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Abstract
Background: In 2013, 78% of malaria deaths occurred in children aged 5 years and below, in sub-Saharan Africa.
Treatment of severe malaria requires a health facility with inpatient care. However, in most sub-Sahara African countries, access to health facilities is a major problem. Pre-referral antimalarial treatments aim to delay the progress of
severe malaria as patients seek to access health facilities. Rectal artesunate can be administered in the community as
a pre-referral treatment in rural hard-to-reach areas. In Kenya, though pre-referral rectal artesunate has been included
in the National Guidelines for pre-referral treatment, it is yet to be implemented in the public healthcare system. It
is important, therefore, to establish its cost-utility compared to current parenteral treatments. This study evaluated
the cost-utility of provision of pre-referral treatments by community health workers compared to similar services at a
primary health facility.
Methods: This was a decision model-based cost-utility analysis, comparing pre-referral antimalarial treatments
provided by: community health workers (CHWs), primary health facility, direct access to a tertiary health facility and
no access to treatment. A theoretical cohort, of 1000 children, who were below 5 years old; residing in rural hard-toreach areas, was taken as the reference population. Data was collected through key informant interviews, to assess
the costs, while key measures of effectiveness, were obtained from existing studies. The key measure of outcomes was
Disability Adjusted Life Years (DALYS) averted. Probabilistic sensitivity analysis was carried out to assess the robustness
of the model.
Results: Provision of rectal pre-referral treatment by community health workers was estimated to avert 13,276 DALYs,
at a cost of $68,428 for a cohort of 1000 children. Provision of rectal pre-referral treatment at a primary health facility
was estimated to avert 9993 DALYs, at a cost of $73,826 for a cohort of 1000 children, while going directly to a tertiary
health facility was estimated to avert 15,801 DALYs, at a cost of $114,903 for a cohort of 1000 children. The incremental
cost effectiveness ratios for provision of pre-referral treatment by community health care and primary health workers
were $5.11 and $7.30 per DALYs averted respectively.
Conclusion: Use of CHWs was more cost effective than provision of pre-referral treatments at a primary health facility
especially, with high referral compliance. Rectal artesunate can easily be administered by community health workers,
unlike parenteral pre-referral interventions.
Keywords: Cost-effectiveness, Decision analysis, Modeling, Disability Adjusted Life Years
Background
Malaria is a vector-borne infectious disease of the
red blood cells caused by a parasitic protozoan of the
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Plasmodium genus. Severe malaria is characterized
by vital organ dysfunction and it is therefore a medical
emergency that can result in death [1]. Therefore, correct diagnosis and early initiation of treatment are very
important in reducing mortality and complications [2].
However, not all children who are febrile are taken to
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hospital and therefore, they do not receive any treatment
[3].
In Kenya, poor health infrastructure, especially in the
rural areas, delays prompt access to health services, leading to increased mortality from malaria [4–6]. This has
led to concerted efforts to increase access to treatment,
including the adoption of rectal artesunate as a pre-referral intervention. Rectal artesunate may offer advantages
over parenteral artesunate and parenteral quinine, since
it can be administered at home by care-givers or community health workers (CHWs). In pediatric patients, rectal
artesunate has a better safety profile with regards to side
effects compared to quinine [7]. It is also, more effective in
inducing rapid parasite clearance within 24 h, hence reducing the risk of death by approximately 49% [8–11]. Studies
have shown that the utilization of community-based management increased the possibility of accessing antimalarial
drugs as well as positively impacting on treatment-seeking
behavior by almost 90% in some areas in Africa [12, 13]. In
Kenya CHWs are trained according to policy guidelines on
the astute use of antimalarial pre-referral treatment. This
policy requires prior testing using rapid diagnostic test
(RDTs) kits before initiation of antimalarial therapy [14].
Although rectal artesunate has been adopted into the
Kenyan National Malaria Guidelines, it is yet to be implemented. Given that funding for malaria does not meet
the burden experienced, it was vital to assess whether
pre-referral treatment options, as currently practiced,
are cost-effective compared to rectal artesunate. This
study therefore, evaluated the cost-utility of pre-referral
malaria treatments in Kenya, provided by CHWs, versus
primary health facility. The population of study was children less than 5 years, living in rural hard-to-reach areas,
with high malaria endemicity.

