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Abstract

Objectives To examine what factors, if any, could

account for caste/ethnic disparities in vaccine utilization

between upper caste and indigenous, and upper caste and

low caste (Dalit) groups in Nepal.

Methods Using the Institute of Medicine (IOM) approach

to calculate disparity, we estimate the disparity between

upper caste and indigenous, and between upper caste and

Dalit 0- to 5-year-old children in Nepal. Then we use

Fairlie’s non-linear regression-based decomposition tech-

nique to account for those disparities in immunization.

Results Using nationally representative data (the Nepal

Living Standard Survey II and III), we construct a pooled

cross-sectional series and calculate the disparity between

upper caste and indigenous (8.047 %), and between upper

caste and Dalit (7.215 %). Both of these comparisons are

significant at less than 1 % significance level. Decompo-

sition results show that a major portion of the disparity can

be attributed to the difference in access to immunization

services, followed by differences in household income and

parental education.

Conclusions Nepal’s national vaccine programs should

increase focus on reaching geographically distant

populations, and continue to develop vaccination-related

education efforts.

Keywords Vaccines � Immunization � Nepal �
Disparities � Access to health facility � Caste ethnicity

Introduction

The United Nations’ Millennium Development Goal 4

addresses child mortality as a major indicator of health and

development, revealing much about a nation’s health ser-

vices and related social and economic factors. Currently, an

estimated 8.1 million children die each year before age five,

and approximately 99 % of these childhood deaths occur in

low-income and middle-income countries (CDC 2011).

Expanded vaccination coverage has been one of the

most cost-effective ways to contain and lower the number

of child deaths annually (WHO and UNICEF 2005). The

cost for the basic six childhood vaccines is estimated to be

less than one dollar (Gauri and Khaleghian 2002). With the

realization of those benefits, the World Health Organiza-

tion initiated its extended program on immunization (EPI)

in 1974, which quickly gained acceptance in public health

programs around the world.

In the first decade of the twenty-first century, an esti-

mated 2.5 million child deaths were prevented each year

through the use of measles, polio, and diphtheria–tetanus–

pertussis vaccine. Expanded coverage with the measles

vaccine resulted in a 78 % decline in measles mortality

from 2000 to 2008, averting an estimated 12.7 million

deaths worldwide (Centers for Disease Control 2011).

Polio cases have decreased by over 99 % since 1988, from

an estimated 350,000 cases then, to 416 reported cases in

2013 (WHO 2014).
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Vaccines not only save lives, but also make ancillary

long-term contributions to a nation’s robustness. Improved

health through vaccines contributes to economic growth in

four ways: (1) they reduce production losses caused by

worker illness; (2) they improve utilization of natural

resources; (3) they increase the child enrollment numbers

in schools; and (4) they liberate resources for other needs

(household and national) that would otherwise be spent on

treating illness (WDR 1993).

Nepal initiated an immunization program in 1977 after

realizing the success of its pilot smallpox vaccination

program, launched in 1967 (Acharya 2000). In 1979, Nepal

piloted the expanded program on immunization (EPI) in

three districts (Bara, Kaski, and Bhaktapur) to control

vaccine preventable diseases (VPDs) with two antigens

(BCG and DPT). By 1989 that program had been expanded

to six antigens available in all 75 districts in the country.

Presently, Nepal’s national immunization program (NIP)

provides the recommended antigens for seven VPDs: DPT

(diphtheria), pertussis (whooping cough), tetanus, polio,

Hepatitis B, BCG (tuberculosis), measles.

The Nepali government provides basic health services

through 89 hospitals, 186 primary healthcare centers

(PHC), 697 health posts (HP), and 3429 sub-health posts

(SHP). The NIP operates about 15,000 immunization static,

outreach, or mobile clinics per month (MOH [Nepal]

2007). Due to this work, Nepal has had remarkable success

in improving under-five and infant mortality. However,

neonatal mortality has been stagnant at 33/1000 live births

since 2006, and accounts for 54 % of under-five mortality.

