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Chapter 3:

Coverage of intermittent preventive treatment and 
insecticide-treated nets for the control of malaria 
during pregnancy in sub-Saharan Africa: A synthesis 
and meta-analysis of national survey data, 2009-11 

37



Coverage of intermittent preventive treatment and 
insecticide-treated nets for the control of malaria during 
pregnancy in sub-Saharan Africa: a synthesis and 
meta-analysis of national survey data, 2009–11
Anna Maria van Eijk, Jenny Hill, David A Larsen, Jayne Webster, Richard W Steketee, Thomas P Eisele, Feiko O ter Kuile

Summary 
Background Pregnant women in malaria-endemic countries in sub-Saharan Africa are especially vulnerable to 
malaria. Recommended prevention strategies include intermittent preventive treatment with two doses of 
sulfadoxine–pyrimethamine and the use of insecticide-treated nets. However, progress with implementation has 
been slow and the Roll Back Malaria Partnership target of 80% coverage of both interventions by 2010 has not been 
met. We aimed to review the coverage of intermittent preventive treatment, insecticide-treated nets, and antenatal 
care for pregnant women in sub-Saharan Africa and to explore associations between coverage and individual and 
country-level factors, including the role of funding for malaria prevention.

Methods We used data from nationally representative household surveys from 2009–11 to estimate coverage of 
intermittent preventive treatment, use of insecticide-treated nets, and attendance at antenatal clinics by pregnant 
women in sub-Saharan Africa. Using demographic data for births and published data for malaria exposure, we also 
estimated the number of malaria-exposed births (livebirths and stillbirths combined) for 2010 by country. We used 
meta-regression analysis to investigate the factors associated with coverage of intermittent preventive treatment and 
use of insecticide-treated nets.

Results Of the 21·4 million estimated malaria-exposed births across 27 countries in 2010, an estimated 4·6 million 
(21·5%, 95% CI 19·3–23·7) were born to mothers who received intermittent preventive treatment. Insecticide-treated 
nets were used during pregnancy for 10·5 million of 26·9 million births across 37 countries (38·8%, 34·6–43·0). 
Antenatal care was attended at least once by 16·3 of 20·8 million women in 2010 (78·3%, 75·2–81·4; n=26 countries) 
and at least twice by 14·7 of 19·6 million women (75·1%, 72·9–77·3; n=22 countries). For the countries with previous 
estimates for 2007, coverage of intermittent preventive treatment increased from 13·1% (11·9–14·3) to 21·2% 
(18·9–23·5; n=14 countries) and use of insecticide-treated nets increased from 17·9% (15·1–20·7) to 41·6% (37·2–46·0; 
n=24 countries) in 2010. A fall in coverage by more than 10% was seen in two of 24 countries for intermittent preventive 
treatment and in three of 30 countries for insecticide-treated nets. High disbursement of funds for malaria control and 
a long time interval since adoption of the relevant policy were associated with the highest coverage of intermittent 
preventive treatment. High disbursement of funds for malaria control and high total fertility rate were associated with 
the greatest use of insecticide-treated nets, whereas a high per-head gross domestic product (GDP) was associated with 
less use of nets than was a lower GDP. Coverage of intermittent preventive treatment showed greater inequity overall 
than use of insecticide-treated nets, with richer, educated, and urban women more likely to receive preventive treatment 
than their poorer, uneducated, rural counterparts. 

Interpretation Although coverage of intermittent preventive treatment and use of insecticide-treated nets by pregnant 
women has increased in most countries, coverage remains far below international targets, despite fairly high rates of 
attendance at antenatal clinics. The eff ect of the implementation of WHO’s 2012 policy update for intermittent 
preventive treatment, which aims to simplify the message and align preventive treatment with the focused antenatal 
care schedule, should be assessed to fi nd out whether it leads to improvements in coverage.

Funding Bill & Melinda Gates Foundation.

Introduction
Malaria during pregnancy can lead to poor maternal and 
child outcomes in sub-Saharan Africa.1 Inexpensive and 
cost-eff ective interventions such as intermittent pre-
ventive treatment and insecticide-treated nets sub-
stantially reduce malaria burden in pregnancy.2–7 The 
recom mended drug combination for intermittent 

pre ventive treatment is sulfadoxine–pyrimethamine, 
which is to be given at least twice after the fi rst trimester.8 
Intermittent preventive treatment and insecticide-treated 
nets are typically delivered through routine antenatal 
clinic services, although insecticide-treated nets are also 
delivered through other mechanisms, such as population-
wide campaigns, dependent on country preference. 
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The Roll Back Malaria (RBM) Partnership has set 
successive targets for these two interventions for 
countries in sub-Saharan Africa, which have increased 
from 60% by 2005 (the Abuja target), to 80% by 2010, and 
to an ambitious 100% by 2015.9–11 However, achievement 
of these targets has been diffi  cult for most countries in 
the region. We previously estimated that the coverage of 
intermittent preventive treatment and insecticide-treated 
nets during pregnancy in 2007 were only 13·6% (across 
19 countries) and 17% (across 32 countries), respectively, 
despite a high rate of attendance at antenatal clinics and 
an increase in funds available for the control of malaria 
in sub-Saharan Africa over the preceding decade.12,13 The 
reasons why coverage lags behind the international 
targets are not clear, although insuffi  cient funding has 
been implicated in the slow progress with insecticide-
treated nets.14 Additionally, countries with large 
populations or low population densities face substantial 
challenges in increasing nationwide coverage of both 
interventions, in view of the high costs of implementation 
with respect to training, supplies, and logistics.13

We aimed to provide an update to our previous report12 
on the coverage of intermittent preventive treatment and 
use of insecticide-treated nets by pregnant women in 
sub-Saharan Africa, and to explore the associations 
between the coverage of each intervention and country-
level factors that could aff ect access, such as external 
funding disbursement for malaria control, socio-
demographic factors, and use of antenatal care.13,15 We 
also aimed to examine within-country equity of malaria 
prevention, through assessment of the association 
between coverage and socioeconomic status, education, 
and location of residence. 

Methods 
Data sources 
We obtained data for the coverage of interventions to 
control malaria in pregnancy, including receipt of 
intermittent preventive treatment, use of insecticide-
treated nets, and antenatal clinic attendance, from 
nationally representative household surveys such as the 
Demographic and Health Surveys (DHS),16 Multiple 
Indicator Cluster Surveys (MICS),17 Malaria Indicator 
Surveys (MIS),18 and other national surveys undertaken 
in sub-Saharan African countries.19–21 An overview of the 
methods used in these surveys has been reported 
previously.22 Inclusion criteria required a national 
population-based survey with coverage data for inter-
mittent preventive treatment or use of insecticide-treated 
nets in pregnant women that took place between Jan 1, 
2009, and Dec 31, 2011, in a malaria-endemic country in 
sub-Saharan Africa. 

