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Welcome and Introductions

Dr. Jonathan Temte
Chair, ACIP

Dr. Larry Pickering
Executive Secretary, ACIP / CDC

Dr. Temte called the meeting to order, welcoming those present. He turned the floor over to Dr.
Pickering for opening remarks.

Dr. Pickering welcomed everyone to the October 2012 Advisory Committee on Immunization
Practices (ACIP) meeting. He noted that while this was Dr. Temte’s first meeting as chair of
ACIP, he is well-experienced both from being a member and from serving as chair for one
meeting on behalf of Dr. Baker. As with previous ACIP meetings, Dr. Pickering indicated that
the proceedings of this meeting would be accessible to people not in attendance via the World
Wide Web, and he welcomed those who could not attend the meeting in person.

He then recognized several others in the room who were to be present throughout the duration
of the ACIP meeting to assist with various meeting functions: Stephanie Thomas, Natalie
Greene, Reed Walton, and Chris Caraway. Dr. Pickering recognized that without these
individuals it would be difficult to convene these meetings, and he personally thanked each of
them. Those with any questions were instructed to see him or any of these individuals.

Dr. Pickering emphasized that there would be a full agenda, which would include 5 votes and 3
Vaccines for Children (VFC) votes. He noted that handouts of the presentations were
distributed to the ACIP members and were made available for others on the tables outside of
the auditorium. Slides presented during this meeting will be posted on the ACIP website
approximately one to two weeks after the meeting concludes, the live webcast will be posted
within four weeks following the meeting, and the meeting minutes will be available on the
website three months or 90 days following this meeting. Minutes of the June meeting consisted
of 162 single-spaced pages and are posted on the ACIP website. Members of the press
interested in conducting interviews with ACIP members were instructed to contact Tom Skinner,
who was in attendance, for assistance in arranging the interviews.

Dr. Pickering recognized a delegation of visitors from the World Health Organization’s (WHQO’s)
Pan American Health Organization (PAHO) office in Washington, DC, which is WHO’s Regional
Office for the Americas. The delegation also included members of Costa Rica’s national
immunization advisory body, the National Immunization Commission, led by the technical
secretary of the committee and accompanied by technical staff from the Washington, DC PAHO
office. The previous day, the PAHO group and CDC staff from the Global Immunization Division
(GID) held a meeting to share information about ACIP, including its structure and procedures.
Costa Rica is seeking to formalize several of its current practices, and is working with PAHO
and CDC staff to assist with this process. Dr. Pickering extended appreciation to the Sabin
Vaccine Institute, which provides financial and logistic support for participation of National
Immunization Committee members from Latin America to attend ACIP meetings.

He then recognized the following ex officio members and liaison representatives:
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Ex Officio Members

O Dr. Vito Caserta, Acting Director, Division of Vaccine Injury Compensation, is the new Health
Resources and Services Administration (HRSA) ex officio member.

O Dr. Geoff Evans has retired and will be missed. He has been an outstanding resource for
and good friend to ACIP during his tenure at HRSA.

Liaison Representatives

O Dr. Kevin Ault, Department of Obstetrics and Gynecology, Emory University School of
Medicine, represented the American Congress of Obstetricians and Gynecologists (ACOG)
on behalf of Dr. Laura Riley during this meeting.

O Dr. Susan Lett, Medical Director, Immunization Program Division of Epidemiology and
Immunization, Massachusetts Department of Public Health, represented the Council of State
and Territorial Epidemiologists (CSTE) on behalf of Dr. Christine Hahn during this meeting.
Dr. Lett is a past ACIP member, having served from July 2006 to June 2010.

O Dr. Carol Baker, Professor of Pediatrics, Molecular Virology and Microbiology, Baylor
College of Medicine, represented the Infectious Diseases Society of America (IDSA) on
behalf of Dr. Kathleen Neuzil during this meeting. Dr. Baker served until July 2012 as ACIP
Chair.

O Dr. Susan Even, Chair, Vaccine Preventable Disease Advisory Committee for American
College Health Association (ACHA), Executive Director, Student Health Center, University of
Missouri-Columbia represented the ACHA on behalf of Dr. James Turner during this
meeting.

To avoid disruptions during the meeting, Dr. Pickering instructed those present to turn all cell
phones off. Given that the meeting could not begin unless a quorum of members was present,
all appointed members were asked to return from breaks and lunch in a timely manner to
participate in the meeting.

Dr. Pickering explained that topics presented during the ACIP meeting include open discussion
with time reserved for public comment. During this meeting, a time for public comment was
scheduled following the afternoon sessions during both meeting days. In certain circumstances,
a formal comment period may be scheduled during the deliberations of a specific agenda item
rather than at the end of the day in order to be considered before a vote is taken. Those who
planned to make public comments were instructed to visit the registration desk in the rear of the
room to have Stephanie Thomas record their name and provide information about the process.
Those who registered to make public comments were instructed to state their name,
organization if applicable, and any conflicts of interest (COls) prior to making their comments.

With regard to disclosure, to summarize conflict of interest provisions applicable to ACIP, as
noted in the ACIP Policies and Procedures manual, Dr. Pickering indicated that members of the
ACIP agree to forego participation in certain activities related to vaccines during their tenure on
the committee. For certain other interests that potentially enhance a member’s expertise while
serving on the committee, CDC has issued limited conflict of interest waivers. Members who
conduct vaccine clinical trials or who serve on data safety monitoring boards (DSMBs) may
present to the committee on matters related to those specific vaccines; however, they are

10
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prohibited from participating in deliberations or committee votes on issues related to those
specific vaccines. Regarding other vaccines of the affected company, a member may
participate in a discussion with a proviso that he or she abstains on all votes related to the
vaccines of that company.

Applications for ACIP membership are due no later than November 16, 2012 for the 4-year term
beginning July 2013. Requirements include: current CV, at least one recommendation letter
from a non-federal government employee, and complete contact information. This information
may be submitted as email attachments to Stephanie Thomas SThomas5@cdc.gov. Detailed
instructions for submission of names of potential candidates to serve as ACIP members may be
found on the ACIP website:

E-mail: acip@cdc.gov Web homepage: CDC ACIP Vaccine Recommendations Website

Nominations: CDC ACIP Website Member Nominations

With regard to the mechanisms and timelines by which ACIP recommendations are published,
all ACIP recommendations are not official until approved by the CDC Director and published in
the Morbidity and Mortality Weekly Report (MMWR). Three methods are used for information
dissemination: Policy Notes, Recommendations and Reports, and Provisional
Recommendations. All three documents are posted on the ACIP website. An update is
provided during each ACIP meeting regarding the status of ACIP recommendations. Links to
these recommendations and schedules can be found on the ACIP web site. A listing of
recommendations that have been published since the ACIP meeting of June 2012 follows:

ACIP Recommendations Published Since

February 2012

Publication MMWR
Title Date Reference
Recommended Adult Inmunization Schedule — United States, 2/3/12 2012;61:1-7
2012
Recommended Immunization Schedules for Persons Aged 0 2/10/12 2012:61:1-4
Through 18 Years — United States, 2012
New Framework (GRADE) for Developmentof ~ Evidence-Based 5/11/12 2012;61:327
Recommendations
Licensure of 13-Valent Pneumococcal Conjugate Vaccine for 6/1/12 2012;61:394-395
Adults Aged 50 Years and Older
Updated Recommendations for Use of Tetanus Toxoid, Reduced 6/29/12 2012;61(25);468-470
Diphtheria Toxoid, and Acellular Pertussis (Tdap) Vaccine in
Adults Aged 65 Years and Older
Prevention and Control of Influenza with Vaccines 8/17/12 2012;61(32);613-618
Use of 13-Valent Pneumococcal Conjugate Vaccine and 23-Valent 10/12/12 2012; 61(40);816-819
Pneumococcal Polysaccharide Vaccine for Adults with
Immunocompromising Conditions http:/iwww.cdc.govivaccinesfacip 4
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The following resource information was shared pertaining to ACIP:

E-mail: acip@cdc.gov Web homepage: www.cdc.gov/vaccines/recs/acip/

Nominations: http://www.cdc.gov/vaccines/recs/acip/req-nominate.htm

Next ACIP meeting: Wednesday — Thursday, February 20-21, 2013
Registration Deadline: Non-U.S. Citizens and US Citizens February 4, 2013

Vaccine Safety: www.cdc.gov/vaccinesafety/

Immunization Schedules (2012):
http://www.cdc.gov/vaccines/recs/schedules/default.htm

Childhood Vaccine Scheduler (interactive):
https://www.vacscheduler.org

Adolescent vaccine scheduler (interactive):
http://www.cdc.gov/vaccines/recs/Scheduler/AdolescentScheduler.htm

Adult Vaccine Scheduler (interactive):
http://www.cdc.gov/vaccines/recs/Scheduler/AdultScheduler.htm

Vaccine Toolkit:
http://www.cdc.gov/vaccines/spec-grps/hcp/conversations.htm

Before officially beginning the meeting, Dr. Temte called the roll to determine whether any ACIP
members had conflicts of interest. The following conflicts of interest were declared:

O Dr. Tamera Coyne-Beasley: Research support is allocated to the University of North
Carolina by Merck Pharmaceuticals for clinical trials.

O The remainder of the ACIP members declared no conflicts.

Dr. Temte welcomed and introduced four new ACIP members. Dr. Kathy Harriman is the Chief
of Vaccine Preventable Disease Epidemiology Section at the California Department of Public
Health (CDPH). Dr. Harriman has served since 2007 in the CDPH Immunization Branch where
she guides outbreak investigations and implementation of vaccine and control measures. Dr.
Lee Harrison is Professor of Medicine and Epidemiology in the Infectious Disease Epidemiology
Research Unit at the University of Pittsburgh. He is Board Certified in internal medicine and
infectious disease, is a graduate of the Epidemic Intelligence Service (EIS), and worked in
CDC’s Meningitis and Special Pathogens Branch (MSPB). Dr. Ruth Karron is Professor and
Director of the Center for Immunization Research, Department of International Health at Johns
Hopkins Bloomberg School of Public Health. She is Board Certified in pediatrics and pediatric
infectious disease. Since 2007, she has served as the Director of the Center for Immunization
Research and the Director of the Johns Hopkins Vaccine Initiative. Dr. Lorry Rubin is the
Director of Pediatric Infectious Diseases at the Steven and Alexandra Cohen Children’s Medical
Center of New York, North Shore Long Island Jewish Health System, and is Professor of
Pediatrics at the Hofstra-North Shore LIJ School of Medicine. Dr. Rubin is Board Certified in
pediatrics and pediatric infectious disease. He has served on several national committees,
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including the Committee on Infectious Disease for the American Academy of Pediatrics (AAP),
and chair of the IDSA Guidelines Committee for Immunization of Immunocompromised Hosts.

Dr. Temte then took a few minutes to provide some introductory comments. He said he thought
he was the first family physician to serve as the ACIP Chair. He reassured everyone that he
sees infants, adolescents, adults, and pregnant patients in his practice and is pretty good about
immunizing all of them. Dr. Temte emphasized that it was a great honor and privilege to be part
of the US ACIP, and to have been asked to serve as chair. By his reckoning, this was his 25"
ACIP meeting. He said he thought what brought everyone to the ACIP meetings was a
dedication to provide a wonderful preventive intervention that, in the end, makes a difference.
For example, October 24™ was World Polio Day. The October 19, 2012 MMWR highlighted this.
As of October 9, 2012, a total of 162 polio cases had been reported during the year worldwide,
with 97% reported from three countries (Nigeria, Afghanistan and Pakistan). This is the lowest
number of recorded cases worldwide during a 9-month period ever. Over the years, Dr. Temte
has been impressed with the commonality of all ACIP attendees, including the voting members,
the liaisons, the dedicated ACIP Secretary, the tireless CDC staff, manufacturers, the Meningitis
Angels, Mothers Against Mercury, Families Fighting Flu, and other concerned individuals. This
is a venue in which ACIP hopes it uses science wisely so as to touch people and make a
difference.

With regard to his background, Dr. Temte is one generation off the farm. His dad spoke only
Norwegian until he went to kindergarten in a one-room public school house, and went on to
teach Mathematics at the University of Wisconsin. Dr. Temte graduated from the same small
liberal arts college as his parents, and went off to study the developmental physiology of seals.

Dr. Temte returned to Wisconsin and received his medical training, and ultimately became a
family physician. His interest in seasonality led to seasonal viruses, such as influenza, which
eventually led to his interest in vaccines. He currently practices full-spectrum primary care
medicine at Wingra Family Medical Center. Whereas Madison, Wisconsin is an affluent
community, his patient population tends not to be so. The Wingra Family Medical Center
practice is comprised primarily of African American, Latino, Hmong, chronically mentally ill
patients, among others. Every day Dr. Temte sees firsthand the incredible disparity that exists
within the American medical enterprise. Despite these challenges, however, his center’s
vaccination rates are high.

13
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Much of this is due to the VFC program. VFC is incredibly successful. As far as Dr. Temte is
aware, childhood vaccination in the US is the only part of the US medical system in which there
is no disparity. It does not depend upon one’s race or ethnicity, and whether one is rich or poor,
it works. ACIP is a steward for the VFC program, and as such, the committee must make wise
choices in order to assure the future of this program. There remains a challenge to do as well
with adolescents, and especially with adults, as the US population demographics change
radically in the coming decades. There is a need to enhance attention to older citizens as well.
Much has been made of the inclusion of an evidence-based framework in vaccine
recommendations. Dr. Temte commended his fellow ACIP members, liaisons, CDC staff, and
others who have taken this on. He will continue to be committed to ACIP’s approach of the use
of the best available scientific information, and applying this information based on patients,
values, and preferences in a rational and transparent manner. ACIP tends to care a lot about
numbers; however, it is essential to translate these numbers into meaningful outcomes.

