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Abstract

Background: In November 2012, the first cell cultured influenza vaccine, a trivalent subunit 

inactivated influenza vaccine (Flucelvax®, ccIIV3), was approved in the US for adults aged ≥18 

years.

Objective: To assess adverse events (AEs) after ccIIV3 reported to the US Vaccine Adverse 

Event Reporting System (VAERS), a spontaneous reporting surveillance system.

Methods: We searched VAERS for US reports after ccIIV3 among persons vaccinated from July 

1, 2013-March 31, 2015. Medical records were requested for reports classified as serious (death, 

hospitalization, prolonged hospitalization, disability, life-threatening-illness), and those suggesting 

anaphylaxis and Guillain-Barré syndrome (GBS). Physicians reviewed available information and 

assigned a primary clinical category using MedDRA system organ classes (SOC) to each report. 

Empirical Bayesian data mining was used to identify disproportional AE reporting following 

ccIIV3.

Results: VAERS received 629 reports following ccIIV3 of which 313 were for administration of 

vaccine to persons < 18 years.; Among 309 reports with an AE documented, 19 (6.1%) were 

serious and the most common categories were 152 (49.2%) general disorders and administration 

site conditions (mostly injection site and systemic reactions) and 73 (23.6%) immune system 

disorders with two reports of anaphylaxis. Four reports of GBS were submitted. Disproportional 

reporting was identified for ‘drug administered to patient of inappropriate age.’

Conclusions: Review of VAERS reports did not identify any concerning pattern of AEs after 

ccIIV3. Injection site and systemic reactions were the most commonly reported AEs, similar to the 

pre-licensure clinical trials. Reports following ccIIV3 in persons <18 years highlight the need for 

education of healthcare providers regarding approved ccIIV3 use.
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Introduction

On 20 November, 2012, the Food and Drug Administration (FDA) approved the trivalent 

subunit inactivated influenza vaccine (Flucelvax®, ccIIV3) for adults aged ≥18 years [1]. 

Flucelvax® is prepared from virus propagated in Madin Darby Canine Kidney (MDCK) 

cells. Cell culture-derived technology for production of influenza vaccines may present a 

number of advantages over egg-derived vaccine technology which include shorter 

production time, a more reliable supply of substrate, less risk of contamination, and 

minimization of egg passage-dependent antigenic changes [2]. The manufacturing process 

for ccIIV3 does not use eggs but the vaccine is not considered egg-free because the seed 

virus strains supplied by the World Health Organization were passaged in eggs [3]. The 

Advisory Committee on Immunization Practices (ACIP) included Flucelvax® for adults 

aged ≥18 years in its recommendations for the influenza seasons 2013–14 and 2014–15 

[3,4]. The safety of ccIIV3 was evaluated in seven randomized, controlled studies in the 

United States, Europe, and New Zealand and involved a study population of 6,281 adults 

aged ≥18 years [5]. The most common (≥10%) solicited adverse reactions within 7 days of 

vaccination were local reactions (e.g., pain, erythema at the injection site). The most 

common (≥10%) systemic reactions included headache, fatigue, and malaise [5]. The rate of 

adverse events (AEs) after ccIIV3 was found to be comparable to that of IIV3 (Agriflu®). 

Although the safety data for ccIIV3 in pre-licensure studies was re-assuring, the small 

sample size of these studies makes it difficult to evaluate rare adverse events. We assessed 

the safety of ccIIV3 in the Vaccine Adverse Event Reporting System (VAERS) during the 

first two influenza seasons (2013–2015) following licensure to identify possible safety 

concerns which may not have been detected during pre-licensure trials.

Methods

Vaccine Adverse Events Reporting System (VAERS)

VAERS is a national vaccine safety surveillance system, co-administered by the Centers for 

Disease Control and Prevention (CDC) and Food and Drug Administration (FDA) that 

receives spontaneous reports of AEs following immunization [6]. VAERS accepts reports 

from healthcare providers, vaccine recipients, vaccine manufacturers, and other reporters. 

