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Background: Globally, approximately 19.7 million children remain under-vaccinated; many more receive
delayed vaccinations. Sustained progress towards global vaccination targets requires overcoming, or
compensating for, incrementally greater barriers to vaccinating hard-to-reach and hard-to-vaccinate chil-
dren. We prospectively assessed pregnant women’s valuations of routine childhood vaccinations and
preferences for alternative incentives to inform interventions aiming to increase vaccination coverage
and timeliness in southern Tanzania.
Methods: Between August and December 2017, 406 women in their last trimester of pregnancy were
enrolled from health facilities and communities in the Mtwara region of Tanzania and asked contingent
valuation questions about their willingness to vaccinate their child if they were (a) given an incentive, or
(b) facing a cost for each vaccination. Interval censored regressions assessed correlates of women’s will-
ingness to pay (WTP) for timely vaccinations. Participants were asked to rank monetary and non-
monetary incentive options for the timely vaccination of their children.
Findings: All women expected to get their children vaccinated according to the recommended schedule,
even without incentives. Nearly all women (393; 96.8 %) were willing to pay for vaccinations. The average
WTP was Tanzania Shilling (Tsh) 3,066 (95 % confidence interval Tsh 2,523–3,610; 1 USD � Tsh 2,200) for
each vaccination. Women’s valuations of timely vaccinations varied significantly with vaccine-related
knowledge and attitudes, economic status, and rural vs urban residence. Women tended to prefer non-
monetary over monetary incentives for the timely vaccination of their children.
Interpretation: Women placed a high value on timely childhood vaccinations, suggesting that unexpected
system-level barriers rather than individual-level demand factors are likely to be the primary drivers of
missed vaccinations. Systematic variation in the value of vaccinations across women reflects variation in
perceived benefits and opportunity costs. In this setting, nonmonetary incentives and other interventions
to increase demand and compensate for system-level barriers hold significant potential for improving
vaccination coverage and timeliness.
ClinicalTrials.gov Protocol: NCT03252288.
� 2023 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Background

Childhood vaccinations continue to be among the most cost-
effective public health interventions to prevent under-5 mortality
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Nomenclature:

Abbreviations
CI Confidence Interval
GDP Gross domestic product
NIMR National Institute for Medical Research

SSA sub-Saharan Africa
Tsh Tanzanian Shilling
WTA Willingness to accept
WTP Willingness to pay
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[1]. Since the rollout of routine immunization programs in the
1970s, large investments in vaccination infrastructure and pro-
grams resulted in substantial improvements in global vaccination
coverage. Yet, regional inequities in coverage persist, with only
one-third of countries successfully achieving the global vaccination
target of 80 % vaccination coverage in every district [2]. Globally,
approximately 19.7 million children remain under-vaccinated
and many more received delayed vaccinations, i.e., vaccinations
that are administered outside the recommended age range speci-
fied in the national vaccination schedules [3]. Deviations from
the recommended national vaccination schedules, either due to
vaccination inequities or due to vaccine hesitancy, can result in
pockets of under-vaccination that are susceptible to vaccine-
preventable outbreaks [2]. Among reasons for vaccine hesitancy,
risk/benefit trade-offs related to vaccine safety and efficacy repre-
sent some of the most common concerns, followed by socio-
cultural and economic barriers, and low knowledge or awareness
[2]. System-level barriers resulting in vaccine inequity, such as ser-
vice unreliability and vaccine stockouts, exacerbate these
individual-level barriers to timely vaccinations [4]. Multicompo-
nent interventions that jointly target individual- and system-
level barriers may be needed to promote vaccinations.

Basic economic theory states that rational individuals will vac-
cinate their children if the expected benefits are greater than the
expected costs. This framework applies in high-income settings,
such as Western Europe or the United States, and in low-income
settings, such as sub-Saharan Africa (SSA). The key benefit of child-
hood vaccinations is the immunity conferred against a host of dis-
eases, such as polio, diphtheria, pertussis, and measles. When
administered according to the recommended schedule, i.e., in a
timely manner, vaccinations confer age-appropriate protection
against vaccine-preventable diseases. Additionally, vaccinations
provide nonspecific beneficial effects that reduce the probability
of other diseases, and may increase cognition, educational attain-
ment, and productivity [5]. Finally, vaccinations provide
community-level protections by reducing disease transmission
potential. While childhood vaccinations are available free of charge
in most settings, there are offsets to these benefits (henceforth
referred to as costs). These may include individual-level barriers
(e.g., transport and opportunity costs, discomforts associated with
the vaccination, risks of side effects) and system-level barriers (e.g.,
limited provider availability, vaccine stock-outs, or provider hesi-
tancy to open multi-dose vials for small numbers of children) [4].

The decision of a parent to vaccinate their child reveals an
implicit value of the vaccination (implicit willingness to pay;
WTP) that exceeds the costs. Conversely, stagnant rates of vaccina-
tion coverage and low rates of vaccination timeliness [6] suggest
that for many parents the value of a timely vaccination does not
exceed the costs of going to get their children vaccinated, either
due to a negative valuation of the vaccination itself, or due to
individual- or system-level barriers that reduce the likelihood of
parents acting on their intention. The negative net value of vacci-
nations to these individuals may be described by their willingness
to accept (WTA) compensation in exchange for getting their child
2

vaccinated on time. For these individuals, subsidies in the form
of incentives may be used to align individual and social preferences
by ‘‘tipping the scale” toward making timely vaccination a utility-
maximizing choice [7].

