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The presence of autoantibodies is characteristic of autoimmune diseases. It is widely accepted that autoantibodies
provide crucial diagnostic and prognostic information for autoimmune diseases. Indeed, numerous studies have
demonstrated that the appearance of autoantibodies precedes the clinical onset of autoimmune diseases. We
performed a literature review regarding the appearance of autoantibodies that preceded the clinical onset of au-
toimmune diseases, including rheumatoid arthritis, systemic lupus erythematosus, Sjogren's syndrome, primary
biliary cirrhosis, inflammatory bowel disease, and multiple sclerosis. Herein we review and comment on the
major findings of these studies.
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1. Introduction

The onset and development of autoimmune disease (AID) are the
consequence of interactions between genetic and environmental fac-
tors, which results in dysregulation of the immune system, and is
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characterized by the presence of autoantibodies and autoreactive
T cells. Under these circumstances, immune system antimicrobial
defenses react against normal components of the body and result in
organ-specific or systemic immunopathology. Thus, one of the most
frequent characteristics of AID is the presence of circulating autoanti-
bodies. These autoantibodies provide crucial diagnostic and prognostic
information for the management of AID.

Autoantibodies are not necessarily specific for AID, as the autoanti-
bodies can also appear in the blood of healthy individuals or under
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some special situations, such as infections and the pre-clinical phase
of AID. Recently, the association between autoantibodies and risk
of AID has attracted considerable attention. Numerous studies have
shown that detectable autoantibodies precede the clinical onset of AID
[1-3], and therefore could be a possible tool for AID screening or early
diagnosis. We performed a literature review regarding evidence of auto-
antibodies during the pre-clinical phase of AIDs and the implications
of these findings.

2. Evidence that autoantibodies precede AID
2.1. Rheumatoid arthritis (RA)

Rheumatoid factor (RF) is the most widely used autoantibody to diag-
nose RA [4]. A positive RF was considered an important criterion by the
American Rheumatism Association (AHR) in 1958 [5], the American Col-
lege of Rheumatology (ACR) in 1987 [6], and the ACR/European League
Against Rheumatism (EULAR) in 2010 [7];anti-cyclic citrullinated pep-
tide (anti-CCP) has now been included in the diagnostic criteria of the
EULAR [7]. The testing methods used for RF have greatly improved during
recent years [4], from the classic Waaler-Rose test (agglutination of
sheep red blood cells sensitized with rabbit IgG) and latex particle assays
to automated techniques, such as nephelometry and ELISA. This review
focuses on published reports that were based on automated RF assays.

Numerous studies have demonstrated that autoantibodies can be
detected in the blood of individuals who are free of RA symptoms,
but who developed RA years later, including RF [8-17], anti-CCP
[9-16,18-21], anti-mutated citrullinated vimentin (anti-MCV) [15],
and anti-peptidylarginine deiminase 4 (anti-PAD-4) [14]. Some studies
have also shown that RF [22-24], anti-CCP [22-25], and anti-MCV [23]
are detectable in the blood of undifferentiated arthritis (UA) patients,
with UA defined as an inflammatory arthritis for which no definitive
diagnosis can be made [26]. For patients with arthralgias, RF, anti-CCP
[27], and anti-carbamylated protein (anti-CarP) antibodies [22] are
associated with a higher risk of RA. These studies [8-21], with sample
sizes for RA ranging from 49 to 183, and a median follow-up time
ranging from 1 to 5 years, all reported that various isotypes of autoanti-
bodies were increased in individuals who were free of RA at the time of
blood sampling, but developed RA later, as compared with those who
did not develop RA during the follow-up period. The positive rates for
RF or anti-CCP antibodies in pre-clinical RA patients range from 10% to
60%, which is higher than healthy controls [9-20].

