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Abstract
Pneumococcal 10-valent conjugate vaccine (PCV10) was introduced to Brazil’s National
Immunization Program (NIP) in 2010. During the first year of vaccine introduction three
schedules were used to deal with age at initiation of PCV for catch-up purposes: 3 primary
doses + 1 booster (for children aged 6 months), a catch-up schedule of 2 doses + 1 booster (7-11 months), and a catch-up schedule of a single dose (12-15 months). The purpose of
this study was to assess the magnitude and associated risk factors for under-vaccination or
lack of on time vaccination six to eight months after PCV10 introduction. A household survey was conducted in the municipality of Goiania with 1,237 children, who were retroactively
classified into one of three age groups, as a factor of the child’s age relatively to 30 days
after PCV10 introduction. Socioeconomic characteristics and vaccination dates were obtained during home interviews. Vaccination coverage was defined as the percentage of children who completed the recommended number of doses. Compliance with recommended
schedules was defined as the percentage of children who received all valid doses at the
NIP recommended time interval. Adjusted prevalence ratios (PR) of variables independently associated with coverage and compliance were estimated by log binomial regression.
Coverage of DTP-Hib was used for comparison purposes. Overall, vaccination coverage
was 54.6% (95% CI 52.1-57.7%), lower than DTP-Hib coverage (93.0%; 95% CI 91.594.3%). Compliance with recommended schedules was 16.8% (95% CI: 14.7-18.6%). Children 7-11 months old had lower coverage (40.7%) and compliance (6.3%) compared to children aged 12-15 months (coverage: 88.8%; compliance: 35.6%) and 6 months old
(coverage: 54%; compliance: 18.8%). Having private health insurance was associated with
higher PCV10 coverage (PR=1.25; 95% CI: 1.06-1.47, p=0.007), and compliance
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(PR=1.09; 95% CI: 1.02-1.16, p=0.015). Although PCV10 coverage rapidly increased shortly after vaccination introduction, it was not matched by compliance with recommended
schedules. Public initiatives should target compliance of PCV10 because of the burden of
pneumococcal diseases on childhood morbidity and mortality.
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Infections caused by Streptococcus pneumoniae are a major cause of morbidity and mortality
worldwide, being the leading cause of bacterial pneumonia, meningitis, and sepsis in children
[1]. In developing countries, children living in lower socioeconomic conditions are at higher
risk for pneumococcal diseases, especially pneumonia [2–4]. To reduce the burden of such diseases, the inclusion of pneumococcal conjugate vaccines in childhood immunization programs
has been recommended as a priority strategy by the World Health Organization/WHO [5].
Following the WHO recommendation, Brazil’s National Immunization Program (NIP) included 10-valent pneumococcal conjugate vaccine (PCV10) in the routine immunization calendar
free of charge for all children on June 2010. This vaccine includes 1, 4, 5, 6B 7F, 9V, 14, 18C,
19F, and 23F [5]. The 13 valent pneumococcal vaccine (PCV13) is also available in Brazil at
private services only, and includes all serotypes in PCV10, with the addition of 3, 6A and 19A
[5].
Providing vaccines free of charge has been demonstrated as a successful measure for Brazil’s
NIP, as children vaccinated exclusively from public immunization providers have higher vaccination coverage [6]. Yet, introducing PCV10 to Brazil’s routine immunization adds a new shot
to a childhood schedule that already includes a considerable number of injections [7], which
could jeopardize parents willingness to vaccinate [8, 9].
The NIP coverage rates are usually estimated using the number of administered doses as
registered in administrative data, which also allows for estimating coverage homogeneity
(number of municipalities that have reached 95% vaccination coverage divided by the total
number of municipalities multiplied by one hundred) [10, 11]. These estimates evaluate one
aspect of vaccination recommendations, that is, completing the number of doses. However,
there are other aspects included in vaccination recommendations as a whole, which are usually left out, such as the minimum and recommended age to start vaccination, the age
groups for which the vaccine should be routinely administered, the minimum and recommended interval between scheduled doses, vaccine contraindications, among others [12].
Vaccination recommendations for doses, ages and time intervals are also frequently updated
as evidence is generated [13] to ensure that vaccination provides maximum effectiveness
against vaccine-preventable diseases [14]. Thus, assessing compliance with other aspects related to vaccination recommendations (and not only the administered number of doses) is
highly desirable.
We conducted a survey to investigate both coverage and compliance six to eight months
after the introduction of PCV10 into the vaccination routine in Goiania, a developed municipality of Brazil [15]. We also aimed to identify potential factors associated with coverage and
compliance. The ultimate goal was to support Brazil’s NIP strategic planning and priorities,
through the identification of vaccination gaps.
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Methods
Study design and setting
This population-based household survey is part of a major ongoing research that aims to evaluate the effectiveness of PCV10 on pneumococcal carriage in Brazilian children. The survey was
carried out in the municipality of Goiania (1,300,000 inhabitants), Midwestern Brazil from
December 2010 to February 2011. In 2010, 33,780 inhabitants were younger than 2 years old;
infant mortality was estimated to be 12.6/1,000 live births; and the Municipal Human Development Index was 0.799 [15].
Sixty-five public immunization rooms and twenty-six mobile teams are distributed over
the seven health districts of the municipality of Goiania among family-health services, dayclinics, hospitals and emergency units. There are also two Reference Centers for Special Immunization. All immunization rooms are open from Monday to Friday, 8:00am to 6:00pm.
Administration of vaccines is recorded both in the child’s vaccination card and also in Goiania’s immunization register immediately after vaccine administration, resulting in a real-time
online database of individual-level vaccine uptake registered by all public immunization providers, which can be easily searched by vaccination staff, should the child’s parent or legal
guardian come to the immunization room without the vaccination card. The staff also customarily writes down with a pencil the date of the next dose on the vaccine card, as a reminder
of the due date. Prescription is not required for routine immunization. Both pediatricians and
nurses may prescribe vaccines not included in routine immunization for children with special
needs, which are administered only in Reference Centers. All vaccines are free of charge from
public providers.

