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ABSTRACT
Background  Little is known about strategies for 
optimising the scale and deployment of community health 
workers (CHWs) to maximise geographic accessibility of 
primary healthcare services.
Methods  We used data from a national georeferenced 
census of CHWs and other spatial datasets in Sierra Leone 
to undertake a geospatial analysis exploring optimisation 
of the scale and deployment of CHWs, with the aim of 
informing implementation of current CHW policy and future 
plans of the Ministry of Health and Sanitation.
Results  The per cent of the population within 30 min 
walking to the nearest CHW with preservice training 
increased from 16.1% to 80.4% between 2000 and 2015. 
Contrary to current national policy, most of this increase 
occurred in areas within 3 km of a health facility where 
nearly two-thirds (64.5%) of CHWs were deployed. Ministry 
of Health and Sanitation-defined ‘easy-to-reach’ and ‘hard-
to-reach’ areas, geographic areas that should be targeted 
for CHW deployment, were less well covered, with 19.2% 
and 34.6% of the population in 2015 beyond a 30 min 
walk to a CHW, respectively. Optimised CHW networks in 
these areas were more efficiently deployed than existing 
networks by 22.4%–71.9%, depending on targeting metric.
Interpretations  Our analysis supports the Ministry of 
Health and Sanitation plan to rightsize and retarget the 
CHW workforce. Other countries in sub-Saharan Africa 
interested in optimising the scale and deployment of their 
CHW workforce in the context of broader human resources 
for health and health sector planning may look to Sierra 
Leone as an exemplar model from which to learn.

BACKGROUND
Countries committed to achieving Universal 
Health Coverage (UHC) as part of the 
Sustainable Development Goals set in 2015 
and reaffirmed that commitment at the 
United Nations General Assembly High Level 
Meeting on UHC in 2019.1 Achieving UHC 
and ensuring effective pandemic prepar-
edness and response will require strength-
ening health systems by investing in primary 

healthcare (PHC), particularly frontline 
health workers at the primary healthcare 
level and in communities.2–5 CHWs are 
foundational to the PHC approach as front-
line human resources for health (HRH), 
essential members of PHC teams providing 
community-based PHC services and a trusted 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Previous studies in Sierra Leone have explored 
geographical accessibility to antenatal care and 
childbirth services at health facilities but not 
community-based primary healthcare (PHC) services 
provided by community health workers (CHWs).

WHAT THIS STUDY ADDS
	⇒ Our analysis provides new insight on the contribu-
tion of CHWs to increasing geographical accessi-
bility of community-based PHC services in Sierra 
Leone between 2000 and 2015, as well as policy 
relevant variation across subnational areas, gen-
der of the CHW and training of the CHW on specific 
interventions.

	⇒ Our analysis identifies important misalignment be-
tween the scale and geographic distribution of the 
existing CHW workforce and current national policy, 
and points to opportunities for optimising scale and 
efficiency of CHW deployment.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

	⇒ Our analysis supports Ministry of Health and 
Sanitation (MOHS) plans to rightsize and retarget the 
CHW workforce.

	⇒ The MOHS could use our analysis and future iter-
ations to fine-tune planning and implementation of 
CHW policy in the context of broader HRH and health 
sector planning.

	⇒ MOHS and partners could consider re-investing 
cost-savings from rightsizing and retargeting to-
wards the professionalisation of CHWs and strength-
ening the systems components needed to optimise 
CHW performance.
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bridge between the health system and communities.6–9 
Research has shown CHWs can be a cost-effective and 
equity-promoting investment, particularly when they are 
well-supported by the health system and communities 
they serve.10–15 Investment in CHWs can also promote 
the economic development and the empowerment of 
women through paid work.10 16 Globally, there is a severe 
HRH shortage, including for CHWs, compounded by 
a maldistribution of HRH, with the most severe affects 
in Africa, particularly in rural, remote and underserved 
geographic areas.17 18 Globally, financing of HRH is inad-
equate, including for CHWs with an estimated funding 
gap of US$5.4 billion annually.19

