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Background

Progress in reducing malaria incidence and deaths has stalled, in part due to limited
access to quality malaria testing and treatment amongst rural populations. This
time-series analysis aims to describe changes in rural malaria diagnosis and treatment
before and during the rollout of Liberia’s National Community Health Assistant (CHA)
program. It also explores how malaria service delivery changed during the COVID-19
epidemic.

Methods

Malaria diagnosis and treatment data from 315 rural health facility catchments supported
by Liberia’s National CHA Program were collected from Liberia’s Health Management
Information System and analyzed. Trends in malaria service delivery coverage and quality
were assessed between January 2011 and December 2020.

Results

By 2020, four years after the program’s introduction, Liberia’s Community Health
Assistants diagnosed 50% of rapid diagnostic test (RDT) or microscopy-confirmed malaria
cases and carried out 51% of malaria treatments amongst children under age five in rural
areas where CHAs were present. Furthermore, the percentage of malaria diagnoses that
were confirmed by microscopy or RDT increased from 71% prior to the program to 95% in
2020. These results were effectively sustained in rural and remote communities during
COVID-19 in 2020.

Conclusions

The introduction of Liberia’s CHA program was associated with improvements in the
quality of malaria diagnoses and contributed to treating a significant share of the malaria
burden amongst children under age five in remote rural communities across Liberia, and
these improvements were sustained during COVID-19. Investments made in rural
community health systems can be leveraged by policy makers to strengthen malaria
diagnosis, treatment and control, especially in the age of COVID-19.

The 2020 World Malaria Report observes that progress
has stalled in reducing malaria incidence and deaths across
many countries.! Global malaria case incidence declined by
27% between 2000 and 2015, and by less than 2% between
2015 and 2019, indicating a slowing of the rate of decline
since 2015. Globally, malaria deaths per 100000 population
at risk reduced from about 25 in 2000 to 12 in 2015 and 10 in
2019, with the rate of decline slowing in recent years.! The
COVID-19 pandemic threatened to further slow progress
against malaria, with the World Health Organization (WHO)
reporting malaria diagnosis and treatment moderately or
severely disrupted in 44% of countries.

An important barrier to global malaria control is the lack
of access to quality testing, and in 2019 the WHO reported
that 31% of people with fever sub-Saharan Africa did not
seek treatment, a figure worse in rural areas, including in
high malaria prevalence zones.! Rural children in Liberia
have a high prevalence of malaria, with nearly two thirds
(62%) aged 6-59 months testing positive in Liberia’s 2016
Malaria Indicator Survey — more than double the prevalence
of their urban counterparts.2 However, care-seeking for
children with fever in Liberia’s 2019-20 Demographic and
Health Survey was lower in rural (74%) compared to urban
settings (87%) in 2019, and the quality of care is low with
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only one-half (51%) of rural children with fever tested for
malaria.3 While integrated management of children illness
(IMCI) is a widely adopted evidence-based strategy to im-
prove testing and treatment for children with malaria, work
is needed to continue to close access and quality gaps in
malaria diagnosis and treatment particularly for rural chil-
dren for whom access to facilities is challenging.4~¢

Following the 2014-16 West Africa Ebola epidemic, the
Government of Liberia revised its 2008 Community Health
Services Policy with the aim expanding essential health ser-
vices, including malaria testing and treatment, in under-
served remote communities, defined as those more than
5km from a health facility.” Liberia’s National Community
Health Assistant (CHA) program, launched in July 2016,
paid community health workers (instead of keeping them
as volunteers), increased their density in remote communi-
ties (where their numbers had been low and case loads were
high), trained and supervised them with nurses and other
frontline clinicians (when previously they were supervised
by non-clinicians), and equipped them with rapid diagnos-
tic tests (RDTs) and artemisinin combination treatments
(ACTs), along with medicines and supplies to deliver other
essential health services like contraceptives, antibiotics for
acute respiratory infection (which they had not been sup-
plied with previously). Leadership, collaboration, and re-
sources from Liberia’s Ministry of Health, the U.S. Presi-
dent’s Malaria Initiative, Global Fund, World Bank, Global
Financing Facility, and non-governmental and philan-
thropic partners enabled rapid scaling of malaria diagnosis
and treatment and other essential health services through
this new national platform. By December 2020, 3574 CHAs
and 373 supervisors were serving people in remote catch-
ment communities linked with 315 government clinics re-
porting data.

This study describes changes in malaria diagnosis and
treatment in the public sector in the setting of the Liberia’s
nationally scaled CHA program. In particular, it aims to
describe changes in rural malaria diagnosis and treatment
before and during national community health worker pro-
gram scale-up. Further, it aims to examine whether, and if
so, how malaria service delivery changed during the 2020
COVID-19 epidemic, as a test of the resilience of rural
health systems.

