nets 
from the pilot were nets reported from those sources that 
were also obtained during the pilot period, as determined 
the question on “how many months ago did you obtain 
this net”. Double entry of all records was done using Epi-
Data software version 3.1. Both data sets were then com-
pared and any discrepant record was verified from the 
original questionnaires. Data were then transferred to 
Stata 14.0 statistical software package for further consist-
ency checks and preparation for analysis. All analysis was 
done adjusting for the cluster sampling by using the “svy” 
command family in Stata. Concentration index and con-
centration curves were used to analyse outcome differ-
ences by wealth. Standard errors and confidence intervals 
for the concentration indices were calculated using the 
formula suggested by Kakwani et al. [24].

Results
Sample
The baseline survey included 1014 households (99.4% 
of the target), with 5226 household members. Nearly all 
(99.0%) of them were usual residents (de jure population) 

and 96.7% stayed in the house the previous night (de 
facto population). The baseline sample included 2336 
nets, of which 2278 (97.5%) were ITNs. The endline sur-
vey included 898 households (99.8% of the target), 1865 
nets (98% ITNs) and 4862 household members. Most 
household members (98.4%) were usual residents and 
95.6% had stayed in the house the previous night.

Table 1 shows household characteristics at baseline and 
endline. Households were similar in terms of household 
composition, urban/rural residence and highest level 
of education achieved by the head of household. How-
ever, households from the endline survey were slightly 
more likely to have a child under five and slightly more 
household members. The percent of households with 
a tin roof and a mobile phone was somewhat higher at 
baseline, suggesting greater wealth. Lastly, households 
from the endline survey were less likely to report having 
received ITNs from the 2011 campaign; those who did 
also reported receiving fewer nets.

ITN ownership, access and use
Levels of ITN ownership, access and use between base-
line and endline are compared in Fig.  2. Ownership of 
at least one ITN remained stable, with no statistical dif-
ference between baseline (91.3%; 95% CI 88.8–93.9) and 
endline (88.3%; 95% CI 84.9–91.0) (p = 0.10). Ownership 
of at least 1 ITN per two people significantly decreased 
from 51.3% (95% CI 47.1–55.4) to 40.2% (95% CI 36.4–
44.6) (p < 0.01), as did population access to an ITN from 
74.5% (95% CI 71.2–77.7) to 66.4% (95% CI 62.8–69.9) 
(p < 0.01). Household supply levels also declined, with the 
proportion of households with insufficient nets (ranging 

Table 1 Characteristics of surveyed households and population and their participation in the ITN distribution campaign 
at baseline and endline

Characteristics Baseline (N = 1014) Endline (N = 898) p value

Mean # of de‑jure (usual) household members 5.15 5.41 0.06

Mean # of persons per sleeping room 2.54 2.55 0.9

Households with a child under five in % 41.9 46.6 0.02

Households with a pregnant woman in % 5.8 3.9 0.09

Households headed by females in % 35.0 33.7 0.6

Mean age of head of household in years 50.4 51.3 0.5

Highest education level attained by head of household in % 0.1

 No schooling 24.9 25.7

 Primary 32.3 37.2

 Secondary 33.6 30.5

 Higher than secondary 9.2 6.6

Urban residence in % 38.2 44.9 0.3

Houses with modern roof (tin or zinc) in % 90.1 94.0 < 0.01

Household ownership of mobile phone in % 81.2 86.6 0.01



Page 5 of 10de Beyl et al. Malar J  (2018) 17:124 

from zero to 1 ITN/3 people) increasing from 48.8% at 
baseline to 59.6% at endline (p < 0.01) (Table 2).

