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Key Clinical Message

Coronavirus Disease 2019 (COVID-19) is a viral infection caused by SARS-CoV-2,
which can trigger autoimmune diseases such as antineutrophilic cytoplasmic an-
tibody (ANCA) associated vasculitis (AAV) that affect small and medium-sized
blood vessels in multiple organs. This study discusses a case with neuropathy
and positive ANCA after COVID-19 infection and reviews the literature on AAV
following COVID-19 infection. A 59-year-old man is presented that was referred
to Shariati Hospital for evaluation of neurologic problems after a COVID-19 in-
fection. Initially, he had flu-like symptoms. A few days later, he developed right
distal upper and lower limb paresthesia. His electromyography (EMG) and nerve
conduction velocity (NCV) results were consistent with polyneuropathy. Lumbar
puncture (LP) was normal except for positive COVID-19 polymerase chain re-
action (PCR). The patient's paresthesia worsened. Laboratory data showed leu-
kocytosis, anemia, thrombocytosis, high erythrocyte sedimentation rate (ESR),
and C-reactive protein (CRP). Perinuclear anti-neutrophil cytoplasmic antibody
(MPO-ANCA) was positive. According to the results, vasculitis was the main dif-
ferential diagnosis. The sural nerve biopsy was performed, and the result was
consistent with small to medium-sized vessel vasculitis. The patient was diag-
nosed with COVID-induced AAV. He was prescribed methylprednisolone and
cyclophosphamide and was discharged with prednisolone and cotrimoxazole.
In this study, a unique case of AAV induced by COVID-19 infection confirmed
by nerve biopsy is presented. A review of the literature found 48 cases of new-
onset AAV in adults and pediatrics after COVID-19 infection. Further research is
needed to completely understand the relationship between COVID-19.
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1 | INTRODUCTION

Coronavirus Disease 2019 (COVID-19) is a viral infection
caused by SARS-CoV-2, which can trigger autoimmunity
in children and adults.! Different autoimmune diseases
including rheumatoid arthritis, type 1 diabetes, psori-
atic arthritis, and antineutrophilic cytoplasmic antibody
(ANCA) associated vasculitis (AAV) have been reported
after COVID-19 infection.” AAV is a rare autoimmune
disease that affects small and medium-sized blood vessels
in multiple organs. Glomerulonephritis (GN) and diffuse
alveolar hemorrhage (DAH) are common presentations in
post-COVID AAV patients while neurologic symptoms are
very rare and have been reported in only three patients
until now.*” This study discusses a case with neuropathy
and positive ANCA after COVID-19 infection.

2 | CASE PRESENTATION

A 59-year-old man without previous medical history was re-
ferred to Shariati Hospital for evaluation of neurologic prob-
lems after a COVID-19 infection. Initially, symptoms had
started 3weeks ago with fever, myalgia, and rhinorrhea and
he was managed with conservative treatment. A few days
later, he developed right distal upper and lower limb par-
esthesia and was admitted to another center with suspicion
of Guillain-Barre syndrome (GBS) due to COVID-19. His
electromyography (EMG) and nerve conduction velocity
(NCV) results were consistent with chronic bilateral asym-
metric sensorimotor axonal polyneuropathy. Therefore,
GBS was ruled out from the diagnosis. Lumbar puncture
(LP) was normal except for positive COVID-19 polymerase
chain reaction (PCR). Intravenous immunoglobulin (IVIG),
dexamethasone 8 mg daily, and remdesivir were started for
the patient. After 2days, the patient's paresthesia worsened
and he experienced a right-sided foot drop. He was referred
to our center for further assessment. Upon examination,
vital signs were normal; however, the neurologic exam
showed right wrist and foot drop, reduced right distal ex-
tremity forces (1/5), and reduced right distal extremity deep
tendon reflexes (1+). The EMG-NCV was repeated and the
result was subacute axonal sensorimotor polyneuropathy.
Laboratory data showed a WBC count of 17,000 cells/mcL,
a hemoglobin level of 10g/dL, a platelet count of 509,000
platelets/mcL, an erythrocyte sedimentation rate (ESR)
level of 95mm/hour, and a C-reactive protein (CRP) level
of 116 mg/dL. Other lab data including liver function test,
creatinine level, urine analysis, and urine culture were
normal. Perinuclear anti-neutrophil cytoplasmic antibody
(MPO-ANCA or P-ANCA) was positive with a titer of
47.5U/mL. Other potential causes of positive MPO-ANCA
such as hepatitis, tuberculosis, human immunodeficiency

