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Abstract
Background—Adverse events occurring after vaccination are routinely reported to the Vaccine
Adverse Event Reporting System (VAERS). We studied serious adverse events (SAEs) of a
neurologic nature reported after receipt of influenza A (H1N1) 2009 monovalent vaccine during
the 2009–10 influenza season. Investigators in the Clinical Immunization Safety Assessment
(CISA) Network sought to characterize these SAEs and to assess their possible causal relationship
to vaccination.
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Methods—Centers for Disease Control and Prevention (CDC) and Food and Drug
Administration (FDA) physicians reviewed all SAE reports (as defined by the Code of Federal
Regulations, 21CFR§314.80) after receipt of H1N1 vaccine reported to VAERS between October
1st 2009 and March 31st 2010. Non-fatal SAE reports with neurologic presentation were referred
to CISA investigators, who requested and reviewed additional medical records and clinical
information as available. CISA investigators assessed the causal relationship between vaccination
and the event using modified WHO criteria as defined.
Results—212 VAERS reports of non-fatal serious neurological events were referred for CISA
review. Case reports were equally distributed by gender (50.9% female) with an age range of 6
months to 83 years (median 38 years). The most frequent diagnoses reviewed were: Guillain-Barré
Syndrome (37.3%), seizures (10.8%), cranial neuropathy (5.7%), and acute disseminated
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encephalomyelitis (3.8%). Causality assessment resulted in classification of 72 events as
“possibly” related (33%), 108 as “unlikely” related (51%), and 20 as “unrelated” (9%) to H1N1
vaccination; none were classified as “probable” or “definite” and 12 were unclassifiable (6%).
Conclusion—The absence of a specific test to indicate whether a vaccine component contributes
to the pathogenesis of an event occurring within a biologically plausible time period makes
assessing causality difficult. The development of standardized protocols for providers to use in
evaluation of adverse events following immunization, and rapid identification and follow-up of
VAERS reports could improve causality assessment.
Keywords
Adverse event following immunization; H1N1 vaccine; Causality assessment
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Introduction
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In 2009, a novel influenza A virus emerged in Mexico and the United States [1–2] and
spread rapidly worldwide [1]. Within 6 months, monovalent H1N1 vaccines (“H1N1
vaccine”) were developed, manufactured and licensed in the same manner as seasonal
influenza vaccine, and recommended for general use in the United States (U.S.). However,
heightened media attention increased public concerns about potential vaccine side effects
[3–4]. H1N1 vaccine safety was monitored by several systems [5] including the Vaccine
Adverse Event Reporting System (VAERS). VAERS is the U.S. national spontaneous
vaccine safety surveillance system established in 1990 and co-sponsored by the Centers for
Disease Control and Prevention (CDC) and the Food and Drug Administration (FDA) [6].
As a spontaneous reporting system, VAERS is subject to several limitations: variability in
reporting, lack of data validation and completeness, and lack of denominator data on the
number of vaccine doses administered [7].
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Following widespread use of the H1N1 vaccine in the United States during the fall of 2009,
members of the Clinical Consult Case Review (CCCR) working group, one component of
the Clinical Immunization Safety Assessment (CISA) network [8], convened to discuss
vaccine safety questions derived from VAERS reports. Because of the reported increase in
Guillain-Barré Syndrome (GBS) case reports following immunization with the 1976 swine
flu vaccine [9], assessing any possible relationship between the 2009 H1N1 vaccine and
GBS was a key focus. In consultation with neurological experts, CISA investigators assigned
every GBS case report a level of diagnostic certainty defined by the Brighton Collaboration
[10](Table 1), an international scientifically independent network of researchers dedicated to
providing high quality vaccine safety information. In addition to GBS, the Brighton
Collaboration has developed standardized definitions for other adverse events following
immunization (AEFI) to help in the collection and assessment of vaccine safety information
[10].
VAERS is not designed to assess a causal relationship between any vaccine and adverse
event, thus CISA investigators applied a CISA-modified set of causality criteria to assess the
possible causal relationship of the H1N1 vaccine to these events (Table 2). Many adverse
health outcomes occur at all ages for which no specific cause can be identified and some will
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occur by chance following any intervention, such as receipt of vaccines [11]. Causality
criteria have been developed by the World Health Organization (WHO) (Table 2) and used
globally, predominantly in developing countries [12]. The WHO criteria are based primarily
on the temporal relationship between vaccination and onset of the adverse event, and have
thus been questioned for not adequately accounting for other more likely potential causes of
the adverse event or considering the evidence supporting such an association [13]. For
example, the WHO causality assessment of “possible” stipulates that the AEFI “could also
be explained by a concurrent disease or other drugs or chemicals”. Thus, a patient with both
a concurrent infection and an antecedent vaccination could meet the “possible” criteria even
though the concurrent infection represented a more likely cause. For purposes of causality
assessment in this study, we applied CISA modified WHO criteria which require that other
more likely possible causes had been excluded before a case can be classified as possibly
related to vaccination[14]. The revised criteria also explicitly incorporated the strength of the
existing evidence for a causal relationship between the vaccine and adverse event of interest.
We summarize the causality assessment of cases of serious neurological adverse events
reported to VAERS following H1N1 vaccination based on our modified WHO criteria.