Methods
The study design was a prospective model based costutility analysis, using decision analytic modeling. The
study focused on a theoretical cohort of 1000 children,
under the age of 5 years, residing in rural areas, with high
malaria endemicity [4]. Children aged less than 5 years,
comprise 17.4% of the population in this region. The proportion of males and females in this age-group was 50.6
and 49.4% respectively [15].
The study was carried out from the perspective of the
Government of Kenya, as the largest provider of healthcare services in Kenya [16]. The time frame for the intervention was 5 years, which was the time from birth to the
age of 5 years. The main strategy of interest was provision
of rectal pre-referral treatment by CHWs.
There were four comparator groups; provision of rectal
artesunate by CHWs, the use of a primary health facility
without any inpatient services, direct access to a tertiary
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facility, and no access to any form of treatment as the no
intervention arm. These groups were selected to represent the various levels of healthcare services provided
in Kenya. The main outcomes of interest were Disability
Adjusted Life Years (DALYs), which were computed from
the expected mortalities, and neurological sequelae post
malarial treatment. Incremental cost effectiveness ratios,
and cost effectiveness ratios, were computed using the
DALYs, and costs associated with each of the strategies.
Measure of effectiveness of pre‑referral treatments
in childhood malaria

DALYs were computed as the sum of Years of Life Lost
due to premature mortality (YLL) and Year of Life Lived
with Disability (YLD) [17]. Years of life lived with disability were computed as the product of duration of the
morbidity or complications, incidence and the disability
weights [18]. A cohort of children with signs of severe
malaria, aged between 0 to 5 years, was assumed to
receive treatment from a community health worker, primary healthcare or a tertiary healthcare facility. In line
with the Kenyan policy for management of malaria, the
children were assumed to have tested positive using the
rapid diagnostic kit. The fourth cohort received no treatment. The standard life expectancies of male and female
children aged 0–1 and 1–4 years was obtained from
the WHO life tables [19]. The average age at death was
assumed to be 0.5 and 2.5 years for the age group less
than 1 and 1–5 years respectively. The number of deaths
due to severe inpatient malaria was estimated, using a
case fatality rate of 7.5% (3.5–9.3%), as obtained from a
Kenyan study [20]. The case fatality rate for untreated
malaria was estimated at 70%. This was obtained from a
study that sought expert opinion on case fatality rate for
untreated febrile illnesses [21]. This is because no clinical study has been done in this population, and these
estimates are usually subjective. The life expectancy for
children aged 0–1 years, was 63.1 years for males and
65.6 years for females; and for children aged 1–4 years,
was 65 for males, and 67.5 for females, as obtained from
WHO life expectancy ranking, for Kenya [19]. The disability weights were obtained from WHO data for the
sub-Saharan region. From this data, the disability weight
associated with a malaria episode was 0.211, neurological
sequelae was 0.4710, and anemia was 0.013 [17]. Table 1
summarizes the variables used to compute effectiveness.
The incidences of neurological sequelae, and anemia,
were 3 and 18% respectively, for those seeking treatment, as obtained from literature [20, 22]. The length of
hospitalization, was a median of 5 (3–8) days [22]. The
duration of neurological sequelae, was estimated to be
2 years, while anemia complications were estimated to
last for about a month [23–25].
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Table 1 Epidemiological parameters used in calculating
Disability Adjusted Life Years
Epidemiological prevalence and effectiveness

Point estimate (%)

Inpatient case fatality rate of malaria

7.5

Case fatality rate of untreated malaria

70.0

Average length of in-hospital stay

5.0

Effectiveness of rectal artesunate

49.0

Probability of neurological sequelae

3.0

Probability of anemia

18

Assumed effectiveness of i.m quinine vs rectal

90

Assumed effectiveness of i.m artesunate vs rectal

120

Life expectancy
Males (0–1 year)

63.1

Females (0–1 year)

65.6

Males (1–4 year)

65

Females (1–4 year)

67.5

Disability weights
Malaria episode

0.211

Neurological sequelae

0.471

Anemia

0.013

Administration of rectal artesunate followed by inpatient care has been shown to reduce mortality due to
severe malaria by 49% (95% CI 19.31–67.76) [8]. There
was no study comparing effects of pre-referral rectal
artesunate, i.m artesunate and i.m quinine on mortality.
This study therefore, assumed that, effectiveness of i.m
quinine, was 90%, that of rectal artesunate, with regard
to reduction in mortality. This assumption was based on
studies comparing the parasite clearance rate of rectal
artesunate, versus i.m quinine [9, 11, 26]. The effectiveness of i.m artesunate, was assumed to be 120%, that of
rectal artesunate, with regard to reduction in mortality.
This assumption was made based on a study that showed
the superiority of i.m artesunate, after 24 h of illness [9,
10, 26]. It was assumed that patients sought treatment
within 24 h of onset of illness. Studies have shown that
pre-referral treatments are more effective within this
time [8, 9]. Those who received pre-referral treatment
but did not seek inpatient care had the same risk of dying
as those who did not seek any treatment [24].
The study assumed that the incidence of anemia in the
population not seeking treatment was twice that of those
who sought inpatient care after pre-referral treatment
[4]. Children aged less than 1 year were assumed to comprise 20% of the cohort and 1–4 years 80% of the cohort.
The female to male ratio was 1.024:1, according to the
Kenya Population Census done in 2009. Years of Life Lost
for each age group and sex was separated computed and
summed up. The Year of Life Lost were age-discounted
using a discount rate of −0.03.

