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Background. 1In 2011, Argentina experienced its highest pertussis incidence and mortality rates of the last decade; 60% of deaths
were among infants aged <2 months. In response, a dose of tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis (Tdap)
vaccine was recommended for all pregnant women at >20 weeks of gestation. Although recent studies suggest that maternal Tdap
vaccination is effective at preventing infant disease, no data have come from low- or middle-income countries, nor from ones using
whole-cell pertussis vaccines for primary immunization.

Methods. 'We conducted a matched case-control evaluation to assess the effectiveness of maternal Tdap vaccination in prevent-
ing pertussis among infants aged <2 months in Argentina. Pertussis case patients identified from September 2012 to March 2016 at
6 hospital sites and confirmed by polymerase chain reaction testing were included. Five randomly selected controls were matched to
each case patient by hospital site and mother’s health district. We used multivariable conditional logistic regression to calculate odds
ratios (ORs). Vaccine effectiveness (VE) was estimated as (1 - OR) x 100%.

Results.  Seventy-one case patients and 300 controls were included in the analysis. Forty-nine percent of case patients and 78%
of controls had mothers who were vaccinated during pregnancy. Overall Tdap VE was estimated at 80.7% (95% confidence interval,

52.1%-92.2%). We found similar VE whether Tdap was administered during the second or third trimester.

Conclusions.

Tdap vaccination during pregnancy is effective in preventing pertussis in infants aged <2 months in Argentina,

with similar effectiveness whether administered during the second or third trimester of pregnancy.
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In Argentina, the largest peak of reported pertussis in the last
decade occurred in 2011, with 10 395 suspected cases reported
[1]. Seventy-six deaths occurred; 97% were in infants <1 year of
age, and 60% were in infants <2 months of age [1]. At the time,
the immunization schedule included doses of whole-cell per-
tussis vaccine at 2, 4, and 6 months of age followed by booster
doses at 15-18 months and 6 years of age [2]. The schedule
also included an adolescent dose of acellular pertussis vaccine
(tetanus toxoid, reduced diphtheria toxoid, acellular pertussis
[Tdap]) at 11 years.

Received 8 October 2018; editorial decision 9 March 2019; accepted 14 March 2019; published
online March 16, 2019.
/. R.and A. M. A. contributed equally to this work.

Correspondence: V. Romanin, Direccién de Control de Enfermedades Inmunoprevenibles,
Ministerio de Salud de la Nacién, Av. Rivadavia 975, First Floor, PO 1002, Buenos Aires,
Argentina (vivianaromanin@gmail.com).

Clinical Infectious Diseases® 2020;70(3):380-7

Published by Oxford University Press for the Infectious Diseases Society of America 2019.
This work is written by (a) US Government employee(s) and is in the public domain in the US.
DOI: 10.1093/cid/ciz217

Following the 2011 peak, the Argentina Ministry of Health
in February 2012 recommended a dose of Tdap vaccine for all
pregnant women at >20 weeks of gestation, with the intent of
reducing morbidity and mortality in young infants [3]. The in-
itial recommendation was for Tdap vaccine to be given during
a single pregnancy; by 2016, the recommendation had been
updated to include a dose with every pregnancy [3, 4]. In the
first year of implementation, national Tdap coverage among
pregnant women reached 51%, and by 2016, it was >65% (un-
published data, Ministerio de Salud y Desarrollo Social de
Argentina).

Maternal Tdap vaccination has been recommended in mul-
tiple countries as an additional protective measure for infants
[5-7]. Young infants are especially vulnerable to severe disease
and death due to pertussis, and transplacental transfer of ma-
ternal antibodies to infants may provide protection during the
susceptible period before primary immunization begins [8, 9].
Recent studies have demonstrated the effectiveness of maternal
Tdap vaccination in preventing infant disease; however, these
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studies took place in high-income countries and among pop-
ulations that use acellular pertussis vaccine for primary immu-
nization [10-16]. Evidence of the effectiveness of this strategy
in low- or middle-income countries and among populations
that use whole-cell pertussis vaccines is lacking. The aim of this
study was to evaluate the effectiveness of maternal Tdap vac-
cination in preventing pertussis among infants <2 months of
age in Argentina, a middle-income country that uses whole-cell
vaccine for the primary immunization series.

