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Objective To determine household and health-care provider costs associated with Plasmodium vivax infection across a range of endemic
settings.

Methods We collected cost data alongside three multicentre clinical trials of P vivax treatment in Afghanistan, Brazil, Colombia, Ethiopia,
Indonesia, Philippines, Peru, Thailand and Viet Nam conducted between April 2014 to December 2017. We derived household costs from
trial participant surveys administered at enrolment and again 2 weeks later to determine the costs of treatment and transportation, and
the number of days that patients and their household caregivers were unable to undertake their usual activities. We determined costs of
routine care by health-care providers by micro-costing the resources used to diagnose and treat P vivax at the study sites.

Findings The mean total household costs ranged from 8.7 United States dollars (USS; standard deviation, SD:4.3) in Afghanistan to US$ 254.7
(SD: 148.4) in Colombia. Across all countries, productivity losses were the largest household cost component, resulting in mean indirect
costs ranging from USS 5.3 (SD: 3.0) to USS$ 220.8 (SD: 158.40). The range of health-care provider costs for routine care was US$ 3.6-6.6. The
cost of administering a glucose-6-phosphate-dehydrogenase rapid diagnostic test, ranged from US$ 0.9 to 13.5, consistently lower than
the costs of the widely-used fluorescent spot test (USS 6.3 to 17.4).

Conclusion An episode of P vivax malaria results in high costs to households. The costs of diagnosing and treating P vivax are important
inputs for future cost—effectiveness analyses to ensure optimal allocation of resources for malaria elimination.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Outside Sub-Saharan Africa, Plasmodium vivax is now the
predominant cause of malaria, affecting 14.0 million patients
in 2016." While cost—effectiveness analyses can inform the ef-
ficient provision of health-care interventions, information on
the costs for providers, patients and their households should be
available. The costs of P. vivax malaria infection are potentially
different from those infection caused by P. falciparum, since
P. vivax forms liver stages (hypnozoites), which lie dormant
for weeks or months after the primary infection before reac-
tivating to cause symptomatic infections (relapses). Hence,
one infectious mosquito bite can result in multiple episodes,
with the risk and frequency of relapses varying significantly
between geographical regions.”

Accordingly, the clinical management of patients with
P. vivax requires a radical cure with a drug regimen that
kills both the blood and liver stages of the parasite. The only
widely available compound with activity against the dormant
liver stages is primaquine, which is usually prescribed as a
14-day regimen.” The efficacy of primaquine is dependent

upon the total weight-adjusted dose administered.*’ Patents’
adherence to 14-day primaquine courses varies considerably®
and failure to complete a full course is common.* Therefore,
adherence and effectiveness can potentially be improved
by administering the same total dose while reducing the
duration of treatment. In a recent multicentre clinical trial,
the safety and efficacy of a 7-day primaquine regimen was
compared with a 14-day primaquine and placebo regi-
men (short-course primaquine trial).” Clinical trials have
also been conducted of tafenoquine compared to a 14-day
primaquine and placebo regimen (tafenoquine trials).®’
Tafenoquine is a single-dose drug for radical cure of malaria
that has recently received regulatory approvals in Australia
and the United States of America, with further submissions
underway in malaria-endemic countries. Both drugs can
cause haemolysis in individuals with glucose-6-phosphate-
dehydrogenase (G6PD) deficiency, an inherited enzymopa-
thy. For this reason, the World Health Organization (WHO)
treatment guidelines recommend that, where possible, G6PD
status should be ascertained in all patients before administra-
tion." Due to operational and financial constraints, screening
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for G6PD deficiency is rarely offered."
This may change as new rapid diagnos-
tic tests become more widely available
to facilitate point-of-care testing. For
G6PD-deficient individuals, an 8-week
course of weekly primaquine doses is
recommended’ with monitoring for
anaemia.

Little research has been conducted
on the costs of diagnosing and treating
P. vivax malaria. In a recent review,"
only nine relevant studies were identi-
fied with varying percentages of cases
due to P. vivax. Given the increasing
options available for testing and radical
cure treatment, cost surveys were in-
cluded in the study design of the short-
course primaquine trial’ and adapted
to the tafenoquine trials.*” We aimed to
describe the costs of treating uncom-
plicated P. vivax malaria in a range of
endemic settings using data from both
households and health-care providers,
collected alongside these trials. The
results can inform economic evaluation
and policy-making for P. vivax malaria
testing and treatment strategies.

Methods
Household costs

We collected household cost data
at study sites in nine countries: Af-
ghanistan, Brazil, Colombia, Ethiopia,
Indonesia, Philippines, Peru, Thailand
and Viet Nam (Box 1). Using question-
naires translated into local languages,
patients, or informants on the patients’
behalf, were interviewed by study
staff at enrolment (day 0) and again
2 weeks later. We analysed data on the
direct and indirect costs to the patient’s
household for individuals with P. vivax
malaria. Here, we report only the costs
from the first episode of malaria, to
minimize bias arising due to changes
in treatment-seeking behaviour that
might result from being enrolled in
the study.

