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Abstract

BACKGROUND AND OBJECTIVE: In 2006, routine 2-dose varicella vaccination for children
was recommended to improve control of varicella. We assessed the safety of second-dose varicella
vaccination.

METHODS: We identified second-dose single-antigen varicella vaccine reports in the Vaccine
Adverse Event Reporting System during 2006 to 2014 among children aged 4 to 18 years. We
analyzed reports by age group (4-6 and 7-18 years), sex, serious or nonserious status, most
common adverse events (AEs), and whether other vaccines were administered concomitantly with
varicella vaccine. We reviewed serious reports of selected AEs and conducted empirical Bayesian
data mining to detect disproportional reporting of AEs.

RESULTS: We identified 14 641 Vaccine Adverse Event Reporting System reports after second-
dose varicella vaccination, with 494 (3%) classified as serious. Among nonserious reports,
injection site reactions were most common (48% of children aged 4-6 years, 38% of children aged
7-18 years). The most common AEs among serious reports were pyrexia (31%) for children aged
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4 to 6 years and headache (28%) and vomiting (27%) for children aged 7 to 18 years. Serious
reports of selected AEs included anaphylaxis (83), meningitis (5), encephalitis (16), cellulitis (52),
varicella (6), herpes zoster (6), and deaths (7). One immunosuppressed adolescent was reported
with vaccine-strain herpes zoster. Only previously known AEs were reported more frequently after
second-dose varicella vaccination compared with other vaccines.

CONCLUSIONS: We identified no new or unexpected safety concerns for second-dose varicella
vaccination. Robust safety monitoring remains an important component of the national varicella
vaccination program.

In 1995, the US Food and Drug Administration licensed live attenuated varicella vaccine and
approved its use in persons aged =12 months to prevent varicella 1; the Advisory Committee
on Immunization Practices subsequently recommended routine childhood administration of
a single dose of varicella vaccine. After implementation of this recommendation, substantial
declines in cases, hospitalizations, and deaths related to varicella were observed in the
United States. 2-5 However, outbreaks of varicella continued, despite routine 1-dose
vaccination. 8 In 2006, the Advisory Committee for Immunization Practices recommended a
routine 2-dose childhood schedule for varicella vaccination, with the first dose given at ages
12 to 15 months, a second dose at ages 4 to 6 years, and “catch-up” 2-dose vaccination for
other persons without evidence of immunity.

Available data indicate that single-dose varicella vaccination is safe and well tolerated. In a
prelicensure clinical trial, injection site reactions were common, but mild and self-limited.®
During 1995 through 2005, the most commonly reported adverse events (AESs) to the
Vaccine Adverse Events Reporting System (VAERS) were fever, rash, and injection site
reactions. 2 In a clinical trial comparing 1 vs 2 doses of varicella vaccine, no serious AEs
related to vaccination were reported. 10

Limited published data exist on the safety of second-dose varicella vaccination in children
after implementation of the 2006 recommendation. To address this need, we analyzed
reports after the second dose of single-antigen varicella vaccine that were submitted to
VAERS from 2006 through 2014 in children aged 4 to 18 years.

METHODS

Data Source

VAERS is a national spontaneous reporting system for monitoring AEs that occur after
receiving US-licensed vaccines.11 VAERS accepts reports from health care providers,
vaccine manufacturers, vaccine recipients, and others; data collected include signs and
symptoms that are coded by using Medical Dictionary for Regulatory Activities (MedDRA)
Preferred Terms (PTs).12 MedDRA PTs are not medically confirmed diagnoses and a
VAERS report may be assigned >1 MedDRA PT. Reports are classified as serious based on
the Code of Federal Regulations if 1 or more of the following is reported: death, life-
threatening illness, hospitalization or prolongation of existing hospitalization, or permanent
disability. 13 Because of these criteria, reported signs and symptoms that are clinically severe
do not necessarily mean a report will be classified as a serious report. For serious reports,
additional information is routinely requested from a variety of sources (eg, the reporter, care
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providers), including medical records. Serious reports from manufacturers typically do not
provide medical records to VAERS personnel (manufacturers review such records before
reporting to VAERS). For nonmanufacturer serious reports, medical records are routinely
requested and made available to VAERS personnel.

