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Abstract

Background Pregnant women are particularly vulnerable to many health conditions, including infectious diseases,
which place them at elevated risk of severe outcomes. In particular, malaria poses a significant burden during
pregnancy, and as such there has long been a strong focus on delivering malaria prevention interventions to
pregnant women during antenatal care (ANC), including long-lasting insecticide-treated nets (LLINs) and intermittent
preventive treatment in pregnancy (IPTp). However, outreach to drive uptake of these interventions presents some
distinct challenges. For example, pregnant women may not attend ANC or may not do it in public health facilities,
where these interventions are freely available, precluding access. In this study, an implementation of routine annual
indoor residual spraying (IRS) on Bioko Island, Equatorial Guinea was leveraged to identify pregnant women and
conduct follow-up visits focused on awareness and uptake of LLINs and IPTp.

Methods IRS campaign data was used to generate lists of households with pregnant women for follow-up visits,
during which communication agents conducted an interview based on relevant sections of a malaria indicator survey
to assess knowledge about malaria, LLINs and IPTp, and uptake of these interventions. Uptake was defined on an
ordinal, three-category scale, and ordinal regression modeling was performed to assess the relationship between
uptake and knowledge indicators.

Results In total, 1,567 households were visited, and 589 pregnant women identified. There was a high awareness
about LLINs (76.9% cited LLINs as a malaria prevention method), but low awareness of IPTp (34.5% could cite any
benefit and 37.1% were aware of availability in public health facilities). In line with awareness levels, regular use

of LLINs (54.8% reported using every night) was higher than IPTp uptake (35.2% on track for three doses). Ordinal
regression modelling confirmed that LLIN use on some or all nights was associated with awareness that LLINs prevent
malaria, and IPTp uptake was associated with awareness of the number of doses required.
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lasting insecticide-treated nets (LLIN), Program integration

Conclusions This work demonstrated that complementary malaria control interventions can be leveraged to identify
pregnant women for further outreach. The information collected provides a baseline to evaluate the impact of future
activities on Bioko Island and suggests that increasing awareness of IPTp could improve coverage, while further
increasing LLIN use will likely require identifying specific barriers to use.

Keywords Malaria prevention, Antenatal care, Intermittent preventative treatment in pregnancy (IPTp), Long-

Background

Malaria in pregnancy is a major contributor to the global
burden of malaria, due to its risks for both mother and
child. Many studies have demonstrated a relationship
between malaria infection during pregnancy and poor
birth outcomes, most notably low birth weight and neo-
natal and infant mortality [1-3]. Severe maternal anemia
often mediates this relationship, and in malaria-endemic
areas around 25% of severe maternal anemia has been
estimated as attributable to malaria [4]. Anemia also pre-
disposes pregnant women to greater risk of both wider
morbidity outcomes and maternal mortality [5, 6]. The
quantitative contribution of malaria to maternal mor-
tality is not very well characterized, due in large part
to a lack of high-quality data, but at least in some areas
of endemic transmission malaria may cause as many as
10-15% of all maternal deaths [7, 8]. These epidemio-
logical associations are concerning given that in 2023 an
estimated 12.4 million pregnant women in sub-Saharan
Africa were infected with malaria during their pregnancy
[9].

Due to the significant burden of malaria in pregnancy,
a large focus has been placed on protecting pregnant
women, including by providing access to long-lasting
insecticide-treated nets (LLINs) and preventive treat-
ments, usually during antenatal care (ANC). When used
by pregnant women, LLINs have been shown to decrease
low birth weight, stillbirth and placental malaria [10].
Similarly, intermittent preventive treatment in pregnancy
(IPTp) with sulfadoxine-pyrimethamine (SP) has been
shown to improve birth outcomes, in large part but likely
not exclusively due to the chemoprotection it provides
against malaria [11-13]. In line with this evidence, the
WHO recommends that all pregnant women in malaria
endemic areas be protected by both LLINs and at least
three doses of IPTp (IPTp-3) [14], but significant gaps in
coverage remain [9].

Barriers to the uptake of malaria prevention in preg-
nancy are varied. Reviews of the literature have identified
factors such as cost, distance to health facilities and ANC
attendance as important barriers to LLIN ownership [15],
while risk awareness, attitudes toward interventions,
trust in their efficacy, and the discomfort of use were
related to the use of nets where available [16]. Factors
driving the gap in IPTp-3 coverage are similar, with the
addition of the quality of care provided and (relatedly)

trust in the health system as additional important factors
[16, 17]. In part due to the variation in barriers to uptake,
strategies to improve coverage of malaria prevention in
pregnancy continue to be investigated. Some studies have
demonstrated that community-level deployment of inter-
ventions can increase LLIN and IPTp-3 coverage among
pregnant women [18-20]. Likewise, analyses of cross-
sectional data indicate that awareness of the risk malaria
poses in pregnancy and of the available interventions,
may be important factors increasing uptake of LLINs [21]
and IPTp [22]. This suggests that information, education
and communication (IEC) activities, whether coupled
with community-level distribution of the intervention
or not, could be an effective strategy to improve cover-
age, and in some cases such a strategy has improved IPTp
uptake [23]. However, IEC campaigns targeting pregnant
women face difficulties in how to reach an ever-changing
population, especially in contexts where use of private
health facilities for ANC is common, or ANC attendance
overall is low.

Bioko Island is the largest island of Equatorial Guinea,
located off the coast of Cameroon in the Bight of Biafra.
Both the capital city, Malabo, and a substantial propor-
tion of the national population (28% according to the
most recent national census) are located on Bioko, where
the population is mostly urban and concentrated in
Malabo, although specific population estimates vary from
around 270,000-335,000 [24-26]. Historically, Bioko has
high, perennial malaria transmission, although inten-
sive control efforts since 2004 have significantly reduced
transmission intensity and the disease burden of malaria
[27, 28]. Major malaria intervention activities include
continuous distribution of LLINs, annual rounds of IRS,
larval source management, particularly in urban areas,
and free access to malaria testing and treatment in public
health facilities. Activities targeted specifically to preg-
nant women include the distribution of LLINs and IPTp
with SP free of charge at ANC in public health facilities.

