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Abstract

Purpose: To evaluate the safety of live attenuated influenza vaccine (LAIV) in children 2 

through 17 years of age.

Methods: The study was conducted in 6 large integrated health care organizations participating 

in the Vaccine Safety Datalink (VSD). Trivalent LAIV safety was assessed in children who 

received LAIV between September 1, 2003 and March 31, 2013. Eighteen pre‐specified adverse 

event groups were studied, including allergic, autoimmune, neurologic, respiratory, and infectious 
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conditions. Incident rate ratios (IRRs) were calculated for each adverse event, using self‐controlled 

case series analyses. For adverse events with a statistically significant increase in risk, or an IRR > 

2.0 regardless of statistical significance, manual medical record review was performed to confirm 

case status.

Results: During the study period, 396 173 children received 590 018 doses of LAIV. For 13 

adverse event groups, there was no significant increased risk of adverse events following LAIV. 

Five adverse event groups (anaphylaxis, syncope, Stevens‐Johnson syndrome, adverse effect of 

drug, and respiratory failure) met criteria for manual medical record review. After review to 

confirm cases, 2 adverse event groups remained significantly associated with LAIV: anaphylaxis 

and syncope. One confirmed case of anaphylaxis was observed following LAIV, a rate of 1.7 per 

million LAIV doses. Five confirmed cases of syncope were observed, a rate of 8.5 per million 

doses.

Conclusions: In a study of trivalent LAIV safety in a large cohort of children, few serious 

adverse events were detected. Anaphylaxis and syncope occurred following LAIV, although rarely. 

These data provide reassurance regarding continued LAIV use.
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1 | INTRODUCTION

Although intranasal live attenuated influenza vaccine (LAIV) was widely used after 

licensure in 2003, the US Advisory Committee on Immunization Practices (ACIP) made an 

interim recommendation against LAIV use for the 2016 to 2017 influenza season.1 This 

decision was based on findings from US studies demonstrating decreased vaccine 

effectiveness, particularly against the 2009 pandemic influenza A(H1N1) strain.2–4 

However, several recent European studies found that LAIV remains effective,5,6 and the 

vaccine continues to be administered in Canada, the United Kingdom,5 and elsewhere.6 

LAIV remains licensed for use in the USA,1,7 and ACIP recommendations could change to 

support LAIV use in the future.

The safety of LAIV in children has been evaluated in pre‐licensure and post‐licensure 

studies; commonly reported symptoms have included nasal congestion, headache, fever, 

vomiting, and abdominal pain.8–12 Several studies have found an age‐dependent effect of 

LAIV on wheezing, with asthma and medically attended wheezing reported in younger10,13 

but not older10,13–17 children. Consequently, LAIV is not licensed for children <24 months 

of age, is contraindicated in children 2 through 4 years of age with asthma or recurrent 

wheezing, and has precautions regarding use in children ≥5 years of age with asthma.1,7 

Aside from an association with asthma and wheezing in young children, no serious adverse 

events have been attributed to LAIV in randomized8–12,14,15 or observational16,17 studies. 

Addition-ally, no unexpected serious adverse event reporting patterns have been found 

following LAIV in the Vaccine Adverse Events Reporting System (VAERS).18,19
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Although existing LAIV safety data are reassuring, prior studies have certain limitations. 

Randomized trials of LAIV have not included adequate sample size to examine rare adverse 

events,8–12 and VAERS data cannot be used for formal hypothesis testing.20 The objective of 

this investigation was to examine LAIV safety in a large cohort of children 2 through 17 

years of age.

2 | METHODS

2.1 | Study setting and population

This study was conducted in the Vaccine Safety Datalink (VSD), a collaboration between 

the Centers for Disease Control and Prevention (CDC) and 9 large integrated health care 

organizations (referred to as “sites”).21–23 The study population included all children 2 

through 17 years of age with continuous health insurance enrollment at a VSD site for at 

least 1 influenza season (defined as September 1 through March 31) during the influenza 

seasons of 2003 to 2004 through 2012 to 2013. Age was defined as of the date of LAIV 

receipt, and children only contributed data for influenza seasons during which they received 

LAIV and were age eligible. This study period was chosen because the investigation focused 

exclusively on trivalent LAIV; quadrivalent LAIV replaced the trivalent vaccine beginning 

with the 2013 to 2014 season.24 The Pediatric Medical Complexity Algorithm was used to 

define health status; using this algorithm, a condition such as asthma would be considered a 

non‐complex chronic condition.25 The human subjects review board at each site approved 

the study; informed consent was not required.

2.2 | Study design

Self‐controlled case series (SCCS) analyses were used to examine the risk of adverse events 

following LAIV vaccination.26–29 In SCCS analyses, which is a cases‐only design, the 

incidence rate of adverse events in a risk period following vaccination is compared with the 

rate in control periods before and after the risk period.26–29 Preliminary analyses were based 

upon diagnosis codes from electronic health records. Any adverse event with a positive 

signal in preliminary analyses underwent manual medical record review, and SCCS analyses 

were subsequently repeated using only cases confirmed by manual review.

2.3 | Vaccine exposure

Electronic health record data were used to identify all children in the study population who 

received LAIV. Children may have received LAIV in multiple influenza seasons; LAIV 

doses given in different influenza seasons were treated as independent exposures. Children 

may have received 2 LAIV doses within an influenza season;24,30 only the first LAIV dose 

per season was included in analyses. The study focused on trivalent LAIV safety; 

monovalent A(H1N1)pdm09 LAIV and quad-rivalent LAIV were not included in analyses. 

