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Introduction

Over 95% of global maternal and child deaths occur in 75 low- and
middle-income countries and remote populations within these countries
often bear the greatest burden.’ 2 Many countries are exploring
strategies to scale up community health worker (CHW)-based
programmes, which have been demonstrated to improve health in the
domains of maternal and child health, access to family planning and
prevention of human immunodeficiency virus (HIV) infection, malaria and
tuberculosis.3 -4

In Liberia, an estimated 60% (1.2 million people) of the rural population
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lives more than 5 km from the nearest health facility and the country has
among the highest maternal and child mortality rates globally, 725 deaths
per 100 000 live births and 70 deaths per 1000 live births,
respectively.®~7 In 2012, the health ministry partnered with Last Mile
Health, a nongovernmental organization, to pilot a programme for
enhanced CHW-based health care for remote populations (those living
farther than 5 km or a one hour walk from the nearest health facility). The
programme aimed to increase coverage of essential maternal and child
health services through enhanced recruitment, training, supervision and
compensation of CHWSs. Responsibilities of CHWSs included provision of:
(i) integrated community case management of childhood illnesses,
including diarrhoea, acute respiratory infection and malaria; and

(ii) maternal and newborn care. Here, we describe the programmatic
components, implementation and an assessment of changes in maternal
and child health-care use three years after implementation.

Methods
Setting and participants

The programme took place in Konobo district in south-eastern Liberia.
Konobo is one of Liberia’s most remote regions, comprised of 2983 km?2
of rainforest, with a population density of 4.1 people/kmZ2. In 2012,
approximately 12 000 residents in the district lived more than 5 km from
the nearest clinic. One quarter were women of reproductive age

(15—49 years) and 16% were children under five years. These two
demographic groups represented the target population of the
programme. All 44 remote communities in Konobo, located more than

5 km from the district’s only health clinic were involved with the
programme. The average road distance from these communities to the
clinic was approximately 25 km and the mean population of the
communities was 276 people. According to the 2012 Liberian
Demographic and Health Survey, Konobo had worse maternal and child
health outcomes than other rural Liberian districts.®

Implementation

We implemented the programme between 2012 and 2015 in a stepwise
fashion over three geographic areas within Konobo district. Integrated
community case management of childhood illness was launched in
February 2013, August 2013 and March 2014. Maternal and newborn
care services were launched in November 2012, December 2013 and
April 2015.

CHW recruitment and staffing

We recruited CHWs through community nomination, as recommended
by the 2008 National policy and strategy on community health services.®
Our recruitment process added several components, including

(i) completion of a literacy test; (ii) an in-person interview to assess
motivation and communication skills; and (iii) training and subsequent
skills’ assessment for candidates that passed the interview. After this
additional three-step screening and assessment, we identified and hired
the highest scoring CHWs. We also conducted a follow-up competency
assessment during the first 90-days of their employment. We recruited
CHWs from the communities in which they resided, and they served
communities within a 30-minute walk from their home community.

We also interviewed and hired two types of supervisors: clinical
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supervisors (i.e. clinic-based community health nurses and physician
assistants) and peer supervisors (i.e. non-clinical supervisors who
conduct process supervision and community engagement). Best
performing CHWSs were promoted to serve as peer supervisors.

Training, supervision and compensation

CHWSs completed an initial two-week training in the district capital.
Training modules focused on community leadership (to promote
community engagement), household mapping (to define his/her
catchment population) and registration (to assess demographics).
Subsequent modules were administered in the district capital roughly
once every three months and focused on preventive and curative
components of maternal, neonatal and child health services, including
birth planning, perinatal care, integrated community case management of
malaria, acute respiratory infection and diarrhoea, and criteria for referral
of patients with warning signs to health clinics. A typical training took two
weeks to complete. Physician assistants and registered nurses led the
training sessions that focused on clinical skills, such as history-taking,
physical examination and specific clinical procedures, such as rapid
diagnostic testing for malaria. After the start of the Ebola virus disease
outbreak, we added a training module on surveillance for Ebola
symptoms.

