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Abstract

Background: Malaria in pregnancy doubles the risk of low birthweight; up to 11% of all neonatal deaths in sub-Saha-
ran Africa are associated with malaria in pregnancy. To prevent these and other adverse health consequences, the
World Health Organization recommends administering intermittent preventive treatment in pregnancy (IPTp) with
sulfadoxine—pyrimethamine for all pregnant women at each antenatal care (ANC) visit, starting as early as possible in
the second trimester. The target is for countries to administer a minimum of three doses (IPTp3+) to at least 85% of
pregnant women.

Methods: A cluster randomized, controlled trial was conducted to assess the effect of delivery of IPTp by community
health workers on the coverage of IPTp3 4+and ANC visits in Malawi. Community delivery of IPTp was implemented
within two districts in Malawi over a 21-month period, from November 2018 to July 2020. In control sites, IPTp was
delivered at health facilities. Representative samples of women who delivered in the prior 12 months were surveyed
at baseline (n=370, December 2017) and endline (n =687, August 2020). A difference in differences analysis was
conducted to assess the change in coverage of IPTp and ANC over time, accounting for clustering at the health facility
level.

Results: Overall IPTp coverage increased over the study period. At baseline, women received a mean of 2.3 IPTp
doses (range 0-5 doses) across both arms, and at endline, women received a mean of 2.8 doses (range 0-9 doses).
Despite overall increases, the change in IPTp3 4 coverage was not significantly different between intervention and
control groups (6.9%, 95% Cl: -5.9%, 19.6%). ANC4 + coverage increased significantly in the intervention group com-
pared with the control group, with a difference-in-differences of 25.3% points (95% Cl: 1.3%, 49.3%).

Conclusions: In order to reduce the burden of malaria in pregnancy, new strategies are needed to improve uptake of
effective interventions such as IPTp. While community health workers'delivery of IPTp did not increase uptake in this
study, they may be effective in other settings or circumstances. Further research can help identify the health systems
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characteristics that are conducive to community delivery of IPTp and the operational requirements for effective
Trial registration: ClinicalTrials.gov Identifier: NCT03376217. Registered December 6, 2017, https://clinicaltrials.gov/ct2/
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Background

In 2019, malaria exposure occurred in an estimated
11.6 million out of 33.2 million pregnancies across sub-
Saharan African (SSA) countries with moderate to high
risk of malaria transmission (35% of all pregnancies in
the region) [1]. Pregnant women are especially suscepti-
ble to malaria because of changes in their immune sys-
tems and the presence of a new organ, the placenta, with
new targets for parasites to bind [2]. Plasmodium falci-
parum infection in pregnancy has many adverse health
consequences, including maternal anaemia [3], and an
increased risk of delivering a stillborn, premature, or low
birthweight infant [4]. Up to 11% of neonatal deaths and
6% of all infant deaths in malaria-endemic SSA may be
caused by malaria in pregnancy-associated low birth-
weight [3, 5, 6].

Pregnant women in SSA are, therefore, a key popula-
tion for malaria prevention and control efforts, with a
focus on three primary interventions: intermittent pre-
ventive treatment in pregnancy (IPTp) with sulfadox-
ine—pyrimethamine (SP), insecticide-treated nets, and
effective case management of malarial illness and ane-
mia [1]. The World Health Organization (WHO) rec-
ommends that pregnant women receive IPTp as early as
possible starting at the beginning of the second trimester
(13th week of pregnancy) and at every scheduled antena-
tal care (ANC) contact until delivery. Doses are typically
delivered at health facilities and should be spaced at least
one month apart [7]. The WHO target is for at least 85%
of pregnant women in areas of moderate to high trans-
mission of malaria to receive a minimum of three doses
(IPTp3+). As of 2019, IPTpl + coverage in sub-Saharan
Africa was 62% and IPTp3 + coverage was 34% [1]. This
suboptimal coverage of pregnant women with IPTp in the
SSA region underscores the need for new evidence-based
strategies to improve IPTp uptake.

Malawi was the first country to adopt IPTp-SP in 1993
[8], and has recommended women receive three or more
doses since 2013 [9]. In 2017, 41.1% of women who
recently gave birth in Malawi had received IPTp3+ [10].
This level is above average for sub-Saharan Africa, but
still well below the WHO target. However, coverage with
IPTp2 + in Malawi was 76.1%, suggesting the IPTp3 + tar-
get could be achieved with additional resources and

innovative programmatic approaches [10]. Early initia-
tion of ANC and ANC attendance have both been posi-
tively associated with IPTp uptake in Malawi [11].

