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Abstract
Background and objective
Although a large number of independent studies have shown a paramount role for Proteus mirabilis in the aetio-
pathogenesis of rheumatoid arthritis (RA), this hypothesis is still controversial among rheumatologists. The main
obstacle to its acceptance is the impression that increased Proteus antibodies in RA patients is a secondary phenom-
enon, occurring as the result of cross-reactivity between bacterial and self-antigens. To shed light on this problem,
we examined the link between antibodies to various cross-reactive and non cross-reactive antigenic peptides from
P. mirabilis and analysed the relationship between these antibodies and disease severity in patients with RA.

Methods
Using the ELISA method, serum samples from 70 RA patients and 20 healthy controls were screened for total and
class-specific antibodies against three human cross-reactive and non-crossreactive synthetic peptides from P.
mirabilis haemolysin, urease C and urease F enzymes. An antibody index, which comprised the total concentration
of antibodies against these peptides in each sample, was correlated with the biochemical parameters of disease
activity and/or severity, such as the erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and rheuma-
toid factors (RF). Furthermore, anti-peptide antibody indices were evaluated among RA patients with different
levels of disease activity as defined by ESR and CRP.

Results
Significantly elevated levels of total and class-specific 1gG antibodies against the 3 Proteus peptides were observed
among RA patients compared to healthy controls (p < 0.001). Active RA patients had elevated IgM antibodies
against all peptides compared to healthy subjects (p < 0.001). However, no such elevation was observed in IgA
anti-peptide antibodies in RA patients. A positive correlation was observed between the antibody indices and ESR
(p < 0.001) and CRP (p < 0.01) concentrations, but not the RF status or disease duration. Furthermore, more than
90% of active RA patients showed positive values for the Proteus anti-peptide indices.

Conclusion
The elevated levels of antibodies against Proteus antigenic epitopes (which are cross-reactive or non cross-reactive
with human tissue antigens) observed indicates that this enhanced bacterial immune response in RA patients is
specifically triggered by Proteus microbes. Furthermore, the correlation of anti-peptide antibody indices with the
biochemical markers of disease activity indicates that these antibodies exert damaging cytotoxic effects on joint
tissues during the course of the disease.
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Introduction
Rheumatoid arthritis (RA) is a chronic
and disabling joint disease that af-
fects millions of people throughout the
world. The disease shows a prevalence
in middle-aged females and presents as
a progressive inflammatory symmetri-
cal polyarthritis of the small joints (1).
RA has a major impact on the physical
and mental health status of patients (2),
with associated long-term morbidity,
mortality and health care costs (3).
RA has a strong genetic component,
which has been demonstrated by fa-
milial and twin studies (4), especially
in its association with HLA-DRBI
haplotypes (5). The association of RA
with HLA-Dw4 was first reported in
the mid-1970s (6). It was shown later
that Caucasian RA patients exhibit
certain HLA-DR4 subtypes such as
HLA-DRB1*0401, and -DRB1*0404,
but not -DRB1*0402 or DRB1*0403,
while other racial and ethnic groups
exhibit non-DR4 HLA genes, such
as HLA-DR1 (DRB1*¥0401) in Jew-
ish, HLA-DR6 (DRB1*0901) in Chil-
ean, and HLA-DR10 (DRB1*1001) in
Spanish populations (7). Overall, more
than 90% of patients with RA possess
one of these alleles (8). This linkage
has been attributed to the presence of
a group of conserved amino acid se-
quences, EQK/RRAA, comprising res-
idues 69-74 in the third hypervariable
region (HVR3) or DRB1 chain, which
are shared between different types and
subtypes of the HLA-DRB1 haplotypes
and which has been given the name of
“shared epitope” (SE) (9).
The role of genes alone is not suffi-
cient to fully explain the aetiopatho-
genesis of RA, however. In a study of
monozygotic twins with RA, less than
20% were found to be susceptible to
development of the disease (10), and
it appears that other non-genetic, envi-
ronmental — mainly microbial — factors
are likely to be involved in the devel-
opment of this condition.
Among the various bacterial and viral
pathogens, Proteus mirabilis could con-
tribute to the aetiopathogenesis of RA.
The evidence for this can be summa-
rized as follows.
1. Proteus microbes were isolated more
frequently among patients with RA
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than healthy controls (11, 12).

2. Assignificant positive correlation was
observed between increased urinary
Proteus isolation and the levels of an-
tibodies against these microbes (13).

