
ORIGINAL ARTICLE
Anti-RA33 Antibodies Are Present in Patients With
Lyme Disease
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Background/Objective: To determine if anti-RA33 antibodies, which
can be seen in early forms of inflammatory arthritis, are present in patients
with Lyme arthritis (LA).
Methods: Anti-RA33 antibodies were tested using a commercially avail-
able assay in patients with LA (n = 47) and compared with patients with er-
ythema migrans who returned to health (EM RTH, n = 20) and those with
post-treatment Lyme disease (PTLD) (n = 50), characterized by noninflam-
matory arthralgia, as an observational comparative study utilizing Lyme-
exposed patients from various original cohorts.
Results: We found that anti-RA33 was present in higher proportions of
patients with LA (23.4% vs. 0%, p = 0.001) and PTLD (12.0% vs. 0%,
p = 0.040) than healthy controls. There was also a trend toward a higher
percentage of anti-RA33 positivity in patients with EM RTH versus con-
trols (10.0% vs. 0%, p = 0.080). There were no statistically significant
differences among groups of patients with LA, PTLD, and EM RTH
(p ≥ 0.567). There was also no difference in the proportion of patients
with antibiotic-responsive LA compared with those with persistent syno-
vitis after antibiotics, termed post-infectious LA, and there were no differ-
ences in clinical manifestations, musculoskeletal ultrasound evaluation
(synovial hypertrophy, power Doppler, tendinopathy), or patient-reported
outcomes based on anti-RA33 status.
Conclusions: This is the first study to identify anti-RA33 antibodies in
patients with LA, though these antibodies did not identify a unique clinical
subset of patients in this cohort. Unexpectedly, we found anti-RA33 anti-
bodies at similar levels in patients with PTLD and EM RTH; further study
is needed to determine the relevance of this finding.
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L yme arthritis (LA) is a painful, debilitating monoarthritis or
oligoarthritis, and it is the most common late manifestation

of untreated Lyme disease (LD).1 Roughly 475,000 individuals
in the United States are diagnosed with LD each year, and LA ac-
counts for up to 30% of LD cases reported to the Centers for Dis-
ease Control and Prevention.1,2 Up to 90% of patients with LA
have clinical resolution of arthritis after appropriate antimicrobial
therapy; however, despite adequate antibiotics, at least 10% of pa-
tients with LA will have ongoing inflammation of the affected
joint(s), termed postinfectious LA (PILA).3,4 This is defined by
synovitis that persists at least 2 months after oral antibiotics
(e.g., doxycycline, amoxicillin) or 1 month after intravenous an-
tibiotics (e.g., ceftriaxone).5 PILA is the immune-mediated se-
quela of LA, and risk is associated with specific host (e.g.,
HLA-DR) and Borrelia burgdorferi (the causative agent of
LD) factors (e.g., OspA).3,6 Immunosuppressive therapy is of-
ten required to address the pain and physical dysfunction asso-
ciated with PILA.5

Autoantibodies have the potential to provide insight into clin-
ical phenotypes, give useful prognostic information, and illumi-
nate disease pathophysiology. For example, Jutras et al. hypothe-
sized that B. burgdorferi peptidoglycan (PGBb) may persist in
the synovium and tendons after antimicrobial therapy and contrib-
ute to the persistent inflammation, which defines PILA.7 In this
study, PGBb and anti-PGBb antibodies were only found in synovial
fluid and not in serum, demonstrating the importance of a local
immune response. However, the localization of antigen and anti-
PGBb antibodies in the synovial fluid limits the potential clinical
utility for widespread use. Steere et al. isolated HLA-DR T-cell
epitopes from patients with LA and identified MMP-10, apoB-
100, ECGF, and annexin A2 antibodies.8,9 These antibodies were
present in serum and were found to associate with distinct syno-
vial tissue pathology and with risk of PILA. Other autoantibodies
beyond those previously described may also have prognostic po-
tential for LA and PILA.

