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Background: Prelicensure clinical studies may not include sufficient
numbers of subjects to assess the potential for rare postvaccination adverse
events. The aim of this postlicensure study (NCT00297856) was to eval-
uate uncommon outcomes following vaccination with a tetanus, reduced-
antigen-content diphtheria, and acellular pertussis vaccine (Tdap, Boostrix
GlaxoSmithKline) in a large adolescent cohort.
Methods: We monitored safety outcomes among 13,427 10 to 18-year-old
adolescents enrolled in the Northern California Kaiser Permanente Health
Care Plan who received Tdap vaccination as part of their normal health
care. Subjects were evaluated using self-control analysis comparing days 0
to 29 to days 30 to 59 postvaccination for neurologic events, hematologic
events and allergic reactions. We evaluated new onset chronic illnesses
within 6 months of Tdap vaccination by comparing with historical Td
controls matched for age at vaccination, season, sex, and geographic area.
We also compared the incidence of events of interest between the Tdap and
historical cohorts as exploratory analyses.
Results: No increased risk for medically attended neurologic (odds ratio
�OR�, 0.962; 95% confidence interval �CI�, 0.533–1.733) or allergic reac-
tions (OR, 1.091; 95% CI, 0.441–2.729) was observed following Tdap
vaccination when comparing the first 30 postvaccination days to the second
30 postvaccination days. There was one hematologic event within 30 days
of Tdap, compared with 0 events within days 30 to 59 (P � 1.0). When
compared with matched historical Td recipients, no increase in new onset
chronic illnesses (OR, 0.634; 95% CI, 0.475–0.840) was seen after Tdap.
No deaths occurred in the Tdap cohort during the study.
Conclusions: This study provides no evidence for an increased risk for
neurologic, hematologic, allergic events, or new onset of chronic illnesses
among adolescents vaccinated with Tdap.
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Although childhood vaccination against pertussis is well estab-
lished in the United States and elsewhere around the globe,

pertussis remains an important public health concern. Reported
cases of pertussis in the United States increased from 1010 cases
in 1976 to a peak of 25,847 cases in 2004.1,2 Pertussis now
primarily affects infants less than 6 months of age and individuals
aged 10 years and older.1,3,4 As substantial, prolonged illnesses
due to pertussis are not uncommon in adolescents and adults,5 this
group can serve as the main reservoir of infection for neonates and
infants who are too young to be immunized and are at high risk for
the severe consequences of pertussis.4,6,7

The immunity afforded by childhood pertussis vaccination
begins to wane after approximately 5 years, making booster
vaccination in adolescence or adulthood necessary. In June 2005,
the Advisory Committee on Immunization Practices recommended
that all adolescents in the United States aged 11 to 18 years receive
an acellular pertussis booster vaccination in the form of a com-
bined reduced antigen content tetanus toxoid, diphtheria toxoid,
and acellular pertussis vaccine (Tdap).8 This recommendation was
subsequently expanded to adults 19 to 64 years old,9 adults who
have close contact with infants aged less than 12 months, health-
care personnel, and in 2008, for pregnant women within the
immediate postpartum period.10

Boostrix, a Tdap vaccine developed by GlaxoSmithKline
Biologicals (Philadelphia, PA) containing the pertussis antigens
pertussis toxoid, filamentous hemagglutinin, and pertactin, was
originally licensed in 2005 in the United States as a single-dose
booster for adolescents 10 to 18 years of age. The age range for use
of this vaccine was extended in 2008 to include adults up to 64
years of age. This vaccine is based on GlaxoSmithKlines’ pediatric
DTaP vaccine, Infanrix.11–13 The tetanus and diphtheria toxoid
content of Tdap is similar to that found in currently licensed adult
Td vaccines, but is reduced compared with DTaP vaccines as are
the quantities of the pertussis antigens.

