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RESUMEN

Objetivos: El objetivo de este estudio fue evaluar las desigualdades sociodemograficas
relacionadas con la cobertura y el cumplimiento de la vacunacion de dos dosis contra el
sarampion entre los nifios peruanos en 2023. Materiales y métodos: Se realizé un estudio
transversal analitico con datos de una encuesta demografica y de salud. Se incluyeron madres
de entre 15y 49 afios con hijos de entre 12 y 59 meses. Las caracteristicas sociodemograficas
y de salud de estas madres se evaluaron para el analisis de desigualdad mediante el indice
de concentracion (IC). Este analisis se utilizd para evaluar la desigualdad en la vacunacion
de la primera dosis y de refuerzo contra el sarampion, que se complementd con el indice
de concentracion de Erreygers (ICE) y su descomposicion. Resultados: Se evalud a 16 526
madres peruanas con al menos un hijo de 12 a 59 meses de edad. Se identificé una cobertura
de vacunacion de 85,7% y 54,4% para la primera dosis y dosis de refuerzo, respectivamente.
La cobertura para ambas dosis fue de 52,1%, y estas disminuyeron entre quienes viven en
zonas rurales y regiones selvaticas. En el andlisis de desigualdad, las madres sin educacion
o0 con educacion primaria (IC: -0,46), las que viven en regiones de selva (IC: -0,46) y las que
viven en zonas rurales (IC: -0,60) mostraron mayor desigualdad en la vacunacion. El ICE fue
de 0,04, y en su descomposicidn algunas condiciones como la educacién secundaria, vivir
en zonas rurales y tener seguro de salud tienen un impacto negativo sobre la desigualdad
en la vacunacion. Conclusiones: Se identificaron mayores desigualdades en la cobertura de
vacunacion contra el sarampion entre los nifios de 12 a 59 meses cuyas madres peruanas
residen en zonas rurales o no metropolitanas de Lima, tienen menor nivel educativo y carecen
de seguro médico.

Palabras clave: Sarampidn; Vacuna antisarampion; Monitoreo de las desigualdades en Salud;
Inequidades en salud; Disparidades socioecondmicas en salud; Factores socioecondmicos;
Peru (Fuente: DeCS-BIREME).
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ABSTRACT

Objective: The aim of this study was to evaluate sociodemographic inequities related to the coverage and compliance of
the two-dose measles vaccination among Peruvian children in 2023. Materials and methods: An analytical cross-sectional
study was conducted using data from a Demographic and Health Survey. Mothers aged 15 to 49 with children aged 12
to 59 months were included. Sociodemographic and health characteristics of these mothers were evaluated for inequity
analysis using the Concentration Index (Cl). This analysis was used to evaluate inequity in vaccination for first and booster
doses against measles, and it was complemented with the Erreygers Concentration Index (ECI) and its decomposition.
Results: Sixteen thousand, five hundred and twenty-six Peruvian mothers with at least one child aged 12 to 59 months
were evaluated. Vaccination coverage was 85.7% and 54.4% for the first and booster doses, respectively. The coverage for
both doses was 52.1%, and these figures decreased in people living in rural areas and the Amazon rainforest. In the inequity
analysis, mothers with no education or only elementary schooling (ECI: -0.46), those living in the rainforest (ECI: -0.46),
and those living in rural areas (ECI: -0.60) exhibited greater inequity in vaccination rates. The ECl was 0.04, and in their
decomposition, some conditions, such as high school education, living in rural areas, and having health insurance, have a
negative impact on vaccination inequity. Conclusion: Greater inequities in measles vaccination coverage were identified
among Peruvian children aged 12-59 months whose mothers reside in rural or non-metropolitan areas of Lima, have lower
education levels, and lack health insurance.

Keywords: Measles; Measles vaccine; Healthcare disparities; Health inequities; Socioeconomic factors; Peru (Source:
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MeSH-NLM).

INTRODUCTION

Immunization is one of the most effective measures for
preventing diseases, as it prevented between 3.5 and 5 million
deaths annually worldwide until 20231, In these prevented
infections, measles is highly contagious among children®. In
many countries, the measles, mumps, and rubella (MMR) vaccine
is distributed free in population®®. Similarly, in Latin America,
including Peru, the measles vaccines are acquired through the
Pan American Health Organization (PAHO) Revolving Fund and are
distributed at no cost to children under 6 years of age®*. The first
dose is usually given at 12 months of age, followed by a booster
dose 6 months later at 18 months of age, as per the vaccination
schedule recommended by the Ministry of Health of Peru®l.

In 2019, the World Health Organization (WHO) estimated
869,770 cases and 207,500 deaths due to measles!®. The
global immunization rate declined by 5% from 2019 to 2021,
possibly due to factors such as vaccine hesitancy, disruptions
in healthcare services, or logistical challenges™. This situation,
worsened by the COVID-19 pandemic, mainly affected low- and
middle-income countries. This was due to political and financial
crises faced by governments in acquiring vaccine supplies, as
well as vaccine skepticism among the population®. Only 7 out
of 40 countries attained a minimum coverage of 95% to prevent
measles outbreaks in 2024, highlighting the persistent risk of
widespread outbreaks in regions with low vaccination rates®.

