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ABSTRACT

Background: Pertussis remains an important global public health concern, despite the presence of exten-
sive immunization programs. Incidence and severity of pertussis are typically higher in neonates and
young infants. As a strategy to protect these young infants, maternal vaccination with Tdap (tetanus tox-
oid, reduced diphtheria toxoid, and acellular pertussis) has been recommended in Brazil. The objective of
this study was to evaluate the effects of Tdap vaccination during pregnancy on the anti-pertussis toxin
(PT) IgG response in mothers and their infants at birth.
Material and methods: Maternal and cord blood samples were collected from vaccinated (n =243) and
unvaccinated (n=75) pregnant women, at the time of delivery, from July 2015 to August 2016 in Sdo
Paulo, Brazil. Anti-PT IgG antibodies were quantified by Enzyme-Linked Immunosorbent Assay (ELISA)
and geometric mean concentrations (GMC) were calculated. Relationship between timing of vaccination
and antibody concentrations were evaluated.
Results: Maternal and cord blood GMCs among the vaccinated group were 5.4 and 5.6 fold higher [66.5
International Units (IU)/mL and 89.8 IU/mL] compared to the unvaccinated group (12.4 IlU/mL and
16.1 IU/mL), respectively (p < 0.001). Higher anti-PT IgG GMCs were observed when vaccination occurred
>60 days before delivery compared to <60 days, suggesting that vaccination early in the third trimester
may be more effective than later in pregnancy.
Conclusion: Tdap maternal vaccination results in significantly higher anti-PT IgG in newborn infants and
supports the current recommendation of the Brazilian Immunization Program.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

It is noteworthy that the majority of these cases occurred in chil-
dren under one year of age, and that the incidence, morbidity

Pertussis is a poorly controlled vaccine preventable disease,
with cases on the rise throughout the world. In Brazil, a progressive
increase in pertussis cases was observed during the period of
2011-2014, with 2248, 5446, 6438 and 7689 cases, respectively.
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and mortality of pertussis were higher in infants aged <2 months
[1-5].

Siblings and parents, mainly mothers, have frequently been
identified as primary sources of pertussis infection for infants
[6,7]. In response, several countries have recently adopted pertussis
maternal immunization practices to protect young infants, whose
disease is more severe, until they can receive their own routine
primary vaccination [8-11]. This measure provides protection to
newborns via passive transplacental transfer, offering antibodies
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in the neonatal period between birth and 2 months of age [9]. The
current childhood routine vaccination schedule used in Brazil
includes 3 doses of the diphtheria, tetanus, and whole-cell pertussis
(DTwP) + Haemophilus influenzae b + hepatitis B (DTwP-Hib-HBV)
pentavalent vaccine given at 2, 4 and 6 months of age, followed by
two booster doses of DTWP at 15 months and 4 years of age [12].

Even though an accepted serologic correlate of protection has
not been established, high levels of antibodies to pertussis toxin
(PT) and pertactin (PRN) have been associated with clinical pro-
tection against pertussis [8,13,14]. In Brazil, maternal immuniza-
tion with Tdap vaccine (tetanus toxoid, reduced diphtheria
toxoid, and acellular pertussis) was introduced in November
2014, after the Ministry of Health recommended vaccinating
women from weeks 27 to 36 of pregnancy [15]. However, in
2017, the recommendation was changed to the 20th week of
pregnancy to reach as many pregnant women as possible, includ-
ing those with limited access to prenatal care [16]. Most guideli-
nes recommend vaccination in the third trimester, but the best
period to vaccinate during gestation remains unknown [17-21].
Moreover, while the effect of maternal Tdap booster on placental
transfer of PT-specific IgG antibodies in infants has been previ-
ously reported [19,22-28], little is known about placental transfer
of anti-PT IgG antibodies in Brazil.

The present study aimed to evaluate the new strategy of the
Brazilian Immunization Program against pertussis, assessing the
immunogenicity of Tdap vaccine during pregnancy by measuring
the anti-PT IgG response in vaccinated and unvaccinated women
and their respective newborn infants.