PCV10 introduction and schedules
The introduction of PCV10 to routine immunization at municipality of Goiania started on
June 14th, 2010. Three different schedules were put in place during PCV10 introduction period: 3 primary doses (plus a booster dose at 12–15 months) for children aged 6 months or younger, two primary doses (plus a booster dose at 12–15 month) for children between 7–11
months (catch-up schedule), and a single dose (no booster) for children 12–15 months (catchup schedule). PCV10 was made available in public providers only.
Therefore, during the introduction of PCV10 in Brazil, a child had the opportunity to receive the first dose at any moment between 2 and 15 months of age, independently of whether
the child had other due vaccines or not. Two national immunization days took place in Brazil
after PCV10 introduction: one in June 20, and the other on September 19. Although the focus
of these days was to vaccinate children against polio, it was also used to evaluate children’s card
for due and past-due vaccination dates, and to administer any recommended/missed vaccine—
including PCV10. Besides, visits to the health care service for other routine immunizations
should also be used to start PCV10 vaccination. To this end, the Brazilian routine childhood
schedule recommended at least six vaccination appointments in 2010. One at 2 and 4 months
of age to receive DTP-Hib, polio, and the oral vaccine against human rotavirus. Another at 6
months of age to receive HepB, DTP-Hib, and polio. Other visits to the health care at 9 months
of age (to receive the vaccine against yellow fever), at the first birthday (to receive MMRV),
and at 15 months of age (to receive DTP and polio) [7]. In 2010, routine medical appointments
for growth follow-up were recommended at the same ages of the immunization childhood
schedule. Meningococcal C conjugate vaccine at 3, 5 and 15 months of age was also included in
the routine childhood schedule on October 2010.
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Fig 1. From PCV10 introduction to household visits: a timeline of study events.
doi:10.1371/journal.pone.0128656.g001

Study population
The target population of the present study was children aged 7-11mo (n = 647) and 15-18mo
(n = 590). This choice took into account the time interval of six to eight months elapsed between
the introduction of the vaccine (June 2010) and the onset of data collection (December 2010-February 2011). The rationale was to include all three age groups (6 months, 7-11months, 1215months) for which Brazil’s National Immunization Program recommended PCV10 (Fig 1).

Sampling and sample size
A list of 25,656 study age group children within the catchment area (with addresses, names of
mothers, gender, and dates of births) was obtained from Brazil’s Live Births Registry System.
The list was sorted by gender, district of residence, and date of birth. A systematic sampling was
applied to that ordered list; a sampling interval was calculated (k = 19) and a random starting
point (13) was selected. The list was treated circularly, with a return to the top when the end of
the list was reached. Sampling was proportional to age and district of residence in Goiania.
A sample size of 1,300 children was originally calculated for the purpose of the major investigation, to assess PCV10 effectiveness on pneumococcal carriage, which has been described
elsewhere [16]. In order to evaluate if that sample size would suffice for the present study, we
recalculated the sample size, considering the PCV coverage of 7.2% estimated by a previous
survey [17], 2.0 design effect and ±3% error. We found that a sample size of 594 children
would be necessary to assess vaccination coverage, which is less than half the number of 1,237
children included in the final sample of this study.

Data collection
Household visits took place from December 2010 to February 2011, that is, between six and
nine months after the introduction of PCV10 to local routine immunization (Fig 1). The date
of each pneumococcal vaccine uptake was retrieved from the immunization card. A questionnaire was applied to obtain socioeconomic characteristics—type of health insurance, family’s
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annual income, mother’s education level, number of household members, number of children
in the household, number of people sharing a bedroom with the child, and current or previous
daycare attendance. If the immunization card were incomplete or unavailable, the child’s vaccination dates were retrieved from Goiania’s immunization register whenever possible. Children
whose vaccination dates could not be retrieved were not included in the final sample, as well as
those who died, those whose legal guardian could not be found, and those whose address as obtained on the Live Births Registry was no longer valid. We also collected the dates of DTP-Hib
vaccine uptake from the child’s immunization card, as all three doses are recommend at the
same ages of PCV10 primary schedule (2, 4 and 6 months old).
In order to retroactively classify children into one of the three mentioned age groups, we calculated each child’s age as of July 14th, 2010, that is, 30 days after PCV10 was introduced to
local routine immunization program. Before PCV10 introduction, other pneumococcal vaccines were available either at public immunization providers (PCV7; free of charge for children
with special vaccination requirements) or at private immunization services (PCV13; medical
prescription required, usually for children from high socioeconomic stratum). Children who
received a pneumococcal vaccine other than 10-valent fell under vaccination exceptions and
therefore were not included in the final sample.
For children in the age group of 6 months old, we also estimated the date the child would
ideally complete the three primary doses, should the child have received them according to recommended ages and within grace periods. We added to the date of birth 2months + 30 days
(for the first dose), then 2 months + 7 days (for the second dose), then 2 months + 7 days (for
the third dose). Any child that was recruited before the third dose ideal due date was not included in the final sample.

Ethics Statement
Written informed consent was obtained from each participant’s parent(s) or legal guardian(s). The
Ethics Committee of the Federal University of Goias approved the study (protocol # 145/2010).

