
Using discrete choice modeling to evaluate
the preferences and willingness to pay

for leptospirosis vaccine
Joseph Arbiol1, Mitsuyasu Yabe2,*, Hisako Nomura3, Maridel Borja4, Nina Gloriani5, and Shin-ichi Yoshida6

1Laboratory of Environmental Economics; Graduate School of Bio-resources and Bio-environmental Science; Kyushu University; Fukuoka, Japan; 2Laboratory of Environmental

Economics; Department of Agricultural and Resource Economics; Faculty of Agriculture; Kyushu University; Fukuoka, Japan; 3International Education Center; Kyushu University;

Fukuoka, Japan; 4Department of Epidemiology and Biostatistics; College of Public Health; University of the Philippines-Manila; Manila, Philippines; 5Department of Medical

Microbiology; College of Public Health; University of the Philippines-Manila; Manila, Philippines; 6Department of Bacteriology; Faculty of Medical Sciences; Kyushu University;

Fukuoka, Japan

Keywords: discrete choice experiment, leptospirosis, Random Parameters Logit model, vaccine preferences, willingness to pay

Leptospirosis is highly endemic in the Philippines and a serious concern to public health. Local research on
candidate vaccine is moving through the development pipeline. The availability of vaccines alone does not guarantee
acceptance because individuals’ vaccination choice decision is influenced by several factors. This study assessed how
vaccine attributes and socio-demographic factors affect the acceptability of leptospirosis vaccine; and estimated
individuals’ willingness to pay for leptospirosis vaccine. A discrete choice experiment was conducted among
leptospirosis and non-leptospirosis case respondents (n D 342) living in Metro Manila. Random Parameters Logit model
was used to estimate the relative importance of vaccine attributes and socio-demographic variables on respondents’
leptospirosis vaccination choice decision. The estimated model coefficients were used to derive implicit prices and
willingness to pay for leptospirosis vaccine. Both case respondents preferred leptospirosis vaccine with 70–100%
efficacy, mild to moderate risk of side-effects, given in a single shot, and at a lower price. Non-leptospirosis case
respondents preferred a vaccine with 7 to 10 y of protection, while leptospirosis case respondents preferred a vaccine
with 10 y protection. The probability of leptospirosis vaccination acceptance was affected by respondents’ age,
education, family size and income, proximity of home to rivers and sewers, and leptospirosis awareness level.
Respondents’ willingness to pay for leptospirosis vaccine (US$ 31.14–US$ 65.89) was higher than the Japanese retail
price (US$ 21.60-US$ 24.00). Our findings indicated significant potential for introducing leptospirosis vaccine in the
Philippine vaccine market. Delivery strategies to ensure equitable access to future leptospirosis vaccine are
recommended.

Introduction

Leptospirosis is caused by pathogenic Leptospira bacteria that
are transmitted from animal reservoirs to humans. The bacteria
are eliminated through the urine of the infected hosts such as
rats, livestock and domestic pets.1 Humans may be infected by
direct contact with infected urine or indirect contact with con-
taminated water or soil.2 The infection can range from a mild
flu-like illness to life-threatening complications such as jaundice,
meningitis, hemorrhage, or renal dysfunction.1,3 Leptospirosis is
an emerging public health problem in the Philippines because of
its increasing incidence associated with the growth of urban
slums, inadequate waste disposal, occurrence of frequent
typhoons, and expansion of flooding areas which have created
ecological conditions for rat-borne disease transmission.3,4 One
of the most notable leptospirosis outbreaks occurred in 2009
after Typhoon Ondoy caused widespread flooding in Metro

Manila, resulting in 2,089 cases of infection and 162 leptospiro-
sis-related deaths.5 A more recent study reported that the rate of
leptospirosis incidence in Metro Manila has reached at 10,655
per 100,000 person-year.6

Vaccination can reduce the incidence and mortality associated
with leptospirosis. However, human leptospirosis vaccines are
commercially available only in few countries like France, Cuba
and Japan.7-10 Human leptospirosis vaccine is not commercially
available in the Philippines, but the prospect for vaccine develop-
ment is promising following the recent cooperation program
with Japan to develop intervention measures for the prevention
of leptospirosis. Nonetheless, it is important to understand that
vaccine being available does not guarantee uptake considering
that there are other factors that influence individuals’ vaccination
decisions. Some individuals may choose vaccination despite a
high price or potential side effects, while others forego disease
protection because of low income or to avoid side effects.
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Considering that individual decisions may be affected by prefer-
ential tradeoffs on whether or not to get vaccinated, the knowl-
edge on individuals’ preferences for vaccine is important in
determining key attributes that are likely to impact the accept-
ability of the vaccine. Likewise, the estimates of willingness to
pay (WTP) allow individuals’ preferences to be expressed in
monetary value that could be used for cost-benefit analysis of
health care interventions, pricing strategy and demand
analysis.11,12

Discrete Choice Experiment (DCE) is one quantitative
approach that is increasingly being used in health economics
to determine preferences and welfare estimates on health mat-
ters. DCE requires individuals to make choices based on
hypothetical scenarios describe in terms of attributes and lev-
els, and their responses are used to infer the value placed on
each attribute13. The responses can be modeled using utility
function to estimate the relative importance of each attribute,
trade-offs between attributes, and the benefit respondents
derived from the chosen scenario.14 DCE has recently been
applied to examine the acceptability of different vaccines such
as varicella,15 human papillomavirus,16,17 and human immu-
nodeficiency virus.18,19 To date, no studies have examined
the acceptability of human leptospirosis vaccine especially
in the Philippines where the disease is highly endemic.
Hence, this study utilized DCE method to assess the prefer-
ences and to estimate willingness to pay for future leptospiro-
sis vaccine among urban residents in Manila, Philippines.
The findings of this study may serve as policy guide to public
health authorities and vaccine manufacturers in making
investment decisions on leptospirosis vaccine development, in
making research management decisions by highlighting how
vaccine attributes may impact acceptability, and in developing
appropriate strategies for leptospirosis vaccine delivery.

