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Abstract
We present the first reported cases of delayed inflammatory reactions (DIR) to hyaluronic acid (HA) dermal fillers after 
exposure to the COVID-19 spike protein. DIR to HA is reported to occur in the different scenarios including: secondary to 
poor injection technique, following dental cleaning procedures, following bacterial/viral illness, and after vaccination. In this 
report of 4 cases with distinct clinical histories and presentations: one case occured following a community acquired COVID-
19 infection, one case occured in a study subject in the mRNA-1273 clinical phase III trial, one case occurred following 
the first dose of publically available mRNA-1273 vaccine (Moderna, Cambridge MA), and the last case occurred after the 
second dose of BNT162b2 vaccine (Pfizer, New York, NY). Injectable HA dermal fillers are prevalent in aesthetic medicine 
for facial rejuvenation. Structural modifications in the crosslinking of HA fillers have enhanced the products’ resistance to 
enzymatic breakdown and thus increased injected product longevity, however, have also led to a rise in DIR. Previous, DIR 
to HA dermal fillers can present clinically as edema with symptomatic and inflammatory erythematous papules and nodules. 
The mechanism of action for the delayed reaction to HA fillers is unknown and is likely to be multifactorial in nature. A 
potential mechanism of DIR to HA fillers in COVID-19 related cases is binding and blockade of angiotensin 2 converting 
enzyme receptors (ACE2), which are targeted by the SARS-CoV-2 virus spike protein to gain entry into the cell. Spike protein 
interaction with dermal ACE2 receptors favors a pro-inflammatory, loco-regional TH1 cascade, promoting a CD8+T cell 
mediated reaction to incipient granulomas, which previously formed around residual HA particles. Management to suppress 
the inflammatory response in the native COVID-19 case required high-dose corticosteroids (CS) to suppress inflammatory 
pathways, with concurrent ACE2 upregulation, along with high-dose intralesional hyaluronidase to dissolve the inciting HA 
filler. With regards to the two vaccine related cases; in the mRNA-1273 case, a low dose angiotensin converting enzyme 
inhibitor (ACE-I) was utilized for treatment, to reduce pro-inflammatory Angiotensin II. Whereas, in the BNT162b2 case 
the filler reaction was suppressed with oral corticosteroids. Regarding final disposition of the cases; the vaccine-related cases 
returned to baseline appearance within 3 days, whereas the native COVID-19 case continued to have migratory, evanescent, 
periorbital edema for weeks which ultimately subsided.

Keywords  COVID-19 · Hyaluronic acid fillers · Delayed inflammatory reaction · ACE2 · mRNA vaccine · ACE receptor · 
ACE receptor inhibitor

Introduction

The usage of injectable dermal hyaluronic acid (HA) fillers 
for aesthetic facial rejuvenation and contour enhancement of 
superficial wrinkles, deep folds, and volume loss has risen 
78% over the last 7 years [1]. It is predicted to continue 
to rise. Market size is expected to gain market growth in 
the forecast period of 2020–2025, with a compound annual 
growth rate of 7.2% in the forecast period of 2020–2025 and 
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will expected to reach USD 1324.7 million by 2025, from 
USD 1004 million in 2019 [2].

Simultaneously, modifications in crosslinking agent 
technology over the last 10 years have rendered HA filler 
products more resistant to normal innate dermal enzymatic 
degradation processes, increasing longevity and decreas-
ing dermal transit time [3]. Conceptually, HA fillers can be 
seen as long-lasting implants which can persist as long as 
2–5 years or longer in certain facial anatomic areas such as 
the malar cheeks, midface, and tear trough, in varying levels 
of the dermis, subcutis, and supraperiosteum [4]. Because 
of this longevity, delayed inflammatory reactions (DIR) to 
HA filler within the skin have been reported to occur [5]. 
The exact mechanism of action for the delayed reaction 
is unclear, likely immune-mediated and multifactorial in 
nature. DIR to fillers following infectious processes, such 
as viral illness, have been reported [6].

As of this article submission, the number of COVID-
19 infections with the SARS-CoV-2 virus continue to rise 
worldwide. The 1273 amino acid long viral spike protein of 
this virus targets angiotensin converting enzyme 2 (ACE2) 
for anchoring and intracellular invasion [7]. Clinical presen-
tation and manifestations in distinct organ tissue systems of 
the body vary tremendously and are still being elucidated. 
Organ systems with high constitutively expressed ACE2, 
such as the pulmonary lungs and the endothelial lining of 
the vascular system, are particularly at risk for tissue dam-
age [7]. In human studies, it has been reported that ACE2 is 
ubiquitously expressed in all tissues of the body [8]. Inter-
estingly, Li et al. showed in 31 human tissues, between gen-
der and across age ranges, the skin is moderately high in 
expression of ACE in comparison to other body organs [8]. 
In murine models, dermal fibroblasts are shown to express 
ACE, possibly linking areas of active focal dermal fibrosis 
with increased localized skin ACE concentration [9]. ACE 
plays a critical role as a immuno-regulator in the conver-
sion of Angiotensin I to the proinflammator metabolites, 
Angiotensin II-VII. As such, localized blockade of dermal 
ACE could results in a proinflammatory cascade causing 
inflammation, vasoconstriction, fibrosis, proliferation, and 
oxidative stress in the tissue reaction [10]. In this article, we 
present the first reported cases of DIR for facial HA filler 
following exposure to COVID-19 spike protein.