METHODS

Study Design and Population

We conducted a multisite, matched case-control study in
Argentina to assess the effectiveness of maternal Tdap vaccina-
tion in preventing pertussis among infants <2 months of age.
The study was conducted over 2 time periods (24 September
2012-31 March 2014; 1 December 2014-31 March 2016) to
attain required sample size. Six reference hospital sites in 4
provinces (Buenos Aires, Neuquén, Tucuman, and Salta) par-
ticipated in the study. Hospital del Nifio Jests (children’s hospi-
tal, Tucuman), Hospital de Nifios “Pedro de Elizalde” (children’s
hospital, Buenos Aires), and Hospital de Nifos “R. Gutierrez”
(children’s hospital, Buenos Aires) participated during both
time periods. Hospital “H. Heller” (general hospital, Neuquén)
participated during the first time period only. Hospital Eva
Perén (general hospital, Tucuman) and Hospital Publico
Materno Infantil (maternity and children’s hospital, Salta) par-
ticipated during the second time period only.

The study population included infants <2 months of age;
potential case patients and controls were identified at partici-
pating hospital sites. For case patients and their matched con-
trols, age was calculated based on date of cough onset of the
case. Pertussis cases were identified through routine hospital
surveillance. According to Argentina’s national case definitions,
a clinical case of infant pertussis was defined as acute cough
illness and at least 1 of the following symptoms: paroxysmal
cough, inspiratory whoop, posttussive vomiting, cyanosis, or
apnea [17]. Cases included in the study met the national clin-
ical case definition and were laboratory confirmed by con-
ventional or real-time polymerase chain reaction (PCR). For
conventional PCR, 15481 and pertussis toxin promoter region
were the targets specified; for real-time PCR, IS481 and ptxS1
were used [18]. Exclusion criteria for potential case patients
included history of prematurity (born at <37 weeks’ gestational
age), history of adoption, prior enrollment in the study as either
a case patient or control, lack of any contact between the case
patient and his mother subsequent to birth (eg, due to death or
divorce), or maternal residence outside of Argentina from the
20th week of pregnancy until delivery.

For each case, we attempted to enroll 5 controls, matched on
mother’s residential health district and receipt of healthcare at a

participating hospital within the same province as the hospital
at which the case patient was identified. Trained study personnel
systematically visited all ambulatory clinics, emergency rooms,
and hospital wards within each hospital site, and reviewed daily
patient attendance logs to identify and randomly select poten-
tial controls. Potential controls were excluded if they met the
following criteria: presence of respiratory or cough illness on
the date of the matched case patient’s cough onset, diagnosis of
pertussis prior to the matched case patient’s cough onset date,
history of immunosuppressive condition, history of a sibling
already enrolled in the evaluation, history of prematurity (born
at <37 weeks’ gestational age), history of adoption, prior enroll-
ment as a control, lack of any contact between the control and
his mother, or maternal residence outside of Argentina from the
20th week of pregnancy until delivery.

Trained study personnel contacted the parent or guardian
of each potential study participant to obtain informed consent
and conduct an interview, using a standardized protocol and
abstraction form. Collected information included date of birth,
sex, mothers residential health district, mothers education
level, breastfeeding history, and family characteristics (number
and age of household members, and any history of respiratory
illness among household members). In addition, clinical data
were collected from both the participant and mother’s medi-
cal chart, including estimated gestational age at delivery and
history of congenital disease (ie, neurologic disease, cardiac
anomalies, or genetic disorders). Questions about participant
family characteristics were made specifically with reference to
the 1 month preceding the matched case patient’s cough onset.

Tdap vaccination history of study participants’ mothers was
collected from vaccination cards, and supplemented by immu-
nization registries. If vaccination history was available in both
sources but discrepant, the vaccination card was the defini-
tive source. Using these sources, Tdap vaccination date was
recorded for all doses received, including adolescent and adult
doses; vaccine brand data were not available. If neither source
was available or if they did not contain the relevant information,
mothers of study participants were asked to verbally confirm
Tdap vaccination status; vaccination date was not collected in
this setting. Although the first dose of primary immunization
is not recommended until 2 months of age, vaccination history
of study participants was reviewed to verify whether pertussis
vaccinations had been received.

We classified participants’ mothers as vaccinated during
current pregnancy if Tdap vaccination date was confirmed by
vaccination card or immunization registry; we also considered
participants’ mothers to be vaccinated if no record of Tdap vac-
cination date was found in the vaccination card or registry, but
Tdap receipt during the current pregnancy was confirmed ver-
bally by the mother. For those participants with known date of
vaccination, we estimated trimester of Tdap administration. The
gestational age at time of Tdap administration was estimated by
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calculating the number of weeks between vaccination and the
gestational age at delivery (first trimester: 1-13 weeks’ gesta-
tion; second trimester: 14-26 weeks’ gestation; third trimester:
27-42 weeks’ gestation).

