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Background. Pertussis booster vaccine (Tdap) recommendations assume that pertussis-specific antibodies in
women immunized preconception, during, or after previous pregnancies persist at sufficient levels to protect
newborn infants.

Methods. Pertussis-specific immunoglobulin G (IgG) was measured by IgG-specific enzyme-linked immuno-
sorbent assay (ELISA) in maternal-umbilical cord serum pairs where mothers received Tdap during the prior 2 years.
Geometric mean concentrations (GMCs) of pertussis antibodies and cord-maternal GMC ratios were calculated.

Results. One hundred five mothers (mean age, 25.3 years [range, 15.3-38.4 years]; mean gestation, 39 weeks
[range, 37-43 weeks]) immunized with Tdap vaccine a mean of 13.7 months (range, 2.3-23.9 months) previously were
included; 72 (69%) had received Tdap postpartum, 31 at a routine healthcare visit and 2 as contacts of another
newborn. There was no difference in GMCs for pertussis-specific IgG in maternal delivery or infant cord sera for
women immunized before (n=86) or during (n=19) early pregnancy. Placental transport of antibodies was 121%-
186% from mothers immunized before and during pregnancy, respectively. Estimated GMC of IgG to pertussis toxin
was <5 ELISA units (EU)/mL at infant age 2 months (start of infant immunization series). More infants of mothers
immunized during pregnancy had pertussis toxin levels estimated to be higher than the lower limit of quantitation of
the assay (4 EU/mL) through age 2 months (52% vs 38%; P = .34).

Conclusions. Infants of mothers immunized preconception or in early pregnancy have insufficient pertussis-specif-
ic antibodies to protect against infection. Maternal immunization during the third trimester, immunization of other
infant contacts, and reimmunization during subsequent pregnancies may be necessary.
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Pertussis is the most poorly controlled vaccine-
preventable disease in resource-rich countries. Waning
pertussis immunity, either from natural infection or
childhood immunization, is a factor because infected
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adolescents and adults are transmitters of pertussis,
especially to very young infants [1-3]. Despite excellent
infant pertussis immunization rates in the United
States, pertussis-attributable morbidity and mortality in
infants too young to have completed their primary im-
munization series with diphtheria and tetanus toxoids
and acellular pertussis (DTaP) vaccine at 2, 4, and 6
months of age remain unacceptably high [4-9]. For
example, during the 2010 pertussis outbreak in Califor-
nia, the attack rate for pertussis among infants <6
months of age was 435 per 100000 persons (19-fold
higher than the rate in the general population) [9]. Ten
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infants died; all but 1 was too young to have received the first
pertussis immunization at age 2 months. This mirrors the expe-
rience in the rest of the United States; since the 1980s, pertussis-
attributable deaths occur almost exclusively in infants <3
months of age [4-8].

Strategies to prevent pertussis in very young infants, such as
adolescent and adult tetanus and diphtheria toxoids and acel-
lular pertussis (Tdap) booster immunization and targeted im-
munization (“cocooning”) of all infant caregivers, have been
limited by low Tdap vaccine uptake and logistic and financial
barriers [10-14]. An alternative approach would be to ensure
that newborn infants are protected from birth through trans-
placental acquisition of “protective levels” of maternal pertus-
sis-specific antibodies [12, 15-20]. This passive protection
theoretically could protect infants until the first or second
dose of the primary immunization series is completed. In
2011, the Advisory Committee on Immunization Practices
(ACIP) to the Centers for Disease Control and Prevention
(CDC) recommended Tdap vaccine for previously unimmu-
nized pregnant women in the third trimester to achieve pro-
tection of young infants from pertussis [10]. However, because
Tdap currently is recommended as a single lifetime dose, this
strategy will not be effective unless maternal pertussis-specific
antibodies persist long enough to protect infants at each preg-
nancy. This study sought to determine pertussis-specific im-
munoglobulin G (IgG) concentrations in delivery plasma from
mothers who received Tdap vaccine within the prior 2 years.
We assessed cord serum values from infants born to these
women and estimated whether passively acquired maternal
IgG levels could potentially protect infants through the first
few months of life.

MATERIALS AND METHODS

Study Population

Since January 2008, previously Tdap-unimmunized postpar-
tum women at Ben Taub General Hospital (BTGH), Houston,
Texas, have been offered Tdap vaccine, as was recommended
by the CDC, through a standing order protocol as part of a
cocooning program [13, 21, 22]. BTGH is 1 of 2 tax-supported
hospitals in the Harris Health System that provides care for a
medically underserved, underinsured, predominantly Hispanic
population. Mother-newborn pairs delivering at BTGH were
eligible for inclusion in the current study if the delivery oc-
curred at >37 weeks’ gestation, the mother had documented
receipt of Tdap vaccine within the previous 2 years, and
plasma-serum pairs were available in sufficient quantity for
testing. During June 2009 through May 2011, residual paired
maternal delivery plasma-infant cord serum samples were col-
lected prospectively from subjects meeting inclusion criteria.
Mothers immunized 10 through 18 months, 21 months, and

24 months prior to the birth of the current infant (ie, precon-
ception Tdap vaccine) were assessed for study inclusion.
Paired samples were collected consecutively until the prede-
fined monthly quota (n=8) was completed. This study pre-
ceded the 2011 ACIP recommendation that Tdap vaccine be
administered during late pregnancy; however, all women im-
munized during pregnancy, either through provider choice or
because they were unaware they were pregnant at the time of
immunization, who had available paired samples, also were in-
cluded. Maternal demographics, date of prior Tdap adminis-
tration, infant date of birth, and gestation were collected
prospectively through the cocooning program database. The
primary outcome was determination of pertussis-specific IgG
in infants of mothers immunized within the prior 2 years. The
secondary outcome was to determine if pertussis-specific IgG
to pertussis toxin (PT; the only pertussis antigen for which
decay of passively acquired maternal antibody has been di-
rectly measured [23]) would persist through the initiation of
the infant primary immunization series. The study was ap-
proved by the Institutional Review Board of the Baylor College
of Medicine.

Laboratory Methods

Paired maternal delivery-infant cord specimens were trans-
ported to the Baylor investigators’ laboratory where they were
processed to collect serum or plasma, aliquoted, and frozen at
—80°C until testing. Aliquots (100 pL) of each sample were
coded (each pair was assigned linked codes) and shipped to
Sanofi Pasteur (Swiftwater, PA) where enzyme-linked immuno-
sorbent assay (ELISA) testing for pertussis-specific IgG concen-
trations against PT, filamentous hemagglutinin (FHA), fimbrial
proteins (FIM), and pertactin (PRN) was performed. Microtiter
plates were coated with optimized concentrations of pertussis
antigens diluted in a carbonate-bicarbonate (pH 9.6), plates
were washed, and 1.0% buffered goat serum was added. Eight
2-fold serial dilutions of unknown sample were added, plates
were incubated, and goat antihuman (IgG) horseradish peroxi-
dase conjugate was added. After incubation, tetramethylbenzi-
dine peroxidase substrate was added and the reaction was
stopped with 2N sulfuric acid. Absorbance was measured at
450 nm. Parallel line analysis was used to determine sample
concentrations by comparison to the reference standards. The
lower limit of quantitation (LLOQ) for each assay was 4 ELISA
units (EU)/mL for PT, FIM, and PRN, and 3 EU/mL for FHA.
Values less than the LLOQ were considered to be half of the
LLOQ for each assay.

Statistical Analysis

Statistics were performed using SPSS software version 20.0
(SPSS, Chicago, IL). Statistical significance for dichotomous
outcomes was determined by y°> and Fisher exact tests.
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Normally distributed demographic data were assessed by
means. Where positive or negative skewing of data occurred,
statistical significance was assessed by medians and the Mann-
Whitney U test. Serum IgG values to PT, FHA, FIM, and PRN
were reported as geometric mean concentrations (GMCs) with
95% confidence intervals. Subjects who met the diagnostic cri-
teria for recent pertussis infection (maternal samples with
serum IgG to PT >94 EU/mL [24]) were excluded from further
analysis as predetermined by the study design. The efficiency of
placental transfer of pertussis-specific antibodies was measured
as the ratio of infant to maternal GMC. Differences between
pertussis-specific IgG in women immunized preconception
vs during pregnancy were assessed by Student ¢ test of log-
transformed serum IgG levels. Levels of PT-specific IgG present
in infants at the time of initiation of the infant immunization
series were calculated using the published half-life of passively
acquired maternal pertussis-specific IgG to PT [23].

