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Background: The aim was to verify the prevalence of vaccination coverage, tendency and
factors of the third dose of the vaccine against diphtheria, tetanus and pertussis-DTP3 in
surveys over the period of 25 years in a state of the Northeast of Brazil.

Methods: Cross-sectional and temporal series, utilizing ad hoc database, were extracted
from the Health and Nutrition State Research 1991, 1997, 2006 and 2015/2016. Children
from 12 to 23 months of age with proof in the vaccination card were included. The
vaccination coverage (outcome) of each year was calculated, the tendency throughout the
period was analyzed and the associations through Pearson chi-squared were tested. The
results of the first and last survey were compared with a significance level of 5%. The
reasons of the crude prevalence and confidence intervals of 95% were estimated.

Results: The vaccination coverage in 1991, 1997, 2006 and 2015/2016 was 77.6%, 82.7%,
89.7% and 72.9%, respectively, with an increasing tendency from 1991 to 2006 (p<0.001)
and decreasing between 2006 and 2015/2016 (p<0.001). Factors in 1991: low socioeconomic
conditions; lack of access to health service and pre-natal care, nutritional deficit and diarrhea
in children (p<0.005). In 2015/2016, low socioeconomic conditions and diarrhea persisted
and a larger family size, black, negative self-perception of happiness, both from the mother
(p<0.05), were identified.

Conclusion: The factors of the recent decrease of vaccination coverage are complex,
multifactorial, dependent of context and even on subjective aspects of the maternal percep-
tion. Its identification contributed to the understanding of inadequate vaccination at the state
level.

Keywords: vaccination coverage/DTP3, child health, epidemiologic surveys, family
characteristics

Introduction

Immunization is the most cost-effective public health intervention capable of
preventing 2 to 3 million child deaths per year worldwide." Smallpox was elimi-
nated by vaccination, and the world is closer to eradicate childhood poliomyelitis.?
Despite these results and the advances in vaccination coverage, it is estimated that
millions of children have not been fully immunized with the third dose of
diphtheria, tetanus, and pertussis vaccines (DTP3).?

DTP3 is considered a proxy for the complete sequence of basic vaccines
recommended in childhood® and a signal of how well countries promote routine
immunization services.' It is a marker of health service quality since it assesses the
ability to reach the same child and perform the three injectable doses.” It is also
frequently used as a critical indicator to assess the adequate performance of health
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institutions related to the immunization program, favoring
monitoring vaccination coverage and comparison between
countries.®

The Pan American Health Organization (PAHO)
Strategic Plan 2014-2019 for the member states estab-
lished an increase in vaccination coverage for the hard-
to-reach population of the Region of the Americas, with an
average percentage of 94% for the DTP3.” This indicator
was signed in 2015 between the United Nations and 193
countries, including Brazil, and included in the 2030
agenda for sustainable development. Of note, the third
Sustainable Development Goal describes health goals and
emphasizes equity - leaving no one behind.*’

DTP3 coverage dropped to 88% in the Region of the
Americas in 2017, leaving approximately 1.8 million chil-
dren under one year of age at risk.'” In 2019, approxi-
mately 85% of the child population worldwide received
DTP3, a stable number over the past five years but below
the recommended. In that same year, 125 countries
reached at least 90% coverage; however, 19.7 million
children under one year of age did not receive the vaccine,
and approximately 60% of them lived in 10 countries,
including Brazil.'® Also, in the Region of the Americas,
DTP3 coverage dropped to 88% in 2017, leaving -approxi-
mately 1.8 million children under one year of age at risk."’

From 1991 to 2006, the DTP3 coverage increased to
103.5% in Brazil. This result can be attributed to greater
access to primary care, socioeconomic improvements, and
direct cash transfer programs in which immunization is
one of the conditionalities;'? however, a notable decline in
vaccination coverage has been observed in Brazil (from
96.3% in 2015 to 89.3% in 2016 and 83.8% in 2017). In
the state of Pernambuco, DTP3 coverage was 103.5% in
2015, decreased to 94.3% in 2016, and reached 85.8% in
2017. This decrease can be related to multiple factors and
requires a contextualized assessment. Some aspects (ie,
prenatal care, maternal education, parents’ knowledge
about immunization, proximity to the health service, and
birth in a hospital) positively affect the DTP3 indicator.
Simultaneously, other aspects may interfere negatively
with vaccination coverage, such as many family members,
a high number of children, low frequency of prenatal
consultations, low income, and lack of safe household
sanitation.'?