In addition to public health facilities, the population of
Bioko is served by private facilities, which due to ease of
market entry and slow regulatory action greatly outnum-
ber public facilities and vary vastly in quality of care pro-
vided (from well-equipped hospitals to basic clinics and
pharmacies). Despite investments and improvements in
the quality of care provided in the public sector, the con-
venience of private facilities, including shorter wait times
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and close proximity due to the high number in residential
areas, and the perception that they provide better quality
of care may have contributed towards a trend of increas-
ing private facility utilization on Bioko. Anecdotally, the
perception of quality may be influenced by factors related
to customer service and facility amenities, such as more
comfortable waiting areas, rather than differences in
clinical care quality itself. Indeed, while they may offer
services similar to those in public facilities, including for
malaria prevention in pregnancy, private facilities do not
benefit from the same level of investment and oversight
by the Ministry of Health, nor do their staff receive train-
ing from the National Malaria Control Program, so they
may be more likely to vary in their adherence to national
and international guidelines.

Despite significant reduction in overall malaria trans-
mission over the past two decades, malaria in pregnancy
remains a persistent public health challenge on Bioko,
with 10.9% of pregnant women testing positive for P
falciparum malaria during the 2023 malaria indicator
survey (MIS) [29]. However, even with substantial test
positivity, and 80% use of public health facilities for ANC
according to self-reported survey data [29], public health
facilities on Bioko have reported only around 300-500
cases of malaria in pregnant women annually for the past
several years (unpublished National Malaria Control Pro-
gram database), suggesting a potential gap in population
reached by health facility-based approaches. Further-
more, in 2023 LLIN use among pregnant women was low
overall (34%), and suboptimal even in households owning
a net (65%), but higher among households with at least
one net for every two residents (84%). Similarly, while
the coverage of a single dose of IPTp with SP was 86%,
coverage of the recommended three doses was only 41%
[29]. These data suggest that while access to LLINs and
ANC attendance are important factors in determining
uptake of the interventions, other considerations such
as knowledge and perceptions likely play important roles
in limiting population coverage on Bioko. Perhaps more
importantly, existing communication activities con-
ducted primarily in public health facilities do not appear
to be having the desired effects, as key malaria preven-
tion in pregnancy indicators (LLIN use and IPTp cover-
age) have plateaued from 2020 to 2023 [29].

To address these challenges, we developed an innova-
tive outreach approach leveraging existing indoor resid-
ual spraying (IRS) on Bioko Island. IRS household visits
provide unique opportunities for pregnant women out-
reach because the program generally reaches high com-
munity coverage [30], benefits from high community
trust, and reaches women who seek ANC in the private
sector, delay their first ANC until late in the pregnancy or
who may not attend ANC at all. IRS household visits also
present an opportunity to obtain an assessment of LLIN
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use, IPTp-3 uptake, and knowledge about malaria and
these interventions. Hence, the use of complementary
interventions can ease the burden of identifying pregnant
women, while the information gained can help inform
future communication strategies. Specifically, this study
aimed to: (1) evaluate the feasibility of using IRS visits to
identify and reach pregnant women, (2) assess baseline
knowledge and uptake of malaria prevention measures,
and (3) identify key factors influencing intervention
uptake to inform future communication strategies.

Methods

IRS campaign

On Bioko Island, IRS has been conducted annually with
one or two rounds since 2004, with the 30th round con-
ducted from March to early August 2023. The spatial
decision support system (SDSS) and related data sys-
tems used in IRS campaigns on Bioko Island have been
described in detail elsewhere [25, 30]. In brief, house-
holds are geolocated and assigned persistent unique
codes based on a gridded mapping system, and field
workers are assigned workloads based on 100 m x 100
m grid cells (map sectors). On their visit to a household,
spray operators collected basic information about the
household, including its unique code and the population
protected (i.e. the number of residents), which included
the number of resident children under the age of 5 years
and pregnant women. Pregnant women were identified
through self-reporting, with spray operators specifically
trained to ask about pregnancy status in each sprayed
household using standardized questions. These data were
used to identify households (using their unique codes)
with pregnant women for follow-up.

Follow-up visits to pregnant women

We identified 1,880 houses reporting pregnant women
residents (see Fig. 1 for a flow of households and par-
ticipants through the study). Follow-up visits were con-
ducted in three phases, designed to allow for process
refinement and gradual scale-up (Fig. 2). An initial pilot
phase included houses in a single 1 km x 1 km grid cell
(map area) sprayed from the beginning of the round
until March 28 (140 houses). A scale-up phase included
houses outside the pilot area sprayed from the begin-
ning of the round until April 22 (920 houses), and a final
phase included houses sprayed from April 23 through the
end of June 2023 (820 houses). For logistical reasons, the
selection of houses reported to have pregnant women
was limited to those located in the greater Malabo area,
and within this area several map areas were not tar-
geted for follow-up because no pregnant women were
reported in IRS campaign data. Hence, the households
visited comprised a convenience cross-sectional sample,
and no formal sample size calculations were performed.
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Households identified
for follow-up (N=1880)

Households not

visited (N=441)

Households identified
in field (N=128)

(N=1567)

Households visited

Households without any pregnant women (N=991):
» Already gave birth (N=448)

* No data available (N=186)

* Moved since IRS (N=162)

* No pregnant women lived here during 2023 (N=103)
¢ Currently traveling (N=63)

¢ Pregnancy terminated/miscarriage (N=23)

® Decline to answer (N=7)

Pregnant women identified
(N=589 in 576 households)

Y

A 4

Declined to participate (N=9)

Interviewed (N=580)

\

\

LLIN analysis

IPTp analysis

Excluded from LLIN analysis (N=3):
« Unknown gestational age (N=2)
e Unknown age (N=1)

Exlcuded from IPTp analysis (N=58):
e 1st trimester (N=40)

e Unknown IPTp doses (N=15)

« Unknown gestational age (N=2)

e Unknown age (N=1)

Included in final LLIN analysis (N=577)

Included in final IPTp analysis (N=522)

Fig. 1 Flow of households and participants through the study and analysis

Six members of the communications team used lists of
selected households to conduct visits from April 25th to
October 20th, 2023.

