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Summary

The autoimmune/inflammatory syndrome induced by
adjuvants (ASIA) is an entity that includes various auto-
immune conditions observed after an exposure to an
adjuvant. The possible reason for the development of
sarcoidosis (SC) is the influence of various exogenous
and endogenous trigger factors. The aim of this study
was to evaluate the relationship between ASIA and SC.
Materials and methods. A prospective comparative
study was conducted. The first group consisted of pa-
tients with histologically verified lung SC (n=58), while
the control group consisted of healthy donors (n=22).
All the patients underwent a standard examination and
were interviewed according to the standardized "ASIA
Research Questionnaire”. Statistical analysis was carried
out with Statistica 10.0, p<0.05 was considered statistical-
ly significant. Results. Patients with ASIA-triggers, n=52
(89.6%) significantly more often demonstrated autoim-
mune symptoms in comparison with patients without
ASIA triggers, n=6 (10.3%). 79.3% of the patients with SC
met two major ASIA diagnostic criteria, which were sig-
nificantly more frequent (p=0.000) than in the control

group (22.7%) and had an average, statistically significant
correlation between the number of ASIA-triggers and the
number of symptoms typical for ASIA syndrome (r,=0.46).
Conclusion. In patients with SC ASIA — triggers and clin-
ical signs of autoimmune pathology were observed, that
met ASIA diagnostic criteria.

Keywords: sarcoidosis, autoimmune syndrome induced
by adjuvants, adjuvants, autoimmunity, interstitial lung
diseases

Pe3slome

AyTOMMMYHHbBI / MPOBOCMANNTENbHbBIA CUHAPOM, UHAY-
UMpOoBaHHbIN agbloBaHTamu (ACKA), BKknoyaeT B cebs
pasnnyHble ayTOMMMYHHble COCTOAHMA, BO3HUKLUNE MOJ
BO3[eNCTBMEM afbloBaHTa y reHeTMyeckn npeapacno-
noxeHHbIX nny. CornacHo ogHONM M3 TeOPUN NPUYMHON
pa3suTuA capkomposa (C3) asnaerca BAMAHME pasnunu-
HbIX 3K30Te€HHbIX Y SHLOTEeHHbIX TPUITEPHbIX PakTOPOB.
N3yueHne cAasm mexpgy cnHgpomom ACUA n C3 nocny-
XKUNO Lenblo HacToAwero nccnenosaHuna. MaTtepuanbi
n metopbl. [[poBeaeHO NPOCNEKTUBHOE CPpaBHUTENIbHOE
nuccnepoBaHue. B nepytlo rpynny BXOAWAM MauUWeHTb
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C TUCTONOrMYeckn BepudULUPOBAHHBIM CapKOML030M
NETKUX 1 BHYTPUrPYZAHbIX NTnMbaTnUecKmx y3nos (n=58),
a rpynny KOHTPONA COCTaBUNIM 300pOBble nuua (n=22).
Bce yyacTHUKM unccnepoBaHMA MPOWAW CTaHAAPTHLIN
KOMMeKc 06cniefoBaHsA 1 OblfiM AHKETMPOBAHbI MO CTaH-
JapTtHomy onpocHuky «ASIA Research Questionnaire».
CraTcTnyeckas obpaboTka MpoBoOAMSach C MpUMeHe-
Huem Statistica 10.0. 3HaueHna p<0,05 cuntanmcb cTaTm-
CTUYeCcKn 3Haunmbimu. PesynbTatbl. [laumeHTbl ¢ Hanu-
unem ACUA-Tpurrepos, n=52 (89,6%) [OCTOBEPHO Yalle
AEMOHCTPMPOBaNM Hanuyve ayToOMMMYHHbIX CUMNTO-
MOB B CpaBHeHWUW C nauuneHTamm 6e3 ACUA-Tpurrepos,
n=6 (10,3%). MNMpwn 3ToM cooTBeTCTBME ABYM OGOMbLUMM
anarHoctmyeckum Kputepmam ACKA 6bino nonyyeHo

