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ABSTRACT

Objective: To analyze factors associated with full vaccination coverage with valid doses, in children
from four state capitals and three other cities in Southeast Brazil. Method: Analysis of a population
survey conducted in 2020-2021, with a sample stratified according to socioeconomic levels of
children born in 2017-2018, with data collected through photographic records of their vaccination
cards. Odds ratios (OR) and 95% confidence intervals (95%Cl) for full vaccination coverage were
estimated based on the characteristics of the family, mother and child. Results: Among 8703
children, lowest coverage occurred in strata A and B (OR=0.39; 95%Cl 0.23;0.67 and OR=0.38; 95%Cl
0.25;0.58); in consumption level A/B (OR=0.38;95CI% 0.28;0.52); among those with income >BRL8000/
month (OR=0.23; 95%CI 0.12;0.42); in children of mothers with higher education (OR=0.47; 95%ClI
0.32;0.71); in children not vaccinated exclusively in the public service (OR=0.37; 95%CIl 0.26;0.51)
and in children with a vaccination delay of up to 6 months (OR=0.28; 95%CI 0.22;0.37). Conclusion:
Coverage did not reach the targets for controlling vaccine-preventable diseases and was negatively
associated with higher socioeconomic status.
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Vaccination coverage among the 2017-2018 live birth in Southeast Brazil

INTRODUCTION

The Brazilian National Immunization
Program (Programa Nacional de Imunizagdes
- PNI) established in 1973' is recognized as one
of the most complete in the world and for
having achieved, for years, high vaccination
coverage due to the universal and free nature of
the Brazilian National Health System (Sistema
Unico de Saude - SUS) .2

However, from 2012 onwards, a decline
in vaccination coverage was detected,
worsening in 2016 and, even more so, due
to the COVID-19 pandemic.? Data from the
National Immunization Program Information
System (SI-PNI) showed that, between 2018
and 2019, the number of administered doses
of seven vaccines decreased in all Brazilian
regions: monovalent rotavirus; pneumococcal
conjugate; hepatitis B; BCG; inactivated and
oral poliovirus; diphtheria, tetanus and pertussis
(DTP); and DTP, Haemophilus influenza type
B and hepatitis B. Only coverage of varicella
and meningococcal serogroup C vaccines
increased.*

Despite the pioneering spirit in the
implementation and development of PNI
immunization actions, the Southeast, as well
as other regions of Brazil, have recorded a
drop in vaccination coverage, with levels below
the national schedule targets.® In 2020, doses
administered to children up to 10 years old fell
9.4% compared to 2019, with the Southeast
being one of the most affected regions (-12.8%).°
Poliovirus coverage, according to SI-PNI data,
decreased by almost 30% between 2011 and
2021, this being a trend found in 24 of the 27
Brazilian Federative Units (i.e. 26 states and the
Federal District).”

Considering average coverage of vaccines
on the childhood schedule, per Federative
Unit as per the SI-PNI, a worrying decline was
found in the period from 2016 to 2020 in all four
Southeast region states: 24.0% in Espirito Santo,
22.5% in Minas Gerais, 50.3% in Rio de Janeiro
and 28.1% in Sao Paulo.®
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Study contributions

Vaccination coverage for the
full schedule with valid doses
was very low, putting the
control of vaccine-preventable
diseases at risk in the four
state capitals and three other
cities in the interior region of
Southeast Brazil.

Main results

Brazilian National Health
System managers and workers
need to know the factors
associated with low vaccination
coverage and increased risk

of abandoning the schedule,
access problems and National
Immunization Program
difficulties.

Implications
for services

Understanding determinants
of low vaccination coverage
provides support for the
discussion and design of
effective public policies to
address barriers and qualify
health services for vaccination.

Perspectives

It should be noted that there are indications
of discrepancies in vaccination coverage
according to SI-PNI data when compared to
survey data, which indicate possible failures
in recording administered doses on the
information system (SI-PNI) and in estimating
the target population.®

Household surveys produce more precise
estimates, enabling estimates of children
with a full vaccination schedule and the
proportion of susceptible children, as well as
enabling understanding of the socioeconomic
determinants of the heterogeneous distribution
of childhood vaccination coverage and factors
related to equity of access to the PNI.©

The objective of this article was to analyze
factors associated with full vaccination
coverage with valid doses, in children in the
four state capitals and in three other cities in
the Southeast region of Brazil.
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METHODS

Thisis an analysis of the National Vaccination
Coverage Survey, a population-based study,
conducted from 2020 to 2022 regarding
children born in 2017 and 2018, living in the
urban area of the 26 Brazilian state capitals,
Federal District and in 12 interior region cities
with more than 100,000 inhabitants.

The present study verified adherence to the
PNI vaccination schedule up to 24 months old
among children born in the four state capitals
of the Southeast region (Belo Horizonte, MG;
Vitdria, ES; Rio de Janeiro, RJ and Sao Paulo,
SP) and in three other cities in the region (Sete
Lagoas, MG; Petropolis, RJ and Campinas, SP).

In the first stage, the census tracts were
classified into four socioeconomic strata (A, B,
Cand D, with stratum A being the one with the
best socioeconomic status, and stratum D with
the poorest) in each of the 39 municipalities
covered by the national survey. The strata
classification cut-off points were different
between the municipalities, being defined
according to data on the nominal income of
the heads of family, the percentage of heads of
family with income above 20 minimum wages
and the percentage of literate heads of family,
as per the 2010 Demographic Census."

The sample size calculation considered
vaccination coverage of 70%, design effect of 1.4
and a 95% confidence interval, which resulted
in 452 children in each survey. The number of
surveys in each municipality was defined based
on its population, resulting in 452 children in
Sete Lagoas and Petrdpolis, 904 in Vitéria and
1,808 children in Belo Horizonte, Rio de Janeiro,
Sao Paulo and Campinas.”