For the assessment of coverage of intermittent pre-
ventive treatment, the study population was of women 
with a livebirth in the 2 years preceding the survey 
interview; however, if the study population also included 
women who were pregnant at the time of the survey, the 

survey was excluded (because these pregnant women 
might still have received intermittent preventive 
treatment between the interview and delivery). For 
countries with more than one survey in 2009–11, we used 
data from the most recent survey. Data for the proportion 
of pregnant women who had at least one visit to an 
antenatal clinic were obtained from the same surveys as 
for the malaria control interventions, or from the survey 
closest in time in the period 2009–11. Because detailed 
data for antenatal clinic visits (proportions of women 
who visited at least twice, at least four times, and who 
had their fi rst visit at less than 6 months’ gestation, and 
median gestational age at fi rst visit) are not collected in 
the MICS or MIS surveys, we obtained data from 
available DHS surveys from the period 2004–11 for these 
variables.

To estimate the number of malaria-exposed births 
(livebirths and stillbirths combined) for 2010, we 
obtained demographic data estimated for 2010 from the 
UN Population Division (UNPD),23 information about 
stillbirth rates for each country,24 and data for malaria 
exposure risk in 2010 from the Malaria Atlas Project.25 
Information about population sizes, population densities, 
and total fertility rates, which were used as covariates in 
our meta-regression analysis, were also obtained from 
UNPD,23,26 and data for gross domestic product (GDP) 
per head was obtained from the World Bank 
(appendix p 3).27 

To explore the association between coverage and 
availability of funds, we obtained information about 
funding disbursement for malaria control in US$ for all 
countries in the region for 2001–10 from international 
programmes and agencies such as the Global Fund to 
fi ght AIDS, Tuberculosis and Malaria, the President’s 
Malaria Initiative, UNICEF, the World Bank, and other 
donor countries, as reported by the Organisation for 
Economic Co-operation and Development in the AID 
Activity Database for offi  cial development assistance.28 
Rainy season data, which were used in the analyses of 
insecticide-treated net coverage, was derived from the 
climate distribution model.29,30 Malaria transmission 
intensity was expressed as the Plasmodium falciparum 
parasite rate and was obtained for each survey primary 
sampling unit by matching of the geographical 
coordinates with those of the Malaria Atlas Project, which 
provides P falciparum data by location.31 For datasets for 
which the primary sampling unit geographical 
coordinates were unavailable, we used the seasonality 
and parasite prevalence of either the district or region. 

Endpoints 
The primary measure for coverage was the overall 
percentage of pregnant women protected by intermittent 
preventive treatment or insecticide-treated nets estimated 
for 2010, calculated as the total number of protected 
births (livebirths and stillbirths) divided by the total 
number of malaria-exposed births. Coverage of 

See Online for appendix
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intermittent preventive treatment was defi ned as the 
proportion of women who had used at least two doses of 
sulfadoxine–pyrimethamine as preventive treatment, of 
which at least one dose was obtained from an antenatal 
clinic; if this information was not available (as was the 
case for Equatorial Guinea), we used a defi nition of at 
least two sulfadoxine–pyrimethamine doses from any 
source. The study population for intermittent preventive 
treatment included women with a birth in the previous 
2 years, apart from in Zambia (previous 5 years) and 
Equatorial Guinea (study population not defi ned).

Use of insecticide-treated nets was defi ned as the use 
of an insecticide-treated net the night before the survey, 
as reported by the pregnant woman. An insecticide-
treated net was defi ned as a long-lasting insecticidal net 
(LLIN), a pretreated net obtained within the previous 
12 months, or a net soaked with insecticide in the 
previous 12 months.32 In three surveys, information 
about coverage of insecticide-treated nets in pregnancies 
was not collected, so data for all surveyed women aged 
15–49 years was extrapolated (appendix p 4). Six national 
surveys (Burundi, Congo, Ethiopia, Madagascar, Mali, 
and Niger) only recorded information about the use of 
LLINs, two surveys (Kenya and Sudan) used 6 months for 
the defi nition of retreatment of an insecticide-treated 
net, and an insecticide-treated net was not defi ned in fi ve 
surveys (The Gambia, Guinea-Bissau, Sierra Leone, 
Somalia, and Swaziland).

An antenatal clinic visit was defi ned as a visit to a 
qualifi ed antenatal care provider, whereby the in-country 
defi nition of a qualifi ed provider was adopted. The study 
population for antenatal clinic visits included women 
with a birth in the previous 5 years in 18 surveys and in 
the previous 2 years in fi ve surveys, and was not defi ned 
in the remaining three surveys.

Statistical analysis  
Analyses were done with Stata (version 11.2), and SPSS 
(version 20). Two-sided p values less than 0·05 were 
regarded as signifi cant. Country-specifi c estimates of 
coverage were expressed as both the absolute number of 
pregnant women and the percentage who used 
intermittent preventive treatment or insecticide-treated 
nets, or attended the antenatal clinic. These estimates 
were obtained by multiplying the percentage coverage of 
each intervention by the estimated number of births at 
risk of malaria in each country for 2010 (appendix p 3). To 
compare the overall coverage with our previous estimates 
for 2007, we repeated this procedure for countries that had 
completed surveys in the periods 2004–09 and 2009–11.

For surveys with individual participant datasets 
available, CIs accounted for the cluster design of the 
survey. For surveys without individual participant 
datasets available and for which cluster-design-adjusted 
SEs or CIs were not reported, we estimated the cluster-
design-adjusted CIs by adjusting the reported CIs with a 
correction factor derived from the design eff ect (ratio of 

SE with the assumption of simple random sampling to 
empirically estimated SEs for correlated data) in surveys 
for which the full dataset was available (appendix p 5).
Country-specifi c changes in coverage between surveys 
(ie, over time) were expressed as absolute diff erences and 
the corresponding CIs were adjusted for cluster design. 
The pooled summary estimates were obtained by 
random-eff ects meta-analyses.
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Figure 1: Coverage of intermittent preventive treatment during pregnancy in sub-Saharan Africa, 2009–11

Number of 
countries with 
relevant policy 
and coverage data

Number of 
pregnancies 
at risk, in 
millions

Projected 
pregnancies 
covered for 2010, 
in millions (95% CI)

Projected coverage 
in 2009–11, 
% (95% CI)*

Intermittent preventive 
treatment 

27 21·4 4·6 (4·1–5·1) 21·5% (19·2–23·6)

Insecticide-treated nets 37 26·9 10·5 (9·3–11·6) 38·8% (34·6–43·0)

Antenatal clinic 
attendance (≥1 visit)

26 20·8 16·3 (15·7–17·0) 78·3% (75·2–81·4)

Antenatal clinic 
attendance (≥2 visits)

22 19·6 14·7 (14·3–15·1) 75·1% (72·9–77·3)

Number of pregnancies at risk represents the projected number of livebirths and stillbirths for 2010 (appendix 
pp 12–20 shows estimates of the total and country-specifi c numbers of live and stillbirths for 2010). The coverage data 
for intermittent preventive treatment, insecticide-treated nets, and antenatal clinic attendance (≥1 visit) are from the 
time period 2009–11, and data for antenatal clinic attendance (≥2 visits) are from the time period 2004–11 (since 
these data for 2009–11 were only available for 15 countries [10·6 million at-risk pregnancies]). *Percentages do not 
match total exactly because of rounding. 