We classified participants’ mothers as unvaccinated if no
record of Tdap vaccination date was found in the vaccination
card or registry, and nonreceipt was confirmed by the mother.
In addition, participants’ mothers were classified as unvacci-
nated if Tdap was received within 2 weeks prior to delivery, or
if Tdap vaccination occurred outside of the current pregnancy
(eg, during the postpartum period, a previous pregnancy, or
adolescence).

Statistical Analysis

Assuming Tdap coverage of 40% among mothers of controls
and 60% vaccine effectiveness (VE), 69 cases and 345 controls
were needed to estimate VE with 80% power and .05 level of
significance. Bivariable comparison of demographic character-
istics between cases and controls was performed using condi-
tional logistic regression. Wilcoxon rank-sum test was used to
compare median values. To estimate the association between
infant pertussis and maternal Tdap receipt during pregnancy,
we used conditional logistic regression to calculate odds ratios
(ORs), accounting for matching factors (mother’s residential
health district and attendance in a participating hospital within
the same province). To account for additional confounding
factors, multivariable modeling was performed to estimate
adjusted ORs. Demographic characteristics found to be signif-
icant at P < .05 in the bivariable model were included in the
multivariable models. Characteristics included in the adjusted
analyses were participant age in weeks; history of congenital
disease; history of household with >3 members <18 years of
age; and history of household member with respiratory illness.
While history of breastfeeding was not significantly different
between cases and controls in bivariate analyses, it was included
in multivariable models due to the possibility of placental anti-
body transfer in breast milk.

VE was calculated as: 1 - (OR) x 100%. Participants whose
mothers were Tdap unvaccinated were the reference group in all
models. Cases and controls were excluded from analyses if there
was documentation of inadvertent administration of >1 Tdap
dose during the current pregnancy.

The primary analysis measured Tdap VE in study participants
whose mothers received a dose of Tdap during the current preg-
nancy. Separate analyses calculated VE based on timing of Tdap
administration by trimester of pregnancy; because Tdap admin-
istration date was necessary, these analyses excluded those par-
ticipants who only gave verbal affirmation of Tdap vaccination.
To assess the stability of the VE estimates, we performed several
subgroup analyses by restricting the analytic population based
on source of maternal Tdap vaccine history, Tdap receipt only in
current pregnancy, or participant age in weeks.

Epi Info version 7.2 (Centers for Disease Control and
Prevention [CDC], Atlanta, Georgia) was used for data collec-
tion and management; all analyses were conducted in SAS soft-
ware version 9.3 (SAS Institute, Cary, North Carolina).

Human Subjects Approval

To conduct the study in accordance with institutional policies
involving human subjects, participating hospitals obtained
approval from local ethics, teaching, and research committee
institutional review boards (IRBs). This activity was determined
by human subjects review at CDC to be a nonresearch public
health program evaluation; thus, IRB review was not required.

RESULTS

Seventy-one case patients and 301 matched controls were
enrolled in the study. One control was excluded due to mother’s
receipt of Tdap twice during the current pregnancy; therefore,
71 cases and 300 controls were included in the final analyses.

Demographic, medical, and vaccine characteristics of partic-
ipants and their mothers are listed in Table 1. Median age of
study participants was 28 days (range, 1-60 days); controls were
significantly younger than cases (25 days vs 38 days; P < .0001).
All case patients were hospitalized at the time of enrollment,
compared to 44% (133/300) of controls, and there was 1 death
within 8 days of pertussis cough onset date. Controls were
more likely to have a history of congenital disease (12% vs 3%;
P = .02) whereas cases were more likely to be part of families
with >3 household members <18 years of age (66% vs 51%;
P =.02) or to have a household member with respiratory illness
(69% vs 20%; P < .0001).

Maternal vaccination history was verified by vaccination card
or immunization registry for 94% (67/71) of case patients and
93% (279/300) of controls; 7% (25/371) overall were verbally con-
firmed by the mother. Forty-nine percent (35/71) of case patients
and 78% (234/300) of controls had mothers who were vaccinated
with Tdap during pregnancy, a difference that was statistically
significant (P < .0001). Of the 256 participants whose mothers
had documentation of Tdap vaccination date, 1 mother received
Tdap during the first trimester, 59% (152/256) were vaccinated in
the second trimester, and 40% (103/256) were vaccinated in the
third trimester; there was no difference in vaccination timing be-
tween cases and controls (Table 1; Figure 1).

