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Abstract

Importance—Maternal immunization with tetanus toxoid and reduced diphtheria toxoid 

acellular pertussis (Tdap) vaccine could prevent infant pertussis. The effect of vaccine-induced 

maternal antibodies on infant responses to diphtheria and tetanus toxoids acellular pertussis 

(DTaP) immunization is unknown.

Objective—To evaluate the safety and immunogenicity of Tdap immunization during pregnancy 

and its effect on infant responses to DTaP.

Design, Setting and Participants—Phase I, randomized, double-masked, placebo-controlled 

clinical trial conducted in private (Houston) and academic (Durham, Seattle) obstetric practices 

from 2008 to 2012. Forty eight healthy 18–45 year-old pregnant women received Tdap (n=33) or 

placebo (n=15) at 30–32 weeks’ gestation with cross-over Tdap immunization postpartum.

Interventions—Tdap vaccination at 30–32 weeks’ gestation or post-partum.

Outcome Measures—Primary: Maternal and infant adverse events, pertussis illness and infant 

growth and development (Bayley-III screening test) until 13 months of age. Secondary: Antibody 

concentrations in pregnant women before and 4 weeks after Tdap immunization or placebo, at 

delivery and 2 months postpartum, and in infants at birth, 2 months, and after the third (7 months) 

and fourth (13 months) doses of DTaP.

Results—All participants delivered healthy newborns. No Tdap-associated serious adverse 

events occurred in women or infants. Injection site reactions after Tdap immunization were 

reported in 78.8% (95% CI: 61.1%, 91.0%) and 80% (CI: 51.9%, 95.7%) pregnant and postpartum 

women, respectively. Injection site pain was the predominant symptom. Systemic symptoms were 

reported in 36.4% (CI: 20.4%, 54.9%) and 73.3% (CI: 44.9%, 92.2%) pregnant and postpartum 

women, respectively. Malaise and myalgia were most common. Growth and development were 

similar in both infant groups. No cases of pertussis occurred. Significantly higher concentrations 
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of pertussis antibodies were measured at delivery in women who received Tdap during pregnancy 

and in their infants at birth and at age 2 months when compared to infants of women immunized 

postpartum. Antibody responses in infants of Tdap recipients during pregnancy were modestly 

lower after 3 DTaP doses, but not different following the fourth dose.

Conclusions and Relevance—This preliminary safety assessment did not find an increased 

risk of adverse events among women who received Tdap vaccine at 30–32 weeks’ gestation or 

their infants. Maternal immunization with Tdap resulted in high concentrations of pertussis 

antibodies in infants during the first 2 months of life and did not substantially alter infant 

responses to DTaP. Further research is needed to provide definitive evidence of the safety and 

efficacy of Tdap vaccination during pregnancy.

Trial Registration—ClinicalTrials.gov, study identifier: NCT00707148. URL: http://

www.clinicaltrials.gov

Keywords

Maternal immunization; Pertussis; infants; maternal antibodies; response to active immunization

Background

Pertussis is a highly contagious and potentially fatal vaccine preventable disease that has re-

emerged in the United States despite high childhood immunization rates. Infants under 6 

months of age are at greatest risk of disease, hospitalization and death, and account for more 

than 90% of all pertussis associated deaths in the U.S. (1) Infants who are too young to 

receive the primary diphtheria and tetanus toxoid and acellular pertussis (DTaP) 

immunization series as recommended at 2, 4, and 6 months of age, depend on passive 

maternal antibodies for protection against pertussis. However, pregnant women have very 

low concentrations of pertussis antibodies to transfer to their newborn at the time of 

delivery. (2, 3, 4)

To protect young infants, tetanus toxoid reduced diphtheria toxoid and acellular pertussis 

(Tdap) vaccine was first recommended by the Advisory Committee on Immunization 

Practices (ACIP) of the Centers for Disease Control and Prevention (CDC) in 2008 for 

postpartum women and close contacts of infants (5, 6, 7), then in 2011 for previously Tdap 

unimmunized pregnant women (8), and in 2012 for all pregnant women during every 

pregnancy, regardless of prior Tdap immunization history. (9)

In this phase I study initiated prior to the ACIP recommendation to immunize pregnant 

women with Tdap, we evaluated the safety and immunogenicity of Tdap vaccine 

administered to women in the third trimester of pregnancy and measured the efficiency of 

placental transfer of maternal pertussis antibodies to the neonate, their persistence during the 

first 2 months of life, and their potential effect on infant immune responses to DTaP 

immunizations.
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Methods

Study design

This was a phase I, randomized, double-blind, placebo controlled clinical trial conducted in 