A majority of neonatal deaths caused by infection can be

prevented with the appropriate vaccine program. But even

with the full effort of the government and multilateral

donors, utilization of vaccines in Nepal hovers around

87 % and the immunization rate varies across the different

caste-ethnic groups.

This last point is particularly important because Nepal is

still regrouping from the strife of a decade-long conflict with

Maoist rebels who built up considerable support by rallying

low caste and indigenous groups on the basis of historical

discriminations that today manifest as lived inequality.

Understanding these disparities (such as vaccination rates)

and addressing them with better-informed policy (as we

propose to do) can not only improve public health, but also

contribute to longer-term concerns about peace and stability

in Nepal. Thus, we want to explore the factors that influence

the utilization of vaccine for under-five children in Nepal.

And because of the historical inequalities that persist along

caste/ethnic lines (Pandey et al. 2013), we believe this is an

appropriate starting distinction for our study. Accordingly,

we set out guided by two questions: (1) is there a disparity in

vaccine utilization based on caste or ethnicity, and (2) if yes,

what factors contribute to that disparity?

Methods

Data and sample

We use the two rounds of the Nepal Living Standard

Survey (NLSS II and III) and construct a pooled cross-

sectional series of individual and household level charac-

teristics. The NLSS is a nationally representative survey of

the Nepalese civilian non-institutionalized population. It

compiles data on many dimensions of household well-be-

ing including consumption, income, savings, employment,

health, immunization, education, fertility, nutrition, hous-

ing, and migration.

Dependent and independent variables

Our dependent variable (Yi) of interest is a child’s immu-

nization against seven fatal diseases. A child who received

three DPT vaccines, three polio vaccines, three Hepatitis B

vaccines, a BCG vaccine and a measles vaccine is regarded

as ‘fully immunized’ (Yi = 1). In contrast, a child who

received any of these vaccines but not all of them is defined

as ‘partially immunized’ (Yi = 0). Thus, our dependent

variable is binary and takes the values 0 and 1.

We estimate the vaccine demand model, using the

conceptual framework of Abebaw (2014), as drawn from

Grossman (1972), which was applied in an Ethiopian

context, one of the least developed countries in the world.

Even though in most developing countries the actual

immunization uptake (demand) depends on a parent’s

comparison of perceived cost and benefits of immunization

(Abebaw 2014), in Nepal this factor should not matter as

immunization services are freely available through the

country’s public health system. However, there are

opportunity costs associated with the vaccination process.

These include travel cost, potential income forgone during

travel, and the waiting times for vaccination (Pande and

Yazbeck 2003). On the other hand, the health benefits of

immunization are widely documented in the biomedical

literature.

Immunization is also determined by a host of non-price

related factors (Borooah 2004; Kiros and White 2004; Lee

2005; Pande 2003). These include socio-economic factors

such as household income, parental education, access to

media and information, geographic location factors such as

rural v. urban and the ecological zones (e.g., mountains v.

plains) of child’s household, distance to the nearest health

facility, and various demographic factors such as age, sex,

caste and ethnicity. Because we are studying the causes of

caste/ethnic disparities (not the disparity over the time

period) using pooled cross-sectional data, we control for

time heterogeneity by introducing a time dummy. For this

study, we classify age and sex as a need-related-variable
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and the other independent variables as non-need-related

variables. This classification is used later to build the IOM

definition of disparity in the utilization of vaccine in Nepal.

Estimation of vaccine demand function

As the dependent variable takes the binary values

(1 = fully immunized; 0 = not fully immunized), we can

use the linear probability model (LPM) or a logit/probit

model to estimate the vaccine demand function. Because

the estimated probabilities using LPM for the demand for

vaccine violates the assumption: 0 B P(Y|X = 1) B 1, we

remain with the probit model. The probit model can be

specified as follows:

P Yi ¼ 1ð Þ ¼ / aþ Xijbj þ ld þ ei
� �

; ð1Þ

where Yi is a binary variable showing the immunization

status of child; i, Xi is a set of explanatory variables

described in the previous section, and ld is the time fixed

effect unique to a particular year that captures the time-

invariant differences across the survey years. a and bj are

regression parameters to be estimated. Finally, ei is the

error term that captures the impact of all other unobserved

variables that vary across individuals, villages, and dis-

tricts. / is the standard normal cumulative distribution.

