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Background: Muscle-specific kinase (MuSK) myasthenia gravis is a rare

autoimmune disorder of the neuromuscular junction that predominantly

affects the bulbar and respiratory muscles. Although SARS-CoV-2 infection has

been implicated as a precipitating factor, post-COVID-19 MuSK-MG remains

exceedingly uncommon.

Case presentation: A 29-year-old woman with a six-year history of unexplained

exertional dyspnea was hospitalised twice for acute hypercapnic respiratory

failure. The first episode, five months earlier, was attributed to severe tricuspid

regurgitation; the second occurred eight weeks after mild COVID-19 and was

characterized by coma due to hypercapnic respiratory failure without

parenchymal lung disease.

Diagnosis: Standard electrophysiology, neostigmine testing and acetylcholine-

receptor antibodies (AChR-Ab) were negative. Given persistent ventilator

dependence, MuSK antibodies (MuSK-Ab) were measured and found

strongly positive.

Interventions: The patient underwent five plasma-exchange sessions, then

received oral prednisone (50 mg day), tacrolimus (1.5 mg q12h) and

nebulized salbutamol.

Outcomes: She was weaned from non-invasive ventilation by day 23, discharged

on day 27 (mMRC grade I) and remained stable on low-dose prednisone/

tacrolimus at three-month follow-up.

Conclusion: SARS-CoV-2 infection may plausibly act as a trigger for late-onset

MuSK-MG presenting as isolated hypercapnic respiratory failure. In otherwise

unexplained weaning failure, neuromuscular-junction disease should be

considered even without limb or ocular weakness. Early antibody testing and

prompt immunomodulatory therapy [plasma exchange (PLEX) plus

glucocorticoid/tacrolimus] may be life-saving and yield rapid recovery.
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Introduction

Myasthenia gravis (MG) with antibodies against MuSK-MG is a

subtype of autoimmune neuromuscular junction disorder

characterized by the presence of MuSK-Ab (1). Compared to the

classic acetylcholine receptor antibody-positive myasthenia gravis

(AChR-MG), MuSK-MG predominantly affects muscles innervated

by cranial nerves, especially those controlling the pharynx, facial

expression, and respiration, while ocular muscles are less frequently

involved and limb strength often remains preserved (2, 3). The

disease typically has an insidious onset and rapid progression,

which can lead to misdiagnosis or delayed diagnosis in the early

stages. In severe cases, diaphragmatic paralysis may result in

respiratory failure (4).

SARS-CoV-2 infection has been confirmed to trigger various

immune-mediated neurological disorders, potentially through such

as molecular mimicry, immune reconstitution, or bystander

activation (5–7). In recent years, several cases of new-onset

MuSK-MG developing within weeks after SARS-CoV-2 infection

have been reported. However, cases with delayed onset where

respiratory failure is the initial symptom remain rare (8–10).

We report a case of a 29-year-old woman who developed

sudden onset of altered consciousness and type II respiratory

failure nearly two months after recovering from COVID-19. The

etiology was initially unclear despite standard diagnostic

evaluations. The diagnosis of MuSK-MG was later confirmed by

comprehensive clinical assessment and immunological testing.

Although the patient also presented with jaundice, edema,

conjunctival congestion, and echocardiographic evidence of severe

tricuspid regurgitation, these findings were possibly associated with

cardiac dysfunction or other systemic diseases. Notably, respiratory

failure was the only symptom definitively attributable to MuSK-

MG. This case highlights the importance of considering MuSK-MG

in patients presenting with unexplained or isolated respiratory

failure during the recovery phase of COVID-19. Early recognition

and timely intervention are essential for improving prognosis

(11–13).
Case presentation

A 29-year-old woman, with no known family history or

underlying disease, presented with a 6-year history of recurrent

chest tightness and shortness of breath. She had visited hospitals

several times but remained undiagnosed. Approximately five

months ago, she developed bilateral lower limb edema, jaundice,

and worsening dyspnea. She was admitted to the Department of

Infectious Diseases at the First Affiliated Hospital of Bengbu

Medical College. On the third day of admission, she developed

respiratory failure and was transferred to the intensive care unit

(ICU), where she received endotracheal intubation, anti-infective

therapy, and nutritional support.