Sustained progress beyond the 80 % coverage target in each of
Tanzania’s 169 districts (similar to U.S. counties), requires vacci-
nating incrementally harder-to-reach and incrementally harder-
to-vaccinate children [6,8,9]. Vaccinating these children, in turn,
requires addressing, or compensating for, incrementally greater
barriers. While effective interventions can be designed to address
most barriers, information on their relative importance for individ-
uals’ vaccination decisions is needed to guide policy priorities
regarding alternative intervention strategies (e.g., improving
access, increasing vaccine-related knowledge) and their targeting
toward specific populations (e.g., rural populations, populations
with lower economic status, or populations with varying types or
degrees of vaccine hesitancy). The systematic design and efficient
targeting of interventions thus requires an understanding of the
costs associated with different barriers, and the distribution of
the net value of timely vaccination in the target population. WTP
and WTA are standard metrics that can be used to characterize
these costs and value distributions.

While there are a plethora of studies describing the benefits of
routine vaccinations and the economic burden of vaccine-
preventable illnesses to the society [1,5,10,11], and a robust body
of literature exists on individual valuations of diverse adult and
adolescent vaccines in high-income countries, e.g., for influenza
[12], Hepatitis [13], or HPV [14–16], we identified only two studies
that touched on individuals’ WTP for routine childhood immuniza-
tions in SSA [17,18]. Further, while incentives, motivated in beha-
vioural economics [19], have been used to encourage diverse
health related behaviours [20–23], including vaccinations
[24–26], evidence on their effectiveness is mixed [27]. It is also
not clear whether monetary or non-monetary incentives, fixed or
probabilistic incentives, or targeted or universal offers are most
acceptable and effective in our Tanzania setting which is likely to
be similar to many others in SSA [21,28].

To inform the design of a digital health intervention for improv-
ing the timeliness of routine childhood vaccinations in Tanzania,
we conducted a combined WTA/WTP study among pregnant
women and asked them to rank alternative incentives for the
timely vaccination of their children. Information on the WTA and
WTP distributions in this population may be used to characterize
variation in the balance between vaccine-related benefits and costs
across individuals, and inform targeted, evidence-based policies for
mitigating vaccine hesitancy and other barriers to timely child-
hood vaccinations.
Methods

This cross-sectional contingent valuation [29] study was part of
a larger study that aimed to understand barriers to timely vaccina-
tions in southern Tanzania and develop a digital health interven-
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tion to promote timely vaccine uptake. The protocol and key
aspects of the parent study have been previously described [30].
Methods pertaining to this sub-study are described in concordance
with the STROBE reporting guidelines for cross-sectional studies
(Supplementary Table 1), and the statistical and analytical guideli-
nes checklist for this journal.

Setting

The study was conducted in one urban district (Mtwara Munic-
ipality) and one rural district (Mtwara District Council) in Mtwara
Region in southern Tanzania. The national Immunization and Vac-
cine Development program, which is under the Tanzania Ministry
of Health, oversees the provision of routine childhood vaccinations
in the area. While district level rates of vaccination coverage and
timeliness are unknown, in 2015–16, coverage of all basic child-
hood vaccines as per national guidelines in the entire Mtwara
Region (similar to a U.S. state) was estimated at 79 %, mirroring
the national coverage rate of 75 % [31]. The timeliness of individual
vaccine doses is estimated to range from 40 to 65 % [32].

Study participants and sampling strategy

Eligible study participants included women, ages 16 or older, in
their third trimester of pregnancy, with access to a mobile phone.
In 2017, 93 % of urban and 76 % of rural households in Tanzania
owned a mobile phone [33], although only access to – not owner-
ship of – a mobile phone was required to participate in the study.
The target enrolment was 400 women, driven by the statistical
power to detect a 10 to 15 percentage point increase in vaccination
timeliness resulting from an effective intervention.[30] Partici-
pants were recruited from 9 urban and 10 rural health facilities
that regularly provided childhood vaccinations and the surround-
ing communities. A combination of purposive and snowball sam-
pling strategies was used for recruitment as follows: Eligible
women presenting for antenatal care at participating facilities
were approached by trained study personnel and offered enrol-
ment in the study. To minimize biases from facility-based enrol-
ment, participating women and local community leaders (balozis)
were asked to identify other pregnant women in their communi-
ties, who, if eligible, were also offered enrolment in the study.

Survey

Surveys were administered by trained interviewers in Kiswahili,
the language most commonly spoken in the study area. Surveys
assessed women’s sociodemographic characteristics, parity, house-
hold characteristics, and knowledge of, and attitudes toward, child-
hood vaccinations. In addition, the survey included contingent
valuation questions in a triple-bounded dichotomous choice for-
mat that assessed participants’ willingness to accept (WTA) or
pay (WTP) for timely childhood vaccinations. To ensure that the
survey did not adversely affect women’s actual willingness to vac-
cinate their children, WTA/WTP questions were prefaced with an
introductory script:

‘‘Now I will ask you some questions to understand how financial
incentives influence the decision of women to vaccinate their chil-
dren. The scenarios that are presented in the questions are hypo-
thetical and for the purpose of research only.”

