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Patterns in Wealth-related Inequalities in 86 Low-

and Middle-Income Countries: Global Evidence on

the Emergence of Vaccine Hesitancy
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Aluísio J.D. Barros, PhD, Cesar G. Victora, MD
Introduction: Coverage of health interventions usually shows social gradients with higher levels
among wealthy than among poor individuals. Owing to the upsurge of vaccine hesitancy in high-
income countries, the authors hypothesized that the social gradient may also be changing over time
in the low- and middle-income countries and set out to test this hypothesis.

Methods: In January 2020, surveys conducted from 2010 to 2018 in 86 low- and middle-income
countries were analyzed to assess full immunization coverage in children aged 12−23 months. The
authors calculated full immunization coverage point estimates and 95% CIs for each country and
wealth quintile. To explore wealth-related inequalities, the authors estimated the slope index of
inequality and calculated the Pearson correlation coefficient between these values and per capita
gross domestic product. Time trends were analyzed in 10 countries with recent evidence of
hesitancy.

Results: Pro-poor patterns were defined as significant slope index of inequality values with higher
coverage among poor children, and pro-rich patterns were defined as the reverse pattern. A total of
11 countries showed pro-poor patterns in the most recent survey, accounting for 20% of upper mid-
dle− and 7% of low-income countries. The correlation between the slope index of inequality and
log per capita gross domestic product was �0.38 (p<0.001). Among the 10 countries with recent
evidence of hesitancy, 5 showed full immunization coverage declines over time in the wealthiest
quintiles, and 4 switched from pro-rich to pro-poor patterns throughout the years.

Conclusions: Lower full immunization coverage was found among the wealthy than among the
poor in 10 countries, especially in the upper middle−income group, consistent with the emergence
of vaccine hesitancy.

Supplement information: This article is part of a supplement entitled Global Vaccination
Equity, which is sponsored by the Global Institute for Vaccine Equity at the University of Michigan
School of Public Health.
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Vaccine hesitancy refers to delay in acceptance or
refusal of vaccination despite availability of vaccina-
tion services. Vaccine hesitancy is complex and con-
text specific, varying across time, place and vaccines.
It is influenced by factors such as complacency, con-
venience and confidence.2

Although not a recent phenomenon, vaccine hesi-
tancy is garnering attention notably because it is spread-
ing rapidly through social media.3

Great progress has been achieved in vaccinating chil-
dren against target diseases. Currently, 85% of children
in the world have received the 8 doses of recom-
mended vaccines by WHO: 1 dose each of bacille
Calmette−Gu�erin (BCG) and measles-containing vac-
cines (MCVs) and 3 doses each of diphtheria−pertussis
−tetanus (DPT) and polio vaccines.4,5 Nevertheless, the
coverage of these recommended vaccines has remained
stable since 2010 and in many countries at levels that
are below the goal of 90% established by WHO.5

Suboptimal vaccination coverage may be due to poorly
structured health systems that do not achieve efficient dis-
tribution and administration of vaccines. This may affect
children from poor families more than it affects the weal-
thy ones, explaining the prevailing inequality pattern of
higher vaccination coverage among children from wealthy
families—referred to as pro-rich patterns.6,7

However, in the face of increasing loss of public confi-
dence in vaccination plus the rising attention given to
anti-vaccination movements, a second reason for subop-
timal coverage has emerged: parents intentionally refuse
to vaccinate their children, even where vaccines are
available and affordable.1,8−10 There is growing evidence
that vaccine-hesitant groups may be geographically clus-
tered or characterized by social conditions such as high
educational level and socioeconomic position.2,11,12

Vaccine hesitancy is a well-known phenomenon in
high-income countries. Thus, the authors hypothesize
that it might also be detected in low- and middle-income
countries (LMICs), especially in the latter. This study
analyzes whether the classic pro-rich pattern of vaccina-
tion coverage changed over time in LMICs. This study
has 2 main objectives: (1) to analyze the current status of
inequalities by wealth on immunization coverage and
(2) to verify the trends in the immunization coverage in
both the poorest and wealthiest groups.
METHODS

Study Sample
The authors analyzed nationally representative data sets from the
Demographic and Health Surveys (DHS) and the Multiple Indicator
Cluster Surveys (MICS). Both DHS and MICS are cross-sectional
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surveys that use standardized and comparable questionnaires.13 The
institutions that administered the surveys at the national level were
responsible for ethical clearance.