Clinical studies involving 3608 adolescents 10 to 18 years
of age and 2972 adults 19 to 64 years of age have demonstrated
that Tdap (Boostrix, GlaxoSmithKline) is immunogenic and well
tolerated in these populations.14–15 The primary aim of this study
was to estimate the incidence of specific categories of adverse
events (medically attended neurologic and hematologic events,
allergic reactions, and new onset chronic illnesses) following the
administration of a single dose of Tdap to US adolescents in a
postlicensure setting.
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MATERIALS AND METHODS

Study Design and Cohorts Studied
This open, prospective, observational study was carried out

in a US Health Maintenance Organization. The study was re-
viewed and approved by the Kaiser Permanente Institutional Re-
view Board. Study subjects were adolescents aged between 10 and
18 years who were enrolled in the Northern California Kaiser
Permanente (NCKP) Health Care Plan and who received Tdap
vaccination as part of their routine clinical care. Subject accrual
began following the administration of Tdap to the first age-
appropriate subject in NCKP and was planned to continue for
either 10 months or until 10,000 subjects were accrued, whichever
came last. We also identified a historical comparison cohort of Td
vaccine recipients vaccinated between June 1, 2002 and September
21, 2005 who were matched for age, season, sex, and geographic
location to Tdap recipients.

Safety Outcomes
The primary aim of this study was to estimate the incidence

of medically attended neurologic events during the 30 days (days
0–29) following Tdap. The secondary aims of this study included:
(1) an estimation of in the incidence of medically attended hema-
tologic events, and allergic reactions during the 30 days (days
0–29) following Tdap; (2) an estimation of the incidence of new
onset chronic illnesses (eg, autoimmune disorders, asthma, type I
diabetes, and allergies) in the 6-month period (days 0–180) fol-
lowing Tdap; (3) a determination of the relative risk for neurologic
events, hematologic events and allergic reactions during the first
two 30-day periods (days 0–29 and 30–59) following Tdap or Td
vaccination; (4) a determination of the relative risk for new onset
chronic illnesses (as defined above) in the 6-month period (days
0–180) following Tdap compared with a matched historical Td
control cohort. Events of interest were identified by searching
medical utilizations databases for prespecified International Statis-
tical Classification of Diseases and Related Health Problems-9
(ICD-9) codes and text strings associated with such events, as
described below.

Data Sources
Each NCKP member has a unique medical record number.

All member information is stored in the clinical and institutional
databases which contain data regarding vaccine administration,
medical utilization, participant demographics and Health Mainte-
nance Organization membership for all NCKP members.

After identification of Tdap recipients and their health
service utilization within the protocol defined date-ranges, individ-
uals were monitored for 6 months following vaccination for
outcomes of interest, with the exception of pregnancy, which was
followed to determination of its outcome. Adverse events and preg-
nancies were identified by searching computerized records of outpa-
tient clinic visits, emergency room visits, and hospitalizations for
prespecified ICD-9 codes, as well as by scanning prespecified text
descriptors in the NCKP regional databases. We searched for events
of interest during the specified time periods following vaccination
with Tdap (days 0–29, days 30–59, and days 0–180). We evaluated
electronic database records for the 1-year period before vaccination
with Tdap to determine the presence of chronic illnesses (Appendix
table for ICD-9 codes employed, Supplemental Digital Content 1,
http://links.lww.com/INF/A387), and defined a chronic illness as
being “new onset” if there were no electronic diagnoses for that
condition during the 1 year before Tdap vaccination. When it was
necessary, we reviewed medical records to confirm the occurrence of
an event or to clarify the nature of an event.

Vaccine
Each 0.5 mL dose of Tdap (Boostrix, GlaxoSmithKline)

contained 2.5 Lf diphtheria toxoid, 5 Lf tetanus toxoid, 8 g
pertussis toxoid, 8 g filamentous hemagglutinin, 2.5 g pertactin.
The vaccine was preservative free.