Results

Socio-demographic characteristics of the respondents
A total 114 leptospirosis case individuals and 228 non-lepto-

spirosis case individuals participated in this study. As shown in
Table 1, the average age of non-leptospirosis case respondents
(37.93 years) was significantly higher than leptospirosis case
respondents (34.90 years) at 5% level. While there were relatively
more male than female respondents, the proportion of male
respondents were significantly higher in leptospirosis case (90%)
than non-leptospirosis case (60%) respondents at 1% level. There
were no significant differences in terms of education, family size,
and household income between the 2 case respondents. Leptospi-
rosis and non-leptospirosis case respondents had an average fam-
ily size of about 5 persons, and completed an average of about 10
y of education or equivalent to high school diploma. Their
household incomes ranged from 2,800 to 80,000 pesos ($US
67.20 to US$ 1,920) a month. Leptospirosis case respondents
received an average monthly income of 16,950 pesos (US$
406.80), while non-leptospirosis respondents received an average
monthly income of 18,900 pesos (US$ 453.60). The proportion
of leptospirosis case respondents (83%) living near to a sewer
(about 10 m) were significantly higher than non-leptospirosis
case respondents (72%) at 5% level. Nearly equal proportion of
leptospirosis (62%) and non-leptospirosis (64%) case respond-
ents were living near to a river. While a slightly higher proportion
of leptospirosis case respondents (75%) were living near to a
sewer than non-leptospirosis case respondents (65%), there dif-
ference was not statistically significant at 5% level. Leptospirosis
case respondents (93%) exhibited significantly higher awareness
on the cause of leptospirosis, mode of transmission, symptoms
and prevention of leptospirosis than non-leptospirosis case
respondents (83%) at 1% level.

Table 1. Socio-demographic characteristics of the 2 case respondents

Leptospirosis case Respondents Non-Leptospirosis case Respondents

n=114 n=228 Difference

[1] [2] [1]-[2]

Variable Description Average (S.D) Average (S.D) (│t│-Ratio)

AGE Age of the respondent in years 34.90 (13.64) 37.93 (12.59) ¡3.03** (1.99)
EDUCATION Years of education 9.97 (2.41) 10.28 (2.02) ¡0.31* (1.18)
FAMILYSIZE Number of persons in a household 5.17 (2.02) 5.08 (1.98) 0.09 (0.39)
INCOME Household income (‘000 pesos/month) 16.95 (11.96) 18.90 (11.64) ¡1.95 (1.43)
MALE Dummy: 1 Dmale respondent; 0 D female 0.90 (0.30) 0.60 (0.50) 0.31*** (7.20)
MARKET Dummy: 1 if home is located near

to a market (about 10 m);0 if far
0.83 (0.37) 0.72 (0.45) 0.11** (2.39)

RIVER Dummy: 1 if home is located near
to a river (about 10 m);0 if far

0.62 (0.49) 0.64 (0.48) ¡0.02 (0.31)

SEWER Dummy: 1 if home is located near
to a sewer (about 10 m);0 if far

0.75 (0.44) 0.65 (0.48) 0.10 (1.79)

AWARENESS Leptospirosis awareness score 0.93 (0.18) 0.83 (0.23) 0.10*** (4.25)

Note: ***denotes statistical significance at 1% level and **5% significance level.
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Preferences for leptospirosis vaccine
The respondents’ choice responses were analyzed by Random

Parameters Logit (RPL) model allowing the coefficients of
observed variables to vary randomly over the respondents rather
than being fixed. Table 2 reports the results of the RPL model
estimation for leptospirosis case (Model 1) and non-leptospirosis
case (Model 2) respondents. The two models were statistically
significant at the 1% level with x2 statistics of 1,274.252 and
1,941.104 against a critical value of 40.113 with 27 degrees of
freedom. The McFadden R2 values (0.424 and 0.323) for the 2

models satisfied the conventional goodness-of-fit values of 0.2 to
0.4 commonly used to describe probabilistic choice models 20.
The coefficient estimates from the pooled dataset (Model 3) con-
taining the observations of both the leptospirosis and non-lepto-
spirosis case respondents were also statistically significant at the
1% level with x2 statistics of 3080.741 against a critical value
40.113 with 27 degrees of freedom. The value of the log-likeli-
hood (LL) ratio comparing the pooled model (LL D
¡2968.330) against the separate models for leptospirosis case
(LL D ¡865.776) and non-leptospirosis case (LL D ¡2035.25)

Table 2. Results of the Random Parameters Logit (RPL) model estimation

Model 1: Leptospirosis case Respondents Model 2: Non-leptospirosis case Respondents Model 3: Pooled data set

Variables Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

Random parameters of vaccine attributes in the model
EFFICACY of 50–60%a ¡2.842*** 0.318 ¡2.157*** 0.193 ¡2.270*** 0.154
EFFICACY of 70–80% 0.607*** 0.126 0.442*** 0.079 0.479*** 0.057
EFFICACY of 90–100% 2.235*** 0.256 1.715*** 0.142 1.791*** 0.127
PROTECTION of 2 yearsa ¡0.521*** 0.318 ¡0.531*** 0.077 ¡0.500*** 0.063
PROTECTION of 7 years 0.108*** 0.118 0.242*** 0.065 0.144*** 0.054
PROTECTION of 10 years 0.413*** 0.116 0.289*** 0.064 0.356*** 0.054
SERIOUS RISK of side effectsa ¡0.963*** 0.130 ¡0.401*** 0.075 ¡0.559*** 0.062
MODERATE RISK of side effects 0.337*** 0.121 0.159*** 0.066 0.195*** 0.052
MILD RISK of side effects 0.626*** 0.129 0.242*** 0.066 0.364*** 0.055
Given in 3 SHOTSa ¡0.580*** 0.154 ¡0.506*** 0.129 ¡0.453*** 0.097
Given in 2 SHOTS 0.068*** 0.296 0.164*** 0.190 0.077*** 0.149
Given in 1 SHOT 0.512*** 0.188 0.342*** 0.109 0.376*** 0.087

