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Abstract
Objectives
Adver se events and positive re-challenge of symptoms reported in the scientific literature and to the Vaccine Adverse
Event Reporting System (VAERS) following hepatitis B vaccination (HBV) wer e examined.

M ethods
The VAERS and PubMed (1966-2003) wer e searched for autoimmune conditions including arthritis, rheumatoid
arthritis, myelitis, optic neuritis, multiple sclerosis (MS), Guillain Barré Syndrome (GBS), glomerulonephritis, pancy-
topenia/thrombocytopenia, fatigue, and chronic fatigue, and Systemic Lupus Erythematous (SLE) following HBV.

Results
HBV was associated with a number of serious conditions and positive re-challenge or significant exacerbation of
symptoms following immunization. There were 415 arthritis, 166 rheumatoid arthritis, 130 myelitis, 4 S_E, 100 optic
neuritis, 101 GBS, 29 glomerulonephritis, 283 pancytopenia/thrombocytopenia, and 183 MS events reported following
HBV. Atotal of 465 positive re-challenge adver se events wer e observed following adult HBV that occurred sooner and
with more severity than initial adverse event reports. Acase-report of arthritis occurring in identical twins was also
identified.

Conclusions
Evidence from biological plausibility, case-reports, case-series, epidemiological, and now for positive re-challenge
and exacerbation of symptoms, and events in identical twins was presented. One would have to consider that thereis
causal relationship between HBV and serious autoimmune disorders among certain susceptible vaccine recipientsin a
defined temporal period following immunization. In immunizing adults, the patient, with the help of their physician,
should make an informed consent decision as to whether to be immunized or not, weighing the small risks of the
adver se effects of HBVwith the risk of exposure to deadly hepatitis B virus.
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Introduction

Genetically engineered hepatitis B vac
cines, developed and licensed in the
1980s in the United States, are most
commonly produced by inserting the
gene for HBsAg into the yeast Saccha -
romyces cerevisiae (1, 2). Following
growth of the yeast, vaccineis prepared
by lysing the yeast to free HBSAg parti-
cles, which are separated from yeast
components by biochemical and bio-
physical methods. Two recombinant
vaccines produced in yeast (Merck,
Recombivax; SmithKline Biologicals,
Energix) are available in the United
States and many countries worldwide.
The purpose of this study was to exam-
ine cases of adverse events reported in
the scientific literature and to the Vac-
cine Adverse Event Reporting System
(VAERS) database following hepatitis
B vaccine administration. In addition,
we aso evaluated the scientific litera
ture and the VAERS database for cases
describing positive re-challenge or sig-
nificant exacerbation of symptoms re-
ported following hepatitis B vaccina-
tion.

Methods

A retrospective examination of the
VAERS database was undertaken using
Microsoft Access. The VAERS data-
base is an epidemiological database
that was created by an Act of the U.S.
Congress and has been maintained by
the Centers for Disease Control and
Prevention (CDC) in Atlanta, GAsince
1990. Specific vaccine-associated ad-
verse events are to be reported to this
database as mandated by law. The CDC
requires written and telephonic confir-
mation of serious adverse events and
follows-up these patients one year lat-
ter to determineif they have recovered.
The Food and Drug Administration
(FDA) inquires into deaths reported to
the VAERS database by contacting the
patient’ s healthcare provider and physi-
cian. The FDA aso monitors the
VAERS database to determine if any
vaccine or vaccine lot has a higher than
expected incidence rate of adverse ev-
ents reported. We, the VAERS Working
Group of the CDC, and the FDA all
analyze and publish epidemiological
studies based upon examination of the
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VAERS database.

The strength of the VAERS database
stems from its large reporting base (i.e.
patients from the entire United States).
Additionally, the VAERS Working
Group of the CDC has previoudy re-
ported that |ess than 5% of adverse ev-
ents are reported by parents. The poten-
tial weakness of the VAERS database is
that not al vaccine-associated adverse
events in practice are reported. Addi-
tionally, because the VAERS database
is a registry of vaccine-associated ad-
verse events, it is not possible in exam-
ination of the VAERS to obtain the full
medical histories of patients reporting
adverse events.

In our literature search, we searched
PubMed (1966-2003) to determine the
number of case reports, or case-series
of serious autoimmune disorders repor-
ted following hepatitis B immuniza-
tion. The serious conditions searched in
the literature following hepatitis B im-
munization included arthritis, rheuma-
toid arthritis, Systemic Lupus Erythe-
matosus (SLE), optic neuritis, Guillain
Barré Syndrome (GBS), glomerulone-
phritis, pancytopenia/thrombocytope-
nia, and myelitis. The literature search
using PubMed (1966-2003) was also
extended to examine all case reports, or
case-series of serious conditions in
which patients exhibited positive re-
challenge or significant exacerbation of
symptoms following successive doses
of hepatitis B vaccine.