RESULTS

One hundred five maternal delivery—infant cord blood pairs
where the mother had received Tdap vaccine 2-24 months before
delivery were collected. The mean age of mothers was 25.3 years
(range, 15.3-38.4 years); 95 mothers (91%) were Hispanic; the
remainder were black (7%), and 1% each were white and Asian.
The mean gestational age of newborn infants was 39.3 weeks
(range, 37-43 weeks) and mean birth weight was 3361g (range,
2355-5115 g). Mothers had received Tdap vaccine a mean of
13.7 months (median 13.4 months [range, 2.3-23.9 months])
prior to delivery. Seventy-two women (69%) received Tdap
vaccine following the birth of a prior infant at the study hospital;
31 were immunized as part of routine healthcare visits (29%) and
2 (1.9%) because they were contacts of another newborn infant.
Nineteen of 105 women (18%) received Tdap vaccine during the
current pregnancy. The mean gestation of these 19 at the time of
Tdap immunization was 9.3 weeks (median, 6 weeks [range, 1-
28 weeks]); 14 of these 19 (76%) received Tdap during the first
trimester and 11 of the 14 (58%) before the sixth week of gesta-
tion. Only 3 women of the 19 (16%) received Tdap after 20
weeks” gestation, 1 each at 21, 27, and 29 weeks of gestation, re-
spectively, as is now recommended by ACIP. Mothers immunized
before or during pregnancy were similar by age, ethnicity, infant
birth weight, and gestation at delivery.

The GMCs, 95% confidence intervals, and range for IgG
concentration against each pertussis antigen for the 105 mater-
nal-infant cord pairs are summarized in Table 1. Three
mothers who had received Tdap vaccine 16-18 months previ-
ously most likely had recent pertussis exposure (IgG to PT of
>94 EU/mL [24]), and serologic results from these women and
their infants were excluded from further analysis. There was no
difference in pertussis-specific 1gG GMCs for any pertussis

Geometric Mean Concentrations for Pertussis Antigen—Specific Inmunoglobulin G Concentrations in Maternal Delivery and Infant Cord Sera

Table 1.

Tdap Before Pregnancy and No Evidence of Recent

=83)

Infection® (n

Tdap Before Pregnancy (n = 86)

Tdap During Pregnancy?® (n = 19)

Infant Cord
15.5 (12.4-19.4) [2-154]

Maternal Delivery
12.8 (10.3-15.9) [2-71]

Infant Cord

16.7 (13.2-21) [2-216]

Maternal Delivery
14.0 (11.1-17.7) [2-282]

Infant Cord
17.3 (11.1-26.8) [2-51]

Maternal Delivery
10.5 (6.4-17.1) [2-29]

Antigen
PT

%)
_ N -
SN O
D MmN
& I ©
T 29
O o N
=38«
0N =
o L ™
[ o 7
=
N N O
b= 2
Q= ©
NI
N T
-
— = —
N 0 o
o 5 N
© « o
)
N
)
— o =
~N o ©
M 0 <
T Y
o = .
oo N )
< = @ 8
S o >
D M M K
A 12}
12

—_— 3

%) £
—_ N = [0
[SENES) Q
D M N s
» I © kS
e ) =
b d 3
— = g

=
© o © 2
o N = @
o I <
Lo =
© N ™ o
M~ N — el
0 — < &
LS ]
o © < S
™ o @ )
~N 00 W Q

- -

Q.

—_— ©
—_— o — ©
N O O =
D < I
© — O =
) X
[ 2
= o @
— o = ‘D
2 o < 4
™M O O ©
© « © ©
Lo o3
© N ™ i
S N :

S ool 3%
TS 8 -
o N Wl =5
QO ® | E &
RS R I = —
—
S
g o &
— = ol 3=z 5 4
CoQ| & L E
N O < =0 ©m <
O N | ¢ .~ % D
L1 2 9 ¢ w
o g O c £ o g
= - - 3‘0_.‘)“_03
— — | €« o ° A
Rl I S
© w ol 245
® oM o] Wwe ¥ c
‘Tﬁl“TEDo-‘g
owwwl g &S 7
© ol 22 245
O OO =2 ¢
ET o
© © ol =% o 3
~N — O T C T >
0 o Nl 22 85
— o = = 3
2 - £ =
—| £ 5 2 ©
— @ | oy & E T
ER I 22 E®
N =~ N ¢ g £ 2
T} —| @ c
[T =R <
< IS = 5
~ =21 5§55 ¢E
W 535 M c
) o 2 @
Wl REggS
® N ©o| o @ o
T I 1| o E 2 @
S~ o T8 3 s
W N =3
NS 2 =3B
VVVU<(<rC
=< 2F25
o Mol o ..o F
< O < n 9 —

— ng—“a

Q.;g._

=

9-§®C
<<sz|asfg8
) X @
I;I 580 o
L Qo O <o a

Timing Maternal Tdap to Protect Infants e

CID 2013:56 (15 February) e 541

€107 ‘71 KB UO I0jua)) uonjewIojuy 29 AreIqry Yedy ornqnd DD e /310" s[eurnolpioyxo pro//:dny woij papeofumo


http://cid.oxfordjournals.org/

antigen comparing maternal delivery or placental cord speci-
mens for women immunized before or during early pregnancy
(P values ranged from .45-.94 and from .46-.82 for maternal
delivery and cord specimens, respectively). Placental transport
of maternal pertussis-specific IgG was efficient, ranging from
121% to 165% for PT, 145% to 178% for FHA, 131% to 186%
for FIM, and 148% to 173% for PRN, for mothers immunized
before and during pregnancy, respectively.

The half-life of maternally acquired PT-specific IgG has
been calculated by Van Savage et al to be approximately 36
days [23]. Applying this reported half-life and infant cord
values from our study, we estimated the PT-specific IgG GMC
in our study infants at 2 months of age, the age at which the
first dose of DTaP vaccine is administered. The estimated PT-
specific IgG was <5 EU/mL (Figure 1). Only 41 infants (40%)
had a PT-specific IgG concentration at birth calculated to
persist above the LLOQ of the assay at age 2 months. Slightly
more infants of mothers who were immunized during preg-
nancy, and 2 of the 3 immunized after week 20, had PT levels
at birth that would persist above the LLOQ (4 EU/mL)
through 2 months of age (52% vs 38%; P = .34). As Van Savage
et al [23] did not directly measure antibodies against FIM and
PRN, and FHA is not specific for Bordetella pertussis, no
attempt was made to calculate half-lives for these antibodies.

40 -

35 —C— Tdap during Pregnancy
—— Tdap before Pregnancy

301

N
W
1

I¢G to PT (EU/mL)
N
o

First DTaP

l

5 N
0 T T T )
0 36 72 108

Age (days)

Figure 1. Geometric mean concentrations (GMCs) of pertussis toxin im-
munoglobulin G in infant cord sera and estimated infant concentrations
through 3 months of age by maternal tetanus-diphtheria-acellular pertussis
vaccine administration status. Confidence intervals for GMCs at birth are
given in Table 1. Abbreviations: DTaP, diphtheria and tetanus toxoids and
acellular pertussis; EU, ELISA unit; 1gG, immunoglobulin G; PT, pertussis
toxin; Tdap, tetanus-diphtheria-acellular pertussis vaccine.

DISCUSSION

This study is, to our knowledge, one of the first to critically
evaluate currently recommended Tdap immunization strategies
for women of childbearing age in the United States and to
assess their likely impact on passive protection against pertus-
sis in very young infants. Our findings indicate that although
pertussis-specific IgG concentrations in plasma from deliver-
ing women were higher than those found in a similar cohort
prior to Tdap booster vaccine recommendations for adoles-
cents and adults [25], maternal antibodies waned quickly, even
in women immunized during the first and second trimester,
suggesting that Tdap may need to be administered during the
late stages of each pregnancy. It is noteworthy that, although
not reaching statistical significance, placental transport of per-
tussis antibodies was better in women immunized during
pregnancy. Despite highly efficient placental transport of ma-
ternal antibodies in our cohort of women immunized within 2
years of delivery, pertussis antigen-specific IgG concentrations
in their newborn infants were unlikely to be high enough to
passively protect them through 2 or 3 months of age, the
period of highest pertussis-related morbidity and mortality.
Our findings have important public health implications
because Tdap booster currently is recommended as a single
lifetime dose [10, 26], although it is accepted that further
booster doses may be necessary. Both single and multiple
Tdap booster strategies assume protection of infants after each
pregnancy. Our data indicate that, even if Tdap booster were
given more frequently than the 10-year interval currently rec-
ommended for diphtheria and tetanus toxoids vaccine, this as-
sumption may be erroneous.

