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Abstract

Background Adherence to anti-malarial treatment regimens is an important aspect of understanding and improving
the impact of malaria case management. However, both adherence to artemisinin-based combination therapy (ACT)
and the factors driving it vary widely. While many other evaluation activities have been conducted on Bioko Island,
until now adherence to anti-malarial treatments, and in particular ACT has not been evaluated.

Methods The implementation of a malaria indicator survey (MIS) conducted on Bioko in 2023 was leveraged to eval-
uate adherence to ACT provided to individuals testing positive following the survey. A follow-up team visited the tar-
geted households, physically observed treatment blisters where possible, and provided messaging to household
members on the importance of adhering to the treatment guidelines to household members. The team used survey
data from the targeted households to make messaging as relevant to the household’s particular context as possible.

Results Overall ACT adherence on Bioko Island was low, around 50%, and this varied demographically and geo-
graphically. Some of the highest transmission areas had exceptionally low adherence, but no systematic relationship
between proper adherence and Plasmodium falciparum prevalence was detected. Estimates of adherence from fol-
low-up visits were much lower than survey-based estimates in the same households (52.5% versus 87.1%), suggesting
that lack of proper adherence may be a much larger issue on Bioko Island than previously thought.

Conclusion Representative surveys can be easily adapted to provide empirical estimates of adherence to anti-
malarial treatments, complementary to survey-based and health facility-based estimates. The large discrepancy
between adherence as measured in this study and survey-based estimates on Bioko Island suggests a health facility-
based study to quantify adherence among the population receiving treatment for symptomatic malaria may be
necessary.

Background
Prompt and efficacious treatment is a core pillar in the
control and eventual elimination of malaria, and a signifi-
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treatment failure and therefore worse clinical outcomes
at the individual level, as well as significantly higher
transmission intensity at the community level [2, 3]. In
addition, lack of proper adherence to treatment can cause
patients to have sub-therapeutic doses, one of the factors
implicated in the spread of anti-malarial (in particular,
artemisinin) resistance [4]. First identified in Cambodia,
partial artemisinin resistance has now been identified in
multiple sub-Saharan African countries, where it could
threaten to reverse the gains ACTs have provided [5, 6].

Anti-malarial drug resistance monitoring is a large
topic, and beyond the present scope, but understand-
ing real treatment use patterns is one key aspect in such
monitoring. Unfortunately, the global evidence base on
ACT adherence, and especially the factors driving adher-
ence (or lack thereof) is limited [7]. Most of the existing
evidence comes from studies following up with malaria
patients identified at health facilities. These studies
most often count the number of pills missing and con-
duct interviews to measure adherence [8-11], although
in some cases use an electronic monitoring system to
precisely track when pills are taken or measure drug
concentrations by biological assays [12—16]. Some repre-
sentative surveys have also provided adherence data, but
the quality of the information available is limited by the
often small number of respondents with recent use of the
medication of interest in low to moderate transmission
areas in addition to response and social desirability biases
(17, 18].

Despite the number of studies conducted, the differing
designs and adherence definitions make consolidation
into a unified evidence base difficult. Systematic reviews
of the relevant literature have found large variation in
the estimated adherence rates, and even larger varia-
tion in the factors driving adherence, in many cases with
studies providing contradicting results about even the
direction of effect (e.g. older age being associated with
higher adherence in some cases and lower adherence in
others) [7, 19, 20]. This heterogeneity is likely driven in
part by factors difficult to account for in studies, such as
the quality of care and medications available in the local
medical system, sociocultural context, and the interac-
tion of these and other factors determining trust in both
medical facilities and the medications they provide [17].
Such context-specificity and substantial unexplained
quantitative variation makes even moderately generaliz-
able studies on approaches to improve adherence diffi-
cult. Nevertheless, there is some evidence that adapting
treatment packages and implementing targeted com-
munication activities have some success in increasing
adherence in the population, with the caveat that effec-
tiveness varies by context [21-23]. Hence, it may often
be necessary for malaria control programmes to conduct
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a local assessment of treatment adherence in order to
provide a relevant evidence base for decision-making on
treatment-related activities, including social behaviour
change communication (SBCC) to improve knowledge
of and adherence to treatment guidelines. The present
study presents results of a pilot implementation of such
an assessment on Bioko Island, linked to and supported
by the 2023 malaria indicator survey (MIS).