2. Material and methods
2.1. Study population, specimen collection and processing

In this cross-sectional study, 362 pregnant women were
recruited during their delivery from two different hospitals, Hospi-
tal and Maternity Interlagos and the Hospital Leonor Mendes de Bar-
ros, from July 2015 to August 2016 in Sao Paulo, Brazil. Information
on demographic, socioeconomic and obstetric history, antenatal
care and delivery of newborns was obtained from all pregnant
women who accepted to participate. The study was approved by
the Ethics Committee of the Instituto Adolfo Lutz, and a written
informed consent was obtained from the participants. Vaccination
status was verified with each individual’s vaccination records and
confirmed with the centralized Information System from National
Immunization Program (SI-PNI).

Inclusion criteria included maternal age >18 years, availability
of maternal vaccination records, delivery between weeks 37 and
42 of gestation, and a non-twin newborn. Exclusion criteria
included newborn weight <2500 g, pregnant women with vaccina-
tion <15 days prior to delivery, multiple or recent (within three
months) blood transfusions, immunosuppressive therapy (period
>15 days), cardiac, renal, or neurologic disorders, cough illness
lasting >2 weeks with one of the pertussis symptoms (paroxysms,
“whoop,” or posttussive vomiting). Cord blood was collected at
delivery and maternal blood was collected within 24 h of delivery.
Maternal and cord blood samples were centrifuged to collect
plasma at the hospitals within 24 h after withdrawal. Refrigerated
plasma samples were transported to the Pertussis Serology Labora-
tory of the Instituto Adolfo Lutz, where they were aliquoted, coded,
and frozen at —80 °C for storage until testing.

2.2. Maternal Tdap

The vaccine for all pregnant women was administered intra-
muscularly into the deltoid muscle during a routine pregnancy

check-up. The vaccine used was Boostrix® (GSK Biologicals, Rixen-
sart, Belgium), licensed in Brazil as Refortrix®, which contains
20 International Units (IU) of tetanus toxoid, 2 IU of diphtheria tox-
oid, 8 ug of inactivated pertussis toxoid, 8 pg of filamentous
haemagglutinin (FHA), and 2.5 pg of pertactin.

2.3. Laboratory methods

Detection of IgG antibodies to PT in plasma was determined by
ELISA using the US Centers for Disease Control and Prevention
(CDC) protocol as previously described [29-31]. Masked plasma
samples were tested at a dilution of 1:100, with 5 pL of specimen,
and plated in triplicate wells. Samples were tested twice by two
different technicians. The final concentration was the average of
the two results. Paired mother and cord blood samples were tested
on the same plate.

Anti-PT IgG antibodies were quantified using standard curves
constructed with six standards (15-480 IU/mL) that are calibrated
to the WHO International Standard 06/140 (NIBSC, England), pro-
vided by the CDC. Microplates were read at 450 nm with a Sunrise
microplate reader (Tecan, Switzerland) and analyzed using the
software Magellan 6.6 (Tecan, Switzerland) employing a 4-param-
eter logistic regression curve. The lower limit of quantitation (LLQ)
was 15 IU/mL; for this study, all values <LLQ were assigned a con-
centration of 7.5 IU/mL.

2.4. Statistical analysis

Sample sizes were estimated based on the following parame-
ters: seropositivity of 50% of anti-PT IgG among newborns of vac-
cinated women, relative risk of 2.0, significance level of 5%, test
power of 80% and an one-tailed test. The minimum number of
sample units was 45 for each group (vaccinated and unvaccinated).
Descriptive statistics consisted of absolute and relative frequencies
or means and standard deviations of demographic and socioeco-
nomic characteristics, obstetric history, prenatal and delivery data.
These variables were compared between vaccinated and unvacci-
nated groups, using the chi-square test and Student t test, with a
5% significance level.