One of the explanatory variables in Eq. (1) is access

abbreviated as ACS and hereafter a continuous variable

measured in hours. Even though the distance measured in

terms of kilometers or miles is the standard measures,

because that is not reported in NLSS II, we use access to

measure the time in hours for an individual to reach the

nearest health facility from his or her home to the nearest

health facility. Even though this variable is endogenous

(Kumar et al. 2014) for two reasons, we use probit for the

estimation (for details see Wagstaff et al. 2003).

Disparity and decomposition

For this study we consider the children aged between

0–5 years. After deleting the missing information about the

dependent variable, we have a sample of 6627. We divided

the sample (N = 6,627) into three groups based on caste

and ethnicity.

We begin our study by examining unadjusted estimates

of vaccine use for each group (Table 1). We then examine

the caste/ethnic disparities in vaccine use, applying the

IOM definition of disparity (IOM 2002): the difference in

treatment or access not justified by the differences in health

status or preferences of the groups (as qtd. in McGuire

et al. 2006). Finally, we employ non-linear regression-

based decomposition methods (Blinder 1973; Fairlie 1999,

2005; and Oaxaca 1973) to explain the factors contributing

to IOM disparity. For implementing the IOM definition of

disparity, we use the following four-step method for cal-

culating disparity as described by McGuire et al. (2006)

and Cook et al. (2007).

1. We fit the probit regressions stated in Eq. (1) to each

group.

2. We transform the distribution of need-related variables

for groups II and III to be the same as the distribution

among group I (upper caste), while leaving the non-

need-related variables unchanged. A ‘‘rank-and-re-

place’’ algorithm is used to make these transformations

(McGuire et al. 2006 and Cook et al. 2007), thereby

replicating the entire shape of the Group I’s need-

related distribution.

3. We use the fitted probit regressions to calculate

predicted values for use for each group, conditional

on their transformed values for need-related variables,

and their actual values for non-need-related variables

defined above.

4. We average these predictions by group, and calculate a

disparity as the difference between the hypothetical

value for the indigenous and Dalit groups and the

average value for the upper caste group.

After estimating these disparities, we use Fairlie’s non-

linear regression decomposition (RD) method to differen-

tiate between the portions of the IOM disparity

attributable to differences in the measured characteristics

of the two groups being compared (e.g., due to differences

in parental education or distance to the nearest health care

facility), and the portion attributable to difference in the

‘‘effects’’ of those characteristics as measured by their

regression coefficients in the models estimated for each

subpopulation. Details of the decomposition are provided

in Appendix 1.

Results

Table 2 reports the population characteristics of upper

caste, indigenous, and Dalit children aged 0–5 years in a

pooled cross-sectional sample drawn from NLSS II and III,

and reveals the differences across groups. The NLSS II and

III were conducted in 2003/2004 and 2010/2011,

respectively.

Initially, we see the average rate of utilization of vaccine

is 70.5 % in upper caste, almost 7 % higher than both the

indigenous and Dalit groups. Those differences are statis-

tically significant at less than 1 % significant level. Several

other notable differences among groups can be observed in

Table 2. The average income (in natural log) for upper

caste is 11.598, which is higher than for indigenous and

Dalit groups. The differences in income in both cases are

significant at less than 1 % significant level. Even though a
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large number of parents in all caste/ethnic groups are

illiterate in Nepal, the parental education measured in

terms of highest years of schooling completed by either of

their parents is significantly higher for the upper caste.

However, when looking at time to nearest health facility,

upper caste families have further to travel than indigenous

and Dalit families. When comparing urban and rural resi-

dency, 23.5 % of upper caste children live in cities

compared to just 19 and 17 % of indigenous and Dalit

children, respectively. The average family size in the upper

caste is 6.245, which is almost one less person per family

than the other groups. That difference is also significant at

less than 1 % significance level.