The prevalence of these antibodies increase at times close to the
onset of RA [9-11,13,14,17,19,20,28,29], and these incremental in-
creases remain after the diagnosis of RA was established [14,28]. In ad-
dition, the higher the anti-CCP antibody titer and the younger the
individual, the shorter the time between a positive autoantibody test
and the onset of RA [9,12,18]. The median time between a seropositive
result and the onset of RA symptoms was longer for anti-CCP-positive
individuals than IgM-RF-positive individuals [ 12,13]. Thus, the presence
of IgM-RF is the consequence of inflammation, whereas the earlier ap-
pearance of anti-CCP antibodies suggests a pathophysiologic process
[12]. These autoantibodies are also associated with the future clinical
characteristics of RA. Anti-CCP antibodies, but not RF, for example, are
highly associated with the development of erosive RA [9].

Unlike previous studies that were based on a nested case-control
design, Nielsen et al. [30] conducted a general population-based cohort
study with a sample size of 9712 and a maximum follow-up period
of approximately 28 years to determine the association between de-
tectable RF and future risk of RA; RA occurred in 183 cases. Nielsen
et al. [30] found that the cumulative incidence of RA increased as the
titer of RF increased. For women 50-69 years of age who smoked and
had RF values >100 IU/mL, 1 in 3 developed RA within 10 years from
the time of blood sampling.

Taken together, it is clear that the presence of RF and anti-CCP anti-
bodies usually precedes the onset of RA. These results indicate that in

apparently healthy individuals, as well as individuals with UA and ar-
thralgias and positive RF or anti-CCP titers, careful follow-up should
be provided to aid in an early diagnosis.

2.2. Systemic lupus erythematosus (SLE)

One early study in which 23 asymptomatic pregnant women with
positive anti-Ro or anti-La titers were followed for many years reported
that four developed SLE, which suggested that anti-Ro or anti-La anti-
bodies preceded the development of SLE [31]. In another study, Aho
et al. [32] reported that 10 of 16 SLE patients were positive for antinu-
clear antibodies (ANA) before the onset of SLE, which was a much
higher rate than controls.

The results from the U.S. Department of Defense Serum Repository
(n = 130; longest follow-up time, 9.4 years) showed that the presence
of ANA, anti-Ro, anti-La, anti-dsDNA, anti-Sm, anti-phospholipid (APL),
and anti-nRNP antibodies and RF preceded the onset of SLE [33-37].
Among SLE patients, 88% were positive for at least 1 of these autoanti-
bodies, which was a much higher percentage than healthy controls,
and the prevalence of these autoantibodies increased after diagnosis
[33,34]. Anti-Ro, anti-La, and APL antibodies were the earliest detectable
autoantibodies during the pre-clinical phase of RA [33,37]. In addition,
the presence of these autoantibodies was associated with incipient
severe SLE. For example, patients who were positive for anti-dsDNA anti-
bodies often developed renal disease [34,35], patients who were positive
for IgG RF were more likely to develop arthritis [35], and positive APL was
associated with malar rash and photosensitivity [36]. In addition, regular
patterns exist among these autoantibodies. For example, the majority of
La-positive pre-clinical SLE patients were also Ro-positive, and a signifi-
cant overlap was observed between anti-dsDNA antibody-positive pa-
tients and anti-chromatin antibody-positive patients [37].

Additional evidence was reported by Eriksson et al. [38]. Similar
to the study performed with the U.S. Department of Defense Serum
Repository, Eriksson et al. [38] also found that anti-Ro, anti-RNP, anti-
histone, anti-La, and anti-dsDNA antibodies and ANA were detectable
in 63% (n = 38) of patients' serum samples 4.2 years before the onset
of SLE symptoms and a confirmed diagnosis. ANA had the highest sensi-
tivity (45.7%), followed by anti-dsDNA (20%) and anti-Ro antibodies
(20%). Anti-Ro antibody was detected first in the serum of these pa-
tients, 6.6 years before the onset of SLE symptoms and 8.1 years before
a diagnosis was made [38].

