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Abstract: Opportunistic infections pose significant challenges in patients undergoing immunosuppressive treatment for autoimmune 
disorders. Neuromyelitis optica spectrum disorder (NMOSD) is a rare disabling autoimmune condition requiring both acute attack 
management and long-term relapse prevention. B-cell depleting therapies, such as inebilizumab have demonstrated efficacy in 
reducing relapse rates and disability progression in NMOSD. Here, we present the first known NMOSD case who developed 
Pneumocystis jirovecii pneumonia following maintenance therapy with inebilizumab, showing a probable association (Naranjo 
score=6). We explored the underlying mechanisms linking B-cell depletion to Pneumocystis jirovecii, including antibody-dependent 
and immunomodulatory pathways. Furthermore, we provided an overview of Pneumocystis jirovecii pneumonia in autoimmune 
central nervous system disorders and summarized its clinical features, previous medication use, and prognostic factors. We advocate 
for risk-adapted prophylaxis to reduce morbidity and mortality associated with opportunistic infections in NMOSD. 
Keywords: opportunistic infections, drug safety monitoring, immunosuppressive therapy, antimicrobial prophylaxis

Introduction
Neuromyelitis optica spectrum disorder (NMOSD) is a rare autoimmune neurological condition which primarily manifests as 
recurrent optic neuritis and myelitis, with less frequent involvement of cerebral hemisphere, brainstem, and diencephalon.1,2 

Repeated attacks often result in permanent neurological deficits, including blindness and paralysis.3,4 Approximately 75% of 
NMOSD cases harbor pathogenic autoantibodies against aquaporin-4 (AQP4), which serve as a primary effector and 
a diagnostic biomarker of NMOSD.5–7 The Binding of AQP4-IgG to AQP4 on astrocytes triggers classical complement 
activation, and antibody-dependent cellular cytotoxicity, resulting in astrocytic injury, neuronal loss, and demyelination.8,9 

Additionally, B cells contribute to NMOSD pathophysiology by activating autoimmune T cells through antigen presentation, 
driving plasma and plasmablasts cells producing pathogenic AQP4-IgG, and secreting pro-inflammatory cytokines.10,11 

Improved knowledge of the pathogenic mechanisms of NMOSD has facilitated the development of targeted therapies.
Inebilizumab, a monoclonal antibody targeting and depleting CD19-expressing B lymphocytes, was first approved 

globally for use in adults with AQP4-IgG seropositive NMOSD in 2020.12 Inebilizumab has been shown excellent 
effectiveness in reducing the risk of attack and preventing disability progression assessed by expanded disability status 
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scales (EDSS) in NMOSD.1 Moreover, greater reductions in NMOSD-related hospitalizations and cumulative MRI 
activities were observed with inebilizumab than with placebo.13,14 Beyond NMOSD, its wide B-cell depletion may 
benefit other neuroimmunological conditions, such as steroid-refractory neurologic immune-related adverse events and 
autoimmune encephalitis, which often require prolonged immunosuppression.15–17 Regarding safety, inebilizumab 
exhibited favorable safety in clinical trials, with most mild to moderate side effects, such as urinary tract infections, 
arthralgia and infusion-related reactions.18 Current evidence suggests that while anti-CD20 antibodies alone may not 
require routine PJP prophylaxis, the coexistence of additional risk factors (eg, high-dose corticosteroids, absolute 
lymphopenia, or concurrent immunosuppressants) warrants preventive measures.19 Although inebilizumab’s broader 
CD19 targeting theoretically poses higher infection risk than CD20-specific agents,20 no PJP cases have been reported. 
Here, we presented a case of an NMOSD patient that developed severe respiratory failure after inebilizumab therapy and 
was finally diagnosed with PJP. In addition, multiple PJP cases in patients with autoimmune disorders of the central 
nervous system (CNS) were summarized.