METHODS
STUDY SETTING

Launched in 2016, Liberia’s national policy recommends
that a maximum of ten CHAs should be supervised by one
nurse or other clinician (e.g. physician assistant) based at
clinics affiliated with the CHA’s catchment population of
up to 350 people. As previously described,8 the CHA pro-
gram introduced a package of preventive and curative ser-
vices delivered by CHAs, including community-event based
surveillance for infectious disease events, supportive care
for patients with HIV and tuberculosis, and reproductive,
maternal, newborn and child health services, among others.
Child health services focused on introducing integrated
community case management of illnesses for children un-
der age five, including treatment for diarrhea (with oral re-

hydration solution (ORS) and zinc), acute respiratory infec-
tion (with amoxicillin), screening for severe and moderate
acute malnutrition, and malaria testing (with Rapid Diag-
nostic Test (RDTs) and treatment with Artemisinin-based
Combination Therapy (ACT) for uncomplicated malaria. In
cases of RDT/ACT stockout or complicated malaria, CHAs
were trained to refer children to health facilities. Facility
malaria diagnosis occurred via RDT, microscopy, or clinical
diagnosis when diagnostic tests were unavailable or clini-
cians doubted diagnostic results, with treatment of uncom-
plicated malaria occurring via ACTs.

In response to COVID-19, Liberia’s Ministry of Health
updated the CHA program’s protocols for malaria service
delivery to prioritize safety of health workers and patients.
CHAs were provided face masks and gloves. When a child
under age five presented with a fever, CHAs were trained to
screen each patient and their household contacts for symp-
toms of COVID-19. If a trigger was identified, CHAs would
counsel the patient on how to safely self-isolate and con-
tact the surveillance team for further investigation. Patients
with suspected COVID-19 were referred to the health facil-
ity for further assessment, and those not meeting the case
definition were tested for malaria and treated according to
protocols.?

DATA SOURCES

We restricted analyses to data collected through the 315
Liberian health facilities with available National CHA Pro-
gram community-level data in December 2020. Included
data are from both the national community-based data sys-
tems and facility-based data systems, which are reported
through facilities. All monthly reports of our outcomes of
interest from 2011 to 2020 were extracted from these 315
health facilities from the DHIS2 using the httr and jsonlite
R packages, regardless of when the CHA program started at
that facility.

Records of clinical encounters with CHAs are captured in
Liberia’s paper-based Community Based Information Sys-
tem (CBIS). CHASs’ supervisors collect and aggregate reports
of services delivered on a monthly basis and verify that
counts match service delivery records. On a monthly basis,
aggregated counts are entered into the District Health In-
formation System (DHIS2) platform. Similarly, health fa-
cilities maintain paper records of clinical encounters, and
services delivered. On a monthly basis, health facilities
complete an aggregated report, which is then collected col-
lected by the County Health Team and entered in to the
DHIS2 platform online.

DATA ANALYSIS

Outcomes of interest include: (i) malaria diagnosis episodes
by year, disaggregated by provider type (facility vs CHW)
and diagnosis type (clinical, RDT, and microscopy), and (ii)
malaria treatment episodes by month and year, disaggre-
gated by provider type (facility vs CHW). Provider and pa-
tient gender were not collected across the entire study pe-
riod and are therefore are not reported. With longitudinal
data from 2011-2020, we examined data from three periods:
(i) before the 2017 introduction of Liberia’s National CHA
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Program, (ii) during the 2017-2020 scale-up of Liberia’s Na-
tional CHA Program, and (iii) following the first reported
COVID-19 case in March 2020. We conducted a descriptive
analysis of the service delivery outputs of health facilities
and community health workers over time and presented
these in charts for ease of interpretation.

Finally, at the recommendation of a reviewer, we in-
cluded a post-hoc additive Holt-Winter model to better vi-
sualize changes over time and assess whether total number
of treatment episodes deviated from previous trends during
the COVID-19 period while accounting for seasonality (Fig-
ure S1 in the Online Supplementary Document). The model
was fitted using the base R HoltWinters function on data
from January 2016 until March 2020. From there, the fore-
cast was extracted from the Holt-Winters model using the
predict function for months through the end of 2020 and
visually compared with the observed number of treatment
episodes.