One of the difficulties in evaluating the likely impact of Tdap
immunization on passive young infant protection from pertussis
infection is that there is no generally accepted serologic correlate
of pertussis immunity. Household contact studies in children
and adults suggest that individuals with “high” levels of anti-
bodies to PT, FIM, and PRN were less likely to develop clinical
disease when exposed to pertussis [27]. A PT monovalent
vaccine also was protective in a large clinical trial in Swedish
infants [28]. IgG concentrations as low as 5 EU/mL for PT have
been suggested as being protective in older children and adults
[29]. Although these modest levels may be protective in these
populations, which are already primed through their own im-
munizations or exposure to natural disease, these low levels are
unlikely to protect very young infants who are dependent solely
on antibody for protection and who lack the ability to mount a
cell-mediated response for recovery. In our newborn cohort,
59% had inadequate PT-specific IgG concentrations at birth to
sustain them above even that minimal level until after the
second DTaP vaccine dose when some protection against life-
threatening infection would be anticipated. Should the actual
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“protective” level of PT IgG for newborn infants be higher, as is
very likely, this implies that the majority of infants born to
mothers immunized before the third trimester of pregnancy will
have little or no protection against life-threatening pertussis.

In 2011, ACIP recommended that pregnant women receive
Tdap in the third or late second trimester of pregnancy in
preference to postpartum, which had been previously recom-
mended [10, 30]. This change has been endorsed by the Amer-
ican College of Obstetrics and Gynecology [31]. One reason
for this change in recommendation was the poor implementa-
tion of the 2006 recommendation for postpartum immuniza-
tion and Tdap administration to every adolescent and adult
with infant contact (cocooning). Our findings support the
new recommendation but suggest that wherever possible,
Tdap is optimally administered at weeks 30-32 of pregnancy
so that maternal pertussis antigen—specific IgG levels are at
their peak when placental transport is most efficient (e, after
34 weeks’ gestation) [32]. Deferring immunization until this
time should not lead to worse maternal outcome because, al-
though not well studied, increased maternal pertussis-associated
morbidity and mortality is not reported during pregnancy [30].
Furthermore, although phase 1 studies of maternal immuniza-
tion with Tdap are in progress, studies many decades ago with
whole-cell pertussis vaccine administration late in pregnancy
resulted in high levels of pertussis-specific antibodies in
infants and no safety concerns [33]. High maternal pertussis
antibodies did not result in blunting of infant immune re-
sponse to their primary series of DTaP vaccines [15]. Al-
though this remains a concern, further experience with Tdap
coupled with continued pertussis-related morbidity and mor-
tality in young infants prompted updated recommendations
in 2011 in favor of immunization during pregnancy [10].
However, even if third-trimester immunization with Tdap
vaccine was universally implemented, this strategy would
benefit only the offspring from that pregnancy. Protection
of future offspring would require repeated immunization with
each subsequent pregnancy.

There are limitations to our study. First, the number of preg-
nant women studied, although comparable to other published
reports [25, 34-37], is relatively small. Second, our cohort was
predominantly Hispanic and may not reflect pertussis seropre-
valence in other populations of pregnant women. We believe
that this is unlikely because Hispanic infants are overrepresent-
ed in pertussis incidence and mortality, a fact believed to be in
part because of increased circulation of pertussis in this popu-
lation [7]. Thus, mothers of Hispanic ethnicity would be ex-
pected to have higher pertussis-specific IgG than women of
other ethnicities as a consequence of natural boosting through
exposure to natural infection, as was seen in earlier studies per-
formed by our group prior to the licensure of Tdap [25].
Third, we did not obtain histories on pertussis-like illness in

the women, making it impossible to evaluate the possible
effects of natural boosting on our observations. We used a vali-
dated serological correlate of definite recent infection [24], but
because PT-specific IgG decreases rapidly, it is likely that
natural boosting also occurred in women who did not meet
this definition and thus we may have overestimated the
amount available to infants as a consequence of maternal
Tdap immunization alone. Finally, we calculated the rate of
decay of maternally acquired pertussis antigen-specific 1gG
and, while this is defined for PT, that is not the case for anti-
bodies to other antigens that possibly also play a role in pro-
tecting young infants. Better definition of the half-life of
pertussis antigen—specific IgG in infants in the Tdap era is re-
quired to fully understand the implications of our study.

Preventing life-threatening pertussis in young infants in the
21st century is a challenging prospect that will require a multi-
faceted approach because no single paradigm or vaccination
strategy will be effective [12]. Our data demonstrate that the
ability of maternally acquired pertussis antigen-specific IgG to
persist and protect infants is short lived, making the issue of
reimmunization an urgent consideration. Meanwhile, efforts
to promote and effectively implement cocooning must contin-
ue [10, 12, 17, 38]. Further investigation of novel strategies to
increase Tdap vaccine rates among adult populations also are
urgently needed to achieve herd protection. Such investigation
to reduce the burden of this poorly controlled vaccine-pre-
ventable disease will not be easy, but the risk of doing nothing
will result in ongoing pertussis-related infant deaths as well as
accompanying financial, emotional, and societal costs that are
unacceptable.
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Use of Adult Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular Pertussis
Vaccine (Tdap) in Pregnant Women, United States (US)

History of Recommendations for Tetanus Toxoid, Reduced Diphtheria Toxoid, and
Acellular Pertussis Vaccine (Tdap)

e Adult Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular Pertussis
Vaccine (Tdap) was licensed for single dose use in 2005.

e During 2006 a single dose of Tdap was recommended for adolescents age 11
through 18 years and adults age 19 through 64 years who had not previously
received Tdap.

e |n 2010 the recommendation was extended to include adults age 65 years and
older if they have or anticipate having close contact with an infant aged <12
months and previously have not received Tdap.

e |n 2010 it was also decided that Tdap can be administered regardless of interval
since the last tetanus- or diphtheria-toxoid containing vaccine.

History of Maternal Tdap Vaccination

e Since 2006, Tdap has been recommended for use in postpartum mothers and
other family members of newborn infants (who have never received Tdap) to
protect infants from pertussis, a strategy referred to as cocooning.

e Cocooning programs have proven difficult to implement widely. Cocooning
programs might achieve moderate vaccination coverage among postpartum
mothers but have had limited success in vaccinating fathers or other family
members.

e |n 2011 Tdap was recommended for routine use in unvaccinated pregnant
women: Health-care personnel should administer Tdap during pregnancy,
preferably during the third or late second trimester (after 20 weeks' gestation). If
not administered during pregnancy, Tdap should be administered immediately
postpartum.

Pertussis is a continuing health problem in the US

e The United States has experienced substantial increases in reported pertussis
cases over the past several years. Provisional case counts for 2012 have
surpassed the last peak year, 2010, with 41,880 pertussis cases and 14 deaths in
infants aged <12 months.

e Forinfants, transplacentally transferred maternal antibodies might provide
protection against pertussis in early life and before beginning the primary DTaP
series. Several studies provide evidence supporting the existence of efficient
transplacental transfer of pertussis antibodies. Active transport of maternal
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immunoglobulin G does not substantially take place before 30 weeks of
gestation The effectiveness of maternal antipertussis antibodies in preventing
infant pertussis is not yet known, but pertussis-specific antibodies likely confer
protection and modify the severity of pertussis illness. In addition, a woman
vaccinated with Tdap during pregnancy likely will be protected at time of
delivery, and therefore less likely to transmit pertussis to her infant.

o After receipt of Tdap, boosted pertussis-specific antibody levels peak after
several weeks, followed by a decline over several months. One study of pregnant
women who received Tdap within the prior 2 years noted that maternal
antibodies waned quickly; even women immunized during the first or second
trimester had low levels of antibodies at term

e Tetanus toxoid has been safely administered to millions of women worldwide;
studies have shown no increase risk in birth defects following tetanus toxoid.
Tdap safety in pregnant women was not studied in pre-clinical trials however
post-licensure data suggests an acceptable safety profile.

e During a time when Tdap was not routinely recommended during pregnancy a
review of adverse events following Tdap reported to the US spontaneous
reporting system (VAERS) did not identify any concerning pattern in maternal,
infant, or fetal outcomes.