Costing methodology

Costs were obtained from literature and from key
informant interviews. The key informant interviews
were carried out in agencies involved in procurement,
supplies, distribution and management of malaria in
Kenya. These include National Malaria Control Program
(NMCP), Kenya Medical Supplies Authority (KEMSA),
African Medical Research Foundation (AMREF) and
Clinton Health Access Initiative (CHAI).
Inpatient costs were estimated at $75.13 (36.33–
102.64), per patient. Costs of managing neurological
sequelae, were estimated at $48.52, and, malarial anemia costs were $45.02, as obtained, from studies done
in Kenya [20, 27]. All the costs were updated to 2015
rates using the Kenya consumer price index and then
converted to international dollars using the purchasing
power parity for Kenya against the US dollars [28, 29].
Table 2 summarizes costs of input variables as obtained
from key informant interviews.
The cost of time a CHW spends treating a child was
calculated using a 2-h workday, working for 5 days a week
and a salary range of 41.4–165.63, as obtained from key
informant interviews and from literature [30]. The cost of
time a healthcare worker spends per child was calculated
with an estimated working duration of 40 h per week. We
assumed that every patient needed 20 min of care. The
costs obtained were annuitized with a discount rate of 8%

Table 2 Program level costs obtained from key informant
interviews
Item

Cost ($)

Implementation costs
Training of trainers for case management
(per person)

552.2

Training of healthcare workers (per
person)

496.9

Training of CHWs (per person)

25.1

Monitoring and evaluation

96,625.4 (62,633–195,890.8)

Printing of guidelines (each)

12.4

Printing of manuals (each)

25.8

Acquisition costs
I.m artesunate (per vial)

1.49–1.62

I.m quinine (per vial)

0.20

Rectal artesunate (50 mg)

0.105–0.350

Procurement

2%

Warehousing

3%

Distribution

5%

Personnel monthly salaries
CHW

41.4–165.63

HCW (nurse)

1242.23–2070.39

CHW community healthcare worker, HCW healthcare worker
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taking into account future capital costs over a period of
3 years [31].
Kenya Essential Medicines Supplies Authority
(KEMSA) charges 2% of purchase price for tendering,
however not all acquisitions are through KEMSA and
therefore this cost does not apply to all the stocks of
drugs warehoused and distributed by KEMSA. The capital costs were calculated per healthcare provider, providing services to one case of severe malaria. From a key
informant interview, the number of CHWs in western
Kenya was estimated at 7100.
The total yearly case load for malaria was 170,000, with
an estimated prevalence of 10% for severe malaria [32].
We therefore estimated that each CHW treats 2.4 cases
of severe malaria per year. From the 2008 Kenya National
Human Resource for Health strategic plan, 22.7% of the
entire health work force was working in the Western
region. The total number of healthcare workers in Kenya,
trained in malaria case management is estimated at 6000, as
obtained from key informant interviews. This study therefore estimated that 1800 of the trained healthcare workers
are from this region. Children less than 5 years of age were
estimated, at a population of 1,687,787 in this region [15].
The yearly prevalence for malaria was 38% in this population, and 67.3% utilized Government facilities [4, 33,
34]. We estimated incidence of severe malaria of 10%
among the population with malaria [32]. We therefore
multiplied these rates with the population, then divided
with the number of healthcare workers trained in malaria
case management in the region, to get 24 cases treated
per healthcare worker in a year. We ignored shared capital costs like training of trainers of trainers and printing
of materials as they are shared by all the treatment arms,
and costs of managing adverse reactions, as their prevalence is low.
Decision analytic modeling

The decision analytical tree was drawn to reflect the
treatment-seeking options accessible to a caregiver with a
severely ill child in remote rural areas.
The options were; a visit to a CHW then refer, a visit to
a primary health facility then refer, directly seeking care
at a tertiary health facility and not seeking any treatment.
This is shown in Fig. 1: cost utility of rectal artesunate
provided by community health workers, Fig. 3: costutility of a tertiary facility, and Fig. 4: cost-utility of not
seeking treatment. The study assumed equal probability
of receiving or not getting pre-referral treatment. At primary facility, patients would be put on rectal artesunate,
i.m quinine, i.m artesunate or get no treatment as shown
in Fig. 2: cost-utility of pre-referral treatments at primary
facility. The study assumed that at the tertiary facility all
severe malaria cases were admitted.
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The following assumptions were made in the model;
that treatment would be sought within 24 h of onset of
severe illness and that a referred patient would get appropriate treatment within 24 h of the referral to maximize
effectiveness of rectal artesunate [9, 11]. The study also
assumed that pre-referral treatment would be given only
once, at point of contact and thereafter, patients would be
referred. Referral compliance was assumed to be similar,
from either the CHW or primary health facility and was
estimated at 67.1% [12].
Sensitivity analysis

Multivariate probabilistic sensitivity analysis was done
using non-Bayesian (frequentist) method approach. The
input parameters that were varied are those that had the
largest influence on one-way sensitivity analysis. The list
of parameters that were investigated, their probability
distribution functions and the arguments are presented
in Table 3 (Additional file 1).
For each parameter, a vector of 1000 randomly assigned
values was generated and these were used to compute
1,000,000 values of ICER. The median and inter-quartile
ranges were reported. Two-way sensitivity analyses on
variables of clinical and economic importance were conducted. The analysis was done using Base R software version 3.2.2.