In Peru, immunization coverage against measles was estimated
at 70.2% and 52% for the first and second doses, respectively,
in 20171° However, the decrease in vaccination coverage
during the COVID-19 pandemic increases the risk of measles
outbreaks*?, However, the evidence on factors associated with
measles vaccination is limited to the period before the COVID-19
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pandemic. Changes in health policies and living conditions may
have contributed to inequalities for complete vaccination doses
against measles®>'4, Therefore, the aim of this study was to
evaluate sociodemographic inequalities associated with coverage
and compliance to the two-dose measles vaccination among
Peruvian children aged 12 to 59 months in 2023.

MATERIALS AND METHODS

Study design

We conducted an analytical cross-sectional study using data from
the 2023 Demographic and Family Health Survey (or ENDES,
in Spanish acronym)i**!, The National Institute of Statistics and
Informatics (or INEI, in Spanish acronym) conducts the ENDES
survey every year since 2004 in urban and rural areas throughout
25 of Peru’s regions. This country has a diverse geographic
region (coast, highlands, and jungle), and the third part of its
population is concentrated in Lima, the capital of Peru!*®, We
evaluated the immunization with two doses against measles
in all children aged 12 to 59 months registered in the survey
of Peruvian mothers aged 15 to 49 years, who responded to
questions about sociodemographic characteristics and health
issues like insurance affiliation.

Variables related to the mothers

Sociodemographic and health characteristics of mothers were
evaluated, such as age group (15 to 29 and 30 to 49 years old),
educational level (no education or primary, secondary, or higher),
wealth index (poorest, poor, middle, rich, and richest), area of
residence (rural and urban), and natural region of residence
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(Metropolitan Lima, rest of the coast, highlands, and jungle).
We also evaluated the ethnicity reported by the mothers (white
or mestizo, Quechua or Aimara, Afro-Peruvians, and native
or others). Additionally, health-related aspects like insurance
affiliation (yes or no) were evaluated (Appendix 1).

Immunization against Measles

We evaluated if children aged 12 to 59 months received the initial
dose of measles vaccination and the booster or second dose of
measles vaccination. A child was considered to have received
the doses if the vaccination was recorded on the card, with the
date documented, or if the mother reported the immunization
(Appendix 1). According to the national vaccination scheme in
Peru, the first dose against measles is provided at 12 months,
while the second dose is provided at 18 months. However,
both doses can be applied to five-year-old children, but for this
reason we did not evaluate a specific age group on children,
especially considering that since the measles outbreaks in Peru,
immunization sweeps against this disease have been established
as a strategy for children under 5 years of age®.

Statistical analysis

The statistical analysis was conducted using Stata ® Version
17.0 (Stata Corp., TX, USA), incorporating the survey design
of the ENDES with the “svy” command. Categorical variables
were described using frequencies and percentages along with
their respective 95% confidence intervals. We also analyze the
differences in the proportion of children who received the first,
second, or both doses of measles vaccination in the different
categories of the study variables.

Inequality analysis

The inequality analysis was conducted using concentration curves
to assess the compliance of the doses of measles vaccination
based on socioeconomic status, ranging from the poorest to the
richest following the WHO framework of social determinants of
health inequalities™”!. The Concentration Index (Cl) was calculated
to measure inequality in the distribution of measles vaccination
doses based on socioeconomic status®*®**, Additionally, the
Erreygers Concentration Index (ECI) was used to provide a
fairer assessment of inequality in the distribution of measles
vaccination doses based on socioeconomic status. The analysis
was carried out considering the weights and sample design of the
DHS. This inequality measure indicates greater inequality with
higher values. Values higher than zero show a concentration of
inequality in the population with a better wealth index, while
values lower than zero indicate a concentration of inequality in
the population with the worst wealth index?.,

We also conducted a decomposition of the Erreygers
Concentration Index to assess how each sociodemographic
characteristic contributed to inequality in measles vaccination
doses based on socioeconomic status®?!. This method was
performed with the following formula:

https://doi.org/10.35663/amp.2024.414.3120

ECI = Z4[ﬁk Xy Ci] + Residual
k

Where B, is the marginal effect or the difference between EClin
categories in the variables. While X, is a representation of each
variable or the mean of variables included for decomposition,
and elasticity is the responsiveness of the outcome to changes
in X,. Also, the Ck is the concentration index of each explanatory
variable. The contribution of each variable is represented by
the formula in brackets, while the explanation of all ECI is
compounded by the individual contribution of each variable!??,

Ethical aspects

The study was conducted by analyzing data from ENDES, a
national survey administered with informed consent from
participants. Additionally, the study ensured participant
confidentiality by not including information that would allow the
identification of participants in the research. For this reason, we
did not request the evaluation of an ethics committee, but the
study was conducted respecting all the principles of bioethics
in research.

RESULTS

Among the 20,840 households evaluated in 2023 for the ENDES,
it was only included 16,526 Peruvians mothers with at least
one child aged 12 to 59 months (Appendix 2). In these children,
the vaccination coverage was 85.7% (95%Cl: 84.9 to 86.5) for
the first dose and 54.4% (95%Cl: 53.3 to 55.5) for the booster
dose against measles. The mother’s characteristics revealed
that coverage for the first dose was lower in those who identify
as native or other ethnic groups and without health insurance.
This coverage was lower for the booster dose against measles
(Table 1). However, in this second dose, only the educational
level, wealth index, natural region and area of residence did not
determinate statistical differences in vaccine coverage (p>0.05).