Author Manuscript

Methods
Identification and Presentation of Case Reports
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All serious VAERS reports after receipt of H1N1 vaccines received between October 1st
2009 and March 31st 2010 were reviewed by CDC and/or FDA physicians. VAERS reports
were classified as “serious” if the VAERS report indicated hospitalization, prolongation of a
hospitalization, permanent disability, or were considered by the person filing the report to be
life-threatening (ref: Code of Federal Regulations, 21CFR§314.80) [15]. Non-fatal serious
reports of neurologic adverse events (i.e., involving weakness, sensory loss, or loss of
consciousness) were reviewed by CDC physicians who confirmed that cases were classified
correctly. Those which met criteria to be serious events were referred to CISA. However,
deaths and military case reports were excluded as they were separately investigated by state
health departments in collaboration with the CDC or the Department of Defense,
respectively.
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Each VAERS report was reviewed by one CISA site, whose investigator(s) also requested
additional medical records and communicated with reporting physicians to request
additional clinical information, if needed. Investigators presented the case reports and
additional information in a structured format to the CCCR team during weekly scheduled
conference calls. After initial review, the investigator(s) at each site contacted the provider
listed on the VAERS report to learn the outcome of each neurological event.
Causality Assessment and Case Report Follow Up
The CCCR Working Group assessed causality using a modified version of the causality
guidelines developed by the World Health Organization (WHO) in 2000 [12] (Table 2).
Causality was judged on four criteria: 1) was the vaccine administered prior to the onset of
the event; 2) was the time between vaccination and the event compatible with a known
mechanism for the adverse event; 3) was there an association between the vaccine and the
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AEFI reported in the literature; 4) were there other possible causes for the AEFI (e.g.,
infectious illness). Unlike the WHO criteria, the modified criteria used here addressed the
epidemiologic evidence of an association. In addition, these criteria expanded upon the
definitions of temporal relationship between the AEFI and vaccine administration and more
specifically addressed potential other causes (Table 2).
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Because the 2009 H1N1 antigen had not been used previously in a vaccine, and only limited
post-licensure safety data for the H1N1 vaccine were available in the literature at the time of
this review, and because adverse events such as Guillain-Barre had been associated with
some seasonal influenza vaccines but not the majority, we did not utilize the “definite” or
“probable” categories in the modified WHO causation criteria. For a causal assessment of
“possible” using these modified criteria, known causes that were more likely associated with
the event needed to have been excluded. Therefore, if an upper respiratory or gastrointestinal
illness was reported in the 4 weeks preceding GBS symptom onset, both associated with
GBS in the literature [16], the case would not be causally assessed as “possibly” related to
vaccine (and therefore would be classified as either “unlikely” or “unrelated”) since the
preceding illness represented a “more likely” cause of the adverse event [17–18] (Figure 1).
In reports with laboratory evidence of a co-existent infection, the working group did not
assess these cases as causally “unrelated” to vaccine, but rather “unlikely”, since it was not
certain that the co-existent infection caused the adverse event.