Statistical Methods
We evaluated the occurrence of medically attended neuro-

logic events, medically attended hematologic events, allergic re-
actions, and new onset chronic illnesses using 2 approaches. The
first was a self-control analysis in which we compared the first 30
day (days 0–29) postvaccine period (risk period) to the second 30
day postvaccine periods (days 30–59, control period) for medi-
cally attended events of interest. Subjects who had an event within
the risk period were not assessed for repeat occurrences within the
control period. The risk period and the control period for each
vaccinated case were treated as a matched pair. The second
analytic approach was conducted by comparing the Tdap cohort
matched with the historical Td cohort for events of interest during
the first 30 days following vaccination, as well as for new onset
chronic illnesses during the first 6 months following vaccination.
Similarly, the subject in the Tdap cohort and its matched subject in
the historical control cohort were treated as a matched pair.

For both approaches, matched odds ratios with 2-sided 95%
CI and P-values were calculated using conditional logistic regres-
sion. Two-sided exact 95% confidence intervals (CI) for percent-
ages within a cohort were calculated using the method by Clopper
and Pearson.16 Since the events of interest in this study are rare,
the odds ratio approximates very closely, and is therefore nearly
identical to, the relative risk. The number of vaccinated subjects
was used as the denominator for computing incidences.

RESULTS
The Tdap cohort accrued from September 22, 2005

through December 31, 2006 and consisted of 13,427 subjects.
Cohort accrual was extended to include additional subjects over
the planned 10,000 to increase the likelihood of observing rare
events. Monitoring of each subject continued for 6 months after
vaccination, with surveillance ending on June 29, 2007. The
historical cohort included 12,509 adolescents who were vacci-
nated with Td between June 1, 2002 and September 21, 2005
and who could be matched with members of the Tdap cohort.
We identified appropriately matched controls for approximately
93% of the Tdap cohort.

Demographic characteristics of the Tdap cohort were com-
parable with those of the historical cohort (Table 1). The mean age
of all subjects was 13.3 years (range, 10 –18 years) and 51% of
subjects in each group were male. For approximately half of the
subjects in each cohort, race information was either unknown or
missing. Among subjects for whom race information was avail-
able, most subjects were Caucasian. The Tdap and Td cohorts
had a similar seasonal distribution for the time of vaccination
(data not shown).

Medically Attended Neurologic and Hematologic
Events, and Allergic Reactions

For the self-controlled analysis, there were no significant
differences in the incidence of medically attended neurologic and
hematologic events between the 2 observation periods (Table,
Supplemental Digital Content 2, http://links.lww.com/INF/A385).
For medically attended hematologic events following Tdap,
there was a single event which occurred during the postvacci-
nation period. This subject had autoimmune anemia diagnosed
17 months before vaccination with Tdap and subsequently had
a splenectomy 5 months before receiving Tdap. The visit of
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interest was for routine follow-up laboratory assessment of
hemoglobin and hematocrit.

There was no significant difference in the overall incidence
of allergic reactions between the postvaccine risk period (N � 12)
and control risk period (N � 11) in the Tdap cohort (matched OR,
1.091; 95% CI, 0.441–2.729; P � 1.00, Table, Supplemental
Digital Content 2, http://links.lww.com/INF/A385). Because we
noted an imbalance in the number of the ICD-9 event “allergic
reaction” between the postvaccine risk period (N � 4) and the
control risk period (N � 0), we reviewed the medical records of all
12 subjects with reports of allergic events. In all but one instance,
the events reported were not temporally associated with Tdap
vaccination and/or were potentially attributable to other causes.
One subject reported tongue swelling and headache several hours
after concomitant vaccination with Tdap, meningococcal ACWY
conjugate (MCV4), hepatitis A, and hepatitis B vaccines. The
treating physicians noted in the medical record that the event was
possibly related to vaccination.

To assess the incidence of medically attended neurologic
and hematologic events, and allergic reactions, we conducted an
exploratory self-controlled analysis within the historical Td cohort
group. Rates of medical events of interest between days 0 to 29 and
days 30 to 59 following vaccination for the historical Td cohort
were comparable to those in the Tdap cohort (data not shown).