Upon ICU admission, her temperature was normal, blood

pressure was 107/52 mmHg, and heart rate was 112 bpm.

Physical examination revealed a systolic murmur in the right
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cardiac area, bilateral lower limb edema, limited mobility,

conjunctival congestion, and dyspnea. Neurological examination

showed no obvious abnormalities—no focal motor deficits,

dysphagia, curtain sign, or sensory loss. Her difficulty in weaning

from mechanical ventilation was initially attributed to right heart

failure and liver dysfunction. ICU treatment continued for about

one month. These nonspecific symptoms (such as edema, jaundice,

conjunctival congestion), combined with echocardiographic

findings, suggested that her symptoms were more likely caused by

severe tricuspid regurgitation-induced right heart failure and

secondary hepatic congestion, rather than directly from others.

Due to the unclear etiology, the patient sought care in Shanghai

but was unable to complete further examinations due to financial

limitations. Approximately two months ago, she was infected with

SARS-CoV-2 and improved with oral antipyretics. She was

hospitalized again for further evaluation of previous respiratory

symptoms but suddenly lost consciousness while waiting at the

outpatient clinic and was urgently transferred to our ICU.

Arterial blood gas analysis indicated type II respiratory failure

(PaO2: 72.1 mmHg, PaCO2: 96.2 mmHg, pH: 7.211, HCO3
-: 38.5

mmol/L), without significant metabolic abnormalities. Chest CT

showed mild pneumonia, with no thoracic deformities or thymic

lesions. Echocardiography showed severe tricuspid regurgitation

and pulmonary hypertension (estimated pressure 68 mmHg). The

patient received comprehensive treatment including sildenafil,

noninvasive ventilatory support with gradual respiratory function

training, nutritional support, methylprednisolone, and respiratory

stimulants. Meanwhile, the neostigmine test yielded a negative

result. By the third day after admission, the patient’s respiratory

function had improved compared with baseline, allowing her to

tolerate an off-ward electromyography (EMG) study. The

examination showed normal conduction velocities in the bilateral

ulnar nerves, the right median nerve, the left tibial nerve, and the

bilateral common peroneal nerves, but the compound muscle action

potential amplitudes were decreased. No additional abnormalities

in conduction velocity, amplitude, or F-wave parameters were

detected. Repetitive nerve stimulation (RNS) and single-fiber

electromyography (SFEMG) were not performed due to the

patient’s critical condition, intolerance to prolonged testing

during acute respiratory failure, and the unavailability of SFEMG

equipment at our center. Based on clinical data, neuromuscular

disease or central nervous system involvement was considered a

probable cause of her acute ventilatory failure.

Therefore, the neostigmine test and AChR-Ab assay were

repeated on hospital day 5, along with cerebrospinal fluid analysis

on day 6; however, all results remained negative. Her symptoms

were severe, with a grade IV dyspnea rating based on the modified

Medical Research Council (mMRC) scale and a New York Heart

Association (NYHA) functional class of immunoglobulin. Due to

the lack of a definitive diagnosis from routine investigations,

empirical supportive treatment was continued but showed no

improvement. Considering the clinical course and presentation,

the medical team suspected a rare subtype of myasthenia gravis and

sent her serum to a European immunology center for

immunofluorescence testing on hospital day 7. The results
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revealed MuSK-Ab positivity, confirming the diagnosis of MuSK

antibody-associated myasthenia gravis on hospital day 9.