To assess the contribution of the continuous distribu-
tion channels to overall coverage, additional ITN own-
ership and access indicators were calculated at endline. 
Figure 3 presents key indicators for all ITNs in the sample 
(dark gray), all ITNs except those reported obtained from 
schools or health facilities (light gray), and for only ITNs 
from the 2010–2011 mass campaign (medium gray). 
These counterfactuals approximate what ITN ownership 

and access would have been if there had been no school 
or health facility distribution, or no distribution since the 
2010–2011 mass campaign. There was no statistical dif-
ference in coverage indicators when ITNs coded as from 
school and health facilities were excluded (Fig.  3, light 
gray bars). However, ownership of 1 ITN for 2 people and 
population access to ITNs were both statistically signifi-
cantly lower at endline when excluding all ITNs (health 
facility, schools, unknown, etc.) except those received 
from the 2010–2011 campaign (Fig.  3, medium gray 
bars).

Source of ITNs
Table  3 shows the reach of various sources of ITNs. At 
baseline, almost all households had obtained at least 1 
ITN from the recent or previous campaign (91.1%). The 
private sector was a distant second source (6.1%). Very 
few households owned ITNs from ANC (1.6%), or child 
health services (0.6%), and none from schools. Other 
sources such as the private sector or family/friends 
were also minimal. By the endline, however, the reach 
of CD channels had increased. Over 60% of households 
still owned an ITN from the campaigns, but 13.8% of 

Fig. 2 ITN Ownership, access, and use at baseline and endline

Table 2 Household ITN supply at baseline and endline

Baseline 
(N = 1014)

Endline 
(N = 898)

p value

At household level

 ITN supply in  % < 0.01

  No ITNs 8.7 11.6

  Less than 1 ITN/3 people 16.9 23.5

  1 ITN/3 people 23.2 24.5

  1 ITN/2 people 39.0 32.4

  1 ITN/person or more 12.3 8.0
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households owned at least one ITN from schools, 8.0% 
owned a net from ANC, and 5.3% owned a net from 
CWC. Households owning any ITNs from the pri-
vate sector remained stable at around 4%, while house-
holds owning nets from other sources (including family/
friends) had increased to 7.3%. Nearly a quarter (23.8%) 
of households owned at least 1 ITN from any of the CD 

channels. The proportion of nets from unknown sources 
increased from 0.6% at baseline to 13.5% at endline.

Eligibility, receipt and retention of school and ANC‑CWC 
nets
As shown in Table 4, one-fifth of households had a child 
in P2 or P6 at endline (18.8%); a similar percentage 
(19.3%) had had a child in P2 or P6 in the prior school 
year. Overall, 33.5% (29.2–38.1) of households had a child 
in P2 or P6 at either the 1st or 2nd round of school dis-
tribution. In the second round of school distribution in 
October 2014, however, eligible classes were changed to 
P4 and P5; the endline questionnaire was not updated 
reflect this. As a result, the endline does not accu-
rately capture the proportion of eligible households in 
2013–2014 that received school ITNs. Of these house-
holds, 37.5% (95% CI 31.8–43.7) reported receiving an 
ITN from the school distribution. Almost four percent 
(3.9%) of households had a currently pregnant woman; 
28.5% (95% CI 15.0–47.5) of these reported owning an 
ITN from ANC. Of households with any children ages 
12–35  months—the age group that would have been 
eligible for the measles booster during the entire pilot 
period—20.2% (95% CI 14.0–28.4) reported receiving 
an ITN from CWC. The proportion of households that 
owned at least 1 ITN from these channels was slightly 
lower than the proportion receiving ITN, suggesting 

Fig. 3 Ownership and access to ITNs at endline, calculated with all ITNs, excluding school and health facility ITNs, and excluding all ITNs except for 
2010–2011 mass campaign ITNs. Nets reported received from the campaign, but whose age was less than 14 months, were coded as ‘unknown’

Table 3 Percent of  households with  at  least one ITN 
from various sources

ITNs reported received from the campaign, but whose age was less than 
14 months, were coded as ‘unknown’

Percent of households who 
own at least one ITN from:

Baseline 
(n = 1014)