Since the onset of intensive malaria control on Bioko
Island in 2004, several evaluations of impact have been
conducted, mostly focused on vector control and ento-
mological outcomes [24, 25], or disease burden [26-28],
while more recent work has primarily considered the role
of off-island travel and imported infections in malaria
trends on Bioko [29-32]. Nevertheless, relatively lit-
tle work has been undertaken to assess the effectiveness
or contribution of case management to the progress
observed. This is in part because any such evaluation
must consider difficult questions such as the care-seek-
ing rate, quality of care delivered throughout the health
system (in both public and private facilities, as well as
informal settings) and adherence to treatment guidelines.
Routine health facility supervisions are conducted, which
provide some information on the quality of care in public
facilities but do not reach the private or informal sector.
On the other hand, the MIS provides some informa-
tion about these important dimensions of malaria case
management, but is limited by recall and other types of
response bias. The MIS also provides an opportunity to
follow up with individuals testing positive for malaria
with relatively little additional resources. Thus, this study,
which leverages the MIS to investigate treatment adher-
ence, is a first step to begin bridging the evidence gap on
the impact of case management and related activities on
Bioko Island.

Methods

Study site

Bioko Island is the largest island of Equatorial Guinea,
containing the capital city, Malabo, and accounting for
around 30% of the national population [33]. In 2004, the
Bioko Island Malaria Control Project (since renamed to
the Bioko Island Malaria Elimination project, or BIMEP)
was founded by a public—private partnership to scale
up malaria control activities on the island. Since 2004,
the BIMEP has conducted intensive vector control cam-
paigns, including annual rounds of indoor residual
spraying (IRS), periodic distributions of long-lasting
insecticide-treated bed nets (LLIN), and more recently,
larval source management (LSM) primarily via BTI lar-
viciding. To complement vector control, the BIMEP pro-
vides malaria case management and diagnostics training
and supervision, and distributes anti-malarial treatments
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and rapid diagnostic tests free of charge to public health
facilities on the island. To monitor the impact of these
activities, an annual MIS is conducted, along with con-
tinuous routine epidemiological and entomological
surveillance.

MIS methodology

Details on the standard MIS methodology applied on
Bioko have been published elsewhere [28]. In brief, the
MIS questionnaire was adapted from the RBM MIS
toolkit [34], and a stratified cluster sampling design was
used with a total of 109 clusters (equivalently called pri-
mary sampling units, or PSUs). The target sample size
was 25% of inhabited households per PSU in the rural/
high transmission stratum, and 5% in the urban/low
transmission stratum, for a total target sample size of
around 5000 households. Malaria testing was performed
on all consenting household members using rapid diag-
nostic tests (STANDARD Q Malaria Pf/Pan RDT, SD
BIOSENSOR). As in all years since 2018, treatment dis-
tributors visited households with individuals testing posi-
tive by RDT during the survey to provide artemether/
lumefantrine (AL) in accordance with national guidelines
[35]. Children under age 15 were weighed prior to treat-
ment administration to ensure distribution of the proper
treatment dose: a blister pack of 6 (AL6) for children < 15
kg, pack of 12 (AL12) for children from 15-24 kg, pack
of 18 (AL18) for children from 25-34 kg, and pack of
24 (AL24) for children > 35 kg and adults. In 2023, dis-
tributors also digitized this data in the field on tablets
using the same system as is used for MIS and other field
intervention data, linking to the MIS data by the previ-
ously defined unique household identifier [36, 37]. As
part of the data collection process, tablets automatically
recorded the date and time of treatment distribution,
and distributors registered information about both the
responsible household member who received the treat-
ment on behalf of all household members testing posi-
tive, as well as basic demographic information (e.g. age
and gender) of the RDT-positive household members.

