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Abstract: A continuous increase in the popularity of esthetic procedures with the use of substances as HA has been observed for
many years, which might be contributing to an increase in the number of adverse events. The autoimmune/inflammatory syndrome
induced by adjuvants (ASIA) can be provoked by hyaluronic acid (HA), which belongs to substances meeting the criteria of adjuvants.
Mechanisms of the innate and acquired immune response are activated, leading to the dysregulation of T and B lymphocytes, inability
to recognize one’s own antigens, inflammation, damage to one’s own tissues, and ultimately to autoimmunity. The objective of this
article is to present a case-series study of patients who developed ASIA syndrome following HA injection after delayed inflammatory
reaction (DIR) and emphasize the importance of the need for long-term monitoring after such the reaction. Lack of knowledge about
ASIA can lead to delayed diagnosis and serious consequences for the patients. People with a history of immunization reactions, severe
allergic reactions, individual predisposition to autoimmunity or family predisposition to autoimmunity and previous exposure to
adjuvants require special attention and long-term follow-up. This applies primarily to cases of DIR after the using of bioimplants,
especially with treatment resistance, as in our reported cases.
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Introduction
The autoimmune/inflammatory syndrome induced by adjuvants (ASIA) was first defined by Shoenfeld et al in 2011,
explaining the mechanism of adverse immune reactions after vaccination using aluminum compounds as an adjuvant.'~
The role of the adjuvant is to protect antigens from degradation, enabling prolonged exposure to the cells presenting the
antigen, which results in greater immunogenicity and, thus, the effectiveness of vaccination. Adjuvants may also include
infectious agents, bioimplants (silicone, acrylamides, hyaluronic acid (HA) and methacrylate compounds).”
Immediately after the implantation of the biomaterial, the host protein layer settles on its surface, causing the attraction of
phagocytes (mainly pro-inflammatory M1 macrophages).” Additionally, if a biofilm is formed after implantation, the micro-
organisms in this biofilm may also act as adjuvants.” Exposure to an adjuvant leads to activation of the innate and adaptive immune
systems by mimicking damage-associated molecular patterns, pathogen-associated molecular patterns and alarmins, which can
activate Toll-like receptors and the inflammasome system (IL-1B overproduction), causing the release of Thl inflammatory
cytokines and increasing the activity of dendritic cells, lymphocytes and tissue macrophages.™ It is followed by macrophage
apoptosis, which results in the release of adjuvant-containing particles that may be reabsorbed by other macrophages, further
stimulating the inflammatory response. Additionally, the production of IL-17 and the influx of neutrophils are stimulated. It results
in the production of reactive oxygen species (ROS) and the release of enzymes such as myeloperoxidase, thereby intensifying
inflammation.” Consequently, the innate and acquired immune response is activated, which then intensifies the local and systemic
response to antigens that are presented in regional lymph nodes, leading to the dysregulation of T and B lymphocytes, inability to
recognize one’s own antigens, inflammation, damage to one’s own tissues, and ultimately to autoimmunity.>*>’ The destruction
of one’s own tissues is facilitated by an imbalance between effector T cells and regulatory Treg cells, which additionally stimulates
the production of autoantibodies.’
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Predisposing genetic factors play an important role in this reaction. It is mediated by specific HLA antigens
predisposing to the development of autoimmune diseases, especially the simultaneous presence of the HLA-DRB1 and
PTPN22 gene.®

Our aim is to present three cases of ASIA development after HA procedure to draw attention to a rarely recognized
problem leading to serious consequences.

Case |
A 64-year-old woman underwent partial (left-sided) mastectomy followed by chemotherapy 15 years earlier. She had no
history of drug hypersensitivity.

