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Sj€
ogren’s syndrome is a lymphoproliferative disease with autoimmune features characterized by mononuclear cell inﬁltration of exocrine glands, notably the lacrimal
and salivary glands. These lymphoid inﬁltrations lead to dryness of the eyes (keratoconjunctivitis sicca), dryness of the mouth (xerostomia), and, frequently, dryness of
other surfaces connected to exocrine glands. Sj€
ogren’s syndrome is associated with
the production of autoantibodies because B-cell activation is a consistent
immunoregulatory abnormality. The spectrum of the disease extends from an organspeciﬁc autoimmune disorder to a systemic process and is also associated with an
increased risk of B-cell lymphoma development. Current treatments are mainly
symptomatic. As a result of the diverse presentation of the syndrome, a major challenge remains to improve diagnosis and therapy. For this purpose an international
set of classiﬁcation criteria for primary Sj€
ogren’s syndrome has recently been developed and validated and seems well suited for enrolment in clinical trials. Salivary
gland biopsies have been examined and histopathology standards have been developed, to be used in clinical trials and patient stratiﬁcation. Finally, saliva meets the
need of a non-invasive sampling method because it may represent the most relevant
body ﬂuid for discovery and validation of disease biomarkers in Sj€
ogren’s syndrome.

Sj€
ogren’s syndrome is named after the Swedish oph€
(1899–1986). In 1929 he
thalmologist HENRIK SJOGREN
met a patient who complained of dry eyes, oral dryness, and pain in several joints. He noticed that the
combination of these symptoms could potentially be a
separate disease entity and he started describing
patients under the umbrella-diagnosis of keratoconjunctivitis sicca. Careful examinations were performed both
€
clinically and microscopically. In 1933, HENRIK SJOGREN
had seen 19 such cases and he then wrote up his thesis
‘Zur Kentniss der Keratoconjunctivitis Sicca’ (1) which
was defended the same year. The thesis was received
with great enthusiasm but was also criticized by opponents, and were given mediocre marks. Due to the criti€
cal evaluation the academic career of HENRIK SJOGREN
was over. However, he continued his clinical activity
and ended up in J€
onk€
oping, a town in the southern
part of Sweden, in 1935.
€
Despite all critique of his thesis, HENRIK SJOGREN
eventually gained an international career, which started
with the translation, in 1943, of his thesis into English
by an Australian ophthalmologist, BRUCE HAMILTON,
and the subsequent invitation to become a guest lecturer at the Royal Australian College of Opthalmologists. This tour to Australia was part of a route that
took him around the globe.
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€
was a great clinician, with a broad
HENRIK SJOGREN
clinical activity. As an acknowledgement of his work
and international reputation, he was bestowed with the
title ‘docent’ ( associate professor) by the University
of Gothenburg in 1957. In 1961 the Swedish government granted him the well-deserved title ‘professor’.
The purpose of this review was to present recent and
internationally accepted classiﬁcation criteria, including
the use of labial salivary gland biopsy, for primary
Sj€
ogren’s syndrome for its enrolment in clinical trials.
Furthermore, we present recent developments regarding
the use of serum biomarkers, glandular ultrasound, and
saliva proteomics.

Diagnostic and classification criteria
Sj€
ogren’s syndrome is a multisystem disorder that is
heterogeneous in its presentation, course, and outcome.
There is still no single clinical, laboratory, pathological,
or radiological feature that could serve as a ‘gold standard’ for the diagnosis and/or classiﬁcation of this syndrome. The closest we have got in identifying such a
feature is labial salivary gland biopsy with a subsequent
histopathological evaluation (2–4). Consequently, the
development of criteria for use in both clinical care as
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well as research studies has been an important challenge in Sj€
ogren’s syndrome.
Classiﬁcation criteria are often well-standardized
tools that are aimed at selecting properly deﬁned and
homogenous groups of patients for research but also
guaranteeing comparability across studies. Such criteria
are not designed to be used for clinical diagnosis in
individual patients and may be unable to identify some
cases of disease with a less-common clinical presentation or course. Diagnostic criteria, on the other hand,
are generally less stringent and usually include a wider
variety of disease features. Their aim is to identify as
many individuals as possible with a similar condition.
Therefore, a diagnostic decision made by a clinician
has to be based on a combination of symptoms, signs,
and diagnostic tests, but also to rule out other diseases.
However, in daily practice, classiﬁcation criteria are
normally regarded as useful guides for the diagnosis
and they may also have a role in the education and
training of medical personnel.
The most recent and new American College of
Rheumatology/European League Against Rheumatism
(ACR-EULAR) classiﬁcation criteria for primary
Sj€
ogren’s syndrome are the end result of an international collaboration and have been derived using a
well-established and validated methodology (5)
(Table 1). These criteria describe the key shared features deﬁning the disorder and they may represent the
common language to be used in the future to make the
scientiﬁc communication easier and more correct,
favour the exchange of information, and stimulate the
development of collaborative studies (6). However,
these new classiﬁcation criteria do not discriminate
between primary and secondary Sj€
ogrens’s syndrome.

