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Abstract

Background Community case management of malaria (CCM) has been expanded in many settings, but there are
limited data describing the impact of these services in routine implementation settings or at large scale. Zambia has
intensively expanded CCM since 2013, whereby trained volunteer community health workers (CHW) use rapid diag-
nostic tests and artemether-lumefantrine to diagnose and treat uncomplicated malaria.

Methods This retrospective, observational study explored associations between changing malaria service point
(health facility or CHW) density per 1000 people and severe malaria admissions or malaria inpatient deaths by district
and month in a dose-response approach, using existing routine and programmatic data. Negative binomial general-
ized linear mixed-effect models were used to assess the impact of increasing one additional malaria service point per
1000 population, and of achieving Zambia's interim target of 1 service point per 750 population. Access to insecticide-
treated nets, indoor-residual spraying, and rainfall anomaly were included in models to reduce potential confounding.

Results The study captured 310,855 malaria admissions and 7158 inpatient malaria deaths over 83 districts (seven
provinces) from January 2015 to May 2020. Total CHWs increased from 43 to 4503 during the study period, while
health facilities increased from 1263 to 1765. After accounting for covariates, an increase of one malaria service point
per 1000 was associated with a 19% reduction in severe malaria admissions among children under five (incidence
rate ratio [IRR] 0.81, 95% confidence interval [Cl] 0.75-0.87, p <0.001) and 23% reduction in malaria deaths among
under-fives (IRR 0.77, 95% Cl 0.66-0.91). After categorizing the exposure of population per malaria service point, there
was evidence for an effect on malaria admissions and inpatient malaria deaths among children under five only when
reaching the target of one malaria service point per 750 population.

Conclusions CCM is an effective strategy for preventing severe malaria and deaths in areas such as Zambia where
malaria diagnosis and treatment access remains challenging. These results support the continued investment in CCM
scale-up in similar settings, to improve access to malaria diagnosis and treatment.
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Background

An estimated 229 million malaria cases occurred world-
wide in 2019, leading to 409,000 malaria-attributable
deaths [1], nearly all of which could have been prevented
through prompt diagnosis and treatment. Ensuring uni-
versal access to malaria diagnostic and treatment services
for populations at risk of malaria is a core component of
the Global Malaria Technical Strategy [2], Establishing
community-level malaria diagnostic and treatment ser-
vices is recommended as an important step in improving
access to effective malaria case management, particularly
in rural areas [3]. Community-level health service deliv-
ery has seen expansion using variety of models; from
disease-specific initiatives relying on volunteer commu-
nity members, to approaches where community health
workers (CHWs) provide an integrated package of ser-
vices and are formal, salaried members of health staff
[4, 5]. While commitment to continued expansions of
community-based health services remains strong, there
are limited data describing the impact of these commu-
nity-based services in routine implementation settings at
large-scale [6], particularly in describing the impact on
malaria morbidity and mortality [7].

Severe malaria results from progression of uncom-
plicated malaria, and may manifest as severe malarial
anaemia, cerebral malaria, or respiratory distress syn-
drome, or a combination of these [8]. All cases of severe
malaria should be preventable in the presence of prompt
and effective diagnosis and treatment for uncomplicated
malaria. An individual-level meta-analysis estimated that
almost half of severe malarial anaemia cases could be
prevented if patients seek diagnosis and treatment within
24 h of illness onset [9], emphasizing the importance
of timely treatment in preventing severe disease and
death. The same analysis also highlighted the association
between increasing travel time to health facilities and
increased odds of severe malaria [9], a challenge which
could be addressed by expanding CHW networks in rural
settings. The lack of evidence evaluating the impact of
community-level interventions on malaria morbidity and
mortality was highlighted by a 2013 Cochrane review
[10], but more recently supplemented by a review report-
ing that community-delivered malaria interventions were
found to be associated with reduced malaria death rates
and reduced parasite prevalence [11]. However, the evi-
dence base for impact of community-based case manage-
ment on malaria remains focused primarily on high-risk
groups (children under five years, pregnant women)

in sub-Saharan Africa, with most studies focused on
relatively-small scale randomized trials or evaluations.
Heterogeneity in community-delivery models are a fur-
ther challenge in the generalizability of existing evidence
to other settings, particularly where interventions are
applied in controlled trial settings which may not be fea-
sible in routine implementation contexts.

