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Abstract

Vaccines have led to significant reductions in morbidity and saved countless lives from many
infectious diseases and are one of the most important public health successes of the modern era.
Both vaccines' effectiveness and safety are keys for the success of immunisation programmes. The
role of post-licensure surveillance has become increasingly recognised by regulatory authorities in
the overall vaccine development process. Safety, purity, and effectiveness of vaccines are
carefully assessed before licensure, but some safety and effectiveness aspects need continuing
monitoring after licensure; Post-marketing activities are a necessary complement to pre-licensure
activities for monitoring vaccine quality and to inform public health programmes. In the recent
past, the availability of large databases together with data-mining and cross-linkage techniques
have significantly improved the potentialities of post-licensure surveillance. The scope of this
review is to present challenges and opportunities offered by vaccine post-licensure surveillance.
While pre-licensure activities form the foundation for the development of effective and safe
vaccines, post-licensure monitoring and assessment, are necessary to assure that vaccines are
effective and safe when translated in real world settings. Strong partnerships and collaboration at
an international level between different stakeholders is necessary for finding and optimally
allocating resources and establishing robust post-licensure processes.
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Introduction

Since the end of the XV1II century, when the first human prophylactic vaccine was
developed, the number of vaccines available for preventing infectious diseases slowly
increased until the mid-twentieth century. Antitoxins and bacterial vaccines were mainly
developed, but a major breakthrough, represented by the ability to grow viruses in cell
cultures, launched a new era for vaccinology [1]. Since then, the number of diseases that can
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be prevented by vaccination increased exponentially. Today, 25 diseases are vaccine
preventable [2]. Poliomyelitis, diphtheria, tetanus, pertussis, hepatitis B, Haemophylus
influenzae type B, measles, mumps, rubella, pneumococcal infections, rotavirus, disease
caused by human papillomavirus, and tuberculosis are targeted by childhood vaccination
programmes worldwide [3]. Moreover, new technologies in vaccine development
dramatically increased the complexity of modern vaccines: synthetic antigens, innovative
adjuvants, and conjugated proteins are components of many vaccine products currently in
use. Such increased complexity brings important challenges during both the authorization
process and the post-marketing phase in terms of assessment of both effectiveness and
safety.

Vaccine products reach marketing authorisation after a long development phase that might
last as long as 12-15 years [4]. Pre-clinical studies (in vitro and in vivo) are necessary to
select the correct antigenic content so that clinical trials can be designed to be as safe as
possible. Phase 1 trials provide preliminary information on vaccine safety in humans and on
the dose to be tested in the following clinical trials. They typically involve a limited number
of adult volunteers (<100). Candidate vaccines that show promise in pre-clinical evaluation
and Phase 1 trials undergo Phase 2 trials in order to further evaluate the dose and safety and
immunogenicity. Phase 2 trials usually involve few hundreds of subjects belonging to the
final target population of the vaccine (e.g., children for childhood vaccines). Phase 2 studies
last until the right dose and vaccine schedule is identified (usually a few years). The final
candidate products progress to Phase 3, when they are studied on a larger scale (from many
hundreds to many thousands of subjects) to further assess safety and immunogenicity or
efficacy against the target disease. Generally, concomitant administration with other vaccine
products is also tested in Phase 3 trials, but it can be done even earlier in the development
phase [4]. Results from successful vaccine trials are submitted to the regulatory authorities
for further evaluation and determination of whether market authorisation should be granted
or not..

Demonstration of effectiveness may be derived from clinical endpoint efficacy studies. In
some cases, immunogenicity data may be sufficient for a demonstration of effectiveness and
clinical endpoint efficacy data are not required. Whether immunogenicity data provide
sufficient evidence of effectiveness depends on the strength of evidence that the immune
response endpoints predict clinical protection and whether there are sufficiently validated
assays to measure those endpoints. In such cases, immunogenicity is considered a good
proxy for vaccine efficacy. This is the case for certain new Hib, Td, or Hepatitis B vaccines
since for these diseases there are scientifically well-accepted immunological markers that
predict protection and that can be reliably measured in a validated assay..

After marketing authorisation has been granted, Phase 4 trials and other post-licensure
surveillance activities can be carried out. Their scope is primarily to assess long-term
effectiveness and potential safety concerns that were not statistically significant in Phase 3
trials but merit monitoring in the post licensure setting. Vaccine effectiveness assessed
during the post-marketing phase is the result of direct vaccine efficacy combined with herd
immunity. Phase 4 studies are very often an integral part of the authorisation process in
terms of post-marketing action required by the regulatory agencies to the vaccine
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manufacturers. Phase 4 studies are complemented by other post-licensure surveillance
activities that are carried out by different agents (public health institutions, universities,
research groups) as part of their public health mission.

The role of post-licensure surveillance has become increasingly important during the last
decades. New methodologies have been developed to enhance efficiency and feasibility of
post-licensure surveillance [5,6]. More recently, availability of large databases opened a new
season for post-licensure surveillance by using cross-linkage and data-mining technologies

[71.

The scope of this review is to present challenges and opportunities offered by vaccine post-
licensure surveillance; and to discuss how, under the current authorisation framework in the
US and EU, post-licensure surveillance can best complement Phase 3 trials.

The European and U.S. authorisation and public health frameworks for

vaccine products

In the U.S., regulation of vaccines and other biological products began with the enactment of
the Biologics Control Act of 1902 following an immunization safety incident in which
several children died after receiving diphtheria antitoxin that had been contaminated with
tetanus toxin [10]. The authority to control biologics evolved and was strengthened with the
passage of additional laws and regulations in subsequent years. One of the major laws was
enacted as a result of another vaccine safety tragedy -- the “Cutter incident” in 1955, in
which some batches of polio vaccine had been inadequately inactivated, resulting in polio in
several vaccine recipients and their contacts [11]. As a result, the U.S. Congress directed the
creation of a new division at the National Institute of Health (NIH) for the regulation of
biological products (Division of Biological Standards). Currently, regulatory authority for
licensure (i.e., market authorisation) of vaccines rests with the Food and Drug
Administration (FDA) Center for Biologics Evaluation and Research. The process of
regulation and testing of vaccines has been previously reviewed by Baylor and Midthun
[10]. Recommendations for routine use of vaccines are issued by the Centers for Disease
Control and Prevention (CDC), with guidance from its Advisory Committee on
Immunization Practices [12].

