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Objective: To identify the associated factors and assess the inequalities of full vaccination coverage (FVC)
among Peruvian infants aged 12–23 months during the COVID-19 pandemic in a nationally representa-
tive sample.
Methods: We carried out a population-based cross-sectional study based on a secondary data analysis
using the 2021 Peruvian Demographic Health Survey (DHS) in infants aged 12 to 23 months. The sam-
pling design was probabilistic, multistage, stratified, and independent at both departmental and area
of residence levels. FVC was defined according to the WHO definition. We performed generalized linear
models (GLM) Poisson family log link function to estimate crude (aPR) and adjusted prevalence ratios
(aPR). Also, for inequality assessment, we calculated the concentration curve (CC), concentration index
(CI), and Erreygers normalized concentration index (ECI).
Results: We included 4,189 infants in our analysis. Nationwide, the prevalence of FVC was 66.19% (95%
CI: 64.33–68). Being younger, having a mother with no education or primary education, belonging to a
large family, having no access to mass media, having had six or fewer ANC visits, and having a mother
whose age was under 20 at first delivery were inversely associated with FVC. Meanwhile, living in the
Highlands or on the rest of the coast, and living in rural areas were directly associated with FVC. We
found a pro-rich inequality in FVC based on wealth-ranked households (CI: 0.0066; ECI: 0.0175).
Conclusion: FVC has dropped among Peruvian infants aged between 12 and 23 months. There were sev-
eral factors associated with FVC. It was more concentrated among the better-off infants, although in low
magnitude.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

Vaccination is one of the most powerful public health interven-
tions worldwide. Vaccines are a highly cost-effective measure,
especially in low- and middle-income countries (LMICs) [1,2].
The positive effects of vaccines encompass the reduction of the
incidence, severity, and mortality of different infections called
vaccine-preventable diseases (VPD), thereby reducing the disease
burden and the healthcare services demand [3,4]. It is paramount
to note that the major effect of vaccines is at the population level
through direct and indirect protection, where vaccination coverage
is essential [5]. In fact, national vaccination programs are crucial
collective health strategies, particularly those aimed at children.

Infants’ vaccination coverage is crucial. Nevertheless, it faces
numerouschallengesdependingon the context, especially consider-
ing the current situation due to the COVID-19 pandemic. Globally,
vaccination coverage has dropped from 86% in 2019 to 83% in
2020 [6]. Moreover, a relative reduction of 7.7% was estimated for
the delivery of the third dose of the diphtheria-tetanus-pertussis
vaccine and 7.9% for the first dose of themeasles-containing vaccine
(MCV1) [7]. This reduction conditions the resurgence of VPD, partic-
ularly, in Latin American (LATAM) regions [7]. Prior to the COVID-19
pandemic, infants’ vaccination coveragewas jeopardized by various
factors such as antivaccine groups, and sociocultural aspects, among
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others [8]. Worse still, the COVID-19 pandemic had a negative
impact on several public health interventions, including immuniza-
tion programs. Social distancing and isolation were primary mea-
sures established by governments to mitigate the COVID-19
pandemic, challenging the delivery of vaccines to the target popula-
tions [9]. Nationwide, the temporary closure of primary healthcare
centers aggravated the delivery of vaccines [10,11]. All of this prob-
ably contributed to situations like a case of diphtheria reported in
Peru after 20 years of epidemiological silence on the disease [12].
According to the above, it is pivotal to evaluate infants’ vaccination
coverage during the COVID-19 pandemic.