Children may have received other vaccines on the same day as LAIV.

2.4 | Potential adverse events following immunization

Safety data from pre‐licensure and post‐licensure trials,8–10,13–15 LAIV package inserts,31 

and reports to VAERS18 were used to select the adverse events examined. Consistent with 

prior vaccine safety studies,32–34 we selected potential adverse events which were (1) 
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biologically plausible to occur following vaccination; (2) serious enough to result in a 

medical encounter; and (3) thought to occur relatively acutely following vaccination. 

Adverse events were defined by International Classification of Diseases, 9th Revision, 

Clinical Modification (ICD‐9‐CM) diagnosis codes; ICD‐10‐CM codes were not yet in use. 

Most adverse events were defined using multiple codes, because in clinical practice, several 

different ICD‐9‐CM codes can be used for the same condition.

Eighteen potential adverse events were examined (Table 1). For each adverse event, we 

identified a risk period (the days following vaccination during which an individual was 

considered at risk for a particular adverse event) and the medical setting of the encounter. 

For most adverse events, we restricted encounters to inpatient and emergency department 

(ED) settings, because ICD‐9‐CM diagnosis codes from outpatient settings typically have 

poor accuracy for identifying incident cases of serious adverse events.35,36 Guillain‐Barré 

syndrome, venous thromboembolism, and thrombocytopenia were examined in all settings 

(inpatient, ED, outpatient), as these conditions are rare in children. Because angioneurotic 

edema and other non‐anaphylactic allergic reactions may not result in inpatient or ED 

encounters, we examined this adverse event group, and each individual ICD‐9‐CM code 

within the group, in outpatient as well as inpatient and ED settings. To ensure that 

encounters were not for follow‐up of previously diagnosed conditions, we required that 

events be the first in a pre‐specified time period (Table 1, last column).

2.5 | Manual review of electronic health records

Any adverse event with a positive signal in preliminary analyses underwent manual medical 

record review to confirm case status. This step was necessary because diagnosis codes from 

electronic health records do not always represent true incident cases.35,36 We defined a 

positive signal as (1) a statistically significant elevated risk of an adverse event following 

LAIV; or (2) a point estimate of risk exceeding a risk ratio of 2.0, even if not statistically 

significant. Using a standardized chart abstraction form, trained abstractors reviewed 

provider encounter notes of relevant visits. Prevalent cases, “ruled out” cases, and cases 

definitively attributed to another cause37 (such as anaphylaxis after peanut consumption in 

someone known to be peanut‐allergic) were excluded after manual record review.

Syncope was one of the adverse events for which manual medical record review was 

performed. Because it was not feasible to review all 543 syncope cases, a sample of 200 

cases were reviewed: all syncope cases occurring in the risk window were reviewed, and a 

random sample of cases from the control period. The case confirmation rate was estimated 

from the sampled cases and then applied to the non‐ reviewed cases using multiple 

imputation as a means of addressing the uncertainty of the confirmation rate.

2.6 | Analytic methods

SCCS methods26–29 were used to assess the risk of adverse events following LAIV. The 

incidence rate of adverse events in a risk period following vaccination was compared with 

the incidence rate in control periods before and after the risk period, with each individual 

acting as his or her own control. The risk period for each adverse event is shown in Table 1. 

The control period was defined as all person‐time within a given influenza season that was 

Daley et al. Page 4

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 March 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



not within the risk period.38 The 14 days immediately preceding LAIV vaccination were 

excluded from the control period, because adverse event rates immediately preceding 

vaccination are known to be lower than the baseline rate of disease.39 Observation time was 

censored when an individual received monovalent A(H1N1)pdm09 LAIV or a second dose 

of trivalent LAIV.

Conditional Poisson regression analyses were used to calculate incident rate ratios (IRRs) 

for each adverse event group. Because vaccination and baseline disease incidence rates are 

seasonal (ie, likely to vary over time), we adjusted for calendar month of the adverse event. 

Unexposed cases (ie, individuals who did not receive LAIV that influenza season) were also 

included in adjusted analyses to control for changes in baseline disease incidence rates over 

calendar time. After preliminary analyses were completed, manual medical record review 

was performed, and conditional Poisson analyses were repeated using only cases confirmed 

by manual medical record review. Our primary analyses included all LAIV doses, whether 

or not other vaccines were received on the same day. In secondary analyses, we limited 

analyses to LAIV doses received with no other same‐day vaccines. All analyses were 

conducted using SAS 9.4 (SAS Institute, Cary, NC).

2.7 | Statistical power

In the VSD during the study period, 590 018 doses of trivalent LAIV were given to children 

2 through 17 years of age. Based on 80% power and a significance level of 0.05, a study 

with this sample size was powered to detect an IRR of 1.2 for a 14‐day risk window and 1.1 

for a 42‐day risk window for a disease with a background rate of 100 per 100 000 person‐
years. For a disease with a background rate of 1 per 100 000 person‐years, the study was 

powered to detect an IRR of 4.8 for a 14‐day risk window, and 3.3 for a 42‐day risk window.

3 | RESULTS

3.1 | Description of study cohort and live attenuated influenza vaccine doses 
administered

During the 2003 to 2004 through 2012 to 2013 influenza seasons, 396 173 children and 

adolescents received a total of 590 018 doses of trivalent LAIV. Characteristics of the study 

cohort and vaccines received are presented in Table 2. Most LAIV was administered in 

September (13.1% of doses), October (38.9%), and November (26.5%) of each influenza 

season. Overall, 21.1% of LAIV doses were administered with other vaccines on the same 

day.