In the U.S., programs to systematically monitor vaccine safety in the post-licensure setting
began in the late 1970s. Established by CDC in 1978, the Monitoring System for Adverse
Events Following Immunizations (MSAEFI) collected reports of adverse events in children
who received publicly funded vaccines [13]. The National Childhood Vaccine Injury Act
(NCVIA) of 1986 was landmark legislation that established the Vaccine Injury
Compensation Program and the VVaccine Adverse Event Reporting System (VAERS), which
replaced MSAEFI in 1990.

In Europe, the European Medicines Agency (EMA) was established in 1995 as a
decentralised agency of the European Union (EU) for the evaluation of medicines for use in
member countries. Thanks to a centralised procedure, pharmaceutical companies may
submit one single marketing-authorisation (MA) application to the EMA. Scientific
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evaluation of the MA is carried out by scientific committees coordinated by the EMA. The
Committee for Medicinal Products for Human Use (CHMP), the Paediatric Committee
(PDCO) and the Pharmacovigilance Risk Assessment Committee (PRAC) are those more
involved with vaccine products. Committees’ members are nominated by the medicines
regulatory authorities of the EU Member States, so that geographical representativeness is
granted and national interests represented. Representatives of patients and healthcare-
professionals may also be part of the committees. Ad hoc working parties are also
established in order to provide recommendations to the scientific committees for certain
specific issues. In particular, a VVaccine Working Party has been operational since 2005.

The scientific committee that is in charge of evaluating a MA application appoints a
rapporteur to lead the assessment. The rapporteur is supported by an assessment team and
can ask for a peer-reviewed process in order to improve the scientific validity of the process.
National authorities that provide the staff for the process are remunerated by the EMA.
Opinions and recommendations presented by the rapporteur are usually adopted in plenary
sessions of the scientific committees. If consensus cannot be achieved, the final position is
reached through a vote. On the basis of EMA scientific assessment, the European
Commission may grant a MA issuing a legally binding EU-wide decision. Vaccines that are
authorised through this centralised process can be marketed in any country of the EU and
European Economic Area (EEA - including Iceland, Norway and Liechtenstein).

Specific post-authorization measures (PAM) may be identified by EMA’s committees
during the scientific assessment phase and are strictly regulated within a legislative
framework [8]. PAM are not intended to promote premature authorization of medicinal
products, but are necessary when the manufacturer needs to produce additional data on
safety and/or efficacy to complement data produced in the pre-authorization phase [9]. Post-
authorization safety studies (PASS), either active studies or meta-analyses, may be carried
out as part of PAM. In addition, post-authorization efficacy/effectiveness studies may be
required as part of the risk management plan submitted by the manufacturer as part of the
application file.

Methodological aspects of Phase 3 trials: strengths and limitations

Phase 3 trials are considered the gold standard to assess vaccine efficacy in the pre-
authorisation phase. Well-designed double/triple blinded, randomised, controlled trials
(RCT) provide a very robust estimate of vaccine efficacy under standard conditions.
Nevertheless, some strengths of RCTs can turn into limitations from a public health
perspective. First of all, in RCTs vaccines are provided under very strict experimental
conditions in terms of cold chain, schedule, administration technique, etc; standard
conditions are necessary for experimental purposes and are also needed in the marketing
authorisation framework, but they may not be strictly adhered to in practice during daily
vaccination activities. Moreover, in RCTs controlled conditions are pursued as much as
possible and efficacy estimates in vaccinated individuals may not be influenced by herd
immunity; whereas, the real life impact of vaccination is affected by herd immunity, which
is indeed highly desired under a public health perspective. Post-licensure effectiveness
evaluation is useful both for vaccines that have been evaluated in pre-licensure clinical VE
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trials as well as those for which pre-licensure effectiveness was based on immunogenicity
data. In addition, very rare adverse events usually cannot be identified during RCTSs, due to
natural limitations in terms of sample size and study power. [10],[11].

Definitely, RCTs represent the best way to assess vaccine efficacy and safety, but the
information they can provide needs to be supplemented to support public health decision
making post-licensure. In particular, RCTs are sometime limited by sample size constraints
in their ability to evaluate risks for very rare adverse events.

Methodologies for post-licensure surveillance

Effectiveness assessment

Vaccine effectiveness can be defined as the ability of a vaccine to prevent specific outcomes
in a “real life” situation. Assessing vaccine effectiveness is necessary in order to establish
the actual benefit of the vaccination in the field. Vaccine effectiveness estimates may
significantly differ from vaccine efficacy measured during vaccine trials. In fact they may be
influenced by several factors that are summarised in Table 1.

Several methodologies have been developed for assessing vaccine effectiveness in the field,
each of them presenting strengths and limitations [5,6,12—-19]. Strengths and limitations of
some of those methodologies that have been extensively used in the recent past are
summarised in Table 2.

Vaccine effectiveness measured in the field may provide evidence for decision making that
may not be available at the time of marketing authorisation. Herd immunity effects, degree
of matching with circulating strains, impact of waning immunity, and changes in microbial
ecology induced by vaccination are some of the conditions that can be analysed only by
means of post-licensure surveillance. The ability to address such issues represents an evident
added value of post-licensure surveillance and makes post-licensure surveillance a valuable
complement to Phase 3 studies.

Safety assessment

Passive surveillance of adverse events following immunisation (AEFI) and adverse events of
special interest (AESI) is mandatory after vaccine marketing both in the US and EU. Passive
spontaneous reporting systems can be valuable for identifying potential new safety concerns

(i.e., “signals”), but they are subject to several limitations that limit their utility for causality

assessment (Table 3).

The Vaccine Adverse Event Reporting System, co-managed by CDC and FDA, is the US
spontaneous reporting system for adverse events after vaccination [20]. VAERS accepts
reports from healthcare providers, manufacturers, vaccine recipients, and others. Healthcare
providers are required to report AEs listed in the VAERS Table of Reportable Events
following Vaccination and are encouraged to report other clinically significant AEs after
vaccination. Reported AEs are entered into a database and coded using Medical Dictionary
for Regulatory Activities (MedDRA) terms. Physicians and scientists at FDA and CDC
regularly review the VAERS reports and conduct periodic safety assessments. FDA has
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regulatory requirements to conduct scheduled safety assessments of specific vaccines. De-
identified VAERS data also are available for viewing and analysis by the public.

