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Abstract: Hyaluronic acid (HA) is a glycosaminoglycan, a natural component of the 
extracellular matrix. The identical structure of the molecule in all living organisms is its 
main advantage, as it translates into the minimal probability of immunogenicity. Therefore, it 
is the closest to the ideal preparation used as a filler, due to its biocompatibility and stability 
at the site of implantation. This paper includes the discussion of the potential mechanisms of 
adverse immune reactions to HA along with the mechanisms of reaction following vaccina-
tions against SARS-CoV-2. Based on the literature, we tried to systematize adverse immune 
reactions with systemic manifestations to HA. The occurrence of unpredictable reactions to 
hyaluronic acid indicates that they may not be treated as neutral or non-allergenic. The 
modifications of the chemical structure of HA, additives and individual tendencies in 
a patient may be the cause of unpredictable reactions, leading to serious health consequences. 
Preparations of unknown origin, poorly purified, or including bacterial DNA are particularly 
dangerous. Therefore, long-lasting follow-up of the patient and the selection of a preparation 
approved by the FDA or EMA are of high importance. Patients are often unaware of the 
consequences of cheaper procedures performed by persons without suitable knowledge with 
the use of unregistered products, so the public should be educated and legal regulations 
should be introduced.
Keywords: hyaluronic acid, fillers, delayed inflammatory reactions, autoimmune/ 
autoinflammatory syndrome induced by adjuvants, SARS-CoV-2

Introduction
Hyaluronic acid (HA) is a glycosaminoglycan, a natural component of the extra-
cellular matrix. It is produced and released to the surrounding extracellular space by 
dermal fibroblasts, synoviocytes, endothelial cells, smooth muscle cells, adventitial 
cells and oocytes.1,2 The identical structure of the molecule in all living organisms 
is its main advantage, which is associated with the minimal risk of immunogenicity. 
Biocompatibility and stability at the site of implantation make it an almost ideal 
choice in the whole family of fillers. It has a significant advantage of being able to 
stimulate neocollagenogenesis as a result of the mechanical expansion of tissues 
after an injection, and the subsequent activation of dermal fibroblasts.2–4 

Hyaluronic acid is highly hydrophilic with the exceptional properties of binding 
water molecules (over 1000 times its own weight), forming extended conformations 
whose volumes are enormous compared to the weight, and forming gel even at very 
low concentrations. It leads to the rapid hydration of tissues and increased skin 
turgor.3,5,6 Moreover, skin moisturizing and the antioxidant potential of HA pro-
mote skin cell regeneration and stimulate the production of collagen.5
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A continuous increase in the popularity of esthetic 
procedures with the use of such substances as HA has 
been observed for many years. According to the 
International Society of Aesthetic Plastic Surgery 
(ISAPS) over 4.3 million esthetic procedures were per-
formed with the use of HA in 2019, which constituted 
a 15.7% increase compared to 2018.7 The American 
Society for Dermatologic Surgery (ASDS) reported that 
dermatologic surgeons performed 2.7 million dermal fil-
ler injections in 2019.8 Performing such procedures is 
becoming a very profitable form of a gainful activity. 
Therefore, an increasing number of people offer this kind 
of services, commonly without adequate training or qua-
lifications due to the lack of legal regulations in many 
countries. Moreover, competitive preparations are avail-
able on the market. They may be cheaper and poorer 
quality, not approved by the FDA or EMA, which is 
a risk factor for developing new types of adverse reac-
tions. According to research conducted in Belgium, the 
majority of 14 tested suspicious illegal samples included 
considerably less product than specified on the 
packaging.9 The grey area of illicit esthetic procedures 
is present in many countries. Moreover, the procedures 
are not registered and taxes due are not paid.

Therefore, there are many reports in the literature con-
cerning adverse events which often contribute to consider-
able diagnostic and therapeutic problems and unpredictable 
consequences in patients.7,8 It is particularly important as 
regards the hypersensitivity to hyaluronic acid. The patho-
genesis of some reactions has not been fully elucidated, so 
the terminology is not uniform in the literature and numer-
ous consensuses concerning the management of complica-
tions have not included such reactions yet.10,11

This paper includes data from the overview of the 
literature. Evaluated articles were identified by searching 
PubMed using the following phrases: Hyaluronic acid, 
fillers and adverse effect. The search had been conducted 
till the 30th of March 2021. One hundred and five articles 
were found, and 42 of them were analyzed.

Factors Influencing the 
Immunogenicity of HA Products
Hyaluronic acid is not organ- or species-specific, so it 
might be assumed that it would not cause allergic 
reactions.12 However, it needs to be remembered that the 
injected product also includes additives and HA is 
received via bacterial biosynthesis.

Individual tendencies were also demonstrated that con-
tributed to the risk of late-onset, immune-mediated, adverse 
reactions related to dermal fillers in patients bearing HLA- 
B*08 and DR1*03 haplotypes. Such a combination of HLA 
subtypes was related to an almost fourfold increase in the 
probability of developing adverse reactions (OR 3.79).13

Size of the Molecule
Hyaluronic acid exists in the form of multiparticulates which 
are simply designed, but versatile biological molecules. The 
size of HA influences opposing actions: it may have pro- or 
anti-inflammatory properties, promote or inhibit cell migra-
tion, activate or stop cell division and differentiation.14–16 

Regrettably, no uniform consensus has been reached on the 
division of HA in terms of the molecular size.14,16,17

When administering an HMW-HA product, it is worth 
remembering that natural hyaluronidases trigger its degra-
dation and contribute to LMW-HA formation. HYAL2 
(anchored on the cell membrane) cleaves high-molecular- 
weight HA (>1 MDa) into 20 kDa fragments. Furthermore, 
if HA hypersensitivity starts, an inflammation promotes its 
further degradation16 (Figure 1).