RESULTS

The first CHA-conducted malaria diagnoses began in 2017,
when the national program was introduced and began col-
lecting data from 12 of Liberia’s 15 counties by December
2017 (Table S1 in the Online Supplementary Document).
The introduction of Liberia’s CHA Program was associated
with a shift in malaria diagnostic methods in the CHA-sup-
ported catchment areas (Figure 1) amongst children under
age five. In 2016, prior to the introduction of the CHA pro-
gram, only 40% of reported diagnoses were confirmed using
RDT or microscopy. In 2017-2018 (first full implementation
year), CHAs provided 133,002 diagnoses, and this increased
to 146,319 in 2020 as the program expanded (Figure 1). In
2020, 48% of all malaria diagnoses in the 315 CHA-sup-
ported catchment areas were made by CHAs (Figure 1). Dur-
ing the CHA program period, there was a consistent trend
toward diagnosis by CHAs rather than at health facilities,
suggesting that community care was substituted for facil-
ity-based care.

By 2020, four years following rollout of the CHA pro-
gram, the percentage of malaria diagnoses that were con-
firmed by microscopy or RDT increased from 71% in 2016 to
95% in 2020. Among confirmed diagnoses, 50% were con-
ducted by CHAs.

Across the 315 health facilities included in the study,
the number of malaria treatment episodes for children un-
der age five (Figure 2) appeared relatively stable between
2011-16, at around 300,000 cases of malaria treated, except
during the Ebola outbreak. Annual treatment figures recov-
ered by 2016.

After the introduction of the CHA program in 2017, there
was a substantial shift in treatment seeking patterns. The
total number of treatment episodes did not change
markedly. However, a growing proportion of treatment was
provided by CHAs. By 2019, 45% of treatments provided to
children under-age five diagnosed with malaria in included
catchment areas were from a CHA.

In 2020, and nine months after the first case of COVID-19
was identified, malaria testing was sustained nationally,
with CHAs responsible for 52% of malaria diagnoses from
April - December 2020, compared to 47% during the same
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Figure 1. Annual numbers of reported malaria
diagnosis by provider and type.
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Figure 2. Malaria treatment annually by provider
among facilities in the National Community Health
Assistant Program, children under five.

months of 2019, in line with the slightly increased scale of
the program. Additionally, the proportion of treatments de-
livered at community level increased to 51% in 2020 as the
National CHA Program continued to scale up, from 3307
CHAs in December 2019 to 3574 CHAs in December 2020.

The number of malaria treatments remained approxi-
mately constant over seasons compared to pre-pandemic
years (Figure 3). The total number of treatment episodes af-
ter the first COVID-19 case in Liberia remained within the
95% confidence interval of the Additive Holt-Winters fore-
cast using data from the 4 previous years (Figure S1 in the
Online Supplementary Document).

DISCUSSION

Introduction of Liberia’s CHA program was associated with
improvements in the quality of malaria diagnoses and con-
tributed to treating a significant share of the malaria burden
amongst children under age five in remote rural commu-
nities across Liberia. In addition, we found that these im-
provements were sustained during COVID-19. By 2020,
more cases were confirmed with microscopy or RDT than in
previous years, and CHAs diagnosed nearly half of the test-
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confirmed malaria cases and delivered more than half of the
treatments to children under five in rural populations in the
study. These improvements in national rural malaria test-
ing and treatment were maintained during the first year of
COVID-19 pandemic.

By employing CHAs and increasing their density in re-
mote communities, supervising them with clinicians and
creating supply chains, Liberia improved the systems sup-
porting community health workers, not just the services
they deliver. In so doing, Liberia was able to decentralize
malaria RDT and treatment from the facilities to the home,
improving the share of diagnoses that are confirmed and
improving treatment for rural children. Findings from our
health services research are supported by separate popula-
tion-level studies including the 2019-20 Demographic and
Health Survey in Liberia, which showed the percentage of
children with a blood prick for malaria testing was higher
for the first time in rural areas than urban areas, indicating
greater access to testing in rural areas.3

Community-based service delivery brings multiple ben-
efits at patient, population and health system levels. The
observation that nearly half of all children under five in
these areas received care for malaria from a CHA means
more convenient care without user fees for most families.
In other studies, at a county level, we have found families
report improved access to testing and care-seeking for fever
improves and reduced use of unqualified providers. Treat-
ment at home means saving the opportunity cost from los-
ing a day of work to secure treatment for a child and creates
savings on transportation. Quality also includes timeliness,
another advantage of CHA-delivered care allowing febrile
children to receive care more quickly.® Global evidence
demonstrates that distance is a critical determinant of
timely treatment, and that traveling more than 3-5 kilome-
ters to a health facility for malaria care delays care and care-
seeking.10-15 Treating malaria early in the community di-
rectly addresses this barrier, and early treatment reduces
negative outcomes of the disease in children.l® Addition-
ally, community-based delivery is likely a more cost-effec-
tive mechanism compared to clinic delivered care, though
the extent of this would be an important investigation for
future research.