In Sierra Leone, CHWs are essential frontline HRH crit-
ical to the country’s vision of a resilient national health 
system and prosperous socioeconomic development.20–22 
Under the leadership of the Ministry of Health and 
Sanitation (MOHS), there was a large scale-up of CHWs 
employed by non-governmental organisations between 
2000 and 2020, including during the Ebola crisis.23 As 
of 2020, there were >17 000 CHWs deployed in Sierra 
Leone.23 An assessment of the national CHW programme 
incorporated findings from earlier iterations of our anal-
ysis, and informed the new MOHS CHW policy for the 
period 2021–2025.23 The new policy included three key 
policy shifts: harmonisation and integration of all CHW 
cadres into the national CHW programme, rightsizing 
the scale of the CHW network and retargeting CHW 
deployment to areas of greatest need.24

ries strive to increase financing for HRH, including for 
CHWs, concurrent efforts are needed to optimise impact 
and efficiency of available funding through rightsizing 
scale and improving the equitable distribution of HRH, 
including CHWs. Geospatial analysis using geographic 
information systems can be a powerful tool in the HRH 
toolkit for optimising scale and deployment of HRH. 
However, few countries leverage the potential of geospa-
tial analysis, contributing to inefficiencies and inequities 
in the distribution of HRH and geographical accessibility 
of health services.17 18

We used data from a national georeferenced census 
of CHWs and other spatial datasets in Sierra Leone to 
undertake a geospatial analysis exploring optimisation 
of the scale and deployment of CHWs with the aim of 
informing implementation of the new CHW policy and 
future MOHS planning.

DATA AND METHODS
We provide a detailed description of the data and 
methods in online supplemental appendix 1, including 
a simplified analysis flow (online supplemental appendix 
1 figure 1). Methods were adapted from previous work in 
the region by Oliphant et al.25

Study setting
During our period of focus, 2000–2016, Sierra Leone had 
four political administrative levels (chiefdoms, districts, 

provinces and national).26 The health system included 
a public and private sector organised in a decentral-
ised, pyramidal structure with three administrative 
levels—tertiary, secondary and primary—overseen by the 
MOHS.27 Our analysis focuses on CHWs situated at the 
base of the primary level. The primary level comprised 
public health facilities, collectively known as peripheral 
health units (PHUs) providing PHC services and referral 
services to the secondary level (district hospitals). PHUs—
in descending order according to size and availability of 
skilled healthcare workers—included community health 
centres, community health posts and maternal and child 
health posts. The primary level also included private 
sector clinics focused on primary healthcare services.

At the base of the primary level were CHWs. National 
CHW policy evolved over time, including the develop-
ment of the first national CHW policy in 2012 (covering 
2012–2015)28 and subsequent updates in 2016 (covering 
2016–2020)21 and 2021 (covering 2021–2025).24 
According to the national CHW policy of 2012–2015, a 
CHW was defined as a community member selected by the 
community and trained to provide basic essential health 
services and information at community level.28 Following 
a standardised 10-day preservice training designed by the 
MOHS, CHWs were allowed to provide a standard package 
of community-based PHC services, including prevention, 
promotion and curative services, as well as surveillance 
activities, through household visits. The national CHW 
policy of 2012–2015 did not include geographic criteria 
for guiding the deployment of CHWs (ie, the CHW could 
be selected from and work in communities regardless of 
proximity to health facilities). The national CHW policy 
of 2021–2025 sought to rightsize and retarget the CHW 
network and was informed, in part, by early iterations of 
our analysis.23 24 Additional details on the evolution of 
CHW policy, including the definition of CHWs, package 
of services, selection, training, certification, deployment, 
CHW per population ratios and supervision are provided 
in online supplemental appendix 1.