Following the introductory script, participants were asked:

‘‘Children should be vaccinated at birth, and at the ages of 6, 10,
and 14 weeks and at ages 9 and 18 months. Currently vaccinations
are provided free of charge in Tanzania. Do you expect to get your
child vaccinated at each of these times?”
3

The answer to this dichotomous choice determined whether a
woman was presented with WTA or WTP questions (Fig. 1).

WTA

Women answering ‘‘no” to the initial choice were told ‘‘Now
consider the possibility that the government provides a subsidy to peo-
ple, to ensure that their children receive timely vaccinations.” Next
women were asked ‘‘If you were offered Tsh 1,000 each time your
child receives a vaccination on time, would you get your child vacci-
nated?” Those who responded positively were asked ‘‘If you were
offered Tsh 500 each time your child receives a vaccination on time,
would you get your child vaccinated?”, while those who responded
negatively were asked ‘‘If you were offered Tsh 2,000 each time your
child receives a vaccination on time, would you get your child vacci-
nated?”. Women answering ‘‘yes” to both questions and women
answering ‘‘no” to all questions were further asked ‘‘How much
money would one need to offer you in order for you to get each of your
child’s vaccinations on time?”.

WTP

Women answering ‘‘yes” to the initial choice were told ‘‘Now
consider the possibility that the government of Tanzania no longer
provides free vaccinations, and that there is a cost for each vaccination
for your child.” Next women were asked ‘‘If you were asked to pay
Tsh 1,000 each time your child receives a vaccination, would you
get your child vaccinated?” Those who responded negatively were
asked ‘‘If you were asked to pay Tsh 500 each time your child receives
a vaccination, would you get your child vaccinated?”, while those
who responded positively were asked ‘‘If you were asked to pay
Tsh 2,000 each time your child receives a vaccination, would you
get your child vaccinated?”. Women answering ‘‘no” to both ques-
tions and women answering ‘‘yes” to all questions, were further
asked ‘‘What would be the maximum amount you would be willing
to pay for each of your child’s vaccinations?”.

The series of dichotomous choice questions resulted in 8 possi-
ble response scenarios that for individual i can be described by 8

binary indicator variables di
c1;c2;c3, where ct reflects the response

(y = yes, n = no) to choice t (t ¼ 1 � � �3):

a) ‘‘No” to the initial dichotomous choice (dn;:
i )
� ‘‘Yes” to the subsidy of 1,000 and again ‘‘yes” to the subsidy
of 500 (dn;y;y

i )
� ‘‘Yes” to the subsidy of 1,000 and ‘‘no” to the subsidy of 500

(dn;y;n
i )

� ‘‘No” to the subsidy of 1,000 and ‘‘yes” to the subsidy of 2,000
(dn;n;y

i )
� ‘‘No” to the subsidy of 1,000 and again ‘‘no” to the subsidy of

2,000 (dn;n;n
i )
b) ‘‘Yes” to the initial dichotomous choice (dy;:
i )
� ‘‘Yes” to the cost of 1,000 and again ‘‘yes” to the cost of 2,000
(dy;y;y

i )
� ‘‘Yes” to the cost of 1,000 and ‘‘no” to the cost of 2,000 (dy;y;n

i )
� ‘‘No” to the cost of 1,000 and ‘‘yes” to the cost of 500 (dy;n;y

i )
� ‘‘No” to the cost of 1,000 and again ‘‘no” to the cost of 500

(dy;n;n
i )

As the line at the bottom of Fig. 1 illustrates, depending on the
response scenario, a woman’s valuation of timely vaccinations
could be captured exactly, i.e., as point data, or be known to fall
within some interval. Four of the eight response scenarios (dn;n;n

i ,
dn;y;n
i , dy;n;n

i , dy;y;y
i ), when combined with an open-ended follow-up



Fig. 1. Question format and potential response scenarios. Abbreviations: TSH – Tanzania shilling. Notes: dc1;c2;c3 denotes response scenarios, with ct describing the response
(y = yes, n = no) to choice t (t ¼ 1 � � �3). Depending on the response scenario, a woman’s valuation of timely vaccinations could be captured exactly (solid line; point data) or be
known to fall within some interval (dashed line; interval data). At the time of the study 1 US Dollar was worth approximately TSH 2,200.
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question, elicited an exact valuation. The remaining four response
scenarios (dn;n;y

i , dn;y;y
i , dy;n;y

i , dy;y;n
i ) elicited an interval that contains

the woman’s (unobserved) valuation. The cost and incentive ranges
were selected based on feasibility considerations. At the time of the
study 1 US Dollar was worth approximately Tsh 2,200, thus, the
values of Tsh 500, Tsh 1,000 and Tsh 2,000 corresponded to
approximately $0.23, $0.45, and $0.90, respectively. The gross
domestic product (GDP) per capita was approximately $2.75 per
day.