Additionally, it was identified that 52.1% (95%Cl: 51.0 — 53.1)
of children aged 12 to 59 months completed both doses of
vaccination against measles (Table 2). In this case, those who
live in jungle regions and rural areas show lower coverage but no
statistical differences (p>0.05). In this context, the concentration
curves for the first dose vaccines against measles were lower (Cl:
0.01, 95%Cl: 0.01 to 0.02, p<0.001), but note were significant in
the context of booster dose vaccines against measles (Figure 1A
and 1B). Furthermore, the coverage of both doses of measles
vaccination does not show differences among wealth index
categories (Figure 1C). The concentration curve for this case did
not show a significant concentration index (Figure 1D).

In the analysis of inequality in the completion of the two doses of
measles vaccination mediated by wealth quintile, it was identified
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Table 1. Characteristics of mothers and children according to coverage of the first and second doses of measles vaccine

First doses (n=14,045) Second doses (n=8,877)
. Proportion . o Proportion Second dose
craris  pSoinele sonan) e gemrtn S
n (%*) %* (95%Cl) n (%*) %* (95%Cl)
Age group (years)
15t0 29 5827 (40.5) 83.4(82.2t0 84.5)  <0.001 3594 (39.9) 51.9(50.3t053.5) <0.001
30 to 49 8218 (59.5) 87.7 (86.8 to 88.6) 5283 (60.1)  56.2 (54.8 to 57.6)

Educational level

MU0l 2274(15.1)  80.6(7841t082.6)  <0.001 1485 (15.6) 527 (50.1t055.3)  0.080

elementary
High school 6807 (46.7) 85.1 (84.0 to 86.1) 4253 (46.7)  53.9 (52.4 t0 55.4)
University 4964 (38.2) 89.4 (88.3 t0 90.4) 3139(37.7)  55.8 (54.1t057.6)
Wealth index
Poorest 3911 (23.8) 81.6(79.9t083.2) <0.001 2470 (24) 51.9(49.8t053.9) 0.089
Poor 3701 (23.2) 85 (83.4 t0 86.4) 2374(23.6)  54.8(52.8t0 56.7)
Middle 2869 (20.3) 88.2 (86.6 t0 89.7) 1803 (20.1)  55.5(53.2t057.7)
Rich 2181 (18.4) 87.3(85.4 t0 88.9) 1358 (18.3) 55 (52.5 to0 57.5)
Richest 1383 (14.2) 90.3 (88.2 t0 92.0) 872 (13.9) 56.2 (52.9 to 59.4)

Natural region
Metropolitan Lima 1698 (27.5) 87.2(85.6t088.7)  <0.001 1073 (26.9)  54.3(51.8t056.9) 0.174

Rest of the Coast 4294 (27.8) 87.7 (86.1t0 89.1) 2744 (28.2) 56 (53.9 to 58.0)
Highlands 4547 (26.6) 85.7 (84.4 t0 87.0) 2882(26.7)  54.3(52.4t056.2)
Jungle 3506 (18.1) 81.8 (80.0 to 83.4) 2178 (18.2)  52.3(50.2 to 54.4)

Area of residence
Urban 10 050 (75.7) 86.7 (85.9t0 87.5)  <0.001 6331(75.4) 54.8(53.5t056.0) 0.266
Rural 3995 (24.3) 83.4 (81.6t0 85.1) 2546 (24.6)  53.3(51.2to 55.5)

Ethnicity
Mestizo or white 6988 (56.9) 87.3(86.3t088.2)  <0.001 4418 (56.4)  54.8(53.3t056.3) <0.001
Quechua or Aimara 4393 (26.6) 85.5 (84.2 t0 86.7) 2782 (26.7)  54.4 (52.5t056.4)
Afro-Peruvian 1575 (13.7) 86.1(83.8 t0 83.1) 1024 (14.3)  56.5(53.4 to 59.6)
Native or others 447 (2.8) 69.1 (63.3 to 74.4) 248 (2.6) 39.9 (34.7 to 55.5)

Health insurance
No 817 (6.6) 77.5(73.7t0 81.0)  <0.001 480 (6.1) 45.2 (41.2t049.3) <0.001
Yes 13218 (93.4) 86.4 (85.6 to 87.1) 8377(93.9)  55.1(54.0t056.2)

95%Cl: 95% Confidence interval
* Weighted estimate for the complex survey sample.

that mothers without education or only elementary (Cl: -0.46),  In the assessment of inequality in measles vaccination with
living in jungle regions (Cl: -0.46) or in rural areas (Cl: -0.60)  one and/or two doses using the Erreygers Concentration Index
and identifying as a native or other ethnic group show higher  (ECI), it was found that vaccination inequality for the first
inequality. However, those mothers who live in Metropolitan ~ dose concentrated in the children of mothers who identify
Lima (Cl: 0.43), who studied in university (Cl: 0.39), and without ~ as native or others ethnic group (ECI: 0.24), without health
health insurance (Cl: 0.27) shower lower inequality related to  insurance (ECI: 0.21), and who live in the jungle (ECI: 0.12).
completion of the two doses of measles vaccination (Table 2). This context was similar in the vaccination inequality for the
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Table 2. Characteristics of mothers and children and inequality in compliance with the two doses of measles vaccination

according to Complete vaccination GC A28 B 0 cimaion againt
Mother's Characteristics characteristics oses (n=8,514) measles
n (%*) %* (95%Cl) P-value f::::?;;a;a? p-value