All follow-up visits were conducted with the following
protocol. If no pregnant women resided in the house-
hold, this was registered along with the reason (e.g. had
already given birth, moved, etc.). For houses with a preg-
nant woman present, verbal informed consent for par-
ticipation was obtained, and the interview proceeded
following a simple questionnaire. The questionnaire was

designed based on the MIS questionnaire used on Bioko
Island and included questions about awareness of the
availability and benefits of malaria prevention measures
for pregnant women, namely ANC, IPTp, and LLINs,
and uptake of these interventions (see Additional File 1
for full questionnaire). In addition, basic demographic
information was collected, along with phone numbers
for participants consenting to be contacted for further
follow-up. Data were entered digitally on tablets, using
the same data systems as were used in IRS, and shared
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B Piotarea [[] Phase 2 ] Phase 3 [l Other IRS areas

Fig.2 Phased implementation approach. Pilot area (1x 1 km) is shown in blue, and other 1x 1 km map areas in yellow are those which were first targeted
in phase 2, those in pink were first targeted in phase 3, and those in gray indicate other areas targeted by IRS but not for follow-up of pregnant women

internally to the field team via interactive, real-time dash-
boards [30]. Fieldworkers were trained in the use of the
data collection instrument prior to starting fieldwork and
were given supportive tools (e.g. scripts for obtaining
consent and performing sensitization) to ensure unifor-
mity in data collection.

Data analysis

To simplify reporting, for several knowledge indicators,
we collapsed respondents unsure or reporting not know-
ing information and those reporting incorrect infor-
mation into a single unaware category. This approach
was taken for awareness that LLINs prevent malaria, of
LLIN availability free of charge at ANC in public health
facilities, and awareness of any IPTp benefit (where being
unsure what SP is, or of its benefits, or reporting not
knowing what SP is or not knowing any benefits were all
collapsed into a single unaware category). Indicators of
awareness and uptake of interventions were calculated by
demographic breakdowns, trimester of pregnancy, and

place of ANC (at a public or private facility). Addition-
ally, LLIN use and IPTp uptake were computed by aware-
ness status of these interventions. Associations between
demographic and awareness covariates and LLIN use and
IPTp uptake were assessed by chi-squared tests.

To analyze IPTp uptake, we defined pregnant women as
on schedule to complete the total of three recommended
doses during their pregnancy if: she was in her 4th —-5th
month of pregnancy and had taken at least one dose; she
was in her 6th —7th month and had taken at least two
doses; or she was in her 8th —9th month and had taken at
least three doses. Behind schedule was defined as having
taken at least one dose, but less than the number of doses
required to be determined as on schedule. These defini-
tions were necessary, since guidance establishes the total
minimum number of doses during pregnancy necessary
for protection (at least three), but all survey respondents
had not yet completed their pregnancy. While simpler
endpoints could have been analyzed (e.g. the number
of doses received by the time of interview), these would
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not be comparable across gestational ages with respect
to clinical guidance. For example, a woman in her sec-
ond trimester who has received one dose of IPTp may
be likely to finish the recommended minimum of three,
but one already in her third trimester with only one dose
likely will not. Pregnant women in their first trimester
were excluded from analyses of IPTp uptake, since guid-
ance recommends initiating IPTp in the second trimester,
as were women with an unknown number of IPTp doses.
Thus, the denominator for IPTp uptake was women in
their second or third trimester with a known number of
IPTp doses taken, also referred to here as women with
known number of IPTp doses.

To quantify the possible association between knowl-
edge and practice, we conducted a partial proportional
odds ordinal regression analysis. This is a method which
recognizes the ordered nature of response variables
(here, where each level in the LLIN use and IPTp categor-
ical variables indicates increased uptake), assuming that
some but not all of the covariates have equivalent effects
in all contrasts (endpoints built on a comparison across
a single split in the ordinal variable) on the log-odds
scale [31]. Two models were constructed, one for LLIN
use where the contrasts were (1) use of LLIN on some
or all nights versus no use, and (2) use of LLINs on all
nights versus use on no or some nights; and another for
IPTp uptake where the contrasts were (1) having started
IPTp (i.e. behind schedule or on track) versus not hav-
ing started IPTp, and (2) on track for IPTp3 versus no
IPTp or behind schedule. First, proportional odds mod-
els were fit using demographic variables (age, education
level, trimester of pregnancy and ANC facility type, i.e.
public versus private) and knowledge indicators related
to LLINs and IPTp as covariates. For the LLIN use model,
a covariate indicating whether the respondent reported
having received an LLIN during ANC was addition-
ally included. Covariates selected were included based
on their availability in the dataset and possible relation-
ship to endpoints, and in the case of ANC facility type
based on interest in identifying differences in uptake by
this variable; exploratory analysis for covariate selection
was not performed, but correlation coefficients between
covariates included in each model were examined for
multicollinearity and in all cases had absolute value less
than 0.85. Then the proportional odds assumption was
examined with a likelihood ratio test (LRT) to identify
variables which may violate this assumption. Finally, a
partial proportional odds model was fit with the same
covariates but allowing those with an LRT p-value < 0.2
to have non-proportional odds. This selected one vari-
able in the LLIN model (having received an LLIN at
ANC) and two in the IPT model (trimester of pregnancy
and the reported number of IPTp doses required) to have
non-proportional odds. Results are presented only for
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the final, partial proportional odds models, as odds ratios
(OR), with their corresponding 95% confidence interval
(CI) and p-value for each contrast separately. However,
OR for variables assumed to have proportional odds
are (by definition) equal across contrasts and have been
included in only one hypothesis test. Model goodness of
fit was assessed using McFadden pseudo-R? for which
values of 0.2-0.4 indicate a very good fit [32]. Analyses
were conducted in R (Version 4.4.2), using the pack-
ages packages ordinal and VGAM for proportional and
partial proportional odds modeling, respectively [33, 34].

Results

Population reached

Of the 1,880 households identified through IRS data,
1,439 households (76.5%) were successfully visited, in
addition to 128 households identified in the commu-
nity and therefore not linked to IRS records, for a total
of 1,567 households visited (Fig. 1). Overall, a median of
121 households with pregnant women were identified
per week of spraying across all areas targeted for follow
up (range 20-171). Individual team members performed
a median of 25 follow-up visits per week (range 2-87),
identifying a median of 8 pregnant women (range 1-33),
meaning the team of six should have been able to visit
around 150 households per week. Among households
visited and linked to IRS records, follow-up visits were
conducted a median of 82 days (range 20—173 days) after
the initial IRS visit.