In the context of the COVID-19 pandemic, it is worthwhile to
evaluate the factors associated with vaccination coverage. The
World Health Organization (WHO) is concerned about fair access
to safe and effective vaccines; thus, its 2030 immunization agenda
focuses on improving coverage and reducing inequities worldwide
[13]. Before the pandemic, studies conducted on full vaccination
coverage (FVC), a WHO-standardized health indicator [14], found
that it has increased over the latest decades, but the coverage in
the LATAM region remained low with high-income inequality gaps
[15]. Several factors such as maternal education, antenatal care
(ANC) visits, knowledge, and attitudes about immunization, ethnic-
ity, andmassmedia access, among others, have shown to be directly
associated with FVC [16–19], whereas home delivery, younger
maternal age, urban residence, and no post-natal care visits, among
others, were inversely associated with FVC [20,21]. By implement-
ing policies addressing the factors associated in the Peruvian setting,
FVC would broaden. In addition, there are regional differences in
FVC, which might be explained by the presence of clusters with dif-
ferent geographic, geopolitical, and demographic characteristics
[12,22]. Therefore, these variations should be studied when it is a
priority to identify inequalities in access to vaccines.

The National Vaccination Program is universally administered
country-wide in healthcare centers without charge. It was last
updated in 2018, and certain vaccines have been added over the
years, suchas the chickenpoxvaccine. It includes seventeenvaccines
protecting against at least 26 diseases. Its target population primar-
ily includes infants underfive years old, but it also includes pregnant
women and the elderly. Its comprehensive character profiles it as
one of the most complete vaccination plans in LATAM [23].

Nationwide, regional disparities and high-risk clusters for VPD
[12,22] have been reported, suggesting potential sociodemo-
graphic factors and inequalities in FVC. Despite Peru has a very
comprehensive and free-of-charge immunization schedule for
infants under five years of age [23], it does not ensure broad cov-
erage. To the best of our knowledge, no scientific publications
assessed FVC in the pandemic period in LATAM infants. Hence,
we aimed to identify the associated factors and assess the inequal-
ities of FVC among Peruvian infants aged 12–23 months during the
COVID-19 pandemic in a sample with national representativeness.
2. Materials and methods

2.1. Study design, population, sampling, sample size, and data source

We conducted a cross-sectional study based on the secondary
data analysis of the 2021 Peruvian Demographic Health Survey
(DHS). This is a national and continuous survey executed yearly
by the National Institute of Statistics and Informatics of Peru (INEI,
from the Spanish acronym). The sampling design employed was
probabilistic, multistage, stratified, and independent at both
departmental and area of residence levels. Peruvian DHS has
national, departmental, and area of residence representativeness.
In urban areas, the sampling unit included conglomerate and pri-
vate dwellings, while in rural areas, it included rural census regions
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and private dwellings. Peru is an upper middle-income country,
administratively divided into 24 departments and one constitu-
tional province. A table describing the main socioeconomic charac-
teristics of the departments is provided in Supplementary 1. The
sample size was 36,760 dwellings: 24,100 from urban areas and
12,660 from rural areas [24]. Specifically, for our analysis, we
included infants aged 12 to 23 months. We excluded those subjects
without complete data regarding the variables of interest.

2.2. Outcome definition

According to the WHO, crude FVC is defined by those infants
aged one year old that have completely received: one dose of
Bacille Calmette Guerin (BCG) vaccine; three doses of the com-
bined diphtheria, tetanus, and pertussis vaccine (DTP3); three
doses of the polio vaccine (Pol3); and MCV1 [14]. In the Peruvian
National Vaccination Schedule, currently ongoing, DTP3 is admin-
istered with the pentavalent vaccine, which also includes the Hae-
mophilus b conjugate and hepatitis B (HepB) vaccine. Likewise,
MCV1 is administered in combination with the rubella and mumps
vaccine (MMR) [23]. (See Supplementary 2) FVC was collected by
reviewing infants’ vaccination cards, but in its absence, it was col-
lected from the mothers’ verbal report. This binary variable was
coded as 0 for incomplete vaccination coverage and one for FVC.

2.3. Exposure variables

The variables were grouped into four groups: demographic,
socioeconomic status (SES), socio-demographic, and delivery.
Demographic variables included sex (male, female), age (in years),
and region of origin (Metropolitan Lima, the rest of the coast, the
Highlands, the jungle). SES included wealth index (poor, middle,
rich), and mother’s educational level (no education/primary, sec-
ondary, higher). Sociodemographic variables included the area of
residence (urban, rural), family size (<4, 4–6, > 6 members), and
mass media access (yes, no), which included having a TV, internet,
or radio in the household. Finally, delivery-related variables
included ANC visits (0–6, > 6 visits), mother’s age at first delivery
(<20, 20–34, > 34years), andplace of delivery (home, health facility).
(See Fig. 1).