Results
The results of the base model were obtained and presented in Table 4. From these results, the expected costs
associated with no treatment of severe malaria were
$0.88, for a cohort of 1000 patients with 20,122 DALYs.
Provision of pre-referral treatment by CHWs, and in
a primary health facility, would result in an aversion
of 15,535 DALYs, and 12,610 DALYs respectively. The
expected cost of pre-referral management of a cohort of
1000 children aged less than 5 years was much lower for
CHWs, at $85,492. The same services provided in a primary health facility had a cost of $88,961. The most costeffective option was pre-referral treatment by CHWs,
followed by subsequent treatment at a tertiary healthcare
facility. The incremental cost-effectiveness ratio (ICER)
for this intervention was $5.50 per DALY averted. A
direct visit to the tertiary health facility was more costeffective (ICER $6.90 per DALY averted), as compared to
pre-referral treatment provided in a primary health facility, with subsequent treatment at a tertiary health facility
(ICER $7.05 per DALY averted).
One-way sensitivity analysis (Additional file 2) was
conducted, and the results on the variation of ICER
for the CHW intervention were summarized as a tornado diagram, in Fig. 5: effects of input variables on the
cost utility of pre-referral treatments. For the sake of
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no rectal
P4
dies
1-P2
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1-P4
lives
Fig. 1 Cost utility of rectal artesunate provided by community health workers. P1 intervention uptake, P2 referral compliance, P3 inpatient case
fatality rate following rectal pre-referral, P4 case fatality rate for untreated severe malaria, P5 inpatient case fatality rate without any pre-referral

parsimony, variables that had no or minimal effect on
the ICER were excluded from the tornado diagram. For
all interventions, assumptions about Years of Life Lost
(YLL), the cost of inpatient care at a tertiary health facility, and the inpatient case fatality rate had the greatest
impact on the ICER.
Intramuscular quinine, rectal artesunate and intramuscular artesunate increased the incremental cost, but the
overall effect on ICER was minimal. The cost of managing complications, anemia and neurological sequelae had
no effect on the incremental costs and ICER. This was
attributed to the fact that these costs are shared across
all interventions. Similarly, the cost incurred by patients
who do not seek treatment from the community health

workers, primary and tertiary health facilities, had no
effects on the ICER. The impact of referral compliance on
ICER was not very pronounced.
The probability of receiving intramuscular quinine,
versus intramuscular artesunate, was excluded from the
tornado diagram. This parameter had almost no effect
on both the incremental cost and the ICER. Assumptions around the relative efficacy of rectal artesunate, as
opposed to that of i.m quinine and i.m artesunate had
minimal effect on the ICER of service provision.
The results of multivariate probabilistic analysis confirmed earlier findings of the base model and are presented in Table 4. From these results, provision of
pre-referral treatment by CHWs had the potential of
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dies
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1-P8
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Fig. 2 Cost-utility of pre-referral treatments at primary facility. P1 probability of receiving any of the pre-referral interventions, P01 probability of
receiving either of the intramuscular interventions, P2 referral compliance, P3 inpatient case fatality rate after rectal pre-referral treatment, P4 case
fatality rate for untreated severe malaria, P5 inpatient case fatality rate for severe malaria without pre-referral treatment, P6 intervention uptake, P7
inpatient case fatality rate with pre-referral i.m artesunate, P8 inpatient case fatality rate with pre-referral i.m quinine
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P5=0.075
dies
terary health facility
1-P5
lives
Fig. 3 Cost-utility of a tertiary facility. P5 inpatient case fatality rate for
severe malaria (with no pre-referral interventions)

P4=0.7
dies
no treatment
1-P4
lives
Fig. 4 Cost-utility of not seeking treatment. P4 case fatality rate for
untreated severe malaria

