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Background: Malaria, a protozoan disease caused by the genus Plasmodium, is responsible
for serious illnesses and death across the world. RTS, S/ASO1 (Mosquirix™) is
a recombinant protein-based malaria vaccine valuable for the prevention and control of the
disease. However, studies done so far on the willingness to pay (WTP) malaria vaccine have
been inadequate to inform policy-makers.

Methods: A community-based cross-sectional study was conducted to assess the WTP for
childhood malaria vaccine and associated factors among caregivers of under-five children
from February to April 2019 in West Dembia district. A multistage stratified systematic
sampling technique was used, and the contingent valuation method was used to estimate
caregivers’ willingness to pay for the vaccine. AOR with 95% CI and less than 0.05 p-values
were used to declare factors associated with WTP.

Results: Overall, 60.6% (95% CI: 56.60, 64.40%) of caregivers of under-five children were
WTP for the childhood malaria vaccine at a price of US$ 23.11 per full doses. Urban
residence (AOR=1.78, 95% CI: 1.04, 3.04), educational status (AOR=3.27; 95% CI: 1.07,
9.94) and vaccination experience for children (AOR= 2.12; 95% CI: 1.29, 3.48) were
positively associated with the WTP. WTP for the vaccine was higher among rich households
(AOR=3.15; 95% CI: 1.90, 5.22), caregivers who had the previous history of malaria attack
(AOR=2.62; 95% CI: 1.68, 4.08), households with fewer members (AOR=1.59; 95% CI:
1.06, 2.40), and families more knowledgeable about malaria prevention and control
(AOR=3.56; 95% CI: 1.83, 6.93) compared with their counterparts.

Conclusion: The majority of the participants were WTP for the childhood malaria vaccine.
A significant rise in willingness to purchase was observed at price below the profile price.
Thus, it is of great value to policy-makers to understand the price sensitivity before setting
the price of the vaccine.
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Background

Malaria, a protozoan disease caused by the genus Plasmodium, is responsible for
serious illness and death across the world." In developing countries, it is one of the
leading causes of morbidity and mortality, particularly affecting children and
pregnant women.”> Every year, malaria claims the lives of more than 400,000
people.® The WHO African region accounting 93% of the global malaria deaths
and 61% of them were under-five children.* Moreover, about 71% and 86% of the

global cases and deaths were contributed by Sub-Saharan African countries,
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respectively.” In Ethiopia, about 68% of the population
(52 million) is at risk for contracting malaria, and
Plasmodium falciparum and vivax are the main species,
accounting for 60% and 40% of cases, respectively.’

WHO recommends that Indoor Residual Spraying
(IRS), Insecticide-Treated Nets (ITNs), larval control, pre-
ventative chemotherapy, early diagnosis and treatment to
prevent and control the disease.>* The malaria vaccine is
under evaluation in Ghana, Kenya, and Malawi for use as
a complementary control tool.> RTS, S/AS01 (RTS, S)
(Mosquirix™) is the world’s first licensed and protein-
based recombinant malaria vaccine that protects against
Plasmodium falciparum.®’

Between 2009 and 2014, RTS, S underwent a rigorous
testing among children aged 5—17 months through a large-
scale Phase 3 trial, and the finding showed the vaccine
prevented 4 in 10 cases of malaria (39%) and 3 in 10
(29%) cases of severe malaria.’

Malaria transmission has unstable seasonal variations
that coincide with the major planting and harvesting sea-
sons of communities. Thus, it is one of the major causes of
economic loss and low gross domestic product growth due
to loss of personnel productivity and school absenteeism in
Ethiopia.>® Increasing parasite resistance to anti-malarial
drugs, poor income, low LLINSs utilization, poor IRS com-
pliances, inadequate access and unfair distribution of
health care and insufficient health service infrastructures
and high population movements were affecting the effec-
tiveness of malaria prevention and control in the country.”

The provision of four doses of the RTS,S/ASO1 vac-
cine complimented with other preventive and control
packages to children above 5 months of age, given at 6,
7.5, 9 and 18 months after the third dose,'® had
a significant impact on the reduction of malaria morbidity
and mortality."'