Zambia first piloted community case management for
malaria (CCM) in 2009 in selected districts in Lusaka
and Southern Province [12]. CCM has been intensively
expanded across multiple provinces of Zambia since
2013, with coordinated support from a range of partners
to the Ministry of Health’s National Malaria Elimina-
tion Centre (NMEC). Zambia’s current Malaria Elimina-
tion Strategic Plan states that all suspected malaria cases
should receive parasitological testing, and all confirmed
cases should receive effective anti-malarial treatment
within 24 h with artemisinin-based combination therapy
[13]. To accomplish this, the National Community Health
Strategy has the goal of providing all Zambians with
quality basic health services within 5 km or one hour’s
travel of their home by 2021 [14]. The NMEC initially
worked towards a target in pre-elimination areas of one
CHW providing malaria diagnosis and treatment per 750
people, but this may be revised to one CHW per 500 peo-
ple in higher burden settings. The proportion of febrile
children under five receiving anti-malarials from CHWs
(among all those receiving anti-malarials) has increased
from 2.1% in 2010 to 22% by 2018 [15].

It is hypothesized that increasing the number of malaria
diagnosis and treatment service points per population
through CHW expansion reduces delays in treatment-seek-
ing, reducing the proportion of individuals who progress
from uncomplicated to severe malaria or malaria-related
death. The aim of this analysis was to evaluate the impact
of CCM expansion on severe malaria admissions and inpa-
tient malaria deaths during the period 2015 to 2020, using
existing routine surveillance data and programme records.
Furthermore, this analysis sought to assess if reaching the
target of one malaria service point (CHW or health facility)
per 750 population was associated with measured reduc-
tions in severe malaria morbidity.

Methods

Community case management of malaria in Zambia

CCM is conducted in Zambia by trained volunteer CHWs
that operate under the supervision of a health facility that
supplies them with rapid diagnostic tests (RDTs) and the
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first-line antimalarial artemether-lumefantrine to treat
uncomplicated malaria episodes in their community.
Individuals with symptoms of severe malaria are referred
by CHWs to the nearest health facility. CHWSs providing
CCM are part of the public health system in Zambia and
report monthly malaria surveillance data to the NMEC
Malaria Rapid Reporting System (MRRS).

Study design

This study was designed to evaluate of the effectiveness of
changes in malaria service point density per population,
as a proxy for scale up of community-case management
services, on confirmed malaria inpatient admissions and
deaths among inpatients with confirmed malaria. Analy-
sis focused on seven of Zambia’s ten provinces, which
experienced any roll-out of CCM during January 2015 to
May 2020. Central, Lusaka and Southern provinces were
excluded due to either limited CCM introduction dur-
ing the study period (Central and Lusaka), or extensive
CCM scale up prior to 2015 (Southern). The study was
retrospective and observational, using a dose—response
approach to investigate associations between a continu-
ous measure of malaria service point density over time
and malaria admissions and mortality by district and
month.

Primary exposure variables

The primary exposure was defined as the number of
malaria service points per 1000 population for a district-
month. This indicator considers either a health facility or
a CHW as a malaria service point, irrespective of staffing
or ‘level’ within the health system.

Data from the NMEC’s MRRS were used to calculate
the number of community-level service points operat-
ing in a district each month. The MRRS includes malaria
cases identified through both active and passive surveil-
lance methods by each CHW each month, as well as
information on their first and most recent report. Each
CHW is associated with a ‘parent’ health facility in the
MRRS, the supervising and usually geographically clos-
est facility, allowing matching of each CHW to a district.
CHWs were removed from monthly district service point
counts for any periods of inactivity, defined as greater
than six months when either: (1) no malaria tests were
completed (through active and passive surveillance);
or (2) malaria testing data was missing. The number of
health facilities operating per month were extracted from
the Zambian Ministry of Health Management Informa-
tion System (HMIS), then processed in the same manner
as the CHW-level data to exclude inactive site. The sum
of the active facilities and active CHWs was calculated
for each district and month to give the total malaria ser-
vice points, then divided by a temporally static district
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population estimate (see below) to give the exposure
indicator of malaria service points per 1000 population.