Some discrepancy may be noted in the definition of 
molecule size in case of HA products, eg, as regards 
a group of Juvederm products (Allergan) molecules >500 
kDa are considered as LMW-HA, while >5000 kDa – 
HMW-HA. It influences the improvement of the safety 
profile of products.18

In some situations low-molecular-weight (LMW) HA 
may induce hypersensitivity14 (Figure 2). It is considered 
as a proinflammatory molecule. It is abundant at sites of 
active tissue catabolism, eg, after an injury, initiating an 
inflammation via the influence on Toll-like receptors 
(TLR2, TLR4).14–16,19 In this way, LMW-HA promotes 
the activation and maturation of dendritic cells (DC), 
stimulates the production of proinflammatory cytokines 
such as IL-1β, IL-6, IL-12, TNF-α, and TGF-β by various 

Figure 1 The immune activity of LMW-HA and HMW-HA.16
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types of cells, manages the expression of chemokines and 
migration of cells.14,17,20 LMW-HA may act as danger- 
associated molecular patterns (DAMPs) initiating the 
mechanisms of innate immunity, similarly to bacterial 
proteins or heat-shock proteins.14,21 CD44 acts as 
a receptor for LMW-HA as a form of pattern recognition. 
It is present on the surface of all human cells and may 
interact with other ligands, such as osteopontin, collagen 
and matrix metalloproteinases (MMP).14,16,17

After the regression of an inflammation and eliminating 
the remnants of injured tissues by macrophages, LMW-HA 
molecules are removed via CD44-dependent endocytosis. 
Conversely, chronic inflammations are associated with an 
increased amount of LMW-HA, so they may be considered 
as a natural biosensor of tissue integrity status.14,20,22,23 The 
role of CD44 receptor of HA was demonstrated in research 
on the regulation of inflammation under in vivo conditions. 
Anti-CD44 treatment inhibited the development of such 
conditions as collagen-induced arthritis or dermal lesions 
in the murine model of atopic dermatitis.24

High-molecular-weight (HMW) HA is common in intact 
tissues. It inhibits the production of proinflammatory media-
tors (IL-1β, IL-8, IL-17, TNF-α, metalloproteinases), reduces 
TLR expression and regulates angiogenesis.14,19 HMW-HA 
also influences the function of macrophages responsible for 
the regulation of local inflammatory response by stimulating 
their anti-inflammatory activity.15,24,25

Additives to HA Products
The total amount of hyaluronic acid in a person weighing 
70 kg is ~15 g, and its average turnover rate is 5 g/day. About 

50% of the total amount of hyaluronic acid in the human 
body is concentrated in the skin. Its half-life is 24–48 
hours.22,26 Therefore, unmodified natural HA has the half- 
life of only about 12 hours before it is rapidly cleaved by 
hyaluronidases, natural tissue enzymes and reactive oxygen 
species.27,28 The crosslinking of HA chains was developed to 
prolong its stability and produce larger, more stable mole-
cules with prolonged residue time in tissues (about several 
months) and with similar biocompatibility and viscoelastic 
filling properties.28 Crosslinking involves the combination of 
a higher proportion of low-molecular-weight HA and a lower 
proportion of high-molecular-weight HA. Such 
a modification changes the natural conformation of HA 
molecules and may influence its immunogenicity.18

Crosslinking mainly involves polymer crosslinking 
with the formation of covalent bonds, predominantly 
including (–COOH) and/or hydroxyl (–OH) skeleton. 
Crosslinking may be facilitated by some compounds, eg, 
1,4-butanediol diglycidyl ether (BDDE) (Juvederm, 
Restylane, Princess), divinyl sulphone (Captique, 
Hylaform, Prevelle), or diepoxyoctane (Puragen).29 

Nevertheless, BDDE epoxide groups are neutralized fol-
lowing a reaction with HA, so only trace amounts of 
unreacted BDDE may be found in the product (<2 parts 
per million).26 Crosslinked HA hydrogel is an adaptable 
material which leads to the formation of a 3D structure 
with unique properties (rheology, degradation, fitness for 
purpose). Such features facilitate the easy distribution of 
the product with the stimulating effect of the production of 
molecular components of the extracellular matrix.30,31

Figure 2 Division of HA according to molecule size.18

Clinical, Cosmetic and Investigational Dermatology 2021:14                                                                  https://doi.org/10.2147/CCID.S316352                                                                                                                                                                                                                       

DovePress                                                                                                                         
923

Dovepress                                                                                                                                       Owczarczyk-Saczonek et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


In order to increase the hydrophilic properties of the 
product, some manufacturers add other compounds such 
as, dextran or mannitol. Each of those additives may 
become a possible antigen stimulating the immune 
response.