We next compared the incidence of medically attended
neurologic and hematologic events, and allergic reactions during
the 30 days after vaccination between the Tdap and historical Td
cohorts. There were no significant differences between the Tdap
and historical cohorts with respect to the incidence of medically
attended neurologic or hematologic events within 30 days of
vaccination with either Tdap or Td (Table, Supplemental Digital
Content 3, http://links.lww.com/INF/A386). The incidence of al-
lergic reactions in the first 30 days following vaccination was
significantly greater in the historical cohort (N � 25) than in the
matched Tdap cohort (N � 11; matched OR, 0.440; 95% CI,
0.195–0.927; P � 0.0288) due to a greater number of urticaria
events reported in the historical cohort (N � 23) than in the
matched Tdap cohort (N � 4; matched OR, 0.174; 95% CI,
0.044–0.509; P � 0.0003; Table, Supplemental Digital Content 3,
http://links.lww.com/INF/A386).

New Onset of Chronic Illnesses
The incidence of new onset of chronic illnesses in the 6

months following vaccination was significantly greater in the
historical cohort (N � 132) than in the matched Tdap cohort (N �

84; matched OR, 0.634; 95% CI, 0.448–0.840; P � 0.0013), due
primarily to a greater number of asthma events in the historical cohort
(N � 88) than in the matched Tdap cohort (N � 42; matched OR,
0.471; 95% CI, 0.317–0.691; P � �0.0001; Table 2).

There were more reports of thyroiditis in the Tdap cohort
(N � 5) than in the historical cohort (N � 0, Table 4). Case
investigations revealed that 3 of these individuals were diagnosed
with Hashimoto thyroiditis and 2 were diagnosed with autoim-
mune thyroiditis. Medical record review showed that, in all cases,
symptoms and/or clinical suspicion (such as fatigue or abnormal
laboratory results) were present either on or before the day of
vaccination (n � 4), or a family history of thyroid disease was
present (n � 1).

Deaths, Serious Adverse Events, and Pregnancies
There were no deaths in the Tdap cohort during the surveil-

lance period. Since study data were obtained through retrospective
review of patient care databases, there was no real-time identifi-
cation of serious adverse events (SAEs; defined as events resulting
in death; that were life-threatening at the time of occurrence;
required hospitalization or prolongation of hospitalization; resulted
in disability/incapacity; or were a congenital anomaly in the
offspring of a study subject). Retrospective application of the
aforementioned SAE criteria to study outcomes of interest identi-
fied 3 events in the Tdap cohort that could be considered as SAEs.
One subject (discussed above) experienced tongue swelling with
potential relationship to vaccination. Another subject was diag-
nosed with type 1 diabetes 41⁄2 months after receiving Tdap while
a third subject developed Henoch-Schönlein purpura 3 months
after receiving Tdap. Neither of these 2 events was considered to
be related to vaccination.

Three pregnancies were reported in Tdap recipients. One of
the reported pregnancies ended in miscarriage at 8 weeks gesta-
tion. The mother, a 17-year-old female, had received the Tdap
vaccine approximately 16 days before the estimated date of con-
ception. The miscarriage was not considered to be related to
vaccination. The other 2 pregnancies (one in a 16-year-old mother
receiving Tdap at approximately 13 weeks gestation, the other in
a 14-year-old mother receiving Tdap at approximately 19 weeks
gestation) resulted in normal healthy offspring.

Confirmatory Analysis of Subjects Who Did/Did
Not Receive Concomitant Meningococcal Vaccine

Beginning early in 2006, the Advisory Committee on Im-
munization Practices recommended that 11 to 18 year olds receive

TABLE 1. Summary of Demographic Characteristics

Characteristic Category

Tdap Cohort
N � 13,427

Historical Cohort
N � 12,509

Total
N � 25,936

Value or n % Value or n % Value or n %

Age (yr) Mean 13.32 13.30 13.31
SD 2.16 2.10 2.13

Gender Female 6550 48.8 6116 48.89 12,666 48.84
Male 6877 51.2 6393 51.11 13,270 51.16

Race American Indian 29 0.22 11 0.09 40 0.15
Asian 1024 7.63 770 6.15 1794 6.92
Black 537 4.00 569 4.55 1106 4.26
Hispanic 537 4.00 518 4.14 1055 4.07
White 4453 33.16 4540 36.28 8993 34.67
Other 135 1.01 141 1.13 276 1.06
Unknown 197 1.47 176 1.41 373 1.44
Missing 6515 48.53 5784 46.26 12,299 47.42