Endline 
(n = 898)

p value

Campaign of 2010/11 89.6 63.5 < 0.001

ANC 1.6 8.0 < 0.001

EPI (CWC) 0.6 5.3 < 0.001

ANC/EPI (CWC) 2.2 12.5 < 0.001

ANC/EPI (CWC) only pilot 7.7

Primary school 0.0 13.8 < 0.001

Any CD channel 2.2 23.8 < 0.001

Any CD channel (only pilot) 20.4

Private sector 3.9 4.6 0.5

Other (family, friends, NGO) 3.3 7.3 < 0.001

Unknown 0.6 13.5 < 0.01
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some loss of these ITN due to wear and tear, or through 
redistribution to family members.

Equity
Figure  4 shows the Lorenz concentration curve, which 
demonstrates the equity in ITN ownership among house-
holds that received an ITN from the mass campaign, 
ANC, CWC, and schools. The mass campaign was very 
equitable, with a very slight pro-poor tendency (con-
centration index − 0.02; 95% CI − 0.04 to 0.00), as was 
ANC (concentration index 0.08; 95% CI − 0.02 to 0.18), 
CWC (concentration index 0.12; 95% CI 0.00–0.24), and 
schools (concentration index 0.07; 95% CI − 0.01 to 0.14). 
The overall concentration index score for any CD chan-
nel was slightly but significantly positive (ANC, CWC or 
school: concentration index 0.10; 95% CI (0.04–0.15)), 
indicating that although the continuous distribution 
channels were equitable as a whole, they were slightly 
more likely to be accessed by households from wealthier 
quintiles.

Seasonal ITN use
Respondents were asked which months of the year they 
generally use nets. Responses at baseline and endline 

are shown in Fig. 5 plotted against weather station data 
for Eastern Region’s capital city, Koforidua, from 2013 
[25]. Net use increases in April as rains begin, peaking 
in June–July, and declining again in August–Septem-
ber during a brief dry/cooler season. Temperature does 
not fluctuate significantly during the year, but peak rains 
appear to correspond with declining seasonal net use. 
Differences in urban and rural seasonal net use patterns 
were assessed but not found to be statistically significant 
at either baseline or endline.

Discussion
While there is a significant amount of literature on the 
effectiveness of mass campaigns, the literature on the 
effectiveness of continuous distribution strategies is 
still sparse. The results from this study suggest that the 
combination of ANC, EPI, and school distribution in 
two primary school classes did prevent some loss of 
ITN ownership and access, but was not sufficient to sus-
tain or increase coverage following the 2010–2012 mass 
campaign.

The decline in household universal coverage and popu-
lation access can be attributed to four key factors. First, 
the 18–24  month delay in the start of implementation 
of the continuous distribution channels provided time 
for campaign ITNs to be lost due to wear and tear, as is 
commonly seen after mass campaigns [26]. The con-
tinuous distribution programme was supposed to start 
within 12  months the campaign and ITN quantities 
were planned with that in mind. Second, the full strat-
egy as originally conceived was not implemented. The 
additional minor channels included in the projected 
coverage—secondary school students, retail sector, and 
measles booster outreach programmes—indicated that 
only two classes of school distribution would be needed. 
However, without these additional channels, distribut-
ing nets to only two classes per year of primary school, 
even combined with ANC and CWC distribution, did 
not provide sufficient quantities of ITNs to maintain 

Table 4 Household eligibility for school, ANC, and CWC distribution during the pilot

Rates are only for ITNs reported as obtained during the pilot period

% of households 
with eligible individual 
at endline

% of households with eligible 
individual that reported receiving 
corresponding ITN

% of households with eligible 
individual that own at least 1 
corresponding ITN

Schoolchild in P2 or P6 in 2012–2013 18.8 49.1 (40.6–57.7) 37.9 (30.6–45.7)

Schoolchild in P2 or P6 in 2013–2014 19.3 28.9 (22.1–36.8) 23.7 (17.5–31.3)