Non-random main effects parameters
of vaccine attributes in the model
Alternative Specific Constant 2.424*** 0.994 0.255 0.476 0.317 0.395
Price ¡3.167*** 0.403 ¡3.548*** 0.251 ¡3.291*** 0.172

Socio-demographics & Alternative
Specific Constant (ASC) interaction in the model b

AGE*ASC ¡0.002 0.008 ¡0.010*** 0.004 ¡0.007 0.004
EDUCATION*ASC ¡0.067 0.046 0.058*** 0.028 0.121 0.022
FAMILYSIZE*ASC ¡0.082 0.520 ¡0.060*** 0.028 ¡0.042 0.024
INCOME*ASC 0.015 0.011 0.012*** 0.012 0.010*** 0.004
MALE*ASC 0.121 0.422 0.200 0.199 0.527*** 0.103
Living near to a MARKET*ASC 0.265 0.281 0.063 0.063 0.148 0.109
Living near to a RIVER*ASC ¡0.063 0.233 0.419*** 0.119 0.219*** 0.102
Living near to a SEWER*ASC ¡0.975*** 0.282 ¡0.232*** 0.118 ¡0.314*** 0.107
Leptospirosis AWARENESS*ASC 1.216*** 0.568 0.680*** 0.235 1.040*** 0.209

Derived Standard deviations
of the parameter distributions
EFFICACY of 70–80% 0.105 9.473 0.041 3.854 0.012 0.167
EFFICACY of 90–100% 1.114*** 0.301 0.331 0.597 0.517 0.619
PROTECTION of 7years 0.070 2.414 0.004 5.776 0.006 0.168
PROTECTION of 10 years 0.027 4.160 0.374 0.441 0.764 0.236
MODERATE RISK of side effects 1.080*** 0.353 0.010 1.158 0.338*** 0.251
MILD RISK of side effects 0.071 2.372 0.004 4.007 0.060 0.167
Given in 2 SHOTS 0.443 1.407 0.009 4.906 0.011*** 0.232
Given in 1 SHOT 0.209 1.384 0.968 0.198 0.703*** 0.209
Log-likelihood ¡865.776 ¡2035.251 ¡2968.334
McFadden R2 0.424 0.323 0.342
No of parameters 27 27 27
x2 statistics 1274.252*** 1941.104*** 3080.741***
No of observation 1368 2736 4104

Notes: ***denotes statistical significance at 1% level and **5% significance level. aBase attribute level. Its coefficient was derived as the negative sum of the
coefficients of the other 2 alternative attribute levels. bThe interaction terms indicate which respondents’ characteristics affect the likelihood of accepting
the leptospirosis vaccination program.
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respondents was estimated at 134.614, which exceeded the criti-
cal value of x2 distribution of 40.113 with 27 degrees of freedom.
Subsequently, the null hypothesis that the separate effects of the 2
respondent models are equal to zero was rejected at the 5% sig-
nificant level. Hence, the leptospirosis case and non-leptospirosis
case respondents have distinct preferences for vaccine attributes,
and their preferences cannot be pooled together.

As shown in Model 1 of Table 2, leptospirosis case respond-
ents preferred leptospirosis vaccine with 70–80% and 90–100%
efficacies against 50–60% efficacy; with 10 y protection against 2
y of protection; with moderate and mild risk of side-effects
against serious risk of side-effects; and a single shot against a 3-
shot vaccine. However, they were indifferent between leptospiro-
sis vaccine with 7 y of protection and 2 y of protection; and
between a 2-shot and a 3-shot vaccine. Similarly, non-leptospiro-
sis case respondents in Model 2 preferred a leptospirosis vaccine
with 70–80% and 90–100% efficacy levels over 50–60% efficacy
level; with 7 and 10 y of protection against 2 y of protection;
with moderate and mild risk of side-effects over serious risk of
side-effects; and a single shot over a 3-shot vaccine. They were
indifferent between a 2-shot and a 3-shot leptospirosis vaccine.
Finally, the significant and negative coefficients of price for both
case respondents indicated that the likelihood of accepting the
leptospirosis vaccine increased when price decreased.

The interaction between socio-demographic variables and
Alternative Specific Constant (ASC) showed preference heteroge-
neity in the responses of the respondents. As shown in Model 1
of Table 2, leptospirosis case respondents living far from a sewer
and with higher level of leptospirosis awareness were likely to
accept the leptospirosis vaccination program against those
respondents living near to a sewer and with lower level of lepto-
spirosis awareness. The results in Model 2 indicated that non-lep-
tospirosis case respondents with higher level of education, higher
income, living near to a river and with higher level of

leptospirosis awareness were more likely to accept the leptospiro-
sis vaccination program against those with lower level of educa-
tion, lower income, living far from a river and with lower level
of leptospirosis awareness. However, non-leptospirosis case
respondents of older age, with larger family size, and living near
to a sewer were less likely to accept the leptospirosis vaccination
program against those of younger age, with smaller family size
and living far from a sewer.

Implicit prices of leptospirosis vaccine attributes
Table 3 shows the implicit price estimates for each of the non-

monetary attributes of the leptospirosis vaccine. The implicit pri-
ces indicate the respondents’ marginal willingness to pay from
the least attractive (base) level to the next improved level attribute
of the vaccine. For leptospirosis case respondents, efficacy was the
highest valued leptospirosis vaccine attribute. Compared to the
base levels, they were willing to pay 1,089.04 pesos (CI:
850.49»1,327.60, US$ 26.14) and 1,603.09 pesos (CI:
1,259.07»1,947.12, US$ 38.47) respectively for a vaccine with
70–80% and 90–100% efficacy; 294.94 pesos (CI:
161.38»428.45, US$ 7.08) for a vaccine with 10 y of protection;
410.48 pesos (CI: 276.72»544.24, US$ 9.85) and 501.74 pesos
(CI: 366.73»636.74, US$ 12.04) respectively for a vaccine with
moderate and mild risk of side-effects; and 344.81 pesos (CI:
184.41»505.20, US$ 8.28) for a single shot vaccine.