The Technology of HA Production
Currently, HA preparations are produced by bacterial fer-
mentation from specific strains of Streptococci spp. 
(Streptococcus equi or Streptococcus zooepidemicus). It 
reduces the risk of immunogenicity compared to pre-
viously used animal-origin preparations, but it does not 
eliminate the contamination with the molecules of pro-
teins, bacterial nucleic acid and stabilizers. They may 
become antigens and stimulate the immune response of 
the host as hypersensitivity to HA products. Therefore, the 
technology of filler production (eg, Restylane) focused on 
the reduction of product contamination.32

Biofilm Components
According to another hypothesis, immune response to HA 
is due to an inflammation triggered by the components of 
bacterial biofilm which are transported into tissues at the 
moment of injecting the product.33,34 Biofilm is composed 
of bacteria, their nutrients and the products of metabolism. 
It mainly encompasses primarily nonpathogenic species 
that colonize the healthy skin or mucous membranes (eg, 
Cutibacterium acnes, Streptococcus oralis, 
Staphylococcus epidermidis), which was confirmed via 
polymerase chain reaction tests.33–35

It is frequently difficult to confirm the infective agent 
in cultures due to their distinct slow-growing character 
and the fact that they are known as variants of small 
colonies. Moreover, their metabolism may be decelerated 
in the biofilm, which facilitates the avoidance of anti-
biotic influence.35,36 Furthermore, the ability to form the 
extracellular matrix of exopolysaccharides, which also 
includes HA, is a preventive factor in terms of phagocy-
tosis. Such bacteria may remain dormant for many years 
and then be activated by external factors and provoke 
a response.35–37 Macrophages and giant cells are usually 
present in the vicinity of those microorganisms. They 
may be rapidly activated and induce inflammatory 
reactions.38 Some factors, like bacterial infections with 
bacterial strains similar to biofilm components, may 
activate the dormant microorganisms via the mechanism 
of mimicry. The activation may be due to an injury 
caused by another procedure of skin filling.38

It is difficult to differentiate between an inflammation 
triggered by bacterial biofilm and delayed-onset hypersen-
sitivity. If a red indurated lesion appears at any moment 
after the procedure, regardless of the duration, biofilm 
should instantly be suspected.38 It may be both asymme-
trical and symmetrical, and may sometimes affect all loca-
tions at which HA was administered during the procedure. 
A broad-spectrum antibiotic with good penetration into the 
skin should be used, even if the culture yields a negative 
result. If an antibiotic-resistant increasingly fibrous nodule 
occurs, it is most probably a foreign body granuloma.

The Mechanism of Superantigens
HA may also stimulate inflammatory response via the 
mechanism of superantigens. Such a reaction does not 
require the primary phase of inflammation.12,39 

Superantigens trigger clonal activation to 40% of naïve 
T cells and, probably, NKT. The activation of those lym-
phocytes leads to cytokine storm characterized by the 
release of large amounts of proinflammatory cytokines, 
such as IL-1β, IL-2, IL-6 and TNF-α.40

Severe pneumonia frequently accompanied by severe 
respiratory failure is an example of a pathological reaction to 
bacterial superantigen (Staphylococcal enterotoxin B) which 
increases LMW-HA production by fibroblasts in the pulmon-
ary tissue. HA stimulates an increased production of IL-8 and 
IP-10 chemokines which play an important role in the recruit-
ment of inflammatory cells into the lungs.40,41 A similar 
mechanism is observed in asthma, chronic obstructive pul-
monary disease and pneumonia in the course of COVID-19.41 

The increased production of LMW-HA leads to the hypersti-
mulation of CD44 and proinflammatory cytokine and chemo-
kine release.40 Such a mechanism may also be observed in 
inflammation triggered by the components of biofilm.

Types of Hyaluronic Acid 
Hypersensitivity
The risk of delayed reactions after HA injection was 
determined at 0.7% before 1999 when the technologies 
of filler production were not so precise. After the introduc-
tion of highly purified products, the occurrence of such 
adverse events decreased to 0.02%.3,42,43 However, the 
introduction of HA fillers combining high and low HA 
chains contributed to a higher percentage of AE.44

The first data concerning such reactions were presented 
in a report concerning the use of NASHA. It was an 
erythematous-edematous reaction with the infiltration and 
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edema of the surrounding area lasting for up to 15 days. 
The reaction was observed in 1 out of 1400 patients.3 

Other authors reported inflammatory nodules which per-
sisted for longer periods and occurred in 0.8% of the 
patients.45 They emphasized the etiology associated with 
protein contamination due to the process of bacterial fer-
mentation. According to the literature, the frequency of 
adverse reactions was 0.15–0.42%.3,6,43

Numerous attempts at the classification of adverse 
reactions of HA are available with the criterion of time 
being applied.46

Bitterman-Deutsch et al classified the causes of adverse 
reactions and complications occurring after procedures 
performed with the use of preparations based on hyaluro-
nic acid. They included

● the quality of the product (not registered by the FDA, 
EMA),

● inappropriate technique of the procedure,
● individual immune sensitivity of the patient.12

Groups of experts attempted at defining reactions to 
hyaluronic acid according to the time of appearance post- 
procedure: “early” (<14 days), “late” (>14 days to 1 year) 
or “delayed” (>1 year).47–49 Other authors classified the 
reactions as early (up to a week), intermediate (duration: 
from a week to a month) and late (over a month).50 

Currently, late and delayed reactions are considered as 
one entity named delayed inflammatory reactions (DIR), 
as their cause is usually not well defined and the treatment 
is independent from the etiology.42 The classification of 
those reactions may be proposed basing on the literature 
(Figure 3).