The census tracts were grouped together by
proximity and expected number of children,
so that each cluster contained three times
the number of children to be included in the
sample in order to compensate for possible
address errors and other losses. The clusters
were systematically selected at random."
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The vaccine administration dates were
obtained by photographing the children’s
vaccination cards. The socioeconomic
characteristics of families, mothers and children
and questions about vaccination hesitancy
were obtained through interviews using a
structured questionnaire administered by a
trained interviewer.

The doses of different vaccines aimed at
preventing the same diseases were added
up (for example: MMR [measles, mumps
and rubella] and MMRV [measles, mumps,
rubella and varicella]), in order to correctly
calculate coverage considering the vaccines
administered by both public and private
services.?

Taking the difference between the dates
recorded on the vaccination cards and the
children’s date of birth, the doses were able
to be classified as valid when applied 15 days
before the date set by the PNI, respecting the
minimum interval recommended for each
dose.”?

The outcome was full vaccination coverage
with valid doses, defined as administration of
all doses and boosters of vaccines on the official
PNI schedule up to 24 months old: Bacillus
Calmette-Guérin (BCG); hepatitis B (HepB);
diphtheria, tetanus, pertussis, hemophilus
influenza B, hepatitis B (DTcP-Hib-HepB:) —first
+second + third doses; inactivated poliovirus1,2
and 3 (IVP:first + second + third doses); rotavirus
(RVT: first and second doses); meningococcal
serogroup C (MENC: first and second doses
+ booster); pneumococcal conjugate (PCV10:
first and second doses); measles, mumps and
rubella (MMR:first and second doses + booster);
hepatitis A (HepA: first dose); varicella (VAR:
single dose); attenuated oral poliovirus 1 and
3 (bOPV: booster); diphtheria, tetanus and
pertussis (DTP: booster). Yellow fever vaccine
was excluded from the calculation, as it was
not part of the routine schedule in some
municipalities.”
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The covariablesincluded the following blocks.

— Family characteristics: socioeconomic
stratum (A, B, C and D); family consumption
level (A/B and C/D), defined according to the
criteria used by the Brazilian Association of
Survey Companies;”® monthly family income
(<BRL 1000, BRL 1001-3000, BRL 3001-8000,
>BRL 8001); household crowding (no, yes=23
persons per bedroom); and federal income
transfer program beneficiary (yes, no).

— Maternal characteristics: schooling (no
schooling or incomplete elementary
education,complete elementary education or
incomplete high school education, complete
high school education or incomplete higher
education, complete higher education);
paid work in the last month (yes, no); age
group (<20 years, 20-34 years, 235 years); has
a partner (yes, no); and number of children
(1,2 and =3).

— Child characteristics: sex (male, female);
race/skin color (White, Black or mixed race);
attends daycare or school (yes, no); birth
order (first,second, third or above); difficulties
accessing vaccination service (yes, no); any
delayed vaccination up to 6 months old (yes,
no); and whether the child received on the
same date the vaccines recommended at 4
months (yes, no).

The coverage cascade for vaccines on the PNI
schedule for the first 24 months of life started
with BCG, calculated taking the number of
children vaccinated with valid doses of that
vaccine as the numerator and the number of
children in the sample as the denominator.
Subsequently, the numerator was the number
of children who received valid doses of a given
vaccine and the denominator was the number
of valid doses of the vaccine immediately
administered before it. Therefore, in order to
calculate HepB coverage at birth, the number
of children who received valid HepB doses was
divided by the number of children vaccinated
with valid BCG doses.
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Vaccination coverage estimates and their
respective 95% confidence intervals were
calculated using the Stata® (version 17) survey
analysis module, considering the sample
weights and the study design. Pearson’s chi-
squared test was used to test for associations
between the outcome and covariables
(p-value<0.05). Using logistic regression, crude
odds ratios (OR) adjusted for age and maternal
education were estimated, with their respective
confidence intervals.

The survey was approved by the Research
Ethics Committee of the Instituto de Saude
Coletiva da Universidade Federal da Bahia, as
per Opinion No. 3.366.818, on June 4, 2019, and
Certificate of Submission for Ethical Appraisal
(Certificado de Apresentacdo de Apreciagcdo
Etica - CAAE) No. 4306919.5.0000.5030; and
by the Research Ethics Committee of the
Irmandade da Santa Casa de S&o Paulo, as per
Opinion No. 4.380.019, on November 4, 2020,
and CAAE No. 39412020.0.0000.5479.

RESULTS

A total of 8,703 children born between
2017 and 2018 took part in this study, in Belo
Horizonte (n=1,863,103.0% of predicted), Vitdria
(n=788, 87.2% of predicted), Rio de Janeiro
(n=1,820, 100.7% of predicted), Sao Paulo
(n=1,539, 85.1% of predicted), Sete Lagoas (n=451,
99.6% of predicted), Petrépolis (n=468, 103.5%
of predicted ) and Campinas (n=1,774, 98.1% of
predicted).

In the Southeast region, the proportion of
children with full vaccination coverage with
valid doses at 24 months was estimated at
41.3% (95%CI 37.9;44.9) for the capitals and
471% (95% Cl 40.8;53.4) for the three cities
in the interior. The city with the highest
vaccination coverage was Sete Lagoas (61.6%;
95%ClI 53.6;69.1), and those with the lowest
coverage were Vitéria (34.4%; 95%CI| 23.3;47.2)
and Rio de Janeiro (34.6%; 95%CI 29.9;39.6). In
the other cities, vaccination coverage was 43.3%
(95%CI 35.9;51.0) in Campinas, 44.2% (95%CI
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39.3;49.3) in Sao Paulo, 46.2% (95%CI 40.2;52.3)
in Belo Horizonte and 50.3% (95%CI 34.4:66.1) in
Petrépolis (Table 1).