Results
Characteristics of reported cases
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During the time period from October 1, 2009 to March 31, 2010, 212 non-fatal serious
neurological case reports following immunization with H1N1 vaccine were referred to
CISA. Case reports were equally distributed by gender, with 50.9% female. Ages ranged
from 6 months to 83 years of age (median age of 38 years, mean of 36.14 years). Fifty-five
(25.9%) case reports documented receipt of at least one other vaccine in the 4 weeks prior to
the onset of symptoms. Most subjects (75%) received inactivated influenza vaccine, 10%
received live-attenuated influenza vaccine, and 15% of case reports did not include the
vaccine type.
Neurological Adverse Events

Author Manuscript

The largest category of neurologic adverse events reviewed was GBS (n=79, 37.3%) (Table
3). Of these, the CCCR determined that 75 met Brighton diagnostic criteria [10] (Table 1). In
total, 16 met criteria for level 1 (the highest level of diagnostic certainty), 57 met level 2
criteria, and 1 met level 3 criteria. One additional case report met Brighton criteria for Fisher
variant GBS. Four reports of GBS were physician diagnosed but did not meet Brighton
criteria based on available clinical information. A broad range of other neurological AEFI
was reviewed including seizures, cranial neuropathy, and acute disseminated
encephalomyelitis (ADEM) (Table 3). Final diagnoses were determined by CCCR
physicians with the assistance of neurologists at CISA sites.
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The interval from vaccine administration to the onset of symptoms ranged from 11 days
before to 146 days following immunization, with a median onset of 7 days post
immunization. We were able to contact the initial reporter to determine resolution or
progression of the reported SAE for 137 cases (64.6%). At the time of last contact, 3 were
reported to have had no improvement or worsening of initial symptoms, 44 had complete
recovery and 89 had partial recovery. However, these outcome data were often obtained
within weeks after the initial report as CCCR investigators were frequently unable to contact
providers at later dates. In 20 reports, there was some laboratory evidence of a concurrent
infectious process at the time of the event (Table 4).
Causality Assessment
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Causality assessment by the CCCR resulted in 72 case reports with “possible,” 108 with
“unlikely,” and 20 with “unrelated” association with the H1N1 vaccine. Diagnoses with
causal assessments of “possible” included GBS, Bell’s Palsy, sensory neuropathy, ADEM,
demyelinating neurological disorder of unclear etiology, febrile seizure, afebrile seizure,
weakness of unclear etiology, parasthesias, ataxia, transverse myelitis, optic neuritis,
myasthenia gravis exacerbation, cerebrovascular accident, and sixth cranial nerve palsy
(Table 5). Using the modified WHO criteria, reports were not classified as definitely or
probably causally related to the vaccine because there was limited evidence to support or
refute an association with the H1N1 vaccine (Figure 1). In 12 case reports, there was either
insufficient information or no clear diagnosis (e.g., tumor versus transverse myelitis) for the
group to assign causality; therefore, these were categorized as “unclassifiable”.
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Discussion
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Pre-licensure (phase 3) clinical trials of vaccines are usually only able to identify adverse
events that occur at rates of 1:10,000 or greater [19]. Therefore post-licensure monitoring for
vaccine safety is crucial for detecting rare serious AEFI [19–20]. A total of 105,211,620
doses of inactivated H1N1 vaccine and 21,755,200 doses of live attenuated H1N1 vaccine
were distributed in the U.S. as of April 28, 2010 [5]. Because of the GBS association seen
previously with swine-origin influenza vaccine [9], we conducted a critical examination of
serious non-fatal neurological AEFI reported to VAERS following immunization with 2009
H1N1 vaccine. Of several vaccine safety monitoring systems in place, VAERS is the
spontaneous reporting system used by manufacturers, providers and the general public in the
U.S. to report any event following vaccination whether or not the reporter believes the
vaccine caused the event. The CCCR applied modified WHO causality criteria to these
VAERS reports to determine the feasibility of such an exercise and its utility in vaccine
safety monitoring following a concentrated public immunization campaign during this
influenza pandemic. The purpose of this manuscript is to describe the structure and results of
this systematic approach, to identify challenges encountered in attempting to assess
causality, and to propose future improvements for this process.
For causality assessment, multiple criteria must be addressed [11, 21]. First, consideration
should be given to the likelihood that the event could have occurred by chance alone through
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assessment of the background rate of disease [22–23]. Temporal association with
vaccination is often the trigger for concern, but does not define a causal relationship [22].
For example, speculation existed about hepatitis B vaccination causing or triggering relapses
of multiple sclerosis (MS) based on case reports. The rate of MS in the United States is
estimated at 109 cases per 100,000 persons[24], and the onset or exacerbation of disease
after vaccination appears to be coincidental as the increasingly large body of
epidemiological evidence reveals no increased rate of MS onset or relapse after receipt of
any licensed vaccine [25–27]. The modified WHO criteria used in this review addressed the
epidemiologic evidence for causal assessment, thus taking into account whether an event
occurred at a greater rate than the background incidence.