The vaccine is given at 6, 7, 9, and 24 months of the age
of children.'? The first and the third doses of the vaccine
align with the 6-month vitamin A supplementation and the
9-month first dose of the measles vaccine, respectively, and
the fourth dose is given after 15-18 months of the third
dose. This new vaccine would require two additional immu-
nization contacts to align with the current EPI program of
Ethiopia.

The full course (four doses) of the vaccine cost per
a child was US$23.11-28.28."° In developing countries
including Ethiopia, the payment mechanism for the health-
care cost is Out-Of-Pocket (OOP) mainly paid at the time

of sickness or point of service delivery which could inhibit
healthcare access and lead to impoverishment. '

To curb this problem, the Government of Ethiopia
began to implement a Community Based Health
Insurance (CBHI) in 2010/11.'* The insurance, one of

the most developed forms of health micro-insurance, is a

. non-profit health insurance scheme for the informal
sector, formed on the basis of an ethic of mutual aid and
the collective pooling of health risks, in which members

participate in its management.'>

In Ethiopia, the premium for CBHI has been the same (US
$ 8.27 per annum) to all households, regardless of eco-
nomic status.'* As such a flat premium is inequitable, the
government is working to introduce a stratified premium
based on household willingness and ability to pay.
However, studies that have been done so far on the
assessment of WTP for childhood malaria vaccine are not
adequate to inform policy-makers. Therefore, this study
aimed to assess the WTP for childhood malaria vaccine
and associated factors among caregivers of under-five
children in West Dembia district, northwest Ethiopia.

Methods and Materials
Study Design

A community-based cross-sectional study was conducted
to assess the WTP for childhood malaria vaccine and
associated factors among caregivers of under-five children
in West Dembia district, northwest Ethiopia. The design of
the study is believed to enable to determine the prevailing
characteristics of the population at a certain point in time.
The data were collected using a semi-structured question-
naire, and unique house numbers were given to each house
in the selected kebeles. The data were collected through
face-to-face interviews near the gateway of each care-
giver’s house. The interviewing process took approxi-
mately 25-30 minutes per participant.

Study Settings and Period

The study was conducted in the Amhara National Regional
State, the second largest region in the country, located in
the northwest and north-central part. This study was con-
ducted in West Dembia district, northwest Ethiopia, from
February to April 2019. The district located 228 km from
Bahir Dar (Capital of the Regional State), has 3 urban and
20 rural kebeles (the smallest administrative unit in
Ethiopia). According to the 2018 report of the district
health office, 133,768 people and an estimated 39,408
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under-five children lived in West Dembia, served by 5
health centers, 20 health posts and 10 private clinics
(Figure 1).

Population and Sampling Procedure

All caregivers of the under-five children in the district
were the source population and those who had chances
to participate in selection in the selected kebeles were the
study population. All permanent resident caregivers of
under-five children in selected households during data
collection were eligible to participate. However, caregivers
who were seriously ill and physically incapable were
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excluded. The sample size was calculated using the single
population proportion formula assuming 50% proportion-
(p) of caregivers, 95% confidence level, 5% margin of
error, 1.5 design effect and 10% non-response rate that
yielded 634 participants as the final sample. Then, the
district was stratified into urban and rural kebeles.
Finally, one urban and four rural kebeles, namely
Chuabhit, Abrija, Narchecha and

Sankissa were selected using the lottery method. Lists of
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households in the selected kebeles were obtained from the

health posts of the selected kebeles in the district. Thus,
the sample was proportionally allocated to each kebele
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Figure | Map of Dembia district in North Gondar zone districts in Amhara National Regional State, northwest Ethiopia, 2005.

Note: Ethiopian demographic and health survey/EDHS (2005).
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based on their number of households. The total households
in the selected kebeles (4394) (West Dembia district health
office, Woreda health office annual action planning, 2018),
were divided by the sample, 634 to determine the sampling
interval, seven. The first household was selected out of the
first seven, using the lottery method, and every seventh
household was selected using the systematic sampling
technique.

Data Collection Procedures and

Measurements
Data were collected using an interviewer administered
structured  questionnaire  through  reviewing  the
literature.'®'® The questionnaire was first prepared in
English translated to Ambharic and back to English to
check the consistency.

Knowledge of participants was also measured using
eight-item malaria prevention and control-related ques-

tions. Each item contained “0” for “no” and “1” for

113 EE)

yes
“50-75” and “>75%” were considered as having “poor”,

alternatives and participants who scored “<507,

“moderate” and “good” knowledge, respectively.?’ Wealth
status was also determined by using the principal compo-
nent analysis and ranked into 3 quintiles as poor, medium
and rich.”!