Direct costs included all out-of-
pocket expenditure for the entire episode
for the patient’s household: (i) treatment
seeking: the cost of treatment-seeking
before enrolment in the study (medica-
tions, tests and fees); (ii) transport for
treatment seeking: the cost of trans-
portation for treatment seeking before
enrolment in the study; (iii) visit cost:
payments for treatment at the study
health-care facility (medications, tests
and fees); and (iv) transport cost: the
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Box 1. Clinical trial details in the multicentre study of the economic costs of P. vivax
malaria episodes

The design of the Improving the Radical Cure of Vivax trial has been previously described.” The trial
was conducted from 20 July, 2014 to 31 December, 2017. Outpatients in Afghanistan, Ethiopia,
Indonesia and Viet Nam were treated with locally recommended schizontocidal treatment
(chloroquine or dihydroartemisinin—piperaquine) and randomized to receive either 14 days of
primaquine (total dose 7 mg/kg), 7 days of primaquine (total dose 7 mg/kg) followed by 7 days of
placebo or 14 days of placebo. Patients were screened for glucose-6-phosphate-dehydrogenase
(G6PD) deficiency before enrolment, and individuals with G6PD deficiency were excluded from
the randomized study and given standard schizontocidal treatment plus eight doses of weekly
primaquine. All patients gave informed consent before enrolment. Follow-up was 12 months.

In the Global Assessment of Tafenoquine Haemolytic Risk trial® and Dose and Efficacy Trial
Evaluating of Chloroquine and Tafenoquine In Vivax Elimination trial,” adult patients (> 17 years)
with P vivax malaria from Brazil, Cambodia, Colombia, Ethiopia, Peru, Philippines, Thailand and
Viet Nam were treated with either 14-day primaquine (3.5 mg/kg) or single-dose tafenoquine
(300 mg) and followed for 6 months. These trials were conducted from April 2014 to November
2016. No patients in Cambodia completed the cost survey. Patients were excluded if G6PD
enzyme activity was less than 70%. In both these trials, patients were hospitalized for days 1-3
to evaluate drug safety; the costs related to this stay are not included here.

The surveys used to collect household cost data were similar for all trials, with some minor
differences. The short-course primaquine trial asked about travel and payments for the current
clinic while the tafenoquine trials asked about facilities where patients were diagnosed. For
patient and caregiver time off due to illness, short-course primaquine surveys asked about
usual activity whereas the tafenoquine trials asked about usual work. Patients specified the
number of days off for themselves and caregivers in the short-course primaquine trial, whereas
the tafenoquine trials had one category for more than 7 days. The tafenoquine trials did not
ask what activity caregivers would normally be doing. The follow-up visit was on day 15 for
the tafenoquine trials. For the short-course primaquine trial, this was day 13 for G6PD normal

patients and day 14 for those with G6PD deficiency.

cost of transportation to the health-care
facility (doubled to account for return
journeys). We excluded costs related to
the clinical study, such as monitoring
visits to ensure primaquine adherence.

Indirect costs consisted of produc-
tivity losses due to illness for patients
and, where applicable, their caregivers.
Patients reported the length of time they
could not perform usual activities due to
illness and the length of time caregivers
stopped doing usual work to care for
them. We summed the number of days
and multiplied this by the gross domes-
tic product (GDP) per capita per day in
that country for 2016" to calculate the
total indirect costs of illness; we applied
this adjustment regardless of whether
the usual activities were paid or unpaid
work, or days off school. We did not col-
lect data on household income, wealth
or education.

Provider costs

We collected data on health-care pro-
vider costs only at four study sites in the
short-course primaquine trial: Jalalabad
in Afghanistan, Arba Minch in Ethiopia,
North Sumatra in Indonesia and Dak-
O in Viet Nam. Using data from clinic
records and interviews with providers,
we collected all costs of routine care
and of potential additions to care for
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patients with P. vivax malaria, but not
the costs of care related to the trial. Cost
items included blood draws (finger prick
or venous), malaria diagnosis (rapid
diagnostic test and microscopy) and
treatment (blood-stage and liver-stage),
G6PD tests (rapid diagnostic test and
fluorescent spot test) and the HemoCue
test (HemoCue AB, Angelholm, Swe-
den) for anaemia. G6PD testing was not
routine at any of the sites, so we calcu-
lated the cost of rapid diagnostic test
and fluorescent spot test as additional
costs. The site in Ethiopia was a research
facility, so we adjusted inputs to reflect
a routine clinical care setting.