Three years earlier, the patient was administered HA preparation (Perfectha®) into her nasolabial folds, chin and
glabellar area. In April 2019, after pharyngitis treated with amoxicillin and clavulanic acid, inflammatory lumps appeared
at the sites of preparation application (the zygomatic area, nasolabial folds, marionette lines, glabella, upper lip). The
lesions were tender on palpation (Figure 1). The patient complained of general malaise and feeling uneasy. She had sore
muscles and low-grade fever. The surgeon diagnosed abscesses, incised the lumps in the nasolabial folds and applied
a surgical drain. Transparent crystal-like secretion, without purulent discharge was obtained. After the treatment, both
local and general clinical symptoms persisted.

The patient was admitted to our clinic, where she was diagnosed with DIR (delayed inflammatory reaction). Laboratory
tests did not show any abnormalities. The ultrasound examination revealed HA deposits appeared as a dark hypoechoic region
with well-defined contours in the subcutaneous tissue of the left zygomatic region (Figure 2). The following drugs were
administered: cloxacillin 3x1 g iv + metronidazole 2x0.5 g iv 7 days, followed by clindamycin 2x300 mg orally and
prednisone 40 mg. Intralesional hyaluronidase 1500 U injections were administered for 3 days. Although the patient’s clinical
condition had improved (the inflammation had subsided), solid lumps were still palpable and they tended to get periodically
swollen. The dose of prednisone was gradually lowered to 20 mg/d for 10 months. The symptoms recurred when the oral
steroid dose was drastically lowered.

The administration of hyaluronidase was continued: 3000 U every 2 to 4 weeks for 6 months and 1500 U every 4 weeks for
another 6 months. After one year of treatment with prednisone at a dose of 2.5 mg applied every 4 weeks, it was decided to
terminate the treatment. Regrettably, the inflammation recurred on the third day at the sites of previous preparation application.
After administering 2.5 mg of prednisone once again, the lesions subsided (Figure 3). The treatment was ended after 1.5 years.

During this observation period, the patient developed symptoms that enabled the diagnosis of the ASIA syndrome
(Tab. I): muscle weakness and pain, joint pain, feeling of chronic fatigue with sleep and memory disorders, positive
antinuclear antibody titer 1:160 (immunoblotting test negative), elevated antithyroid antibodies (anti-TPO, anti-TG).
Moreover, autoimmune thyroiditis was diagnosed.

Figure | The patient after three weeks of treatment: the inflammation has subsided. However, the lesions are still visible.
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Figure 2 HA deposit appeared as a dark hypoechoic region with well-defined contours in the subcutaneous tissue of the left zygomatic region.

Figure 3 The patient after one year of treatment, the third day after the withdrawal of prednisone 2.5 mg. (red arrows — sites of oedema).

Case 2

A 60-year-old female without noteworthy preexisting medical history receives cosmetic treatment with botulinum toxin and fillers
for 14 years. In the 3 first years, she has been treated with a collagen-based product (Evolence and Evolence Breeze)
(Figure 4A and B). From the last 11 years, she has been treated with hyaluronic acid (Juvederm Ultra 3, Voluma, Volift and
Volbella).

The last injections in midface, mandibular angle and marionette lines with HA dated back 2.5 years. Shortly after this
treatment vague complaints of intractable itch in the sacroilical area are noted. Extensive investigations are performed, but no
specific reason could be retrieved, except eventual diagnosis of notalgia paresthetica. Some discrete swelling in the periorbital
area is noted at that time. One year ago, a remaining vertical glabellar line was treated with a minute quantity of HA.

Last year all of a sudden, she develops fatigue, joint and muscle pain. Hospitalisation is needed. Cutaneous vasculitis signs
on the lower limbs are seen, and a skin biopsy shows necrotizing arteritis in small and medium-sized arteries with granulocytes

and mononuclear cells in the vessel wall. Extensive lab work up is done with raised inflammatory parameters, but no hepatitis;
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Figure 4 (A) After 3 y of BTX /collagen fillers. (B) After 10 years of BTX and fillers.

ANCA is also negative. Arteritis in one salpinx needed a unilateral salpingectomy. The diagnosis of polyarteritis nodosa and
vasculitis was made. A relation with previous COVID vaccinations could not be ruled out. The areas where the HA fillers have
been injected all became very edematous, but no erythema, no infiltration, no nodules. This edematous swelling shows a more
or less cyclic course (Figure 5).