Case Presentation
Initial NMOSD Diagnosis
A 41-year-old woman with NMOSD was admitted to our hospital who complained of intermittent fever and a mild 
cough. She denied recent travel, previous asthma, tuberculosis, tumors, and poor working or living situations. On 
March 8th, 2024, the patient presented skin itchiness and hyperalgesia in the right upper limb in the absence of 
identifiable triggers. Over time, the scratched skin developed numbness, spreading from the fingers to the right shoulder. 
In April, contrast-enhanced magnetic resonance imaging (MRI) of the cervical spine revealed edema in C2-C5 of the 
cervical spinal cord, while cranial MRI showed no abnormalities. In May, the patient experienced worsening numbness 
and cramps, with a new onset of numbness in her right leg. Contrast-enhanced thoracic and lumbar MRI revealed disc 
bulging at the L3/4, L4/5, and L5/S1 levels. The patient underwent antibody testing, confirming AQP4-IgG-seropositivity 
(1:32). Based on her clinical symptoms, laboratory results, and radiological features, the patient was diagnosed with 
NMOSD.

B-Cell Depletion and Response
Methylprednisolone was administered at 1000 mg for 3 days, followed by gradually tapered doses to 80 mg and 
maintained. Inebilizumab (300 mg) was administered on June 6th and 21st, respectively, after which the patient’s 
CD19+ B cells dropped from 11.04% to 0.02%, while CD20+ B cells decreased from 11.20% to 0.39% of the total 
lymphocytes. At the time of discharge on June 28th, her symptoms of numbness and cramps had significantly diminished 
with AQP4-IgG titer 1:10, and her EDSS score decreased from 2.5 to 1.5 points.

Onset of Respiratory Symptoms and Diagnostic Workup
However, the patient developed intermittent fever (peaking at 38.8°C) and headache since July 25th, with sympto
matic fluctuations following ibuprofen administration. Upon admission on August 12th, the physical examination found 
an afebrile status (36.6°C) and fine moist rales in her lower lung lobes. An arterial blood gas analysis showed partial 
oxygen pressure (pO2) of 87 mmHg and partial pressure of carbon dioxide (pCO2) of 29 mmHg. Laboratory tests 
revealed a high neutrophil count (7.32*109/L) and C-reactive protein (CRP) level (37.73 mg/L), a decreased lymphocyte 
count at 0.66*109/L, and a low-level CD4 count of 324 cells/L. A rapid influenza virus antigen tested negative. The chest 
computed tomography (CT) revealed bilateral ground glass opacity with linear and patchy shadows (Figure 1). Empirical 
treatment with ceftriaxone and prednisone acetate (40 mg/day) was administrated. On the second day of hospitalization, 
the patient developed abrupt shortness of breath and her pulse oxygen saturation decreased to 87%. Due to hypoxemia 
(pO2 59 mmHg, pCO2 38 mmHg), she was given high-flow oxygen with a mask and atomization inhalation and was 
diagnosed with acute respiratory failure. To identify etiological factors, the patient underwent a series of pathogen tests 
(Table 1). Electric bronchoscopy was performed and bronchoalveolar lavage fluid (BALF) was collected, which was 
analyzed through culture, smear, galactomannan test, and metagenome next-generation sequencing (mNGS). On the 
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third day, her axillary temperature rose to 38.7°C. Laboratory tests showed (1,3)-beta-D-glucan(G-Test) of 1378. 40 pg/ 
mL. Additionally, mNGS revealed Pneumocystis jirovecii in BALF with reads per million (RPM) of 45776 and 
cytomegalovirus with 349 RPM, while no other pathogenic microorganism was detected (Table 1).

Figure 1 Chest CT imaging of the patient. (A–D) On August 12, upon admission, chest CT revealed ground-glass opacities in both lungs, with linear and patchy opacities of 
increased density (indicated by white arrows). (a–d) Repeat chest CT on August 20 demonstrated significant resolution of the bilateral lung lesions compared to the previous scan.