All drugs that are centrally authorised in the EU — vaccines included — are subject to
mandatory passive surveillance of adverse events at the European level. Individual reports of
adverse events are managed through the EudraVigilance system [21]. Both reports from
studies carried out by the manufacturers and spontaneous reports by healthcare professionals
and regulatory agencies are captured by the system. Data from EudraVigilance are published
in the European database of suspected adverse drug reaction reports [22]. Individual
suspected-side-effect reports sorted by age group, sex, type of suspected side effect and
outcome, can be viewed by any external user. No pharmacovigilance system specific for a
vaccine product is in place in the EU.

Assessment of passive AEFI reports is carried out by the EMA regularly, according to the
risk management plan. Routine analysis of EudraVigilance reports - for detecting any
potential signal - is performed at least monthly; for some medicines, including some
vaccines, it is done bi-weekly.

While AEFI passive surveillance is quite effective for signal detection purposes, formal
epidemiologic studies are needed for causality assessment. In addition to traditional
methodologies, such as cohort and case-control studies, case-only methods have been
developed in order to improve feasibility of AEFI causality assessment in
pharmacovigilance settings [23]. Case-only studies provide the great advantage of using
cases as their own control group, avoiding the need to select external controls. Case-only
methods are particularly advantageous for assessment of rare AEFI and in situations of
possible indication bias (e.g., certain vaccines that may be indicated for particular high risk

groups).

Analytical studies for AEFI causality assessment are facilitated by the availability of large
databases collecting information on any event of medical interest in large cohorts of
vaccinees. Large databases and cross-linkage techniques have allowed the recent
development of new kinds of analyses that would have been impossible a few decades ago.
The US Vaccine Safety Datalink (VSD) is the oldest such database infrastructure for
monitoring vaccine safety. Recognizing the need for a flexible, timely and robust system to
evaluate vaccine safety and supplement information provided by VAERS, CDC established
VSD in 1990 to conduct post-marketing vaccine safety evaluations in defined populations
[24]. As a collaboration between CDC and several large health care organizations, VSD
conducts population-based monitoring and research on important immunization safety
questions. VSD has the capacity to address a wide array of safety issues, including
monitoring new vaccines in children and adults and conducting timely evaluations of new
vaccine safety signals. The aggregate population across all sites is sufficiently large so that
risk can be assessed for rare adverse events. Data from approximately 9.3 million
individuals are available annually, including 2.1 million children and 7.2 million adults.
VSD has cumulative information on more than 21 million individuals who have collectively
received over 134 million vaccine doses. Building on the VSD model, FDA has recently
established the Post-Licensure Rapid Immunization Safety Monitoring (PRISM) system that
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links data from several large health insurance companies. PRISM is integrated within the
Mini-Sentinel project [25] and enhances the national capacity for vaccine safety monitoring
by assembling vaccination and outcomes data on an additional large population [26].

In Europe, the VAESCO consortium has been initiated and sponsored by the ECDC with the
aim of improving the sensitivity and timeliness of vaccine safety monitoring systems [27].
Large database linkage has been successfully used by VAESCO partners on several
occasions [28-30].

lllustrative case studies of the added value of post-licensure surveillance

Effectiveness of Acellular Pertussis vaccines

Acellular pertussis vaccine trials have represented one of the biggest public investments in
the history of vaccine development. By the mid-1980’s the US NIH, worried about the
increasing public concern about the safety of cellular pertussis vaccines, boosted research on
acellular vaccines [31]. Large acellular pertussis trials were conducted in the 1990’s,
assessing safety and efficacy of DTaP vaccines in infants [32,33]. Efficacy estimates from
the Phase 3 trials were very consistent, showing protective efficacy of more than 80% in
children vaccinated with acellular vaccines; on the other hand efficacy of cellular vaccines
was very variable. Moreover, acellular vaccines showed much higher tolerability [34]. As a
consequence, beginning in the late 1990’s acellular vaccines rapidly replaced cellular
vaccines both in the US and in Europe and vaccine coverage against pertussis increased
[35]. Notwithstanding high coverage rates, resurgence of pertussis has been recently
reported both in the US and in Europe; in particular, high incidence rates have been reported
in adolescents and young adults as well as small infants [36—39]. The increase has been
attributed to different factors, including earlier than expected waning of immunity; a shift of
pertussis circulation in those age groups not covered by vaccination and subsequent
transmission to unvaccinated infants; and possible vaccine failure due to emergence of
Bordetella pertussis mutant strains [38,40-44]. Whatever the reason, the resurgence of
pertussis indicates a need for a revision of current pertussis vaccination strategies guided by
a thorough assessment of pertussis epidemiology and vaccine effectiveness. The unexpected
resurgence of pertussis in some countries, however, is not in contradiction with the reported
high vaccine efficacy after Phase 3 trials. Even in the presence of high individual efficacy
after primary vaccination [32,33] and reasonably good sustained efficacy after 5 years
[45,46], infant vaccination alone seems to be far from sufficient to stop the overall
circulation of Bordetella pertussis. Alternative strategies including adolescent/adult
vaccination [39,47-49] and vaccination in pregnancy [50]have been implemented in many
countries. In order to inform new vaccination strategies and to better understand the reasons
behind pertussis resurgence, both disease and vaccine post-licensure surveillance are
paramount [51-54].