Several studies have suggested that community health
workers (CHWSs) might be able to effectively deliver
IPTp. A cluster randomized controlled trial in Nigeria
found that training CHWs to deliver IPTp and provide
ANC referrals increased the proportion of pregnant
women taking IPTp2+by 35.3% points [12]. Similar tri-
als increased IPTp2 + uptake in Uganda by 37.3% points
and IPTp3 + uptake in Burkina Faso by 17.6% points [13,
14]. The impact on ANC attendance was variable, with
a statistically significant increase in number of visits in
Uganda, but no effect in Nigeria or Burkina Faso [12—14].
Trials in Uganda and Malawi that focused exclusively on
training CHWs for IPTp delivery without emphasizing
ANC referrals also led to increased IPTp2 + uptake (27.6
and 29.3% points, respectively), but ANC attendance
decreased (19.3 and 17.9% points, respectively) [15, 16].
The primary outcome in most of the previous studies was
IPTp2+, rather than IPTp3+4, and their generalizability
and replicability are unknown.

This study assessed whether delivery of IPTp by CHWs
increases IPTp3 4 uptake in Malawi, while also promot-
ing early and regular ANC attendance at health facilities.

Methods

Study design

A cluster randomized, controlled trial was conducted to
assess the effect of community delivery of IPTp (cIPTp)
by CHWs on the coverage of IPTp and ANC. Following
a baseline survey in December 2017, cIPTp was imple-
mented in intervention sites within two districts of
Malawi over a 21-month period, from November 2018 to
July 2020. In control sites, IPTp was delivered at health
facilities via ANC clinics, per routine practice. The end-
line survey was carried out in August 2020.

Study area

The study was conducted in the districts of Ntcheu
(population: 270,903), Central Region, and Nkhata Bay
(population: 206,670), Northern Region, Malawi (Fig. 1).
These districts were purposively selected from among
the 10 districts in Malawi where the U.S. President’s
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Fig. 1 Map of the surveyed districts highlighting the location of included health facilities
.

Malaria Initiative (PMI) supports malaria control activi-
ties. Malaria is considered a major public health problem
throughout the year in both places, with peak transmis-
sion during the rainy season from November to March.
The vast majority of infections are caused by Plasmodium
falciparum [10].

Both Ntcheu and Nkhata Bay are rural areas where
most families are subsistence farmers. Nkhata Bay also
has a small tourism economy. The median age of mar-
riage for women in both districts is 18 years old, while
the median age at first birth is 19 years old. Women
in both districts are equally likely to deliver at a health
facility (94.1% in Ntcheu and 93.6% in Nkhata Bay) and
with a nurse or midwife present (76.4% in Ntcheu, 74.0%
in Nkhata Bay, and for any skilled provider, 88.3% and
90.5%, respectively) [17]. Ntcheu has almost twice as

many health centres and ANC providers as Nkhata Bay
(40 vs. 22 and 55 vs. 29, respectively), but only about
30% more pregnant women (13,544 vs. 9905 annually)
(Table 1).

CHWs in Malawi are the lowest cadre of service pro-
viders within the Ministry of Health. All CHWs receive a
basic six-week training. Some receive further specialized
trainings to provide specific services, such as integrated
Community Case Management (iCCM), Community-
Based Distribution of Contraceptives, Community Case
Management of Acute Malnutrition, or Community-
Based Maternal and Newborn Health (CBMNH). This
study utilized CHWs trained in CBMNH.

Compared with Nkhata Bay, Ntcheu has fewer CHWs
overall and per facility, and on average, each CHW in
Ntcheu serves a larger population than the CHWs in
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District  Public health ANC staff Community  Total Pregnant IPTp2+ (%)? IPTp3+ (%)* ANC1+ (%)* ANC4+ (%)?
centres health population population
providing ANC workers

Nkata Bay 22 29 87 206,670 9905 654 313 98.1 57.6

Ntcheu 40 55 81 270,903 13,544 60.5 26.6 94.2 459

ANC antenatal care, IPTp intermittent preventive treatment in pregnancy

? National Statistical Office (NSO) and ICF Macro: Malawi demographic and health survey 2015-2016. Zomba, Malawi and Calverton, MD, USA 2017

Nkhata Bay. Although Ntcheu has fewer CHWs per facil-
ity, there are additional volunteers in the community
called Secret Mothers. These volunteers receive mini-
mal (one day) training in basic community maternal and
newborn health concepts such as counselling of pregnant
women on ANC attendance, use of mosquito nets, nutri-
tion and birth preparedness, and their primary func-
tion is to encourage women to attend ANC in the first
trimester.

Intervention

In the intervention arm, all CHWs received a three-day
training on how to provide IPTp to pregnant women
who had already received their initial dose at the health
facility, in addition to refresher training on community-
based maternal and newborn health. Training covered
eligibility, administration, and record keeping for the
study registers and ANC cards. CHWs were encouraged
to promote utilization of IPTp and ANC attendance dur-
ing routine community meetings and home visits. They
were also encouraged to work with community leaders,
supervisors and health facility staff to identify pregnant
women and organize group sessions on the importance
of ANC visits and malaria prevention, including IPTp. A
total of 72 CHWSs were trained (49 males and 23 females).
Amongst the 60 CHWs for whom data were available, the
mean age was 43.4 years (standard deviation=6.8) and
had worked as CHWs for an average of 17.5 years (stand-
ard deviation =5.0).