Overall, 269 women were classified as vaccinated and 102
were classified as unvaccinated. Of vaccinated mothers, 93%
(249/269) had received a Tdap dose only during the current
pregnancy; the remaining 7% (20/269) had also received Tdap
at an additional earlier time point (such as during a previous
pregnancy or postpartum period, or during adolescence). Of
those mothers who were not vaccinated during this pregnancy,
76% (78/102) had never received Tdap previously, whereas 16%
(16/102) had received Tdap at an earlier time point. Only 2%
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Table 1. Characteristics of Study Participants

Cases Controls
Characteristic (n=71) (n =300) PValue
Participant demographic characteristics
Enrollment province NA?
Buenos Aires 21 (30) 84 (28)
Neuquén 1(1) 2(0.3)
Salta 21 (30) 88 (29)
Tucuman 28 (39) 126 (42)
Sex 42
Female 28 (39) 135 (45)
Male 43 (61) 165 (55)
Age at enroliment, wk® 001
<1 1(1) 48 (16)
1t0<2 1(1) 38 (13)
2 to <3 2 (3) 47 (16)
3to <4 10 (14) 36 (12)
410 <5 17 (24) 34 (11)
5to <6 8 (11) 40 (13)
61to <7 10 (14) 25 (8)
7 to <8 13 (18) 19 (6)
8to <9 9 (13) 13 (4)
Median (range), d 38 (6-60) 25 (1-60) <.0001°¢
Participant medical characteristics
Gestational age at delivery, wk .56
37-39 50 (70) 201 (67)
40-42 21 (30) 99 (33)
Median (range), wk 39 (37-41) 39 (37-42) .87°
Breastfeeding .05
Breastfed 70 (99) 274 (91)
Not breastfed 1(1) 26 (9)
Congenital disease present® .02
Yes 2(3) 36 (12)
No 69 (97) 264 (88)
Hospitalized at time of enrollment
Yes 71 (100) 133 (44) .99
No 0(0) 167 (56)
Maternal and family characteristics
Mother's age, median (range), y 23 (14-40) 24 (13-42) .33¢
Mother’s education level 22
Primary school or less 35 (49) 122 (41)
Secondary or more 36 (51) 178 (59)
No. of household members <18 y of age® .02
<3 24 (34) 147 (49)
>3 47 (66) 1563 (51)
Median (range), no. 3 (1-9) 3 (1-14) .001°
No. of household members >18 y of age®
Median (range), no. 2 (1-13) 3 (1-9) 4°
Household member with respiratory illness® <.0001
Yes 49 (69) 59 (20)
No 22 (31) 241 (82)
Vaccination characteristics
Tdap vaccination status for current pregnancy <.0001
Unvaccinated 36 (51) 66 (22)
Vaccinated 35 (49) 234 (78)
Tdap vaccination status for current pregnancy .0001
Unvaccinated 36 (51) 66 (23)
Vaccinated during second trimester 20 (28) 132 (46)
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Table 1. continued

Cases Controls
Characteristic (n=71) (n =300) PValue
Vaccinated during third trimester’ 15 (21) 88 (31)
Median gestational age at vaccination, wk (range) 25 (18-37) 25 (11-39) 79°
Source of maternal Tdap vaccination status .87
Vaccination card 52 (73) 204 (68)
Immunization registry 15 (21) 75 (25)
Maternal report 4(6) 21 (7)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: NA, not applicable; Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine.

“Cases and controls were matched on attendance at participating hospital within same province; thus, P value not calculated.

®Age calculated based on date of matched case’s cough onset.

“Calculated by Wilcoxon rank-sum test.

9Congenital disease included neurologic disease, cardiac anomalies, and genetic disorders specific to reference period (the 1 month prior to matched case’s cough onset date).

°Specific to reference period (the 1 month prior to matched case’s cough onset date).

Only included those participants whose mothers had documentation of Tdap vaccination date; first trimester defined as 1-13 weeks' gestation, second trimester as 14-26 weeks’ gestation,
third trimester as 27-42 weeks' gestation.

12%
Second trimester Third trimester

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

Gestational week of pregnancy at time of Tdap vaccination

First trimester
11%

10%

9%

8%

7%

6%

Proportion (%)

5%

4%

3%

2%

1%

é
;
é
é
1
1
1
1
1
1
é
0% '

10 11 12 13 14 15 16 17 18 19

H Case Control

Figure 1. Timing of tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis (Tdap) vaccination during pregnancy, by gestational week. The proportion of cases
and controls whose mothers who received Tdap during the current pregnancy are represented by black bars and gray bars, respectively. This analysis only included those
participants whose mothers had documentation of Tdap vaccination date. First trimester was defined as 1—13 weeks' gestation, second trimester as 14—26 weeks' gestation,
and third trimester as 27—42 weeks' gestation.