Anti-RA33 targets the heterogeneous nuclear ribonucleopro-
tein (hnRNP) A2/B1 and is one such antibody that may have prog-
nostic potential. These antibodies are thought to be highly specific
for rheumatoid arthritis (RA), and citrullination of the RA33 anti-
gen is hypothesized to contribute to the pathogenesis of RA.8

However, anti-RA33 antibodies targeting the native RA33 antigen
have also been described in the setting of early and undifferen-
tiated inflammatory arthritis (IA).9–11 Cappelli et al. found
anti-RA33 antibodies in 11% (9 of 79) of patients with immune
checkpoint inhibitor (ICI)–induced IA, and importantly, these
antibodies were not present in patients treated with ICI therapy
who did not develop IA.12 This suggests that anti-RA33 anti-
bodies may be a marker of immune-initiating events leading
to IA.

As anti-RA33 antibodies have been detected in early, undif-
ferentiated IA, we hypothesized that these antibodies may be
present in patients with LA. No prior studies have evaluated
the presence of anti-RA33 antibodies in any stage of LD.
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METHODS

Patients

To determine if anti-RA33 antibodies were present in a group
of patients with LA, patients with LA (n = 47) from 2 studies were
included. The first cohort (n = 33) is a prospective registry follow-
ing LA patients longitudinally, which allowed for characterization
of a subset of LA patients who later were diagnosed with PILA
(42.4%, 14 of 33). The initial study visit was used for analysis
in this article, and this included patients with untreated and par-
tially treated LA, with samples collected a median [IQR] of
13.07 months [2.62, 32.87 months] after onset of LD. In addi-
tion to collecting clinical data and biospecimens, these patients
were evaluated by musculoskeletal ultrasound (MSKUS) of
the affected joint(s) by one examiner (J.B.M.) using a GE Logiq
e (GE, Fairfield, CT) with 12 L linear phased array transducer, with
definitions for ultrasound pathology as described by OMERACT.13

Patients completed patient-reported outcome (PRO) measures,
specifically the Knee Injury and Osteoarthritis Outcome Score
when the knee was affected and PROMIS (Patient-Reported Out-
comeMeasurement Information System) including physical func-
tion (SF v1.0 10a), pain interference (SF v1.0 8a), ability to partic-
ipate in social roles and activities (SF v1.0 4a), anxiety (SF v1.0
4a), depression (SF v1.0 4a), and fatigue (SF v1.0 4a). The second
cohort (n = 14) included patients from a longitudinal study of pa-
tients enrolled around the time of initial LA diagnosis and antibi-
otic treatment. PILA status, MSKUS, and PROmeasures were not
available for this cohort. Samples were collected from this cohort
6 months after the end of appropriate antibiotic treatment. In both
cohorts, LA was diagnosed based on the presence of a mono-
arthritis or oligoarthritis associated with at least 5 reactive immu-
noglobulin G bands on a Western blot or a positive Lyme poly-
merase chain reaction from the synovial fluid.

We also evaluated anti-RA33 antibodies in Lyme-exposed
groups without IA, including patients with erythema migrans (EM)
who returned to health after initial antibiotic treatment (RTH)
(n = 20) and in patients with post-treatment LD (PTLD) (n = 50).
Patients with EM RTH represent a group of patients with known
LD who went on to having no lingering symptoms after the acute
infection. These patients had physician-confirmed EM, and later
met criteria for returning to health 6 and 12months after appropriate
antimicrobial treatment. The operational definition of return to
health after LD is based on the absence of “moderate” or “severe”
fatigue, pain, and/or cognitive complaints and without functional
deficits at 6 and 12 months as previously described.14 The samples
used in the current analysis were collected at the time of completion
of 3 weeks of antibiotic treatment. PTLD is a condition often asso-
ciated with arthralgia but without synovitis or other inflammatory
features on examination. Patients with PTLD,with prior medical re-
cord–confirmed and treated LD and persistent symptoms severe
enough to impact function, were enrolled with samples collected
on a median [IQR] of 5.17 months [4.02, 10.02 months] after onset
of LD.14

Previously published supplemental data were also utilized to
compare these cohorts with rheumatologist-confirmed RA
(n = 52) from the Johns Hopkins Arthritis Center and healthy
controls (n = 50) from adult volunteers with no history of auto-
immune disease and no history of HIV, tuberculosis, or hepatitis
infection.12

These investigations adhered to the Declaration of Helsinki,
and the institutional review board of the Johns Hopkins University
School of Medicine approved the studies from which these sam-
ples were drawn, and written informed consent was obtained from
all participants prior to initiation of study-related activities.
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Antibody Detection
Antibodies to the native RA33 antigen (hnRNPA2/B1) were

measured in serum using a commercially available enzyme-linked
immunosorbent assay kit according to the manufacturer's instruc-
tions (#ITC60015, IMETC). The cutoff value for positivity was
determined using manufacturer's instructions, with a level greater
than 25 units considered to be positive.