Age group (years)

15t0 29 3406 (39.3) 49.1 (47.4t0 50.7) <0.001 -0.12 (-0.15 to -0.08) <0.001

30to 49 5108 (60.7) 54.6 (53.2 to 56.0) 0.08 (0.06 to 0.10) <0.001
Educational level

::ri‘i‘r’]i:t:;" or 1407 (15.5) 50.1(47.5t052.7) 0023 046(050t0-042)  <0.001

High school 4071 (46.5) 51.6 (50.1 to 53.1) -0.13 (-0.16 to -0.10) <0.001

University 3036 (38) 54 (52.2 t0 55.8) 0.39 (0.36 t0 0.42) <0.001
Natural region

Metropolitan Lima 1036 (27.1) 52.7 (50.1 to 55.2) 0.126 0.43 (0.40 to 0.47) <0.001

Rest of the coast 2634 (28.1) 53.7 (51.6 to 55.7) 0.02 (-0.04 to 0.08) 0.536

Highlands 2765 (26.7) 52.1(50.2 to 54.0) -0.31 (-0.36 to0 -0.26) <0.001

Jungle 2079 (18.1) 49.8 (47.7 t0 51.9) -0.46 (-0.53 to -0.39) <0.001
Area of residence

Urban 6088 (75.6) 52.7 (51.5 to 54.0) 0.136 0.23 (0.20 to 0.25) <0.001

Rural 2426 (24.4) 50.8 (48.7 to 53.0) -0.60 (-0.64 to -0.57) <0.001
Ethnicity

Mestizo or white 4240 (56.5) 52.6 (51.1 to 54.1) <0.001 0.14 (0.11 to 0.16) <0.001

Quechua or Aimara 2662 (26.7) 52.1(50.1 to 54.1) -0.09 (-0.15 to -0.03) 0.002

Afro-Peruvian 994 (14.4) 54.7 (51.5 to 57.8) -0.25 (-0.31 t0 -0.20) <0.001

Native or others 226 (2.4) 36.0 (31.0t0 41.2) -0.36 (-0.48 to0 -0.24) <0.001
Health insurance

No 470 (6.2) 44.1(40.0t048.3)  <0.001 0.27 (0.18 t0 0.35) <0.001

Yes 8036 (93.8) 52.7 (51.6 to 53.8) -0.02 (-0.02 to -0.01) <0.001

95%Cl: 95% Confidence interval
* Weighted estimate for the complex survey sample.

booster dose (Table 3). While the vaccination inequality for both
doses concentrated in the children of mothers who identify as
native or other ethnic group (ECI: 0.17), without education or
elementary (ECI: 0.07), and who live in rural areas (ECI: 0.04).

In the decomposition analysis of vaccination inequality for
both doses against measles based on mother’s characteristics
show that university education, older aged group and lives in
Metropolitan Lima contributes positively against inequality,
while living in high school education, living in rural areas, and
with health insurance contributes negatively to vaccination
inequality (Table 4). In this analysis the ECl modified value was
-1.32 showing the concentration of inequality in vaccination
coverage for children of mothers in lower wealth index.

https://doi.org/10.35663/amp.2024.414.3120

In the assessment of measles immunization coverage across the
25 regions in Peru, it was identified that the coverage was lower in
the second dose and for those with both doses compared to the
first dose (Figure 2A). While inequality of vaccination coverage
was higher for children of mothers in higher wealth index from
regions like Amazonas, Ica, Junin, Loreto, and Ucayali (Figure 2B).

DISCUSSION

This study evaluated inequalities in measles vaccination against
measles according to sociodemographic characteristics of
Peruvian mothers with children aged 12-59 months. The study
shows that differences in measles vaccination coverage are
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linked to factors like the educational level, area of residence, and
health insurance of Peruvian mothers with children aged 12-59
months. This disparity may stem from insufficient infrastructure
or limited access to vaccination services, as observed in
Mexico'®!, Addressing these challenges could enhance current
child immunization strategies by improving the availability and
distribution of vaccines in rural areas to lessen geographical
disparities®. All these inequalities could contribute to reducing
vaccination coverage and increasing the measles outbreak in
Peru, which has seen a rise in new cases in recent years*?.