We made the following assumptions
about provider costs. One blood draw
per patient would be sufficient for all
tests undertaken. Since the throughput
of malaria patients was generally low
at all facilities, the fluorescent spot test
would be used as a point-of-care test (i.e.
only one test run in a batch). The fluo-
rescent spot test consumables would be
stored in a freezer (or a refrigerator with
a —20 °C freezer compartment) as this
offered a more conservative estimate of
long-term costs. The annual number of
malaria patients per facility was used for
equipment throughputs. We combined
the country-specific costs of diagnosis
and treatment for P, vivax malaria with
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Fig. 1. Flow diagram of participants selected from three multicentre dinical trials of

P. vivax malaria treatment

Data source: Improving the Radical
Cure of Vivax Malaria trial

2386 patients recruited:
« 437in Afghanistan

« 585 in Ethiopia

+ 1019 in Indonesia

+ 345inViet Nam

Data sources: Global Assessment of
Tafenoquine Hemolytic Risk trial

and Dose and Efficacy Trial Evaluating
Chloroquine and Tafenoquine

In Vivax Elimination

v

773 patients recruited:
« 278 in Brazil

« 38in Cambodia

+ 19in Colombia

« 55in Ethiopia

« 255inPeru

« 6in Philippines

« 78inThailand

« 44inViet Nam

150 patients excluded:
+ 0did not complete the cost survey

| « 150did not return to the clinic at day 13
« Oreported an inpatient hospital stay
during this malaria episode
\/

2236 patients included in analysis:
« 354in Afghanistan:

113 (32%) female; 143 (40%) adult
« 566 in Ethiopia:

243 (43%) female; 329 (58%) adult
« 982 in Indonesia:

440 (45%) female; 505 (51%) adult
« 334in Viet Nam:

47 (14%) female; 288 (86%) adult

Notes: Adult was defined as age > 15 years.

58 patients excluded:

« 39.did not complete the cost survey

« 11did not return to the clinic at day 13

« 8 reported an inpatient hospital stay
during this malaria episode

715 patients included in analysis:
- 276in Brazil: 67 (24%) female

« 0in Cambodia

« 18in Colombia: 7 (39%) female
« 52in Ethiopia: 8 (15%) female

« 25Tin Peru: 107 (43%) female

« 6in Philippines: 2 (33%) female
- 69inThailand: 9 (13%) female
- 43inViet Nam: 11 (26%) female

Data source: Taylor WRJ et al,” Llanos-Cuentas A et al.* and Lacerda MVG et al.”

the cost of patient visits using the WHO
global cost database for an outpatient
centre with beds."

Analysis

We report all costs in United States
dollars (US$) for the year 2016. We
collected costs using local currencies,
then adjusted them for inflation if from
a different year,'>'® before conversion
to US$."” We also converted key unit
costs to international dollars.'® For
the tafenoquine studies, we used the
midpoint of recruitment as the cost
year for patient-level data. We analysed
patient-level data using Stata, version
14.2 (StataCorp, College Station, USA).
We excluded patients who did not com-
plete a cost survey at both the initial and
follow-up visits from the analysis. To
present the costs of an uncomplicated
malaria episode, we excluded patients
reporting inpatient hospitalizations
that are indicative of severe illness. For
patients meeting the inclusion criteria,
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missing data for costs were minimal
(<0.1%) and assumed to be zero except
for three variables in the tafenoquine
studies. The first two were the number
of days lost by patients and caregivers
at one of the trial sites in Brazil.® Since
these were not collected, we imputed
the mean time losses in Brazil from the
other trial’ for missing data. The second
exception was the visit costs where no
entries were made: we assumed these
costs were zero since treatment fees
were paid by the study. For patients in
the tafenoquine studies who reported
more than 7 days of lost productivity,
we assumed they had lost 8 days.

All data are presented by country,
pooling data from Ethiopia and Viet
Nam, which were included in all the
trials. We report the mean, standard
deviation (SD), median and interquar-
tile ranges for household-level costs
and days lost per episode of malaria.
For provider costs, point estimates are
presented. The incremental costs of
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switching from fluorescent spot test to
G6PD rapid diagnostic test are reported.

Ethical approval

Ethical approval for the original Im-
proving the Radical Cure of Vivax
Malaria protocol and included amend-
ments (Version 7) was obtained from
the following review boards: Oxford
Tropical Research Ethics Committee
OxTREC (Ref number 101413) and the
Human Research Ethics Committee of
the Northern Territory Department of
Health, Australia HREC (Ref Number
131991). In addition local approvals
were obtained from the Institutional
Review Board, Ministry of Public
Health, Afghanistan, the Health Re-
search Ethics Committee, Faculty of
Medicine University of Indonesia, Cipto
Mangunkusumo Hospital, Jakarta, In-
donesia, the Ministry of Health Evalua-
tion Committee on Ethics in Biomedical
Research Vietnam, the Institutional
Scientific & Ethical Review Commit-
tee of the Ethiopian Public Health
Institute, the National Research Ethics
Review Committee, Ethiopia and the
Institutional Review Board of the Co-
lumbia University Medical Centre, US.
The Global Assessment of Tafenoquine
Haemolytic Risk trial (NCT 02216123)
and Dose and Efficacy Trial Evaluating
of Chloroquine and Tafenoquine In
Vivax Elimination (NCT 01376167)
studies are registered.