Dr. Temte concluded with a brief story about his Freshman year at Luther College. Freshmen
usually get the dregs for January terms and, true to form, after all of the good courses were
taken, he ended up with one that was low on his list. It was based on the PBS series, The
Ascent of Man, and featured Dr. Jacob Bronowski, a Mathematician who incidentally went on to
become an Associate Director at the Salk Institute. While Dr. Temte did not remember much of
the course, there was a brief treatise on the role of science that he wanted to share with
everyone. In the interest of time, he was unable to share the clip during this session, but
indicated that he would make the YouTube link available.

Pertussis Vaccines

Introduction

Mark Sawyer, MD
Chair, Pertussis Vaccine Working Group

Dr. Sawyer introduced this important session, which led to a vote on the consideration of repeat
Tdap vaccination for pregnant women. The terms of reference under which the Pertussis
Working Group is currently constituted are as follows:

0 Review existing statements on infants and young children (1997), adolescent (2006), adults
(2006), and pregnant and postpartum women and their infants (2008) and consolidate these
into a single statement.

U Review new data on Tdap including:
» Effectiveness of ACIP recommendations
» Interval between Td booster and Tdap
» Use of Tdap in adults ages 65 years and older
» Pregnant and breastfeeding women
* Use of Tdap
» Cocooning strategies
» Vaccinated HCP and need for postexposure prophylaxis
» Tdap revaccination
* Pregnant Women
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0 Review updated epidemiology of tetanus and diphtheria
During this session, the following presentations were delivered:
O Update on the epidemiology of pertussis in the US and Washington epidemic, 2012

O Review of evidence considered for pregnancy Tdap recommendation (February and June
2011)

Safety of Tdap to mother and fetus

Transplacental transfer of maternal antibodies

Interference with infant immune response to primary DTaP vaccination

Cocooning

Decision and cost-effectiveness analysis

VVVVYYVY

O Considerations for recommendation on Tdap for every pregnancy

The current recommendation for pertussis immunization in the US begins with 5 doses of DTaP
in infants and young children (2, 4, 6, 15-18 months, 4-6 years); 1 dose at ages 11 and 12 in
adolescents; and 1 dose in adults of all ages, with a special emphasis for health care personnel
(HCP), pregnant women, and those in a cocooning situation with young infants.

There are two licensed products of Tdap currently on the market: Adacel® from sanofi pasteur,
which is approved for use in those 11 through 64 years of age; and Boostrix® from
GlaxoSmithKline (GSK) for use in those 10 years of age and older. These vaccines are very
similar in composition, particularly with regard to diphtheria and tetanus toxoids. This session’s
discussion pertained to revaccination and potential side effects from repeated doses of
diphtheria- and tetanus-containing vaccines.

Currently in the US, 95.5% DTaP coverage has been achieved for 3 or more doses in young
children, and 95% coverage at school entry (e.g., Kindergarten). Coverage is not as high with
Tdap, although with adolescents there has been a steady increase that has reached 78% as of
2011. However, coverage of the general adult population is only 8% despite the
recommendation for everyone to be immunized. In April 2012, CDC conducted an internet
panel survey among US women who were pregnant any time during August 2011 through April
2012, a period during which the new pregnancy recommendation was just issued, and asked
about Tdap vaccination. The coverage rate based on that survey was only 2.6%, so there
remains a long way to go in terms of immunizing the US adult population [CDC. National, State,
and Local Area Vaccination Coverage Among Children Aged 19-35 Months — United States,
2011. MMWR. 61(35);689-696; CDC. Vaccination Coverage Reports. 2009-2010. Vaccination
Coverage Reports 2009-2010; CDC. National and State Vaccination Coverage Among
Adolescents Aged 13—-17 Years — United States, 2011. MMWR. 61(34);671-677; CDC. Adult
Vaccination Coverage — United States, 2010. MMWR. 61(04);66-72; CDC. Tdap vaccination
coverage among U.S. women who were pregnant any time during August 2011 - April 2012,
Internet Panel Survey, April 2012. Unpublished].

With regard to reported pertussis incidence by age group from 1990 through 2011, Dr. Sawyer
emphasized that the major burden of disease remained in young children under 1 year of age,
and a recent peak from 2010 to 2012 included the various outbreaks discussed during ACIP
meetings. The recent increase in disease in 7 through 10 year old children raises the question
regarding duration of protection from DTaP vaccination [CDC, National Notifiable Diseases
Surveillance System and Supplemental Pertussis Surveillance System]. Dr. Sawyer stressed
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that for this session’s discussion, it would be very important to keep in mind reports of pertussis
deaths by age group from 2000 through 2012. As of October 2012, there have been 16 deaths
in the US from pertussis. Most importantly, almost all of these deaths occurred in the first few
months of life, an age at which infants cannot be protected directly through immunization.
Indirect efforts are required; hence, the discussion regarding immunization of their mothers
before they are born.

The current ACIP Tdap recommendation for pregnant women is as follows [CDC. 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. MMWR,; 60(41);1424-1426]:

“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 pregnancy, preferably during the third or late
second trimester (after 20 weeks’ gestation). If not administered during pregnancy,
Tdap should be administered immediately postpartum.”

Under consideration during this session regarded whether to extend this recommendation such
that women would be immunized at each pregnancy, as was recently introduced in the United
Kingdom (UK) in response to their on-going outbreaks of disease.

The next steps for the Pertussis Vaccines Working Group include consideration of Tdap
revaccination for the general population, which the working group hopes to bring to ACIP for
further discussion during the February 2013; and development of the updated statement to
incorporate all pertussis vaccination recommendations, which should begin by the end of 2012
and hopefully will be finished soon thereafter.