To assess SES,we employed thewealth index as a proxymeasure,
which measures households’ assets and holdings such as automo-
biles, homeappliances, access to basic services, andaccess to health-
care services, amongothers. It places the individual interviewedona
continuous scale of wealth, which is then divided into five quintiles.
It is calculated througha statistical analysis knownasprincipal com-
ponents analysis [25]. Thewealth index has been previously used in
other international studies, even in the Peruvian context [26,27].

2.4. Statistical analysis

2.4.1. Descriptive, bivariate, and multiple regression analysis
All the analyses were performed in STATA version 16.0 (Stata

Corporation, College Station, TX, USA) using complex survey design
modules (svy). The baseline characteristics of the categorial vari-
ables were described through absolute and relative frequencies,
whereas age was described through the mean and its standard
deviation (SD). For bivariate analysis, the Pearson chi-square test
was used to compare the proportion of the outcome variable over
each category of the independent variables, while an adjusted
Wald test was used for numerical variables. All the variables were
adjusted in the multiple regression model, but we also conducted
models adjusting by each group of variables. Crude (aPR) and
adjusted prevalence ratios (aPR) were estimated through general-
ized linear models (glm) Poisson family log link function. In addi-
tion, we performed a sensitivity analysis according to the source



Fig. 1. Scheme of variables.
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of vaccination data. Confidence intervals were computed to 95%
(95% CI), and p values < 0.05 were considered statistically
significant.

2.4.2. Inequality analysis
We calculated the concentration curve (CC), concentration

index (CI), and Erreygers normalized concentration index (ECI)
[28,29]. The CC provides a graphical view of inequality assessing
the degree of income-related inequality in the distribution of a
health variable. It plots FVC (y-axis) against the wealth index (x-
axis). Meanwhile, the ECI is the corrected version of the concentra-
tion index (CI), which measures the magnitude of inequality and is
defined as twice the area between the CC and the line of equality
(45� line). The CI ranges from �1 to + 1. A positive value implies
that FVC is concentrated among the richest, while a negative value
implies that it is concentrated among the poorest. The correction of
CI by Erreygers standardizes the uncorrected index by adjusting
the CI to allow for the binary nature of the health variable. The
ECI is the CI multiplied by four times the outcome of interest
[30]. According to international guidelines, we reported both CI
and ECI [31].

2.4.3. Ethical considerations
Peruvian DHS is a database in the public domain [32], and it

does not collect personal information that could reveal identities.
Thus, it did not require approval by an ethics committee.

3. Results

3.1. Characteristics of participants

A total of 4,334 infants aged 12–23 months were surveyed by
the 2021 DHS. Of these, 145 (3.35%) were excluded due to incom-
plete data for the variables of interest. We included 4,189 infants in
our analysis. The mean age of the participants was 17.46 (SD: ±
3.47) months, and 50.83% were male. Most of the population lived
566
in urban areas (73.95%), had a medium family size (62.86%), had
access to mass media (90.05%), and was born at health facilities
(94%). Likewise, 32.99% and 35.48% had a poor and rich wealth
index, respectively. Additionally, 55.2 % of mothers were aged
between 20 and 34 years old at first delivery, 72.43% had more
than six ANC visits, and 35.48% had a higher educational level.
The main source of vaccination data was the direct observation
of vaccination cards (90.24%). (See Table 1).
3.2. Vaccination coverage