Data
We obtained the following spatial datasets to inform 
our models of travel time to CHWs and health facilities: 
administrative boundaries (levels 0–3),29 a 2016 national 
georeferenced master facility list (Ministry of Health 
and Sanitation, the Republic of Sierra Leone, UNICEF, 
2016), a 2016 national georeferenced CHW master list 
(CHWML) (Ministry of Health and Sanitation, the 
Republic of Sierra Leone, UNICEF, 2016), digital eleva-
tion model,30 land cover,31 roads,32 waterbodies33 (treated 
as barriers to movement where roads did not cross) and 
travel scenarios (online supplemental appendix 1 figures 
27-37). As of 2016, there were 14 632 working CHWs 
of which 14 579 CHWs (99.6%) had geographic coor-
dinates for the main settlement in which they worked 
and 14 494 CHWs (99.1%) reported they received the 
standard 10-day preservice training of the MOHS (online 
supplemental appendix 1 figure 38). Data on training 
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and year of deployment were self-reported by CHWs in 
the CHWML. For our analysis of accessibility coverage, 
geographic coverage and efficiency of deployment, we 
obtained modelled estimates for population counts 
for 2000–2015.34 35 Community-based PHC services 
provided by CHWs are intended to address under-five 
(U5) mortality and malaria was a main cause for cura-
tive consultations among children U5 in Sierra Leone.27 
For this reason, we obtained modelled estimates of the 
annual mean U5 mortality rate in 201536 and modelled 
estimates of the annual mean incidence of Plasmodium 
falciparum (Pf) malaria among all ages (0–99 years) in 
201537 to inform our efficiency analysis. We prepared 
the input datasets in the projected coordinate reference 
system EPSG:2161—Sierra Leone 1968/UTM zone 28N 
for Sierra Leone at 100 m×100 m resolution for our anal-
ysis of accessibility coverage and 1 km×1 km for our anal-
ysis of geographic coverage and efficiency of deployment.

We prepared a travel speed table for the travel scenario 
walking in dry conditions (online supplemental appendix 
1). We adapted travel speeds for each land cover class 
and road class from previous studies.25 38 39 Travel speeds 
refer to the population walking in dry conditions in the 
direction of the CHW. Travel speeds and analysis for 
other travel scenarios (eg, travel in wet conditions, moto-
rised travel) that were not our main focus are provided in 
online supplemental appendix 1.

Geographic areas relevant to CHW policy
The current CHW policy for 2021–2025 included two 
policy-relevant geographic areas: easy-to-reach (ETR) 
and hard-to-reach (HTR) areas.24 The MOHS defined 
ETR areas as areas 3–5 km from a health facility and 
not in difficult terrain. The MOHS did not define ‘not 
in difficult terrain’. Hills, mountains and water bodies 
can increase the travel time needed to traverse an area 
or impede travel altogether, depending on the mode of 
transport. We accounted for the effect of such geographic 
features on travel time in our analysis and defined ‘not 
in difficult terrain’ as areas within 60 min walking of a 
health facility. The MOHS-defined HTR areas as areas 
beyond 5 km from a health facility or between 3 and 5 km 
of a health facility and in an area with difficult terrain. 
The MOHS did not define ‘difficult terrain’. We defined 
‘difficult terrain’ as beyond 60 min walking of a health 
facility. This is a change from previous definitions of ETR 
and HTR areas in Sierra Leone. In the CHW policy for 
2016–2020, the MOHS defined ETR areas as areas within 
3 km of a health facility and HTR areas as areas beyond 3 
km from a health facility.21 The MOHS definitions of ETR 
and HTR areas in the 2016–2020 policy did not mention 
‘difficult terrain’. The CHW policy of 2012, covering the 
period 2012–2015, did not provide definitions for HTR 
and did not mention ETR.28

We conducted our analysis for three geographic areas 
relevant to the current CHW policy for 2021–2025: areas 
within 3 km of a health facility, which are not prioritised 
for CHW deployment in the 2021–2025 CHW policy, ETR 

areas and HTR areas. Populated areas within 3 km of a 
health facility covered a total of 12 990 km2 with an esti-
mated population of 5.5 million in 2015 (77.2% of the 
total population). Populated ETR areas covered a total 
of 3 345 km2 with an estimated population of 167 000 
in 2015 (2.4% of the total population). Populated HTR 
areas covered a total of 14 878 km2 with an estimated 
population of 1.4 million in 2015 (20.2% of the total 
population). Further details on the data and methods 
used to derive these geographic areas are in online 
supplemental appendix 1 1.

Assessing accessibility coverage
We defined accessibility coverage as the estimated 
percentage of people within a given travel time to the 
nearest health service delivery location, accounting for 
travel speeds of different modes of transportation over 
different land cover classes.39 The slope of the terrain 
is accounted for by correcting for walking speeds,40 and 
by considering a direction of travel towards the health 
service delivery location.39

We estimated accessibility coverage at 100 m×100 m 
resolution for the health facility and CHW networks in 
2015. We also did this for the CHW networks in ETR 
and HTR areas, gender of the CHW, year of deployment 
(2000–2015), preservice training and training on specific 
interventions. We used 10 min, 30 min and 60 min cut-
offs as previous analyses have shown care seeking decays 
as a function of travel time after these cutoffs41 and 
they are clinically relevant (eg, for prompt treatment of 
severe illness).42 The analysis was constrained to national 
borders but allowed for travel across subnational admin-
istrative boundaries. We used the ‘accessibility’ module 
within AccessMod 5 (V.5.6.56)41 to calculate travel time 
layers and the ‘zonal statistics’ module to calculate zonal 
statistics for each travel time layer by administrative level.

