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Abstract Implementation of a public vaccination program with A/New Jersey

(A/NJ) vaccines in 1976 led to the recognition of an increased risk among vacci-

nated persons of developing the neurological disorder known as Guillain–Barré

Syndrome (GBS). The attributable risk was 8.8 among adults in the 6-week period

after vaccination or about 1 case per 100,000 vaccinations. Skepticism of the

statistically significant association was resolved with a subsequent careful assess-

ment in two states in the USA that confirmed the association. Subsequent efforts to

confirm an association between other influenza vaccines and occurrence of GBS

have mostly failed to identify an association but a suggestion of about one case of

GBS per one million vaccinations has been reported. GBS has been associated with

various other infections, illnesses, vaccinations, and other disorders. Campylobac-
ter jejuni infections are accepted as inducing a risk for GBS and evidence suggests

antiganglioside immune responses that react with the nerve myelin sheath as the

mechanism. To assess this possibility, A/NJ and some other influenza vaccines

were all shown to induce antiganglioside antibodies in mice; however, a relation of

this finding in mice to GBS in humans has not been provided.

More recently, reports have indicated a risk of GBS after clinical influenza that is

greater than the risk after influenza vaccination, suggesting that influenza vaccina-

tion may actually protect against GBS. Influenza, influenza vaccinations, and their

role in the occurrences of GBS are evolving subjects. At present, however, occur-

rence of GBS cannot be considered an inherent risk of influenza vaccination.
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1 Introduction

In the fall of 1976, the USA implemented a public health program of vaccination of

the population with influenza A/New Jersey/76 (A/H1N1) vaccines so as to prevent

a pandemic from the swine-like (H1N1) virus that had emerged at Fort Dix, New

Jersey, USA. That program led to recognition of a risk for occurrence after

vaccination of the neurological disorder known as the Guillain–Barré Syndrome

(GBS). That experience and the current status of understanding of an influenza

vaccine-induced risk for GBS are summarized in this chapter.

2 The A/New Jersey Vaccine Experience

The nationwide campaign for immunization of all citizens in the USA in 1976 with

influenza A/New Jersey (A/NJ) vaccine encountered numerous difficulties during

the decision, organization, and implementation [1]. The final event that led to

discontinuation of the public health program was the apparent increase in GBS

among vaccine recipients in the setting of no apparent spread of the swine A/H1N1

virus in the population.

A subsequent organized GBS surveillance effort in the USA identified 1098

cases during the vaccination period, 532 of which had occurred after vaccination

with the A/NJ vaccine [2]. Calculations of the risk of GBS after A/NJ vaccination

indicated a significant attributable risk of 8.8 among adults in the 6-week period

after vaccination. This corresponds to about one case per 100,000 vaccinations;

almost 50 million vaccinations were performed. Additional convincing data for this

association was the pattern of an increase in the GBS rate after vaccination with a

peak in weeks two and three and a subsequent return to the baseline rate for

unvaccinated persons (Fig. 1). Risk appeared about the same for all four vaccines

distributed; a number of potential confounding variables were excluded.

Subsequent to this landmark report, substantive questions were raised about the

quality of the data leading to the “conclusive” epidemiologic association [4, 5].

Additionally, other reports appeared that confirmed and did not confirm the associ-

ation [3, 6, 7]. In an attempt to resolve the concerns, a new study was mounted to

review all cases of GBS in the states of Michigan and Minnesota during the

vaccination period using neurologists for formulating diagnostic criteria and

reviewing all cases [8]. Some cases used in the earlier association report were

discarded but the relative risk for GBS after A/NJ vaccination remained about as

proposed in the initial report. Overall, these various reports provide very strong

evidence that vaccination with A/NJ vaccine in 1976 increased the risk for deve-

loping the GBS in a 6–8 week period after vaccination; the reason(s) for this

epidemiological association are unknown.
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3 The Guillain–Barré Syndrome

GBS is a neurologic disorder consisting of a constellation of neurological signs and

symptoms of unknown cause. There are no objective tests available for establishing

the diagnosis in a suspect case. Because of lack of uniformity in reported cases, the

National Institute of Neurological and Communicative Disorders in the USA and

the Brighton Collaboration provided definitions of the syndrome that have, for the

most part, been followed [9–11]. The syndrome is an acute illness characterized by

progressive motor weakness of more than one limb that tends to be symmetrical and

is accompanied by areflexia. Mild sensory findings and cranial nerve involvement

may be present and recovery generally occurs. Strong support for a diagnosis of

GBS is provided by finding an albumin-cytologic dissociation (elevated protein and

reduced cell concentration) in cerebrospinal fluid and typical electrophysiologic

abnormalities.