The GRID3 modelled 2019 population raster surface at
100 m resolution was used to estimate total population
by district [16, 17]. The modelled total Zambian popula-
tion from GRID3 was rescaled to 18 million, in accord-
ance with the official Zambian population estimate for
2020 (zamstats.gov.zm).

Primary outcome variables
Malaria morbidity outcome data were extracted from
the HMIS, which collates monthly clinical data by health
facility. Primary outcomes for this analysis were: (1)
Under-five (U5) inpatient admissions with severe con-
firmed malaria (hereafter termed U5 severe malaria
admissions); (2) all-ages inpatient admissions with severe
confirmed malaria (hereafter termed all-age severe
malaria admissions); (3) U5 deaths among inpatient
admissions with confirmed malaria (hereafter termed
U5 malaria deaths); (4) all-ages deaths among inpatient
admissions with confirmed malaria (hereafter termed all-
age malaria deaths). Data were extracted in August 2020
for the period January 2015 to May 2020, inclusive.
HMIS data cleaning involved identification and
replacement of anomalous values, but used a ‘light touch’
approach aiming to retain as much data as possible and
minimize any modifications. Briefly, timeseries plots
of the key outcome indicators were prepared for each
health facility and apparent anomalies identified by visual
inspection. Raw data were inspected to assess feasibility
of the anomalous value, comparing against outpatient
confirmed malaria case counts and all-cause inpatient
and outpatient totals. If determined to be anomalous
(0.05% of all facility-month observations), the value was
replaced by the mean value for the facility in the same
year and transmission season (December-May or June-
November). All data for one district in Eastern Prov-
ince were removed due to multiple irreconcilable errors.
Facility-month totals for each outcome indicator were
aggregated to district-month.

Potential confounding variables

The total number of facilities in a district-month provid-
ing inpatient services was estimated from HMIS data,
where any facility reporting inpatient utilization of at
least one patient in the calendar year facility was deter-
mined to offer inpatient services.

Insecticide treated net (ITNs) and indoor-residual
spraying (IRS) indicators were included in models to
account for access to other prevention interventions.
Vector control data were compiled from existing pro-
grammatic data sources (NMEC, MACEPA and the
PMI VectorLink Project) and from HMIS. Briefly, ITNs
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distributed through continuous and mass distribution
channels were totaled by district and month. A rolling
total ITNs distributed in the prior 12 months by district
was calculated to reflect availability of nets within com-
munities. This simple approach avoided the need to use
more complex assumptions around durability, insecti-
cide decay, and usage over time of ITNs. This resulted
in a covariate of ITN availability over space and time,
which was divided by district population to estimate
ITNs distributed per person in the previous 12 months.
IRS campaign dates, number of sprayed structures and
population protected were available at facility-catchment
or district level. Data were summarized to district-month
level, calculating the proportion of the district popula-
tion receiving IRS in the campaign. The proportion of
the population protected by IRS was maintained for
6 months after the campaign end date, then dropped to
0% protected [18]. Pirimiphos methyl was used in all IRS-
receiving districts from 2014 to 2018, while clothianidin
and DDT were used in 2019. Other malaria interventions
that may have been relevant were either targeted to prov-
inces not included in this analysis (mass drug adminis-
tration in Southern province) or began implementation
after the study period (pre-referral rectal artesunate).

Ten new districts were established during the study
period. Data for the whole study period were allocated
according to the new district structure. Vector control
data were reallocated according to proportion of the
parent district’s population in each of the new districts,
assuming ITNs and IRS were delivered evenly across the
parent district.

Monthly total rainfall data was downloaded from
CHIRPs v2.0 at ~5 km resolution [19], then summarized
to district-level by calculating mean of all district pixels.
Monthly rainfall anomaly was defined as the difference
between the monthly district rainfall and mean rainfall
for the specific district and calendar month, then stand-
ardized to mean 0 and standard deviation of 1 to facilitate
model fitting. Biologically plausible lags (1-3 months)
were calculated for standardized rainfall anomalies.