Assessing efficiency of deployment in ETR and HTR areas
We assessed the efficiency of deployment of the existing 
CHW networks and compared them with hypothet-
ical networks designed to optimise efficiency of CHW 
deployment. We defined efficiency of deployment as the 
geographic coverage of the estimated population achieved 
by a given number of CHWs, based on an adaptation of 
the definition of technical efficiency by Palmer and Torg-
erson.43 A CHW network designed to optimise efficiency 
of CHW deployment is one that maximises geographic 
coverage of the population with the fewest number of 
CHWs. This requires deploying CHWs such that each 
CHW maximises the gain in geographic coverage of the 
population. We assessed efficiency of deployment by 
comparing the gain/loss in geographic coverage achieved 
by optimised CHW networks compared with the existing 
CHW networks, given the same number of CHWs. We 
defined geographic coverage as the estimated popu-
lation within a theoretical catchment area of the CHW 
networks, given a 30 min maximum travel time (walking 
scenario) and the maximum population capacity of the 
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CHWs.39 We assessed geographic coverage of (a) the esti-
mated population in 2015, (b) the estimated U5 deaths in 
2015 and (c) the estimated Pf malaria cases in 2015 by the 
existing CHW networks in 2016 at 1 km×1 km resolution 
using the ‘geographic coverage’ module of AccessMod 5 
(V.5.6.56).39 We then assessed geographic coverage of a–c 
using the hypothetical CHW networks in 2016 designed 
to optimise metrics a–c, and compared these results with 
the results from the existing networks. The maximum 
population capacity for CHWs was based on the MOHS 
norms for the ratio of CHWs per population from the 
2021 CHW policy.24 We used the lower bound of the 
MOHS range for the ratio of CHW per population to be 
conservative in our estimates: 500 for CHWs in ETR areas 
and 300 for CHWs in HTR areas. The maximum extent 
of a catchment was therefore delimited by the maximum 
travel time of 30 min except in cases where the estimated 
population in the catchment exceeded the maximum 
population capacity. In this case, the extent of the catch-
ment was defined by the area containing the estimated 
population, up to the maximum population capacity.

For (a) we compared the efficiency of deployment of 
the existing CHW networks with hypothetical networks 
of the same number of CHWs (n=1521 in ETR areas and 
n=3650 in HTR areas). We used the MOHS norms for 
CHWs to population stated above. There is no MOHS 
norm for the ratio of CHW per U5 deaths or Pf malaria 
cases. Assuming one CHW could cover all estimated U5 
deaths or Pf malaria cases within their catchment regard-
less of population size would be unrealistic. For metrics 
(b) and (c), we based the number of CHW required for 
the existing CHW networks and the hypothetical CHW 
networks on the estimated number of CHW needed to 
cover the estimated population in each catchment using 
the MOHS norms above. We then compared the esti-
mated geographic coverage attained in ETR areas by the 
first 1521 CHW of the existing CHW network with the first 
1521 CHW of the hypothetical CHW network designed to 
optimise metrics b–c. We did the same comparison for 
HTR areas, using the first 3650 CHW of the existing CHW 
network and first 3650 CHW of the hypothetical CHW 
network designed to optimise metrics b–c. We assessed 
the potential effect of uncertainty of the estimates for U5 
deaths and Pf malaria cases among all ages on interpre-
tation of our efficiency results (see online supplemental 
appendix 1 and 4).

Patient and public involvement statement
We did not involve patients or the public in this study.