Increased testing and treatment availability at the com-
munity level appears to coincide with relative decreases in
utilization of malaria testing and treatment at health fa-
cility level. Outpatient Department data from DHIS2 shows
that at about half of all causes of Outpatient Department
visits by children under age five in these 315 health facilities
was for malaria. Decentralizing access to quality malaria
care for rural populations by increasing malaria RDT con-
firmation can reduce misuse of ACTs, a cornerstone of the
WHO’s Global plan for artemisinin resistance contain-
ment.17 Our study CHA program has allowed more remote
children who previously relied on health facilities to be
tested and treated in their homes by CHAS, consistent with
studies including randomized controlled trials in Liberia,
Mali, and Uganda.®,18-20

In 2020, the COVID-19 pandemic threatened to disrupt
malaria and other primary health care services. Globally,
the WHO reported that COVID-19 control measures (e.g.
physical distancing, business closures, transportation dis-
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Figure 3. Malaria treatment episodes before and
during the COVID-19 pandemic, by provider.

ruptions) and community fear of infection disrupted the ac-
cess, distribution of essential malaria supplies, including
tests and treatments.2! Although Liberia has a lower
COVID-19 case load compared to some of its peers in the
region, facility closures impacted utilization of select facil-
ity-based primary healthcare services in a recent analysis.22
However, our study found that community-based malaria
testing and treatment services for rural children with
malaria appear to be maintained in the first year of the
COVID-19 pandemic, and without notable decreases in fa-
cility-based malaria testing and treatment. Shortly after
COVID-19 was detected in Liberia in March 2020, Liberia’s
Ministry of Health leveraged systems — including supervi-
sion, supply chain — supporting CHAs. For instance, they
provided personal protective equipment to CHAs and
adapted diagnostic and treatment algorithms accordingly.
While it’s unclear to what extent these changes in protocols
were put into practice, PPE uptake was wide, and in Liberia
and elsewhere there are reports of community-based
provider’s decreases in anxiety, fear and improvements in
safety to continue providing services like malaria testing
and treatment.23 The actual number of total treatments de-
livered also fell within the 95% CI of projections from a sea-
sonal Holt-Winters model based on the 4 years prior to the
first COVID-19 case (Figure S1 in the Online Supplementary
Document), though disentangling changes in disease bur-
den from changes in coverage remains a challenge in this
model.

There were a number of limitations in our study. The
data analyzed is a full census of reported diagnoses and
treatment, so there is not sampling error. However, there is
a possibility of non-sampling error. DHIS2 and similar data
systems have known limitations in interpreting malaria
trends and do not capture data from informal, traditional,
or private sector providers.24 This dataset alone is therefore
insufficient to accurately measure national malaria diagno-
sis and treatment trends or to attribute the continuation of
treatment, and episodes treated at both facility and com-
munity levels may be double-counted. Some government
supported community health volunteers provided diagnosis
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and treatment at smaller scales prior to 2016, but these
data were not entered in government databases. Timeliness
and correctness of diagnosis and treatment are not directly
measured in this study. Furthermore, it is possible that
there is differential data quality in data reported by CHAs
and by health facilities. Mismatches between malaria treat-
ment counts disaggregated by time and age in 9% of CHSS
reports included in this analysis suggest data completeness,
consistency, and quality may vary, but do not appear to alter
conclusions. These data are best used to describe and in-
terpret shifting norms in malaria service delivery and qual-
ity and could be extended through subnational analyses of
variation in quality and performance.

These data have significant policy and practice implica-
tions for community health workforce investments, partic-
ularly during COVID-19. Despite inclusion of “malaria ser-
vices” in Liberia 2008 National Community Health Services
Policy, Liberia’s community health workforce was unpaid
and poorly supervised, with high attrition and limited effec-
tiveness. Studies showed very low coverage rates of essen-
tial health services during this time,25 which limited timely
access to malaria testing and treatment. After malaria ser-
vices collapsed during the Ebola outbreak, Liberia’s Min-
istry of Health and partners made a commitment to change
policy. The Health Ministry and partners recognized the
need to invest not only in the services community health
workers, but in systems to support them. Liberia revised its
community health services policy and launched the CHA
program. The Health Ministry decided that community
health assistants would be selected in remote rural commu-
nities, increasing geographic coverage; supervised by nurses
and other primary care clinicians; up-skilled including
training in malaria testing and treatment as part of a
broader set of primary care interventions; supplied with
RDTs and ACTs; and provided salary support and a contract.
These systems investments are consistent with other ex-
emplar community health programs that have adapted the
WHO guidelines on optimizing systems and policy for com-
munity health programs - and they can be extended by pol-
icymakers seeking to leverage community health systems to
strengthen malaria diagnosis, treatment and control, espe-
cially in the age of COVID-19. Similar findings in other con-
texts would be useful to strengthen the generalizability of
these findings.
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