In addition, study personnel conducted a one-day ori-
entation for staff at the intervention health facilities
and members of the Area Development Committees
to explain the objectives of the study and how CHWs
would carry out their duties. Staff at the intervention
health facilities were also trained to identify which preg-
nant women received IPTp in the community, record
this in the health facility register, and report this infor-
mation within the District Health Information Software
(DHIS2) on a monthly basis. During the second half of
implementation, the study team collaborated with local
non-governmental organizations to further develop and
disseminate educational messages about cIPTp.

Study personnel conducted monthly supervision at all
intervention health facilities. During these visits, they
met with the CHWs and reviewed their registers for
completeness and accuracy, answered questions, and re-
stocked SP supply. Review meetings were held in each
district on approximately a quarterly basis, bringing
together all CHWs to highlight successes and challenges,
and collectively discuss solutions.

Control

In the control arm, IPTp was administered exclusively at
ANC by trained health facility workers, usually nurses.
All CHWSs received training on promotion of ANC
attendance and prevention of malaria in general, in addi-
tion to refresher training on community-based maternal
and neonatal health. They were not trained in cIPTp.
Quarterly visits to control facilities were conducted to
collect routine data on ANC attendance and IPTp admin-
istration, and to monitor SP availability.

Selection and sample size for the cross-sectional survey

The impact of the intervention was assessed by baseline
and endline cross sectional surveys, including women
between the ages of 16—49 years who had a pregnancy
resulting in a live birth in the previous 12 months
(recently pregnant women). A three-stage cluster sam-
pling procedure was used to select survey respondents.
After excluding district hospitals, non-governmental
facilities, facilities that do not provide ANC, and facilities
accessible only by boat, 10 health centres were randomly
selected in each district (20 in total). First, the catchment
area of each health centre was designated as a cluster.
Depending on geographical size, each cluster contained
3-18 enumeration areas (EAs). EAs are administrative
data collection units, demarcated by the National Statis-
tics Office, with an average of 250 households or 1,000
people. In the second stage, a single EA was randomly
selected from each cluster using probability propor-
tional to size. Finally, all households within the selected
EA were listed, noting households with recently pregnant
women. At baseline, simple random sampling was used
to select 20 households with recently pregnant women.
At endline, 40 households with recently pregnant women
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were randomly selected. If a selected household had
more than one recently pregnant woman living in it, all
women who met the inclusion criteria were included in
the survey.

A sample size of 300 women (15 women per health
facility catchment area) was required for each survey
to achieve 80% power to detect a 30%-point difference
between the group proportions for IPTp3+ coverage.
These calculations assumed a baseline proportion of
30% IPTp3+ coverage (average proportion in the two
districts) to an endline proportion of 60% coverage in
the intervention arm. Sample size was estimated using
PASS V14 (NCSS, LLC, Kaysville, UT) to assess sample
size for cluster randomized trial, at a significance level of
0.05 and an intra-cluster correlation of 0.2. Sample size
was then increased to allow for 30% non-response/ una-
vailability of the woman or ANC card which was used to
assess the primary outcome measure.

Training for cross sectional surveys

Twenty-eight enumerators took part in each of the base-
line and endline cross-sectional household surveys.
At baseline, all enumerators participated in a four-day
training, consisting of two days of classroom instruction
on ethical research conduct, consent, use of the enu-
meration programme, and review of the questions and
sampling programme. This was followed by one day of
piloting the survey in one of the non-selected EAs, and
a final debriefing day, during which minor updates were
made to several questions to improve the readability and
clarity. At endline, an effort was made to include as many
of the original data collectors as possible, and training
was conducted over three days.

Data collection and managementData collection

and management

Cross-sectional survey

Surveys were conducted using Open Data Kit (ODK)
forms hosted on the SurveyCTO platform (Dobility, Inc.,
Cambridge, MA). Files from SurveyCTO were exported
into SAS V9.4 (SAS, Cary, NC) and STATA (STATACorp,
College Station, TX) for analysis. The database was pro-
grammed with range checks and key fields were required.
Data were checked daily for completeness by field super-
visors before uploading to a central server. In addition,
throughout the survey period, data checks for key vari-
ables were run on data downloaded from the SurveyCTO
platform to ensure loops were working as expected.

Routine data

Visits to study and non-study health facilities were made
by study supervisors monthly. During these visits, health
facility and HSAs registers were reviewed and monthly
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data on ANC attendance, IPTp uptake, SP stocks, and
other administrative data were retrospectively abstracted.

Data analysis

A descriptive analysis was performed of the socio-demo-
graphic characteristics of recently pregnant women in
the baseline and endline surveys, stratified by control and
intervention areas.