Non-leptospirosis case respondents also valued efficacy as the
most important vaccine attributes. Compared to the base levels,
they were willing to pay 732.53 pesos (CI: 611.99»853.06, US$
17.58) and 1,091.32 pesos (CI: 939.29»1,243.34, US$ 26.19)
respectively for a vaccine with 70–80% and 90–100% efficacy;
217.87 pesos (CI: 159.89»239.01, US$ 5.74) and 231.09 pesos
(CI: 166.15»296.01, US$ 5.55) respectively for vaccine with 7
and 10 y of protection; 157.84 pesos (CI: 93.26»222.42, US$
3.79) and 181.23 pesos (CI: 117.65»244.81; US$ 4.35)

Table 3. Estimates of implicit prices for each of the non-monetary attributes of the leptospirosis vaccine by case respondents

Leptospirosis Case Respondents Non-Leptospirosis Case Respondents Difference

Vaccine Attribute [1] [2] [1]–[2]

Base Level Improved Level Implicit pricea (95% C.I) Implicit pricea (95% C.I) (│t│-Ratio)

EFFICACY of 50–60% EFFICACY of 70–80% 1,089.04*** 732.53*** 356.52***
(850.49»1,327.60) (611.99»853.06) (26.34)

EFFICACY of 90–100% 1,603.09*** 1,091.32*** 511.78***
(1,259.07»1,947.12) (939.29»1,243.34) (32.16)

PROTECTION of 2 years PROTECTION of 7 years 198.61 217.87*** ¡19.25
(332.23»65.00) (153.69»282.05) (1.92)

PROTECTION of 10 years 294.92*** 231.09*** 63.83***
(161.38»428.45) (166.16»296.01 ) (6.34)

SERIOUS RISK of side-effects MODERATE RISK of side-effects 410.48*** 157.84** 252.65***
(276.72»544.24) (93.26»222.42) (25.12)

MILD RISK of side-effects 501.74*** 181.23*** 320.51***
(366.73»636.74) (117.65»244.81) (31.84)

Given in 3 SHOTS Given in 2 SHOTS 204.61 188.84 15.77
(499.56»¡90.34) (359.75»17.93) (1.02)

Given in 1 SHOT 344.81*** 239.01*** 105.80***
(184.41»505.20) (159.89»318.12) (9.57)

Notes: ***denotes statistical significance at 1% level and **5% significance; aIn pesos (1 peso D US$ 0.024 based on October 2012 exchange rate).
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respectively for a vaccine with moderate and mild risk of side-
effects; and 239.01 pesos (CI: 159.89»239.01, US$ 5.74) for a
single shot vaccine.

Table 3 also shows the differences in the implicit prices of the
2 case respondents. Except for vaccine attributes related to pro-
tection of 7 y and 2 shots, the implicit prices of all other attrib-
utes derived for the leptospirosis case respondents were
significantly higher at 1% level when compared with the derived
values for the non-leptospirosis case respondents. Non-leptospi-
rosis case respondents only exhibited a higher implicit price for
leptospirosis vaccine with 7 y of protection, in which leptospiro-
sis case respondents considered such attribute insignificant in
their vaccination choice decision. The implicit prices for 2-shot
leptospirosis vaccine were positive, but had no significant effect
on their vaccination choice decision.

Willingness to pay (WTP) for combined attributes
of leptospirosis vaccine

The respondents’ willingness to pay for combined attributes
of leptospirosis vaccine was estimated using compensating sur-
plus model. Table 4 presents the respondents’ WTP for 2 vaccine
scenarios containing an improved combination of vaccine attrib-
utes. For Scenario 1, leptospirosis and non-leptospirosis case
respondents were willing to pay 1,903.88 pesos (CI:
1,413.35»2,394.41, US$ 45.69) and 1,297.39 (CI:
1,057.35»1,537.43, US$ 31.14) respectively for a leptospirosis
vaccine with a combined attributes of 70–80% efficacy, 7 y of
protection, mild risk of side-effects and if given in 2 shots. For
Scenario 2, leptospirosis and non-leptospirosis case respondents
were willing to pay 2,745.62 pesos (CI: 2,174.81»3,316.43,
US$ 65.89) and 1,743.19 pesos (CI: 1,504.74»1,981.64, US$
41.84) respectively for a leptospirosis vaccine with a combined
attributes of 90–100% efficacy, 10 y of protection, mild risk of
side-effects and if given in a single shot. The results also showed
significant differences in the WTP values between the 2 case
respondents at 1% level. Leptospirosis case respondents were
willing to pay 600.49 and 1,002.43 pesos more for both vaccine
scenarios than non-leptospirosis case respondents.

Discussion

Preferences for and implicit prices of leptospirosis vaccine
attributes

We found that the acceptability of a hypothetical leptospi-
rosis vaccine is influenced by the attributes of the vaccine.
Respondents generally preferred leptospirosis vaccine with
higher level of efficacy, longer duration of protection, mild to
moderate risk of side-effects, given in single shot, and at a
lower price. Our results are consistent with the reported
responses for other vaccines in the literature, thereby provid-
ing evidence of face validity.16,19,21

Among the leptospirosis vaccine attributes, efficacy had the
greatest impact on acceptability. Current leptospirosis vaccines
with 70–100% efficacies are more likely to be accepted if intro-
duced in the country. The higher implicit price for leptospirosis
vaccine with 90–100% efficacy implies that further improving
the vaccine efficacy from 70–80% to 90–100% will significantly
increase its marginal value by 47–50%. Although respondents’
have varied preferences for duration of protection attribute, such
that non-leptospirosis case respondents preferred vaccine with 7
and 10 y of protection while leptospirosis case respondents only
preferred 10 y of protection, our results still support the need to
improve the current leptospirosis vaccines that are known to
induce short-lived immunity.9,10 Respondents were also willing
to accept leptospirosis vaccine with mild to moderate risk of side-
effects. However, their implicit prices for these attributes were
lower compared to efficacy attributes levels, suggesting that
respondents may be willing to accept and endure mild or moder-
ate side-effects as long as higher efficacy is guaranteed. It is
unlikely that future leptospirosis vaccine will be developed with-
out any risk of side-effects. Therefore, post-surveillance of vac-
cine safety is important to identify any risk factors predisposing
the development of any serious or adverse side-effects. This
would entail ensuring that reporting system among local clinics
or hospitals are in place, and providing support to health workers
at the local community level to effectively monitor any conse-
quential side-effects after vaccination.