Outcome measures
Two outcomes were considered: vaccination coverage, and compliance with the recommended
schedules. Vaccination coverage was defined as the percentage of children who completed the
number of doses as recommended by the NIP (according to children’s age group) prior to
household visits. Coverage was estimated to all children and to each age group / schedule and
was presented in percentages. We also observed each child’s status for the number of doses:
fully vaccinated (children who received all recommended doses, according to each age group’s
recommendation), under-vaccinated (children who started the vaccination, but did not receive
all recommended doses), and not vaccinated (children who did not start vaccination).
Because the NIP adopted three different schedules at the introduction of PCV10, compliance was evaluated separately for each schedule and for the first, second and third dose independently. For children aged 6 months (by July 14th, 2010, 30 days after vaccine
introduction), the following definitions were used:
1st dose: a child was considered compliant if he/she received the dose by July 14th, 2010
(30 days after vaccine introduction) or up to two months of age + 30 days (if the
child reached that age after July 14th, 2010).
2nd dose: a child was considered compliant if he/she received the dose between 24 days
and 2 months (plus a grace period of 7 days) after the date of the 1st dose, regardless of whether the 1st dose was correct, delayed or too early.
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3rd dose: a child was considered compliant if he/she received the dose from 24 days to 2
months (plus a grace period of 7 days) after the date of 2nd dose, regardless of
whether the 2nd dose was correct, delayed or too early.
For children aged 7–11 months (by July 14th, 2010), the following definitions were used:
1st dose: a child was considered compliant if he/she received the dose up to 30 days after
PCV10 introduction, regardless of the child’s age.
2nd dose: a child was considered compliant if he/she was vaccinated between 24 days to 2
months (plus a grace period of 7 days) after the date of the 1st dose, regardless of
whether the 1st dose was correct, delayed or too early.
For children aged 12–15 months (by July 14th, 2010):
single dose: a child was considered compliant if he/she received the dose up to 30 days after
PCV10 introduction, regardless of the child’s age. It is worth noting that, for this
age group, the NIP did not recommend a second or a booster dose, and therefore,
having received more than one dose was not considered for the analysis.
For all age groups the analysis took into account a grace period of 30 days after the introduction of PCV10 to start vaccination. It also included the recommended time interval between
doses [18–20]. Six weeks was considered the minimum acceptable age for the first dose and
four weeks was considered the minimum interval between doses [18]. Doses administered five
days or earlier than the minimum age or time interval were considered invalid [13]. For each
dose, being non-compliant indicated that the child was either receiving the scheduled dose
later than expected, or that the child was receiving an invalid dose, or that the child was not
vaccinated at all. Being compliant with the schedule meant that the child was compliant with
all doses recommended by the NIP according to age group.
Overall compliance was estimated as the number of all compliant children divided by the
total number of children in the sample, multiplied by 100, that is, the percentage of children
who received all valid doses within the time interval recommended by the NIP [19, 20].
Although we did collect data of all doses the child had received (and not only the recommended ones), there was not enough time for all children to receive the booster dose, which
was not included in the analysis. Some children in the age groups of 7–11 and 12–15 months
old received more than the number of recommended primary doses (2 doses and a single dose,
respectively), although none received more than 4 doses. These extra doses were computed,
but not considered for the analysis; these children were considered to be fully vaccinated.
For comparison purposes, we estimated DTP-Hib coverage as the percentage of children
who received the third dose of this vaccine. In order to look at missed opportunities, we identified children who started and finished DTP-Hib primary schedule from June 14th, 2010 on.
Among those, we calculated how many completed PCV10 schedule, considering that the same
visit to the health care service should be used to administer both vaccines. We also assessed
whether PCV10 unvaccinated children had been to a health care service to receive DTP-Hib
vaccine after PCV10 introduction.

Data analysis
Data input and analysis were performed using Statistical Package for the Social Sciences
(v.20.0). Descriptive statistics for receipt of first PCV10 dose were given: median age according
to each age group, number of children who received the first dose before 12 months of age. The
Kaplan-Meier estimator (1-survival) [21] was used to predict time to receive the first PCV10
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dose. We considered the date of PCV10 introduction in the local immunization program (June
14th, 2010) as the starting point; receiving the first dose of PCV10 as the event; and the age at
vaccine introduction (6 months, 7–11 months, 12–15 months) as the between-subjects factor.
We censored unvaccinated children and those who had started PCV10 vaccination before June
14th, 2010. Survival time was counted as the number of days from PCV10 introduction to receipt of first dose. Breslow’s chi-square statistics was used to compare cumulative incidence of
first PCV10 dose between age groups; p values <0.05 were considered significant. Medians of
survival time for each age group were also estimated, with respective Standard error (SE) and
95% confidence interval.
A formal detection-tolerance or the variance inflation factor (VIF = 1/Tolerance) was used
to detect collinearity. VIF was calculated by including all possible pairs of socioeconomic variables and each outcome individually in a linear regression model. Tolerance values below 0.4
suggested collinearity [22].
At univariate analysis, prevalence ratios and respective 95% confidence intervals (95%CI)
for predictors were obtained using Pearson’s chi-square test. Explanatory variables significant
to the 0.1 level at univariate analysis were added into a multivariable model to adjust for confounding factors. Log binomial models were used for the multiple regression analyses, in which
we aimed at identifying multiple independent predictors for each of our outcome variables: (1)
binary variable expressing vaccine coverage (“fully vaccinated”/“under or not vaccinated”) and
(2) binary variable expressing compliance with recommended schedules (“compliant”/“delayed
or no vaccinated”). The choice of log binomial models instead of logistic models was motivated
by the expected high prevalence of the studied outcomes (coverage and compliance), and therefore the preference to express the measure of effect in terms of the more intuitively interpreted
relative risk and not the odds ratio. Separate models were developed for each of the outcome
variables. A p-value <0.05 was considered statistically significant. All tests were two-tailed.

Results
After 2,715 home visits 1,479 children were recruited, of which 1,237 (83.6%) remained in the
final sample; the selection process and criteria for exclusion are detailed in Fig 2.
Among the 1,237 participants, 52.4% were male, 64.1% of families did not have private
health insurance, and only 5.6% of children attended daycare. As for the mothers, 54.0% went
to high school. The following medians were observed: four persons per household, two children
in the household, and two people sharing a bedroom with the child. The median annual family
income was US$ 8,722.55 (interquartile range US$ 5,472.97–13,682.43).
Only 92 (7.4%) children were not vaccinated at all (95% CI 6.0–8.9), thus being classified as
both not covered and non-compliant with PCV10. Of those, 23 had been to a health care service after PCV10 introduction at least once to receive DTP-Hib (See S2 Table. DPT-Hib situation versus PCV10 vaccination status). For children who received one or more doses of
PCV10, the median age for the first dose was 4 months for children 6 months; 11 months old
for children 7–11 months; and 13 months for children 12–15 months old. We found that 837
(73.1%) had received the first dose before 12 months of age. A total of 41 children received
more than the recommended number of PCV10 doses, as follows; 33 children received one
extra dose (32 from age-group 15–18 months), four received 2 extra doses (all belonging to
age-group 15–18 months), and four received three extra doses (all belonging to age-group 15–
18 months).
After PCV10 introduction, the median time to receive the first PCV10 dose was 36 days for
children 6 months (SE 3.4; 95% CI 46.3 to 59.7); 61 days for 7–11 months (SE 1.1; 95% CI
58.9 to 63.1), and 53 days for children 12–15 months of age (SE 3.4; 95% CI 32.8 to 39.2).
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Fig 2. Flowchart of children selection. Goiania, December 2010 to February 2011.
doi:10.1371/journal.pone.0128656.g002