averting 13,276 DALYs, at a cost of $68,428 for treating a cohort of 1000 children. The option of pre-referral
treatment, at a primary health facility had the potential
of 9993 DALYs, at a cost of $73,825 for treating a cohort
of 1000 children. Going straight to a tertiary facility without pre-referral treatment, has the potential of averting
15,801 DALYs, at a cost of $114,903 for treating a cohort
1000 children. The most cost-effective option was the use
of a CHW (ICER of $5.11 per DALYs averted), followed
by direct access to a tertiary health facility (ICER of $7.14
per DALYs averted), and then primary health facility
(ICER of $7.30 per DALYs averted). Receiving no form of
treatment was the cheapest option, with a cost of $0.88
for a cohort of 1000 children. It was however, associated
with the largest disease burden, of 19,529 DALYs (Additional file 3).
The incremental costs of a patient receiving services
increased as one moved from CHW to PHF ($2429, ICER
−1.45) (Additional file 4) and similarly from PHF to THF
($34,098, ICER $6.74).
On conducting two-way sensitivity analysis, we noted
that increasing the probability of a patient receiving rectal artesunate from a CHW, reduced the point estimate of
ICER (Additional file 5).
The ICER increased from a base case of $5.11 (IQR
$3.01, $8.21), to $1.37 (IQR $0.82, $2.36) over a range
of assumptions of the efficacy of rectal artesunate, in a
severely ill child. If all children received rectal artesunate
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Table 3 Effectiveness and cost input variables used in the
analysis
Probability

Distribution Distribution parameters

Years of life lived

Gamma

Cost of salaries, PHF

Gamma

Inpatient cost for a mortality

Gamma

Inpatient costs of survival

Gamma

YLD not admitted, survives

Gamma

YLD admitted and survives

Gamma

YLD admitted but dies

Gamma

No rectal artesunate

Beta

Compliance

Beta

Inpatient CFR

Beta

Cost of RDTs

Gamma

Efficacy of rectal

Beta

Mode 28,732 (r = 5,
λ = 0.00017)
Mode 3450 (r = 5,
λ = 0.00144)

Mode 49,420 (r = 5,
λ = 0.00010)

Mode 123,550 (r = 5,
λ = 0.00004)
Mode 33 (r = 5,
λ = 0.14844)

Mode 33 (r = 5,
λ = 0.14923)

Mode 1.70 (r = 5,
λ = 2.88345)

Mode 0.5 (α = 2, β = 2)
Mode 0.67 (α = 2,
β = 1.49000)

Mode 0.075 (α = 2,
β = 13.33333)
Mode 545 (r = 5,
λ = 0.00917)

Mode 0.49 (α = 2,
β = 2.04080)

without a confirmatory diagnosis and these reduced the
chances of inpatient mortality by 6%, the point estimate
of ICER indicated that the intervention would still be
beneficial.

Discussion
The use of CHWs in the provision of pre-referral treatment was associated with fewer DALYs as well as more
DALYs averted, as compared to seeking treatment at a
primary health facility. It was also more cost effective and
less costly. A recent study in low income countries suggest that the use of CHWs could be as cost-effective as
primary healthcare workers due to tangible and non-tangible benefits offered by CHWs [35]. The results obtained
were in agreement with other studies looking at the utilization of community healthcare workers [29, 36–38]. The
use of CHWs is cost-effective where there is high uptake
and utilization of community strategy as well as adherence to referral advice by care-givers. Enhanced supervision and strengthening of community strategy to avoid
irrational prescribing will ensure that this option remains
cost effective in rural remote areas with little access to
healthcare facilities especially in relation to direct patient
costs. However, the effect of irrational use did not reduce
the cost effectiveness of community strategy, suggesting
that even in cases where testing is unavailable, giving rectal artesunate to all febrile children had some benefit. The
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Table 4 Costs incremental health outcomes and cost-utility of pre-referral antimalarial treatments by healthcare provider
Scenario

Intervention

Costs for a cohort
DALYs
of 1000 children ($)

DALYs averted

Incremental cost ($) ICER ($ per DALY
averted)

Base model

No treatment

0.89

20,122

–

–

–

CHW

85,491

4587

15,535

85,490

5.50

PHF

88,961

7512

12,610

88,960

7.05

THF

123,711

2186

17,936

123,710

6.90

No treatment

0.88 [0.88–0.88]

19,529 [15,315,
24,737]

–

–

–

CHW

68,428 [43,362,
100,703]

5413 [3091, 8430]

13,276 [9534, 17,684] 68,427 [43,361,
100,702]

5.11 [3.01, 8.21]

PHF

73,825 [47,531,
103,875]

8328 [5030, 12,531]

9993 [6180, 14,429]

73,825 [47,530,
103,874]

7.30 [5.30, 11.20]

THF

114,903 [91,842,
145,168]

3111 [1801, 5005]

15,801 [11,990,
20,375]

114,902 [91,841,
145,167]

7.14 [5.10, 10.92]

Probabilistic sensitivity analysis

CHW community healthworker, PHF primary health facility, THF tertiary health facility, ICER incremental cost-utility ratio, cost cost for treating one child