€ gren’s syndrome
Biomarkers in Sjo
In order to improve the diagnosis, the search for
biomarkers has become very important. However,
biomarkers are not only quantitative measures to allow
a more precise diagnosis but can also be used for
assessing a disease process as well as monitoring
response(s) to treatment. Indeed, biomarkers can be
considered as the foundation for therapy. By deﬁnition,
a biomarker can be considered ‘a characteristic that is
objectively measured and evaluated as an indicator of
normal biologic processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention’
(7).
In the pharmaceutical industry, biomarkers are crucial for eﬃcient development of medical products.
However, as a consequence of scientiﬁc, economic, and
regulatory factors, biomarker development has lagged
signiﬁcantly behind therapeutic development. Many
potential biomarkers have been discovered, but relatively few studies have fulﬁlled the more laborious validation process.
There are a number of biomarker examples in
Sj€
ogren’s syndrome. The most obvious are those in
serum (e.g. autoantibodies and cytokines) and in DNA

Table 1
American College of Rheumatology/European League Against
Rheumatism (ACR-EULAR) classification criteria for primary
Sj€
ogren’s syndrome
Item
Labial salivary gland with focal lymphocytic
sialadenitis and focus score of ≥1 foci/4 mm2
Anti-SSA/anti-Ro positive
Ocular staining score ≥5 (or van Bijsterveld
score ≥ 4) in at least one eye
Schirmer’s test ≤5 mm/5 min in at least one eye
Unstimulated whole saliva ﬂow rate ≤0.1 ml min1

Weight/
score
3
3
1
1
1

The classiﬁcation of primary Sj€
ogren’s syndrome applies to any
individual who meets the inclusion criteria [The inclusion criteria
are applicable either to any patient with at least one symptom of
ocular or oral dryness, deﬁned as a positive response to at least
one of the following: (i) Have you had daily, persistent, troublesome dry eyes for more than 3 months? (ii) Do you have a recurrent sensation of sand or gravel in the eyes? (iii) Do you use tear
substitutes more than three times a day? (iv) Have you had a daily
feeling of dry mouth for more than 3 months? (iv) Do you frequently drink liquids to aid in swallowing dry food? or in whom
there is suspicion of Sj€
ogren’s syndrome (SS) from the European
League Against Rheumatism SS Disease Activity Index questionnaire (at least one domain with a positive item)], does not have
any of the conditions listed as exclusion criteria [Exclusion criteria
include prior diagnosis of any of the following conditions, which
would exclude diagnosis of Sj€
ogren’s syndrome and participation
in Sj€
ogren’s syndrome studies or therapeutic trials because of
overlapping clinical features or interference with criteria tests: (i)
history of head and neck radiation treatment, (ii) active hepatitis
C infection (with conﬁrmation by PCR), (iii) AIDS, (iv) sarcoidosis, (v) amyloidosis, (vi) graft-vs.-host disease, (vii) IgG4-related
disease], and has a score of ≥4 when the weights from the ﬁve criteria in the table are summed. This is a simpliﬁed version of table
3 in SHIBOSKI et al. (5).

(identiﬁed using gene proﬁling and/or genome-wide
association studies), as well as in cells or at the cellular
level (identiﬁed according to the diﬀerent phenotypes
or properties/functions of cells). Even tissue reactions
are good examples of biomarkers (e.g. focal inﬂammation and germinal center reactions), and very tempting
sources of biomarkers in Sj€
ogren’s syndrome are saliva
or tears, products released directly from the target
organs.

Diagnostic markers in serum/plasma for
€ gren’s syndrome
primary Sjo
Validated biomarkers are important for providing a
rapid and accurate diagnosis, as well as for the classiﬁcation, treatment, and follow-up of patients. Peripheral
blood samples (serum/plasma) are easily accessible,
making them the most obvious biomaterials when
searching for biomarkers. We published a list of potential biomarkers in 2001 (8) and, together with recent
reviews by TONG et al. (9) and FAYYAZ et al. (10), this
should give a good overview of biomarkers that are
associated with Sj€
ogren’s syndrome.