3.2 | Risk of pre‐specified adverse events, not confirmed by medical record review

Risk estimates for 18 pre‐specified adverse events following LAIV are shown in Table 3. 

The adjusted IRR was statistically significantly elevated for 4 adverse event groups: 

syncope; anaphylaxis; non‐anaphylactic allergic reactions; and Stevens‐Johnson syndrome. 

Risk estimates were not significantly elevated for the remaining 14 groups.

Multiple ICD‐9‐CM codes comprised the non‐anaphylactic allergic reactions group (Table 

1); each was examined individually in SCCS analyses. In inpatient and ED settings, 
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angioneurotic edema, unspecified allergy, and urticaria demonstrated no significant elevation 

in risk following LAIV administration. However, adverse effect of drug (ICD‐9‐CM code 

995.2) was significantly elevated (adjusted IRR 16.68, 95% confidence interval [CI] 3.69–

75.36).

3.3 | Manual medical record review

Manual medical record review was performed for the 4 adverse events with significantly 

elevated IRRs (syncope, anaphylaxis, adverse effect of drug, and Stevens‐Johnson 

syndrome). A fifth adverse event group, respiratory failure, also met criteria for manual 

review, because greater than a 2‐fold risk was detected, although the estimate was not 

statistically significant (adjusted IRR 2.42, 95% CI 0.87 to 6.72). For syncope, a total of 200 

cases were reviewed: all 11 cases in the risk window, and a random sample of 189 cases 

from the control period.

Results from manual medical record review are presented in Table 4. As shown, a number of 

cases were excluded because the cases could be clearly attributed to another etiology.37 For 

example, we found 5 cases of anaphylaxis occurring after nut exposure in individuals known 

to be nut allergic. One case of Stevens‐Johnson syndrome occurred in the risk period 

following LAIV: acetaminophen was considered the cause, although the subject had also 

been exposed to LAIV preceding development of Stevens‐Johnson syndrome.

Five cases of syncope in the risk period following LAIV were con-firmed upon manual 

medical record review. The median age of confirmed syncope cases in the risk period was 14 

years (range 10 to 17 years); 3 cases were female and 2 were male. Although documentation 

of the exact timing of the syncopal events was imprecise in the reviewed medical records, 

syncope symptoms appeared to occur within minutes following vaccination (for example, 

while walking from clinic after the vaccination visit). One confirmed syncope case occurred 

in an individual who received LAIV and no other vaccines; 4 cases occurred in individuals 

who received LAIV concurrent with injectable vaccines. One case of anaphylaxis occurred 

in the risk window: a 3‐year‐old developed wheezing, lip swelling, and hives 2 hours after 

receiving LAIV. Although a history of egg allergy was noted, the child had received 

injectable influenza vaccine in the past without an allergic reaction. The child recovered 

completely.

3.4 | Risk estimates using adverse events confirmed by medical record review

For the 5 adverse event groups with a positive signal in preliminary analyses, risk estimates 

were recalculated using only confirmed cases. As shown in Table 5, anaphylaxis and 

syncope were significantly associated with LAIV exposure, whereas adverse effect of drug, 

Stevens‐Johnson syndrome, and respiratory failure were not.

The absolute risk of anaphylaxis and syncope were calculated based upon confirmed cases. 

During a 3‐day risk period, 1 case of anaphylaxis was observed among 590 018 LAIV 

recipients, for an absolute risk of 1.7 per million LAIV doses. During a 1‐day risk period 

(the day of vaccination), 5 cases of syncope were observed among 590 018 LAIV recipients, 

for an absolute risk of 8.5 per million doses. Excluding all subjects who received injectable 
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vaccines on the same day as LAIV, 1 case of syncope was observed among 465 489 LAIV 

recipients, for an absolute risk of 2.1 per million doses.

3.5 | Secondary analyses

All pre‐specified adverse events were examined in secondary analyses, in which the study 

cohort was restricted to LAIV recipients who received no other vaccines on the same day. 

Results were similar to primary analyses, and no other significant associations were 

detected.

4 | DISCUSSION

Using well‐established methods26–28 in a multisite vaccine safety surveillance network,21–23 

the safety of trivalent LAIV was examined in more than 396 000 children and adolescents 

who received more than 590 000 doses of LAIV over a 10‐year period. Based on cases 

confirmed by manual medical record review, 2 adverse events, anaphylaxis and syncope, 

were significantly associated with LAIV, although occurrences were rare. Anaphylaxis and 

syncope are known vaccine‐associated adverse events,40–42 which can be medically 

managed when they occur to minimize any long‐term consequences.43 These additional data 

regarding the safety profile of LAIV should provide reassurance for countries using LAIV,5,6 

as well as countries such as the United States that could recommend LAIV in the future.