Author Manuscript

Second, there should be biological plausibility for the AEFI to be caused by the vaccine. The
timing of the AEFI in relationship to vaccine administration is critical. One case report we
reviewed reported onset of symptoms 11 days prior to the vaccine administration, which
clearly illustrated that it did not result from the vaccine. Further, the event should occur
within a defined window of risk following vaccine administration and for many AEFIs this
defined risk window is not established. The CCCR working group assigned a risk interval
for onset of GBS symptoms, and all demyelinating disorders, of 8 weeks following receipt
of vaccine based on the available evidence [9, 18]. Also, the pathophysiologic mechanism by
which the vaccine causes disease must make biological sense. For many of the neurological
events reviewed, a pathophysiological mechanism could not be established.
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Finally, causality assessment is difficult when assessing individual reports of AEFI,
particularly if no prior association of the event with the vaccine of interest has been
established through previous population-based studies. Because the epidemiological
evidence did not support or refute a causal association between the H1N1 vaccine and the
AEFI at the time of our review, we were limited to a maximum causal assessment of
“possible”. As with any new vaccine, evidence of safety accumulates over time due to postlicensure safety monitoring. Since we began our review, a number of studies have been
published evaluating the causal relationship between the H1N1 vaccine and GBS or other
AEFI with various methods throughout the world [23, 28–30]; some report a slight increased
risk of GBS associated with H1N1 vaccine (reporting rates of verified GBS reports within
the 42 day window were 0.42 and 1.75 per million H1N1 vaccinations for age <25 yrs and
age ≥25 yrs) [29], and some report no increased risk [23, 30]. Thus, these manuscripts
support the 2003 consensus by the Institute of Medicine for seasonal influenza vaccine, that
the “evidence is inadequate to accept or reject a causal relationship” rather than favoring a
causal association as seen with the 1976 swine-origin vaccine [31]. However, because the
causal association remains unclear, and a relationship between GBS and influenza vaccine is
biologically plausible, continued post-marketing surveillance and research are warranted to
further investigate this relationship. Of these reports evaluating H1N1 vaccine and GBS,
only one applied standardized case definitions for GBS and took into consideration other
causes for the event [30]. As questions of vaccine safety have international impact, the
routine use of standardized case definitions, such the Brighton criteria, are beneficial. Also a
standardized causality assessment instrument would also be helpful.
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Although the modifications in the WHO criteria more thoroughly address components of
causality assessment for individual reports of AEFI, CISA is working on a more detailed
algorithmic approach for assessing causality in individual cases to illustrate the complexity
of the multiple steps and factors that are necessary to consider when assessing causality.
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The limitations of VAERS made the causality assessment challenging for multiple reasons.
First, individuals can report to VAERS at any point after the AEFI. This is problematic
because in many instances it was not possible to ask providers to obtain specimens, imaging
or other testing to evaluate for other causes of the event in a timely manner. In 20 case
reports, evidence of another infection was identified during the review of all available
information (Table 4). However, minimal if any laboratory evaluation was available in the
overwhelming majority of VAERS reports reviewed even though several infectious agents
have been associated with the reported neurological events. Furthermore, for one third of
case reports reviewed we were not able to obtain more detailed history or follow-up
information despite the majority of VAERS reports being reviewed within days of
submission. Finally, CISA did not evaluate cases involving death or military personnel,
which may have biased our results. Deaths related to VAERS, however, were reported in a
previous publication [29].
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It is important that the vaccine safety community continue to closely monitor all serious
AEFI to detect any unrecognized potentially vaccine-related SAEs. A systematic review of
individual AEFI using VAERS case reports may prove to be hypothesis generating for future
epidemiological studies. For the 2009 H1N1 vaccine, several large scale epidemiological
studies of AEFI were already in place at the time of this review. For AEFIs that have a
known likely association with an etiologic agent, proper systematic causal assessments can
be valuable in ruling out vaccines as a causal agent if a more likely cause for the adverse
event can be identified [11]. Thus, causal assessment of serious AEFI reported through
VAERS, although challenging, could be enhanced by development and introduction of
structured protocols for the evaluation of specific AEFI to rule out other causes of the event.
Providers would need to be educated on the importance of referring to these protocols if
there is concern that an AEFI may be causally related to the administered vaccine. Improved
communication with reporting providers at the time of the AEFI workup would greatly
enhance the quality of information necessary for a more fully informed causal assessment
utilizing thorough case histories, laboratory evaluation, imaging and electrophysiological
testing. This approach could maximize the CCCR’s ability to address causality through
VAERS reports more quickly and accurately in an effort to add to our overall knowledge of
vaccine safety.
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Figure 1.