2.3. Sjogren's syndrome (SS)

In a study that followed 23 asymptomatic pregnant women who
were positive for anti-Ro or anti-La antibodies for 5-9 years reported
that 2 patients developed SS, which suggested that seropositivity for
anti-Ro or anti-La preceded the development of SS [31]. In another
study, which was also based on pregnant women, it was shown that
almost all mothers developed SS symptoms during a 9-year follow-up
(mean follow-up, 4.5 years) [39].

A recently published nested case-control study (n = 44) showed
that 66% of SS patients were positive for ANA, RF, and anti-La or anti-
Ra antibodies approximately 5 years before the onset of SS [40]. The
time that patients were positive for these antibodies persisted for up
to 18 years before the onset of SS [40]. The seropositive rate for these
antibodies increased nearer the onset of SS [40].

In conclusion, the evidence that autoantibodies are predictors
of SS is limited. Additional well-designed studies, particularly general
population-based cohort studies, are needed to establish a relationship
between other autoantibodies and SS.

24. Primary biliary cirrhosis (PBC)

PBC in the early stage is often asymptomatic. One-half of PBC pa-
tients will become symptomatic during a 5-year period, and almost all
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PBC patients will develop symptoms during a 20-year period [41].
Therefore, an early diagnosis or prediction is particularly important.

In 1986, Mitchison et al. [42] reported on 29 patients who were
positive for anti-mitochondrial antibodies (AMA), had normal liver
function, and were free of PBC symptoms. The biopsy results suggested
that these patients exhibited PBC-like pathologic findings [42]. After
follow-up for 4-13 years, PBC-related symptoms were observed in
5 patients and alkaline phosphatase (AKP) levels were elevated in 11
patients [42]. After follow-up for 18 years, with the exception of 5 pa-
tients who died due to a non-liver disease, 22 of 24 patients developed
PBC-related symptoms and all 24 of these patients had abnormal liver
function test results [43]. Repeat biopsies suggested that 40% of these
patients had progressed to PBC [43].

In another study, Kisand et al. [44] followed 8 patients who were free
of PBC symptoms and were positive for anti-pyruvate dehydrogenase
complex (anti-PDC) or PDC-E2. After a 9-year follow-up, 3 of 8 patients
had elevated AKP levels [44].

Therefore, it seems that the appearance of AMA can precede clinical
symptoms, abnormal liver function, and elevated AKP levels associated
with PBC. The current diagnostic criteria for PBC are two of the following:
(1) positive AMA; (2) elevated AKP; and/or (3) histologic evidence of
non-suppurative destructive cholangitis and destruction of interlobular
bile ducts [45]. These diagnostic criteria may facilitate the early diagnosis
of PBC for patients who have no characteristic symptoms. It would be
very interesting to determine whether or not AMA-positive patients
with normal AKP levels and the absence of histologic features of PBC in
apparently healthy individuals can predict the onset of PBC.

2.5. Inflammatory bowel disease (IBD)

In 2005, Israeli et al. [46] reported that 10 of 32 Crohn's disease (CD)
patients were positive for anti-Saccharomyces cerevisiae antibodies
(ASCA) 38 months prior to diagnosis, while no uninfected controls
were positive for ASCA. The seropositive rates for ASCA increased nearer
the onset of CD [46]. There is no evident association between ASCA and
ulcerative colitis (UC); no UC patients (n = 8) were positive for ASCA
before disease onset [46]. In contrast to ASCA, perinuclear anti-
neutrophil cytoplasmic antibodies (pANCA) are less frequently associat-
ed with CD; only 2 of 8 UC cases and 2 of 32 CD cases were positive for
PANCA, although no controls were positive [46].