The patient left the hospital on oral steroids (methylprednisone) in high dose, which gradually were tapered to 8 mg
methylprednisone daily. This treatment is ongoing.

Criteria for ASIA syndrome is definitely met for this patient. Dissolving the HA is put on hold as can be expected that
now, almost 2 years after the last implant, gradually all HA will be biodegraded.

Case 3

A 59-year-old patient with almost 30-year history of psoriasis, first vulgaris, afterwards evolving into psoriasis
arthropathica (HLA B27 positive) has been treated for this condition with UV, methotrexate, cyclosporin and then
consecutive different biologicals. She also suffers from a chronic nephritis needing sometimes antibiotic treatment.

Figure 5 Signs of cyclic massive swelling over all injected areas.
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She got a cosmetic treatment since 2014 with hyaluronic acid for a full-face treatment (total of 5 cc HA). (Figure 6A) Her
main medication at that time consisted of adalimumab. She left the office uneventful, but a couple of days complained of a flu-
like condition (possibly already on the day of treatment) and a little over 1 week later she presented with massive swelling,
periorbital edema and hard infiltrate of all HA injected areas (Figure 6B). The patient was put on oral steroids (methylprednisone
32 mg daily) for 1 week and then first tapered in a fast mode with multiple relapses, afterwards gradually tapered down over 2
months, as there were relapses, notwithstanding dissolving of the products with hyaluronidase. Fatigue and malaise were present
as well for some months.

As she was actually very happy with the result of the fillers right after the treatment, and before the adverse event
appeared she asked 6 months later for a test to see if she could have any further treatment in the future. The products used
for the facial treatment have been injected in the ventral side of the forearm: 2 weeks later a serious local reaction could
be noted, suggesting a real hypersensitivity for one compound and a lesser reaction to the other product used (Figure 7).
At that time, the patient also felt some reactive symptoms: swelling and itching, in the formerly injected areas.

Figure 7 Positive intradermal testing.
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This case fuels the discussion about the role or the nonexistence of type I or IV hypersensitivity in reactions on HA
(pure hypersensitivity, ASIA syndrome) even more. Up to now no fillers of any kind were injected anymore and the only
treatment she got on regular base has been botulinum toxin injections with a totally uneventful course.

The patient’s sequence of events will also fit into the diagnosis of ASIA syndrome: preexisting and predisposing
condition (psoriasis arthritis and chronic nephritis) — flu-like episode — HA injection as adjuvant — cutaneous facial
reactions — only disappearing after dissolving the product — positive intradermal test with (discrete) reactivation of the
facial reaction.

Discussion

A continuous increase in the popularity of esthetic procedures with the use of substances as HA has been observed for
many years. The American Society for Dermatologic Surgery (ASDS) reported that dermatologic surgeons performed
almost 1.6 million soft-tissue filler injections in 2019. The number of filler procedures had increased by 78% since 2012.°
Those data concerned only the legal market and did not include procedures performed by unauthorized persons and using
unregistered products, which might be contributing to an increase in the number of adverse events. While these
procedures are nowadays often performed by individuals, lacking necessary knowledge and often working outside
a medically registered and insured frame, the costs of eventual treatments and/or even hospitalization will be passed
onto the state health care system. There exists a wild growth in new and hardly or even not at all pretested injectable
compounds of sometimes questionable quality. Neither the FDA nor EMA approved these products: some are fake copies
of existing regular brand, or are not intended for injection, hence posing a risk factor for new types of adverse events.

Hyaluronic acid (HA) is a glycosaminoglycan, a natural component of the extracellular matrix. The identical structure
of the molecule in all living organisms causes a minimal likelihood of immunogenicity, which is why it is conveniently
used as a material for filling and revitalization.'®'* Moreover, being a highly hydrophilic substance, it has the properties
of binding large amounts of water molecules in relation to the mass of HA causing formation of bulky conglomerates,
enabling rapid hydration of tissues, an increase in skin tone and the effect of filling tissues.'®'?

