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Abstract: Vaccination in Peru began 50 years ago as part of the Expanded Program on
Immunization (EPI), which has proven effective in saving the lives of millions of children.
This research aimed to determine the coverage and adherence to the vaccination schedule
in children up to 18 months of age during the period 2018–2022, including the COVID-19
pandemic lockdown, in order to assess its influence. Materials and methods: This was a
secondary source study based on the Demographic and Family Health Survey (ENDES) of
Peru, including a sample of 82,702 male and female children whose caregivers presented
vaccination cards. Coverage and adherence indicators were calculated, and differences were
evaluated between the pre-confinement, absolute confinement, and relative confinement
periods using a chi-square test. Results: For almost all vaccines, coverage decreased from
2018 to 2022 (from 82.46% to 80.16% on average, p < 0.001). Coverage also decreased as the
scheduled age increased (0–2 months: median 93%, 7–18 months: median 63%; p < 0.001).
Average adherence rates also declined over time (2018: 65.82% to 2022: 61.77%). The most
affected vaccine was the yellow fever vaccine. Coverage did not reach protective population
levels, while adherence has averaged 85.06% since 2018. Conclusions: COVID-19 negatively
influenced compliance with the vaccination schedule and adherence.

Keywords: child vaccination; vaccination coverage; vaccine adherence; Expanded Program
on Immunization (EPI); COVID-19 effects

1. Introduction
Vaccines consist of antigens and adjuvants. Antigens are designed to stimulate an

immune response, while adjuvants are substances that help to enhance and prolong the
immune response [1]. Vaccines are useful for preventing disease and reducing complica-
tions, and have contributed to reducing child morbidity and mortality worldwide, leading
to better child development [2].

The Expanded Program on Immunization (EPI) was established based on Resolution
WHA 27.57, approved by the World Health Assembly in May 1974, with guidelines ap-
proved by the PAHO through Resolution CD25.R27 in 1977 [3]. In 1978, Peru established
the National Health Services System (SNSS) through Decree Law 22365, which organized
the health system more efficiently [4], including childhood vaccination. Since then, the
vaccination schedule has evolved, adapting to technological advancements and disease
control needs. Over time, vaccination rates have increased, and by 2015, they contributed
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to reducing child mortality in Peru [5]. However, maintaining these levels is challenging
in times of rapid technological development, necessitating improvements and updates to
vaccines and the vaccination system [6], with the particular aims of making the schedule
accessible to caregivers [7] and delivering safer vaccines. A particular case was the crisis
caused by the emergence of vaccine-derived polio cases in Peru [8].

Vaccines must be safe, effective, and available. To protect the population, their cov-
erage must exceed 95% [9], and adherence to the vaccination schedule should be 100%.
Adherence can be defined as “the process by which patients take their medications as
prescribed” [10]. For vaccines, adherence begins with the first dose and continues until
the schedule, including boosters, is completed. Delaying vaccination according to the
schedule indicates a lack of adherence. Additionally, children do not make their own
health decisions; these depend on their parents or caregivers and the conditions under
which they make them [11,12]. It is widely accepted that vaccine refusal is complex, with
arguments ranging from ethical, legal, and child rights issues to religious beliefs, distrust
in the effectiveness of vaccines, potential harm, and others [13]. It is important to assess
the magnitude of refusal and identify and characterize determinants, attitudes, and be-
liefs related to vaccination [14]. Negative attitudes are often influenced by anti-vaccine
movements, which have been spreading worldwide [15]. Therefore, studying coverage and
adherence is useful to determine whether the vaccination system is functioning properly or
if changes are needed. However, depending on the data source and its handling, the results
may be biased. The WHO recommends using surveys to obtain more accurate and valid
estimates [16], especially when unforeseen events—such as the COVID-19 lockdown—may
affect them.

In a study in China, Wen-yan Ji et al. [17] found that coverage for all vaccines except
BCG and the first dose of hepatitis B decreased during the COVID-19 lockdown, and
recommended flexible vaccination hours to avoid this. Bittencourt-Enorea et al. [18], in
an ecological study in Brazil, observed a gradual decrease in coverage in some areas of
Brazil and stationary trends in others, considering a 7-year period from 2015 to 2021. Butler
AM et al. [19], using a secondary source in the United States, investigated whether there
was a delay in the timing of children receiving their vaccines and found that, for each
successive dose, more children did not receive their vaccine on time, demonstrating an
impact on adherence. Michels SY et al. [20], studying children aged 0–24 months born
between 2015 and 2017 in Montana, found that only 23.1% of Native American children
received their vaccines on time, with delays at each scheduled age. Regarding coverage, at
24 months, only 56.6% of Native American children were vaccinated, a rate lower than that
of non-Hispanic white children (64.3%) for all doses.

In this research, in order to determine vaccination coverage for the main vaccines
scheduled in the first 18 months of life, analyze adherence levels to the vaccination schedule
established in Peru, and assess the influence of the COVID-19 lockdown and the scheduled
age, we analyzed the ENDES survey databases from the INEI ranging from 2018 to 2022,
considering the following basic indicators: vaccination coverage, adherence levels to the
schedule, and the child’s age when receiving scheduled vaccine doses.

2. Materials and Methods
2.1. Objective and Type of Research

The objective of this research was to determine the influence of the COVID-19 lock-
down and the scheduled age on compliance with the vaccination schedule and adherence
in children up to 18 months of age in Peru during the period 2018–2022. This is a secondary
source, ecological study involving an annual temporal analysis.
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2.2. Data

This research used the databases of the Demographic and Family Health Survey
(ENDES) provided by the INEI of Peru [21], using only the modules related to child
vaccination, namely, REC43 and REC95, for the years 2018, 2019, 2020, 2021, and 2022.
It was not possible to use other modules as they are in separate databases and, in order
to unite them, a common key variable is required, which they did not have, limiting the
analysis of socio-demographic variables and other probable associated factors. This also
limited the analysis by region.

In the ENDES survey, the unit of research was the usual residents of households. The
target population was private households and their members, specifically, children under
5 years of age. The survey used balanced sampling (cube method), which allowed for better
characterization of the population. Sampling was performed by clusters of households
in the country’s regions. The survey was conducted from January to December each year.
Regarding vaccines, the report only provided the percentage of children under 12–24 and
36 months with complete vaccines for their age.

For calculations, we analyzed the measurement years according to the categories of
the Vaccination Card variable, as follows: does not have it, no longer has it, could not be
observed, and could be observed. We only used the sample where the card was presented
and could be observed and verified. We considered that the other categories constitute only
the informant’s opinions, being based on their memory and therefore unverifiable. We also
chose this category as only those who presented the card had the vaccination dates for the
different vaccine doses, while those who did not show the card did not have them; this
information was very important, as it was used to calculate the levels of adherence. The
final sample was 82,702 children of both sexes (2018: 18,268, 2019: 17,422, 2020: 11,430, 2021:
17,956, and 2022: 17,626) (INEI. Demographic and Family Health Survey, ENDES) [21].

2.3. Variables and Indicators

The calculated indicators were as follows:

1. Vaccination coverage for each vaccine administered to male and female children in
the first 18 months of life, by study year, according to vaccination age.