e The main theoretical safety concern for administering repeat Tdap doses at short
or frequent intervals is severe local reaction (e.g., arthus reactions)

e Observational studies in the US and Canada have evaluated safety of
administering a single dose of Tdap after Td at intervals as short as ~2 years have
not identified safety concerns.

e Since the 2011 ACIP vaccination recommendation, uptake of Tdap among
pregnant women has been low; one survey of 1,231 women (August 2011 to
April 2012) estimated that only 2.6% of women received Tdap during their
recent pregnancy

e A model showed that Tdap during every pregnancy might prevent 906 infant
pertussis cases, 462 pertussis-related hospitalizations and 9 deaths. Postpartum
dose might prevent 549 infant cases, 219 pertussis hospitalizations and 3 deaths.

e Optimizing the current vaccination program and protecting infants who are at
highest risk for death are immediate priorities. New data indicate that maternal
antipertussis antibodies are short-lived; therefore, Tdap vaccination in one
pregnancy will not provide high levels of antibodies to protect newborns during
subsequent pregnancies
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Task

To decide as a group whether to recommend routine immunization with Tetanus-
diptheria-acellular pertussis vaccine to women during all pregnancies.

You need to describe to the Minister of Health in 5 minutes your rational for your
decision.

Be sure to include whatever important studies or programmatic activities need to be
implemented as a result of your decision.

Advice on the group work process

. Choose the chairman. Choose the Rapporteur (representing the Ministry of
Health).
. Each member of the group will have a role of the different participants making

this decision by assessing the evidence and considering the impact, safety, cost
implications (cost savings?), potential acceptance and vaccine uptake.

e After the meeting the MOH has arranged for the chairman of the expert group to
give a brief summary of their advice to the Minister of Health who is very
concerned about the increasing threat of pertussis, particularly among young
infants.

By the end of the session your group will have made a recommendation for or against
administering Tdap during every pregnancy. If recommended a short list of priority
studies/ assessments that will need to be conducted in the US to adequately evaluate
the impact and safety of the recommendation need to be described. However, if the
group does not feel they are ready to make the recommendation, a short list of
studies/assessments will need to be described that are necessary before reconsidering
the recommendation. The Composition of the National Committee on Immunization
Practices Tdap Working Group is:

- Pediatrician(s) (infectious disease, social pediatrics, pediatric immunologist,

pediatric pulmonologist)

- Epidemiologist

- Animmunologist with expertise in maternal-infant immunity

- Post-licensure Vaccine Safety subject matter expert

- Representative from the National Regulatory Agency (FDA)

- National Immunization Program Manager

- Representative from the American College of Obstetrics and Gynecology

- Representative from the American College of Family Medicine

- Health economist

- Representative from the National Vaccine Program Office, Vaccine Injury

Compensation Program, other stakeholders?
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Reported pertussis-related deaths by age-grouy
U.S., 1980-2009

Age-Group 1980-1989' 1990-1999' 2000-20092
0-1 month 38 68 152

2-3 month 11 16
4-5 month

6-11 month

1-4 years

5-10 years

11-18 years

>18 years

Total 7r*

Includes one case with unknown age
1Vitek CR et al. Pediatr Infect Dis J 2003; 22(7):628-34.
2 National Notifiable Diseases Surveillance System, CDC, 2009

Pertussis incidence has increased since 1980s

Tdap has reduced the burden of pertussis in
adolescents

No evidence for “herd immunity” from Tdap
Excellent initial DTaP vaccine effectiveness
Moderate and immediate waning of DTaP immunity
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Shifting the timing of mother’s Tdap dose

= “Cocooning” programs difficult to implement
= Provides earlier protection to mother and therefore
indirect protection to infant

= High levels of transplacental maternal antibodies
transferred to infants may provide direct protection
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Percent of reported solicited adverse events in the 14
days after immunization with Tdap

B Erythema
Swelling

Pain

3 4 ) 6 7 8 9 10
Interval since previous DT containing vaccine (yrs)

Halperin SA, et. al. How soon after a prior tetanus-diphtheria vaccination can one give adult formulation tetanus-diphtheria-acellular
pertussis vaccine? Pediatr Infect Dis J. 2006 25(3):195-200.

General statistics on births in the US, 2009

Number of births: 4,130,6651
Percent born preterm: 12.2%!
Mean age at first birth: 25.2 yrs?

2.06 children born/woman (est. 2011)?
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Updated Recommendations for Use of Tetanus Toxoid, Reduced Diphtheria
Toxoid and Acellular Pertussis Vaccine (Tdap) in Pregnant Women and Persons
Who Have or Anticipate Having Close Contact with an Infant Aged <12 Months

— Advisory Committee on Immunization Practices (ACIP), 2011

Compared with older children and adults, infants aged <12
months have substantially higher rates of pertussis and the largest
burden of pertussis-related deaths. Since 2004, a mean of 3,055
infant pertussis cases with more than 19 deaths has been reported
cach year through the National Notifiable Discases Surveillance
System (CDC, unpublished data, 2011). The majority of pertus-
sis cases, hospitalizations, and deaths occur in infants aged <2
months, who are too young to be vaccinated; therefore, other
strategies are required for prevention of pertussis in this age
group. Since 2005, the Advisory Committee on Immunization
Practices (ACIP) has recommended tetanus toxoid, reduced
diphtheria toxoid and acellular pertussis (Tdap) booster vac-
cines to unvaccinated postpartum mothers and other family
members of newborn infants to protect infants from pertussis,
a strategy referred to as cocooning (7). Over the past 5 years,
cocooning programs have proven difficult to implement widely
(2,3). Cocooning programs might achieve moderate vaccination
coverage among postpartum mothers but have had limited suc-
cess in vaccinating fathers or other family members. On June
22, 2011, ACIP made recommendations for use of Tdap in
unvaccinated pregnant women and updated recommendations
on cocooning and special situations. This report summarizes
data considered and conclusions made by ACIP and provides
guidance for implementing its recommendations.

ACIP recommends a single Tdap dose for persons aged 11
through 18 years who have completed the recommended child-
hood diphtheria and tetanus toxoids and pertussis/diphtheria
and tetanus toxoids and acellular pertussis (DTP/DTaP) vacci-
nation series and for adults aged 19 through 64 years who have
not previously received Tdap (1,4). ACIP also recommends
thatadults aged 65 years and older receive a single dose of Tdap
if they have or anticipate having close contact with an infant
aged <12 months and previously have not received Tdap (5).
Two Tdap vaccines are available in the United States. Adacel
(Sanofi Pasteur) is licensed for use in persons aged 11 through
64 years. Boostrix (GlaxoSmithKline Biologicals) is licensed
for use in persons aged >10 years (6).

The ACIP Pertussis Vaccines Work Group reviewed unpub-
lished Tdap safety data from pregnancy registries and the
Vaccine Adverse Event Reporting System (VAERS) and pub-
lished studies on use of Tdap in pregnant women. The Work
Group also considered the epidemiology of pertussis in infants
and provider and program feedback, and then presented policy

1424 MMWR / October 21,2011 / Vol.60 / No.41

options for consideration to ACIP. These updated recommen-
dations on use of Tdap in pregnant women are consistent with
the goal of reducing the burden of pertussis in infants.

Safety of Tdap in Pregnant Women

In prelicensure evaluations, the safety of administering a
booster dose of Tdap to pregnant women was not studied.
Because information on use of Tdap in pregnant women was
lacking, both manufacturers of Tdap established pregnancy
registries to collect information and pregnancy outcomes
from pregnant women vaccinated with Tdap. Data on the
safety of administering T'dap to pregnant women are now
available. ACIP reviewed published and unpublished data
from VAERS, Sanofi Pasteur (Adacel) and GlaxoSmithKline
(Boostrix) pregnancy registries, and small studies (7,8). ACIP
concluded that available data from these studies did not suggest
any elevated frequency or unusual patterns of adverse events in
pregnant women who received Tdap and that the few serious
adverse events reported were unlikely to have been caused by
the vaccine. Both tetanus and diphtheria toxoids (Td) and
tetanus toxoid vaccines have been used extensively in pregnant
women worldwide to prevent neonatal tetanus. Tetanus- and
diphtheria-toxoid containing vaccines administered during
pregnancy have not been shown to be teratogenic (9,10). From
a safety perspective, ACIP concluded that administration of
Tdap after 20 weeks’ gestation is preferred to minimize the risk
for any low-frequency adverse event and the possibility that
any spurious association might appear causative.