Case 1

Patient one is a 50-year-old female with a medical history 
of recalcitrant scalp dermatitis controlled with periodic 
dupliximab (Dupixent, Regeneron, Tarrytown, NY) injec-
tions. She received two HA fillers of varying particle size 
with,4-butanediol diglycidyl ether crosslinking, which were 
injected into cheeks, lips, and tear troughs over the course of 

12 months by nurse injector (Restylane Lyft and Restylane 
L, Galderma,). Fifteen days after the last HA filler injec-
tions, the patient tested positive for COVID-19 by PCR 
nasal swab on August 7, 2020 after having symptoms of 
sore throat and mild cough for 3 days, no fever. Two weeks 
later, the patient reported lips burning like sunburn and sig-
nificant swelling to lips and cheeks and tear troughs. The 
patient reported severe periorbital swelling, was evaluated 
by primary care and treated with an IM kenalog injection for 
suspected food allergy. The patient’s facial edema, erythema, 
and tenderness continued to worsen and the patient returned 
back to the clinic of treatment. Hylenex, in the amount of 
2 ccs, was injected to tear troughs, upper lip and mario-
nettes. The patient reported burning and pain during hylenex 
injections. After transient improvement, 3 days later edema 
and induration flared in cheeks (right worse than left). The 
patient was prescribed 40 mg prednisone for 14 days and 
100 mg doxycycline daily for 14 days with mild improve-
ment. She presented to our clinic on September 22, 2020. 
On exam, the right cheek was erythematous and indurated, 
nodules present in marionettes. Ultrasound findings of the 
right malar cheek showed dermal/subcutaneous collec-
tion of well defined, lucent, foreign body material, located 
approximately 1 cm from the skin surface (Fig. 1a). Using 
duplex ultrasound guidance, right cheek was injected with 
0.6 cc Hylenex and left cheek injected with 0.3 cc of Hyl-
enex. Patient presented 3 days later with persistent edema 
and erythema to right cheek and an additional 0.2 cc of 
Hylenex was injected. A week later the erythema, edema 
and tenderness had improved (Fig. 1b); however, the patient 
reported intermittent edema to tear troughs. As patient con-
tinued to experience evanescent swelling and tenderness of 
the medial, infraorbital cheeks, alternate treatment options 
were considered. A radiofrequency microneedling device 
adjusted to depths of 3.5 mm/2.5 mm/1.5 mm with an insu-
lated 48 pin needle array (Genius, Lutronic Corp, Goyang, 
South Korea) was used in an attempt to thermally dissipate 
any residual HA filler. Additionally, she was prescribed 
Clarithromycin 500 mg bid × 2 weeks and 40 mg Prednisone 
taper over 1 week. Although marked clinical improvement 
was noted after this regimen (Fig. 2), small foci of inflam-
mation still waxed and waned. On subsequent visits to con-
trol the inflammation, additional intralesional triamcinolone 
acetamide (10 mg/cc) and Hylenex were used. As of the last 
treatment, the patient continued to report intermittent mild 
edema under the eyes. 

Case 2

A 51-year-old healthy female received HA fillers (Voluma, 
Volbella Allergan, Irvine, CA) by nurse injector. Injections 
were performed in the into the earlobes, nasolabial folds 
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Fig. 1   Clinical and duplex 
ultrasound improvement after a 
series of recombinant hyalu-
ronidase injections. Note the 
improvement in facial erythema 
and swelling before injections 
(a) and after (b). Ultrasound 
(arrow) shows resolution of 
dermal opaque hyaluronic acid 
following hyaluronidase injec-
tions