2. Adherence to the vaccination schedule for each vaccine administered to male and fe-
male children in the first 18 months of life, by study year, according to vaccination age.

3. The decimal age in months at which the child received each vaccine, in the
evaluated years.

The vaccines analyzed, according to the vaccination card, were as follows: BCG0 (for
tuberculosis, 1 dose at birth), HVB0 (against hepatitis B, 1 dose at birth), polio 2–4–6 (against po-
lio, three doses at 2–4–6 months), pentavalent 2–4–6 (against diphtheria, pertussis, tetanus,
hepatitis B, HIB; 3 doses at 2–4–6 months), pneumococcal 2–4–12 (against pneumococcus,
3 doses at 2–4–12 months), rotavirus 2–4 (against rotavirus, two doses at 2–4 months),
influenza 7–8 (against influenza, two doses at 7–8 months), MMR 12–18 (against measles,
mumps, and rubella, 2 doses at 12–18 months), and yellow fever 15 (against yellow fever,
one dose at 15 months).

To assess the influence of the COVID-19 lockdown, we considered pre-confinement
as 2018 and 2019; 2020 as absolute confinement, when the strictest restriction confinement
was decreed and primary care facilities, which are the places where vaccines are usually
applied to children, were closed, such that vaccination services were restricted (although
the vaccination system was reactivated in the second half of that year) [22,23]; and 2021 and
2022 as relative confinement, when the vaccination system worked relatively normally [24].

With the birth and vaccination dates, we calculated the decimal age in months at
which the child received each vaccine, allowing us to assess delays in vaccination and
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calculate adherence. For this, we set cut-off points and determined a window in which
children were considered adherent, which was 15 days before the scheduled age to one
month after, following the recommendations of the CDC [25] and other authors [20]. We
accepted these cut-off points since the calendar is designed for completed age in months;
we worked with decimal age. This is important due to the cultural, ethnic, geographic, and
supply-related differences in accessibility across Peru’s different regions. Furthermore, we
worked with time frames for vaccination, based on the required immune response. The
program works with completed age in months.

2.4. Mathematical Analysis

With the data and calculated indicators, we constructed the following data: coverage
graphs by year, box plots of coverage by scheduled age, cumulative percentage graphs
of child age by cut-off points, graphs to identify adherence windows for protective and
multiple vaccine doses, tables of coverage by vaccine and study year, and tables of adher-
ence levels by year and vaccine type. Differences were measured using the chi-square test
applied to the differences found in vaccination coverage by year and adherence levels by
year for each vaccine and a Kruskal–Wallis test for analysis of difference in medians of
coverage data grouped by scheduling age in the calendar. In addition, for both coverage
and adherence, the levels of effect magnitude by year of study were calculated, using the
OR with its confidence intervals and homogeneity test and linear trend, which allowed us
to assess trends. The confidence intervals for coverage and adherence were also calculated
(expressed as a percentage), considering p < 0.05 as significant. Mathematical calculations
and graphing were performed using InfoStat/L free version 2017, LibreOffice 24.2.7, and
EPIDAT v.3.

Information on factors associated with coverage levels could not be obtained, and the
analysis was limited by the information available in the databases.

3. Results
A total of 82,702 children of both sexes were included in this research during the period

2018–2022, whose caregivers presented vaccination cards, demonstrating the vaccines
received and the dates they were administered. Cases without a card, those that could not
be observed, and those who lost it were excluded. Nine vaccines scheduled from birth to
18 months of age, according to Peru’s EPI, were investigated.

Regarding vaccination coverage, the highest rates were for vaccines administered
in the first months of life; BCG0, administered at birth, reached a range of 92.71–95.87%;
hepatitis B0 at birth was slightly lower (86.38 to 89.12%), with some years reaching 95%,
considered a protective level. Vaccines administered at two months also reached high
values, with some above 95%, the figure indicated to maintain a protected population.

Vaccines scheduled for three doses showed a gradual decrease in coverage from
the first to the third dose, for all evaluated years, with averages of 93.53% for the first
dose, 88.84% for the second dose, and 78.12% for the third dose (p < 0.05). The same
occurred with two-dose vaccines. The yellow fever vaccine, administered at 15 months,
had low coverage in all evaluated years (average 56.78%); the second dose of MMR18
at 18 months was even lower (average 52.02%). Variations in coverage were observed
according to the evaluation years, both during the pre- and relative confinement stages,
which were significant for all vaccines and scheduled doses (p < 0.001; see Table 1). This
evidenced the influence of the lockdown during the pandemic, causing a decrease in
coverage. Regarding the effect size, in the case of anti-polio6, a similar OR was obtained
between 2018 and 2019 (without confinement); however, in 2020—the year of absolute
confinement—the difference in unvaccinated people was 19.03% higher, while in the
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years of relative confinement, this diference 11.89% and 14.75% higher, which shows
the influence of the level of confinement on vaccination coverage (p = 0.0001). All other
vaccines presented similar results. Confidence levels varied little with respect to the
calculated coverage.

Table 1. Vaccination coverage by type of vaccine, dose and year of evaluation.