3 National Institutes of Health Vaccine Treatment Evaluation Unit sites in the U.S. 

(Houston, Durham, Seattle) from October 2008 to May 2012. Healthy pregnant women, 18 

to 45 years-old and at low risk for obstetrical complications, were recruited from academic 

and private obstetric office practices. Women with no underlying chronic medical 

conditions, a singleton pregnancy and prenatal evaluation that predicted an uncomplicated 

pregnancy with normal first or second trimester screening test results and detailed anatomic 

fetal ultrasound at 18–22 weeks’ gestation were invited to participate. Women who had 

previously received Tdap or any tetanus containing vaccine within the prior 2 years were 

excluded (complete inclusion/exclusion criteria in Supplement). Race and ethnicity as 

defined by the participant were reported as required by the sponsor. After written informed 

consent was obtained, eligible pregnant women were randomized 2:1 to receive Tdap 

vaccine or a saline placebo injection at 30 through 32 weeks’ gestation. Women who 

received saline during pregnancy were given Tdap vaccine postpartum prior to hospital 

discharge and women who received Tdap during pregnancy were given saline postpartum 

(cross-over vaccine administration to ensure blinding of investigators and participants).

Randomization was stratified by site with random block sizes. Each participant was assigned 

a unique treatment number that corresponded to their treatment allocation. Only the 

unblinded vaccine administrator had access to the treatment allocation. An age-matched 

comparison group of healthy non-pregnant women also received Tdap (open label). These 

non-pregnant women volunteers recruited from the community at each study site provided 

written informed consent prior to enrollment. Study visits for pregnant women occurred at 

the day of antepartum vaccination, 4 weeks after vaccination, at delivery, and at 2 and 4 

months postpartum; for non-pregnant women, at enrollment, 4 weeks and 6 months after 

Tdap immunization; and for infants at birth, 2 months, 7 months and 13 months of age. The 

study protocol was approved by the institutional review board and ethics committee at each 

study site.

Study vaccines

Licensed Tdap vaccine (Adacel® Sanofi Pasteur, Swiftwater, PA) was administered as a 0.5-

mL intramuscular (IM) injection containing 5 Lf tetanus toxoid (TT), 2 Lf diphtheria toxoid 

(DT), 2.5 μg detoxified pertussis toxin (PT), 5 μg filamentous hemagglutinin (FHA), 3 μg 

pertactin (PRN), and 5 μg fimbriae types 2 and 3 (FIM) in a sterile liquid suspension 

adsorbed onto aluminum phosphate in single dose vials. The saline control (Hospira, Inc.) 

contained 2 mL of 0.9% sodium chloride for injection. Each vial was used for a single IM 

dose of 0.5 mL. Infants received DTaP vaccine (Pentacel® Sanofi Pasteur, Swiftwater, PA) 

containing the same antigens as in Adacel® (but in different quantities), plus inactivated 

poliovirus and Haemophilus influenzae type b conjugate (tetanus toxoid conjugate), 

administered by their pediatricians at 2, 4, 6 and 12 months of age.
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Safety assessments

Injection site and systemic reactions were assessed in all women by 30-minute observation 

and completion of a 7-day symptom diary after each injection. Adverse events (AE) and 

serious adverse events (SAE) were recorded at each study visit for pregnant women from the 

day of antepartum vaccination to 4 months postpartum, for non-pregnant women for 6 

months after Tdap immunization, and for infants from birth to approximately 13 months of 

age. Whether an AE was attributable to vaccination was judged by the investigators 

considering temporality, biologic plausibility, and identification of alternative etiologies for 

each event. The outcomes of pregnancy were documented for mothers and infants at the 

time of delivery through review of delivery records. Infant growth (weight, length and 

fronto-occipital circumference) was assessed at each study visit at 2, 7 and 13 months of 

age, and development with the Bayley-III Scales of Infant and Toddler Development™ Third 

Edition Screening Test (PsychCorp™) at the last study visit. Pertussis illness was evaluated 

in mothers and infants by documenting at each study visit any reported cough lasting more 

than 2 weeks.