The VAERS report form collects information on age, sex, vaccines administered, the AE 

experienced, medical conditions at the time of vaccination and medical history. Signs and 

symptoms of AEs are coded by trained personnel and entered into a database using the 

Medical Dictionary for Regulatory Activities (MedDRA), a clinically validated, 

internationally standardized medical terminology [7]. A VAERS report may be assigned one 

or more MedDRA preferred terms (PT). A PT is a distinct descriptor for a symptom, sign, 

disease, diagnosis, therapeutic indication, investigation, surgical, or medical procedure, and 

medical, social, or family history characteristic [8]. Reports are classified as serious based 

on the Code of Federal Regulations if one of the following is reported: death, life-
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threatening illness, hospitalization or prolongation of hospitalization, permanent disability, 

or a congenital anomaly [9]. For non-manufacturer serious reports, medical records are 

routinely requested and made available to VAERS personnel. Reports with no AE (e.g., drug 

administered to patient of inappropriate age) may also be reported and are assigned 

MedDRA PTs.

We analyzed US VAERS reports for persons vaccinated with ccIIV3 during July 1, 2013 and 

March 31, 2015, with reports received by April 30, 2015. We excluded non-US reports and 

duplicate reports. Because VAERS is a routine surveillance program that does not meet the 

definition of research, it is not subject to Institutional Review Board review and informed 

consent requirements.

Clinical review of reports

We conducted clinical review of all reports which involved review of all documentation 

(VAERS reports, medical records, autopsy report) on the AE and an assessment of the 

clinical characteristics of the medical event, condition/s following vaccination which 

motivated its reporting to VAERS. For serious reports and reports with a clinical 

presentation suggestive of anaphylaxis and Guillain-Barré syndrome (GBS), we also 

reviewed associated medical records. Reports suggestive of anaphylaxis or GBS were 

verified using the Brighton Collaboration criteria or a physician’s diagnosis [10,11]. The 

Brighton Collaboration is a network of vaccine safety experts who have developed 

standardized, validated case definitions for certain AEs [12]. A primary diagnostic category 

was assigned to each report using MedDRA system organ classes (SOC), which is the 

highest level of the MedDRA hierarchy that provides the broadest classification for AEs [8]. 

Proportions of AEs under each SOC were calculated using only reports that report an AE. 

Cause of death was determined from information documented in the autopsy report, the 

death certificate, or the medical record. In this review we made no attempt to assess 

causality of the reported AEs.

Data mining

We used Empirical Bayesian (EB) data mining [13] to identify AEs reported more 

frequently than expected following ccIIV3 in the VAERS database. EB data mining can 

address the inherent limitation of absent denominator data (e.g., number of overall relevant 

doses administered) in VAERS by screening for vaccine-event pairs that are reported more 

frequently than expected. Furthermore, EB data mining can minimize false-positive signals 

resulting from the algorithm’s shrinkage towards the null when observed and/or expected 

counts are low. EB05 is defined as the lower 95% CI limit of the adjusted ratios of the 

observed counts over expected counts [14]. Through this data-mining analysis, ccIIV3 

reports were compared with all other vaccines in the VAERS database. We used published 

criteria [14,15] to identify, with a high degree of confidence, ccIIV3 vaccine-event pairs 

reported at least twice as frequently as would be expected (i.e., lower bound of the 90% 

confidence interval surrounding the EB geometric mean [EB05] >2). We clinically reviewed 

those ccIIV3 reports containing preferred terms which exceeded the data mining threshold 

noted above to characterize and verify the signal.
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Reporting rates

Pooled reporting rates for both GBS and anaphylaxis were calculated by totaling the number 

of reports of each of these conditions received over the first 2 influenza seasons of ccIIV3 

distribution and diving by the total number of doses distributed during those 2 seasons.