y 79,3% 60nbHbIx C3, uTo gocToBepHO yaule (p=0,000),
yeMm B KOHTpOJbHOW rpynne (22,7%). Takxe Obina nony-
YeHa cpefHAA CTaTUCTUYECKN JOCTOBEPHAA Koppenauna
mexgy konunuectsom ACUA-TpUrrepos 1 KONNMYECTBOM
CMMNTOMOB, TUMNWUYHbLIX AnA cuHgpoma ACUA (r.=0,46).
BbiBoapbl. 3ab6oneBaHue y naureHToB ¢ C3 npy Hanuumm
ACUNA-TpurrepoB npoTeKaeT C KINNHNYECKUMM NPU3HaKa-
MM ayTOMMMYHHOW NaTONOru 1 yKafblBaeTCA B AUarHo-
cTuyeckme Kputepum cnHgpoma ACUA.

KnioueBble cnoBa: capkongos, ayToMMMYyHHbIN CUH-
BPOM, MHAYLMPOBaHHbIN aAbloBaHTaMU, aAbloBaHTbI,
ayTOMMMYHUTET, MHTepCTULMalbHble 3aboneBaHnA
nerkux

Introduction

In 2011 Shoenfeld and co-authors identified autoim-
mune / proinflammatory syndrome induced by adjuvants
(ASIA), which combined immunopathological conditions
in genetically predisposed individuals after the effect of
the adjuvants [1]. An adjuvant is defined as a substance
that can induce, maintain, and enhance an antigen-spe-
cificimmune response [2]. Among the trigger factors that
cause the development of ASIA a silicone, vaccines, der-
mal fillers (compounds of hyaluronic acid, acrylamide and
methacrylate), dental amalgam and a number of foreign
materials, such as metal implants, prostheses, and other
has been described [3-6].

Nowadays the following conditions are associated
with the occurrence of the ASIA syndrome: postvacci-
nal phenomenon, macrophage myofascial syndrome,
Persian Gulf syndrome, siliconosis and sick building syn-
drome [7]. According to Scanzi F. et al [8] patients with
undifferentiated connective tissue diseases exposed

Diagnostic criteria for the ASIA syndrome [1]

to adjuvants could meet the criteria of ASIA. The main
clinical manifestations of ASIA include myalgia, arthral-
gia, chronic fatigue syndrome with sleep disorders. The
diagnostic criteria suggested by Shoenfeld et al are pre-
sented in Table 1. According to the recommendations for
diagnosis we need the presence of 2 major or 1 major and
2 minor criteria [1].

Sarcoidosis (SC) is a systemic inflammatory disease
with an unknown etiology, it is characterized by the for-
mation of epithelioid cell non-caseifying granulomas in
various organs and tissues. Numerous studies indicate
the multifactorial nature of the disease, the influence of
various environmental factors, including the occupatio-
nal hazards plays a leading role [9, 10].

In 2004, the Case Control Etiologic Study of Sarcoido-
sis (ACCESS) demonstrated the relationship between the
effects of certain external factors and the HLA genotype
on the development of SC, as well as their influence on
the development of a certain clinical form of the disease.
It was found that a variant of the gene HLA DRB1*1101 is

Table 1

Maijor criteria
to years)

— myalgia, myositis, muscle weakness
arthralgia and / or arthritis

cognitive alterations, memory loss
— fever, dry mouth

Typical biopsy of the involved organs

Exposure to an external stimuli (infection, vaccine, silicone, other adjuvant) prior to clinical manifestations (from months

Appearance of at least one of the following "typical clinical manifestations:

chronic fatigue, not-restful sleep, sleep disturbances
neurological manifestations (especially those associated with demyelization)

Improvement after removal of the initiation agent

Minor criteria

Specific HLA (i.e, HLA DRB1, HLA DQB1)

Appearance of autoantibodies or detection of antibodies against the suspected adjuvant
Other clinical manifestations (i.e, irritable bowel syndrome or other)