Sj€
ogren’s syndrome

Autoantibodies to the autoantigens Ro/SSA and La/
SSB are the most important biomarkers identiﬁed to
date and have been incorporated into the classiﬁcation
criteria for primary Sj€
ogren’s syndrome (5, 11–14).
After all these years of scientiﬁc scrutiny, anti-Ro/SSA
and anti-La/SSB are still today important for the disease classiﬁcation just as they serve as diagnostic markers for Sj€
ogren’s syndrome. Ro/SSA and La/SSB
actually comprise three diﬀerent cellular proteins Ro52,
Ro60, and La48 – based on their molecular weight,
which was discovered in the late 1960s and early 1970s
(14–17). Depending on the testing method used, the
selection criteria for primary Sj€
ogren’s syndrome, and
the patient cohorts, the prevalences of seropositivity are
approximately 70% for Ro52, 40% for Ro60, and 50%
for La48 (8, 18). The Ro and La proteins were ﬁrst isolated and characterized for their partition in ribonucleoprotein (RNP) complexes with human Y RNAs,
which indicated involvement in cellular post-transcriptional regulation. More speciﬁc functions were subsequently attributed, with Ro52 (also referred to as
TRIM21) shown to be a ubiquitin E3 ligase, and Ro60
and La48 have both been shown to be RNA-binding
proteins (19, 20) A data-driven study of international
patient cohorts (5, 14) has shown that anti-Ro/SSA is
the second-best predictor of Sj€
ogren’s syndrome after
focus score, when the most recent criteria for Sj€
ogren’s
syndrome are employed.
Anti-nuclear antibodies (ANA) (21) and rheumatoid
factor (RF) (22–24) are also parameters commonly
measured in Sj€
ogren’s syndrome as clinical and diagnostic tools but have only partially made a position in
the classiﬁcation criteria.
In recent years, a few biomarkers have stood up as
promising diagnostic markers. Muscarinic type 3 receptor (M3R) is one of the new promising biomarkers with
direct biological and functional links to exocrine secretion. It is suspected that antibodies towards M3R may
potentially inhibit saliva secretion (25–31). Some have
reported a 60–80% concordance of anti-M3R with
Sj€
ogren’s syndrome (32) but the usage has been hampered by reproducibility issues and anti-M3R is therefore not widely used as a biomarker (33) in clinical
settings. Improvement in analytical techniques may
change this.
Calprotectin is a complex of the S100A8 and S100A9
proteins found abundantly in neutrophils. In the presence of calcium (Ca2+), calprotectin has inﬂammatory
and antimicrobial activities. Salivary, but not blood,
calprotectin has shown strong correlation with clinical
signs of Sj€
ogren’s syndrome (34–36). Serum calprotectin
has more recently been shown to be a marker for carotid atherosclerosis in primary Sj€
ogren’s syndrome (37).
Carbamylation is the process of modiﬁcation of
lysine in proteins to homocitrulline. Elevated levels of
carbamylated proteins have been associated with
increased focal lymphocytic inﬁltration, formation of
ectopic GC-like structures in minor salivary glands,
and diminished salivary gland function (38).
During the past 40 yr many potential candidate
molecules have been studied in relation to Sj€
ogren’s
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syndrome and disease development (Table 2). However,
these have not become validated diagnostic markers as
they have not provided improved descriptive power
over the biomarkers already established in Sj€
ogren’s
syndrome diagnosis. It is remarkable that no new biomarker has been established after all these years and
the major eﬀorts made. This indicates that we are not
much closer to understanding the underlying disease
mechanisms than we were years ago. Although we have
made progress in describing the clinical features and
potential treatment measures in Sj€
ogren’s syndrome,
the causes are still obscure. This may be because of the
complexity of the disease, just as it is a question if there
is indeed more than one disease. New biomarkers may
be valuable in describing subphenotypes of primary
Sj€
ogren’s syndrome and hence optimizing treatment for
subgroups of patients (10).
Another very important aspect is that biomarkers/
diagnostic markers may be present many years before
the onset of clinical symptoms. We have shown that it is
possible to detect anti-Ro and anti-La immunoglobulins
up to 18–20 years before the appearance of symptoms
and diagnosis of Sj€
ogren’s syndrome (Fig. 1) (39, 40).
The potential beneﬁt of early diagnostic testing may be
that it initiates early treatment and thus prevents signiﬁcant tissue damage.

Histopathology of minor salivary glands in
€ gren’s syndrome
Sjo
Labial salivary gland (LSG) biopsy has played an
important role in the diagnosis of Sj€
ogren’s syndrome
since it was ﬁrst described over 40 yr ago (2, 3). Biopsy
currently remains the best method for diagnosing the
salivary gland component of Sj€
ogren’s syndrome,
mainly because of its high disease speciﬁcity and limited
invasiveness (41). The diagnostic role of salivary gland
biopsy is widely accepted in both the established 2002
American-European Consensus Criteria (AECG) for
Sj€
ogren’s syndrome (12) and in the newly proposed
ACR classiﬁcation (13, 42). Recent evidence suggests
that LSG biopsies may also provide useful information

Table 2
Diagnostic biomarkers in use and potential candidates for further validation
Biomarkers
Regularly used
Ro/SSA – Ro52 (TRIM21) and Ro60
La/SSB – La48
Occasionally used
Rheumatoid factor (RF)
Anti-nuclear antibodies (ANA)
New potential biomarkers
Muscarinic type 3 receptor (M3R)
Calprotectin
Carbamylated proteins (homocitrulline)

References

(14–18)
(14–18)
(22–24)
(21)
(25–33)
(34–37)
(38)
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Fig. 1. Number of patients, from a cohort of 171 patients,
with positive anti-nuclear antibody (ANA) score before
(>18 yr) and after (post) onset of disease. Adapted from
JONSSON et al. (39) and THEANDER et al. (40).