Willingness to accept malaria vaccine was measured by
asking the respondents: “Are you willing to pay for
malaria vaccine?” The alternative options were: “Yes” or
“No”. WTP was defined as the maximum amount of
money individuals were willing to pay for the vaccine
measured by the bid contingent valuation method. It is
the proportion of caregivers who were willing to purchase
a full dose of the vaccine for their under-five children.?
Those caregivers who are willing to pay ETB 648 (US$
23.11) per child/full doses were considered as WTP the
malaria vaccine.

The double-bound dichotomous choice variant of the
contingent valuation method was used to estimate partici-
pants’ maximum/minimum willingness to purchase the
vaccine.”’ Caregivers’ WTP for the vaccines was mea-
sured after describing the hypothetical scenario about the
substance as follows:

Malaria vaccine has the potential to help get malaria con-
trol back on track, and may prove to be important in
relation to the current control tools. This malaria vaccine
will be given to your child with 3 initial doses at 6, 7, and

9 months, and the fourth dose will be administered after 15

months of the third dose. The vaccine can prevent your
child from getting Plasmodium falciparum malaria
approximately 4 in 10 cases and 3 in 10 severe malaria
cases, but has not yet been proven against vivax. Similarly,
your child is protected from getting malaria for an average
duration of four years after receiving the full course of the
vaccine. The vaccine given by injection has an acceptable
safety and tolerability profile for the child. As a result, it
may result in some local pain, swelling, and low-grade
fever, reactions similar to other vaccines given to children.

The profile price was US$ 5.78/dose (US$ 23.11/full
doses).'” The caregivers were first asked whether they
would be willing to pay for the vaccine or not. If they were
willing to pay for the vaccine; then, they were asked “Are
you willing to pay ETB 648 (US$ 23.11) per child/full doses
of the vaccine?”. Subsequently, the data collectors continued
to elicit a lower or higher bid value depending on the demand
of the respondents to determine the caregiver’s maximum/
minimum WTP using the iterative bidding technique (Figure
2). As a result, caregivers who were willing and able to pay
ETB 648 (US$ 23.11 or above) per child per full doses were
considered as willing to pay for the malaria vaccine.

Data Quality Control

Four BSc graduate clinical nurses and two such public
health professionals were recruited as data collectors and
supervisors, respectively. A one-day training was given to
both groups on the basic techniques of data collection
procedures. Pre-test was administered on 32 under-five
caregivers in Takusa district 2 weeks before the actual
data collection. Moreover, reinterviews on 15 participants
were conducted in person to validate the consistency of
responses between the interview and reinterview and it
was consistent. The completeness and consistency of the
collected data were daily checked on the spot by the
supervisors and the principal investigator.

Data Management and Analysis

Data were entered into Epi-Data version 3.1 and exported
to STATA software version 14 for analyses. Descriptive
statistics such as percentages, frequencies, means and
medians were used to describe the study population in
relation to the relevant variables. The binary logistic
regression model was used to determine factors associated
with the WTP for childhood malaria vaccines. Variables
with less than 0.2 p-values were fitted into the multivari-
able logistic regression analysis. The Adjusted Odds Ratio
(AOR) with a 95% CI and less than 0.05 p-values were
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Figure 2 Iterative bidding technique to elicit WTP for malaria vaccine among participants in West Dembia district, 2019.

used to declare variables significantly associated with
WTP for childhood malaria vaccines.

Ethics Approval and Consent to

Participate

This study was conducted in accordance with the
Declaration of Helsinki. Ethical clearance was obtained
from the Ethical Review Committee of the Institute of
Public Health, College of Medicine and Health Sciences,
University of Gondar on 05 February 2019 with
a reference number IPH/180/06/2019. Permission was
also obtained from Central Gondar zone health department
and West Dembia district health office. Written informed
consent was obtained from the study participants after
explaining the purpose of the study and confidentiality of
the information was ensured by coding. Participants were
given the full right to skip any question and terminate their
participation at any stage.