Vaccine Administered
According to Schedule

Vaccination Coverage
Year of Evaluation

2018
Total: 18,268

2019
Total: 17,422

2020
Total: 11,430

2021
Total: 17,956

2022
Total: 17,626

N◦ % N◦ % N◦ % N◦ % N◦ % X2 p

BCG0 17,440 95.47 16,702 95.87 10,617 92.89 16,647 92.71 16,514 93.69 0.001

ANTI-HEPATITIS0 15,806 86.52 15,323 87.95 9884 86.47 15,659 87.21 15,708 89.12 0.001

PENTAVALENT2 17,248 94.42 16,546 94.97 10,399 90.98 16,584 92.36 16,442 93.28 0.001

PENTAVALENT4 16,382 89.68 15,704 90.14 9823 85.94 15,868 88.37 15,620 88.62 0.001

PENTAVALENT6 15,253 83.50 14,568 83.62 9160 80.14 14,649 81.58 14,411 81.76 0.001

ANTI-POLIO2 17,539 96.01 16,753 96.16 10,570 92.48 16,805 93.59 16,420 93.16 0.001

ANTI-POLIO4 16,598 90.86 15,898 91.25 9988 87.38 16,044 89.35 15,740 89.30 0.001

ANTI-POLIO6 15,412 84.37 14,734 84.57 9303 81.39 14,815 82.51 14,464 82.06 0.001

ANTI-PNEUMOCOCCUS2 17,515 95.88 16,696 95.83 10,327 90.35 16,444 91.58 16,288 92.41 0.001

ANTI-PNEUMOCOCCUS4 16,576 90.74 15,791 90.64 9772 85.49 15,737 87.64 15,456 87.69 0.001

ANTI-PNEUMOCOCCUS12 13,098 71.70 12,220 70.14 7923 69.32 12,154 67.69 11,963 67.87 0.001

ANTI-ROTAVIRUS2 17,087 93.54 16,316 93.65 10,103 88.39 15,956 88.86 15,825 89.78 0.001

ANTI-ROTAVIRUS4 15,405 84.33 14,870 85.35 9227 80.73 14,561 81.09 14,349 81.41 0.001

ANTI-INFLUENZA6 14,196 77.71 13,248 76.04 8677 75.91 13,568 75.56 13,323 75.59 0.001

ANTI-INFLUENZA7 12,011 65.75 10,897 62.55 7225 63.21 10,906 60.74 10,780 61.16 0.001

ANTI-YELLOW15 10,549 57.75 10,103 57.99 6629 58.00 9955 55.44 9666 54.84 0.001

SPR12 13,608 74.49 12,885 73.96 8364 73.18 12,702 70.74 12,430 70.52 0.001

SPR18 9361 51.24 9326 53.53 6238 54.58 9021 50.24 8915 50.58 0.001
Of interest are the coverage rates for all vaccines in the protective doses. First, only the BCG vaccine reached
high and protective levels (>95%) in the pre-confinement years (95.67%), which significantly decreased during
absolute confinement and relative confinement (95.67% vs. 93.10% relative confinement, p < 0.01). None of the
other protective doses reached adequate coverage in the three periods evaluated; rather they decreased in relative
confinement. They decreased even more for yellow fever15 (56.80% on average) and MMR18 (52.03% on average).

A median analysis of vaccination coverage, grouping doses administered between
0 to 2 months, 4 to 6 months, and 7 to 18 months, identified significant differences between
these groups. Vaccines from 0 to 2 months showed higher coverage (median 93%) than
those from 4 to 6 months (median 84%) and 7 to 18 months (median 63%). A progressive
decrease was observed as the scheduled age increased (p < 0.001), and the groups were
also different from each other (0 to 2 vs. 4 to 6, 0 to 2 vs. 7 to 18, 4 to 6 vs. 7 to 18 months
p < 0.001; see Figure 1).

A child may have received all vaccines but at the wrong time, reflecting a lack of
adherence to the schedule. If only the coverage indicated on the vaccination card according
to MINSA is considered, adherence at 18 months would present an average of 25.28% for
MMR18, which is quite low; however, using the 18.5-month cut-off, adherence increases to
50.86% on average (difference 25.28%) and when accepting a one-month cut-off, it further
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increases to 59.56% (difference 8.7%). For yellow fever15, adherence at exactly 15 months
was 16.74%, at 15.5 months it was 41.06%, and at the 15.99-month cut-off, it rose to 52.8%;
as such, the observed differences were between 24.32% and 36.6%. Adherence at 6 months
averaged 35.1% for polio6 but, at the 6.5-month cut-off, adherence rose to 65% (difference
29.9%), and at the 6.99-month cut-off, it further reached 74.64%. This increase in adherence
is the result of working with decimal age. If we consider age in completed months, we
would only have the total number of adherents for that age, which would be equal to the
range of 6.00 to 6.99 months decimal age. These children are in the 6-month-old category,
which is not very accurate. The behavior was similar considering the cut-off points for
other vaccines. Assuming that different cut-off points provide different adherence levels,
and in line with other authors, we chose cut-off points of 0.50 months before to one month
after the scheduled age to analyze our coverage windows. On the other hand, this also
changes the slopes of the curves, especially those for multiple-dose vaccines (see Figure 2).
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Protective doses also matter for adherence, as it is assumed that the last scheduled
dose of a vaccine provides adequate protection. This applies to vaccines with multiple
doses, as single-dose vaccines generate immunity without needing additional doses. A
child may receive all doses, but the highest immunity is achieved only if they are received
at the prescribed times. Being adherent to the last dose is not the same as being adherent
to all doses. Our data show that, for all multiple-dose vaccines, adherence decreases
when evaluating the adherence to all doses compared to adherence to the last dose; for
rotavirus4, 88.0% was achieved while, for total rotavirus 86.7% was achieved in 2018 and,
in 2022, it was 81.9% vs. 80.2%, with a difference of less than 2%. The largest differences
were observed for pneumococcal12 and total pneumococcal: pre-confinement was 75.0%
vs. 66.35%, while relative confinement 71.4% vs. 59.15%. As such, the pre-confinement
difference was 8.65%, while for relative confinement it was 12.25% (p < 0.001). Similar
differences were observed for all multiple-dose vaccines. The lowest adherence was for
yellow fever15: pre-confinement, 51.05% and relative confinement, 46.7% on average
(p < 0.001). For MMR18, we observed pre-confinement, 56.9% and relative confinement,
54.1% on average (p < 0.001). For the last doses, adherence ranged from 85.06% to 49.14%;
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for multiple doses, it ranged from 83.54% to 63.34% (see Table 2). When we evaluated the
level of effect of adherence to all doses of pentavalent, it was observed that the results
for the years 2021 and 2022 (relative confinement) differed from those in the year 2018;
in 2021, there were 18.85% more non-adherent people than in the year of comparison,
which increased to 19.76% in 2022. All the vaccines evaluated a similar trend, except for
the anti-polio6, which had a flat linear trend (p = 0.0636) and the total anti-polio also had
a flat linear trend (p = 0.717). The confidence intervals were very close to the sample
adherence values.
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Figure 2. Adherence to the vaccination schedule according to cumulative percentages of vaccinated
children by age at which they were vaccinated and type of vaccines received in protective doses by
year evaluated (from 2018 to 2022); cut-off points are represented by blue lines. We see that adherence
increases with increasing decimal age, but those vaccinated between 6.00 and 6.99 months are in the
6-month-old category.
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Table 2. Adherence to vaccination schedule by year investigated and vaccine dose that produces the
best protection.