Flow diagram depicting Modified WHO causality assessment
aBecause the H1N1 vaccine contained a novel strain, at the time of our review the evidence
in the literature neither supported or refuted any causal association between this specific
vaccine and the adverse events reviewed. Therefore, causal assessments of definite or
probable were not applied.
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Description of Brighton Criteria Definitions for GBS levels of diagnostic certainty
•

Brighton Level 1

•

Decreased or absent deep tendon reflexes in weak limbs AND

•

Monophasic illness pattern and interval between onset and nadir of weakness between 12h and 28 days and
subsequent clinical plateau AND

•

Electrophysiologic findings consistent with GBS AND

•

Cytoalbuminologic dissociation (i.e., elevation of CSF protein level above laboratory normal value AND CSF
total WBC < 50 cells/ul AND

•

Absence of an identified alternative diagnosis for weakness

•

Bilateral and flaccid weakness of limbs AND

Author Manuscript

•

Decreased or absent deep tendon reflexes in weak limbs AND

•

Monophasic illness pattern and interval between onset and nadir of weakness between 12h and 28 days and
subsequent clinical plateau AND

•

Electrophysiologic findings consistent with GBS OR

•

CSF total WBC < 50 cells/ul (with or without protein elevation) AND

•

Absence of an identified alternative diagnosis for weakness

•

Bilateral and flaccid weakness of limbs AND

Brighton Level 2

Brighton Level 3

Bilateral and flaccid weakness of limbs AND

•

Decreased or absent deep tendon reflexes in weak limbs AND

•

Monophasic illness pattern and interval between onset and nadir of weakness between 12h and 28 days and
subsequent clinical plateau AND

•

Absence of an identified alternative diagnosis for weakness

The Brighton Collaboration. https://brightoncollaboration.org/internet/en/index.html.
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WHO causality assessment criteriaa compared with CISA investigator modified criteriab used in this report
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CISA Modified Criteria

Original WHO criteria

Definite

The report documents that the vaccine was given before the
onset of the signs and symptoms and that the timing of onset
was consistent with a known mechanism or published
literature; there is substantial existing evidence in the medical
literature establishing a causal relationship between
vaccine(s) and the event, and other known causes of the event
had been excluded.