Table 1 Pathogen Examination and Results

Time of 
Collection

Time of 
Report

Diagnostic Examination Diagnostic 
Technology

Results

Aug. 12 Aug. 12 Flu A-Ag, Flu B-Ag ICGT Negative
Aug. 12 Aug. 13 SARS-CoV-2 Real-time RT-PCR Negative

Aug. 12 Aug. 13 MP-DNA PCR Negative

Aug. 13 Aug. 13 FluA RNA, FluB RNA, PIV3 RNA, RSV RNA, PIV1 RNA, ADV DNA Realtime RT-PCR Negative
Aug. 13 Aug. 13 Anti-LP IgM, Anti-MP IgM, Anti-CP IgM, Anti-ADV IgM, Anti-RSV IgM, 

Anti-Influ A IgM, Anti-Influ B IgM, Anti-PFV IgM

Realtime PCR Negative

Aug. 13 Aug. 13 Dengue NS1 Ag ICGT Negative
Aug. 13 Aug. 13 PLAS Microscopy Negative

Aug. 13 Aug. 15 Sputum smear Microscopy Mixed floral

Aug. 14 Aug. 15 BALF Cr Ag, GM test ELISA Negative
Aug. 14 Aug. 15 BALF targeted mNGS of respiratory pathogens mNGS PJ:45776/RPM 

CMV: 349/RPM

Aug. 14 Aug. 16 Sputum cultures Microscopy Negative
Aug. 14 Aug. 21 BALF cultures Microscopy Negative

Aug. 15 Aug. 15 G-Test CE 1378. 40 pg/mL

Aug. 15 Aug. 15 LPS LAL assay Negative
Aug. 15 Aug. 16 Serum CrAg, GM test ELISA Negative

Aug. 22 Aug. 22 G-Test CE 526.50 pg/mL

Abbreviations: Flu A-Ag, influenza A virus antigen; Flu B-Ag, influenza B virus antigen; ICGT, immune colloidal gold technique; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2; RT-PCR, reverse transcription polymerase chain reaction; MP, Mycoplasma pneumoniae; DNA, deoxyribonucleic acid; RNA, ribonucleic acid; PIV, 
parainfluenza virus; RSV, respiratory syncytial virus; ADV, adenovirus virus; LP, legionella pneumophila; IgM, immunoglobulin M; MP, mycoplasma pneumonia; CP, chlamydia 
pneumoniae; ADV, adenoviruses; RSV, respiratory syncytial virus; PFV, parainfluenza viruses; NS1, nonstructural protein 1; PLAS, plasmodium; BALF, bronchoalveolar lavage 
fluid; Cr, cryptococcal; GM, galactomannan; ELISA, share enzyme-linked immunosorbent assay; mNGS, metagenome next-generation sequencing; PJ, Pneumocystis jirovecii; 
RPM, reads per million; CMV, Cytomegalovirus; G test, (1,3)-beta-D-glucan detection; CE, Capillary Electrophoresis; LPS, Lipopolysaccharide.
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PJP Confirmation and Treatment
Accordingly, a diagnosis of PJP was confirmed via BALF mNGS and the patient was prescribed oral trimethoprim- 
sulfamethoxazole (TMP-SMX) 240 mg/1200 mg every 6 hours, thymalfasin to boost immunity, and methylprednisolone 
(40 mg for 5 days, then decreased to 35 mg). On August 24th, the patient was free from cough and breathlessness. 
A repeat chest CT showed an obvious decrease in exudation (Figure 1a–d). In addition, laboratory tests revealed normal 
CRP and decreased G-Test level (526.50 pg/mL). She was discharged and advised for an additional four cycles of PJP 
prophylaxis (160 mg TMP/800 mg SMZ daily). During the two-month follow-up, the patient remained asymptomatic for 
respiratory symptoms. In September 2024, comparative analysis showed negative anti-AQP4 antibody, undetectable 
CD19 cells (0 cells/μL), and a stable EDSS score of 1.5. In October, the G-test was evaluated within normal limits.