Table 1: Data availability, number of pregnancies at risk, coverage of intermittent preventive treatment, 
use of insecticide-treated nets, and antenatal clinic attendance in sub-Saharan Africa, 2010
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To explore determinants of coverage between countries, 
we examined sources of heterogeneity across surveys 
using meta-regression. Several country-level factors were 

assessed because an association had been reported 
previously or because we anticipated a potential 
association: time between policy adoption and survey,12 

Number of 
surveys*

Odds ratio 95% CI p value by 
level

τ²† Variance 
explained

Overall 
p value

Univariate analysis

Model with no covariates 25 ·· ·· ·· 0·794 ·· ··

Time between policy adoption and survey‡ 0·617 22·3% 0·010

<7 years 15 1·00 ·· ·· ·· ·· ··

≥7 years 10 2·46 1·27–4·78 0·010 ·· ·· ··

Total fertility rate§ 0·835 0% 0·667

<4·9 9 1·00 ·· ·· ·· ··

4·9–5·5 8 1·32 0·53–3·31 0·539 ·· ·· ··

≥5·6 8 0·88 0·35–2·21 0·777 ·· ·· ··

Malaria-exposed population¶ 0·704 11·4% 0·055

<3 million 5 1·00 ·· ·· ·· ·· ··

≥3 million 20 0·43 0·18–1·02 0·055 ·· ·· ··

Population density (per km2)|| 0·683 13·9% 0·037

<62 15 1·00 ·· ·· ·· ·· ··

≥62 10 2·11 1·05–4·24 0·037 ·· ·· ··

Antenatal clinic attendance (≥1 visit)|| 0·524 34·1% 0·001

<94% 15 1·00 ·· ·· ·· ·· ··

≥94% 10 2·95 1·60–5·43 0·001 ·· ·· ··

Antenatal clinic attendance (≥2 visits)** 22 1·01 1·00–1·01 0·029 0·028 17·7% 0·029

Antenatal clinic attendance (≥4 visits)** 22 1·04 1·01–1·07 0·023 0·701 19·6% 0·023

First antenatal clinic visit at <6 months’ gestational age** 19 1·03 0·99–1·07 0·142 0·724 7·1% 0·142

Median gestational age at antenatal clinic booking 
(months)**

19 0·80 0·42–1·54 0·490 0·801 0% 0·490

GDP per head, US$†† 0·760 4·4% 0·281

≤963 7 1·00 ·· ·· ·· ·· ··

>963 to ≤1481 6 0·64 0·23–1·74 0·360 ·· ·· ··

>1481 to ≤1925 6 1·75 0·64–4·80 0·260 ·· ·· ··

>1925 6 1·00 0·37–2·75 0·994 ·· ·· ··

PMI support for ≥2 years before survey 0·776 2·3% 0·223

No 14 1·00 ·· ·· ·· ·· ··

Yes 11 1·56 0·75–3·25 0·223 ·· ·· ··

Disbursement per malaria-exposed person‡‡ 25 1·37 1·11–1·69 0·006 0·590 25·7% 0·006

Multivariate analysis 0·372 53·2% 0·0003

Time between policy adoption and survey‡ ·· ·· ··

<7 years 15 1·00 ·· ·· ·· ·· ··

≥7 years 10 2·14 1·26–3·62 0·007 ·· ·· ··

Population density (per km2)|| ·· ·· ··

<62 15 1·00 ·· ·· ·· ·· ··

≥62 10 1·67 0·99–2·84 0·056 ·· ·· ··

Disbursement per malaria-exposed person‡‡ 25 1·32 1·11–1·57 0·003 ·· ·· ··

GDP=gross domestic product. PMI=President’s Malaria Initiative. *To achieve uniformity in sample size (number of countries), South Sudan was excluded in this analysis (no data 
available on disbursement), and mainland Tanzania and Zanzibar were combined (disbursement data were only available for the whole country, not by region); to maximise the 
sample size, information for antenatal clinic attendance (≥1 visit) for Zambia was added from the Demographic and Health Survey for 2007. †The random-eff ects approach 
assumes two additive components of variance, one of which represents the variance within studies (ie, error variance), and the other the variance between studies; the proportion 
of heterogeneity explained by each of the covariates was estimated via a comparison of the between-studies component of variance in the null model (τ0²) with the estimate of 
τ2 for the model that included covariates ([τ0²–τ²]/τ0²). ‡Categories based on median. §Categories based on terciles. ¶Lowest quintile versus higher four quintiles. ||Lowest three 
versus highest two quintiles. **Data were not available for all countries; for antenatal clinic attendance (≥2 and ≥4 visits), and timing of fi rst antenatal clinic visit, data covered the 
years 2004–11 (these data are presented to allow comparison with other variables, but were not considered for the multivariate meta-regression). ††Categories based on quartiles. 
‡‡Average annual disbursement for malaria control by external organisations or countries per malaria-exposed person in the 2 years before the survey.

Table 2: Univariate and multivariate meta-regression random-eff ects models of country-level factors related to coverage of intermittent preventive 
treatment in sub-Saharan Africa, 2009–11

41

Chapter 3



population size,13 population density, total fertility rate (as 
a measure of the distribution of gravidity), antenatal 
coverage (one or more, two or more, or four or more visits; 
fi rst visit at <6 months’ gestation; and median gestational 
age at fi rst visit [all apart from one or more visit for 
analysis of intermittent preventive treatment only]),33 
season of survey (analysis of insecticide-treated nets 
only),34 indoor residual spraying (analysis of insecticide-
treated nets only), GDP per head as a measure of country 
wealth,27 support from the President’s Malaria Initiative 
provided for at least 2 years before the survey,35 and the 
average disbursement for malaria control by external 
organisations or countries per malaria-exposed person in 
the 2 years before the survey.36 We calculated the amount 
of disbursement for malaria control per malaria-exposed 
person for each country by dividing the amount 
disbursed for malaria control per year by the total 
population exposed to malaria (appendix p 3). Support 
from the President’s Malaria Initiative was included 
because the organisation provides consistent information 
about the start and range of activities of their programmes 
in a country, allowing for the assessment of their 
potential eff ect on coverage of intermittent preventive 
treatment and use of insecticide-treated nets.37 

We investigated the potential eff ects of covariates on 
the coverage estimates using a random-eff ects meta-
regression model, taking account of between-study 
variance, with the metareg command in Stata. Coverage 
estimates were transformed to logits (log[p/p–1]) for 
normalisation and statistical properties, and regression 
coeffi  cients presented as odds ratios (ORs) with 95% CIs. 
We estimated between-study variance (τ²) using the 
algorithm of residual (restricted) maximum likelihood,38 
and calculated SEs, p values, and CIs for coeffi  cients 
using the modifi cation by Knapp and Hartung.39 Non-
dichotomous variables were analysed as continuous, and 
in terciles, quartiles, or quintiles, and then classifi ed into 
groups with similar risk or kept as continuous variables 
if doing so provided a better fi t. We constructed a 
multivariate meta-regression model using variables with 
a p value of less than 0·2 in the univariate analysis; 
factors were removed when not signifi cant, starting with 
the highest p value. Because of our interest in funding 
disbursement, this variable was maintained in all 
models. We examined colinearity and interactions 
between variables. 

