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Impact Statement

The vaccination campaign against SARS-CoV-2
infection diffused worldwide is one of the most
extensive public health operations of the recent
decades. For this reason, given the broad scale dif-
fusion of anti-SARS-CoV-2 vaccines, it is possible
that, in predisposed subjects, some side effects
may be observed. Cases of “hyperinflammatory
syndrome” characterized by an excess of pro-inflam-
matory cytokines elicited by the shot, arrived at our
attention during the last months, and others have
been reported in the literature by now. Based on
the pathophysiology and on the clinical/bio-humoral
similarity with adult-onset Still's disease, the treat-
ment approach with the anti-interleukin-1 drug anak-
inra was successfully employed, with a remarkable
improvement on the hyperinflammatory condition.

Abstract

The current SARS-CoV-2 pandemic diffused worldwide has encouraged the
rapid development of vaccines to counter the spread of the virus. At present in
Italy, 75.01% of the population completed the vaccination course (AIFA.gov.it)
and very few adverse events have been recorded by now. Side-effects related
to a theoretical over-reaction of the immune system in response to vaccines
administration have been described, and the possibility that an autoimmune or a
hyperinflammatory condition may occur was recently observed. Herein, we report
four cases of hyperinflammatory syndrome with features indicative of Adult-onset
Still's disease (AOSD) and macrophage activation syndrome (MAS), occurred
after anti-SARS-CoV-2 vaccine injection and seen at our Unit between March and
May 2021. Since interleukin (IL)-1 is one of the pivotal cytokines involved in AOSD
pathogenesis, the inhibition of IL-1 is crucial in ameliorating the clinical symptoms
of those patients. Moreover, it has been highlighted the central role of IL-1 as a
hallmark of the hyperinflammatory status elicited by SARS-CoV-2 infection. In this
case series, we successfully employed the IL-1 receptor antagonist anakinra to
curb the cytokine release likely unleashed by the vaccine stimulation in potentially
predisposed subjects. We also made a literature search to detect other patients
with hyperinflammation temporally related to vaccines injection who benefited from

IL-1 inhibition, while other AOSD/MAS-like described syndromes improved with other immunomodulatory strategies.
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Introduction

With the ongoing intensive campaign for vaccination
against severe acute respiratory syndrome (SARS)-
coronavirus disease 2 (CoV-2), rare and novel vaccine-
associated, systemic inflammatory and immune-mediated
adverse events are increasingly being reported. However,
it is uncertain whether vaccination itself could exacerbate
or unleash pre-existing inflammatory rheumatic muscu-
loskeletal diseases. Herein, we report detection and man-
agement of four patients recently admitted to our Unit for
severe systemic inflammatory symptoms occurred after
SARS-CoV-2 vaccination (Table 1). Moreover, we carried
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out a literature review to identify other inflammatory con-
ditions that temporally may be related to vaccines admin-
istration and other cases which benefited from interleukin
(IL)-1 blockade.

Case series

All the patients arrived at our attention between March and
May 2021. They presented with a triad of unremitting fever,
joint pain, and high inflammatory markers. All of them
received the anti SARS-CoV-2 vaccine (one patient ChAdOx1
DNA viral-vector vaccine and three patients BNT162b2
mRNA vaccine) prior the development of the symptoms.
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Case 1

A 60-year-old man with a remote history of psoriatic arthritis,
received the first dose of ChAdOx1 (AstraZeneca) vaccine in
May 2021. The day after he started to develop fever, cervical
pain, and stiffness in his shoulders. After 10days of hyper-
pyrexia and diffuse arthralgias, with apparently no signs of
infection, he arrived at our attention. The laboratory work-up
revealed neutrophilic leukocytosis, high C-reactive protein
(CRP), and a moderate increase in ferritin. At physical exami-
nation, lymphadenopathy, splenomegaly, and joint stiffness
were noticed. The patient had also elevated interleukin-1o
(2166ng/L, range=0.0-3.9), IL-1p (10.1ng/L, range=0.0-5.0),
IL-6 (66.5ng/L, range=3.0-7.0), and serum soluble interleu-
kin-2 receptor (sIL-2r) was 2495kU/L (range=223-710). The
main serological analysis excluded infections, while a posi-
tron emission tomography/computed tomography (PET/
CT) excluded areas or pathological hyper-uptake which could
be attributed to hematological malignancies. Based on the
exclusion of mimickers, the diagnosis of adult-onset Still’s
disease (AOSD) was made (Yamaguchi’s criteria)* and the
patient was treated with 1 mg/kg of oral prednisone and IL-1
inhibition with intravenous (i.v.) anakinra (100 mg every 8h);
clinical improvement began in less than 24 h; the patient was
discharged in good disease control with subcutaneous (s.c.)
anakinra 100mg/day and oral prednisone.