Immediate Reactions
Histamine Release Edema
Transient edema occurring at the injection site immedi-
ately after the procedure may be due to the mechanism of 
histamine release in patients predisposed to type 1 allergic 
reactions, particularly in individuals with a history of 
dermographism.51 It manifests only a few minutes after 
the administration as a result of a mechanical injury to 
mastocytes and after they release proinflammatory media-
tors leading to tissue edema and the formation of a wheal. 
A course of antihistamine treatment is usually sufficient in 
case of reactions with the participation of mastocytes.51

The larger the skin injury due to an esthetic procedure, 
the larger the edema which may even develop to 10–50%.52 

The frequency of edema occurring after Restylane injec-
tions was estimated at 87% based on patient diaries in 
a randomized double-blind multicenter study.52,53

The areas of the face which seem particularly prone to 
the development of edema are lips, periorbital and buccal 
area.52 In order to reduce the risk it is recommended to 
avoid administering large amounts of fillers, infiltration 
anesthesia, aggressive massage and preparations with 
strongly hygroscopic additives (mannitol, dextran).52

Edema at the injection site lasting from several minutes 
to 2–3 days may be caused by the hygroscopic properties 
of HA. Such a reaction is usually observed in the perilabial 
and periorbital area.49,54 It should not be mistaken for 
edema triggered by the mechanism of immediate allergic 
reaction (angioedema) which is very rare.49

Type I Hypersensitivity Reactions (Angioedema)
A case of hypersensitivity to angioedema was described 
after the administration of Restylane (NASHA) into the 

Figure 3 Types of hypersensitivity to HA.
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upper lip. However, the patient was also administered 2% 
lignocaine which may also trigger type I hypersensitivity 
reactions. The systemic administration of corticosteroids 
made the edema regress within 4 days.32

A rapidly developing reaction may be due to the hyper-
sensitivity to residual contamination with the proteins of 
HA-synthesizing bacteria. An interaction between injected 
HA and residual mastocytes in tissues is another mechan-
ism clarifying the phenomenon of an immediate reaction. 
The CD44 receptor on the surface of mastocytes is 
a receptor for HA and such an interaction may be signifi-
cant in their migration.32,55

Treatment involves the immediate administration of 
antihistamine drugs, systemic GCS, or adrenaline.46

Early Reactions
The first reports were published by Turkmani et al and 
described women aged 22–65 who had undergone proce-
dures with HA manufactured by various companies.39 

Lesions presented as erythema and painful edema of the 
face at the sites of injected fillers. In all cases the reactions 
started 3–5 days after a flu-like disease (fever, headache, 
sore throat, cough and fatigue). Moreover, all patients had 
already undergone HA administration (2 to 6 times) over 
the period of 4 years prior to developing symptoms at 
various locations on the face.39

The clinical presentation of the described reactions 
(erythematous-edematous or urticaria-like exanthem 
accompanied by systemic manifestations) resemble type 
III reaction – a pseudo serum sickness reaction. 
Regrettably, reports to confirm this hypothesis are unavail-
able in the literature. A case report included a description 
of a patient with lesions resembling exanthem in the 
course of Sweet syndrome as a sign of pathergy which 
developed after 24–48 hours at the site of HA 
administration.56

Some authors suggested that the mechanism of reaction 
was due to type IV hypersensitivity. Previous HA injec-
tions had provoked the formation of memory lymphocytes, 
and the subsequent administration of the preparation 
rapidly triggered the response of CD4+ cells and 
macrophages.39

The patients were treated with oral prednisolone at 
a dose of 20–30 mg or methylprednisolone at a dose of 
16–24 mg daily for 5 days. The dose was then reduced for 
another 5 days. After 2 weeks, a complete resolution of 
symptoms was reported in 10 patients treated with oral 
steroids. Minor edema persisted in the remaining four 

patients. It was treated with hyaluronidase for a month 
after the development of symptoms.39

Delayed Reactions
Delayed Inflammatory Reactions (DIR)
According to the literature, numerous delayed complica-
tions may occur after HA injections. However, each author 
classified them basing on the clinical experience. No uni-
form terminology or classification has been developed to 
describe such adverse reactions. The term Persistent 
Intermittent Delayed Swelling (PIDS) was defined by 
Brazilian dermatologists in 2017.57 Another term to 
describe this pathology was introduced by Beleznay et al 
in 2015: Delayed-Onset Nodules15,58 and by Snozzi et al: 
Late Inflammatory Response Syndrome (LIRS).58 Another 
term was proposed in 2020: Delayed Inflammatory 
Reactions (DIR).48

Chung et al emphasized that DIR included four types 
of reactions: 1) DTH reactions (correctly called: delayed 
type IV hypersensitivity); 2) foreign body granulomatous 
reactions; 3) biofilm; and 4) atypical infections. A DTH 
reaction is a delayed cellular immune inflammation, which 
developed in response to an allergen.59

Epidemiology 
Basing on different sources it may be stated that the 
frequency of such a reaction is variable. A paper authored 
by researchers from Israel has recently been published. 
Basing on a questionnaire they assessed the number of 
adverse events in the form of DIR. The questionnaire 
was completed by 334 physicians performing HA injec-
tions. It revealed that almost half of them had not diag-
nosed DIR, while 11.4% of them responded that they had 
observed such a reaction over 5 times.48 Reactions trig-
gered by products manufactured by Allergan were very 
well documented during registration trials conducted to 
assess the safety. A similar reaction was reported in 
about 1% of 103 patients monitored for 24 months after 
the administration of Juvederm Voluma®.60 A similar mor-
phology of the reaction was observed in 0.5% of the 
patients during a 68-month retrospective review of 4702 
procedures performed with the use of Juvederm Voluma® 

in 2342 patients.15 A higher percentage was observed with 
the use of Juvederm Volbella® product which was admi-
nistered in the areas of the tear trough and lips. Recurrent 
reactions (3.17 episodes on average) lasting up to 11 
months occurred in 4.25% (n=17) after the average of 8 
weeks.42 The most recent analysis of the 2-year follow-up 
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of over a thousand patients treated with Vycross fillers 
revealed the occurrence of delayed nodules in 1%.57 