Adherence follow-up

Data collected by treatment distributors enabled daily
preparation of a list of households with individuals who
tested positive and received a treatment for follow-up on
the final (third) day of their treatment. The follow-up visit
had two main goals: (1) to physically observe treatments
where possible and register the type and number of tab-
lets missing, to assess adherence to treatment guidelines;
and (2) to leverage the visit for SBCC, to foster knowledge
of and adherence to malaria treatment protocols. Where
RDT-positive members (or for children, their caretak-
ers) were not present at the time of visit, the study team
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made at least 2 re-visit attempts. For households visited,
all available treatment blisters for RDT-positive members
were examined, and these examinations were the basis
for adherence estimates. Initially, the team attempted
to visit all households with an RDT-positive member.
The first week of fieldwork showed the workload to be
excessive given the size and logistical resources avail-
able to the follow-up team. Thus, a decision was made to
adjust the protocol to reduce the number of households
to visit, prioritizing those houses where multiple mem-
bers tested positive, or a child under age 10 or pregnant
woman tested positive, given their higher apparent risk.
This selection was maintained for the remainder of the
activity.

Training

Given that one important aim of follow-ups was to
encourage proper adherence behaviours, five members
of the existing BIMEP SBCC team were selected to carry
out the activity, along with one member of the monitor-
ing and evaluation team. None of the six team members
were involved in MIS implementation. After identify-
ing the follow-up team, a series of training sessions were
organized for familiarization with the protocol, data col-
lection instruments and, most importantly, to practice
tailored, data-driven SBCC. Because individuals receiv-
ing follow-up had been surveyed in the last 3 days, a vari-
ety of information about their demographics, health and
living situation was available prior to follow-up. One of
the principal aims of the follow-up activity was to lever-
age this information to provide targeted messaging. For
example, households which had a febrile member testing
positive could be reminded of the free malaria diagno-
sis and treatment available in the nearest public health
facility, while households with members testing positive
who had bed nets but did not use them could also receive
messaging on the preventative benefit of sleeping under a
net. This method of communication is substantially dif-
ferent than the one-size-fits-all approach of messaging
which had historically been used by the SBCC team.

To provide ample practice honing messaging and com-
munication skills, a series of practice exercises was per-
formed. Real survey data was used to provide realistic
situations that the team could encounter in the field, and
members role-played follow-up visits to households.
Through these sessions, team members improved their
ability to use information gathered in the MIS to adjust
the communication style and messaging to be most rel-
evant to the household encountered, and have a higher
chance of achieving a change of behaviour, where desired.
Throughout the follow-up activity, the team performed
follow-up visits only three days per week, using other
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days for other activities, and importantly to practice and
plan approaches for follow-up.

Adherence definition
For the purposes of this study, proper adherence was
defined as follows:

+ If the treatment was distributed before 11AM, two
doses were taken on the day of distribution, other-
wise only one dose

«+ If the follow-up visit was after 11AM, one dose was
already taken on that day, otherwise none, unless the
follow-up visit occurred after treatment should have
been finished (i.e. after the third day)

+ For any days between the day of distribution and of
verification visit, two doses were taken per day

While other adherence definitions were considered,
this definition was chosen because it does not require
that follow-up visits be performed after the full course
should have been taken, or after both doses on a particu-
lar day should have been taken.

Analysis

Using the above definition, the proportion of treatments
observed which were being taken properly was calculated
overall and by various demographic breakdowns. Data
from visits to households in the first week which did not
meet the prioritization criteria later imposed (a pregnant
woman, children under age 10, or multiple members test-
ing positive) were excluded from the analysis. Because
the data was collected as a non-random sub-sample of
a complicated survey design, confidence intervals were
not calculated, and no formal tests of statistical signifi-
cance were performed. However, to examine a possible
relationship between malaria prevalence and adherence,
a smoother was fit to the relationship between the Plas-
modium falciparum prevalence rate (PfPR) estimated
from the 2023 MIS RDT results and proportion of
observed treatments following guidelines, by primary
sampling unit (PSU), weighted by the number of treat-
ments observed in the PSU. To examine the importance
of possible outliers, this analysis was performed twice,
once excluding a single PSU with particularly high P/PR
(and thus also many follow-up visits) and low adherence,
located on the northwest coast of Bioko Island. PSUs with
small numbers of observations were not excluded from
any analysis, since the model structure of the smoother
encoded the reduced information available in these data
points via weighting. All data was processed and analysed
using R version 4.2.2, and smoothers were fit with gener-
alized additive models using a logit link, as implemented
in the mgcv package [38, 39].
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In addition to the data collected during follow-up visits,
household-level information collected during the distri-
bution of anti-malarial medication to individuals testing
positive was leveraged for this study, including the age,
gender, education level and relation of the responsible
household member who received treatment on behalf of
all RDT-positive household members. MIS data from the
household was also linked, in order to stratify adherence
among households where at least one member testing
positive had a history of malaria symptoms. History of
symptoms was defined as either an objective fever (tem-
perature > 38 °C measured on the day of the interview)
or self-reported history of fever within the two weeks
preceding the survey. Finally, households were assigned
a wealth quintile based on a wealth index constructed by
principal components analysis on household possessions,
using the full MIS dataset.