When assessing family characteristics,
coverage was higher in socioeconomic stratum
D, in Belo Horizonte, Vitéria, Sdo Paulo and
Campinas, and in stratum C, in Rio de Janeiro
and Petroépolis (p-value<0.05). In Sete Lagoas,
no statistical difference was found according
to strata. Lower vaccination coverage in the
highest socioeconomic strata (A and B) was
found in most cities (p-value<0.05), with the
exception of Belo Horizonte and Sete Lagoas
where there was no difference between the
strata. Full vaccination coverage was lower
in families with income >BRL 8001 in most
cities (Belo Horizonte, Vitéria, Rio de Janeiro,
Sao Paulo and Campinas), as well as in all the
capitals and interior region cities taken together
(p-value<0. 05). Statistically higher coverage
was found among children from families who
were income transfer program beneficiariesin
Vitdria, Rio de Janeiro, Sdo Paulo and in all the
capitals taken together (Table 1).

Vaccination coverage with valid doses
was lower (p-value<0.05) among children of
mothers with higher schooling levels in Sete
Lagoas, Vitoéria, Sao Paulo and Campinas and
also in the capitals and interior region cities
taken together. Children of mothers with paid
work in the month preceding the interview
also had lower vaccination coverage with valid
doses (p-value<0.05), with the exception of Sete
Lagoas and Campinas. Children of mothers
aged 35 or over also had lower coverage in
Vitdria, Sao Paulo and in all the capitals and
interior region cities taken together (Table 2).

The characteristics of the children had little
impact on vaccination coverage with valid doses
in the cities studied (Table 3). No statistically
significant differences were found in relation
to sex and race/skin color. Coverage among
children who attended school and daycare was
only higher in Campinas (p-value-value<0.05).
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Higher coverage was found in all the cities
among children vaccinated exclusively in public
services (p-value<0.05). There was no statistical
difference in coverage among children whose
parents or guardians reported difficulties in
accessing vaccination services in almost all the
cities, exceptin Petrépolis, where coverage was
higher. (Table 3).

Delay in any vaccine scheduled up to
6 months old was associated with lower
vaccination coverage in all capitals and interior
region cities, with the exception of Sete Lagoas.
Among children who received, on the same
date, the vaccines recommended at 4 months
old (second dose of DTcP-Hib-HepB, second
dose of IPV, second dose of RV1 and second
dose of PCV10), coverage was higher in Belo
Horizonte, Vitdéria and Sao Paulo and in the
capitals taken together (p-value<0.05) (Table 3).

When the vaccine administration sequence s
shown according to the PNIschedule (Figure1),
Sete Lagoas had the highest coverage, while Rio
de Janeiro and Vitéria had the lowest coverage
over the entire sequence. The sequence in the
cities was similar: the drops in coverage from
thefirst to the last vaccine accounted for more
than 40 percentage points, except in Sete
Lagoas, and were more evident in the periods
corresponding to administration of the second
dose of RV1and the first PCV10 booster.

The drop in coverage up to 12 months old was
greatestin the city of Rio de Janeiro (21.2%) and
lowest in Sete Lagoas (14.0%), with an average of
17.8% considering all the cities. Up to 15 months,
drops in coverage were greatest in Sao Paulo
(48.2%) and Campinas (47.7%), with an average
of 43.3% considering all the cities (Figure 1).

Taking the cities as a whole, the analysis
of crude association (Table 4) showed lower
odds of having full vaccination coverage
with valid doses for children from families
in socioeconomic strata A (OR=0.31; 95%ClI
0.18;0.53), B (OR=0.32; 95%Cl 0.21;0.48) and
C (OR=0.65; 95%CI 0.48;0.87), in relation to
those in stratum D; consumption levels A/B
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Table 1 - Full vaccination coverage with valid doses (%) and 95% confidence intervals (95%Cl) according to family characteristics, National
Vaccination Coverage Survey, Belo Horizonte, Sete Lagoas, Vitéria, Rio de Janeiro, Petrépolis, Sao Paulo, Campinas and Brazil, 2020 (n=8,703)

Minas Gerais Espirito Santo Rio de Janeiro Sao Paulo Southeast
Characteristics Belo Horizonte  Sete Lagoas Vitoria Rio de Janeiro Petrépolis Sao Paulo Campinas Capitals Interior
(n=1,863) (n=451) (n=788) (n=1,820) (n=468) (n=1,539) (n=1,774) (n=6,010)s (n=2,693)

Socioeconomic stratum

A 286 (213:371) 514 (38.2,64.4) 35 (0.9:12.4) 1811 (6.5:41.5) 19.7 (4.5559) 320 (19.0:485)  12.0 (5.7.23.6) 241 (15.2:35.9) 16.6 (9.3;28.0)

B 281(19.4;39.0) 550 (42.6,669) 394 (285515  16.6(8.928.8)  56.4 (47.4;651)  20.0 (11.3;32.8)  47.5(37.2,58.0) 20.0 (14.027.8)  49.5 (41.2,57.8)

C 436 (353522) 549 (419:67.3) 34.0 (27.4:413)  42.8(349511) 704 (53.7,83.0) 28.8(20.7385) 553 (49.0615) 353 (29.5417) 58.0 (51.8,64.0)

D 515(419;61.0) 693 (55.7:802) 601 (51.9:67.7) 380 (31.8:44.6) 56.6(483:647) 51.6(45.8573) 56.7 (49.4:63.8) 47.7 (43.452]) 591 (53.6,64.5)
Family consumption level