Nationwide, the frequency of FVC was 66.19% (95% CI: 64.33–
68) and it ranged from 51.50% to 78.30% among departments.
However, when stratifying the analysis according to the source of
vaccination data, FVC was 70.62% (95% CI: 68.71–72.46) in those
who owned the vaccination card and 25.25 % (95% CI: 20.74–
30.35) in those whose mothers self-reported the vaccination data.
Concerning the components of FVC, the highest coverage was from
BCG (91.89%), followed by Pol3 (82.97%), DTP3 (81.76%), and MCV1
(75.51%). After stratifying by region of origin, the highest coverage
of each vaccine was found in the Highlands, whereas the lowest
coverage of BCG and DTP3 was found in the Lima Metropolitan
area, and of Pol 3 and MCV1 in the Jungle. (See Fig. 2 and Fig. 3)
3.3. FVC according to sociodemographic factors

Most of the evaluated variables showed statistically significant
associations (p < 0.05), except for sex, wealth index, and area of
residence. FVC showed a higher proportion among mothers whose
age at first delivery was 20–34 years old (71.39%), whose mothers
had higher education (71.57%), had attended more than six ANC
visits (70.16%), had a small family size (70.98%), had mass media
access (67.01%), and lived in the Highlands (70.86%). Meanwhile,
the lowest FVC was found among those with <6 ANC visits
(56.09%) and born at home (54.69%). (See Table 1).



Table 1
Characteristics of Peruvian infants aged 12–23 months and their FVC.

Variables n (%) FVC % Non-FVC p-value

Demographic
Age (months) < 0.001a

12–15 1,524 (34.07) 54.55 45.45
16–19 1,386 (32.35) 69.4 30.6
20–23 1,424 (33.58) 74.93 25.07

Mean (SD) 17.46 (±3.47) 17.91 (±3.37) 16.57 (±3.51) < 0.001b

Sex 0.0551a

Male 2,212 (50.83) 67.9 32.1
Female 2,122 (49.17) 64.43 35.57

Region of origin 0.0017a

Lima 537 (25.29) 61.65 38.35
Rest of the coast 1,308 (28.82) 67.55 32.45
Highlands 1,39 (27.73) 70.86 29.14
Jungle 1,096 (18.15) 63.25 36.75

Socioeconomic status
Wealth index 0.5077a

Poor 2,475 (32.99) 65.44 34.56
Middle 834 (31.53) 65.51 34.49
Rich 1,025 (35.48) 67.94 32.06

Mother’s education < 0.001a

No education/Primary 1,484 (32.99) 60.3 39.7
Secondary 1,356 (31.53) 66.31 33.69
Higher 1,494 (35.48) 71.57 28.43

Sociodemographic
Area of residence 0.4188a

Urban 2,995 (73.95) 65.77 34.23
Rural 1,339 (26.05) 67.4 32.6

Family size < 0.001a

Small (<4 members) 836 (18.36) 70.98 29.02
Medium (4–6 members) 2,743 (62.86) 66.92 33.08
Large (<6 members) 755 (18.77) 59.09 40.91

Mass media access (internet, TV, radio) 0.0026a

Yes 3,826 (90.05) 67.01 32.99
No 508 (9.95) 58.78 41.22

Delivery-related
ANC visits < 0.001a

06 1,109 (27.57) 56.09 43.91
> 6 3,124 (72.43) 70.16 29.84

Mother’s age at first delivery < 0.001a

< 20 years 1,960 (42.4) 59.79 40.21
20–34 years 2,284 (55.2) 71.39 28.61
> 34 years 90 (2.41) 59.8 40.2

Place of delivery 0.0012a

Home 247 (6) 54.69 45.31
Health facility 4,040 (94) 66.98 33.02

All proportions were weighted. a Chi square test. b Adjusted Wald test.