Alternative incentive options for timely vaccination

Women were also asked to rank six incentive options for each
timely vaccination of their children, including (a) mobile phone
credit of Tsh 2,000, (b) a pharmacy voucher valued at Tsh 2,000,
(c) a lottery ticket with the chance of winning Tsh 20,000, (d) a free
health check for the mother, (e) a birth certificate, and (f) a mobile
money payment of Tsh 2,000. Women’s odds of winning the lottery
or the costs of health checks (estimated at Tsh 8,000 in 2019) or
birth certificates (Tsh 3,500 in 2020) were not specified.
4

Model

We assume that individuals maximize utility and face a trade-
off between vaccination and the level of consumption of all other
goods, subject to resource constraints in terms of income and time.
From a societal perspective, the value of a vaccination is positive
because of the preventive benefits for the individual and potential
‘‘herd immunity” effects within communities. From the individual
mother’s perspective, however, the value, i.e., the expected utility
derived from the timely vaccination of her children, depends on
perceived benefits and risks, knowledge and beliefs, and opportu-
nity costs. To capture these trade-offs, the survey assessed several
potential correlates of women’s valuation of vaccinations.

Most pertinently, the value of a vaccination is a function of
women’s knowledge and beliefs regarding vaccinations as a means
of protecting children against disease. The perceived benefits of
vaccinations (vb) were captured by an indicator variable for
women’s ability to name at least one vaccine-preventable disease.
Similarly, an indicator variable for women’s ability to name at least
one potential side effect of vaccinations (vs) was included as a
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measure of vaccine-related costs. Attitudes toward vaccinations
were captured by a vaccine hesitancy score (vh) comprised of
women’s answers to 15 questions about vaccine-related benefits
and risks (Supplementary Table 2) [4]. Each question was scored
0 if not hesitant, 1 if not sure, and 2 if hesitant, with a potential
range of 0, if the mother scored not hesitant for all items, to 30,
if the mother scored hesitant on all 15 items. Preferences for vac-
cinations and perceived benefits and risks may depend on experi-
ences with prior vaccinations (ex), thus an indicator variable for
prior births was also included as a covariate.

Vaccinations are freely available in health facilities throughout
the study area; therefore, the cost of vaccinations primarily consists
of transportation cost and the opportunity cost of time. To approxi-
mate distance (d), we included rural vs urban residence and travel
time (t) to the nearest health facility as covariates. Socioeconomic
status, a proxy for health literacy and women’s opportunity cost of
time, was captured by covariates for age (a), education (e), and a
household asset index (ha). The 12-item asset index summarizes
the presence or absence of electricity, radio, television, computer,
refrigerator, iron,motorcycle, car, bank account, tapwater, flush toi-
let, andfinishedflooring.Marital status (m) andhousehold composi-
tion (hc) may affect both the benefits and costs of vaccinations. For
instance, other adults in the household may provide financial or
logistical support to women when taking the child for vaccinations
but may also interfere with women’s independence when making
healthcare decisions on behalf of the child.

Combining these factors, the demand for vaccinations (q) is a
function of the positive or negative value or ‘‘price” of vaccinations,
the price of all other goods (p), a resource endowment (y), and ran-
dom factors (e) representing unmeasured preferences or measure-
ment error. The individual utility function is expressed as
V p; q; y; eð Þ. The value of vaccinations is a function of the character-
istics discussed above, q = f(vb, vs vh, ex, d, t, a, e, ha, m, hc). A priori,
the demand for vaccinations, q0, represents a utility-maximizing
choice weighing the consumption of vaccination against the con-
sumption of other goods. In our survey, the subsidies or costs spec-
ified in the WTA and WTP questions alter the hypothetical utility
function, and demand for vaccination may change from q0 to q1.

V p; q0; y; e
� � ¼ V p; q1; yþWTA�WTP; e

� �

The prices of other goods (p) are constant in both scenarios and
cancel out of the econometric model, so they are not included in
themodel or available on our survey. Income (y) is also not available,
although it is captured indirectly through age, education, and assets.

Estimation
Women’s valuation of timely vaccinations was estimated in a

regression framework. In the regression yi ¼ xibþ ei, yi represents
an individual’s (observed or unobserved) WTA orWTP and ei repre-
sents a normally distributed error term that is uncorrelated across
individuals. In some cases, we observe yi. In other cases, yi is known
only to liewithin an interval, e.g., yie [500, 999]. The log likelihoodof
observed responses across the 8 possible response scenarios and
open-ended follow-up questions can be described as follows:

ln Lð Þ ¼
XN
i¼1

dn;n;n
i þ dn;y;y

i

� �� � 1
2 ln 2pr2

� �þ �yi�xib
r

� �2h i� �

þdn;n;y
i � ln U �1001�xib

r

� �
�U �2000�xib

r

� �� �

þdn;y;n
i � ln U �501�xib

r

� �
�U �1000�xib

r

� �� �

þ dy;n;n
i þ dy;y;y

i

� �� � 1
2 ln 2pr2

� �þ yi�xib
r

� �2h i� �

þdy;n;y
i � ln U 999�xib

r

� �
�U 500�xib

r

� �� �

þdy;y;n
i � ln U 1999�xib

r

� �
�U 1000�xib

r

� �� �

8>>>>>>>>>>>>>>>><
>>>>>>>>>>>>>>>>:

9>>>>>>>>>>>>>>>>=
>>>>>>>>>>>>>>>>;

;
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where the individuals’ binary choices are represented by the

mutually exclusive indicator variables dy;y;y
; d

y;y;n
; dy;n;y

; dy;n;n,

dn;y;y
; d

n;y;n
; dn;n;y

; dn;n;n, yi represents the cardinal responses to the
open-ended follow-up questions, and U is the cumulative standard
normal distribution. The estimation of the interval censored
regression models was implemented using the intreg command
in Stata version 16.1 (StataCorp, College Station, TX, 2019).