Results

Socio-Demographic and Economic
Characteristics

A total of 604 caregivers of under-five children partici-
pated in the study with a response rate of 95.3%. The

mean age of the respondents was 32.6 (£7.3SD) years;
half of the caregivers aged 21-34 years were unable to

read and write. More than 85% of the respondents were
female, Orthodox Christian, and married. Above three-
fourths (76.6%) were dwellers in rural areas and 56.5%
were housewives. Moreover, the average number of house-
hold members was 5.2, and one-third (34%) of the parti-
cipants were classified as poor by wealth status (Table 1).

Health Service Utilization and Knowledge

of Participants

Over 80% of the participants had previous experience of
vaccinating their children. More than 40% of caregivers
had a history of malaria attack. Around 20% of the children
had a history of malaria attack in the past 1 year
Furthermore, 12% of the respondents were fee waiver users
(the poorest segment exempted from payment for health care
services); 43% were members of the Community-Based
Health Insurance (CBHI). Thirty percent of the participants
had poor knowledge about the disease symptoms, risk fac-
tors, and the prevention and control of malaria; 8.8%heard
about malaria vaccine (Table 2).

Willingness to Pay Malaria Vaccine

Over 90% of the caregivers were willing to accept and over
60% were willing to purchase the vaccine at US$ 23.11 per
full doses per child. The mean price that caregivers were
willing to purchase the full doses per child was ETB 724 (US

ClinicoEconomics and Outcomes Research 2021:13
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Table | Socio-Demographic and Economic Characteristics of
the Caregivers of Under-Five Children at West Dembia
District, Northwest Ethiopia, 2019 (n = 604)

Variables Category Frequency | Percent (%)
Resident Rural 463 76.66
Urban 141 23.34
Sex Female 518 85.76
Male 86 14.24
Age in years 18-30 265 43.87
3145 312 51.66
246 27 4.47
Religion Orthodox 521 86.26
Muslim 8l 13.41
Others 2 0.33
Marital status | Single 35 579
Married 545 90.23
Widowed 18 2.98
Divorced 6 0.99
Education Unable to read and write 306 50.66
Able to read and write 140 23.18
Primary school 59 9.77
Secondary school 69 11.42
Higher education 30 4.97
Occupation Farmer 137 22.68
Employee 30 4.97
Merchant 76 12.58
Daily Labor 20 331
House wife 341 56.46
Family size <5 336 55.63
25 268 44.37
No of <5 One 509 84.27
children 2Two 95 15.73
Wealth status | Rich 201 3344
Medium 197 3262
Poor 206 34.11

$25.82) or ETB 181 (US$6.46) per single dose. As a result,
the study showed that there was a significant increase in
willingness to purchase when the price was below the profile
(US$ 23.11) or vice versa (Figure 3).

Table 2 Health Status and Knowledge of Participants at West
Dembia District, Northwest Ethiopia, 2019 (n=604)

Variables Category | Frequency | Percent (%)
Experience about Yes 504 83.44
childhood vaccination

No 100 16.56
Caregivers attacked by | Yes 268 44.37
malaria in the last year

No 336 55.63
Malaria episodes 0 336 55.63
per year | 184 30.46

2 84 13.91
Children attacked by Yes 118 19.54
malaria in the past

No 486 80.46
one year
Fee-waiver users Yes 71 11.75

No 533 88.25
CBHI members Yes 259 42.88

No 345 57.12
Heard about malaria Yes 53 8.77
vaccine

No 551 91.23
Knowledge Good 178 29.47

Moderate 352 58.28

Poor 74 12.25

Reasons for Not Willing to Pay

Unwilling to accept, lack of readiness to pay and inability
to afford the cost accounted for 13%, 24.4% and 62.6% of
the caregiver’s poor demand for the vaccine, respectively.
Besides, the absence of promotions on media, uncoopera-
tive partners and fear of injections were among the com-
mon reasons for 4.2%, 1.3% and 7.6% of the lack of
acceptance of the vaccine, respectively.