Effectiveness of Influenza vaccines

Immunogenicity and safety of influenza vaccines is systematically assessed by means of
Phase 3 trials for MA purposes. Unfortunately, due to the frequent drifts and shifts of
influenza viruses, pre-licensure trials, carried out for regulatory purposes, do not always
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anticipate the impact of influenza vaccination public health campaigns. Several systematic
reviews of the literature reported limited impact of influenza vaccination in children below 2
years, healthy adults, and the elderly [55-57]. Mismatch between vaccine and circulating
strains is one of the most important factors for low influenza vaccine effectiveness. Thus,
influenza vaccine effectiveness should be routinely measured in order to better understand
the role and impact of vaccination strategies under different epidemiological circumstances.
For this purpose, the US Flu VE Network [58] was established and the I-MOVE network
was established in Europe in 2007. Repeated estimates of influenza vaccine effectiveness
have been provided by I-MOVE throughout different influenza seasons [18]. Not
surprisingly, one of the highest vaccine effectiveness estimates (71.9%; 95% confidence
interval 45.6-85.5) has been reported during the 2009-10 season, when the pandemic
A(H1IN1)pdmO09 virus was the almost exclusive circulating strain and was well matched to
the vaccine strain [19]. Unfortunately, effectiveness estimates, in the best case scenario, are
available a few months after the influenza season is over and may not be applicable to the
next season (i.e., because of strain changes). Nevertheless, continuing evaluation of
influenza vaccine effectiveness can provide important information for public health
decisions in terms of vaccine effectiveness in different age groups, the added value of
adjuvants, and the effectiveness of different vaccine types. Increasing knowledge on the
impact of influenza vaccination is of high value for public health.

European Experience: Pandemrix and Narcolepsy

In August 2010 public health authorities in Finland and Sweden reported an increase of
cases of narcolepsy in children and adolescents, suggesting a potential association with
Pandemrix vaccination. Eight influenza A(H1N1)pdmO9 vaccines were licensed for use in
Europe during the 2009 pandemic, but Pandemrix was the most frequently used vaccine in
Europe: based on EMA estimates, more than 30.5 million people were vaccinated with
Pandemrix in the EU/EEA [59]. In Finland and Sweden, Pandemrix was the only vaccine
used for the pandemic vaccination campaign.

Narcolepsy is a rare neurological disorder characterized by inability to regulate sleep-wake
cycles normally. The primary symptom is excessive daytime sleepiness. Narcolepsy
predominantly affects adolescents and young adults, and very rarely children under 16 years
of age. Sudden onset of short episodes of muscle tone loss, known as cataplexy, may occur
as part of the neurological disorder [60]. Abnormal immunological response to different
antigens, combined with specific genetic patterns, is suspected to be the trigger for
narcolepsy [61,62].

The VAESCO consortium, supported by the ECDC, coordinated a multinational
investigation to assess the causality relationship between narcolepsy and Pandemrix [27].
Eight European countries (Denmark, Finland, Italy, the Netherlands, Norway, Sweden, and
the United Kingdom) participated in a case-control study using a common protocol,
common case report forms, and a common Brighton Collaboration case definition. This
study confirmed a strong statistical association between Pandemrix and onset of narcolepsy
in children and adolescents in Finland and Sweden [59], in line with independent analyses
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carried out by national authorities [63—66]. Further studies, carried out at national levels in
Norway, Ireland, and England identified an association in those countries as well [67-69].

In conclusion, after the signal raised in Finland and Sweden, a strong association between
narcolepsy and influenza A(HLN1)pdmO9 vaccination has been established in some
European countries, but not in others and nowhere else outside Europe. It is still unknown if
the vaccine was the cause of the neurological disorder or if it was just the trigger speeding
up disease onset in individuals who would otherwise have developed narcolepsy later. This
will become clear in the coming years, as results become available from studies in other
countries as well as research on the pathogenic mechanisms of narcolepsy that has been
stimulated by this event. In this episode, post-licensure surveillance was demonstrated to be
effective in detecting a signal of a serious AEFI at national levels, and international
collaboration has been extremely fruitful for the following signal assessment.

Rotashield and intussusception

The first vaccine designed to prevent rotavirus infection (Rotashield® — Wyeth Lederle
Vaccines, Philadelphia, PA) was voluntarily withdrawn from the US market by the
manufacturer in 1999 due to an increased risk of intussusception among infants receiving the
vaccine [70]. The identification and investigation of this safety problem provides an
excellent illustration of a post-licensure vaccine safety monitoring system that worked well
to inform vaccination policy. In the pre-licensure trials for Rotashield®, a small increase in
the number of cases of intussusception had been observed, but the results were not
statistically significant. As a result, FDA and CDC were on the alert to closely monitor for
intussusception after Rotashield® was licensed in the US in August 1998 and subsequently
recommended for universal infant immunization in March 1999. By May 1999, nine cases of
intussusception had been reported to VAERS following Rotashield®, whereas VAERS had
received only 3 reports of intussusception following all vaccines administered from 1990 to
1998. In response to the VAERS signal, along with other data, CDC initiated two
confirmatory studies and suspended the recommendation for Rotashield® vaccination
pending the results of those studies. The first study was initiated in VSD and expanded to
include 10 large medical care organizations. Using the computerized databases of the
participating medical care organizations, with chart confirmation of intussusception cases, a
cohort study was conducted that found a large increased risk of intussusception associated
with Rotashield® vaccination; the highest relative risk of 31 occurred during days 3-7 after
the first dose [71]. The second study was a large case-control study conducted in 19 states,
which also found a strong association with Rotashield® with a peak relative risk of 36 at 3-7
days after the first dose [72]. As a result of these findings, in October 1999 the manufacturer
stopped marketing the vaccine and ACIP withdrew its recommendation for the vaccine.

Two new rotavirus vaccines were subsequently licensed following large pre-licensure trials
that did not find an increased risk of intussusception. In post-licensure monitoring, however,
a small increased risk of intussusception was detected for both vaccines [73,74]. Post
licensure data have also documented large benefits of rotavirus vaccination in terms of
reductions in hospitalizations, ER visits, and in some cases, deaths from diarrhea [75]. Thus,
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policy makers have continued to recommend the current rotavirus vaccines for childhood
immunization programs.