Discussion
PJP Clinical Characteristics in Immunocompromised Hosts
PJP, an opportunistic fungal infection, remains a serious threat to the immunocompromised population, especially in 
human immunodeficiency virus (HIV) infected individuals.21 The incidence of PJP in non-HIV-infected patients has been 
increasing in recent decades for the widespread use of immunosuppressive agents.22–26 Patients with PJP classically 
present with fever, non-productive cough and dyspnea accompanied by interstitial opacities on chest imaging.27 

Nevertheless, differences exist between non-HIV and HIV-infected patients in terms of presentation, clinical progression, 
and outcomes. Specifically, non-HIV PJP usually exhibits more severe manifestations, evolves more rapidly, and carries 
a higher mortality.28–31 Early treatment for PJP is of paramount significance, for a delay of 4 days in treatment initiation 
has been shown to accelerate the time to death by 6.75-fold.30 Therefore, prompt and thorough examination of suspected 
PJP cases is crucial. To figure out the pathogen, we conducted a series of etiological tests, and eventually mNGS 
confirmed the diagnosis of PJP. Timely administration of anti-pneumocystis drugs prompted rapid improvement in the 
patient’s condition.

B Cell Depletion and PJP Risk
PJP is associated with low CD4+ T-cell counts, HIV infection, solid organ or stem cell transplantation, malignancies, and 
the use of chemotherapeutic or immunosuppressive agents.32 A decline in CD4+ T cell counts below 200 cells/μL 
renders highly susceptible to PJP, serving as a determinant for the initiation of prophylaxis against opportunistic 
infections.33–36 However, in this case, we conducted simultaneous testing of CD4+ and CD3+T cell count, ruling out 
PJP due to the reactive activation of T cells. Furthermore, there was no evidence of HIV infection or malignancies, and 
the patient had not received other immunosuppressive drugs known to cause PJP. Given the initiation of inebilizumab and 
corticosteroid treatment, drug-induced PJP was considered as the most probable cause of the symptoms. Based on the 
Naranjo Adverse Drug Reaction Scale, the probability of inebilizumab-induced PJP in the case is identified as probable 
(Supplementary Table 1). To the best of our knowledge, this is the first reported PJP case in an NMOSD patient following 
the use of inebilizumab and corticosteroids.

Previous studies have indeed demonstrated the critical contribution of T lymphocytes response against pneumocystis, 
wherein T cells mediate clearance of pathogens through the recruitment and activation of effector cells.37 

The increasing utilization of B cell-targeted therapies in autoimmune diseases and hematological malignancies has 
brought increasing attention to the role of B lymphocytes in pulmonary defense against Pneumocystis. By producing 
Pneumocystis-specific IgM antibodies which target fungal cell wall carbohydrates, B cells enhance pathogen opsoniza
tion, complement activation, and independent phagocytosis, thereby promoting the clearance of microbial pathogens.38 

This protective role is evidenced in B-cell-deficient models, which exhibit progressively increasing Pneumocystis burden 
and delayed pathogen elimination.39 Clinical relevance is underscored by data from CD40 ligand knockout mice, where 
decreased CD19+ B cells correlated with heightened susceptibility to severe PJP, contrasting with immunocompetent 
mice that mount robust responses and effectively resolve infection.40 Further supporting this, clinical observations 
identify decreased CD19+ B-cell counts as an independent risk factor for PJP.41 Moreover, B cells contribute to post- 
infection immune reconstitution, facilitating bone marrow lymphocyte repopulation after pneumocystis lung infection.42 
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Clinically, B cell depletion with rituximab predisposes patients to both PJP and subsequent severe lung injury.43 

Collectively, B cells are indispensable for effective anti-Pneumocystis, acting through antibody-dependent mechanisms 
and immunomodulatory pathways. Their deficiency not only impairs pathogen clearance but also disrupts immune 
homeostasis, exacerbating PJP severity. These insights advocate for further exploration of B cell-targeted strategies to 
augment host defense or modulate dysregulated inflammation in PJP.