Results

VAERS received 629 reports after ccIIV3 administered during the study period (Table 1); 

Only 309 of the 629 reports (49.1%) described an AE. Nineteen (6.1%) reports were 

classified as serious. Of all reports, 326 (51.8%) described vaccination errors; of these 313 

were in persons aged <18 years (10 of which reported an AE), 10 were in adults and 3 in 

persons of unknown age. The median age in all reports was 18 years (range 0.7−85 years). 

In 585 (93.0%) reports, ccIIV3 was administered alone without any other vaccines. Most 

reports, 389 (61.8%), were submitted for persons vaccinated during the 2013–2014 influenza 

season; most of these (271 of 389;69.7%) were vaccination errors of the MedDRA preferred 

term ‘drug administered to patient of inappropriate age’.

Clinical Review

The most frequent AE diagnostic category was “general disorders and administration site 

conditions” in 152 (49.2%) reports. This system organ class included 74 (23.9%) reports of 

injection site reactions. Immune system disorders, which included hypersensitivity reactions, 

accounted for 73 (23.6%) reports which included two reports of anaphylaxis. One report in a 

24- year-old male met Brighton criteria level 2, and a second report in a 43 year-old female 

did not meet Brighton criteria but the attending physician diagnosed it as an anaphylactic 

reaction. Both patients recovered fully. Of the 14 (4.5%) reports of nervous system 

disorders, four included reports of GBS. We were able to verify three of the GBS reports in 

males aged 49, 54, and 44 years that met Brighton level criteria 1, 2 and 3, respectively; the 

onset intervals from vaccination to onset of neurological symptoms were 6, 22 and 9 days. A 

history of respiratory or gastrointestinal infections prior to vaccination was present only in 

the 54 year-old male, who had watery diarrhea and fever before the onset of neurological 

symptoms. The one unverified report of GBS involved a 47-year-old female who had a 

history of GBS after a trivalent inactivated influenza vaccine in 1999 and presented with 

paralysis below her waist and in her arms 1 day after ccIIV3 vaccination.

Among the 19 serious reports, which included the four GBS reports described above, there 

was one death which occurred 12 days after vaccination in a 77-year-old female with a 

history of diabetes, chronic obstructive pulmonary disease, arthritis, and depression. Cause 

of death on the death certificate was noted as “cardiovascular disease due to diabetes”. Other 

serious reports included seven reports that required hospitalization with diagnoses of 

myocarditis, post-viral myalgia, pneumonia, generalized weakness and paresthesias, stroke, 

cardiac insufficiency, and arm pain where a pneumococcal vaccine was administered. Seven 

serious reports were classified as such because the reporter documented in the report that the 

AE resulted in permanent disability or was a life threatening illness. These conditions 

included influenza-like-illness, knee swelling with eye blurriness, myalgias with nausea and 
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vomiting, vertigo and an injection site reaction, systemic reactions (headache, fever, chills), 

and two reports of injection site pain.

Data mining

Disproportionality analysis revealed an elevated EB05 (>2) for the MedDRA preferred term 

‘drug administered to patient of inappropriate age’, which denotes a vaccination error 

whereby persons received ccIIV3 at ages for which the vaccine is not approved. This signal 

was first detected during the 2013–2014 influenza season. For both seasons, we identified 

313 reports of off-label use in persons of inappropriate age (271 during the 2013–2014 

initial season of ccIIV3 use). Only 10 reports described an AE, none of which were serious. 

The AEs included reports of arm pain, or an injection site reaction (3), nausea and/or 

vomiting (2), non-anaphylaxis allergic reaction (2), and one report each of asthma attack, 

syncope, and fever with nasal congestion.

Crude reporting rate

During the first two influenza seasons (2013–2014 and 2014–2015) following licensure of 

ccIIV3, approximately 5.6 million doses of vaccine were distributed in the US [Dr. James 

Mansi, Novartis, personal communication]. The crude reporting rate for GBS cases was 0.7 

per million doses distributed and for anaphylaxis 0.4 per million doses distributed. The 

crude reporting rate for non-anaphylaxis allergic reactions was 12.7 cases per million doses 

distributed.