for prognostication and stratiﬁcation of patients with
Sj€
ogren’s syndrome (43–45).
Biopsy of LSGs is usually performed for diagnosis of
Sj€
ogren’s syndrome, although some centres prefer
biopsy of parotid glands performed by an experienced
clinician because this is associated with a low complication rate (46). The typical histopathological changes in
the minor salivary glands are well-deﬁned foci of
mostly lymphocytes surrounding ducts or small vessels.
A positive LSG biopsy has been deﬁned as a focal
mononuclear inﬁltrate with a focus score of ≥1 per
4 mm2 of glandular tissue (41). The focal inﬁltrate
should contain 50 or more cells, mostly lymphocytes in
a periductal location, typically adjacent to acini with a
normal appearance.
The dominating cell populations in the focal inﬁltrates are T and B lymphocytes. Certain lymphocytic
subsets are currently under investigation to delineate
their possible role in diﬀerent phases of disease development. Elevated numbers of cells of the T-helper subset,
Th17, mainly deﬁned by secretion of the cytokine interleukin (IL)-17, have been detected in the periphery and
also in the salivary gland tissue of patients with primary
Sj€
ogren’s syndrome (47, 48). The follicular T-helper-cell
subset is another focus of interest as these cells are
involved in the crosstalk between T and B cells under
the stimulus of IL-12 secreted by dendritic cells. It is
noteworthy that macrophages, natural killer (NK) cells,
and dendritic cells are also present in varying numbers
during progression of Sj€
ogren’s syndrome disease.

B-cell hyperactivity represents a key feature in the
pathogenesis of Sj€
ogren’s syndrome, and alterations of
B-cell subtypes have been detected in patients with primary Sj€
ogren’s syndrome (49, 50). Notably, higher
focus scores are associated with an increased B/T-cell
ratio. As the focal inﬁltrates increase in size, lymphoid
organization in the form of germinal center (GC)-like
structures may start in approximately 20–25% of the
patients (51, 52). These GC-like structures have been
suggested to be a possible predictor of lymphoma
development because the majority of patients who
developed lymphoma later, presented with GC-like
structures in the diagnostic minor salivary gland biopsy
(44). In haematoxylin and eosin-stained sections, detection of GC-like structures in the minor salivary glands
can be more challenging than detection of such structures in the secondary lymphoid organs. Accordingly,
additional staining with CD21 (a marker of follicular
dendritic cells), as well as CD20 (a marker of B cells)
and CD3 (a marker of T cells), has recently been
advised by an expert consensus group, to improve the
reliability and consistency of GC identiﬁcation (4).
The focal inﬂammation observed in the minor salivary gland tissue of patients with Sj€
ogren’s syndrome is
commonly accompanied by acinar atrophy, duct dilation, and ﬁbrosis. Another prominent feature is the
presence of adipose tissue, which can occupy a large
fraction of the glandular tissue. To date, little is known
about the diagnostic and pathological signiﬁcance of
fatty replacement in Sj€
ogren’s syndrome lesions. Our
own studies indicated a higher incidence of adipose tissue in the salivary glands of patients with Sj€
ogren’s syndrome compared with non-Sj€
ogren’s syndrome controls
(53). However, others suggest that fatty inﬁltration can
be a selective feature of ageing rather than disease (54).
Regardless, adipocytes may be active players in immune
reactions because adipocytes have been localized in certain cytokine- and chemokine-rich niches of salivary
glands from patients with Sj€
ogren’s syndrome (53, 55,
56). Future studies are necessary to verify this concept.
While some patients are willing to have two or even
three biopsies removed for the purposes of follow up
and monitoring of the eﬀect of treatment in Sj€
ogren’s
syndrome, there is an ethical limit on the number of
consecutive lip biopsies that can be made.
Pijpe et al. (46) proposed that histopathology of the
parotid gland should be included in the classiﬁcation
criteria for Sj€
ogren’s syndrome as an alternative to
histopathology of labial glands. Histopathological conditions of the minor and major glands were reported to
be comparable. The approach presents some limitations, in particular related to the fact that biopsy of the
parotid gland requires speciﬁc surgical skills and that
biopsy of the labial gland is more easily performed.
Therefore, labial gland biopsy is still preferred by most
groups. However, recent studies highlight the diagnostic
potential of parotid gland tissue, including the possibility of identifying parotid mucosa-associated lymphoid
tissue (MALT) lymphoma at an earlier stage. Furthermore, the possibility of repeated biopsies in the same
parotid gland can facilitate evaluation of treatment

Sj€
ogren’s syndrome

eﬃcacy in clinical trials and may also serve as a guide
to personalized treatment (57, 58). The diagnostic
potential of the parotid gland should therefore be
reconsidered. Nevertheless, the concordance of parotid
gland biopsy compared with labial gland biopsy is currently a matter of debate and there is a need for larger
and comparative studies (59).