Schoolchild in P2 or P6 in 2012–2013 or 
in 2013–2014

33.5 37.5 (31.8–43.7) 28.9 (23.8–34.6)

Currently pregnant woman or child 
under 12 months

16.2 24.8 (17.6–33.8) 17.2 (11.7–24.6)

Child 12–35 months 20.4 20.2 (14.0–28.4) 10.4 (6.4–16.4)

Fig. 4 Lorenz concentration curves for mass campaign, ANC, CWC, 
and school ITNs, among households with at least 1 ITN
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targets. Other countries implementing school distri-
bution of ITNs have targeted 4 or even up to 7 primary 
school classes, in combination with ANC and EPI chan-
nels [18]. Third, given that less than a third of pregnant 
women in the sample owned an ITN from ANC, there 
may have been stock outs or otherwise insufficient ITNs 
available at ANC and CWC, reducing the contributions 
of these channels; similar availability ratios of ANC and 
EPI ITNs among ANC attendees and infants have been 
observed across several other countries [27]. Fourth, with 
only half of households with eligible P2 and P6 children 
in 2012-2013 reporting owning an ITN from schools, it 
is possible that implementation of this channel was com-
promised, or that sources of ITNs were misclassified or 
not clearly known by respondents. Thus, it is important 
for programmes to start planning for continuous distri-
bution during and immediately after mass campaigns 
with the intention of starting within 12  months. These 
findings also suggest that it is important to commit to a 
minimum number of channels and implement them fully 
in the selected geographic area, as attempting to roll-out 
CD in a gradual way can negatively impact coverage.

These results also indicate that programmes can take 
pre-emptive steps to prevent coverage gaps when delays 
are foreseen, or when originally planned channels are 
not implemented. School distribution offer a high level 
of flexibility since the number of classes receiving ITNs 
can be added or subtracted from year to year based on 

need. Increasing the number of eligible classes when 
the first year of implementation is delayed can bridge 
the gap between campaigns and continuous distribu-
tion without adding a significant burden to operations.

The ANC and CWC channels were selected on the 
premise that they would reach the groups most bio-
logically vulnerable to malaria, while the school chan-
nel was selected because schools had a wide reach 
amongst communities and could also reach comple-
mentary demographic groups. The intention of the 
school distribution strategy in Ghana was to provide 
recurring opportunities for households to receive ITNs 
as children move through their primary school years. 
The additional channels in the strategy were selected 
to reach households without vulnerable groups or 
younger children. However, due to lack of human and 
financial resources, these were not implemented at all. 
Moreover, the 15-month implementation period does 
not fully capture the long-term impact of the distribu-
tion strategy. It is important to monitor coverage over 
time to measure the performance of continuous distri-
bution strategies.

Although largely equitable, ownership of continuous 
distribution ITNs was slightly pro-rich. This is not unex-
pected, as utilization of education and health services is 
usually higher among wealthier households, and since 
schools and ANC/EPI distribution benefited complemen-
tary socio-economic groups. Efforts to improve equity in 

Fig. 5 Monthly reported ITN use against average monthly temperature and rainfall
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access to and use of these services will likely improve the 
equity in ownership of ITNs from CD.

The use of ITNs the previous night declined from base-
line to endline, as did the ratio of those using an ITN to 
those with access to an ITN. The proportion of respond-
ents reporting using nets during different months of the 
year also increased slightly from baseline to endline in the 
drier months of the year (November–February). These 
seasonal patterns of ITN use provide additional context 
for the shifts in ITN use the previous night as reported at 
baseline and endline.