CHWs received weekly supervision visits from peer supervisors who
were trained in project and supply management, supportive supervision
and referrals. Supervision visits were designed to last one hour each and
consisted of form reviews, patient audits and restocking of essential
commodities. High-performing CHWSs were promoted to peer
supervisors, and were equipped with a motorbike for travel during
supervision visits. Initially, the visits were unstructured and left to the
discretion of individual supervisors, however, since May 2013,
supervision visits included the use of quality assurance checklists and
randomly-sampled patient audits led by the peer supervisors. Separately,
clinical supervisors conducted monthly field supervision visits to assess
adherence to clinical protocols and provide formative feedback based on
form reviews and direct observation of patient interactions.

Although the 2008 National policy and strategy on community health
services specified in-kind compensation for CHWs,® an agreement with
the health ministry allowed an additional monthly cash payment to CHWs
and supervisors. CHWs were paid 60 United States dollars (US$) per
month for an estimated 20 hours of work per week, while peer
supervisors and clinical supervisors were paid US$ 150 and US$ 550 per
month respectively.

Programme services

Initially, services were provided through passive surveillance, whereby
community members visited CHW households during periods of illness
or pregnancy. CHWs were trained to conduct integrated community case
management for diarrhoea, acute respiratory infection and malaria, along
with referral of cases that presented with danger signs. They were
equipped with diagnostic tools, including rapid malaria diagnostic tests,
mid-upper arm circumference bands and thermometers, and
therapeutics, including zinc, oral rehydration salts, amoxicillin,
acetaminophen and artemisinin-based combination therapy. Malaria was
diagnosed with rapid diagnostic tests in children, with a measured fever.
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Additionally, CHWs conducted home-based antenatal care education,
helped design birth plans, scheduled facility-based deliveries, screened
pregnant women and neonates for danger signs, referred cases with
danger signs to the clinic and promoted exclusive breastfeeding. CHWs
provided services at no cost to community members. To further promote
health-care utilization, CHWSs organized community health committees
that partnered with trained traditional midwives to refer expectant
mothers to stay at maternal waiting homes (a residence near the clinic
for at-term mothers), until childbirth. Beginning in April 2013, the
programme paid the midwives US$ 3-5 for clinic referrals, and mothers
who delivered in the clinic were provided transport reimbursements and
food stipends.

We modified several elements of the programme during the Ebola virus
disease outbreak. After the start of the outbreak in 2015, CHWs
performed active surveillance through monthly household visits. While
there were no confirmed cases of Ebola in the study area, use of rapid
malaria diagnostic tests was suspended to ensure the safety of CHWs,
and the programme adopted treatment protocols based on self-reported
signs and symptoms. Similar changes were implemented for treatment of
diarrhoea and acute respiratory infection.

Data collection and analysis

We used data from two population-representative household surveys
conducted by Last Mile Health in August 2012 and August 2015.
Fundamental aspects of the survey design and execution were described
previously.? The questionnaire was adapted from the 2007 and 2012
Liberian Demographic and Health Surveys and included sections on
household characteristics, maternal and neonatal health, reproductive
health, child health and access to health care. We used a two-stage
cluster design for the sampling, which provided a representative sample
for assessing changes in maternal and child health-care use. We
constructed a sampling frame using raw data from the 2008 Liberian
Census. The frame was adjusted using information from household
enumeration performed by Last Mile Health before each survey.
Communities were the primary sampling units and were selected using
probability-proportional-to-size sampling. Individual households served
as secondary sampling units. Random selection of households within
communities was done through a random walk procedure. For the 2012
baseline survey, we had a total sample of 600 households, selected from
30 clusters. Last Mile Health updated the sampling frame for the 2015
follow-up survey after a re-count of all the households in the district. The
2015 sample included 1035 households, selected from 45 clusters. We
interviewed women ages 18—49 years in both surveys.

We made certain changes to the survey between 2012 and 2015. We
added questions to the follow-up survey on asset ownership, family
planning, provider use, vaccination and knowledge of Ebola. Before and
after implementation, comparisons were restricted to consistent items
between surveys and to communities common to both sampling frames.
Individual weights for survey variables were adjusted post-hoc based on
2015 data. In 2012, enumerators interviewed the woman in the
household who most recently completed a pregnancy, while in 2015, all
women within a household were sampled and interviewed. The
comparative analysis was therefore restricted to the household woman
who in the 2015 survey responded as giving birth most recently. Surveys
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were done in Liberian English and Konobo Krahn by bilingual
enumerators.