In examining the VAERS database, we
evaluated reports of autoimmune con-
ditions including arthritis, rheumatoid
arthritis, myelitis, optic neuritis, multi-
ple sclerosis (MS), GBS, glomeru-
lonephritis, pancytopenia, and throm-
bocytopenia. In evaluating these seri-
ous conditions in the VAERS, the total
number of reports, male/female re-
ports, median onset time in days, medi-
an agein years, and percent disabled (a
VAERS database field) were evaluated.
We also examined reports generated
following hepatitis B vaccination in
which positive re-challenge was des-
cribed in the VAERS database. The
types of positive re-challenge adverse
events we examined following hepati-
tis B vaccination included: arthralgia,
arthrosis, arthritis, neuritis, fatigue,



chronic (based upon a one year follow-
up) fatigue, myalgia, gait abnormali-
ties, neuropathy, tremor, GBS, flu syn-
drome, erythema multiforma, and alo-
pecia. These types of adverse events
were based upon descriptions of those
reporting them and defined fields con-
tained within the VAERS database.

Results

In Table | and Table Il are a summary
of the case-reports of adverse events
that have been reported following he-
patitis B immunization in the scientific
literature and in the VAERS database.
It was observed that serious adverse
events have been reported primarily
among adult male and female hepatitis
B vaccine recipients within several
weeks of immunization. There were a
number of serious adverse events re-
ported following hepatitis B vaccine
that resulted in disabilities. In addition,
Meyboom et al. have reported the
WHO Collaborating Centre for Inter-
national Drug Monitoring has, from
National Pharmacovigilance Centersin
several countries received 28 cases of

Hepatitis B vaccine/ M.R. Geier& D.A. Geier

thrombocytopenia possibly related to
hepatitis vaccine (different brands)
(33).

A review of the VAERS database indi-
cated that there were 465 reports of
positive re-challenge following hepati-
tis B vaccination among those residing
inthe United States. Among the 465 re-
ports examined 301 were classified as
occurring in females, 148 in males, and
in 16 reports the sex was not specified.
The overall median age was 19.5 years
and the overall median onset was 1 day.
There were a total of 166 Emergency
Department visits, 7 life-threatening
reactions, 26 hospitalizations (median
hospital visit = 4 days), 21 disabilities,
and 1 death. In addition, areview of the
465 reports indicated that in 87 reports
the patients had not recovered, in 107
reports the recovery status was uncer-
tain, and in 271 reports the patients had
recovered.

Table 111 summarizes muscular/skele-
tal, neurological and immunological
positive re-challenge adverse eventsre-
ported to the VAERS database follow-
ing hepatitis B vaccination. This table

shows that in general adult hepatitis B
vaccine recipients tended to report pos-
itive re-challenge adverse events to the
VAERS database within a few days to
weeks following hepatitis B vaccina-
tion. In addition, a significant level of
disability was reported among those re
porting positive re-challenge hepatitis
B vaccine associated adverse events,
especialy among those reporting arth-
ritis (38%), neuropathy (50%) and
chronic fatigue (27%). Table IV sum-
marizes positive re-challenge or signif-
icant exacerbations of reactions after
recombinant hepatitis B vaccine in the
scientific literature.

In addition to the information shown in
Table 1V, Hassan and Oldham have
reported that SmithKline Beecham
Pharmaceuticals has received 11 re-
ports of re-challenge in people who
developed joint symptoms after receiv-
ing Engerix-B; six of them developed
polyarthralgia again, and in most of
them re-challenge led to more severe
symptoms (40). Maillefert et al., have
reported on six women (age range: 25
to 45 years) developing inflammatory

Tablel.Summary of serious conditions reported after hepatitis B vaccine in the scientific literature.