Year of Evaluation

Adherence 2018 2019 2020 2021 2022 X2 p

Protective
Vaccine N◦ % N◦ % N◦ % N◦ % N◦ %

ANTI-
ROTAVIRUS4

YES 11,686 88.0 11,435 87.5 7009 85.2 10,768 82.7 10,569 81.9 0.000001

NOT 1594 12.0 1634 12.5 1214 14.8 2253 17.3 2341 18.1

TOTAL 13,280 13,069 8223 13,021 12,910

ANTI-POLIO6

YES 9804 67.0 10,181 72.3 6551 73.3 9677 68.3 9315 67.8 0.00001

NOT 4822 33.0 3898 27.7 2391 26.7 4497 31.7 4428 32.2

TOTAL 14,626 14,079 8942 14,174 13,743

PENTAVALENT6

YES 9977 76.1 9840 77.2 6106 76.4 9110 71.0 9022 70.9 0.000001

NOT 3136 23.9 2899 22.8 1890 23.6 3723 29.0 3708 29.1

TOTAL 13,113 12,739 7996 12,833 12,730

ANTI-
NEUMOCOCUS12

YES 8344 74.8 7998 75.2 5174 73.6 7732 71.4 7631 71.4 0.00002

NOT 2818 25.2 2638 24.8 1852 26.4 3099 28.6 3056 28.6

TOTAL 11,162 10,363 7026 10,831 10,687

ANTI-
YELLOW15

YES 4631 51.5 4433 50.6 2854 50.20 4125 48.00 3790 45.40 0.0002

NOT 4365 48.5 4321 49.4 2836 49.80 4474 52.00 4563 54.60

TOTAL 8996 8754 5690 8599 8353

SPR18

YES 4541 56.9 4589 56.9 3128 57.00 4318 53.60 4349 54.60 0.00002

NOT 3435 43.1 3476 43.1 2357 43.00 3738 46.40 3614 45.40

TOTAL 7976 8065 5485 8056 7963

FULL ANTI-
ROTAVIRUS

YES 11,507 86.7 11,264 86.2 6850 83.3 10,593 81.3 10,357 80.2 0.000001

NOT 1773 13.3 1805 13.8 1373 16.7 2428 18.7 2553 19.8

TOTAL 13,280 13,069 8223 13,021 12,910

FULL
ANTI-POLIO

YES 9060 61.9 9613 68.3 6202 69.4 9114 64.4 8726 63.5 0.00001

NOT 5566 38.1 4466 31.7 2740 30.6 5040 35.6 5017 36.5

TOTAL 14,626 14,079 8942 14,154 13,743

FULL
PENTAVALENT

YES 9595 73.2 9502 74.6 5889 73.6 8741 68.1 8640 67.9 0.00001

NOT 3518 26.8 3237 25.4 2107 26.4 4092 31.9 4090 32.1

TOTAL 13,113 12,739 7996 12,833 12,730

FULL ANTI-
NEUMOCOCCUS

YES 7223 64.7 7048 68.0 4617 65.7 6423 59.3 6306 59.0 0.00001

NOT 3939 35.3 3315 32.0 2409 34.3 4408 40.7 4381 41.0

TOTAL 11,162 10,363 7026 10,831 10,687

4. Discussion and Comments
This research was conducted to evaluate vaccination coverage and adherence to the

vaccination schedule in children up to 18 months of age, considering the influence of the
COVID-19 lockdown and vaccination age. Coverage below 95% was found for almost all
vaccines in the five evaluated years (yearly averages: 2018, 82.31%; 2019, 82.46%; 2020,
79.82%; 2021, 79.85%; and 2022, 80.16%), with only the BCG, polio2, and pneumococcal2
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vaccines in 2018 and 2019 presenting coverage above 95%. A significant association was
found between coverage levels and the evaluated years, considering pre-confinement,
absolute confinement, and relative confinement periods, with decreases in most cases
(especially in 2021 and 2022). A noticeable decrease in vaccination coverage was observed
as the child’s scheduled age increased (vaccines scheduled at 0–2 months: median 93%,
4–6 months: 84%, 7–18 months: 63%, KW, p < 0.001). The most affected vaccines were
yellow fever15 and MMR18 (2018: 57.65% and 51.16%; 2019: 57.99% and 53.53%; 2020:
58.00% and 54.58%; 2021: 55.44% and 50.24%; and 2022: 54.84 and 50.58%, respectively),
resulting in very low coverage. Vaccines that were applied in several doses also decreased
in coverage as the number of doses increased and, in the end, population protective levels
were not reached. Regarding adherence to vaccination, according to our cut-off points,
except for anti-rotavirus4, which reached an average adherence of 85.06%, none of the
others even reached 80%. The the averages per year for all vaccines were, from 2018 to 2022,
65.82%, 67.43%, 66.53%, 62.45%, and 61.77%, respectively. These averages cover all vaccines
considered in this research. Adherence decreased in the years of relative confinement,
compared to pre-confinement, for almost all vaccines (p < 0.01); the trend also decreased
as the scheduled age increased (p < 0.01). The confidence intervals for both coverage and
adherence were quite close to the sample value. The effect size levels also showed a greater
number of unvaccinated or non-adherent vaccines as the years advanced (p < 0.01), except
for anti-polio.

In recent studies, some researchers have reported immunization coverage in children
that could be considered adequate; however, a tendency to decrease as the different vaccine
doses are applied was also observed [26–28]. Shahid S et al. [29], in their research carried out
in Pakistan, found that the highest coverage was for the pentavalent vaccine (72.8%), and the
oral polio vaccine reached a coverage level of 69.2%; however, the measles vaccine was only
29.3%. They also found that coverage decreased with increasing vaccination age. Rauniyar
S.K., et al. [30] reported coverage in Nepal ranging between 91.5% and 97.8% for different
vaccines, which decreased with the age of vaccination. Other authors, such as Okello G,
et al. [31] observed differences by geographic region. In our research, a relationship was
found between the COVID-19 confinement period and vaccination coverage, in line with
the findings of other authors. For example, Cooper S. et al. [32] reported an increase in
vaccination coverage during the pandemic, from 50% at the beginning to 65% in 2021,
(although, in one district, there was a significant drop from 65% to 32%). Regarding
basic vaccines, a positive trend was observed before and during the pandemic, but was
negative in other places: the range was from 59.0–69.0% to 57.0–83.0% in region A, and from
62.0–72.0% to 49.0–78.0% in region B. However, the author believed that this was only
indicative of an increase in variability between regions. Albertsen N. et al. [33] reported
a national coverage of 85.4% in Greenland, which varied from 79.65 to 91.7% in different
localities. By vaccine, the variation ranged from 97.1% for TB to 64.1% for MMR, without
having reached at least the 90% suggested by the WHO in the latter; the highest rates
were obtained for vaccines administered at birth, while those administered at 15 months
presented much lower rates. This is similar to what we found, rates below the WHO
recommendations (e.g., 95% for measles).

Regarding the evaluation of adherence to the vaccination system, it is necessary to
determine the time ranges in which it could be said that a child is adherent. Michels S.Y.
et al. [20] considered up to one month after the age at which the dose was recommended,
a criterion that we also used in this research (see graph no. 4). The same was considered
by Newcomer S.R., et al. [34]. This measurement is important as a child can receive all
their scheduled vaccine, but all or some of them may be received at the wrong time, failing
to consider the vaccination schedule. In 2024, Butler A.M., et al. [19] reported that, at
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2 months of age, up to 83% of children received the recommended vaccines on time, while
at 4 months, this value was 72%, and that at 6 months, this was only 62%; notably, in 13%
of children, no dose was timely. In children aged between 12 and 15 months, 6% had no
timely vaccines, and there was more variation in adherence in the second compared to the
first year of life. On the other hand, Rauniyar S.K., et al. [30] reported a general coverage
of greater than 90% in Nepal; however, on-time vaccination varied from 41.5% for the
pentavalent third dose to 73.9% for the pentavalent first dose. As for measles, only 53.8%
were adherent and, for the anti-polio vaccine, the delay increased as the dose increased
(first dose, 21.8%; second dose, 38.1%; third dose, 57.9%), similar to the results found in
our research. In Alaska, Michels S.Y. et al. [20] found that at 24 months of age, 23.1% of
Native American children had received all doses of seven combined vaccines on time,
while 43.4% did not receive the vaccine or received them late. As such, disparity was found
according to the ethnicity of the children (for DPT, 7 41.9% in Natives Americans vs. 70.4%
in non-Native Americans). In the present research, higher adherence levels were observed;
however, this could be due to the cut-off points.