Discussion

During the 2013–2014 and 2014–2015 influenza seasons, the first ccIIV3 was introduced in 

the United States for use in persons aged ≥18 years [3,4]. Post-licensure surveillance data 

from VAERS during this period were reassuring on the safety of ccIIV3. We noted 

disproportionate reporting for the MedDRA preferred term ‘drug administered to patient of 

inappropriate age’ which represents ccIIV3 being administered to persons aged <18 years, 

an age group in whom this vaccine is not approved or recommended. Only 3% of these 

reports, however, described an AE, all of which were mild. Moreover, most (86%) of these 

off-label or vaccination error reports occurred during the 2013–2014 season when the 

vaccine was first introduced. Other than this signal, we did not identify any other safety 

concerns among ccIIV3 reports reported to VAERS.

We found that 50% of the AEs were mild and comprised injection site or self-limited 

systemic reactions, consistent with the safety profile of ccIIV3 in pre-licensure clinical trials 

[5]. The European counterpart for ccIIV3, Optaflu, made by Novartis, was approved by the 

European Medicines Agency (EMEA) in June 2007 for use in all 27 member states of the 

European Union, Iceland and Norway [2]. Pre-licensure studies for Optaflu also found that 

injection site reactions were the most common reactions observed [2,16,18]. However, a 

small but statistically significant increase in injection site reactions following Optaflu in 

patients 18 – 64 years of age was observed [18].

In our study, hypersensitivity reactions accounted for almost 25% of reports after ccIIV3 

submitted to VAERS, but only two met the criteria for anaphylactic reactions and the crude 
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reporting rate was similar to or less than what has been observed for other influenza vaccines 

[19]. Anaphylactic reactions, are potentially life-threatening immediate hypersensitivity 

reactions that rarely can be causally associated with influenza vaccination [20]. Anaphylaxis 

is closely monitored in VAERS especially following recommendations for use of newly 

licensed vaccines in the United States. For example, close monitoring of Flublok®, a cell-

based vaccine which does not use chicken eggs for vaccine production, identified a notable 

number of reports describing hypersensitivity reactions, including one anaphylaxis reaction 

during its first year postlicensure [21]. This finding prompted a change in the vaccine label 

noting the presence of these adverse events [22].

GBS is an acute, immune-mediated paralytic disorder of the peripheral nervous system [23]. 

GBS is most commonly associated with Campylobacter jejuni and other infectious agents 

[23]. Influenza vaccines have been traditionally monitored for GBS risk since an increased 

risk of GBS after influenza vaccination was first observed with the 1976–1977 A/New 

Jersey (‘‘swine influenza’’) vaccine [24]. However, most subsequent studies have shown a 

small or no increased risk of GBS after influenza vaccination [25–26]. For ccIIV3, we 

identified four cases of GBS reported to VAERS, three of which were verified through 

review of medical records, all during the 2014–2015 influenza season. The crude reporting 

rate of 1.0 GBS cases per million ccIIV3 doses distributed was comparable to the 

background rate for this condition [19]. Moreover, no disproportionate reporting for GBS 

was observed in our study using EB data mining.

Data mining represents an analytical strategy to assess for disproportionate reporting in the 

VAERS database [13,14]. Through EB data mining we screen the VAERS database for 

ccIIV3-event pairs reported disproportionally more frequently compared to all other 

vaccine-event pairs contained in the VAERS database.. Moreover, data mining runs can be 

adjusted and/or stratified by possible confounding variables such as age, gender, season of 

administration, years of administration or reporting, and type of vaccines such as live or 

inactivated [15]. Through EB data mining the only disproportionality of importance was the 

administration of ccIIV3 to an age group for whom it was not approved which accounted for 

half of all reports to VAERS and highlights the need for education of healthcare providers 

regarding the approved ages and recommendations for ccIIV3 use.