Table 4. Estimates of respondents’ willingness to pay (WTP) for combined attributes of leptospirosis vaccine

Leptospirosis Case Respondents Non-Leptospirosis Case Respondents Difference

[1] [2] [1]–[2]

Vaccine Attribute Combinations WTP in pesosa WTP in pesosa

(95% C.I.) (95% C.I.) (│t│-Ratio)
Scenario 1:
EFFICACY of 70–80% 1,903.88 1,297.39 606.49***
PROTECTION of 7 years (1,413.35»2,394.41) (1,057.35»1,537.43) (31.41)
MODERATE RISK of side-effects
Given in 2 SHOTS
Scenario 2:
EFFICACY of 90–100% 2,745.62 1,743.19 1,002.43***
PROTECATION of 10 years (2,174»3,316.43) (1,504.74»1,981.64) (49.33)
MILD RISK of side-effects
Given in 1 SHOT

***denotes statistical significance at 1%; a1 peso D US$ 0.024 based on October 2012 exchange rate.
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Our results showed that respondents only preferred single shot
leptospirosis vaccine implying that current leptospirosis vaccines
with 2 or more shots.9,10 are less likely to be accepted if intro-
duced in the country. A possible solution may include the use of
social marketing campaigns for promoting public acceptance of
future leptospirosis vaccine.22 Such campaigns may highlight the
efficacy and safety of leptospirosis vaccine in place of the number
of vaccine shots. Additionally, improving the effectiveness of cur-
rent leptospirosis vaccines by a single shot may also be considered
by drawing from the experience learned in the development
and delivery of single dose human papillomavirus (HPV)
vaccine.23,24

Finally, we found that price was negatively associated with
vaccine acceptance. This is consistent with the findings of Pennie
et al.25 indicating an increase in vaccination rates with low cost
hepatitis B vaccine. Vaccine prices are reported to impede the
implementation of vaccination program.26,27 A higher vaccine
price may limit access to the proportion of the population who
cannot afford to pay, thereby reducing the effectiveness of vacci-
nation campaigns. Options for effective mechanisms to lower
leptospirosis vaccine prices may include the use of bulk purchas-
ing and tiered pricing.26,28 Possible integration of leptospirosis
vaccination into the national immunization program may also be
explored to capitalize on available human resources and health
infrastructures that are already in place, thereby minimizing the
cost of delivery. More recently, the medical cost of leptospirosis
has been included in the benefit package of the Philippine Health
Insurance, except for the cost of vaccination.29 Perhaps the inclu-
sion of leptospirosis vaccination in both public and private insur-
ance packages may also be considered as an alternative financing
mechanism.

Socio-demographics and leptospirosis vaccination acceptance
The interaction between socio-demographic variables and

ASC in the model indicated that respondents’ age, education,
family size and income, proximity of homes to rivers and sewers,
and leptospirosis awareness level significantly affected probability
of accepting the leptospirosis vaccination program. The negative
association between age and leptospirosis vaccination acceptance
is consistent with the findings in the literature, indicating age-
reluctance to pay for HPV and HIN1 influenza vaccinations.30,31

The risk of acquiring leptospirosis infection is usually higher
among younger individuals.32,33 Perhaps younger respondents
may perceive themselves at higher risk, and therefore more likely
to accept leptospirosis vaccination. The positive association
between education level and leptospirosis vaccination acceptance
confirms findings from other studies, showing that higher educa-
tion is correlated with the use of preventive health care serv-
ices.34,35 This result may be explained by the reason that more
educated individuals usually have more knowledge about the true
effect of inputs on their health, and are able to choose input allo-
cations that produce better health outcomes than less educated
individuals.36,37 Considering that lower educational level is cor-
related to the risk of Leptospira infection,38 continued health
information education and communication (IEC) programs
should be an integral component of future leptospirosis vaccine

delivery. As supported by our results showing positive association
between respondents’ level of awareness and vaccination accep-
tance, IEC programs will be beneficial in raising public awareness
of leptospirosis and in promoting positive attitudes toward
vaccination.

The negative association between family size and leptospirosis
vaccine acceptance is consistent with previous findings showing
reduced vaccination uptakes with increased household size.39,40

This result could possibly be explained by the dilution of resour-
ces associated with large family, which may exert a negative effect
on the provision of preventive care to family members. The posi-
tive association between household income and leptospirosis vac-
cine acceptance reflects the findings of Weaver et al.19 indicating
an increase in HIV vaccine acceptability with increase in income.
Considering that the incidence of leptospirosis is higher in low-
income populations,3,41,42 a community vaccination program
wherein free or partially subsidized leptospirosis vaccines are pro-
vided to large and low income households may provide means to
ensure equitable access to vaccine.

Living in proximity to a river can make individual highly vul-
nerable to flooding, which is pre-disposing factors for epidemics
of leptospirosis.42-46 Perhaps this could explain the positive asso-
ciation between proximity of respondents’ homes to rivers and
leptospirosis vaccination acceptance. Similarly, we expected a
positive association between proximity of respondents’ homes to
a sewer and leptospirosis vaccine acceptance considering that sew-
ers often serve as habitat for rats, hence a risk factor for leptospi-
rosis transmission. Contrary to our expectation, our results
showed that respondents living near to a sewer were less likely to
accept leptospirosis vaccination. Recent study also found similar
association showing that individuals living near to a sewer are less
likely to contribute their time to leptospirosis prevention than
those living far from a sewer.47 Urban homes located near to sew-
ers are inherently linked to urban slums and poverty.48,49 Possi-
bly, respondents living near to a sewer are facing extreme
poverty, thereby refusing to accept leptospirosis vaccination.
While subsidizing vaccination to impoverished areas may encour-
age uptake, it is also important that future leptospirosis vaccina-
tion program should be implemented along side with improving
the health and sanitation conditions of urban slum communities.
Focusing efforts on urban slum communities may significantly
contribute to leptospirosis prevention program goals, since these
communities account for about 37% of Metro Manila’s
population.49