The adjusted VE of Tdap during pregnancy in the prevention
of pertussis among infants <2 months of age was 80.7% (95%
confidence interval [CI], 52.1%-92.2%; Table 2). VE estimates

(2/102) of mothers classified as unvaccinated for the purpose
of this analysis received a postpartum Tdap dose during the
current pregnancy, and 6 (6% [6/102]) received a Tdap dose

during the 14 days prior to delivery. Review of participant
childhood vaccination history demonstrated that none had re-
ceived the first dose of the whole-cell vaccine series at the time

of enrollment.

were similar by timing of vaccination during pregnancy: the
adjusted VE was 77.6% (95% CI, 39.1%-91.8%) for Tdap given
during the second trimester and 82.7% (95% CI, 46.4%-94.4%)
for Tdap given in the third trimester (Table 3). Due to the small
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Table 2. Effectiveness of Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular Pertussis Vaccination During Pregnancy in Prevention of Pertussis

Among Infants <2 Months of Age

Cases Controls Unadjusted OR Unadjusted VE, % AOR? Adjusted VE, %
Vaccination Status (n=71) (n =300) (95% Cl) (95% CI) (95% Cl) (95% Cl)
No Tdap during pregnancy 36 66 Reference Reference Reference Reference
Tdap during pregnancy 35 234 0.28 (.16-.49) 72.1 (51.0-84.1) 0.19 (.08-.48) 80.7 (52.1-92.2)

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; OR, odds ratio; Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine; VE, vaccine effectiveness.

?Adjusted model included the following characteristics: participant age in weeks; history of congenital disease; history of breastfeeding; history of household with >3 members <18 years

of age; history of household member with respiratory illness.

Table 3. Effectiveness of Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular Pertussis Vaccination During Pregnancy, by Trimester, in Prevention

of Pertussis Among Infants <2 Months of Age

Cases Controls Unadjusted OR Unadjusted VE, % AOR? Adjusted VE, %
Vaccination Status (n=71) (n = 286) (95% CI) (95% ClI) (95% CI) (95% CI)
No Tdap during pregnancy 36 66 Reference Reference Reference Reference
Tdap given during second trimester® 20 132 0.28 (.15-.64) 71.6 (46.4-85.1) 0.22 (.08-.61) 776 (39.1-91.8)
Tdap given during third trimester® 15 88 0.32 (.16-.64) 68.1 (35.6-84.2) 0.17 (.06-.54) 82.7 (46.4-94.4)

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; OR, odds ratio; Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine; VE, vaccine effectiveness.

?Adjusted model included the following characteristics: participant age in weeks; history of congenital disease; history of breastfeeding; history of household with >3 members <18 years

of age; history of household member with respiratory illness.

Only included those participants whose mothers had documentation of Tdap vaccination date; first trimester defined as 1-13 weeks’ gestation, second trimester as 14-26 weeks' gesta-

tion, third trimester as 27-42 weeks' gestation.

number of participants fulfilling criteria, we were unable to cal-
culate VE estimates for doses given prior to the current preg-
nancy or postpartum.

Subgroup analyses were completed to evaluate the stability
of the VE estimates. Restricting the population to those par-
ticipants with maternal Tdap vaccination history confirmed by
vaccine card or immunization registry, or restricting to those
participants whose mothers had received Tdap vaccination only
during the current pregnancy and not at previous time points,
did not produce substantially different VE estimates (data not
shown). Due to the significant difference in age between case
patients and controls, subgroup analyses excluding all partici-
pants <3 weeks of age were completed. The resulting VE esti-
mates were slightly higher than those in the primary analyses,
but confidence intervals overlapped (data not shown).

DISCUSSION

Prompted by an alarming increase in pertussis-related infant
mortality, Argentina became the first country in Latin America
to implement maternal Tdap vaccination in 2012 [3, 4, 19]. Our
findings demonstrate the effectiveness of this strategy in pro-
tecting infants during the susceptible period before primary
immunization, and may be especially relevant for other mid-
dle-income and, potentially, low-income countries, including
those where whole-cell vaccine is used.

Other studies have assessed the effectiveness of this strategy
in preventing pertussis among infants <2 months of age [10-
12, 14, 16]. Methodologies to estimate VE were diverse and

included case-control, cohort, and screening designs. The
studies also differed by setting, population, type of vaccine used
for childhood series, and end-points evaluated. Despite these
differences, it is reassuring that VE estimates across all studies
were consistently high, ranging from 58% to 93%.