In this context, and considering both the lack of studies
regarding DTP3 coverage in Brazil and the availability of
four State Health and Nutrition Survey (PESN) databases
adopting the same methodological design, this study aimed

to investigate vaccination coverage prevalence and trends
and conditions related to the third DTP3 dose over 25
years in a Northeast state of Brazil.

Materials and Methods

Four surveys (PESN) were conducted in the state of
Pernambuco in the following years: 1991, 1997, 2006,
and 2015/2016 (unpublished report). A cross-sectional
design was used with a cluster sampling process, multi-
ple-stage drawing, selection of municipalities, and census
sectors, in which all households with children under five
years old were visited. The study was approved by the
research ethics committee of the Instituto de Medicina
Integral Professor Fernando Figueira (CAAE N°
61944716.6.0000.5201) and conducted according to the
Declaration of Helsinki.

The present study used these surveys’ database, and all
children aged between 12 and 23 months with confirmed
DTP3 doses in the vaccination card were included. There
were 152 children in 1991, 370 in 1997, 348 in 2006, and
177 in 2015/2016, totaling 1047 children.

Pernambuco state is located in the Brazilian Northeast
region and has 9,410,336 inhabitants (estimated for 2019)
distributed in 185 municipalities. The primary health care
is conducted through the Family Health Strategy (FHS),
covers 77% of the population, and has 2428 teams and
15,807 community health workers (CHW) registered in the
primary care system.

DTP3 coverage was the primary outcome, classified as
adequate (at least three doses were registered) and inade-
quate (did not meet this criterion). The DTP vaccine was
initially administered as a triple bacterial isolate. Tetra
bacterial (DTP + Haemophilus influenza-Hib) was intro-
duced in 2003, but it was replaced by the pentavalent
vaccine (DTP + Hib + Hepatitis B) in 2012.

Independent variables were divided into socioeco-
nomic and demographic variables (family income and
per capita income, residential area, household occupation,
family size, and access to health services, piped water and
sanitation), maternal (age, skin color, literacy, education,
number of children born alive, prenatal care, number of
prenatal consultations, type of delivery, and the mother’s
perception of happiness), and characteristics related to the
child (sex, birth weight, place of birth, diarrhea, nutritional
status [height/age indicator], and consultation with health
care service). The access to health services considered the
regular CHW visits and the distance from the unit most
used by the family.
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The income variable in 1991, 1997 and 2006 was
categorized according to the minimum wage received by
the family, while the criterion adopted by the Brazilian
Association of Research Companies was used for econ-
omy classification in 2015/2016. Classes D and E (ie,
income less than one minimum wage) were selected and
compared between the first and last surveys.

Sample size calculation considered the prevalence of
malnutrition in children under five years old. Categorical
variables are presented as absolute and relative frequencies
and quantitative variables as mean and standard deviation.

Some variables (ie, residential area, access to water, lit-
eracy, maternal age, prenatal care, sex of the child, and diar-
rhea) were compared between children with and without
vaccination card (22.8% in 1991 and 10.6% in 1997) to assess
selection bias. Associations between socioeconomic and
demographic variables and maternal and child characteristics
were performed using the Chi-square test. Associations
between independent variables and DTP3 coverage were ana-
lyzed using Poisson regression with robust variance, and
results were presented as gross prevalence ratio and 95%
confidence intervals (95% CI). The lowest risk for inadequate
vaccination coverage was considered the -category of

reference.

94,3
89,7
82,7
77,6
729 75,3
I I 56,0 I

Ad hoc databases were built for each survey with vari-
ables based on a theoretical framework and its availability.
Factors related to inadequate vaccination were verified in all
four surveys; however, comparisons were performed using
18 variables of the first survey (1991) and 19 variables of the
last survey (2015/2016). DTP3 coverage in each survey was
calculated as the quotient between the number of children
aging 12-23 months that received the adequate doses and the
total number of children in that age group multiplied by 100.

Inferential analyses were performed using the STATA
program version 14 (College Station, TX: Stata Corp LP),
and a significance level of <0.05 (2-tailed) was adopted for
all statistical analyses.