Very Likely /Certain

Clinical event with plausible time
relationship to vaccine administration,
and which cannot be explained by
concurrent disease or other drugs or
chemicals

Probable

The report documents that the vaccine was given before the
onset of symptoms and that the temporal relationship was
consistent with a biologic mechanism or published literature;
there is some evidence in the medical literature for a causal
relationship between vaccine(s) and the event, and other
known causes of the event had been excluded or were
unlikely.

Probable

Clinical event with a reasonable time
relationship to vaccine administration,
and is unlikely to be attributed to
concurrent disease or other drugs or
chemicals

Possible

The report documents that the vaccine was given before the
onset of symptoms; the medical literature does not establish
or refute a causal relationship between vaccine(s) and the
event, and known causes that are more likely associated with
event had been excluded.

Possible

Clinical event with a reasonable time
relationship to vaccine administration,
but which could also be explained by
concurrent disease or other drugs or
chemicals

Unlikely

The report documents that the vaccine was given before the
onset of symptoms; the medical literature does not establish
or refute a causal relationship between vaccine(s) and the
event, and there were other known causes of the clinical event
that were more likely and/or had not been excluded.

Unlikely

Clinical event whose time relationship to
vaccine administration makes a causal
connection improbable, but which could
plausibly be explained by underlying
disease or other drugs or chemicals

Unrelated

The onset of the event was prior to vaccine administration; or
there is substantial evidence in the medical literature that the
vaccine does not cause the event; or there was a co-existing
disease/condition, drug, or vaccine that caused the event; or
the temporal relationship between vaccination and the event
was not consistent with the biological onset of clinical event.

Unrelated

Clinical event with an incompatible time
relationship to vaccine administration,
and which could be explained by
underlying disease or other drugs or
chemicals.

a

Collet JP, MacDonald N, Cashman N, et al. Monitoring signals for vaccine safety: the assessment of individual adverse event reports by an expert
advisory committee. Advisory Committee on Causality Assessment. Bull World Health Organ. 2000;78(2):178–185.

Author Manuscript

b

Rosenberg M, Sparks R, McMahon A, Iskander J, Campbell JD, Edwards KM. Serious adverse events rarely reported after trivalent inactivated
influenza vaccine (TIV) in children 6–23 months of age. Vaccine 2009 Jul 9;27(32):4278–83.

Author Manuscript
Vaccine. Author manuscript; available in PMC 2016 May 09.
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Table 3

Author Manuscript

Neurological diagnoses in 212 H1N1 case reports reviewed by CISA
Diagnosis

Author Manuscript
a

No. of case reports in this
group (n = 212)

% of total case reports
reviewed

Guillain-Barré Syndrome (GBS)
75 met Brighton Collaborationa diagnostic criteria, 4 did not but were
physician diagnosed.

79

37.3

Seizure

23

10.8

Cranial Neuropathy

12

5.7

Demyelinating disorder of unclear etiology

9

4.2

Acute Demyelinating Encephalomyelitis (ADEM)

8

3.8

Weakness of unclear etiology

8

3.8

Cerebrovascular Disease

7

3.3

Encephalitis

7

3.3

Parasthesias

7

3.3

Psychogenic

7

3.3

Demyelinating disorder of known etiology

7

3.3

Sensory Neuropathy

5

2.4

Meningitis

4

1.9

Movement Disorder

3

1.4

Syncope

2

0.9

Miscellaneousb

24

11.3

Brighton Collaboration[10]

b

Author Manuscript

Acute Vestibular Neuritis, Acute Vestibular Neuritis, Memory loss, Migraine, Speech impairment, Hearing loss, Hypertensive encephalopathy,
Brachial plexopathy, Possible Corticobasilar Degeneration Syndrome, Myastenia Gravis exacerbation, Pain syndrome, Diabetic Radiculopathy,
Degenerative Disc Disease of the Spine, Dystonia, Cerebellitis, Diffuse body numbness/pain, Brain tumor, Myalgias, Nonspecific disease,
Transverse Myelitis vs Neoplasm, Spinal stenosis, Fluctuating neurological symptoms, , ADEM vs transverse myelitis vs tumor, Idiopathic
Thrombocytopenic Purpura

Author Manuscript
Vaccine. Author manuscript; available in PMC 2016 May 09.