This analysis used data from the most recent survey carried out
between 2010 and 2018 in LMICs with available data on BCG,
DPT, polio, and MCV vaccinations and on wealth index, for all
countries with such surveys.
Measures
The main outcome was full immunization coverage (FIC), defined
as the percentage of children aged 12−23 months (or 15−26 or 18
−29 months depending on the vaccination calendar of the coun-
try) who received 1 dose each of BCG and MCV and 3 doses each
of vaccines against DPT and polio, excluding the polio dose given
at birth. This information was collected from vaccination cards or
the mother’s report if a card was not available. Children without
information from either a card or maternal report were excluded
from the analyses.

To explore inequalities, socioeconomic position was assessed
through the household wealth index, which is calculated by the
DHS and MICS teams and included in the survey data sets. The
index is based on principal component analysis from variables
describing ownership of household assets such as TVs and refrig-
erators; building characteristics such as materials used for the
walls, floors, and roofs; water supply and sanitary facility; and var-
iables related to economic status.14,15 A total of 2 separate analyses
were conducted for urban and rural households to account for dif-
ferences in assets and their importance, and they were later com-
bined into a single score.16 This score was then divided into 5
groups of equal population size (quintiles). The first quintile
included the households with the poorest 20% of the population,
and the fifth quintile included the wealthiest 20% of the sample.

To summarize wealth-related inequalities, the slope index of
inequality (SII) was calculated with logistic regression, using
information from the whole distribution of coverage by wealth.
The index represents the absolute difference in coverage between
the fitted values at the extremes of the wealth distribution.17 It is
expressed on a scale from �100 to +100 percentage points; nega-
tive values represent a pro-poor inequality pattern, that is, higher
coverage among the poorest, and positive values indicate pro-rich
patterns. Zero values represent the absence of inequality.

In addition, the authors gathered information on per capita
gross domestic product (GDP) (purchasing power parity, constant
2011 international dollars) and income level from the World Bank
Open Data repository.18 This study considered the income level in
2014, the median year of surveys in the analysis.

Among the countries included in the cross-sectional analyses,
the 10 countries with significant pro-poor inequality patterns (i.e.,
negative SII values in the most recent survey since 2010) were
selected, which also had ≥1 other survey carried out between 2000
and 2009 to assess time trends.
Statistical Analysis
Analyses were conducted in January 2020 using Stata, version 16,
and R, version 3.6.1. The databases were harmonized by the Inter-
national Center for Equity in Health, and results were checked for
consistency against the published national survey reports.19 The



Figure 1. FIC stratified by wealth quintiles and corresponding SII for 86 countries according to income groups.
Note: Pro-rich values of SII (yellow font) indicate higher coverage among the wealthy, whereas pro-poor values (blue font) indicate higher coverage
among the poor. Statistical significance was ascertained with 95% CIs.
Afr., African; DR, Democratic Republic; FIC, full immunization coverage; Q, quintile; Rep., Republic; SII, slope index of inequality.
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analyses accounted for the multistage survey design, including
sampling weights.

In accordance with the World Bank national income level clas-
sifications, countries were separated into 3 groups: low, lower
middle, and upper middle income. Point estimates and 95% CIs
of FIC were calculated for each country and wealth quintile. Pear-
son correlation coefficients between SII and per log capita GDP
were calculated using countries as the units. In addition, the
median coverage and IQRs for each of the 4 vaccines were calcu-
lated for each country's income group level.