Results
Patient characteristics

Of 3159 patients enrolled in the stud-
ies, 2951 (93%) completed cost surveys
at both the initial and follow-up visit:
2236 patients from the short-course
primaquine trial and 715 from the
tafenoquine trials (Fig. 1). Most patients
were male (1897; 64%) and =15 years
old (1980; 67%). The percentage of en-
rolled females in the tafenoquine trials
(211 out of 715; 30%) was lower than
in the short-course primaquine trial
(843/2236, 38%). In the short-course
primaquine trial, 43% (971/2236) were
children aged <15 years, with the pro-
portion of children varying by country
from 14% (46/334) in Viet Nam to 60%
(211/354) in Afghanistan (Fig. 1). Since
children younger than 17 years were ex-
cluded from the tafenoquine trials, only
33% (971/2951) of patients overall were
children. Patients ranged in age from 10
months to 94 years.

Bull World Health Organ 201 9;97:828—836' doi: http://dx.doi.org/10.2471/BLT.18.226638
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Household costs
Productivity losses

Patients reported a mean loss of
3.5 days (SD: 3.1) from their usual
activities over the entire episode of ma-
laria (Table 1). More details of the data
are available from the data repository."”
Of the 2883 patients who reported their
usual activities, 1007 (35%) would
have been at school, 436 (15%) were
subsistence farmers, 391 (14%) missed
paid employment, 378 (13%) would
have been doing housework and 671
(23%) reported another activity. Most
patients (78%, 2243/2883) reported
needing someone to cut back on usual
activities to care for them, with a mean
loss of 1.8 days (SD:2.8). In Viet Nam,
59% (221/377) of patients reported
needing a caregiver, compared with
98% in both Brazil (204/208) and Peru
(247/251). The highest mean number of
lost days was in Colombia and the Phil-
ippines for both patients and caregivers
(Table 1). Half (823/1633) of caregivers
from the short-course primaquine trial
reported that they would normally be
doing housework, 216 (13%) were un-
able to farm, 101 (6%) missed school,
179 (11%) missed paid employment
and 314 (19%) reported that they
would be doing another activity (the
tafenoquine trials did not ask about
usual activities for caregivers). Further
information on activities by country
is available from the data repository.”
When multiplied by the GDP per capita
for each country, these productivity
losses resulted in mean indirect costs
that ranged from US$ 5.3 (SD: 3.0) per
episode in Afghanistan to US$220.8
(SD: 158.4) in Colombia (available from
the data repository).”

Treatment-seeking costs

Overall, 1671 (57%) of the 2951 patients
were seeking treatment for the first
time. This proportion ranged widely
by country from 0% (0/251) in Peru to
91% (322/354) in Afghanistan (available
from the data repository).” For this
episode of malaria, 659 patients (22%)
had sought treatment once before, 598
(20%) had sought treatment twice be-
fore and 23 (1%) had sought treatment
three times before the enrolment visit.
While many patients reported spend-
ing a mean of US$ 2 or less, patients in
Colombia and Thailand spent a mean of
US$ 19.2 (SD:27.1) and US$ 22.0 (SD:
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Table 1. Productivity losses to patients and their caregivers due to an episode of P. vivax
malaria illness in malaria-endemic settings in nine countries, 2014-2017

Country No. of No. of days patient unable No. of days caregiver was
clinical to do usual activities required
episodes yoan(sD)  Median (IQR) Mean (SD) ~ Median (IQR)
Afghanistan 354 22(1.3) 2.0(1.5-3.0) 1.2(1.1) 1.0 (0.0-2.0)
Brazil 276 1.3 (1.9 1.0 (0.0-1.3) 0.2(0.8) 0.0 (0.0-0.2)
Colombia 18 7.0(54) 7.0 (3.0-11.0) 70(5.2)  6.0(3.0-11.0)
Ethiopia 618 33(25) 2.5(2.0-4.0) 2.2(26) 1.5(0.0-3.0)
Indonesia 982 38(3.7) 3.0(0.5-5.0) 2.7 (3.6) 1.0 (0.5-4.0)
Peru 251 6.3 (2.5) 6.0 (5.0-8.0) 05(0.2) 0.5(0.5-0.5)
Philippines 6 98(52) 10.0(4.0-15.0) 43(3.9) 3.0(1.0-8.0)
Thailand 69 41Q7) 5.0 (2.0-6.0) 1.9 (2.6) 1.0 (0.0-4.0)
Viet Nam 377 32(25) 2.5 (1.5-4.0) 1.2(1.8) 0.5 (0.0-1.5)
Overall 2951 3.5(3.1) 3.0(1.0-5.0) 1.8(2.8) 1.0(0.0-2.0)

IQR: interquartile range; SD: standard deviation.

Notes: We collected data alongside three multicentre clinical trials of P vivax malaria treatment from April
2014 to December 2017.”~°Patients reported the length of time they could not perform usual activities due
to illness and the length of time caregivers stopped doing usual activities to care for them. We pooled data
from different trials in Ethiopia and Viet Nam. More details are available from the data repository."”

39.2), respectively (available from the
data repository).”

While transportation to the study
clinic cost over US$ 10 for a return jour-
ney in Brazil, Colombia and Thailand,
these costs were low in most countries.
Overall, 93% (2745/2951) of patients
reported a journey of under 1 hour.
The majority of those with long travel
times were in Afghanistan, where 28%
(99/354) reported journeys of over
1 hour to get to the clinic, with corre-
spondingly higher mean transportation
costs of US$ 3.1 (SD: 1.5).