Immunogenicity assessments

Blood samples were obtained from pregnant women prior to and 4 weeks after Tdap or 

placebo antepartum immunization, at delivery, and 2 months after the postpartum Tdap or 

placebo immunization; in infants at birth (cord blood), approximately age 2 months (prior to 

the first dose of DTaP), 7 months (4 weeks after the third dose of DTaP), and 13 months (4 

weeks after the fourth dose of DTaP). Non-pregnant women had samples collected prior to 

and 4 weeks after Tdap immunization.

Antibody assays

Serum antibody assays were performed by Sanofi Pasteur in Swiftwater, PA in a blinded 

manner. Pertussis IgG enzyme-linked immunosorbent assays (ELISAs) were used to 

quantify the concentration of antibodies to PT, FHA, PRN, and FIM, expressed in ELISA 

Units per milliliter (EU/mL). (10) The lower limit of quantitation (LLOQ) was 3 EU/mL for 

FHA and 4 EU/mL for PT, PRN and FIM. Anti-tetanus toxoid antibodies were measured by 

IgG ELISA using the World Health Organization (WHO) International Standard for Tetanus 

Immunoglobulin, Human, Lot TE3. The LLOQ of the assay was 0.01 International Units per 

mL (IU/mL). Anti-diphtheria antibody responses were measured by the ability of the test 

sera to protect Vero cells from a diphtheria toxin challenge using WHO reference serum. 

The lower limit of detection was 0.005 IU/mL.

Statistical analysis

This was a phase 1 exploratory study that was not powered to test any specific hypotheses. 

The primary outcome (safety) measures were the incidence of injection site and systemic 

reactions recorded 0 to 7 days after each injection, the frequency of vaccine-associated AEs 

and SAEs, the incidence of pertussis illness captured by surveillance of reported cough 

lasting more than 2 weeks, infant growth measurements, and Bayley III developmental 

screening of infants. The secondary outcome (immunogenicity) measures were the 

concentration of IgG antibodies to the vaccine antigens (PT, PRN, FHA, FIM, TT and DT).
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Safety outcome measures were described using frequency, proportion, and 95% two-sided 

exact confidence intervals (95% CI). All participants receiving at least one injection were 

included in the safety summaries. Pertussis antibody geometric mean concentration (GMC) 

and 95% CI were calculated for each time point and study group. Placental transfer of 

antibodies at delivery (ratio of cord blood/maternal GMC) and antibody decay in infants 

(ratio of GMC at 2 months/cord blood) were estimated. Spearman Rank Correlation was 

used to detect monotonically increasing/decreasing associations between concentrations and 

avoid influence of outlying observations. The GMC of pertussis antibodies after 3 doses of 

DTaP were correlated to cord blood levels in infants. Results that were less than the LLOQ 

were assigned one-half of the LLOQ for calculations of GMC and placental transmission. 

The proportion of participants with tetanus and diphtheria antibody concentrations ≥ 0.1 and 

≥ 1.0 IU/mL and their 95% CI were calculated. The primary analysis of immunogenicity 

included participants who received 2 injections (one vaccine and one saline placebo) and 

contributed both pre- and post-vaccination blood samples for testing and for which valid 

results were reported. One mother and 4 infants were excluded from immunogenicity 

analyses due to errors in administration of immunizations to the infants (3 infants), a missed 

delivery blood sample (1 infant), and a mother receiving the postpartum injection more than 

2 months late.

Frequencies were compared using a 2-sided Fisher’s exact test (2-way comparisons) and the 

Freeman-Halton extension (3-way comparisons). Two sided t-test was used to compare 

GMCs between groups. An individual alpha level of 0.05 was applied for assigning 

statistical significance. No imputation was carried out for missing data. The statistical 

software used was SAS version 9.3 and R version 2.15.2 (2012-10-26).

Results

Forty-eight healthy pregnant women and their infants, and 32 healthy non-pregnant women 

were enrolled. Thirty-three pregnant women received Tdap vaccine and 15 received placebo 

during pregnancy (Figure 1). The mean interval from Tdap immunization to delivery was 

52.1 days (SD, 10.5; 95% CI: 48.4, 55.8) and the median interval was 54 days (min 32, max 

68). Demographic and clinical characteristics of study participants are described in Table 1.