Update on the Epidemiology of Pertussis in the
US and The Washington State Epidemic of 2012

Sarah Meyer, MD, MPH

Epidemic Intelligence Service Officer

Meningitis and Vaccine Preventable Diseases Branch
National Center for Immunization and Respiratory Diseases
Centers for Disease Control and Prevention

As seen in the headlines recently, Dr. Meyer reported that the US is in the midst of a national
pertussis resurgence, with record-breaking numbers of cases reported throughout the nation.
As of October 12, 2012, there have been 32,645 cases reported in the US. While no longer
seeing the 200,000+ annual cases reported during the pre-vaccine era, pertussis is on the rise
after reaching historic lows in the 1970s. By the end of the year, more pertussis cases will have
been reported this year than in any year since 1959. Year-to-date case counts for 2012 have
already surpassed the number of cases reported for all of 2010, the last record-breaking year,
and final 2012 numbers are expected to be much higher given the typical reporting lag. This
year, 16 deaths from pertussis have been recorded [2012 NNDSS data are provisional and
reflect cases reported to NNDSS as of Week 41; CDC, National Notifiable Diseases
Surveillance System and Supplemental Pertussis Surveillance System and 1922-1949, passive
reports to the Public Health Service].
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Based on cases reported to CDC through national surveillance, the incidence of pertussis in the
US is 10.6 cases per 100,000 population, but varies considerably by state. Many states are
reporting substantially higher rates, such as Wisconsin, with an incidence of 87.6 cases per
100,000 [2012 data are preliminary and subject to change. Data represent cases received at
CDC through Week 41; CDC National Notifiable Disease Surveillance System 2012; 2011
Census data used for population estimates; Incidence is per 100,000 population].

Cases increased in 48 states in 2012 compared to this period in 2011, with 32 states reporting
at least twice as many cases. Of these 32 states, 8 of these states have reported at least 5
times as many cases. Washington State has been particularly hard-hit in this epidemic, as was
reported to ACIP in June 2012 [Data for 2012 are provisional and subject to change; Cases
reported through Week 41 in 2011 were compared with cases reported through Week 41 in
2012; fold-changes were calculated for each state]. Over 4300 cases have been reported this
year in Washington, which is 8 times higher than this time last year. Notable in this epidemic
were the high rates in adolescents [Washington State Department of Health: Washington State
Department of Health Pertussis Link], which the Washington State Department of Health and
CDC reported in the July 20, 2012 MMWR.

From January 1 through June 16, 2012, high rates of disease were observed in 7 through 10
year olds. In fact, 10 year olds had the highest incidence of pertussis. Disproportionately high
rates of pertussis have been observed in 7 through 10 year olds since the mid-2000s, when this
trend emerged among the first birth cohorts to receive all acellular pertussis (AP) vaccines,
following the switch from DTwP, or whole cell pertussis vaccine, to DTaP in 1997. This raised
concerns for early waning of immunity after the 5™ dose of AP vaccines [CDC. MMWR
2012;61(28);517-522].

This trend was evident in 2010 during a resurgence of disease in the US, when a clear,
stepwise increase in pertussis cases was reported in every year of life from 7 to 10 years of
age, after the 5™ DTaP and before Tdap receipt. Evaluations conducted in California, which
reported over 8000 cases in 2010, demonstrated that despite excellent immediate DTaP
vaccine effectiveness, immunity waned substantially in the 5 years since receipt of the 5" dose
[Misegades, et al. IDSA 2011, Boston; Klein et al, NEJM 2012; 367:1012-9].

With regard to estimates of vaccine effectiveness at 98.1% in the 1 year since receipt of the 5"
dose, by 5 years out, vaccine effectiveness dropped to 71.2%. This leaves nearly 30% of fully
vaccinated 7 through 10 year olds susceptible to pertussis until they are eligible to receive Tdap
at age 11 [Misegades, et al. IDSA 2011, Boston]. This earlier than expected waning of immunity
is contributing to emergence of disease in school-aged children. In addition to the continued
surveillance trends documenting this increase, Klein et al demonstrated a 1.42 odds of a
positive pertussis polymerase chain reaction (PCR) every year since the 5" DTaP dose, and
Tartof et all showed a 4.2-7.0-fold increase in risk of pertussis by 6 years after the 5" dose.

This raises a question regarding whether immunity from aP vaccines wanes faster than that of
whole cell vaccines [Klein et al, NEJM 2012; 367:1012-9; 2 Tartof et al, IDSA 2011, Boston].

In the first head-to-head comparison, Sheridan et all showed that among children born in 1998,
during a transition from whole cell to AP vaccines in Australia, the children who received the
primary series as all whole cell vaccines have significantly lower rates of pertussis than those
who received all AP vaccines. In addition, children who received a mixed primary series but
whose first dose was whole cell had lower rates than both those who received all AP vaccines
and those with a mixed course whose first dose was AP. Thus, based on these results, it
appears that having at least 1 dose of whole cell vaccines, if given first, provides greater
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protection against pertussis than AP vaccines if given first [Sheridan et al, JAMA 2012,
308(5):454-456].

Going back to Washington State in the 2012 epidemic, after these high rates peaking in 10 year
olds, a relative reduction in incidence in 11 through 12 year olds is observed, presumably due to
the immediate effectiveness of Tdap vaccination. But surprisingly, a very high rate of disease is
seen in 13 through 14 year olds, despite high coverage with Tdap administered within the past 2
to 3 years. Given that early waning of immunity has been observed after DTaP vaccination, is a
similar phenomenon after Tdap administration being observed?

Assessing the age breakdowns according to vaccination type received, AP vaccines replaced
whole cell vaccines for the complete childhood series in 1997. Thus, anyone 14 years of age
and younger received all AP vaccines. Those aged 15 years were in a transitional period in
which they either received all AP vaccines, or received a mix of AP and whole cell vaccines.
Adolescents aged 16 and older received a mix of whole cell and AP vaccines. This age-trend
adds further evidence to the hypothesis that AP vaccines wane earlier than whole cell vaccines,
and that Tdap booster among recipients of AP childhood vaccine may have different
effectiveness and duration of protection than among recipients of whole cell childhood vaccines.
Results from Washington do not support the hypothesis that strain changes are leading to this
resurgence in pertussis, as isolates tested from Washington have substantial variety in PFGE
profiles, with the majority among the most common strains identified in the national database for
the past 20 years. While this clear age trend was seen in Washington, an effort was made to
determine whether this was occurring elsewhere. An assessment of the national epidemiology
found the same trend of high rates in 13 through 14 year olds, a trend that persisted even after
Washington cases were removed from the analysis [CDC. MMWR 2012;61(28);517-522].

Regarding what is known about Tdap effectiveness thus far, in the field studies published to
date, Tdap vaccine effectiveness is estimated at 70% within the first few years after
administration. However, these studies all involved adolescents who received whole cell
vaccines as children, and thus Tdap effectiveness among adolescents who received all AP
vaccines in childhood is unknown. Duration of protection of Tdap is also unknown, for recipients
of both AP and whole cell childhood vaccines. To address these questions of vaccine
effectiveness and duration of protection, evaluations were initiated in Washington State and
California and are currently on-going.

In terms of the evaluation in Washington State, the objectives are to evaluate the vaccine
effectiveness and duration of protection of Tdap, as well as the impact of the primary series type
and the vaccine manufacturer and brand on these estimates. A case-control methodology via
chart abstractions is being conducted for 11 through 18 year old Washington residents in the 7
counties that reported greater than 80% of adolescent pertussis cases, which encompasses
over 200 clinics and 1000 cases. Primary data collection is complete, and the preliminary
analysis is underway, with the goal of presenting initial findings during the February 2013 ACIP
meeting.