Geometric mean concentrations (GMC) with 95% confidence
intervals (95% CI) of maternal and cord blood antibodies were cal-
culated. Comparison of GMCs between groups (vaccinated and
unvaccinated) was done using the Mann Whitney test. To assess
the effect of maternal vaccination on anti-PT IgG levels, we per-
formed a multiple linear regression model (with log10 transforma-
tion of antibody concentrations) adjusting for confounding
variables. These control variables were selected in univariate anal-
yses (p <0.20) and were significant in the final model (p < 0.05).
The Kruskal Wallis test was used to evaluate GMCs of maternal
and cord blood antibodies in relation to vaccination week and time
interval between vaccination and delivery. Pearson correlation
coefficients were calculated for maternal and cord blood antibod-
ies, cord blood antibodies with gestational weeks at Tdap vaccina-
tion, and cord blood antibodies with time interval between
vaccination and delivery. All statistical analyses were performed
using Stata 12 Software (StataCorp LLC, Texas, USA).

3. Results
3.1. General characteristics of the study population

A total of 362 pregnant women were recruited to take part in
this study. There were 44 exclusions: birthweight <2500¢g
(n=6); maternal age <18 years (n=2); preterm birth (n=4); no
maternal/cord blood available (n = 17); vaccination <15 days prior
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to delivery (n = 2); quit participation (n = 6); no vaccination infor-
mation (n=7). Ultimately, 243 Tdap vaccinated women and 75
unvaccinated women with paired maternal and cord blood
participated.

Characteristics of mothers included in this analysis are shown
in Table 1. The mean maternal age was 28.5 years, slightly younger
in the unvaccinated group, due to a higher proportion of <20 year
old women (14.7%). There were no differences in the distribution

Table 1
Maternal and infant characteristics, Sdo Paulo, 2015-2016.
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of socioeconomic variables between groups. Overall, 63.5% women
were non-white; 55.8% had studied >8 years; 62.7% had a monthly
household income below R$ 1.576 (approximately US$ 440); 83.5%
lived with <2 people aged 0-10 years. Regarding obstetric history,
prenatal care, and delivery characteristics, a higher proportion of
women that had <7 prenatal visits (33.8%) were in the unvacci-
nated group. Mean birthweight (3406.2 g) and gestation age at
birth (39.3 weeks) were slightly higher in the vaccinated group.

Total Vaccinated Unvaccinated p-value’
N % N % N %

Demographic

Maternal age' 0.031
<20 years 26 8.2 15 6.2 11 14.7
20-30 years 175 55.0 132 54.3 43 57.3
30-35 years 61 19.2 53 21.8 8 10.7
>35 years 56 17.6 43 17.7 13 17.3

Maternal race 0.318
White 116 36.5 85 35.0 31 413
Non-white” 202 63.5 158 65.0 44 58.7

Socioeconomic

Mother educational level 0.697
<8 years 133 442 102 43.6 31 46.3
>8 years 168 55.8 132 56.4 36 53.7

Household income per month 0.825
<R$ 1.576 195 62.7 151 63.4 44 60.2
R$1.576-3.151 87 28.0 66 27.6 21 28.8
>R$ 3.152 29 9.3 21 8.8 8 11.0

People living in household 0.369
<2 people aged 0-10 years 253 83.5 197 84.5 56 80.0
>2 people aged 0-10 years 50 16.5 36 15.5 14 20.0

Obstetrical history and antenatal care

Smoking during pregnancy 0.051
Yes 35 11.1 22 9.2 13 173
No 279 88.9 217 90.8 62 82.7

Nulliparous 0.551
Yes 101 31.9 75 31.0 26 34.7
No 216 68.1 167 69.0 49 65.3

Number of antenatal visits 0.001
<7 64 20.3 39 16.2 25 33.8
>7 251 79.7 202 83.8 49 66.2

Prenatal service 0.058
Public 281 97.6 211 98.6 70 94.9
Private 6 21 2 0.9 4 5.1
Mixed 1 0.3 1 0.5 0 0.0

Delivery

Gestation® 0.074
37|-40 weeks 188 59.1 137 56.4 51 68.0
>40 weeks 130 40.9 106 43.6 24 32.0

Birthweight (grams)® 0.171
<3000 54 17.0 37 15.2 17 22.7
3000]-3500 157 49.4 117 48.1 40 53.3
>3500 107 33.6 89 36.6 18 24.0

Mode of delivery 0.233
Vaginal 176 55.3 130 53.5 46 61.3
Cesarean 142 44.7 113 46.5 29 38.7

1-minute apgar <7 0.171
Yes 16 5.1 10 4.2 6 8.2
No 296 94.9 229 95.8 67 91.8

Sex of newborn 0.189
Male 161 50.6 128 52.7 33 44.0
Female 157 49.4 115 47.3 42 56.0

" Chi-Squared test.