For the time trend analyses, FIC was estimated by quintile on
the basis of all the surveys available from each country. Using this
information, the authors estimated the SII for each survey and
performed variance-weighted least squares regression to estimate
annual changes in FIC by quintile. Pro-rich coverage patterns
were identified when the SII was positive and its 95% CI did not
include the value of 0. Conversely, pro-poor patterns were charac-
terized by a negative SII, also with a CI that did not include 0.
Graphical presentation of the time trends allowed the comparison
of inequality patterns in the earliest and most recent surveys in
the 10 countries.
RESULTS

The authors analyzed data for 199,702 children from 86
countries, encompassing 62.8% of all LMICs. These
countries account for 82.4% of the world’s low-income
countries (28 of 34 countries), 70.2% of all lower middle
−income countries (33 of 47 countries), and 44.6% of all
upper middle−income countries (25 of 56 countries).
Other LMICs could not be included because DHS or
MICS surveys with information on wealth were not
available.
The median values of FIC at the national level were

61.8% (IQR=44.0�76.4), 70.0% (IQR=62.3�80.8),
and 70.8% (IQR=62.0�85.0) in low-, lower middle−,
and upper middle−income countries, respectively.
The median coverage levels with vaccines that are part
of the FIC definition, stratified by country income
level, are presented in Appendix Table 1 (available
online).
www.ajpmonline.org



Figure 2. Scatter diagram of the SII for FIC and per capita GDP in 86 countries and box plot by country income groups.
Note: Logistic regression line and its 95% CI interval are in shaded gray.
FIC, full immunization coverage; GDP, gross domestic product; SII, slope index of inequality; AFG, Afghanistan; AGO, Angola; ARM, Armenia; BDI, Bur-
undi; BEN, Benin; BFA, Burkina Faso; BGD, Bangladesh; BIH, Bosnia and Herzegovina; BLZ, Belize; CAF, Central African Republic; CIV, Cote d’Ivoire;
CMR, Cameroon; COD, Democratic Republic of the Congo; COG, Congo Brazzaville; COM, Comoros; CRI, Costa Rica; DOM, Dominican Republic; DZA,
Algeria; ECU, Ecuador; EGY, Egypt; ETH, Ethiopia; GAB, Gabon; GHA, Ghana; GMB, Gambia; GNB, Guinea Bissau; GTM, Guatemala; IRQ, Iraq; GUY,
Guyana; HND, Honduras; HTI, Haiti; IDN, Indonesia; IND, India; JAM, Jamaica; JOR, Jordan; KAZ, Kazakhstan; KGZ, Kyrgyzstan; KHM, Cambodia;
KEN, Kenya; LAO, Laos; LBR, Liberia; LSO, Lesotho; MDA, Moldova; MDV, Maldives; MEX, Mexico; MKD, North Macedonia; MLI, Mali; MMR, Myanmar;
MNE, Montenegro; MNG, Mongolia; MOZ, Mozambique; MRT, Mauritania; MWI, Malawi; NAM, Namibia; NER, Niger; NGA, Nigeria; NPL, Nepal; PAK,
Pakistan; PER, Peru; PHL, Philippines; PRY, Paraguay; PSE, State of Palestine; RWA, Rwanda; SDN, Sudan; SEN, Senegal; SLE, Sierra Leone; SLV, El
Salvador; SRB, Serbia; SSD, South Sudan; STP, Sao Tome and Principe; SWZ, Eswatini; TCD, Chad; TGO, Togo; THA, Thailand; TJK, Tajikistan; TKM,
Turkmenistan; TLS, Timor Leste; TUN, Tunisia; TZA, Tanzania; UGA, Uganda; UKR, Ukraine; VNM, Vietnam; XKX, Kosovo; YEM, Yemen; ZAF, South
Africa; ZMB, Zambia; ZWE, Zimbabwe.
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The highest FIC was found in Turkmenistan in 2015
(94.3%, 95% CI=92.2, 95.9), and the lowest was found in
South Sudan in 2010 (7.3%, 95% CI=5.8, 9.2). Regarding
absolute inequality, Nigeria (2016) had the most marked
pro-rich inequality pattern with SII=56.4 percentage
points (95% CI=51.5, 61.4), whereas Tunisia (2018) had
the most marked pro-poor pattern with SII= �41.2 per-
centage points (95% CI= �51.4, �28.3). Full results for
FIC and SII by country can be found in Appendix Table
2 (available online).
Figure 1 shows FIC by wealth quintiles in all the sur-