Conclusion

Pre-licensure activities form the foundation for the development and licensure of effective
and safe vaccines. Pre-licensure activities, including the pivotal Phase 3 trials, cannot be
replaced by post-licensure monitoring systems. Post-licensure monitoring and assessment,
however, are necessary adjuncts to pre-licensure activities to assure that vaccines are
effective when translated from the somewhat idealized clinical trial setting to wider
population groups in real world settings. After licensure, robust vaccine safety monitoring
systems are essential for providing assurance of the safety of vaccines and rapidly
identifying and responding to potential safety problems, particularly rare health conditions
that pre-licensure trials may not have had the power to detect. Currently, spontaneous
reporting systems serve as the principal mechanisms for the early identification of potential
vaccine safety problems. Spontaneous reporting systems, however, have many limitations,
with under-reporting being foremost among them. Possible technological advances could be
employed to improve reporting completeness and accuracy, including application of Web-
based and text messaging technologies to make reporting easier and more accurate.

An optimal vaccine safety monitoring system must include a capability to rapidly conduct
formal epidemiologic evaluations of potential safety problems identified from spontaneous
reporting systems or other sources. This function can be most readily served by the
establishment of standing infrastructures of large linked healthcare databases, such as the
VSD project. The diffusion of electronic health records and the capability to link records
across health data systems and immunization registries may allow the expansion of
populations that could be included in post-licensure epidemiologic evaluations of vaccine
safety.

New technologies and innovative epidemiological methods also can be beneficial to improve
post-licensure assessment of vaccine effectiveness and impact on population health. Data on
disease epidemiology, disease burden, vaccine coverage, vaccination status of disease cases
are necessary for effectiveness and impact assessment. Those data are usually available in
different databases hosted by different public health agencies. Strong partnerships between
regulatory and public health authorities as well as academia and vaccine manufacturers
would be necessary to facilitate such activities. Moreover, due to the large sample size
required for those kinds of studies, international collaboration and coordination is
paramount. The legal regulatory framework also plays a crucial role: enhancing the
importance of post-licensure surveillance in the regulatory process could facilitate allocation
of adequate resources and foster collaboration among all involved stakeholders.

Vaccines are one of the most important public health successes of the modern era. They
have led to significant reductions in morbidity and saved countless lives from many
infectious diseases. The success of vaccination programs depends on both vaccines'
effectiveness and their safety. Robust systems to monitor and evaluate vaccines after they
are licensed and are widely administered are critical to maintaining the public’s confidence

Vaccine. Author manuscript; available in PMC 2016 March 24.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Lopalco and DeStefano
in

of

References
1.

10
11

12.

13.

14.

15.

16.

17.

18.

Page 11

and acceptance of vaccines, as well as to assure that the vaccines are providing the level
protection and safety anticipated when they were licensed.

Plotkin SA, Plotkin SL. The development of vaccines: how the past led to the future. Nature reviews
Microbiology. 2011 Dec; 9(12):889-893.

. Centers for Disease Control and Prevention. List of VVaccine-Preventable Diseases 2014. Available

from: http://www.cdc.gov/vaccines/vpd-vac/vpd-list.htm.

. World Health Organisation. [updated 26/2/201428/3/2014] Summary of WHO position papers -

recommendations for routine immunisation. Available from: http://www.who.int/immunization/
policy/Immunization_routine_tablel.pdf.

. Vaccines Europe. How are vaccines developed? Available from: http://www.vaccineseurope.eu/

about-vaccines/key-facts-on-vaccines/how-are-vaccines-developed!/.

. Orenstein WA, Bernier RH, Dondero TJ, Hinman AR, Marks JS, Bart KJ, et al. Field evaluation of

vaccine efficacy. Bulletin of the World Health Organization. 1985; 63(6):1055-1068. [PubMed:
3879673]

. Orenstein WA, Bernier RH, Hinman AR. Assessing vaccine efficacy in the field. Further

observations. Epidemiologic reviews. 1988; 10:212-241. [PubMed: 3066628]

. Yih WK, Kulldorff M, Fireman BH, Shui IM, Lewis EM, Klein NP, et al. Active surveillance for

adverse events: the experience of the Vaccine Safety Datalink project. Pediatrics. 2011 May;
127(Suppl 1):554-S64. [PubMed: 21502252]

. European Medicines Agency. Post-authorisation measures: questions and answers 2014. Available

from: http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/q_and_a/
g_and_a_detail_000037.jsp&mid=WC0b01ac0580023e7a.

. European Medicines Agency. European Medicines Agency post-authorisation procedural advice for

users of the centralised procedure. 2014

. European Medicines Agency. Bexsero : EPAR - Public assessment report. 2012

. Wood JM, Levandowski RA. The influenza vaccine licensing process. Vaccine. 2003 May 1;
21(16):1786-1788. [PubMed: 12686095]

Andrews N, Waight PA, Borrow R, Ladhani S, George RC, Slack MP, et al. Using the indirect
cohort design to estimate the effectiveness of the seven valent pneumococcal conjugate vaccine in
England and Wales. PloS one. 2011; 6(12):e28435. [PubMed: 22164292]

Cohen AL, Taylor T Jr, Farley MM, Schaffner W, Lesher LJ, Gershman KA, et al. An assessment
of the screening method to evaluate vaccine effectiveness: the case of 7-valent pneumococcal
conjugate vaccine in the United States. PloS one. 2012; 7(8):e41785. [PubMed: 22870248]

Hohle M, Siedler A, Bader HM, Ludwig M, Heininger U, Von Kries R. Assessment of varicella
vaccine effectiveness in Germany: a time-series approach. Epidemiology and infection. 2011 Nov;
139(11):1710-1719. [PubMed: 21156098]

Patel MM, Parashar UD. Assessing the effectiveness and public health impact of rotavirus vaccines
after introduction in immunization programs. The Journal of infectious diseases. 2009 Nov 1;
200(Suppl 1):5291-S299. [PubMed: 19817612]

Savulescu C, Valenciano M, de Mateo S, Larrauri A. Estimating the influenza vaccine
effectiveness in elderly on a yearly basis using the Spanish influenza surveillance network--pilot
case-control studies using different control groups, 2008-2009 season, Spain. Vaccine. 2010 Apr
1; 28(16):2903-2907. [PubMed: 20153351]

Skowronski DM, Janjua NZ, De Serres G, Winter AL, Dickinson JA, Gardy JL, et al. A sentinel
platform to evaluate influenza vaccine effectiveness and new variant circulation, Canada 2010-
2011 season. Clinical infectious diseases : an official publication of the Infectious Diseases
Society of America. 2012 Aug; 55(3):332-342. [PubMed: 22539661]