Statistical Analysis Methods
In the first analysis, we examined the differences in anti-

RA33 antibody levels among 3 patient groups (LA, EM RTH,
PTLD) and a healthy control group. Our primary dependent vari-
ables of interest were anti-RA33 antibody levels, treated as a con-
tinuous variable, and anti-RA33 antibody positivity, treated as a
binary variable. The primary independent variable was group,
whereas age and sex were considered potential confounders. De-
scriptive statistics summarized anti-RA33 antibody variables and
confounders for all subjects by group. Comparisons between
groups were conducted using Fisher exact test for categorical var-
iables and nonparametric tests for continuous variables, account-
ing for small sample sizes and nonnormality of the data. Specifi-
cally, the Kruskal-Wallis test was used for overall comparisons
across the 4 groups, whereas Wilcoxon rank-sum tests were used
for pairwise comparisons. Group-specific boxplots and ridgeline
plots were utilized to visually present the distributions and group
differences. A multiple linear regression model and a multivari-
able logistic regression were used to assess group differences in
anti-RA33 antibody variables, while adjusting for age and sex.

In the second part of our statistical analyses, we further inves-
tigated LA patients from the first cohort (n = 33) by exploring the
clinical manifestations associated with anti-RA33 antibody pos-
itivity, including time from onset of joint effusion to first antibi-
otic, prior antibiotic treatment for LD, preceding glucocorticoid
therapy, clinical serologies (rheumatoid factor [RF], anti–cyclic
citrullinated peptide [CCP] antibodies, antinuclear antibodies
[ANAs]), MSKUS features (synovial hypertrophy, power Doppler,
tendinopathy), and PROs. Given the small sample size, Fisher exact
tests were used for categorical variables, and Wilcoxon rank-sum
tests were used for continuous variables.

A p value <0.05 was deemed significant. To account for the
accumulation of type I errors across multiple hypothesis tests, we
adjusted the p values to control the false discovery rate (FDR) at
5% for the 3 pairwise group comparisons, using the Benjamini
and Yekutieli (2001) step-up FDR controlling procedure. All sta-
tistical analyses were performed using R 4.3.1.

RESULTS
We tested 117 participants for anti-RA33 antibodies, includ-

ing 47 with LA; additionally, we tested Lyme-exposed patients
without IA, including 20 with EM RTH and 50 with PTLD; this
was compared with data from 50 previously published healthy
controls and 52 individuals with RA.12 We first studied the preva-
lence of anti-RA33 antibodies in LD-exposed patient groups com-
pared with healthy controls. The Figure shows the anti-RA33 levels
for these groups. Pairwise group comparisons showed that the pa-
tients with LA, PTLD, and EMRTH had significantly higher anti-
RA33 antibody levels than healthy controls (values shown in the
Table, pairwise comparison p values <0.001 were separately calcu-
lated). We also found that compared with healthy controls, anti-
RA33 antibodies were present in higher proportions of patients with
LA (23.4%vs. 0%, p= 0.001) and PTLD (12.0%vs. 0%, p= 0.040).
Although not statistically significant, there was a trend toward a
higher percentage of anti-RA33 positivity in EM RTH (10.0% vs.
0%, p = 0.080) comparedwith healthy controls. However, therewere
© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE. A, Distribution of anti-RA33 antibody levels in arthritis LA, PTLD, EM RTH, and healthy controls. B, Ridgeline plots of natural
log-transformed anti-RA33 antibody level via a log(x + 1) transformation for an easier visualization of the data with skewness. 1. Dot plots
were overlayed on the ridgeline plots with a small amount of random noise added to create better separation of values too close to one
another; 2. p values are based onWilcoxon rank-sum tests for pairwise comparisons with the healthy control group and have been adjusted
to control the FDR at 5% across the 3 pairwise group comparisons, using the Benjamini and Yekutieli (2001) step-up FDR controlling
procedure.