Fig. 2   Clinical improvement in Case 1 before (a) and after (b) prolonged course of multiple therapeutic intervention
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(NLF), tear troughs, malar and mid cheeks and upper/
lower lips over the course of 18 months, totaling approxi-
mately 4 ccs total of filler. By history, 5 weeks after the 
last filler injection to cheeks and lips, she enrolled into the 
Moderna Phase III pivotal clinical trial of investigational 
vaccine (mRNA-1273) for COVID-19. As reported, the 
trial design was double-blinded and placebo controlled. 
Subjects were randomly assigned 1:1 to receive two intra-
muscular (IM) injections either two × 100 µg of mRNA-
1273 or two placebo saline injections. She received the 
first blinded IM injection on August 4, 2020 and distinctly 
remembered receiving a thick, viscous injection, which 
caused immediate injection site pain and irritation. She 
developed localized arm pain over the course of 24–48 h 
following the injection which subsided. Eight days later, 
she presented to a local oculoplastic surgeon with facial 
edema, erythema and tenderness of the periorbital area 
and malar cheek (Fig. 3). With subsequent progression of 
swelling and formation painful indurated plaques and nod-
ules, she underwent a head CT scan which showed findings 
of mild soft tissue swelling involving the right inferior 
orbit/eyelid without drainable fluid collection (Fig. 4). The 
patient was prescribed Medrol Dosepak (MethylPREDNI-
solone) and Doxycycline. Two weeks later edema and pain 
of the cheeks increased, prompting return to the original 
injector’s office for additional evaluation and manage-
ment. At that time, lymphatic drainage and cupping were 
performed. Each cheek was injected with 1 cc of recom-
binant hyaluronidase 150 U/cc (Hylenex,Halozyme, San 
Diego CA). Three days later the earlobes, nasolabial folds 
and lips became more edematous, indurated and painful 
(Fig. 5a, b); three additional cc of Hylenex was injected 
to NLF and earlobes. Edema persisted and 2 days later 
an additional 10 cc of Hylenex was injected (2.5 cc in 

each NLF, 1.5 cc in each earlobe and 2 cc in lower lip). 
The patient presented to our clinic on August 31, 2020. 
Upon clinical examination, the lips, cheeks, tear troughs 
and earlobes were tender, indurated and erythematous 
(Fig. 6). A total of 0.8 cc of intralesional 5-Fluoroura-
cil (Adrucil, 50 mg/cc) was injected into the upper lip. 
The patient was prescribed an 60 mg Prednisone taper 
over 12 days and 10 mg hydroxyzine as an antihistamine. 
Of note, the patient had no prior history of heritary or 
drug-induced angioedema. After 4 days on prednisone 
the pain and edema in lips decreased. As infection was a 
consideration, sulfamethoxazole and trimethoprim (cho-
sen due to a prior medical history of antibiotic sensitiv-
ity and pseudomembranous colitis) was prescribed and a 

Fig. 3   Swelling and edema of the lower lid and cheek as the presenting signs of in Case 2

Fig. 4   CT scan at the level of the orbital rim. Arrow showing right 
sided soft tissue swelling
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total of 4 cc compounded bovine hyaluronidase at 150 U/
cc (O’Brien Pharmacy, Mission, KS) was injected to tear 
troughs, lips, and cheeks. The following day, with marginal 

improvement, an additional of 5.5 cc bovine hyaluroni-
dase was injected to tear troughs, lips, NLF and cheeks 
and 0.65 cc Hylenex injected to lower lip and NLFs. Two 

Fig. 5   Phone camera “selfie” images show the extent and severity of inflammation and swelling of the face and lips

Fig. 6   Incremental improvement following serial injections of hyaluronidase and oral prednisone
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weeks later swelling had significantly decreased and only 
remaining palpable nodules in lips/cheeks were injected 
with 1 cc Hylenex. Six weeks later the patient had barely 
palpable,non-tender nodules in the lower lip/commisures 
and deferred further treatment at that time (Fig. 7). A sum-
mary of treatment intervention is presented in Table 1. Of 
note, the patient was discontinued from the active trial 
and did not receive the second scheduled dose of Moderna 
COVID-19 vaccine. She remained under observation in 
the Moderna clinical trial. The patient’s two subsequent 
COVID-19 antibody tests were negative. Just prior to arti-
cle submission, patient was notified by her principle inves-
tigator that she received the saline placebo.

Case 3

Patient three is a healthy 36-year-old female who presented 
with worsening bilateral infraorbital perioral edema post 
administration of the Moderna COVID-19 vaccine. The 
patient had previously received Juvederm® Voluma™ 
(Allergan, Irvine CA) within the bilateral tear troughs and 
1 cc Juvederm® Ultra (Allergan, Irvine CA) to the upper and 
lower lip in November 2019. Patient had received fillers in 
past without any reaction following injections or reactions 
following vaccinations (Influenza and Hepatitis B) or viral 
illnesses. She reported no history of angioedema and denied 
positive COVID testing in past.

