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Introduction: In 2014, the Brazilian Ministry of Health (MoH) recommended Tdap to pregnant women in
response to a significant increase in the incidence of pertussis among infants. The present study assessed
the effectiveness of maternal immunization in preventing pertussis in infants.

Methods: An unmatched case-control study was undertaken in Sdo Paulo State, Brazil from February
2015 to July 2016. Cases were infants aged <8 weeks at onset of pertussis reported to the Surveillance
System and confirmed by real-time polymerase chain reaction or culture. Four to six healthy infants were
selected as controls per case from birth certificates in the Information System on Live Births database.
General characteristics and mother’s vaccination status were compared between cases and controls.
Pertussis vaccine The vaccine effectiveness (VE) was calculated as 1 - odds ratio (OR). For the adjusted VE, the OR was cal-
Case-control study culated using logistic regression analysis.

Brazil Results: Forty-two cases and 248 controls were enrolled in the study. Mothers of 8 cases (19.1%) and 143
controls (57.4%) were vaccinated during pregnancy, resulting in an unadjusted VE of 82.6% (95% confi-
dence interval [CI], 60.8-92.3%). The VE was unchanged after adjusting for maternal age and monthly
household income.

Conclusion: Maternal pertussis vaccination during pregnancy was effective in protecting infants aged
<8 weeks from pertussis.
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1. Introduction

Abbreviations: Cl, confidence interval; DTaP, diphtheria toxoid, tetanus toxoid,
and acellular pertussis vaccine; DTwP, diphtheria toxoid, tetanus toxoid, and whole
cells pertussis vaccine; DTwP, Hib-HBV - diphtheria tetanus-whole-cell pertussis +
Haemophilus influenzae b + hepatitis B vaccine; MoH, Brazilian Ministry of Health;
OR, odds ratio; SINAN, National Notifiable Diseases Information System database

Pertussis is a highly contagious respiratory disease caused by
Bordetella pertussis (1, 2). The disease most commonly affects
infants and young children and can induce uncontrollable violent

(Sistema de Informacao de Agravos de Notificacdo); SINASC, Information System on
Live Births database (Sistema de Informacdo sobre Nascidos Vivos); Tdap, tetanus
toxoid, reduced diphtheria toxoid, acellular pertussis; VE, vaccine effectiveness.
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coughing for long periods [1,2]. Globally, the childhood vaccination
with pertussis-containing vaccines has reduced the incidence of
the disease [2,3].

In Brazil, the current routine childhood vaccination schedule
includes three doses of the diphtheria-tetanus-whole-cell pertus-
sis + Haemophilus influenzae b + hepatitis B (DTwP-Hib-HBV)
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pentavalent vaccine, given at 2, 4 and 6 months of age, followed by
two boosters doses of DTwP at 15 months and 4 years of age [4,5].
DTwP vaccine coverage reached the national goal of 95% during the
1990s, resulting in a great decrease of the number of pertussis
cases. However, a significant increase in pertussis incidence rates
was observed in this country from 2011 to 2014 [4,5]. As a result,
the Brazilian Ministry of Health (MoH) recommended Tdap be
given to women between the 27th and 36th week of pregnancy,
in 2014 [4,5]. In 2017, the MoH extended the recommendation to
the 20th week of pregnancy [4].

Considering the limited data available concerning effectiveness
of maternal pertussis vaccination when vaccination during preg-
nancy was introduced into the national vaccination schedule, the
Immunization Program of Sdo Paulo State, Brazil, developed stud-
ies of the effectiveness and immunogenicity of Tdap in pregnant
women for post implementation evaluation.

The present study is an unmatched case-control evaluation
aimed to assess the effectiveness of maternal Tdap vaccination
during pregnancy in preventing pertussis in infants younger than
2 months of age in S3o Paulo State, Brazil.

2. Methods
2.1. Settings and study population

Sdo Paulo State has a population of 45.5 million accounting one-
fifth of Brazilian population. This is the wealthiest state of Brazil
and responsible for one-third of nationals gross domestic product.
The study included under-2-months of age cases and controls from
the metropolitan areas of Sdo Paulo, Sorocaba and Campinas. These
metropolitan regions together have a population of 33.4 million
inhabitants (74.2% of the State population) [6].

2.2. Case and control definitions

A case of pertussis was defined as clinically compatible cough
illness (>2 weeks of paroxysmal cough, inspiratory gasp, and/or
post-tussive vomiting) in an infant aged <8 weeks at disease onset,
born between February 1st 2015 and May 31th 2016, with labora-
tory confirmation (culture or real time polymerase chain reaction)
of pertussis. The upper age limit of eight weeks was chosen
because this is the age at which primary immunizations are rou-
tinely offered. The cases were identified through the National Noti-
fiable Diseases Information System database (Sistema de
Informagdo de Agravos de Notificagdo, SINAN).

A list of possible controls born on February 1st 2015 or after
was obtained from the Information System on Live Births database
(Sistema de Informagdo sobre Nascidos Vivos, SINASC). This system
gathers data from birth certificates throughout the country. For
each enrolled infant case, 4 to 6 control infants were recruited from
birth certificates of infants resident in the same city as the case. We
selected controls who were born within one month before or after
the reference case.