Safety

The proportion of participants reporting any injection site reactions following Tdap 

immunization was not different between the groups: 78.8% pregnant women, 80.0% 

postpartum women, and 78.1% non-pregnant women (p=1.0). (Table 2) Following placebo 

administration, fewer pregnant (20.0%) and postpartum women (18.2%) reported injection 

site reactions. Pain at the injection site was the most common symptom following Tdap 

immunization, reported in 75.8%, 73.3% and 78.1% pregnant, postpartum and non-pregnant 

women, respectively (p= > 0.35); swelling and erythema were infrequent. Most symptoms 

were mild, and resolved within 72 hours. (Table S1)

The proportion of participants with any systemic symptom was 36.4% in women immunized 

during pregnancy, 73.3% in women receiving Tdap postpartum, and 53.1% in non-pregnant 

women (p=0.055). (Table 2) The frequencies of headache, myalgia and malaise were not 
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significantly different among the three groups (p= > 0.35), headache being more common 

than myalgia and malaise. The occurrence of fever after receipt of Tdap was significantly 

different between the three groups, with pregnant women (3.0%) and non-pregnant women 

(9.4%) reporting it less frequently than postpartum women (26.7%) (p=0.044). However, the 

occurrence of fever in women receiving Tdap vaccine postpartum (26.7%) was not different 

from that of postpartum placebo recipients (15.2%) (p=0.43). There was also no difference 

in the proportion of participants with fever between recipients of Tdap during pregnancy 

(3.0%) and non-pregnant women (0.4%) (p=0.36). Most systemic symptoms were mild and 

self-limited (Table S1).

Serious adverse events were reported by 22 participants, including 7 (21.2%; 95% CI: 8.9%, 

38.9%) women who received Tdap during pregnancy and 6 (18.1%; CI: 7.0%, 35.5%) of 

their infants, 2 (13.3%; CI: 1.7%, 40.5%) women given Tdap postpartum and 6 (40%; CI: 

16.3%, 67.7%) of their infants, and 1 (3.1%; CI: <0.1%,16.2%) non-pregnant woman (Table 

3). None were judged to be attributable to Tdap vaccine. Non-serious adverse events 

occurred in 63.6% (CI: 45.1%, 79.6%) women given Tdap during pregnancy, 73.3% (CI: 

45.0%, 92.2%) women given Tdap postpartum and 28.1% (CI: 13.7%, 46.7%) non-pregnant 

women, as well as in 84.8% (CI: 68.1%, 94.9%) infants born to women vaccinated with 

Tdap antepartum and 93.3% (CI: 68.1%, 99.8%) infants born to Tdap postpartum recipients. 

All resolved without sequelae.

All infants were live born, mostly at term and by vaginal delivery (Table 1). There were no 

significant differences in the infants’ gestational age, birth weight, Apgar scores, neonatal 

examination or complications. There were no differences in the infants’ growth and 

development (Tables S2 and S3), and no cases of pertussis illness occurred in mothers or 

infants.

Immunogenicity

Antibody responses to Tdap vaccine in pregnant women were not different than those of 

non-pregnant women and women immunized postpartum (Table 4, Figure S1). Women 

immunized with Tdap during pregnancy had significantly higher concentrations of 

antibodies to all vaccine antigens at delivery than women immunized postpartum (Table 4, 

Figure S2). Infants born to mothers who received Tdap during pregnancy had significantly 

higher concentrations of pertussis antibodies at birth and at age 2 months (Table 4). The 

concentration of pertussis antibodies in cord blood was higher than in maternal serum at 

delivery, with linear correlation between maternal and infant concentrations (Table 5, Figure 

S3). The ratio of the concentrations of antibodies to Tdap antigens remaining at 2 months in 

infants is shown in Table 5.

At 7 months of age, after receipt of 3 doses of DTaP, infants of women who received Tdap 

during pregnancy achieved equivalent concentrations of antibodies to PRN, lower 

concentrations to PT and FIM (32.8% and 40.6% lower, respectively, but not statistically 

significant), and significantly lower concentrations to FHA (48.3% lower) compared to 

infants whose mothers received placebo during pregnancy (Table 4). However, at 13 months 

of age, one month after the fourth dose of DTaP, the concentrations of pertussis antibodies 

were comparable in the 2 infant groups. (Table 4) Among infants born to women immunized 
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with Tdap during pregnancy, no correlation was observed between cord antibody levels and 

antibody concentrations achieved after the third DTaP immunization. Among infants of 

women receiving Tdap postpartum, infants with higher FHA antibody levels at birth had 

lower concentrations at 7 months of age (Spearman correlation 0.55, p = 0.042). Although 

the concentration of diphtheria antibodies after the third DTaP dose was lower (54.5% 

lower) in infants of mothers who received Tdap during pregnancy, these infants had higher 

concentrations (31.6% higher) of tetanus antibodies. Tetanus and diphtheria antibody 

responses and protective levels achieved after the fourth DTaP dose were similar in the two 

infant groups (Tables 4 and S4).