While VAERS has a number of strengths, such as its broad national scope and timely 

reporting, it is a spontaneous reporting system that has limitations, including over- or under-

reporting, biased reporting, and inconsistency in quality and completeness of reports [6]. 

VAERS generally cannot assess causality between an AE and receipt of a vaccine. Although 

we estimated crude reporting rates for anaphylaxis and GBS using doses of vaccine 

distributed as a denominator, these estimates should be interpreted with caution since the 

number of doses of vaccine distributed and administered and the completeness of 

anaphylaxis and GBS reporting to VAERS are not known.

Other than the finding of disproportionate reporting for the MedDRA preferred term ‘drug 

administered to patient of inappropriate age,’ we did not observe any new or unexpected 

safety concerns during the first two influenza seasons of ccIIV3 use in the United States. 

The safety profile is consistent with that observed during the pre-licensure trials. As more 
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persons receive ccIIV3 in future influenza seasons, VAERS may be able to detect other rare 

AEs. CDC and FDA will continue to monitor the safety of ccIIV3 during the 2015–2016 

influenza season and beyond.
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Table 1.

Characteristics of Flucelvax® (ccIIV3) reports to VAERS among persons vaccinated July 1, 2013 through 

March 31, 2015 (reports received by April 30, 2015)

Characteristics N (%)

Total Reports 629

 Reports with an adverse event 309

 Serious 19 (6.1)
a

Reports during 2013-2014 influenza season 389 (61.8)

Reports during 2014-2015 influenza season 240 (38.2)

Median age (range) years 
b 18.5 (0.7 – 85)

Age groups (years)

 <18 313 (49.8)
c

 18 – 29 43 (6.8)

 30 – 49 113 (17.9)

 50 – 64 106 (16.9)

 ≥65 41 (6.5)

Female
d 349 (55.5)

Median onset interval (range) days
e 0 (0 – 115)

ccIIV3 was given alone 585 (93.0)

Type of reporter

 Manufacturer 283 (44.9)

 Vaccine provider 191 (30.4)

 Other 81 (12.9)

 Patient 74 (11.8)

a
Among reports with adverse events

b
Age unknown in 29 (4.6%) reports

c
Vaccination error reports containing MedDRA preferred term “Drug administered to patient of inappropriate age”

d
Sex not reported in 27 (4.3%) reports

e
Onset interval (the time between vaccination and onset of symptoms) not reported in 14 (4.5%) of 309 reports with AEs
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Table 2.

Diagnostic categories for the 309 reports of adverse events after Flucelvax® (ccIIV3) in VAERS among 

persons vaccinated July 1, 2013 through March 31, 2015 (reports received by April 30, 2015)

MedDRA System Organ Class N (%)

General disorders and administration site conditions 152 (49.2)

  Local reactions
a 74

Immune system disorders 73 (23.6)

  Anaphylaxis
b 2

Musculoskeletal and connective tissue disorders 35 (11.9)

Nervous system disorders 14 (4.5)

  Guillain-Barré syndrome
c 4

  Bell’s palsy 2

Respiratory, thoracic and mediastinal disorders 11 (3.6)

Gastrointestinal disorders 5 (1.6)

Cardiac disorders 5 (1.6)

Skin and subcutaneous tissue disorders 3 (1.0)

Infections and infestations 3 (1.0)

Ear and labyrinth disorders 2 (0.6)

Other
d 4 (1.3)

a
Local reactions comprised 48.7% of adverse events in this group

b
One report met Brighton criteria for level 2, and one that did not meet Brighton criteria but was physician diagnosed

c
One report met Brighton criteria level (BL) 1, one BL 2, one BL 3, and one was not verified as a GBS case

d
Other includes one report each of endocrine disorder, psychiatric disorder, an unspecified adverse event, and a death due to cardiovascular disease 

secondary to diabetes
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