Fig. 7   Marked clinical improvement in Case 2 after prolonged course of multiple therapeutic intervention

Table 1   Total Treatment 
summary for Case 2 patient over 
a 4 week course

DIR after participating in mRNA 1273 Vaccine Trial

Therapeutic intervention Dosage/caregiver

Recombinant hyaluronidase (Hylenex) 21.65 cc (150 U/cc dispensed in 1 vial)
Bovine hyaluronidase (compounded) 9.5 cc (150 U.cc)
Oral corticosteroids Medrol DosePak

60 mg Prednisone taper over 12 days 
(60 mg × 4 days, 40 mg × 4 days x 20 mg × 4 days)

Oral antimicrobials Generic Doxycycline capsules 100 mg BID × 7 days
Nitrofurantoin 100 mg BID × 7 days

Intralesional 5-fluorouracil 0.8 cc (50mc/cc)
Health care providers seen in consultation or treat-

ment
Oculoplastic surgeon, otolaryngology, nurse injector 

(at plastic surgery office), dermatologist
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She received first dose of the Moderna vaccine on 
1/5/2021. Within the next 12 h she reported onset of gen-
eralized myalgias and fever of 101.6 F. At this time 500 
mg of acetaminophen was taken for symptom management 
with resolution of fever the following morning. Addition-
ally, the patient noted increased tenderness in the right 
tear trough. Throughout the day, the unilateral infraorbital 
edema worsened and perioral edema began to develop. On 
1/7/2021, 36 h post vaccination, 10 mg of certirizine was 
administered. Evidence of the onset of infraorbital edema 
and perioral edema within this period can be seen in Fig. 8a, 
b. Patient reported that at 48 h post vaccination infraorbital 
swelling and perioral angioedema was at its peak and she 
was unable to open the right eye. The patient took 20 mg 
of cetirizine at that time. Throughout the morning, the left 
tear trough swelling subjectively increased, while the rest 
of the face remained persistently swollen, in areas of previ-
ous filler injection. The patient was opposed to using oral 
corticosteroids because of the possibility of nullifying an 
immune respose to the vaccine. At this time, 5 mg of lisino-
pril was initiated orally. No further medications (including 

antihistamines) were administered from that point forward. 
Patient reported arrest of left tear trough swelling within 
5 h of lisinopril and improvement of right tear trough swell-
ing. Over a period of 24 h, perioral edema was visible and 
functionally improved and the patient returned to baseline 
(Fig. 8c, d).

Case 4

Patient is a healthy 43-year-old female who had tear trough 
filler placed over 2.5 years ago. She has no history of angi-
oedema or seasonal allergies. She received the first Pfizer 
vaccine dose 12/19/2021 and reported only mild arm injec-
tion site pain lasting 2 days. A second vaccination was done 
on 1/7/2021, again with mild arm injection site pain which 
resolved by the afternoon on 1/8/2021. Twenty-four hours 
later, she noted a mild tenderness underneath the right eye, 
followed hours later by swelling under the left eye. She 
started a Medrol dose pack the following day and by 24 h 
she noted marked improvement with decrease in tear trough 
swelling bilaterally (Fig. 9a, b, c).

Discussion

A recent expert consensus panel defined the duration of 
DIRs as arising from a normal state 2–4 weeks or longer 
post-injection [5]. Clinically, they noted that DIRs in HA-
based filler injections manifest as erythema, painful nodules, 
induration, and eyelid edema. The authors also acknowl-
edged that certain triggers might be associated with the onset 
of DIRs, which can include viral infection, active sinusitis, 
low-quality products, combinations of different products, 
improper technique, and past and current dental procedures. 
Lastly, it was mentioned that DIR can occur in the skin at 
different sites of injection, chiefly dermal and subcutane-
ous placement, with adipose tissue being the most common 
placement site [5].

Based on the historical and temporal events as detailed 
above, we believe that three of the aforementioned cases 
demonstrate DIR of HA fillers, triggered by exposure to 
COVID-19 spike protein. In the one case, the patient expo-
sure to the COVID spike protein was likely achieved fol-
lowing native infection with community-acquired COVID 
resulted in seroconversion, followed within weeks by DIR. 
The HA dermal filler involved in this case is classified as 
monophasic (particles of the same size) 20 mg/ml, non-ani-
mal (NASHA) derived, and crosslinked. With a prior his-
tory of a recalcitrant eczematous dermatitis, she was being 
treated with periodic subcutaneous injections of dupliximab 
at the time of COVID-19 infection. DIR persisted for weeks 
after COVID infection resolved, prompting evaluation and 

Fig. 8   a 36 h post Moderna COVID-19 vaccination b 48 h post Mod-
erna COVID-19 vaccination c 60 h post Moderna COVID-19 vacci-
nation d 72 h post Moderna COVID-19 vaccination, 48 h post ACE 
inhibitor initiation



8	 Archives of Dermatological Research (2022) 314:1–15

1 3

treatment. Persistent areas of involvement included the 
previously-injected areas of the tear trough, periorbita, and 
medial cheeks. The treatment course was difficult, requiring 
multiple rounds of oral corticosteroids, multiple sessions 
of intralesional recombinant hyaluronidase, and physical 
thermal dissolution of the HA by use of a bipolar radiof-
requency microneedle device. Although symptomatology 
greatly improved, evanscent swelling in the peroribtial area 
still persisted, likely due to residual HA product.