Fig. 5 Effects of input variables on the cost utility of pre-referral treatments

only cost of note was the acquisition cost of the pre-referral interventions (Additional file 6).
The results illustrate the difference in cost of seeking
health services between different levels of healthcare categories. In this case, the study found the option of using
CHWs and then going to a tertiary health facility more
cost effective than going to primary health facility followed by a referral to a tertiary health facility. Utilization
of CHWs first before referral was also more cost effective
than going directly to a tertiary facility. This is expected,
given no infrastructural investments of offering services
at community level, as opposed to infrastructure costs as

well as expertise, at primary and tertiary facilities. Therefore, given the long-term nature and cost of putting up
healthcare infrastructure, the use of CHWs to offer prereferral treatments remains an important option in mitigating the effects of severe malaria, in rural hard-to-reach
areas (Additional file 7).
The difference in cost-utility between CHWs and
primary health facility could also be explained by differences in the salaries, number of cases and hours of
work of a CHWs and a healthcare worker, as well as
transport costs and other attendant costs of seeking
healthcare.
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The finding of cost-utility analysis was sensitive to
referral compliance, both with CHWs, and at primary
healthcare facility though this was not very pronounced
and remained the same across the two options. With
increased referral compliance, DALYS averted increased
since more patients are admitted for inpatient care. The
effect of compliance on cost-utility, was similar to a
study done on use of rectal pre-referral treatments [39].
This suggests that strategies to increase referral compliance, including closer support supervision of CHWs and
CHW-assisted referral should be adopted. In cases where
referral compliance is very low, however, CHWs may be
empowered to give repeat doses of rectal artesunate, as
this has been shown to be effective as a treatment alternative [40].
In the option where patients went directly to a tertiary health facility, they had better outcome with fewer
DALYs and more DALYs averted than any other option.
However, it was the most costly and this finding was in
line with a costing study done in Kenya [25]. Seeking
treatment directly at a health facility with inpatient services within 24 h, decreases the duration to initiation of
treatment, and has better health outcomes [4, 41, 42].
Therefore, a tertiary health facility, even though costlier,
gives the best health outcomes, and, should ideally be
the first point of contact, for those with severe malaria.
However, capital costs of putting up a tertiary facility in
resource limited areas are prohibitive. This has lead to
a situation where health facilities are far apart and have
limited infrastructure to effectively handle most of the
healthcare needs of the population. The other challenges
experienced in these settings include few trained medical
personnel. Therefore, the use of community healthcare
workers, serves as a cost-effective measure, to address the
gaps in healthcare resource allocation, and distribution,
while ensuring better health outcomes.

Conclusion
Malaria remains one of the leading causes of mortality
in sub-Saharan Africa. The most vulnerable group to this
disease, are children under the age of 5 years. Therefore,
efforts should be put in place to roll back the impacts
of malaria in this population. These efforts include the
adoption of rectal artesunate and improving access and
ease of use to those at risk. However, for rectal artesunate
to be successfully implemented, local research data on
cost effectiveness, as well as behavioral and cultural practices should be considered (Additional file 8).
The use of CHWs, in provision of rectal pre-referral
treatment was a cost-effective option, when compared to
the provision in a primary health facility. However, the
benefits of CHWs would only be realized where there is a
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clear strategy to enhance provision and uptake of CHWs
services. Full compliance to referral advice would be necessary as well. Coupled with the use of CHWs, a lot of
sensitization on health-seeking habits in febrile illnesses
would increase uptake of this intervention. Cultural
beliefs, as concerns use of rectal route of administration,
would have to be debunked and its safety highlighted.
This study recommends the strengthening of community strategy in regards to uptake and referral compliance.
This should involve strict supervision and adherence to
treatment guidelines, which require testing using rapid
diagnostic tests (RDTs), before administration of any
antimalarials to avoid irrational use. Given that malaria
infections can occur more than once in a child less than
5 years, a cost utility study based on a Markov model
could be done to determine effects of both pre-referral
treatment, and curative applications of rectal artesunate.
The study also recommends a further study on patient
related costs, side effects, and delay to access treatment.
In this study, the same case fatality rate was used for
those who sought no treatment, and those who had prereferral treatment, but did not seek inpatient treatment.
It is probable that these two groups had different case
fatality rates.
The results from this study can be used to persuade
policy makers, to provide rectal artesunate as a pre-referral intervention in rural hard to reach areas.
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Abbreviations
CHW: community health workers; PHF: primary health facility; THF: tertiary
health facility; DALYs: Disability Adjusted Life Years; ICER: incremental cost
effectiveness ratio; KEMSA: Kenya Medical Supplies Authority; CER: cost
effectiveness ratio; RDT: rapid diagnostic test; WHO: World Health Organisation; YLD: Years Lived with Disability; YLL: Years of Life Lost.
Authors’ contributions
VR designed the study, collected data, carried out analysis and interpretation
of data, drafted the article and revised it critically for important intellectual
content, FAO contributed in design of the study, reviewed all data, supervised
the whole study and revised the paper critically for important intellectual
content, SN reviewed all data and supervised the whole study, LM supervised
and revised the paper critically for important intellectual content. All authors
read and approved the final manuscript.

Rakuomi et al. Cost Eff Resour Alloc (2017) 15:14

Author details
1
Ministry of Health, Nairobi, Kenya. 2 School of Pharmacy, University of Nairobi,
Nairobi, Kenya. 3 School of Mathematics, The Technical University of Kenya,
Nairobi, Kenya.