A key limitation of the research was the survey error 
in assessing the proportion of households with eligible P4 
and P5 students in the 2013–2014 school year, as these 
were the students receiving ITNs just prior to the endline 
survey. This prevents specific assessment of the reach of 
the school ITNs into these eligible households. However, 
the proportion of households with eligible students over 
the entire 2-year period is likely to be similar whether or 
not the students in the second year are in P2/P6 or P4/P5. 
About a third of all households had an eligible P2 or P6 
child during the 2-year pilot period. As Ghana’s national 
strategy has been to implement school distribution to P2 
and P6 in years in between mass campaigns, it is impor-
tant to recognize that this approach reaches one-third of 
households during the 2 years between campaigns.

A second key limitation of the research is the pos-
sibility of recall and misclassification biases, particu-
larly for the source of ITNs within the home. Nearly as 
many households owned school ITNs as owned ITNs 
from an unknown or discrepant source. It is possible that 
these ITNs of unknown origin were from the continu-
ous channels, and this could explain why omitting only 
ITNs coded as schools or health facilities did not result in 
statistically significant difference from all ITNs in Fig. 3. 
Improvements to the wording of the source of net ques-
tion may help to clarify this in future surveys.

Conclusion
Thirty-one (31) months after the mass campaign, the 
fifteen (15) months of continuous distribution activi-
ties had maintained levels of household ownership at 
least one ITN, but household ownership of one ITN 
for every two people and population access to ITN had 
declined. Ownership and access were higher with the 
CD programme than without. However, the number of 
ITNs delivered via ANC, CWC and two primary school 
classes were insufficient to sustain target coverage lev-
els. Programme managers considering a combination 
of channels need to carefully analyse how each chan-
nel will contribute to coverage, customize the approach 
to work for the local context, and monitor ITN cover-
age to make adjustments. Future programmes should 

choose the minimum number of channels for a strategy, 
then implement continuous distribution strategies fully 
(with no stock-outs) within 1 year after a campaign or 
widen eligibility criteria (such as increase the number 
of classes) during the first year of implementation to 
make up for programme delays.

Authors’ contributions
CZB designed the study, led the fieldwork and conducted analyses. AA 
conducted analyses and drafted portions of the manuscript. HK assisted with 
the design of the study, contributed analyses, and drafted portions of the 
manuscript. AM contributed sections of the manuscript. RS, FNF, JO, PO, MF, 
LG, and SH designed and managed the intervention, while OA helped man‑
age the collection of monitoring and survey data. AK oversaw study design 
and analysis. All authors read and approved the final manuscript.

Author details
1 USAID NetWorks Project, Malaria Consortium, London, UK. 2 USAID NetWorks 
and VectorWorks Projects, Johns Hopkins Bloomberg School of Public Health, 
Center for Communication Programs, Baltimore, MD, USA. 3 USAID NetWorks 
and VectorWorks Projects, Johns Hopkins Bloomberg School of Public Health, 
Center for Communication Programs, Accra, Ghana. 4 USAID NetWorks Project, 
Malaria Consortium, Accra, Ghana. 5 President’s Malaria Initiative (PMI) ‑ Ghana, 
United States Agency for International Development, Accra, Ghana. 6 U.S. Pres‑
ident’s Malaria Initiative, U.S. Agency for International Development, Bureau 
for Global Health, Office of Infectious Disease, Arlington, VA, USA. 7 USAID 
NetWorks and VectorWorks Projects, Tropical Health LLP, Montagut, Spain. 

Acknowledgements
The authors would like to thank the National Malaria Control Programme, 
including Constance Bart‑Plange, for its support to the pilot and the study. We 
also thank the District Health Management Teams, District Directors of Educa‑
tion, and the School Health Education Programme coordinators for their work 
during the school distributions. Much appreciation is also owed to Kwame 
Ankobea, Emmanuel Fiagbey, Ato Selby and Kojo Lokko for their oversight of 
the programme. We thank Julie Thwing, whose question on monthly net use 
from a 2009 post‑campaign survey in Senegal inspired our own questionnaire.