Table 3 reports first step in revealing of utilization of

vaccines, classified by caste/ethnic group in Nepal. The

second column of the Table 3 reports the percentage of

children in each group who are fully immunized. Based on

that unadjusted measure of utilization, the differences in

vaccine use between the upper caste and indigenous is

7.022 % and between the upper caste and Dalit is 6.452 %.

Both of these figures are significant to less than 1 % sig-

nificance level.

The differences reported in Table 3 are the first step in

revealing the disparities in utilization of vaccines between

the upper caste and the two subpopulations. Obviously, a

question might be what are those disparities and how are

those disparities different from differences? Table 4

answers those questions using the IOM definition of dis-

parity (Institute of Medicine 2002). Supplemental digital

content for probit regressions used to derive the results in

Table 4 are reported in Appendix 1.

The IOM disparity in utilization of vaccines (reported in

Table 4) is slightly higher between the indigenous and

upper caste, and higher between Dalit and upper caste

when compared with the simple differences in utilization

reported in Table 3 above. The first panel of Table 4

reports the predicted percentage of vaccine utilization

separately for each of our study groups. The predicted

percentage of utilization of vaccine for the upper caste is

70.622 %. When assigned the need-related characteristics

of the upper caste, the predicted percentage of vaccine

utilization is 62.575 % for the indigenous and 63.407 % for

Dalit. Thus, the IOM disparity between upper caste and

indigenous is 8.047 % (70.622–62.575), and 7.215 %

between upper caste and Dalit (70.622–63.407).

So, what underlying factors might explain these patterns

of utilizations? We answer this question using a non-linear

regression-based decomposition technique discussed in the

methods section. Table 5 reports the decomposition results

for the indigenous and Dalit groups. The total IOM dis-

parity for each group is reported in the first row of the

table. The next two rows decompose the disparity into two

Table 1 Study groups

Description of population Number of children

I. Upper caste Brahmin, Chhetri, Newar, and Madwari; historically privileged groups in Hindu hierarchy 1901

II. Indigenous Fifty-five indigenous groups in Nepal; excluded from Hindu hierarchy (NEFIN 2015) 3088

III. Dalit The low caste or untouchable classes, historically subject

to discrimination that have resulted in present-day inequalities

1638

Table 2 Characteristics of children aged 0–5 years in Nepal

Variables list Description of variables Upper caste Indigenous group Dalit

p_use: Dependent variable. The probability of vaccine use 0.705 0.637*** 0.638***

ln_inc: Natural logarithm of household income 11.598 11.389*** 11.215***

e_par: Parental education 0.216 0.103*** 0.122***

dist: Measured in terms of travel time to the nearest health center in hours 3.825 2.131*** 2.402***

ur_ru: Urban versus rural location of household 0.235 0.198*** 0.178***

age: Age of child 2.492 2.621*** 2.599***

age:2 Square of age 9.155 9.783** 9.614***

sex: Sex of child 0.547 0.521* 0.528

moc: If the household has access to the medium or means of communication 0.395 0.344*** 0.339***

hh_size: Size of the household 6.245 7.292*** 7.116***

The probability of vaccine use is the dependent variable of our model. Other variables listed are the explanatory variables in the estimated probit

model for upper caste, indigenous, and Dalit using the NLSS survey II and III for the 0–5 years age group

Source: calculated by authors, 2015

***, **, * Significantly different from upper caste at a = 0.01, 0.05, and 0.1 levels, respectively
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components: (1) disparity attributable to the difference in

coefficients across models for utilization; and (2) disparity

attributable to difference in measurable characteristics of

the groups after the indigenous and Dalit groups are

assigned distribution of need-related variables comparable

with those of the upper caste. The second component is

further decomposed into parts due to difference in the

distribution of explanatory variables such as natural logs of

household income, parental education, distance to the

nearest health center, urban versus rural location of the

household, age of child, sex of child, access to the means of

communication, size of the household, and the regional

dummy.

For both indigenous and Dalit groups, the observed

disparities in the utilization of vaccine are due more to the

differences in the coefficient across the model, rather than

differences in the measurable characteristics. Even though

the differences in measurable characteristics such as par-

ental education and household income explain the observed

disparities in the utilization of vaccine is less, we decom-

pose this component further into the determinants of

vaccine demand function and reports the results at the

second panel of Table 5.