RESULTS
Accessibility coverage
Three-quarters (76.1%) of the estimated population in 
2015 had walking access to a health facility within 60 min 
(table 1). Accessibility coverage within a 30 min walk to 
a CHW increased from 16.0% to 80.4% between 2000 
and 2015 (table 1). Contrary to current national policy, 

most of the increase in accessibility coverage of CHWs 
occurred within 3 km of a health facility where nearly 
two-thirds (64.5%) of CHWs were deployed. Increases 
in accessibility coverage were least pronounced in ETR 
and HTR areas, where only 10.4% and 25.0% of CHWs 
were deployed, respectively (table  1, online supple-
mental appendix 1 figure 35). Accessibility coverage of 
the estimated population in ETR and HTR areas within 
a 30 min walk to a CHW was 80.9% and 65.4%, respec-
tively, covering an estimated 135 000 and 801 000 people 
(table 1). Online supplemental video shows the evolution 
of travel time (walking) to a CHW between 2000 and 2015, 
indicating a relatively slower scale-up between 2000 and 
2010 and a rapid scale-up thereafter—continuing during 
the Ebola outbreak of 2015–2016. Accessibility coverage 
within a 30 min walk to a CHW was higher for male CHWs 
compared with female CHWs, with the disparity most 
pronounced in ETR and HTR areas (table  1). Accessi-
bility coverage within a 30 min walk varied by training 
on specific interventions, with the highest accessibility 
coverage (near 74%) for community case management 
(CCM) for malaria, prevention and promotion inter-
ventions, and CCM index (CCM for malaria plus identi-
fication and referral for severe malnutrition) and lower 
accessibility coverage for reproductive, maternal and 
newborn health (RMNH) interventions (65.5%) Ebola 
virus disease signal functions (60.2%) and all packages 
(48.3%) (table  1). Accessibility coverage also varied by 
travel scenario, with higher accessibility coverage for dry 
scenarios versus wet scenarios and walking plus motor-
ised transportation scenarios versus walking scenarios. 
We provide additional maps in online supplemental 
appendix 1 figures 2–19 and detailed results at national 
and subnational levels (chiefdoms) by travel scenario in 
online supplemental appendix 2, tab ‘Detailed_Results’.

Efficiency of deployment
ETR areas
The hypothetical CHW network in ETR areas was 43.2% 
more efficient than the existing network in terms of 
geographic coverage of the estimated population within 
a 30 min catchment (97.0% vs 67.7%) (figures  1 and 
2A and online supplemental appendix 3, tab ‘Compar-
ison_Pop_ETR’). A majority (53%) of the existing CHW 
network realised <30% of their maximum population 
capacity (500), indicating redundancy from inefficient 
deployment. Additionally, 80% of the estimated popula-
tion not covered by the existing CHW network in 2015 
was concentrated in just 36.6% (56/153) of communes 
(online supplemental appendix 1 figures 20–22 and 
26). The hypothetical CHW network in ETR areas was 
27.2% more efficient than the existing network in terms 
of geographic coverage of the estimated U5 deaths 
within a 30 min catchment (95.1% vs 74.8%) (figure 2B, 
online supplemental appendix 3, tab ‘Comparison_U5d_
ETR’). The hypothetical CHW network in ETR areas 
was 26.1% more efficient than the existing network in 
terms of geographic coverage of the estimated Pf malaria 
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Figure 1  Modelled catchment areas of the existing CHW network in ETR areas, and hypothetical optimised CHW network in 
ETR areas in 2016 at 1 km×1 km resolution. (A) Modelled 30 min catchment areas of the existing CHW network (blue) in ETR 
areas in 2016; (B) modelled 30 min catchment areas of the hypothetical optimised CHW network (pink) in ETR areas in 2016. 
All analyses at 1 km×1 km resolution based on a walking scenario and maximum population capacity of the given network. 
Images depict chiefdoms within Kambia and Port Loko districts in Northern province. *For visualisation purposes, road classes 
limited to motorway, trunk, primary, secondary and tertiary. CHW, community health worker; ETR, easy-to-reach area.

Figure 2  Efficiency of deployment of the existing CHW network compared with hypothetical optimised CHW networks in ETR 
areas at 1 km×1 km resolution. (A) Comparison of the per cent of the estimated population in ETR areas covered within a 30 
min catchment area (walking) by the existing CHW network compared with a hypothetical CHW network deployed to optimise 
geographic coverage of the estimated population in ETR areas; (B) comparison of the per cent of the estimated U5 deaths in 
ETR areas covered within a 30 min catchment area (walking) by the existing CHW network compared with a hypothetical CHW 
network deployed to optimise geographic coverage of the estimated U5 deaths in ETR areas; (C) comparison of the per cent 
of the estimated Pf malaria cases among all ages (0–99 years) in ETR areas that was covered within a 30 min catchment area 
(walking) by the existing CHW network compared with a hypothetical CHW network deployed to optimise geographic coverage 
of the estimated Pf malaria cases among all ages (0–99 years) in ETR areas. All analyses at 1 km×1 km resolution. CHW, 
community health worker; ETR, easy-to-reach area; Pf, Plasmodium falciparum; U5, under-five.
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cases (all ages) within a 30 min catchment (97.1% vs 
77.0%) (figure 2C, online supplemental appendix 3, tab 
‘Comparison_Cases_ETR’).