Initiation of autoimmune disease (i.e., multiple sclerosis, systemic sclerosis and other)
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associated with a professional contact with insecticides
and extrapulmonary sarcoidosis, and in patients with HLA
DRB1*1101 with influence of mold and musty odor pul-
monary sarcoidosis often developed [11, 12]. One of the
hypotheses of the SC development is its relationship with
autoimmunity. A genetic predisposition to SC, the sys-
temic nature of the disease with a possible generalization
of the process, the overlap of clinical manifestations with
symptoms of autoimmune process (arthralgia, erythema
nodosum, fatigue and other) may allude to this theory.
Antivimentin antibodies which high titers were found in
patients with SCis currently considered as one of the po-
tential autoimmune target in SC[13, 14].

The search for literature data showed no studies exa-
mining a clear relationship between the ASIA syndrome
and SC. The reason for this study was to determine the
spectrum of ASIA — triggers and their effects on the
course and the development of SC.

Materials

A prospective case-control study was performed
from January to December 2017 in St. Petersburg Re-
search Institute of Phthisiopulmonology and Municipal
Hospital No 2. The study included 58 patients with his-
tologically verified sarcoidosis of the lungs and intra-
thoracic lymph nodes (group |, main group): men, n=33

Features evaluated in the "ASIA Research Questionnaire”
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(57.2%), women, n=25 (42.8%), the average age at the
time of inclusion in the study was 37.2 (+1.5) years and
at the time of onset of the disease 36.1 (£1.5) years. The
control group (group Il) consisted of healthy individuals
(n=22). The groups were matched for sex and age. The
exclusion criteria for the main group were: the period of
more than 2 years from the initial detection of changes at
the chest X-ray, the use of immunosuppressive therapy at
the time of inclusion (except for inhaled glucocorticoste-
roids), treatment with anti-tuberculosis drugs, a course of
plasmapheresis for less than 2 months from the date of
inclusion in the study, the presence of HIV infection and
syphilis, decompensated diabetes, other granulomatous
lung diseases. The control group was selected according
to the following inclusion criteria: healthy subjects with-
out malignant neoplasms or chronic infectious diseases,
systemic or organ-specific autoimmune disease in both
the subject and first-line relatives, negative results of im-
munological examination for tuberculosis and without
contact with tuberculosis patients.

The examination results of | and Il group were com-
pared with the determination of compliance with the
ASIA syndrome diagnostic criteria, as well as comparison
of patients with SC with and without ASIA triggers.

All the participants signed an informed consent. The
study was approved by the Local Ethics Committee of the
Saint-Petersburg State University (Protocol No. 01-126

Table 2

1. Medical history
Smoking.

allergological testing).

Autoimmune systemic or organ-specific diseases in the patient and his first-line relatives.
Allergy to metals, medications, vaccines and others (according to the patient’s history, without special
Chronic fatigue syndrome, fibromyalgia, irritable bowel syndrome, history of cancer.

Number of pregnancies, duration of breastfeeding.
Reception of biological additives, other drugs

2. Foreign materials

Piercing (including earrings), tattoos, skin fillers (collagen, hyaluronic acid, silicone, etc), silicone implants

of any localization, dental amalgam, intrauterine device, contact lenses, heart valves, pacemakers, artificial
joints, metal structures, metal implants, dental crowns, veneers — with an assessment of local complications
after installation (suppuration, inflammation, necrotic changes, local redness, pruritus), as well as reducing
the manifestations of the disease after the removal of foreign materials

3. Vaccinations received
over the past ten years
before the onset of the
disease

vaccination)

Vaccination (against hepatitis B and A, seasonal influenza, H1N1 influenza, human papillomavirus, DPT vaccine,
pneumococcal infection, tetanus vaccine and others); complications from vaccination (within 7 days after

4. Clinical manifestations

Fever, general weakness, chronic fatigue, weight loss or weight gain, myalgia, myositis, arthralgia, arthritis,
pruritus, chronic rash, peripheral lymphadenopathy, chronic pain, sleep disorders, cognitive impairment,
memory disturbances, postural hypotension and tachycardia, recurrent non-infectious cystitis