Case 2

The second patient is a woman with AOSD who developed
a macrophage activation syndrome (MAS) in 2015; she had
discontinued s.c. anakinra 1year prior to receive SARS-CoV-2
immunization, due to a persistent AOSD remission for 5 years.
Fifteendays after the first BNT162b2 (Pfizer-BioNTech) injec-
tion, she started to complain diffuse arthralgias, pharyngo-
dynia, and low-grade non-remitting fever. When she arrived
at our attention, we observed synovitis of the second and third
right metacarpophalangeal joint and shoulders at ultrasonog-
raphy (US); in addition, laboratory work-up showed high
transaminases, a marked neutrophilic leukocytosis, hyperfer-
ritinemia, and elevated CRP. She promptly regained remis-
sion with moderate-dose of oral prednisone and s.c. anakinra
(100mg/day), which was re-started with no further disease
relapses, even after the second dose of mRNA vaccine, that
she regularly received 1 month after the acute phase.

Case 3

A 53-year-old woman with a previous history of cutaneous
psoriasis and hypothyroidism, presented with arthralgias,
pharyngodynia, skin rash, and low-grade fever after her first
Pfizer-BioNTech shot. Her general practitioner treated her
with low-dose oral prednisone with a significant improve-
ment on her symptoms. However, a few days after the sec-
ond dose, she deteriorated rapidly with hyperpyrexia and a
polyarthritis worsening. She was hospitalized and treated
with i.v. methylprednisolone; however, her conditions did
not improve within 10days, and thus, she was admitted at
our Department. On admission she presented with objective
small joints polyarthritis and she complained also abdomi-
nal and chest pain which were compatible with serositis; at
work-up, neutrophilic leukocytosis, elevated ferritin, and

Volume 247  February 2022

CRP were detected. Her disease course was later compli-
cated by secondary hemophagocytic lymphohistiocytosis
(s-HLH), providing a dramatic increase of ferritin, respira-
tory insufficiency, and an initial systolic myocardial dysfunc-
tion. She was treated successfully with i.v. dexamethasone
(8 mg bid) and high-dose i.v. anakinra (100mg every 6h).
After 3months, no disease relapses were observed, her bio-
humoral work-up was unremarkable and she continued s.c.
anakinra 100mg twice a day without adverse events until
the last follow-up.

Case 4

A 50-year-old woman with a previous history of psoriatic
arthritis and non-Hodgkin’s lymphoma, on remission since
2008 and treated with chemo- and radiotherapy, arrived
at our attention in April 2021. Threedays after the second
Pfizer-BioNTech shot, she started to complained elevated
fever (TC 39°C), diffuse arthralgias, and a pink salmon rash
on arms and legs. She was admitted to the Emergency Room
and her laboratory exams revealed leukocytosis (white
blood cells (WBCs)=12.500mmc/L), low platelet count
(99.000mmc/L), a slight increase in transaminases (glutamic
oxaloacetic transaminase (GOT) =58 U/L and glutamic pyru-
vic transaminase (GPT)=41U/L), and CRP was 38mg/L.
Chest X-ray and echocardiogram were normal. During the
hospitalization, she started to develop daily spiking fever
(until 40°C), and she complained a worsening of her skin
rash on chest and legs. Serological exams excluded main viral
and bacterial infections, while the autoimmunity panel was
unremarkable (antinuclear antibodies 1/160); however, high
ferritin (>6000ng/L) and a low percentage of glycosylated
ferritin (<20%) were observed. Based on these data and on
the clinical features, the diagnosis of AOSD was made. She
was treated with high doses i.v. methylprednisolone (80 mg/
day) and oral cyclosporine 150mg/day; however, due to
the persistence of fever, arthralgias and an initial pulmo-
nary involvement, s.c. anakinra (100mg/day) was added.
At discharge, she switched to oral prednisone (starting from
50mg/day) and cyclosporine was slowly tapered (given
also the previous hematological history) with a progressive
improvement of her conditions. However, after 4 months
along with prednisone tapering, she started to complain
again fever (TC max 39°C) accompanied by a diffuse urti-
carial rash on arms and chest; laboratory biomarkers showed
high ferritin (nadir=36.646 ug/L), CRP 110mg/L, a marked
increase in transaminases (GOT=181U/L and GPT =226
U/L), triglycerides (3.02mmuol/L), and a low platelets count
(59.000mmc/L); all these signs and symptoms were compat-
ible with an initial MAS. For this reason, she was hospital-
ized again and treated with i.v. anakinra (100 mg every 6h)
and i.v. dexamethasone (6 mg bid) with a gradually response
on fever and systemic inflammation. At discharge, she con-
tinued oral prednisone (from 25mg/day) and s.c. anakinra
100mg twice a day with benefit until the last follow-up.