HTR areas
The hypothetical CHW network in HTR areas was 71.9% 
more efficient than the existing network in terms of 
geographic coverage of the estimated population within 
a 30 min catchment (78.3% vs 45.5%) (figures  3 and 
4A and online supplemental appendix 3, tab ‘Compar-
ison_Pop_HTR’). Nearly half (47%) of the existing CHW 
network in HTR realised <30% of their maximum popu-
lation capacity (300), indicating redundancy from inef-
ficient deployment. Additionally, 80% of the estimated 
population not covered by the existing CHW network 
in 2015 was concentrated in just 37.2% (57/153) of 
communes (online supplemental appendix 1 figures 
23–25). The hypothetical CHW network in HTR areas 
was 38.9% more efficient than the existing network in 
terms of geographic coverage of the estimated U5 deaths 
within a 30 min catchment (90.1% vs 64.9%) (figure 4B, 
online supplemental appendix 3, tab ‘Comparison_U5d_
HTR’). The hypothetical CHW network in HTR areas 
was 22.4% more efficient than the existing network in 
terms of geographic coverage of the estimated Pf malaria 
cases (all ages) within a 30 min catchment (79.7% vs 
65.1%) (figure 4C, online supplemental appendix 3, tab 
‘Comparison_Cases_HTR’).

DISCUSSION
This was the first study to assess geographical accessi-
bility and efficiency of deployment of CHWs at national 
scale in Sierra Leone. Accessibility coverage of CHWs 
increased between 2000 and 2015 but most of the increase 
occurred within 3 km of a health facility, contrary to 

current national policy. ETR and HTR areas were less 
well covered by CHWs. There was substantial variation in 
access to a CHW across subnational geographies. Access 
to female CHWs was lower than male CHWs. Access to 
CHWs trained on RMNH interventions was lower than 
access to CHWs trained on prevention and promo-
tion interventions or community case management for 
malaria. Optimised CHW networks in ETR and HTR areas 
were more efficiently deployed than existing networks by 
26.1%–43.2% and 22.4%–71.9%, respectively, depending 
on targeting metric.

Implications for policy
Planning for the scale-up and efficient deployment of the 
CHW workforce, like with broader HRH and health sector 
planning, cannot be addressed purely through model-
ling. The political economy of such planning is complex, 
involving multiple factors that are difficult to capture 
in models.44 45 That said, modelling can be a useful tool 
among others, for policy makers and planners. Below we 
outline the implications of our analysis for policy makers 
and planners in Sierra Leone, as well as other countries 
in sub-Saharan Africa with similar contexts and interest 
in optimising PHC at community level.

First, scale-up of CHWs improved geographical acces-
sibility of PHC at community level between 2000 and 
2015 but most of the increase occurred within 3 km of a 
health facility, where a majority of CHWs were deployed. 
This pattern broadly reflects the population distribu-
tion—77.2% of the population in 2015 were within 3 km 
of a health facility—this is similar to the urban skew of the 
broader HRH workforce20 and reflects early CHW policy 
(prior to 2016, CHW could be selected from and work in 
communities regardless of proximity to health facilities). 
But it does not align with current national policy and 

Figure 3  Modelled catchment areas of the existing CHW network in HTR areas, and hypothetical optimised CHW network in 
HTR areas in 2016 at 1 km×1 km resolution. (A) Modelled 30 min catchment areas of the existing CHW network (blue) in HTR 
areas in 2016; (B) modelled 30 min catchment areas of the hypothetical optimised CHW network (pink) in HTR areas in 2016. 
All analyses at 1 km×1 km resolution based on a walking scenario and maximum population capacity of the given network. 
Images depict chiefdoms within Kambia and Port Loko districts in Northern province. *For visualisation purposes, road classes 
limited to motorway, trunk, primary, secondary and tertiary. CHW, community health worker; HTR, hard-to-reach area.