Descriptive Analysis

We searched the VAERS database for reports after single-antigen varicella vaccination in
children aged 4 to 18 years who were vaccinated in the United States from July 1, 2006,
through December 31, 2014 (among reports received by Centers for Disease Control and
Prevention through June 30, 2015). We intended to capture reports of children receiving the
routinely recommended second dose (ie, aged 46 years) and children receiving a “catch-
up” second dose (ie, aged 7-18 years). Because accurate reporting of dose number (first or
second) is inconsistently reported to VAERS and is therefore of limited value, we were
compelled to use age range (4—18 years) as a surrogate marker of second-dose varicella
vaccination. We excluded reports that were foreign; involved combination measles, mumps,
rubella, and varicella vaccine; explicitly indicated first-dose varicella vaccine; or were
missing age. The combination measles, mumps, rubella, and varicella vaccine was
considered a different enough product to be beyond the scope of this analysis, particularly
given its association with febrile seizure, an AE not associated with first-dose varicella
vaccine. 1415 We analyzed reports by age group (aged 4-6 years and 7-18 years), sex,
serious or nonserious status, the most common MedDRA PTs, and whether other vaccines
were given concomitantly with varicella vaccine. For simplicity, the MedDRA PTs
“injection site erythema,” “injection site swelling,” “injection site warmth,” “injection site
pain,” “injection site induration,” and “injection site pruritus” were consolidated under the
single term “injection site reactions.”

Review of Prespecified Conditions

Centers for Disease Control and Prevention physicians (J.S. and Z.L.) reviewed serious
reports and their associated available medical records for the following prespecified
conditions (selected because of clinical significance 916): anaphylaxis, meningitis,
encephalitis, cellulitis, varicella, herpes zoster (HZ), and death (Table 1). The Brighton
Collaboration case definition was applied to reports of anaphylaxis (Table 5).17 (Brighton
Collaboration case definitions are frequently used in pharmacovigilance and include
numerical categories to describe diagnostic certainty.)

Disproportionality Analysis

We used empirical Bayesian (EB) data mining to identify AEs that were reported more
frequently than expected after the second dose of varicella vaccine (compared with other
vaccines) in VAERS, adjusting for age, sex, and the year in which reports were received.18
By evaluating each AE after each vaccine (a vaccine-AE pair) throughout VAERS, data
mining can identify vaccine-AE pairs that are reported more (or less) frequently than
expected. We used published criteria to identify AEs that were reported at least twice as
frequently as would be expected after varicella vaccine (ie, lower bound of the 90%
confidence interval surrounding the EB geometric mean [EB05] >2). 19
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Descriptive Analysis

From July 1, 2006, through December 31, 2014, we identified 14 641 reports received by
VAERS involving second-dose varicella vaccination; 494 (3%) were serious ( Table 2). The
percentage of serious reports was similar regardless of age group or if other vaccines were
administered concomitantly. Other vaccines were given concomitantly with varicella vaccine
in 89% of reports among children aged 4 to 6 years, and 69% among children aged 7 to 18
years. Among children aged 4 to 6 years, the vaccines most commonly given with varicella
vaccine were combination measles-mumps-rubella vaccine (MMR) (7= 5096, 86%) and
combination diphtheria, tetanus toxoid, and acellular pertussis, either alone or as a
combination with inactivated polio vaccine (7= 4954, 84%). Among children aged 7 to 18
years, the vaccines most commonly given with varicella vaccine were combination tetanus
toxoid, diphtheria, and acellular pertussis (7= 2749, 50%) and meningococcal conjugate
vaccine (n= 2639, 48%); in 1789 (33%) reports, varicella; combination tetanus toxoid,
diphtheria, and acellular pertussis vaccine; and meningococcal conjugate vaccines were all
administered concomitantly.