In the second case, the patient was a subject following the 
Moderna mRNA-1273 trial protocol. Although the trial was 
conducted as a double blinded, placebo-controlled trial, the 
patient felt certain that her first vaccine dose to be to be the 
actual vaccine. Furthermore, she experienced lingering pain 
in that arm for days following the injection. Saline served as 
placebo control in this trial because it is highly unlikely to 
trigger any biologic response.

Eight days following the injection per protocol (with-
out constitutional symptoms or known community COVID 
exposure), she began to experience the onset of DIR in the 
periorbital area. This was followed within days by inflam-
mation occurring in previous facial injection sites: firstly the 
earlobes (performed 18 months prior to the vaccination) and 
secondly more intense inflammation in the malar cheeks, 
tear troughs, nasolabial folds, and lips (sites more recently 
injected 5 weeks prior to the vaccination). Per patient his-
tory, she was barred to proceed with the second vaccina-
tion dose in the trial due to the concomitant usage of oral 

corticosteroids, which were used in high doses to qwell the 
ongoing DIR. A scheduled blood test was carried out per 
protocol and did not reveal seroconversion following the first 
dose. Given the scenario, the patient and the primary author 
felt certain she received the vaccine; however, unblinding of 
the data revealed that she was given saline placebo. Without 
confirmation of seropositiviy, and in the absence of any his-
torical trigger factors, the definitive cause of DIR remains 
unknown. The severity of her inflammatory reaction necessi-
tated multiple treatment measures which although ultimately 
successful, came at great expense.

It is worth noting that two other cases of DIR reaction to 
injectible HA fillers occurred (labelled as serious adverse 
events) in the mRNA-1273 trial [11]. The Moderna FDA-
Briefing document details three related cases of hypersen-
sitivity reaction to previous facially-injected dermal filler. 
In one case, a 46-year-old caucasian female received injec-
tions in her cheeks of Juvederm XC in March 2020. In the 
study, she received her first dose on August 31, 2020, and 
her second dose on September 29, 2020. Between September 
30 and October 5 2020, she developed significant bilateral 
cheek swelling with no rash, pain, tenderness, oral or res-
piratory symptoms. Symptoms were considered moderate 
and the reaction designated as serious. The study partici-
pate received diphenhydramine and methylprednisolone and 
recovered (data on file with Moderna).

In the second Moderna trial case, a 51-year-old cauca-
sian female received Juvederm and Botox injections in her 

Fig. 9   Case 4 a initial appearance of DIR to HA placed in the right tear trough, b inflammation extending to left tear trough (c) resolution of 
inflammation and majority of the swelling
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cheeks on October 2, 2020. The study participant received 
her first vaccine dose on September 12, 2020, and her second 
dose on October 15, 2020. Between October 17 and 22 she 
developed bilateral facial swelling with the left side being 
more pronounced. Swelling was measured at 125 mm on 
day 3 and 55 mm on day 4 post-vaccination. Symptoms were 
considered moderate and the reaction designated as serious. 
The study participant received Prednisolone and recovered 
(data on file with Moderna). In a third case involving lip 
swelling of a 29-year-old female that occurred 2 days after 
vaccine injection, the reaction was termed angioedema and 
was classified as medical significant. This case had a history 
of prior dermal filler placement to the lips, of unknown dura-
tion prior to the trial [11].

As of August 2020, thirty potential vaccines against 
COVID-19 were in clinical trials with another 139 in 
pre-clinical development, including both gene-based 
(mRNA, DNA) and protein-based candidates [12]. Genetic 
approaches have the benefit of eliciting antibodies and 
CD4+ helper T cells, they recruit CD8+cytotoxic T cells, 
through the major histocompatibility class I pathway [12]. 
COVID-19 prevention efforts represent the first large scale 
usage of mRNA technology for vaccine development. As 
such, understanding of complete clinical response to mRNA 
vaccines is unknown. Published data from the three major 
completed COVID vaccine trials Phase I,II, and III in the 
United States/UK/Brazil/South Africa include mRNA-
1273 vaccine (Moderna), ChAdOx1 nCoV-19 vaccine 
(Astrazenica) and RNA vaccine BNT162b1(Pfizer-BioN-
Tech) has mandatorily included reporting of adverse events 
[13–18]. Table 2 summarizes the known cutaneous adverse 
events from these studies. Transient urticaria and pruritus 
were noted for the mRNA-1273 trial, while rosacea flar-
ing occurred in the ChAdOx1 nCoV-19 vaccine trial. No 
incidences of DIR were reported publically for the Pfizer or 
Astrazenica trials at the time of this submission. Presumably, 
this is because either they did not occur, or as in the case 
of mRNA-1273, the numbers did not meet the minimum 
threshold incidence within the protocol for reporting as seri-
ous adverse events.