Anaphylaxis was significantly associated with LAIV in the current study, with a single case 

occurring soon after LAIV vaccination in a 3‐year‐old with pre‐existing egg allergy. It is 

plausible that vaccine‐associated anaphylaxis occurs more commonly among individuals 

with allergic disease.40 Although LAIV contains trace amounts of the egg white protein 

ovalbumin,31 several open‐label trials have found LAIV safe in egg‐allergic patients; in 

these studies, small numbers of children had mild, resolving reactions that could have been 

allergic in nature.44,45 In a recent VSD study, using anaphylaxis cases validated by manual 

medical record review, the rate of anaphylaxis following any vaccine was 1.3 per million 

vaccine doses, and all those with anaphylaxis recovered.40 In this context, it is important to 

note that the absolute rate of confirmed anaphylaxis following LAIV in the current study 

(1.7 per million doses) was similar to the published rate following other vaccines.40 

Consequently, this finding supports the premise, articulated in ACIP influenza vaccine 

recommendations1 and a recent review,46 that hypersensitivity reactions following influenza 

vaccines are not necessarily related to the trace amounts of egg protein found in influenza 

vaccines.

Syncope and near‐syncope are also known to occur following vaccination, particularly in 

adolescents,41,42 and we found an association between LAIV and syncope. While post‐
vaccination syncope typically occurs without long‐term consequences, serious injuries such 

as head injuries from falls during syncopal episodes can occur.47 The pain and anxiety 

associated with receiving an injection are thought to trigger syncope, and 4 of the 5 cases of 

syncope in the current study received injectable vaccines at the same time as LAIV. 

However, 1 case of syncope occurred in an individual who received LAIV only; it is possible 

that anxiety, discomfort, or pain with intranasal administration triggered syncope in this 

individual. To help prevent syncope‐related injuries, the ACIP recommends that vaccine 
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recipients be seated or laying down during vaccination and be observed for 15 minutes post‐
vaccination,43 although this often does not occur in routine practice.48

Several additional findings are important to highlight. We did not find a significantly 

increased rate of asthma encounters in ED and inpatient settings following LAIV. While this 

is reassuring, it is important to note the vast majority (91.7%) of patients in our study 

population did not have asthma or another complex or chronic condition. However, several 

recent VSD studies examined LAIV safety specifically among individuals with asthma; no 

increased risk of asthma exacerbations was found.49,50 Finally, a single case of Stevens‐
Johnson syndrome was observed in an individual exposed to acetaminophen as well as 

LAIV. Because acetaminophen is thought to cause Stevens‐Johnson syndrome,51 but the 

evidence for this association is not definitive,52 the case is best described as 

“indeterminate.”37 In other words, while acetaminophen may have caused this case of 

Stevens‐Johnson syndrome, with the information available it is not possible to exclude 

LAIV as a potential cause.

The investigation has several potential limitations, many of which are common to studies 

using electronic health record data for research purposes. Misclassification of vaccination 

status could have occurred, for example if an injectable influenza vaccine was miscoded as 

LAIV. Misclassification of adverse events could have occurred and could have led to false‐
negative as well as false‐positive findings. This risk was mitigated for the 5 outcome groups 

with a positive signal in preliminary analyses, which underwent manual medical record 

review to confirm case status. However, among the 307 medical records selected for manual 

review, 28 records (9.1%) were not available, typically because care was received outside of 

the respective VSD site. Additionally, not all syncope cases underwent manual review; this 

could have influenced results if the reviewed cases were not representative of all cases of 

syncope in the study population. Although the sample size was large (n = 590 018), the 

study may not have been adequately powered to detect very rare but serious adverse events 

such as Guillain‐Barré syndrome. This study focused exclusively on trivalent LAIV, which 

has been replaced by a quadrivalent vaccine.24 While this is a limitation, trivalent and 

quadrivalent LAIV are manufactured using the same processes and have very similar 

compositions,7,31 suggesting that safety findings regarding trivalent LAIV are directly 

relevant to the quadrivalent formulation. Finally, SCCS methods are susceptible to time‐
varying confounding.28 While we controlled for month in our analyses, it is possible that our 

results were confounded by unmeasured factors which changed over the observation period.

In conclusion, the safety of trivalent LAIV was evaluated in a large cohort of children and 

adolescents; anaphylaxis and syncope were rarely but significantly associated with 

vaccination. These data provide reassurance regarding vaccine use in countries that continue 

to recommend LAIV.
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KEYPOINTS

• Although existing data regarding the safety of live attenuated influenza 

vaccine are reassuring, prior studies have not had adequate sample size to 

examine rare adverse events.

• The safety of trivalent live attenuated influenza vaccine was evaluated in more 

than 396 000 children and adolescents.

• Anaphylaxis and syncope were significantly associated with live attenuated 

influenza vaccine, although occurrences were rare.

• These data provide reassurance regarding continued use of live attenuated 

influenza vaccine.
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TABLE 2

Characteristics of the study cohort and vaccines received, influenza seasons 2003–2004 through 2012–2013, 

Vaccine Safety Datalink (VSD)
a

Characteristic Value

Total subjects who received 1 or more doses of LAIV, n  396 173

Sex, n (%)

 Male 192 433 (48.6%)

 Female 203 740 (51.4%)

Total number of doses of LAIV, n  590 018

Age in years when received LAIV, mean (SD)    8.7 (4.3)

Health status in 12 months prior to receiving LAIV, n (%)
b

 No chronic condition 540 936 (91.7%)

 Non‐complex chronic condition  41 340 (7.0%)

 Complex chronic condition  7742 (1.3%)

LAIV doses by influenza season, n (%)

 2003–2004   459 (0.1%)

 2004–2005  5945 (1.0%)

 2005–2006  8333 (1.4%)

 2006–2007 8661 (1.5%)

 2007–2008 23 807 (4.0%)

 2008–2009 65 374 (11.1%)