Regarding the impact of COVID-19 on vaccination, in 2023, Novaes J.V. et al. [35],
evaluating the period 2018–2021 in Brazil, found a decrease in coverage in the anti-
pneumococcal vaccine, with a difference of 21.43% throughout the period. While they
determined variations in adherence between states, overall, there was a 0.67% increase
throughout the country. In the United States, Carias C. et al. [36] found an 8% decrease in
measles vaccination; however, it recovered when the restrictions were lifted, increasing
to 15% coverage. In China, Wen-yan Ji et al. [17] reported a decrease in adherence for the
majority of regions. On the other hand, Bittencourt-Enorea et al. [18] reported a decrease
in only some areas of Brazil. As can be seen from these studies, the majority of results
indicated a decrease in coverage during confinement and in the following years, with
figures higher than those found in this study. This would be explained by the actions un-
dertaken by the Ministry of Health of Peru (MINSA), which, in 2020 decreed [22] measures
to operationalize immunizations in the context of COVID-19, and, in July of the same year,
approved the gap recovery plan, giving only three months for its execution; meaning that,
in October, the coverage had recovered [23]. The results of this were measured by the
ENDES 2020 pollsters; in Peru, this is called house-to-house sweeping for vaccination.

Considering the regional scope is important due to socio-economic similarities. Robini
et al. [37] analyzed vaccination coverage, considering children under one year of age in
Latin American countries in 2020, the year of greatest confinement in Peru and found some
countries with coverage higher than 80%, such as Chile, Panama, and Nicaragua; the cover-
age in Peru was similar to that of Uruguay, Colombia, and Cuba, being above 60%. They
concluded that the regional average scores in some countries fell in 2020, except for Chile
and Colombia. Castrejona M. et al. [38] also carried out studies in Latin America, covering
the years from 2017 to 2020. They observed an increase in the coverage of anti-rotavirus
and pentavalent, and a decrease in BCG in Mexico; meanwhile, in Colombia, coverage in
2020 also decreased, even for BCG (between 1 and 6%). In Brazil, BCG coverage decreased
by 5–12%, but those for the pentavalent and DPT vaccines increased. In Argentina, the
downward trend in coverage was noticeable before the pandemic and continued in 2020;
meanwhile, in Chile, coverage decreased by 3–6%, but that for BCG vaccines increased.
They also analyzed Peru, observing a decrease in coverage of 6–16%, similar to what
we found.

It is important to remember that having high coverage does not necessarily mean
a protected population, delays in vaccination could disable such protection. Therefore,
the child who goes to be vaccinated and does so in a timely manner is truly protected;
and, therefore, we may have fewer protected children than we think. If we are strict in
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our calculations, and, in a population of 10,000 children we have 80% vaccinated with an
adherence rate of 60%, we would have only 4800 children (or 48%) who are well protected.
Of course, even if only one dose of vaccine is administered, the child acquires a certain
level of protection. Therefore, it is necessary to continue evaluating vaccination systems
by analyzing coverage, to which we must add adherence and, better yet, evaluation of
the levels of protective antibodies in the blood [39]. Only in this way can we obtain a
clear picture of the real efficiency of our vaccination system for children. In addition, it is
necessary to investigate the safety of vaccines and the safety of the vaccination schedule.

In the present case, we have intermediate-level vaccination coverage, which should
be increased to the levels recommended by international organizations for each vaccine
(generally greater than 95%), as this allows for the protection of people for whom vaccina-
tion is contraindicated, such as those with allergies or immunodeficiencies [40], or those
who do not wish to be vaccinated for religious or other reasons [41]. In children, this is a
bigger problem; as they cannot decide on their health care, the decision is being made by
their caregivers [42]. Not only do caregivers decide whether to take them to be vaccinated,
but also when to do so; hence, education aimed at these adults is critically important [43].
It is also necessary to include the participation of children in these decisions, when they
are willing and able to do so [44]. There are many strategies in this regard, described in
the different manuals and research reports [45] for each vaccine. It is unquestionable that
all health professionals must be trained for this task, especially nurses, who are directly
related to the act of vaccination and have much more opportunity to do so, but they must
be motivated and trained [46]. Promotion campaigns can give positive results in order
to increase coverage [47], and we must not forget the current role of social networks on
the Internet, which are an excellent social communication system that should be used [48].
Furthermore, the strategy of ”sweeping” house to house with mobile vaccination teams is
useful, although potentially expensive [49].

Regarding the strategies to improve vaccination coverage, in addition to those men-
tioned in the previous paragraph, others have been studied by Oyo-Ita A. et al. [50], who
published a meta-analysis on the interventions designed to improve immunization cov-
erage in children living in middle-income countries, finding that health education and
household records can improve coverage, while telephone calls and reminders do not
adequately improve vaccine acceptance. However, the intervention of community leaders
associated with the provider can increase acceptance. Complete vaccination of children
under 2 years of age can be improved through training health workers in communication
skills with people and integrating vaccination with other health activities. In countries in
the Americas, among others, these combined strategies could be used, in addition to those
already applied, to optimize coverage.

Among the limitations of this research, we have noted that errors were found in terms
of filling out the vaccination date, which prevented the vaccination age for some vaccines
from being calculated. Coding and transcription errors are often present, as are cases lost
from the system; however, a sufficient sample was obtained. On the other hand, all cases
that were based on the caregiver’s memory and had no tangible verification with respect
to the vaccination card were excluded. Spatial analysis by region was not possible, which
could be the subject of further research. Causal relationships by subject were not calculated,
which could provide relevant information, as this study followed a global ecological design,
aimed at investigating general trends that should be used in decision-making to propose
health policies. Only coverage and adherence of vaccines applied in the first 18 months
of life were calculated. Other factors that could be associated with vaccination coverage
were not analyzed either. The data sources used were those of the ENDES survey, which is
conducted annually in Peru. These are cross-sectional and possess the usual errors of this
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type of study, although their usefulness is indisputable. In addition, after the survey, it is
likely that parents reflected on the usefulness of the vaccines and went to complete their
children’s schedules, which could have modified the real results; however, this effect was
not considered in this research.

5. Conclusions
• Vaccination coverage decreased from the first to third dose in multiple-dose vaccines.
• In general, vaccination coverage was low (less than 95%), leading to poor protection

of the population.
• The older the scheduled age, the lower the coverage.
• The lockdown due to the COVID-19 pandemic reduced coverage for all vaccines.
• The lockdown due to the pandemic affected adherence to the vaccination schedule,

which was consistent despite the use of different cut-off points.
• Adherence decreases as vaccination age increases.

Author Contributions: Conceptualization, U.M.-S., I.P.-A., N.P.-R. and E.F.-C.; validation, N.P.-R.;
formal analysis, U.M.-S., C.Z.-P. and G.V.-B.; investigation, I.P.-A., N.P.-R. and C.Z.-P.; resources,
E.F.-C.; writing—original draft preparation, U.M.-S., I.P.-A., N.P.-R., E.F.-C., C.Z.-P. and G.V.-B.;
writing—review and editing, U.M.-S.; funding acquisition, I.P.-A. and N.P.-R. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All of this is considered in materials and methods, the reference is the
number 21 INEI. Encuesta Demográfica y de Salud Familiar ENDES. Microdatos. [Internet]. 2024.
Available online: https://proyectos.inei.gob.pe/microdatos/ (accessed on 15 October 2024).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Pulendran, B.; Arunachalam, S.; O’Hagan, D.T. Emerging concepts in the science of vaccine adjuvants. Nat. Rev. Drug Discov.