Analytical approach

A dose-response relationship was hypothesized between
the number of malaria diagnosis and treatment service
points (facilities or CHWs, the ‘dose’) and the number of
inpatient malaria admissions or deaths among malaria
admissions (the ‘response’) by district and month. Dose—
response models were explored using both a continu-
ous exposure, which allows interpretation of the impact
of adding one additional malaria service points unit per
1000, and a categorized exposure variable to compare
districts approaching and achieving the NMEC interim
target of at least 1 service point per 750 population.
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A negative binomial generalized linear mixed-effects
model with a log link function was developed for each of
the four outcomes. All models included a district random
effect to account for repeated measures, and a logged dis-
trict population offset to adjust for differences in district
populations.

To account for changes in vector control interventions
by district and over time, ITN and IRS indicators were
included in models a priori. Models also included a priori
one rainfall-derived indicator (lags of 1-3 months’ rain-
fall anomalies) to account for climate-driven changes in
transmission over the study period, and the number of
facilities with inpatient services. A one-month lag of the
primary outcome was included to account for temporal
autocorrelation. Additional fixed effects (calendar month,
year, province) were tested with best fit ascertained
according to the Akaike Information Criterion. The final
covariate set for each of the four continuous outcomes
was also used in models with categorized exposure vari-
able. Analysis was completed in R version 4.0.3, with
models developed using the Ime4 package. Maps were
prepared in QGIS version 2.12.

Results

Data from 83 districts (seven provinces) and 65 months
were used for this dose response analysis, covering an
area with a population of 10.3 million. Descriptive sum-
maries of key variables (exposure, outcomes, vector con-
trol, rainfall) by year are available in Table 1. Change in
population per malaria service point by district is shown
in Fig. 1. The observed increase in malaria service points
were primarily due to expansion of CHW services (from
43 to 4503), complemented by concurrent moderate
increase in health facility numbers (1263 to 1765) during
the study period (Additional file 1: Fig. S1).

A total of 310,855 malaria admissions and 7158 deaths
among admissions with confirmed malaria occurred in
the seven study provinces (Additional file 1: Fig. S1). Over
the whole study period, 412 district-months had <750
people per malaria service point, 165 district-months had
751-1,000 people per service point, 228 district-months
1001-2000 people per service point, and 4590 district-
months > 2000 people per service point.

Final dose—response regression models for inpatient
admission outcomes (among U5s and among all ages)
included categorical variables for month, year and prov-
ince, as well as a priori variables to account for vector
control activities (total ITNs distributed in the previous
12 months and proportion of the district population pro-
tected by IRS) and rainfall anomalies. After accounting
for these covariates, it was estimated that an increase
of one malaria service point per 1000 population was
associated with a 19% reduction in U5 severe malaria
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Table 1 Summary of key variables over the study period, January 2015 to May 2020*
Year
2015 2016 2017 2018 2019 20202
Exposure
Number CHWs operating 43 436 802 1712 4243 4503
Number Health facilities operating 1263 1407 1547 1616 1714 1765
Total malaria service points (facility or CHW) 1306 1843 2349 3328 5957 6268
% districts with > 1 malaria service point per 750 people 0% 3.6% 7.2% 8.4% 19.3% 20.5%
Number (annual %) district-months with:
>2000 people per malaria service point 984 (98.8%) 958 (96.2%) 901 (90.5%) 839 (84.2%) 667 (67.0%) 241 (58.1%)
1001-2000 people per malaria service point 12 (1.2%) 18 (1.8%) 14 (1.4%) 33(3.3%) 98 (9.8%) 53 (12.8%)
751-1000 people per malaria service point 0 (0.0%) 7 (0.7%) 27 (2.7%) 35 (3.5%) 62 (6.2%) 34 (8.2%)
<750 people per malaria service point 0 (0.0%) 13 (1.3%) 54 (5.4%) 89 (8.9%) 169 (17.0%) 87 (21.0%)
Outcomes
Total malaria admissions, all ages 71,184 60,175 50,331 46,725 49,464 32,976
Total malaria admissions, U5s 36,742 28,978 25,106 22,391 24,695 15,437
Total deaths among malaria admissions, all-ages 1,734 1,341 1,091 1,017 1,166 809
Total deaths among malaria admissions, U5s 991 717 591 521 611 441
Covariates
Total ITNs distributed in year 847,941 505,198 4,700,685 2,480,013 652,520 191,262
% population received IRS at any time in calendar year 41.4% 45.1% 52.5% 53.8% 72.2% 13.6%
Total rainfall in mm 81,621 83,243 105,635 87,654 80,845 63,274
Facilities with inpatient services 943 1132 1293 1296 1371 1455