Fig. 2. Proportion of FVC and its components among Peruvian infants aged 12–23 months amid the COVID-19 pandemic, by region of origin. BCG: Bacille Calmette Guerin
vaccine. DTP3: three doses of combined diphtheria, tetanus, and pertussis vaccine. Pol3: three doses of polio vaccine. MCV1: measles-containing vaccine.
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Fig. 3. Proportion of FVC and its components among Peruvian infants aged 12–23 months amid the COVID-19 pandemic according to departments. (A) Proportion of FVC
according to departments. (B) Coverage of BCG vaccine according to departments. (C) Coverage of DTP3 vaccine according to departments. (D) Coverage of Pol3 vaccine
according to departments. (E) Coverage of MCV1 vaccine according to departments.
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3.4. Multiple regression analysis

Factors associated with FVC are shown in Table 2. In compar-
ison with infants aged 20–23 months, infants aged 12–15 months
(aPR = 0.74, 95% CI: 0.69–0.79) and 16–19 months (aPR = 0.94, 95%
CI: 0.88–0.99) had less probability of having FVC. Living outside of
the Lima Metropolitan area, either in the rest of the Coast
(aPR = 1.10, 95% CI: 1.01–1.20) or in the Highlands (aPR = 1.15,
95% CI: 1.05–1.26), was directly associated to FVC. Having had a
mother with primary or no education was associated with fewer
probabilities of FVC (aPR = 0.87; 95% CI: 0.80–0.95) when com-
pared to mothers with a higher educational level. Additionally, liv-
ing in a rural setting (aPR = 1.08; 95% CI: 1.00–1.16) was directly
associated with FVC, compared to living in an urban area. Other
variables inversely associated were not having access to mass
media (aPR = 0.89; 95% CI: 0.81–0.98), belonging to a large family
(aPR = 0.91; 95% CI: 0.83–0.99), and having had less than six ANC
visits (aPR = 0.87; 95% CI: 0.81–0.93).

The multiple regression adjusted by groups of variables is
shown in Supplementary 3. Likewise, when stratifying the analy-
sis according to the source of vaccination data, the associations
remained similar to those who owned the vaccination card, except
for the area of residence, family size, and mass media access, which
became not statistically significant. On the other hand, almost all
variables were not statistically significant to those whose vaccina-
tion data was obtained from the self-report of the mother (See
Supplementary 4).

3.5. Inequality analysis

At a national level, there was a pro-rich distribution of FVC
among Peruvian infants (CI: 0.0066; ECI: 0.0175) (Fig. 4A). When
stratifying the analysis by departments, the highest values were
found in Ucayali (CI: 0.1323; ECI: 0.3001), San Martin (CI:
0.1144; ECI: 0.2999), and Loreto (CI: 0.0755; ECI: 0.1619). Mean-
while, the lowest values were found in Puno (CI: �0.0984; ECI:
568
�0.2153), Huánuco (CI: �0.0429; ECI: �0.1316), and Ayacucho
(CI: �0.09287; ECI: �0.0342) (Fig. 4B).

4. Discussion

After a high FVC during the 2010–2019 period (albeit stagnant)
[22], there was a substantial decline evidenced in 2021 among
Peruvian infants. In fact, according to our findings, at least three
out of ten Peruvian infants had incomplete vaccination coverage
in 2021. Certain factors were inversely associated with FVC, such
as being younger, having a mother with no education or primary,
belonging to a large family, having no access to mass media, having
had six or fewer ANC visits, and having a mother whose age at first
delivery was before the age of 20. Meanwhile, living outside Lima,
either in the Highlands or on the rest of the coast, and living in
rural areas were directly associated with FVC. Furthermore, a
pro-rich inequality in FVC was unveiled, albeit low in magnitude.
Our results are based on data measured throughout 2021; thus,
our population included infants whose first year of age coincided
with the first year of the pandemic, depicting the deleterious effect
of the pandemic on the childhood vaccination program at a
national level. Therefore, our study points to the importance of
an in-depth understanding of the factors associated with FVC in
the Peruvian setting to implement timely interventions.

4.1. Comparison with previous studies

Nationwide, FVC was 66.19 % among infants aged 12 to
23 months in 2021, which represents a decrease of 7.97 % from
2019 (pre-pandemic era) [22]. Several studies conducted in the
post-pandemic era have also revealed a marked decrease in routine
vaccination coverage among infants and a slow recovery after-
wards [33–35]. We did not find studies measuring FVC with
national data in the post-pandemic period. Our study emerges as
one of the first assessing FVC during the pandemic. Unfortunately,
FVC in Peru, an upper middle-income country, in 2021 (post-



Table 2
Factors associated with FVC in Peruvian infants aged 12–23 months.

