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Abstract
Objectives

This analysis examined the incidence rate of chronic arthritis adverse reactions reported following adult rubella and
hepatitis B vaccinations. In this analysis, etiologic mechanisms for chronic arthritis following adult rubella and

hepatitis B vaccines were also explored.

Methods
The Vaccine Adverse Events Reporting System (VAERS) database was analyzed for the incidence rate of reported cases

of chronic arthritis in comparison to Tetanus-diphtheria (Td) and tetanus toxoid adult vaccine control groups.

Results
Chronic arthritis adverse reactions following adult rubella vaccination were primarily reported in females

(female/male ratio = 3.0), at about 45 years-old, and at a mean onset time of 10-11 days following vaccination.
Chronic arthritis adverse reactions following adult hepatitis B vaccination were also primarily reported in

females(female/male ratio = 3.5), at about 33 years-old, and with a mean onset time of 16 days following vaccination.
The incidence rates of chronic arthritis following adult rubella and adult hepatitis B vaccinations were statistically
significantly increased, by analysis, in comparison to the adult vaccine control groups. The attributable risk of

chronic arthritis following adult rubella vaccine ranged from 32 to 53 and from 5.1 to 9.0 following adult hepatitis B
vaccine in comparison to the adult vaccine control groups.

Conclusion
This study revealed that adult rubella and adult hepatitis B vaccines were statistically associated with chronic arthritis

which persisted for at least one year. The etiology for these adverse reactions may involve autoimmune mechanisms.
Furthermore, potential biases in the reporting rates of adverse reactions to VAERS were not observed.
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Introduction
We have previously reported on arthrit-
ic conditions in Clinical and Experi -
mental Rheumatology following adult
rubella va c c i n ation administrat i o n
from 1991 through 1998 and following
adult hepatitis B vaccination from July
1990 through August 1999 (1, 2). We
found that arthritic reactions reported
fo l l owing adult rubella va c c i n at i o n
were as follows: 78 per million adult
rubella vaccinations for arthralgia, 24
per million adult rubella vaccinations
for arthrosis, 19 per million adult rubel-
la vaccinations for arthritis and 5.0 per
million adult rubella vaccinations for
joint disease and that the incidence of
a rt h ritic reactions fo l l owing adult
rubella va c c i n ation we re stat i s t i c a l ly
significantly increased, by χ2 analysis,
in comparison to an adult hepatitis A
vaccine control group. Arthritic reac-
tions reported following adult hepatitis
B vaccination were as follows: 27 per
million adult hepatitis B vaccinations
for art h ra l gi a , 5.0 per million adult
h ep atitis B va c c i n ations for art h ri t i s ,
2.4 per million adult hepatitis B vacci-
nations for joint disease and 4.7 per
million adult hepatitis B vaccinations
for arthrosis and that the incidence of
a rt h ritic reactions fo l l owing adult
hepatitis B vaccination were statistical-
ly significantly increased, by χ2 analy-
sis, in comparison to an adult Td vac-
cine control group. However, it should
be noted that there is the potential that
some of the cases of arthritic reactions
we analy zed fo l l owing adult ru b e l l a
vaccination and adult hepatitis B vacci-
nation may have been, acute self-limit-
ed reactions that did not lead to chronic
serious problems.
The purpose of this analysis was to
examine chronic arthritic adverse reac-
tions reported to the Vaccine Adverse
E vents Rep o rting System (VA E R S )
database following adult rubella vacci-
nation and adult hepatitis B vaccina-
tion. The VAERS dat abase has been
maintained by the Centers for Disease
C o n t rol and Prevention (CDC) since
1990 as mandated by US law. All sus-
pected adve rse reactions to va c c i n e s
are to be reported to the VAERS data-
base (required by US law). The proto-
col for reporting serious reactions to

VAERS requires written and telephonic
confirmation by the CDC. The CDC
also follows up serious reactions one
year after they occur to determ i n e
whether or not the patients had fully
recovered. It was our aim in this study
that by examining the VAERS database
we would gain a broad perspective of
the effects of adult rubella vaccination
and adult hepatitis B vaccination in the
United States population based upon
many millions of doses of vaccine that
is virtually unattainable by any other
methods of analyses.
Another goal was to offer an etiology
for chronic arthritis in adults who were
vaccinated with hepatitis B vaccine or
rubella vaccine. The etiology for chron-
ic art h ritis fo l l owing both va c c i n e s ,
m ay invo l ve autoimmu n i t y. The sug-
gested role of autoimmunity in vaccine
reactions has been described in a recent
review (3).