Competing interests
The authors declare they have no competing interests.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Individual verbal informed consent was obtained from all respondents before 
conducting interviews for baseline and endline surveys. Ethical clearance for 
the study was obtained from the Ghana Health Service Ethics Review Commit‑
tee as well as the Institutional Review Board of the Johns Hopkins Bloomberg 
School of Public Health (IRB No: 4119).

Funding
This study was made possible by the generous support of the American 
people through the United States Agency for International Development 
(USAID) and the President’s Malaria Initiative (PMI) under the terms of USAID/
JHU Cooperative Agreement Nos. GHS‑A‑00‑09‑00014‑00 (NetWorks Project) 
and AID‑OAA‑A‑14‑00057 (VectorWorks Project). The contents are the respon‑
sibility of the authors and do not necessarily reflect the views of USAID or the 
United States Government.

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



Page 10 of 10de Beyl et al. Malar J  (2018) 17:124 

•  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

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Received: 24 October 2017   Accepted: 15 March 2018

References
 1. Bhatt S, Weiss DJ, 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. Plucinski MM, Chicuecue S, Macete E, Colborn J, Yoon SS, Kachur SP, et al. 
Evaluation of a universal coverage bed net distribution campaign in four 
districts in Sofala Province, Mozambique. Malar J. 2014;13:427.

 3. Diabaté S, Druetz T, Bonnet E, Kouanda S, Ridde V, Haddad S. Insecticide‑
treated nets ownership and utilization among under‑five children follow‑
ing the 2010 mass distribution in Burkina Faso. Malar J. 2014;13:353.

 4. Zöllner C, De Allegri M, Louis VR, Yé M, Sié A, Tiendrebéogo J, et al. 
Insecticide‑treated mosquito nets in rural Burkina Faso: assessment of 
coverage and equity in the wake of a universal distribution campaign. 
Health Policy Plan. 2015;30:171–80.

 5. Renggli S, Mandike R, Kramer K, Patrick F, Brown NJ, 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.

 6. Bennett A, Smith SJ, Yambasu S, Jambai A, Alemu W, Kabano A, et al. 
Household possession and use of insecticide‑treated mosquito nets in 
Sierra Leone 6 months after a national mass‑distribution campaign. PLoS 
ONE. 2012;7:e37927.

 7. Hetzel MW, Gideon G, Lote N, Makita L, Siba PM, Mueller I. Ownership and 
usage of mosquito nets after 4 years of large‑scale free distribution in 
Papua New Guinea. Malar J. 2012;11:192.

 8. Ye Y, Patton E, Kilian A, Dovey S, Eckert E. Can universal insecticide‑treated 
net campaigns achieve equity in coverage and use? The case of northern 
Nigeria. Malar J. 2012;11:32.

 9. 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 5 years of age in 
Tanzania. Malar J. 2011;10:73.

 10. Ahmed SM, Hossain S, Kabir MM, Roy S. Free distribution of insecticidal 
bed nets improves possession and preferential use by households and is 
equitable: findings from two cross‑sectional surveys in thirteen malaria 
endemic districts of Bangladesh. Malar J. 2011;10:357.

 11. Gerstl S, Dunkley S, Mukhtar A, Maes P, De Smet M, Baker S, et al. Long‑
lasting insecticide‑treated net usage in eastern Sierra Leone—the suc‑
cess of free distribution. Trop Med Int Health. 2010;15:480–8.

 12. Beer N, Ali AS, de Savigny D, Al‑Mafazy A‑WH, Ramsan M, Abass AK, et al. 
System effectiveness of a targeted free mass distribution of long lasting 
insecticidal nets in Zanzibar, Tanzania. Malar J. 2010;9:173.

 13. Kulkarni MA, Vanden Eng J, Desrochers RE, Cotte AH, Goodson JL, 
Johnston A, et al. Contribution of integrated campaign distribution of 

long‑lasting insecticidal nets to coverage of target groups and total 
populations in malaria‑endemic areas in Madagascar. Am J Trop Med 
Hyg. 2010;82:420–5.