In the sociodemographic inequalities, those mothers with
higher education show low inequalities in the vaccination of
their children. This is because mothers with higher education
often have a better understanding of vaccination importance,
more healthcare resources, and consequently, higher rates of
childhood immunization, similar to countries like Brazil®!. In
addition, this aspect represents an opportunity for investment
in health education programs, and the implementation of
systematic text message reminders has proven to be effective
in closing these vaccination inequalities,
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Figure 1. Inequalities in compliance with measles vaccination doses for Peruvian children in 2023. [A] Concentration curves for the
coverage of the first dose of the measles vaccine. [B] Concentration curves for the coverage of the second dose of the measles
vaccine. [C] Coverage of both doses of the measles vaccine by wealth index. [D] Concentration curves for the coverage of both

doses of the measles vaccine.
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The health insurance shows contradictory impacts for inequalities
in measles vaccination. This could be explained in the Peruvian
context because the national immunization program is assumed
by the Health Ministry with a community approach to guarantee
free access to vaccines; this health program facilitates access and
minimizes financial barriers?”. However, the main difference lies
in the coverage and quality of the insurance because the Peruvian
population is affiliated with one of five different health provider
systems with different quality of the health services provided,
where the immunization scheme is not always prioritized?532,

In Latin America, access to public health insurance or free
vaccination programs has been key to improving coverage in
some countries, but the ethnicity is frequently omitted and this
study show how a those native mothers have greater inequalities
for vaccination on their children®®34, this could be related to
worse sociodemographic conditions in this Peruvian population,
who also had lower access to healthcare service and resources?.
Also, the lower education is a common issue in this population
and could be related to this lower vaccination, for this reason
educational strategies in communities with lower levels of

Table 3. Decomposition of vaccination inequality against measled related to sociodemographic characteristics of Peruvian mothers

with children aged 12 to 59 months

Inequality in the reception of both doses against measles in children (ECI: 0.04,

Mother's Characteristics

Marginal Effect

95%Cl: 0.01 to 0.06, p=0.011)

Elasticity Contribution (%)

Age group

15 to 17 years old Ref.

30 to 49 years old -0.01
Educational level

No education or elementary Ref.

High school -0.07

University -0.07
Natural region

Metropolitan Lima Ref.

Rest of the coast -0.03

Highlands 0.02

Jungle 0.09
Area of residence

Urban Ref.

Rural 0.01
Ethnicity

Mestizo or white Ref.

Quechua or Aimara -0.03

Afro-Peruvian -0.01

Native or others 0.15
Health insurance

No Ref.

Yes -0.11

Summary of ECI
Residual (unexplained)

Corrected ECI

0.12 0.18 67.77
0.03 -0.23 -22.19
0.05 0.55 91.26
0.03 0.12 11.21
0.01 -0.29 -7.58
0.01 -0.27 -1.38
0.01 -0.62 -22.52
-0.01 -0.17 1.15
0.01 -0.10 -4.07
-0.02 0.01 4.16
0.29 -0.06 -51.04
-0.88 66.77
-0.44 33.23
-1.32

ECI: Erreygers concentration index weighted for the complex sample by wealth quintile, Elasticity = [Bk * Xk /u], Ck: Concentration index of the evaluated variable, Ref.

Category used as reference for estimation in the decomposition model.
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Received first dose

Received second dose

Table 4. Inequality in compliance with the two doses of measles vaccination in children between 12 and 59 months of age

Received both doses

Mother's (n=14,045) (n=8,877) (n=8,514)
Characteristics
ECI (95%Cl) p-value ECI (95%Cl) p-value ECI (95%Cl) p-value

Age group

15 to 17 years old 0.07 (0.04 t0 0.10)  <0.001 0.03 (-0.01 to 0.07) 0.120 0.03 (0.00t0 0.17) 0.068

30to49yearsold  0.05(0.03t00.07) <0.001 0.02 (-0.01t00.05)  0.283 0.02(-0.01t00.44)  0.214
Educational level

:‘;:1‘:‘:;:?;" o 0.04(0.00t00.08) 0.063 0.07(0.02t00.12) 0006  0.07(0.02t00.08)  0.005

High school 0.03(0.01t00.06)  0.008 0.01(-0.03t00.04)  0.721 0.01(-0.02t0 1.04)  0.527

University 0.02 (0.00t0 0.05)  0.099 0.01(-0.03t00.05)  0.519 0.01(-0.03t01.01)  0.510
Natural region

Metropolitan Lima ~ 0.01 (-0.02 t0 0.05)  0.459 0.01 (-0.04 to 0.07) 0.604 0.01(-0.04to 1.26)  0.637

Rest of the coast 0.06 (0.03t00.09) <0.001 -0.01 (-0.06 to 0.04) 0.65 0.00 (-0.05 to 1.78) 0.909

Highlands 0.03 (0.00t00.06)  0.051 0.03(-0.01t00.07)  0.107 0.03(-0.01t00.38)  0.180

Jungle 0.12 (0.09t0 0.16)  <0.001 0.10(0.06 to 0.14)  <0.001 0.11(0.07t0 0.11)  <0.001
Area of residence

Urban 0.05(0.04t0 0.07) <0.001 0.03 (0.00 to 0.06) 0.068 0.03 (0.00 to 0.13) 0.049

Rural 0.05(0.02t0 0.07) <0.001 0.03 (0.00 to 0.06) 0.093 0.04 (0.01 to 0.08) 0.022
Ethnicity

Mestizo or white 0.04 (0.02t0 0.06) <0.001 0.02 (-0.02 to 0.06) 0.179 0.03(-0.01t0 0.07)  0.118

Quechua or Aimara  0.01(-0.01t00.03) 0.338 0.00 (-0.04 to 0.04) 0.891 0.00 (-0.04 to 0.04) 0.918