Corticosteroids in PJP: Dose–Response Controversies and Adjunctive Therapy 
Dilemmas
Corticosteroids remain the most commonly implicated pharmacological risk factor for PJP development.44 In a retro
spective analysis involving 116 HIV-negative cases, 90.5% had received corticosteroids systemically within one month 
before PJP diagnosis,45 corresponding with our review (Table 2). However, evidence regarding the dose of corticoster
oids associated with PJP risk in non-HIV patients remains highly controversial. In a nationwide retrospective study of 
patients with autoimmune rheumatic diseases, the use of glucocorticoid above 10 mg daily was identified as conferring 
the highest PJP risk.46 Another research suggested threshold effects at more than 20 mg prednisone monotherapy, though 
the small sample size (n=21) may limit its generalizability.47 Moreover, a dose-dependent hierarchical pattern was 
observed with median glucocorticoid doses of the PJP group reaching 38.7 mg/day,48 consistent with several studies.49–51 

Nevertheless, this association appears context-dependent, as low-dose prednisone (20–30 mg/day) did not significantly 
increase PJP risk in patients receiving concurrent rituximab.31 These inconsistencies may reflect differences in study 
populations and treatment regimens. In conclusion, current evidence supports a dose–response relationship, but the 
precise risk threshold may vary based on underlying immune status and combination therapies, underscoring the need for 
individualized risk assessment when considering PJP prophylaxis.

Controversy over the appropriateness of adjunctive corticosteroid therapy to PJP outcomes persists, and the optimal 
dosage remains inadequately explored.60 A prospective observational study including 49 intensive care units (158 cases) 
demonstrated that adjunctive corticosteroids increased mortality rate in non-HIV patients, but found no obvious 
association in HIV individuals.30 In contrast, a multicentre retrospective cohort of 139 non-HIV PJP patients indicated 
no significant differences between high-dose pulse methylprednisolone (500 to 1000 mg/day) and moderate-dose 
corticosteroid (<500 mg/day) in 30- or 180-day mortality, even in the subgroup analysis of respiratory failure cases.61 

Surprisingly, a large-scale meta-analysis of 16 retrospective cohorts (2518 PJP cases) showed that low-dose corticoster
oids (1 mg/kg/day prednisone equivalent) were linked to higher mortality, except in severe acute respiratory failure 
(PaO2<60mmHg), where corticosteroids were related to better clinical outcomes and decreased mortality.60 Conversely, 
others reported no significant survival benefit with adjunctive corticosteroids in moderate-to-severe PJP, irrespective of 
recent corticosteroid use.62 After discussion, adjunctive corticosteroid therapy was ultimately administered to the patient 
to prevent irreversible neurological deficits from potential subsequent attacks induced by opportunistic infections.

PJP in CNS Autoimmune Disorders
We conducted a comprehensive literature review of PJP patients with CNS autoimmune diseases across the PubMed 
database, spanning publications from its inception to 1 February 2025. The search strategy was provided in the 
supplementary file. A total of 12 patients (including one from our study) were included in the statistical analysis 
(Table 2). The median age of the patients was 32 years, ranging from 0.92 to 82 years. Despite higher prevalence 
among female NMOSD and multiple sclerosis (MS) patients, our retrospective analysis revealed a balanced gender 
distribution in PJP, potentially due to a small sample size introducing bias. The clinical presentation of PJP in this review 
was characterized by dyspnea (66.7%), cough (58.3%), and fever (41.7%), stressing the imperative to maintain a high 
index of suspicion for agnogenic respiratory symptoms in CNS autoimmune disorders. Of note, 58.3% of patients had 
undergone B-cell depleting therapies with PJP onset at a median of 8 weeks (range from 5 to 12 weeks) after the last 
treatment, indicating a potential synergistic risk between these immunosuppressive modalities possibly mediated by 
lymphopenia (Patients 2, 9, and 12). Diagnostically, the low sensitivity of sputum smear microscopy (8.3% in this study) 
for PJP correlates with typically scant sputum production. Six patients (50%) were diagnosed through BALF analysis, 
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Table 2 Overview of Pneumocystis jirovecii Pneumonia on Autoimmune CNS Disorders

Patients Author, 
Year

Previous 
Diseases

Sex/ 
Age 
(y)