The Vaccine Adverse Event Reporting System (VAERS) 
is an online, self-reporting database developed by the CDC 
and utilized for reporting adverse events from vaccination, 
performed on the general public [19]. Vaccination cards 
given after COVID immunization contain the website 
address and strongly encourage self-reporting of any side 
effects. A query was performed of VAERS from the inclu-
sive dates of Pfizer and Moderna vaccine public release 
until Jan 10th 2020, using database terms to identify cuta-
neous post-immunization reactions. Of the 641 records of 
patients who self-reported skin-related issues following 
receiving either the first or both vaccine doses, 152 of 
those cases were found to include the term (or synonyms 
for term) “edema” with regards to visible skin swelling 
(Fig. 10). DIR, though not characterized by extensive soft 
tissue involvement, can be misdiagnosed as edema, facial 
edema or angioedema because of the presence of acute 
onset swelling involving the skin and lips.

DIR as a response to other viral vaccination has been 
reported sparsely in the literature. One report from Bra-
zil detailed the characteristic induration, edema, and ery-
thema of DIR in a patient in weeks following the admin-
istration of the influenza vaccine [20]. The author has 
personal experience with two patients experiencing DIR 
with calcium hydroxylapatite (Radiesse, Merz,Germany) 
filler treatment to the face and hands, respectively, follow-
ing the first dose of administration of the shingles vaccine 
(author observation).

Of significance, a variety of HA products were used in 
the aforementioned cases, and contain different stabilizing/
crosslinking formulations, purification, and composition. 
Artzi and colleagues noted (based on a review of available 
literature), that the reported rate DIR prior to 1999 were 
0.7% and that rate began to decrease after the introduction 
of highly purified HA products to 0.2%. [21]. In the 400 
subjects studied retrospectively, the authors did not report 
a DIR related to post viral illness or vaccination [21]. How-
ever, several studies have shown that the biphasic highly-
crosslinked Juvederm vycross filler product line has a higher 
than expected rate of DIR [3, 5, 22]. It is has been reported 

Table 2   Summary of cutaneous adverse reactions in current USA/UK/Brazil/South Africa based COVID Clinical Trials

Sponsor Vaccine Phase trial Reported cutaneous adverse reactions (non-injection site related) in vaccine groups

AstraZenica ChAdOx1 nCoV-19 I,II,III Rosacea flare, Pruritus; cellulitis
Moderna mRNA-1273 I/II/III -1 instance of transient urticaria on both legs 5 days after receiving first dose of 

vaccine 25mcg vaccine;
-1 instance of a maculopapular rash
-2 instances of hypersensitivity reaction to previously injected facial dermal filler 

(deemed serious adverse events)
-1 instance of angioedema of lips in subject with history of lip dermal filler injec-

tion
Pfizer-BioNTech BNT162b2 I,II,III Hypersensitivity-related adverse events 137 participants, 0.63%
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Fig. 10   Query of the VAERS database with possible terms specific for cutaneous adverse events yielded 641 cases, with 152 cases linked to 
edema of the skin
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that HA-based fillers with a low-molecular weight-degraded 
products have higher pro-inflammatory activity [5].

Recent reports in the literature have revealed an inci-
dence of DIRs to Juvederm Volbella of 1.0% per patient 
and 0.8% per syringe, which is higher than the previously 
reported incidence of 0.02% and more compatible with the 
4.25% incidence of DIRs to Juvederm Volbella previously 
reported by Artzi et al. [5, 21]. Analysis of the U.S. Food 
and Drug Administration (FDA) MAUDE database by Ortiz 
et al. identified the Juvederm family of dermal HA fillers 
with a high risk profile amongst HA fillers for development 
of DIR [23]. Comparatively, the incidence rate of hyper-
sensitivity reactions to the monophasic NASHA fillers has 
been reported at 0.8%, with the rate for delayed reactions 
reported at 0.3%. Time to onset of delayed nodules ranged 
from 1 month to 3 years after HA implantation [3].

As longevity of HA filler increases with newer products, 
DIR incidence could increase, simply as a function of the 
presence of a persistent nidus for inflammation. The need 
for accurate medical recording of anatomic placement and 
specific filler type (specific HA vs other non-HA fillers) 
will become more important. A recent small study, utiliz-
ing a novel HA-specific Magnetic Resonance (MR) imaging 
modality, identified filler that had been placed in to subjects 
6 years prior [24]. Subjects, which denied filler placement 
for 2 years prior and denied placement in certain anatomic 
areas, were indeed found on MR to have residual HA filler 
in those areas [24]. Therefore, it is reasonable to expect that 
in future vaccine trials, effort should be dedicated to get an 
accurate medical history of dermal filler placement as part 
of the subject screening process.