Afro-Peruvian 0.05 (0.01 to 0.09) 0.033 0.01 (-0.07 to 0.09) 0.778 0.01 (-0.07 to 0.09) 0.717

Native or others 0.24 (0.16t0 0.32)  <0.001 0.19 (0.09 to 0.29) 0.001 0.17 (0.07 t0 0.27) 0.001
Health insurance

No 0.21(0.13t00.29)  <0.001 0.15 (0.05 to 0.25) 0.002 0.14 (0.04 to 0.24) 0.118

Yes 0.05(0.03t0 0.07) <0.001 0.03 (0.01 to 0.05) 0.039 0.03 (0.01 to 0.05) 0.918

ECI: Erreygers concentration index; 95%Cl: 95% Confidence interval

education to promote better understanding and commitment to
vaccination, and child monitoring programs as effective strategies
to reduce inequalities in vaccination coverage®3"),

However, it is also important to mention that the study had
some limitations because it was not possible to address
mothers' perceptions about not vaccinating their children or the
difficulties, they faced in seeking to complete the vaccination
schedule. Furthermore, we cannot establish causality due to
the lack of temporality inherent to the cross-sectional design;
the possibility of recall bias or social desirability, as many of
the data were self-reported by participants, which could have
affected accuracy; only variables collected in the survey were
included, which could have left out other relevant factors. There
is also a possibility of interviewer bias influencing the collection
of responses.

Acta Med Peru. 2024,;41(4):259-69

In conclusion, there were greater vaccination coverage
inequalities for measles among children aged 12-59 months
whose mothers reside in rural or non-metropolitan areas of
Lima, have lower education levels, and lack health insurance.
This underscores the critical necessity of targeted interventions
to enhance vaccination coverage among vulnerable populations,
especially in rural areas and among women with limited
education. Improving the vaccination program is essential to
mitigate the increased risk of measles outbreaks. Moreover, this
presents an inequality analysis method that could be annually
utilized to assess how various enhancements in the Peruvian
vaccination program alleviate health disparities in children's
vaccination.

Author contributions: CIE: conceptualization, methodology,

formal analysis, writing - review & editing, visualization, and
supervision. GTS: writing - original draft, visualization, and writing

https.//doi.org/10.35663/amp.2024.414.3120



Intimayta-Escalante C, et al.

Inequalities in measles vaccination

'SyIuowW 65 01 7T pPase ualp|1yd ul 98eJ9A0I UOLBUIIIBA JO XapUl UOLBIIUIU0D SI9840447 [g] "suoiSal
Suowe syjuow gg 03 T pade ualp|iyd Ul a8elanod uoneuddeA [y] “€Z0T Ul USIP|IYD UBIANISJ JO} UOLBUIDIEBA S3|seaw JsuleSe sasop o adueljdwod Ui Aljenbaul jo uoanguisip [euoiSay *g ainsi4

0€’0 0¢0

010

$3s0q yiog

0

€207 Ul Syluow g5 03 ¢T pasde ualp|iyd ul a8esano)
UOLIBUIDIBA JO X3PU| UOLIBIIUIUO) SI98AR1IT

01°0-

350( pU0I3S

0¢0-

0€0-

0
|

(@] ¢ésasoq uoneurade sajseay

€207 Ul suoi3ay Suowe syjuow g5 01 T pasde

UaJp|Iyd Ul 98e43A0D) UOLRUIIIBA

0 o.m o.w o.m o.w o.m @v o“m o.N o.H 0
+ B
o —To—
by Q i
o b I
o *m I
‘. I
e % -
o . I
% i
o == i
+
\“ + -
+
o
. % i
° % I
—e— +w i
+
) - i
e
- 0 -
%
o i
e >
& o -
%%
\‘\
o e I
+ -
+ |
o I
+ =
A.\ + -
%
o o i
o

[a]

seuozewy
yseouy
Jewndy
edinbasy
oyonoeAy
edJewefe)
oeed
0dsn)
ed[)aAedUBNH
odnuenH
)|
ujunr
pe1saqgi e
anbafeqwe’
ewr
039107
solq 9p aJpei
enbanbopy
0Jsed
einid
ound
uj3ep ues
eude|
saquin|
nefeon

[v]

267

Acta Med Peru. 2024,;41(4):259-69

https://doi.org/10.35663/amp.2024.414.3120



268

Intimayta-Escalante C, et al.

Inequalities in measles vaccination

- review and editing. LECC: writing - original draft, visualization,
and writing - review and editing.

Conflicts of interest: The authors declare that they do not have
conflicts of interest.

Funding: Self-funded.

ORCID

Claudio Intimayta-Escalante: https://orcid.org/0000-0003-2552-
9974

Gustavo Tapia-Sequeiros: https://orcid.org/0000-0002-9277-
2731

Luis E. Cueva-Cafiola: https://orcid.org/0009-0003-6320-5767

REFERENCES

1.

United Nations. Vaccines prevent between 2 and 3 million deaths
annually, according to the WHO [Internet]. New York: UN;2016
[Accessed 21t September, 2024]. Available from: https://news.
un.org/es/story/2016/04/1355531

Céceres Bermejo GG. A Moment of Reflection on Vaccines. Sanid.
Mil. 2012;68(2):109-14. doi: 10.4321/51887-85712012000200009.