virus (HIV), endocarditis, and use of certain medications
(antithyroid drugs, hydralazine, and cocaine) were ruled
out. According to the laboratory and paraclinical results,
vasculitis was the main differential diagnosis. Therefore,
other organ involvements were assessed. The spiral chest
computed tomography (CT) scan showed sub-segmental at-
electasis at the lower lobes and lingula, minimal right-sided
pleural reaction, and minimal pericardial effusion. The spi-
ral paranasal sinuses (PNS) CT scan was normal. The sural
nerve biopsy was performed and the pathology result was
obtained using immunohistochemistry (IHC) and hema-
toxylin & eosin (H&E) staining methods. It was consistent
with small to medium-sized vessel vasculitis. There were
endothelial swelling and lymphocytic infiltration including
karyorrhectic nuclear debris within the endoneurial vessel
wall in the pathology. Despite inflammation, there was no
necrosis present in the pathology (Figure 1). Eventually,
considering positive MPO-ANCA and nerve biopsy results,
the patient was diagnosed with COVID-induced AAV based
on the 2022 classification criteria of the American College
of Rheumatology/European Alliance of Associations for
Rheumatology.® He was prescribed three consecutive pulses
of methylprednisolone 1g and three consecutive pulses of
cyclophosphamide 1g every 2weeks and was discharged
with prednisolone 60mg and cotrimoxazole 400/80mg
daily. One month later, he got infected with cytomegalovi-
rus (CMV) and was treated with gancyclovir. As a result, the
next pulse of cyclophosphamide was postponed to 1 month
later and it was continued once every month for 6 months.
Prednisolone was tapered down to 10 mg daily and azathio-
prine 2mg/kg was started for him as maintenance therapy.
He was followed up every 3months. His foot drop did not
fully recover, but his MPO-ANCA, ESR, and CRP levels
gradually decreased.

3 | LITERATURE REVIEW

A literature review in PubMed and Scopus was conducted
from December 1, 2019 to July 14, 2023 using the keywords
“anti-neutrophil cytoplasmic antibody-associated vasculi-
tis” and “COVID-19”. Studies reporting new-onset AAV
cases after COVID-19 infection were included. Studies that
contained new-onset AAV patients after COVID-19 vacci-
nation and COVID-19 infection in previously diagnosed
AAV patients, reviews, and non-English articles were ex-
cluded. Eventually, 46 case reports (48 patients) were in-
cluded for further assessment. The female/male ratio was
1.2 and the mean age was 45years. Positive MPO-ANCA
was seen in 26 cases (54%), while others were proteinase
3 anti-neutrophil cytoplasmic antibody (PR3-ANCA or C-
ANCA) positive. MPO-ANCA is more commonly associ-
ated with renal involvement, such as glomerulonephritis
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FIGURE 1 The pathology of the sural nerve biopsy. (A) Transection of nerve with lymphocytic infiltration within the endoneurial
vessel wall (H&E). (B) High power field view of the selected area (H&E). (C) Transaction of nerve with endothelial swelling and lymphocytic
infiltration within the endoneurial vessel wall (H&E). (D) Longitudinal section of nerve showing infiltration of CD3 positive lymphocytes
within the endoneurial vessel wall (IHC). (E) Longitudinal section of nerve showing peri and within vessel wall lymphocytic infiltration

including some karyorrhectic nuclear debris and endothelial swelling (H&E).

and renal failure while PR3-ANCA is often associated
with respiratory tract involvement, including sinusitis,
lung nodules, and lung hemorrhage.”*! However, in this
literature review, it was challenging to differentiate them
in uncommon presentations of COVID-induced AAV.

The most frequently affected organ was kidneys (28
cases) presented mainly with glomerolunephritis (GN) or
acute kidney injury (AKI). The symptoms were primarily
pallor, hypertension, edema, and hematuria. Diagnosis re-
lied on laboratory findings such as anemia, high ESR and
CRP, azotemia, and positive MPO-ANCA and confirmed
through biopsy.