When comparing the three age groups, the difference among their cumulative incidence curves
for the first PCV10 dose was significant (χ2: 105.6; p <0.001) (Fig 3).
Overall vaccination coverage was 53.4% (95% CI 50.8–56), lower than DTP-Hib coverage
(93.0%; 95%CI: 91.5–94.3%) (See S1 Table). A significant difference in PCV10 coverage was
found among age groups (χ2 = 116.9; p<0.001). Children 7–11 months old had the lowest coverage (39.3%), when compared with children 6 months old (54.0%) and children 12–15
months old (88.3%), as shown in Table 1. Altogether, 484 (39.2%) children were under vaccinated: 287 received one dose and 197 received two doses. We identified 216 children who received all three doses of DTP-Hib after PCV10 introduction. Of those, 48 failed to complete
the recommended PCV10 schedule (see S2 Table); had these opportunities not been missed,
coverage would increase 3.9%.
Tolerance for socioeconomic variables varied from 0.752 to 1.00 and no collinearity was observed. All variables were associated with being fully vaccinated but two: gender and daycare
attendance. After adjustment, vaccination coverage PR remained significantly higher for the
following variables: 2 persons sharing a bedroom with the child, and having private health insurance (Table 2).
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Fig 3. Kaplan-Meier curves of incidence for the first dose of PCV10 after its introduction in the routine immunization program. Goiania, December
2010 to February 2011.
doi:10.1371/journal.pone.0128656.g003

Compliance with the recommended schedules was 16.6% (95%CI: 14.5 to 18.7%); 940 children (76%; 95%CI 73.6–78.4) delayed the first and/or subsequent doses and no child received
an invalid dose.
The difference in compliance with recommended schedules among the age groups was statistically significant (χ2 79.3; p<0.001): 18.8% for children 6 months old (95%CI: 15.8 to
21.9%), 6.0% for children 7–11 months old (95%CI: 4.0 to 8.5%) and 35.6% for children 12–15
months old (95%CI: 28.5 to 43.3%) (Table 3).
Tolerance varied from 0.749 to 1.00 and no collinearity was observed. All variables but three
were associated with being compliant with recommended schedules: gender, number of household members and daycare attendance at univariate analysis. The adjusted prevalence ratio remained significantly higher for having private health insurance (Table 4).

Discussion
This study assessed PCV10 coverage and compliance with recommended schedules in Brazil
early at the start of vaccination. The overall PCV10 coverage was 53.4%. This might appear low
at first glance, since the Brazilian NIP is recognized for its high rates of vaccination coverage
[6]. However, this is a major increase compared to the pneumococcal vaccine coverage of 7.2%
observed by a national survey in 2007 [17] when other PCVs were available for free for children
with special needs only or to all children who could afford it from private services. Very few
studies have assessed PCV vaccination coverage shortly after the start of routine immunization.
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Table 1. Vaccination status according to doses and age groups, 6 to 8 months after PCV10 introduction.
Age group at vaccine’s introductiona

Status
6 months old
(n = 644)

7–11 months old
(n = 430)

12–15 months
old (n = 163)

Total (n = 1,237)

N

%

n

%

n

%

n

%

Received the 1st dose

625

97.0

376

87.4

144

88.3

1145

92.6

Received the 2nd dose

545

84.6

168

39.1

21

12.9

734

59.3

Received the 3rd dose

348

54.0

20

4.7

8

4.9

376

30.4

Received the booster dose

0

0.0

1

0.2

4

2.5

5

0.4

Under vaccinated

277

43.0

207

48.1

0

0.0

484

39.1

Received extra doses

0

0.0

21

4.9

32

19.6

53

4.3

PCV10 coverage (fully vaccinated)

348

54.0

169

39.3

144

88.3

661

95% CI for PCV10 coverage (%)

(50.3–58.0)

(36.1–45.5)

(83.6–92.8)

53.4
(50.8–56.0)

Goiania, December 2010 to February 2011.
Age was calculated for July 14th, 2010, 30 days after vaccine introduction on routine immunization.

a

doi:10.1371/journal.pone.0128656.t001

In the United States, the first pneumococcal conjugated vaccine was PCV7 in 2000. Three
quarters after its introduction, a National Immunization Survey on PCV7 observed that coverage with 3 or more doses was 28.3% for children at 7 months of age [23], lower than the 54.1%
coverage observed for children aged 6 months, who were recommended the same schedule.
Coverage of PCV10 was lower than that of DTP-Hib in our study. However, DTP-Hib has
traditionally been part of the Brazilian routine immunization and it is no surprise that its coverage was high in our population. Shortly after their introduction, coverage of pneumococcal
vaccines was lower than DTP/DT/DTaP-Hib immunization in other countries. PCV coverage
progressively increased for some years before it matched DTP/DT/DTaP-Hib coverage, even
though both vaccines were administered concurrently [24–28]. A similar evolution in PCV
coverage is expected to take place in Brazil. Nevertheless, the challenge remains, which is, to accelerate this process.
When comparing the uptake of PCV10 and DTP-Hib, we identified a relatively small number of missed opportunities. In Brazil, almost all vaccination rooms are under the responsibility
of nurse professionals; the majority of children come to the service without a prescription
(since routine immunization does not require that), and it is up this professional to choose the
vaccines to be given, based upon current guidelines. Zhu and cols [29] observed that nurses are
subject to making mistakes when selecting the appropriate vaccine: they might miss the opportunity, or not properly validate the patient’s vaccination history, or give an extra dose. A clinical decision support system could be useful to decrease human error, especially when
recommendations are changed, for instance, by the introduction of a new vaccine.
Also, it is worthy of notice that, even though PCV10 coverage for the complete schedule was
comparably low, the percentage of children who received at least one dose of PCV10 was very
close to DTP-Hib coverage. Domingues and cols [30] have demonstrated that single catch-up
dose in children aged 12–23 months was effective against vaccine-type disease in Brazil. Therefore, even though PCV10 coverage was not as high as traditional vaccines, the fact that the majority of children was indeed vaccinated in such a short time is in any case, valuable.
This study clearly reveals significant disparities in compliance, an important gap in Brazil’s
NIP performance. This is consistent with other studies in low, median and high income countries, which have demonstrated that assessing routine immunization through coverage
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Table 2. Variables associated with PCV10 coverage, 6 to 8 months after its introduction.
Variables

Vaccination coverage*
Fully
vaccinated

Under or not
vaccinated

n

%

n

%

PR

95%CI

p

Adj PR

95%CI

p

Male

354

54.6

294

45.4

1.05

(0.94–1.16)