Hyaluronic acid is not organ- nor species-specific, so it might be assumed that it would not cause hypersensitivity.
However, in certain situations delayed reactions may occur after weeks, months, or even years. The risk of such reactions
is increased by preparations of unknown origin, poor purification containing DNA, proteins or bacterial toxins or the
presence of biofilm."*'® Moreover, it is believed that LMW-HA (low molecular weight HA) may act as danger-
associated molecular patterns (DAMPs) initiating the mechanisms of innate immunity, similarly to bacterial proteins
or heat-shock proteins, while HMW-HA (high-molecular HA) has primarily an anti-inflammatory effect.'®'® However,
a recent study suggests that HA products alone do not stimulate an inflammatory/immune response, regardless of
molecular weight or cross-linking. On the other hand, the immune response after stimulation of heat-inactivated
Cutibacterium acnes bacteria confirm a potential initiating role for contaminants such as bacteria and a modulating
role for HA.?® The technique of the procedure and the individual immune sensitivity of the patient are also important.'*"
'® The next trigger factor is stress. Recent studies have identified a population of proinflammatory monocytes/macro-
phages that are released from the bone marrow in response to the sympathetic nervous system which release proin-
flammatory cytokines into circulation but also have the ability to traffic to stress- and anxiety-related brain regions.?!
However, it should be remembered that HA belongs to substances meeting the criteria of adjuvants.

The ASIA syndrome following the implantation of bioimplants is still recognized too rarely. It is probably due to the
lack of knowledge or diagnostic difficulties, because the symptoms are non-specific and there is no immune marker of
this syndrome. Furthermore, it may develop several years after the procedure and it is difficult for both the patient and the
physician to associate this relationship. With regards the presented case, the symptoms of the ASIA syndrome were
detected early enough due to the ongoing DIR, as in our cases (Tab. I). Macrophages play a decisive role in both
reactions. Like in ASIA syndrome, presumably neither type I nor type IV hypersensitivity plays a role in DIR to
hyaluronic acid (HA) fillers, although intradermal skintesting with different brands of HA might result in positive skin
tests, further obscuring the precise mechanism of these reactions.®'”* Potentially a similar pathophysiological mechan-
ism of the reaction may explain the initiating role of DIR in the development of ASIA.
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Montealegre et al described a series of 13 cases of patients who developed ASIA syndrome after the injection of
biopolymers into the buttocks. Initially, symptoms corresponding to the local inflammatory process characterized by
continuous or intermittent pain, and hyperemia occurred at the implantation site. They developed even several months or
years after the application of the modelling substance.* Our patients were initially diagnosed with DIR, although the
resistance of this inflammatory reaction to antibiotic therapy, steroids and hyaluronidase were observed, which was
suggestive of the development of ASIA. The authors evaluated patients according to the ASIA score, which predicts the
probability of the occurrence of this disorder, comprising age, sex (more common in middle-aged women), individual or
family coexistence of autoimmune diseases, exposure to other treatments with adjuvant substances (including bioim-
plants, tattoos, hair dyes, piercings and earrings, smoking). The following questionnaires were used in case 1: Functional
Assessment of Chronic Illness Therapy (FACIT), whose higher score indicates a better quality of life, the Fatigue
Severity Scale (FSS), and the Medical Research Council (MRC) Scale for Muscle Strength and the Unstimulated Whole
Salivary Flow Rate (UWSF) (positive if <1.5 mL/15 min).* It is worth using the above analysis in clinical practice when
assessing patients.

Hyaluronic acid, the most commonly used bioimplant in esthetic medicine, may cause late immune-mediated adverse
reactions, some of which meet the ASIA criteria. Alijotas-Reig et al described a series of 25 patients who developed
delayed immune reactions after HA injection. As many as 5 of them developed clinical symptoms corresponding to the
ASIA syndrome.® Watad et al analyzed 500 cases and found that HA caused the syndrome in as many as 29.2% of them.’