Type of condition Total number Female/male Median age Median onset Reference
of reports ratio (years) (days) #
Arthritis 8 0.60 36 14 3-8
Rheumatoid arthritis 13 22 a4 14 4,9-11
Systemic lupus erythematosus 4 (al female) - 245 10.5 8,12, 13
Optic neuritis 4 1.0 43 7.0 10, 14, 15
Guillain Barré syndrome 8 3.0 36 6.0 10, 16-20
Glomerulonephritis 3 0.50 21 25 21-23
Pancytopenia/thrombocytopenia 10 1.0 15 295 10, 24-26
Myelitis 10 23 36.5 21 10, 27-32
Tablell. Summary of serious conditions reported after hepatitis B vaccinein the VAERS database.
Type of condition Total number Femae/male Median age Median onset Percent
of reports ratio (years) (days) disabled
Arthritis 407 32 38 6 18
Rheumatoid arthritis 153 32 36 28 47
Myelitis 120 22 34 22 36
Optic neuritis 96 2.2 33 13 36
Multiple sclerosis 183 24 335 36.5 36
Guillain Barré syndrome 93 15 34 18 26
Glomerulonephritis 26 24 25 9.5 10
Pancytopenia 11 0.83 33 34 0
Thrombocytopenia 263 1.0 13 12 5.7

751



Hepatitis B vaccine/ M.R. Geier& D.A. Geier

Tablell1. Positive re-challenge adverse events reported to VAERS following hepatitis B vaccination.

Type of adverse event Number of Number of Median Median Percent
male reports female reports age onset disabled
Arthritis 4 4 27 12 38
Arthralgia 10 38 36 2 14
Arthrosis 3 5 36 0 25
Myalgia 15 41 34 1 36
Neuropathy 1 3 38 10 50
Fatigue 11 21 30 2 12
Chronic fatigue 2 9 34 8 27
Personality disorders 0 5 16 0 0
Tremor 2 6 7 1 0
Guillain Barré syndrome 0 1 34 - 0
Flu syndrome 9 26 34 0 5.7
Erythema multiforma 3 0 34 0 0
Alopecia 0 10 18 6 10

polyarthritis diagnosed as rheumatoid
arthritis (41). They had received immu
nization 1 to 20 days prior to symptom
onset (mean onset: 9 days). All receiv-
ed another injection. The symptoms
worsened in four cases, were not modi-
fied in one, and were unknown in one
patient. These patients were followed-
up for between 3 months and 6 years.
The follow-up of each patient reveaed
persistent symptoms, despite all pa
tients being treated with at least one
disease-modifying anti-rheumatic drug,
including methotrexate for four. Joint
erosions were aso shown to have oc-
curred in three out of four patients fol-
lowed-up for >1 year. Mallefert et al.
also reported on five women (mean age
= 19) that developed arthritis within
several weeks following hepatitis B
vaccination. In three cases, a further
hepatitis B vaccination was adminis-
tered. This additiona vaccination re-
sulted in the worsening of arthritis in
all three cases. Tartaglino et al., have
reported on a case of a 40-year-old
male who presented with a 6-week his-
tory of progressive lower-extremity
numbness and difficulty walking (42).
Symptoms began 2 weeks after receiv-
ing the first dose of hepatitis B vaccine.
The patient was administered a second
dose of hepatitis B vaccine, and one
month latter the sensory disturbance
ascended to the nipple level and the pa
tient had difficulty walking. A physical
examination of the patient showed that
the patient had markedly impaired pro-
prioception and vibration sense, mini-
mal weakness, hyporeflexiain the low-

er extremities, and a T-4 sensory level.
The patient upon follow-up was |eft
with residual neurological deficits.
Pope et al. described two patients that
developed arthralgias following their
initial doses of hepatitis B vaccine (11).
Subsequently, one patient (a 47-year-
old male) developed rheumatoid arthri-
tis 14 days following a second dose of
hepatitis B vaccine, and the other pa-
tient (a 57-year-old female) developed
rheumatoid arthritis less than 10 days
following a second dose of hepatitis B
vaccine.

Guis et al. have described identical
twin sisters who developed arthritis
following hepatitis B vaccination (44).
The first sister’s medical history was
unremarkable until December 1993,
when following her third and final in-
jection of hepatitis B vaccine she began
complaining of arthritis. On physical
examination, arthritis involving both
wrists and the proximal and distal in-
terphalangeal joints of the hands and
feet were noted. Arthritis was associat-
ed with myalgias and upper limb mus-
cle weakness. The twin sister had a
similar clinical presentation with bilat-
eral arthritis of wrists, shoulders, tem-
poromandibular joints, hands, and an-
kles following her third hepatitis B
vaccination in 1997. Her medical histo-
ry was unremarkable except for mild
asthmaand high blood pressure. On ad-
mission, she reported periphera arthri-
tis with myalgias. Neurological exami-
nation showed distal paresthesias and
cramps of the 4 limbs, severe weakness
of the hand muscles, hyperreflexia of
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the right upper limb, right Hoffmann's
sign, and norma plantar reflexes of
micturition.