Recent immunogenicity evaluations have indicated that sec-
ond trimester or early third trimester maternal vaccination
may provide the highest antipertussis antibody titers to infants
[20-23]. Because the specific antigen, antibody type, and con-
centration needed to provide protection are not well defined,
the implications of these evaluations are unclear. To date, there
are limited data on the relationship between vaccination timing
and effectiveness. Results from 2 VE studies indicate that vacci-
nation during the early third trimester is most effective in pro-
tecting infants <2 months of age [12, 14]. In contrast, we found
little difference in VE when Tdap was administered during the
second or third trimester. However, of participants vaccinated
during the second trimester in our study, >80% were vaccinated
in the second half of this trimester (weeks 20-26), suggesting
that vaccination during the later stages of the second trimester
may provide sufficient protection to infants.

Currently, international public health agencies such as the World
Health Organization and Pan American Health Organization
do not endorse routine maternal Tdap vaccination, likely due to
lack of evidence regarding this strategy among populations that
use whole-cell vaccine for the primary immunization series [24,
25]. One key concern is the potential for maternal antibodies to
blunt the infant response to primary immunization. While there
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is a growing literature base examining this question, the findings
have been inconsistent, and the clinical significance of blunting
is unclear [26-32]. In addition, the majority of these studies in-
cluded acellular pertussis vaccine for primary immunization; it is
not yet known if there will be a difference when immunizing with
whole-cell vaccines. Regardless of the vaccine type used for pri-
mary immunization, if blunting of the infant antibody response
does result in reduced protection against disease, there may be a
shift in pertussis disease burden from younger to older infants.
Studies evaluating the impact of maternal Tdap vaccination on
older infants who have received their primary immunization,
in addition to monitoring surveillance data in countries where
maternal vaccination is recommended, will be critical to under-
standing this issue.

As with all case-control studies, there were certain limita-
tions. Misclassification and selection biases may result in over-
or underestimation of VE. Vaccination history of participants’
mothers was confirmed through vaccination card or registry
for the majority of participants; however, there was a small per-
centage for whom verbal report was the only method of confir-
mation. While misclassification of vaccination status may have
occurred, restricting analyses to only those participants with
card or registry-confirmed status did not result in substantially
different VE estimates. Additionally, despite matching cases
with controls, we found differences between them. Controls
were more likely than cases to have a history of congenital dis-
ease, suggesting a potential selection bias that we could not
control. Cases were more likely to be part of families with >3
household members <18 years of age, or to have a household
member with respiratory illness; these differences likely convey
risk of disease rather than selection bias.

Despite remaining questions, other countries in Latin
American have also recommended routine Tdap vaccina-
tion during pregnancy [33]. Data collected in these countries,
including routine surveillance, will provide additional informa-
tion on the impact of this strategy. Two recent analyses from
Argentina using national surveillance data and pediatric hos-
pital data suggested that maternal Tdap vaccination was asso-
ciated with a decrease in the number of infant cases, mortality,
and hospitalization rates over time [34, 35]. While additional
data are needed to understand the issue of blunting, findings
from these studies and our own support the Argentinian rec-
ommendation for maternal Tdap vaccination during the second
or third trimester of pregnancy.

Notes

Acknowledgments. 'The authors thank the Latin American Pertussis
Project (LAPP) for supporting this study. LAPP is a collaboration between
the US Centers for Disease Control and Prevention (CDC), the Pan
American Health Organization, the Sabin Vaccine Institute, and selected
ministries of health to strengthen pertussis surveillance in Latin America.
The authors especially acknowledge LAPP coordinators Matthew Griffith
for his early guidance of the study and Veronica Pinell-McNamara for her
assistance with data analysis, as well as the leadership of the hospital sites for

their strong support of this study, including Drs Ricardo Cortez, Adriana
Jure, Claudia Ferrario, Angela Gentile, and Facundo Cornejo, in addition to
their respective laboratory teams.

Disclaimer. 'The findings and conclusions in this report are those of the
authors and do not necessarily represent the official position of the CDC.

Financial support. This work was supported by the Sabin Vaccine
Institute through LAPP.

Potential conflicts of interest. 'The authors: No reported conflicts of
interest. All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider relevant to
the content of the manuscript have been disclosed.

References

1. Romanin V, Agustinho V, Califano G, et al. Epidemiological situation of pertus-
sis and strategies to control it: Argentina, 2002-2011. Arch Argent Pediatr 2014;
112:413-20.