A/B 380 (28.6:48.4) 532(33.8;717) 192 (101333)  202(13.7289)  135(3.4405) 246 (185319) 267 (16.739.8) 243(20.0293) 279 (18.5397)

c/D 493 (414,573) 636 (54.5719) 558 (489625 399 (34.0461) 557 (436672) 522 (46.6577)  571(523617) 483 (443524) 579 (535621)
Monthly family income (BRL)

<1000 575 (489:65.7) 523 (36.6,67.6) 645 (52.4749) 386 (299/482) 453(37.053.8) 535 (45.7,611) 550 (453;64.3) 49.8 (441;55.4) 521 (45.4;587)

1001-3000 499 (35.7:64.2) 662 (571,74.3) 52.8 (40.7:64.5) 417 (33.6;50]) 553 (36.8;72.4) 53.8 (44.0,634) 56.(49.6,62.4) 50.0 (43.556.5) 576 (51.2:63.7)

3001-8000 414 (35.0:48.0) 69.0 (47.3:84.6) 30.7 (21.6417) 406 (31.2,50.7) 461(18.6:762) 39.8(28.8,51.8) 464 (31.9:615)  40]1(33.846.8) 481 (353:613)

>8001 23.6(10.2;455) 302 (8.7:66.) 191 (6.5;44.5) 21.0 (11.5;35.3) 10.1 (1.5:45.4) 14.1 (51:33) 18.3 (9.0;33.7) 18.6 (11.9;28.0) 18.6 (9.6;33)
Household crowding

Yes 61.7 (41.8;78.4) 662 (331:88.6) 62.8 (455773) 275(159:43.4) 353 (229,50]) 374 (25651.0)  451(31.759.2)  34.8 (26.0:44.7) 45.4 (34.5,56.8)

No 455 (39.4;51.8) 614 (53.568.8) 329 (219:462) 362 (312:415) 513 (34.0:683)  451(40150]) 432 (35.4513) 423 (38.8:459) 472 (40.6,53.9)
Income transfer program

Yes 516 (40.4,627) 562 (42.3:693) 659 (551:753) 497 (40.459]) 446 (37.552.0) 535 (45.7:611) 497 (39.4,60.0) 525 (46.8:58])  49.6 (42.7;56.4)

No 449 (383516) 633 (554:705) 280 (17.8412)  311(25936.8) 52.3(30.9:72.8) 415(359:47.4)  421(335513) 384 (34.6425) 46.6(39.0;54.4)
Total 462 (402;523) 616 (53.6,69]) 344 (233472) 34.6(29.939.6) 503 (34.4,66]) 442 (393493) 433(359510) 413 (37.9449)  471(40.8,53.4)
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Table 2 - Full vaccination coverage with valid doses (%) and 95% confidence intervals (95%Cl) according to maternal characteristics, National
Vaccination Coverage Survey, Belo Horizonte, Sete Lagoas, Vitéria, Rio de Janeiro, Petrépolis, Sao Paulo and Campinas, Brazil, 2020 (n=8,703)

Minas Gerais Espirito Santo Rio de Janeiro Sao Paulo Southeast
Characteristics Belo Horizonte  Sete Lagoas Vitéria (n=788) Rio de Janeiro Petrépolis Sao Paulo Campinas Capitals Interior
(n=1,863) (n=451) (n=1,820) (n=468) (n=1,539) (n=1,774) (n=6,010)s (n=2,693)

Schooling

No schooling

andincomplete 473319637 509 (20.5720) 579 (39.8740) 464 (30.0:637) 585 (36377.7) 427 (331530) 639 (46.0,786) 446 (364532)  611(483725

clementary 3(31.9,63.2) .9 (29.5;72.0) 9 (39.8,74.0) 4 (30.0;,63.7) 5(36.377.7) 7 (33.1,53.0) 9 (46.0,78.6) 6 (36.4,53.2) 1(48.3,72.5)

education

Complete

elementary 52.0 (43.4,60.5) 46.4 (28.7;65.0) 53.3 (41.4,64.9) 341 (22.9;47.3) 57.0 (45.0;68.3) 58.4 (46.6;69.4) 55.2 (43.2,66.6) 51.2 (42.5;59.9) 54.1 (46.0;61.9)

education

Complete high 50.5 (391:619) 709 (63.577.3) 614 (521:69.9) 376 (29.7:462) 60.0 (48.6;70.4) 514 (44.7:581) 595 (53.4:65.4) 479 (42.9:529)  61.8 (57.0:66.4

school education .5 (39.1,61.9) 9 (63.5,77.3) 4 (521,69.9) 6 (29.7,46.2) .0 (48.6,70.4) 4 (44.7,581) .5 (53.4,65.4) 9 (42.9,52.9) 8 (57.0,66.4)

Complete higher 274 (30.3:45.0 . . . . . . . .

cducation 4(30.3;45.0) 452 (30.8;60.4) 191(10.532.4)  271(209342)  26.(7.0;62.6) 277 (21335]1)  265(172;38.3) 28.0(23.832.8) 279 (19.2;387)
Paid work in the last month

Yes 412 (355:472) 637 (51.3:745) 266 (14.9:427)  30.4 (251:362) 420 (24.2:621) 407 (34.3:475) 421 (31154.0)  37.4 (331:42.0)  44.4 (35.4:53.9)

No 521(431:609) 600 (49.3:69.8) 486 (41.0;562) 39.3(32.6465) 66.4(52.2:781) 50.0 (43.456.5) 512 (401:621)  47.0 (42.451.6)  55.8 (47.7:63.6)
Age group (years)

<20 50.6 (30.6,70.4) 767 (157,983)  38.8(8.0;82.3) 446 (1967277) 356 (13566.3) 488 (19.0;79.4) 912 (751973)  47.6 (27.4,68.6) 78.0 (59.4;89.6)