Crude model Adjusted model

(c)PRa 95% CI p-value (a)PRb* 95% CI p-value

Demographic
Age (months)

1215 0.72 0.68–0.77 < 0.001 0.74 0.69–0.79 < 0.001
16–19 0.92 0.87–0.98 0.010 0.94 0.88–0.99 0.042
20–23 Ref Ref Ref Ref Ref Ref

Sex
Male Ref Ref Ref Ref Ref Ref
Female 0.94 0.89–1.00 0.055 0.96 0.91–1.01 0.148

Region of origin
Lima Metropolitan Ref Ref Ref Ref Ref Ref
Rest of the coast 1.09 1.00–1.19 0.044 1.10 1.01–1.20 0.022
Highlands 1.14 1.05–1.25 0.001 1.15 1.05–1.26 0.001
Jungle 1.02 0.93–1.12 0.598 1.08 0.98–1.19 0.097

Socioeconomic status
Wealth index

Poor 0.96 0.90–1.02 0.259 0.99 0.91–1.07 0.813
Middle 0.96 0.88–1.05 0.402 0.97 0.90–1.06 0.813
Rich Ref Ref Ref Ref Ref Ref

Mother’s education
No education/Primary 0.84 0.79-0.89 < 0.001 0.87 0.80–0.95 0.001
Secondary 0.92 0.87-0.98 0.016 0.94 0.88–1.01 0.120
Higher Ref Ref Ref Ref Ref Ref

Sociodemographic
Area of residence

Urban Ref Ref Ref Ref Ref Ref
Rural 1.02 0.96–1.08 0.414 1.08 1.00–1.16 0.035

Family size
Small (<4 members) Ref Ref Ref Ref Ref Ref
Medium (4–6 members) 0.94 0.88–1-00 0.071 0.97 0.91–1.03 0.364
Large (>6 members) 0.83 0.76–0.75 < 0.001 0.91 0.83–0.99 0.037

Mass media access (internet, TV, radio)
Yes Ref Ref Ref Ref Ref Ref
No 0.87 0.79–0.96 0.006 0.89 0.81–0.98 0.024

Delivery-related
ANC visits

0–6 0.79 0.74–0.85 < 0.001 0.87 0.81–0.93 < 0.001
< 6 Ref Ref Ref Ref Ref Ref

Mother’s age at first delivery
< 20 years 0.83 0.79–0.88 < 0.001 0.89 0.84-0.95 0.001
20–34 years Ref Ref Ref Ref Ref Ref
> 34 years 0.83 0.66–1.06 0.144 0.88 0.72–1.09 0.269

Place of delivery
Health facility Ref Ref Ref Ref Ref Ref
Home 0.81 0.70–0.94 0.005 0.88 0.76–1.02 0.100

*Multiple regression based on generalized linear model (glm) Poisson family log link function.
a (c)PR: crude prevalence ratio; b (a)PR adjusted prevalence ratio.

Fig. 4. Concentration curve of FVC among Peruvian infants aged 12–23 months amid the COVID-19 pandemic. (A) Concentration curve of FVC nationwide (B) Concentration
curve of FVC according to departments.
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pandemic era) are comparable to coverages reported in certain
low-income countries in the pre-pandemic era [18,36]. Hence,
arduous efforts are needed at various levels to prevent vaccination
coverage from sinking into suboptimal coverage.

Our results revealed that maternal education and ANC visits
were significantly associated with FVC among Peruvian infants.
Like other studies [17,19], we found that having a mother with a
higher education level was associated with a higher likelihood of
FVC among infants when compared to not having any education
or primary. Educational interventions that have been shown to
be effective in promoting childhood vaccination would be more
beneficial to women with a higher educational level [37]. FVC
was also associated with attending at least one ANC visit, and its
probability increased when attending more than six visits, as seen
in the previous studies [18,19].