Results
The percentage of DTP3 coverage in the 1991, 1997,
2006, and 2015/2016 surveys was 77.6% (95% CI: 70.2—
84%), 82.7% (95% CIL: 78-86%), 89.7% (95% CIL:
86-93%), and 72.9% (95% CI: 72.5-73.3%), respectively.
These results are represented in Figure 1 and compared
with data for the state of Pernambuco and Brazil.

Trends over 25 years in childhood morbidity and socio-
economic, demographic, and maternal variables are shown
in Table 1. Family income distribution in the period

108,1

103,5
78,0 785

| |

PESN PE Brazil

W 1991 m1997 w2006 m2016

Figure | Vaccination coverage for DTP3* in children aged 12 to 23 months obtained in the State Health and Nutrition Surveys (PESN) (Pernambuco state and Brazil) in
1991, 1997, 2006, and 2016.

Notes: *DTP3: third dose of the diphtheria, tetanus, and pertussis vaccines. State Health and Nutrition Survey (PESN): increasing trend from 1991 to 2006 (p = 0.001) and
decreasing trend from 2006 to 2015/16 (p<0.001). Sources: API/CGPNI/DEVEP/SVS/MS (1980 to 1993). Data from the former information system of the Ministry of Health
provided by the National Immunization Program. From 1994: http://tabnet.datasus.gov.br/cgi/tabcgi.exe’pni/cnv/cpniuf.def. Percentages of Pernambuco state and Brazil
correspond to 2016 and the age group up to 12 months.
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Table | Prevalence Ratio of Inadequate DTP3 Vaccination Coverage in Children Aged Between |2 and 23 Months, According to
Socioeconomic and Demographic Variables, Maternal Characteristics, Children’s Characteristics and Morbidity. State Health and

Nutrition Survey in Pernambuco (PESN), 1991 to 2015/2016

Variables Surveys pHE pHE
1991 1997 2006 2015/2016 (1991-2015/ (All Years)
16)
n=152 n=370 n=348 n=177
n (%) n (%) n (%) n (%)

Male 85 (56.0) 166 (44.9) 176 (50.6) 97 (54.8) 0.839 0.052
Family income <I wage 76 (50.0) 176 (47.5) 156 (44.9) 85 (48.0) 0.721 0.723
Family (< 4 people) 62 (40.8) 147 (39.7) 176 (50.6) 105 (59.3) < 0.001 < 0.001
Piped water 67 (44.1) 227 (61.3) 168 (48.3) 144 (81.4) < 0.001 < 0.001
Sewerage 86 (56.6) 225 (60.8) 224 (64.4) 138 (78.0) < 0.001 < 0.001
Health Service Access (<2km) 95 (62.5) 259 (70.0) A 148 (83.6) < 0.001 < 0.001
Regular CHW visit B 127 (34.3) 291 (83.6) 131 (74.0) () < 0.001
Mother’s age <19 years 16 (10.7) 39 (10.5) 29 (8.4) 32 (18.3) 0.060 0.009
Maternal education 94 (61.8) 262 (70.8) 280 (80.5) C () < 0.001
Maternal schooling (Incomplete elementary) 73 (49.0) 281 (76.0) 229 (65.8) 116 (65.7) 0.003 < 0.001
Prenatal care 106 (69.7) 309 (83.5) 337 (96.8) 175 (98.9) < 0.001 < 0.001
Prenatal consultations (26) 48 (46.2) 173 (56.0) 226 (67.1) 127 (71.8) < 0.001 < 0.001
Birth in hospital 139 (91.4) 337 (91.0) 332 (95.4) 177 (100.0) D 0.06

Cesarean delivery 29 (21.7) 104 (28.1) 101 (29.0) 101 (57.1) < 0.001 < 0.001
Nutritional deficit (< —2SD for H/A) 41 (27.0) 66 (18.0) 122 (35.2) 15 (8.5) < 0.001 < 0.001
Diarrhea (last 2 weeks) 43 (28.3) 108 (29.2) 36 (10.3) 41 (23.2) 0.288 < 0.001
Consultation (last 3 months) 64 (42.1) 196 (53.0) 230 (66.1) 118 (66.7) < 0.001 < 0.001

Notes: (**) Chi-squared. (...) Not calculated. (A) The high percentage of people who ignored (53.2%) made the comparison impossible; (B) Information not collected in this
survey, began in 1997; (C) Variable aggregated in another category; (D) All births in 2015 took place in a hospital. Source: prepared by the authors from the study results.
Abbreviations: DTP3, third dose of the diphtheria, tetanus, and pertussis vaccines; km, kilometer; SD, standard deviation; H/A, height/age indicator.

mentioned above remained practically unchanged, while
the access to piped water and sanitary sewage increased
significantly (p < 0.001). An increase in these two indica-
tors, especially the CHW monitoring, was observed.
Regarding maternal characteristics, the increased number
of adolescent mothers and cesarean deliveries (57.1%,
more than a two-fold increase compared with 1991) in
the last survey was noteworthy. Conversely, diarrhea and
nutritional deficit (height/age indicator) were reduced.