20-34 46.3(36.556.4) 619 (51.4715) 487 (39.558.0) 380 (31.644.8) 604 (48.7,70.9) 50.4 (42.9:57.9) 511 (41.4;60.8) 461 (411;512)  54.8 (47.7:61.7)

235 46.0 (39.6,52.6)  611(514;,701) 250 (13.4:42.0) 30.8(241384) 364 (156:641) 382 (32.044.8) 36.8(253501) 364 (31.9:411)  39.8 (29.8,50.8)
Partner

Yes 436 (36.051.4) 619 (52.7,703) 304 (19.2;44.5) 33.0 (27.9385) 519 (30.9;722)  431(371:492)  441(35553.0) 399 (35.8:44.2) 477 (40.2;55.4)

No 514 (418,60.8) 612 (516,699) 509 (409;61.0) 377 (29.9/46.3) 444 (323573) 495 (40.6584) 523 (39.8,64.6) 459 (403;517) 52.3 (44.9:59.7)
Number of children

1 426 (33.851.8) 63.8(52.8735) 274 (171,409) 386 (30.2476) 593 (402:76.0) 436 (35851.8) 465 (35.8,57.6) 416 (36.2:471) 512 (42.7:59.7)

2 495 (411,58.0)  60.0 (47.8;71]) 365 (221;53.9)  28.8 (217371) 436 (18.37277) 452 (37553.0) 435(353521) 40.8(35546.3) 457 (37.3;54.3)

>3 469 (40.553.4) 602 (46.472.6) 515 (40.4,62.5) 356 (26.446.0) 509 (39.5622) 439 (362,519) 375(22.3556) 417 (36.0;47.6)  42.9 (30.1,56.6)
Total 462 (402,523) 616(536691) 344 (233472) 346(299396) 503 (344661) 442 (393493) 433 (359510) 413 (37.9449) 471 (40.8;53.4)
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Table 3 - Full vaccination coverage with valid doses (%) and 95% confidence intervals (95%Cl) according to child and service barrier characteristics,
National Vaccination Coverage Survey, Belo Horizonte, Sete Lagoas, Vitéria, Rio de Janeiro, Petrépolis, Sido Paulo and Campinas, Brazil, 2020
(n=8,703)

Minas Gerais Espirito Santo Rio de Janeiro Sao Paulo Southeast
Characteristics Belo Horizonte Sete Lagoas Vitéria (n=788) Rio de Janeiro Petrépolis Sao Paulo Campinas Capitals Interior
(n=1,863) (n=451) (n=1,820) (n=468) (n=1,539) (n=1,774) (n=6,010)s (n=2,693)

Sex

Male 428 (342;52.0) 64.4 (53.6,74.0) 385 (26.0,526) 358 (29.542.6)  39.8(219;61.0) 452 (39.0,51.6) 435 (34.2,532) 42.0 (37.7:46.4) 456 (37.7.53.8)

Female 505 (44.9;56.0) 584 (491:672) 294 (18.7:431)  33.3(27.2:401) 661 (515782)  432(36.949.8)  431(33.4:53.4) 407 (36.2;453)  48.8 (41.0:56.7)
Race/skin color

White 431(36.0,50.5)  54.1(39.5:68.) 273 (187:379) 324 (264391) 440 (23.6,66.6) 43.8(382:49.6) 408 (30.7517) 404 (36.2:447)  42.4 (33.6:51.6)

rBa'?‘e:k/ mMixed 497 (42.0:56.4) 634 (53172.6) 429 (267:60.8) 386 (30.9:470) 595 (49.7:685) 458 (377541) 498 (375620) 437 (386489) 550 (46.9:62.8)
Attends daycare or school

Yes 498 (42.2,573) 576 (42.8711) 377 (28.0:485) 334 (27.5397) 514 (355669)  461(405519)  50.8 (42.8:58.7) 429 (38.7:472) 513 (44.6,58.0)

No 405 (32549.0) 632 (56.2:69.6) 234 (10.2:450) 36.6 (28.4:455) 487 (29.9:67.8) 392 (31.8472) 305 (20.4:429) 382 (33.2:43.4) 41.3 (32.1:51.3)
Birth order

First 391(29.9:49.0) 66.7 (54.8,76.8) 293 (19.5415) 370 (30.2:443) 557 (3317762) 426 (36.0:49.4) 449 (32.458]) 403 (35.7.450)  49.6 (39.2;60.0)

Second 54.8 (46.0;633) 530 (383:67.2) 37.8(20.8,58.3) 285 (21336.8) 425 (241:632) 486 (412;56])  433(33.8,534)  43.6(38.2491)  44.6 (36.7,52.9)

gggseor 521 (42.4:617) 644 (48.9773) 497 (374:621)  36.6(26.647.8)  50.2 (39.560.9) 411 (31.7,51.2) 38.6 (20.6:60.3) 405 (33.8/47.4)  44.0 (28.8:60.4)
Vaccinated exclusively in public services

Yes 513 (434;59.])  64.0 (54.872.4) 552 (47.9:622) 399 (34.2458) 602 (51.8;68.0) 50.8 (45.3:56.2) 551 (491:61) 477 (43.8517) 575 (52.9:62.0)

No 301(24137.0) 534 (28.0;77.) 18.8 (9.7:33.3) 229 (15.8;31.8) 220 (54,584)  22.8(167302)  216(12.834.0) 233(19.0282) 247 (15.8;36.6)
Difficulty in taking child to vaccination service

Yes 35.4 (22.1:51.3) 47.7 (26.3;70.) 29.1 (17.7:43.8) 37.8 (241:53.8)  751(54.6,883) 284 (10.457.4)  29.0 (13.9:50.8) 331(21.2;47.6)  39.6 (24.2;,57.4)