It was recently shown that ASCA IgA, ASCA 1gG, pANCA, anti-OmpC,
and anti-CBir1 titers were increased before the onset of IBD that had oc-
curred a mean of 4.5 years previously [47]. Using a logistic regression
model to combine these autoantibodies, an algorithm was established
to predict the onset of UC (n = 167) and CD (n = 77); these results
showed that this algorithm had a higher predictive accuracy for UC
and CD [47]. More importantly, the predictive accuracy of this algorithm
increased as the clinical onset of CD or UC approached [47].

2.6. Multiple sclerosis (MS)

The majority of MS patients initially present with a clinically isolated
syndrome (CIS), which is characterized by inflammatory demyelinating
lesions in the optic nerve, spinal cord, or brain stem. Therefore, CIS pa-
tients have a high risk for developing MS and should be regarded as a
target population for MS screening or early diagnosis.

In 2003, Berger et al. [48] reported that positive anti-myelin oligo-
dendrocyte glycoprotein (anti-MOG) and anti-myelin basic protein
(anti-BMP) antibodies based on immunoblot analysis in CIS patients
were associated with MS. Berger et al. [48] reported that only 23%
(9/39) of CIS patients who were negative for anti-MOG and anti-BMP
antibodies developed MS during a 4-year follow-up. In contrast, for pa-
tients who were positive for anti-MOG and anti-BMP antibodies, 95%
develop MS within 7 months [48]. That study demonstrated that anti-
MOG and anti-MBP antibodies are particularly useful for predicting
MS among CIS patients. To date, many studies have reported on the

value of anti-MOG and anti-BMP antibodies for MS prediction; however,
the results of these studies varied [49-58], possibly due to the differ-
ences in study subjects and test methods.

Four studies partially supported the findings of Berger et al. [55-58].
Kuhle et al. [56] found that anti-MOG antibodies only predicted MS for
female patients with at least one MRI lesion. Rauer et al. [57] reported
that although the incidence of MS was not affected by the presence of
anti-MOG and anti-MBP antibodies, antibody-positive patients devel-
oped significantly earlier relapses than patients who were antibody-
negative [57]. In another study, it was found that 8 of 11 CIS patients
who were seropositive for anti-MOG antibodies, but negative for anti-
MBP antibodies, and 14 of 18 CIS patients who were seropositive
for anti-MOG and anti-MBP antibodies developed MS, whereas none
of the 9 patients who were seronegative for anti-MOG and anti-MBP
antibodies developed MS within 20 months [58]. Tomassini et al. [55]
concluded that the diagnostic criteria for MS could affect the predictive
accuracy of anti-MOG and anti-MBP antibodies. There was no significant
association between anti-MOG and anti-MBP antibody titers and future
MS when using McDonald's criteria as the reference [55]; however,
if Poser's criteria were used as the reference, anti-MOG and anti-MBP
antibody titers could predict the onset of MS [55].

Four studies that used the same method as Berger et al. [48] did not
detect an association between anti-MOG and anti-BMP antibody titers
and future MS among CIS patients [49-52], which may have been due
to the sampling time from CIS onset, cerebrospinal fluid oligoclonal
band status, and genetic background [54]. In addition to immunoblot
tests, studies based on flow cytometry [51] and ELISA [53,55] results
did not demonstrate a positive association between autoantibodies
and MS risk. In addition, it should be noted that anti-MOG-antibody sta-
tus is not stable in individuals, as serial measurements have demon-
strated that this antibody is associated with variable results [53].

3. Comments on available studies
3.1. Test methods

It should be noted that when interpreting clinical significance, the
test method used must be taken into consideration. Currently, most
autoantibody tests use immunoassays, which results may have interfer-
ence due to the presence of cross-reacting substances, anti-analyte anti-
bodies, or anti-reagent antibodies [59]. Indeed, different test methods
canyield varying test results. For example, the positive rate for first gen-
eration anti-CCP test methods (ES 300 analyzer; Roche Diagnostics;
Mannheim, Germany) was 41% in the same cohort [13], while the
positive rate for a second-generation anti-CCP ELISA (Axis-Shield,
Dundee, UK) was 59% [20]. Therefore, improving test performance and
standardizing assays for autoantibodies are important. It would be
very interesting to determine whether or not those patients who have
false-positive autoantibody results (after testing error is completely
excluded) have a higher risk for an AID.