Follow-up visits resulted in identification of 589 preg-
nant women from 576 households (13 households
had multiple pregnant residents). Given a high num-
ber of houses without any pregnant women found dur-
ing the first month of fieldwork, the questionnaire was
updated to collect information on the reasons no preg-
nant women were found (households without pregnant
women visited prior to this addition are labelled with
the exclusion reason “No data available” in Fig. 1). The
most common reasons identified were that the pregnant
woman had already given birth (448 households, 45.2%)
or had moved (162 households, 16.3%). Notably, in 103
houses (10.4%), residents indicated no pregnant women
had lived there in 2023, despite IRS data indicating oth-
erwise. These households were most likely suggestive of
data quality issues, in data either from IRS or follow-up
visits, possibly due to reporting bias.

Among the pregnant women identified, participation
was high, with 98.5% (580/589) agreeing to be surveyed
and 98.3% of these (570/580) providing contact informa-
tion for future follow-up (Fig. 1). The age distribution
of surveyed women was representative of typical preg-
nancy demographics in the country [35], with most aged
20-39 (85.7%, 497/580). The majority were in their sec-
ond (32.1%, 186/580) or third (60.7%, 352/580) trimester,
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25.3% (147/580) attended ANC at a private health facil-
ity, and 11.6% (67/580) had not attended ANC during the
current pregnancy.

Knowledge, awareness and uptake of interventions
Overall, the respondents reported high awareness of
the importance and availability of LLINs, but low IPTp
awareness (Table 1). More than 75% cited LLINs as a
malaria prevention measure, although this was somewhat
lower in women under age 20 (62.5%). Nearly all women
were aware that LLINs are available free of charge for
pregnant women attending ANC in public health facili-
ties (overall 93.3%), and this was true across most demo-
graphic breakdowns. On the other hand, only 34.5% were
able to cite at least one benefit of IPTp, and the major-
ity were unsure about the month when IPTp should be
initiated and how many doses should be taken through-
out the pregnancy (62.6% and 66.4%, respectively). There
was a correspondingly low awareness (overall 37.1%) that
IPTp is available free of change in public health facilities
on Bioko Island.

Despite high awareness of the importance and avail-
ability of LLINSs, use was lower (Table 2). More than one
third of women reported never using a LLIN (38.1%),
while 54.8% reported using one every night and 7.1% on
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some but not all nights. Never-use was higher among
women attending private facilities (46.3%) or who hadn’t
attended ANC (50.0%), compared to those attending
public hospitals (33.2%) or other public facilities (31.7%).
As shown in Table 3, IPTp uptake was lower than LLIN
use: among 522 women included in IPTp analysis, only
35.2% were on track to complete the recommended three
doses. Those non-compliant with recommendations
mostly consisted of women in the second trimester who
had not received any doses (56.3% of those in the second
trimester), and in the third trimester who had received at
least one dose, but not sufficient to be on schedule (43.7%
of those in the third trimester).

Relationship between awareness and uptake

An analysis of knowledge and practice relationships
indicated potentially important associations between
awareness and intervention uptake. As shown in Fig. 3,
respondents with increased awareness of LLINs and
IPTp had an overall higher uptake of these interventions.
LLIN use was much higher among respondents aware
that LLINs prevent malaria (with 64.6% and 8.1% of those
aware reporting LLIN use all and some nights, respec-
tively, versus 22.4% and 4.5% in those unaware), and
those who reported receiving an LLIN had higher overall

Table 1. Awareness and knowledge related to malaria among pregnant women surveyed, according to demographic factors. Note
that the overall category includes women with unknown age and trimester (one woman each). Cells for columns corresponding to
a correct piece of information are shaded according to level of awareness (ranging from dark blue for high awareness to dark orange

for low awareness)

Pregnant | Aware Aware of Reported month when IPTp should be started: Reported doses IPTp required: Aware Aware
women LLIN any IPTp 1st Month 4 Months 5-9 | Don't know | 1-2 doses 3+ doses Don't know plll.)l.l(‘: pul?l] <
prevent benefit Trimester facilities facilities
malaria provide provide
free LLIN free IPTp
at ANC at ANC

Age
15-19 64 62.5% 3.1% 90.6% 0.0% 92.2%
20-29 300 76.7% 30.3% 12.7% 8.0% 67.0% 5.0% 23.7% 71.3% 30.7%
30-39 197 49.7% 19.3% 25.9% 8.1% 46.7% 12.7% 36.0% 51.3% 55.3%
40+ 18 38.9% 16.7% 11.1% 61.1% 27.8% 55.6%
Education level
l’:‘r‘h‘r‘]‘:rs; 60 71.7% 11.7% 1.7% 80.0% 5.0%
Secondary 437 78.7% 34.3% 13.7% 8.2% 62.5% 7.1% 37.8%
::;:n dary 72 75.0% 48.6% 19.4% 25.0% 6.9% 48.6% 13.9% 44.4%
Unknown 11 45.5% 27.3% 0.0% 18.2% 63.6% 9.1%
Trimester of pregnancy
Ist 40 75.0% 25.0% 17.5% 5.0% 67.5% 2.5% 77.5% 22.5%
2nd 186 75.3% 31.2% 13.4% 4.8% 71.0% 7.5% 74.2%
3rd 352 77.8% 37.5% 13.9% 9.4% 57.7% 8.5%
Location of ANC
:;‘::ifal 217 76.0% 30.0% 12.0% 5.1% 67.3% 8.3% 20.7% 71.0% 35.5%
g‘:}ﬁ:}’,’“bl‘c 147 34.7% 15.0% 8.8% 62.6% 6.8% 24.5% 68.7% 45.6%
fll;lnviite 147 74.8% 43.5% 15.6% 21.1% 10.2% 53.1% 8.2% 38.1% 53.7% 35.4%
Do ANCI 69 76.0% 30.0% 12.0% 5.1% 67.3% 83% 20.7% 71.0% 35.5%
Overall