 2009–2010 80 314 (13.6%)

 2010–2011 104 730 (17.8%)

 2011–2012 135 944 (23.0%)

 2012–2013 156 451 (26.5%)

LAIV doses by month administered, n (%)

 September 77 237 (13.1%)

 October 229 311 (38.9%)

 November 156 427(26.5%)

 December 71 323(12.1%)

 January 42 103(7.1%)

 February 11 412(1.9%)

 March 2205(0.4%)

Concomitant vaccination, n (%)

 Received only LAIV on vaccination date 465 489(78.9%)

 Received LAIV plus other vaccines on vaccination date
c 124 529(21.1%)

Abbreviations: LAIV, live attenuated influenza vaccine; SD, standard deviation; VSD, Vaccine Safety Datalink.

a
Children may have received LAIV in multiple influenza seasons; LAIV doses given in different influenza seasons were treated as independent 

exposures.

b
Health status within the 12 months prior to receipt of LAIV was deter-mined using a previously published algorithm, the Pediatric Medical 

Complexity Algorithm.25
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c
Children could have received multiple other vaccines on the same date as LAIV; in order of frequency, the 5 most frequently received vaccines 

included human papillomavirus (n = 34 181 doses), meningococcal conjugate (n = 32 953), varicella (n = 30 872), hepatitis A (n = 26 796), and 
tetanus and reduced diphtheria and acellular pertussis (n = 25 475) vaccines.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 March 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 17

TA
B

L
E

 3

R
is

k 
of

 a
 p

ot
en

tia
l a

dv
er

se
 e

ve
nt

 f
ol

lo
w

in
g 

L
A

IV
, p

ri
or

 to
 m

an
ua

l m
ed

ic
al

 r
ec

or
d 

re
vi

ew
, i

nf
lu

en
za

 s
ea

so
ns

 2
00

3–
20

04
 th

ro
ug

h 
20

12
–2

01
3,

 V
ac

ci
ne

 

Sa
fe

ty
 D

at
al

in
k 

(V
SD

)

M
ed

ic
al

ly
 A

tt
en

de
d 

E
ve

nt
P

os
t‐

V
ac

ci
na

ti
on

 P
er

io
d 

C
on

si
de

re
d 

at
 R

is
k 

(D
ay

s)

N
um

be
r 

of
 C

as
es

 in
 

R
is

k 
W

in
do

w
a

N
um

be
r 

of
 C

as
es

 in
 

C
on

tr
ol

 P
er

io
da

A
dj

us
te

d 
In

ci
de

nt
 R

at
e 

R
at

io
 

(9
5%

 C
I)

 b
P

 V
al

ue

Se
iz

ur
es

0–
14

 5
3

 6
91

1.
06

 (
0.

80
–1

.4
1)

0.
66

St
ro

ke
0–

42
  

2
  

10
0.

77
 (

0.
17

–3
.5

5)
0.

74

Sy
nc

op
e

0
 1

1
 5

32
4.

49
 (

2.
47

–8
.1

6)
<

0.
00

1

G
ui

lla
in
‐B

ar
ré

 s
yn

dr
om

e
1–

42
  

0
  

 3
 

N
E

c
N

E

V
en

ou
s 

th
ro

m
bo

em
bo

lis
m

1–
42

  
8

  
18

1.
88

 (
0.

81
–4

.3
5)

0.
14

A
na

ph
yl

ax
is

0–
2

  
2

  
19

7.
34

 (
1.

70
–3

1.
61

)
<

0.
01

A
ng

io
ne

ur
ot

ic
 e

de
m

a 
an

d 
ot

he
r 

no
n‐

an
ap

hy
la

ct
ic

 a
lle

rg
ic

 
re

ac
tio

ns
1–

2
 9

5
65

66
1.

58
 (

1.
29

–1
.9

3)
<

0.
00

1

St
ev

en
s‐

Jo
hn

so
n 

sy
nd

ro
m

e
1–

28
  

8
  

14
4.

54
 (

1.
88

–1
0.

96
)

<
0.

01

A
st

hm
a

1–
28

22
5

13
21

1.
14

 (
0.

99
–1

.3
1)

0.
08

L
ow

er
 r

es
pi

ra
to

ry
 tr

ac
t i

nf
ec

tio
ns

1–
28

18
5

12
14

1.
11

 (
0.

95
–1

.3
0)

0.
19

Sp
ec

if
ie

d 
up

pe
r 

re
sp

ir
at

or
y 

tr
ac

t i
nf

ec
tio

ns
1–

28
23

9
15

14
1.

12
 (

0.
97

–1
.2

8)
0.

12

Ly
m

ph
ad

en
iti

s 
an

d 
ly

m
ph

ad
en

op
at

hy
1–

14
 1

2
 1

40
1.

26
 (

0.
70

–2
.2

8)
0.

44

A
bd

om
in

al
 p

ai
n

1–
14

27
6

35
59

1.
12

 (
0.

99
–1

.2
6)

0.
08

M
en

in
gi

tis
, e

nc
ep

ha
lit

is
, a

nd
 m

ye
lit

is
1–

42
  

7
  

23
1.

26
 (

0.
54

–2
.9

7)
0.

59

U
ns

pe
ci

fi
ed

 a
dv

er
se

 e
ve

nt
 f

ol
lo

w
in

g 
im

m
un

iz
at

io
n

1–
42

 5
7

 1
78

1.
28

 (
0.