2. Direccion de Control de Enfermedades Inmunoprevenibles/Ministerio de Salud
de la Nacién Argentina. Calendario Nacional de Vacunaciéon 2017. Available
at: http://www.msal.gob.ar/index.php/programas-y-planes/184-calendario-
nacional-de-vacunacion-2016. Accessed 7 November 2017.

3. Programa Nacional de Control de Enfermedades Inmunoprevenibles/Ministerio
de Salud de la Nacién Argentina. Fundamentos de la vacunacion de mujeres
embarazadas con vacuna triple bacteriana acelular (dTpa). Available at: http://
www.msal.gob.ar/images/stories/bes/graficos/0000000439cnt-2011-10_
lineamientos-vacuna-dTpa-embarazadas.pdf. Accessed 7 November 2017.

4. Programa Nacional de Control de Enfermedades Inmunoprevenibles/Ministerio
de Salud de la Nacién Argentina. Memorandum—Vacunacién De Embarazadas
Con Triple Bacteriana Acelular (Dtpa). Available at: http://servicios.infoleg.gob.
ar/infolegInternet/verNorma.do?id=225108. Accessed 7 November 2017.

5. Liang JL, Tiwari T, Moro P, et al. Prevention of pertussis, tetanus, and diphtheria
with vaccines in the United States: recommendations of the Advisory Committee
on Immunization Practices (ACIP). MMWR Recomm Rep 2018; 67:1-44.

6. Pharmaceutical Management Agency. Decision to amend the diphtheria, pertus-
sis and tetanus vaccine (Boostrix) listing. Available at: http://www.pharmac.govt.
nz/2012/12/12/Notification%200f%20pertussis%20vaccination%20decision.pdf.
Accessed 17 November 2018.

7. Joint Committee on Vaccination and Immunisation. Teleconference minutes.
Available at: http://webarchive.nationalarchives.gov.uk/20130402161514/http://
transparency.dh.gov.uk/2012/09/28/jcvi-pertussis/. Accessed 17 November 2018.

8. Chow MY, Khandaker G, McIntyre P. Global childhood deaths from pertussis: a
historical review. Clin Infect Dis 2016; 63:134-41.

9. Skoff TH, Hadler S, Hariri S. The epidemiology of nationally reported pertussis
in the United States, 2000-2016 [manuscript published online ahead of print 30
August 2018]. Clin Infect Dis 2018. doi:10.1093/cid/ciy757.

10. Amirthalingam G, Andrews N, Campbell H, et al. Effectiveness of maternal per-
tussis vaccination in England: an observational study. Lancet 2014; 384:1521-8.

11. Baxter R, Bartlett ], Fireman B, Lewis E, Klein NP. Effectiveness of vaccination
during pregnancy to prevent infant pertussis. Pediatrics 2017; 139. doi:10.1542/
peds.2016-4091.

12. Winter K, Nickell S, Powell M, Harriman K. Effectiveness of prenatal versus
postpartum tetanus, diphtheria, and acellular pertussis vaccination in preventing
infant pertussis. Clin Infect Dis 2017; 64:3-8.

13. Bellido-Blasco J, Guiral-Rodrigo S, Miguez-Santiyan A, Salazar-Cifre A,
Gonzalez-Moran E. A case-control study to assess the effectiveness of pertussis
vaccination during pregnancy on newborns, Valencian community, Spain, 1
March 2015 to 29 February 2016. Euro Surveill 2017; 22. doi:10.2807/1560-7917.
ES.2017.22.22.30545.

14. Skoff TH, Blain AE, Watt J, et al. Impact of the US maternal tetanus, diph-
theria, and acellular pertussis vaccination program on preventing pertussis
in infants <2 months of age: a case-control evaluation. Clin Infect Dis 2017;
65:1977-83.

15. Saul N, Wang K, Bag S, et al. Effectiveness of maternal pertussis vaccination in
preventing infection and disease in infants: the NSW Public Health Network
case-control study. Vaccine 2018; 36:1887-92.

16. Dabrera G, Amirthalingam G, Andrews N, et al. A case-control study to estimate
the effectiveness of maternal pertussis vaccination in protecting newborn infants
in England and Wales, 2012-2013. Clin Infect Dis 2015; 60:333-7.

17. Programa Nacional de Control de Enfermedades Inmunoprevenibles/
Ministerio de Salud de la Nacion Argentina. Coqueluche: recomendaciones
y definiciones. ~Available at: http://www.msal.gob.ar/images/stories/bes/
graficos/0000000473cnt-2013-10_coqueluche-recomendaciones-definiciones.
pdf. Accessed 7 November 2017.

386 « CID 2020:70 (1 February) « Romanin et al



18.

19.

20.

21.

22.

23.

24.

25.