Cases and controls were eligible for enrollment if they were res-
ident in Sdo Paulo State, >37 weeks gestational age, and weight
>2500 g at birth. Exclusion criteria were: (1) having received
immunosuppressive drugs or corticosteroids at a dose greater than
2 mg/kg /day for more than 15 days; (2) having a primary or
acquired immunodeficiency; (3) having heart, neurological or renal
disease; (4) having a chromosomal anomaly or serious congenital
disease; or (5) having previously received transfusion of blood or
blood products. Control infants were additionally considered inel-
igible if they had had a pertussis diagnosis before 2 months of age.

The mother or other the legal guardian for each case was con-
tacted and a home visit was scheduled. The mother or other legal

guardian for each control was approached directly at the resi-
dences, because the registration of live births does not record tele-
phone numbers. If a control could not be found, the field research
team moved to the next control on the list.

The legal guardians of cases and controls were interviewed
face-to-face using a standard form, with sociodemographic, clinical
and epidemiological variables and the vaccination status of the
mother and child. The immunization status of the mother was
determined based on the prenatal report or vaccination card. The
mother was considered vaccinated if she had received Tdap
>21 days before delivery. Vaccination in pregnancy was coded as
a binary variable of either having received vaccine or not having
received vaccine. The number of completed weeks’ gestation at
the time of vaccination was also recorded. Cases and controls were
excluded from the analysis if maternal pertussis vaccination was
not known, to avoid possible misclassification of the exposure.
An infant was considered enrolled when the maternal interview
and the infant and maternal vaccine history were all completed.

2.3. Statistical analysis and sample-size estimation

This is an unmatched case-control study. General characteristics
and the mother’s vaccination status were compared between cases
and controls. An unadjusted VE was calculated as VE=1 — OR,
where OR is the odds ratio for vaccination in pregnancy, between
cases and controls. For the adjusted VE, the OR was calculated using
logistic regression analysis. The multiple logistic regression model
was performed based on variables statistically associated with the
outcome, using a stepwise forward strategy. The variables that pre-
sented a p < 0.2 in the bivariate analysis were selected for inclusion
in the multivariable model and those that had p<0.05 were
retained in the final multivariate model. Epi-info (version 3.5.3)
and Statal3 software were used for this analysis.

The minimal sample-size estimation was 29 cases and 115 con-
trols, considering a non-paired study, 50% of vaccinated mothers
among controls, four controls for each case (4:1), significance level
of 0.05, power of the 80%, odds ratio of 0.25 and two-tailed test.

2.4. Ethics

The study was approved by the Research Ethics Committee of
Instituto Adolfo Lutz, license number 37581114.0.0000.0059. Par-
ticipating mothers or legal guardians provided written informed
consent.

3. Results

During the study period of February 1st 2015 to July 31th 2016,
53 (54.6%) of 97 pertussis cases aged <2 months in Sdo Paulo State
were from the metropolitan areas of S3o Paulo, Sorocaba and
Campinas. A total of 42 incident, laboratory-confirmed cases of
pertussis was enrolled in the study. Among the 11 excluded cases,
9 were not found at the addresses registered in SINASC, 2 were
<37 weeks’ gestational age or weight <2500 g at birth, and one
mother refused to participate in the study. As controls, 249 infants
were enrolled.

Among the cases, 8 (19.0%) had a mother younger than 20 years
of age; 26 (61.9%) had a mother who was non-white; 28 (66.7%)
lived in a household with a monthly income <R$1.576 and 9
(21.4%) had a mother with <7 prenatal care visits (Table 1). Both
cases and controls had a mean gestational age at birth of 39 weeks.

Of all vaccinated mothers of cases and controls (151), 91.7% had
received the Tdap vaccine at >27 weeks gestation. The mean of
gestation age at vaccination was 31.1 weeks (range 18.0-37.0)
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Table 1
Characteristics of cases and controls.
Cases Controls Total p
(N=42) (N=249) (N=291)
Variables n % n % n %
Male 18 429 126 50.6 144 49.5 0.353
Breastfeeding
Exclusive 6 14.2 55 22.1 61 21.0 0.495
With complement 18 429 92 36.9 110 37.8
No 18 42.9 102 41.0 120 41.2
Maternal Tdap vaccination situation
Vaccinated 8 19.1 143 57.4 151 51.9 <0.001
Unvaccinated 34 80.9 106 42.6 140 48.1
Mother’s age (years)
<20 8 19.0 21 8.4 29 10.0 0.033
>20 34 81.1 228 91.6 262 90.0
Mother’s race
White 16 38.1 132 53.0 148 50.9 0.074
Non-white 26 61.9 117 47.0 143 49.1
Maternal schooling
<8 years 16 38.1 66 26.5 66 26.5 0.123
>8 years 26 61.9 183 73.5 183 73.5
Monthly household income
<R$ 1.576 28 66.7 98 39.7 126 43.6 0.001
>R$1.576 14 333 149 60.3 163 56.4
Number of maternal prenatal visits
<7 9 214 37 14.9 46 15.8 0.281
>7 33 78.6 212 85.1 245 84.2
Birth weight (g)
2500-3000 14 334 62 24.9 76 26.1 0.368
3001-3500 19 45.2 111 44.6 130 447
>3501 9 214 76 30.5 85 29.2
Table 2
Cases and controls distributed by maternal Tdap vaccination situation.
History of maternal pertussis vaccination Cases Controls Unadjusted VE % (95% CI) Adjusted VE % (95% CI)
(N=42) (N=249)
n % n %
Vaccinated 8 19.1 143 57.4 82.6 80.7
(60.8-92.3) (55.9-91.6)
Unvaccinated 34 80.9 106 42.6 1 1