95
–1

.7
4)

0.
11

T
hr

om
bo

cy
to

pe
ni

a
1–

42
  

9
  

45
0.

88
 (

0.
43

–1
.8

0)
0.

72

R
es

pi
ra

to
ry

 f
ai

lu
re

0–
7

  
4

  
46

2.
42

 (
0.

87
–6

.7
2)

0.
09

H
yp

ot
en

si
on

0–
7

  
0

  
13

 
N

E
N

E

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; I

C
D
‐9

‐C
M

, I
nt

er
na

tio
na

l C
la

ss
if

ic
at

io
n 

of
 D

is
ea

se
s,

 9
th

 R
ev

is
io

n,
 C

lin
ic

al
 M

od
if

ic
at

io
n;

 L
A

IV
, l

iv
e 

at
te

nu
at

ed
 in

fl
ue

nz
a 

va
cc

in
e;

 N
E

, n
ot

 e
st

im
at

ed
; V

SD
, V

ac
ci

ne
 

Sa
fe

ty
 D

at
al

in
k.

a T
he

 n
um

be
r 

of
 e

ve
nt

s 
in

 r
is

k 
an

d 
co

nt
ro

l p
er

io
ds

 w
er

e 
ba

se
d 

up
on

 I
C

D
‐9

‐C
M

 d
ia

gn
os

is
 c

od
es

 f
ro

m
 e

le
ct

ro
ni

c 
he

al
th

 r
ec

or
ds

, a
m

on
g 

su
bj

ec
ts

 w
ho

 h
ad

 r
ec

ei
ve

d 
L

A
IV

 a
t a

ny
 ti

m
e 

du
ri

ng
 th

e 
in

fl
ue

nz
a 

se
as

on
.

b Se
lf
‐c

on
tr

ol
le

d 
ca

se
 s

er
ie

s 
an

al
ys

es
, a

dj
us

te
d 

fo
r 

se
as

on
al

ity
; u

ne
xp

os
ed

 c
as

es
 (

ie
, i

nd
iv

id
ua

ls
 w

ho
 d

id
 n

ot
 r

ec
ei

ve
 L

A
IV

 in
 a

 g
iv

en
 in

fl
ue

nz
a 

se
as

on
) 

w
er

e 
al

so
 in

cl
ud

ed
 in

 a
dj

us
te

d 
an

al
ys

es
 to

 c
on

tr
ol

 f
or

 
ch

an
ge

s 
in

 b
as

el
in

e 
di

se
as

e 
in

ci
de

nc
e 

ra
te

s 
ov

er
 c

al
en

da
r 

tim
e.

c T
he

 in
ci

de
nt

 r
at

e 
ra

tio
 w

as
 n

ot
ed

 a
s 

no
t e

st
im

at
ed

 (
N

E
) 

if
 th

er
e 

w
er

e 
no

 o
bs

er
ve

d 
ev

en
ts

 a
m

on
g 

th
e 

va
cc

in
e 

re
ci

pi
en

ts
 in

 th
e 

ri
sk

 w
in

do
w

.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 March 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 18

TA
B

L
E

 4

Fi
nd

in
gs

 f
ro

m
 m

an
ua

l m
ed

ic
al

 r
ec

or
d 

re
vi

ew
, i

nc
lu

di
ng

 r
ea

so
ns

 f
or

 e
xc

lu
si

on
 o

f 
po

te
nt

ia
l c

as
es

M
ed

ic
al

ly
 A

tt
en

de
d 

E
ve

nt

To
ta

l N
um

be
r 

of
 M

ed
ic

al
 

R
ec

or
ds

 

R
ev

ie
w

ed
a

R
ea

so
ns

 fo
r 

E
xc

lu
si

on
 a

ft
er

 M
ed

ic
al

 R
ec

or
d 

R
ev

ie
w

, i
n 

O
rd

er
 o

f 
F

re
qu

en
cy

N
um

be
r 

of
 

C
on

fi
rm

ed
 

C
as

es

Sy
nc

op
e

20
0

M
ed

ic
al

 r
ec

or
d 

no
t a

va
ila

bl
e 

fo
r 

re
vi

ew
 (

n 
=

 1
7)

; s
yn

co
pe

 d
ur

in
g 

or
 w

hi
le

 o
bs

er
vi

ng
 m

ed
ic

al
 p

ro
ce

du
re

, e
g,

 b
lo

od
 d

ra
w

 (
n 

=
 1

6)
; n

o 
sy

nc
op

e 
(n

 =
 9

);
 s

ei
zu

re
 (

n 
=

 5
);

 f
ol

lo
w
‐u

p 
of

 p
ri

or
 s

yn
co

pa
l e

pi
so

de
 (

n 
=

 6
);

 tr
au

m
a 

(n
 =

 2
);

 e
xe

rc
is

e 
(n

 =
 2

);
 p

ri
or

 to
 v

ac
ci

na
tio

n 
(n

 =
 

1)
; b

re
at

h‐
ho

ld
in

g 
(n

 =
 1

);
 s

ev
er

e 
an

em
ia

 (
n 

=
 1

);
 h

el
iu

m
 in

ha
la

tio
n 

(n
 =

 1
);

 s
m

ok
e 

in
ha

la
tio

n 
(n

 =
 1

);
 a

na
ph

yl
ax

is
 (

n 
=

 1
);

 a
dr

en
al

 
in

su
ff

ic
ie

nc
y 

(n
 =

 1
);

 a
rr

hy
th

m
ia

 (
n 

=
 1

)