Cases reported in the literature

At the best of our knowledge, a few other cases of AOSD-like
syndromes occurred after anti SARS-CoV-2 vaccination and
benefited from anakinra administration.



One case was reported in Italy in a 36-year-old male who
developed AOSD after the first shot of ChAdOx1 vaccine.!
Oneday after the injection, he started to complain hyper-
pyrexia (>39°), sore throat, chest pain, and an evanescent
cutaneous rash. He was initially treated with non-steroid
anti-inflammatory drugs (NSAIDs) and antibiotics with-
out improvement. Due to the persistence of fever, chest
pain, and the new onset of tachycardia, he was admitted
to the hospital. The serological work-up for infections was
unremarkable, thus given the persistent leukocytosis and
in the suspicion of an inflammatory disorder, he started
methylprednisolone 0.75mg/kg/day with improvement of
symptoms; however, after 3 weeks of glucocorticoids taper-
ing, all the inflammatory symptoms reappeared including
hyperpyrexia and chest pain, and laboratory data showed
high increase in CRP, erythrocyte sedimentation rate (ESR),
ferritin, IL-6, and sIL-2r (see Table 1). In addition, due to an
initial myocardial involvement with a transitory increase
in troponin, he was treated with s.c. anakinra 100 mg/day
resulting in a bio-humoral and clinical sustained improve-
ment until discharge and until the follow-up visit after
1month.!

Another case of hyperinflammation described as an
AOSD-like form (Yamaguchi’s criteria fulfilled) was
reported in Romania in a 22-year-old male with a past unre-
markable history.2 Thirteen days after receiving the first
shot of BNT162b2 vaccine, he started to complain fever
associated with sore throat, myalgias, maculopapular rash
and elevated inflammatory markers; because of an acute
chest pain and an initial myocardial dysfunction (high tro-
ponin, ST elevation at electrocardiogram (ECG), and left
ventricular hypokinesia), he was hospitalized. After the
exclusion of infections, major neoplasia and autoimmune
conditions he started broad spectrum antibiotics without
amelioration; thus, i.v. dexamethasone at 16 mg/day was
started, but soon after tapering glucocorticoids, the hyper-
inflammatory symptoms reappeared and i.v. immunoglob-
ulins (1g/kg) were started without benefit. Because of high
ferritin levels, the persistence of inflammatory symptoms,
the new onset of arthralgias in the large joints, and despite
the high dose of glucocorticoids, he started s.c. anakinra
100mg every other day and then every 2 and 3 days (due to
supply issues) with a progressive improvement of inflam-
matory markers, leading to a general decrease in glucocor-
ticoids daily intake.?

Six cases of multisystem autoinflammatory syndrome of
adults (MIS-A), which draws MAS features, were described
in Southern California.> Among those six, an 18-year-old
Asian-American man, presented at the emergency depart-
ment with fever, headache, vomiting, diarrhea, and abdomi-
nal pain; he had SARS-CoV-2 infection 43 days before and
got the first shot of BNT162b2 vaccine 19 days before the
symptoms onset. Because of elevated inflammatory markers,
thrombocytopenia and the absence of infections at blood and
urine cultures, he was initially treated with methylpredni-
solone and intravenous immunoglobulin (IVIg) and then
with s.c. anakinra (100mg/day for 3days) achieving soon
the symptoms remission.? Table 1 depicts the features of our
patients and of the patients described in the literature and
treated with anakinra by now.