# Non-white includes black, “pardo” (mixed race), Asian and Indigenous.

Maternal age - mean (standard deviation): 29.0 (6.4) in vaccinated group and 27.0 (6.5) in unvaccinated group (p = 0.020).

¥ Gestation (weeks) - mean (standard deviation): 39.3 (1.1) in vaccinated group and 39.0 (1.1) in unvaccinated group (p = 0.051).
* Birthweight (grams) - mean (standard deviation): 3406.2 (406.9) in vaccinated group and 3260.6 (368.5) in unvaccinated group (p = 0.006).
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About one third of the women were nulliparous and almost all
used public services for prenatal care (97.6%). A little over half of
total births (55.3%) were through vaginal delivery. Newborn gen-
der was equally distributed without difference between groups.

3.2. Anti-PT IgG levels

Maternal anti-PT (>15 IU/mL) IgG levels were found in 30.7% of
the unvaccinated women and 94.2% of the vaccinated ones. Cord
anti-PT (>15 IU/mL) IgG levels were found in 38.7% of the unvacci-
nated group and 96.3% of the vaccinated group. The GMC of anti-PT
IgG in maternal plasma was 5.4 fold higher among the vaccinated
mothers (66.5 [U/mL; 95% CI 60.1-73.6 IU/mL) compared to the
unvaccinated ones (12.4IU/mL; 95%CI  10.3-14.9 IU/mL)
(p<0.001) (Table 2). The same occurred for anti-PT IgG levels in
cord blood, which was 5.6 fold higher in the vaccinated group
(89.8 IU/mL; 95%CI 80.9-99.6 IU/mL) compared to the unvacci-
nated group (16.1 IU/mL; 95%CI 12.7-20.4 IU/mL) (p < 0.001).

3.3. Regression analysis

The regression model showed that vaccination had an impor-
tant effect on anti-PT IgG levels in maternal plasma (B =0.733;
95% C1 0.635 - 0.831) adjusted for pre-pregnancy body mass index
(BMI) (B=-0.010; 95% CI —0.018 - —0.002), and cord plasma
(B=0.739; 95% CI 0.641 - 0.838) adjusted for maternal race and
gestational age at birth (p=0.091; 95% CI 0.003 - 0.177) (results
not shown in tables). Pre-pregnancy BMI mean (standard
deviation-SD) was 26.5 (5.7) in vaccinated group and 25.7 (5.4)
in unvaccinated group (p = 0.302).

3.4. Time interval between vaccination and delivery

Table 3 shows maternal and cord blood anti-PT IgG GMCs by
gestational week of vaccination and time interval between vacci-
nation and delivery. Mothers received their Tdap vaccine at a mean
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(SD) of 30.1 (3.2) weeks of gestation and 9.3 (3.2) weeks prior to
delivery. No significant differences were observed in maternal
anti-PT IgG GMCs by gestational week of vaccination or time inter-
val to delivery. Comparison of cord blood GMCs by gestational
week at vaccination also did not show significant difference, but
higher antibody levels were found in cord blood from mothers vac-
cinated at least 60days (8 weeks) before delivery. The ratio
between cord and maternal antibodies at delivery decreased rela-
tive to the progression of gestational week of vaccination, and
increased with a more prolonged time interval between vaccina-
tion and delivery (p < 0.001).

Fig. 1 shows a strong positive correlation (r=0.917) between
the anti-PT IgG levels in maternal and cord blood at delivery
(p<0.001). Fig. 2A shows a negative correlation (r=-0.150)
between the anti-PT IgG levels in cord blood and gestational week
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Fig. 1. Correlation between the anti-PT IgG levels in maternal and cord blood (log
10) (r=0.9171, p value < 0.001).