0.377

Female

307

52.1

282

47.9

-

-

-

High school or above

493

56.7

376

43.3

1.24

(1.09–1.41)

Up to elementary school

165

45.8

195

54.2

<0.001

1.06

(0.92–1.22)

0.431

4 people

455

56.7

348

43.3

1.19

5 people

205

47.5

227

52.5

(1.06–1.34)

0.002

1.10

(0.94–1.28)

0.232

2 children

596

55.5

478

44.5

1.40

(1.15–1.70)

<0.001

1.13

(0.94–1.36)

0.192

3 children

64

39.8

97

60.2
1.37

(1.15–1.63)

<0.001

1.18

(1.02–1.37)

0.024

1.21

(1.09–1.35)

0.001

1.11

(0.96–1.27)

0.167

1.27

(1.15–1.41)

<0.001

1.22

(1.04–1.43)

0.013

1.15

(0.94–1.40)

0.203

-

-

-

Gender

Mother’s schooling

Household members

Household children

People sharing child’s bedroom
2 people

571

56.4

442

43.6

3 people

81

41.1

116

58.9

8,722.55

319

58.1

230

41.9

<8,722.55

285

47.9

310

52.1

Private

266

62.3

161

37.7

Public

388

48.9

405

51.1

Yes

42

60.9

27

39.1

No

618

53.0

548

47.0

Family’s annual income (US$)

Type of health insurance

Daycare attendance

Goiania, December 2010 to February 2011.
PR: prevalence ratio; adj PR: adjusted prevalence ratio.
* The sum of individuals is not always 1,237 because there are missing answers, but that represents less than 8% of all participants.
doi:10.1371/journal.pone.0128656.t002

estimates alone hides shortfalls in compliance [12, 31, 32]. In our study, most non-compliant
children had delayed one or more doses, which might explain why almost 40% of children
failed to complete the recommended schedule. Any delay on vaccination may have a great impact, since it unnecessarily prolongs exposure to pneumococcal diseases, which are a leading
cause of morbidity and mortality in infants [1].
Brazil’s NIP opted for different vaccination schedules at the introduction of PCV10 routine
immunization, one for each of the first three semesters of life, beginning with three primary
doses and dropping one primary dose from semester to semester (catch-up schedules). Higher
costs and logistics that were more complex than using a single schedule presumably ensued
from this decision. One important finding of the present study was that the median time to
start vaccination, vaccination coverage, and compliance with recommended schedules were
different among the three age groups / schedules. Children 7-11months old (who received two
primary doses) had the highest median time for the first dose, the lowest vaccination coverage

PLOS ONE | DOI:10.1371/journal.pone.0128656 June 10, 2015

11 / 17

PCV10 Coverage and Timeliness at the First Year of Its Introduction

Table 3. Compliance with PCV10 recommended schedules by dose and age groups, 6 to 8 months
after its introduction.
Age group at vaccine’s introductiona

Status

6 months
old (n = 644)

7–11 months
old (n = 430)

12–15
months old
(n = 163)

Total
(n = 1,237)

n

%

n

%

n

%

n

%

b

Compliant with the 1st dose

367

57.0

75

17.4

58

35.6

500

40.4

Compliant with the 2nd dose

340

52.8

84

19.5

-

-

424

39.5c

Compliant with the 3rd dose

190

29.5

-

-

-

-

190

29.5d

Invalid doses

0

-

0

-

0

-

0

-

Delayed one or more dose

504

78.3

350

81.4

86

52.8

940

76.0

Compliant with schedulee

121

18.8

26

6.0

58

35.6

205

16.6

95% CI for compliance (%)

(15.8–21.9)

(4.0–8.5)

(28.5–43.3)

(14.5–18.7)

Goiania, December 2010 to February 2011.
Age was calculated for July 14th, 2010, 30 days after vaccine introduction on routine immunization.

a
b

For 207 of the participants, the deadline for the 1st dose was the day they reached two months + 30 days

of age, because that took place after July 14th, 2010.
c
The 2nd dose was recommended for 1,074 of 1,237 children (age groups 6 and 7–11 months old), and
percentage was calculated accordingly.
The 3rd dose was recommended for 644 of 1,237 children (age group 6 months old), and percentage
was calculated accordingly.

d

e

Children who received all valid doses, within the time interval recommended by the National Immunization

Program.
doi:10.1371/journal.pone.0128656.t003

and the lowest compliance, when compared to children aged 12–15 months (single dose) and
6 months (three doses).
The vaccination calendar adopted in Brazil [7] might explain our results. The considerable
number of vaccinations and of routine medical appointments at the first semester of life and at
the first birthday would get children to health services more often, thus facilitating the contact
with a new vaccine such as PCV10, which could explain the higher coverage and compliance at
the age groups of 6 months and 12–15 months old children. At the second semester of life,
the number of appointments is reduced to one single growth follow-up visit and one vaccine
(yellow fever) at 9 months of age, which the child’s family might not always seek. The low
PCV10 coverage and compliance for children at the second semester of life could reflect it.
This is cause for concern because, in Brazil, the incidence of pneumococcal disease is higher
precisely in the second semester of life [33].
Because both compliance and coverage were so distinguished among the three age groups,
the results of this investigation suggest that, during the introduction period, if a vaccine has different schedules for different age groups, each age group must be evaluated independently in
order to properly estimate the gaps in vaccination coverage and compliance.
The NIP mainly focuses on reaching high vaccination coverage among the target population, and compliance of vaccination is not routinely evaluated. In this study, delaying one or
more doses of PCV10 was frequently observed at all age groups and for all doses. This result
suggests that the NIP goal should be shifted to achieving high levels of protection as early as
possible; high coverage rates will follow. In addition, it would be highly desirable to include
compliance indicators in regular NIP performance evaluations.
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Table 4. Variables associated with compliance with recommended PCV10 schedules, 6 to 8 months after PCV10 introduction.
Compliance Statusa

Variables

Compliant

Delayed or
not
vaccinated

n

%

n

%

PR

95%CI

Male

109

16.8

539

83.2

1.04

(0.77–1.40)