Chung et al was very critical as regards the frequency of 
reported reactions. The occurrence of delayed inflamma-
tory reactions calculated on the basis of prospective 
research was 1.1% annually, while in retrospective 
research it was below 1% in the period from 1 to 5.5 
years. Not all reported cases were actually DIRs, because 
no precise definition was developed.59

Pathomechanism 
Delayed inflammatory reactions (DIR) secondary to tis-
sue filler administration develop after at least 2–4 weeks 
or later following an HA injection.42 The clinical mani-
festations occur in the form of recurrent episodes of 
localized solid edema with erythema and tenderness, or 
in the form of subcutaneous nodules at the site of HA 
injection.42,48 The nodules may be warm to touch and 
the surrounding skin may be purple or brownish. The 
occurrence of the reaction in the majority of patients at 
all sites at the same time, also in cases of previous HA 
administration, regardless of the type of a filler or the 
number of injections is a significant element of the 
clinical picture of the reaction.15,39 The lesions were 
more common in persons who had previously been 
injected with a larger volume of HA.43 Additionally, 
the accompanying edema is the most visible after awa-
kening and slightly improves throughout the day.42,44,57 

Some patients (~40%) developed accompanying sys-
temic flu-like manifestations.15

It is possible that those reactions may be related to 
contamination with DNA, proteins, bacterial endotoxins, 
even at much lower concentrations than HA.15 However, 
LMW-HA may also act as an adjuvant in a direct manner 
or via related infectious molecules (biofilms) in genetically 
predisposed individuals.15,44 However, the development of 
inflammatory nodules in areas located at some distance 
from the site of injection, resistance of the lesion to long- 
lasting antibiotic treatment and the exclusion of an infec-
tious agent (cultures and PCR test) raise doubts about the 
role of biofilm. Moreover, the effectiveness of treatment 
with hyaluronidase and the dependence on the volume of 
HA administered suggest the mechanism of delayed 
hypersensitivity.42,44

The initiation of the reaction occurring as a result of an 
infection or injury leads to the increase in serum inter-
feron, which may exacerbate previously present 
inflammations.15,57,61 Furthermore, LMW-HA stimulates 

CD44 or TLR4 receptors on the surface of macrophages 
and dendritic cells. It activates them and delivers co-sti-
mulatory signals to T cells.15,19,24 DIR-related inflamma-
tory nodular lesions develop in the period between 3 and 5 
months after the injection of HMW-HA filler (with anti- 
inflammatory properties), which is then disintegrated and 
converted into LMW-HA with proinflammatory 
properties.15

The onset of a reaction is most commonly triggered by 
another infectious process (sinusitis, urinary tract infec-
tion, respiratory infection, dental infection), facial injury 
and dental procedures.57 The response was also provoked 
by a vaccination and recurred with menstrual 
bleeding.15,57 Each episode was probably due to an infec-
tious triggering factor.

Some authors also described a genetic predisposition 
underlying the reaction in individuals with the following 
subtypes: HLA B * 08 or DRB1 * 03.4 (a fourfold 
increase in the risk).13,62

Diagnostics 
DIR-related lesions are of inflammatory nodular character. 
They should be differentiated with nodules caused by 
biofilm, abscesses (softening, fluctuance), granulomatous 
reactions (hard, inflammatory nodules).58

Chung et al proposed the performance of a skin test 
with an HA product prior to the planned procedure, 
although the time necessary to interpret test results 
would even be 3–4 weeks.59 They recommended such 
a test particularly in persons in whom adverse events had 
been previously noted. If the test renders a positive result, 
the patient should not be treated with the same HA filler 
again. However, it may not eliminate all reactions, as they 
are commonly observed as a result of a trigger factor, eg, 
a concomitant infection, which may occur at any 
moment.59

Diagnostic work-up should mainly involve the exclu-
sion of an underlying infection. Therefore, the inflamma-
tory nodule requires an incision and drainage. Its content 
should be tested for an infection with aerobic and anaero-
bic bacteria, bacilli and fungi prior to the implementation 
of any treatment.42,43,63 The use of PCR method is very 
useful in the diagnostics of bacilli, as they are particularly 
difficult to culture.43

The histopathological examination reveals the features 
of granulomatous dermatitis (epithelioid histiocytic granu-
lomas, numerous multinucleated foreign body–type giant 
cells surrounding amorphous material). Literature revealed 
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the negative results of cultures tested for fungal, bacterial 
and mycobacterial infections and a negative polymerase 
chain reaction (PCR) result.43,44,64

Ultrasonography is a good noninvasive diagnostic 
method. It visualizes the presence of HA associated with 
the diffuse increase in thickness and the increased echo-
genicity of the surrounding subcutaneous tissue, similarly 
to the diffuse inflammation of the subcutaneous tissue 
corresponding with clinical edema. It also facilitates the 
assessment of filler density.43,57

In case of adverse reactions, the patient has to undergo 
laboratory testing including the following parameters: 
complete blood count, C-reactive protein and erythrocyte 
sedimentation rate (ESR).39,42 CRP is elevated in over 
50% of the cases.15 In case of early and delayed reactions, 
it is recommended to perform ultrasonography, cultures 
(aspirates), and biopsy (the tissue also has to be sent to 
be cultured), preferably prior to introducing any 
treatment.46

Patch tests with HA-Vycross family were developed in 
order to confirm DIR. They include HA-Voluma, HA- 
Volift, 0.25% BDDE in petroleum and 15% lidocaine in 
petroleum (Chemotechnique MB Diagnostics AB, 
Vellinge, Sweden). It is also possible to administer an 

intradermal injection of HA-Voluma and HA-Volift, and 
assess the result after 20 minutes and after 96 hours and 2 
months in case of delayed reactions.65