Pan American Health Organization, World Health Organization.
Immunization [Internet]. Washington DC: PAHO/WHO; 2024
[Accessed 21t September, 2024]. Available from: https://www.
paho.org/es/temas/inmunizacion

Pan American Health Organization, World Health Organization.
Measles [Internet]. Washington DC: PAHO/WHO;2024 [Accessed
21t September, 2024). Available from: https://www.paho.org/es/
temas/sarampion

Costa-Alcalde JJ, Trastoy-Pena R, Barbeito-Castineiras G, Navarro
de la Cruz D, Mejuto B, Aguilera A. Seroprevalence of Antibodies
Against Measles Virus in Galicia: Trends Over the Last Ten Years by
Age and Sex. Rev Esp Quimioter. 2020;33(2):116-21. doi: 10.37201/
req/108.2019.

Schwarz Chavarri G, Sdnchez Hernandez C, Moreno Millan N, Morato
Agusti ML, Martin Martin S, Javierre Miranda AP, et al. Prevention
of Infectious Diseases: Vaccine Update, 2020. Aten Primaria.
2020;52(Suppl 2):70-92. doi: 10.1016/j.aprim.2020.08.001.

World Health Organization. Global measles mortality increased by
50% from 2016 to 2019, claiming more than 207,500 lives in 2019
[Internet]. Ginebra: WHO; 2020 [Accessed 21t September, 2024].
Available from: https://bit.ly/3X2mftr

Local Burden of Disease Vaccine Coverage Collaborators. Mapping
routine measles vaccination in low- and middle-income countries.
Nature. 2021;589:415-19. doi: 10.1038/s41586-020-03043-4.

Pan American Health Organization, World Health Organization.
Epidemiological Alert: Measles in the Region of the 4 Americas
[Internet]. Washington, DC: PAHO/WHO; 2024 [Accessed 21t
September, 2024]. Available from: https://bit.ly/3yloPKR

10. Vésquez-Uriarte K, Ninatanta Ortiz JA, Romani F, Roque-Henriquez

JC. Coverage and factors associated with measles vaccination in
children aged 12-59 months in Peru: estimate based on the 2017
demographic and family health survey. Rev Peru Med Exp Salud
Publica. 2019;36(4):610-19. doi: 10.17843/rpmesp.2019.360.4456.

Acta Med Peru. 2024,;41(4):259-69

11

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Minta AA, Ferrari M, Antoni S, Portnoy A, Sbarra A, Lambert B, et al.
Progress Toward Measles Elimination — Worldwide, 2000-2022.
MMWR Morb Mortal Wkly Rep. 2023;72:1262-68. doi: 10.15585/
mmwr.mm?7246a3.

Loayza-Alarico MJ, De La Cruz-Vargas JA. Measles: reemerging
threat of epidemic in peru. Rev Fac Med Hum. 2019;19(3):7-8. doi:
10.25176/RFMH.v19i3.2176.

Pacheco FC, Franc,a GVA, Elidio GA, Leal MB, de Oliveira C,
Guilhem DB. Measles-containing vaccines in Brazil: Coverage,
homogeneity of coverage and associations with contextual factors
at municipal level. Vaccine. 2020;38(8):1881-7. doi: 10.1016/j.
vaccine.2020.01.030.

Ropero Alvarez AM, Vilajeliu A, Magarifios M, Jauregui B, Guzman
L, Whittembury A, et al. Enablers and barriers of maternal and
neonatal immunization programs in Latin America. Vaccine.
2021;39:B34-43. doi: 10.1016/j.vaccine.2020.07.051.

Instituto Nacional de Estadistica e Informatica. Demographic and
Family Health Survey - ENDES 2022 [Internet]. Lima: INEI; 2023
[Accessed 21™ September, 2024]. Available from: https://bit.
ly/3VoBX0x

Instituto Nacional de Estadistica e Informatica. Peru: Population
Estimates and Projections by Department, Sex and Five-Year Age
Groups 1995-2025. Demographic Analysis Bulletin [Internet]. N°37.
2009 [Accessed 21" September, 2024]. Available from: http://
proyectos.inei.gob.pe/web/biblioineipub/bancopub/Est/Lib0846/
libro.pdf

Solar O, Irwin A. A conceptual framework for action on the social
determinants of health [Internet]. Geneva: WHO Comission on
Social Determinants of Health; 2007. Available from: https://
www.afro.who.int/sites/default/files/2017-06/SDH_conceptual _
framework_for_action.pdf

Wagstaff A, Paci P, van Doorslaer E. On the measurement of
inequalities in health. Soc Sci Med. 1991;33(5):545-57. doi:
10.1016/0277-9536(91)90212-u.

. Contoyannis P, Hurley J, Walli-Attaei M. When the technical is also

normative: a critical assessment of measuring health inequalities
using the concentration index-based indices. Popul Health Metr.
2022;20(1):21. doi: 10.1186/s12963-022-00299-y.

Erreygers G. Correcting the concentration index. J Health Econ.
2009;28(2):504-15. doi: 10.1016/j.jhealeco.2008.02.003.

Tur-Sinai A, Soskolne V. Socioeconomic status and health behaviors
as predictors of changes in self-rated health among older persons
in Israel. Health Soc Care Community. 2021;29(5):1461-1472. doi:
10.1111/hsc.13205.