Factors Associated with WTP for Malaria

Vaccine

The odds of WTP for the vaccine were 1.78 times
(AOR=1.78, 95% CI: 1.04, 3.04) higher among urban
residents compared to rural dwellers. Similarly, the odds
of purchasing the vaccine were 3.27 times (AOR=3.27;
95% CI: 1.07, 9.94) higher among caregivers who had
higher education compared to those unable to read and
write participants. The odds of willingness and ability to
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Figure 3 Participants’ maximum WTP for malaria vaccine across different prices in
West Dembia district, 2019.

buy the vaccine were 2.12 times (AOR= 2.12; 95% CI:
1.29, 3.48), and 2.62 times (AOR=2.62; 95% CI: 1.68,
4.08) more among respondents with vaccination experi-
ence of their children and history of malaria attack com-
pared to their counterparts, respectively. Furthermore, the
odds of demand for the vaccine were 1.59 times
(AOR=1.59; 95% CI. 1.06, 2.40), and 3.56 times
(AOR=3.56; 95% CI: 1.83, 6.93) more among households
who had fewer household members and good knowledge
about malaria prevention and control compared to their
corresponding counterparts. Besides, the odds of WTP for
the vaccine were 3.15 times (AOR=3.15; 95% CI: 1.90,
5.22) higher among rich caregivers compared to poor ones
(Table 3).

Discussion
The candidate malaria vaccine (RTS, S) is available in an
injectable form and will prevent approximately 39% of the
malaria and 29% of the severe malaria cases.’ Thus, this
study aimed to assess the demand for the malaria vaccine
and factors associated with caregivers of under-five chil-
dren in West Dembia district.

WTP for childhood malaria vaccine among caregivers
of under-five children was 60.6% (95% CI: 56.60, 64.40)
at a price of US$ 23.11 per full dose. This finding was
lower than studies done in South Eastern Nigeria
(96.2%),> Tbadan, Nigeria (87%),'® Kenya (88%),*
WTP for each hypothetical malaria vaccine types A,

B and C in Nigeria. These three hypothetical vaccines
had different characteristics. That is, vaccine A was 75%
effective, protected for 3 years and well tolerated; vaccine
B was 85% effective, protected for 6 years, and less well
tolerated than vaccine A; vaccine C was 95% effective and
protected for 12 years, but the least well tolerated,'® how-
ever, it was lower than a study conducted in South Eastern
Nigeria (40.6%).>* The possible justification for these dis-
crepancies could be the difference in study settings, peri-
ods and socio-demographic chrematistics of participants.
The high WTP for malaria vaccine might also be due to
the high burden of childhood malaria morbidity and mor-
tality in the study area as it is the most malaria in Ethiopia.

The mean price of the vaccine for caregivers willing to
purchase the full doses per child was ETB 724 (US$25.82)
or ETB 181 (US$6.46) per dose per child. The mean price
that respondents were willing to pay for a single dose of
the vaccine was higher than the prices set in studies done
in Burkina Faso (US$ 1.91)'” and the hypothetical vaccine
type C Nigeria (US$ 5.06).'® The possible explanation for
this variation could be differences in study settings, study
populations and periods.

The mean price for WTP for malaria vaccine in this
particular study was lower than those of studies done in
Tigray region, Ethiopia (US$ 8.37) per person per year’
and for the Nigerian hypothetical A type (US$6.77) per
dose.'® This variation might be due to the current inflation
of the local currency in relation to time.

In this study, urban caregivers of under-five children
were more likely to be willing to purchase the vaccine
compared to rural residents. This finding is supported by
a study in Burkina Faso.'” The possible justification might
be the better accessibility of health infrastructures and
health information to users in urban areas.

Participants who had secondary and above education
were positively associated with the demand for the vaccine.
This finding is consistent with the results of studies done in
Ethiopia,’®* Nigeria,'® and Vietnam.?? The possible expla-
nation might be that educated respondents have better aware-
ness and a favorable attitude towards health services than
uneducated ones. In addition, it could be due to the fact that
educated people tend to have an interest in improving family
health and are readier for new interventions.

The odds of willingness and ability to buy the vaccine
were higher among respondents who had vaccination
experience of their child compared to caregivers who had
no such experience. The finding was consistent with those
of studies done in Nigeria'® and Vietnam.*> The possible

ClinicoEconomics and Outcomes Research 2021:13
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Table 3 Factors Associated with WTP for Malaria Vaccine Among Caregivers of Under-Five Children in West Dembia District,