Region of origin would play a key role in having FVC. It was
observed that infants living on the rest of the coast or in the High-
lands were more likely to be fully immunized in comparison to
infants from Metropolitan Lima. The geographic disparities men-
tioned above agree with studies from other LMICs [17,20,38] and
others from Peru [12]. Other diseases affecting infants have also
shown a regional pattern of inequality countrywide [39]. On the
other hand, contrary to several studies [18,21,38], our study found
that living in rural areas was associated with a higher probability
of being fully vaccinated.

We found a pro-rich distribution of FVC on ranked-wealth
households, albeit of lowmagnitude. Likewise, several studies have
elucidated a pro-rich and pro-urban inequality concerning vaccina-
tion coverage [41]. Moreover, another study revealed inequality in
such coverage according to maternal educational status [42].

4.2. Explanation and plausibility of the results

The decrease in FVC could be partially explained by the detri-
mental effect exerted by the COVID-19 pandemic as it led to lock-
downs and restrictions on freedom of movement, temporary
disruptions in routine medical care delivery, and avoidance of
medical care centers [10,43]. In addition, there were significant
regional differences in FVC, especially as it was higher in regions
of origin other than the capital city of Peru (Lima). As foreseen, it
may be related to the fragmentation and segmentation of the Peru-
vian healthcare system [44] and, in turn, centralization. As well,
there are wide gaps in health insurance coverage [45] and access
to healthcare services [46]. To the best of our knowledge, this is
the first study in Peru assessing FVC and its associated factors
among infants after the beginning of the pandemic period. This
must be highlighted as factors related to vaccination coverage
could behave differently since the origin of the pandemic.

As expected, the older the child the more chances they have of
being fully vaccinated between 12 and 23 months. This direct asso-
ciation is explained by the fact that each month that passes, the
chances of receiving more vaccines and, subsequently, of complet-
ing the vaccination schedule increase. Indeed, by the age of
24 months, most vaccines are administered in accordance with
the Peruvian immunization schedule [23]. This could mean that
vaccination strategies and campaigns (plus promotion and com-
munication actions) are successful over time and greatly reduce
the risk associated with under-vaccination in the first months of
life.

Both the mother’s education and ANC visits would improve the
vaccination status in tandem. Formal education could provide sat-
isfactory knowledge concerning infants’ preventive health, includ-
ing crucial information about immunization. We believe that
highly educated women may have a better understanding during
each ANC visit [47]. This finding could be explained by active
health promotion through preventive care during each visit since
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pregnant women receive their respective scheduled immuniza-
tions. In fact, the Ministry of Health (MINSA, from the Spanish
acronym) sets a minimum of six ANC visits to ensure maternal
and child well-being, which, according to our results, is indepen-
dently associated with FVC [48]. The Peruvian government should
guarantee adequate child healthcare indirectly through strategies
toward delivery-related factors.

The regional gaps in FVC could be related to multiple geograph-
ically distributed factors, as Peru is a multicultural country where
various beliefs and customs can influence vaccination intention,
but it could also be due to rugged geography where the presence
of the health system is burdensome. A recent study reported the
presence of high-risk clusters of low vaccination coverage through-
out the national territory [12]. Overall, these geographic inequali-
ties should be taken into consideration to target those regions
and strengthen the vaccination strategies.

In our study, we found that infants living in rural areas were
more likely to be fully vaccinated than those in urban areas, which
contrasts with several studies from other LMICs [18,21,40]. This
relationship can be explained by some factors inherent in the Peru-
vian context. Conditional cash transfer programs, aimed at poor
people living mainly in rural areas, provide economic incentives
to those families whose children have completed the vaccination
schedule [49]. As well, people living in urban areas are more
exposed to the media, which is nowadays a source of misinforma-
tion on vaccination, thereby generating distrust in the urban pop-
ulation and, consequently, boosting anti-vaccine groups [50]. All in
all, this finding is in line with the coverage found in the Highlands,
which is significantly higher than in other regions. Many areas of
the Highlands are rural and lack mass media access. On the con-
trary, the Lima Metropolitan area (the capital of Peru), which is
mostly urbanized and home to a third of the Peruvian population,
had the lowest vaccination coverage.