Bivariate analysis related to inadequate vaccination
coverage in the first survey (1991) are shown in Table 2.
Low per capita income, maternal education, absence of
sanitation and prenatal care, more than five children, and
difficulties in accessing the health care service were fac-
tors associated with inadequate vaccination coverage.
Inadequate nutritional status and non-attendance in health
care services were the children’s characteristics associated
with low vaccination coverage.

Data related to the 2015/2016 survey are shown in
Table 3. More than five family members, households with-
out sanitation, diarrhea in the last two weeks, the negative

self-perception of happiness, and the black skin color of
the mother were significantly associated with low vaccina-
tion coverage.

Discussion

The present study investigated the vaccination coverage
prevalence and trends and verified the factors associated
with DTP3 inadequacy in children aged 12 to 23 months in
the state of Pernambuco.

A growing trend in vaccination coverage was observed
between 1991 and 2006. However, the percentage of chil-
dren who received DTP3 in 2015 was below the normative
recommendations. Values found in the surveys were com-
pared with those obtained by the Unified Health System
(SUS) for Brazil and Pernambuco, and the same trend was
observed by the National Immunization Program (NIP).
The health care model that prioritizes acute health condi-
tions independent of primary care surveillance, prevention,
and promotion was probably critical for this reduction.'*

Some reasons are responsible for the decline in vacci-
nation rates in different countries, such as political and
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Table 2 Prevalence Ratio of Inadequate DTP3 Vaccination Coverage in Children Aged Between 12 and 23 Months, According to

Socioeconomic and Demographic Variables, Maternal Characteristics, Children’s Characteristics and Morbidity. State Health and
Nutrition Survey in Pernambuco (PESN), 1991

Variables Total Inadequate Vaccine Coverage
n (%) n (%) Gross Prevalence Ratio p
(IC 95%)
Socioeconomic and Demographic
Family income
< | minimum wage 76 (50) 13 (17.1) 1.00 0.122
2 | minimum wage 76 (50) 21 (27.6) 1.62 (0.87-2.99)
Per capita income
2 0.25 minimum wage 64 (42.1) 7 (10.9) 1.00 0.008
< 0.25 minimum wage 88 (57.9) 27 (30.7) 2.80 (1.30-6.04)
Family size
Up to 4 people 62 (40.8) 66 (16.1) 1.00 0.137
25 people 90 (59.2) 24 (26.7) 1.65 (0.85-3.21)
Sewerage
Yes 86 (56.6) I (12.8) 1.00 0.002
No 66 (43.4) 23 (34.8) 2.72 (1.43-5.18)
Piped water
Yes 67 (44.1) 8 (11.9) 1.00 0.011
No 85 (55.9) 26 (30.6) 2.56 (1.24-5.29)
Access to health service
< 2 kilometers 109 (71.7) 20 (18.3) 1.00 0.055
= 2 kilometers 43 (28.3) 14 (32.6) 1.77 (0.99-3.19)
Maternal characteristics
Age
<19 years 16 (10.7) 2 (12.5) 1.00 0.075
20 to 34 years 114 (76.0) 22 (19.3) 1.54 (0.40-5.95) 0.399
235 years 20 (13.3) 8 (40.0) 3.20 (0.70-13.02) 0.071
Education
2Incomplete elementary 77 (50.7) 8 (10.4) 1.00 0.001
<Complete elementary 75 (49.3) 25 (34.7) 3.37 (1.57-6.76)
Children born alive
< 4 children 119 (79.9) 19 (16.0) 1.00 <0.001
2 5 children 33 (20.1) 13 (45.5) 4.02 (1.63-4.97)
Prenatal care
Yes 106 (69.7) 12 (11.3) 1.00 <0.001
No 46 (30.3) 22 (47.8) 1.24 (1.15-1.36)
Prenatal consultations
26 48 (46.2) I (2.1) 1.00 0.005
las 56 (53.8) Il (19.6) 9.43 (1.26-70.41)
Type of delivery
Cesarean 29 (21.7) 3 (10.3) 1.00 0.096
Vaginal 123 (78.3) 31 (25.2) 2.92 (0.82-10.32)
(Continued)
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Table 2 (Continued).
Variables Total Inadequate Vaccine Coverage
n (%) n (%) Gross Prevalence Ratio p
(IC 95%)
Child characteristics, morbidity and access to consultation
Sex
Female 67 (44.0) Il (l16.4) 1.00 0.129
Male 85 (56.0) 23 (27.1) 1.65 (0.86-3.14)
Birth weight
< 2500 grams 10 (6.6) 1 (10.0) 1.00 0.469
= 2500 grams 106 (69.7) 23 (21.7) 2.17 (0.33—-14.42) 0.344
Ignored 36 (23.7) 10 (27.8) 2.78 (0.40-19.12) 0.236
Place of birth
Hospital 139 (91.4) 29 (20.9) 1.00 0.145
Home 13 (8.6) 5(38.5) 1.84 (0.86-3.94)
Nutritional status (weight/age)
Adequate (= -2 SD) 142 (94.7) 28 (19.7) 1.00 0.042
Deficit (< —2 SD) 8 (5.3) 4 (50.0) 2.54 (1.18-5.47)
Nutritional status (height/age)
Adequate (= -2 SD) 111 (73.0) 18 (16.2) 1.00 0.003
Deficit (< —2 SD) 41 (27.0) 16 (39.0) 2.41 (1.36-4.26)
Diarrhea in the last 2 weeks
Yes 109 (71.7) 19 (17.8) 1.00 0.038
No 43 (28.3) 15 (33.3) 2.31 (1.05-5.12)
Consultation in the last 3
months
Yes 64 (42.1) 8 (12.5) 1.00 0.020
No 88 (57.9) 25 (29.5) 2.36 (1.14-4.89)