Owing to the distribution of responses, the dependent variable
was natural log-transformed after adding Tsh 1 to responses of Tsh
0. In alternative specifications, the x vector included the covariates
described above, either individually (‘bivariable associations’) or
jointly (‘multivariable associations’), or a constant only (in order
to generate estimates of the sample average WTP). Bivariable asso-
ciations may inform screening approaches by characterizing
women with higher vs lower valuations of timely vaccinations,
whereas multivariable associations better characterize the relative
importance of different covariates, accounting for the fact that
many of the characteristics evaluated may be correlated. Models
were estimated for the entire sample and separately by rural vs
urban residence.

Expected WTP values were calculated for each individual on the
raw scale (i.e., antilog), incorporating Duan’s smearing factor, and
averaged across individuals to provide sample averages of the esti-
mated WTP [34].

E yið Þ ¼ 1
N

XN
i¼1

exib � 1
N

XN
i¼1

eln yið Þ�xib

Sample average marginal effects estimates were derived using
the same approach, i.e., for each covariate, the sample average esti-
mated WTP was calculated at alternate values of the respective
covariate; the difference between the averages was interpreted
as the sample average marginal effect.

Characteristics of participating mothers and preferences for
alternative incentive options for timely vaccination were analysed
descriptively. Student’s t-tests (for continuous variables) and chi-
squared tests (for categorical variables) were used to assess the
statistical significance of differences in the characteristics of rural
vs urban women.
Results

Sample characteristics

Between August and December 2017, 406 pregnant women in
their last trimester of pregnancy were enrolled in the study. Char-
acteristics of the participating women are shown in Table 1. One in
three women had less than primary school education, most were
married, and three out of four women had previously given birth.
Two out of three women were able to name at least one disease
that could be prevented by vaccines; nearly half named at least
one vaccine-related side effect. Compared to rural women, urban
women reported higher education, more assets, greater vaccine
knowledge, lower vaccine hesitancy, and shorter travel time to
the nearest health facility.
Willingness to accept and willingness to pay for routine childhood
vaccinations

A graphical overview of the WTA and WTP questions is shown
in Fig. 1; the distribution of responses is shown in Fig. 2. All women
indicated that they expected to get their children vaccinated
according to the recommended schedule, even without a monetary
incentive, thus precluding an analysis of the distribution of poten-
tial subsidies needed to ensure the timely vaccination of children.



Table 1
Characteristics of participating pregnant women in their last trimester of pregnancy (southern Tanzania, 2017, N = 406).

All women Rural women Urban women

(N = 406) (N = 194; 47.8 %) (N = 212; 52.2 %) p
Age in years, mean (sd) 27.9 (7.2) 28.4 (7.9) 27.5 (6.5) 0.193
Less than primary school education 33.0 % 50.0 % 17.5 % <0.001
Married 81.5 % 80.9 % 82.1 % 0.799
More than 2 adults in the household 30.3 % 26.8 % 33.5 % 0.160
Asset score, mean (sd) 2.5 (2.5) 1.1 (1.4) 3.7 (2.7) <0.001
Previously gave birth 74.1 % 75.3 % 73.1 % 0.651
Vaccine hesitancy score, mean (sd) 7.3 (3.3) 7.7 (3.6) 6.9 (2.9) 0.015
Names 1 + vaccine-preventable disease 67.0 % 58.2 % 75.0 % <0.001
Names 1 + vaccine-related side effect 47.5 % 45.9 % 49.1 % 0.551
Time to nearest health facility in minutes, mean (sd) 19.9 (19.6) 24.0 (24.2) 16.1 (13.1) <0.001

Notes: Abbreviations: sd – standard deviation.
The statistical significance of differences between rural and urban women was assessed using Student’s t-tests (for continuous variables) and chi-squared tests (for
categorical variables).

Fig. 2. Nearly universally positive willingness to pay for routine childhood vaccinations (southern Tanzania, 2017, N = 406). Notes: Abbreviations: Tsh. – Tanzania shilling.
Groupings of responses in the ranges of 1�WTP � 499 Tsh and � 2000 Tsh are for visualization only. Exact values were used in the model estimation. At the time of the study
1 US Dollar was worth approximately Tsh 2,200. Two women answered yes to all 3 dichotomous choice questions and stated Tsh 1,000 as their maximum willingness to pay
in the open-ended follow-up question; these two women are excluded from the bar chart.

J. Ostermann, N.L. Hair, S. Moses et al. Vaccine: X 13 (2023) 100266
Nearly all women (393; 96.8 %) were willing to pay some money
for a vaccination; almost half (198; 48.9 %) were willing to pay
Tsh 2,000 or more, and more than one in ten (46; 11.4 %) were will-
ing to pay Tsh 10,000 or more for each vaccination.