veys, stratified by country income level. The percentages
of countries with significant pro-poor patterns were
7.1% in low-income countries, 12.1% in lower middle
−income countries, and 20.0% in upper middle
January 2021
−income countries. A moderate negative correlation
of �0.38 (p<0.001) was observed between SII and log
per capita GDP (Figure 2), which was strongly driven
by the extremes of GDP. This finding is consistent
with a lower median SII in upper middle−income
countries when compared with those of other groups
(Figure 2). Despite similar median values, lower mid-
dle−income countries showed more variability than
low-income countries (Figure 2). Full results for FIC
and SII can be found in Appendix Table 2 (available
online).
A total of 10 countries were eligible for trend analy-

ses, including 2 low-, 3 lower middle−, and 5 upper
middle−income countries, because they presented sig-
nificant pro-poor patterns in the most recent survey



Figure 3. FIC stratified by wealth Qs for 10 countries with pro-poor inequality patterns in the most recent survey, according to
income group.
aSignificant SII value according to its 95% CI.
FIC, full immunization coverage; Q, quintile; SII, slope index of inequality.
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(Figure 3 and Table 1). Of the 10 countries, none had
significant pro-poor patterns in the earlier survey and
6 did not present a significant pattern. The remaining
4 countries switched from a pro-rich to a pro-poor
pattern over time: Kyrgyzstan, Gabon, Serbia, and
Namibia. The changes in pattern were due to a combi-
nation of reduced coverage among the rich with
increased coverage among the poor (Table 1): in
Namibia, there was a combination of a significant
increase in coverage among the poor and a significant
decline among the rich, but the other 3 countries
showed significant increases among the poor com-
bined with stagnation among the rich.
Among the 6 countries where the pattern was not

inverted, 4 showed significant reductions in coverage among
the rich: in Kazakhstan, this was accompanied by a signifi-
cant decline among the poor, but in Tajikistan, Tunisia, and
Turkmenistan, the decline was restricted to the rich. Alto-
gether, 7 of the 10 countries presented either a switch in the
pattern from pro-rich to pro-poor or faster decline among
the rich than was observed among the poor (Table 2).
DISCUSSION

The Sustainable Development Goals stand to reduce
inequalities (Goal 10) and ensure universal health cover-
age by providing access to safe vaccines for all (Goal
3).20 These analyses show a wide range of FIC levels
among LMICs such that some countries have achieved
the WHO targets for immunization coverage, whereas
others still have a long way to go. In particular, the
authors observed that the proportion of LMICs exhibit-
ing the classic pro-rich inequality pattern for FIC
declined as national income increased and conversely
www.ajpmonline.org
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that pro-poor patterns were more common in the upper
middle−income group. Further evidence was provided
by the finding that most of the 10 countries where pro-
poor patterns were observed in the most recent survey
did not present such patterns in the past.
Tudor−Hart’s inverse care law21 states that the availabil-

ity of good medical care tends to vary inversely with the
need for it in the population served. In terms of vaccine
coverage, this is reflected by the presence of higher cover-
age among children from rich than among those from
poor families in LMICs, which has been documented
repeatedly for most countries.22,23 The current finding that
this classic pattern of inequality is becoming less common,
especially among upper middle−income countries, sug-
gests the emergence of vaccine hesitancy.7