Williams et al.

Page 14

Table 4

Author Manuscript

H1N1 case reports submitted to CISA with documented concurrent infections

Author Manuscript
a

Diagnosis

Infectious etiology

Testing

Encephalitis

Influenza, type A

Nasopharyngeal rapid test positive

Acute Demyelinating Encephalomyelitis

Parainfluenza

PCR nasopharyngeal positive

Acute Demyelinating Encephalomyelitis

Parainfluenza

Positive culture nasal wash

Seizure

H1N1 influenza, wild type

Nasal swab culture positive

Demyelinating Disorder of Unclear Etiology

Hepatitis B

Previously diagnosed

Demyelinating Disorder of Unclear Etiology

Mycoplasma

Serum IgM positive

Seizure

Group A Streptococcus

Positive culture

Bell’s Palsy

Herpes Simplex Virus

Unknown test

Encephalitis

Mycoplasma and Enterovirus

IgM positive

Transverse Myelitis

Mycoplasma

Serum Mycoplasma IgM and IgG positive

GBS, Brighton level 2 a

Group A Streptococcus

Rapid antigen detection test positive

GBS, Brighton level 2 a

Pneumococcus

Positive blood culture

GBS, Brighton level 2 a

Mycoplasma

“Serum Reactive” IgM

GBS, Brighton level 2 a

Borrelia burgdorferi

Positive antibody screen and western blot

GBS, Brighton level 2 a

Epstein Barr Virus

EBV IgM positive serum

GBS, Brighton level 2 a

Enterovirus

Positive PCR in CSF

GBS, Brighton level 1 a

Cytomegalovirus

Serum IgM and IgG positive

GBS, Brighton level 1 a

Cytomegalovirus

CSF and serum DNA positive

GBS, physician diagnosed

Human Immunodeficiency Virus

Previously diagnosed

Brighton Collaboration [10]

Author Manuscript
Author Manuscript
Vaccine. Author manuscript; available in PMC 2016 May 09.

Author Manuscript

Author Manuscript

Author Manuscript

Vaccine. Author manuscript; available in PMC 2016 May 09.
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30
2
4
1
1
2
1
3
4
1
3
3
2
1
1
1
1

Level 1c
Level 2c
Physician diagnosedd
Bell’s Palsy
Optic neuritis
Sixth nerve palsy
Prior history, febrile
Prior history, afebrile
No prior history, afebrile
ADEM
Transverse Myelitis
Sensory neuropathy
Demyelinating disorders of unclear etiology
Parasthesias
Ataxia
Acute infarct of the basal ganglia
Myasthenia gravis exacerbation
Weakness, unclear etiology

Live-attenuated influenza vaccine,

37

65

6

2

44.5

27

42.0

16

20.7

2.0

16

14.5

15

46

38

17.5

53.2

51.5

Mean age (years)

GBS diagnosed by neurologist, but did not meet Brighton Collaboration diagnostic criteria based on available data.

d

c
Brighton Collaboration [10],

b

Trivalent inactivated influenza vaccine,

a

Other

Seizure

Cranial neuropathy

GBS

Number of case reports

Diagnosis

1

14

2

22

16.5

16.3

6.7

30

19.8

5.3

8

4.5

13

14

9

13.0

11.9

17.7

Mean interval to symptom
onset (days)

H1N1 Case reports submitted to CISA with causal assessments of “possible” according to the modified WHO criteria

TIV

TIV

TIV

LAIV

2 TIV

2 TIV, 1 LAIV

2 TIV, 1 unknown

TIV

2 TIV, 1 LAIV, 1 unknown

1 TIV, 1 unknown

TIV

TIV

TIV

TIV

2 TIV, 1 LAIV, 1 unknown

1 LAIV, 1 unknown

27 TIV, 3 unknown

7 TIV, 1 LAIV, 3 unknown

Vaccine type (TIVa, LAIVb, unknown)

Author Manuscript
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