2021, 20, 454–475. [CrossRef] [PubMed]
2. Nandi, A.; Shet, A. Why vaccines matter: Understanding the broader health, economic, and child development benefits of routine

vaccination. Hum. Vaccines Immunother. 2020, 16, 1900–1904. [CrossRef]
3. Organización Panamericana de la Salud. Programa Ampliado De Inmunizaciones En Las Américas. 95a Reunión Washington,

D.C. Junio-Julio 1985. [Internet]. 1985. Available online: https://iris.paho.org/bitstream/handle/10665.2/25634/CE95_15.pdf?
sequence=1 (accessed on 13 October 2024).

4. Sánchez-Moreno, F. El sistema nacional de salud en el Perú. Rev. Peru. Med. Exp. Salud Publica 2014, 31, 747–753. [CrossRef]
[PubMed]

5. García, P.J.; Larson-Williams, A.; Carcamo, M.H.; Vander-Zanden, A.; Binagwaho, A. Lessons from Peru to reduce under-5
mortality: Understanding program implementation and context. BMC Pediatr. 2024, 23 (Suppl. 1), 646. [CrossRef] [PubMed]

6. Torres-Martinez, C.; Chaparro, E.; Mariño, A.C.; Falleiros-Arlant, L.H.; Camacho-Moreno, G.; Castillo, M.E.; Garces, C.; Coronell,
W.; Somocurcio, R. Recommendations for modernizing infant vaccination schedules with combination vaccines in Colombia and
Peru. Rev. Panam. Salud Publica 2023, 47, e24. [CrossRef]

7. Tan, N.C.; Pang, J.; Koh, E. The Impact of a Revised National Childhood Immunization Schedule on Vaccination Defaulters.
Vaccines 2023, 11, 859. [CrossRef]

8. Al-kassab-Córdova, A.; Napanga-Saldaña, O.; Peña-Sánchez, R.; Rodríguez-Morales, A.J.; Mezones-Holguína, E. Vaccine-derived
polio in Peru after 32 years of elimination: Reflections on the routine childhood immunisation coverages. Lancet Reg. Health Am.
2023, 23, 100532. [CrossRef]

9. Fine, P.E. Herd Immunity: History, Theory, Practice. Epidemiol. Rev. 1993, 15, 265–302. [CrossRef]

https://proyectos.inei.gob.pe/microdatos/
https://doi.org/10.1038/s41573-021-00163-y
https://www.ncbi.nlm.nih.gov/pubmed/33824489
https://doi.org/10.1080/21645515.2019.1708669
https://iris.paho.org/bitstream/handle/10665.2/25634/CE95_15.pdf?sequence=1
https://iris.paho.org/bitstream/handle/10665.2/25634/CE95_15.pdf?sequence=1
https://doi.org/10.17843/rpmesp.2014.314.129
https://www.ncbi.nlm.nih.gov/pubmed/25597729
https://doi.org/10.1186/s12887-023-03890-w
https://www.ncbi.nlm.nih.gov/pubmed/38413926
https://doi.org/10.26633/RPSP.2023.24
https://doi.org/10.3390/vaccines11040859
https://doi.org/10.1016/j.lana.2023.100532
https://doi.org/10.1093/oxfordjournals.epirev.a036121


Vaccines 2025, 13, 387 13 of 15

10. Malo, S.; García-Cárdenas, V. Avanzando hacia un consenso en la definición y medida de la adherencia a la medicación: La
taxonomía ABC en español. Med. Fam. Semer. 2024, 50, 102226. [CrossRef]

11. Zell-Baran, L.M.; Starling, A.P.; Glueck, D.H.; Bekelman, T.A.; Norris, J.M.; Adgate, J.L.; Brown, J.M.; Dabelea, D. Vaccination
Trends and Family-Level Characteristics Associated With Incomplete or Delayed Childhood Immunizations: The Healthy Start
Study. Am. J. Health Promot. 2023, 37, 524–528. [CrossRef]

12. Ta’an, W.F.; Al-rashdan, R.A.; Shatnawi, R.M.; Ai-zenati, A.; Williams, B.; Mukattash, T.L. Determinants of maternal adherence to
child vaccination in jordan: A cross-sectional study. Sci. Rep. 2024, 14, 24635. [CrossRef] [PubMed]

13. Wiley, K.; Christou-Ergos, M.; McDougall, D.R.; Robinson, P.; Attwell, K.; Helps, C.; Drislane, S.; Carter, S.M. Childhood vaccine
refusal and what to do about it: A systematic review of the ethical literature. BMC Med. Ethics 2023, 24, 96. [CrossRef]

14. Guaraldi, F.; Montalti, M.; Gori, D. The Importance of Mapping Determinants, Attitudes and Beliefs of Vaccine Hesitancy in
the Great Challenge of Compulsory Childhood Vaccination; Comment on “Convergence on Coercion: Functional and Political
Pressures as Drivers of Global Childhood Vaccine Mandates”. Int. J. Health Policy Manag. 2023, 12, 7614. [CrossRef]

15. Sousa de Oliveira, I.; Soares-Cardoso, L.; Gobbo-Ferreira, I.; Alexandre-Silva, G.M.; da Silva-Jacob, B.; Cerni, F.A.; Monteiro, W.M.;
Zottich, U.; Pucca, M.B. Anti-vaccination movements in the world and in Brazil. J. Braz. Soc. Trop. Med. 2022, 55, e05922021.
[CrossRef] [PubMed]

16. World Health Organization. Vaccination Coverage Cluster Surveys: Reference Manual; World Health Organization: Geneva,
Switzerland, 2018; Available online: https://apps.who.int/iris/handle/10665/272820 (accessed on 15 January 2025).

17. Ji, W.Y.; Liu, D.L.; Yu, R.; Miao, L.; Yuan, Q.L.; Suo, L.D.; Yu, J.P. Vaccination coverage survey of children aged 1–3 years in Beijing,
China, 2005–2021. Vaccine 2023, 41, 6444–6452. [CrossRef] [PubMed]

18. Bittencourt-Enorea, R.M.; Borges Martins de Freitas, B.H.; da Silva, R.A.; Munhoz-Gaíva, M.A. Vaccination coverage and
abandonment among children under two years old in Brazil: A time-series study. Rev. Paul. Pediatr. 2024, 42, e2023116. [CrossRef]

19. Butler, A.M.; Newland, J.G.; Sahrmann, J.M.; O’ Neil, C.A.; McGrath, L.J. Characterizing timeliness of recommended vaccinations
among privately insured children in the United States, 2009–2019. Vaccine 2024, 42, 126179. [CrossRef]

20. Michels, S.Y.; Freeman, R.E.; Williams, E.; Albers, A.N.; Wehner, B.K.; Rechlin, A.; Newcomer, S.R. Evaluating vaccination coverage
and timeliness in American Indian/Alaska Native and non-Hispanic White children using state immunization information
system data, 2015–2017. Prev. Med. Rep. 2022, 27, 101817. [CrossRef]

21. INEI. Encuesta Demográfica y de Salud Familiar ENDES. Microdatos. [Internet]. 2024. Available online: https://proyectos.inei.
gob.pe/microdatos/ (accessed on 15 October 2024).