WTP for combined attributes of leptospirosis vaccine
In our analysis, the estimated WTP of both case respondents

for combined attributes of leptospirosis vaccine varied from
1,297.39 pesos to 2,745.62 pesos (US$ 31.14 – US$ 65.89).
The estimated WTP values may be compared to the Japanese
retail price of about 900 pesos to 1000 pesos (US$ 21.60-US$
24.00) for polyvalent leptospirosis vaccine. Considering that the
estimated WTP values exceed that of the Japanese leptospirosis
vaccine retail price, our findings suggest a significant potential
for introducing leptospirosis vaccine in the Philippine vaccine
market. Noting further that the estimated WTP values represent
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the maximum range of prices that respondents would agree to
pay for leptospirosis vaccination, our results could serve as refer-
ence for vaccine manufacturers in their pricing decision, such
that, if leptospirosis vaccine is introduced at price equal or less
than their estimated WTP values, then individuals are more
likely to buy the vaccine.

Our results also indicated that leptospirosis case respondents
were willing to accept leptospirosis vaccination, and their esti-
mated WTP values were significantly higher than non-leptospiro-
sis case respondents. Personal experience on the burden of
leptospirosis may have motivated leptospirosis cases respondents
to place higher value on disease prevention. Hadisoemarto and
Castro.50 reported similar results indicating that individuals who
had personal experience with dengue are twice more likely to
accept dengue vaccination than those who did not have any per-
sonal dengue experience.

Limitations

We draw attention to some limitations of the study. First, our
sample for leptospirosis case respondents contained a large pro-
portion of male respondents, which may have inadvertently
introduced sample bias. We attributed this to existence of gender
differences in the manifestation of leptospirosis, wherein male
gender is commonly cited as risk factor for infection.4 Previous
investigation of leptospirosis cases in Metro Manila also reported
similar results indicating the predominance of male leptospirosis
patients (90%) in the sample.51 Second, we have selected the
most important leptospirosis vaccine attributes through literature
review, interviews and group discussions with medical experts in
the field of leptospirosis vaccine research from Japan and Philip-
pines; however these methods do not guarantee that we have
included all vaccine attributes that are relevant to our
respondents’ preferences. Finally, respondents were presented
with hypothetical vaccine scenarios. It is possible that their pref-
erences may differ once actual leptospirosis vaccine will be avail-
able in the country. Nonetheless, our study provided us with
useful insights on the relative importance of vaccine attributes to
the respondents, the potential improvements on current leptospi-
rosis vaccines, and the possible delivery strategies of future lepto-
spirosis vaccine in the Philippines. Future research might
consider comparing both stated and revealed preference
approaches to measure vaccination uptake once leptospirosis vac-
cine is made publicly available in the country.

Conclusion

Our study is the first to estimate individuals’ preferences for
leptospirosis vaccine attribute and to quantify the value of com-
bined leptospirosis vaccine features. Our findings have broader
policy implications for future leptospirosis vaccine acceptability
and dissemination. The high WTP estimates for leptospirosis
vaccine may underscore the need for public or private investment
toward the development and delivery of leptospirosis vaccine in

the Philippines. Vaccine research efforts may focus on developing
leptospirosis vaccine with higher efficacy, longer duration of pro-
tection, with mild to moderated risk of side-effects, given in sin-
gle shot, and at a lower price, considering that these attributes all
proved to influence individuals’ preferences for vaccination. Pref-
erence heterogeneity across respondents with different socio-
demographic characteristics may pose potential challenges to the
acceptability of future leptospirosis vaccine. To ensure further
acceptance and equitable access to future leptospirosis vaccine,
public health authorities may consider the following vaccine
delivery strategies: use of social marketing and education cam-
paigns, provision of effective post-surveillance system for vaccine
safety, use of bulk purchasing and tiered pricing, provision of
free or partially subsidized vaccine during community vaccina-
tion program, inclusion of leptospirosis vaccination in national
immunization program and insurance health packages, and
inclusion of urban health and sanitation activities in the vaccina-
tion program.

Methods

Review of leptospirosis vaccines
The DCE design process began with a literature review on

recent developments on human leptospirosis vaccines. Available
literature have indicated that current human leptospirosis vac-
cines contain whole-cell of inactivated leptospires.52 The mono-
valent vaccine from France contains an inactive strain of
Leptospira icterohaemorrhagiae, and initially given in 3 shots fol-
lowed by biannual revaccination.7 The trivalent vaccine from
Cuba contains serovars of Canicola, Copenhageni and Mozdok.9

Vaccination is given in 2 shots at 6-week intervals. The polyva-
lent vaccine from Japan contains serovars of Autralis, Autumnalis,
Hebdomadis, and Copenhageni.10 It is given in 2 shots followed
by a booster injection after 5 y.

The current leptospirosis vaccines are still facing major issues
related to short-term and serovar-specific protection, including
concerns on efficacy and safety with the use of inactivated whole-
cell preparation.53,54 Their duration of immunity varied from
less than 2 y to a maximum of 7 y after vaccination, while their
efficacies range from 60% to 100%.7-10,55,56 The side-effects
have been reported to include: mild local reactions such as skin
redness, hard lump, swelling, local pain and itching; systemic
reactions such as fever, headache, fainting, nausea and vomiting;
and serious autoimmune disease like inflation of vascular struc-
ture of the eyes.7,8,10,57 The use of recombinant, lipopolysaccha-
ride and DNA-based vaccines may offer solutions to some of the
limitations of current leptospirosis vaccine 53,54. However, their
applications are still in exploratory and may take years until new
leptospirosis vaccines will be commercially available.