There are several studies indicating that vaccine hesi-
tancy is a major problem in high-income countries, where
lower rates of vaccine uptake have been found among the
wealthiest children.24 This pattern has been identified in
several countries including Canada, England, France,
Italy, and the U.S.12,25−28 In the English study, Middleton
and Baker28 suggested that vaccine hesitancy may be
partly explained by the inverse equity hypothesis—a cor-
ollary to the inverse care law—which states that health
interventions and behaviors tend to reach the more privi-
leged groups of the society first before trickling down to
the rest of the population.29,30 They suggested that the
hypothesis also applies to unhealthy behaviors—such as
refusal to vaccinate—which are wrongly perceived to be
appropriate. If this is true, then the emergence of hesi-
tancy among the better-offs may be expected to become
more widespread over time.
Although the phenomenon of vaccine hesitancy has

been recognized as a global issue, evidence from LMICs
is still incipient.1,31 In Brazil, an upper middle−income
country recognized for having reached high coverage
and low levels of inequality in most of its states, a recent
study showed that the pattern of inequality switched
from pro-rich to pro-poor in the city of Pelotas, in the
Southern region.32 In addition, in 2011, an ethnographic
study described hesitant behavior regarding child immu-
nization among highly educated and affluent Brazilian
parents.33 A study of 21 national surveys carried out
from 2000 to 2013 had identified declines in DPT cover-
age over time in 4 countries (Benin, Mozambique, Peru,
and Vietnam), but these analyses were not disaggregated
by family wealth.34 The present trend analysis revealed
that pro-poor pattern became more accentuated in 5
countries and recent changes from pro-rich to pro-poor
patterns in FIC in another 5, thus indicating that this is
a contemporary phenomenon in these countries.
In a context where several countries still have not

achieved the WHO immunization target, the emergence



Table 2. Annual Change in SII From 2000 in Countries With Pro-Poor Coverage Patterns

Country Surveys, n Initial year Final year
SII in the
initial year

SII in the
final year

Annual change,
pp (95% CI) Inequality pattern

Low income

Gambia 3 2005 2013 �8.0 �22.0 0.1 (�1.5, 1.8) Pro-poor pattern increased over time

Tajikistan 3 2005 2017 3.1 �11.5 �1.2 (�2.4, 0.0) Pattern changed from pro-rich to pro-poor

Lower middle income

Kyrgyzstan 4 2005 2018 38.5 �22.6 �4.1 (�5.8, �2.3) Pattern changed from pro-rich to pro-poor

Moldova 2 2005 2012 �4.2 �22.7 �2.6 (�5.2, �0.1) Pro-poor pattern increased over time

Tunisia 2 2011 2018 �1.9 �41.2 �5.6 (�8.5, �2.7) Pro-poor pattern increased over time

Upper middle income

Gabon 2 2000 2012 23.9 �20.3 �3.7 (�5.1, �2.3) Pattern changed from pro-rich to pro-poor

Kazakhstan 3 2006 2015 �1.6 �16.2 �1.5 (�2.5, �0.4) Pro-poor pattern increased over time

Namibia 3 2000 2013 17.1 �20.6 �3.2 (�4.7, �1.8) Pattern changed from pro-rich to pro-poor

Serbia 2 2005 2014 17.8 �31.1 �5.4 (�8.2, �2.7) Pattern changed from pro-rich to pro-poor

Turkmenistan 2 2006 2015 �1.1 �8.2 �0.8 (�1.7, 0.1) Pro-poor pattern increased over time

Note: Boldface indicates statistical significance. A total of 10 countries with pro-poor coverage patterns in the most recent survey.
pp, percentage points; SII, slope index of inequality.
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of vaccine-hesitant groups makes the problem more
complicated to tackle. Interventions such as health sys-
tem strengthening and conditional cash transfers are
effective in reaching vulnerable children and raising
immunization coverage.7,35 However, reaching vaccine-
hesitant parents is not a matter of geographic or finan-
cial accessibility. A total of 3 major sets of determinants
have been proposed to explain hesitancy: confidence
(trust in the vaccines themselves as well as in health sys-
tems and health policies), complacency (how important
families consider vaccination in their context), and con-
venience (including the availability and affordability of
vaccines, quality of vaccination services, and related
aspects).2 A systematic review conducted in 2014
showed that factors related to vaccine hesitancy are pres-
ent in several LMICs, especially the belief that vaccines
may be harmful to children.31