Following diagnostic confirmation—and in accordance with

current consensus and guideline recommendations for MuSK-MG

crisis—we engaged in shared decision-making with the patient and

family regarding the efficacy, costs, and risks of available options.We

therefore prioritized PLEX, deferred intravenous immunoglobulin

(IVIG), and—recognizing its non-acute onset of action—reserved

rituximab for later consideration; financial considerations were not

the primary factor. The patient underwent five sessions of PLEX

from hospital day 10 to day 18, with approximately 3000 mL of

plasma exchanged per session. Her dependence on noninvasive

ventilation decreased significantly. On day 19, after a joint

assessment by the ICU and neurology teams, sequential

immunotherapy was initiated, consisting of oral prednisone (50

mg qd), tacrolimus (1.5 mg q12h), and salbutamol (one ampoule

via nebulization every 8 hours). Due to financial constraints, IVIG

and rituximab were not administered. On treatment day 23, she was

successfully weaned off the ventilator, with significant neurological

improvement, and was transferred to the general ward. She was

discharged on hospital day 27. At discharge, transthoracic

echocardiography showed persistent mild tricuspid regurgitation

with improved pulmonary artery pressure (decreasing from 68 to

52 mmHg), and lower-limb edema and related symptoms had

improved. After respiratory stabilization, RNS was recommended

to further characterize neuromuscular transmission; the potential

yield and limitations were discussed with the patient, who declined

the additional test. At clinic follow-ups, RNS and SFEMG were re-

offered to assess neuromuscular transmission, however, given

clinical stability and expected limited yield in MuSK-MG, the

family again declined; one-year follow-up confirmed stable clinical

status with marked symptom remission. A visual timeline of key

events is provided in Figure 1.
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Discussion

MG with antibodies against MuSK-MG is a rare autoimmune

neuromuscular junction disorder, accounting for approximately 5–

8% of all MG cases (14, 15). Its pathogenesis involves MuSK-Ab

disrupting acetylcholine receptor clustering by interfering with

MuSK-mediated signaling, ultimately damaging the postsynaptic

membrane and causing muscle weakness (16). Compared with

AChR-positive MG, MuSK-MG more often affects cranial nerve-

innervated muscles involved in respiration and swallowing, whereas

ocular symptoms are relatively mild and limb strength is usually

preserved (17, 18). Because its onset is subtle yet progression is

rapid, MuSK-MG is often misattributed to cardiopulmonary or

systemic conditions, leading to delays in definitive therapy (19, 20).

In the present case, the patient developed MuSK-Ab-positive

myasthenia gravis approximately eight weeks after confirmed

SARS-CoV-2 infection, with type II respiratory failure as the

initial presentation. The absence of other identifiable triggers and

the close temporal relationship support a potential triggering role

for SARS-CoV-2. COVID-19 has been associated with a range of

neuro-immune complications, potentially mediated by mechanisms

such as molecular mimicry, bystander activation, or post-infectious

immune reconstitution, all of which may result in the production of

pathogenic autoantibodies (21, 22). Increasing evidence describes

new-onset or exacerbated MG following SARS-CoV-2 infection.

MuSK-MG is especially challenging due to its rarity and atypical

presentation, such as isolated respiratory failure (23, 24). Cases of

newly diagnosed MuSK-Ab-positive myasthenia gravis following

SARS-CoV-2 infection have been reported in the literature. Some of

these cases represented first-onset presentations, and the majority

developed symptoms within several weeks after infection, further

supporting a possible triggering association between COVID-19

and MuSK-MG (25, 26). Accordingly, having ruled out other
FIGURE 1

Timeline of clinical course and inpatient management.
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plausible precipitants in our patient, we therefore interpret SARS-

CoV-2 as a plausible trigger rather than a demonstrated cause, while

explicitly acknowledging the infer.

Early in the present case, signs including bilateral lower limb

edema, conjunctival congestion, and mild jaundice, along with

echocardiographic findings of severe tricuspid regurgitation and

pulmonary hypertension, initially led to a diagnosis of right heart

failure and hepatic dysfunction. These were considered the primary

causes of weaning failure. However, the sudden development of

type II respiratory failure without parenchymal lung involvement or

response to anti-infective therapy prompted evaluation for

neuromuscular pathology. Subsequent serological testing

confirmed the presence of MuSK-Ab, substantiating a

neuromuscular basis for the respiratory compromise.

Although AChR-Ab, neostigmine test, and baseline

electromyography were negative, neither RNS nor SFEMG was

performed due to the patient’s critical condition and inability to

tolerate prolonged testing during the ICU phase. Literature reports

show that early-stage MuSK-MG may present with negative

neostigmine tests and nonspecific EMG results, particularly in

cases of selective respiratory muscle involvement (27, 28).