Valenciano M, Ciancio B. I-MOVE: a European network to measure the effectiveness of influenza
vaccines. Euro surveillance : bulletin Europeen sur les maladies transmissibles = European
communicable disease bulletin. 2012; 17(39)

Vaccine. Author manuscript; available in PMC 2016 March 24.


http://www.cdc.gov/vaccines/vpd-vac/vpd-list.htm
http://www.who.int/immunization/policy/Immunization_routine_table1.pdf
http://www.who.int/immunization/policy/Immunization_routine_table1.pdf
http://www.vaccineseurope.eu/about-vaccines/key-facts-on-vaccines/how-are-vaccines-developed/
http://www.vaccineseurope.eu/about-vaccines/key-facts-on-vaccines/how-are-vaccines-developed/
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/q_and_a/q_and_a_detail_000037.jsp&mid=WC0b01ac0580023e7a
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/q_and_a/q_and_a_detail_000037.jsp&mid=WC0b01ac0580023e7a

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lopalco and DeStefano

19

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

Page 12

. Valenciano M, Kissling E, Cohen JM, Oroszi B, Barret AS, Rizzo C, et al. Estimates of pandemic
influenza vaccine effectiveness in Europe, 2009-2010: results of Influenza Monitoring Vaccine
Effectiveness in Europe (I-MOVE) multicentre case-control study. PLoS medicine. 2011 Jan.
8(1):€1000388. [PubMed: 21379316]

Varricchio F1J, DeStefano F, Ball R, Pless R, Braun MM. Understanding vaccine safety
information from the Vaccine Adverse Event Reporting System. Pediatr Infect Dis. 2004; 23:287—
294,

European Medicines Agency. EudraVigilance, pharmacovigilance in the European Economic Area.
Auvailable from: http://eudravigilance.ema.europa.eu/highres.htm.

European Medicines Agency. European database of suspected adverse drug reactions report.
Auvailable from: http://www.adrreports.eu/EN/index.html.

Farrington CP. Control without separate controls: evaluation of vaccine safety using case-only
methods. Vaccine. 2004 May 7; 22(15-16):2064—2070. [PubMed: 15121324]

Baggs JGJ, Lewis E, Fowler G, Benson P, Lieu T, et al. The Vaccine Safety Datalink: a model for
monitoring immunization safety. Pediatrics. 2011; 127(Suppl 1):S45-S53. [PubMed: 21502240]
U.S. Food and Drugs Administration. Mini-Sentinel. Available from: http://minisentinel.org/
default.aspx.

Yih WKLG, Lieu TA, Ball R, Kulldorff M, Rett M, et al. Surveillance for adverse events following
receipt of pandemic 2009 H1N1 vaccine in the Post-Licensure Rapid Immunization Safety
Monitoring (PRISM) System, 2009-2010. Am J Epidemiol. 2012; 175:1120-1128. [PubMed:
22582207]

VAESCO. Vaccine Adverse Event Surveillance & Communication. Available from: http://
vaesco.net/vaesco.html.

Andrews N, Stowe J, Miller E, Svanstrom H, Johansen K, Bonhoeffer J, et al. A collaborative
approach to investigating the risk of thrombocytopenic purpura after measles-mumps-rubella
vaccination in England and Denmark. Vaccine. 2012 Apr 19; 30(19):3042-3046. [PubMed:
21699947]

Dieleman J, Romio S, Johansen K, Weibel D, Bonhoeffer J, Sturkenboom M. Guillain-Barre
syndrome and adjuvanted pandemic influenza A (H1N1) 2009 vaccine: multinational case-control
study in Europe. BMJ (Clinical research ed). 2011; 343:d3908.

Dodd CN, Romio SA, Black S, Vellozzi C, Andrews N, Sturkenboom M, et al. International
collaboration to assess the risk of Guillain Barre Syndrome following Influenza A (H1IN1) 2009
monovalent vaccines. Vaccine. 2013 Sep 13; 31(40):4448-4458. [PubMed: 23770307]

Fine A. Diphtheria, tetanus and acellular pertussis vaccine (DTaP): a case study. Committee on the
Evaluation of Vaccine Purchase Financing in the United States. 2003

Greco D, Salmaso S, Mastrantonio P, Giuliano M, Tozzi AE, Anemona A, et al. A controlled trial
of two acellular vaccines and one whole-cell vaccine against pertussis. Progetto Pertosse Working
Group. The New England journal of medicine. 1996 Feb 8; 334(6):341-348. [PubMed: 8538704]
Gustafsson L, Hallander HO, Olin P, Reizenstein E, Storsaeter J. A controlled trial of a two-
component acellular, a five-component acellular, and a whole-cell pertussis vaccine. The New
England journal of medicine. 1996 Feb 8; 334(6):349-355. [PubMed: 8538705]

Jefferson T, Rudin M, DiPietrantonj C. Systematic review of the effects of pertussis vaccines in
children. Vaccine. 2003 May 16; 21(17-18):2003-2014. [PubMed: 12706690]

World Health Organisation. [12/5/2014] CISID, centralized information system for infectious
diseases. 2014. Available from: http://data.euro.who.int/cisid/?TabID=337859.

Centers for Disease Control and Prevention. [12/5/2014] Pertussis (whooping cough), Surveillance
and Reporting, Trends 2014. Available from: http://www.cdc.gov/pertussis/surv-
reporting.html#trends.

European Centre for Disease Prevention and Control. Annual Epidemiological Report. 2013
Gabutti G, Rota MC. Pertussis: a review of disease epidemiology worldwide and in Italy.
International journal of environmental research and public health. 2012 Dec; 9(12):4626-4638.
[PubMed: 23330226]

Chiappini E, Stival A, Galli L, de Martino M. Pertussis re-emergence in the post-vaccination era.
BMC infectious diseases. 2013; 13:151. [PubMed: 23530907]

Vaccine. Author manuscript; available in PMC 2016 March 24.


http://eudravigilance.ema.europa.eu/highres.htm
http://www.adrreports.eu/EN/index.html
http://minisentinel.org/default.aspx
http://minisentinel.org/default.aspx
http://vaesco.net/vaesco.html
http://vaesco.net/vaesco.html
http://data.euro.who.int/cisid/?TabID=337859
http://www.cdc.gov/pertussis/surv-reporting.html#trends
http://www.cdc.gov/pertussis/surv-reporting.html#trends

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lopalco and DeStefano

Page 13

40. Bart MJ, Harris SR, Advani A, Arakawa Y, Bottero D, Bouchez V, et al. Global Population

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

52.