For within-country datasets, where reported we 
compared coverage by socioeconomic status (highest two 
vs lowest three quintiles), education (any vs no education), 
place of residence (rural vs urban), gravidity or 
parity (multiparous vs primiparous for intermittent 
preventive treatment; multigravid vs primigravid for 
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insecticide-treated nets), and maternal age (≥21 years vs 
<21 years). We regarded socioeconomic status, education, 
and place of residence as indicators of equity and the 
fairness of distributions of resources in a country.40 We 
were interested in age and gravidity because of the 
diff erences in malaria risk, and because these factors 
have been reported previously as potential determinants 
of the use of intermittent preventive treatment and 
insecticide-treated nets.41 

Individual participant data were available for 13 of the 
27 surveys from 2009–11 for intermittent preventive 
treatment, and for 15 of the 37 surveys for insecticide-
treated nets. For each survey with individual data, we 
developed multivariate log-binomial models with the 
primary sampling unit as a random eff ect to obtain risk 
ratio (RR) estimates and corresponding 95% CIs for 
coverage, and adjusted for several additional variables: 
access to health care (delivery in a health facility or not), 
rainy season (rainy season or not at the time of survey 
[ for analysis of insecticide-treated nets only]), and 
malaria transmission intensity (predicted P falciparum 
parasite prevalence among children aged 2–10 years, as  a 
continuous or categorical [<5%, 5–40%, or >40%] 
variable).31 We followed Cummings’ guidelines42 if 
convergence of the log-binomial models failed. We used 
random-eff ects meta-analysis to calculate the pooled 
RRs, 95% CIs, and forest plots to visualise the extent of 
heterogeneity between surveys. For surveys in which the 

individual participant data were not available and cluster 
design-adjusted 95% CIs were not reported, we used the 
reported numerator and denominator to obtain the RR 
and applied a correction factor to the 95% CIs to take the 
multilevel sampling design into account (appendix p 5). 

Heterogeneity was quantifi ed by use of the I² statistic 
(95% uncertainty interval).43 I² describes the proportion 
of variation in estimates that is caused by genuine 
variation in RR rather than sampling error, and is 
expressed as a percentage, with 0–25% suggesting no or 
little heterogeneity.43 Coverage of intermittent preventive 
treatment or use of insecticide-treated nets was not 
routinely reported by parity or gravidity in the survey 
reports examined, so this information was only available 
from surveys with individual participant datasets. 

Role of the funding source 
The funders had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
The corresponding author had full access to all the data 
in the study and had fi nal responsibility for the decision 
to submit for publication.

Results 
Information about coverage of intermittent preventive 
treatment in the period 2009–11 was available for 28 of the 
45 malaria-endemic countries in sub-Saharan Africa, 
27 of which met the inclusion criteria (appendix pp 6–11). 

Surveys with univariate analysis only* Surveys with both univariate and multivariate analysis

Number 
of surveys

Summary risk 
ratio (95% CI)

p value I² (95% CI) Number 
of surveys

Univariate analysis Multivariate analysis

Summary risk 
ratio (95% CI)

p value I² (95% CI) Summary risk 
ratio (95% CI)

p value I² (95% CI)

Intermittent preventive treatment (at least two doses)

Socioeconomic status† 
(highest two vs lowest three)

7 1·47 (1·18–1·83) 0·001 94% (91–97) 13 1·22 (1·08–1·38) 0·002 86% (78–91) 1·07 (1·02–1·12) 0·011 54% (15–76)

Education (any vs none) 7 1·38 (1·10–1·71) 0·004 95% (92–97) 13 1·34 (1·17–1·54) <0·0001 84% (75–90) 1·12 (1·06–1·18) <0·0001 59% (25–78)

Residence (urban vs rural) 12 1·35 (1·17–1·57) <0·0001 90% (85–94) 13 1·26 (1·05–1·50) 0·011 90% (85–93) 1·16 (1·00–1·34) 0·051 90% (86–94)

Parity‡ (primiparous vs 
multiparous)

·· ·· ·· ·· 13 1·08 (1·03–1·13) 0·001 10% (0–48) 1·05 (1·01–1·08) 0·007 14% (0–53)

Maternal age‡ (<21 vs ≥21 years) ·· ·· ·· ·· 13 0·93 (0·87–1·00) 0·050 47% (0–72) 0·94 (0·90–0·98) 0·005 34% (0–66)

Use of insecticide-treated nets in pregnancy

Socioeconomic status† 
(highest two vs lowest three)

10 1·01 (0·70–1·47) 0·945 94% (90–96) 15 0·96 (0·84–1·11) 0·594 87% (80–91) 1·04 (0·94–1·16) 0·453 83% (74–89)

Education (any vs none) 6 1·09 (0·84–1·40) 0·529 81% (60–91) 15 0·96 (0·85–1·09) 0·570 79% (65–87) 1·04 (0·96–1·13) 0·341 68% (45–81)

Residence (urban vs rural) 14 0·98 (0·71–1·34) 0·881 96% (94–97) 15 1·00 (0·89–1·14) 0·943 77% (62–86) 1·04 (0·93–1·16) 0·472 76% (60–85)

Gravidity‡ (primigravid vs 
multigravid)

·· ·· ·· ·· 15§ 0·84 (0·76–0·93) 0·001 74% (57–84) 0·90 (0·85–0·94) <0·0001 26% (0–61)

Maternal age‡ (<21 vs ≥21 years) ·· ·· ·· ·· 15¶ 0·87 (0·77–0·98) 0·024 79% (65–87) 0·91 (0·83–0·99) 0·021 66% (41–81)

Appendix pp 25–34 shows graphs of individual meta-analyses. *Surveys with only a survey report and no dataset available. †Socioeconomic status expressed in quintiles. ‡Parity, gravidity, and maternal age 
could only be analysed for surveys for which the individual dataset was available; coverage for intermittent preventive treatment and use of insecticide-treated nets are not routinely reported by maternal age or 
gravidity in survey reports. §For mainland Tanzania, gravidity could not be included because the multivariate model with gravidity did not converge; sample size for gravidity for multivariate analysis is 
14 surveys. ¶For São Tomé & Príncipe, maternal age could not be included because the multivariate model did not converge; sample size for maternal age for multivariate analysis is 14 surveys. 

 Table 3: Meta-analysis summary of factors associated with coverage of intermittent preventive treatment or use of insecticide-treated nets in pregnancy in malaria-endemic countries in 
sub-Saharan Africa, 2009–11
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For these 27 countries, 21·5% of the estimated total births 
at risk of malaria for 2010 were estimated to have been 
born to mothers who received intermittent preventive 
treatment during that pregnancy (table 1; appendix 
pp 12–20). Only The Gambia and Zambia had reached a 
national coverage that exceeded the original Abuja target 
of more than 60%9 (São Tomé & Príncipe was close with 
59·8% [fi gure 1]), and no country had attained the 2010 
target of 80%. Coverage of antenatal care was much 
higher: 78·3% of pregnant women across 26 countries 
attended an antenatal clinic at least once and 75·1% 
across 22 countries attended at least twice (table 1; 
appendix pp 12–20). In 20 of 22 countries, more than 60% 
of pregnant women made at least two visits, and in 18 of 
22 this proportion was higher than 80% (appendix pp 
12–20). Coverage of intermittent preventive treatment 
remained low when the analysis was restricted to women 
who attended the antenatal clinic (median 26·2%, range 
8·3–66·2%; n=22 countries; appendix pp 8–11). For the 
14 countries with estimates for coverage of intermittent 
preventive treatment for 2007 and 2010, coverage 
increased from 13·1% (95% CI 11·9–14·3) to 21·2% 
(18·9–23·5; appendix pp 12–20). 