Outcome measures

We defined the child health-care use outcomes as management of
childhood ilinesses by a formal care provider within a two-week recall
period. The childhood illnesses included were: (i) diarrhoea; (ii) acute
respiratory infection (defined as the combination of fever with a rapid
respiratory rate); and (iii) fever. We defined formal care providers as
community health workers, ministry of health community health
volunteers (who were active in some parts of Liberia but not in our study
area) and clinic staff. For maternal and neonatal health-care use, we
defined outcomes as: (i) completing at least one antenatal care visit at a
health facility; (ii) having a facility-based delivery; and (iii) receiving
postnatal care from a clinic staff member or a CHW within 24 hours of
delivery. To assess change in child health-care use, data from the 2012
survey and the 2015 survey were used as before and after programme
implementation, respectively. To assess changes with maternal care use,
the 2012 survey was used as a baseline, but assessment of programme
implementation was restricted to births captured after April 2013, when
all catchment communities had initiated at least one maternal health
programme element.

Data analysis

We conducted descriptive analyses to summarize respondent
characteristics at baseline and after programme implementation. We fit
logistic regression models to compare differences in each of the outcome
indicators before and after implementation. The regression models for
maternal health were adjusted for community type (agricultural versus
gold-mining), maternal age, distance to health facility (measured by
global positioning system) and presence or absence of motor vehicle
access to the nearest health facility. The models for child health were
adjusted for these same variables as well as the child’s age. After
regression, we used predictive margins, holding covariates at their
observed values to estimate adjusted percentages of each outcome
indicator before and after programme implementation, and tested before-
to-after changes using contrasts of predicted percentages. Since the
CHW programme had not started at the time of the baseline survey in
2012, we estimated the percentage of child health encounters for
integrated community case management of childhood ilinesses that were
provided by a CHW only for 2015. To assess moderating effects of
community type, we ran the same maternal and child health models with
an interaction term of community type and programme period. All
analyses incorporated complex sampling design using inverse probability
weights and finite population corrections at both stages. Standard errors
were adjusted for clustering using Taylor linearization. Statistical
analyses were conducted using Stata version 14.2 (Statacorp, College
Station, Texas, United States of America).

Ethical considerations

We obtained ethical approval for the surveys from the institutional review
boards of Partners Healthcare, Georgetown University and the Liberian
Institute for Biomedical Research. Respondents gave verbal informed
consent.
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Results

Implementation of programme

Between October 2012 and August 2015, we recruited and trained a total
of 54 CHWs and 10 supervisors, of whom 39 CHWSs and 5 supervisors
remained active at the end of the pilot period. By the completion of the
programme, CHW-to-population ratio within the study area was 1:311,
which was more than threefold higher than the ratio of 1:1 000 proposed
in the Liberian health ministry’s policy.®

Respondent characteristics

Table 1 summarizes the survey respondents’ characteristics. We used
data from 364 women of the 2012 survey and 205 women, who met the
inclusion criteria of the 2015 survey. The mean maternal ages were 30
and 29 years (P = 0.002), respectively. Completing secondary education
was more common in the follow-up survey (P = 0.039). There were no
statistically significant differences in other demographic characteristics.
The number of children who met the inclusion criteria was 470 in 2012
and 452 in 2015.

Table 1. Demographic characteristics of respondents and description
of the survey site, by survey year, Konobo district, Liberia, 2012 and
2015

html, 5kb

Child health

Between 2012 and 2015, the proportion of children receiving health care
for childhood ilinesses from formal providers significantly increased
(Table 2). The adjusted percentage increased by 60.1 points (95%
confidence interval, Cl: 51.6 to 68.7) for diarrhoea, by 30.6 points (95%
Cl: 20.5 to 40.7) for fever and by 51.2 points (95% CI: 37.9 to 64.5) for
acute respiratory infection. Among those children who received formal
provider care in 2015, 83.5% (Cl: 74.4 to 89.7) was from a CHW for
diarrhoea, 78.6% (95% CI: 64.9 to 87.9) for acute respiratory infection
and 80.9% (95% ClI: 73.3 to 86.7) for fever. Formal sector care for
diarrhoea and fever increased more for children in agricultural than
gold-mining communities, but the difference was not statistically
significant for acute respiratory infection (Table 3).