22. MINSA. RM N.◦ 214-2020-MINSA: Aprobar la Directiva Sanitaria N.◦ 93 –MINSA/2020/DGIESP que Establece Disposiciones y
Medidas para Operativizar las Inmunizaciones en el Perú en el Contexto del COVID-19. Abril 2020. [Internet]. 2020. Available
online: https://cdn.www.gob.pe/uploads/document/file/606091/resolucion-ministerial-n-214-2020-minsa.PDF?v=1587482914
(accessed on 20 October 2024).

23. MINSA. RM N.◦ 529-2020-MINSA. Aprobar el Documento Técnico: Plan de Recuperación de Brechas en Inmunizaciones y
Anemia en Tiempo de COVID-19 en el Perú (3 Meses), que Forma parte Integrante de la Presente Resolución Ministerial. Julio 2020.
[Internet]. 2020. Available online: https://www.gob.pe/institucion/minsa/normas-legales/869143-529-2020-minsa (accessed on
23 October 2024).

24. MINSA. RM N.◦ 657-2022-MINSA. Aprobar el Documento Técnico: Plan de cierre de brechas del Esquema Nacional de Vacunación
del menor de 5 años. [Internet]. 2022. Available online: https://www.gob.pe/institucion/minsa/normas-legales/3424101-657-
2022-minsa (accessed on 28 October 2024).

25. CDC MMWR. Recommended Immunization Schedules for Persons Aged 0 Through 18 Years—United States, 2010. [Internet].
2010. Available online: https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5851a6.htm (accessed on 18 October 2024).

26. Kanellopoulou, A.; Giannakopoulos, I.; Fouzas, S.; Papachatzi, E.; Nasikas, S.; Papakonstantinopoulou, A.; Dimitriou, G.; Gkentzi,
D. Vaccination coverage among school children in Western Greece from 2016 to 2019. Hum. Vaccines Immunother. 2021, 17,
4535–4541. [CrossRef]

27. Hill, H.A.; Chen, M.; Elam-Evans, L.D.; Yankey, D.; Singleton, J.A. Vaccination Coverage by Age 24 Months Among Children
Born During 2018–2019—National Immunization Survey–Child, United States, 2019–2021. Morb. Mortal. Wkly. Rep. 2023, 72,
33–38. [CrossRef]

28. Verrier, F.; de Lauzanne, A.; Diouf, J.N.; Zo, A.Z.; Ramblière, L.; Herindrainy, P.; Sarr, F.D.; Sok, T.; Vray, M.; Collard, J.M.; et al.
Bacterial Infections and Antibiotic-Resistant Diseases Among Young Children in Low-Income Countries (BIRDY) Study Group.
Vaccination Coverage and Risk Factors Associated With Incomplete Vaccination Among Children in Cambodia, Madagascar, and
Senegal. Open Forum Infect. Dis. 2023, 10, ofad136. [CrossRef] [PubMed]

29. Shahid, S.; Ahmed, S.; Qazi, M.F.; Ali, R.; Ali, S.A.; Zaidi, A.K.M.; Iqbal, N.T.; Jehan, F.; Imran-Nisar, M. Differential coverage
for vaccines in the expanded program on immunization (EPI) among children in rural Pakistan. Vacuna 2023, 41, 2680–2689.
[CrossRef]

https://doi.org/10.1016/j.semerg.2024.102226
https://doi.org/10.1177/08901171221136532
https://doi.org/10.1038/s41598-024-74183-0
https://www.ncbi.nlm.nih.gov/pubmed/39428393
https://doi.org/10.1186/s12910-023-00978-x
https://doi.org/10.34172/IJHPM.2023.7614
https://doi.org/10.1590/0037-8682-0592-2021
https://www.ncbi.nlm.nih.gov/pubmed/35613224
https://apps.who.int/iris/handle/10665/272820
https://doi.org/10.1016/j.vaccine.2023.08.015
https://www.ncbi.nlm.nih.gov/pubmed/37709591
https://doi.org/10.1590/1984-0462/2024/42/2023116
https://doi.org/10.1016/j.vaccine.2024.126179
https://doi.org/10.1016/j.pmedr.2022.101817
https://proyectos.inei.gob.pe/microdatos/
https://proyectos.inei.gob.pe/microdatos/
https://cdn.www.gob.pe/uploads/document/file/606091/resolucion-ministerial-n-214-2020-minsa.PDF?v=1587482914
https://www.gob.pe/institucion/minsa/normas-legales/869143-529-2020-minsa
https://www.gob.pe/institucion/minsa/normas-legales/3424101-657-2022-minsa
https://www.gob.pe/institucion/minsa/normas-legales/3424101-657-2022-minsa
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5851a6.htm
https://doi.org/10.1080/21645515.2021.1967040
https://doi.org/10.15585/mmwr.mm7202a3
https://doi.org/10.1093/ofid/ofad136
https://www.ncbi.nlm.nih.gov/pubmed/37035496
https://doi.org/10.1016/j.vaccine.2023.03.007


Vaccines 2025, 13, 387 14 of 15

30. Rauniyar, S.K.; Iwaki, Y.; Yoneoka, D.; Hashizume, M.; Nomura, S. Age-appropriate vaccination coverage and its determinants
in children aged 12–36 months in Nepal: A national and subnational assessment. BMC Public Health 2021, 21, 2063. [CrossRef]
[PubMed]

31. Okello, G.; Izudi, J.; Ampeire, I.; Nghania, F.; Dochez, C.; Hens, N. Two decades of regional trends in vaccination completion and
coverage among children aged 12-23 months: An analysis of the Uganda Demographic Health Survey data from 1995 to 2016.
BMC Health Serv. Res. 2022, 22, 40. [CrossRef] [PubMed]

32. Cooper, S.; Bicaba, F.; Tiendrebeogo, C.O.; Bila, A.; Bicaba, A.; Druetz, T. Vaccination coverage in rural Burkina Faso under the
effects of COVID-19: Evidence from a panel study in eight districts. BMC Health Serv. Res. 2023, 23, 1016. [CrossRef]

33. Albertsen, N.; Lynge, A.R.; Skovgaard, N.; Olesen, J.S.; Pedersen, M.L. Coverage rates of the children vaccination programme in
Greenland. Int. J. Circumpolar Health 2020, 79, 1721983. [CrossRef]

34. Newcomer, S.R.; Glanz, J.M.; Daley, M.F. Beyond Vaccination Coverage: Population-Based Measurement of Early Childhood
Immunization Schedule Adherence. Acad. Pediatr. 2023, 23, 24–34. [CrossRef]

35. Novaes, J.V.; Faria, F.M.F.; Bragança, B.S.C.; Santos, L.I. Impacts of the COVID-19 pandemic on immunization with pneumococcal
vaccines in children and older adults in Brazil. Prev. Med. 2023, 173, 107602. [CrossRef]