Among children aged 4 to 6 years, nonserious reports of AEs after second-dose varicella
vaccination most commonly reported injection site reactions (7= 3102, 48%) and erythema
(n=953, 15%) (Table 3); similarly, among children aged 7 to 18 years, injection site
reactions (n= 2919, 38%) and erythema (7= 1589, 21%) were most commonly reported
(Table 4). For serious reports of AEs after second-dose varicella vaccination, the most
commonly reported AEs among children aged 4 to 6 years were pyrexia (1= 78, 31%) and
injection site reactions (/7= 63, 25%); among children aged 7 to 18 years, headache (7= 67,
28%) and vomiting (n= 65, 27%) were most commonly reported.

Review of Serious Reports for Prespecified Conditions

Anaphylaxis—We identified 83 serious reports of anaphylaxis after second-dose varicella
vaccination; other vaccines were administered concomitantly with varicella vaccine in 69
(83%) of these reports. Fifty-eight reports (52 with medical records available) described
children aged 4 to 6 years; 39 (67%) met Brighton Level 1 criteria (the highest level of
diagnostic certainty), 13 (22%) met Brighton Level 2, 1 (2%) met Brighton Level 3, and 5
(9%) did not meet the Brighton case definition (which is summarized in Table 5). Twenty-
five reports (22 with medical records available) described children aged 7 to 18 years; 13
(52%) met Brighton Level 1 criteria, 9 (36%) met Brighton Level 2, 0 (0%) met Brighton
Level 3, and 3 (12%) did not meet the Brighton case definition. Past medical histories of
anaphylaxis, asthma, atopic dermatitis, or allergies to eggs and/or medications were noted in
29 (50%) reports for children aged 4 to 6 years; 4 of these 29 reports described a history of
anaphylaxis (2 of whom experienced anaphylaxis after vaccines: 1 after MMR, 1 after
influenza vaccine [type unspecified]). Of the 10 (40%) reports for children aged 7 to 18
years with such histories, 4 had a history of anaphylaxis: 2 after MMR, 1 after influenza
vaccine (type unspecified), and 1 after products containing gelatin, including vaccines (types
not available for review). No report described a patient with a positive rechallenge (eg,
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experiencing anaphylaxis after receiving a vaccine, then receiving the same vaccine and
subsequently experiencing anaphylaxis again).

Regardless of age group or other concomitantly administered vaccines, median time to onset
was 5 to 10 minutes after vaccination. None of the reports described children with a history
of anaphylactic reaction after a previous dose of varicella vaccine.

Meningitis and Encephalitis—We identified 5 serious reports of meningitis (4 with
medical records available) after second-dose varicella vaccination among 5 children aged 4,
5 (2 children), 14, and 15 years. Among the children aged 4 years and 5 years (2 children),
median time from vaccination to onset of meningitis was 1 day (range 1-7 days); for the
children aged 14 and 15 years, time from vaccination to onset of meningitis was 15 days and
6 days, respectively. None of the meningitis reports described laboratory evidence of
varicella-zoster virus (VZV) (eg, by serologic testing, polymerase chain reaction (PCR), or
viral culture), and all were based on physician diagnosis.

We identified 16 serious reports of encephalitis after second-dose varicella vaccination, 6
among children aged 4 to 6 years and 10 among children aged 7 to 18 years; medical records
were available for all 16 reports. Median reported onset was 6 days (range: 0-17 days) after
vaccination among children aged 4 to 6 years, and 12 days (range: 0 to 63 days) after
vaccination among children aged 7 to 18 years. No reports of encephalitis described
laboratory evidence of VZV; diagnoses were based on imaging studies and physician
diagnosis. Five reports described acute demyelinating encephalomyelitis (ADEM) diagnosed
by magnetic resonance imaging.