Discussion

In 2012, the United States experienced the most severe pertussis epidemic in more than half 

a century with nearly 42,000 reported cases. (11) The highest incidence of pertussis and its 

associated complications continue to occur among infants. (11, 12) The majority of 

pertussis-related deaths occur in infants too young to be immunized (age < 2 months) or 

those incompletely immunized (age < 6 months). (1, 11, 12) In 2008, postpartum Tdap 

immunization of mothers and all contacts of infants (age < 12 months) was recommended to 

create a protective “cocoon” and prevent pertussis in this population. (7) However, this 

strategy proved to be challenging to implement, and maternal postpartum immunization 

alone was not effective in reducing the burden of infant disease. (13, 14) Newborns are 

unlikely to have protective levels of pertussis antibodies at birth if their mothers have not 

received a recent dose of a pertussis-containing vaccine. (2, 3, 4) Evidence of rapid decline 

of pertussis antibody levels in adults and postpartum women immunized with Tdap, the 

ongoing burden of infant disease, and the increasing severity of pertussis outbreaks in the 

U.S. led to the 2012 ACIP recommendation to immunize all pregnant women with Tdap 

during every pregnancy. (9)

We report for the first time, to our knowledge, in a randomized controlled trial, that Tdap 

immunization of pregnant women in the third trimester was well tolerated and elicited 

immune responses similar to non-pregnant women. Among primary outcomes, injection site 

and systemic reactogenicity rates in pregnant women were not significantly different than 

those observed among postpartum or non-pregnant women, and no Tdap vaccine-related 

adverse events or adverse pregnancy outcomes were observed. The safety of Tdap 

immunization in pregnancy also has been documented through passive surveillance by a 

CDC Vaccine Adverse Event Report System review and in a 6 year report of the Adacel® 

vaccine pregnancy registry. (15, 16)

Secondary outcome assessments showed that Tdap administration at 30 through 32 weeks’ 

gestation resulted in high pertussis antibody concentrations in maternal sera at delivery that 

persisted 2 months postpartum, potentially providing protection to the mother during 

pregnancy and in the postpartum period. Our findings suggest that third trimester maternal 

immunization with Tdap results in efficient placental transfer of pertussis antibodies to the 

fetus, and higher antibody concentrations in infants’ cord blood than in maternal serum at 

delivery. (2, 3, 4, 17)

Munoz et al. Page 8

JAMA. Author manuscript; available in PMC 2015 February 19.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



A critical finding from our study was that concentrations of vaccine-induced pertussis 

antibodies in sera from infants born to mothers immunized with Tdap during pregnancy 

were significantly higher at birth and at age 2 months than in infants whose mothers were 

immunized postpartum. This suggests that infant protection could occur during the period of 

highest risk of pertussis-associated mortality and morbidity. Although serum concentrations 

of pertussis antibodies that correlate with protection remain uncertain, high concentrations to 

PT, FHA, PRN and FIM are known to be protective. (18, 19) Considering the accumulating 

evidence that the protective efficacy of Tdap immunization wanes rapidly, most women of 

childbearing age are likely to be similar to our study participants in their susceptibility to 

pertussis. (20, 21)

Importantly, although infants born to mothers immunized with Tdap during pregnancy did 

manifest lower pertussis antibody concentrations to PT, FHA, and FIM following receipt of 

the third dose of DTaP vaccine, the reductions were modest and disappeared following 

receipt of the fourth dose of DTaP, suggesting that priming and memory immune responses 

remained unaltered. Although the presence of maternal antibodies could result in a 

decreased response to active immunization in infants (22), maternal pertussis antibodies 

have not been shown to interfere with immunization with acellular pertussis vaccines in 

young infants. (4, 23) A recent observational study of 16 Tdap immunized pregnant women 

also found only modest reductions in infant pertussis antibody levels following the third 

dose of DTaP vaccine. (24)

Our study has several potential limitations. First, the small number of participants 

potentially limited the ability to detect the occurrence of rare vaccine related adverse events, 

which may only be detected in large population based studies. Similarly, the small sample 

size limited the statistical power to detect differences in antibody responses in infants, 

particularly after administration of the third dose of DTaP vaccine. However, infant immune 

responses to the fourth dose of DTaP were robust and consistent with a good anamnestic 

response. While a larger study might reveal a lower overall response to the primary series of 

DTaP in infants of women immunized during pregnancy, the biological significance would 

be uncertain and must be weighed against the potentially life-saving protection provided by 

significantly higher concentrations of pertussis antibodies in the first two months of life. 