Note: Source: prepared by the authors from the study results.

Abbreviations: DTP3, third dose of the diphtheria, tetanus, and pertussis vaccines; SD, standard deviation.

economic fragilities, lack of health service monitoring, the
false sense of security concerning illness, the growing
anti-vaccine movement, dissemination of false informa-
and the 13161y Brazil, the

Constitutional Amendment 95 approved in December

tion, funding crisis.
2016 impacted public health financing (budget restrictions)
and aggravated the immunization decline.'’

The reduced vaccination coverage from 2015 indicates
a trend reversal and should put health researchers and
policymakers on alert since it is not a singular event in
the health care situation of the state of Pernambuco.
Stagnation has complex causes and can be partially attrib-
uted to insecurity (ie, vaccination refusal or reluctance),
despite the vaccine availability. Studies also identified
compliance and lack of confidence as primary reasons

behind the growing resistance against vaccination in
most countries.'®'® The World Health Organization
(WHO) warned about this phenomenon and considered it
one of the ten global health threats to face in the next five
years (2019 to 2023).2°

Changes in the Brazilian population may have also
impacted maternal and child health during the survey applica-
tions in Pernambuco, such as the rapid demographic (fertility
fall), economic (poverty reduction), nutritional (overcoming
malnutrition and overweight/obesity), and epidemiological
transitions (urbanization).>' The organization of health ser-
vices, together with interventions outside the health sector
(ie, the conditional cash transfer program, treated water supply,
and residential sanitation) and the SUS implementation,

resulted in great health outcome improvements.**2*
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Table 3 Prevalence Ratio of Inadequate DTP3 Vaccination Coverage in Children Aged Between 12 and 23 Months, According to

Socioeconomic and Demographic Variables, Maternal Characteristics, Children’s Characteristics and Morbidity. State Health and
Nutrition Survey in Pernambuco (PESN), 2015/2016