3. Increased humoral immune res-
ponses against Proteus antigens
have been observed consistently in
patients with RA between the years
1985 (14) and 2005 (15). During this
period more than 1,300 patients with
RA from 15 different countries have
been investigated by different inde-
pendent groups. Nearly all of these
studies have shown elevated anti-
bodies to Proteus, but not to other
microbes in the sera of patients with
RA compared to those with other
diseases or corresponding healthy
subjects (16). Specifically, elevated
levels of anti-Proteus antibodies
were found in RA patients, but not
in those with AS (14, 17-20), sar-
coidosis (21), Crohn’s disease and
ulcerative colitis (22), osteoarthritis
(23), systemic lupus erythematosus
(24), or in patients with spondyloar-
thropathies and undifferentiated ar-
thropathies (15).

4. Various molecular homologies and
cross-reactivities have been found
between different proteins from Pro-
teus and self-antigens. For example,
Proteus haemolysins possess “ESR-
RAL” amino acid sequences which
share biochemical similarities with
the “EQRRAA” sequence present
in the “SE” moiety (25). The Pro-
teus urease enzyme shares “IRRET”
amino acid sequence homology with
the “LRREI” motif which is present
in type XI collagens (26). Further-
more, features of immunological
cross-reactivity have been shown to
occur between Proteus and self anti-
genic peptides (27).

5. Antibodies in the sera of patients
with active RA were found to have
significantly increased cytotoxicity
effects against red blood cells from
sheep coated with the synthetic pep-
tides from Proteus or cross-reactive
self-antigens, but not against those
coated with control peptides (28).

Our study was carried out to investi-

gate whether RA patients possess an-

tibodies against a new antigenic motif



of the Proteus microbe and to deter-
mine whether Proteus anti-peptide
antibodies correlate significantly with
biochemical disease activity and/or the
severity markers of RA.

Material and methods

Patients and controls

Serum samples were taken from a to-
tal of 70 patients with RA who were
attending the Rhematology Clinic at
Lister Hospital in Stevenage, UK. All
RA patients fulfilled the American
College of Rheumatology (ACR) diag-
nostic criteria (29). The female to male
ratio was 3.6:1, whilst the mean (range)
age at baseline was 64 (33-81) years.
Rheumatoid factors were positive in 46
patients and the mean (range) disease
duration was 12.9 (0.5-41) years.

Sera from 20 age- and sex-matched
control subjects, who were healthy
donors from “London Blood Bank”
were included in this study. The mean
(range) age of these individuals was 62
(29-75) years, and the female to male
sex ratio was 4:1. The general charac-
teristics of the study groups are shown
in Table I.

Defining disease activity in RA
patients

RA patients were arbitrarily divided
into active, probably active, and inac-
tive groups as defined by the levels of
C-reactive protein (CRP) and/or the
erythrocyte sedimentation rate (ESR).
Active RA patients

(CRP = 15 mg/l and ESR = 30 mm/h).
Probably active RA patients

(CRP = 15 mg/l or ESR = 30 mm/h).
Inactive RA patients

(CRP < 15 mg/l and ESR < 30 mm/h).

Peptide sequence database analysis

In order to find a novel amino acid motif
that was specific to the Proteus microbe
and not present within human body tis-
sues, a computer search was carried out
using the GenBank and SwissProt da-
tabases. The urease enzyme molecule
was selected for this study because it
is not present in Escherichia coli, a mi-
croorganism responsible for a signifi-
cant proportion of cystitis and urinary
tract infections (UTI). A sequence of
six charged amino acid, the “KELR-
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QEER” motif, with a high hydrophilic-
ity index was identified at positions
“90-97” from the urease F enzyme of
Proteus mirabilis bacteria. This se-
quence was confirmed to be absent in
the synovial and other tissues targeted
by RA in the human body.

Peptide synthesis
Three synthesized amino acid peptides
included in this study were provided
by New England Peptide, Inc. (Gard-
ner, USA). The peptides were analysed
by high performance liquid chromatog-
raphy, and all had a purity of at least
90%. Each of these peptides was 15
mer in length and all were synthesized
from amino acid sequences present in
Proteus mirabilis enzymes (Table II).
1. Proteus haemolysin (HpmB):
H2N-NGSSESRRALQDSQR-OH
2. Proteus urease C (UreC):
H2N-FAESRIRRETIAAED-OH
3. Proteus urease F (UreF):
H2N-ASRETKELRQEERQP-amide
The proline amino acid at the end of
the urease F peptide sequences was
difficult to link to the oxide group, and
therefore an amide motif was used in-
stead.