Page 10 of 11

12.

Acknowledgements
The authors’ appreciation goes to Dr. Mukoko for the support and advice in
the research. We wish to thank The National Malaria Control Program (NMCP)
and Kenya Medical Supplies Authority (KEMSA), Clinton Health Access Initiative (CHAI) and African Medical Research Foundation (AMREF) for the opportunity and support in collecting data and information required for the study.

13.

Competing interests
The authors declare that they have no competing interests.

15.

Availability of data and materials
Additional files 2, 3, 4, 5, 7, 8 supporting conclusions made in this manuscript.

14.

16.
17.

Ethical approval
Ethical approval was sought and obtained from the KNH/UoN Ethics Review
Committee, for key informant interviews. The ethical approval Reference Number was (KNH-ERC/A/162). Informed consent was obtained from participants
who were provided with the objectives, methods, and expected benefits of
the study. Participant’s identities were concealed by use of codes. The study
adhered to the principles of ethical research as outlined in the Declaration of
Helsinki [43].

18.
19.
20.

Publisher’s Note

22.

21.

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 17 August 2016 Accepted: 6 July 2017

23.

24.
References
1. WHO. Guidelines for the treatment of malaria. 2nd ed. Geneva: WHO;
2010.
2. Okebe J, Eisenhut M. Pre-referral rectal artesunate for severe malaria. In:
Cochrane database of systematic reviews. New York: Wiley; 1996.
3. WHO. World malaria report 2014. WHO.
4. Division of Malaria Control, Ministry of Public Health and Sanitation,
Kenya National Bureau of Statistics, ICF Macro. 2010 Kenya MALARIA
Indicator Survey. 2011.
5. Smith N, Obala A, Simiyu C, Menya D, Khwa-Otsyula B, O’Meara W. Accessibility, availability and affordability of anti-malarials in a rural district
in Kenya after implementation of a national subsidy scheme. Malar J.
2011;10(1):316.
6. Watsierah CA, Ouma C. Access to artemisinin-based combination therapy
(ACT) and quinine in malaria holoendemic regions of western Kenya.
Malar J. 2014;13(1):290.
7. Dondorp A, Fanello CI, Hendrikssen I, Gomes E, Seni A, et al. Artesunate versus quinine in the treatment of severe falciparum malaria in
African children (AQUAMAT): an open-label, randomised trial. Lancet.
2010;376(9753):1647–57.
8. Gomes M, Faiz M, Gyapong J, Warsame M, Agbenyega T, Babiker A, et al.
Pre-referral rectal artesunate to prevent death and disability in severe
malaria: a placebo-controlled trial. Lancet. 2009;373(9663):557–66.
9. Gomes M, Ribeiro I, Warsame M, Karunajeewa H, Petzold M. Rectal
artemisinins for malaria: a review of efficacy and safety from individual
patient data in clinical studies. BMC Infect Dis. 2008;28(8):39.
10. Karunajeewa HA, Reeder J, Lorry K, Dabod E, Hamzah J, Page-Sharp
M, et al. Artesunate suppositories versus intramuscular artemether for
treatment of severe malaria in children in Papua New Guinea. Antimicrob
Agents Chemother. 2006;50(3):968–74.
11. Barnes K, Mwenechanya J, Tembo M, Mcllleron H, Folb P, Ribeiro I, et al.
Efficacy of rectal artesunate compared with parenteral quinine in initial

25.
26.