The primary outcome was the change in IPTp3 + cover-
age over time, assessed using a difference-in-differences
analysis comparing the baseline and endline cross-sec-
tional survey data. Further difference-in-differences
analyses were conducted to assess secondary outcomes,
including any, two, three, or four or more ANC visits
(ANC1+, ANC2, ANC3, ANC4+), IPTpl+, 2+, 4+,
and 5+ coverages, number of IPTp doses, and timing of
ANC initiation. Both primary and secondary outcomes
were primarily based on what was recorded on the ANC
card, up to a maximum of five IPTp doses. Self-reported
outcomes were used only when the values from the ANC
card were missing.

For binary outcomes (e.g., [IPTp3+4, ANC4+), differ-
ence-in-differences were calculated using a binary logistic
regression model with an identity link function. Poisson
regression was used for continuous outcomes (e.g., num-
ber of IPTp doses, timing of ANC initiation). In order
to obtain 95% confidence intervals for the difference-in-
differences, a linear model was run using the GENMOD
procedure, including all the same terms as in the logistic
model. All analyses accounted for clustering at the health
facility level and the interaction between intervention
and time. Adjusted models included gravidity, maternal
age, and maternal education as additional covariates as
these factors have been identified by previous studies as
important determinants of ANC service use [11].

Several secondary analyses were also conducted to
understand the impact of IPTp and some dynamics that
could affect operationalization of the intervention. First,
crude and adjusted odds of low birthweight were cal-
culated for all women who received IPTp3+, compared
with women who received fewer than three IPTp doses.
The adjusted odds included gravidity, maternal age,
maternal education and ANC4+as covariates. Results
were calculated for the overall sample, as well as strati-
fied by district and survey round (baseline and endline).
Second, community perceptions surrounding IPTp
and ANC were summarized descriptively using several
questions from the endline survey. Third, differences in
IPTp3 + uptake by study arm were evaluated amongst the
subset of women who lived at least five kilometres from
a health facility to assess if the intervention may be more
impactful in remote settings. Distance to facility was only
available at endline so this analysis was based on a simple
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chi-square. Fourth, monthly routine service data from
health facilities and visit logs from CHWSs were assessed
to identify potential implementation gaps.

All analyses were run in SAS Version 9.4 (SAS Institute
Inc., Cary, NC) and p-values of less than 0.05 were con-
sidered statistically significant.

Ethics

The protocol was reviewed and approved by the Malawi
College of Medicine Research Ethics Committee (COM-
REC). Representatives from the Government of Malawi
Ministry of Health were involved throughout the design
and implementation of the survey, and permission was
obtained from the officials in each district health office
prior to initiating the survey. In each EA, permission was
obtained from the village leaders. Written informed con-
sent was obtained from each respondent before data col-
lection. Participants were told that the survey was focused
on antenatal care and malaria prevention in pregnancy.
The Centers for Disease Control and Prevention (CDC)
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Human Subjects Office determined that CDC staff were
not engaged in human subjects research for this project.

Results

Socio-demographic features of study participants

A total of 370 recently pregnant women were interviewed
at baseline and 687 recently pregnant women were inter-
viewed at endline. Socio-demographic characteristics of
women in the control and intervention groups were simi-
lar both within and between surveys. The median age was
24 years across the sample (range 16—45 years). A third
of surveyed women had one pregnancy, one quarter had
two pregnancies and the remainder had three or more
pregnancies. The average gestational age at first ANC
visit was 20.4 weeks (standard deviation =6.0) (Table 2).

IPTp coverage

Overall IPTp coverage increased over the study period.
At baseline, women received a mean of 2.3 IPTp doses
(range 0-5 doses) across both arms, and at endline,
women received a mean of 2.8 doses (range 0-9 doses;

Table 2 Sociodemographic characteristics of all recently pregnant survey respondents