Considering all transport and treat-
ment costs, the mean direct household
expenditure was US$ 6.6 (SD:12.2),
varying from US$ 1.6 (SD: 2.2) in the
Philippines to US$ 35.3 (SD:46.6) in
Thailand (available from the data re-
pository).”!

Total household costs

The mean total costs to households
due to illness (indirect costs from lost
productivity plus direct costs of trans-
portation and treatment) varied by
country, ranging from US$ 8.7 (SD: 4.3)
in Afghanistan to US$ 254.7 (SD: 148.4)
in Colombia (available from the data re-
pository).* Costs were higher for wom-
en in Afghanistan, Ethiopia, Indonesia
and Viet Nam and for men in Brazil and
Peru. Viet Nam was the only country
where no age-related differences were
apparent, a likely reflection of nearly
all patients being older than 15 years
(available from the data repository).”
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Provider costs

The total cost of routine care by health-
care providers per patient visit in the
four settings ranged from USS$ 3.6 in
Afghanistan to US$ 6.6 in Indonesia
(Table 2). The cost per test and associ-
ated laboratory processing time are
available from the data repository.*
In these settings with relatively low
patient throughputs, implementing
fluorescent spot testing resulted in a
cost range of US$ 6.3-17.4 compared
with US$ 0.9-13.5 for G6PD rapid di-
agnostic tests. Some settings reported
that fluorescent spot tests and G6PD
rapid diagnostic tests had to be repeated
for some patients, thereby increasing the
costs. G6PD rapid diagnostic testing was
consistently cheaper per patient than
fluorescent spot testing, even in Indone-
sia where the unit cost of a G6PD rapid
diagnostic test was US$ 13.0. Potential
cost savings per test using a G6PD rapid
diagnostic test instead of the fluorescent
spot test ranged from US$ 3.5 in Indo-
nesia to US$ 16.1 in Viet Nam. The cost
of monitoring for anaemia with the
HemoCue test ranged from US$ 1.2 in
Viet Nam to US$ 3.0 in Ethiopia.

Total costs

Fig. 2 summarizes the total costs per P.
vivax malaria episode in the nine coun-
tries, including all provider (direct) costs
and the household direct and indirect
costs. As shown, the indirect household
costs due to productivity losses were
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Table 2. Costs to health-care providers of routine care for a patient with P. vivax malaria
illness in four malaria-endemic settings

Careitem Cost per patient, US$
Afghanistan Ethiopia Indonesia Viet
Nam
Patient visit 1.68 0.98 0.08 1.74
Malaria diagnosis 1.14 351 2.86 347
Blood-stage drugs 0.28 0.36 265 0.27
Liver-stage drugs 0.19 NA? 043 043
Other medications 0.33 043 0.59 0.09
Total cost 3.62 5.28 6.61 6.01

NA: not applicable; US$: United States dollars (2016).

¢ Liver-stage drugs are not included as routine care in Ethiopia.

Notes: We collected data on health care provider costs on the typical costs per R vivax malaria patient
alongside a multicentre clinical trial in the study countries.” Basic visit costs were taken from the World
Health Organization CHOICE unit cost estimates for service delivery at an outpatient centre with beds."
Diagnosis costs included microscopy in Afghanistan, Ethiopia and Viet Nam, plus rapid diagnostic test for
malaria in Indonesia and Viet Nam. Costs of blood-stage drugs included dihydroartemisinin-piperaquine in
Indonesia and chloroquine in Viet Nam. In Afghanistan, 90% received chloroquine tablets and 10% received
chloroquine syrup. In Ethiopia, 78% of patients received chloroguine tablets, 20% received chloroquine
syrup and 2% of patients received artemether—lumefantrine. Liver-stage drugs included low-dose
primaquine for all patients in Indonesia and Viet Nam, while 50% of patients received low-dose primaquine
in Afghanistan. Costs of other medications included drugs frequently prescribed for malaria (but not
antimalarials) were multiplied by the percentage of patients receiving those medications. All drug costs are
for adult prescriptions. More details of the test costs are available from the data repository.**

Fig. 2. Total mean costs per episode of P. vivax malaria in malaria-endemic settings in
nine countries

300

250

200

150

Mean costs, US$

100

50

Afghanistan  Brazil ~ Colombia ~ Ethiopia Indonesia  Peru
Country

Provider visit Patient visit ~ mm Transportation ~ mm Productivity losses

US$: United States dollars (2016).
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Cost components include household visit costs (including treatment seeking) and transportation (for the
visit and treatment seeking), indirect costs to households (productivity losses) and direct costs of health-
care providers (visit including diagnosis and treatment of P, vivax malaria). Household cost data were
collected alongside three multicentre clinical trials of P vivax malaria treatment.”~” Numbers of patients
surveyed: Afghanistan: 354; Brazil: 276; Colombia: 18; Ethiopia: 618; Indonesia: 982; Peru: 251; Philippines:
6; Thailand: 69; Viet Nam: 377. Data for estimating health-care provider costs were available from one
clinical trial.”