Female

96

16.3

493

83.7

High school or above

159

18.3

710

81.7

1.50

Up to elementary school

44

12.2

316

87.8

4 people

138

17.2

665

82.8

5 people

67

15.5

365

84.5

2 children

191

17.8

883

82.2

3 children

14

8.7

147

91.3

2 people

181

17.9

832

82.1

3 people

22

11.2

175

88.8

8,722.55

104

18.9

445

81.1

<8,722.55

84

14.1

511

85.9

p

Adj PR

95%CI

p

0.805

-

-

-

(1.10–2.04)

0.009

1.01

(0.96–1.07)

0.695

1.11

(0.85–1.45)

0.450

-

-

-

2.05

(1.22–3.43)

0.004

1.06

(0.99–1.13)

0.080

1.60

(1.06–2.42)

0.021

1.05

(0.99–1.12)

0.095

1.34

(1.03–1.75)

0.028

1.03

(0.97–1.09)

0.341

1.60

(1.06–2.42)

<0.001

1.08

(1.01–1.15)

0.019

1.14

(0.69–1.90)

0.607

-

-

-

Gender

Mother’s schooling

Number of household members

Number of household children

Number of people sharing child’s bedroom

Family’s annual income (US$)

Type of health insurance
Private

97

22.7

330

77.3

Public

106

13.4

687

86.6

Yes

13

18.8

56

81.2

No

192

16.5

974

83.5

Daycare attendance

Goiania, December 2010 to February 2011.
PR: prevalence ratio; adj PR: adjusted prevalence ratio.
a

The sum of individuals is not always 1,237 because there are missing answers, but that represents less than 8% of all participants.

doi:10.1371/journal.pone.0128656.t004

Surprisingly, having private health insurance was associated with having completed the number of recommended doses as well as having received all doses in the recommended time interval. These observations may seem contradictory since PCV10 was available for free exclusively
from public health providers. One possible explanation is that the availability of pneumococcal
vaccines on private providers before its introduction on routine immunization created a pent-up
demand for them among privately insured families [6]. Once the National Immunization Program included PCV10 on routine immunization, holders of private health insurance could vaccinate their children at public (free of charge) providers, instead of paying for them in private
providers. Vaccination costs is thus transferred to the Brazilian Unified Health System (SUS),
which already funds immunization almost singlehandedly [34]. Also, they seek health care more
regularly than those without insurance and they are likely to attend clinics and outpatient services (where vaccination takes place) more often than people who do not have insurance, who
tend to seek care only when ill, mostly at emergency rooms [27]. Further research would be

PLOS ONE | DOI:10.1371/journal.pone.0128656 June 10, 2015

13 / 17

PCV10 Coverage and Timeliness at the First Year of Its Introduction

necessary to confirm if differences in health care access or behavior are behind the higher
PCV10 prevalence of coverage and compliance observed for private insurance holders.
Efforts to reach under-vaccinated and/or non-compliant children should be pursued with a
multifaceted approach [9, 29, 35, 36]. Because families without private health insurance tend to
look for care only when the child is ill, any visit to health services, including to the emergency
room, should be used to update the child’s vaccination status, if the reason that brought the
child to the service does not contraindicate vaccination. Therefore, delays could be promptly
identified and resolved [37–40].
Limitations of this study should be mentioned. Some variables that are known to be related
to inadequate vaccination could not be analyzed because they were not collected for the major
study [9, 35, 41–43]. Due to the short time elapsed between the introduction of PCV10 and
data collection, it was not possible to compare coverage and compliance of schedules of 2 and 3
primary doses without the booster dose to schedules of 2 and 3 primary doses with the booster
dose. Another issue is that in actual fact, we cannot fully extrapolate the findings to children
outside our recruitment age ranges. As we saw that coverage increases with increasing age, children below our range are likely to have poorer coverage and those above the range are likely to
have greater coverage. Finally, the choice of the target population for enrollment for the major
study did not take into account all children at the age group of 12–15 months old. However, because the size of the final sample was much larger than it would be necessary for the purpose of
the present study, it is unlikely that this limitation compromised the estimation of coverage or
compliance in this age group.
This study was conducted shortly after PCV10 introduction, which took place five years
ago. It is feasible to say that the transition period is currently over, there is only one cohort of
unvaccinated children and the primary doses of PCV10 are routinely administrated for children at 2, 4 and 6 months of age; other schedules are likely to be used only when the child
missed vaccination. In this context, new studies should be conducted to assess PCV10 coverage
and compliance in order to see whether coverage has reached Brazil’s NIP 95% goal and how
children are complying with this schedule, now that PCV10 is included in the routine immunization just like other vaccines in the childhood vaccination calendar.
In conclusion, a significant percentage of PCV10 coverage was achieved in a relatively short
time, but it was not followed by compliance with recommended schedules. There is room for
improvement. Public initiatives in Brazil should target compliance of PCV10 because of the
burden of pneumococcal diseases on childhood morbidity and mortality, especially at the second semester of life, where the risk of such diseases is highest, and both coverage and compliance are lowest.

Supporting Information
S1 Table. DTP-Hib vaccination status according to age group at PCV10 introduction. Goiania, December 2010 to February 2011.
(DOCX)
S2 Table. DTP-Hib situation versus PCV10 vaccination status. Goiania, December 2010 to
February 2011.
(DOCX)

Author Contributions
Conceived and designed the experiments: RM MASV ALA. Performed the experiments: RM
MASV ALA. Analyzed the data: FOS RM MASV ALB ALA. Contributed reagents/materials/

PLOS ONE | DOI:10.1371/journal.pone.0128656 June 10, 2015

14 / 17

PCV10 Coverage and Timeliness at the First Year of Its Introduction

analysis tools: FOS RM MASV ALB ALA. Wrote the paper: FOS RM MASV ALB ALA. Created illustrations: FOS.

References
1.

O’Brien KL, Wolfson LJ, Watt JP, Henkle E, Deloria-Knoll M, McCall N, et al. Burden of disease caused
by Streptococcus pneumoniae in children younger than 5 years: global estimates. The Lancet. 2009;
374(9693):893–902. Epub September, 12. doi: 10.1016/S0140-6736(09)61204-6 PMID: 19748398

2.

Thörn L, Minamisava R, Nouer S, Ribeiro L, Andrade A. Pneumonia and poverty: a prospective population-based study among children in Brazil. BMC Infectious Diseases. 2011; 11(1):180. doi: 10.1186/
1471-2334-11-180. PubMed PMID: 10.1186/1471-2334-11-180.

3.