The second prevalent affected site was the pulmonary
system (19 cases) presented with diffuse alveolar hemor-
rhage (DAH) which was marked by respiratory distress,
hypoxemia, and hemoptysis and the diagnosis was con-
firmed with a CT scan as well as laboratory findings in-
cluding high ESR and CRP and positive MPO-ANCA.

There have been only three other patients with neuro-
logical presentations following COVID-19 until now that
were diagnosed through laboratory data and CT scan or
magnetic resonance imaging (MRI). One of them was a
17-year-old girl with no previous medical history who had

facial allodynia.’ The second patient was a 13-year-old
girl with a history of immune thrombocytopenia purpura
(ITP) who experienced walking difficulties and numb-
ness of the lower limbs 1week after being exposed to
COVID-19 and generalized tonic-clonic status epilepticus
2weeks later. She was diagnosed with transverse myelitis,
brain demyelination, and pachymeningitis.’ The third one
was a healthy 14-year-old girl who experienced sinusitis
and migratory arthritis 3weeks after COVID-19 infection.
Later, she had severe abdominal pain and chest pain. She
underwent treatment with the diagnosis of acute coronary
syndrome (ACS). A few days later, she had tonic-clonic
seizures and experienced hemiparesis 3weeks later. Her
brain MRI showed an intracranial hemorrhage (ICH).*

Other organs of the body were also affected with two
cases of each cardiac involvement (myocarditis and ST-
elevation myocardial infarction (STEMI)), gastrointesti-
nal involvement and hearing loss. In summary, AAV can
involve any part of the body and in post-COVID patients
with similar presentations, it should be considered a pri-
mary differential diagnosis.

The characteristics of the included studies are shown
in Table 1.
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TABLE 1 Characteristics of the included studies.

Author

Allena et al."?

Babu et al."
Bottu¢ et al.*
Bryant et al.”

Cobilinschi et al.'®

Felzer et al.'®

Fireizen et al.'’

Giles et al.'®

Izci Duran et al.*

Izci Duran et al.”
Jalalzadeh et al.?®
Kataria et al.”!
Kawashima et al.*
Lind et al.®

Madanchi et al.**

Maritati et al.”®

Merveilleux et al.®

Morris et al.?’

Nakamura et al.’
Powell et al.?®
Reiff et al.?’

Selvaraj et a
1 31

1.30

Singh et a

Ta et al.

Thabet et al.®

Thu Aung et al.*

Uppal et al.**

Uppal et al.**

Wali et al.*®

Wang et al.*¢

Asma et al.¥’

Garcia Vega et al.*®

Patel et al.>*

Zakrocka et al.*

Gender

F

=

=

Ly |

2 2 2 2" TEE

Age
60

59
34
16

67

86

17

28
26

36
46
79
61
40
53
64
59
53
17
12
17
60
48

67

13

64

64
46
26
56
72
60
51
59

Presentation

GN

GN
DAH and RPGN

Chronic serous otitis media and
CHL

Necrotic ulcer-like lesions on
both legs

DAH

DAH and AKI

GI vasculitis
GN

GN and total hearing loss
GN

GN

RPGN

DAH

DAH, AKI, and GN

GN and APS
Hypereosinophilic bronchiolitis
DAH and AKI

Facial allodynia

DAH

MIS-C

GN and TIN

DAH and AKI

Oral, mucosal, and cutaneous
involvements

Transverse myelitis, CNS
demyelination, and
pachymeningitis

AKI

GN

AKI

DAH and GN
DAH

GN

RPGN

DAH and GN
RPGN

Antibody
type
MPO-ANCA

MPO-ANCA
MPO-ANCA
PR3-ANCA

MPO-ANCA

MPO-ANCA

MPO-ANCA

PR3-ANCA
MPO-ANCA

PR3-ANCA
MPO-ANCA
MPO-ANCA
MPO-ANCA
PR3-ANCA
MPO-ANCA
PR3-ANCA
MPO-ANCA
PR3-ANCA
PR3-ANCA
MPO-ANCA
PR3-ANCA
PR3-ANCA
MPO-ANCA