13
5

A
na

ph
yl

ax
is

21
A

na
ph

yl
ax

is
 a

ttr
ib

ut
ed

 to
 n

ut
 e

xp
os

ur
e,

 in
 s

om
eo

ne
 k

no
w

n 
to

 b
e 

nu
t‐a

lle
rg

ic
 (

n 
=

 5
);

 m
ed

ic
al

 r
ec

or
d 

no
t a

va
ila

bl
e 

fo
r 

re
vi

ew
 (

n 
=

 4
);

 
lo

ca
l r

ea
ct

io
n 

at
tr

ib
ut

ed
 to

 in
je

ct
io

n 
(n

 =
 2

);
 a

na
ph

yl
ax

is
 a

ttr
ib

ut
ed

 to
 in

tr
av

en
ou

s 
co

nt
ra

st
 (

n 
=

 1
);

 a
na

ph
yl

ax
is

 a
ttr

ib
ut

ed
 to

 in
se

ct
 

st
in

g 
(n

 =
 1

)

  
8

A
dv

er
se

 e
ff

ec
t o

f 
dr

ug
b

14
A

lle
rg

ic
 r

ea
ct

io
n 

at
tr

ib
ut

ed
 to

 o
ra

l a
nt

ib
io

tic
 (

n 
=

 6
);

 m
ed

ic
al

 r
ec

or
d 

no
t a

va
ila

bl
e 

fo
r 

re
vi

ew
 (

n 
=

 3
);

 lo
ca

l r
ea

ct
io

n 
to

 in
je

ct
io

n 
(n

 =
 2

);
 

al
le

rg
ic

 r
ea

ct
io

n 
at

tr
ib

ut
ed

 to
 o

ra
l a

ce
ty

ls
al

ic
yl

ic
 a

ci
d 

(n
 =

 1
);

 d
ru

g 
in

to
le

ra
nc

e 
at

tr
ib

ut
ed

 to
 o

ra
l a

nt
ib

io
tic

 (
n 

=
 1

);
 a

lle
rg

ic
 r

ea
ct

io
n 

at
tr

ib
ut

ed
 to

 o
ra

l c
od

ei
ne

 (
n 

=
 1

)

  
0

St
ev

en
s‐

Jo
hn

so
n 

sy
nd

ro
m

e
22

E
ry

th
em

a 
m

ul
tif

or
m

e 
(n

 =
 1

7)
; u

rt
ic

ar
ia

 (
n 

=
 2

);
 m

uc
os

iti
s 

w
ith

 m
in

im
al

 s
ki

n 
in

vo
lv

em
en

t (
n 

=
 1

);
 d

ru
g 

ra
sh

 f
ro

m
 p

he
ny

to
in

 e
xp

os
ur

e 
(n

 =
 1

);
 S

te
ve

ns
‐J

oh
ns

on
 s

yn
dr

om
e 

at
tr

ib
ut

ed
 to

 a
ce

ta
m

in
op

he
n 

ex
po

su
re

 (
n 

=
 1

)
  

0

R
es

pi
ra

to
ry

 f
ai

lu
re

50
N

o 
re

sp
ir

at
or

y 
fa

ilu
re

 (
n 

=
 1

4)
; s

ei
zu

re
 (

n 
=

 5
);

 m
ed

ic
al

 r
ec

or
d 

no
t a

va
ila

bl
e 

fo
r 

re
vi

ew
 (

n 
=

 4
);

 tr
au

m
at

ic
 b

ra
in

 in
ju

ry
 (

n 
=

 3
);

 
m

al
ig

na
nc

y 
(n

 =
 2

);
 m

ed
ic

at
io

n 
ov

er
do

se
 (

n 
=

 1
);

 s
ub

ar
ac

hn
oi

d 
he

m
or

rh
ag

e 
(n

 =
 1

);
 to

ns
ill

ar
 a

nd
 a

de
no

id
al

 h
yp

er
tr

op
hy

 (
n 

=
 1

);
 n

on
‐

ac
ci

de
nt

al
 tr

au
m

a 
(n

 =
 1

);
 S

te
ve

ns
‐J

oh
ns

on
 s

yn
dr

om
e 

(n
 =

 1
);

 a
na

ph
yl

ax
is

 a
ttr

ib
ut

ed
 to

 n
ut

 e
xp

os
ur

e 
(n

 =
 1

)

 1
6

a W
ith

 th
e 

ex
ce

pt
io

n 
of

 s
yn

co
pe

, a
ll 

ca
se

s 
fr

om
 r

is
k 

an
d 

co
nt

ro
l p

er
io

ds
 w

er
e 

re
vi

ew
ed

; f
or

 s
yn

co
pe

, a
 to

ta
l o

f 
20

0 
ca

se
s 

w
er

e 
re

vi
ew

ed
, i

nc
lu

di
ng

 a
ll 

n 
=

 1
1 

ca
se

s 
in

 th
e 

ri
sk

 w
in

do
w

 a
nd

 a
 s

am
pl

e 
of

 n
 =

 1
89

 
ca

se
s 

in
 th

e 
co

nt
ro

l p
er

io
d.