Cutaneous manifestations of COVID-19 can present with 
a constellation of cutaneous signs, occurring concurrent/
after the onset of the characteristic pyrexia, anosmia/hypos-
mia, ageusia, and respiratory symptoms [25]. Although 
chilblains-like eruptions of the digits/toes, petechiae, and 
acro-ischemia, have been reported, only urticaria has been 
reported along the spectrum of delay-type hypersensitivity 
reactions described in the two cases above [26] (Fig. 11). In 
a recent meta-analysis of 44 articles with 507 patient cases, 
the most common cutaneous findings were polymorphic 
eruptions, erythema, chilblain-like lesions, and urticarial 
lesions, occurring on an average of 9.92 days (range: 1–30) 
after the onset of systemic symptoms [25]. In humans, ACE2 
is expressed in the skin in multiple cell types. The ARCHS4 
database is publicly available and has demonstrated the resi-
dent skin cell types associated with high levels of ACE2, 
including fibroblast and keratinocytes [27] (Fig. 12). Inter-
estingly, Li et al. showed that adipose tissue has also been 
shown to contain high levels of ACE2 [8], wherein may lie 
a majority of the filler placed anatomically in the face.

The Zhao study also evaluated the role of ACE2 con-
stituitive expression in the cutaneous manifestations of 

COVID-19 [25]. They found higher than expected levels of 
ACE2 expression in keratinocytes of COVID-19 patients 
who also had detectible viremia and skin lesions [25].

One possible explaination for COVID spike protein 
related to DIR with HA fillers could be explained by the 
genesis of the HA filler granuloma, a seminal imflamma-
tory event. Failure of effective phagocytosis of longstand-
ing HA, coupled with biofilm formation, and direct T cell 
activation common of bio-implants can lead to fibrosis 
and granuloma formation, favoring a TH1/CD8+T cell 
presence [28, 29]. In tissue, including the skin, a rela-
tive higher concentration of ACE2 are present to maintain 
immune homestasis, by regulating the production of pro-
inflammatory angiotensin II relative to levels of the metab-
olites, angiotensin 1–7 (anti-inflammatory). However, 
ACE2 is a ligand for the COVID spike protein and active 
infection can bind available ACE2, further tipping the bal-
ance in favor of angtiotensin II and development of a pro-
inflammatory response. Additional studies have detailed 
the presence of ACE2 in the cutaneous endothelium of 
mid/deep dermal and subcutaneous microvasculature [30]. 
Complement-mediated destruction of cutaneous microvas-
culature, secondary to docking by SARS-CoV-2 spike pro-
tein, has also been demonstrated [30]. The implantation of 
dermal HA filler is known to stimulate angiogenesis and 
retain neovascularity in human and murine models [31]. 
Therefore, the possibility exists that higher (than baseline) 
dermal and subcutaneous levels of ACE2 are localized in 
the vicinity of acute and chronic injected cutaneous HA 
filler boluses, setting the stage for an peri-bolus filler DIR 

Fig. 11   Clinical manifestation of urticaria in a COVID-19 patient 
who presented to the authors during a telemedicine consultation
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triggered by occlusion occurring post-vaccine or during/
after active COVID-19 infection.

Based on this concept, in the third case with evolving 
DIR post Moderna vaccination, we investigated a hypothesis 

that ACE-I could potentially modulate DIR as a treatment 
option. Since ACE2 is bound by spike protein, it is essen-
tially otherwise engaged and unable to convert angiotensin II 
to angiotensin 1–7. By reducing the levels of angiotensin II 

Fig. 12   Data from the ARCHS4 database, https​://maaya​nlab.cloud​/archs​4/, showing the relative expression of ACE2 levels in different organ 
systems (subcategorized by cell type) in the body

https://maayanlab.cloud/archs4/
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with ACE-I, this burden on ACE2 may be lessened, mitigat-
ing the effects of rising levels of spike protein. In this single 
case ancedote, treatment with an oral ACE-I may have had 
a positive effect in rapidly reducing the edema and inflam-
matory response secondary to rising angiotensin II levels, 
in a non-immunosuppresive way, unlike CS which could 
potentially blunt antibody response to the virus. As an addi-
tional mechanism of reducing interstitial edema, lisinopril 
decreases angiotensin II-induced aldosterone secretion by 
the adrenal cortex, which leads to an increase in sodium 
excretion and subsequently increases water outflow.

The literature details that a viral vaccine or illness can 
serve as a DIR triggering event. Published works have docu-
mented cases after viral illness [3, 6, 32, 33]. Turkmani et al. 
described 14 cases of HA DIR following an influenza-like 
illness [6]. In all cases, subjects had no allergies or other 
predisposing autoimmune or infectious conditions. HA filler 
was present 2–8 months prior to developing the DIR, and 
patients experienced DIR within 3–5 days of developing 
the influenza-like illness. A variety of different branded HA 
fillers were used in these patients, and the most common 
anatomic areas affected were the cheeks, tear trough, and 
lips. In this series, most of the patients responded to oral 
corticosteroids only, while a few required addition interven-
tion with intralesional hyaluronidase injections.