Methods
We re t ro s p e c t ive ly examined the ad-
verse reactions reported to the VAERS
database from 1991 through 1999 fol-
l owing adult rubella va c c i n ation and
f rom 1997 through 1999 fo l l ow i n g
adult hep atitis B va c c i n ation using
M i c rosoft Access. We focused on
arthritis adverse reaction reports where
patients were considered not to have
re c ove red after a one year fo l l ow u p .
Descriptions of adverse reactions relied
upon those rep o rting them and we re
d e fined by the rep o rting fields con-
tained in the VAERS database. The cal-
culated incidence rates were obtained
f rom the estimates of the Biologi c a l
Surveillance Summaries received from
the CDC.
The CDC estimated that 2,752,883
adult rubella va c c i n ations and
16,204,207 adult hepatitis B vaccina-
tions we re administered during their
respective study periods. Tetanus-diph-
theria (Td) vaccine and tetnaus toxoid
vaccine chronic arthritis adverse reac-
tions rep o rted to VAERS from 1991
through 1999 in adults were analyzed
to maximize the background of adverse
reactions reported to the VAERS data-
base and thereby, increase the power of
s t atistical calculations undert a ken in
this study. The CDC estimated that
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129,293,354 adult Td vaccinations and
22,774,922 tetanus toxoid vaccinations
were administered from 1991 through
1999. The incidence rates of adult
adverse reactions in the Td and tetanus
t oxiod vaccine recipients provided a
background rate to compare against the
incidence rates of adverse reactions in
adult rubella vaccine recipients and
adult hepatitis B vaccine recipients.
We have introduced the use of reac-
tions to certain vaccines as baseline
control groups with which to compare
the relative reactivity of different types
of vaccines (4, 5).An unbiased search
of the incidence rate of a specifi c
adverse reaction to one vaccine would
be expected to be similar to the inci-
dence rate following another vaccine
administered to a similarly aged popu-
l ation because wh at ever the inhere n t
limitations in the accuracy of reported
adverse reactions to the VAERS data-
base, they would be expected to equal-
ly affect the reports of both vaccines
under study. Similarly, the number of
doses of a type of vaccine adminis-
tered, based on the Biological Surveil-
lance Summaries of the CDC should
be unbiased, because wh at ever the
inherent limitations of the Biological
Surveillance Summaries, they should
ap p ly equally to each vaccine under
s t u dy. In perfo rming the stat i s t i c a l
analyses, the assumption of equal reac-
togencity between vaccines forms the
basis of our null hypothesis. A 2 x 2 χ2
c o n t i n ge n cy table was employe d,
where we assume that the total number
of adverse reactions following the con-
trol vaccine, and the number of doses
administered based upon the Biologi-
cal Surveillance Summaries for the
time period examined are the expected
values. The total number of adve rs e
reactions following the vaccine under
study, and the number of doses admin-
istered based upon the Biological Sur-
veillance Summaries for the time peri-
od examined are the observed values.
The incidence rate of an adverse reac-
tion following the vaccine under study
in comparison to the incidence rate of
an adverse reaction following the con-
trol vaccine group determines the rela-
tive risk, attributable risk and the per-
cent association of the adverse reaction

for the vaccine under study. The rela -
tive risk value is obtained by dividing
the incidence rate of the adverse reac-
tion following the vaccine under study
by the incidence rate of the adverse
reaction following the vaccine control
group. The at t ri bu t able risk value is
d e t e rmined by subtracting one fro m
the relative risk. The percent associa-
tion value is calculated by dividing the
relative risk value by the relative risk
value plus one and mu l t i p lying this
computed value by 100.
We used the statistical package con-
tained in Core l ’s Quat t ro Pro and
accepted a p value of 0.05 as statisti-
cally significant.

Results
Table I summarizes the reports of chro-
nic art h ritis rep o rted to the VA E R S
database following adult rubella vacci-
nation and adult hepatitis B vaccina-
tion. The vaccine type, number of male
and female reaction reports, mean and
standard deviation of the age in years,
mean and standard dev i ation of the
onset time in days following vaccina-
tion and the incidence per million vac-
cinations for cases of chronic arthritis
a re summari zed in Table I. Chro n i c