TABLE. Age, Sex, and Anti-RA33 Antibody Positivity, by Group

LA PTLD EM RTH Healthy Controla p value

n 47 50 20 50
Age (median [IQR]), y 59.00 [47.00, 68.50] 48.50 [33.00, 55.75] 42.00 [30.25, 56.25] 36.50 [32.00, 45.75] <0.001
Sex = male (%) 32 (68.1) 26 (52.0) 17 (85.0) 21 (42.0) 0.003
Anti-RA33 antibody level (median [IQR]) 5.03 [0.70, 17.71] 4.53 [1.26, 8.91] 8.62 [6.25, 10.07] 0.61 [0.00, 2.74] <0.001
Anti-RA33 antibody positive (%) 11 (23.4) 6 (12.0) 2 (10.0) 0 (0.0) 0.001

Categorical variables are reported as counts with percentages. Continuous variables were reported asmedians with [25th percentile, 75th percentile], con-
sidering small sample sizes and nonnormality of the group-specific data.

a Data previously published.
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no statistically significant differences in the percentage of anti-RA33
positivity among groups of patients with LA, PTLD, and EM RTH
(p≥ 0.567). Additionally, anti-RA33 antibodies were more prevalent
in patients with LA when compared with the previously published
RA cohort, using the manufacture-defined cutoff value of >25 anti-
body units (23.4% vs. 3.8%, p = 0.006).12

We observed significant differences in age and sex among
the 4 participant groups (Table). Regression models adjusted for
age and sex yielded results consistent with the unadjusted analyses
(Supplemental Tables 1 and 2, http://links.lww.com/RHU/A733).
Considering that LA patients came from 2 separate studies, we
also examined the potential differences in anti-RA33 antibodies
between the 2 study cohorts and found that the percentage of pa-
tients with anti-RA33 antibodies was not statistically significantly
different between these cohorts (27.3% vs. 14.3%, p = 0.464).

Data frompatientswith LA enrolled in the first study allowed us
to characterize later PILA status at subsequent study visits. Among
the patients with LA in this study cohort, 42.4% (14 of 33) developed
PILA, with 57.6% returning to health after completing antimicrobial
therapy.We found no statistically significant difference in the median
anti-RA33 antibodies in patients with PILA compared with those
with antibiotic-responsive LA (9.38 [1.54, 48.02] vs. 7.04 [1.19,
48.59], p = 0.827), or the percentage of anti-RA33 antibody pos-
itivity (28.6% vs. 26.3%, p = 1.000) between the 2 groups.

Of the LA patients from the first study (n = 33), data on clin-
ical manifestations, antibody tests, and ultrasound results were
available for subsets of patients of various sample sizes. We found
no statistically significant differences in these factors between LA
patients who were anti-RA33 antibody positive and those without
anti-RA33 antibodies (Supplemental Table 3, http://links.lww.
com/RHU/A733), although this could partially be a result of small
sample sizes. Specifically, we found no significant differences in
time from onset of joint effusion to first antibiotic (n = 24,
p = 0.690), time from joint effusion to anti-RA33 testing (n = 27,
p = 0.504), antibiotic use before study enrollment (e.g., doxycy-
cline, amoxicillin) (n = 29, p≥ 0.799), or preceding glucocorticoid
therapy (n = 29, p = 0.901) between LA patients who were anti-
RA33 antibody positive and negative.

Additional antibody testing, including ANAs, RF, and anti-
CCP antibodies, was available for 17 patients. RF and anti-CCP
were not detected in any of the LA patients. Although not statisti-
cally significant, there was a trend toward a higher prevalence of
ANAs in the group with anti-RA33 antibodies (50.0% [3 of 6]
vs. 18.2% [2 of 11], p = 0.280) with no trend toward ANA pattern.
Additionally, we did not find any significant difference in ANA
positivity between patients with antibiotic-responsive LA and those
with PILA (33.3% [2 of 6] vs. 27.3% [3 of 11], p = 1.000).