* Number of malaria service points, CHWs, and facilities reflects the status in December each year, or in May 2020. Total malaria admissions and deaths reflect the
totals across all 83 study districts for the whole calendar year, or January to May (peak transmission season) for 2020. Note that since IRS is usually completed during
October-January, the proportion of population receiving IRS during 2020 appears artificially low due to restriction of 2020 data to January-May only

2020 data for January to May only, corresponds with peak transmission season

admissions (incidence rate ration [IRR] 0.81, 95% con-
fidence interval [CI] 0.75-0.87, p<0.001), and a 16%
reduction in all-age severe malaria admissions (IRR 0.84,
95% CI 0.78-0.90, p<0.001) (Table 2).

Models where malaria deaths were the outcome
included the same covariates as the severe malaria admis-
sions models, in addition to a covariate describing the
number of inpatient facilities in the district-month. The
model estimated that an increase of one malaria service
point per 1000 population was associated with a 23%
reduction in U5 malaria deaths (IRR 0.77, 95% CI 0.66—
0.91, p=0.002), and a 22% reduction in all-ages malaria
deaths (IRR 0.78, 95% CI 0.68-0.89, p<0.001) after
accounting for potential confounding factors (Table 2).

For both malaria admission outcomes and U5 malaria
deaths, models using a categorized variable to describe
malaria service point density by district-month found
that a significant association was observed only when
malaria service point density exceeded the NMEC-
defined target of at least one service point per 750 peo-
ple (Table 3). The all-ages malaria deaths model shows a
similar pattern, remained non-significant when exceed-
ing one service point per 750 people.

To further contextualize the findings, example scenar-
ios were generated to describe the reductions in severe
malaria admissions that could be expected from defined
increases in malaria service point densities, and the cor-
responding new CHWSs that would be required. Table 4
presents the estimated reductions in severe malaria
admissions among all-ages and among children under
five that would be expected in each province if all dis-
tricts had either one service point per 1000, or one ser-
vice point per 750 population during the final 12 months
of the study period.

Discussion

This study presents evidence for the reduction in severe
malaria admissions and deaths associated with increasing
access to malaria diagnostic and treatment services, pri-
marily through the introduction of community case man-
agement of malaria. Using a dose—response approach
to analyze routine observational data, a strong relation-
ship was identified between increasing malaria ser-
vice availability and reduced severe malaria admissions
and malaria deaths after accounting for vector control
interventions, transmission season and environmental
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I < 750 people per provider [ 2,000 - 4,000 people per provider

B 750 - 1,000 people per provider 4,000 - 10,000 people per provider

I 1,000 - 2,000 people per provider (1> 10,000 people per provider
Province not included in analysis

Fig. 1 Total population per malaria service point (either health facility or community health worker), by district. Blue shading indicates a district
reaching the target of 1 malaria service point per 750 population. Data are presented for January of each year from 2015 to 2020

variations. Results suggest an increase of one malaria ser-  in malaria deaths among Ub5s. The use of CHWSs to
vice point per 1000 is associated with a 19% reduction in  deliver CCM has broad support, but evidence of the
severe malaria admissions among U5s and 23% reduction ~ impact of CCM at large-scale and in routine operational
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contexts has been limited to date. The current evidence
is expected to support continued expansion of CCM,
including leveraging of funding from agencies such as the
Global Fund against AIDS, Tuberculosis and Malaria to
support ongoing CCM implementation costs.