Second, we did not measure antibody concentrations in infants after the first dose of DTaP, 

but given the high concentrations present at birth and at 2 months, we would anticipate that 

high concentrations persisted beyond the second month of life. Finally, this study was not 

designed to evaluate the efficacy of maternal immunization with Tdap to protect mothers or 

infants against pertussis disease, but our clinical surveillance did not identify any clinical 

cases of pertussis in study participants. Large prospective studies are needed to determine 

the effectiveness of Tdap vaccination during pregnancy in preventing young infant pertussis 

illness.

Conclusion

Tdap immunization in the third trimester of pregnancy was well tolerated and immunogenic, 

and infants of immunized women had significantly higher concentrations of antibodies to all 

vaccine antigens from birth until initiation of immunization with DTaP at age 2 months. 
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Maternal immunization with Tdap did not result in substantial or persistent interference of 

infant antibody responses to immunization with DTaP. Until further research provides 

definitive evidence of the safety and efficacy of Tdap immunization during pregnancy, our 

findings support current ACIP recommendations to immunize pregnant women with Tdap 

during pregnancy to protect infants against pertussis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Parts A–B
A. Flow diagram for pregnant women study participants.

B. Flow diagram for non-pregnant women study participants.
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Table 1

Demographic and clinical characteristics of study participants.

Pregnant Women Non-Pregnant Women

Tdap Antepartum/Placebo 
Postpartum (N=33)

Placebo Antepartum/Tdap 
Postpartum (N=15)

Tdap (N=32)

Ethnicity - n (%)

 Non-Hispanic 23 (69.7) 12 (80.0) 18 (56.3)

 Hispanic 10 (30.3) 3 (20.0) 14 (43.8)

Race - n (%)

 Asian 5 (15.2) 1 (6.7) 0

 Black/African American 12 (36.4) 7 (46.7) 7 (21.9)

 White 13 (39.4) 7 (46.7) 21 (65.6)

 Multi-Racial 1 (3.0) 0 1 (3.1)

 Other/Unknown 2 (6.1) 0 3 (9.4)

Age

 Mean (SD) 28.1 (6.7) 27.8 (6.7) 28.9 (6.0)

 Median (min, max) 30.5 (18, 43) 27.0 (18, 38) 28.5 (20, 40)

Parity

 Mean (SD) 1.9 (1.1) 1.8 (0.8) N/A

 Median (min, max) 2 (0,5) 2 (0, 3)

Mode of Delivery – n (%) N/A

 Vaginal 24 (72.7) 6 (40)

 Cesarean Section 9 (27.3) 9 (60)

Gestational age at delivery – n (%) N/A

 ≥ 37 weeks 30 (90.9) 14 (93.3)

 < 37 weeks1 3 (9.1) 1 (6.7)

Infant birth weight (Kg) N/A

 Mean (SD) 3.2 (0.5) 3.5 (0.7)

 Median (min, max) 3.2 (2, 4) 3.3 (2, 4)

Infant Apgar score at 1 and 5 minutes N/A

 Mean (SD) 8 (1.4) and 8.9 (0.2) 7.9 (1.1) and 8.9 (0.4)

 Median (min, max) 8 (1, 9) and 9 (8, 9) 8 (5, 9) and 9 (8, 9)

Infant Initial Exam - n (%) N/A

 Normal 30 (90.9) 12 (80)

 Abnormal 3 (9.1) 2 3 (20) 3

Congenital anomalies – n (%) 1 (3) 4 2 (13.3) 5 N/A

Neonatal complications – n (%) 4 (12.1) 6 5 (33.3)7 N/A

1
All infants born at > 35 weeks of gestation

2
Cephalohematoma (2) and hydrocele (1)
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3
Decreased breath sounds with increased anteroposterior diameter (1), laceration (1), large for gestational age and heart murmur (1)

4
Bilateral renal pelviectasis

5
ASD/VSD aymptomatic (1) and cardiomyopathy (1)

6
Tachypnea (2), jaundice (1), hypoglycemia (1)

7
Hypoglycemia (1), hypoglycemia and tachypnea (2), tachypnea (1), bilateral pneumothorax (1)
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