Variables Total Inadequate Vaccine Coverage
n (%) n (%) Gross Prevalence Ratio p
(IC 95%)
Socioeconomic and demographic
Economic class of the family
B and ClI 34 (19.2) 6 (17.6) 1.00 0.284
C2 58 (32.8) 15 (25.9) 1.07 (0.93-1.23) 0.348
Dand E 85 (48.0) 27 (31.8) 1.12 (0.98-1.28) 0.093
Family size
Up to 4 people 105 (59.3) 22 (21.0) 1.00 0.026
25 people 72 (40.7) 26 (36.1) 1.13 (1.01-1.25)
Sewerage
Yes 138 (78.0) 27 (19.6) 1.00 <0.001
No 39 (22.0) 21 (53.8) 1.29 (1.15-1.45)
Piped water
Yes 144 (81.4) 35 (24.3) 1.00 0.123
No 33 (18.6) 13 (394) 1.62 (0.97-2.70)
Access to health service
On foot 148 (83.6) 37 (25.0) 1.00 0.167
Car/Other 29 (16.4) 11 (37.9) 1.10 (0.96-1.27)
Maternal characteristics
Age
<19 years 31 (18.3) 7 (22.6) 1.00 0.605
20 to 34 years 80 ((47.3) 25 (31.2) 1.07 (0.93-1.24) 0.348
235 years 58 (34.3) 15 (25.9) 1.03 (0.88-1.19) 0.730
Education
2 Complete elementary 111 (65.7) 26 (23.4) 1.00 0.082
< Incomplete elementary 58 (34.3) 21 (36.2) 1.10 (0.99-1.23)
Children born alive
One 63 (37.9) 12 (19.0) 1.00 0.031
Two 55(33.2) 15 (27.3) 1.07 (0.95-1.21) 0.288
2 Three 48 (28.9) 20 (41.7) 1.19 (1.05-1.35) 0.008
Prenatal consultations
26 48 (28.2) 16 (32.0) 1.00 0.291
las 127 (71.8) 32 (25.2) 0.94 (0.84-1.06)
Type of delivery
Cesarean 101 (57.1) 25 (24.8) 1.00 0416
Vaginal 76 (42.9) 23 (30.3) 1.22 (0.76-1.98)
Mother’s skin color
White 36 (21.3) 8(22.2) 1.00 0.009
Black 17 (10.1) 10 (58.8) 1.30 (1.08-1.56) 0.005
Brown/Other 116 (68.6) 29 (25.0) 1.02 (0.90-1.16) 0.730
Mother’s self-perception of happiness
Positive 151 (91.0) 39 (25.8) 1.00 0.026
Negative 15 (9.0) 8 (53.3) 1.22 (1.02-1.45)
(Continued)

Risk Management and Healthcare Policy 2021:14

https:

Dove:

4307


https://www.dovepress.com
https://www.dovepress.com

Aratjo Veras et al

Dove

Table 3 (Continued).

Variables Total Inadequate Vaccine Coverage
n (%) n (%) Gross Prevalence Ratio P
(IC 95%)
Child characteristics, morbidity and access to consultation
Sex
Female 80 (45.2) 20 (25.0) 1.00 0.684
Male 97 (54.8) 28 (28.9) 1.15 (071-1.89)
Birth weight
< 2500 grams 160 (90.4) 42 (26.2) 1.00 0.404
2 2500 grams 17 (9.6) 6 (35.3) 1.34 (0.67-2.69)
Place of birth
Private hospital 26 (14.7) 3 (11.5) 1.00 0.089
Public hospital 151 (85.3) 45 (29.8) 2.58 (0.87-7.70)
Nutritional status (height/age)
Adequate (2 -2 SD) 153 (91.1) 41 (26.8) 1.00 0.599
Deficit (< —2 SD) 15 (8.9) 5(333) 1.05 (0.87; 1.27)
Diarrhea in the last 2 weeks
Yes 136 (76.8) 31 (22.8) 1.00 0.022
No 41 (23.2) 17 (41.5) 1.15 (1.02-1.30)
Consultation in the last 3 months
Yes 118 (66.7) 27 (22.9) 1.00 0.07
No 59 (33.3) 21 (35.6) 1.10 (0.99-1.23)

Note: Source: prepared by the authors from the study results.

Abbreviations: DTP3, third dose of the diphtheria, tetanus, and pertussis vaccines; SD, standard deviation.

Some trends are reflected in the sample (reduced family
size, greater proximity to the health service, and regular CHA
visits) and household characteristics (increased access to
piped water and sanitation) over the 25 years. Maternal
education and the number of adolescent mothers and cesar-
ean deliveries also increased in 2015/2016.