Descriptions of GBS over many years have specified that most cases (about two-

thirds) seemed to follow an episode of illness [12, 13]. In a review of GBS, Lineman

identified 1,100 cases with about 60% having followed an infection, most com-

monly a nonspecific acute viral or bacterial infection of the respiratory tract [14].

Subsequently, reports have emphasized enteric infections and noted association

with cytomegalovirus infections, infectious mononucleosis and numerous other

infections and maladies. Until recently (see later), it was thought that influenza
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Beghi et al. [3] with permission
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infections did not convey a risk for GBS despite the fact that a history of an acute

viral-like respiratory illness was known to be the most common preceding event

[15–17]. Associations with immune disorders and events have included GBS after

vaccinations; in earlier reports this association was seen more commonly after

rabies vaccinations or use of tetanus antitoxin. Many vaccinations have now been

followed by GBS and caused some concern; these have included various live and

inactivated vaccines, viral and bacterial vaccines, protein and carbohydrate vac-

cines, and adjuvanted and nonadjuvanted vaccines (references available upon

request).

Incidence rates of GBS have varied but are generally about one case per 100,000

persons per year [17, 18]. This low rate has compounded the problem of identifying

and proving a specific cause for the GBS. Clusters of cases have been noted,

sometimes associated with a discrete preceding outbreak such as acute gastroente-

ritis [19]. The GBS rate increases with increasing age is somewhat more common in

males and, possibly, in whites.

4 A/New Jersey Vaccine and Pathogenesis of GBS

The GBS is primarily a polyradiculopathy of spinal nerve roots. The major histo-

pathology is edema and disorganization of the myelin sheath that progresses to a

mild inflammatory reaction and to Swann cell proliferation in the late stages [20].

Although the specific pathogenesis of the GBS is unknown, it is thought by most to

be induced by an aberrant immune response that leads to reaction with the nerve

myelin sheath or other axonal sites and results in impaired transmission of impulses

through peripheral nerves [13, 21–23]. This possibility is most completely explored

for GBS following Campylobacter-associated enteric infections [24, 25].

Campylobacter jejuni apparently has surface polysaccharides that are similar to

gangliosides of nerve sheaths. Molecular mimicry is proposed as the mechanism for

induction of ganglioside antibodies that react with nerve tissue and induce the

pathology that impairs nerve impulse transmissions [24, 25]. Clusters of GBS

associated with Campylobacter infections and gastroenteritis outbreaks that could

be from Campylobacter infections are compatible with this specific infection being

a precipitating event for GBS [24–26].

Whatever the exact relationship between infection, antiganglioside antibody,

and GBS, it is clear that ganglioside antibody is not useful as a diagnostic test for

GBS. Whether this antibody, in conjunction with cofactors or coevents, describes a

pathogenetic circumstance for all cases of GBS is uncertain.

In an effort to assess ganglioside antibody induction and GBS after A/NJ

vaccinations in 1976, residual A/NJ vaccines were used for immunizing mice and

testing for ganglioside antibodies [27]. All of the A/NJ/76 vaccines induced anti-

GM1 antibodies, the antibody of interest. If this antibody mediates GBS, it would

be reasonable to suggest that a high frequency of responses occurs but that antibody

mediates clinical disease in only a low percentage of cases. On the other hand, this
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same report immunized mice with two different seasonal influenza vaccines and

two A/H5N1 vaccines and all induced ganglioside antibodies. Although the number

of H5 vaccinations is too small for detecting a GBS relationship, no relationship

was noted for the two seasonal vaccines evaluated. Unfortunately, this provocative

report has apparently not been followed by the indicated studies that would further

clarify the significance of the finding. Thus, at present, it seems most reasonable to

regard the influenza vaccination–ganglioside antibody–GBS relationship as no

more than an interesting, suggestive observation that could use resolution for

significance.