Clinical 
Features

Previous Treatment Previous Steroid Previous 
B-cell 

Depletion

Time to Onset 
After Last B-cell 

Depletion (w)

Lymphocyte 
count 

(/mm3)

Prophylaxis Diagnosis 
Method

Treatment Outcomes

152 Garcia- 
Moreno 

J,2016

NMDARE M/ 
0.92

Fever, dyspnoea IVIG and MP→RTX→CYC MP,30 mg/kg/day 
and tapered over 

90 days

RTX 5 1410 No BAL PCR TMP-SMX 
andMP

Survival

253 Yann 

K,2017

RRMS F/54 Fever, dyspnoea, 

cough and 

haemoptysis

IFN- 

β1b→Copaxone→Avonex→ALM

NA ALM 5 600 No BAL PCR ATQ and 

MP

Survival

354 Alexander 

Y. Lau,2019

RRMS M/43 Fever, dyspnea, 

non-productive 
cough

IFN-β1a→fingolimod→Lemtrada MP,1000 mg/day for 

5 days

Lemtrada 8 910 No BAL 

Microscopy

TMP-SMX 

and PSL

Survival

455 Sadeghi 

HZM,2023

RRMS M/27 Fever, dyspnea, 

cough with 

yellow sputum

RTX PSL,5 mg/day RTX 8 NA No BAL PCR TMP-SMX 

and DXMS

Survival

556 Nakano H, 

2011

NMOSD F/36 NA Steroid Steroid No NA NA NA NA NA Survival

657 Zhou 

J,2018

NMOSD F/7 Dyspnoea, non- 

productive 

cough

RTX,CSS CSS,0.7 mg/kg/day RTX 8 NA No SSM TMP-SMX Survival

732 Pike-Lee 
T,2021

NMOSD F/29 NA PSL,AZA,LEF PSL,40 mg/day for 
4 months

No NA NA No NA NA NA

858 Liu L,2024 NMOSD F/8 Dyspnoea, 
cough, chest 

pain

MP,Tac MP,20 mg/day No NA NA No BAL mNGS SMX and 
MP

Survival

9 This study NMOSD F/41 Fever, dyspnea, 

non-productive 

cough

MP, inebilizumab MP,1000mg for 3 

days and tapered to 

80 mg/day

Inebilizumab 5 660 No BAL mNGS TMP-SMX 

and MP

Survival

1057 Zhou 

J,2018

Seronegative 

relapsing CNS 
demyelination

F/4 Dyspnoea, non- 

productive 
cough

RTX, steroid Steroid,0.48 and 

tapered to 
0.24 mg/kg/day

RTX 12 NA No Clinical 

Diagnosis

TMP-SMX Survival

1132 Pike-Lee T, 
2021

CNS vasculitis M/75 NA PSL, MMF PSL,60mg/day for 
3months

No NA NA No NA NA NA

1259 Baulier 

G,2018

Neurosarcoidosis M/32 NA CSS, MTX CSS,60 mg/day for 

3 months

No NA 680 NA NA NA Death

Abbreviations: CNS, central nervous system; ref., reference; y, years; w, weeks; NMDARE, NMDA receptor antibody encephalitis; M, male; IVIG, intravenous immunoglobulin; MP, methylprednisolone; CYC, cyclophosphamide; RTX, 
Rituximab; BAL, Bronchial alveolar lavage; PCR, polymerase chain reaction; TMP-SMX, trimethoprim-sulfamethoxazole; RRMS, relapsing-remitting multiple sclerosis; F, female; IFN, interferon; ALM, alemtuzumab; ATQ, Atovaquone; PSL, 
prednisolone; DXMS, dexamethasone; NMOSD, neuromyelitis optica spectrum disorder; CSS, Corticosteroid; SSM, Sputum Smear Microscopy; AZA, azathioprine; LEF, leflunomide; Tac, tacrolimus; mNGS, metagenome next-generation 
sequencing; MMF, mycophenolate mofetil; MTX, methotrexate; NA, not available.
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which demonstrates superior diagnostic efficacy of early BALF sampling for prompt diagnosis of PJP. It is necessary to 
acquire BALF when clinical suspicion persists despite negative sputum etiological tests. Currently, the emerging utility 
of mNGS further facilitates a wide detection range, particularly benefits hosts with unidentified etiologies, immunocom
promised status, or infection caused by atypical or culture-negative pathogens.