Transplacental Maternal Antibodies

For infants, transplacentally transferred maternal antibod-
ies might provide protection against pertussis in early life and
before beginning the primary DTal series. Several studies
provide evidence supporting the existence of efficient transpla-
cental transfer of pertussis antibodies (7,77,12). Cord blood
from newborn infants whose mothers received Tdap during
pregnancy or before pregnancy had higher concentrations of
pertussis antibodies when compared with cord blood from
newborn infants of unvaccinated mothers (7, 11). The half-life
of transferred maternal pertussis antibodies is approximately
6 weeks (12). The effectiveness of maternal antipertussis
antibodies in preventing infant pertussis is not yet known,
but pertussis-specific antibodies likely confer protection and
modify the severity of pertussis illness (13,74). In addition,
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a woman vaccinated with Tdap during pregnancy likely will
be protected at time of delivery, and therefore less likely to
transmit pertussis to her infant. After receipt of Tdap, boosted
pertussis-specific antibody levels peak after several weeks, fol-
lowed by a decline over several months (15,16). To optimize the
concentration of maternal antibodies transferred to the fetus,
ACIP concluded that unvaccinated pregnant women should
receive Tdap, preferably in the third or late second (after 20
weeks gestation) trimester.

Interference with Infant Immune Response to
Primary DTaP Vaccination

Several studies have suggested that maternal pertussis
antibodies can inhibit active pertussis-specific antibody pro-
duction after administration of DTaP vaccine to infants of
mothers vaccinated with Tdap during pregnancy, referred to
as blunting (/2,17). Because correlates of protection are not
fully understood, the clinical importance of blunting of an
infant’s immune response is not clear. Evidence suggests that
any blunting would be short-lived because circulating mater-
nal antibodies decline rapidly (12,18). Circulating maternal
pertussis antibodies might reduce an infant’s risk for pertussis
in the first few months of life but slightly increase risk for
disease because of a blunted immune response after receipt of
primary DTaP doses. The benefit would be to reduce the risk
for disease and death in infants aged <3 months, but the trade-
off might be to increase the occurrence of pertussis in older
infants; however, this group experiences a substantially lower
burden of hospitalizations and mortality (National Notifiable
Diseases Surveillance System, CDC, unpublished data, 2011).

Currently, two clinical trials are being conducted to measure
the immune response of infants receiving DTaP immuniza-
tion at ages 2, 4, and 6 months whose mothers received Tdap
during the third trimester of pregnancy (19,20). These trials
also are designed to evaluate safety and immunogenicity of
Tdap during pregnancy, but are not sufficiently powered to
assess disease endpoints. Analysis of interim data from one trial
(19, unpublished data) measured infant antibody to pertussis
antigens in a blinded fashion for two groups: infants whose
mothers received Tdap and infants whose mothers received
Td. The first group had elevated antipertussis antibody levels
compared with the second at birth and before dose 1, which
might be the result of passive antibody transfer, but had lower
antipertussis antibody levels after dose 3. In both groups, anti-
pertussis antibody levels were comparable before doses 2 and
3. Although the first group had lower antipertussis antibody
levels after dose 3, the evidence of sufficient immune response
to DTaP doses compared with the second group was reassur-
ing. ACIP concluded that the interim data are consistent with

previously published literature suggesting a short duration of
blunting of the infant response, and that the potential benefit
of protection from maternal antibodies in newborn infants
outweighs the potential risk for shifting disease burden to
later in infancy.

Cocooning

Cocooning is defined as the strategy of vaccinating pregnant
women immediately postpartum and all other close contacts
of infants aged <12 months with Tdap to reduce the risk for
transmission of pertussis to infants. Cocooning has been rec-
ommended by ACIP since 2005. Cocooning programs have
achieved moderate postpartum coverage among mothers but
have had limited success in vaccinating fathers or other family
members (3) (CDC, unpublished data, 2011). Programmatic
challenges make implementation of cocooning programs com-
plex and also impede program expansion and sustainability (2).
The effectiveness of vaccinating postpartum mothers and close
contacts to protect infants from pertussis is not yet known,
but the delay in antibody response among those vaccinated
with Tdap after an infant’s birth might result in insufficient
protection to infants during the first weeks of life (21). ACIP
concluded that cocooning alone is an insufficient strategy to
prevent pertussis morbidity and mortality in newborn infants.
Regardless, ACIP concluded that cocooning likely provides
indirect protection to infants and firmly supports vaccina-
tion with Tdap for unvaccinated persons who anticipate close
contact with an infant.

Decision and Cost Effectiveness Analysis

A decision analysis and cost effectiveness model was devel-
oped to assess the impact and cost effectiveness of maternal
Tdap vaccination during pregnancy compared with immedi-
ately postparcum. The model showed that Tdap vaccination
during pregnancy would prevent more infant cases, hospitaliza-
tions, and deaths compared with the postpartum dose for two
reasons: 1) vaccination during pregnancy benefits the mother
and infant by providing earlier protection to the mother,
thereby protecting the infant at birth; and 2) vaccination dur-
ing late pregnancy maximizes transfer of maternal antibodies
to the infant, likely providing direct protection to the infant
for a period after birth. Model results were most sensitive to
efficacy of maternal antibodies and risk for disease as a result of
blunting; however, a sensitivity analysis in which infants were
assumed to have as little as 20% efficacy of maternal antibodies
and a 60% increase in risk for disease as a result of blunting
found that maternal vaccination during pregnancy was more
cost effective and prevented a greater proportion of infant
cases and deaths than postpartum maternal vaccination (22).

MMWR / October 21,2011 / Vol.60 / No.41 1425
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Guidance for Use

Maternal vaccination. ACIP recommends that women’s
health-care personnel implement a Tdap vaccination program
for pregnant women who previously have not received Tdap.
Health-care personnel should administer Tdap during preg-
nancy, preferably during the third or late second trimester (after
20 weeks’ gestation). If not administered during pregnancy,
Tdap should be administered immediately postpartum.

Cocooning. ACIP recommends that adolescents and adults
(e.g., parents, siblings, grandparents, child-care providers,
and health-care personnel) who have or anticipate having
close contact with an infant aged <12 months should receive
a single dose of Tdap to protect against pertussis if they have
not previously received Tdap. Ideally, these adolescents and
adults should receive Tdap at least 2 weeks before beginning
close contact with the infant.

Special Situations

Pregnant women due for tetanus booster. If a tetanus and
diphtheria booster vaccination is indicated during pregnancy
for a woman who has previously not received Tdap (i.e., more
than 10 years since previous Td), then Tdap should be admin-
istered during pregnancy, preferably during the third or late
second trimester (after 20 weeks gestation).

Wound management for pregnant women. As part of
standard wound management care to prevent tetanus, a tetanus
toxoid—containing vaccine might be recommended for wound
management in a pregnant woman if 5 years or more have
elapsed since last receiving Td. If a tetanus booster is indicated
for a pregnant woman who previously has not received Tdap,
Tdap should be administered.

Pregnant women with unknown or incomplete tetanus
vaccination. To ensure protection against maternal and neona-
tal tetanus, pregnant women who have never been vaccinated
against tetanus should receive three vaccinations containing
tetanus and reduced diphtheria toxoids. The recommended
schedule is 0, 4 weeks, and 6 to 12 months. Tdap should
replace 1 dose of Td, preferably during the third or late second
trimester (after 20 weeks gestation) of pregnancy.
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Adverse event reports after tetanus toxoid, reduced diphtheria
toxoid, and acellular pertussis vaccines in pregnant women
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OBJECTIVE: We sought to characterize reports to the Vaccine Adverse
Event Reporting System (VAERS) of pregnant women who received tetanus
toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine (Tdap).

STUDY DESIGN: We searched VAERS for reports of pregnant women
who received Tdap from Jan. 1, 2005, through June 30, 2010. We con-
ducted a clinical review of reports and available medical records.

RESULTS: We identified 132 reports of Tdap administered to pregnant
women; 55 (42%) described no adverse event (AE). No maternal or in-
fant deaths were reported. The most frequent pregnancy-specific AE
was spontaneous abortion in 22 (16.7%) reports. Injection site reac-

tions were the most frequent non-pregnancy—specific AE found in 6
(4.5%) reports. One report with a major congenital anomaly (gastros-
chisis) was identified.