 14. Thwing J, Hochberg N, Vanden Eng J, Issifi S, Eliades MJ, Minkoulou E, 
et al. Insecticide‑treated net ownership and usage in Niger after a nation‑
wide integrated campaign. Trop Med Int Health. 2008;13:827–34.

 15. WHO. Recommendations for achieving universal coverage with long‑
lasting insecticidal nets in malaria control. Geneva: World Health Organi‑
zation; 2013.

 16. Kilian A, Schnurr LW, Matova T, Selby RA, Lokko K, Blaufuss S, et al. Evalu‑
ation of a continuous community‑based ITN distribution pilot in Lainya 
County, South Sudan 2012–2013. Malar J. 2017;16:363.

 17. Beyl CZ, Kilian A, Brown A, Sy‑Ar M, Selby RA, Randriamanantenasoa F, 
et al. Evaluation of community‑based continuous distribution of long‑
lasting insecticide‑treated nets in Toamasina II District, Madagascar. Malar 
J. 2017;16:327.

 18. Stuck L, Lutambi A, Chacky F. Can school‑based distribution be used to 
maintain coverage of long‑lasting insecticide treated bed nets: evidence 
from a large scale programme in southern Tanzania. Health Policy Plan. 
2017;32:980–9.

 19. President’s Malaria Initiative. Ghana Malaria Operational Plan FY. USAID. 
2017;2016:1–85.

 20. Smith Paintain L, Awini E, Addei S, Kukula V, Nikoi C, Sarpong D, et al. 
Evaluation of a universal long‑lasting insecticidal net (LLIN) distribution 
campaign in Ghana: cost effectiveness of distribution and hang‑up activi‑
ties. Malar J. 2014;13:71.

 21. MEASURE Evaluation, MEASURE DHS, President’s Malaria Initiative, Roll 
Back Malaria Partnership, UNICEF, WHO. Household survey indicators for 
malaria control. Geneva: World Health Organization; 2013.

 22. Blackwelder WC. “Proving the Null Hypothesis” in clinical trials. Controlled 
Clin Trials. 1982;3:345–53.

 23. Ghana Statistical Service (GSS), Ghana Health Service (GHS), and ICF 
Macro. Ghana Demographic and Health Survey 2008. Accra, Ghana: GSS, 
GHS, and ICF Macro; 2009.

 24. Kakwani N, Wagstaff A, Van Doorslaer E. Socioeconomic inequalities in 
health: measurement, computation, and statistical inference. J Econo‑
metrics. 1997;77:87–103.

 25. World Weather Online. Koforidua, Eastern monthly climate average, 
Ghana. https ://www.world weath eronl ine.com/kofor idua‑weath er‑avera 
ges/easte rn/gh.aspx. Accessed 25 July 2017.

 26. Kilian A, Koenker H, Obi E, Selby RA, Fotheringham M, Lynch M. Field 
durability of the same type of long‑lasting insecticidal net varies between 
regions in Nigeria due to differences in household behaviour and living 
conditions. Malar J. 2015;14:253.

 27. Theiss‑Nyland K, Lynch M, Lines J. Assessing the availability of LLINs 
for continuous distribution through routine antenatal care and the 
expanded programme on immunizations in sub‑Saharan Africa. Malar J. 
2016;15:255.

https://www.worldweatheronline.com/koforidua-weather-averages/eastern/gh.aspx
https://www.worldweatheronline.com/koforidua-weather-averages/eastern/gh.aspx

	Impact of a 15-month multi-channel continuous distribution pilot on ITN ownership and access in Eastern Region, Ghana
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Programme implementation
	Survey design
	Study population
	Data collection and analysis

	Results
	Sample
	ITN ownership, access and use
	Source of ITNs
	Eligibility, receipt and retention of school and ANC-CWC nets
	Equity
	Seasonal ITN use

	Discussion
	Conclusion
	Authors’ contributions
	References