In conclusion, the recent changes in pertussis epidemiology may be related to the switch from
whole cell to acellular vaccines. Although DTaP has excellent initial effectiveness, immunity
wanes over time. The evolving epidemiology of early adolescent disease is concerning for a
similar early waning of immunity after Tdap administration. However, the immediate priority
remains to maximize the current vaccination program, including universal adolescent and adult
Tdap vaccination, particularly for pregnant women. Continued support for surveillance and
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evaluations of vaccine performance is critical to help guide future pertussis vaccine policy and
practice in the US.

Rationale for Vaccinating Pregnant Women with Tdap

Dr. Jennifer L. Liang
ACIP Pertussis Vaccine Working Group

Before presenting the working group’s proposed update to the 2011 Tdap recommendation for
pregnant women, Dr. Liang presented an overview of the data reviewed and conclusions made
by ACIP during the February and June 2011 meetings that led ACIP to make this
recommendation. At the time, the original recommendation was to vaccinate all close contacts
of infants with Tdap, referred to as cocooning. Unvaccinated mothers were recommended to
receive Tdap immediately postpartum.

As shown earlier, infants less than one year of age have the highest reported incidence of
pertussis compared to other age groups. This does not include the 2012 data which are
incomplete. Pertussis incidence in infants ranges from 20 to 100 cases per 100,000 [CDC,
National Notifiable Diseases Surveillance System and Supplemental Pertussis Surveillance
System]. Among infants, those less than 2 months of age have the highest incidence of
pertussis cases. This is before they are old enough to receive their first DTaP dose. Incidence
declines rapidly after introduction of the DTaP series. These youngest infants also have the
highest reported percent of hospitalizations and deaths among all infants. Half of infants less
than 4 months of age require hospitalization [CDC, National Notifiable Diseases Surveillance
System, 2011]. As previously shown, infants aged 2 months and younger have the highest
number of reported pertussis deaths, compared to older infants and all others ages combined
[2012 data are provisional and reflect deaths reported to NNDSS as of October 19, 2012; CDC.
National Notifiable Diseases Surveillance System, 2012].

Several studies have identified the source of infant pertussis, and among them, the majority
show that the source is not the mother. In 2005, the cocooning strategy was recommended to
protect infants from pertussis by vaccinating all close contacts with Tdap. Cocooning programs
have had success with vaccinating mothers postpartum, but have had difficulty achieving
coverage among all family members. The effectiveness of this strategy is unknown and in
2011, ACIP concluded that cocooning was a sub-optimal strategy to prevent infant pertussis
[Wendelboe AM, et al. Transmission of Bordetella pertussis to Young Infants. Pediatr Infect Dis
J 2007;26: 293-299; Bisgard KM, et al. Infant pertussis: who was the source? Pediatr Infect Dis
J 2004; 23(11):985-989; Healy CM, et al. Pertussis immunization in a high-risk postpartum
population. Vaccine. 2009 Sep 18;27(41):5599-602].

While ACIP continues to recommend Tdap vaccination to all contacts of infants, because of the
challenges with cocooning programs, ACIP considered shifting the timing of the mother’s Tdap
dose from postpartum to pregnancy. This shift would provide earlier protection to a mother and
therefore indirect protection to the infant. By vaccinating during pregnancy, high levels of
transplacental maternal antibodies would be transferred to infants, which may provide direct
protection.
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In 2011, ACIP reviewed safety data on use of Tdap in pregnant women. As a reminder,
inactivated viral vaccines, bacterial vaccines, and toxoids are considered very safe during
pregnancy. The other two vaccines recommended to pregnant women are influenza vaccine to
protect pregnant women and young infants, and tetanus toxoid vaccine to protect infants born to
women in developing countries from neonatal tetanus. There is no evidence to demonstrate an
increased risk of adverse events or outcomes from these vaccines to mother or fetus.

ACIP reviewed published and unpublished Tdap safety data from the Vaccine Adverse Event
Reporting System (VAERS), pregnancy registries from sanofi pasteur and GSK, and other small
studies [Gall SA, et al. Maternal immunization with tetanus-diphtheria-pertussis vaccine: effect
on maternal and neonatal serum antibody levels. Am J Obstet Gynecol 2011;204:334.e1-5;
Talbot EA, et al. The safety of immunizing with tetanus-diphtheria-acellular pertussis vaccine
(Tdap) less than 2 years following previous tetanus vaccination: experience during a mass
vaccination campaign of healthcare personnel during a respiratory illness outbreak. Vaccine
2010;28:8001-7].

A review of reports from VAERS data of Tdap vaccines in pregnant women showed no
unexpected patterns or unusual events. Although not presented during this session, data from
pregnancy registries and small studies reviewed by ACIP were consistent with VAERS findings
and did not suggest any elevated frequency or unusual patterns of adverse events in pregnant
women who received Tdap.

ACIP concluded that Tdap during pregnancy is acceptably safe to woman and fetuses, given
that Td and TT have been used extensively in pregnant women and no evidence indicates that
administering either vaccine during pregnancy is teratogenic. Any data collected support the
safety of Tdap in mother and newborns. Although data are not sufficient to exclude occurrence
of a rare adverse event, current data suggest that potential risks, if any, are likely to be small.

Transplacentally transferred maternal antibodies likely 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. A study from
the Netherlands on unvaccinated mothers measured the maternal antibodies for pertussis in
196 paired maternal delivery and cord blood samples. Although there are low levels of
pertussis antibodies in unvaccinated mothers, there is active transport of transplacental
antibodies in cord blood [de Voer RM, et al. Seroprevalence and placental transportation of
maternal antibodies specific for Neisseria meningitidis serogroup C, Haemophilus influenzae
type B, diphtheria, tetanus, and pertussis. Clin Infect Dis. 2009 Jul 1;49(1):58-64].

In a study comparing pregnant women vaccinated with Tdap to pregnant women who were not
vaccinated, newborns from mothers vaccinated with Tdap during pregnancy had significantly
higher concentrations of pertussis antibodies when compared to newborns from unvaccinated
mothers [Gall SA, Myers J, Pichichero M. Maternal immunization with tetanus-diphtheria-
pertussis vaccine: effect on maternal and neonatal serum antibody levels. Am J Obstet Gynecol
2011;204:x.ex-x.ex].