Variable Baseline Endline
Control Intervention p-value Control Intervention p-value
N=188 N=182 N=344 N=343
District 0.84 0.38
Nkhata Bay, n (%) 90 (47.9) 89 (48.9) 183 (53.2) 171 (49.9)
Ntcheu, n (%) 98 (52.1) 93 (51.1) 161 (46.8) 172 (50.2)
Age, in years
Median (range) 23 (16,44) 24(16,43 0.70 24.(16,41) 25 (16, 45) 0.14
<20,n (%) 35(18.6) 36 (19.8) 58(16.9) 68(19.8)
20-24,n (%) 71(37.8) 64 (35.2) 130 (37.8) 102 (29.7)
25-29,n (%) 38(20.2) 39(214) 81(23.6) 94 (27.4)
30-34,n (%) 28(14.9) 19(10.4) 53(15.4) 37(10.8)
>35,n (%) 16 (8.5) 24(13.2) 22 (6.4) 42(122)
Education 0.03 043
None, n (%) 7(3.7) 0(0.0) 8(2.3) 8(2.3)
Primary, n (%) 135(71.8) 131 (72.0) 243 (70.6) 257 (74.9)
Secondary or higher, n (%) 46 (24.5) 51(28.0) 93 (27.0) 78 (22.7)
Gravidity* 0.39 0.02
1,1 (%) 67 (35.8) 60 (33.0) 121 (35.2) 121 (35.3)
2,n (%) 43 (23.0) 48 (26.4) 89 (25.9) 72 (21.0)
3,n (%) 33(17.7) 29(15.9) 51(14.8) 60 (17.5)
4,n (%) 25(13.4) 17 (9.3) 41(11.9) 24.(7.0)
54, n (%) 19(10.2) 28(15.4) 42(12.2) 66 (19.2)
Gestation week for ANC1 visit, mean (SD) 20.2 (6.4) 20.9 (5.0) 032 20.3(5.9) 204 (6.5) 0.88
Married, n (%) 159 (84.6) 154 (84.6) 0.99 293 (85.2) 286 (83.4) 0.52
Work outside the home, n (%) 81 (43.1) 64 (35.2) 0.12 138 (40.1) 107 (31.2) 0.01

* One woman was missing data on gravidity
Statistically significant p-values are bolded
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only 3 women reported receiving 8 or 9 doses; this is
presumed to be most likely due to error in self-reported
doses). The increases in coverage occurred at all levels
of dosage but were most apparent for IPTp2+ (73.8% at
baseline, 83.5% at endline), IPTp3+ (50.0% at baseline,
65.6% at endline) and IPTp4+ (13.1% at baseline, 27.8%
at endline). Despite overall increases, only IPTpl + dem-
onstrated a statistically significant increase in the inter-
vention group compared to the control group. The
difference-in-differences for IPTp1 + coverage was 13.5%
points (95% CI: 4.7%, 22.3%). The change in IPTp3 + cov-
erage did not differ significantly between intervention
and control groups (6.9%, 95% CI: -5.9%, 19.6%). The
change in IPTp3+ coverage was greater in Nkhata Bay
(17.0%, 95% CI: -3.5%, 3.8%) compared with Ntcheu
(3.5%, 95% CI: -14.9%, 21.9%), but was not statistically
significant by intervention group in either district. How-
ever, the study was not powered for district-level analysis.
Results did not change substantially when adjusted for
gravidity, maternal age, and maternal education (Table 3).
There was a statistically significant relationship between
secondary education and more IPTp doses, but the other
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covariates were not significantly associated with IPTp
outcomes (Table 4). When asked in the endline sur-
vey where they received their IPTp doses, most women
reported having received IPTp from ANC rather than
from the CHW (Fig. 2).

The crude odds of low birthweight were 59% lower for
women who received IPTp3+, compared with women
who received fewer than three IPTp doses (OR=0.41,
95% CI: 0.19, 0.89). After adjusting for gravidity, maternal
age, maternal education, and ANC4+, the odds of low
birthweight for women who received IPTp3 -+ dropped
to 0.47 and were no longer statistically significant (95%
CIL: 0.20, 1.07). The association between IPTp3+and
low birthweight in Nkhata Bay was stronger than in
Ntcheu and remained statistically significant after adjust-
ing for covariates (adjusted OR for Nkhata Bay=0.18,
95% CI: 0.08, 0.39) (Table 5). The association between
IPTp3 +and low birthweight did not differ at baseline
versus endline.

Table 3 IPTp and ANC coverage at baseline and endline, by study arm

Baseline Endline Difference- Crude models Adjusted models
in-differences b
Control Intervention  Control Intervention p-value for DiD*  p-value for DiD
N=188 N=182 N=344 N=343
Number of IPTp doses 23 2.2 2.7 2.7 0.2 0.51 039
(mean, 95% Cl) (2.1,24) (19,25) (23,3.1) (25,30 (-0.3,0.6)
IPTp1+ (%, 95% Cl) 929 83.0 89.8 933 135 <0.01 0.01
(89.0,96.8) (77.6,884) (85.8,93.7) (91.1,95.6) (4.7,22.3)
IPTp2+ (%, 95% Cl) 70.0 713 82.2 81.0 -2.5 0.73 0.86
(64.1,76.0) (61.9,80.8) (76.9,874) (72.2,89.8) (-16.3,11.4)
IPTp3+ (%, 95% Cl) 456 451 59.8 66.0 6.9 029 0.19
(38.5,52.8) (34.6,55.5) (47.0,72.5) (558,76.3) (-5.9,19.6)
IPTp4+ (%, 95% Cl) 16.2 154 258 24.5 -0.5 0.95 0.96
(11.2,21.1) (74,233) (136,380) (188,30.1) (-18.1,17.0)
IPTp5+ (%, 95% Cl) 3.1 2.8 8.7 6.3 -2.1 0.68 0.83
(-0.5,6.7) 03,53) (2.9,14.5) (3.1,94) (-12.1,7.8)
Number of ANC visits 3.8 34 35 3.6 05 0.15 0.14
(mean, 95% Cl) (35,42 (3.3,36) (3.1,39 (34,39 (-0.2,13)
ANC24 (%, 95% Cl) 974 984 94.6 953 -0.3 0.94 0.84
(93.9,1009) (96.8,100.1) (91.2,98.1)  (91.3,99.4) (-84,7.8)
ANC3+ (%, 95% Cl) 92.0 80.5 79.9 86.0 17.7 0.04 0.07
(83.3,100.8) (75.3,85.6) (71.3,886) (81.3,90.7) (0.9,344)
ANC44 (%, 95% Cl) 634 46.9 481 56.8 253 0.04 0.04
(51.8,75.0) (37.7,56.1) (36.2,59.9) (50.9,62.6) (1.3,49.3)
Gestation week for ANCT visit 18,6 21.2 20.3 204 -2.5 <0.0001 <0.0001
(mean, 95% Cl) (16.9,20.4) (20.2,22.2) (18.7,22.0) (196,21.1) (-3.7,-14)