Treatment 
Currently, no uniform consensus on the management in case 
of HA hypersensitivity is available. The treatment of the 
complications differs depending on the experience of the 
physician and developed management 
procedures.10,42,46,50,58 It is advised to treat the complica-
tions with antibiotics, non-steroidal anti-inflammatory drugs, 
and systemic corticosteroids. Antihistamines are not effec-
tive in those reactions because of a different 
pathomechanism.49,50 The removal of the allergen which 
stimulates the development of hypersensitivity is the most 
favorable option to undertake. It may be achieved via the use 
of hyaluronidase.39,49 Figure 4 shows the present authors’ 
own algorithm of procedure in case of delayed reactions.

It is recommended to introduce systemic antibiotic 
treatment with intralesional hyaluronidase injections in 
order to remove the allergen.15,39,57,61,62 Some authors 
advocated the use of antibiotic treatment beforehand to 
proceed with HYAL injections.10,39 As regards nodules 
provoked by biofilm, it is important to remove the filler, 

Figure 4 Management of delayed hypersensitivity due to HA.
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so hyaluronidase should be used 24–48 hours after intro-
ducing antibiotics. It may be highly effective in breaking 
down the matrix, thus increasing antibiotic efficiency.58

As regards antibiotics, it is recommended to use oral 
ciprofloxacin (500–750 mg twice daily) with tetracycline 
or macrolide for 3–6 weeks.42,48 Other authors recom-
mended treatment with broad-spectrum antibiotics (doxa-
cillin or rifampicin for at least 3 weeks) combined with 
multiple hyaluronidase injections (30–100 units 
intralesionally).49,63 However, the use of ciprofloxacin is 
seen as contributing to severe adverse events (an increased 
risk of tendinitis and tendon rupture at all ages).66

Various authors proposed the intralesional injections of 
GCS (triamcinolone acetonide) or oral prednisone.15,57,62 

Prednisone was most commonly recommended as oral 
treatment. The dose was 40 mg/day for 3 days. 
Subsequently, it was down-titrated. Artizi et al demon-
strated that corticosteroids administered orally, intramus-
cularly and intravenously were less effective than if they 
were administered intralesionally.43 Alternative methods 
involved the intralesional administration of 5-FU, radio-
frequency, laser therapy or filler evacuation.44,54

The cooperation between Artzi et al and clinicians 
from 10 countries who administered HA resulted in the 
development of a therapeutic algorithm of DIR in 2020.42 

They proposed that first-line treatment should include 3–6 
weeks of fluoroquinolones (ciprofloxacin 2×500 mg) with 
tetracycline (minocycline 1×100 mg) or macrolides (azi-
thromycin 2×250 mg for 6 days or clarithromycin 
2×500 mg). If an improvement was not achieved within 
2–3 weeks, they proposed the use of hyaluronidase (30– 
100 units per nodule). The authors recommended that the 
treatment should start with 5 units of hyaluronidase. The 
dose should be doubled in case of more resistant fillers 
(eg, Vycross family manufactured by Allergan). The 
recommended dose of hyaluronidase was 10–20 U for 
a single injection into a site of <2.5 mm, or 2–4 points 
of injection, 10–20 U each for site sizes of 2.5 mm–1 cm. 
If necessary, injections might be repeated. Lesions might 
also be managed by the intralesional administration of 
triamcinolone acetonide (10 mg/mL) or a 1:1:1 mixture 
of 5-FU:GCs: normal saline or 1% lignocaine. With resis-
tant processes, it was recommended to administer oral 
GCs at a dose of 0.5–0.75 mg/b.w./day for 7–21 days 
with gradual reduction. If such management did not lead 
to an improvement, it was necessary to perform biopsy and 
collect swabs for culture tests. Subsequent procedures 

included immunosuppression, laser therapy or the surgical 
resection of material from the nodule.42

However, this first and very useful algorithm did not 
explain how to manage DIRs which are associated with 
systemic, usually flu-like symptoms. From our viewpoint, 
therapy should involve one-stage administration of anti-
biotic, systemic GCs and hyaluronidase. Hyaluronidase 
supports the removal of the antigen which stimulates the 
reaction whose small amounts may even trigger 
a response, which is typical of hypersensitivity. The 
administration of GCs facilitates the suppression of sys-
temic symptoms and prevents the formation of immune 
memory cells. Delaying GC administration may contribute 
to the exacerbation of systemic manifestations

It needs to be emphasized that the use of noninvasive 
ultrasonography allows for the precise determination of 
lesion location for the effective administration of hyalur-
onidase. It accelerates the removal of the product which 
triggered the inflammatory reaction and reduces the 
amount of hyaluronidase used, which may also cause 
allergic reactions.