5. Biopsy of the involved
organ

6. Accepted therapy

Analgesics, antihypertensive drugs, sleeping medications, oral contraceptives, aspirin, nonsteroidal anti-
inflammatory drugs, hydroxychloroquine, azathioprine, methotrexate, intravenous immunoglobulins, rituximab,
tumor necrosis factor inhibitors, corticosteroids and etc.
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Methods of the study

Statistical analysis was performed using the program
Statistica 10.0. Socio-demographic indicators and clinical
characteristics are presented using descriptive statistics
(n, % or Mean £SD). P<0.05 was statistically significant. To
identify the relationship between the features, the rank
correlation coefficient was calculated.

Results

All patients underwent a standard examination, in-
cluding clinical assessment of the disease, multispiral
chest computed tomography (MSCT), ultrasound exami-
nation of the abdominal cavity, laboratory blood tests,
including the level of angiotensin-converting enzyme
activity (ACE); immunological, molecular genetic and
bacteriological examination for tuberculosis, histologi-
cal verification of changes in the lungs and / or lymph
nodes. The diagnosis of sarcoidosis was established on
the basis of standard criteria of American Thoracic Socie-
ty (ATS), European Respiratory Society (ERS) and World
Association of Sarcoidosis and Other Granulomatous
Disorders (WASOGQ): typical X-ray changes (mediastinal
lymphadenopathy, dissemination in lungs); histologi-
cal verification of changes in the lung or intra-thoracic
lymph nodes (detection of epithelioid cell granulomas
without caseous necrosis and acid-resistant mycobacte-
ria); exclusion of other causes of granulomatous chan-
ges, primarily tuberculosis [15].

To assess the impact of trigger factors, as well as to
determine the compliance of existing clinical manifesta-
tions with the ASIA syndrome diagnostic criteria, all par-
ticipants of the study were surveyed according to the
standardized "ASIA Research Questionnaire” (Table 2).
In addition, the history of professional contact with
trigger factors (long-term contact with printer toner,
dust, metals, chemicals, cars etc.), as well as the impact
of stressful situations preceding the appearance of cli-
nical and radiological manifestations of the disease was
studied.

Trigger factors in the study groups

| group

Pulmonary sarcoidosis, n (%)
n=58

Table 3 presents a comparison of the most statistical-
ly significant trigger factors in the groups.

According to the presented data, the most significant
factors were: the impact of stress in patients with SC with-
in 2 years before the development of the disease (84.4%
vs. 9.1%, p=0.000) and professional contact with trigger
factors (65.5% vs. 27.2%, p=0.003), especially contact with
dyes in the printer toner (25.8% vs. 0, p=0.008).

Accordance with the ASIA — diagnostic criteria in the
study groups is presented in Table 4.

The required two major diagnostic criteria of ASIA was
significantly more frequently obtained in patients with
SC compared with the control group (79.3% vs. 22.7%,
p=0.000) in assessing the combination of ASIA trigger and
the development of typical clinical manifestations.

Table 5 presents the results of clinical manifesta-
tions comparison in SC patients exposed to ASIA triggers
(n=52) with SC patients without ASIA triggers.

When comparing the groups of patients with SC
with and without ASIA triggers, we found that patients
with ASIA triggers significantly more frequently had key
symptoms of ASIA (88.5% vs. 50.0%, p=0.042). A signifi-
cant difference was obtained for the following diagnostic
symptoms: general weakness (71.1% vs. 16.7%, p=0.011),
sleep disturbances (67.3% vs. 16.7%, p=0.025) and mem-
ory disturbances (48.1% vs. 0, p=0.032).

Correlation analysis between the number of ASIA
triggers and the number of symptoms typical for ASIA
syndrome demonstrates that in patients with SC had
an average, statistically significant correlation (r,=0.46).