CONCLUSION: During a time when Tdap was not routinely recom-
mended in pregnancy, review of reports to VAERS in pregnant women
after Tdap did not identify any concerning patterns in maternal, infant,
or fetal outcomes.

Key words: acellular pertussis vaccine, adverse events,
epidemiology, pregnancy, reduced diphtheria toxoid, surveillance,
tetanus toxoid, vaccine safety
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dministration of tetanus toxoid, re-

transmission, a strategy known as co-

duced diphtheria toxoid, and acel-
lular pertussis vaccine (Tdap) to a pre-
gnant woman induces formation of
maternal antibodies against pertussis
that are transferred to the fetus across the
placenta.! Transplacentally transferred
antibodies might provide protection
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against pertussis infection in young in-
fants."? In addition, Tdap vaccination of
pregnant women and other family mem-
bers directly prevents pertussis in these
individuals and may indirectly protect
infants by reducing the risk for pertussis
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cooning.” Infants <3 months of age are
too young to receive the primary pertus-
sis vaccination series and have the high-
est risk for death from pertussis. There-
fore, strategies to prevent pertussis in
these infants are essential.*

Tdap was licensed by the Food and
Drug Administration (FDA) in 2005 for
booster immunization against tetanus,
diphtheria, and pertussis for individuals
10-64 years of age, and is available in the
United States from 2 manufacturers:
Adacel (Sanofi Pasteur, Swiftwater, PA)’
and Boostrix (GlaxoSmithKline Biologi-
cals, Rixensart, Belgium).® Since 2008
the Centers for Disease Control and
Prevention (CDC) Advisory Committee
on Immunization Practices (ACIP) has
recommended using Tdap in the imme-
diate postpartum period in women who
did not previously receive Tdap to pro-
tect both mothers and infants from per-
tussis.” ACIP did not routinely recom-
mend use of Tdap in pregnant women,
but recommended that providers con-
sider use in certain situations that in-
cluded instances when a pregnant
woman has insufficient tetanus or diph-
theria protection until delivery, or is at
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increased risk for pertussis (eg, adoles-
cents aged 11-18 years, health care per-
sonnel, and women employed in institu-
tions or living in a community in which a
pertussis outbreak is occurring).” In
2011 ACIP assessed that the strategy fo-
cusing on cocooning had not achieved
the intended goal of reducing the burden
of pertussis in infants. In October 2011,
CDC published an updated ACIP rec-
ommendation that health care providers
administer Tdap during the third or late
second trimester (>20 weeks’ gestation)
to women who have not previously re-
ceived Tdap.?

To provide safety evidence to help in-
form the ACIP deliberations for Tdap
use in pregnant women, we conducted a
review of reports to the Vaccine Adverse
Event Reporting System (VAERS) of
pregnant women given Tdap from 2005
through 2010.

MATERIALS AND METHODS

Data sources

VAERS is a spontaneous reporting sys-
tem coadministered by CDC and FDA.’
Established in 1990, VAERS monitors
vaccine safety and accepts adverse event
(AE) reports following receipt of any US-
licensed vaccine.'” VAERS is not de-
signed to assess causal associations be-
tween vaccines and AEs; its primary
purpose is to detect potential vaccine
safety concerns that may be further in-
vestigated in defined populations.'' The
VAERS report form collects demo-
graphic and health information, includ-
ing information about the vaccination
and AE experience.'” It does not specifi-
cally collect information on pregnancy
status. AE signs and symptoms recorded
in each VAERS report are coded by
trained staff using an internationally
standardized terminology from the
Medical Dictionary for Regulatory Ac-
tivities (MedDRA)."” Each report can be
coded with =1 MedDRA term. Reports
are also classified as “serious” based on
the Code of Federal Regulations'* if they
contain information that the AE resulted
in death, hospitalization, prolongation
of hospitalization, life-threatening ill-
ness, persistent or significant disability,
or congenital anomalies. For this study,

the definition of “serious” was slightly
modified and did not include reports on
hospitalizations for delivery unless they
required prolonged stay in a hospital due
to delivery complications or postpartum
conditions. Medical records are rou-
tinely requested for nonmanufacturer
serious VAERS reports.

We searched the VAERS database for
reports of pregnant women vaccinated
in the United States with Tdap, with or
without other vaccines, from Jan. 1,
2005, through June 30, 2010. We con-
ducted an automated search using the
following criteria: MedDRA terms in 2
System Organ Classes “Pregnancy, Puer-
perium, and Perinatal Conditions” and
“Congenital, Familial, and Genetic Dis-
orders”; MedDRA term “Drug Exposure
During Pregnancy”; and a text string
search for the term “preg” in the report.
Reports that had at least one of these cri-
teria were included in the data set for fur-
ther evaluation.

Clinical reviews

CDC and FDA medical officers reviewed
all US reports identified in the VAERS
database using the automated search to
confirm pregnancy status at time of vac-
cination, calculate gestational age, and
characterize AEs. We included reports
on infants born to women vaccinated
with Tdap during pregnancy. For each
report we assigned a primary diagnosis.
If >1 AE was reported for the same indi-
vidual, we assigned the diagnosis based
on what we believed was the primary
clinical event of concern and assumed
the primary event was the pregnancy-
specific event unless information sug-
gested otherwise. Complex reports were
reviewed by physicians on the study
team with expertise in obstetrics and
neonatology. If a VAERS report de-
scribed AEs in >1 person, we treated
each person as a separate report. Reports
that indicated the reported subject was
not pregnant or that Tdap was adminis-
tered prior to the last menstrual period
were excluded.

Gestational age at the time of vaccina-
tion and at the time of the AE was calcu-
lated based on: (1) clinical determina-
tion of health care provider, (2) earliest
ultrasound assessment (if the former was
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not available), or (3) last menstrual pe-
riod, estimated delivery date, or esti-
mated date of conception (if the first 2
options were not available) found in
VAERS report and/or medical records.
We used the following definition for
trimesters: first (0-13 weeks), second
(14-27 weeks), and third (=28 weeks)."”
Spontaneous abortion (SAB) was de-
fined as fetal demise <20 weeks’ gesta-
tion, stillbirth was defined as fetal demise
=20 weeks’ gestation, and preterm de-
livery was defined as a live birth <37
weeks’ gestation. Causality between re-
ported AEs and Tdap was not assessed.

Proportional reporting ratios
To assess for disproportionately higher
reporting of AEs after Tdap adminis-
tered to pregnant women, we calculated
proportional reporting ratios (PRRs)'®!”
compared to inactivated influenza vac-
cines, which have been determined to
have an acceptable safety profile in preg-
nancy.'®'” We compared proportions of
MedDRA terms after Tdap with propor-
tions of the same MedDRA terms after
trivalent inactivated influenza vaccines
(TIV) and influenza A (HIN1) 2009
monovalent vaccine (used during the
2009 through 2010 pandemic) adminis-
tered without Tdap to pregnant women.
For TIV and monovalent vaccine admin-
istered in pregnancy, we used VAERS re-
ports identified for previously con-
ducted and published studies.'®'” We
excluded reports from analysis if no AE
was reported or if live vaccines (contra-
indicated during pregnancy’’) or an-
thrax vaccine (not recommended during
pregnancy”') were administered con-
comitantly. We identified MedDRA
terms with disproportionately higher re-
porting after Tdap by applying criteria of
Evans et al'® (PRR =2.0, Yates x* =4.0,
and number of reports =3 in the Tdap
group). Clinical reviews were conducted
for all MedDRA terms with a PRR =2.0.
Because VAERS is a routine, govern-
ment-sponsored surveillance system
that does not meet the definition of re-
search, this investigation was not subject
to institutional review board review and
informed consent requirements.
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RESULTS

During Jan. 1, 2005, through June 30,
2010, VAERS received a total of 106,573
US reports after Tdap; 163 reports met
criteria of pregnancy reports using the
automated search. Of these reports, 33
were excluded: 28 reports indicated that
the subject was not pregnant, 2 reports
indicated that Tdap was received post-
partum, 2 reports indicated vaccination
in children, and 1 report was a duplicate.
Two reports described AEs in infant and
mother; each of these reports was treated
as 2 separate reports (1 for infant and 1
for mother). After the clinical review,
132 reports were identified as true preg-
nancy reports and were used for further
analysis. Six (4.5%) reports were classi-
fied as serious and included 2 reports of
ruptured ectopic pregnancies that re-
quired laparotomy; and 1 report each of
stillbirth at 37 weeks’ gestation due to
placental abruption, influenza, gastros-
chisis in a newborn, and laryngotra-
cheomalacia in a 3-month-old infant.
In all these reports, the serious classifica-
tion was based on the person requiring
hospitalization. No maternal or infant
deaths were reported.