580 76.9% 345% 14.0% _ 7.6% 62.6% 7.8% 25.9% 66.4% 37.1%




Galick et al. BMC Pregnancy and Childbirth (2025) 25:1268 Page 8 of 15

Table 2 Reported uptake of long-lasting insecticide-treated Nets (LLIN) among pregnant women surveyed and included in LLIN
analysis, according to demographic factors. P value column reports the result of a chi-squared test of independence with the
categorial response (LLIN use)

Pregnant women Attended ANC ANC: Use LLIN: Use LLIN: Use LLIN:  Pvalue
Received LLIN Never Some nights  All nights (x? test)
Age
15-19 64 89.1% 63.2% 39.1% 12.5% 484% 04
20-29 299 88.0% 58.6% 35.8% 6.7% 57.5%
30-39 196 89.8% 46.6% 40.3% 6.6% 53.1%
40+ 18 83.3% 46.7% 50.0% 0.0% 50.0%
Education level
At most primary 59 84.7% 46.0% 37.3% 10.2% 52.5% 0.6
Secondary 435 88.3% 59.6% 36.8% 6.4% 56.8%
Post-secondary 72 94.4% 35.3% 45.8% 8.3% 45.8%
Unknown 1 81.8% 33.3% 45.5% 9.1% 45.5%
Trimester
Tst 40 22.5% 33.3% 45.0% 7.5% 47.5% 0.5
2nd 186 82.3% 54.9% 39.8% 4.8% 55.4%
3rd 351 99.4% 55.0% 36.5% 8.3% 55.3%
Location of ANC
Public hospital 217 100.0% 65.9% 33.2% 6.9% 59.9% 0.03 *
Other public facility 145 100.0% 86.2% 31.7% 7.6% 60.7%
Private clinic 147 100.0% 6.8% 46.3% 8.2% 45.6%
No ANC/Other 68 2.9% 50.0% 50.0% 4.4% 45.6%
Overall
577 88.6% 54.6% 38.1% 7.1% 54.8%

Table 3 Reported uptake of antenatal care (ANC) and intermittent preventive treatment (IPTp) among pregnant women surveyed
and included in ITPp analysis, according to demographic factors. P value column reports the result of a chi-squared test of
independence with the categorial response (IPTp uptake)

Pregnant women  Attended ANC  IPTp uptake: IPTp uptake: IPTp uptake: On schedule P value
None Behind schedule (x? test)
Age
15-19 60 90.0% 38.3% 35.0% 26.7% 0.1
20-29 268 92.9% 34.7% 32.8% 32.5%
30-39 179 95.0% 25.1% 31.8% 43.0%
40+ 15 93.3% 26.7% 46.7% 26.7%
Education level
At most primary 56 87.5% 39.3% 26.8% 33.9% 03
Secondary 393 93.6% 32.3% 33.6% 34.1%
Post-secondary 65 98.5% 20.0% 38.5% 41.5%
Unknown 8 75.0% 37.5% 12.5% 50.0%
Trimester
2nd 183 82.0% 56.3% 13.7% 30.1% <0.001 ***
3rd 339 99.4% 18.3% 43.7% 38.1%
Location of ANC
Public hospital 205 100.0% 31.7% 34.6% 33.7% <0.001 ***
Other public facility 140 100.0% 20.0% 37.9% 42.1%
Private clinic 140 100.0% 26.4% 34.3% 39.3%
No ANC/Other 37 5.4% 94.6% 2.7% 2.7%
Overall

522 93.3% 31.6% 33.1% 35.2%




Galick et al. BMC Pregnancy and Childbirth

(2025) 25:1268

Page 9 of 15

A LLIN Use
Know LLIN prevent malaria Kg?‘x,ll'é"i\:‘fgiﬂﬁ' Caf\;iiill?tt;le Received LLIN at ANC visit
(p<0.001) ** (p=0.008) (p<0.001)
100 100 - 100 A
754 75+ 754
<
[0}
© 504 50 - 50
&
251 25+ 254
0+ 0+ 0+
eo ~\®‘o eo ~\0a_,
)
. Never . Some nights . All nights
B IPTp uptake
. Reported number
Know any IPTp benefit Reported month to start IPTp PT g
ok *xk p doses required
(p<0.001) (p<0.001) *** (p<0.001)
100 100 - 100 A
75 75+ 754
<
[0}
© 504 50 - 50 A
[}
o
251 254 254
0+ 0+ 0+
o o 2 S
< @ 0060 &
N 3 00°

. No IPTp taken . Behind schedule . On schedule

Fig.3 Association between knowledge and uptake of LLINs and IPTp. Proportion of respondents by LLIN use category according to awareness that LLINS
prevent malaria, awareness of their availability free of charge at ANC in public facilities, and whether the respondent reported receiving an LLIN at ANC
(A); and proportion of respondents by IPTp uptake category, according to awareness of any IPTp benefit, and of the timing and number of doses required

(B). Significance levels and p-values indicate results of chi-squared tests

use. Chi-squared tests indicated that the relationships
between these variables and LLIN use was statistically
significant (Fig. 3A). Similarly, awareness of the bene-
fits, timing and dosing of IPTp was associated with IPTp
uptake (Fig. 3B). Indeed, among women who reported
knowing that three IPTp doses were needed, 56.7% were
on schedule compared to 28.4% of those unsure of the
doses required and 18.2% of those believing only 1-2
doses were required. All IPTp awareness indicators were

found to have a statistically significant relationship with
IPTp uptake (Fig. 3B).

Multiple partial proportional odds ordinal regression
modeling partially confirmed these associations. LLIN
use on some or all nights was found to be significantly
associated with awareness of LLINs as a malaria pre-
vention measure (adjusted OR 7.03, 95% CI 4.48-11.04,
Table 4) and receiving LLIN at ANC (adjusted OR 2.09,
95% CI 1.26-3.46), and use on every night was similarly
associated. For IPTp compliance, knowledge that three
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Table 4 Partial proportional odds ordinal regression results for LLIN use for two different contrasts (use of LLIN on some or all nights,
on left, and on all nights, on right). Proportional odds were assumed for all coefficients except the intercept, received LLIN at ANC and
aware LLIN prevent malaria, where coefficients for each contrast were allowed to vary. The odds ratio (OR), 95% confidence interval (Cl)
and p-value are reported for each variable and contrast, and bolded where the p-value <0.05. For categorical variables, reference levels

are indicated as REF. Pseudo R? is the McFadden Pseudo R?