To assess progress of individual countries since the 
year of policy adoption of intermittent preventive 
treatment, the appendix (pp 21–24) shows trends in 
coverage by country for the past decade. The pooled 
summary estimate for the diff erence between the two 
most recent surveys for 24 countries with more than one 
survey done between 2000 and 2011 was 6·2% (95% CI 
1·1–11·3; p=0·017; appendix p 22). Seven countries had 
an absolute decrease in coverage since the previous 
survey (range 3·9–24·5 percentage points), of which two 
had a reduction of more than 10 percentage points: 
Mozambique from 43·1% to 18·6%, and Senegal from 
52·2% to 38·6% coverage.

The 27 countries with survey data from 2009–11 had 
adopted intermittent preventive treatment between 4 and 
17 years (median 6 years) before the survey. During the 
2 years before the survey, all countries had received 
funding from the Global Fund and other external 
organisations. The median annual amount disbursed for 
malaria control was US$1·59 (range by country 
$0·05–6·21) per malaria-exposed person across the 
25 countries with data available (South Sudan was 
excluded because no data were available, and mainland 
Tanzania and Zanzibar were combined because no 
separate data were available). Compared with their 
counterparts, countries with 7 or more years between 
policy adoption and survey, a population density in the 
higher two quintiles, antenatal care in the highest 
quartile, and a higher disbursement of funds for malaria 
control per malaria exposed person were more likely to 
have a higher coverage of intermittent preventive 
treatment (table 2, fi gure 2A). In the multivariate 
analysis, time between policy adoption and survey and 
disbursement for malaria control per malaria-exposed 

person remained associated with coverage (table 2).
Within countries, coverage of intermittent preventive 

treatment was lower for poorer than for wealthier 
women, for those with no education than for those with 
some education, and for those living in rural rather than 
urban settings (table 3, appendix pp 25–34). However, 
substantial heterogeneity was seen between countries, as 
shown by the high I² values, limiting the relevance of 
pooled summary estimates across the surveys. Less 
heterogeneity was noted for parity and age than for the 
other factors (table 3). Primiparous women were slightly 
more likely to have used intermittent preventive 
treatment than were multiparous women (table 3; 
p=0·007), whereas women younger than 21 years were 
less likely to use intermittent preventive treatment than 
were women aged 21 years and older (table 3; p=0·005). 
Overall, the eff ect size (ie, the diff erence in coverage 
between subgroups) and the corresponding heterogeneity 
across surveys tended to be lower in the individual 
participant data meta-analysis that was adjusted for 
covariates than in unadjusted estimates from surveys 
from which individual-level data were not available 
(table 3; appendix pp 25–34).

All 45 countries had a policy for insecticide-treated nets 
for pregnant women, and these countries had about 
28·6 million malaria-exposed births in 2010. 37 countries 

Figure 3: Coverage of insecticide-treated net use during pregnancy in sub-Saharan Africa, 2009–11 
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had data for use of insecticide-treated nets for 2009–11 
(table 1; appendix pp 6–11), with about 26·9 million 
malaria-exposed births. Insecticide-treated nets were 
used during about 38·8% of these pregnancies (table 1; 
appendix pp 12–20). Five countries (Benin, Mali, 
Madagascar, Niger, and Rwanda) reported coverage 
between 60% and 80% (fi gure 3). For the 24 countries 

with estimates for 2007 and 2010, use of insecticide-
treated nets by pregnant women increased from 17·9% 
(95% CI 15·1–20·7) to 41·6% (37·2–46·0; appendix 
pp 19–20). 

To assess progress of individual countries since the 
year of policy adoption of insecticide-treated nets, the 
appendix (pp 21–24) shows trends in coverage of net use 

Number of 
surveys*

Odds ratio 95% CI p value by 
level

τ²† Variance 
explained 
(%)

Overall 
p value

Univariate analysis

Model with no covariates 34 ·· ·· ·· 0·857 ·· ··

Time between policy adoption and survey‡ 0·697 18·7 0·015

<6 years 5 1·00 ·· ·· ·· ·· ··

6–8 years 16 0·34 0·14–0·81 0·017 ·· ·· ··

>8 years 13 0·75 0·30–1·83 0·511 ·· ·· ··

Total fertility rate 34 1·48 1·06–2·06 0·022 0·749 12·6 0·022

Malaria exposed population§ 0·837 2·4 0·302

<4·5 million 9 1·00 ·· ·· ·· ·· ··

4·5–11·5 million 8 1·50 0·60–3·71 0·371 ·· ·· ··

11·6–19·5 million 9 2·29 0·95–5·53 0·064 ·· ·· ··

>19·5 million 8 1·72 0·69–4·26 0·233 ·· ·· ··

Population density (per km²) 34 1·00 1·00–1·01 0·062 0·792 7·7 0·062

Antenatal clinic attendance (≥1 visit) 34 1·00 0·98–1·02 0·791 0·985 4·3 0·791

Rainy season during survey 0·867 0·0 0·427

No 10 1·00 ·· ·· ·· ·· ··

Yes 24 1·33 0·65–2·71 0·427 ·· ·· ··

Proportion of households with indoor residual 
spraying in the previous 12 months¶

0·875 3·3 0·238

0% 11 1·00 ·· ·· ·· ·· ··

0·3–8·6% 10 0·79 0·34–1·83 0·573 ·· ·· ··

>8·6% 10 0·50 0·21–1·15 0·097 ·· ·· ··

GDP per head, US$|| 0·719 16·2 0·011

<2000 26 1·00 ·· ·· ·· ·· ··

≥2000 8 0·39 0·20–0·79 0·011 ·· ·· ··

PMI support for ≥2 years before survey 0·732 14·6 0·015

No 20 1·00 ·· ·· ·· ·· ··

Yes 14 2·16 1·18–3·96 0·015 ·· ·· ··

Disbursement per malaria-exposed person** 34 1·12 0·94–1·33 0·201 0·839 2·1 0·201

Multivariate analysis 0·606 29·4 0·004

Total fertility rate 34 1·40 1·01–1·94 0·042 ·· ·· ··

Disbursement per malaria-exposed person** 34 1·18 1·01–1·37 0·035 ·· ·· ··

GDP per head, US$††

<2000 26 1·00 ·· ·· ·· ·· ··

≥2000 8 0·47 0·24–0·93 0·032 ·· ·· ··

GDP=gross domestic product. PMI=President’s Malaria Initiative. *To achieve uniformity in sample size (number of countries), South Sudan and Sudan were excluded in this 
analysis (no data available on disbursement), and mainland Tanzania and Zanzibar were combined (disbursement data were only available for the whole country, not by 
region); to maximise the sample size, information for antenatal clinic attendance (≥1 visit) for Zambia was added from the Demographic and Health Surveys for 2007. †The 
random-eff ects approach assumes two additive components of variance, one of which represents the variance within studies (ie, error variance), and the other the variance 
between studies; the proportion of heterogeneity explained by each of the covariates was estimated via a comparison of the between-studies component of variance in the 
null model (τ0²) with the estimate of τ² for the model that included covariates ([τ0²–τ²]/τ0

2). ‡Lowest quartile versus two middle quartiles versus highest quartile. §Categories 
based on quartiles. ¶Categories based on terciles; no information available for three countries. ||Lowest three quartiles versus highest quartile. **Average annual 
disbursement for malaria control by external organisations or countries per malaria-exposed person in the 2 years before the survey. ††A potential interaction was noted 
between disbursement per malaria-exposed person and GDP. 