IPTp intermittent preventive treatment in pregnancy, ANC antenatal care visits, DiD difference-in-differences

Statistically significant p-values are bolded

2 Crude DiD models were estimated with identity link and either binomial or Poisson distribution, as appropriate

b Adjusted DiD models were estimated with either with either log or logit link and binomial or Poisson distribution, as appropriate, and adjusted for gravidity,
maternal age (<20 vs. > 20 years), and maternal education (secondary school or more)
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Table 4 Effects of gravidity, maternal age, and maternal education on uptake of IPTp and ANC (N =955)
Regression coefficient or Confidence limits p-value
Odds Ratio
IPTp doses Gravidity, Primi vs. multi 0.18 (—0.07,042) 0.15
Age<20 0.11 (—0.28,0.50) 0.55
Education, Secondary vs. less 0.35 (0.13, 0.58) <0.01
IPTp1+ Gravidity, Primi vs. multi 1.99 (0.99,4.01) 0.05
Age<20 1.18 (0.57,2.40) 0.64
Education, Secondary vs. less 1.55 (0.92,2.62) 0.10
IPTp2+ Gravidity, Primi vs. multi 1.08 (0.67,1.74) 0.74
Age <20 1.67 (0.99, 2.83) 0.05
Education, Secondary vs. less 2.34 (1.13,4.85) 0.02
IPTp3+ Gravidity, Primi vs. multi 1.44 (0.93,2.22) 0.09
Age<20 0.98 (0.55,1.73) 0.94
Education, Secondary vs. less 1.63 (0.96,2.77) 0.07
IPTp4+ Gravidity, Primi vs. multi 1.03 (0.67,1.58) 0.90
Age<20 0.96 (0.56,1.63) 0.86
Education, Secondary vs. less 1.38 (1.00,1.91) 0.05
ANC visits Gravidity, Primi vs. multi 0.24 (—0.02,050) 0.06
Age<20 0.00 (—0.26,0.25) 097
Education, Secondary vs. less 0.16 (— 0.06,0.38) 0.14
ANCT+ Gravidity, Primi vs. multi 045 (0.04,5.43) 0.51
Age <20 1.20 0.09, 15.5) 0.88
Education, Secondary vs. less Undefined - -
ANC2+ Gravidity, Primi vs. multi 0.74 (0.38,1.42) 0.34
Age <20 143 (0.56, 3.63) 043
Education, Secondary vs. less 3.82 (0.98,14.9) 0.05
ANC3+ Gravidity, Primi vs. multi 1.54 (1.02, 2.32) 0.04
Age<20 1.05 (0.71,1.54) 0.81
Education, Secondary vs. less 2.08 (1.37, 3.15) <0.01
ANC44 Gravidity, Primi vs. multi 1.39 (1.05, 1.83) 0.02
Age<20 0.86 (0.56,1.33) 048
Education, Secondary vs. less 1.14 (0.76,1.70) 0.52
Gestation Gravidity, Primi vs. multi —1.28 (—2.29, — 0.26) 0.02
Week for Age <20 0.95 (—0.60,251) 0.21
ANCT1 visit Education, Secondary vs. less — 046 (—1.75,0.83) 0.46

IPTp intermittent preventive treatment for malaria in pregnancy, ANC antenatal care visits, OR odds ratios

Statistically significant results are bolded

ANC coverage

Overall ANC1+and ANC2+coverage were close to
100% at baseline and endline and ANC3 + coverage was
80.9% at baseline and 84.5% at endline. Coverage for sub-
sequent visits declined sharply, with ANC4 + at 49.5% at
baseline and 55.5% at endline and ANC5+at 13.7% at
baseline and 24.2% at endline. There was a statistically
significant increase in ANC4+ coverage in the inter-
vention group compared with the control group, with a
difference-in-differences of 25.3% points (95% CI: 1.3%,
49.3%). Women in the intervention group also started
ANC an average of 2.5 weeks earlier in their pregnancy,
compared with women in the control group (95% CI:

-3.7, -1.4). Again, adjusting for gravidity, maternal age,
and maternal education did not substantially change the
results (Table 3). Women who were primigravida had
higher odds of completing ANC3+and ANC4+and
started ANC an average of 1.3 weeks earlier, compared
with women who were multigravida (Table 4). When
asked in the endline survey where they received their
IPTp doses, most women reported having received IPTp
from ANC rather than from the CHW (Fig. 2).

Community perceptions IPTp
Attitudes surrounding self-efficacy and social norms
about IPTp were very favorable. Over 90% of women
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Fig. 2 Source for intermittent preventative treatment for malaria
in pregnancy (IPTp) as reported by women in the intervention arm,
endline only (N=343). CHW community health worker

perceived the medicine they were given to prevent
malaria works well and that they would be able to take
the medicine at least three times during their pregnancy.
More than 80% of women were aware that most pregnant
women in their community take medicine to prevent
malaria. However, when respondents were asked about
the quality of interactions with community health work-
ers, community health workers were rated as substan-
tially less helpful and less respectful than workers at the
health facility (Table 6).
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Distance to health facility

Amongst the subset of women who lived at least five kilo-
metres from a health facility (N=175), 67.7% of women
in the intervention arm received IPTp3+ (N=42/62),
compared with 48.7% of women in the control
(N=55/113). This difference was statistically significant
(p-value for chi-square =0.02).

Routine service data

The routine service data showed that IPTp delivery pri-
marily occurred at ANC in both control and interven-
tion sites (Fig. 3). In addition, most CHWs spent most of
their time conducting first visits with pregnant women,
with first visits accounting for 51.8% of total visits. The
frequency of second visits was roughly half the frequency
of first visits, third visits were roughly half as frequent as
second visits, and so on (Fig. 4). Each active CHW made
an average of 6.9 visits per month, with a range of 1 to 39
visits. Both control and intervention facilities were well
stocked with SP throughout the study, and study staff
replenished CHWSs stocks during monthly supervision,
ensuring that stock-outs did not occur.

Discussion

In a representative sample of recently pregnant women
in two districts in Malawi, engaging CHWs in IPTp deliv-
ery did not result in increased IPTp3+ uptake. While

Table 5 Effect on low birth weight of three or more doses of intermittent preventative treatment for malaria in pregnancy (IPTp3+)

(N=630)

Overall Nkhata Bay Ntcheu

OR Confidence limits OR Confidencelimits OR Confidence limits
Crude 0.41 (0.19, 0.89) 0.31 (0.14, 0.68) 0.45 (0.15,1.37)
Adjusted* 0.39 (0.17,0.87) 0.26 (0.11, 0.62) 043 (0.13,1.39)
Adjusted*§ 047 (0.20,1.07) 0.18 (0.08, 0.39) 057 (0.19,1.78)

* Adjusted for gravidity, maternal age (< 20 vs. > 20 years), and maternal education (secondary school or more)

Statistically significant results are bolded
$ Adjusted for four or more antenatal care visits (ANC4+)

Table 6 Community perceptions of intermittent preventative treatment for malaria in pregnancy and health workers, endline only

(N=687)

Agree

n (%)
The medicine given to pregnant women to prevent malaria works well to keep the mother healthy. 644 (93.7%)
I am able to take the medicine to prevent malaria at least three times during pregnancy. 653 (95.1%)
More than half of the women in my community take medicine to prevent malaria when they are pregnant. 556 (80. 9%)
I find the community health workers in my community helpful. 387 (57.9%)
Health workers in the health facility in this community are knowledgeable about how to administer IPTp for pregnant women. 646 (93.3%)
Community health workers in this community treat their patients with respect. 479 (69.7%)
Heath workers that care for pregnant women with malaria in the health facility in this community treat their patients with respect. 602 (86.9%)
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IPTp source, Jan 2019 - July 2020
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Fig.4 Frequency of community health worker (CHW) visits with pregnant women by visit number, January 2019 to July 2020
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the intervention did increase IPTp1l + uptake, there were
no effects on other levels of dosage, including IPTp2+,
IPTp4+, and overall number of doses. The intervention
had a more promising effect on ANC attendance, includ-
ing an increase in ANC4+and earlier ANC initiation,
compared with the control group. In contrast to cIPTp,
CHWs were not providing ANC services directly, but
this finding suggests that CHWs may still have a posi-
tive influence on women’s healthcare-seeking behaviour.
Moreover, the finding assuages concerns that cIPTp
would negatively impact ANC attendance if pregnant
women perceived CHWs as a substitute for ANC. Com-
pletion of ANC4 +and early ANC initiation are strongly
associated with improved outcomes for pregnant women
and babies [18-20].