No 469 (40.553.4) 625 (54.570.0) 344 (22.9481) 345(29.639.8) 482 (321,64.6) 44.0 (39.049]) 446 (371524) 412 (377:44.9)  47.8 (41.4:54.2)
Vaccination delay for any vaccine up to 6 months old

Yes 420 (342,50.2) 562 (46.6:653) 315(20.0:458) 28.8(22.8356) 459 (31661.0)  331(26.6403) 362 (29.7:433) 326 (28.3372) 412 (35.1:47.5)

No 63.7 (57.3:69.7)  70.0 (54.9;81.8) 64.8(56.3:.72.4) 596 (49.5689) 79.7 (67.;883) 605 (54.4,66.3) 571(42.6705) 606 (559;652) 616 (49.672.3)
Received on the same date the vaccines recommended at 4 months old

Yes 64.0 (58.4,69.3) 685 (58.2,77.3) 563 (49.8:627)  491(426;556)  551(38.2;709)  57.4 (51.2;63.3) 517 (41.9;61.3) 56.0 (51.5,60.4)  54.8 (47.0;62.4)

No 329 (22.8449) 557 (31.477.6) 21.0 (6.8;49.) 452 (331:57.8) 694 (5917782) 224 (13.8341) 470 (329:616)  32.3(25540.0) 552 (44.4,65.5)
Total 462 (40.2523) 616 (53.6:69]) 344 (233472) 346 (29.939.6) 503 (34.4661) 442(393493) 433 (3595510) 413 (37.9:449)  471(40.8,53.4)
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Vaccination coverage with valid doses (%)
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30
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| ~~&—Belo Horizontq 89,0 87,9 87,6 87,5 85,6 83,6 83,2 82,8 82,7 82,4 72,5 n.7 70,6 70,2 61,6 591 58,5 57,2 54,8 52,7 49,1 46,2
|==@==Sete Lagoas 96,3 95,8 95,2 95,2 94,4 91,6 9.4 9,4 91,0 90,5 84,6 83,9 82,4 82,3 76,0 na 70,9 69,4 66,1 63,0 61,8 61,6
| =@ itoria 79,8 78,7 78,7 78,6 78,5 77,0 76,4 76,4 76,4 67,9 63,8 63,4 62,8 62,6 44,9 42,2 421 41,0 37,9 36,9 35,2 34,4
e Rio de Janeiro 79,9 77,4 77,0 76,6 76.5 731 72,2 71,8 n.,7 7 61,8 60,4 58,9 58,7 47,5 44,8 44,5 42,0 38,2 371 35,3 34,6
=== Petrépolis 89,3 89,2 88,9 88,7 88,5 86,2 86,2 85,8 85,4 84,0 74,4 74,0 7.2 7,4 61,4 59,7 58,7 58,0 54,0 52,5 50,7 50,3
|==®==S30 Paulo 92,4 90,9 89,6 88,7 88,3 84,8 84,6 84,2 84,0 83,4 75,2 74,5 74,0 73,5 58,2 55,9 54,8 53,3 48,3 45,9 45,9 44,2
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Figure 1 - Coverage cascade showing valid doses of vaccines scheduled up to 24 months old,

Horizonte, Sete Lagoas, Vitéria, Rio de Janeiro, Petrépolis, Sdo Paulo and Campinas, Brazil, 2020 (n=8,703)

National Vaccination Coverage Survey, Belo

BCG: Bacillus Calmette-Guérin; HepB: hepatitis B; DTcP-Hib-HepB, DTP: Haemophilus influenza type B and 9HepB; IPV: inactivated poliovirus 1, 2 and 3; PCV10: pneumococcal conjugate; RV1: rotavirus; MENC:
meningitis serogroup C; MMR: measles, mumps and rubella; HepA: hepatitis A; bOPV: attenuated oral poliovirus 1 and 3; DTP: diphtheria, tetanus and pertussis; VAR: varicella.
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Table 4 - Crude and adjusted odds ratio (OR) between family, maternal and child characteristics
and full coverage with valid doses, among children up to 24 months old, National Vaccination
Coverage Survey, Belo Horizonte, Sete Lagoas, Vitéria, Rio de Janeiro, Petrépolis, Sao Paulo
and Campinas, Brazil, 2020 (n=8,703)

Variables Crude OR (95%Cl) p-value Adjusted OR (95%Cl) p-value
Socioeconomic stratum <0.001 <0.001
A 0.31(0.18;0.53) 0.39 (0.23;0.67)
B 0.32 (0.21;,0.48) 0.38 (0.25;0.58)
C 0.65 (0.48;0.87) 0.75 (0.5511.01)
D 1.00 1.00
Family consumption level <0.001 <0.001
A/B 0.34 (0.26,0.44) 0.38 (0.28;0.52)
c/D 1.00 1.00
Monthly family income (BRL) <0.001 <0.001
<1000 1.00 1.00
1001-3000 1.03 (0.75;1.42) 1.01 (0.73;1.40)
3001-8000 0.70 (0.50;0.96) 0.69 (0.47;1.01)
28001 0.23 (0.14;0.39) 0.23 (0.12;0.42)
Maternal schooling <0.001 <0.001
Mo zehecling snd peormplte
ggaz't?éi elementary 127 (0.77:2.08) 125 (0.76;2.08)
gg[}i‘:'ﬁéi high school 115 (0.78:1.70) 115 (0.77:1.70)
Complete higher education 0.47 (0.31;0.70) 0.47 (0.32;0.71)
Maternal age group (years) 0.100 0.528
<20 1.00 1.00
20-34 0.93 (0.37:2.31) 1.03 (0.36;2.98)
35 or over 0.61 (0.25;1.50) 0.89 (0.29;2.75)
Income transfer program
Yes 1.00 <0.001 1.00 0.119
No 0.58 (0.45;0.76) 0.78 (0.57,1.07)
Maternal paid work <0.001 0.104
Yes 1.00 1.00
No 148 (119,1.84) 1.21 (0.96;1.54)
gzgﬁc‘;aecr?iz::ed exclusively in <0.00] <0.001
Yes 1.00 1.00
No 0.33 (0.25,0.43) 0.37 (0.26;0.51)
Child received on the same date
the vaccines recommended at 4 <0.001
months old
Yes 1.00 <0.001 1.00
No 0.40 (0.28;0.59) 0.40 (0.27:0.59)
S et ymcnation delay fo
Yes 0.32 (0.25;0.41) 0.28 (0.22;0.37)
No 1.00 1.00
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(OR=0.34; 95%CI 0.26;0.44), in relation to levels
C/D; with monthly family income between BRL
3001 and BRL 8000 (OR=0.70; 95%CI 0.50;0.96)
and greater than BRL 8000 (OR=0.23; 95%ClI
0.14;0.39) compared to those who had income of
less than BRL1000; among those not benefitted
by the federal income transfer program
(OR=0.58; 95%CI 0.45;0.76; among children of
mothers with higher education (OR=0.47; 95%CI
0.31;0.70), in relation to those with no schooling
or with incomplete elementary education;
among children vaccinated at least once in
private services (OR=0.33; 95%CI 0.25;0.43);
those who did not receive the recommended
vaccines at 4 months of age on the same date
(OR=0.41; 95%Cl 0.28;0.59), and those who had
any delayed vaccine up to 6 months old (OR=0
.32; 95%CI 0.25;0.41).