Therefore, negative conventional tests should not exclude the

diagnosis of MuSK-MG, and serological assays remain pivotal.

Respiratory failure is one of the most life-threatening

complications of MuSK-MG, resulting from profound

diaphragmatic and intercostal muscle weakness (29, 30).

Compared with AChR-MG, MuSK-MG crises are more frequent

and severe, with slower recovery and poorer prognosis (31).

Although our patient lacked progressive limb weakness, the

sudden onset of hypoventilation and hypercapnia highlighted that

respiratory crisis can be the initial manifestation of MuSK-MG.

Clinicians should maintain a high index of suspicion for MuSK-MG

in patients with unexplained or isolated respiratory failure.

Although bulbar predominance is typical in MuSK-MG, selective

respiratory involvement with minimal bulbar signs has been described.

Several mechanisms may underlie our patient’s presentation (32–35):

(i) early, regionally selective vulnerability of the diaphragm/intercostal

muscles; (ii) a post-infectious, potentially monophasic course

precipitated by SARS-CoV-2; and (iii) inter-individual variability in

autoantibody pathogenicity and neuromuscular-junction susceptibility.

Compared with published post-COVID-19 MuSK-MG cases, which

commonly report bulbar or cranial involvement, our patient’s isolated

ventilatory failure at onset appears uncommon (27, 28). The absence of

ocular or limb progression over 12 months and sustained response to

PLEX/steroids/tacrolimus suggest a limited, possibly monophasic post-

infectious phenotype; however, definitive classification is cautioned

given the single-case nature.

PLEX remains a cornerstone of acute MuSK-MG management,

effectively clearing circulating antibodies and reversing crises (36).

In published reports, the majority of MuSK-MG patients presenting

with respiratory crises responded favorably to PLEX, especially

when initiated early (25, 37, 38). In this case, the patient improved
Frontiers in Immunology 04
markedly after five sessions of plex (see Figure 1). Maintenance

therapy with tacrolimus plus low-dose prednisone achieved stable

disease control. Tacrolimus inhibits IL-2 transcription in T cells,

dampening autoimmune activity and allowing steroid-sparing

effects (36). Salbutamol nebulization was added to support

neuromuscular transmission and enhance respiratory muscle

function (39).

Clinical considerations: In MuSK-MG, acetylcholinesterase

inhibitors are often ineffective and may even worsen symptoms;

cautious, limited use is advised (40). Thymectomy is not

recommended in MuSK-MG without thymoma, and PLEX

remains a rapid-acting mainstay for crisis management according

to consensus guidance (2). For longer-term control and steroid-

sparing, earlier B-cell depletion with rituximab is supported by a

2025 meta-analysis of anti-MuSK MG (41). Rapid clinical

improvement can also be achieved via neonatal Fc receptor

(FcRn) blockade—for example efgartigimod and rozanolixizumab

—with randomized trials demonstrating early benefits in

generalized MG cohorts (42, 43). Looking ahead, MuSK-targeted

chimeric autoantibody receptor T-cell/CAAR-T (also termed

CAART) and chimeric antigen receptor T-cell (CAR-T)

represents an investigational direction (44, 45).

In summary, MuSK-MG can manifest with delayed onset

following SARS-CoV-2 infection and may present solely as

respiratory failure, often misattributed to cardiopulmonary

disease. For patients with unexplained hypercapnia and ventilator

weaning failure—especially those with recent viral infection—

neuromuscular junction disorders should be considered. Early

identification, accurate diagnosis, and integrated immunotherapy

are vital to improving prognosis in such cases. A visual timeline

summarizing the patient’s clinical course and major interventions is

presented in Figure 1.
Limitation

(1) As a single-patient report, causality between SARS-CoV-2

and MuSK-MG cannot be established. (2) Electrophysiology was

incomplete: RNS/SFEMG were not performed in the ICU due to

instability; after stabilization and at follow-up, RNS was re-offered

but declined; SFEMG was unavailable. (3) Acute immunotherapy

choices followed current consensus—PLEX prioritized, IVIG/

rituximab deferred—precluding head-to-head comparisons. (4)

Follow-up was limited to 12 months, preventing long-term

assessment of relapse and steroid-sparing effects.
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