Several elements may have contributed to the
emergence of vaccine hesitancy, including a loss of
confidence in vaccine safety. Social media may play
an important role in this sense, acting as a source of
general information about vaccines, including adverse
reactions, for the public.36,37 Bearing this in mind,
the provided information may sometimes be alarmist
and inaccurate.38

Another factor is how important the population per-
ceives that vaccines are to children’s health. The eradica-
tion, or at least control of, vaccine-preventable diseases
that have killed millions of children in the past, such as
smallpox, measles, and polio, led to a feeling that vac-
cines are no longer needed. People with access to better
health services, which themselves lead to better health
outcomes, and people from the European region are
those that least agree that vaccines are important for
children.10,39

The Strategic Advisory Group of Experts working
group on vaccine hesitancy suggests 3 main strategies to
address vaccine hesitancy: understand its root causes,
engage civil society and other partners to support immu-
nization, and develop and promote tools to address vac-
cine hesitancy.40

It is very important to account for particularities in
each country when evaluating and addressing vaccine
hesitancy. Although the authors are pointing out the
well-off as a vaccine-hesitant cluster, there may be
others. In Sudan, for example, hesitant groups appear to
be clustered by religion and ethnicity; in India, they are
clustered by low educational status.41,42

The strengths of the study include that it was based on
nationally representative surveys with large sample sizes
and high comparability with each other. The study used
a complex measure of inequality (SII) to provide a more
accurate inequality estimation because it considers the
whole population instead of a simple measure such as
the difference between the wealthiest and the poorest
quintiles.17 In addition, the extended period covered by
the surveys provides a unique opportunity for examining
time trends and the state of children’s immunization in
recent years.
It is fundamental to raise and maintain immunization

coverage at high levels to ensure community immunity
that safeguards all children, even those who cannot be
vaccinated owing to medical exemptions, and to avert
outbreaks of vaccine-preventable diseases around the
globe. Every vaccine demands a minimum level of cover-
age to secure community immunity; for example, for
www.ajpmonline.org
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polio vaccine, the level varies from 80% to 86%, and for
measles vaccine, it varies from 93% to 95%.43

Limitations
These analyses have limitations. It is assumed that vac-
cine hesitancy is present when coverage among children
from wealthier families is lower than that among those
from poorer families, without measuring hesitancy
directly. Nevertheless, a cohort study carried out in the
U.S. showed that a questionnaire designed to identify
vaccine-hesitant parents predicted lower rates of up-to-
date vaccination status among their children.44

Because the DHS and MICS questionnaires do not
inquire specifically about vaccine hesitancy, the authors
believe that it is reasonable to presume that when the
well-offs are not vaccinating their children, it is not due
to a lack of access to vaccination services but rather a
concern about vaccines. Considering that vaccine-hesi-
tant parents may arrange for their children to receive the
basic vaccines yet remain concerned about them, in the
worst-case scenario, these analyses only captured those
vaccine-hesitant parents who refused vaccination, which
would underestimate the problem.45

In addition, when the child’s vaccination card was not
available, information on immunization was based on
the mother’s recall, a potential source of recall bias.
Nonetheless, this is how the WHO recommends calcu-
lating the FIC indicator. Moreover, a given country’s
complex immunization schedule may increase the risk
of recall bias.46
CONCLUSIONS

This study found that the classic pro-rich inequality pat-
tern, in which the wealthy present better coverage than
the poor, appears to be changing, especially in upper
middle−income countries. The authors propose that
this shift may be due to vaccine hesitancy among the
wealthy families.
Immunization is a major advance in public health,

and special attention is required to prevent vaccine hesi-
tancy from affecting coverage in LMICs, with continued
efforts to secure access to vaccination.
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