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

treatment of moderately severe malaria in African children and adults: a
randomised study. Lancet. 2004;363(9421):1598–605.
Paintain LS, Willey B, Kedenge S, Sharkey A, Kim J, Buj V, et al. Community
health workers and stand-alone or integrated case management of malaria:
a systematic literature review. Am J Trop Med Hyg. 2014;91(3):461–70.
Kisia J, Nelima F, Otieno D, Kiilu K, Emmanuel W, Sohani S, et al. Factors
associated with utilization of community health workers in improving access to malaria treatment among children in Kenya. Malar J.
2012;11(1):248.
Zurovac D, Githinji S, Memusi D, Kigen S, Machini B, et al. Major improvements in the quality of malaria case-management under the “test and
treat” policy in Kenya. PLOS ONE. 2014;9:e92782.
Rural Community-Based Family Planning Project of Western Kenya: Demonstration Phase, 2009–2012 | APHRC.
Ministry of health. Kenya Household Health Expenditure and Utilisation
Survey DECEMBER. Ministry of Health; 2014.
DonchoDonev, LijanaZaletel-Kragelj, Vesna Bjegovic, GencBurazeri. http://
www.mf.uni-lj.si/dokumenti/6b695fc9385e3e2ab8fb41ec7d34660d.pdf
WHO. Disability weights, discounting and age weighting of DALYs.
Global Health Observatory Data Repository. WHO.
Obonyo CO, Vulule J, Akhwale WS, Grobbee DE. In-hospital morbidity and
mortality due to severe malarial anemia in western Kenya. Am J Trop Med
Hyg. 2007;77(6 Suppl):23–8.
Lubell Y, Staedke SG, Greenwood BM, Kamya MR, Molyneux M, Newton
PN, et al. Likely health outcomes for untreated acute febrile illness in the
tropics in decision and economic models; a delphi survey. Snounou G,
editor. PLoS ONE. 2011;6(2):e17439.
Ayieko P, Akumu AO, Griffiths UK, English M. The economic burden of
inpatient paediatric care in Kenya: household and provider costs for
treatment of pneumonia, malaria and meningitis. Cost Eff Resour Alloc.
2009;22(7):3.
Carter J, Mung’ala-Odera V, Neville B, Murira G, Mturi N, Musumba C,
et al. Persistent neurocognitive impairments associated with severe
falciparum malaria in Kenyan children. J Neurol Neurosurg Psychiatry.
2005;76(4):476–81.
Mung’Ala-Odera V, Snow RW, Newton CRJC. The burden of the neurocognitive impairment associated with Plasmodium falciparum malaria in
sub-Saharan Africa. Am J Trop Med Hyg. 2004;71(2 Suppl):64–70.
Idro R, Ndiritu M, Ogutu B, Mithwani S, Maitland K, Berkley J, et al. Burden,
features, and outcome of neurological involvement in acute falciparum
malaria in Kenyan children. JAMA. 2007;297(20):2232–40.
Cao XT, Bethell DB, Pham TP, Ta TT, Tran TN, Nguyen TT, Day NP, White NJ.
Comparison of artemisinin suppositories, intramuscular artesunate and
intravenous quinine for the treatment of severe childhood malaria. Trans
R Soc Trop Med Hyg. 1997;91(3):335–42.
Sicuri E, Vieta A, Lindner L, Constenla D, Sauboin C. The economic costs of
malaria in children in three sub-Saharan countries: Ghana, Tanzania and
Kenya. Malar J. 2013;3(12):307.
Measuring Worth-Guide to Using the Calculators. 2015.
Kenya implied purchasing power parity (PPP) conversion rate. 2015.
McCord GC, Liu A, Singh P. Deployment of community health workers
across rural sub-Saharan Africa: financial considerations and operational
assumptions. Bull World Health Organ. 2012;91/4(12):244–253B.
Central Bank of Kenya. Central Bank of Kenya. https://www.centralbank.
go.ke.
Okiro EA, Alegana VA, Noor AM, Mutheu JJ, Juma E, Snow RW. Malaria
paediatric hospitalization between 1999 and 2008 across Kenya. BMC
Med. 2009;9(7):75.
Reversing the Trends The Second NATIONAL HEA LTH SECTOR Strategic
Plan of Kenya. Ministry of Medical Services Afya House P. O. Box 30016
GPO Nairobi 00100, Kenya.
Plasmodium falciparum spatial analysis, western Kenya highlands, vol. 11,
number 10—october 2005. Emerg Infect Dis J CDC.
Vaughan K, Kok MC, Witter S, Dieleman M. Costs and cost-effectiveness
of community health workers: evidence from a literature review. Hum
Resour Health. 2015;13(1):71.
Hill Z, Dumbaugh M, Benton L, Källander K, Strachan D, ten Asbroek A,
et al. Supervising community health workers in low-income countries—
a review of impact and implementation issues. Glob Health Action.
2014;7:24085.

Rakuomi et al. Cost Eff Resour Alloc (2017) 15:14

37. Delacollette C, Van der Stuyft P, Molima K. Using community health
workers for malaria control: experience in Zaire. Bull World Health Organ.
1996;74(4):423–30.
38. Blanas DA, Ndiaye Y, Nichols K, Jensen A, Siddiqui A, Hennig N. Barriers to
community case management of malaria in Saraya, Senegal: training, and
supply-chains. Malar J. 2013;12(1):95.
39. Tozan Y, Klein EY, Darley S, Panicker R, Laxminarayan R, Breman JG.
Prereferral rectal artesunate for treatment of severe childhood malaria: a
cost-effectiveness analysis. Lancet. 2010;376(9756):1910–5.
40. Aceng JR, Byarugaba JS, Tumwine JK. Rectal artemether versus intravenous quinine for the treatment of cerebral malaria in children in Uganda:
randomised clinical trial. BMJ. 2005;330(7487):334.

Page 11 of 11

41. Sheehy SH, Angus BJ. Malaria: severe, life-threatening. Clin Evid. 2011;
2011 (cited 2015 Jan 16).
42. Trampuz A, Jereb M, Muzlovic I, Prabhu RM. Clinical review: severe
malaria. Crit Care. 2003;7(4):315–23.
43. World Medical Association. World Medical Association Declaration of
Helsinki: ethical principles for medical research involving human subjects.
JAMA. 2013;310(20):2191–4.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