For the purposes of comparison, estimates of PfPR
and (self-reported) anti-malarial drug adherence from
the 2023 MIS are reported here. As noted above, P/PR
was based on results from a malaria RDT. Self-reported
adherence was calculated from the responses to two
questions posed to household members: first, whether
they had taken any anti-malarial medication in the
last 8 weeks, and second (for those reporting having
taken an anti-malarial) whether they finished all pills
in the most recent anti-malarial treatment. These ques-
tions were introduced in the questionnaire to provide a
coarse measurement of the overall use of anti-malarials
in the population, so were unrelated to reported his-
tory of fever, and use a longer recall period than stand-
ard (2 weeks) to reduce error by increasing the number
of respondents with non-missing data, despite the risk of
increased recall bias. Estimation for these indicators used
the full MIS dataset (4998 households with 19,669 house-
hold members) and fully accounted for the complex
design, including clustering at PSU and household levels
and differing sampling probabilities by strata and PSU
[40]. Unweighted estimates (i.e. crude estimates, which
do not account for clustering or sampling probability) of
self-reported adherence in only the households followed-
up in this study are also presented for comparison.

Results

Treatment adherence

In total, the follow-up team visited 241 households across
Bioko Island and physically observed 549 treatments.
This accounted for 4.8% of the households surveyed
(N=4998), and 18% of the households with a positive
RDT (N=1332). The average number of treatments
observed per household was 2.3 (range 1-10). Accept-
ance of the follow-up visits was very high, likely because
all houses had previously agreed to the full MIS, but the
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data collection form was only used for accepting house-
holds so no acceptance data was collected. Among treat-
ments observed, the vast majority (85.4%, 469 of 549)
received follow-up on the third (i.e. final) day of treat-
ment, while small numbers of follow-ups were performed
on the 2nd or 4th days of treatment (3.3% and 11.3%, 18
and 62 treatments observed, respectively). Observation
and sensitization was performed in most inhabited areas
of Bioko Island, with the exception of low-transmission
areas outside of the main urban area, Malabo (Fig. 1).

Overall, adherence to treatment was low, around
50%. Contrary to expectations, adherence was slightly
worse for AL6 (i.e. for young children) than other treat-
ment types, and the presence of symptomatic infections
in the household at the time of survey was not associ-
ated with adherence (Table 1). The factors with which
adherence varied most were the age of the person who
received treatments (higher among ages 25-54, 50-65%,
than younger or older groups), their education level
(highest among those with post-secondary education,
72.6%), and the socioeconomic status of the household
(a clear gradient of adherence increasing with house-
hold wealth). Importantly, these trends concern to the
household member who received treatment on behalf of
other household members, and not necessarily for treat-
ments intended for individuals among these groups. Due
to the non-random nature of sampling, reliable confi-
dence intervals could not be calculated, so while trends
in adherence could be observed, no formal statistical
tests were performed. Nearly all treatments observed had
already been started (515 of 549, 93.8%), so adherence
among individuals who had begun their treatment was
highly consistent with adherence overall (Table 1).

Malabo
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Evaluation of the patterns and causes of non-adherence
in this study were limited by the data available. How-
ever, a basic analysis showed that failure to start treat-
ment formed a small portion of non-adherence (13%
overall), while in most cases non-adherence was related
to the number of pills taken (Table 2). Follow-up visits
performed later had a lower proportion of treatments
which had not been started (4.9% on day 4 compared to
14.3% on day 3), indicating that late initiation of treat-
ment could be one driver in the non-adherence observed
here. However, the low numbers of treatments observed
on day 4 weaken the strength of this interpretation. It is
important to note that since the criteria to define adher-
ence were based on total pills taken since treatment dis-
tribution, late initiation of treatment would be classified
as non-adherent according to the definition used here. In
contrast to adherence, patterns of non-adherence were
remarkably consistent across demographic breakdowns.