Table 3

Il group
Healthy subjects, n (%)
n=22

P-level

Medical factors
Stressful situations 49 (84.4) 2(9.1) 39.230 0.000
More than 3 pregnancies 11 (18.9) 0 4.838 0.029
Trigger factors
Professional factors 38 (65.5) 6 (27.2) 9.426 0.003
Long-term contact with the printer toner 15 (25.8) 0 7.003 0.008
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ASIA-criteria in the comparison groups

Pulmonary sarcoidosis, n (%)
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Table 4

Control group, n (%)

Ammount of "major” criteria n=58 =22 P-level
One criterion: presence of ASIA — trigger™ and/or 52 (89.6) 21 (95.4) 0.672 0.67
professional factor
Two criteria: presence of ASIA trigger* and / or professional 46 (79.3) 5(22.7) 22.098 0.00
factor + 1 and more clinical manifestation of ASIA**

ines, . ials; ’ . ique, . ’ . ) ’ ion, ia, i,
* Vaccines, foreign materials; ** general weakness, chronic fatigue, sleep disorders, memory impairment, postural hypotension, myalgia, myositis

muscle weakness, arthralgia and/or arthritis.

Table 5

Influence of ASIA — triggers on clinical manifestations of sarcoidosis

Patients with lung sarcoidosis (I group)

ASIA triggers (+), (n/%)
n=52

ASIA triggers (-), (n/%)
n=6

Symptoms typical of ASIA 46 (88.5) 3/6 6.070 0.042
General weakness, n (%) 37 (71.1) 1/6 8.074 0.011
Sleep disorders, n (%) 35(67.3) 1/6 5.860 0.025
Memory impairment, n (%) 25 (48.1) 0 5.070 0.032

In the control group the correlation between the indica-
tors was low, statistically insignificant (r,=0.30).

Discussion

We did not reveal a statistically significant difference
in the presence of ASIA triggers in patients with SC and
the control group (89.6% vs. 95.4%, p=0.67). But patients
with SC more frequently matched the diagnostic criteria
for ASIA syndrome (79.3% vs. 22.7%, p=0.000). We also
determined that the presence of ASIA triggers in patients
with SC was significantly associated with the ASIA syn-
drome criteria and the development of autoimmune fea-
tures, which is confirmed by the results of the correlation
analysis.

In assessing the impact of various trigger factors on
the development of pulmonary SC, we found significant
difference in the frequency of stress impact for 2 years
before the development of the disease (84.4% vs. 9.1%,
p=0.000). The influence of psychological stress has been
demonstrated as a factor affecting the development of
SC as well as autoimmune pathology, including by re-
ducing testosterone and estrogen levels, which leads to a
decrease in the number of T-regulatory cells responsible
for controlling auto-reactivity of T and B cells [16, 17]. In
an additional survey, we revealed a relationship of pro-
fessional contact with the trigger factors in patients with
SC (65.5% vs. 27.2%, p=0.003), especially a long-term con-
tact with dyes in the printer toner, copier or when wor-
king in print industries (25.8% vs. 0, p=0.008). Taking into

account the probable multifactorial nature of SC and the
role of the different triggers of the disease, the impact of
such multi-component substances as paint in the toner of
printers or copiers, especially during a prolonged direct
use, it could be considered as one of the adjuvants for the
development of SC. This assumption may be supported
by the characteristics of the toners, as shown in the work
of Ewers U. and Nowak [18-20].

Thus, according to our data, the similarity of the course
of SC and ASIA is that the impact of ASIA triggers may in-
duce the autoimmune features of the disease. One of the
criteria of ASIA syndrome is improvement or reduction of
symptoms after the elimination of the trigger factor. The
sarcoid reaction meets this definition, it is characterized
by limited process, due to a causal phenomenon (as a
paraneoplastic process, the impact of antitumor therapy,
various environmental factors, such as metals, implants)
and regress after the removal of this factor. It is necessary
to solve the question of the relationship of chronic pulmo-
nary sarcoidosis and the sarcoid reaction to the not always
known trigger, which cannot be eliminated (for example,
due to the inhalation pathway of the adjuvant).

Conclusion

Our results may indicate that SC and ASIA are related
to each other. SC in patients with the presence of ASIA
triggers occurs with clinical signs and symptoms of auto-
immune pathology and meets the diagnostic criteria of
ASIA.
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