Identification of attributes, questionnaire design
and administration

The attributes and levels used to describe leptospirosis vaccine
were identified through literature review and subsequent discus-
sions with medical professors (n D 2) who specialized in
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leptospirosis vaccine research at Kyushu University, Japan and
public health experts (nD 5) involved in the leptospirosis preven-
tion and control (LEPCON) project in the Philippines. The
attributes identified were efficacy, duration of protection, risk of
side-effects, number of vaccine shots and price. These attribute
levels were selected by considering their relevance to both clinical
and policy viewpoint. Except for price attribute which contained
6 levels, the other 4 attributes contained 3 levels. The combina-
tions of 4 vaccine attributes with 3 levels and one attribute with 6
levels (34 £ 61) resulted in 486 combinations of hypothetical vac-
cine profiles. For practical reasons, a total of 36 hypothetical lep-
tospirosis vaccine profiles were constructed using orthogonal
design obtained from the tables of orthogonal arrays.58 The 36
leptospirosis vaccine profiles were taken as choice sets for vaccina-
tion program A. A fold-over technique with cyclical shifting of
the vaccine profiles in program A was performed to derive vac-
cine profiles for program B.59,60 A no vaccination option was
added to allow respondents to opt-out (Table S1). The 36 choice
sets were divided into 3 questionnaires to minimize non-response
rate due to large number of choice sets. The questionnaire began
with the assessment of the respondents’ socio-demographic pro-
files, and questions about their awareness of leptospirosis. In the
DCE section, the choice sets were presented and the respondents
were asked to select their most preferred alternative. To facilitate
better understanding of the choice scenarios, the questionnaire
was translated in local language, researchers took extra time in
describing the choice attributes, and a separate sheet containing
description of vaccine attributes and levels was displayed as refer-
ence for the respondents (Table S2). All respondents were also
given the opportunity to ask questions and to clarify information
on all aspects of the research. The questionnaire was initially pre-
tested prior to actual survey, which enabled us to check the clarity
and easiness of the choice tasks, improved the description of the
attributes and coherently arranged the socio-demographic ques-
tions. The questionnaire was included as part of the burden of
leptospirosis study of the LEPCON program, which was
approved by the Ethics Committee of the University of the Phil-
ippines-College of Public Health (UP-CPH).

The choice experiment was conducted from August to Octo-
ber 2012 across 30 barangays1 in Metro Manila. These barangays
were sampling sites of the previous burden of leptospirosis study
of UP-CPH, and had an estimated leptospirosis prevalence of
32%.6 The researchers interviewed a total of 342 households con-
sisting of 114 index cases of diagnostically confirmed leptospiro-
sis derived from UP-CPH, and 228 non-leptospirosis cases
randomly selected from neighboring households. The non-lepto-
spirosis case households were selected by skip interval method
using the house location of the leptospirosis case household as
the starting point. The eligible households included those who
did not have any members previously diagnosed with leptospiro-
sis. Within each eligible household, one adult (�18 years old)
respondent was selected using an alphabetical random selection
procedure. All respondents were adequately informed about all

aspects of the research, and gave their informed consent to partic-
ipate in the study.

Analytical framework
The respondents’ preferences for leptospirosis vaccine were

analyzed using Random Parameters Logit (RPL) model to take
in to account heterogeneity and avoid the independence of irrele-
vant alternative (IIA) violation caused by the introduction of the
opt-out (option C) alternative in the choice set.61,62 The random
utility function with random parameters is given by:

Uij DVij C eij � X
0
ij.bC hi/C .Z

0
i’/ASCC eij (1)

where respondent i .iD 1 . . .N/ obtains utility U from choosing
a leptospirosis vaccination program alternative j jDA;B;Cð Þ in
the given choice set. The utility is composed of indirect utility
function V and unobservable error term e. The indirect utility
component V is assumed to be a function of the vector of choice
specific leptospirosis vaccine attributes Xij with the mean coeffi-
cient of coefficients b; and the vector of interaction between the
respondent’s socio-demographic characteristics Zi and alternative
specific constant (ASC) with coefficients ’. Due to preference
heterogeneity, b may vary across respondents in accordance to
stochastic deviation h that captures respondent i preference rela-
tive to the average preference of the population. The probability
of choosing a vaccination program alternative j in the choice set
is derived by specifying the distribution of e and b. The coeffi-
cients are estimated through simulated maximum likelihood
based on n Halton draws from specified distribution. Choice
probabilities are estimated by integrating the joint simulated
distribution.63

In this study, the RPL model is composed of 3 indirect utility
functions related to the 3 leptospirosis vaccination program options.
The indirect utility function for no vaccination option C was set to
zero, while the indirect utility functions for the 2 leptospirosis vacci-
nation programs (A and B) followed a strictly additive form:

V DASCC b1EFFICACY70_80C b2EFFICACY90_100

Cb3PROTECTION7

Cb4PROTECTION10Cb5MODERATERISK

Cb6MILDRISKC b72SHOTS

Cb81SHOTC b9PRICEC ’1AGE � ASC
C’2EDUCATION � ASC
C’3FAMILYSIZE � ASCC’4INCOME � ASC
C’5MALE � ASC
C’3FAMILYSIZE � ASCC’4INCOME � ASC
C’5MALE � ASC
C’6MARKET � ASCC ’7RIVER � ASCC ’8SEWER � ASC
C’9AWARENESS � ASC

(2)

1The term barangay represents the lowest geopolitical subdivision in the Philippines
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where b1 ¡ b9 are coefficients of the vaccine attributes; ’1 ¡ ’9 are
coefficients of the interaction terms between the Alternative Specific
Constant (ASC) and socio-demographic characteristics of the
respondents. Since the DCE includes an opt-out option, the ASC
was equaled to 1 for leptospirosis vaccination program A and B, and
0 for no vaccination option C.62 The interaction terms revealed
which respondents’ characteristics affect the likelihood of accepting
the 2 leptospirosis vaccination programs against the no vaccination
option. All non-monetary vaccine attribute levels were effects coded
(Table S3) to avoid confounding effects with the opt-out option.64