36. Carias, C.; Pawaskar, M.; Nyaku, M.; Conway, J.H.; Roberts, C.S.; Finelli, L.; Chen, Y.T. Potential impact of COVID-19 pandemic
on vaccination coverage in children: A case study of measles-containing vaccine administration in the United States (US). Vaccine
2021, 39, 1201–1204. [CrossRef]

37. Rombini, M.F.; Mauas, R.P.; Katz, N.; Urueña, A. Ranking de los programas de vacunación en América Latina, 2020. Rev. Panam.
Salud Publica 2024, 48, e15. [CrossRef]

38. Castrejona, M.; Lealb, I.; Pereira-Pinto, T.; Guzmán-Holst, A. The impact of COVID-19 and catch-up strategies on routine
childhood vaccine coverage trends in Latin America: A systematic literature review and database analysis. Hum. Vaccines
Immunother. 2022, 18, e2102353. [CrossRef]

39. Ghafoori, F.; Mokhtari-Azad, T.; Foroushani, A.R.; Farahmand, M.; Shadab, A.; Salimi, V. Assessing seropositivity of MMR
antibodies in individuals aged 2–22: Evaluating routine vaccination effectiveness after the 2003 mass campaign-a study from
Iran’s National Measles Laboratory. BMC Infect. Dis. 2024, 24, 696. [CrossRef] [PubMed]

40. Moschese, V.; Montin, D.; Ottaviano, G.; Sgrulletti, M.; Beni, A.; Costagliola, G.; Sangerardi, M.; Santilli, V.; Miraglia Del Giudice,
M.; Rizzo, C.; et al. within the Italian Society of Pediatric Allergology and Immunology (SIAIP) Vaccine Committee. Vaccines and
allergy: Back to the right places. Pediatr. Allergy Immunol. 2024, 35, e14236. [CrossRef] [PubMed]

41. McNeil, D.A.; Mueller, M.; MacDonald, S.; McDonald, S.; Saini, V.; Kellner, J.D.; Tough, S. Maternal perceptions of childhood
vaccination: Explanations of reasons for and against vaccination. BMC Public Health 2019, 19, 49. [CrossRef]

42. Olubodun, T.; Ogunsola, E.A.; Coker, M.O.; Olayinka, S.A.; Elegbede, W.À.; Ojediran, J.O.; Olajide, K.B.; Sanni, S.B.; Oluwadare,
T.O.; Inetagbo, O.T.; et al. HPV vaccine knowledge, attitude, and programme satisfaction among parents and caregivers of vaccine
recipients in Ogun state Nigeria. Reprod. Health 2024, 21, 179. [CrossRef]

43. Pugach, A.M.; Bondarenko, A.V. Awareness of future parents about vaccination. Mod. Pediatr. 2023, 5, 85–89. [CrossRef]
44. Bohm-Gonz, S.T.; Detemple, S.; Gruss, J.; Franke, R.; Dotsch, J.; Berner, R.; Hartel, C.; Weyersberg, A. Perspectives and involvement

of children and adolescents during the decision-making process of their Covid-19 vaccination. Patient Educ. Couns. 2025, 130,
108476. [CrossRef]

45. Sabahelzain, M.M.; Almaleeh, A.; Abdelmagid, N.; Abdalla, O.; Nor, B.; Mounier-Jack, S.; Singh, N.S. Vaccination strategies to
identify and reach zero-dose and under-immunized children in crisis-affected states in Sudan: A qualitative study. Confl. Health
2024, 18, 76. [CrossRef]

46. Dubé, E.; Labbé, F.; Malo, B.; Manca, T.; Aylsworth, L.; Driedger, S.M.; MacDonald, S.E. “I don’t think there’s a point for me to
discuss it with my patients”: Exploring health care providers’ views and behaviours regarding COVID-19 vaccination. Hum.
Vaccines Immunother. 2022, 8, e2088970. [CrossRef]

47. Meghani, M.; Pike, J.; Tippins, A.; Leidner, A.J. Cost-Effectiveness Analysis of Routine Outreach and Catch-Up Campaign
Strategies for Measles, Mumps, and Rubella Vaccination in Chuuk, Federated States of Micronesia. Public Health Rep. 2025, 140,
48–56. [CrossRef]

48. Williams, J.T.; Ritger, C.; Holliman, B.D.; Huebschmann, A.G.; O’Leary, S.T. Staff and caregivers’ perceptions of digital storytelling
to increase influenza vaccine confidence in an urban safety-net healthcare system. Vaccine 2025, 45, 126572. [CrossRef] [PubMed]

https://doi.org/10.1186/s12889-021-11841-2
https://www.ncbi.nlm.nih.gov/pubmed/34758802
https://doi.org/10.1186/s12913-021-07443-8
https://www.ncbi.nlm.nih.gov/pubmed/34996445
https://doi.org/10.1186/s12913-023-10029-1
https://doi.org/10.1080/22423982.2020.1721983
https://doi.org/10.1016/j.acap.2022.08.003
https://doi.org/10.1016/j.ypmed.2023.107602
https://doi.org/10.1016/j.vaccine.2020.11.074
https://doi.org/10.26633/RPSP.2024.15
https://doi.org/10.1080/21645515.2022.2102353
https://doi.org/10.1186/s12879-024-09593-6
https://www.ncbi.nlm.nih.gov/pubmed/38997625
https://doi.org/10.1111/pai.14236
https://www.ncbi.nlm.nih.gov/pubmed/39244712
https://doi.org/10.1186/s12889-018-6338-0
https://doi.org/10.1186/s12978-024-01913-y
https://doi.org/10.15574/SP.2023.133.85
https://doi.org/10.1016/j.pec.2024.108476
https://doi.org/10.1186/s13031-024-00639-9
https://doi.org/10.1080/21645515.2022.2088970
https://doi.org/10.1177/00333549241249672
https://doi.org/10.1016/j.vaccine.2024.126572
https://www.ncbi.nlm.nih.gov/pubmed/39681021


Vaccines 2025, 13, 387 15 of 15

49. Monolbaev, K.; Kosbayeva, A.; Lazzerini, M. Mobile Vaccination Teams for Improving Vaccination Coverage in the Kyrgyz
Republic: Results of a National Health System-Strengthening Project during the First Two Years of the COVID-19 Pandemic.
Children 2023, 10, 1681. [CrossRef] [PubMed]

50. Oyo-Ita, A.; Oduwole, O.; Arikpo, D.; Effa, E.E.; Esu, E.B.; Balakrishna, Y.; Chibuzor, M.T.; Oringanje, C.M.; Nwachukwu, C.E.;
Wiysonge, C.S.; et al. Interventions for improving coverage of childhood immunisation in low- and middle-income countries.
Cochrane Database Syst. Rev. 2023, 12, CD008145. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/children10101681
https://www.ncbi.nlm.nih.gov/pubmed/37892344
https://doi.org/10.1002/14651858.CD008145.pub3
https://www.ncbi.nlm.nih.gov/pubmed/38054505

	Introduction 
	Materials and Methods 
	Objective and Type of Research 
	Data 
	Variables and Indicators 
	Mathematical Analysis 

	Results 
	Discussion and Comments 
	Conclusions 
	References