Erreygers G, Kessels R. Regression-Based Decompositions of Rank-
Dependent Indicators of Socioeconomic Inequality of Health.
Health and Inequality. 2013;21:227-259. doi: 10.1108/51049-
2585(2013)0000021010.

Gutierrez JP, Johri M. Socioeconomic and geographic inequities
in vaccination among children 12 to 59 months in Mexico,
2012 to 2021. Rev Panam Salud Publica Pan Am J Public Health.
2023;47:e35. doi: 10.26633/RPSP.2023.35.

Hiebert J, Saboui M, Frost JR, Zubach V, Laverty M, Severini A.
Mumps resurgence in a highly vaccinated population: Insights
gained from surveillance in Canada, 2002-2020. Vaccine.
2023;41(25):3728-39. doi: 10.1016/j.vaccine.2023.04.078.

Moura Lde L, Neto M, Souza-Santos R. [Space-time heterogeneity
of measles, mumps, and rubella vaccination indicators in children
from Brazil Heterogeneidad espaciotemporal de los indicadores
de inmunizacidn con la vacuna triple viral en la poblacién infantil
de Brasil]. Rev Panam Salud Publica Pan Am J Public Health.
2024;48:e34. doi: 10.26633/RPSP.2024.34.

https.//doi.org/10.35663/amp.2024.414.3120



Inequalities in measles vaccination

Intimayta-Escalante C, et al.

26.

27.

28.

29.

30.

31.

Wahl B, Gupta M, Erchick DJ, Patenaude BN, Holroyd TA, Sauer M,
et al. Change in full immunization inequalities in Indian children
12-23 months: an analysis of household survey data. BMC Public
Health. 2021;21(1):841. doi: 10.1186/5s12889-021-10849-y.

Chung-Delgado K, Valdivia Venero JE, Vu TM. Vaccine Hesitancy:
Characteristics of the Refusal of Childhood Vaccination in a
Peruvian Population. Cureus. 2021;13(3):e14105. doi: 10.7759/
cureus.14105.

Lanza-Ledn P, Cantarero-Prieto D, Pascual-Saez M. Exploring
trends and determinants of basic childhood vaccination coverage:
Empirical evidence over 41 years. PloS One. 2024;19(3):e0300404.
doi: 10.1371/journal.pone.0300404.

Hernandez-Vésquez A, Vargas-Fernandez R, Rojas-Roque C.
Geographic and Socioeconomic Determinants of Full Coverage
COVID-19 Vaccination in Peru: Findings from a National Population-
Based Study. Vaccines (Basel). 2023;11(7):1195. doi: 10.3390/
vaccines11071195.

Ali HA, Hartner AM, Echeverria-Londono S, Roth J, Li X, Abbas K, et
al. Vaccine equity in low and middle income countries: a systematic
review and meta-analysis. Int J Equity Health. 2022;21(1):82. doi:
10.1186/512939-022-01678-5.

Castro A, Séenz R, Avellaneda X, Céceres C, Galvdo L, Mas P, et al.
The Health Equity Network of the Americas: inclusion, commitment,
and action. Rev Panam Salud Publica. 2021;45:e79. doi: 10.26633/
RPSP.2021.79.

https://doi.org/10.35663/amp.2024.414.3120

32.

33.

34.

35.

36.

37.

Joe P, Majgi SM, Vadiraja N, Khan MA. Influence of Sociodemographic
Factors in Measles-Rubella Campaign Compared with Routine
Immunization at Mysore City. Indian J Community Med.
2019;44(3):209-212. doi: 10.4103/ijcm.lJCM236-18.

Zhang CX, Bankhead C, Quigley MA, Kwok CH, Carson C. Ethnic
inequities in routine childhood vaccinations in England 2006-
2021: an observational cohort study using electronic health
records. EClinicalMedicine. 2023;65:102281. doi: 10.1016/j.
eclinm.2023.102281.

Cata-Preta BO, Santos TM, Wendt A, Hogan DR, Mengistu T, Barros
AJD, et al. Ethnic disparities in immunisation: analyses of zero-dose
prevalence in 64 countries. BMJ Glob Health. 2022;7(5):e008833.
doi: 10.1136/bmjgh-2022-008833.

Intimayta-Escalante C, Rojas-Bolivar B. Ethnics differences in
perceptions of inequality in health care access in Peru. Rev Cuerpo
Med HNAAA. 2023;16(4). doi: 10.35434/rcmhnaaa.2023.164.2052.

Griffith BC, Ulrich AK, Becker AB, Nederhoff D, Koch B, Awan
FA, et al. Does education about local vaccination rates and
the importance of herd immunity change US parents’ concern
about measles? Vaccine. 2020;38(50):8040-8048. doi: 10.1016/j.
vaccine.2020.09.076.

Bethke N, O'Sullivan JL, Keller J, von Bernuth H, Gellert P, Seybold J.
Increasing vaccinations through an on-site schoolbased education
and vaccination program: A city-wide cluster randomized controlled
trial. Appl Psychol Health Well Being. 2024. doi: 10.1111/
aphw.12528.

Acta Med Peru. 2024,;41(4):259-69

269