Except for price, all vaccine attributes were set as random parameters
with normal distribution. The price attribute was set as non-random
variable for reasons of identification and stability.61 The distribution
simulations were based on 500 Halton draws using NLOGIT 4
software.62,65 The RPL model for leptospirosis and non-leptospiro-
sis case respondents were separately estimated under the assumption
that the 2 respondents differ in their vaccination preferences. To test
this heterogeneity, the parameter estimates from the separate models
were compared with the pooled model containing the observations
of both case respondents using the log-likelihood (LL) ratio test:66

¡ 2.LLpooled model/¡ .LLLeptospirosis casesC LLNon¡ leptospirosis cases/

(3)

The implicit prices are used to express the marginal willing-
ness to pay for a change in one vaccine attribute level in the
choice set.67 For effects-coded vaccine attribute k with 3 levels
(LD l1; l2; l3), the implicit price for each attribute level of inter-
est was calculated using equation 4: 68,69

Implicit PricekL D ¡ bkL ¡ .¡ bkl1/

bp

(4)

where bkL is coefficient of the attribute level of interest; bp is the
coefficient of price attribute; and bkl1 is the coefficient of the base
attribute levels, which is equivalent to the negative sum of the
coefficients of the other 2 levels (l2; l3) in the model.20,70 The
base levels included the following attributes: efficacy of 50–60%,
protection of 2 years, serious risk of side-effects, and 3-shot vac-
cine. The 95% confidence intervals for the implicit prices were
estimated using the delta method implemented from the Wald
command in NLOGIT. The implicit price estimates may also
represent a rescaled coefficient which can be used for model

comparison across treatments.64 Hence, the differences on the
implicit price estimates between leptospirosis and non-leptospi-
rosis case respondents were assessed using t-test statistics at 5%
level of significance.

Respondents’ willingness to pay (WTP) for combined features
of leptospirosis vaccine attributes can be estimated using the
compensating surplus model. The compensating surplus shows
the change in income that would make a respondent indifferent
between the base-case and subsequent alternative scenarios with
specified combination of vaccine attributes. Estimates of com-
pensating surplus (CS) were calculated using equation 5: 70

CSD ¡ 1

bm

.Vo ¡V1/ (5)

where bm is the marginal utility of income assumed to be equal to
the coefficient of the price attribute; Vo represents the utility of
the base-case scenario; and V1 represents the utility of an alterna-
tive vaccine scenario.
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54. Wang Z, Jin L, Węgrzyn A. Leptospirosis vaccines.
Microb Cell Fact 2007; 6:39; PMID:18072968; http://
dx.doi.org/10.1186/1475-2859-6-39

55. Fern�andez LAR, Santiesteban NB, Arencibia DF, Arre-
bola BYVA, Toru~no WJ, Duttman C. Efficacy of Lep-
tospiral vaccine (vax-SPIRAL) against challenge with
strains isolated from leptospirosis epidemic in Nicara-
gua using the hamster as biomodel. Veter World 2012;
5:5-12; http://dx.doi.org/10.5455/vetworld.2012.5-12

56. Chen T. Development and present status of a lepto-
spiral vaccine and the technology of vaccine produc-
tion in China. Nihon Saikingaku Zasshi 1985;
40:755-62; PMID:3903244; http://dx.doi.org/
10.3412/jsb.40.755

www.taylorandfrancis.com 1055Human Vaccines & Immunotherapeutics

http://www.philhealth.gov.ph/circulars/2012/circ40_2012.pdf
http://www.philhealth.gov.ph/circulars/2012/circ40_2012.pdf


57. Rathinam S. Ocular leptospirosis. Curr Opin Ophthal-
mol 2002; 13:381-6; PMID:12441841; http://dx.doi.
org/10.1097/00055735-200212000-00007

58. Taguchi G. Tables of orthogonal arrays and linear
graphs. Tokyo: Maruzen; 1962.

59. Street DJ, Burgess L, Louviere JJ. Quick and easy
choice sets: constructing optimal and nearly optimal
stated choice experiments. Int J Res Market 2005;
22:459-70; http://dx.doi.org/10.1016/j.ijresmar.2005.
09.003

60. Louviere JJ, Hensher DA, Swait JD. Stated choice
methods: analysis and applications. Cambridge Univer-
sity Press; 2000; 402.

61. Revelt D, Train K. Mixed logit with repeated choices:
households’ choices of appliance efficiency level. Rev
Econ Stat 1998; 80:647-57; http://dx.doi.org/10.1162/
003465398557735

62. Kontoleon A, Yabe M. Assessing the impacts of alterna-
tive’Opt-out’formats in choice experiment studies: con-
sumer preferences for genetically modified content and
production information in food. J Agri Policy Res
(Japan) 2003:1-43

63. Train KE. Recreation demand models with taste differ-
ences over people. Land Econ 1998:230-39; http://dx.
doi.org/10.2307/3147053

64. Olynk NJ, Tonsor GT, Wolf CA. Consumer willing-
ness to pay for livestock credence attribute claim verifi-
cation. J Agri Res Econo 2010:261-80

65. ESI. NLOGIT-4. New York ,USA: Econometric Soft-
ware, Inc; 2007.

66. Swait J, Louviere J. The role of the scale parameter in
the estimation and comparison of multinomial logit
models. J Market Res 1993:305-14; http://dx.doi.org/
10.2307/3172883

67. Morrison M, Bennett J, Blamey R. Valuing improved
wetland quality using choice modeling. Water Reso Res
1999; 35:2805-14; http://dx.doi.org/10.1029/
1999WR900020

68. Phillips KA, Maddala T, Johnson FR. Measuring pref-
erences for health care interventions using conjoint
analysis: an application to HIV testing. Health Serv Res
2002; 37:1681-705; PMID:12546292; http://dx.doi.
org/10.1111/1475-6773.01115

69. Scott A, Witt J, Humphreys J, Joyce C, Kalb G, Jeon S-
H, McGrail M. Melbourne Institute Working Paper
Series. 2012.

70. Boxall PC, Adamowicz WL, Swait J, Williams M, Lou-
viere J. A comparison of stated preference methods for
environmental valuation. Ecol Econo 1996; 18:243-53;
http://dx.doi.org/10.1016/0921-8009(96)00039-0

1056 Volume 11 Issue 4Human Vaccines & Immunotherapeutics