Table 4: Univariate and multivariate meta-regression random-eff ects models of country-level factors related to use of insecticide-treated nets among 
pregnant women in sub-Saharan Africa, 2009–11
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by country over the past decade. The pooled summary 
estimate for the diff erence between the most recent two 
surveys for the 30 countries with more than one survey 
completed between 2000 and 2011 was 13·5% (95% CI 
7·0–20·0, p<0·0001; appendix p 24). Eight countries 
showed an absolute decrease in the use of insecticide-
treated nets since the previous survey (range 0·5–18·9 
percentage points), of which three had a reduction of 
more than 10 percentage points: Equatorial Guinea from 
50·9% to 35·3%, The Gambia from 45·0% to 26·1%, 
and Malawi from 49·4% to 35·2%. 

The 37 countries with survey data for 2009–11 had 
adopted a policy for insecticide-treated nets for pregnant 
women between 2 and 12 years (median 8 years) before 
the survey, and had received an annual median of 
US$1·79 (range 0·05–8·65) funding per malaria-exposed 
person for malaria control by external organisations over 
the 2 years before the survey (based on 34 countries with 
data available; South Sudan and Sudan were excluded 
because no data were available, and mainland Tanzania 
and Zanzibar were combined because no separate data 
were available). In the multivariate model of country-
level determinants, higher total fertility rate and receipt 
of more fi nancial aid from external organisations were 
associated with increased use of insecticide-treated nets, 
whereas countries that were in the highest quartile of 
per-head GDP had reduced use (table 4). Eff ect 
modifi cation by GDP and stratifi ed models suggested 
that the eff ect of disbursement of funds was only 
apparent in the poorer countries (OR 1·29, 95% CI 
1·08–1·54; p=0·007; n=26 countries) and not in high-
GDP countries (OR 0·93, 0·68–1·27; p=0·567; n=8 
countries), although this diff erence in eff ect by GDP 
classifi cation was not signifi cant (interaction term 
p=0·058). Additionally, the interaction was largely driven 
by one high-GDP country, Swaziland. After removal of 
Swaziland, the interaction between disbursement and 
GDP-status was non-signifi cant (p=0·508).

Within countries, pooled summary estimates suggested 
reasonable equity overall as expressed by the summary 
eff ect estimates of the association between use of 
insecticide-treated nets and socioeconomic status, 
education, and location of residence. However, hetero-
geneity between countries was very high, limiting the 
relevance of these summary estimates (table 3; appendix 
pp 25–34). Countries could be at either equity extreme, 
favouring richer (Malawi) or poorer (Senegal), educated 
(Liberia) or uneducated (Nigeria), or urban (Senegal) or 
rural (Zanzibar) women. The degree of heterogeneity was 
less for gravidity than for other factors (table 3; appendix 
p 33); primigravid women were less likely to use 
insecticide-treated nets than were multigravid women (p 
<0·0001).

Discussion 
Our estimates for coverage of interventions for malaria 
prevention in sub-Saharan Africa in 2010 of 21·5% for 

intermittent preventive treatment and 38·8% for use of 
insecticide-treated nets show an increase from our 2007 
estimates (13·6% and 17·0%, respectively),12 but many 
countries are clearly struggling to reach the RBM 
targets.11 Only Zambia and The Gambia exceeded the 
original 2005 Abuja target9 for intermittent preventive 
treatment, and only Benin, Madagascar, Mali, Niger, and 
Rwanda exceeded the same target for insecticide-treated 
nets. No country has reached the 2010 target of 80% 
coverage for either intervention, and at the present pace, 
few countries are likely to meet the 2015 target of 100%.10,11 
The increases in use of insecticide-treated nets (but not 
in the coverage of intermittent preventive treatment) in 
Nigeria and the Democratic Republic of the Congo were 
substantial, especially in view of the large populations 
and geographical sizes of both countries. However, 
progress overall with both interventions in sub-Saharan 
Africa has been exceptionally slow, and the notable 
reduction in coverage of intermittent preventive treat-
ment in Senegal and Mozambique (appendix pp 21–23) 
is of great concern. Neither country reported a shortfall 
in funding for the intervention in 2010 according to the 
RBM Roadmaps,44 which provide summaries of the 
needs and budgets for malaria control programmes in 
diff erent countries.

The low coverage of intermittent preventive treatment is 
unlikely to be caused by low attendance at antenatal 
clinics, since in 20 of the 22 countries for which 
information was available, more than 60% of pregnant 
women visited the antenatal clinic at least twice during 
pregnancy (although the goal of 80% coverage of inter-
mittent preventive treatment will necessitate improved 
antenatal attendance in four of the 22 countries), and 
coverage remained low when the analysis was restricted to 
women who attended the antenatal clinic.

Our country-specifi c results for use of insecticide-
treated nets by pregnant women tended to be similar to 
patterns of use in other population groups (data not 
shown), and changes in access to insecticide-treated nets 
or seasonal variations in use were likely to be important 
determinants of coverage over time. An absolute fall in 
use of insecticide-treated nets between consecutive 
surveys was seen in four countries (appendix pp 21–24), 
and similar patterns were noted in children younger 
than 5 years (data not shown). In two of these countries 
(Kenya and Malawi) the surveys were done in diff erent 
seasons, with the latest survey in the dry season, and this 
diff erence in timing might have aff ected net use (data 
not shown).34 Alternative explanations for the other two 
countries include poor funding. No shortfall in funding 
for insecticide-treated nets was reported in 2010 for The 
Gambia, but Equatorial Guinea had funding for only 
87% of the nets needed.44 In view of the increasing 
fi nancial shortfalls with respect to the funding of 
national malaria control activities in sub-Saharan Africa, 
decreasing coverage in the use of insecticide-treated nets 
might be anticipated.45
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Our previous estimate12 for 2007 was based on data 
from surveys done during a 6-year period from 2004 to 
2009, whereas our 2010 estimates are based on a narrower 
time period (2009–11), made possible by the increased 
number of surveys with information about malaria 
prevention in pregnancy. Although all countries apart 
from Botswana had received support for malaria control 
from the Global Fund, some countries remain for which 
no national survey reports are available. The public 
release of results and datasets from MICS (developed by 
UNICEF) seem to be more prone to delays than those 
from other surveys, and such delays might have led to 
underrepresentation of west Africa in our estimates 
(fi gures 1, 3). If absence of published surveys is associated 
with either relatively low or relatively high coverage of 
intermittent preventive treatment or use of insecticide-
treated nets, our data could overestimate or underestimate 
the true coverage across sub-Saharan Africa. Our data 
suggest that the coverage of intermittent preventive 
treatment in the fi ve countries that did surveys in 
2004–09 but had no repeat survey in 2009–11 was 
signifi cantly higher in 2004–09 than was the coverage for 
the 14 countries that did do repeat surveys in 2009–11 
(20·1% vs 13·1%). However, no such diff erence was seen 
for coverage of insecticide-treated net use (16·4% 
[n=8 countries] vs 17·9% [n=24 countries]).