3.2. Biological variations

Some studies have shown that autoantibodies are not always stable
in individuals [8,13,37,53]. For example, one study showed that only
69.2% of pre-RA patients who were positive for anti-CCP antibodies
remained positive during a follow-up test [13]. Some autoantibodies
can also be affected by infections [60]. Therefore, when interpreting
autoantibody test results, possible biological variations should be
taken into consideration and repeated testing, if indicated, may provide
more reliable results.

3.3. Thresholds

Some studies have shown that higher autoantibody levels are asso-
ciated with a higher risk for an AID [18,30] and that there is a shorter
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interval between a positive autoantibody result and the onset of an AID
[11,18,48]. To determine an optimal threshold (clinical decision level)
for a positive autoantibody result to predict AID is particularly impor-
tant. It should be noted that the majority of studies have used the
upper limit of a reference interval (quantitative test) as the threshold;
however, a reference interval only reflects the distribution of autoanti-
bodies in an apparently healthy cohort, but does not take into consider-
ation future disease risks [61]. Therefore, additional studies are needed
to explore the optimal thresholds to be used for autoantibodies for
disease prediction.

3.4. Confounding factors

Some studies have shown that autoantibodies are associated with
inflammatory markers [16], chemokines [10], and genetic [62,63] and
environmental factors [4]. It is very important to verify whether or
not autoantibodies are independently associated with disease risk.
In some of these studies, when considering these factors, some of
these autoantibodies were no longer independently associated with
an AID [10,11,13,19]. Therefore, positive autoantibody results should
be interpreted within the clinical context. A rule or algorithm that
takes genetic factors, laboratory findings, and clinical symptoms or
signs into consideration may be a good tool for predicting the onset of
an AID. For example, two algorithms developed by van de Stadt et al.
[64] and van der Helm-van Mil et al. [65] had a high accuracy for
predicting RA among patients with UA and arthralgias.

3.5. Study designs

The majority of the studies cited used a nested case-control design,
which cannot be used to determine to what extent detectable autoanti-
bodies predict the onset of AIDs. The question is as follows: How many
AID-free patients with positive autoantibody results will develop an
AID. To answer this question, prospective, large-sample, general
population-based cohort studies are needed to rigorously explore
the predictive value of autoantibodies for AIDs. Given the low preva-
lence of AIDs, autoantibody testing in the general population is of no
benefit [25,66]; however, for individuals who are at high risk for an
AID, autoantibody testing may be beneficial. High-risk patients include
those with UA who have a high risk for developing RA in the short term
[23,25,62], patients with arthralgia [27], and women 50-69 years of age
who smoke, and patients with RF results >100 IU/mL, 1 in 3 of whom
will develop RA within 10 years from the time of blood sampling [30].

4. Conclusions

To date, many studies have identified that detectable autoantibodies
are associated with a risk for future AID. In general, the existing studies
demonstrate that the following: (1) the presence of autoantibodies can
precede the clinical onset of AID; (2) the positive rates (qualitative
tests) and the levels (quantitative tests) of autoantibodies increase
nearer the onset of AID; (3) detectable autoantibodies during the
pre-clinical phase are associated with future clinical characteristics
of AID; and (4) the duration of positivity for autoantibodies may be
underestimated because the time when autoantibodies first appeared
in blood were not recorded for some subjects. In addition, when
interpreting positive autoantibody results for patients who are free
of AIDs, the test methods, thresholds, biological variations, and con-
founding factors should be taken into consideration. To better under-
stand the associations between detectable autoantibodies and risk for
future AIDs, well-designed, prospective cohort studies are needed.
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