Cellulitis—We identified 83 serious reports of cellulitis after second-dose varicella
vaccination; 52 reports (46 with medical records available) described cellulitis on the limb
on which the varicella vaccine was administered. For these 52 reports, median time from
vaccination to onset was the day after vaccination (range 0-5 days), regardless of age group
or whether varicella vaccine was administered alone or with other vaccines. Site of varicella
vaccination was available for 47 of 52 reports, and included the left arm (15), right arm (17),
left thigh (10), and right thigh (5). Of 36 children who received varicella vaccine
concomitantly with other vaccines, 31 (86%) received varicella vaccine and at least 1 other
vaccine in the same limb.

Varicella—We identified 6 serious reports of varicella disease after second-dose varicella
vaccination in children aged 7, 11, 16, and 18 (3 children) years (medical records available
for 5 reports). Median time to onset was 21 days (range 17-51 days) after vaccination. Three
children were diagnosed by PCR (1 child had wild-type VVZV; genotyping results were not
available for the other 2 children). Of these 6 children, 3 were immunocompromised when
diagnosed (for whom time to onset ranged from 22-51 days after vaccination): 1 child had
congenital HIV infection, with a CD4 count of 6 and a viral load >90 000 copies/mL;
another had juvenile rheumatoid arthritis and was taking anakinra, leflunomide,
methotrexate, and thalidomide at the time of diagnosis; and the third had Crohn’s disease
and was taking methotrexate and prednisone at the time of diagnosis.
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HZ—We identified 6 serious reports of HZ (medical records available for 3 reports) after
second-dose varicella vaccination in children aged 10, 13, 14, 15, and 16 (2 children) years;
the children aged 16 years were reported with both varicella and HZ, but were diagnosed
with disseminated HZ. Onset ranged from 10 days to 7 years after vaccination. Five children
were VZV-positive by PCR, with genotyping data available for 1 child: a girl aged 15 years
with a history of dermatomyositis, who began mycophenolate and prednisone 3 weeks
before onset of HZ, who had vaccine-strain VZV.

Deaths—We identified 7 reported deaths after second-dose varicella vaccination (Table 2).
Ages ranged from 4 to 18 years. The median time from vaccination to death was 2 days
(range <1-22 days). Cause of death from autopsy reports and/or death certificates were
available for 6 reports: asphyxiation, febrile seizure, accidental drowning, influenza B
sepsis, hemolytic uremic syndrome, and thrombotic thrombocytopenic purpura secondary to
Shiga toxin (+) Escherichia coli, and viral myocarditis. Significant chronic medical
problems were common among these children, such as a history of congenital heart
malformations and seizure disorder. No deaths were attributed to wild-type or live-
attenuated (vaccine-strain) VZV.

Disproportionality Analysis

EB data mining revealed an EB05>2 for the following MedDRA PTs, indicating that they
were reported at least twice as frequently for varicella vaccine compared with other
vaccines: “varicella post vaccine,” “varicella,” and “rash, vesicular.”

DISCUSSION

Varicella vaccination has been a safe and effective tool in reducing illness and death in the
United States from varicella. 2 Serious reports to VAERS of AEs after varicella
vaccination are rare, with 5% of reports after the first dose,® and 3% of reports after the
second dose (in this analysis) being serious. The proportion of serious reports, including
prespecified AEs in our analysis, were similar for both children aged 4 to 6 years (receiving
their second dose on schedule) and aged 7 to 18 years (receiving a catch-up dose). The data
here are reassuring: commonly reported AEs (eg, injection site reactions, pyrexia) were
previously described in postlicensure monitoring, ¢ and no unexpected safety concerns were
identified. The only AEs reported more frequently after second-dose varicella vaccination
(compared with other vaccines) were known, previously characterized AEs of varicella
vaccination, and are listed on the product package insert or in other guidance. 1.16

Most (89%) serious reports of anaphylaxis met either Brighton Level 1 or 2 criteria,
indicating good evidence for the diagnoses of anaphylaxis. 17 Anaphylaxis has been reported
with varicella vaccine previously. 12021 In a 2011 report on vaccine AEs, the Institute of
Medicine concluded that varicella vaccine can cause anaphylaxis rarely, 16 a conclusion
supported by the small proportion of reported anaphylaxis here (110 reports, or 0.75%).