Enzyme immunosorbent assay (ELISA)
Anti-peptide antibodies were measured
using the ELISA method. Briefly, each
well of a flat-bottom polystyrene mi-

crotitre plate (Nunc, Maxisorp), apart
from duplicate wells which received
buffer only, were coated with 200 pl
of the synthetic peptide (25 pg/ml)
prepared in carbonate buffer (0.05 M
Na,CO,, 0.05 M NaHCO,, pH 9.6),
and incubated overnight at 4°C. The
unbound peptides were discarded from
the plates, which were flickered gently
on a soft tissue, and then each well was
overlaid with 200 pl of 1% bovine se-
rum albumin (Sigma) diluted in phos-
phate buffered saline containing 0.05%
Tween-20 (PBS-T). The plates were
then incubated for 1 hour at 37°C. After
washing the plates in PBS-T three times
for a period of 3 minutes each, each
well received 200 pl of coded serum
samples diluted to 1/200 in PBS-T and
the plates were incubated for 2 hours
at 37°C. The washing procedure was
repeated 3 times, and then to each well
was added either 200 pl of rabbit anti-
human peroxidase-conjugated IgM (u-
chain specific) or IgG (y-chain specific)
or IgA (a-chain specific) or anti-total
(u-, y-, a- and light-chain specific) im-
munoglobulins (Dakopatt, Ltd), diluted
1/500 in PBS-T. The plates were then
incubated at 37°C for 90 minutes. After
washing the plates 3 times as before,
200 pl of the enzyme substrate solu-
tion, 2,2’-azinobis (3-ethyl-benzothia-
zoline-6-sulphonic acid) (Sigma), 0.5
mg/ml in citrate phosphate buffer, pH

Table I. The general characteristics of the RA patients studied. They have been subdivided

into groups based on their disease activity.

Rheumatoid arthritis patients

All Active  Probably active Inactive Healthy
controls
Number 70 21 24 25 20
Age (yrs.) at diagnosis
mean (range) 64 (38-81) 64 (33-80) 65 (39-81) 63 (40-79) 62 (29-75)
Female: Male 55:15 16:5 21:3 18:7 16:4

Disease duration (yrs.)

mean (range) 12.90 (0.5-41) 13.46 (1-34) 13.63 (0.6-41) 11.64 (0.5-35)  N/A
ESR (mm/hr) mean (SD) 38.01 (24.36) 63.14 (18.46) 36.32 (12.81) 14.38 (6.30) ND
CRP (mg/dl) mean (SD) 26.42 (40.78) 61.81 (58.23) 16.92 (15.68) 4.96 (2.24) ND
RF +ve (%) 46 (66) 11 (52) 17 (71) 18 (72) ND
Immunosuppressors (%) 33 (47) 11 (52) 11 (46) 11 (44) N/A
DMARD:s (%) 24 (34) 5 (24) 10 (42) 9 (36)

Combined (%) 13 (19) 5 (24) 3 (12) 5 (20)

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; RF: rheumatoid factor; DMARD: dis-
ease modifying anti-rheumatic drugs; ND: not done; N/A: not applicable.
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Table II. Characteristics of the Proteus mirabilis amino acid peptides and their cross-reactivities with human tissue antigens.

Peptide Bacterial Amino acid sequences Cross-reactivity with Human Amino acid sequences
source (position) human tissue source (position)

1 Haemolysins H2N-NGSSESRRALQDSQR-OH * Yes HLA-DRB1 EQK/RRAA
HpmB (28-42) molecules (69-74)

2 Urease C H2N-FAESRIRRETIAAED-OH Yes a2 (XI) collagens LRREI

(332-346) (421-425)
3 Urease F H2N-ASRETKELRQEERQP-amide * No N/A N/A
(85-99)

# Identical amino acids (in bold); ® non-identical, charged amino acids (in bold and underlined).
A: alanine; D: aspartic acid; E: glutamic acid; F: phenylalanine; G: glycine; I: isoleucine; K: lysine; L: leucine; N: asparagine; P: proline; Q: glutamine; R:
arginine; S: serine; T: threonine. N/A: not available.