Table 2
Geometric mean concentration (GMC) of anti-pertussis toxin (PT) IgG in vaccinated and unvaccinated maternal and cord blood.
Maternal anti-PT IgG p-value’ Cord blood anti-PT IgG p-value’
N % GMC (95% CI) GMC (95% CI)
Unvaccinated 75 23.6 12.4 (10.3-14.9) <0.001 16.1 (12.7-20.4) <0.001
Vaccinated 243 76.4 66.5 (60.1-73.6) 89.8 (80.9-99.6)

° Mann-Whitney test.

Table 3

Geometric mean concentration (GMC) of anti-pertussis toxin (PT) IgG in maternal and cord blood stratified by gestational week at Tdap vaccination and time interval between

vaccination and delivery.

Maternal anti-PT IgG p-value’ Cord blood anti-PT IgG p-value’ Ratio ™
(95% CI)
N % GMC (95% CI) GM(C (95% CI)
Gestational week
Mean (SD) 30.1 (3.2)
17]-126 21 8.6 72.7 (58.3-90.6) 0.764 114.3 (95.4-136.9) 0.060 6(1.4-1.8)
27|29 87 35.8 64.5 (54.1-76.8) 100.1 (83.6-119.8) 5(1.4-1.7)
30]-33 97 40.0 64.6 (54.4-76.6) 84.9 (72.2-99.9) 13 (1.2-1.4)
34]-]40 38 15.6 73.7 (56.9-95.4) 70.4 (51.7-96.1) 0(0.8-1.1)
Time interval between vaccination and delivery (days)
Mean (SD) 65.0 (22.1)
15-130 17 7.0 74.7 (50.2-111.2) 0.411 54.0 (34.4-84.8) 0.006" 8 (0.6-0.9)
31|-160 77 31.7 66.4 (54.8-80.6) 82.8 (68.2-100.5) 1.2 (1.1-1.3)
61]-]90 128 52.7 62.9 (54.7-72.3) 93.6 (81.7-107.2) 5 (1.4-1.6)
>91 21 8.6 86.1 (64.8-114.7) 141.2 (101.1-197.1) 6(1.4-1.9)

" Kruskal Wallis test.
" p<0.001.

™ 15]-30 vs 61|-|90 p-value = 0.014; 15|-|30 vs > 91 p-value = 0.001; 31|-|60 vs >91 p-value = 0.016.
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Fig. 2. Correlation between the cord blood anti-PT IgG levels (log10) and
gestational weeks at Tdap vaccination (A: r=—0.150, p value = 0.020) and time
interval between vaccination and delivery (days) (B: r=0.196, p value = 0.002).

at Tdap vaccination (p = 0.020) and Fig. 2B shows a positive corre-
lation (r = 0.196) with time interval between vaccination and deliv-
ery (days) (p = 0.002).

4. Discussion

This study evaluated the maternal vaccination strategy in Brazil,
assessing the effects of Tdap vaccine during pregnancy on the anti-
PT IgG response in mothers and their newborns. In Latin America,
Fallo et al. [24] and Hincapié-Palacio et al. [22] conducted similar
studies on expectant mothers and their newborns; however, in
Argentina the scenario is different from Brazil and Colombia as
an additional Tdap booster vaccination for adolescents is routinely
used. To date and to the best of our knowledge, only Colombia and
Brazil have introduced the Tdap booster during pregnancy in com-
bination with a DTwP for infants without a Tdap adolescent boos-
ter [22]; our results corroborate Hincapié-Palacio’s findings.
Regression analysis showed the GMCs of anti-PT IgG in maternal
and cord blood were higher among vaccinated mothers compared
to the unvaccinated ones (p < 0.001), and these results are consis-
tent with those from studies conducted in other countries [25-28].