https://dx.doi.org/10.1136/bmjgh-2021-008141
https://dx.doi.org/10.1136/bmjgh-2021-008141
https://dx.doi.org/10.1136/bmjgh-2021-008141
https://dx.doi.org/10.1136/bmjgh-2021-008141
https://dx.doi.org/10.1136/bmjgh-2021-008141
https://dx.doi.org/10.1136/bmjgh-2021-008141
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therefore warrants rethinking. With the 2021–2025 CHW 
policy, the MOHS plans to rightsize and retarget the CHW 
workforce (including CHW peer supervisors) by reducing 
it by 40% and retargeting CHW recruitment and deploy-
ment towards ETR and HTR areas. This is a bold move to 
optimise scale and deployment of CHWs in the context 
of broader efforts to optimise HRH deployment.22 This 
key shift was informed by an earlier iteration of our 
current analysis, which was included in an assessment 
of the National CHW Programme by JSI23 and broader 
CHW policy discussions. Our current analysis supports 
this important policy decision by the MOHS. However, 
optimising scale and deployment of CHWs comes with 
operational challenges. For example, employers will 
need to end the employment of CHWs and CHW peer 
supervisors located within 3 km of a health facility. 
Affected workers should be compensated fairly for early 
termination of their employment. Planners should antic-
ipate the need to engage affected communities to regain 
their trust. Similarly, new CHWs and CHW peer supervi-
sors will need to be recruited from communities in ETR 
and HTR areas not already adequately covered. They will 
need to be trained, paid, supervised and supported. This 

will require effective planning, coordination, logistics 
and resources. But on balance, the positives outweigh the 
negatives. We estimate the cost-savings from the planned 
rightsizing and retargeting of the CHW workforce to 
be approximately US$3.8 million annually (40% of the 
current annual cost of US$9.5 million).23 Cost-savings 
could be re-directed towards professionalising the CHW 
workforce and strengthening the health system and 
community enablers needed to optimise CHW perfor-
mance,1 2 9 which have been well described to have major 
shortfalls in Sierra Leone46–48 and most national CHW 
programmes.14 49–52

Second, our analysis highlighted an important gender 
disparity in CHW deployment (35% of CHWs were 
female and 65% were male). This gender disparity 
may negatively impact the use of specific services (eg, 
interventions for sexual health, RMNH).15 The MOHS 
intends to address this gender disparity in implementa-
tion of the 2021–2025 CHW policy, shifting the gender 
distribution to 60% female and 40% male. This would 
be an important shift from an HRH gender equity lens. 
It could improve the use of interventions such as those 
noted above. Lastly, it would contribute to greater gender 

Figure 4  Efficiency of deployment of the existing CHW network compared with hypothetical optimised CHW networks in HTR 
areas at 1 km×1 km resolution. (A) Comparison of the per cent of the estimated population in HTR areas covered within a 30 
min catchment area (walking) by the existing CHW network compared with a hypothetical CHW network deployed to optimise 
geographic coverage of the estimated population in HTR areas; (B) comparison of the per cent of the estimated U5 deaths in 
HTR areas covered within a 30 min catchment area (walking) by the existing CHW network compared with a hypothetical CHW 
network deployed to optimise geographic coverage of the estimated U5 deaths in HTR areas; (C) comparison of the per cent 
of the estimated Pf malaria cases among all ages (0–99 years) in HTR areas that was covered within a 30 min catchment area 
(walking) by the existing CHW network compared with a hypothetical CHW network deployed to optimise geographic coverage 
of the estimated Pf malaria cases among all ages (0–99 years) in HTR areas. All analyses at 1 km×1 km resolution. CHW, 
community health worker; HTR, hard-to-reach area; Pf, Plasmodium falciparum; U5, under-five.
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equity in socioeconomic development by employing and 
empowering more women.10 15 However, addressing the 
gender disparity in ETR and HTR areas may prove to be 
challenging, given gender disparities in education levels 
in rural communities. The MOHS may need to consider a 
range of gender responsive actions along the HRH cycle 
(eg, planning, recruitment, performance management 
and retention) to adequately and sustainably address the 
gender disparities identified.