PR3-ANCA

PR3-ANCA

PR3-ANCA

MPO-ANCA
PR3-ANCA
MPO-ANCA
MPO-ANCA
PR3-ANCA
MPO-ANCA
PR3-ANCA
MPO-ANCA

Treatment

Corticosteroids, RTX, and
plasmapheresis

Corticosteroids, CTX, and MMF

Corticosteroids and CTX

Corticosteroids, and MMF

Corticosteroids and CTX

Corticosteroids and RTX, and
convalescent plasma

Corticosteroids, CTX, and
plasmapheresis

Corticosteroids and RTX

Corticosteroids, CTX, HD, and
plasmapheresis

Corticosteroids and CTX
Corticosteroids and RTX
Corticosteroids and RTX
Corticosteroids and CTX
Corticosteroids and RTX
Corticosteroids, CTX and AZA
Corticosteroids, RTX, CTX, and HD
Corticosteroids and AZA
Corticosteroids and HD
Corticosteroids and RTX
Corticosteroids, RTX, and CTX
Corticosteroids and RTX
Corticosteroids and RTX

Corticosteroids, RTX, and
plasmapheresis

Corticosteroids

Corticosteroids and RTX

Corticosteroids, RTX, CTX, and
plasmapheresis

Corticosteroids, RTX, and HD
Corticosteroids and RTX
Corticosteroids and RTX
Corticosteroids and CTX
Corticosteroids and CTX
Corticosteroids and RTX

HD

Corticosteroids, CTX, HD, and
plasmapheresis



MOHAMADI ET AL.

TABLE 1 (Continued)

N 50f8
Clinical Case Reports —Wl LEY

Antibody
Author Gender Age Presentation type Treatment
Wintler et al. ¥ F 13 Necrosis of the perineum and PR3-ANCA Corticosteroids and RTX
rectum
Chargui et al.*? M 49 TMA MPO-ANCA  Corticosteroids, CTX, and
plasmapheresis
Fares et al.* F 55 DAH MPO-ANCA Corticosteroids and plasmapheresis
Hussein et al.* F 37 DAH PR3-ANCA Corticosteroids, IVIG, and
plasmapheresis
Moeinzadeh et al.** M 25 GN PR3-ANCA Corticosteroids, CTX, IVIG, and
plasmapheresis
Raeeskarami et al.* F 14 STEML, ICH, and GI perforation = PR3-ANCA Corticosteroids, CTX, IVIG, AZA,
and MMF
Ozcan et al.® M 26 DAH and AKI MPO-ANCA Corticosteroids and CTX
Kostelnikov4 et al.*® F 43 DAH PR3-ANCA Corticosteroids, CTX, and MMF
Caglayan et al.*’ F 17 DAH and myocarditis MPO-ANCA Corticosteroids, IVIG, and CTX
Chandok et al.*8 F 57 AKI and GN MPO-ANCA Corticosteroids and RTX
Kaynar et al.® F 57 GN and AHF MPO-ANCA Corticosteroids, CTX, and AZA
Shah et al.®® M 32 TIN, TMA, acute scleritis, and PR3-ANCA Corticosteroids
pulmonary cavitary lesion
Tahir et al.” M 82 GN and PE MPO-ANCA  Corticosteroids and RTX
Manivannan et al.> F 41 DAH PR3-ANCA Corticosteroids, CTX, and

plasmapheresis

Abbreviations: AHF, acute heart failure; AKI, acute kidney injury; APS, antiphospholipid syndrome; AZA, azathioprine; CHL, conductive hearing loss;
CTX, cyclophosphamide; DAH, diffuse alveolar hemorrhage; F, female; GN, glomerulonephritis; GI, gastrointestinal; HD, hemodialysis; IVIG, intravenous
immunoglobulin; ICH, intracranial hemorrhage; M, male; MIS-C, multisystem inflammatory syndrome in children; MMF, mycophenolate mofetil; MPO-
ANCA, perinuclear anti-neutrophil cytoplasmic antibodies; PE, pericardial effusion; PR3-ANCA, Proteinase 3 anti-neutrophil cytoplasmic antibodies; RTX,
rituximab; RPGN, Rapidly progressive glomerulonephritis; STEMI, ST-elevation myocardial infarction; TIN, tubulointerstitial nephritis; TMA, thrombotic

microangiopathy.