4.1, containing 0.98 mM H,O, (Sigma)  [r]. Furthermore, the relationship be- tablished using the chi square test with
was added to each well, and the plates  tween the disease status and positive or  or without Yates correction.

were kept at room temperature in a negative RF in these patients was es-  To study the relationship between RA
dark place for 20 minutes, after which
the reaction was stopped with 100 pl of
2 mg/ml sodium fluoride diluted in dis-
tilled water. The absorbance or optical
density (OD) values were then meas-
ured at a wavelength of 630 nm using a
microtitre plate reader (Dynatech MR p<0.001
600).

Each serum sample was tested in dupli-
cate and the plates were coded so that
the examiner did not know whether the
tested sera had been taken from dis- 0.2 4
eased or control individuals.

A) 0 HC (n=20) ORA (n=70)

0.6 -

p<0.001

0.4 4

p<0.001

Determinations of ESR, CRP and RF

The erythrocyte sedimentation rate

(ESR) (mm/hr) and C-reactive protein

(CRP) (mg/dl) for each patient was de-
termined by using the Westergren and

the immuno-turbidimetric methods, re- B)
spectively. The status and titre of each
patient’s rheumatoid factor (RF) was
established at the time of serum collec- 06 1

bl —ee ] [_em__] [_ien
tion using laser nephelometry. —=__= = =
p<0.001

p<0.001

HmpB UreC UreF HpmB UreC UreF HpmB UreC UreF

0.0
HpmB urC UrF

Statistical analysis

A comparative analysis of the mean OD
units for each class-specific antibody ti-
tre was carried out between RA patients
as a whole and those with active, proba-
bly active or inactive disease status and
healthy control subjects using a two-
tail Student’s t-test. The relationship
between peptide antibody levels and
each of the biochemical markers of dis-
ease activity or severity, such as CRP,
ESR, RF, as well as the disease dura- Proteus peptide sources

tion, were estimated in the RA patients Fig. 1. Total (A) and IgG (B) Proteus anti-peptide antibodies in patients with rheumatoid arthritis

. s . . (RA) and healthy controls (HC).
using Pearson’s correlation coefficient
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|I:| HC (n=20) O Inactive RA (n=25) & Probably active RA (n=24) g Active RA (n=21) |

A)
0.60

0.40

p<0.001

0.20 4

0.00 -

HpmB

B)

01014 p<0.001

UreC UreF

p<0.001
p<0.001

HpmB

0.40 -

0.20 -

0.00 -

UreC UreF

HpmB

UreC

UreF

Proteus peptide sources

Fig. 2. 1gG (A), IgM (B) and IgA (C) Proteus anti-peptide antibodies in rheumatoid arthritis (RA)
patients with different disease activity status compared to healthy controls (HC). For the definition of

patient’s disease activity classification, see the text.

disease activity and the OD levels of
antibodies to all three peptides, an an-
tibody index was determined for each
serum sample using the following for-
mula, as described previously (30) but
with the addition of data results from

antibodies against the new Urease F
peptide:

Anti-peptide antibody index = (Anti-
bodies against HpmB x 10) (Antibodies
against UreC x 10) (Antibodies against
UreF x 10).
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Results

Total Proteus anti-peptide antibodies
When total immunoglobulins against
the synthetic peptides from haemolysin
(HpmB), urease C (UreC) and urease F
(UreF) P. mirabilis enzymes were in-
vestigated, significantly elevated levels
of antibodies against HmpB (t = 3.65;
p <0.001), UreC (t = 5.54; p < 0.001)
and UreF (t =4.02; p <0.001) peptides
were observed in patients with RA
compared to healthy control subjects
(Fig. 1A).

Isotypic Proteus anti-peptides
antibodies

When class-specific immunoglobulins
were screened against the synthetic
peptides from P. mirabilis enzymes,
significantly elevated levels of IgG an-
tibodies to HpmB (t = 6.80; p < 0.001),
UreC (t = 5.72; p < 0.001) and UreF
(t=5.12; p < 0.001) were observed in
patients with RA when compared to
healthy subjects. No such differences
were detected between patient and
healthy individuals for IgM and IgA
isotypic antibodies against any of the
tested peptides (Fig. 1B).