Discussion

This analysis reveded that hepatitis B
vaccination has been associated both in
the VAERS database and in the scien-
tific literature with a number of cases
of serious conditions, positive re-chal-
lenge or significant exacerbation of
symptoms, and adverse events in iden-
tica twins following immunization.
Our review of the VAERS database in-
dicated that positive re-challenge ad-
verse events were primarily observed
among adult hepatitis B vaccine recipi-
entswithin afew daysto weeksfollow-
ing immunization, and tended to be
rather severe considering the large per-
centage of disabilities observed among
some of the types of adverse events
examined. Our literature review aso
showed that hepatitis B vaccine admin-
istration has been associated with a
number of positive re-challenge and sig-
nificant exacerbation of symptoms fol-
lowing immunization, primarily among
adult vaccine recipients within a few
days to weeks following immunization,
and that very often positive re-chal-
lenge reactions were more severe than
previous reactions.

The biological basisfor serious adverse
events following hepatitis B vaccina-
tion has been described in several stud-
ies. McMahon et al. have described
that adverse reactions to hepatitis B
vaccine are due to thimerosal, a mercu-
rial compound that is used as a preserv-
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Table V. Summary of positive re-challenge or significant exacerbations of reactions after recombinant hepatitis B vaccine in the scientific

literature.
Reaction Sex Age Dose Onset Duration Reference

no. no.
Fatigue-myalgias-eye pain 61 1 1day Severa days 34
Fatigue-anorexia-headache- 2 Rapid 2 years -
weight loss-renal vasculitis (resolved with kidney transplant)
Myalgia-joint pain-morning stiffness 45 1 14 days 1 month 35
More severe arthralgia and 2 - 7 months -
myalgia-polyarteritis nodosa (resolved with right hand amputation)
Rash 38 5 - Severa days 35
Fatigue-burning eyes-pityriasis
rosea-like eruption 6 2 days Several weeks -
Pain and swelling of the right wrist 20 1 4 days Several months 4

(resolved completely)
More severe pain and swelling 2 Severa days Several months -
Transient weakness of the |eft leg 19 2 3 months Several weeks 36
Arthralgias-left sided hemihypesthesia
-unstable gait 3 7 days 1year
Thrombocytopenia purpura 21 1 28 days 4 months 10
Thrombocytopenia purpura 2 28 days 2 months -
Acute glomerulonephritis 12 1 14 days 3 days 37
(resolved completely)
Chronic glomerulonephritis 2 14 days 3.5years -
Leukoencephalitis 39 2 28 days Several months 38
(markedly improved condition
following neuro-surgery)

Leukoencephalitis 3 11 days Several months -
Arm-leg rash 16 1 Severa days - 39
Weakness-gait disturbance-gastro- 2 30 days Several years -

intestinal disorders-weight loss

(mildly symptomatic 8 years
post-diagnosis)

ative in the vaccine, or to the aluminum
hydroxide (alum) used as an adjuvant
(45). We have previoudly reported that
the combination of thimerosal, alumi-
num hydroxide, yeast (and other extra
neous proteins) and the hepatitis B sur-
face antigen, may work synergistically
to produce severe adverse reactions in
susceptible hepatitis B vaccine recipi-
ents (10). Rietschel and Adams have re-
ported a case in which a 29 year-old
underwent patch testing and was found
to be strongly positive to thimerosal
(46). He was subsequently adminis-

tered adose of hepatitis B vaccine con-
taining thimerosal, and within 6 hours
following immunization he developed
severe dermatitis that spread over asig-
nificant potion of his body which lasted
for many months following immuniza-
tion. The authors concluded that al-
though thimerosal is present in hepati-
tis B vaccines at a concentration of on-
ly 1:20,000, it clearly can induce severe
cutaneous reactions of the delayed hy-
persensitivity type. The authors also
concluded that although not all thimer-
osal-sensitive patients develop adverse
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reactions following immunizations
containing thimerosal, there is a poten-
tial risk with such vaccinations, and the
reactions can be very long lasting. In
addition, Pennesi et al. have described
a case-report of positive re-challenge
for glomerul onephritis following hepa-
titis B vaccination, in which arenal bi-
opsy was performed and demonstrated
mesangial proliferative glomerulone-
phritis with IgA deposits, similar to
what has been described in natural hep-
atitis B virus-related glomerulonephri-
tis (37). They aso performed an immu-
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nohistochemical examination of the
biopsy using monoclonal antibodies
against hepatitis B surface antigen and
hepatitis B core antigen, and demon-
strated that the hepatitis B surface anti-
gen was present in renal tissue and in
the tubular and peritubular zones.