b M
ul

tip
le

 I
C

D
‐9

‐C
M

 c
od

es
 c

om
pr

is
ed

 th
e 

no
n‐

an
ap

hy
la

ct
ic

 a
lle

rg
ic

 r
ea

ct
io

ns
 g

ro
up

; e
ac

h 
w

as
 e

xa
m

in
ed

 in
di

vi
du

al
ly

 in
 S

C
C

S 
an

al
ys

es
; a

dv
er

se
 e

ff
ec

t o
f 

dr
ug

 w
as

 th
e 

on
ly

 I
C

D
‐9

‐C
M

 c
od

e 
w

hi
ch

 w
as

 
si

gn
if

ic
an

tly
 e

le
va

te
d.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 March 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Daley et al. Page 19

TA
B

L
E

 5

R
is

k 
of

 a
 p

ot
en

tia
l a

dv
er

se
 e

ve
nt

 f
ol

lo
w

in
g 

L
A

IV
, b

as
ed

 u
po

n 
ca

se
s 

co
nf

ir
m

ed
 b

y 
m

an
ua

l m
ed

ic
al

 r
ec

or
d 

re
vi

ew
, i

nf
lu

en
za

 s
ea

so
ns

 2
00

3–
 2

00
4 

th
ro

ug
h 

20
12

–2
01

3,
 V

ac
ci

ne
 S

af
et

y 
D

at
al

in
k 

(V
SD

)

M
ed

ic
al

ly
 A

tt
en

de
d 

E
ve

nt
N

um
be

r 
of

 C
on

fi
rm

ed
 C

as
es

 in
 R

is
k 

W
in

do
w

a
N

um
be

r 
of

 C
on

fi
rm

ed
 C

as
es

 in
 C

on
tr

ol
 P

er
io

da
A

dj
us

te
d 

In
ci

de
nt

 R
at

e 
R

at
io

b  (
95

%
 C

I)
P

 V
al

ue

Sy
nc

op
e

5
13

0
2.

52
 (

1.
04

–6
.1

0)
c

0.
04

A
na

ph
yl

ax
is

1
  

7
19

.9
8 

(1
.7

3–
23

0.
29

)
0.

02

A
dv

er
se

 e
ff

ec
t o

f 
dr

ug
0

  
0

N
E

N
E

St
ev

en
s‐

Jo
hn

so
n 

sy
nd

ro
m

e
0

  
0

N
E

N
E

R
es

pi
ra

to
ry

 f
ai

lu
re

1
 1

5
2.

57
 (

0.
28

, 2
3.

22
)

0.
40

A
bb

re
vi

at
io

ns
: C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; L

A
IV

, l
iv

e 
at

te
nu

at
ed

 in
fl

ue
nz

a 
va

cc
in

e;
 N

E
, n

ot
 e

st
im

at
ed

.

a W
ith

 th
e 

ex
ce

pt
io

n 
of

 s
yn

co
pe

, a
ll 

ca
se

s 
fr

om
 r

is
k 

an
d 

co
nt

ro
l p

er
io

ds
 w

er
e 

re
vi

ew
ed

; f
or

 s
yn

co
pe

, a
 to

ta
l o

f 
20

0 
ca

se
s 

w
er

e 
re

vi
ew

ed
, i

nc
lu

di
ng

 a
ll 

n 
=

 1
1 

ca
se

s 
in

 th
e 

ri
sk

 w
in

do
w

 a
nd

 a
 s

am
pl

e 
of

 n
 =

 1
89

 
ca

se
s 

in
 th

e 
co

nt
ro

l p
er

io
d.

b Se
lf
‐c

on
tr

ol
le

d 
ca

se
 s

er
ie

s 
an

al
ys

es
, a

dj
us

te
d 

fo
r 

se
as

on
al

ity
; t

he
 in

ci
de

nt
 r

at
e 

ra
tio

 w
as

 d
en

ot
ed

 a
s 

no
t e

st
im

at
ed

 (
N

E
) 

if
 th

er
e 

w
er

e 
no

 o
bs

er
ve

d 
ev

en
ts

 a
m

on
g 

th
e 

va
cc

in
e 

re
ci

pi
en

ts
 in

 th
e 

ri
sk

 w
in

do
w

.

c B
ec

au
se

 n
ot

 a
ll 

sy
nc

op
e 

ca
se

s 
fr

om
 th

e 
co

nt
ro

l p
er

io
d 

un
de

rw
en

t m
an

ua
l m

ed
ic

al
 r

ec
or

d 
re

vi
ew

, t
he

 c
as

e 
co

nf
ir

m
at

io
n 

ra
te

 w
as

 e
st

im
at

ed
 f

ro
m

 s
am

pl
ed

 c
as

es
, a

nd
 th

en
 a

pp
lie

d 
to

 n
on

‐r
ev

ie
w

ed
 c

as
es

 u
si

ng
 

m
ul

tip
le

 im
pu

ta
tio

n 
to

 g
en

er
at

e 
th

e 
in

ci
de

nt
 r

at
e 

ra
tio

 a
nd

 c
on

fi
de

nc
e 

in
te

rv
al

.

Pharmacoepidemiol Drug Saf. Author manuscript; available in PMC 2019 March 28.


	Abstract
	INTRODUCTION
	METHODS
	Study setting and population
	Study design
	Vaccine exposure
	Potential adverse events following immunization
	Manual review of electronic health records
	Analytic methods
	Statistical power

	RESULTS
	Description of study cohort and live attenuated influenza vaccine doses administered
	Risk of pre‐specified adverse events, not confirmed by medical record review
	Manual medical record review
	Risk estimates using adverse events confirmed by medical record review
	Secondary analyses

	DISCUSSION
	References
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4
	TABLE 5