The null impact of the intervention on IPTp uptake
is partially explained by increases in IPTp3+4-cover-
age in the control area, likely as a result of improved SP
stocks, unrelated to CHWs. During the study period,
IPTp3 + coverage in the control areas increased from 45.6
to 59.8% and assuming a similar underlying trend in the
intervention areas, this higher level of coverage may have
meant diminishing returns for CHW outreach activities.
It is possible that CHWSs are more impactful in settings
with lower and more stable levels of IPTp3 + coverage,
such as Burkina Faso [14]. Spillover is another factor
that may have biased the results toward the null if some
women in the control arm received IPTp from CHWs in
the intervention sites. However, in the survey, only two
women in the control arm reported receiving IPTp from
CHWss, suggesting spillover was very limited.

Implementation challenges were another factor that
likely detracted from the intervention’s impact. Rou-
tine service data showed that very few women in the
intervention sites received IPTp from CHWSs. Moreo-
ver, CHWs only visited with the majority of women
they assisted once. The lack of follow-up visits impeded
CHWs’ ability to affect the primary outcome, IPTp3+,
which requires at least two visits. This may be partially
driven by an insufficient number of CHWs. Malawi rec-
ommends a ratio of 1 CHW per 1000 people [21]. The
actual ratios in the study areas were 1 CHW: 1150 people
in Nkhata Bay and 1 CHW: 1945 people in Ntcheu. The
slightly greater increase in IPTp3+ coverage in Nkhata
Bay compared with Ntcheu supports this theory, though
CHW density is just one of many differences between the
two districts. The COVID-19 pandemic may have com-
promised implementation during the final five months of
the study period (March to July 2020). However, others
have argued that CHWSs can play a pivotal role in sus-
taining essential health services during a pandemic when
health clinics are overwhelmed and/or inaccessible [22,
23]. Women also had less favourable perceptions of the
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quality of care provided by CHWs, compared with care
at health facilities. These perceptions may have dissuaded
women from consulting CHWSs for IPTp. Finally, gender
dynamics may have negatively affected IPTp uptake in
the communities; nearly 70% of the CHWs in the inter-
vention arm were male, which may have led to reduced
uptake if women felt uncomfortable visiting male CHWs
while pregnant.

Notably, IPTp3+had a sizeable effect on prevent-
ing low birthweight in the study sample, even though
the adjusted odds ratio was not statistically signifi-
cant. Moreover, the fact that the association between
IPTp3+and low birthweight did not differ at baseline
versus endline suggests that the effectiveness of IPTp has
not been impeded by recent growth in SP resistance in
Malawi [24]. In addition, the analysis of IPTp3 + uptake
amongst women who lived at least five kilometres from a
health facility suggests that CHWs may be more impact-
ful in remote settings. However, this analysis was limited
by the fact that distance to facility was only available at
endline and was not balanced between study arms.

This was the first study to rigorously evaluate the effec-
tiveness of engaging CHWs in IPTp delivery in Malawi.
The study had at least four limitations. First, and likely
most importantly, there were deficiencies in the opera-
tionalization of the intervention, including insufficient
follow-up from CHWs. Second, although the demo-
graphics of the women in the intervention and control
groups were similar, there were imbalances in baseline
levels of IPTpl1+4, ANC3+, ANC4+, and gestation week
for ANC initiation across study arms. Third, for some of
the difference-in-differences analyses (especially those
with study arm imbalances at baseline), the assumption
that the intervention and control groups have parallel
trends in outcome may not have been met. This would
lead to biased estimation of the causal effect. Fourth,
both IPTp doses and ANC visits were measured primar-
ily based on ANC cards and these records may be incom-
plete. Assuming ANC cards had similar levels of missing
data across both study arms, this would bias the results
towards the null.

Conclusions

The evidence for the effectiveness of IPTp3 +in prevent-
ing malaria in pregnancy is robust. In order to reduce the
burden of malaria in pregnancy and ultimately eradicate
malaria, new strategies are needed to improve uptake
of this proven, effective intervention. While CHWs
did not increase IPTp uptake in this study, it is possible
that CHWs may be effective in increasing IPTp uptake
in other settings or circumstances. In addition, CHWs
likely still contribute to healthy pregnancies even when
they do not increase IPTp uptake, as evidenced by the



Rubenstein et al. Malaria Journal (2022) 21:195

improvements in ANC attendance and early initiation in
the intervention group. Further research can help iden-
tify the health systems characteristics that are conducive
to CHW engagement approaches to improve IPTp deliv-
ery, such as low baseline levels of IPTp coverage, long dis-
tances to health facilities, and the optimal ratio of CHW's
to population. CHW training and supervision should also
emphasize the importance of follow-up visits.
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