5 GBS and Influenza Vaccines Other than the A/New

Jersey Vaccine

In order to verify whether the A/NJ–GBS association was an inherent risk of

influenza vaccination, the American Center for Disease Control conducted surveil-

lance for an association in 3 years subsequent to the A/NJ vaccination period. For

three separate vaccination years, 1978–1979, 1979–1980, 1980–1981, no associa-

tion of GBS and prior influenza vaccination was detected [28–30]. However, a

borderline significant increased risk for GBS was reported after an investigation of

influenza vaccinations in 1992–1994 that was precipitated by reports to the vaccine

adverse event reporting system (VAERS) in the USA; the validity of this associa-

tion has been questioned [31, 32]. Some other reports of an association between

influenza vaccination and GBS have appeared as well as reports of no association

[32–38]. Reports utilizing VAERS data to support an association between influenza

vaccinations and GBS have been refuted by the CDC with the strong statement “the

rate of an adverse event cannot be approximated from VAERS data” [39]. Thus,

although it is possible that a small increase in risk for the GBS may follow

vaccination with seasonal influenza vaccines, present knowledge suggests it is

equally plausible to believe that there is no increased risk.

6 Recent Contributions

The most significant recent data on the influenza vaccine–GBS relationship are

data supporting a risk for GBS after influenza infections [32, 40, 41]. Using the

self-controlled case series method, an approach thought superior to cohort and

case–control studies, Stowe et al. [32] found the relative incidence of GBS after

influenza vaccination in the UK General Practice Database to be 0.76 within 90

days while GBS after an influenza-like illness was 7.35 within 90 days and 16.67

within 30 days. A similar relationship for GBS and clinical influenza-like illness

was reported by Sivaden-Tardy et al. (Fig. 2), which was further supported by
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Fig. 2 (a) Monthly incidence of influenza-like illness (ILI; solid line) and Guillain–Barré

syndrome (GBS; dashed line) caused by an unidentified agent. (b) t Ratios of lagged-regression
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objective evidence of actual influenza virus infection in the GBS cases [41]. Also of

interest is the fact that none of the GBS cases after influenza infection developed

ganglioside antibodies. These recent reports offer the intriguing possibility that

influenza vaccinations may protect against any increased risk for development of

GBS after clinical influenza that might exist.

7 Comment

A summary of the evolution of the influenza vaccine-GBS association is provided

in Table 1. It seems clear that vaccination with the A/NJ influenza vaccine in 1976

increased the risk for developing GBS; however, numerous efforts since 1976 have

failed to confirm a risk for GBS attributable to influenza vaccination. Thus, it seems

reasonable to conclude that GBS does not constitute an inherent risk from influenza

vaccinations. It remains possible that influenza vaccinations may, on rare occa-

sions, serve as a contributing factor to occurrences of GBS and account for the

reports that have suggested a minor increase in risk; for some unknown reason, a

contribution of significance occurred in the fall of 1976 when a nationwide vacci-

nation campaign was conducted to prevent a pandemic with swine influenza

Table 1 Summary of the Influenza vaccine Guillain–Barré Syndrome (GBS) Association

l There was a significant increased risk for developing GBS in the 6–8 week period after

vaccination with the swine influenza A/H1N1 vaccine in 1976. The reason(s) for this increase

are unknown.
l The GBS is a paralytic syndrome of unknown cause that is presumed to be an immunopathologic

disorder resulting from an immune reaction with nerve tissue.
l Ganglioside antibodies are proposed as the mediator for the immunopathological reaction

leading to GBS and data are available to support this hypothesis, particularly for GBS after

Campylobacter infections. Available data are insufficient to support this as a mechanism for an

influenza vaccine-induced GBS.
l The many studies reported on influenza vaccinations and GBS since 1976 have either failed to

identify a risk for GBS or have reported a very low frequency risk (~one per million

vaccinations).
l Recent studies of influenzal illnesses and GBS have reported a significant risk for GBS after

clinical influenza. GBS after a nonspecific acute viral-like respiratory illness has been an

accepted association for decades.
l Influenza, influenza vaccinations, and their role in occurrences of GBS are evolving subjects. At

present, occurrence of GBS cannot be considered an inherent risk of influenza vaccination.

<

Fig. 2 (continued) coefficients between residual cases of GBS caused by an unidentified agent at

month t and ILI at month t – lag, for lags of �3 to 3. Horizontal dashed lines indicate 5%

significance level of a two-sided test of association. Reprinted from Sivadon-Tardy et al. [41] with

permission
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A/H1N1 viruses. The similarities between the swine influenza A/H1N1 experience

in 1976 and that ongoing at the present time (2009), with swine influenza A/H1N1

vaccinations are obvious. The magnitude of the current vaccination effort should

clarify any relationship between influenza vaccination and occurrence of the GBS.
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