Estimates of adherence based on the MIS interview (i.e.
self-reported adherence) were much higher than the esti-
mates based on treatment inspection during follow-up
visits (> 80% compared to around 50%, Table 3). Many
factors could contribute to this large discrepancy, includ-
ing recall and social desirability bias elevating survey-
based estimates, the differing definitions of adherence in
the MIS interview and follow-up visits, and the survey-
based estimates implicit selection of patients seeking
treatment.

Relationship between adherence and prevalence

A possible relationship between the spatial variation in
adherence and the corresponding variation in the PfPR
was investigated, since people living in higher malaria

Adherence

> 50% > 80%
40% 70%
60%
30% 50%
40%
20% 30%
10% 20%
10%
0% 0%

Fig. 1 PfPR and proportion of individuals adhering to treatment up to time of follow-up visit by primary sampling unit (PSU). PSUs
where no follow-up visits were conducted are shown in gray. Note that several PSUs with observed adherence of 0 or 1 have only a single
observation. The PSU identified as a possible outlier is outlined in thicker black line. The inset at far left shows the location of the capital
and only major city, Malabo (yellow star), and road network on Bioko Island for context
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Table 1 Adherence among all individuals and among those who started the treatment as observed during follow-up visit by type

of treatment distributed, time of follow-up (day in the treatment course, where day 3 corresponds to the final day of treatment), the
relation to household head, gender, age and education level of the person that received the treatment (in many cases on behalf of the
patient), survey stratum, whether any of the individuals testing positive reported symptoms during the survey, and the socioeconomic

status of the household

Overall Individuals who started treatment
Adherence N observed Adherence N observed
Treatment type
AL6 44.80% 58 43.30% 60
AL12 58% 143 55.30% 150
AL18 53.30% 90 53.30% 90
AL24 58.50% 224 52.60% 249
Follow-uptime
Day2 88.20% 17 83.30% 18
Day3 58% 438 53.70% 469
Day4 35.00% 60 33.90% 62
Gender of receiver
Male 55.00% 120 50.00% 132
Female 56% 395 53.20% 417
Age of receiver
<25 38.50% 78 35.30% 85
25-34 61% 194 58.30% 204
35-44 56.80% 148 53.20% 158
45-54 68.30% 63 65.20% 66
55+ 37.50% 32 33.30% 36
Education level of receiver
Atmost primary 50.00% 144 45.90% 157
Secondary 55% 308 51.10% 329
Post-secondary 76.20% 63 76.20% 63
Relation of receiver to household head
Head 50.30% 197 46.70% 212
Spouse 58% 185 55.10% 196
Other 60.90% 133 57.40% 141
Stratum
Rural/high transmission 54.40% 294 51.30% 312
Urban/low transmission 58% 221 54.00% 237
Symptoms in household
Household with symptomatic infection 54.90% 164 50.60% 178
Household with no symptomatic infections 56% 351 53.40% 371
Wealth quintile
Lowest 26.10% 88 23.20% 99
Second 58% 118 54.40% 125
Middle 56.80% 132 55.10% 136
Fourth 70.60% 102 64.90% 111
Highest 66.70% 75 64.10% 78
Overall 56% 515 52.50% 549

prevalence could be less likely to adhere to treatment
if their malaria infections are more often asymptomatic
or they are more used to living with symptoms. Geo-
graphically, there was notable variation in adherence

to treatment. Disaggregation by primary sampling
unit (PSU) showed that adherence was lower in some
parts of the island, in particular the northwest coast
and to a lesser extent the southeast coast (Fig. 1). By
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Table 2 Characteristics among all non-adherent individuals, including the percentage of non-adherers who failed to start the
treatment, and percentage of pills required for adherence taken by non-adherers as observed during follow-up visit by type of
treatment distributed, time of follow-up (day in the treatment course, where day 3 corresponds to the final day of treatment), the
relation to household head, gender, age and education level of the person that received the treatment (in many cases on behalf of the
patient), survey stratum, whether any of the individuals testing positive reported symptoms during the survey, and the socioeconomic
status of the household