Much of the disparity in vaccine utilization between the

indigenous and upper caste groups can be explained by

geographic differences, factors such as urban versus rural

location of household, region type (hilly or mountainous),

and the distance to the nearest health facility. These dif-

ferences suggest that future vaccination efforts should be

mindful of how they extend into the further reaches of the

country. A second key factor explaining the disparities

would be socio-economic characteristics such as household

income, parental education, and access to media. When we

compare the decomposition results of the Dalit and upper

caste groups, there is little difference from the differences

between the indigenous and upper caste groups.

Discussion

In this section, we present five points that warrant further

elaboration regarding the disparities in the utilization of

vaccines that persist between the upper caste and the

indigenous and Dalit groups.

First, the disparity between the indigenous and upper

caste groups (8.047 %) is slightly higher than the differences

between the Dalit and upper caste groups (7.215 %), and is

significant to less than 1 % (diff. = 0.832 %) significance

level. This is largely because the distribution of indigenous

households in Nepal is clustered in the mountains and hills

and largely isolated from the settlements of the upper caste.

That isolation inhibits the potential for peer and neighbor-

hood effects regarding vaccine use. Compounding the

isolation effect, indigenous parents have a lower level of

education than upper caste parents, and may be less aware,

through schooling, of the potential health benefits.

Second, for the indigenous and Dalit, the observed dis-

parities in the utilization of vaccine is due more to the

differences in the coefficient across the model, rather than

to differences in the measurable characteristics. Thus, the

disparity between groups might be due to the lack of

understanding the health benefits of immunization among

indigenous and Dalit parents.

Third, the disparity in vaccine utilization between the

groups is driven by three major factors: (1) urban versus

rural location of households, (2) regional location of

Table 3 Unadjusted measure of vaccine utilization and difference

between indigenous group and upper caste, and between Dalit and

upper caste in Nepal

Unadjusted differences Percentage of children with

full utilization of vaccine

Upper caste 70.622 % (1343 of 1901)

Indigenous 63.60 % (1964 of 3088)

Dalit 64.17 % (1051 of 1638)

Sample total 6627

Difference in full utilization of vaccine

Upper caste vs. indigenous 7.022 %***

Upper caste vs. Dalit 6.452 %***

Estimates are for children, aged 0–5 years, and are based on data from

NLSS II and III survey data. The numbers in the parentheses are the

number of individuals in the sample on which estimates are based

Source: calculated by authors, 2015

*** Significantly different from the estimate for upper caste at

a = 0.01 level

Table 4 Adjusted measure of vaccine utilization and difference

between indigenous and upper caste, and between Dalit and upper

caste

Unadjusted differences Percentage of children with

full utilization of vaccine

Upper caste 70.622 % (1343 of 1901)

Indigenous 62.575 % (1932 of 3088)

Dalit 63.407 % (1039 of 1638)

Sample total 6,627

Difference in full utilization of vaccine

Upper caste vs. indigenous 8.047 %***

Upper caste vs. Dalit 7.215 %***

Estimates are for children, aged 0–5 years, and are based on data from

NLSS II and III survey data. The numbers in the parentheses are the

number of individuals in the sample on which estimates are based

Source: calculated by authors, 2015

*** Significantly different from the estimate for upper caste at

a = 0.01 level
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household (e.g., mountains), and (3) the distance to the

nearest health facility measured in terms of hours traveled.

Broadly, this would indicate that vaccine services are

limited in the furthest reaches of Nepal. However, this

point is complicated when we look at Table 2, which

indicates that the difference in reported travel times

between indigenous and Dalit groups compared with the

upper caste was significant at 1 % significance level. We

can explain this discrepancy when we note that a signifi-

cantly higher number of upper caste group children live in

urban areas compared to the mountain and hill regions.

Thus, the more focused and enhanced access to vaccines in

rural villages and mountain villages serving indigenous and

Dalit groups may help explain this disparity.