As routine surveillance data on malaria has improved
following investments over the past decade, there is
growing interest in the use of routine data for evaluat-
ing programmatic interventions [20]. While there remain
challenges in use and interpretation of routine data [21],
routine malaria surveillance data have been used suc-
cessfully in impact evaluations in Zambia and elsewhere
[22, 23]. This analysis leveraged existing routine data to
generate the primary exposure and outcome variables.
While routine data are imperfect, the key potential biases
identified in these data would be expected to bias these
findings towards the null effect of no impact of CCM on
severe malaria or deaths. Firstly, to account for varying
levels of activity or drop-out of CHWs from CCM activi-
ties, a CHW was excluded from the total malaria service
point count if they did not report any malaria tests for
a period of greater than six months. This conservatively
may have under-estimated the number of malaria service
points operating in any district-month, likely biasing the
analysis towards the null hypothesis of no association.
Secondly, it is possible that not all malaria-attributable
deaths in this population occurred at health facilities;
the malaria deaths outcome used in these models does
not include any malaria deaths at home and is likely an
underestimate of all malaria deaths during the district-
month. It was hypothesized that introduction of CCM
would either have no impact on malaria deaths occur-
ring at home among those not seeking care, or that CCM
would result in increased referral of severely ill individu-
als to health facilities, potentially increasing the propor-
tion of severe malaria cases and malaria deaths recorded
in routine data. Therefore, failing to count malaria deaths
beyond the health facilities is expected to result in a
potential bias towards the null of no impact of CCM on
malaria deaths.

Several assumptions were made in this analysis. The
HMIS system does not store zero values for indicators,
consequently it is not possible to differentiate between
missing indicators for a specific facility-month and a
reported zero value. While data cleaning attempted
to identify and impute anomalous missing values, it is
possible that some missing data was incorrectly con-
sidered as a zero value. However, the small number of
flagged anomalous values, and long-term investments
in strengthening Zambia’s malaria surveillance data sug-
gest that the data are valid for the purposes of this analy-
sis. Vector control data were assembled for this analysis
from existing programmatic sources, and used simple
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assumptions to estimate coverage (e.g. a three-year LLIN
life, binary classification of IRS ‘effect’ which persisted
for six months following spraying). This analysis did not
seek to explicitly estimate the impact of vector control on
the outcomes, but simply account for presence and inten-
sity of vector control interventions by district over time.
Consequently, there is a risk of bias to these findings only
if instances of incomplete or inaccurate vector control
data are associated with either CCM (exposure) or severe
malaria admissions or deaths (outcome). Due to lack of
data, it was not possible to incorporate any other small-
scale interventions or community activities which may
have influenced healthcare-seeking behaviour, malaria
transmission, or broader health status and vulnerability
to severe malaria (e.g. anaemia, nutrition).

A central aim of CCM is to improve access to malaria
diagnosis and treatment services, by reducing the travel
time for individuals to seek care from a qualified care
provider. The impact of CCM is therefore partly depend-
ent on appropriate targeting of CCM to the communities
furthest from existing health services and most affected
by health inequities [24, 25]. The analysis did not consider
the distribution of CHWs within a district, only the total
service points (CHW or health facilities) operating at any
time within the district. A spatially-explicit approach to
this analysis could further investigate how CCM impact
differs according to remoteness, or identify priority sites
for further CCM scale-up.

Models of community health worker service delivery
and CCM vary between and even within countries. Zam-
bia delivers CCM through mostly volunteer CHWs. The
current findings of CCM impact on severe malaria and
malaria deaths may have limited external validity for set-
tings applying a different CCM model. Furthermore, the
process for selection of CHWs, extent of training, super-
vision structures, and other responsibilities may also
influence CCM effectiveness across different settings.

Conclusions

These results show CCM is an effective strategy for pre-
venting severe malaria and deaths in areas such as Zam-
bia where access to malaria diagnosis and treatment
remains challenging. These results support the continued
investment for scaling-up CCM in similar settings where
access to formal health facilities is limited, especially
among the most rural and poor communities where risk
of dying from malaria is greatest.
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Additional file 1: Figure S1. Stacked area plot of number of health facili-
ties and community health workers operating by month and province
(left) and line plot of total inpatient admissions with confirmed malaria
among all ages by month and province (right). Note that y-axes are vari-
able between Provinces.
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