We have recently published areview of
hepatitis B vaccination (10). In our re-
view, we analyzed 33 case-reports of
adverse events reported following hep-
aitis B vaccination. We found that the
adverse events we analyzed were re-
ported in adults within a few days to
weeks following immunization, and
that symptoms persisted for prolonged
periods of time. In our review of the
epidemiological evidence for serious
adverse events reported following hep-
atitis B vaccination, we determined that
adults from a few days to weeks fol-
lowing immunization were at statisti-
cally significant increased risk for the
incidence rate of reported serious arth-
ritic, neurological, immunological, and
gastrointestinal adverse events to the
VAERS database (10). We have deter-
mined the following incidence rates of
significant adverse events reported to
the VAERS database following adult
hepatitis B vaccination, including:
arthritis (1.4 per million hepatitis B
vaccinations), myelitis (0.56 per mil-
lion hepatitis B vaccinations), throm-
bocytopenia (0.80 per million hepatitis
B vaccinations), GBS (0.43 per million
hepatitis B vaccinations), and hepatitis
(0.56 per million hepatitis B vaccina
tions) (47). We concluded our review
by stating that adult hepatitis B vaccine
recipients were at increased risk for au-
toimmune disorders within a defined
temporal period following immuniza-
tion, suggesting that hepatitis B vac-
cineis not the leading cause of serious
autoimmune disorders in whole popu-
lations studied for temporal periods of
many years following vaccination (10).
This result appears to have been con-
firmed by a recent study of the CDC
examining the Vaccine Safety Datalink
(VSD) database (48). In the CDC stu-
dy, they reviewed adverse events repor-
ted following adult hepatitis B vaccina
tion, and determined that demyelinat-
ing diseases (Odds Ratio = 0.8; 95%
Confidence Interval: 0.8-3.0) were not

statistically significantly increased in
comparison to the background inci-
dence rate in the year following immu-
nization.

Therefore, the evidence for the ability
of hepatitis B vaccination to cause seri-
ous autoimmune adverse events in a
defined temporal period following im-
munization has been presented in the
form of biological plausibility, case-re-
ports, case-series, epidemiological, and
now for positive re-challenge and ex-
acerbation of symptoms and adverse
eventsin identical twinsfollowing hep-
atitis B vaccination. In further support
of the notion that hepatitis B vaccine
can cause serious autoimmune adverse
events, authors have described under
what potential conditions other vac-
cines may induce serious autoimmune
adverse events in susceptible vaccine
recipients (49).

In considering whether a vaccine can
cause a specific type of adverse event,
Pirmohamed and Winstanley have des-
cribed that causality can be inferred
from several points including the tem-
poral relationship between the start of
drug and onset of symptoms, whether
symptoms resolve on drug withdrawal,
any history of re-challenge, any previ-
ous reports of similar side-effects, and
biological plausibility (50). We believe
that in light of evidence from such a
multitude of different and independent
sources showing serious autoimmune
adverse events following hepatitis B
vaccination, one would have to consid-
er that there is causal relationship be-
tween hepatitis B vaccination and ser-
ious autoimmune disorders among cer-
tain susceptible vaccine recipientsin a
defined period following immuniza-
tion.

We believe, considering the potential
for serious adverse events following
hepatitis B vaccination, that adult vac-
cine recipients should make an inform-
ed consistent decision as to whether to
be immunized or not. In making a deci-
sion, physicians and patients should
analyze the relatively small, but appar-
ently real risk of hepatitis B vaccina
tion to cause serious autoimmune dis-
orders in vaccine recipients, the bene-
fits of hepatitis B vaccine in preventing
the deadly disease of hepatitis B (the
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risk of which is highly dependent upon
the lifestyles of vaccine recipients), and
conduct a thorough review of the pa
tient’s past clinical history.

We suggest that those rare individuals
that do indeed develop a serious ad-
verse event following hepatitis B vac-
cination in the US should be advised
that they may be eligible for compensa-
tion from the no-fault Nationa Vaccine
Injury Compensation Program. The pa
tient's physician should make a con-
certed effort to report their patient’ s ad-
verse event as thoroughly as possible to
the VAERS database, so that further in-
formation may be gleaned about the
safety of hepatitis B vaccination. We
also suggest that further studies should
be conducted to further investigate the
actual case-histories of those experien-
cing adverse events following hepatitis
B vaccination.
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