We explored the association between coverage and time 
since policy adoption, fertility rate, and amount of 
funding. A time eff ect was seen for intermittent 
preventive treatment, whereby a time lapse of 7 years or 
more between the adoption of a policy for the intervention 
and the survey was associated with increased coverage; no 
such a trend was seen for insecticide-treated nets. Health-
provider skills and logistics for intermittent preventive 
treatment might improve with time, leading to delayed 
increases in coverage, whereas coverage of insecticide-
treated net use is dependent on other factors such as 
initial and replacement distribution systems and season. 
The association between use of insecticide-treated nets 
and total fertility rate can be partly accounted for by the 
higher proportion of multigravid women (who were more 
likely to use insecticide-treated nets than primigravid 
women; table 3) in high-fertility countries. A possible 
explanation is that women might be more likely to use 
insecticide-treated nets during consecutive pregnancies. 
Fertility might also be a marker for another factor that we 
have not assessed.46 

Although we had intended to assess national funding 
for prevention of malaria during pregnancy, retrieving 
funding or disbursement information specifi cally for 
malaria in pregnancy proved diffi  cult. Because both 
interventions are delivered through antenatal care, 
funding for health systems costs are embedded within 
overall health budgets. As an alternative, we used 
disbursements for each country as reported by the 
Organisation for Economic Co-operation and 
Development.28 Coverage of both interventions was 

associated with increased disbursement of external 
funding for malaria control, although the association was 
stronger for intermittent preventive treatment than for 
insecticide-treated nets. This fi nding suggests that 
investment in malaria overall is associated with increased 
coverage of malaria prevention in the vulnerable 
population of pregnant women. However, coverage 
varied widely within a narrow range of disbursement 
(fi gure 2), and the availability of funds, GDP, and other 
covariates in our meta-regression model accounted for 
only about 50% and 30% of the overall variation in 
coverage of intermittent preventive treatment and 
insecticide-treated nets, respectively.   

Furthermore, the eff ect of disbursement of funds in the 
insecticide-treated nets model was only apparent in the 
countries in the lower three quartiles and not in the top 
quartile of GDP, although the diff erence in eff ect by GDP 
was not signifi cant (interaction term p=0·058), and 
sensitivity analysis suggested that this diff erence was 
largely accounted for by one high-GDP country 
(Swaziland). Notably, the eight countries with the highest 
GDPs (Angola, Cameroon, Congo, Djibouti, Equatorial 
Guinea, Namibia, Nigeria, and Swaziland) had the lowest 
coverage of insecticide-treated net use. The reason for this 
fi nding is unclear. Only one of the eight high-GPD 
countries received support from the President’s Malaria 
Initiative for 2 years before the most recent survey, as 
opposed to 13 of the 26 other countries (p=0·06); this 
support was signifi cantly associated with increased use of 
insecticide-treated nets in univariate analysis, but was not 
found to modify the eff ect of disbursement of funds or 
GDP classifi cation in meta-regression. We explored 
whether the use of indoor residual spraying could account 
for the diff erence in use of insecticide-treated nets 
between high-GDP and lower-GPD countries, since high 
coverage of indoor residual spraying might aff ect the 
perceived need for insecticide-treated nets. However, 
coverage of indoor residual spraying did not modify use of 
insecticide-treated nets (table 4) and no diff erence was 
seen in the use of indoor residual spraying by GDP 
classifi cation (data not shown). 

Analysis of the within-country eff ect of socioeconomic 
status, education, and location of residence on the use of 
malaria prevention in pregnancy showed remarkable 
diff erences in eff ect size between the univariate and 
multivariate analyses, suggesting that many of the 
univariate estimates should be interpreted with caution 
(table 3, appendix pp 25–34). Coverage of intermittent 
preventive treatment showed greater inequity overall 
than did use of insecticide-treated nets, with richer, 
educated, and urban women more likely to receive 
intermittent preventive treatment than their poorer, 
uneducated, rural counterparts. The inequitable 
distribution of intermittent preventive treatment has 
been reported previously,40,41  and inequity in access to 
antenatal care could contribute to this eff ect.47 Although 
many countries report that delivery of intermittent 
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preventive treatment is free, in practice some charges are 
applied in some countries. For example, even where 
intermittent preventive treatment is technically free, 
payments for registration and consultation at the 
antenatal clinic can be prohibitive for women in the 
lower wealth quintiles.41 For countries where more urban 
than rural women benefi t from intermittent preventive 
treatment, these inequities should be addressed urgently, 
since urban populations are generally at lower risk of 
malaria than rural populations, and scarce resources 
should be used where they are needed most.40 

No clear trend for use of insecticide-treated nets was 
seen with respect to equity, although wide variation 
between countries was evident. Insecticide-treated nets 
are often distributed through community campaigns, 
which might have contributed to more equitable 
distribution among pregnant women.48 Our fi ndings 
with respect to age and use of insecticide-treated nets 
were consistent with those of a review of factors that 
aff ect use of insecticide-treated nets in sub-Saharan 
Africa,41 suggesting that young women constitute a 
vulnerable group that might be inadequately served by 
existing net distribution strategies. Alternative strategies 
might be needed for this vulnerable group.

Our study has several limitations. National cross-
sectional surveys rely on self-reported data for the use of 
insecticide-treated nets and intermittent preventive 
treatment. We did not identify alternative sources to 
validate survey fi ndings. We assumed that two visits to 
the antenatal clinic would be two opportunities for 
intermittent preventive treatment; however, women who 
visit in their fi rst trimester are not eligible. Unfortunately 
the reported survey data could not be used to assess 
which women were eligible for preventive treatment at 
the time of their visits. Although the time period for 
antenatal care data was generally longer than for 
intermittent preventive treatment (5 vs 2 years), changes 
in attendance tend to be gradual and small, and this 
diff erence was unlikely to aff ect the results.49 

Our estimates for coverage of insecticide-treated net 
use are based on reported use in the night preceding the 
survey by a pregnant woman as a proxy for use during 
her pregnancy. Some countries have regional malaria 
transmission and use of national data will underestimate 
true coverage in the malaria-endemic areas in these 
countries; this issue aff ected estimates in Kenya and 
Zimbabwe, whereas other countries with such 
transmission diversity limited the malaria survey to at-
risk regions (appendix pp 8–11; eg, Ethiopia, Namibia, 
Swaziland). In Kenya, use of insecticide-treated nets in 
low-risk areas was 29·5%, compared with 46·0% in all 
other areas; for intermittent preventive treatment, use 
was slightly higher in low-risk areas (29·2% vs 24·4%). 
Corresponding numbers for use of insecticide-treated 
nets in Zimbabwe were 5·5% in low-risk and 10·8% in 
other areas, and for intermittent preventive treatment 
were 1·5% in low-risk and 8·6% in other areas. 