Disease activity and Proteus isotypic
anti-peptide antibody levels

When RA patients were grouped by
disease activity (active, probably ac-
tive, and inactive disease), patients
with active disease had significantly
elevated levels of IgG antibodies
against HpmB (t = 9.59; p < 0.001),
UreC (t = 8.69; p < 0.001) and UreF
(t=9.37; p < 0.001) Proteus peptides
compared to healthy controls. When
probably active RA patients were
compared to healthy subjects, signifi-
cant differences were detected among
IgG antibodies to HpmB (t = 7.65; p <
0.001), UreC (t =5.49; p <0.001) and
UreF (t = 6.23; p < 0.001) peptides.
When the inactive RA patient group
was compared to healthy subjects,
significantly elevated IgG antibod-
ies were detected against HpmB (t =
3.82; p<0.001) and UreC (t=3.09; p
< 0.005), but not UreF (t = 1.82) Pro-
teus peptides (Fig. 2A).

When IgM antibodies against these
Proteus peptides were screened, ac-
tive RA patients had significantly el-
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Fig. 3. Correlation between IgG Proteus anti-peptide antibody indices and erythrocyte sedimentation
rate (ESR) or C-reactive protein (CRP) concentrations in patients with rheumatoid arthritis (n = 70).
For the definition of the Proteus anti-peptide indices, see the text.

evated titres of IgM antibodies against
HpmB (t =4.39; p < 0.001), UreC (t =
3.88; p < 0.001) and UreF (t = 4.84; p
< 0.001) Proteus peptides compared to
healthy control subjects. No significant
differences were observed in the IgM
antibodies against any of the Proteus
peptides in the probably active and the
inactive RA patient groups compared
to healthy controls (Fig. 2B).

No significant differences in the IgA
antibodies against synthetic Proteus
peptides were observed between any
of the three groups of RA patients and
healthy subjects (Fig. 2C).

Correlation between the IgG Proteus
anti-peptide antibody index and
disease activity parameters, RF status
and disease duration

The production of IgG antibodies
against all three Proteus peptides (anti-
body index) was calculated for each se-
rum sample, and their correlations with
various disease activity and severity
parameters were examined. Significant
correlations were observed between
the anti-peptide Proteus antibody indi-
ces and both ESR (r=0.57, p < 0.001)
and CRP (r=0.32, p<0.01) concentra-
tions (Fig. 3). However, no correlations
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were observed between these antibody
indices and the RF status or the disease
duration in RA patients. In addition, no
significant correlation between RF and
the disease activity status was found.

Determination of RA patients with
positive cut-off values for IgG
anti-Proteus antibody index levels

The IgG Proteus anti-peptide antibody
index for RA patients was designated as
‘positive’ if it exceeded the 95% confi-
dence limit (mean + 2 standard devia-
tions) of the healthy controls. Overall,
50% of the RA patients were found
to have a positive Proteus anti-pep-
tide antibody index (Fig. 4). However,
when subdivided by disease activity
status, it was observed that 19 (91%) of
21 active, 15 (63%) of 24 probably ac-
tive and 3 (12%) of 25 inactive patients
with RA had positive anti-Proteus anti-
body index values (Fig. 5).

Discussion

Our findings of significantly elevated
antibodies against Proteus mirabilis
antigenic peptides in patients with RA
add support to the results of studies
by our and other independent groups
from many countries (16, 24, 31). In
this study we found that active, prob-
ably active and inactive RA patients all
had significantly elevated levels of IgG
antibodies against haemolysins, as well
as two other urease synthetic peptides
(one human cross-reactive and another
non cross-reactive) from Proteus mi-
rabilis when compared to healthy con-
trols. Furthermore, active RA patients
showed significantly increased titres
of IgM antibodies to the three Proteus
peptides compared to healthy control
subjects. However, analogous differ-
ences in the levels of IgA antibodies to
these peptides were not detected.