53.

Structure and Evolution of Bordetella pertussis and Their Relationship with Vaccination. mBio.
2014; 5(2)

Kallonen T, Grondahl-Yli-Hannuksela K, Elomaa A, Lutynska A, Fry NK, Mertsola J, et al.
Differences in the genomic content of Bordetella pertussis isolates before and after introduction of
pertussis vaccines in four European countries. Infection, genetics and evolution : journal of
molecular epidemiology and evolutionary genetics in infectious diseases. 2011 Dec; 11(8):2034—
2042. [PubMed: 21964035]

Mooi FR, van Loo IH, van Gent M, He Q, Bart MJ, Heuvelman KJ, et al. Bordetella pertussis
strains with increased toxin production associated with pertussis resurgence. Emerging infectious
diseases. 2009 Aug; 15(8):1206-1213. [PubMed: 19751581]

Shuel M, Jamieson FB, Tang P, Brown S, Farrell D, Martin 1, et al. Genetic analysis of Bordetella
pertussis in Ontario, Canada reveals one predominant clone. International journal of infectious
diseases : 1JID : official publication of the International Society for Infectious Diseases. 2013 Jun;
17(6):e413-e417. [PubMed: 23352492]

van Gent M, Bart MJ, van der Heide HG, Heuvelman KJ, Mooi FR. Small mutations in Bordetella
pertussis are associated with selective sweeps. PloS one. 2012; 7(9):e46407. [PubMed: 23029513]

Carollo M, Pandolfi E, Tozzi AE, Buisman AM, Mascart F, Ausiello CM. Humoral and B-cell
memory responses in children five years after pertussis acellular vaccine priming. Vaccine. 2014
Apr 11; 32(18):2093-2099. [PubMed: 24556506]

Tozzi AE, Anemona A, Stefanelli P, Salmaso S, Ciofi degli Atti ML, Mastrantonio P, et al.
Reactogenicity and immunogenicity at preschool age of a booster dose of two three-component
diphtheria-tetanus-acellular pertussis vaccines in children primed in infancy with acellular
vaccines. Pediatrics. 2001 Feb.107(2):E25. [PubMed: 11158499]

Kline JM, Lewis WD, Smith EA, Tracy LR, Moerschel SK. Pertussis: a reemerging infection.
American family physician. 2013 Oct 15; 88(8):507-514. [PubMed: 24364571]

Mclintyre P, Wood N. Pertussis in early infancy: disease burden and preventive strategies. Current
opinion in infectious diseases. 2009; 22(3):215-223. [PubMed: 19395958]

Munoz F, Englund J. Infant pertussis: is cocooning the answer? Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America. 2011 Nov; 53(9):893-896.
[PubMed: 21946188]

UK immunisation schedule update. Drug and therapeutics bulletin. 2014 Jan; 52(1):10-12.
[PubMed: 24430782]

Updated recommendations for use of tetanus toxoid, reduced diphtheria toxoid, and acellular
pertussis vaccine (Tdap) in pregnant women--Advisory Committee on Immunization Practices
(ACIP), 2012. MMWR Morbidity and mortality weekly report. 2013 Feb 22; 62(7):131-135.
[PubMed: 23425962]

Amirthalingam G, Gupta S, Campbell H. Pertussis immunisation and control in England and
Wales, 1957 to 2012: a historical review. Euro surveillance : bulletin Europeen sur les maladies
transmissibles = European communicable disease bulletin. 2013; 18(38)

Lindsey B, Kampmann B, Jones C. Maternal immunization as a strategy to decrease susceptibility
to infection in newborn infants. Current opinion in infectious diseases. 2013 Jun; 26(3):248-253.
[PubMed: 23507974]

54. Matlow JN, Pupco A, Bozzo P, Koren G. Tdap vaccination during pregnancy to reduce pertussis

55.

infection in young infants. Canadian family physician Medecin de famille canadien. 2013 May;
59(5):497-498. [PubMed: 23673584]

Jefferson T, Di Pietrantonj C, Al-Ansary LA, Ferroni E, Thorning S, Thomas RE. Vaccines for
preventing influenza in the elderly. The Cochrane database of systematic reviews. 2010; (2)
CD004876.

56. Jefferson T, Di Pietrantonj C, Rivetti A, Bawazeer GA, Al-Ansary LA, Ferroni E. Vaccines for

preventing influenza in healthy adults. The Cochrane database of systematic reviews. 2010; (7)
CD001269.

57. Jefferson T, Rivetti A, Di Pietrantonj C, Demicheli V, Ferroni E. Vaccines for preventing influenza

in healthy children. The Cochrane database of systematic reviews. 2012; 8 CD004879.

Vaccine. Author manuscript; available in PMC 2016 March 24.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lopalco and DeStefano

58

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Page 14

. Ohmit SETM, Petrie JG, et al. Influenza vaccine effectiveness in the 2011-2012 season: protection
against each circulating virus and the effect of prior vaccination on estimates. Clinical infectious
diseases : an official publication of the Infectious Diseases Society of America. 2014; 58:319-327.
[PubMed: 24235265]

European Centre for Disease Prevention and Control. Narcolepsy in association with pandemic
influenza vaccination. A multi-country European epidemiological investigation. 2012

American Academy of Sleep Medicine. International Classification of Sleep Disorder (ICSD) -
second edition. Westchester, IL: 2005.