An interval censored regression model containing only a con-
stant indicated that women’s average WTP was Tsh 3,066 (95 %
CI:2,523–3,610). When the model was estimated separately for
rural vs urban women, the average WTP for rural women was
Tsh 1,872 (95 % CI:1,339–2,406) compared to Tsh 4,820 (95 %
CI:3,862–5,780) for urban women (results not shown). In bivari-
able analyses there was significant variation in women’s WTP with
education, household composition, household assets, parity, and
knowledge and attitudes toward vaccines, as well as rural vs urban
residence and travel time to the nearest health facility (Table 2). In
multivariable analyses, with an indicator for rural vs urban resi-
dence in the model, the coefficient on travel time to the nearest
health facility was only significant at the p < 0.10 level on a two-
tailed test. Marginal effects estimates for the multivariable model
in Table 2 are presented in Figs. 2 and 3. The results show graphi-
cally the extent to which lower education and fewer household
assets, a prior birth, and a residence in rural areas with greater tra-
vel times to the nearest health facility were associated with a sig-
nificantly lower WTP. WTP was also lower for women with greater
vaccine hesitancy scores, those unable to name at least one
vaccine-preventable disease, and those familiar with vaccine-
related side effects. Fig. 3 visualizes the variation in the estimated
mean willingness to pay across the ranges of continuous explana-
tory variables, highlighting in particular the strong negative asso-
ciation of vaccine hesitancy with WTP. Notably, WTP estimates
remained positive across the full ranges of age, household assets,
travel time to the nearest health facility, and vaccine hesitancy
scores.
6

Preferences for alternative incentives for the timely vaccination of
children

When asked to rank alternative incentives for getting their chil-
dren vaccinated on time, women tended to prefer non-monetary
incentives, such as a birth certificate, a maternal health check, or,
to a lesser extent, a pharmacy voucher, over monetary incentives
such as a lottery ticket with a monetary pay-out, a mobile money
payment, or mobile phone credit (Fig. 5.)
Discussion

This study aimed to characterize the value of timely routine
childhood vaccinations to pregnant women in southern Tanzania.
Using contingent valuation questions, the study sought to elicit
the WTA and WTP distributions in this population and identify
the potential role of incentives as a means of overcoming barriers
to timely vaccinations. In a cohort of 406 pregnant women in their
last trimester of pregnancy, all indicated that they expected to get
their children vaccinated according to the recommended schedule,
even without incentives. Nearly all women were willing to pay a
positive amount of money for the timely vaccination of their chil-
dren, suggesting that individual-level demand-side factors are not
the primary drivers of non– or delayed vaccinations in this setting.
WTP, interpreted as the value of a timely vaccination that summa-
rizes women’s expected benefits and costs, varied systematically
with socio-economic and access characteristics and with vaccine-
related knowledge and attitudes. WTP was significantly lower
among women with less education, fewer household assets,
women living in rural areas with greater travel time to the nearest
health facility, and those with greater vaccine hesitancy. For some



Table 2
Correlates of women’s willingness to pay for routine childhood vaccinations (southern Tanzania, 2017, N = 406).

Bivariable estimates Multivariable estimates
Coefficient Std. Err. p Coefficient Std. Err. p

Age in years (range 16–45) �0.022 0.012 0.080 0.003 0.014 0.803
Less than primary school education �1.121 0.184 <0.001 �0.401 0.190 0.035
Married 0.055 0.233 0.813 0.160 0.193 0.407
More than 2 adults in the household 0.470 0.196 0.016 0.519 0.159 0.001
Asset score (range 0–10) 0.204 0.035 <0.001 0.049 0.035 0.160
Previously gave birth �0.619 0.204 0.002 �0.462 0.214 0.031
Vaccine hesitancy score (range 0–17) �0.163 0.027 <0.001 �0.142 0.032 <0.001
Names 1 + vaccine-preventable disease 0.655 0.190 <0.001 0.472 0.181 0.009
Names 1 + vaccine-related side effect �0.707 0.178 <0.001 �0.831 0.171 <0.001
Rural residence �0.945 0.175 <0.001 �0.405 0.165 0.014
Time to nearest health facility in minutes (range 2–180) �0.020 0.005 <0.001 �0.010 0.005 0.064
Constant 8.761 0.449 <0.001
RMSE 1.553 0.107

Abbreviations: WTP – willingness to pay; Tsh. – Tanzanian shilling; Std. Err. – Standard error; RMSE – root mean square error.
Notes: Estimates from bivariable and multivariable interval censored regression models predicting log(WTP) as a function of the respective covariate(s). Estimates in 2017
Tsh. At the time of the study 1 US Dollar was worth approximately Tsh 2,200.