Ferreira-Guerrero E, Báez-Saldaña R, Trejo-Valdivia B, Ferreyra-Reyes L, Delgado-Sánchez G, Chilián-Herrera OL, et al. Infecciones respiratorias agudas en niños y signos de alarma identificados por
padres y cuidadores en México. Salud Pública de México. 2013; 55(suppl.2):S307–S13. PMID:
1149961

4.

Bhat RY, Manjunath N. Correlates of acute lower respiratory tract infections in children under 5 years of
age in India. The international journal of tuberculosis and lung disease. 2013; 17(3):418–22. doi: 10.
5588/ijtld.12.0117 PMID: 23407233.

5.

World Health Organization. Pneumococcal vaccines WHO position paper—2012. Weekly epidemiological record. 2012; 87(14):129–44. Epub 6 April. PMID: 24340399

6.

Barata RB, Ribeiro MCSA, Moraes JC, Flannery B. Socioeconomic inequalities and vaccination coverage: results of an immunisation coverage survey in 27 Brazilian capitals, 2007–2008. Journal of Epidemiology & Community Health. 2012; 66(10):934–41. Epub 2012/01/24. doi: 10.1136/jech-2011-200341
PMID: 22268129.

7.

Fiocruz. Brazilian vaccination schedule (child) Rio de Janeiro: Bio-Manguinhos. Available in <http://www.
fiocruz.br/bio_eng/cgi/cgilua.exe/sys/start.htm?sid = 168>. Acess date Aug 09, 2013; [09 ago. 2013]. 09
ago. 2013]. Available from: http://www.fiocruz.br/bio_eng/cgi/cgilua.exe/sys/start.htm?sid=168.

8.

Harrington PM, Woodman C, Shannon WF. Vaccine, yes; injection, no: maternal responses to the introduction of Haemophilus influenzae type b (Hib) vaccine. British Journal of General Practice. 1999;
49(448):901–2. Epub November 1, 1999. PMID: 10818657

9.

Michelle Womack J. Safety and adherence: issues that hinder childhood vaccinations. Journal of the
American Academy of Physician Assistants. 2010; 23(1):42–7. Epub 2010/02/09. PMID: 20135924.

10.

Teixeira AMS, Rocha CMV. Vigilância das coberturas de vacinação: uma metodologia para detecção e
intervenção em situações de risco. Epidemiologia e Serviços de Saúde. 2010; 19(3):217–26. doi: 10.
1714/976.10617.[Final PMID: 22158390

11.

Domingues CMAS Teixeira AMdS. Coberturas vacinais e doenças imunopreveníveis no Brasil no período 1982–2012: avanços e desafios do Programa Nacional de Imunizações. Epidemiol Serv Saúde.
2013; 22(1):9–27. doi: 10.5123/S1679-49742013000100002

12.

Luman ET, Shaw KM, Stokley SK. Compliance with vaccination recommendations for U.S. children.
Am J Prev Med. 2008; 34(6):463–70. Epub 2008/05/13. doi: S0749-3797(08)00239-0 [pii]; doi: 10.
1016/j.amepre.2008.01.033 PMID: 18471581.

13.

Centers for Disease Control and Prevention. General Recommendations on Immunization. In: Atkinson
W, Wolfe CS, Hamborsky J, editors. Epidemiology and Prevention of Vaccine-Preventable Diseases.
12ª ed. Washington DC: Public Health Foundation; 2011. p. 9–30.

14.

Kroger AT, Sumaya CV, Pickering LK, Atkinson WL. General recommendations on immunization—
recommendations of the Advisory Committee on Immunization Practices (ACIP). Morbidity and mortality weekly report Recommendations and reports. 2011; 60(2):1–64. PMID: 21293327.

15.

Programa das Nações Unidas para o Desenvolvimento, Instituto Brasileiro de Geografia e Estatística.
Índice de desenvolvimento humano de Goiânia e Goiás. Atlas de Desenvolvimento Humano no Brasil.
Brasília: PNUD/IBGE; 2013.

16.

Andrade AL, Ternes YM, Vieira MA, Moreira WG, Lamaro-Cardoso J, Kipnis A, et al. Direct Effect of
10-Valent Conjugate Pneumococcal Vaccination on Pneumococcal Carriage in Children Brazil. PLoS
ONE. 2014; 9(6):e98128. doi: 10.1371/journal.pone.0098128 PMID: 24892409

17.

Moraes JC, Luna EA, Barbosa H, Guibu IA, Ribeiro MCSA, Veras MAM, et al. Inquérito de cobertura
vacinal nas áreas urbanas das capitais—Brasil. Brasília: Centro de Estudos Augusto Leopoldo Ayrosa
Galvão; 2007. 640 p. PMID: 18002807

18.

Centers for Disease Control and Prevention. Pneumococcal Disease. In: Atkinson W, Wolfe CS, Hamborsky J, editors. Epidemiology and Prevention of Vaccine-Preventable Diseases. 12th ed. Washington DC: Public Health Foundation; 2011. p. 233–46.

PLOS ONE | DOI:10.1371/journal.pone.0128656 June 10, 2015

15 / 17

PCV10 Coverage and Timeliness at the First Year of Its Introduction

19.

Gierisch JM, Reiter PL, Rimer BK, Brewer NT. Standard definitions of adherence for infrequent yet repeated health behaviors. American Journal of Health Behavior. 2010; 34(6):669–79. Epub 2010/07/08.
doi: 10.5993/AJHB.34.6.4 PMID: 20604693; PubMed Central PMCID: PMC2963446.

20.

Sharts-Hopko NC. Issues in pediatric immunization. The American Journal of Maternal/Child Nursing.
2009; 34(2):80–8. Epub 2009/03/06. doi: 10.1097/01.NMC.0000347300.39714.19 PMID: 19262260.

21.

Kleinbaum DG, Klein M. Kaplan-Meier survival curves and the log-rank test. In: Kleinbaum DG, Klein
M, editors. Survival Analysis—A Self‐Learning Text. New York: Springer; 2012. p. 55–96.

22.

Chan YH. Biostatistics 201: linear regression analysis. Singapore medical journal. 2004; 45(2):55–61.
Epub 2004/02/27. PMID: 14985842.

23.

Smith PJ, Nuorti JP, Singleton JA, Zhao Z, Wolter KM. Effect of Vaccine Shortages on Timeliness of
Pneumococcal Conjugate Vaccination: Results From the 2001–2005 National Immunization Survey.
Pediatrics. 2007; 120(5):e1165–e73. doi: 10.1542/peds.2007-0037 PMID: 17974712

24.