Geometric mean concentration (GMC) curves showing antibody response after Tdap
vaccination of healthy, non-pregnant adults to both licensed Tdap products indicate that
antibody response in pregnant women would likely not be much different. After receipt of Tdap,
antibody levels peak during the first month after vaccination, with substantial antibody decay
after 1 year [Weston W, et. al. Persistence of antibodies 3 years after booster vaccination of
adults with combined acellular pertussis, diphtheria and tetanus toxoids vaccine. Vaccine. 2011
Nov 3;29(47):8483-6].
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One of the concerns with immunizing pregnant women with pertussis vaccines was that
maternal antibodies would interfere or inhibit active pertussis-specific antibody production after
administration of DTaP vaccine in infants whose mothers were vaccinated during pregnancy.
This is also referred to as blunting. Historical data have shown that when vaccinated with whole
cell, the immune response was lower in infants with high cord blood anti-PT antibody levels than
in infants with a low cord blood level of circulating maternal antibodies. More recent data have
shown that when vaccinated with acellular pertussis vaccines, immune response was lower, but
was not similarly inhibited by circulating maternal antibody as observed with whole cell. There
remains limited data available, but one study suggests that the effects of blunting largely resolve
by completion of the 3" DTaP dose.

ACIP concluded that Tdap during pregnancy may prevent infant pertussis following the same
pregnancy because there is efficient maternal-infant antibody transfer after Tdap; for infants,
maternal antibodies likely confer protection and modify the severity of pertussis illness; and to
optimize the concentration of maternal antibodies to the fetus, unvaccinated women should get
Tdap during pregnancy.

To help answer the question regarding the impact on infant pertussis if a women’s dose of Tdap
was shifted from postpartum to pregnancy, CDC presented a decision analysis that analyzed
the impact of Tdap during pregnancy and compared this to the existing recommendation of
postpartum Tdap. The analysis also quantified the theoretical risk of infant pertussis infection
due to blunting. A simulated birth cohort model was used to follow the 2009 US birth cohort of 4
million infants for 1 year. The direct medical and non-medical costs of pertussis disease were
analyzed in infants only over the first year of life, and life years lost were based on a life
expectancy of 77.9 years. In the model, the pregnancy dose was given during the 3™ trimester
and resulted in increased risk of disease in the infant’s 3" and 4™ month of life to simulate
blunting. The postpartum dose was given immediately postpartum with a 2-week delay in
vaccine effectiveness, and cocooning doses were given to the father and a grandparent before
birth.

Both the postpartum Tdap strategy and the Tdap during pregnancy strategy result in a reduction
of infant cases, but the reduction is most striking in the first 2 months of life, where most infant
morbidity and mortality occur. By protecting the mother earlier, and providing additional direct
protection to the infant through maternal antibodies, the model shows that vaccinating during
pregnancy offers maximum protection during the months where disease incidence, morbidity,
and mortality are highest.

In summary of the mean reduction in infant pertussis morbidity and mortality relative to the base
case, a postpartum dose of Tdap can reduce the number of pertussis cases, hospitalizations,
and deaths in infants compared to the base case. However, by moving this dose to the 3™
trimester of pregnancy, the mean reduction is greater, reducing cases by 33%, hospitalizations
by 38%, and deaths by 49% compared to the base case—all at the same program cost as a
postpartum dose.

Based on this decision analysis, ACIP strongly agreed that in every scenario, the impact of
vaccinating during pregnancy is favorable; Tdap during pregnancy prevents more infant cases,
hospitalizations, and deaths; and vaccination during pregnancy could avert more cases and
deaths at no additional cost than postpartum vaccination with or without additional cocooning
doses.
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After review of the data presented to ACIP in February and June 2011, ACIP concluded that
postpartum vaccination is a suboptimal national strategy to prevent infant pertussis morbidity
and mortality; vaccinating pregnant women during the late second or third trimester is
acceptably safe for both mother and fetus; the programmatic cost of vaccinating with Tdap
during pregnancy or postpartum is the same; the theoretical risk of blunting is outweighed by the
benefits; and late second or third trimester maternal vaccination may prevent infant pertussis
during the same pregnancy.

Based on these conclusions, ACIP recommended 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 pregnancy, preferably during the
third or late second trimester after 20 weeks’ gestation. If not administered during pregnancy,
Tdap should be administered immediately postpartum. This was published as an MMWR Policy
Note in October 2011. From the moment ACIP made this recommendation, questions were
raised about subsequent pregnancies or previously vaccinated women.

Discussion Points

Dr. Duchin requested a reminder of the vaccine effectiveness in the decision analysis model for
preventing infant pertussis.

Dr. Liang replied that 100% vaccine effectiveness was used for the mother, with 100% of that
transplacentally transferred to the infant. The effectiveness included in the model for the infant
was approximately 60%.

Dr. Baker thought the estimate included for the father and grandfather was high based on data
from various programs that have tried to implement cocooning. If anything, the model over-
estimates the potential effect of cocooning.

Dr. Temte agreed, emphasizing that it is extremely difficult for hospitals to undertake a
cocooning strategy because the fathers and other family are not patients and it is very difficult to
get services applied to them. Regarding safety issues, he was curious about the structure of
the data collection that is on-going by the manufacturers for safety with Tdap during pregnancy.

Dr. Friedland (GSK) responded that GSK maintains a pregnancy registry for which they have an
800 number for healthcare providers and pregnant women to call to register information
prospectively about their pregnancies. There is also a link to the pregnancy registry on the FDA
website related to pregnancy registries for all drugs and vaccines. GSK is actively collecting
data prospectively on pregnancy, as well as retrospective reports that are submitted from the
US and worldwide. GSK has shared its most up-to-date report of the worldwide experience with
the pregnancy registry as of August 2012 with Dr. Liang.

Dr. Decker (sanofi pasteur) indicated that his response was identical to Dr. Friedland’s.

Regarding the study showing that the women vaccinated during pregnancy had a higher rate of
maternal antibodies, Pamela Rockwell (AAFP Vaccine Science Fellow) noted that the
recommendation was to only vaccinate women during pregnancy who were previously
unvaccinated. She requested clarity about what “previously unvaccinated” meant (e.g., people
who never had childhood vaccinations, people who never had one booster, people who had a
booster 5 years ago). She thought this language would be very confusing to practitioners and
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others who. For example, if someone received her 11-year old Tdap and was pregnant at 17,
her feeling would be that they should receive a booster during pregnancy.

Dr. Liang replied that the recommendation was written this way because currently, Tdap is only
FDA-approved and recommended by ACIP for a single dose. She indicated that the proposal in
her next recommendation would be Tdap immunization for pregnant women during every
pregnancy, regardless of vaccine history.

Dr. Temte reminded everyone that there is currently 2.6% coverage rate during pregnancy,
which is approximately 100,000 pregnancies per year in the US.