Meningitis after varicella vaccination (either from wild-type or vaccine-strain VZV) has
been reported rarely. 922 In our review, no serious reports of meningitis after second-dose
varicella vaccination could be conclusively attributed to VZV, and meningitis after second-
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dose varicella vaccination (7 cases, or 0.05% of 14 641 total reports) was reported with a
frequency comparable to that after first-dose varicella vaccination (39 cases, or 0.15% of 25
306 total reports).® Encephalitis and demyelinating conditions like ADEM have been
described after administration of vaccines, including varicella vaccine. 23-28 However, there
is insufficient evidence to accept or reject a causal relationship between varicella vaccination
and ADEM.16

Cellulitis is a known AE that occurs after varicella vaccination. 12 A previous report
suggested that cellulitis might be dependent on where the vaccine was injected 2%; the data
here showed no such association. Cellulitis and cellulitis-like reactions can be difficult to
distinguish from local reactions that involve pain, swelling, and erythema.30

Our analysis indicated a frequency of reported varicella and HZ after second-dose
vaccination comparable with first-dose vaccination. ® Almost half of serious reports of
varicella and/or HZ after second-dose varicella vaccination occurred among
immunosuppressed children; only 1 had vaccine-strain VZV (the 15-year-old girl with
dermatomyositis). Such infections are a known complication of administering live virus
vaccines to immunosuppressed children (in whom live virus vaccines are usually
contraindicated) 19; guidelines exist to help inform decisions about using live virus vaccines
in this population. 31 Some experts suggest use of live virus vaccines (such as varicella
vaccine) be deferred until 3 months after cessation of chemotherapy, and use in HIV-positive
persons might be deferred until stable antiretroviral therapy, a good CD4 response, and
maximal viral suppression have been achieved.32 The absence of serious reports of varicella
and HZ among children aged 4 to 6 years in this analysis might reflect changing
demographics of varicella infection in the United States. 33

Review of deaths reported to VAERS after second-dose varicella vaccination does not
suggest a causal relationship with vaccination. Six of the 7 reported deaths occurred within 6
days of vaccination; the average incubation period of VZV is 14 days. Many of the reported
deaths described patients with preexisting medical conditions that possibly increased the risk
of premature death. Although 1 death (boy aged 12 years) was attributed to viral
myocarditis, no evidence suggested VZV was involved.

Our analysis has limitations. VAERS is a passive reporting system, and subject to limitations
such as underreporting, reporting biases, inconsistent data quality and completeness,
changes in reporting over time, and lack of an unvaccinated comparison group. %11 We used
age range (4-18 years) as a surrogate measure of second-dose varicella vaccination, so some
reports in this analysis are assumed to be the second dose. Without denominator data (eg,
doses of second-dose varicella vaccine administered), we are unable to calculate true rates of
AEs after vaccination and estimate relative risk by using VAERS data. For these and other
reasons, we generally cannot determine if reported AEs to VAERS are causally related to
second-dose varicella vaccination. 11 Despite these limitations, VAERS remains a valuable
tool for detecting unusual or unexpected patterns of reported AEs that might indicate
vaccine safety concerns requiring further evaluation. 3435 Our analysis detected no such
concerns.
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CONCLUSIONS