Fig. 3. Estimated marginal effects on women’s WTP for timely routine childhood vaccinations (southern Tanzania, 2017, N = 406). Notes: Abbreviations: WTP–
willingness to pay; Tsh–Tanzania shilling; CI–confidence interval. Sample average marginal effects were calculated based on estimates from a multivariable interval censored
regression model predicting log(WTP) as a function of the covariates shown in Table 2, (see Methods for details). Circles represent point estimates; error bars represent 95 %
confidence intervals. Estimates in 2017 Tanzanian shilling (Tsh). At the time of the study 1 US Dollar was worth approximately Tsh 2,200. For binary variables, the estimated
marginal effects show the sample average expected change in WTP for a discrete change in the variable from 0 to 1. For continuous variables, the estimated marginal effects
show the change in WTP when the variable increases from the lower to the upper bound of the respective interval (see also Fig. 4).
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of these women, additional, unexpected costs, such as those result-
ing from provider unavailability, stockouts, or rescheduled
appointments [4], may plausibly exceed the value of a timely vac-
cination, leading to non– or delayed vaccinations. Incentives may
compensate these women for such additional costs and ensure that
timely vaccination remains a utility-maximizing choice. When
given the choice of diverse incentives for the timely vaccination
of their children, women tended to prefer non-monetary over
monetary incentives.
7

This study is the first to use contingent valuation methods to
elicit the value of routine childhood vaccinations to individuals
in SSA. There is a plethora of studies characterizing the value of
vaccinations to society [1,5,10]; and studies from high income set-
tings [35,36] and Asia [37] suggest a positive WTP for routine
childhood vaccinations in those settings. However, we identified
only two studies that touched on individuals’ WTP for routine
childhood immunizations in SSA [17,18]; neither used valuation
methods. In 2002, in rural Tanzania, only 49 % of households with



Fig. 4. Estimated marginal effects of women’s age, vaccination attitudes, household assets, and distance to care on their WTP for timely routine childhood vaccinations
(southern Tanzania, 2017, N = 406). Notes: Abbreviations: WTP – willingness to pay; Tsh – Tanzania shilling. Sample average marginal effects were calculated based on
estimates from a multivariable interval censored regression model predicting log(WTP) as a function of the covariates shown in Table 2, (see Methods for details). Circles
represent point estimates; error bars represent 95 % confidence intervals. Estimates in 2017 Tanzanian shilling (Tsh). At the time of the study 1 US Dollar was worth
approximately Tsh 2,200.

Fig. 5. Women’s rankings of alternative incentive options for timely vaccinations (southern Tanzania, 2017, N = 406). Notes: Abbreviations: Tsh – Tanzania shilling. Women
were asked to rank six potential incentives for each timely vaccination of their children, including (a) mobile phone credit of Tsh 2,000, (b) a pharmacy voucher valued at Tsh
2,000, (c) a lottery ticket with the chance of winning Tsh 20,000, (d) a free health check for the mother, (e) a birth certificate, and (f) a mobile money payment of Tsh 2,000.
Women’s odds of winning the lottery or the costs of health checks (estimated at Tsh 8,000 in 2019) or birth certificates (Tsh 3,500 in 2020) were not specified.
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children ages 12–23 months were willing to contribute to the cost
of kerosine for vaccine cold storage in case of emergency [18]; and
in 2013, in southern Nigeria, only 55 % of clients presenting to rural
and urban health facilities for their children’s vaccinations were
willing to pay for vaccinations [17]. Our findings suggest that in
2017, in southern Tanzania, WTP for routine childhood vaccina-
tions was higher, and more in line with WTP estimates for other
vaccines. For example, in 2005, in urban Mozambique, the majority
of citizens were willing to pay some money for a cholera vaccine
8

[38], and positive WTP estimates have been obtained for HPV
[39] and hypothetical Malaria [40], Ebola [41], or HIV [42] vaccines
in diverse settings in SSA. Similarly, WTP studies for childhood vac-
cines from Asia suggest positive WTP for routine childhood vacci-
nations [37], as well as for cholera, typhoid, and pneumococcal
vaccines, and to avoid episodes of shigellosis [43–47]; these stud-
ies also highlight substantial within-sample variation in WTP. The
literature on WTP for childhood vaccinations in high income
countries has focused primarily on the value of specific vaccine
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characteristics, such as reductions in the probability or severity of
adverse events, side effects, or pain; reductions in the number of
doses or injections; or increases in the number of diseases pre-
vented by combination vaccines. Notable exceptions, namely stud-
ies of the WTP for varicella [35], rotavirus [36], and pneumococcal
vaccines [48], and for vaccine-effected changes in the probabilities
of outcomes or health states, also suggest a positive WTP, on
average.

The results of our study have important policy implications.
First, we demonstrate that, in the Tanzanian setting, women
broadly recognize vaccinations as beneficial and, in the absence
of barriers, may not need to be incentivized to vaccinate their chil-
dren on time. Vaccine hesitancy per se does not appear to be the
primary driver of sub-optimal vaccination coverage and timeliness.
Instead, positive WTP estimates, coupled with vaccination rates
below target levels, suggest that the implicit costs of vaccinations
(e.g., a combination of system-level barriers, transport costs, and
opportunity costs), combined with vaccine hesitancy, may be ‘‘tip-
ping the scale” for a subset of women against the timely vaccina-
tion of their children. To the extent that women incorporated
known barriers to timely vaccinations into their WTP responses,
universally non-negative valuations suggest that unexpected
system-level barriers are likely to be the primary drivers of missed
or delayed vaccinations in this setting. Such barriers may include
the complexity of the vaccination schedule (which dictates an
order to vaccines and sometimes variable spacing between doses),
providers’ communication and responsiveness to scheduled time-
sensitive appointments for patients [49], and supply-side barriers
such as facility closures, staffing shortages, or providers turning
away children because they do not want to open a multi-dose vial
for small numbers of children [4]. Significantly lower WTP esti-
mates for women who previously gave birth, relative to nulli-
parous women (Table 2), are consistent with this interpretation.
Additional research should focus on exploring means of reducing
unexpected and implicit costs to mothers.