Dr. Salisbury (DOH, UK) reported that the UK observed a rise in pertussis in 2011 that has
continued and exacerbated in 2012. The greatest number of cases have been in adolescents
and young adults, and not in the same age group as the US has observed. The highest rate
was in infants under 3 months of age. Through August of 2012, there were 9 deaths in infants
under 3 months of age and subsequently had 1 more. The options were carefully considered,
and the conclusion was reached that introducing an adolescent dose would take far too long to
have an impact on the highest rates of cases and deaths. Assessment was then made
regarding whether compliance was being achieved with the recommended schedule for the first
dose to be given at 8 weeks. Compliance is extremely high, so it is not delaying the first dose
that is leaving infants at risk. Consideration was then given to whether to bring forward the first
dose from 8 weeks to 6 weeks, which would only prevent something on the order of 10% to 20%
of cases. Thus, it was felt that there was no alternative but to make a recommendation to
vaccinate during pregnancy, with the ideal ages between 28 weeks and 38 weeks, but best
between 28 weeks and 32 weeks because that fits with the antenatal visits most appropriately.
Also recommended was that women should be vaccinated in each and every subsequent
pregnancy, irrespective of when they last had a dose of pertussis vaccine. Those
recommendations were made 3 weeks prior to this ACIP meeting. On the day the
recommendation was issued, orders for vaccine were received because it is centrally managed
and distributed. As of the 22" of October 200,000 doses were distributed for pregnant women.
The media response was extraordinarily supportive, and the response from pregnant women
and healthcare professionals was very strongly supportive. It is interesting to compare this
situation against influenza, for instance. Perhaps the difference was that they could be very
clear how many infants were dying from pertussis, and there was considerable public anxiety
about the severity of pertussis. Collection of data regarding coverage will begin in November
2012 to assess the impact on the disease and the immunology on the potential for blunting.
This has been described as a provisional program while other initiatives / interventions are
evaluated and the epidemiology is evaluated. A number of means of communication have been
used (e.g., email, text messages, Twitter, and Facebook), and a scheme where pregnant
women can record their details and are sent email, text, Twitter, or Facebook messages
according to each stage of their pregnancy.

Dr. Ault (ACOG) said he thought that most practicing obstetricians and gynecologists seek
guidance from ACOG on such issues. ACOG’s recommendations were published in its official
journal, Obstetrics and Gynecology, in March 2012. Most obstetricians and gynecologists would
not have heard about the new recommendations if they were relying on ACOG for guidance.
Provider education and information packets were disseminated during the summer specific to
this vaccine, along with another batch of influenza information. The Georgia ACOG group put a
lot of effort into convincing hospitals to administer the postpartum dose at their own expense,
and convinced hospital administrators that this was the right choice. Given that so much effort
was put on the postpartum dose, which is no longer going to be the standard of care, there may
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be some resistance. The Pap smear guidelines have been changed at ACOG about every 6
months, so there is some guideline fatigue. Perhaps the same is occurring with the pertussis
guidelines.

Noting that Dr. Liang referred to only one personal communication pertaining to blunting, Dr.
Poland (ACP) inquired as to how good the data are on blunting, and what is known about
blunting in the short- and long-term. In addition, particularly if advocating for a dose of Tdap
with every pregnancy, it is important to understand the safety of giving 3 to 5 doses over a 4 to 6
year time period. With less doses than that of Td, serum sickness-like events have been
observed.

Dr. Liang responded that she would be addressing the safety of a dose with every pregnancy
during the next presentation as part of the discussion and consideration. Regarding blunting,
there are very few data about the long-term effects of blunting. At the same time, the clinical
implications of blunting are not known. That is, it is unclear how much of an increase in risk
blunting presents to a child. Two studies are underway. One is in the US that Dr. Baker might
like to summarize. The other is in Canada, which is following infants whose mothers are
immunized with Tdap during pregnancy and collecting serum at various time points after DTaP
to measure blunting. As mentioned from the Halperin study, by the third dose, the immune
response was comparable to children whose mothers were not vaccinated during pregnancy.

Dr. Baker indicated that her study consists of only 32 pregnant women immunized during
pregnancy, a crossover of the placebos to postpartum, and some other controls. The data from
this study should be available for the February 2013 ACIP meeting. She reminded everyone
that Dr. Halperin’s study was comprised of 50 women who were immunized during their third
trimester. There was no blunting with the third dose, with some implication that there was
blunting after the first dose. But there was no problem with priming, which is what the first dose
does. The main point is that if blunting is biologically significant, because there is no correlate
of protection, it would result in the occurrence of disease at an older age at which time some
babies would probably still be hospitalized at similar rates, but deaths would be prevented.

Consideration for Updated Recommendations
on the Use of Tdap in Pregnant Women

Dr. Jennifer L. Liang
ACIP Pertussis Vaccine Working Group

When the working group began discussions on additional doses of Tdap, they decided to first
focus on pregnant women before the general population. Before presenting the data reviewed
by the working group, Dr. Liang reported on the 2012 case history of fatal pertussis in an infant
born to a mother who received Tdap two years ago, which was recently presented to the
working group. A male, Hispanic infant developed illness when he was 8 days old and was
hospitalized at 32 days. The infant had apnea, paroxysmal cough, whoop, and cyanosis. On
the day of admission, the infant was PCR positive for pertussis. During hospitalization, he was
intubated and placed on mechanical ventilation. Extracorporeal membrane oxygenation
(ECMO) was started one day after admission. He died 9 days later at age 40 days. The infant’s
mother had cough illness starting 1 week prior to delivery with paroxysmal cough, whoop, and
post-tussive vomiting. No medical attention was sought. She had received Tdap postpartum 2
years prior. The mother had 3 other children. Of the two who were ill, one had iliness onset 2
weeks before the infant’s birth. In addition to the infant, one of the children was PCR positive
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for pertussis. All were treated after the infant died. Although this is one case, they did
everything right, but the mother’s postpartum Tdap from 2 years before was not enough.

The working group is continuing efforts to remove barriers to improve Tdap uptake. As Dr.
Sawyer presented at the beginning of this session, coverage among adolescents has been
steadily improving over the years; whereas, only 8% of adults have received Tdap, and among
pregnant women only 2.6% were vaccinated with Tdap during pregnancy. There are new data
available on the persistence of maternal antibodies, and the working group wants to optimize
strategies to prevent infant pertussis morbidity and mortality in light of record-setting increase in
pertussis cases.

In terms of background, Tdap is approved by the Food and Drug Administration (FDA) for single
use only, and ACIP currently recommends Tdap as a single lifetime dose. Because of this, the
current ACIP recommendation for pregnant women is only for women not previously immunized
with Tdap. When considering Tdap for every pregnancy, the working group reviewed barriers to
vaccinating pregnant women; antibody response and kinetics of Tdap during pregnancy; safety
on multiple doses of Tdap; and statistics on births in the US.