Foreign Body Reaction
All injected implants induce the inflow of neutrophils and 
mononuclear cells with phagocytosis by concentrated 
macrophages and fibroblast activation, followed by col-
lagen deposition. It is not only a physiological reaction but 
also a beneficial phenomenon, as it maintains the injected 
product in a proper location. Such a reaction occurs due to 
the fact that the immune system is unable to perform the 
enzymatic degradation or phagocytosis of a foreign body. 
In case of HA, the process of molecule crosslinking 
increases its size which makes phagocytosis impossible 
and stimulates chronic cellular response.1,33,49 Foreign 
body granulomas are not a typical allergic reaction, but 
they are caused by a sudden stimulation of macrophage 
memory.62 The reasons for the development of severe 
inflammatory granulomatous processes have not been pre-
cisely elucidated.49

It is not fully known why such a reaction only occurs 
in some patients (from 0.01% to 1.0%) and usually devel-
ops after 6–24 months at all injection sites at the same 
time.49,65

The incidence of foreign body granuloma following 
HA filler injection ranges from 0.02% to 0.4%.1,67,68 

Clinical lesions are characterized by solid erythematous 
papules or nodules, which developed via fibrosis. The 
foreign body is typically surrounded by multinuclear 
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giant cells with lymphohistiocytic infiltration.1,67,68 A rare 
form presenting as cellulitis was also described.33 An 
infectious etiology should be ruled out in case of 
fluctuance.3

The administration of hyaluronidase significantly 
improves the clinical status, which was demonstrated in 
clinical research.69 Moreover, intralesional GC injections 
may be used. 5-Fluorouracil or laser therapy may be 
implemented in case of resistance.1,49,65 Despite the risk 
of skin atrophy, the initial dose of triamcinolone should be 
high (40 mg/mL), but it is important that it should be 
administered into the tissue of the nodule and not beneath. 
If necessary, the injections should be repeated every 3–4 
weeks. Seemingly, starting the treatment of granulomas 
with low doses of triamcinolone (5 and 10 mg/mL) leads 
to their resistance and is associated with a risk of relapse.65 

Surgical resection is the treatment of choice in case of the 
unsuccessful treatment of foreign body granuloma with 
other methods.49,65

Autoimmune/Autoinflammatory Syndrome Induced 
by Adjuvants (ASIA) (Shoenfeld’s Syndrome)
Autoimmune/autoinflammatory syndrome induced by 
adjuvants (ASIA) is a spectrum of immune disorders trig-
gered by chronic exposure to adjuvants, ie, substances 
strengthening antigen-specific immune response.70 

Adjuvant substances include aluminium hydroxide in vac-
cines (eg, HBV, influenza), foreign bodies (eg, silicone, 
hyaluronic acid, methacrylate, polylactic acid, paraffin, 
metal implants), microorganisms (EBV) or toxic sub-
stances (eg, mercury, crude oil), which are omnipresent. 
However, the occurrence of ASIA is due to genetic pre-
dispositions (HLA-DRB1 polymorphism).70,71 

Regrettably, the actual adjuvant substance may remain 
unidentified in some patients.

The pathogenesis is associated with the activation of 
the innate immune pattern recognition receptor by the 
adjuvant. As an adjuvant, HA strengthens antigen-specific 
immune response, induces the release of inflammatory 
cytokines and interacts with Toll-like receptors and inflam-
masome. The reaction leads to the stimulation of innate 
and adaptive immune response (polyclonal B cell activa-
tion, influence on cellular immunity) and may trigger the 
symptoms of autoimmunization or an autoimmune 
disease.70

Reaction to silicone is the best elucidated ASIA reaction. 
Silicone had been considered as a neutral substance for 
a long time. Regrettably, numerous cases of autoimmune 

reactions were noted due to the presence of silicone implants. 
They mostly presented as undifferentiated disorders of the 
connective tissue, but also as systemic lupus erythematosus 
(SLE), rheumatoid arthritis (RA), vasculitis and systemic 
sclerosis. Increased levels of profibrotic cytokines and anti- 
silicone and anti-collagen antibodies were identified.70,72

The group of symptoms is varied in individual patients 
and the symptoms are not highly specific. Therefore, it 
was assumed that the diagnosis of ASIA might be made if 
the patient met at least two major or one major and two 
minor criteria (Table 1).

The risk of developing ASIA is higher in individuals 
with a history of post-vaccination reactions, individual 
tendency towards autoimmunization (concomitant dis-
eases), a history of severe allergic reactions and a family 
history of autoimmune diseases.71 The possibility of 
developing ASIA should also be considered in patients 
with arthralgia, myalgia, chronic fatigue, sleep distur-
bances, neurological/cognitive disorders and unexplained 
respiratory and cutaneous disorders.71

Adverse Reactions to Hyaluronic 
Fillers and the SARS-CoV-2 
Epidemic
The SARS-CoV-2 epidemic affected numerous medical 
aspects. Some reports were published on the issue of 
inflammatory reactions at the sites of previous filler 
administration after a vaccination and after a COVID-19 
infection. The occurrence of delayed reactions, both at 

Table 1 ASIA Criteria70,72

Major Criteria Minor Criteria

→ Myalgia, myositis or muscle 
weakness 

Arthralgia and/or arthritis 

→ Chronic fatigue, sleep 
disturbances 

→ Neurological manifestations 

(particularly associated with 
demyelination) 

→ Cognitive impairment, 

memory loss 
→ Fever, xerostomia 

→ The removal of the inducing 

factor leads to an improvement 
→ Histopathological 

confirmation of affected organs

→ The presence of autoantibodies 
or antibodies directed at the 

specific adjuvant or RF, ANCA, 

ANA, anti-Sm, anti-RNP, anti-SSA/ 
Ro, anti-SSB/antithyroid 

→ Other clinical manifestations 

(eg, related to irritable bowel 
disease) 

→ Specific HLA (ie, HLA DRB1, 

HLA DQB1) 
→ The development of 

autoimmune diseases (SLE, MS, 

Sjögren’s syndrome, autoimmune 
thyroiditis, autoimmune hepatitis, 

etc)
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injection sites and distant from vaccine administration 
sites, was described by Blumenthal et al. The histopatho-
logical skin examination of the site of a delayed reaction 
revealed superficial perivascular and perifollicular lym-
phocytic infiltration with the presence of eosinophils and 
diffuse mastocytes.73