Second, systematic variation in WTP plausibly reflects variation
in women’s valuations of benefits and costs and may inform the
design and adaptation of interventions that target specific barriers
to timelyvaccinations. LowerWTPestimateswereobserved for rural
women and for womenwith less education; rural womenwere also
less likely than urban women to be able to name a vaccine-
preventable disease. Owing to the strong associations of WTP with
vaccine hesitancy (Fig. 3) and knowledge (Table 2), these observa-
tions are indicative of information deficits among pregnant women
and suggest a role for antenatal care visits as a means of improving
vaccine knowledge and pre-empting vaccine hesitancy. Similarly,
the associations of WTP with household assets and travel time to
the nearest health facility highlight potential access barriers and
suggest a role for expanded hours, reduced waiting time, advance
notification of stock-outs, and mobile vaccination clinics or other
means of reducing transport barriers and opportunity costs.

Third, our exploratory analysis of women’s preferences for
alternative incentive options for the timely vaccination of their
children highlights preferences for non-monetary over monetary
incentives. Notably, we observed substantial variation in the rank-
ings of alternative incentive options across participants. While
incentives, motivated in behavioural economics have been used
to encourage diverse health related behaviours [22,23], including
vaccinations [25,26], it is not clear which incentive mechanisms
are most acceptable and effective in this setting, how combinations
of incentive offers across vaccination appointments might impact
vaccination decisions, or what budgetary impact incentives would
have at the population level. Choices in our study may have been
driven by actual or perceived values of non-monetary incentives
(e.g., the cost of a health check for the mother may vary with insur-
ance coverage; a birth certificate in Tanzania currently costs TSH
9

3,500), the locus of financial decision making within families
(e.g., women may not be able to control how money is spent;
phone credit may be applied to a shared phone), or women’s
unmet needs for health services. Additional formative work is
needed to characterize the mechanisms underlying these choices
and inform the design of incentive structures and policies with
maximum impact on parents’ vaccination decisions.

We acknowledge several limitations and ethical considerations
that derive from our results. First, results are not based on a random
sample of women making vaccination decisions. Sample selection
thus represents a threat to validity. The findings should be consid-
ered exploratory, and the transferability of WTP estimates to other
women, including women without access to mobile phones and
women in other parts of Tanzania, needs further consideration.

Second, answers to questions about vaccination preferences
during pregnancy may diverge from actual decisions after child-
birth. WTP estimates based on stated preferences may substan-
tively diverge from estimates obtained from revealed preferences
when the underlying conditions characterizing the relevant con-
texts or incentive structures diverge; however, stated and revealed
preferences are generally highly correlated and roughly of the
same magnitude [50]. Answers may also have been affected by
social desirability biases, i.e., participants responding normatively
appropriately to questions about their intent to vaccinate their
children. However, our finding of a universally non-negative WTP
is consistent with the fact that the vast majority of women will
eventually get their children vaccinated [32], thus social desirabil-
ity bias is not likely a major factor driving our results.

Third, our WTP estimates could be improved by using larger
sample sizes and more efficient experimental designs. While we
used WTP as a monetary measure of a woman’s desire to vaccinat-
ing her child, WTP measures have well-known issues when a
respondent has very limited resources because that measure is
income constrained [51]. The usual difficulties of reliably measur-
ing income make assessing the implications of this issue difficult.

Fourth, to inform the development of effective, contextually rel-
evant interventions to improve vaccination uptake and timeliness,
further research is needed to evaluate the extent to which
women’s WTP values correlate with the WTP of expectant fathers
and other individuals involved in vaccination decision making,
and how WTP values were influenced by vaccination experiences
after previous births and vaccination information received during
antenatal care.

Finally, there are trade-offs with respect to the ethics and practi-
cality of rewards, incentives, or payments for health services in low
resource settings that have been explored by others [51]. While, at
the population level, a positive WTP might indicate that user fees
may be used to mitigate supply-side obstacles [52], they may have
unintended consequences in terms of vaccination equity [53]. The
costs, logistics, and unintended consequences of implementing and
sustaining user fees or incentives must also be considered. There is
evidence that extrinsic motivators hold potential to crowd out
intrinsic motivators [54], and attention must be paid to potential
adverse consequences of incentivizing behaviors that may already
be governed by ‘‘social contracts” [55], e.g., expectations of herd
immunityandotherpositive externalities resulting fromtimelyvac-
cinations. Ethical and cost-effectiveness considerations at the popu-
lation level, and the extent to which behavioral economics can
inform the optimal design of incentive structures for mothers and
providers, thus merit careful deliberation.
Conclusion

This study used a contingent valuation method to assess the
value of routine childhood immunizations among pregnant women
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in a low-resource setting. The results suggest that women value
vaccinations for their children, but also support differentiated
interventions such as continued efforts to mitigate access barriers,
information campaigns to highlight benefits and correct misper-
ceptions about vaccinations, and non-monetary incentives to com-
pensate for system-level barriers to timely vaccinations. The
methods may be applied to other vaccines, populations, and set-
tings, and may inform ongoing efforts to rapidly vaccinate large
populations against SARS-CoV-2.
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