Major salivary gland ultrasonography
There have been a number of attempts to ﬁnd an alternative to labial salivary gland biopsies in Sj€
ogren’s syndrome. Salivary gland ultrasonography (SGUS) is a
non-invasive, non-irradiating imaging modality for
assessment of the parotid and submandibular glands as
part of the diagnostic work-up, and possibly follow-up,
of natural history or treatment outcome in primary and
secondary Sj€
ogren’s syndrome (60). The method may
be used to evaluate echogenicity in general, as well as
structural changes (such as ﬁbrosis and calciﬁcation)
and degenerative changes, visualized as inhomogeneity
and hyper- and hypoechogenic areas (Fig. 2).
Several studies have shown correlations between
SGUS ﬁndings and focus score in the minor salivary
glands (61, 62), as well as in parotid salivary gland
biopsies (57). The deﬁnition and emphasis on various
SGUS abnormalities vary in previously published studies. THEANDER et al. (63) suggested grading parenchymal homogeneity in salivary glands from 0 to 3, with
grades 0 (normal) and 1 (mild inhomogeneity) being
interpreted as normal or unspeciﬁc, and grades 2 (several rounded) and 3 (numerous or conﬂuent hypoechoic
lesions) as Sj€
ogren’s syndrome typical. Speciﬁcity and
positive predictive values of abnormal SGUS for
Sj€
ogren’s syndrome were both 98%, with sensitivity
and negative predictive values being 52% and 53%,
respectively. Patients with pathological SGUS had signiﬁcantly more signs and symptoms of systemic complications, higher disease activity, and, more frequently,

Fig. 2. Ultrasonographic images of four left submandibular
glands illustrating varying grades of normal/non-speciﬁc to
pathological changes. Grades 0–3 were used when evaluating
ultrasound examinations of submandibular and parotid glands
from each patient. (A) Grade 0. (B) Grade 1. (C) Grade 2.
(D) Grade 3. Grades 0–1 were considered to correspond to
normal morphology/non-speciﬁc changes, whereas grades 2–3
were considered to correspond to pathological changes, possibly related to primary Sj€
ogren’s syndrome. Reproduced from
HAMMENFORS et al. (61), with permission.
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markers of lymphoma development, such as salivary
gland swelling, skin vasculitis, GC-like structures in
minor salivary gland biopsy, and CD4+ T-lymphocytopenia (63).
In a study by SHIMIZU et al. (64), Doppler was added
to SGUS in order to use parotid gland vascularity as a
means to improve the SGUS diagnosis of Sj€
ogren’s
syndrome (64). Patients with Sj€
ogren’s syndrome
showed signiﬁcantly higher degree of vascularity than
patients without Sj€
ogren’s syndrome. Abnormal vascularity correlated with histopathological grades, but not
with sialographic grades; the highest mean vascular
score determined by Doppler was observed for the
sialographic initial stage and cavitary-destructive stages,
suggesting that hypervascularity may represent ongoing
processes in the gland parenchyma. With vascular
information, the sensitivity, speciﬁcity, and accuracy of
SGUS changed from 44%, 97%, and 65%, to 63%,
90%, and 74%, respectively.
JOUSSE-JOULIN et al. (65) used colour Doppler SGUS
to evaluate the major salivary gland treatment response
following rituximab treatment. Doppler waveform analysis of the transverse facial artery of parotid glands
showed signiﬁcant diﬀerences between untreated
patients and controls, before, but not after, lemon juice
stimulation. Following rituximab treatment, both the
parotid and submandibular glands showed signiﬁcant
reduction in size compared with baseline. Response to
rituximab treatment was also investigated in a multicentre, randomized, double-blind, placebo-controlled
trial termed ‘Tolerance and Eﬃcacy of Rituximab in
Primary Sj€
ogren’s Syndrome’ (TEARS) (66). Patients
with primary Sj€
ogren’s syndrome were examined with
SGUS before the ﬁrst placebo/rituximab infusion and
6 months after. At each examination, SGUS of the parotid and submandibular glands was performed and the
parameters echostructure (score 0–4), size of each
gland, and vascularization based on the resistive index
of the transverse facial artery of the parotid gland, were
recorded before and after lemon juice stimulation. Parotid parenchyma echostructure improved in 50% of the
rituximab-treated patients compared with 7% of the
placebo-treated patients (P = 0.03). Submandibular
gland echostructure also improved in a larger proportion of rituximab-treated patients, although not statistically signiﬁcantly. The size of the glands and the
resistive index remained unchanged.
For diagnostic purposes, recent studies suggest that
use of a simpliﬁed approach for SGUS evaluation of
the major salivary glands may be suﬃcient. The reliability of SGUS was investigated in a two-step process
using both static and acquisition SGUS images (67).
Selected SGUS echostructural abnormalities in
Sj€
ogren’s syndrome (echogenicity, homogeneity, hyperechoic bands, number and location of hypo/anechoic
areas, presence of abnormal lymph nodes in the glands,
calciﬁcations, visibility of posterior border, and diagnosis advice of primary Sj€
ogren’s syndrome based on the
seven items) were deﬁned and set up in a preliminary
atlas. Although it is not yet established what the hypoechogenic areas reﬂect, echogenicity and homogeneity
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were identiﬁed as two reliable items, whereas the reliability of other core items was slight or poor. Parotid
gland SGUS echogenicity provided substantial interobserver reliability with regard to suggested diagnosis of
Sj€
ogren’s syndrome (67).
Investigations by MOSSEL et al. (68) suggested the
evaluation of parenchymal echogenicity, homogeneity,
hypoechogenic areas, hyperechogenic reﬂections, and
salivary gland posterior border [as previously described
by HOCEVAR et al. (69)], in either the right or left parotid and submandibular glands, to be suﬃcient to predict the ACR-EULAR classiﬁcation. Even using only
parenchymal echogenicity and hypoechogenic areas
contributed independently to the ACR-EULAR classiﬁcation, as did using only hypoechogenic areas on one
side, further increasing feasibility of SGUS in outpatient clinics worldwide (68).
Early detection of primary Sj€
ogren’s syndrome was
investigated by BALDINI et al. (70), who also found that
SGUS score correlated with minor salivary gland focus
score and unstimulated whole saliva ﬂow. A SGUS cutoﬀ of ≥1 was associated with a sensitivity of 66%, a
speciﬁcity of 98%, a positive predictive value of 97%,
and a negative predictive value of 73% for the diagnosis of primary Sj€
ogren’s syndrome.
Salivary gland ultrasonography may play a role in
the diagnosis of patients lacking extractable nuclear
antibodies who need to have a labial salivary gland
biopsy to fulﬁl the diagnostic criteria. Accordingly,
SGUS imaging of the major salivary glands was investigated as a predictor of the histology, to explore
whether SGUS can help in stratifying patients with
Sj€
ogren’s syndrome and reduce the need for biopsy. In
a blinded, retrospective study of minor salivary gland
histopathology and major salivary gland ultrasonography, SGUS had a positive predictive value of 85% and
a negative predicative value of 96% for the histology
results. Overall concordance between SGUS and
histopathology was 91% (71).
Salivary gland ultrasonography has also been assessed
with regard to the ability to distinguish patients with
Sj€
ogren’s syndrome from individuals with xerostomia
and/or keratoconjunctivitis and a diagnosis of stable
undiﬀerentiated connective tissue disease (UCTD).
Patients diagnosed with Sj€
ogren’s syndrome according
to the AECG criteria (12) presented with higher SGUS
score compared with patients with UCTD. Setting the
SGUS cut-oﬀ score at a value of >2 provided a sensitivity of 65%, a speciﬁcity of 96%, a positive predictive
value of 95%, and a negative predictive value of 73%
for the diagnosis of Sj€
ogren’s syndrome (72).
The diagnostic performance of SGUS in the AECG
criteria was investigated in a cohort with suspected
Sj€
ogren’s syndrome (73), and applying the AECG criteria (12) alone, the sensitivity of Sj€
ogren’s syndrome
diagnosis was 77.9% and speciﬁcity 98.7% compared
with expert opinion. Compared with the AECG criteria
alone, adding pathological SGUS ﬁndings to the AECG
criteria increased sensitivity to 87.0% but did not markedly alter speciﬁcity (96.1% vs. 98.7%). In another series of patients with suspected Sj€
ogren’s syndrome,