The first description was prepared by Munavalli et al 
and referred to cases of delayed inflammatory reactions 
(DIR) to HA dermal fillers in women.62 One of those cases 
occurred after a COVID-19 infection (cheeks, lips and tear 
trough – Restylane Lift, RestylaneL), one case was noted 
after the administration of the first dose of a generally 
available mRNA-1273 vaccine (Moderna, Cambridge 
MA) (Juvederm® VolumaTM in the tear trough and 
1 cm3 of Juvederm® Ultra). Another case was noted after 
the second dose of BNT162b2 vaccine (Pfizer, New York, 
NY) (no data concerning filler type), and the fourth case 
was observed after mRNA-1273 clinical Phase III trial 
after administering placebo (normal saline).62

Binding and blocking the receptors of angiotensin-con-
verting enzyme 2 (ACE2) by the S (spike) protein of 
SARS-CoV-2 in order to access the cell is a possible 
mechanism of DIR development in case of HA fillers 
associated with COVID-19. The interaction between 
spike proteins and dermal ACE2 receptors promotes the 
proinflammatory activation of Th1, which is beneficial for 
a reaction which is mediated by CD8+ T lymphocytes.62 

CD8+ T lymphocytes are an important line of protection 
against infection. Moreover, they are already present in the 
infiltration which develops quite quickly around the depos-
its of HA injected into the skin and subcutaneous tissue.62

In human skin, ACE2 is expressed in the keratinocytes, 
fibroblasts, dermal vascular endothelium and adipocytes of 
the subcutaneous tissue where HA filler is deposited.62,74 

ACE2 is membrane-bound and soluble. It catalyzes the 
conversion of proinflammatory angiotensin II into angio-
tensin metabolites with anti-inflammatory potential.74 The 
spike proteins of SARS-CoV-2 are irreversibly bound to 
membrane-bound ACE2 and the accumulation of angio-
tensin II triggers a proinflammatory reaction (increased 
TNF-α, IL-6 and IL-8), increases the activity of CD44 
glycoprotein which has affinity for LWM-HA with proin-
flammatory properties.74,75

The patients required the administration of high doses 
of GCs (even up to 60 mg of prednisone) and hyaluroni-
dase administration. Interestingly, one patient refused to 
take GCs in order not to weaken the effect of vaccination. 
Therefore, she received an angiotensin convertase 

inhibitor (lisinopril 5 mg) in order to reduce proinflamma-
tory angiotensin II. The reactions persisted from several 
days to weeks.59 The subsequent report published in 2021 
by Munavalli et al presented four cases of DIR (Juvederm 
products) induced by Moderna vaccines.62 The treatment 
included ACEII inhibitors (lisinopril 5–10 mg), without 
the necessity of administering potentially immunosuppres-
sive doses of oral corticosteroids.74

Interestingly, the reactions observed so far have only 
occurred in case of mRNA vaccines including pegylated 
polyethylene glycol (PEG) (Pfizer BioNTech, Moderna). 
Such compounds are widely used in medical products 
(they sustain the content of drugs in systemic fluids by 
inhibiting their metabolism or protecting the drug from 
immune degradation), cosmetics and household products 
(eg, creams and lotions, shampoos, hair dyes, and oral 
hygiene products) and HA fillers (Neauvia, MatexLab 
SA, Lugano, CH).76,77 Positive results of patch tests with 
propylene glycol at the concentrations of 5%, 10% and 
20% were demonstrated in data obtained at Mayo Clinic. 
It was claimed that it might lead to allergic reactions and 
irritation.78 The compound is present in COVID-19 vac-
cines, because the introduction of a pegylated nanoparticle 
surrounding mRNA impairs its enzymatic degradation, 
increases its water-solubility and, thereby, the bioavail-
ability of lipid nanoparticles.75,79 Despite the fact that 
PEGs are considered to be compounds with the low poten-
tial of triggering allergic reactions, the most commonly 
described hypersensitivity reactions were IgE-dependent. 
Moreover, some authors reported cases of anaphylactic 
shock and complement activation-related 
pseudoallergy.76,79 Propylene glycol may also induce 
immediate reactions after an injection. According to the 
literature, one patient required mechanical ventilation due 
to respiratory failure which occurred as a result of the self- 
injection of e-cigarette liquid including propylene 
glycol.80 However, delayed reactions were also 
described.81

The Italian Society of Aesthetic Medicine recom-
mended making patients aware of the possibility of devel-
oping a reaction and developing a management regimen:

● informing the patients before the procedure of HA 
filler administration about the possible reactions and 
noting it in the informed consent for the procedure;

● avoiding the performance of the procedure directly 
before a vaccination;
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● refraining from the performance of the procedure 
between the administration of the first and second 
vaccine dose, and for a month after a vaccination;

● a history of HA procedures may not be considered as 
a contraindication against COVID-19 vaccines or any 
vaccines!82

Conclusions
The occurrence of unpredictable reactions to hyaluronic 
acid indicates that they may not be treated as neutral or 
non-allergenic. The modifications of the chemical structure 
of HA, additives and individual tendencies in a patient 
may be the cause of unpredictable reactions, leading to 
serious health consequences. Therefore, original products 
approved by the FDA or EMA should be used to minimize 
the risk and the procedures should only be performed by 
appropriately trained physicians. Patients are often una-
ware of the consequences of cheaper procedures per-
formed by persons without suitable knowledge with the 
use of unregistered products, so the public should be 
educated and legal regulations should be introduced.
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