N indicates total number of subjects; n, number of subjects in a given category.
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meningococcal serogroups A, C, Y, and W-135 polysaccharide-
diphtheria toxoid conjugate vaccine (MCV4, Menactra, Sanofi
Pasteur, Swiftwater, PA) in addition to Tdap vaccination. As this
recommendation overlapped with the surveillance period of this
study (routine MCV4 use began in April 2006 in NCKP), the
historical Td control group had different vaccine exposures than
did the Tdap cohort and the cohorts could not be matched in terms
of receipt of MCV4. One-third (35.06%) of the Tdap cohort and
6.66% of the historical cohort received concomitant MCV4 vac-
cination. To address this imbalance, we conducted a secondary
analysis with stratification according to receipt of concomitant
MCV4 vaccination to account for any potential confounding of
results by concomitant MCV4 vaccination.

Overall, stratification by receipt of MCV4 demonstrated few
differences in the incidence of outcomes of interest between
subjects in the Tdap cohort who did, and who did not receive,
concomitant MCV4 (data not shown). Self-controlled analysis
revealed that allergic reactions (which included the terms allergic
reactions; food allergy; tongue swelling �not anaphylaxis�, and
urticaria) were observed more frequently during the 30 days risk
period after vaccination than during the control risk period (OR,
5.0; 95% CI, 1.066–46.933; P � 0.0386) in subjects who had
received concomitant Tdap and MCV4 than among those who
received Tdap without concomitant MCV4 (OR, 0.222; 95% CI,
0.023–1.074; P � 0.0654). Overall, there were 10 Tdap subjects
who received concomitant MCV4 who had allergic reactions
during the risk period. Only one of these events was temporally
associated with vaccination (the same subject with tongue swelling
as already described).

There were no differences detected in the incidence of new
onset chronic illnesses, or the types of illnesses reported, between
the Tdap cohort and the historical Td cohort, regardless of con-
comitant MCV4 vaccination status.

DISCUSSION
Using both a self-controlled (risk interval) and matched

historical cohort design, this observational study monitored for
selected medically attended outcomes following routine vacci-
nation of 13,427 adolescents with Tdap. Both the matched
cohort and risk interval approach are considered effective

methods to assess vaccine safety.17 With a sample size of more
than 13,000 subjects, the study provides reasonable probability
of detecting events occurring at a frequency of at least 1 in
3000. However, events occurring less frequently may not have
been detected with this sample size. Taking this consideration
into account, the results from this study do not indicate any
increased risk for medically attended neurologic events, medically
attended hematologic events, allergic reactions, or new onset
chronic illness following Tdap vaccination.

Vaccination with Tdap was not associated with any signif-
icantly elevated risk for any of the outcomes evaluated in the
self-controlled analysis, however, an important consideration is
that routine administration of MCV4 was introduced during the
study period. Because we were unable to match Tdap and histor-
ical subjects in terms of receipt of MCV4, we performed sec-
ondary self-controlled analyses with subjects stratified by
MCV4 receipt. Tdap recipients who received concomitant
MCV4 had a 5-fold increase in the odds of having an allergic
reactions event while subjects who did not receive concomitant
MCV4 had significantly lower odds for having an allergic
reaction. Although the overall number of allergic reaction
events was small, these results suggest that receipt of concom-
itant MCV4 was a confounder in this analysis.

Tdap and historical Td subjects had a similar seasonal
distribution at the time of vaccination, as well as being well
matched in terms of age, gender, and race. There were 2 events for
which the odds in the Tdap cohort were statistically significantly
decreased versus the historical Td cohort. The first was for the
overall category of “New Onset Chronic Illnesses” during the
6-month follow-up period which was largely due to the decreased
odds of asthma. The second event was for the overall category of
“Allergic reaction” in which there was a decreased risk for urti-
caria during the first 30-day follow-up period when compared with
the historical Td recipients. Although the results were statistically
significant based on P-values for the differences between the
cohorts, we attribute both of these findings to unmeasured con-
founding and selection bias in the utilization of healthcare re-
sources and vaccination in that the Tdap recipients were probably
more likely to have been vaccinated in the setting of well-child
care than were historical Td recipients.