SGUS increased the diagnostic performance of the
ACR criteria from 64.4% to 84.4% and only slightly
decreased speciﬁcity, from 91.1% to 89.3% (74).
Similar ﬁndings were presented (75) for SGUS as
an additional item in the ACR classiﬁcation of
Sj€
ogren’s syndrome, in individuals classiﬁed as having
primary Sj€
ogren’s syndrome or non-Sj€
ogren’s syndrome according to the AECG criteria (12). Salivary
gland ultrasonography was performed in selected
patients who had scored at least two positive or at
least two negative results according to the ACR criteria (13). Incorporation of the SGUS criteria as an
alternative to one of the three ACR classiﬁcation
items achieved 89–91% sensitivity, 87–96% speciﬁcity,
and 89% or 92% accuracy, comparable with the original ACR classiﬁcation.
A recent study by LE GOFF et al. assessed how SGUS
might improve the classiﬁcation of patients with suspected primary Sj€
ogren’s syndrome (76). Concordance
between AECGF and ACR/EULAR criteria was excellent, and 58% of these patients had pathological SGUS
ﬁndings. Patients fulﬁlling only the ACR/EULAR criteria had similar age and symptom duration, but lower
frequencies of keratoconjunctivitis, xerostomia, and salivary gland dysfunction, than patients fulﬁlling both sets
of criteria. In patients not fulﬁlling either set of criteria
(n = 165), SGUS was abnormal in 12%. Using the
physicians’ diagnosis as reference standard, sensitivity
was increased from 87.4% to 91.1% when including
SGUS among the ACR/EULAR criteria.
Combining positive SGUS ﬁndings and anti-Ro/SSA
gives a highly predictive score of Sj€
ogren’s syndrome
according to the AECG, ACR, and ACR-EULAR classiﬁcation criteria (57) in a prospective inception cohort
study derived from daily clinical practice. Interestingly,
the agreement between SGUS and salivary gland biopsies was slightly higher for parotid gland biopsies than
for labial gland biopsies. In the presence of anti-Ro/
anti-SSA Igs, a positive SGUS was highly predictive of
classiﬁcation according to the AECG, ACR, and ACREULAR criteria. When parotid gland biopsy was used
as a classiﬁcation factor, the lack of anti-Ro/SSA with
or without negative SGUS indicates no presence of
Sj€
ogren’s syndrome. However, when the outcome of
labial gland biopsy was considered as a criterion, the
combination of negative SGUS with absence of antiRo/anti-SSA Igs could not exclude diagnosis of
Sj€
ogren’s syndrome.
Work regarding incorporation of SGUS into the
ACR-EULAR criteria has also been carried out using
patient vignettes, and preliminary ﬁndings indicate that
the addition of SGUS as an item to both AECG and
ACR/EULAR 2017 classiﬁcation criteria increased sensitivity from 90% to 96%, but did not change speciﬁcity (84%) (77).