N observed % Not started N started % Pills taken
in treatments
started

Treatment type

AL6 34 5.9% 32 53%
AL12 67 10.4% 60 58%
AL18 42 0.0% 42 63%
AL24 118 21.2% 93 52%
Follow-up time

Day2 3 33.3% 2 50%
Day3 217 14.3% 186 54%
Day4 41 4.9% 39 66%
Gender of receiver

Male 66 18.2% 54 57%
Female 195 11.3% 173 55%
Age of receiver

<25 55 12.7% 48 54%
25-34 85 11.8% 75 56%
35-44 74 13.5% 64 55%
45-54 23 13.0% 20 58%
55+ 24 16.7% 20 61%
Education level of receiver

Atmost primary 85 15.3% 72 52%
Secondary 161 13.0% 140 56%
Post-secondary 15 0.0% 15 65%
Relation of receiver to household head

Head 113 13.3% 98 54%
Spouse 88 12.5% 77 58%
Other 60 13.3% 52 55%
Stratum

Rural/high transmission 152 11.8% 134 55%
Urban/low transmission 109 14.7% 93 57%
Symptoms in household

Household with symptomatic infection 88 15.9% 74 59%
Household with no symptomatic infections 173 11.6% 153 54%
Wealth quintile

Lowest 76 14.5% 65 49%
Second 57 12.3% 50 59%
Middle 61 6.6% 57 54%
Fourth 39 23.1% 30 62%
Highest 28 10.7% 25 63%

Overall 261 13.0% 227 56%
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Table 3 Percentage and number of respondents who reported
receiving an anti-malarial treatment in the 8 weeks preceding the
survey date, and percentage of those who received a treatment
that reported finishing it according to 2023 MIS data

Households Representative
followed-up estimate
(unweighted) (weighted)
Received drug in last 8 weeks  8.7% 7.2% (6.7-7.7)
(%)
Received drug in last 8 weeks 157 1397
(N)
Finished most recent treat- 87.1% 83.3% (80.7-85.6)
ment (%)

Estimates reflect self-reported use of and adherence to anti-malarial treatment
for all respondents in the time period, regardless of history of fever

comparison, adherence in urban Malabo, in the north
of the island, was relatively high. These differences at
least somewhat follow the distribution of prevalence,
with the very low adherence areas in many cases having
elevated prevalence. However, this relationship did not
appear to be systematic. While smoothers fit to the full
data identified a trend of decreasing adherence with ris-
ing prevalence, the apparent relationship was driven by
data from a single PSU on the northwest coast with par-
ticularly high PfPR and particularly low adherence. On
excluding this PSU, the fit to the data did not indicate a
decrease in adherence with PfPR (Fig. 2). Correspond-
ingly, despite substantial differences in prevalence
between strata, adherence was similar across strata.

All data

Proper adherence (%)
0 20 40 60 80

| | | | | | |
0 10 20 30 40 50 60

PPR (%)

e N=1 e N=5
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Discussion

In this study, modest operational adjustments to the MIS
were sufficient to collect information on ACT adherence
based on physical inspection of treatment blisters dur-
ing follow-up visits, in addition to self-reported survey
data. However, it is worth mentioning that the approach
used here should be regarded as complementary rather
than a substitute for survey-based estimates. It is not
uncommon for surveys to collect (self-reported) data on
adherence, but the quality of this information is limited
by social desirability and recall bias, and in some cases,
particularly in low to moderate transmission areas, by
the low number of respondents with recent use of the
medication of interest [17, 18, 41]. On the other hand,
the follow-up based approach employed here considers
adherence among all RDT-positive respondents (regard-
less of symtomaticity or treatment-seeking), so results
may not be representative of patterns for the principal
population using ACT (patients seeking treatment for
fever). In this study, estimates based on follow-up vis-
its were dramatically lower than the survey-based esti-
mates (Table 3). Despite methodological differences, and
non-representative sampling of follow-ups, the magni-
tude of the difference in estimates suggests that adher-
ence to treatment given in public health facilities may
be substantially lower than indicated by self-reported
estimates. Adherence in the households followed up in
this study based on self-report was highly similar to the
representative island-wide estimate, so the discrepancy
observed is likely related to the method of data collec-
tion, and not a household selection bias. Moreover, since