The optimal timing of pertussis vaccination in pregnancy
remains uncertain [32]. It is known that transplacental transfer
of IgG pertussis antibodies increases starting from week 17 of ges-
tation [33] and the predominance of this transfer across the pla-
centa occurs during the third trimester; however, the efficiency
of transplacental transport is affected by several factors, including
the mother’s immune response, her age at delivery, and placental

dysfunction or diseases [34]. In our study, higher cord blood anti-
body levels were observed when the time interval between vacci-
nation and delivery was at least 60 days (8 weeks), suggesting that
vaccination early in the third trimester or late in the second trime-
ster may be more effective than later in pregnancy. Though not sta-
tistically significant, the results in the cord blood by gestational
week of vaccination support this finding. Other studies with the
same vaccine also found that vaccination early in the third trime-
ster may be more effective than later in pregnancy [35,36] and
when time intervals between vaccination and delivery are at least
4 weeks long [28,32]. Finally, although transplacental transfer of
antibody is more efficient near term delivery, consideration should
also be made that vaccination early in the third trimester or late in
the second trimester may be more beneficial to preterm infants
[37].

Several studies have been carried out with a similar objective,
but there is some variability due to different acellular vaccine for-
mulations that differ both in antigen composition and the method
of detoxification. In this study, pregnant women were vaccinated
with Boostrix, which is prepared with double detoxification
(formaldehyde and glutaraldehyde) that might cause differences
in immunogenicity [38]. Different settings, vaccine programs, and
populations targeted should also be considered.

We performed the ELISA assay using only one dilution to mea-
sure anti-PT IgG antibodies. Although this approach is not perhaps
the best way to get the most accurate imunogenicity results, single
dilution assays have been used in many other studies
[22,27,28,35,39].

There are some limitations to our study: pre-vaccination mater-
nal plasma was not obtained, and the number of pregnant women
who received the vaccine in second trimester (20-26 weeks gesta-
tion) was small, because most mothers were vaccinated during the
third trimester as recommended by the Brazilian Immunization
Program during the study period. Furthermore, clinical and back-
ground data was obtained from two public maternity hospitals
which attend a low income population. Their patients are mostly
non-white and have less than eight years of education. These hos-
pitals are located in two different regions of the city of Sao Paulo
(South and East), and may not be representative of the other
regions of the city.

We had 52 samples with values <15 IU/mL in the unvaccinated
mothers (69.3%) and 14 samples in the vaccinated mothers (5.8%).
The former result could reflect a natural exposure to B. pertussis,
whereas the latter could point to a possible pertussis vaccine fail-
ure, which constitutes an important factor that still remains to be
elucidated. In fact, it is very complex to discuss this failure here
since only anti-PT antibodies were measured and other aspects
of the immune response were not investigated. Furthermore, sero-
logical correlates of protection are still unknown in pertussis.

Studies of immunogenicity against other pertussis antigens,
such as PRN, that are correlated with protection should be carried
out to investigate the effect of timing of maternal acellular vaccina-
tion in pregnancy. Likewise, analyzing the immune response differ-
ences to antigens that are not included in this Tdap formulation
(that contains 3 components: PT, FHA, and PRN) but are included
in the DTwP vaccine, like fimbrial antigens or adenylate cyclase
toxin [40], deserves additional investigation. Also, other studies
about the functionality of the antibodies or their neutralizing
capacity, as well as the investigation of the clinical protection of
young infants, should be performed [36].

A cohort study of mothers and their infants is currently ongoing,
using antibody detection against other pertussis antigens by a
microsphere-based, multiplex antibody capture assay (MMACA)
to reaffirm this finding and determine the influence of maternal
Tdap on a child’s immunological response after their own primary
vaccination series.
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5. Conclusion

Tdap maternal immunization yielded significantly higher anti-
PT IgG levels in vaccinated mothers and their infants compared
to their unvaccinated counterparts. We observed higher GMCs of
anti-PT IgG when the maternal Tdap occurred at least 60 days
before delivery, suggesting that vaccination early in the third tri-
mester may be more effective than later in pregnancy. This finding
supports the current recommendation of the Brazilian Immuniza-
tion Program.
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