Pseudo-R%: 0.11 Use LLIN some or all nights

Use LLIN every night

OR 95% Cl Pvalue OR 95% ClI P value

Intercept 0.75 (0.2-2.89) 0.7 0.12 (0.02-0.54) 0.006 **
Age

15-19 REF REF

20-29 1.1 (0.61-2) 0.7 1.1 (0.61-2) 0.7

30-39 0.88 (047-1.64) 0.7 0.88 (047-1.64) 0.7

40+ 0.74 (0.24-2.28) 0.6 0.74 (0.24-2.28) 0.6
Education level

At most primary REF REF

Secondary 0.87 (048-1.6) 0.7 0.87 (048-1.6) 0.7

Post-secondary 0.65 (0.3-14) 0.3 0.65 (0.3-14) 0.3

Unknown 1.52 (0.37-6.34) 0.6 152 (0.37-6.34) 0.6
Trimester of pregnancy

Tst REF REF

2nd 0.85 (0.36-1.98) 0.7 0.85 (0.36-1.98) 0.7

3rd 0.77 (0.32-1.88) 06 0.77 (0.32-1.88) 06
Location of ANC

Public hospital REF REF

Other public facility 0.84 (0.52-1.33) 04 0.84 (0.52-1.33) 04

Private clinic 0.82 (0.48-1.41) 05 0.82 (0.48-141) 05

No ANC/Other 063 (0.29-1.35) 02 063 (0.29-1.35) 02
Received LLIN at ANC 2.09 (1.26-3.46) 0.004 ** 1.78 (1.09-2.9) 0.02 *
Aware LLIN prevent malaria 7.03 (4.48-11.04) <0.007 *** 7.03 (4.48-11.04) <0.001 ***
Aware LLIN free at public HF 1.2 (0.55-2.61) 0.6 1.2 (0.55-2.61) 0.6
or more doses are recommended was significantly cor-  Discussion

related with both having started IPTp (adjusted OR 3.38
compared to those believing 1-2 doses were necessary,
95% CI 1.39-8.24, Table 5) and being on track for three
doses (adjusted OR 6.62, 95% CI 2.74-16.00). Intrigu-
ingly, being unsure about the number of required doses
was significantly associated with being on track for three
IPTp doses (adjusted OR 3.15 compared to those who
reported that only 1-2 doses were necessary, 95% CI
1.22-8.10). Women in their third trimester were also
more likely to have started IPTp than those in their sec-
ond trimester (adjusted OR 3.79, 95% CI 2.43-5.90),
but not significantly more (or less) likely to be on track
to complete three doses, indicating a tendency towards
delayed initiation of IPTp with unclear implications for
non-compliance. Women who attended ANC in pub-
lic facilities that were not hospitals were also somewhat
more likely to have higher IPTp uptake. Despite apparent
trends (Fig. 3), awareness that LLIN are available free of
charge at ANC in public facilities and awareness of IPTp
benefits and timing were not found to be significantly
associated with LLIN use and IPTp compliance in regres-
sion modeling.

Summary of key findings

This study demonstrates that household-level outreach
through IRS visits can serve as a feasible platform for
identifying and engaging pregnant women for malaria
prevention, especially those missed by routine ANC-
based strategies. Awareness of the utility of LLINs and
their availability for pregnant women was much higher
than that of IPTp, and for both interventions, aware-
ness was associated with higher uptake. Despite the rela-
tively high awareness of LLINs, use was only moderate,
and IPTp-3 coverage was low compared to targets set in
Equatorial Guinea’s National Health Development Plan
[36]. These findings suggest a need for further work to
understand and provide solutions for specific barriers to
LLIN use and IPTp uptake among pregnant women.

Operational feasibility and challenges

Follow-up visits to households identified in IRS was an
effective method to reach pregnant women, with 79.4%
of targeted households reached and 98.5% of identified
pregnant women participating. The primary barrier to
visiting all households targeted from IRS data was a dif-
ficulty in finding residents at home and thus the necessity
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Table 5 Partial proportional odds ordinal regression results for IPTp compliance for two different contrasts (any IPTp taken, on left,
and on track to complete 3 doses of IPTp, on right). Proportional odds were assumed for all coefficients except the intercept, trimester
of pregnancy, and reported number of IPTp doses required, where coefficients for each contrast were allowed to vary. The odds ratio
(OR), 95% confidence interval (Cl) and p-value are reported for each variable and contrast, and bolded where the p-value <0.05. For
categorical variables, reference levels are indicated as REF. Pseudo R? is the McFadden Pseudo R?

Pseudo-R%* 0.17 Any IPTp On track for IPTp3
OR 95% Cl Pvalue OR 95% Cl P value

Intercept 061 (0.17-2.14) 04 0.16 (0.04-0.6) 0.006 **
Age

15-19 REF REF

20-29 093 (0.53-1.64) 0.8 0.93 (0.53-1.64) 08

30-39 1.2 (0.65-2.23) 0.6 12 (0.65-2.23) 0.6

40+ 0.88 (0.27-2.8) 08 0.88 (0.27-2.8) 0.8
Education level

At most primary REF REF

Secondary 0.82 (0.46-147) 05 0.82 (046-147) 0.5

Post-secondary 1.05 (0.5-2.21) 09 1.05 (0.5-2.21) 0.9

Unknown 212 (0.39-11.56) 04 212 (0.39-11.56) 04
Trimester of pregnancy

2nd REF REF

3rd 3.79 (2.43-5.9) <0.001 *** 0.89 (0.58-1.36) 0.6
Location of ANC

Public hospital REF REF

Other public facility 1.66 (1.09-2.54) 0.02 * 1.66 (1.09-2.54) 0.02 *

Private clinic 0.98 (0.63-1.51) >09 0.98 (0.63-1.51) >0.9

No ANC/Other 0.04 (0.01-0.19) <0.001 *** 0.04 (0.01-0.19) <0.001 ***
Reported month when IPTp should be started