TABLE 2. Percentage of Subjects With New Onset Chronic Illness in the Tdap and Historical Control Cohorts
During Six Months After Tdap or Td Vaccination, Respectively

Event Tdap Cohort
N � 13,427

Tdap Cohort
(Matched to
Historical
Cohort)

N � 12,509

Historical
Cohort

N � 12,509
Matched Odds Ratio

Tdap Cohort/Historical Control

n % n % n % Matched
OR

95% CI
(LL, UL) P

New onset chronic illnesses 97 0.7224 84 0.6715 132 1.0552 0.634 0.475, 0.840 0.0013
Asthma 52 0.3873 42 0.3358 88 0.7035 0.471 0.317, 0.691 �0.0001
Asthma, cough variant 5 0.0372 5 0.0400 5 0.0400 1.000 0.230, 4.345 1.0000
Asthma, exercise induced 34 0.2532 31 0.2478 41 0.3278 0.756 0.458, 1.235 0.2888
Diabetes, type 1 1 0.0074 1 0.0080 3 0.0240 0.333 0.006, 4.151 0.6250
Henoch-Schönlein purpura 1 0.0074 1 0.0080 1 0.0080 1.000 0.013, 78.497 1.0000
Iritis 1 0.0074 1 0.0080 1 0.0080 1.000 0.013, 78.497 1.0000
Systemic lupus erythematosus 1 0.0074 1 0.0080 0 — 0.026, — 1.0000
Thyroiditis, Autoimmune 2 0.0149 2 0.0160 0 — 0.188, — 0.5000
Thyroiditis, Hashimoto’s 3 0.0223 2 0.0160 0 — 0.188, — 0.5000
Uveitis 1 0.0074 1 0.0080 0 — 0.026, — 1.0000
Arteritis 0 — 0 — 1 0.0080 0.000 0.000, 39.000 1.0000
Vasculitis 0 — 0 — 1 0.0080 0.000 0.000, 39.000 1.0000

N indicates number of subjects; n/%, number/percentage of subjects with the specified events; 95% CI, exact 95% confidence interval; LL, lower limit; UL, upper limit.
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Serious adverse events have been rarely reported following
vaccination with adult Td vaccines.18 Based on a comprehensive
review of serious adverse events occurring after vaccination con-
ducted by the Institute of Medicine in the United States during the
1990s, a causal relationship was established between administra-
tion of Td vaccine and brachial neuritis.19 The attributable risk
(excess risk) of brachial neuritis in adults during the month
following receipt of tetanus toxoid vaccine was estimated to be 0.5
to 1 case per 100,000 vaccines.19 This same report identified a
causal relationship between Td vaccination and the recurrence of
Guillain-Barré syndrome (GBS), however, further review of a
large data series by the Centers for Disease Control and Prevention
(CDC) concluded that an association between GBS and Td vac-
cines did not pose a significant public health concern since the rate
of GBS following vaccination in adults and children did not
exceed that expected by chance alone.20 In the present study we
observed no cases of GBS. Although this study does not preclude
any association between Tdap and GBS, the data suggest that the
occurrence of GBS after Tdap is likely to be low. A recent study
conducted within the Vaccine Safety Datalink reported no in-
creased risk for neurologic events, including GBS, seizure, and
cranial nerve disorders following Tdap as compared with Td
vaccine.21 These results provide additional support for the obser-
vations in our present study.

In summary, among the 13,427 adolescent Tdap recipients
in this study, no increased risk for medically-attended neurologic,
medically-attended hematologic events, or allergic reactions was
observed following Tdap vaccination, nor was any increased risk
for new onset chronic illnesses detected for Tdap recipients. These
findings support the known safety profile of the Tdap vaccine.
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