Overeem SBJ, Lammers G. Narcolepsy: immunological aspects. Sleep Med Rev. 2008; 12:95-107.
[PubMed: 18291691]

Mahlios J, De la Herran-Arita AK, Mignot E. The autoimmune basis of narcolepsy. Current
opinion in neurobiology. 2013 Oct; 23(5):767-773. [PubMed: 23725858]

Nohynek H, Jokinen J, Partinen M, Vaarala O, Kirjavainen T, Sundman J, et al. AS03 adjuvanted
AHI1N1 vaccine associated with an abrupt increase in the incidence of childhood narcolepsy in
Finland. PloS one. 2012; 7(3):e33536. [PubMed: 22470453]

Partinen M, Saarenpaa-Heikkila O, llveskoski I, Hublin C, Linna M, Olsen P, et al. Increased
incidence and clinical picture of childhood narcolepsy following the 2009 HIN1 pandemic
vaccination campaign in Finland. PloS one. 2012; 7(3):e33723. [PubMed: 22470463]

Medical Products Agency Sweden. A registry based comparative cohort study in four Swedish
counties of the risk for narcolepsy after vaccination with Pandemrix - A first and preliminary
report, by the Medical Products Agency. 2011

Medical Products Agency Sweden. Occurrence of narcolepsy with cataplexy among children and
adolescents in relation to the HIN1 pandemic and Pandemrix vaccinations - Results of a case
inventory study by the MPA in Sweden during 2009-2010. 2011 Jun 30. 2011. Report No.

Heier MS, Gautvik KM, Wannag E, Bronder KH, Midtlyng E, Kamaleri Y, et al. Incidence of
narcolepsy in Norwegian children and adolescents after vaccination against HIN1 influenza A.
Sleep medicine. 2013 Sep; 14(9):867-871. [PubMed: 23773727]

Miller E, Andrews N, Stellitano L, Stowe J, Winstone AM, Shneerson J, et al. Risk of narcolepsy
in children and young people receiving AS03 adjuvanted pandemic A/H1N1 2009 influenza
vaccine: retrospective analysis. BMJ (Clinical research ed). 2013; 346:f794.

O’Flanagan DBA, Foley M, Cotter S, Bonner C, Crowe C, Lynch B, Sweeney B, Johnson H,
McCoy B, Purcell E. Investigation of an association between onset of narcolepsy and vaccination
with pandemic influenza vaccine, Ireland April 2009-December 2010. Euro surveillance : bulletin
Europeen sur les maladies transmissibles = European communicable disease bulletin. 2014; 19(17)
pii=20789.

Centers for Disease Control and Prevention. Withdrawal of rotavirus vaccine recommendation.
MMWR Morbidity and mortality weekly report. 1999 Nov 5.48(43):1007. [PubMed: 10577495]
Kramarz PFE, Destefano F, et al. Population-based study of rotavirus vaccination and
intussusception. The Pediatric infectious disease journal. 2001; 20(4):410-416. [PubMed:
11332666]

Murphy TVGP, Massoudi MS, et al. Intussusception among infants given an oral rotavirus
vaccine. The New England journal of medicine. 2001; 344(8):564-572. [PubMed: 11207352]
Weintraub ES, Baggs J, Duffy J, Vellozzi C, Belongia EA, Irving S, et al. Risk of intussusception
after monovalent rotavirus vaccination. The New England journal of medicine. 2014 Feb 6;
370(6):513-519. [PubMed: 24422678]

Yih WK, Lieu TA, Kulldorff M, Martin D, McMahill-Walraven CN, Platt R, et al. Intussusception
risk after rotavirus vaccination in U.S. infants. The New England journal of medicine. 2014 Feb 6;
370(6):503-512. [PubMed: 24422676]

Patel MM, Steele D, Gentsch JR, Wecker J, Glass RI, Parashar UD. Real-world impact of rotavirus
vaccination. The Pediatric infectious disease journal. 2011 Jan; 30(1 Suppl):S1-S5. [PubMed:
21183833]

Vaccine. Author manuscript; available in PMC 2016 March 24.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Lopalco and DeStefano

Table 1

Factors affecting vaccine effectiveness

@ Host Factors

O Age

O Presence of conditions/co-morbidities that may either affect immune response or influence individual disease susceptibility

O Previous exposure to antigen

O Interference due to co-administered vaccines or other drugs

@ Logistic issues

O Schedule compliance

O Cold chain

O Administration issues

@ Epidemiological factors

O Force of infection

O Herd immunity

O Mismatch with circulating strains

O Emergence of new viral/bacterial variants
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Some strengths and limitations of different methodologies for assessing vaccine effectiveness.

Method Strengths Limitations
Screening method . Use of routinely collected data . Suboptimal accuracy and completeness of
i i routinely collected data
. Rapid and not expensive
. Does not provide precise estimates of
vaccine effectiveness
Outbreak investigation . Good estimates provided under certain . Control programmes during the outbreak
circumstances (closed communities, low can severely interfere
disease incidence in the past, high attack i
rates) . Exposure can be different among
vaccinees and non-vaccinees
. During community-wide outbreaks
cluster sampling can be performed
Coverage survey method . Similar approach as in outbreak . Exposure can be different among
investigation, but does not require any vaccinees and non-vaccinees
actual outbreak . i
. Can be used only in endemic areas
. Similar resources required as for i
coverage survey . Recall bias may affect the accuracy of
case ascertainment
Secondary attack rates in . Bias due to different exposure among . Small number of children available

households or clusters

vaccinees and non-vaccinees is reduced

Families should be followed-up for a time
longer than the incubation period

Method of secondary attack rates in
clusters is less rigorous

Case-control studies . Good use of resources . Correct selection of controls is crucial to
limit bias
. Useful when access to data from clinics
is easier than access to vaccination . Potential confounders must be seriously
records addressed
Time-series analysis . Use of routinely collected data . Limits of any ecological approach
. May evaluate both direct and indirect
(herd immunity) vaccination effects
Indirect cohort design . More efficient than cohort studies . May under-estimate vaccine effectiveness

Suitable for rare diseases (pneumococcal
infections)

because cross protection against non-
vaccine types cannot be controlled
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Table 3

Some strengths and limitations of spontaneous reporting systems.

Strengths Limitations
. Rapid signal detection (hypothesis generation) . Reporting bias (e.g., underreporting, stimulated reporting) routinely
collected data
. Cover large population . Inconsistent data quality and completeness
. Can detect rare adverse events . Lack of unvaccinated comparison group
. Relatively inexpensive . Not designed to assess if a vaccine caused an adverse event
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