4 | DISCUSSION

AAV can involve many organs in the body and appear in
various presentations. glomerulonephritis (GN) and dif-
fuse alveolar hemorrhage (DAH) are the most common
ones. The typical renal appearance is GN with a decrease
in renal function accompanied by hypertension, micro-
scopic hematuria, and sub-nephrotic range proteinuria
over days to a few months."***>* The dominant radiologi-
cal pulmonary pattern in COVID-19 is peripherally and
posteriorly distributed multifocal bilateral ground-glass
opacities (GGO) and consequent overlapping of the con-
solidations and there may also be pleural effusion and
cavitation.">?

The current study presents a case of AAV after a
COVID-19 infection with neuropathy and limb paresthe-
sia that has been reported for the first time. Neurologic
involvement in COVID-induced AAV has occurred in
only three patients with manifestations ranging from
facial allodynia and transverse myelitis to intracranial
hemorrhage (ICH) previously.” Several studies have

established a connection between SARS-CoV-2 infec-
tion and various neurological manifestations, such as
headaches or specific conditions like Guillain-Barré
syndrome or encephalitis.’® Research indicates that over
35% of individuals with COVID-19 experience neuro-
logical symptoms, and in some cases, these symptoms
may even be the initial presenting signs of the disease.”®
SARS-CoV-2 can enter the nervous system through var-
ious pathways. Therefore, it is important to consider
COVID-19 as a potential cause of CNS infection, and
testing for the virus in the CSF is warranted. However,
the test is not always positive and the neurological
symptoms can be due to other mechanisms which are
mentioned below.”’

Recent studies have suggested that COVID-19 infec-
tion may trigger or exacerbate autoimmune diseases such
as AAV in susceptible individuals.'>*® In a cohort study
by Lim et al. including 354,527 individuals with a his-
tory of COVID-19 and 6,134,940 controls, it was proved
that the risk of multiple autoimmune and autoinflam-
matory connective tissue disorders including AAV was
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significantly higher in the post-COVID group compared
to the controls.”®

There are various potential mechanisms which in-
duce autoimmunity after COVID-19 infection. One of
them is molecular mimicry, leading to the immune sys-
tem falsely attacking its self-tissues when a viral protein
is analogous to a protein in the body."> Another mech-
anism is bystander activation, in which the immune
system responds to the virus and inadvertently attacks
nearby healthy tissue.'* A third mechanism is epitope
spreading, where the immune system initially targets
the virus but then begins attacking other proteins in the
body that are not directly related to the virus.” SARS-
CoV-2 can also induce an immune response by elevat-
ing interleukin-6 (IL-6). It activates the inflammatory
cascade and causes tissue destruction and organ failure.
These reactions are responsible for most of the symp-
toms of an induced autoimmune disease after COVID-19
infection.'>'®

There can be other mechanisms besides vasculitis that
can justify the neurological presentations. COVID-19 has
been associated with vascular issues, including blood clot
formation. Vascular complications such as thrombosis or
embolism could lead to reduced blood flow to the brain,
causing neurological symptoms. Furthermore, it has
been suggested that the SARS-CoV-2 virus might have
neurotropic properties, meaning it can directly invade
the nervous system. This invasion could result in various
neurological manifestations. Moreover, patients with se-
vere COVID-19 may experience critical illness, and the
physiological stress of critical illness itself can lead to
neurological complications such as encephalopathy or
other functional disturbances. Finally, Severe respiratory
distress and complications from COVID-19 can lead to
hypoxia which may contribute to neuronal damage and
neurological symptoms.> %!

There have been other types of vasculitis leading to
neuropathy reported following COVID-19 infection. Giant
cell arteritis (GCA) may be triggered by COVID-19 and
can present with neurological manifestations.®* Another
type of vasculitis in which CNS can be involved after
COVID-19 infection is lymphocytic vasculitis which has
been reported before a few times.** Cryoglobulinemic
vasculitis can also affect the peripheral nerves, causing
neuropathy.**

5 | CONCLUSION

In this study, we presented a unique case of AAV induced
by COVID-19 infection confirmed by nerve biopsy and
clinical presentation. COVID-19 infection might trigger
AAV with different manifestations in both adults and

pediatrics. One of the rare presentations is neurologic in-
volvement. Further research is needed to completely un-
derstand the relationship between COVID-19 and AAV.
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