26.

Ministerio de Salud de la Nacién. Coqueluche sospechoso y coqueluche en estu-
dios de contactos: normativa y tutorial para la vigilancia a traves del Sistema
Nacional de Vigilancia Laboratorial SIVILA-SNVS. Available at: http://www.
msal.gob.ar/images/stories/epidemiologia/vigilancia/sivila/tutoriales/coqueluche-
tutorial-normativa-para-notificacion-sivila-2011.pdf. Accessed 7 November 2017.
Vizzotti C, Neyro S, Katz N, et al. Maternal immunization in Argentina: a
storyline from the prospective of a middle income country. Vaccine 2015;
33:6413-9.

Healy CM, Rench MA, Swaim LS, et al. Association between third-trimester
Tdap immunization and neonatal pertussis antibody concentration. JAMA 2018;
320:1464-70.

Eberhardt CS, Blanchard-Rohner G, Lemaitre B, et al. Maternal immunization
earlier in pregnancy maximizes antibody transfer and expected infant seroposi-
tivity against pertussis. Clin Infect Dis 2016; 62:829-36.

Naidu MA, Muljadi R, Davies-Tuck ML, Wallace EM, Giles ML. The optimal ges-
tation for pertussis vaccination during pregnancy: a prospective cohort study. Am
] Obstet Gynecol 2016; 215:237.e1-6.

Abu Raya B, Srugo I, Kessel A, et al. The effect of timing of maternal tetanus, diph-
theria, and acellular pertussis (Tdap) immunization during pregnancy on new-
born pertussis antibody levels—a prospective study. Vaccine 2014; 32:5787-93.
World Health Organization. Pertussis vaccines: WHO position paper—August
2015. Wkly Epidemiol Rec 2015; 90:433-60.

Pan American Health Organization/World Health Organization. Grupo Técnico
Asesor sobre Enfermedades Prevenibles por Vacunacién XXIII Reunién
Varadero.  Available at:  http://www.paho.org/hq/index.php?option=com_
docman&task=doc_view&gid=31234&Itemid=270&lang=en. ~ Accessed 7
November 2017.

Halperin SA, Langley JM, Ye L, et al. A randomized controlled trial of the safety
and immunogenicity of tetanus, diphtheria, and acellular pertussis vaccine

27.

28.

29.

30.

31

32.

33.

34.

35.

immunization during pregnancy and subsequent infant immune response. Clin
Infect Dis 2018; 67:1063-71.

Maertens K, Hoang TT, Nguyen TD, et al. The effect of maternal pertussis immu-
nization on infant vaccine responses to a booster pertussis-containing vaccine in
Vietnam. Clin Infect Dis 2016; 63:197-204.

Hoang HT, Leuridan E, Maertens K, et al. Pertussis vaccination during pregnancy
in Vietnam: results of a randomized controlled trial pertussis vaccination during
pregnancy. Vaccine 2016; 34:151-9.

Maertens K, Caboré RN, Huygen K, et al. Pertussis vaccination during pregnancy
in Belgium: follow-up of infants until 1 month after the fourth infant pertussis
vaccination at 15 months of age. Vaccine 2016; 34:3613-9.

Maertens K, Caboré RN, Huygen K, Hens N, Van Damme P, Leuridan E. Pertussis
vaccination during pregnancy in Belgium: results of a prospective controlled co-
hort study. Vaccine 2016; 34:142-50.

Ladhani SN, Andrews NJ, Southern J, et al. Antibody responses after primary
immunization in infants born to women receiving a pertussis-containing vaccine
during pregnancy: single arm observational study with a historical comparator.
Clin Infect Dis 2015; 61:1637-44.

Munoz FM, Bond NH, Maccato M, et al. Safety and immunogenicity of tetanus
diphtheria and acellular pertussis (Tdap) immunization during pregnancy in
mothers and infants: a randomized clinical trial. JAMA 2014; 311:1760-9.

Pan American Health Organization/World Health Organization. Maternal
and neonatal immunization field guide for Latin America and the Caribbean.
Washington, DC: PAHO, 2017.

Vizzotti C, Juarez MV, Bergel E, et al. Impact of a maternal immunization pro-
gram against pertussis in a developing country. Vaccine 2016; 34:6223-8.

Gentile A, Juarez MV, Lucion ME, et al. Bordetella pertussis (Bp) disease: Before
(2003-2011) and after (2013-2016) maternal immunization strategy in a pedi-
atric hospital. Vaccine 2018; 36:1375-80.

Pregnancy Tdap Effectiveness, Argentina « CID 2020:70 (1 February) « 387