€ gren’s syndrome
Juvenile Sjo
Juvenile Sj€
ogren’s syndrome is a rare, poorly deﬁned,
and possibly underdiagnosed condition (78, 79)

Sj€
ogren’s syndrome

aﬀecting children and adolescents, with a mean age at
diagnosis of 10.7 yr (80). A variety of organ systems
may be aﬀected, resulting in neurological, dermatological, musculoskeletal, vascular, gastrointestinal, respiratory, renal, and haematological manifestations (81, 82).
Extraglandular manifestations have been reported with
a prevalence of 51.3% in juvenile Sj€
ogren’s syndrome
(78).
Diagnosis of juvenile Sj€
ogren’s syndrome is based on
clinical symptoms and presence of autoantibodies, after
exclusion of infectious or lymphoproliferative diseases.
Diagnosis, treatment, and follow-up of juvenile
Sj€
ogren’s syndrome is generally based on clinical experience from primary Sj€
ogren’s syndrome in adults; however, compared with primary Sj€
ogren’s syndrome in
adults, patients with juvenile Sj€
ogren’s syndrome often
display swelling of the major salivary glands as an initial symptom (80, 83). Recurrent parotitis in childhood
is most commonly of infectious origin or because of
retention of saliva. In juvenile Sj€
ogren’s syndrome, parotid swelling usually precedes regular oral and ocular
symptoms, while typical serological ﬁndings may be
absent (84). Salivary gland ultrasonography shows features typical of primary Sj€
ogren’s syndrome/juvenile
Sj€
ogren’s syndrome that can add useful information,
and SGUS has been suggested as a routine imaging
tool in patients with recurrent parotitis and autoantibodies (85).
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Fig. 3. Barriers and modes of transport for components originating from distant organs, the bloodstream, the interstitial
space, acinar and ductal cells, or the oral cavity, to become
detectable in saliva. The ability to monitor tissue-related
changes in saliva relies on the paradigm that a speciﬁc tissue
state is reﬂected in the spectrum and quantity of speciﬁc components liberated into speciﬁc bioﬂuids.

Exploration of saliva as a diagnostic fluid
€ gren’s syndrome
in Sjo
Although salivary ﬂow rates are heterogeneous among
patients with Sj€
ogren’s syndrome, salivary constituents
have been studied in this context since the early 1970s
and are reviewed elsewhere (86, 87). More recently, by
navigating the methodological complexities associated
with emerging ‘omics’ technologies, researchers with an
interest in Sj€
ogren’s syndrome have taken diﬀerent
approaches with respect to salivary biomarkers and
their potential application. The main focus has been
the discovery of biomarkers for diagnosis and patient
cohort stratiﬁcation (Figs 3 and 4). Regrettably, the
demand for an analytical test allowing detection of
Sj€
ogren’s syndrome at an early stage using saliva has
not yet been addressed suﬃciently.
Mass spectrometry-based analyses of saliva pooled
according to disease-group membership have highlighted
comprehensive and distinct protein patterns characteristic for Sj€
ogren’s syndrome (88–90). These proﬁles mostly
comprise secretory proteins, enzymes, and highly abundant immune system-related molecules. Interestingly, the
proﬁle associated with secondary Sj€
ogren’s syndrome
has, in some patients, been found to resemble that of primary Sj€
ogren’s syndrome, while in others it was found to
be more similar to that of healthy subjects (89). More
recently, eﬀorts have also been made to characterize the
metabolome of patients with Sj€
ogren’s syndrome and
this has also suggested the existence of diﬀerent subpopulations of Sj€
ogren’s syndrome (91).

Fig. 4. Schematic representation of the long covert phase of
Sj€
ogren’s syndrome before disease onset followed by a commonly late diagnosis and currently limited options for biomarker-based patient follow-up. Ease of collection, repeatability,
and close vicinity to the target organ make saliva a prime bioﬂuid for biomarker discovery and clinical application in
Sj€
ogren’s syndrome.