The autoimmune/inflammatory syndrome induced by adjuvants (ASIA) was first defined by Shoenfeld et al in 2011,
explaining the mechanism of adverse immune reactions after vaccination using aluminum compounds as an adjuvant.'~
The role of the adjuvant is to protect antigens from degradation, enabling prolonged exposure to the cells presenting the
antigen, which results in greater immunogenicity and, thus, the effectiveness of vaccination. Adjuvants may also include
infectious agents, bioimplants (silicone, acrylamides, hyaluronic acid (HA) and methacrylate compounds).” ™

Immediately after the implantation of the biomaterial, the host protein layer settles on its surface, causing the
attraction of phagocytes (mainly pro-inflammatory M1 macrophages).” Additionally, if a biofilm is formed after
implantation, the microorganisms in this biofilm may also act as adjuvants.” Exposure to an adjuvant leads to activation
of the innate and adaptive immune systems by mimicking damage-associated molecular patterns, pathogen-associated
molecular patterns and alarmins, which can activate Toll-like receptors and the inflammasome system (IL-1f over-
production), causing the release of Thl inflammatory cytokines and increasing the activity of dendritic cells, lymphocytes
and tissue macrophages.>° It is followed by macrophage apoptosis, which results in the release of adjuvant-containing
particles that may be reabsorbed by other macrophages, further stimulating the inflammatory response. Additionally, the
production of IL-17 and the influx of neutrophils are stimulated. It results in the production of reactive oxygen species
(ROS) and the release of enzymes such as myeloperoxidase, thereby intensifying inflammation.” Consequently, the innate
and acquired immune response is activated, which then intensifies the local and systemic response to antigens that are
presented in regional lymph nodes, leading to the dysregulation of T and B lymphocytes, inability to recognize one’s own
antigens, inflammation, damage to one’s own tissues, and ultimately to autoimmunity.>*>’ The destruction of one’s own
tissues is facilitated by an imbalance between effector T cells and regulatory Treg cells, which additionally stimulates the
production of autoantibodies.’

Predisposing genetic factors play an important role in this reaction. It is mediated by specific HLA antigens
predisposing to the development of autoimmune diseases, especially the simultaneous presence of the HLA-DRB1 and
PTPN22 gene.®

The analysis of 300 patients with the ASIA syndrome revealed that the group included mostly women at the average age of
38 years, and the median time between exposure to adjuvant stimuli and the development of autoimmune disorders ranged
from 2 weeks to 5 years. Moreover, up to 45% of patients were at risk of undifferentiated connective tissue disease (UCTD),
rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), systemic sclerosis (SS), Sjogren’s syndrome (SjS), eosino-
philic fasciitis (EF), polymyositis, silicone implant incompatibility syndrome (SIIS) and chronic fatigue syndrome (CFS)
which were the most commonly reported diseases.>*> Cohen Tervaert et al showed that the above mentioned percentage
increased to 50% in patients with a reaction provoked by silicone implants. In addition, up to a quarter of patients developed
IgG immunoglobulin deficiency.’
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When qualifying patients for treatment with bioimplants, including HA, it is worth considering the group which is at
a particular risk of complications, both early and delayed. This group includes people with a history of immunization reactions,
severe allergic reactions, individual predisposition to autoimmunity or family predisposition to autoimmunity and previous
exposure to adjuvants.>'®?? Regarding our first case, the patient’s father suffered from systemic lupus erythematosus (SLE),
which indicates a strong genetic predisposition to autoimmunity.?* For the second and third case, the intractable itch diagnosed
as notalgia paresthetica and the psoriasis arthropathica and chronic nephritis might also point in the same direction.

Conclusion
The possibility of provoking the ASIA syndrome by bio-implants, including HA, means that every patient with a history
of adverse reactions (eg, DIR) should be monitored for many months.

Ethics and Consent Statements
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