a rt h ritis adve rse reactions fo l l ow i n g
adult rubella vaccination were primari-
ly rep o rted in fe m a l e s ( fe m a l e / m a l e
ratio = 3.0), at about 45 years-old, and
at a mean onset time of 10-11 days fol-
l owing va c c i n ation. Chronic art h ri t i s
a dve rse reactions fo l l owing adult
hepatitis B vaccination were also pri-
m a ri ly rep o rted in females (fe m a l e /
male ratio = 3.5), at about 33 years-old,
and with a mean onset time of 16.1
d ays fo l l owing va c c i n ation. Table II
summarizes the relative risk, percent
association and statistical significance
of chronic arthritis adverse reactions
reported following adult rubella vacci-
nation and adult hepatitis B vaccina-
tion in comparison to those reported
following adult Td and tetanus toxoid
va c c i n ations. Similarly, t h e re we re
0.054 cases of chronic arthritis report-
ed per million adult Td vaccinations
and 0.088 cases of ch ronic art h ri t i s
reported per million adult tetanus tox-
oid vaccinations (not statistically sig-
nificantly different). Both adult rubella
vaccination and adult hepatitis B vacci-
nation had statistically significant in-
c reases in the incidence of ch ro n i c
arthritis in comparison to adult Td and
adult tetanus toxoid vaccinations.

Table I. Chronic arthritis following adult rubella vaccination and adult hepatitis B vaccina-
tion

Type of vaccine Number of Number of Mean age Mean onset Incidence
female reports male reports (years) (days) per million 

vaccinations

Adult rubella 
vaccine 6 2 45.5 ± 7.8 10.5  ± 8.7 2.9

Adult hepatitis B 
vaccine 7 2 33.2  ± 11.0 16.1 ± 18.6 0.56

Table II. Chronic arthritis following adult rubella vaccination and adult hepatitis B vacci-
nation in comparison to adult vaccine control groups.

Vaccines compared Relative Attributable Percent Statistical
risk risk association significance

Adult rubella vaccine vs
adult Td vaccine 54 53 98 p < 0.0001

Adult rubella vaccine vs
adult tetanus toxoid vaccine 33 32 97 p < 0.0001

Adult hepatitis B vaccine vs
adult Td vaccine 10 9.0 91 p < 0.0001

Adult hepatitis B vaccine vs
adult tetanus toxoid vaccine 6.1 5.1 84 p < 0.05
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Discussion
The results of this analysis confirm a
statistically significant relationship be-
tween chronic arthritis developing fol-
lowing adult rubella and adult hepatitis
B vaccination in comparison to vaccine
control groups. The two vaccine con-
trol groups employed had very similar
incidence rates for chronic arthritis that
were not statistically significantly dif-
ferent. This helps to suggest that the
two vaccine control groups used in this
s t u dy may indeed re flect the back-
ground reporting rate of chronic arthri-
tis to the VAERS dat abase and also
show that adverse reaction reports are
not randomly reported to the VAERS
database. It would be expected that Td
vaccine and tetanus toxoid va c c i n e
administered to adults should have sim-
ilar incidence rates of chronic arthritis
based upon similarities in the molecu-
lar design of each vaccine.
The Institute of Medicine (IOM) of the
National Academy of Sciences (USA)
reported a causal relationship between
the currently used rubella vaccine and
chronic arthritis in adult women and
recommended pro s p e c t ive, d o u bl e -
m a s ke d, c o n t rolled trials wh e re sub-
jects would be followed for at least 12
months to confi rm a biological re l a-
tionship between rubella va c c i n at i o n
and ch ronic art h ritis (6). This study
helps to fulfill the IOM mandate by
providing a controlled examination of
chronic arthritis in subjects immunized
with rubella vaccine for one year fol-
lowing vaccination.
The results here are in agreement with
previous analyses by Tingle et al. who
reported two cases of chronic arthritis
in women following rubella immuniza-
tion with the current strain of rubella
vaccine (7, 8). The art h ritis in these
cases persisted for 2 and 3.5 ye a rs .
Th ey rep o rted that two add i t i o n a l
young women had recurrent arthritis or
arthralgia (not otherwise specified) for
18 to 24 months after receipt of the cur-
rent strain of rubella vaccine. Tingle et
al., have also conducted a randomized
double-blind placebo-controlled study
on the adverse effects of rubella immu-
n i z ation in sero n egat ive women (9).
Th ey found a stat i s t i c a l ly signifi c a n t
increase in the incidence of acute and