Northwest Ethiopia, 2019

Variables Demand for MV COR (95% CI) AOR (95% CI)
Yes No

Resident
Rural 261 202 | |
Urban 105 36 2.26(1.48,3.44) 1.78(1.04, 3.04) *

Educational status
Unable to read and write 158 148 | |
Able to read and write 91 49 1.74(1.15,2.63) 1.84(1.12,3.01) *
Primary school 36 23 1.47(0.83,2.59) 1.05(0.54,2.04)
Secondary school 56 13 4.04(2.12,7.68) 2.4(1.06,5.19) *
Higher education 25 5 4.68(1.75,12.55) 3.27(1.07,9.94) *

Number of < 5 children
[ 316 193 1.47(0.95,2.27) 1.30(0.78,2.18)
22 50 45 | |

Experience about childhood vaccination
Yes 324 180 2.48(1.61,3.85) 2.12(1.29,3.48) *
No 42 58 [ |

Caregivers attacked by malaria in last | year
Yes 201 67 3.11(2.19,4.38) 2.62(1.68,4.08) *
No 165 171 [ |

Children attacked by malaria in last | year
Yes 92 26 2.74(1.71,4.38) 1.73(0.95,3.16)
No 274 212 | |

Fee-waiver users
Yes 23 48 0.27(0.16,0.45) 0.59(0.31,1.14)
No 343 190 | |

Member of CBHI
Yes 170 89 1.45(1.04,2.02) 1.14(0.76,1.69)
No 196 149 | |

Family size
<5 221 115 1.63(1.17,2.26) 1.59(1.06,2.40) *
25 145 123 | |

Knowledge of caregivers
Good 131 47 5.8(3.22,10.47) 3.56(1.83,6.93) *
Moderate 211 141 3.12(1.83,5.3) 2.39(1.31,4.34) *
Poor 24 50 | |

Wealth status
Rich 147 54 3.0(1.98,4.54) 3.15(1.90,5.22) *
Medium 121 76 1.75(1.18,2.61) 1.80(1.12,2.91) *
Poor 98 108 | |

Note: *Significant at p-value <0.05.
Abbreviation: MV, malaria vaccine.

reasons might be that experienced respondents might have Caregivers who had fewer household members were

adequate information about the importance of the vaccine  also willing to pay for the malaria vaccine than caregivers

to prevent the disease. who had more household members. This finding is
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consistent with the results of studies conducted in
Nigeria,16 Thailand,% and Burkina Faso.!” The possible
explanation might be that participants who had larger
household members needed more resources to fulfill the
basic needs of the families, such as food, shelter and
education.

Participants who were attacked by malaria were more
likely to purchase the vaccine compared to their counter-
parts. This finding is supported by studies conducted in
Tigray'® and Nigeria.'® The possible justification might be
that those who were attacked understood the pain relating
to the disease and its complications.

Furthermore, caregivers of under-five children who had
good knowledge about malaria were more likely to be
willing to purchase the vaccine than participants who had
poor knowledge. This finding is consistent with the results
of studies done in Ethiopia,lg’20 Nigeria,16 and Vietnam.?
That might be because respondents who had good knowl-
edge about malaria prevention and control mechanisms
developed a favorable attitude to the utilization of the
new interventions.

In this study, rich households were more likely to be
willing to purchase malaria vaccine compared to poor
families. This result was in line with those of studies
conducted in Ethiopi21,19’20’27 Nigeria,18 Thailand,*®
Vietnam,”* and Burkina Faso.'” The possible justification
might be that rich households tried to meet their prefer-
ences, increased the acquisition of healthcare services for
their families and allocated additional resources for family
health.

Limitation

The new vaccine was not started in Ethiopia at the time of
this study. Therefore, the findings might not reflect the true
demand for the service. There could be response bias as
caregivers might intentionally underestimate their willing-
ness and ability to pay in order to get the service cheap.
Finally, the findings of this study could have been stronger
if the study was conducted among household heads who are
usually responsible for household income and expenses.

Conclusion

WTP for childhood malaria vaccine among caregivers in
the study area was good. A significant increase was
observed in the willingness to purchase the vaccine
below the profile price or vice versa. The finding also
gave evidence on the ability and the willingness of respon-
dents to pay for the vaccine. It is of great value to policy-

makers to understand the price sensitivity before setting
the price of the vaccine. Policy-makers should look for
a price that would maximise demand and cover the cost of
the vaccine. Moreover, educating caregivers and designing
a reimbursement mechanism for the costs incurred by the
poorest households might enhance their WTP for malaria
vaccine.
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