" Adjusted for maternal age (OR = 0.97; 95% CI = 0.92-1.02) and household income (OR = 0.38; 95% CI = 0.18-0.82).

for mothers of cases and 30.4 weeks (range 10.0-40.0) for mothers
of controls (p = 0.637).

Of the 42 cases included in the analysis, 8 (19.1%) had a mother
who received Tdap during pregnancy. Compared with 143 of 249
mothers of control (57.4%) (Table 2). The unadjusted OR for vacci-
nation in pregnancy was 0.17 (95% CI, 0.08-0.39), giving an unad-
justed VE of 82.6% (95% CI, 60.8%-92.3%). After adjustment for
maternal age and household income, the VE was similar at 80.7%
(95% CI, 55.9%-91.6%).

4. Discussion

We found a high level of effectiveness (83%) for maternal Tdap
vaccination during pregnancy in preventing pertussis in infants
before their first dose of DTwWP, a result consistent with those of
earlier studies. An assessment of the maternal vaccination program
in England showed a vaccine effectiveness of 91% (95% CI, 84 to
95%) among infants <3 months of age [7], while another case-
control in England estimated that maternal vaccination with Tdap
had an effectiveness of 93% in protecting infants [8]. A case-control
study in the US found an effectiveness of 77.7% for Tdap vaccina-
tion during the third trimester [9], while an study in the US found
a VE of 91% in the first two months of life, also in addition to
demonstrating that maternal Tdap vaccination confers a significant
amount of protection against pertussis over the entire first year of
life (69%), even after infants are immunized with DTaP [10].

A considerable increase in the incidence of pertussis was
observed in Brazil between 2011 and 2014, in spite of high DTwP
vaccine coverage among children. The national incidence of pertus-
sisin2010and 2014 was 0.3 and 4.2 per 100,000, respectively. In Sdo
Paulo state, the overall incidence of pertussis was <0.8 per 100,000 in
2010, rising to 2.20 per 100,000 in 2011 and reaching 5.06 per
100,000 in 2014 [4]. The incidence of pertussis then dropped to a
pre-epidemic levels in 2015 (1.5 and 1.3 in Brazil and Sdo Paulo
State, respectively) [4]. The vaccination of pregnant women with
Tdap was introduced in November 2014, and vaccine coverage
reached 61% in S3o Paulo State in 2015 [4]. The observed decrease
in the incidence of pertussis in 2015 occurred among all age groups,
including adolescents and adults [4], suggesting that the maternal
vaccination program alone cannot explain the drop in the number
of cases among all age groups, as it is not thought to provide herd
protection [4]. However, a decrease in the proportion of reported
cases among infants <2 months of age was observed in 2015, in com-
parison to a significant increase of the proportion of reported cases
ininfants aged 6 to 11 months, suggesting an impact of the maternal
vaccination program on young infants [4].

A positive impact of maternal vaccination among infants aged
<2 months of age represents a positive impact as pertussis mortal-
ity, as most pertussis’ related deaths occur in this age group
[2,5,11]. In Brazil, from 2007 to 2014, infants aged <2 months
are 34.5% of all reported pertussis cases and 75% of all reported
pertussis’ related deaths [5].
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Our sample size was not adequate to detect a difference in VE
between doses administered in the third-trimester and doses
administered earlier in pregnancy, once most Tdap-vaccinated
mothers in our evaluation received vaccine during the recom-
mended third trimester. There are recent evidences that transpla-
cental transfer of maternal pertussis antibodies may be
maximized by vaccination during the second or early third trime-
ster. [12-14].

Our study has some limitations. First, the number of pertussis
cases included was lower than expected, which did not allow us
to compare the effectiveness of vaccination at different gestational
ages. Second, we included only those controls whose mothers or
legal guardians were found at home at the time of a household
visit, resulting a loss of 30%. Third, the maternal immunization sta-
tus of all cases and controls was checked using prenatal report or
mothers’ vaccination card, but error in the vaccination record could
result in misclassification of vaccination status of cases and con-
trols. Fourth, we did not assess severity of pertussis cases, as data
were collected from interviews of mothers or other guardians.
Finally, the study was conducted only in metropolitan areas of
Sdo Paulo State, which limits the extrapolation of the results the
rest of Brazil or even to the entire state of Sdo Paulo.

Our findings add to the growing body of evidence that vaccina-
tion during pregnancy is highly effective in protecting infants from
pertussis and that it may have substantial impact on morbidity and
mortality in infants too young to have been vaccinated.
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