832

Philippines  Thailand  Viet Nam

Angela Devine et al.

consistently the largest contributor to
overall costs.

Discussion

Our study presents a large collection
of primary cost data for the treatment
of P. vivax malaria, incorporating in-
formation from both households and
health-care providers from a range of
endemic countries. Unlike previous
studies,'” the costs reported here are
due solely to individuals infected with
P. vivax. The mean total household cost
per episode varied considerably (from
around US$ 9 to US$ 255), reflecting
differences in both the duration of
time off normal activities and GDP per
capita in the country. When productivity
losses are excluded, these costs fall to
around US$ 2 to US$ 35. While time is
a scarce resource with economic value,
productivity losses are rarely included
in economic evaluations as costs to
society as whole (i.e. including costs to
patients and their households) are not
often presented.”** While the costs from
the health-care provider perspective is
appropriate for priority-setting within
the health sector, indirect productivity
losses can be the larger cost component
for households.” Even when days lost
to illness and caregiving are captured
by surveys, the cost of these days can
be difficult to value.”® The impact of ill
health on members of the household
(spillover effects) is a rapidly evolving
area in health economics and a consen-
sus has not been reached on whether
to include spillover effects in economic
evaluations, even when taking the soci-
etal perspective.”*" A recent review on
measuring and valuing time losses due
to informal caring demonstrates that
much of the thinking in this area has
been focused on chronic conditions in
developed nations.” Changing the scope
of economic evaluations could exacer-
bate inequities in health and access to
health-care technologies.”® Our results
rely on revealed preference methods
that focus on the monetary value of
time losses to the caregivers without
consideration of (dis)utility due to the
patients’ illness; accordingly, there is no
risk of double counting.”!

The most common approach for
valuing the time of those not in paid
employment is to collect information
on daily wages for those in paid em-
ployment and use the average cost as
a shadow wage. Most patients in this
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study were not in paid employment, so
this approach would provide limited
data. Reassuringly, a study in Timika,
Indonesia found a shadow wage of
US$ 11 (2014), demonstrating that our
use of one GDP per capita per day of
US$ 10 (2016) may be conservative.
Similar methods of valuation are being
implemented in other global health
studies,’** and it is important to note
that this figure is equivalent to 1/365th
of a disability-adjusted life-year when
using a willingness-to-pay threshold of
one GDP per capita.

Malaria exerts a greater burden
on poorly resourced communities and
families who are likely to have lower
shadow wages; hence, the use of GDP
per capita per day for lost wages may
have overestimated the indirect costs of
P. vivax malaria. Days lost to illness can
be catastrophic for a family reliant on
subsistence farming and may contribute
to a cycle of poverty. We assumed no
one else within a household made up
the lost income, although this could be
a mitigating strategy.’ The valuation
of productivity losses may be overesti-
mated for children; however, this would
be offset by decreased performance
at school,”*® which were excluded. A
study in Ethiopia also found significant
differences in indirect and total costs of
care by malaria species.”” Since P. vivax
malaria is a disease epitomized by recur-
rent episodes and long-term morbidity
with limited direct mortality, quantify-
ing and valuating these productivity
losses are essential for a comprehensive
analysis of the economic burden of the
disease.”®* Indeed, previous research
indicated that countries with a high
percentage of the population at risk of
P. falciparum infection were likely to
experience reductions in growth as great
as 2% GDP per capita.”’

Testing for G6PD deficiency, as
recommended by WHO,’ resulted in
additional costs ranging from US$ 1 for

the rapid diagnostic test in Ethiopia and
Viet Nam to US$ 17 for the fluorescent
spot test in Indonesia and Viet Nam.
At US$ 6-17 per test, the fluorescent
spot test is an expensive option. Due
to the limited shelf life of the reagents,
the cost per patient will increase as the
numbers of cases at a facility decrease.
While this would be less expensive in
the short-term, the overall cost per
test would increase as the reagents last
twice as long in the freezer unless the
refrigerator has a —20 °C compartment
as the facilities in Ethiopia and Viet Nam
did. While the G6PD rapid diagnostic
test was consistently less expensive than
the fluorescent spot test, the cost savings
per test given were dependent on the in-
country costs of consumables, ranging
from US$ 4 per person in Indonesia to
US$ 16 in Viet Nam. In Indonesia, where
primaquine is prescribed without G6PD
testing, the incremental cost per person
treated is likely to be a major obstacle
to convincing policy-makers to imple-
ment routine testing. Furthermore, if
primaquine treatment is to be routinely
administered, the use of a HemoCue test
(or equivalent) might be viewed as nec-
essary to monitor patients for anaemia.
While it is a relatively inexpensive test
(US$ 3 or less), it may be required more
than once per P. vivax episode.