Child health indicators have also changed, especially
malnutrition, which was present in almost one-third of the
children at the beginning of the historical series and
reduced to <10% at the end of the analyzed period. This
gain may be partially attributed to the National Primary
Care Policy that adopted the FHS model in 2006 to reor-
ganize primary health care in the SUS, favoring greater
access to medical care and health prevention and
promotion.*

It was also possible to observe that children with low birth
weight and born in public hospitals were not associated with
inadequate vaccination coverage. These children are identified
early and monitored after birth by health professionals and
CHAs, and guidance provided to their mothers may impact
vaccination throughout the first year of life.

Factors associated with vaccination coverage must be
investigated under several aspects due to multiple causes
that range from structural issues related to health systems
and services to ignorance regarding vaccine benefits, non-
perception of risks, parental beliefs and fears about
adverse events, insecurity about vaccine effectiveness,
and influence of anti-vaccine movements.”!-!4:1:19:2

Bivariate analysis indicated that immunization inequal-
ity decreased over the study period since ten associated
factors were present in 1991, while only six were identi-
fied in 2015. Three factors coincided in these two surveys:
the number of children, access to sanitation, and diarrhea;

2021 these limitations have not been

and, despite advances,
fully overcome.
Vaccination inadequacy in the first survey (1991) was
higher in children whose mothers did not perform prenatal
care, corroborating the results of another study.”' The non-
attendance in health services represented a 2.3-fold higher
probability of inadequate vaccination, indicating the impor-
tance of the contact with health professionals (considered

reliable immunization advisers and inﬂuencers)25 and the
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opportunity to update the vaccination calendar (this variable
was not statistically significant in 2015/2016).

Also, those children with nutritional deficits in the first
survey were 2.4-fold more likely to be inadequately vacci-
nated; however, this result was not observed in 2015/16,
suggesting overcoming this condition. Possible explanations
include cash transfer policies for children at nutritional risk
(implemented in 2001 and subsequently expanded to all
families with income below the poverty line)*’ and the
expansion of health service access after CHA (1991) and
FHP (1994) implementation.* Children from low per capita
income families and without access to piped water/sanitary
sewage presented almost three-fold higher inadequate vacci-
nation in 1991 than those with better socioeconomic, sani-
tary, and housing conditions.>%*!

Maternal education is an essential predictor of adequate
health care and immunization status.”>~* In the present study,
mothers with less schooling and more children were 3.4- and
4-fold, respectively, more likely to present incomplete DTP3
doses. The contribution of education to attitude, tradition,
and belief changes, together with increasing autonomy and
decision-making power, can stimulate better family health
conditions, including child vaccination.

Families with more than five members showed a
slightly higher prevalence of inadequate vaccination in
2015/2016, which is consistent with studies conducted
with children of the same age group.'*>*® Larger families
may affect the mother’s ability to care for the child and the
time to take him/her to vaccinate.'®

Two little-reported aspects of inadequate vaccination
were found in the 2015/2016 survey: the mother’s self-
perception of happiness and the black skin color. A study
conducted in the same Brazilian region did not observe
this association, despite factors (eg, maternal and perinatal
morbidity and mortality) describing the non-white race as
a component of inadequate prenatal care and gestational
syphilis.’® Strategies for these populations can be consid-
ered the starting point to reduce these inequities.’’ The
mother’s self-perception of happiness may indicate proac-
tive and self-care behaviors that can be extended to the
family, especially the children, leading to vaccination
prioritization and well-being, health, and life promotion.

Vaccination coverage was consistent with official data
from Brazil and the state of Pernambuco and factors
identified in
Pernambuco. Sample size calculation was performed to

related to vaccine inadequacy were
analyze a set of variables for different purposes and may

have affected the generalization of findings. The effect of

factors related to the local health service (ie, vaccine
availability and influence of health professionals’ knowl-
edge on vaccine administration) were not evaluated. It is
worth mentioning that attitudes, perceptions, and mothers’
opinions about vaccination were not addressed in this
study; thus, this relevant aspect must be adequately con-
sidered in the current scenario and further studies.

We conclude that DTP3 demonstrated a growing trend
over 25 years but remained below the target in all surveys.
Reasons for this decline are complex, multifactorial, and
depend on socioeconomic, political, and health care con-
texts, as well as subjective factors, such as the maternal
perception of happiness. Results established a state of alert
that must be appropriately valued and urgently considered
due to their unfavorable perspectives. In addition, reinfor-
cing policies to minimize inequality of access and elim-
inate existing social inequalities are still an important
strategy to achieve levels of vaccination that ensure pro-
tection against preventable diseases for all children.
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The authors report no conflicts of interest for this work.
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