Characteristics of VAERS reports are
presented in Table 1. A majority of the re-
ports (69, 52.3%) were received from
manufacturers. In 48 (36.4%) reports
Tdap was the only vaccine received. The
median maternal age was 22 years. Infor-
mation to determine the trimester of Tdap
exposure was available for 110 (83.3%) re-
ports. In most of the reports where trimes-
ter at time of vaccination was known, 85
(77.3%), indicated that Tdap was admin-
istered during the first trimester of preg-
nancy. A total of 95 (72.0%) reports indi-
cated administration of Adacel.

In all, 55 (41.7%) reports did not de-
scribe any AE; these reports were sub-
mitted because vaccine had been admin-
istered during pregnancy at a time
period when Tdap in pregnancy was not
routinely recommended (Table 2). The
most frequent pregnancy-specific out-
come was SAB in 22 (16.7%) reports.
The median gestational age at the time of
SAB was 9 weeks (range, 5-16 weeks).
The median onset interval between vac-
cination and SAB was 33 days (range,

9-61 days). We did not observe any
temporal clustering of SAB reports. Two
stillbirth cases were reported. One case
occurred in a 20-year-old woman at 37
weeks of gestation and was reported to be
due to placental abruption; Tdap was ad-
ministered several hours before the out-
come. The other case was in a 27-year-
old woman at 22 weeks of gestation (46
days after exposure to Tdap) with no
other pregnancy complications reported
before fetal demise.

There were 3 infants born preterm: (1)
the first to a 22-year-old woman with a
cesarean section at 36 weeks of gestation,
described as being indicated because of a
history of having a cesarean section de-
livery; the woman delivered a normal
infant; (2) the second case was in a 40-
year-old woman with multiple previous
pregnancies who also had preeclampsia;
she delivered a normal infant at 35 weeks
of gestation; and (3) the third case was in
an 18-year-old woman who delivered a
normal infant at 35 weeks of gestation.

The most frequent non-pregnancy-
specific outcomes were injection site re-
actions, in 6 (4.5%) reports (Table 2).

Six (4.5%) reports indicated adverse infant
outcomes, including 1 report each of gastro-
schisis, patent foramen ovale and peripheral
pulmonic stenosis, physiologic neonatal
jaundice, transient tachypnea and infiltrates
in the lower lobes, bilateral hydrocele, and la-
ryngotracheomalacia (Table 2). Only 1 of
these infants had a major birth defect (gastro-
schisis). This infant was born to a 15-year-
old mother who received Tdap and
quadrivalent  human  papillomavi-
rus vaccines concomitantly at approxi-
mately 8 weeks’ gestation; additional
information regarding the maternal his-
tory was not available.

Inall, 24 (18.2%) pregnancies resulted
in vaginal deliveries (including 2 pre-
term). Eight (6.1%) pregnancies resulted
in cesarean deliveries, which included
1 preterm delivery in a 22-year-old
woman (described above). Reasons for
cesarean deliveries were described in 5 of
8 reports and included 2 reports of severe
fetal bradycardia and placental abrup-
tion; and 1 report each of macrosomia,
arrest of descent, and prolonged labor.
Four elective abortions were reported.
These reports did not describe any AEs

TABLE 1
US VAERS reports following Tdap
in pregnant women (n = 132)

Characteristic Value
Serious reports, n (%) 6 (4.5)
Tdap administered alone,® 48 (36.4)
n (%)
Median maternal age, y 22 (13-42)
(range)®
Median interval from 7 (0-268)
vaccination to adverse
event, d (range)®
Median gestational age at 6 (1-37)
time of vaccination, wk
(range)®
Trimester of pregnancy at
time of vaccination
(n =110),° n (%)
First (0-13 wk) 85 (77.3)
Second (14-27 wk) 21 (19.1)
Third (=28 wk) 4 (3.6)
Brand name of Tdap, n (%)
Adacel’ 95 (72.0)
Boostrix? 20 (15.2)
Unknown 17 (12.9)
Type of reporter, n (%)
Manufacturer 69 (52.3)
Provider 42 (31.8)
Other 20 (15.2)
Patient/parent 1(0.8)

Characteristics of Vaccine Adverse Event Reporting
System (VAERS) reports received following Tdap vac-
cine in pregnant women, United States, Jan. 1, 2005,
through June 30, 2010 (n = 132).

Tdap, tetanus toxoid, reduced diphtheria toxoid, and
acellular pertussis.

@ Other vaccines given with Tdap included meningococcal
conjugate (7; 5.4%); human papillomavirus (7; 5.4%);
measles, mumps, and rubella (4; 3.1%); and influenza (3;
2.3%); ® Missing for 1 pregnant woman; ¢ Unknown for
61 reports; ¢ Unknown for 43 reports; © Unknown for 22
reports; " Sanofi Pasteur, Swiftwater, PA: ¢ GlaxoSmith-
Kline Biologicals, Rixensart, Belgium.

Zheteyeva. Safety of Tdap in pregnancy. Am ] Obstet

Gynecol 2012.
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and reasons for elective termination of
pregnancy were not indicated.

Proportional reporting ratios

The PRR screening criteria were met for
higher proportional reporting after Tdap
in pregnancy for the following MedDRA
terms: anemia, antepartum hemorrhage,
gestational diabetes, oligohydramnios,
and upper respiratory tract infection
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TABLE 2
Adverse events® in pregnant women following Tdap vaccine, VAERS

Adverse events n %

Pregnancy-specific adverse events

Spontaneous abortion® 22 16.7
Gestational diabetes 7 5.3
Oligohydramnios® 3 2.3
Induction of labor® 2 1.5
Stillbirth 2 1.5
Ruptured ectopic pregnancy 2 1.5
Preterm delivery 2 15
Subchorionic hemorrhage by ultrasound 1 0.8
Cesarean delivery 1 0.8
Low-lying placenta on ultrasound 1 0.8
Placental abruption and fetal intolerance 1 0.8
Preeclampsia® 1 0.8
Prolonged labor 1 0.8
Toxemia' 1 0.8
Total 47 35.6

Non-pregnancy-specific outcomes

Injection site reactions 6 4.5
Anemia 5 3.8
Headache or fever with abdominal pain 3 2.3
Urinary tract infection 2 1.5
Syncope 2 1.5
Upper respiratory infection 2 1.5
Influenza 1 0.8
Nausea and vomiting 1 0.8
Rash on arms/thigh 1 0.8
Superficial thrombophlebitis 1 0.8
Total 24 18.2
Infant outcomes
Gastroschisis 1 0.8
Laryngotracheomalacia (diagnosed at age 3 mo)® 1 0.8
Patent foramen ovale and peripheral pulmonic stenosis 1 0.8
Mild physiologic jaundice 1 0.8
Transient tachypnea and infiltrates in lower lobes 1 0.8
Bilateral hydrocele 1 0.8
Total 6 45
No adverse events 55 4.7

Reported adverse events® in pregnant women following receipt of Tdap vaccine, Vaccine Adverse Event Reporting System
(VAERS), Jan. 1, 2005, through June 30, 2010 (n = 132).
Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis.

@ Based on primary reported diagnosis identified during clinical review—1 diagnosis assigned to 1 report; ® Pregnancy outcomes
were not reported in 65 (42%) reports—other pregnancy outcomes included 4 (3.0%) elective termination of pregnancy, 24
(18.2%) vaginal deliveries, and 8 (6.1%) cesarean deliveries; ¢ 2 cases with oligohydramnios had induction of labor as secondary
diagnosis and 1 case had threatened abortion in early pregnancy as secondary diagnosis; @ Chorioamnionitis was reported as
secondary to labor induction; © Preterm delivery reported as secondary diagnosis for this case; " Threatened abortion in early
pregnancy is reported for this case as secondary diagnosis.

Zheteyeva. Safety of Tdap in pregnancy. Am J Obstet Gynecol 2012.
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(Table 3). No disproportionality was
found in reporting SAB, stillbirth, or
preterm deliveries.