This study has several limitations.
Household visit costs may have been
lower in a research context than in
routine care. Cost data were missing for
7% of the patients in the short-course
primaquine trial and 8% of patients in
the tafenoquine trials, potentially creat-
ing a bias. For example, fewer patients
in Afghanistan returned at day 13,
which could reflect higher travel costs
for those individuals. Furthermore, the
tafenoquine trials required hospitaliza-
tion, which may have created a bias in
those who enrolled. While we have data
from a large and diverse set of sites in
nine countries, these sites may not fully
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reflect the considerable heterogeneity
within countries. Productivity losses
were a key driver of the total costs, but
there is no consensus on how best to
valuate these, particularly for children in
whom the incidence of P. vivax malaria
is highest in many settings.

In conclusion, the economic bur-
den of P. vivax malaria is substantial
at the household level, with the largest
component arising from lost productiv-
ity. Ensuring safe radical cure through
G6PD rapid diagnostic testing would
reduce this burden, but uptake of tests
may be impeded if associated with high
test costs. We propose that this large
collection of P. vivax malaria costs is
an important resource with which to
embark upon more robust cost-effec-
tiveness analyses in the future. H
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Résumé

Coiit des épisodes de paludisme a Plasmodium vivax pour les ménages et les prestataires: une analyse comparative multipays

de données d'essais primaires

Objectif Déterminer les collts, pour les ménages et les prestataires
de soins, associés a l'infection par Plasmodium vivax dans différentes
zones endémiques.

Méthodes Nous avons recueilli des données sur les colits a I'occasion
de trois essais cliniques multicentres relatifs au traitement contre P vivax
menés en Afghanistan, au Brésil,en Colombie, en Ethiopie, en Indonésie,
aux Philippines, au Pérou, en Thailande et au Viet Nam entre avril 2014
et décembre 2017. Nous avons calculé les colits pour les ménages a
partir d'enquétes réalisées aupres des participants aux essais, lors de
leur admission puis 2 semaines plus tard, afin de déterminer les colts de
traitement et de transport ainsi que le nombre de jours ou les patients et
leurs aidants familiaux n'avaient pu accomplir leurs activités habituelles.
Nous avons déterminé le colt des soins courants par les prestataires
de soins en calculant le cot individuel des ressources utilisées pour
diagnostiquer et traiter P vivax sur le site des études.

Résultats Les colts totaux moyens pour les ménages allaient de
8,7 dollars des Etats-Unis ($ US; écart type, ET: 4,3) en Afghanistan a
254,75 US (ET: 148,4) en Colombie. Tous pays confondus, les pertes
de productivité étaient la principale composante des co(ts pour les
ménages, puisqu'elles entrainaient des codts indirects moyens allant
de 53 $US (ET: 3,0) a 220,8 $ US (ET: 158,40). En ce qui concerne les
prestataires de soins, le coit des soins courants allait de 3,6 2 6,6 $ US.
Le colit de réalisation d'un test de diagnostic rapide basé sur le glucose-
6-phosphate-déshydrogénase variait de 0,9 $ US a 13,5 $ US, un colt
toujours inférieur a celui du trés répandu test par fluorescence (6,3 $ US
a1745Us).

Conclusion Un épisode de paludisme a P vivax entraine des colts
élevés pour les ménages. Connaftre les colts du diagnostic et du
traitement de P vivax sera fort utile aux futures analyses cott-efficacité.
Cela permettra d'affecter les ressources de maniere optimale en vue
d'éradiquer le paludisme.

Pesiome

3anaTbI NOCTaBLUMKOB yCnyr B c¢epe 34pPaBOOXpPaHeHNA n cemel NaLMeHToB npun Bcnyieckax manapuu,
BbI3BaHHoW Plasmodium vivax: CpaBHMTeﬂbelﬁ dHa/N3 NePBUYHbIX AaHHDbIX NCCefoBaHNA N0 HECKOJIbKUM

CTpaHam

Lenb Onpepenerne 3aTpaT MOCTaBLMKOB yCiyr B chepe
3ApaBoOXpaHeHNa 1 cemel MauMeHToB NpwW BCTIECKax ManAapum,
Bbl3BaHHOW Plasmodium vivax, B CTpaHax C pasfnuyHbIM YpPOBHEM
3aboneBaemMoCT Manapuen.

MeToabl ABTOpbI CoOpanu faHHble Mo 3aTpaTam Ans Tpex
MHOTOLIEHTPOBBIX KMHUYECKMX UCCeOBaHMUIA MO NeyeHuio
nHdekumn P vivax 8 AbraHncTaHe, bpasunum, BoeTHame, VIHAOHe3MMN,
Konymbuw, Mepy, TannaHae, Ha OuannnuHax 1 8 dduonum 3a
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nepvop ¢ anpenda 2014 roga no gexkabpb 2017 roga. 3aTpathl
cemMby ONPeAenanncb No AaHHbIM aHKETUPOBAHWA YYaCTHNKOB
KNMHNYECKOro MCCNeaoBaHna, NPOBOAMBLIErOCA B MOMEHT
BK/IOUEHMA B UCCNelOBaHNE 1 2 Heflenv CNyCTA And onpefaeneHus
3aTpaT Ha NlevyeHVie 1 NPoe3(, a TakKe A4 onpeaeneHrsa KonnJyecTsa
[IHEl, B TeUeHVie KOTOPbIX MaLMEHTbI 1 YXaXKMBaBLUME 33 HAMM UeHbI
Cemb ObINM He B COCTOAHMM BECTM OBbIYHBI 00pa3 K13HW. 3aTpaThl
MEANLMHCKNX YUPEeXAEHM Ha obecneyeHe CTaHOapTHOro Habopa
MEAVLIMHCKIAX YCNYT OLEHMBANMCh NOCPEACTBOM MUKDOKaNbKyNALMN
PaCXO[OB Ha PeCYPChl, HEOOXOAVIMbIE ANA AMATHOCTUKM Y NNeYeHNs
nHGeKLMM P vivax B LeHTPax NPOBEAEHNA UCCNef0BaHNIA.