Excluding outlier
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Fig. 2 Relationship between estimated Plasmodium falciparum prevalence (Pf PR) in 2023 and proper adherence to treatment protocols by PSU.
Size of points indicates the number of treatments observed for adherence, and line shows a smoother fitted to this relationship with 95%
confidence interval. On left, the relationship and smoother fitted using all data; on right, the same, excluding a single PSU with high Pf PR and low

adherence
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nearly all treatments observed had already been initi-
ated, this difference was not a result of excluding treat-
ments, which were received but never started. One factor
causing the large discrepancy may be the long period
of period of recall for the self-report survey questions
(8 weeks). Reducing the recall period, for example to two
weeks, could improve consistency between self-report
and follow-up estimates, but would also likely decrease
the number of individuals reporting use of anti-malar-
ials, increasing uncertainty. These results also point to
the challenges mass treatment campaigns are likely to
meet on Bioko. Indeed, mass drug administration could
suffer lower adherence than observed here given the
lack of testing to confirm infection prior to distributing
treatment.

Adherence varied notably by several characteristics of
the household and the household member who received
treatments on behalf of the household. Household wealth
appeared to be the most important factor, with adher-
ence increasing from only 23.2% in the lowest wealth
quintile to nearly 65% in the two wealthiest quintiles. It is
not clear whether this relationship is causal, or merely an
association, but points to a need for targeted communi-
cation activities to reach the most marginalized commu-
nities. In addition, the increased adherence to treatments
when distributed to members age 25-54 provides a les-
son for drug distribution in future surveys or mass treat-
ment campaigns, in terms of which household members
should be prioritized for receiving treatments on behalf
of the household where possible.

The low adherence in some of the highest transmission
areas on the island observed in this study is especially
concerning, and warranting of intervention where these
patterns hold true (the northwest and west coast, and to
some extent in Riaba on the southeast coast). Due to the
structure of the data, treatments could not be matched
to individual-level MIS data, but at least at the house-
hold level the presence of symptomatic infections did not
meaningfully impact adherence to treatment, suggesting
that these differences are likely driven by local behav-
iour and not symptomaticity of infections. Additional
analysis of the relationship between 2023 prevalence and
observed treatment adherence further supported this
interpretation (Fig. 2). One possible explanation for the
lack of importance of symptoms at diagnosis is that com-
pleting the treatment regimen may be affected most by
the severity of symptoms mid-way through the course
[22]. If this is true, then patients who recover from symp-
toms after the first few doses may be no more likely to
finish the regimen than those who did not present symp-
toms at any time.

This pilot study highlighted the need to adapt an SBCC
strategy according to the specific issues identified in the
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field. While evidence on the impact of messaging for
improving adherence to anti-malarial medication has
been mostly limited to the role of SMS reminders [13,
42, 43], various communication approaches have been
shown to increase uptake or adherence to other types
of medication [44, 45]. One important finding in other
disease contexts has been that in many cases interven-
tions focusing on providing education alone, and not
targeting specific behaviours, had little if any impact on
adherence [46]. On Bioko Island, malaria-related com-
munication activities have generally taken this approach,
focusing primarily on improving awareness of the avail-
ability and importance of malaria prevention (by ITN,
IRS and eliminating larval habitats) and of free malaria
diagnosis, treatment, and prophylaxis during pregnancy
in public health facilities. The results of this analysis sug-
gest that (in line with the literature) the effectiveness of
this blanket SBCC strategy for treatment adherence has
been limited, either because of a failure to reach impor-
tant populations or to achieve behaviour change for those
reached. At the same time, the context-driven commu-
nication approach taken during this pilot provides an
example of how other approaches could be adopted on
Bioko. During adherence follow-up visits the study team’s
messaging was much more dependent on context than in
previous campaigns and focused primarily on the adher-
ence behaviours desired, supported by education on their
importance. As such, workers were able to tailor the
way they addressed the household and how the message
was delivered by leveraging specific information about
individuals and households available from the survey
responses.