Tst trimester REF REF

Month 4 1.67 (0.88-3.18) 0.1 1.67 (0.88-3.18) 0.1

Months 5-9 0.77 (0.36-1.66) 0.5 0.77 (0.36-1.66) 0.5

Don't know 0.84 (0.42-1.67) 0.6 0.84 (0.42-1.67) 0.6
Reported number of IPTp doses required

1-2 doses REF REF

3+doses 3.38 (1.39-8.24) 0.007 ** 6.62 (2.74-16) <0.001 ***

Don't know 1.65 (0.69-3.96) 0.3 3.15 (1.22-8.1) 0.02*
Aware of IPTp benefit 137 (0.77-2.42) 03 1.37 (0.77-2.42) 03

of performing multiple re-visits to reach the population.
Despite this difficulty, this approach offers a promising
opportunity to achieve high population coverage, but the
effectiveness remains to be evaluated. On Bioko, much
of the outreach to pregnant women for malaria preven-
tion has historically been conducted via public health
facilities, but as shown here this approach is likely to
fail to reach many women who either attend ANC only
in private facilities, or do not attend ANC. Our findings
showed that 25.3% of the women were accessing ANC
care outside of public health facilities and 11.6% were not
attending ANC at all, confirming a crucial gap in tradi-
tional outreach methods. Household IRS visits provided
access to a cross-section of the population, enabling
identification of pregnant women not usually reached by
the public health system.

The only additional costs of the IRS-based strategy
are the costs of follow-up visits to already identified

households, offering a cost-efficient approach that
requires only marginal increases in resources compared
to establishing new outreach programs. While we have
applied this approach for outreach to pregnant women
regarding malaria, it could similarly be applied for out-
reach to pregnant women on other aspects of health, or
for outreach to other groups, such as to identify children
under 5, for follow-up on a range of health topics, such
as nutritional screening, immunization status checks,
and maternal health education. Success of such strategies
could be measured through indicators such as interven-
tion coverage rates and health outcome improvements.
The approach could potentially be adapted to eliminate
the need for in-person household visits, if IRS teams
were to collect contact information and consent to be
contacted for households meeting inclusion criteria.

One of the major challenges of this study was the lack
of timely follow-up visits, in most cases several months
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after an initial IRS visit. The data showed that 45.3% of
follow-up visits found women had already given birth,
which highlights the critical importance of timing to
increase the effectiveness of the outreach. Delays between
initial IRS and follow-up visits were caused in part by the
phased implementation approach. The team could have
potentially covered the weekly number of households
identified in the target area (median 121 identified per
week, with a team member able to visit a median of 25
per week and six team members). However, the phased
approach and initial implementation nearly two months
after the beginning of IRS meant that the follow-up team
began visiting households with a significant delay after
spraying and the delay increased with each phase. The
root cause of these delays were the operational consid-
erations that prevented finalization of the protocol and
training of the follow-up team until well after IRS began.
This was inherent to the pilot nature of the outreach but,
in the future, could be improved by better planning. For
example, creating weekly lists of households targeted for
follow-up from the beginning of the IRS round could
allow achieving more timely follow-up visits even if fewer
houses were targeted and visited. If the outreach were to
be scaled up, however, it would require a larger follow-
up team or a sampling approach (whereby not all house-
holds with pregnant women according to IRS data would
be targeted). A systematic sampling approach, potentially
stratified, for example, by geographic area, could help pri-
oritize visits and optimize resource allocation for such a
scale-up. Any approach would benefit from a robust real-
time SDSS such as the one used on Bioko island, which
was critical for the coordination between IRS teams, fol-
low-up staff and data managers [30].

Implications for LLIN and IPTp uptake

The survey results reported here serve both as a base-
line for potential future evaluations of outreach activi-
ties, as well as a source of information to effectively plan
and target such activities. However, as previous work has
demonstrated there is a complex cognitive process which
ultimately results in decisions about LLIN use [37-39]
and IPTp uptake [40, 41], while only a relatively limited
set of awareness indicators concerning the benefits and
availability of LLIN and IPTp were considered here. In
the nomenclature of the commonly applied Health Belief
Model (HBM) [42, 43], these indicators provided some
insight into perceived benefits and barriers, but the ques-
tionnaire did not incorporate other key HBM beliefs such
as perceived susceptibility, severity, or self-efficacy, and
may not have sufficiently characterized perceived benefits
or barriers. This incomplete coverage of relevant beliefs is
an important consideration when interpreting findings,
especially as it concerns improving communication and
outreach activities to drive uptake. Despite these caveats,
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this study did find strong associations between aware-
ness and uptake of LLINs and IPTp, pointing towards the
potential benefits of properly designed communication
and outreach activities.

The association between the perceived benefit of LLIN
use and actual use was particularly strong (adjusted OR
7.03). Despite the magnitude of this finding, the over-
all high level of perceived benefit (>70% of women
reported LLINs as protective against malaria) suggests
that in many cases the balance between perceived ben-
efits and barriers is unlikely to be a primary driver of
non-use. Rather, a lack of perceived threat (i.e. perceived
susceptibility or severity) may drive a lack of resolve to
act. However, as noted above the questionnaire used in
this study was not designed to investigate such percep-
tions. The large proportion of women reporting never
using nets (38.1%) indicates the importance of under-
standing and providing solutions for drivers of non-use,
whether related to perception of susceptibility and sever-
ity, continued barriers to use or other factors. If prop-
erly designed and targeted, taking into account aspects
beyond knowledge including perceptions, convenience of
use and sleeping arrangements, additional communica-
tion activities could have substantial effects.