Among the 19 patients with LA with available ultrasound
data, we found no significant differences in synovial hypertrophy
(2.0 [1.00, 2.50] vs. 2.0 [2.00, 2.25], p = 0.557), power Doppler
(1.00 [0.00, 2.50] vs. 1.00 [0.00, 2.00], p = 0.826), or presence
of tendinopathy (42.9% [3 of 7] vs. 50.0% [6 of 12], p = 1.000)
between anti-RA33 antibody–positive and –negative patients at
the first visit. PROMIS and Knee Injury and Osteoarthritis Out-
come Score outcome measures were available for 75.8% (25 of
33) of the patients with LA from the first study. Therewere no sta-
tistically significant differences in either of these measures of
symptom burden based on patient anti-RA33 status (Supplemen-
tal Table 4, http://links.lww.com/RHU/A733).
DISCUSSION
Anti-RA33 antibodies have never been described in the setting

of LD, and our study is the first to demonstrate the presence of
anti-RA33 antibodies in patients with LA. Despite the increased
68 www.jclinrheum.com
prevalence in LD-exposed groups compared with healthy controls,
we were unable to identify unique clinical manifestations, serol-
ogies, or ultrasound results based on the presence of anti-RA33 an-
tibodies; however, it is possible that our relatively small sample size
limits the ability to detect these meaningful differences.

Anti-RA33 positivity in patients with LD is not thought to
represent nonspecific B-cell activation, which can occur during
infection. In our previous study evaluating autoantibodies in pa-
tients with PTLD and EM RTH, we showed that 17.2% (10 of
58) with PTLD and 20% (14 of 70) with EM RTH developed at
least 1 antibody on the ANA5, Scleroderma or Myositis Euroimmun
panels.15 In that study, 21 different antibodies were found in these
groups, with only 7 (anti-PMSCL75, anti-NOR90, anti-Th/To,
antifibrillarin, anti–Jo-1, anti-Ro52, and anti-RP11) found in more
than 1 patient with LD. Anti-Th/Towas the most common antibody
detected, although this was found in only 3.1% (4 of 128) of pa-
tients with LD. In contrast, our current study shows a higher preva-
lence of anti-RA33 antibodies in all groupswith LD compared with
healthy controls. Although unable to compare these data directly,
our findings with RA33 antibodies, with high antibody levels in a
proportion of patients with LA, are suggestive of a more specific
immune response.

We unexpectedly found 12% of patients with PTLD, and
10% of patients with EMRTH also had anti-RA33 antibodies. Se-
rum from the EM RTH cohort was collected after completion of
3 weeks of antibiotics, suggesting that these antibodies develop
shortly after acute manifestations of LD. Several studies have
shown that anti-RA33 antibodies are not present in healthy controls,
so finding these antibodies in EM RTH, PTLD, and LA suggests
that antibody development may be linked to immune-activating
events that occur early during infection.

We hypothesize that anti-RA33 antibodies may develop dur-
ing acute LD, a period in which up to 20% of patients develop mi-
gratory arthralgia, often with transient articular and periarticular
inflammation.1 We hypothesize that the RA33 antigen is over-
expressed in the joints during this migratory joint inflammation.
This has been shown in the pristane-induced arthritis model for
RA, where RA33 antigen is overexpressed in the synovium prior
to development of the IA, and this RA33 antigen was shown to in-
dependently increase inflammatory cytokines.16 In this model, de-
velopment of RA33 antibodies coincided with overexpression of
the native antigen.