Bindoli et al. Hyperinflammation after COVID-19 vaccination

Cases of hyperinflammation (AOSD/MAS-like) not
treated with IL-1 inhibitors

Other two cases of AOSD-like forms with typical clinical
(Yamaguchi’s criteria) and laboratory features are described
in the literature; nonetheless in one case, the patient, a
37-year-old Japanese woman with a former diagnosis of
AOSD in remission since 13years, developed a disease
relapse after the second dose of BNT162b2 vaccine and was
successfully treated with s.c. tocilizumab (162 mg/2 weeks);?
another patient from the United States instead developed
AOSD following mRNA-1273 vaccine and required pred-
nisone 1mg/kg/day with an immediate resolution of fever,
arthralgias, and skin rash within 3 days.®

The MAS-like condition named MIS-A, which was
observed in the Asian-American patient above described,
was detected also in other three adult vaccinated subjects
(with Pfizer-BioNTech vaccine) with a previous history of
COVID-19 infection; however, they were not treated with the
IL-1 inhibitor, but they ameliorated with i.v. glucocorticoids
and IVIg. Similarly, a case of cytokine-release syndrome
(CRS) was described in a patient with colorectal cancer
on long-standing anti-PD-1 monotherapy, after receiving
BNT162b2 vaccine and was treated successfully with i.v.
methylprednisolone.*”

Overall, new onsets or flares of immune-mediated dis-
eases (IMDs) temporally attributed to SARS-CoV-2 vaccina-
tion were identified in a multicenter cohort study involving
27 subjects; however, most of the patients had an already
pre-existing autoimmune/rheumatic condition prior vac-
cination, and their manifestations generally responded
quickly to therapy. Most of the outlined patients developed
arthritis, followed by connective-tissue diseases; one case
of polymyalgia was observed but no cases of AOSD, MAS,
or MIS-A were recordered in this cohort.® Other cohorts
reported patients with temporal arteritis-like form, recurrent
pericarditis, and a uveitis relapse in a patient with Behget’s
disease; all of them were successfully treated with NSAIDs
or glucocorticoids.’

By now, other non-rheumatological inflammatory condi-
tions are reported in the literature as probably unleashed
by anti-SARS-CoV-2 vaccines, such as subacute thyroiditis,
autoimmune hepatitis, and acute demyelinating of central
nervous system (optic nerve, brain, and/or spinal cord)810-12
Taken together those evidences suggest that a temporal asso-
ciation between vaccine injection and hyperinflammation
onset is plausible, however, a coincidental association can-
not be excluded, although we observed an unusual cluster
of AOSD-like new-onset presentations. In addition, there
is not an established time frame for which the association
between vaccines and inflammatory symptoms is assured.
In our cases, the range of time from the vaccine injection to
symptoms onset was within 10days for three patients, and
after 18 days for another one, while in other reports, the gap
lasted between 1 and 43 days.?*

Discussion

Vaccines against SARS-CoV-2 may elicit innate immunity
activation. BNT162b2 vaccination induces modest innate
immune responses after primary immunization mainly
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Figure 1. The interactions between anti SARS-COV-2 DNA/mRNA vaccines and the immune system are depicted. The two vaccines can activate the innate immune
response through Toll-like receptors (TLR), sensing receptors, and the inflammasome. In patients with a genetic predisposition and/or exposed to environmental
triggers, an imbalance between pro- and anti-inflammatory cytokines may lead to the onset of inflammatory symptoms provoked by a sort of cytokine storm. Therapies
available to contrast the cytokine storm are mentioned. Moreover, the expansion of the adaptive immune response induced by lipid nanoparticles may be responsible
for the production of autoantibodies which may lead to autoimmune disorders. (A color version of this figure is available in the online journal.)
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IL-1: interleukin-1; IVIg: intravenous immunoglobulin; DNA: deoxyribonucleic acid; LNP: lipid nanoparticle; mRNA: microribonucleic acid; NSAIDs: non-steroidal anti-

inflammatory drugs; PRR: pattern recognition receptor.

sustained by interferon-gamma (IFN-y), which increase
strikingly after the secondary immunization.!? It is possible
that some people could develop uncontrolled inflammation
after receiving vaccines to prevent COVID-19.1 In such per-
sons, SARS-CoV-2 vaccines might precipitate or exacerbate
subclinical or unrecognized inflammatory diseases. Indeed,
a genetic susceptibility with recognized HLA associations
or polymorphisms on IL-18 has been widely described;!®
therefore, it is conceivable that an external trigger such as
the vaccination shot could induce an exaggerate inflam-
matory response in predisposed individuals. In our cohort,
three out of four patients received vaccine with mRNA tech-
nology and lipid nanoparticle (LNP) delivery system. One
patient received ChAdOx1 shot which contains DNA deliv-
ered with non-replicating recombinant adenovirus vector
system.!® Since mRNA may serve as both immunogen and
adjuvant, once intracellular sensors are activated by single
stranded (ssRNA) and double stranded RNA (dsRNA), the
innate immune response is elicited. In addition, the LNP
carrier, once engulfed by dendritic cells, lead to the adap-
tive immune response expansion. Adenovirus vaccine con-
tains adjuvant properties and engages other types of toll-like
receptors. However, both the vaccines induce the final pro-
duction of IFN-y.1718 ]t is possible that in genetically pre-
disposed subjects, and/or if environmental and epigenetic
factors interfere, the immune response generated by vac-
cines is skewed into a pro-inflammatory direction, with an
excessive production of pro-inflammatory cytokines, which
provokes the symptoms described in our patients (Figure 1).