Table 2. Change in maternal and child health-care use, before and
after programme implementation, Konobo district, Liberia, 2012 and
2015

html, 4kb

Table 3. Change in maternal and child health-care use before and
after programme implementation, by community type, Konobo district,
Liberia, 2012 and 2015

html, 6kb

Maternal health

The adjusted facility-based delivery percentage increased by 28.2 points
(95% CI: 20.3 to 36.1; Table 2). The increase was 39.0 percentage
points (95% CI: 29.8 to 48.2) in agricultural communities compared to
19.6 points (95% CI: 7.6 to 31.5) in mining communities. There were no
significant changes in the receipt of at least one formal provider-
associated antenatal care visit or receipt of postnatal care within 24
hours.
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Discussion

Here we evaluate, over a three-year period, the implementation of a
programme recruiting and training CHWs to deliver maternal and child
care. Despite the Ebola virus disease outbreak, which caused substantial
declines in health-care utilization in other regions of the country, 1013 we
show increases in health-care use from formal providers for fever, acute
respiratory infection and diarrhoea among children and facility-based
delivery among pregnant women. Our three-year follow-up period is
longer than many prior evaluations.'* While many studies do not report
distance to clinic, we did not identify any studies from areas as remote as
Konobo. 5

Previous CHW programme evaluations report mixed findings, but are
generally positive. CHW programmes improved care seeking for
childhood ilinesses, though effectiveness and effect sizes vary between
interventions.3 Similarly, most high-quality impact evaluations report that
CHW programmes improve child mortality, but results are mixed and
individual studies are often limited because of their relatively small
sample size. 4. 16 Systematic reviews have found substantial
heterogeneity in CHW programme components and effects,3-14.16.17
suggesting a need for more research on specific programme elements
and across contexts.

We did not detect significant improvements in rates of antenatal or
postnatal care. Antenatal care rates were already high at baseline (over
80% of pregnancies), which could explain the lack of improvement. The
low rates of postnatal care could be explained by a combination of the
community focus of the programme and Ebola-related effects on care
seeking. However, postnatal care receipt was lower than facility-based
deliveries, which suggests missed opportunities at clinics. These results
underscore the importance of integrating community and facility-based
services throughout the continuum of care. 8- 19 Additionally,
community-based postnatal services may be needed to increase
postnatal care rates in remote locations with weak facility-based
services. 20,21

Programme efficacy was generally lower in gold-mining communities
than agricultural communities. In Konobo, mining communities are
usually larger and more transient. Limited evidence suggests that CHWs
function better with high social capital,?2-24 a contextual moderator that
is likely reduced in mining communities. Additionally, mining communities
tend to have greater availability of private-sector pharmaceutical
services. Studies have shown that alternative suppliers replace formal-
sector services, particularly when transportation is costly or facility-based
services are perceived to be of low quality.25.26

Future investigation will need to assess the sustainability and scalability
of these programmes. In addition to sustainable funding, pilot
programmes often require alterations to remain appropriate for a wide
variety of contexts as they get expanded.?”-2° Practices from this
programme are being scaled up to over 240 remote communities in
adjacent Rivercess County. Furthermore, several of the programme’s
features, such as contracts and cash payments, ensuring a CHW-to-
population ratio of 1:350, targeting of services to remote communities
and field-based supervision, have helped to inform the design of Liberia’s
National Community Health Assistant Program.5 This programme was
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launched in 2016 to accelerate progress towards universal health
coverage for the most vulnerable populations, especially those in remote
communities.® The newly launched programme seeks to transform an
existing cadre of unpaid and poorly coordinated CHWs into a more
effective workforce by enhancing recruitment, supervision and
compensation. The health ministry has organized a coalition of funding
and implementation partners to support this new programme. Formal
evaluations of both effectiveness and cost—effectiveness are planned as
part of the scale-up.

Our study has several limitations. First, results are uncontrolled, limiting
causal inferences. However, we are unaware of any other programmes
that occurred during implementation and our data show that by 2015
over 75% of child health services were reported to be delivered by
CHWs, lending support to a causal inference.?% Second, we cannot
differentiate the effects of the CHW programme from the effects of the
trained traditional midwives’ incentives, transport reimbursements and
food stipends, which were simultaneously implemented. Similarly, we
cannot identify the independent effects of particular CHW programme
sub-elements, such as supervision versus compensation. Third, our
programme was done in a single district with a small population,
therefore, the results are not generalizable for all remote populations.

This paper offers preliminary data on how an enhanced CHW-based
programme was used to promote the uptake of essential maternal and
child health services in remote populations. Future investigations will
assess the sustainability and scalability of the programme.
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