In contrast to LLIN awareness, the very low under-
standing of the benefits and timing of IPTp presents a
clear opportunity for targeted communication strategies
among women of reproductive age. On the other hand,
the lack of a statistically significant association between
awareness of benefits and uptake is an indication that
awareness of IPTp benefit may not be the main barrier
to increasing coverage. Regression modeling found that
among covariates considered knowledge about the num-
ber of doses was most highly correlated with uptake,
which could be an indication that cues to action (a HBM
component, see [43] for more detail) are a limiting fac-
tor towards uptake rather than perceived threats, benefits
or barriers. This interpretation would also suggest that
late start of IPTp should be a challenge in this popula-
tion, which was consistent with findings (since women
in the third trimester were significantly more likely to
have started IPTp than those in the second trimester).
Thus, even though it was not significantly associated with
compliance in this analysis, raising awareness about the
recommended timing to begin IPTp may also contribute
towards improved coverage of IPTp-3. More generally, if
the primary challenge to IPTp uptake is a lack of cues to
action, a simple SMS reminder of upcoming ANC visits
and corresponding IPTp doses, which has been shown
to be highly effective in at least one similar context [44],
could be an effective strategy for Bioko Island. Of course
the effects of such a system would also depend on factors
such as trust in the health system.
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Programmatic integration and scalability

Beyond its findings specific to malaria, this study dem-
onstrates the importance of integrating different types
of health promotion activities. Malaria programs often
operate mostly in isolation from other health programs,
and, even within national malaria control programs,
vector control activities are often disconnected (at least
in implementation) from case management or com-
munication activities [45]. However, as we have shown
here, there are significant benefits of improving coordi-
nation of activities into a broader, coherent health pro-
motion strategy. This integration can maximize impact
while optimizing resource use. Just as we have shown
that vector control presents opportunities to rein-
force community outreach, there are surely many other
opportunities to support health-related activities with
one another. To date, most such work has been focused
mostly on leveraging existing implementations to deliver
new interventions or collect additional data. In malaria,
prime examples are the inclusion of intermittent pre-
ventive treatment of infants (IPTi) in routine immuniza-
tion schedules [46, 47] or the use of ANC for monitoring
malaria prevalence [48-50]. The approach taken here is
distinct in that it involves passing information between
functional teams in real time, requiring close coordina-
tion between previously separated activities. If the (pos-
sibly substantial) logistical difficulties can be overcome,
this can improve the efficiency of both activities while
providing a model for integrated service delivery in
resource-limited settings.

In this exercise, the integration of activities was made
possible by the existence of a robust SDSS where data
from virtually every malaria control intervention live [25,
30]. Prior work on Bioko has similarly utilized these tools
to conduct household visits with communication activi-
ties focused on antimalarial drug adherence following
implementation of an annual MIS [51]. In both cases,
the triangulation of spatial and demographic data repre-
sented a critical first step to identify and reach out to the
target population (here, pregnant women) in the commu-
nity. Without this system, IRS teams would not have been
able to provide actionable information to the communi-
cations team. The same system can be used in the future
to tailor communication strategies to the at-risk group in
order to promote better uptake of malaria prevention.

Finally, it should be noted that currently Bioko Island
does not have active community health workers (CHW).
In other contexts where CHW are active, the benefit of
leveraging data from complementary activities could
be substantially lesser, given that the CHW are likely to
already be aware of the key populations in their areas of
responsibility, and indeed community-level delivery of
interventions may be a more effective approach [18-20].
Nevertheless, where such community-level activities are
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not possible, leveraging other household-level activi-
ties such as vector control can be a useful approach for
improving maternal health interventions in malaria-
endemic settings. Moreover, as Equatorial Guinea
explores implementation and activation of CHW on
Bioko and throughout the country, this exercise provides
important information about a key population and will
be useful in enabling CHW to more quickly and effec-
tively ramp up outreach to pregnant women.

Limitations and future directions

The main limitation of this study was its dependence on a
non-systematic, convenience sample of pregnant women
in households which had been sprayed in the IRS cam-
paign. Hence, it was not possible to identify individu-
als living in areas not targeted by IRS, or in households
which were not sprayed (possibly due to refusal). This is
arguably a small issue, since outright refusals are rela-
tively rare on Bioko (e.g. less than 3,000 recorded in the
2023 IRS round, compared to more than 30,000 houses
sprayed), and difficulty in locating a resident at home,
particularly in higher-income neighborhoods, is a larger
barrier to IRS coverage. Given these patterns, an IRS-
based outreach approach could bias against identifying
higher income pregnant women, or those living alone or
working. Additionally, this study used only self-report to
identify pregnant women, and only in urban areas, mean-
ing stigmatized pregnancies (e.g. among young girls) and
those among rural populations may be underrepresented.
These gaps highlight the need for complementary strate-
gies to reach all pregnant women, including those lever-
aging technology (e.g. social media). The exclusive use of
self-reported outcomes (LLIN use and IPTp uptake) is
also a limitation but approaches which can more objec-
tively measure these outcomes are likely to have a smaller
reach in the population of interest. Since both tests of
independence between covariates and the outcome and
regression were performed, there may be some risk of
Type I error. Finally, as this was the first implementation
of its kind for pregnant women on Bioko, there is not yet
information available to evaluate if this type of outreach
will improve uptake of interventions, highlighting the
need for longer-term impact evaluation.

While this study demonstrated the utility of its out-
reach approach and provided useful baseline information
about knowledge and uptake of LLINs and IPTp, it also
suggests further work is necessary to inform the promo-
tion of malaria prevention in pregnancy on Bioko. Asso-
ciations between knowledge and uptake were observed
here, but the questionnaire measured awareness only
on a small, well-defined set of indicators. Future work
investigating aspects beyond awareness, such as percep-
tions of malaria and related interventions, social norms,
influence and trust in the health system will be essential
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in designing effective strategies to increase the coverage
of malaria prevention among pregnant women. Further-
more, the present study did not assess the effectiveness
of its outreach method to make sustained changes in the
uptake of malaria prevention measures. Such an evalu-
ation will require investigation in future studies, either
focused exclusively on pregnant women or as part of
larger population studies.

Conclusion

This study demonstrated that data collected from house-
hold-level vector control campaigns can be leveraged to
support other health promotion activities, particularly
for reaching populations that may not access traditional
or public health services. We focused on using IRS data
to reinforce outreach to pregnant women about malaria
prevention, achieving high household coverage and iden-
tifying a large gap between LLIN awareness and use, very
low IPTp awareness, and gaps in public health facility
ANC attendance. Similar approaches could strengthen
outreach for various health interventions across differ-
ent target populations. This underscores the importance
of working towards better integrated health programs
and adaptive management strategies that maximize exist-
ing resources from complementary activities or pro-
grams. Implementing such cross-cutting integrations
will require investment in robust information manage-
ment systems and program management to overcome
the logistical and technical challenges they present, but
as shown here can provide avenues for innovative health
promotion (or interventional) activities complementary
to traditional approaches.
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