FVC was more concentrated among the better-off infants in
Peru, although of low magnitude. The economic support programs
such as JUNTOS could contribute to the absence of major inequal-
ities. This is a conditional cash transfer program founded by the
Ministry of Economy. The Ministry of Development and Social
Inclusion provides money to mothers who, among other require-
ments, have their infants vaccinated [49]. Conversely, as MINSA
faces shortages, few of the most well-to-do families opt for acquir-
ing vaccines privately, which may generate gaps. Considering this,
joint efforts must be continued to maintain this scenario and to
continue tackling inequalities.

4.3. Strengths and limitations

Our study must be interpreted considering its limitations. First,
due to the cross-sectional design of our study, it was not possible
to establish causality. Second, almost 10 % of the FVC information
was obtained from the mothers’ reports, from which social desir-
ability bias and recall bias may arise. However, we stratified the
analysis by the source of vaccination status data and, as stated
by Modi RN et al., to enhance coverage and the effect of vaccines,
the mothers’ recall could be used, particularly in LMICs [51]. Third,
due to the lack of a direct measurement of SES in the Peruvian DHS
(such as income, expenditure, or consumption), we used an asset-
based wealth index as a proxy measurement instead, which is suit-
able for inequality studies in the absence of a direct measure [52].
Fourth, as it was a secondary data analysis, it was not possible to
include other variables that would be interesting to analyze. Fifth,
our study sought to assess the factors associated to FVC amid the
COVID-19 pandemic, instead of comparing vaccination coverages
with the pre-pandemic period. On the other hand, our study has
several strengths. It was based on a large sample size, and great
statistical power was obtained. Also, the database is nationally rep-
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resentative. Even though the FVC definition does not include all the
vaccines administered by the National Vaccination Program, such
as pneumococcal and rotavirus vaccines [23], FVC is a WHO stan-
dardized definition in several studies [14,53], which confers
greater comparability to our study. Indeed, it was the most
employed definition according to a scoping review on vaccination
assessments with DHS data [53]. Our study is the first to address
infants’ vaccination coverage countrywide after the beginning of
the pandemic in Peru and could be useful as a basis to redirect
health policies.

4.4. Public health implications and recommendations for future studies

It is of the utmost importance that strategies be based on scien-
tific evidence to rationalize the existing health resources. Indeed,
our article may serve as a basis to redirect the ongoing national
vaccination program. It is necessary to continue providing univer-
sal access to vaccination so that it remains equitable between dif-
ferent socioeconomic levels. Multidisciplinary and inter-
institutional efforts are needed to tackle the dramatic drop in
FVC. By articulating the institutions, social programs may be
boosted, and better vaccination strategies could be designed. It is
not sufficient to offer a comprehensive vaccination scheme; it is
vital to administer it efficiently. Besides, we encourage the imple-
mentation of quantitative and qualitative studies that assess the
determinants of poor adherence to vaccination in the Peruvian
context. Nonetheless, access to electronic records is limited, which
hinders research. Thus, it is of paramount importance to improve
the collection of primary data, which might be possible through
the unification and articulation of the information sources of the
MINSA.

5. Conclusion

FVC has dropped to 66,19 % among Peruvian infants aged 12 to
23 months. Infants’ age, their mothers’ education, ANC visits,
region of origin, and source of vaccination data have been associ-
ated with FVC. A pro-rich inequality in FVC was found, but low
in magnitude as vaccines are universal, administered free of
charge, and in turn, broadly accessible. Further studies should clo-
sely monitor FVC in the upcoming years in Peru. In addition, we
encourage the measurement of household incomes rather than
assets in future surveys as it provides a better figure for SES.

Data availability

Data will be made available on request.
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