Third, our analysis highlighted important variation in 
CHW training. Nearly all CHWs self-reported that they 
received preservice training but there was large variation 
in terms of training on specific services, indicating that 
the standard MOHS preservice training may not have 
been systematically implemented. The MOHS may need 
to strengthen coordination and oversight of the imple-
mentation of the standard MOHS preservice training 
as well as in-service training. This could be aided by 
updating and maintaining the national georeferenced 
CHWML hosted within or linked to the national human 
resources for health information system—iHRIS—and 
using the CHWML as the basis for tracking, planning and 
coordinating training.53

Fourth, the current focus of the MOHS on right-
sizing and retargeting the CHW workforce could enable 
future discussions on a sustainable financing pathway 
for CHWs,10 19 54 55 inclusive of increasing government 
financing for CHWs and a pathway for integration of 
CHWs within the civil service.16

Limitations
There are several important limitations of our study. 
First, our analysis is limited by the completeness and 
quality of the publicly available road and river network 
data. We acknowledge that more complete and/or 
higher quality data on roads and rivers may be available 
outside the public domain. We acknowledge that not all 
rivers may be perennial barriers to movement, particu-
larly where bridges exist. We attempted to mitigate this 
limitation by allowing major road classes to cross rivers. 
Second, our analysis does not account for uncertainty of 
the estimates of population counts, limiting our ability 
to account for this source of uncertainty in measures of 
physical accessibility to services. Estimates of the uncer-
tainty of the estimated population counts in Sierra 
Leone for the years 2000–2015 were not available, but 
we acknowledge that availability of this kind of data will 
be important for improving future modelling efforts. 
Third, the estimated population counts for 2000–2014 
use the 2015 population settlement footprint from 
2015,34 which may not accurately reflect the popula-
tion settlement footprint for the period 2000–2014. 
Fourth, our analysis is based on estimated travel speeds 
from other studies in sub-Saharan Africa, not empir-
ical data from Sierra Leone or local expert knowledge, 
although research indicates these speeds may be appro-
priate in the Sierra Leone context.56 Our analysis does 
not account for uncertainty of travel speed estimates. 

Additionally, our analysis does not account for varia-
tion in walking speeds or common modes of transpor-
tation used across population groups. For example, 
pregnant women, people with illness, caregivers of 
ill children, the elderly population, people with disa-
bilities may walk slower than the general population, 
modes of transport may differ by socioeconomic status 
and boat travel may be important in certain geographic 
areas. A planned update to this analysis in 2021–2022 
will attempt to address the limitations above regarding 
travel speeds and modes of transportation by incor-
porating information derived from subnational level 
workshops with local experts. Fifth, our analysis used 
CHW self-reported data on receipt of training and year 
of deployment, which may be subject to recall bias. 
Sixth, our analysis did not account for the possibility of 
accessing health services across national boundaries, an 
important consideration for border communities and 
migrant populations.

We acknowledge that there are many factors beyond 
physical accessibility that affect access to and use of 
health services, such as social and economic barriers 
to care seeking.57 Such factors may impact access to 
and use of health services independently of physical 
accessibility or through interactions with physical 
accessibility.58 It is also important to consider quality 
of services, including population perceptions of the 
quality of services, and the potential for bypassing.59 60

We also acknowledge that this kind of modelling can 
be challenging. Integration into national processes and 
policy takes time and requires strengthening national 
institutional capacity. Additionally, operationalising 
the optimised deployment poses many challenges as 
noted above. But despite these challenges, this kind of 
modelling can be very useful as we have demonstrated 
in the case of Sierra Leone. At the time of writing, 
coauthors—including those from the MOHS—were 
updating this analysis with datasets from 2021, with a 
view of fine-tuning implementation of the 2021–2025 
CHW policy and informing updates to broader HRH 
and health sector development plans and strategies.

CONCLUSION
Geographical accessibility of PHC services at commu-
nity level improved in Sierra Leone between 2000 and 
2015 through the scale-up of CHWs. However, the scale 
and deployment of the CHW network no longer aligns 
with current national policy. The new CHW policy for 
2021–2025 calls for a rightsizing and retargeting of the 
CHW network and our analysis supports this policy 
decision by identifying important inefficiencies of scale 
and deployment. Countries in sub-Saharan Africa with 
similar interest in optimising scale and deployment of 
their CHW workforce in the context of broader HRH 
and health sector planning may look to Sierra Leone as 
an exemplar model from which to learn.
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