The 3 reports with the MedDRA code
for anemia were nonserious reports. The
lowest hemoglobin values listed in 3
reports ranged from 9.3-10 g/dL. All
anemia cases were treated with iron sup-
plements and prenatal vitamins.

The 3 antepartum hemorrhage reports
were nonserious: 1 case of vaginal bleed-
ing/threatened abortion in early preg-
nancy that subsequently resolved (preg-
nancy resulted in full-term delivery
without complications), 1 subchorionic
hemorrhage detected by ultrasound at 12
weeks” gestation that occurred before
Tdap, and 1 subchorionic hemorrhage
detected by ultrasound at 6 weeks’ gesta-
tion that was described as “small.”

Seven reports were coded as gesta-
tional diabetes, all of which were nonse-
rious. Among these cases, the median age
of the women was 31 years (range, 25-38
years). Four of the 7 reports described at
least 1 risk factor for gestational diabetes
that included a body mass index re-
ported as “high” in 3 reports, and history
of gestational diabetes in a previous
pregnancy in 1 report. One report coded
as gestational diabetes described history
of type 2 diabetes mellitus and did not
refer to the current pregnancy.

Three mothers had oligohydramnios
occurring at 33, 40, and 36 weeks of ges-
tation. However, 2 reports did not ap-
pear to meet clinical criteria for oligohy-
dramnios (amniotic fluid index <5
cm)?* as these patients had an amniotic
fluid index >5 cm. All 3 women deliv-
ered term normal infants with normal
birth weight. In one case, a nuchal cord
had to be reduced and brief intubation of
the newborn was performed.

+Three women developed upper re-
spiratory infection at 3, 23, and 20
weeks of gestation. The first 2 pregnan-
cies resulted in SAB at 9 weeks and
term vaginal delivery, respectively, and
the outcome of the third pregnancy
was not reported.

COMMENT
During 2005 through 2010 when Tdap
was not routinely recommended for use
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in pregnant women, we found 132 re-
ports submitted to VAERS after receipt
of Tdap in pregnant women, accounting
for approximately 0.1% of all US reports
after Tdap during this period. Our re-
view did not find any unusual or unex-
pected pattern of maternal, infant, or fe-
tal AEs. A sizable minority of reports
(42%) did not describe an AE other than
the exposure to Tdap during pregnancy.
About 5% of reports met the definition
of serious, which is lower than observed
in the pregnancy registry of one of the
Tdap manufacturers.

SAB was the most frequent pregnancy-
specific outcome, reported in 16.7% of
reports. SAB is a relatively common
event that occurs in about 15-20% of all
pregnancies.”* SAB was also the most
frequent pregnancy-specific AE reported
in studies of influenza vaccine safety.'®'’
Our analysis did not reveal dispropor-
tionate reporting for SAB in VAERS for
Tdap compared with influenza vaccines.
We identified only 1 infant with a major
birth defect in our review: an infant with
gastroschisis born to a 15-year-old
mother who concomitantly received
Tdap with human papillomavirus vac-
cine. The prevalence of gastroschisis in
the United States is 3.73 cases per 10,000
live births*” and the risk factor most con-
sistently identified for gastroschisis is
younger maternal age.*® Because the to-
tal number of pregnant women vacci-
nated with Tdap is not known, it is diffi-
cult to interpret the VAERS findings. No
other infants with major birth defects
were reported.

As expected, the most frequent non-
pregnancy-specific outcome was injec-
tion site reaction found in 4.5% of re-
ports; injection site reactions have been
identified as a common AE in prelicen-
sure trials in non-pregnant persons.”°

Disproportionality analysis for reports
in pregnant women revealed that ges-
tational diabetes, anemia, antepartum
hemorrhage, oligohydramnios, and up-
per respiratory infection were reported
to VAERS more frequently after Tdap
than after inactivated influenza vaccines.
However, further clinical review found
that most of these conditions were mi-
nor, and there were no concerning pat-
terns for these outcomes that required

TABLE 3

inactivated influenza vaccines

MedDRA terms among pregnant women after Tdap vaccines compared to

~

Tdap reports, MIV + TIV,
MedDRA term no. (%) (n = 71) no. (%) (n = 467) PRR (95% Cl)
Anemia 34.2) 1(0.2) 19.73 (2.1-187.1)
Antepartum hemorrhage 34.2) 1(0.2) 19.73 (2.1-187.1)
Gestational diabetes 7(9.9) 3(0.6) 15.35 (4.1-58.0)
Oligohydramnios 3(4.2) 3(0.6) 6.58 (1.4-32.0)
Upper respiratory tract infection 3 (4.2) 3(0.6) 6.58 (1.4-32.0)

inactivated influenza vaccine.

\

Cl, confidence interval; MedDRA, Medical Dictionary for Regulatory Activities; MIV, monovalent inactivated vaccine (H1N1);
PRR, proportional reporting ratio; Tdap, tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis; 71V, trivalent

Zheteyeva. Safety of Tdap in pregnancy. Am ] Obstet Gynecol 2012.
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additional investigation. Because most
VAERS reports were from women vacci-
nated during the first trimester, we were
not able to separately evaluate VAERS
reports of vaccinations in second and
third trimesters of pregnancy. As a na-
tional surveillance system, VAERS may
be used to detect signals of potential vac-
cine safety concerns, which can be fur-
ther explored in carefully designed epi-
demiological studies. For example,
during the 2010-2011 influenza season, a
vaccine safety signal for febrile seizures
after TIV in young children was identi-
fied in VAERS®” and subsequently con-
firmed in the Vaccine Safety Datalink,*®
an active surveillance system used to
monitor the safety of vaccines in the
United States. VAERS has inherent lim-
itations of all passive surveillance sys-
tems including underreporting, report-
ing biases, and inconsistency in quality
of reports. Events occurring temporally
closer to the time of vaccination are
more likely to be reported to VAERS;
birth defects diagnosed months after
the vaccination may be underreported.
Therefore, VAERS data must be inter-
preted with caution and cannot gener-
ally be used to assess causality.” The
regulatory definition of a serious re-
port in VAERS can have limitations as
it may not reflect the true severity of an
outcome. For example, in our review 1
stillbirth report at 37 weeks was coded
as serious because the patient was hos-
pitalized, whereas a second stillbirth
report at 22 weeks was coded as nonse-

rious because the report did not indi-
cate the patient had been hospitalized.

Since Tdap was not routinely recom-
mended for use in pregnancy during the
period of this review, no national survey
was conducted to assessed Tdap cover-
age in pregnant women. Therefore, be-
cause there were no data on the number
of Tdap doses administered to pregnant
women, reporting rates cannot be calcu-
lated and findings are difficult to
interpret.

Prelicensure trials of Tdap did not in-
clude pregnant women, and the package
inserts for Tdap state that the products
should only be used in pregnancy if they
are clearly needed.”® ACIP may some-
times make recommendations for off-la-
bel use of vaccines after thorough review
of risks and benefits.*

Our findings are consistent with those
of previous observations. Case-control
studies of tetanus toxoid have found no
association between vaccination with
tetanus toxoid during pregnancy and
congenital anomalies.’””' Few studies
have been conducted on the safety of
Tdap in pregnant women. A recent re-
view from 2005 through 2011 of the Ada-
cel Vaccine Pregnancy Registry reported
539 pregnant women who received Tdap
during pregnancy. Among the 480 spon-
taneous prospective reports in this series,
27 (5.6%) were classified as serious AEs
using a similar definition as our review
and there were 16 (3.3%) SAB and 8
(1.7%) preterm deliveries.”” In another
study of 4524 health care workers who
were vaccinated with Tdap during a mass
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vaccination campaign, 16 women re-
ceived Tdap during pregnancy, all of
whom gave birth to full-term infants
who had normal newborn evaluations.’

In June 2011, ACIP recommended
that health care personnel should ad-
minister Tdap during pregnancy, pre-
ferably during the third or late sec-
ond trimester (>20 weeks’ gestation).®
Although we anticipate that Tdap will
continue to have a good safety profile, it
is important to continue safety moni-
toring as more pregnant women are
vaccinated.

CONCLUSION

In this comprehensive review encom-
passing >5 years of reports to VAERS in
pregnant women who received Tdap
during a time when Tdap was not rou-
tinely recommended for pregnant wo-
men, we identified no safety con-
cerns. Although our review was subject
to limitations of a spontaneous reporting
system, our data provide useful baseline
information as the new ACIP recom-
mendation for routine use of Tdap in
pregnant women is implemented.® M
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