After adjustments, children from families in
socioeconomic strata A and B remained less
likely to have full vaccination coverage with valid
doses (OR=0.39;95%Cl 0.23;0.67 and OR=0.38;
95%CI 0.25;0.58); as did children from families
with consumption levels A/B (OR=0.38; 95%ClI
0.28;0.52); families with monthly income greater
than BRL 8000 (OR=0.23; 95%CI 0.12;0.42);
children who were not vaccinated exclusively
in public services (OR=037; 95%CIl 0.26;0.51);
children who did not concomitantly receive the
recommended vaccines at 4 months (OR=0.40;
95%CI 0.27;0.59); and children with any delay in
vaccination up to 6 months old (OR=0.28; 95%ClI
0.22;,0.37) (Table 4).

DISCUSSION

In this study, vaccination coverage of the full
schedule with valid doses was below what is
desirable to keep vaccine-preventable diseases
under control in the four state capitals and
three interior region cities in Southeast Brazil.
This region of Brazil is made up of states with
a tradition of producing and administering
vaccines since the 19t century.™

Trend analysis of vaccination coverage in
204 countries, between 1980 and 2019, using

ORIGINAL ARTICLE

the third DTP dose as a marker, showed that
in Brazil, coverage above 90%, found in the
1980s and 1990s, suffered drops of around 10%
in the 2000s and more than 20% in the 2010s.
This trend of poorer performance was found in
Latin America, the Caribbean and the United
States, in addition to Europe and Central Asia.”®
Studies based on modeling that use coverage
for each dose of vaccine do not allow coverage
to be estimated for the full schedule, such as
the coverage rates presented in this study, but
can give an idea of global trends.

Despite the relative heterogeneity in
coverage across the full scheme and the
differences found in the longitudinal follow-up
in each city, it was possible to identify a certain
pattern for the seven cities studied in the
Southeast region. This pattern is summarized
as insufficient coverage, a continuous drop in
coverage throughout the first year of life (less
pronounced in the first half of the year and
more intense in the second half of the year) and
a significant drop in the second year of life. A
similar pattern of progressive drops in coverage
was found in a study conducted in a favela in
the city of Recife, served by the Family Health
Strategy, which found 84% full coverage for
children under 6 months old, 68% for children
under 12 months old and only 37% for those
between 12 and 36 months old.’®

In poorer countries such as Ethiopia, Pakistan,
Nigeria and India, vaccination coverage
inequalities are directly proportional to family
wealth levels, generally reflecting different
reasons for access difficulties.” In Nepal, full
schedule coverage fell between 2011 and 2016,
while inequalities reduced, which is directly
related to maternal schooling and wealth
quintiles, which improved in the period.®

Low coverage was found in the cities in
Southeast Brazil included in the national
survey as a whole, but coverage was even lower
when family socioeconomic status was higher
(inverse relationship). This suggests reasons not
directly related to access to vaccines that may
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be related to: greater use of private services
(possibly with less adherence to the official
schedule), difficulties in daily life and parental
decisions. These reasons may favor certain
vaccines or postpone administration of certain
doses, creating their own vaccination schedule.
This entire context is part of what is referred to
as vaccination hesitancy.®?°

In a national survey carried out just over ten
years ago with a cohort of children born alive
in 2005, coordinated by the same group as the
current survey, similar behavior was found in
Sdo Paulo, Rio de Janeiro and Belo Horizonte,
but total coverage found on that occasion
was above 70% and, in stratum A it was above
60%.2' Current data show significant worsening
that may be related to the deepening of
feelings of hesitation, failures associated with
the performance of program actions in view
of the defunding of the Brazilian National
Health System, less importance being given
to prevention and control programs in primary
care centers and management of primary
health care networks by social organizations
without due regulation by Executive Branch
bodies.??

The reductions in coverage also found in
the other economic strata (B and C) were not
found in the previous survey. This generalized
worsening in coverage for the full schedule at
24 months may be related to the administrative
problems already mentioned, in addition to the
greater impoverishment of urban populations,
causing access difficulties not directly related
to the distribution of the primary care network,
such as lack of money for transportation and
mobility difficulties or, even, greater spread of
vaccine hesitancy in parts of the population
that had not previously been affected.