Fourth, even though vaccines are available for no charge,

the contribution of differences in household income to the

disparity is significant in both cases. This might be due to the

higher opportunity cost for indigenous and Dalit adults tak-

ing the time off work to take their children for vaccination.

We conclude this because 54.66 % of indigenous and

58.24 % of Dalit are below poverty line compared to

41.24 % of upper caste households below the poverty line.

Fifth, unlike household income, the difference in par-

ental education is highly significant to explain the disparity

between the indigenous and upper caste utilization of

vaccines, but not for the disparity between Dalit and upper

caste. We explicate this complication by looking at the size

of land holdings, where Dalit are far behind both the upper

caste and the indigenous group. Dalit households average

land holding is 0.2135 hectares compared to the average

upper caste holding if 0.284 hectares. Furthermore, Dalit

land more often tends to be pakho land (unirrigated)

compared to upper caste holdings which tend to be clus-

tered along river banks and water sources. Thus, the

absolute poverty among Dalits is higher compared to upper

caste households. To make ends meet, many Dalit women

are employed as wage laborers, oftentimes by upper caste

families. Thus we suggest there may be a peer effect that

informs Dalit while working for upper caste families. A

secondary explanation takes into account that Dalit

households tend to be groups within settlement patterns

close to upper caste families, as many upper caste families

rely on Dalit labor for household work. This suggests a

neighborhood effect as well.

Conclusion

Significant disparity exists between indigenous and upper

caste groups, and between Dalit and upper caste groups

Table 5 Nonlinear regression decomposition of Institute of Medicine (IOM) disparities in vaccine utilization between indigenous and upper

caste and between Dalit and upper caste in Nepal

Indigenous group v. upper caste Dalit v. upper caste

Total disparity 8.047 7.215

Portion due to differences in coefficients across models 9.637 9.602

Portion due to differences in the measurable characteristics of groups -1.590 -2.383

Contribution of specific characteristics to the total disparity

Natural logarithm of household income 0.522* 0.751*

Parental education 0.283* 0.060

Distance to the nearest health facility -0.500* -0.318*

Urban versus rural location of household 0.14* 0.034

Age of child -1.036 -1.821**

Square of age -0.133 0.246

Sex of child -0.017 -0.030

Access to the medium or means of communication -0.006 -0.006

Size of the household 0.400 0.257

Time 0.172 0.030

Region -1.415* -1.587*

(1) Estimates of the total disparity in row 1 are taken from the bottom panel of Table 4. The total disparity equals the portion due to differences in

coefficients across models for different subpopulations plus the portion due to differences in the measurable characteristics of subpopulations. (2)

The portion of the total disparity due to differences in the measurable characteristics of subpopulation equals the sum of the contribution of

specific characteristics. Thus, the entry of 0.522 on the row of ‘‘natural logarithm of household income’’ means that differences in the natural

logarithm of household income between indigenous and upper caste contribute 0.522 towards the total disparity (of 8.047) in utilization of

vaccines between these groups

Source: calculated by authors, 2015

*, **, *** Statistically different from 0 at a = 0.10, 0.05, and 0.01, respectively
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regarding the vaccination of children. A majority of the

disparity in vaccine utilization is explained by the differ-

ences in geographic factors such as urban versus rural

location of households, the regional location of households

(e.g., mountainous), and the distance to the nearest health

facility. Household income also explains a significant por-

tion of disparity in both cases. Parental education

significantly contributes to the disparity between indigenous

and upper caste groups; however, the magnitude of contri-

bution is very small. In case of the disparity between Dalit

and upper caste, the contribution of parental education is

insignificant and the magnitude of contribution is nominal.

As access to immunization services explains the

majority of the disparity between Dalits and upper caste

and between indigenous and upper caste, Nepal addresses

this problem by reducing the differences in access, a

problem that plagues many countries (Mahoney et al. 2007;

Okeibunor et al. 2013). As poverty in Nepal is highly

correlated with the quantity of the land holding and its

productivity (Devkota et al. 2013), improvements in agri-

cultural productivity could help alleviate poverty and, in

doing so, perhaps enhance the utilization of immunization

service. Both of those policies help to materialize the

objective of 100 % immunization in the country.
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