The safety data on second-dose varicella vaccination are reassuring; reported AEs after
second-dose varicella vaccination were mild, self-limiting, and similar in reported frequency
to AEs after first-dose vaccination,® with no new or unexpected safety concerns. Routine 2-
dose vaccination with varicella vaccine has further reduced morbidity from varicella, 36:37
with >140 million doses of varicella vaccine distributed through the United States as of
2013. 38 Continued robust safety monitoring remains an important component of the
national varicella vaccination program.
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ABBREVIATIONS
ADEM acute demyelinating encephalomyelitis
AE adverse event
EB empirical Bayesian
HZ herpes zoster
MedDRA Medical Dictionary for Regulatory Activities
MMR measles-mumps-rubella vaccine
PCR polymerase chain reaction
PT Preferred Term
VAERS Vaccine Adverse Event Reporting System
Vzv varicella-zoster virus
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WHAT’S KNOWN ON THIS SUBJECT:

Single-dose vaccination for varicella has proven safe with no unexpected adverse events.
A 2-dose vaccination schedule for varicella vaccine was recommended in 2006.

WHAT THIS ANALYSIS ADDS:

We identified no unexpected safety concerns. All adverse events reported to the Vaccine
Adverse Event Reporting System after the second dose of varicella vaccine were
described previously, with frequencies comparable to those occurring after the first dose
of varicella vaccine.
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TABLE 1

MedDRA PTs Used to Identify Prespecified Conditions

Prespecified Conditions

MedDRA PTs

Anaphylaxis
Meningitis

Encephalitis

Cellulitis

Varicella

HZ

Death?

Anaphylactic shock; anaphylactic reaction; anaphylactoid reaction; anaphylactoid shock
Meningitis; meningism; meningitis, viral; meningitis, aseptic

Encephalitis; encephalopathy; myelitis; encephalomyelitis; encephalitis post immunization; encephalitis, viral;
encephalitis post varicella; meningoencephalitis, viral

Cellulitis, staphylococcal; cellulitis, streptococcal; cellulitis; administration site cellulitis; injection site cellulitis;

injection site necrosis; vaccination site necrosis; myositis; infective myositis; muscle abscess; gas gangrene; post

procedural cellulitis; application site cellulitis; cellulitis enterococcal; cellulitis, gangrenous; cellulitis, pasteurella;
soft tissue debridement

Varicella; varicella post vaccine; varicella-zoster gastritis; varicella-zoster esophagitis; varicella-zoster pneumonia;
varicella immunization; varicella virus test positive; varicella zoster virus infection

HZ; HZ, cutaneous, disseminated; HZ, disseminated; HZ infection, neurologic; HZ meningitis; HZ
meningoencephalitis; HZ meningomyelitis; HZ necrotizing retinopathy; HZ oticus; HZ pharyngitis; ophthalmic HZ

Died

aAIso included reports where the checkbox for “Patient died” was checked in Box 8 of the VAERS form.
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TABLE 5

Summary of Brighton Criteria Case Definitions for Anaphylaxis!’

For all levels of diagnostic certainty: anaphylaxis is a clinical syndrome characterized by sudden onset, rapid progression of signs and
symptoms, AND involving multiple (=2) organ systems, as follows:

Level 1 of diagnostic certainty
« >1 major dermatological AND
« 21 major cardiovascular AND/OR =1 major respiratory criterion
Level 2 of diagnostic certainty
« >1 major cardiovascular AND =1 major respiratory criterion
OR
« 21 major cardiovascular OR respiratory criterion AND
1. 21 minor criterion involving =1 different system (other than cardiovascular or respiratory systems)
OR
2. (=1 major dermatologic) AND (=1 minor cardiovascular AND/OR minor respiratory criterion)
Level 3 of diagnostic certainty
« 21 minor cardiovascular OR respiratory criterion
AND

« >1 minor criterion from each of =2 different systems/categories

The case definition should be applied when there is no clear alternative diagnosis for the reported event to account for the combination of
symptoms.
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