A study conducted in Araraquara, a city in
the state of Sdo Paulo with around 300,000
inhabitants, in the 2014-2016 cohorts, showed
that coverage of administered doses was
higher among income transfer program
beneficiaries. This did not occur for on-time
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dose coverage, suggesting that income
transfer program requirements have a limited
effect on compliance with the schedule, when
comparing only the poorest families.?®

Our survey of cities in Southeast Brazil also
indicated greater full vaccination coverage with
valid doses among families that exclusively
used public health services for vaccination
and among children without vaccination
delays in the first 6 months of life and who
simultaneously received all scheduled vaccines
in the fourth month of life. In the national
survey, delay was one of the factors reducing
coverage in the first two years of life. It is
important to consider that delay may be related
to parental decisions, difficulties in accessing
health services, the complexity of the schedule
or periods of vaccine scarcity, when supply
is not regular, or lack of supplies or human
resources in health services. The results from
the seven cities in the Southeast did not show
lower coverage for children whose mothers
reported missed opportunities, that is, having
taken the child to the health service without
being able to get their child vaccinated.

A study carried out in 2016 in health services
in the Philippines showed high proportions of
delays (30 days or more) for the basic schedule
(BCG, first DTP booster, bOPV, third HpeB
dose, first dose of measles vaccine). Only 60.7%
completed the basic schedule without delays.
The factors associated with the occurrence of
delays were the number of children (above 5)
and lower maternal schooling.?

In Quebec, data from surveys carried out
between 2008 and 2016 showed vaccination
delays of 5.4%, 13.3%, 23.1% and 23.6% at 2, 4,
6 and 12 months, respectively. The authors
concluded that 72.5% of incomplete schedules
at 24 months could be attributed to delays in
previous appointments.?®

Several factors make it difficult to maintain
high vaccination coverage rates, such as the
increasing complexity of the vaccination
schedule, defunding of the health sector,
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vaccination hesitancy, associated with faster
vaccination reduction among children from
high-income families,?® in addition to concerns
about the safety of vaccines and religious and
cultural beliefs.?7?8 In contrast, perceptionsabout
vaccine protection, recommendations made
by health professionals, positive experiences
in health services and favorable community
attitudes facilitate adherence to vaccination.?” A
combination of multiple strategies for different
contexts and multiple barriers is necessary in
order to improve vaccination coverage.?®

Limitations of this study include data
collection during the COVID-19 pandemic. The
pandemic context impacted response rates,
distributed asymmetrically between cities
and population strata, which could affect
the precision of the estimates, however, it is
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RESUMO

Objetivo: Analisar fatores associados a cobertura vacinal completa com doses vdlidas, em
criangas das capitais e em trés outras cidades da regido sudeste. Métodos: Trata-se de andlise
de inquérito populacional conduzido em 2020-2021, em amostra estratificada segundo niveis
socioeconémicos de criangas nascidas em 2017-2018, com dados coletados por registro fotografico
da caderneta de vacinagdo. Foram estimadas razées de chances (odds ratio, OR) e intervalo de
confianca de 95% (IC95%) da cobertura vacinal completa pelas caracteristicas da familia, mae
e crianc¢a. Resultados: Em 8.703 criang¢as, menor cobertura ocorreu nos estratos A e B (OR=0,39;
IC,.,, 0,23,0,67 e OR=0,38; IC,,, 0,250,58); nivel de consumo A/B (OR=0,38; IC,.,, 0,280,52); renda
mensal inferior a R$ 8.000,00 (OR=0,23; IC,.,, 0,12,0,42); em filhos de md&es com ensino superior
(OR=0,47;IC,, 0,32,0,71); em criangas ndo vacinadas exclusivamente no servi¢o publico (OR=0,37,
IC,,, 0,26,0,51) e com atraso vacinal até 6 meses (OR=0,28;IC,, 0,22,0,37). Conclus@o: As coberturas
ndo atingiram metas para controlar doencas imunopreveniveis e associaram-se negativamente

ao maior nivel socioeconémico.

Palavras-chave: Coberturas Vacinais, Saude da Crianc¢a, Fatores Socioeconémicos; Inquéritos
Epidemioldgicos.

RESUMEN

Objetivo: Analizar factores asociados a la cobertura completa de vacunacién con dosis vadlidas,
en ninos de las capitales y de otras tres ciudades de la region sureste del Brasil. Método: Andlisis
de una encuesta poblacional realizada en 2020-2021, con una muestra estratificada segun
niveles socioeconomicos de los ninos nacidos en 2017-2018, con datos recolectados a traveés
de registros fotogrdficos de sus cartillas de vacunacion. Se estimaron los odds ratios (OR) y los
intervalos de confianza del 95% (IC95%) para la cobertura completa de vacunacion en funcion
de las caracteristicas de la familia, la madre y el nifio. Resultados: En 8703 ninos hubo menor
cobertura en los estratos A y B (OR=0,39; IC95% 0,23;0,67 y OR=0,38; IC95% 0,25;,0,58); con nivel
de consumo A/B (OR=0,38; IC95% 0,28:0,52); con renta >BRL8.000/mes (OR=0,23; IC95% 0,12;0,42);
en hijos de madres con educacion superior (OR=0,47; IC95% 0,32,0,71); en nifios no vacunados
exclusivamente en servicio publico (OR=0,37; IC95% 0,26,0,51) y en nifios con retraso vacunal hasta
6 meses (OR=0,28; IC95% 0,22;0,37). Conclusion: L.a cobertura no alcanzé metas de control de
enfermedades inmunoprevenibles y se asocio hegativamente con mayor nivel socioeconémico.

Palabras clave: Cobertura de Vacunacion; Salud Infantil; Factores Socioeconémicos; Encuestas
Epidemiologicas.
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