Pe3ynbratbl CpefHaAs 06Las BeNMUMHa 3aTpaT Cemb Haxoaunach B
nmanasoHe ot 8,7 nonn. CLIA (cpeaHeksagpaTnyHoe oTknoHeHne, CO
4,3) B Adranmncrare go 254,7 gonn. CLA (CO 148,4) B Konymbuu. Bo
BCEX CTPaHax NoTepa TPYAOCNOCOOHOCTM COCTaBAANA HAaNOONbLINIA
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KOMMOHEHT 3aTpaT CeMbW, NPK 3TOM CpeaHue KOCBEHHbIE 3aTpaTbl
cocTtasnsanu ot 5,3 gponn. CLWA (CO 3,0) go 220,8 gonn. CLUA (CO
158,4). 3aTpaThl MEAULMHCKNX YUpexaeHWIn Ha obecrneueHure
CTaHAapTHOro Habopa MefULMHCKUX YCAyr COCTaBnanm ot 3,6
no 6,6 gonn. CLUA. 3atpaThl Ha NpoBefeHne sKcnpecc-TecTa AnA
AVArHOCTUKM 3aboneBaHnsa No Mioko3o-6-GocdaT-AernaporeHase
coctaenanm o1 0,9 po 13,5 nonn. CLUA, uto 66110 BO BCEX CRyyasnx
HIVKe 3aTpaT Ha LMPOKO UCTONb3yeMblil TecT GbyopeclieHTHOro
nsTHa (01 6,3 go 17,4 ponn. CLA).

BboiBog Bcnbilwka 3aboneBaeMoCcTy Manapuven, Bbi3BaHHON
P vivax, 0oporo 0b6xoanTca cembaM MaLnMeHTOB. 3aTpaTbl Ha
AVArHOCTUKY 1 NedeHne P vivax AOMmKHbI 06A3aTeNbHO YUMTbIBATLCA
B MOC/eayloLlmMx aHanm3ax 3pPeKTMBHOCTM 3aTpaT C Uenbio
obecreyeHnsa ONTYManbHbIX PECYPCOB ANA MCKOPEHEHWA ManApun.

Resumen

Costos del proveedor y del hogar de los episodios de malaria por Plasmodium vivax: un analisis comparativo multinacional de

los datos del ensayo primario

Objetivo Determinar los costos del hogar y de los proveedores de
atencioén de la salud asociados con la infeccion por Plasmodium vivax
en una variedad de dmbitos endémicos.

Métodos Se recopilaron datos de costos junto con tres ensayos
clinicos multicéntricos del tratamiento con P vivax en Afganistan,
Brasil, Colombia, Etiopfa, Filipinas, Indonesia, Pery, Tailandia y Vietnam
realizados entre abril de 2014 y diciembre de 2017. Los costos del
hogar se derivaron de las encuestas de los participantes del ensayo
administradas en el momento de la inscripciéon y de nuevo dos
semanas después para determinar los costos del tratamiento y del
transporte, asi como el numero de dias en que los pacientes y los
cuidadores en el hogar no pudieron llevar a cabo sus actividades
habituales. Se determinaron los costos de la atencion de rutina
por parte de los proveedores de atencién de la salud mediante el
microcosto de los recursos utilizados para diagnosticar y tratar el P
vivax en los centros de estudio.

Resultados Los costos totales promedio de los hogares oscilaron entre
8,7 dolares estadounidenses (USD; desviacion estandar, DE: 4,3) en
Afganistany 254,7 USD (DE: 148,4) en Colombia. En todos los paises, las
pérdidas de productividad fueron el mayor componente del costo del
hogar, lo que dio lugar a costos indirectos promedios que oscilaron entre
5,3y 220,8 USD. El rango de los costos de los proveedores de atencién
de la salud para la atencién de rutina fue de 3,6 a 6,6 USD. El costo por
administrar una prueba de diagnéstico rapido de la glucosa-6-fosfato-
deshidrogenasa, varié de 0,9 a 13,5 USD, consistentemente més bajo
que los costos de la prueba de fluorescencia aleatoria ampliamente
utilizada (6,3 a 17,4 USD).

Conclusion Un episodio de malaria por P vivax tiene como resultado
un alto costo para el hogar. Los costos del diagnéstico y tratamiento
de P vivax son insumos importantes para futuros analisis de costo-
efectividad que aseguren una asignacién éptima de recursos para la
eliminacién de la malaria.
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