Cross-sectional surveys of insecticide-treated net 
coverage might not capture fl uctuations in use during 
the period between surveys because of rapid scale-up 
(eg, after mass campaigns), decay of insecticide-treated 
nets, or both. We focused on intermittent preventive 
treatment as delivered through antenatal clinics, 
whereas some national programmes are exploring 
alternative delivery strategies such as the use of com-
munity resource workers to increase coverage, and in 
some places women can use alternative sources when 
intermittent preventive treatment is not available from 
the antenatal clinic.50–52 However, a comparison between 
intermittent preventive treatment from the antenatal 
clinic and from any source routinely reported in DHS 
did not show large diff erences (median diff erence 1·1%), 
suggesting that alternative delivery channels are not 
widely used (appendix pp 8–9). We used meta-regression 
to assess factors associated with coverage of intermittent 
preventive treatment and insecticide-treated net use and 
country-level factors; however, sample sizes were quite 
small and these analyses might not be powerful enough 
to detect associations. Additionally, the single timepoint 
of cross-sectional survey data limits inferences of cause 
and eff ect.53

Panel: Research in context

Systematic review
We searched PubMed and the Malaria in Pregnancy Library for reviews and primary 
research into the coverage of intermittent preventive treatment or the use of 
insecticide-treated nets in pregnancy on a national scale, using the search terms 
“insecticide-treated nets” or “intermittent preventive treatment” together with 
“pregnancy” and “Africa”. In the 2012 World Malaria Report,15 national malaria control 
programmes reported coverage of intermittent preventive treatment (two or more 
doses) of 44% (IQR 30–57%; n=25 countries) among antenatal clinic attendees in 2011. 
The weighted average coverage of intermittent preventive treatment across 16 national 
community-based surveys during 2009–11 was 22%.15 We identifi ed four studies into 
the national use of malaria prevention in pregnancy in sub-Saharan Africa.12,40,61,62 
Coverage of intermittent preventive treatment in 2000–03 in Kenya was 4% and in 
Malawi was 29%.61 In 2003-06, use of insecticide-treated nets among pregnant women 
ranged from 1% to 20% (n=15 countries).62 For 2006–08, coverage of intermittent 
preventive treatment ranged from 2% to 60%, and tended to be higher in urban and 
richest-quintile households.40 For 2004–09, coverage of intermittent preventive 
treatment was 14% (n=19 countries) and use of insecticide-treated nets was 17% 
(n=32 countries).12 We identifi ed one study36 that described a positive association 
between donor funding and household ownership of insecticide-treated nets for the 
period 2003–09 (n=41 African countries).

Interpretation
Although progress has been made, overall coverage of intermittent preventive treatment 
of 21·5% (n=27 countries) and use of insecticide-treated nets of 38·8% (n=37 countries) 
in sub-Saharan Africa for 2009–11 remain well below international targets. Disbursement 
of funds for malaria control was associated with coverage of intermittent preventive 
treatment and use of insecticide-treated nets in meta-regression. Further eff orts are 
needed at the local, national, and international levels to improve malaria protection in 
pregnancy. The revised WHO policy is a good fi rst step, but implementation and critical 
appraisal will be key.
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Since 2008, the target population for insecticide-
treated nets has changed from targeting vulnerable 
populations to universal coverage, with the aim of 
providing one long-lasting insecticidal net for every two 
people in a household.10 This revised strategy is laudable 
and, where high coverage is achieved, all vulnerable 
groups will automatically be protected. However, in the 
absence of adequate resources, countries need to 
ensure that services reach their most vulnerable 
populations, including pregnant women and young 
children for whom insecticide-treated nets provide the 
greatest benefi ts.3,54 With respect to intermittent 
preventive treatment, countries urgently need to assess 
the impediments to achieving high coverage; this 
process is taking place in some countries,37 but demands 
further attention. 

In a related study41 we explored the factors that aff ect 
the delivery, access, and use of these interventions by 
pregnant women across studies undertaken in sub-
Saharan Africa between 1990 and 2013; many of the 
barriers were fairly consistent across countries, barriers 
that programmes can address in the near term with a 
one-time additional investment. We suggested that 
improved coverage of intermittent preventive treatment 
in the near term depends on improvements to the quality 
of service delivery at antenatal clinics, including health 
provider adherence to national policy and guidelines, 
and removal of bottlenecks in supplies and logistics. One 
of the key factors specifi c to intermittent preventive 
treatment was confusion among health-care providers 
about the previous guidelines from WHO related to the 
optimum timing and number of doses of sulfadoxine–
pyrimethamine. 

WHO’s 2012 guidelines for intermittent preventive 
treatment55 address some of these factors, with improved 
messaging and a treatment schedule more closely 
aligned with the new, focused antenatal care schedule. 
Provision of intermittent preventive treatment is now 
recommended at every scheduled visit to the antenatal 
clinic in the second and third trimesters (at least 1 month 
apart), on the basis of trial evidence56 that showed 
superior effi  cacy with three or more doses. Assessment 
of whether this policy update leads to fewer missed 
opportunities and better gains in coverage than previous 
policies will be important. Although concerns are 
justifi ed that high-grade resistance to sulfadoxine–
pyrimethamine could limit its eff ectiveness in some 
regions in east Africa where the highly resistant sextuple 
haplotype is prevalent,57 this haplotype is still uncommon 
in most countries. Importantly, intermittent preventive 
treatment has been shown to be effi  cacious in areas with 
moderate to high parasite resistance where up to 40% of 
treatments with sulfadoxine–pyrimethamine for children 
with clinical malaria failed by day 42,4 and some 
eff ectiveness remains even where the quintuple 
sulfadoxine–pyrimethamine-resistant haplotype has 
reached very high prevalence.56,58,59 

In conclusion, inadequate progress has been made in 
the scaling up of interventions to prevent malaria in 
pregnant women in sub-Saharan Africa. Although a few 
countries are doing well, most are struggling to achieve 
acceptable coverage, and that coverage of intermittent 
preventive treatment or insecticide-treated nets has fallen 
in fi ve countries is especially alarming. Roughly three 
out of four pregnant women in sub-Saharan Africa 
attend an antenatal clinic, and most do so repeatedly. 
Strengthening health-care delivery for pregnant women 
overall is important, not only as a platform for 
intermittent preventive treatment and insecticide-treated 
nets, but also for other interventions of proven benefi t to 
pregnant women and their children.60 With the update55 
of WHO recommendations for malaria prevention in 
pregnancy designed to improve coverage, both active 
support for the implementation of these guidelines by 
antenatal care programmes and the tracking of near-term 
progress by national malaria and reproductive health 
programmes and the international donor community 
will be crucially important (panel). The public health 
eff ectiveness of these interventions can be substantial,2,3,56 
and we can do better to make that eff ectiveness a reality. 
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