Our study shows that elevated Pro-
teus anti-peptide antibody indices are
significantly correlated with increased
levels of CRP and ESR, which could
indicate that these biological markers
of disease activity arise from the effect
of pathological damage to the synovial
tissues via antibody-mediated cyto-
toxicity reactions (28). However, no
significant correlations were observed
between elevated antibody indices and
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RF levels or the disease duration.
Most recently, a multi-centre prospec-
tive study involving five centres from
the USA, Canada and the UK was car-
ried out on 246 patients with inflam-
matory arthritis of less than one year’s
duration. Newkirk et al. found that [gM
and IgA anti-Proteus and IgA anti-Es-
cherichia coli antibodies were signifi-
cantly higher in patients with RF-posi-
tive RA compared to those with RF-
negative RA, spondyloarthropathies or
undifferentiated arthritis (15). Howev-
er, there were no significant differences
in the isotypic antibodies to Chlamydia,
Salmonella, Shigella, Campylobacter,
Yersinia and potentially arthritogenic
parvovirus B19 microbes. The possi-
bility that the increased levels of anti-
Proteus antibodies could reflect high
RF titres among RF-positive patients
with RA was excluded in the study
when Newkirk ez al. failed to detect a
reduction in the levels of antibodies to
Proteus after the absorption of RF. The
raised levels of IgM antibodies to E.
coli reported by Newkirk et al. and by
Aoki (32) are not, however, in agree-
ment with the results of other studies
(19, 20, 24, 33-35). The reason for the
elevated levels of anti-Proteus IgA and
IgM but not IgG in cases of early RA is
that these patients are more likely to be
exposed to Proteus infections for the
first time, but repeated bouts of infec-
tions — whether apparent or subclinical
— will eventually lead to a shift from
excess IgA and IgM to IgG anti-Pro-
teus antibody production, as shown in
our study.

The detection of relatively low OD
values in the class-specific antibodies
in our study could be due to the fact
that more than 65% of the RA patients
examined were receiving one or two of
the most widely used immunosuppres-
sive agents, which could have lowered
the overall levels of immunoglobulins
in their sera. This finding could also ex-
plain why Newkirk et al. (15) reported
considerably higher OD values for [gM
anti-Proteus antibodies in RA, as these
patients were studied during early stag-
es of the disease and were more likely
to have received anti-inflammatory
rather than immunosuppressive drugs.
In another recent study, a group from
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Los Angeles reported a higher inci-
dence of IgA anti-Proteus antibodies
in RA patients than in healthy controls.
Several molecules, however, were
identified in the fumarate reductase A-
chain of P. mirabilis, in particular one
with a molecular weight of 66 kDa to
which the RA patients exhibited a re-
duced IgA immune response compared
to controls (36). It has been suggested
that the occurrence of selective holes
in the IgA immune repertoire for these
antigens in Proteus bacteria could ex-
plain the increased likelihood that RA
patients will harbour this microbe and
hence the greater chance of infection
and the consequent enhancement of
anti-Proteus antibody responses.

P. mirabilis has a propensity to settle
in the upper part of the urinary tract,
particularly in the kidneys (37). This
particular characteristic, together with
the tendency to form struvite urinary
stones as a consequence of urease-me-
diated urea hydrolysis (38), make it
difficult to detect these microbes by or-
dinary mirobiological methods. It also
explains why they are not easily eradi-
cated by host immune cells or anti-mi-
crobial measures.

The Proteus microbe is a urinary path-
ogen and commonly second to E. coli
in causing UTT (39), especially among
women. RA patients were found to have
UTI (40) or Proteus bacteriuria (12)
more frequently than controls. These
observations could explain the higher
prevalence of RA among women.

The new Proteus bacterial antigen used
in our study is formed of charged amino
acids, which are more likely to be ex-
pressed on the surface of urease enzyme
molecules and which could also be im-
munogenic, as shown by the elevated
levels of IgG and IgM antibodies to
this particular epitope, particularly in
patients with active RA. Enhanced hu-
moral immune responses to the novel
antigenic profile of the Proteus urease
enzyme, which does not share similari-
ties with any other self antigenic syno-
vial molecule, challenges the notion that
raised anti-Proteus antibodies in RA pa-
tients is a secondary phenomenon result-
ing from damage to the synovial tissues
by autoantibodies generated via mecha-
nisms other than bacterial triggers.

Based on the cumulative evidence for
the role of Proteus microbes in the de-
velopment of RA, it is logical to sug-
gest that patients with RA, especially
during the very early stages of the dis-
ease before irreversible pathological
lesions have developed, can be treated
with anti-Proteus measures including
a vegetarian diet (41), antibiotics, and
a high daily intake of cranberry juice
(42). These anti-microbial treatments
could be instituted in conjunction with
currently recommended anti-rheumatic
drugs. In order to study the possible
benefits of anti-Profeus treatment in
the management of RA, prospective
longitudinal controlled studies need
to be carried out in patients with early
RA.

In conclusion, this study shows that
patients with RA have elevated levels
of antibodies to various antigens from
Proteus microbes. To investigate this
immunological link, further studies
should be carried out using western
blot techniques against these, as well
as other microbial antigens, in patients
with RA compared to other disease and
healthy controls.
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