There are numerous barriers to vaccinating pregnant women. One specific to Tdap is provider
hesitancy to vaccinate if the patient’'s Tdap history is undocumented or unknown. Because this
recommendation is only a year old, many programs are still focused on postpartum Tdap and
have yet to shift to Tdap during pregnancy. This is not only about translating the
recommendation to programmatic implementation, but also is communicating and educating
patients, providers, professional organizations, and public health. There are several initiatives
aimed at improving vaccination of pregnant women. As the influenza experience has illustrated,
provider recommendation is the best predictor of getting pregnant women vaccinated [Tong A,
et al. A cross-sectional study of maternity care providers' and women's knowledge, attitudes,
and behaviours towards influenza vaccination during pregnancy. MJ Obstet Gynaecol Can.
2008 May;30(5):404-10. Meharry et al. Reasons Why Women Accept or Reject the Trivalent
Inactivated Influenza Vaccine (TIV) During Pregnancy Matern Child Health J. 2012 Feb 25].

Drawing upon the experience from influenza, it has taken time for coverage in pregnant women
to increase. The hope is that by continuing to remove barriers to Tdap uptake, coverage of
Tdap among pregnant women will improve as it has with influenza vaccine [Kennedy ED,
Ahluwalia IB, Ding H, Lu PJ, Singleton JA, Bridges CB. Monitoring seasonal influenza
vaccination coverage among pregnant women in the United States. Am J Obstet Gynecol. 2012
Sep;207(3 Suppl):S9-S16. Epub 2012 Jul 9].

Recalling the GMC curves in Dr. Liang’s first presentation showing antibody response in
healthy, non-pregnant adults to both licensed Tdap products presented earlier, antibody levels
peak during the first month after vaccination, followed by a substantial antibody decay after 1
year. Antibody response in pregnant women would likely not be much different. The working
group asked: Would a currently pregnant woman provide a high enough concentration of
maternal pertussis antibodies to her fetus if she was previously vaccinated?

A study by Dr. Mary Healy assessed the persistence of maternal pertussis-specific antibody
concentrations after receipt of Tdap. In this study, 105 maternal delivery and placental cord
pairs were collected from women who received Tdap within the prior 2 years. The mean time
from Tdap vaccine was 13.7 months. Approximately 70% received Tdap postpartum after the
previous baby, and 19 women were immunized during pregnancy; the median at 6 weeks
gestation, before they knew they were pregnant. The pertussis specific Immunoglobulin G (IgG)
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GMCs were measured, and cord and maternal GMC ratios were calculated. Anti-PT IgG in 2
month old infants was estimated using the accepted half-life of maternal-PT IgG of 36 days.
Based on the PT IgG GMC in cord sera and estimated decay with age, by age 2 months, the
concentrations of maternal antibodies in these infants declined. Results from the study verified
the efficient placental transport of pertussis antibodies, but there was little difference in pertussis
antibodies in neonates of women vaccinated pre-conception and those vaccinated in early
pregnancy, and both were low. At time of first DTaP, the estimated concentration of PT IgG fell
to levels that were likely too low to ensure protection to infants in mothers immunized
preconception [Healy C. IDSA 2012, in press].

The working group concluded that a single dose of Tdap at one pregnancy is insufficient to
provide protection for subsequent pregnancies. If pregnant women were recommended a dose
of Tdap for each pregnancy, the working group had concerns about the safety of multiple doses
of Tdap to the mother. The original pregnancy recommendation was predicated on ACIP’s
conclusion that Tdap was very safe in pregnancy. Therefore, additional data were reviewed on
multiple doses.

The working group assessed the risk of adverse events with short intervals between receipt of
tetanus containing vaccines. A study by Halperin and colleagues on healthy non-pregnant
adolescents supports the safety of an interval as short as approximately 2 years between Td
and Tdap. Interms of the percent of reported adverse events in the 14 days after immunization
with Tdap, and the intervals by year since the previous tetanus and diphtheria toxoid containing
vaccine, as the interval from previous vaccination became shorter, rates of adverse events did
not increase. There were with no differences from 2 through 10 year intervals. Severe adverse
events, including Arthus reactions, were not observed in the study [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].

For healthy non-pregnant adults who received Tdap at intervals less than 2 years after Td, the
most commonly reported adverse events were pain, redness, and swelling. Systemic adverse
events included headache, fever, and myalgia. Serious adverse events related to the receipt of
Tdap were not observed or reported. These data are similar to the Halperin study [Beytout J, et.
al. Safety of Tdap-IPV given 1 month after Td-IPV booster in healthy young adults: a placebo
controlled trial. Hum Vaccin 2009;5(5); Talbot EA, et. al. The safety of immunizing with tetanus-
diphtheria-acellular pertussis vaccine (Tdap) less than 2 years following previous tetanus
vaccination: Experience during a mass vaccination campaign of healthcare personnel during a
respiratory illness outbreak. Vaccine (2010)].

The working group also reviewed published data on repeat Tdap administration 5 or 10 years
after a previous Tdap dose. The second dose of Tdap was well-tolerated, with injection site
pain as the most commonly reported adverse event. The frequency of reported adverse events
for the second dose was similar to the first dose in this study group, and to those receiving Tdap
for the first time. Of the few serious adverse events reported, none were attributed to receipt of
vaccine [Knuf M, et al. Repeated administration of a reduced-antigen-content diphtheria-
tetanus-acellular pertussis and poliomyelitis vaccine (dTpa-IPV; Boostrix™ IPV). Hum Vaccin.
2010 Jul;6(7):554-61; Booy R, et al. A decennial booster dose of reduced antigen content
diphtheria, tetanus, acellular pertussis vaccine (Boostrix™) is immunogenic and well tolerated in
adults. Vaccine. 2010 Dec 10;29(1):45-50; Halperin SA, et al. Tolerability and antibody
response in adolescents and adults revaccinated with tetanus toxoid, reduced diphtheria toxoid,
and acellular pertussis vaccine adsorbed (Tdap) 4-5 years after a previous dose. Vaccine. 2011
Oct 26;29(46):8459-65; Halperin SA, et al. Immune responses in adults to revaccination with a
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tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis vaccine 10 years after a
previous dose. Vaccine. 2012 Jan 20;30(5):974-82].

The primary concern for working group members was the potential for severe adverse events
such as Arthus reactions and whole limb swelling for pregnant women who have multiple
pregnancies in a short period of time. Both Arthus reactions and whole limb swelling have been
associated with vaccines containing tetanus toxoid, diphtheria toxoid, and/or pertussis antigens.
A review of historical data on multiple doses of tetanus toxoid and diphtheria toxoid containing
vaccines shows that hypersensitivity is associated with higher levels of pre-existing antibody.
The frequency of side effects was dependent on antigen content, product formulation,
preexisting levels related to short interval, and the number of doses. One study showed that
post second Tdap tetanus GMCs did not differ from post first Tdap with a 5-year interval
between doses. Excess risk of serious hypersensitivity is unlikely, even in a small number of
pregnant women who might receive several doses [Halpe