However, it is not excluded that also autoantibodies might
be produced, leading to autoimmune conditions as recently
reported.’

It is well-described the mechanism by which LNPs (e.g.
liposomes and polymer-based nanoparticles) can induce the
inflammasome activation.’” However, it is unclear whether
other components of the inflammasome or different inflam-
masome sensors such as NLR Family CARD Domain
Containing 4 (NLRC4), NLR family pyrin domain containing
3/6/7 (NLRP3/6/7), or Absent-In-Melanoma 2 (AIM2) are
involved in the final production of IL-1 according to the type
of external stimulus. In our cohort, two patients had a pre-
existent immunological disorder, since one patient had pso-
riatic arthritis, and the other one was affected with AOSD,
but it is unclear why the patient with AOSD responded
promptly to anakinra, while “naive” patients for inflamma-
tory disorders required i.v. glucocorticoids and anakinra and
were hospitalized for a longer time. In addition, although
the prevalence of SARS-CoV-2 infection among patients
with rheumatic musculoskeletal diseases was similar to the
general population in our region,?’ we could not exclude
prior immunization from COVID-19 and over-reaction after
SARS-CoV-2 vaccination.

The extensive diagnostic work-up in our patients did not
reveal infection (including SARS-CoV-2), malignancy, any other
rheumatic disease, or alternative explanation other than vac-
cination for provoking such a severe systemic inflammatory
response. Interestingly, all the patients fulfilled one or more
criteria set for AOSD or MAS and they all showed a very rapid



clinical and biochemical improvement in a matter of hours or
days after starting the anti-IL-1 drug. It is interesting that the
detection of very high levels of IL-1p in one patient and the
dramatic response to IL-1 blockade suggest an IL-1 mediated
inflammatory response?! induced by SARS-CoV-2 vaccines,
similar to the cytokine storm described both in AOSD?? and in
SARS-CoV-2 infection.?> Anakinra, the IL-1 receptor antagonist,
blocks activity of the pro-inflammatory cytokines IL-1o and
IL-1B and is commonly used in the treatment of many auto-
inflammatory disorders (e.g. AOSD, systemic-onset Juvenile
Idiopathic Arthritis (soJIA), and Familial Mediterranean Fever)
at the daily dose of 100mg subcutaneously (adult patients).? In
our cohort, three patients received i.v. anakinra (100mg every
6-8h) to curb the massive cytokine release typical of secondary
HLH, while the other was treated with s.c. anakinra 100mg/
day or bid. The rationale of using i.v. anakinra to treat the
hyperinflammatory condition presented by our patients comes
from the excellent results obtained during the SARS-CoV-2
pandemic in which i.v. anakinra was proved to be safe and to
reduce both mortality and the need for invasive mechanical
ventilation in hospitalized COVID-19.252¢ Of note, this is the
first case series in which patients developing hyperinflamma-
tion after vaccination were treated with i.v. anakinra, since the
other reports present in the literature describe subjects who
received the canonical s.c. route of administration.

In conclusion, larger studies are required to define the
close relationship between inflammatory manifestations and
vaccination; however, anti SARS-CoV-2 vaccine remains safe
and effective and the benefits of vaccinations far outweigh
the risk of immune side effects even in patients with pre-
existing autoimmune or autoinflammatory disorders.?”

Conclusions

Of note, one should be aware of the possible occurrence of
hyperinflammation with AOSD-like presentations in patients
receiving anti-SARS-CoV-2 vaccines; the causes of the onset of
inflammatory symptoms are unclear yet; however a genetic
predisposition may be one of the key factors involved in the
pathogenesis of this hyperinflammatory condition. In addi-
tion, other unclear points regard the different immunogenicity
of DNA and mRNA vaccines, especially in subjects with prior
immunological impairment. Considering that some of these
patients may evolve to life-threatening conditions, a prompt
recognition of symptoms, an accurate anamnesis about immu-
nization, possible prior COVID-19 infection, and the past rheu-
matological /immunological history are required to start as
soon as possible the correct immune-modulating treatment.?
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