Bhojani-Lynch also described a series of 5 patients with 
DIR, 4 of which reported an influenza-like illness a few 
days prior to the onset of inflammation [33]. The author 
used a similar management approach of oral CS to suppress 
inflammation quickly, utilizing the hyaluronidase for per-
sistent or non responsive areas of inflammation [33]. In the 
COVID cases reported in the USA, both oral and IV pred-
nisone clinically improved edema and pain. Whereas the 
SARS-CoV-2 targets the ACE2 receptor for cell entry, Xiang 
et al. described CS as one part of a multi-step approach 
for COVID-19 respiratory symptom management through 
ACE2 agonistic activity [34]. Of potential clinical signifi-
cance, Artzi et al. made mention of smaller nodules being 
more frequently observed in conjunction with viral illness 
or post dental procedures, which tended to heal spontane-
ously [3].

One final clinical observation in our three confirmed 
COVID-related cases is with regards to time of onset of the 
symptoms. There is a significant difference in the time of 
onset of DIR in the first case, which started weeks after 
COVID seroconversion and the vaccine-related cases, which 
started days after vaccination. Case 4 interesting did not 
show evidence of DIR until the second dose. One potential 
explaination may be due to the more rapid rise in serum (and 
subsequent dermal concentration) of the spike protein in the 
vaccination cases, because of the rapid production due to the 
nature of the mRNA vaccine. Native COVID exposure and 
seroconversion may result in a longer rise in serum protein 

levels, as the virus takes more time to evade the host immu-
nosurveillance, replicate, and produce appreciable levels of 
spike protein.

Conclusion

We have presented three cases of a COVID-19 spike pro-
tein triggered inflammatory reaction to dermal HA filler. 
Could this be a microcosm of what is to come in the perfect 
storm of: (1) the exploding popularity of dermal fillers for 
aesthetic facial enhancement (2) the rising cases of COVID-
19 and (3) expected widespread deployment of COVID-19 
mRNA vaccines? Although the exact mechanism of DIR 
is unknown, we hypothesize that the COVID-19 spike pro-
tein evokes a pro-inflammatory response in the location of 
dermal HA fillers through blockade of a cutaneous ACE2 
inhibitory pathway. Whether the DIR is related specifically 
to the mRNA-1237 vaccine or is a potential adverse reaction 
to widespread immunosurveillance following infection is to 
be determined.

Prevention of DIR should include a thorough history and 
patient education. When consulting patients for dermal fill-
ers, active skin infections are historically contraindicated 
from treatment. However, a history of recent viral illness, 
dental or other potential bacterial seeding procedures, or 
recent/upcoing vaccination schedule is not elicited [35]. 
Clinical evaluation of similar cases in similar settings should 
consider the interplay between viral illness, cutaneous facial 
inflammation, and HA dermal fillers. Therapeutic manage-
ment in extensive, symptomatic cases should consider a 
combination of oral CS and hyaluronidase injections ini-
tially to reduce the inflammatory response, stimulate ACE2 
upregulation, and eliminate the HA nidus of the inflamma-
tion. Notably, the administration of oral CS to treat an active/
ongoing viral infection is usually avoided to avoid inhibition 
of host immune response. However, in the case of COVID-
19, SARS-CoV-2 stimulates what appears to be a hyperim-
mune response, that benefits from corticosteroid adminis-
tration. This is evidenced by the now routine practice of 
CS administration for acute COVID-19 infection. Infectious 
Diseases Society of America (IDSA) guidelines recommend 
the use of corticosteroids in active infection among hospital-
ized patients with severe COVID-19 disease [36]. Another 
potential option, which merits further evaluation, would be 
the use of ACE-I or angiotensin receptor blockers (ARBs) 
in the the acute phase treatment of DIR in this specific set-
ting based on knowledge of the Angiotensin pathways in the 
body [37, 38]. Other possibilities of ACE-I therapy would 
include pre-treatment to prevent DIR prior to first vaccine 
dose in a patient with longstanding history of filler place-
ment or pretreatment of a patient prior to second vaccine 
dose, if a DIR develops after the first dose. Therapeutic 



14	 Archives of Dermatological Research (2022) 314:1–15

1 3

intervention with ACE-I or ARB would not be expected to 
affect vaccine efficacy in a similar manner to CS.

Compliance with ethical standards 

Informed consent  Written informed consent for publication of their 
clinical details and/or clinical images was obtained from the patient/
parent/guardian/ relative of the patient. A copy of the consent form is 
available for review by the Editor of this journal.
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