Harboe ZB, Dalby T, Slotved H-C, Konradsen HB, Hoffmann S, Suppli CH, et al. Invasive pneumococcal disease and PCV coverage 2013. Epi News—about diseases and vaccines. 2014;(45: ). doi: 10.
1016/j.sste.2011.07.005 PMID: 25651764

25.

Valentiner-Branth P, Andersen PH, Simonsen J, Lambertsen L, Harboe ZB, Christensen JJ, et al. PCV
7 coverage & Invasive Pneumococcal Disease (IPD) 2008/2009. Epi News—about diseases and vaccines. 2010;(7–8: ). doi: 10.1016/j.sste.2011.07.005 PMID: 25651764

26.

Centers for Disease Control and Prevention. National, state, and urban area vaccination coverage
among children aged 19–35 months—United States, 2005. Morbidity and mortality weekly report.
2006; 55(36):988–93. Epub 2006/09/15. PMID: 16971887.

27.

Durando P, Crovari P, Ansaldi F, Sticchi L, Sticchi C, Turello V, et al. Universal childhood immunisation
against Streptococcus pneumoniae: The five-year experience of Liguria Region, Italy. Vaccine. 2009;
27(25–26):3459–62. doi: 10.1016/j.vaccine.2009.01.052

28.

Black CL, Yankey D, Kolasa M. National, state, and local area vaccination coverage among children
aged 19–35 months—United States, 2011. Morbidity and Mortality Weekly Report. 2012; 61(35):
689–96.

29.

Zhu VJ, Grannis SJ, Tu W, Rosenman MB, Downs SM. Evaluation of an algorithm for patient-specific
childhood immunization clinical decision support system. Artificial intelligence in medicine. 2012; 56(1):
51–7. Epub 2012/05/29. doi: S0933-3657(12)00050-4 [pii] doi: 10.1016/j.artmed.2012.04.004 PMID:
22633492.

30.

Domingues CMAS, Verani JR, Montenegro Renoiner EI, de Cunto Brandileone MC, Flannery B, de Oliveira LH, et al. Effectiveness of ten-valent pneumococcal conjugate vaccine against invasive pneumococcal disease in Brazil: a matched case-control study. The Lancet Respiratory Medicine. 2014; 2(6):
464–71. doi: 10.1016/S2213-2600(14)70060-8 PMID: 24726406

31.

Braeckman T, Theeten H, Lernout T, Hens N, Roelants M, Hoppenbrouwers K, et al. Rotavirus vaccination coverage and adherence to recommended age among infants in Flanders (Belgium) in 2012. Euro
Surveill. 2014; 19(20). PMID: 24871761

32.

Gram L, Soremekun S, ten Asbroek A, Manu A, O'Leary M, Hill Z, et al. Socio-economic determinants
and inequities in coverage and timeliness of early childhood immunisation in rural Ghana. Tropical
Medicine & International Health. 2014; 19(7):802–11. doi: 10.1111/tmi.12324

33.

Andrade AL, Oliveira R, Vieira MA, Minamisava R, Pessoa V Jr., Brandileone MC, et al. Populationbased surveillance for invasive pneumococcal disease and pneumonia in infants and young children in
Goiania, Brazil. Vaccine. 2012; 30(10):1901–9. doi: 10.1016/j.vaccine.2011.12.012 PMID: 22178522

34.

Porto SM, Santos IS, Ugá MAD. A utilização de serviços de saúde por sistema de financiamento. Ciência & Saúde Coletiva. 2006; 11(4):895–910.

35.

Rainey JJ, Watkins M, Ryman TK, Sandhu P, Bo A, Banerjee K. Reasons related to non-vaccination
and under-vaccination of children in low and middle income countries: Findings from a systematic review of the published literature, 1999–2009. Vaccine. 2011; 29(46):8215–21. doi: 10.1016/j.vaccine.
2011.08.096 PMID: 21893149

36.

Diekema DS. Improving childhood vaccination rates. The New England Journal of Medicine. 2012;
366(5):391–3. Epub 2012/02/03. doi: 10.1056/NEJMp1113008 PMID: 22296072.

37.

Parve J. Remove vaccination barriers for children 12 to 24 months. The Nurse Practitioner. 2004;
29(4):35–8. Epub 2004/04/06. doi: 10.1097/00006205-200404000-00006 PMID: 15064572.

38.

Committee on Practice and Ambulatory Medicine and Council on Community Pediatrics. Increasing Immunization Coverage. Pediatrics. 2010; 125(6):1295–304. doi: 10.1542/peds.2010-0743 PMID:
20513736

39.

Leask J. Target the fence-sitters. Nature. 2011; 473(7348):443–5. doi: 10.1038/473443a PMID:
21614055

PLOS ONE | DOI:10.1371/journal.pone.0128656 June 10, 2015

16 / 17

PCV10 Coverage and Timeliness at the First Year of Its Introduction

40.

Miranda VM, Nascimento-Carvalho CM. Assessing vaccination rates at an emergency room. American
Journal of Infection Control. 2007; 35(4):286–7. Epub 2007/05/08. doi: S0196-6553(06)01320-4 [pii]
doi: 10.1016/j.ajic.2006.10.008 PMID: 17483004.

41.

Hamid A, Guay M, Lemaire J. Impact des injections multiples sur l’observance du calendrier de vaccination et opinions des parents en Montérégie. The Canadian Journal of Public Health. 2010; 101(1):
20–4. Epub 2010/04/07. PMID: 20364532.

42.

Ritvo P, Wilson K, Willms D, Upshur R, Goldman A, Kelvin D, et al. Vaccines in the public eye. Nature
Medicine. 2005; 11(4):S20–4. Epub 2005/04/07. doi: nm1220 [pii] doi: 10.1038/nm1220 PMID:
15812485.

43.

Scheurer DB, Cawley PJ, Brown SB, Heffner JE. Overcoming barriers to pneumococcal vaccination in
patients with pneumonia. American Journal of Medical Quality. 2006; 21(1):18–29. Epub 2006/01/13.
doi: 21/1/18 [pii] doi: 10.1177/1062860605280314 PMID: 16401702.

PLOS ONE | DOI:10.1371/journal.pone.0128656 June 10, 2015

17 / 17