While the true diagnostic value of the classical
Sj€
ogren’s syndrome autoantibodies (anti-Ro/SSA and
anti-La/SSB) measured in saliva remains to be fully
determined (92), protein arrays assessing a wider spectrum of autoantibodies in saliva highlight the value of
such analyses to discriminate between Sj€
ogren’s syndrome, systemic lupus erythematosus, and asymptomatic controls (93).
Using a similar concept but focussing on relating 187
key salivary proteins to the biological state of the salivary glands, we were, on the basis of a 6-plex salivary
biomarker signature, able to discriminate patients with
Sj€
ogren’s syndrome from patients with rheumatoid
arthritis and asymptomatic controls with an accuracy of
>94% (94) (Fig. 5A). Functional annotation of the great
number of coordinated alterations suggests very high
ﬁdelity of saliva when conveying the histopathological
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Fig. 5. Salivary biomarker signatures serving in the diagnosis
and stratiﬁcation of patients as well as in predicting treatment
responses in experimental models of Sj€
ogrens syndrome. (A) 6plex [C-reactive protein, interleukin (IL)-4, pregnancy-associated plasma protein A (PAPPA), IL-5, clusterin, and
apolipoprotein A2] salivary biomarker signature-based recapitulation of the American–European Consensus Group criteriabased classiﬁcation. Discrimination between patients with
Sj€
ogren’s syndrome, patients with rheumatoid arthritis, and
asymptomatic controls was, at 94%, found to be highly accurate. Borrowed with permission from DELALEU et al. (94). (B)
3-plex [PAPPA, thrombospondin 1 (THBS-1), and peptide YY
(PYY)] biomarker signature-based prediction of the nature of
salivary gland inﬂammation for individual patients with
Sj€
ogren’s syndrome. Borrowed with permission from DELALEU
et al. (95). A2M, alpha-2-macroglobulin; CCL2, chemokine
(C-C motif) ligand 2; CSF1, colony stimulating factor 1;
CXCL9, chemokine (C-X-C motif) ligand 9; FS, focus score;
GC, ectopic germinal centre; IL5, interleukin 5; INS, insulin;
TT, transferrin; SELE, selectin E; SERPINE1, serpin family E
member 1; SPP1, secreted phosphoprotein 1; UMOD, uromodulin. (C) Potential of a biomarker signature, combining granulocyte chemotactic protein 2, IL-1alpha measured in serum,
and myeloperoxidase, myoglobin, and macrophage inﬂammatory protein 3b measured in saliva, to predict reinstatement of
a physiological salivary secretion rate in a murine model of
spontaneous Sj€
ogren’s syndrome after experimental treatment.
Red and orange, responders to treatment; green, asymptomatic
controls; purple and blue, responders to treatment; black, disease control (accuracy = 93.8%). The x-axis shows the salivary
ﬂow rate in microliters per minute per gram; the y-axis represents the discriminant score of the biomarker signature. Borrowed with permission from DELALEU et al. (96). aa, amino
acids; deSF, decreased salivary ﬂow; Hsp60, 60-kd heat-shock
protein; IFA, Freund’s incomplete adjuvant; NOD, nonobese
diabetic mice; reSF, retained salivary ﬂow. Circles represent
individual patients (A, B) and mice (C).

and immunological hallmarks of Sj€
ogren’s syndromeassociated sialadenitis. Following the same strategy for
patient stratiﬁcation we also identiﬁed compact biomarker signatures capable of categorizing patients with
Sj€
ogren’s syndrome with respect to their individual presentation of hyposalivation and ectopic GC-like structure formation (95) (Fig. 5B). As a result of their
increased predisposition to develop B-cell lymphoma
(44), the latter individuals may be viewed as important
beneﬁciaries of novel tools to monitor the state of their
salivary gland in a non-invasive manner.
A ﬁeld that has been little explored thus far is assessment of the usefulness of complementing clinical studies
with analyses using exploratory salivary biomarkers.
The ability to infer understanding regarding how experimental drugs shape the molecular landscape of spontaneous Sj€
ogren’s syndrome-like disease in mice
depending on treatment response (96) is, in our opinion, suﬃciently promising to justify adaptation of this
concept for clinical trials (Fig. 5C).
Finally, the ability to prescreen individuals at risk for
Sj€
ogren’s syndrome on the basis of a drop of saliva may
signiﬁcantly reduce the number of undiagnosed cases
and shorten the delay from disease onset to diagnosis.
Improvements in both respects would open new possibilities for disease management and the technology for
implementing such approaches is maturing at a fast pace.

Sj€
ogren’s syndrome

Conclusion
An international set of classiﬁcation criteria for primary
Sj€
ogren’s syndrome has recently been developed and
validated using guidelines from ACR and EULAR.
These criteria performed well in validation analyses and
seem well suited for use in enrollment in clinical trials.
In the continued work of patient stratiﬁcation, standardized evaluation of labial salivary gland biopsies has
been used systematically in disease classiﬁcation and in
clinical trials. Finally, ultrasonographic examination of
salivary glands and collecting saliva are examples of
non-invasive sampling methods. These methods can be
carried out repetitively, are not associated with adverse
eﬀects and have a high compliance with the patients. To
further explore and develop validated diagnostic tests
based on these methods should be of high priority.
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