ch ronic art h ritis in those va c c i n at e d
with the currently used rubella vaccine.
In line with a proposed antigenic stim-
ulus that results in ch ronic art h ri t i s ,
Tingle et al., have isolated rubella virus
f rom peri p h e ral blood mononu cl e a r
leukocytes of several patients with per-
sistent post-rubella vaccine art h ri t i s
(10). We suggest that further studies
should be done to isolate rubella virus
f rom the synovial fluid of affe c t e d -
joints in cases of chronic arthritis, with
molecular analysis performed to deter-
mine whether the isolated strain corre-
sponds to the one injected. We hypoth-
e s i ze that the live - at t e nu ated ru b e l l a
vaccine goes onto attack the joints by
the virus exhibiting molecular mimicry
of self, resulting in an infl a m m at o ry
response in a susceptible patient.
The finding of statistically significant
chronic arthritis following adult hepati-
tis B va c c i n ation was surp rising be-
cause this genetically engineered, sin-
gle antigen vaccine was predicted to be
we l l - t o l e rated by the vaccine re c i p i-
ents. The CDC has determined that
rheumatoid arthritis following hepatitis
B vaccination has not been confirmed
(11).
Pope et al., have reported 11 cases of
a rt h ritis fo l l owing adult hep atitis B
vaccination (12). Ten of the 11 patients
f u l filled the revised cri t e ria of the
A m e rican College of Rheumat o l ogy
for rheumatoid arthritis which persisted
for more than six months; and at a 48-
month follow-up 9 of the patients still
had inflammatory arthritis. The authors
note a personal communication receiv-
ed from the CDC’s adve rse eve n t s
report study confirming that rheuma-
toid arthritis occurred ten times more
f re q u e n t ly in 15-45 ye a r-old adults
after vaccination with hepatitis B than
with influenza or pneumomococcal
vaccine.
F u rt h e rm o re, Pope et al., found that
m a ny persons ex p e riencing art h ri t i s
following hepatitis B vaccination share
common HLA haplotypes (Drβ-0101,
0301, 0401, 0404) that possess the pre-
dicted binding anchor for peptides 96-
104 and 161-169 within the hepatitis B
surface antigen (HBsAg) sequence. It
has been shown previously that differ-
ent immunodominant epitopes of

HBsAg were found to stimulate CD4+
ly m p h o cytes in vitro in re c o m b i n a n t
hepatitis B vaccine recipients (13). One
of four immunodominant peptides used
i n , n a m e ly the 165-172 peptide se-
q u e n c e, s h a res the fi rst five amino
acids (WA S V RF S WA) with the last
five amino acids (YLWEWASVR) of
the 161-169 pepitde sequence desribed
by Pope et al., as a candidate rheuma-
toid epitope. Additionally, the 96-104
sequence described by Pope et al., as a
potential binding region to the rheuma-
toid hap l o t y p e, s h a res the fi rst thre e
amino acids (VLL) with the final 80-98
peptide sequence of HBsAg. This 80-
98 sequence, which exhibits an α-helix
c o n fo rm at i o n , i d e n t i fies a T helper
(CD4+) ep i t o p e. It is has also been
shown that even if both peptides 165-
172 and 80-98 do not completely over-
l ap with the sequences proposed by
Pope et al ., as the rheumatoid epitope,
t h ey share one anchor (alanine and
va l i n e, re s p e c t ive ly) with the Major
Histocompatibility Complex, Class II
(MHC II) binding pocket (14). Th e
161-172 sequence of the HBsAg has
been preferentially found to stimulate
Th0 or Th2 CD4+ ly m p h o cytes i n
vitro, resulting in the secretion of inter-
leukin 2, IL-4, and IL-5 (13). We hypo-
thesize that HBsAg sequence exhibits
molecular mimicry of self, resulting in
an inflammatory response signal that is
further compounded by the effects of
the aluminum adjuvant and the thim-
erosal perservative, in a sensitive pa-
tient, within a fairly close temporal re-
lationship to vaccination.
We have recently published how to de-
sign vaccines that may be accompanied
by fewer serious adverse reactions (5).
We suggested that vaccines should be
single antige n , h i g h ly puri fied and
checked to determine if any of the epi-
topes they contain are cro s s - re a c t ive
with human lymphocytes. They should
come in single dose sealed vials,so that
p re s e rvat ives are not necessary, a n d
should contain enough antigenic mater-
ial, so that adjuvants are not needed.
O ve ra l l , this study demonstrates the
usefulness of the VAERS database to
determine the reactogenicity profile of
vaccines. The VAERS Working Group
of the CDC states that VAERS is sim-
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ple for rep o rt e rs to use, fl ex i ble by
design and that its data are available in
a timely fashion (15). The potential for
biases in the reporting rates of adverse
reactions to VAERS because of alerts
within scientific publications and pub-
licity in the media when a vaccine is
marketed, in consequence whereof, ad-
verse reactions, whether vaccine-relat-
ed or not, may be much more likely to
be rep o rted fo l l owing one va c c i n e
comparted to another, were not borne
out. This study succinctly showed that
adult rubella and adult hepatitis B vac-
cines are statistically associated with
acute arthritic symptoms and that some
of these patients go on to have chronic
arthritis which persists for at least one
year following vaccination.
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