Prophylaxis Challenges and Recommendations
Providing appropriate PJP prophylaxis treatments to immuno-compromised patients is crucial to reduce mortality and 
improve clinical outcomes.63 Largely based on retrospective studies involving oncology and transplant patients, a widely 
cited recommendation is to initiate PJP prophylaxis when receiving ≥20 mg prednisone above 2 to 4 weeks.45,64 

However, the risk-benefit assessment becomes more complex in the context of CNS autoimmune diseases, such as 
NMOSD and MS. These patients are often managed with high-dose glucocorticoids and additional immunomodulators, 
yet the low incidence of PJP and non-negligible adverse effects of prophylaxis regimens have led to a lack of consensus 
on routine prevention.31,64 Notably, in our review of CNS autoimmune disease cases, none of the patients had received 
prophylaxis for PJP (Table 2), indicating that the absence of prophylactic measures may serve as a significant risk factor. 
Given the current gaps in evidence, large-scale prospective researches are urgently needed to evaluate the incidence of 
PJP in autoimmune CNS disorders, optimal thresholds, and long-term safety profiles of preventive regimens. Clinicians 
should weigh individual risk factors, such as cumulative immunosuppression, lymphopenia, and comorbidities when 
considering PJP prophylaxis in this population. A tailored approach, rather than universal prophylaxis, may offer the best 
balance between efficacy and safety.

Limitations
Our retrospective analysis has several limitations that warrant consideration. First, our review was constrained by small 
sample sizes and incomplete data, such as lymphocyte counts and B-cell depleting therapy duration, compromising the 
accuracy and generalizability of our findings. Moreover, heterogeneity in immunosuppressive regimens and baseline 
comorbidities among patients could introduce confounding factors, potentially obscuring real relationships between 
specific risk factors and PJP development. To better elucidate the risk of PJP in autoimmune CNS disorders, future 
research should employ prospective designs with larger patient cohorts and comprehensive documentation of immune 
profiles and treatment histories.

Conclusion
PJP is rare in autoimmune CNS disorders but may progress rapidly. Clinicians should maintain heightened vigilance for 
PJP and promptly obtain BALF for microbiological confirmation to facilitate early diagnosis and timely therapeutic 
intervention. Our report demonstrates the first confirmed NMOSD case of PJP due to maintenance therapy with 
inebilizumab and corticosteroids, highlighting the emerging safety concern of this highly efficacious treatment. The 
diagnosis of PJP in this case was unexpected, and we attributed her susceptibility to deep B cell depletion response to 
inebilizumab and corticosteroid therapy. Our finding supported previous research indicating the critical role of 
B lymphocytes in the protective immune response against PJP. The consistent temporal relationship between treatment 
initiation and PJP onset emphasizes the need for vigilant monitoring and proactive prophylactic strategies to mitigate this 
risk. Prospective multicenter studies and registries are needed to quantify risk and guide prophylaxis duration. Clinicians 
should consider individual risk assessment for PJP prophylaxis in NMOSD patients treated with B-cell depleting agents.

Abbreviations
NMOSD, neuromyelitis optica spectrum disorder; PJP, Pneumocystis jirovecii pneumonia; AQP4, aquaporin-4; EDSS, 
expanded disability status scales; CNS, central nervous system; MRI, magnetic resonance imaging; pO2, partial oxygen 
pressure; pCO2, pressure of carbon dioxide; CRP, C-reactive protein; CT, computed tomography; BALF, bronchoalveolar 
lavage fluid; mNGS, metagenome next-generation sequencing; G-Test, (1,3)-beta-D-glucan; TMP-SMX, trimethoprim- 
sulfamethoxazole; HIV, human immunodeficiency virus.
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