Anecdotally, the change in approach towards more
context-aware and data-driven interpersonal mes-
saging appeared to facilitate greater uptake of desired
behaviours (in this case, treatment adherence) as com-
pared to previous campaigns. In general, this is in line
with global recommendations to perform SBCC in an
iterative planning, implementation and evaluation
cycle [47], but takes the idea one step further by using
extremely recent data from the households targeted to
identify unique and relevant characteristics of the audi-
ence and adapt messaging accordingly. While it can
be quite effective to segment audiences into homoge-
neous subgroups and develop custom messages for
each segment, the approach of tailoring messages to a
household, or even to an individual within the house-
hold has significant potential. Such tailoring could pro-
mote a better nexus between the communicator and
the recipient, provide messages more relevant to their
context, and ultimately increase uptake of the desired
behaviours. Early studies of tailored messaging clearly
showed that using materials adapted to individual
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characteristics were more effective than more generic
materials, and ongoing research has explored various
applications and a wide breadth of contexts for tailoring
health-related messages [48, 49]. For this study, further
work will be necessary in several areas to better under-
stand and more rigorously evaluate the role of such tar-
geted and personalized SBCC interventions for malaria
prevention and control on Bioko, including message
design, consideration of other variables such as individ-
ual’s perception of risk, tailoring messages using digital
channels, and application of persuasion theories, above
and beyond the standard behaviour change theories.
Although the results presented here provide important
programmatic lessons, there are significant limitations
to the data. Due to the conservative definition of proper
adherence, and the fact that most follow-up visits were
performed on the final day of treatment, and not after the
full treatment should have been finished, these are likely
over-estimates of adherence. The observed decreases in
adherence (from 83.3% on the second day to 53.7% on
the third day down to 33.9% on day four) support this
assumption (Table 1) and give an idea of how low proper
adherence to the full treatment regimen could actually
be. Beyond this follow-up time bias, the non-random
nature of selecting households for follow-up makes gen-
eralizing results to the wider population difficult, while
the lack of formal statistical significance testing weakens
any subgroup analysis. Additionally, many of the indi-
viduals receiving treatment likely would not have sought
care at health facilities and received a treatment had they
not been surveyed, so adherence among patients receiv-
ing anti-malarial treatments in health facilities may differ
substantially. Thus, inferences from these data, especially
for health facility-based activities, should be made with a
high degree of caution. Nevertheless, results do provide a
new base of evidence for programmatic decision-making
on Bioko Island and more broadly in Equatorial Guinea.
In cases where the primary goal is to glean informa-
tion about adherence to treatments for patients seek-
ing treatment, the approach presented here is limited
but could be adapted to better suit the goals. In future
implementations, data should be structured such that
treatments observed could be directly linked to indi-
vidual-level survey data. This would allow analysis of
adherence for example among symptomatic patients,
providing a better approximation for the population of
individuals receiving treatments during care-seeking
behaviour. Model-based methods could also be used to
quantify the likelihood that an individual would seek
care if febrile using survey data, and leverage this to
estimate the likely adherence among care-seeking indi-
viduals. Prioritization of households and/or individuals
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for follow-up will also be an important consideration,
given the large volume of RDT-positive individuals
identified by many surveys, including in this study.

The large inconsistency observed between survey-
based estimates using self-reported data and physical
observation on follow-up means that an important next
step for Bioko Island is to conduct even a small follow-
up adherence study among individuals receiving anti-
malarial treatments in public health facilities. Similar
studies have been conducted in many other contexts
[15, 50-52], and could also be designed to investigate
the impact on Bioko of low-cost adjustments which
have been shown to increase adherence, such as add-
ing stickers with short key messages to packaging or
sending short SMS reminders to encourage patients to
finish their anti-malarial treatments [22, 42, 43]. Quali-
tative research on the factors driving lack of adherence
on Bioko would also be an important consideration
for planning activities to improve adherence. Without
these types of future research, it may not be possible to
accurately understand the magnitude of the non-adher-
ence problem on Bioko, and more importantly what
can be done to make progress.

Conclusion

This study has shown that in addition to self-reported
adherence data, representative surveys can be easily
adapted to collect observations of treatment use behav-
iours in follow-up visits. This information may differ
substantially from estimates based on self-reported
data, due to recall bias, the effect of treatment seek-
ing, and other factors. On Bioko Island, post-survey
adherence to treatment was low, but not uniformly so,
and was particularly low in some of the highest trans-
mission areas of the island. These findings are of high
importance for improving SBCC activities, and for crit-
ically assessing the feasibility of related programmatic
activities, particularly mass drug administration.
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