Our study found that anti-RA33 antibodies were more prev-
alent in patients with LAwhen compared with the previously pub-
lished RA cohort; however, this may relate to the longer disease
duration in the RA cohort. Although anti-RA33 antibodies are
best characterized in RA, their true prevalence in this disease set-
ting is unknown as there is awide range of positivity (6%–48%) in
various studies.9,12,17,18 In part, this is thought to reflect differ-
ences of disease duration between cohorts as anti-RA33 antibod-
ies are thought to be more prevalent in early RA and early, undif-
ferentiated IA. In patients with IA developing within 12 months of
initial evaluation, Ponikowska et al. found 37% (19 of 51) of pa-
tients with RA and 30% (7 of 23) of patients with undifferentiated
IA had anti-RA33 antibodies.11 Barbulesc et al. similarly found
48% (14 of 29) with early RA had anti-RA33 antibodies, and in
this study, the patients with anti-RA33 antibodies were less likely
to have synovitis by MSKUS at 1 year follow-up.19 However,
there is still debate about the relationship with disease duration
as Liu et al. found no difference in the prevalence of anti-RA33
antibodies from patients with early RA compared with those with
established RA.20

The relationship with early, undifferentiated IA is particularly
interesting when we compare our data to patients with ICI-IA.12

Cappelli et al. found that anti-RA33 antibodies were present in
© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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13% (2 of 15) of patients with ICI-IA 1 month before ICI therapy
and before development of IA, and these antibodies were not pres-
ent in any of the ICI patients who did not develop IA.12 This raises
the possibility that these ICI-IA patients had either preclinical IA
or other risk factors for development of IA before receiving ICI,
particularly as anti-RA33 has not been shown to be present in
healthy controls.21

Although we did not find a unique clinical phenotype based
on RA33 antibodies, we are still intrigued by this antigen as a
mechanism for initiation and propagation of the immune response.
Overexpression and cytoplasmic localization of RA33 have been
shown to occur in patients with RA and early, undifferentiated IA,
with these changes occurring primarily in CD68-positive macro-
phages.22 In this setting, RA33 was found to act as an autoantigen
inducing T-cell responses from both synovial fluid mononuclear
cells and peripheral blood mononuclear cells, resulting in increased
interferon γ and interleukin 2 production.23 These proliferative
responses to the RA33 antigen were demonstrated in 60% of the
patients with RA in this study, despite only 20% having antibodies
to the native RA33.23

We propose that some of these differences may also relate to
citrullination of the target RA33 antigen (citRA33).9 In patients
with RA, Konig et al.9 showed that patients with early RA were
more likely to have antibodies to the native RA33 antigen,
whereas those with longstanding RA were more likely to make
antibodies to citRA33. Interestingly, very few patients made anti-
bodies to both the native and citrullinated RA33 antigen. This sug-
gests that the native RA33 antigen may be associated with initia-
tion of IA, whereas propagation and maintenance of the immune
response rely on citrullination or other posttranslational modifica-
tion. This is of particular interest in the setting of PILA, particu-
larly as there is a link between the risk of developing PILA and
shared epitope alleles (HLA-DRB1), which are also associated
with increased risk of antigen citrullation.24 Citrullination of the
RA33 antigen may contribute to maintenance of the immune re-
sponse and subsequent differences in phenotype between these
Lyme-exposed groups.

Data from multiple studies can pose challenges due to varia-
tions in inclusion and exclusion criteria, as well as in sources of
missing data. There may be other confounding factors that we
were unable to assess. Other limitations include a relatively small
sample size, which may limit our ability to detect clinical pheno-
types associated with RA33 antibodies. Consequently, given the
limitations of our sample, our study is primarily descriptive rather
than causal or relational. Despite these limitations, our study adds
to preexisting data that RA33 antibodies are present in early IA,
although it is the first to show RA33 antibodies in an infection-
associated arthritis. Development of these antibodies during acute
Lyme infection potentially provides unique insights into mecha-
nisms of arthritis initiation. Further work is needed to explore
whether RA33 antibodies are linked to the migratory arthralgia
associated with acute disease.

CONCLUSION
Our study is the first to demonstrate that anti-RA33 antibodies

are found in a subset of patients with LA and, unexpectedly, in a sub-
set of Lyme-exposed patients without IA, specifically patients with
PTLD and EM RTH. Further work is needed to better understand
the prognostic value of the anti-RA33 antibodies in these diseases.

KEY POINTS

• Anti-RA33 antibodies, which are most often associated with RA
and early, undifferentiated IA, are present in a subset of patients
© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
with LA. However, these antibodies did not identify a unique
clinical phenotype.

• Anti-RA33 antibodies were also unexpectedly found in
patients with PTLD and patients with EM RTH after
antimicrobial therapy.
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