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             Introduction

M
ultiple sclerosis (MS) is an inflammatory 
and neurodegenerative demyelinating 
disease of the central nervous system 
(CNS). It mainly affects young adults, 
with more than 2.5 million people 
worldwide [1]. Rituximab, a human-
murine chimeric monoclonal B cell 

depleting agent, is widely used as an off-label disease-

modifying disease treatment (DMT) in the treatment 
of all subtypes of MS [2,3]. The most common side 
effect of rituximab is a mild to moderate infusion 
reaction, which occurs mainly at the time of the first 
infusion. However, the main concern in the long-
term treatment with rituximab is the increased risk 
of infection, including respiratory and urinary tract 
infections [4]. Decreased B-cell secreted cytokines 
as B-cell activating factor or interleukin 6, leading to 
hypogammaglobinemia along with impaired B-cell 
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Rituximab is a CD20 depleting agent, widely used as an off-label disease-modifying 
treatment (DMT) in treating multiple sclerosis (MS). The present study aimed to report 
the first case of rhino-sino-cerebral mucormycosis in a patient with secondary 
progressive MS (SPMS), treated with rituximab.
The patient was a 38-year-old man with a history of SPMS treated with rituximab, 
who developed subacute left vision loss and impaired ocular movement. He also 
mentioned a concomitant severe headache and cheek swelling. Based on the 
brain and orbital magnetic resonance imaging (MRI) findings, rhino-sino-cerebral 
mucormycosis was suspected. Subsequent endoscopic examination confirmed the 
diagnosis. He underwent medical treatment with amphotericin B liposomal and surgical 
debridement leading to a significant clinical recovery. He was eventually discharged 
home with a solid recommendation to discontinue rituximab. 
The present report indicates a case of SPMS treated with rituximab, who developed 
rhino-sino-cerebral mucormycosis.
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differentiation are considered to be the most crucial 
risk factors for rituximab-associated infection [4,5]. 

There are few reports of reactivation of the John 
Cunningham virus (JCV), human immunodeficiency 
virus (HIV), tuberculosis, and hepatitis upon rituximab 
treatment in the literature [4–6]. However, to the best 
of our knowledge, there is no report of rhino-sino-
cerebral mucormycosis associated with rituximab 
treatment in the MS population.

It is noteworthy that mucormycosis is an extremely 
rare and life-threatening fungal infection, which 
mainly affects patients with uncontrolled diabetes 
mellitus (DM), who are on hemodialysis, high-dose 
corticosteroids or immunosuppressive, or severely 
traumatic [7].

Regarding this infection’s rarity and destructive 
nature, we aimed to report the first case of rhino-sino-
cerebral mucormycosis in a patient with secondary 
progressive MS (SPMS), treated with rituximab.

Case presentation

Clinical presentation

The patient was a 38-year-old man admitted to our 
emergency department with a history of reduced 
visual acuity, impaired ocular movement, left nasal 
obstruction, and left cheek swelling associated with 
refractory headache, all of which had progressed 
for two months. He reported no history of fever, flu-
like symptoms, or trauma. His medical history was 
notable for previously diagnosed untreated relapse 
remitting MS (RRMS), which evolved to SPMS 3 
years ago. Given the relatively rapid progression of 
the disease, rituximab was implemented two years 
ago. The patient initially received regular rituximab 
infusions (500 mg) every six months. However, after 
severe COVID-19 infection, treatment intervals were 
individualized based on CD19+ B-cell monitoring. The 
last infusion was instituted three months before 
admission. His COVID-19 vaccination was negative. 
Moreover, a year ago, following a fall and a vertebral 

 
Figure 1: Severely limited ocular movements in all gaze directions (frozen eye) in the left eye. 

   

 
Figure 2: Rt: Multiple small posterolateral lower cervical, pontine, and medulla hyper-intense 
lesions in T2 sagittal image, Lt: multiple ovoid periventricular, subcortical, and juxtacortical 
hyper-intense lesions in FLAIR axial image. 

   

Fig. 1. Severely limited ocular movements in all gaze directions (frozen eye) in the left eye.

Fig. 2. Rt: Multiple small posterolateral lower cervical, pontine, and medulla hyper-intense lesions in T2 sagittal image, Lt: multiple 
ovoid periventricular, subcortical, and juxtacortical hyper-intense lesions in FLAIR axial image.
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fracture, he was walker dependent with an Expanded 
Disability Status Scale (EDSS) of 6.5. He had no other 
chronic disease and had a negative drug history other 
than fampridine (10 mg twice daily).

On examination, the patient was alert and conscious. 
His vital signs revealed a body temperature of 37.1°C, 
blood pressure of 125/85 mm Hg, respiratory rate 
of 14 bpm, pulse rate of 72 beats/min, and oxygen 
saturation of 99%. The systemic examination was 
unremarkable. The ocular examination disclosed 
mild left proptosis, reduced visual acuity (4/10) on 
the left side, and fixed and dilated the left pupil. No 
papilledema was evident. Ocular movements were 
severely limited in all gaze directions in the left eye 
(Figure 1). 

Moreover, there was a purulent discharge coming 
from the left nostril. Other neurological examinations 
were notable for lower limbs paresis (3/5 regarding 
the medical research council (MRC) score), generalized 
hyperreflexia, and bilateral up plantar reflexes. 

Investigation and treatment

The laboratory examination revealed leukocytosis 
(leukocyte count of 18,700 × /
), erythrocyte sedimentation rate (ESR) of 75 ml, 
C-reactive protein (CRP) of 63 mg/dl, blood sugar of 
156 mg/dl, Immunoglobulin G (IgG) level of 714 mg/
dl, and marked loss of CD19+ cells (< 0.1%). Other 
laboratory tests and chest computed tomography 
(CT) were within normal limits. Regarding the current 
outbreak of COVID-19, the polymerase chain reaction 
(PCR) assay of the throat swab sample was also done, 
which was negative for severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2).

Brain and cervical magnetic resonance imaging (MRI) 
demonstrated multiple non-enhancing supratentorial, 
infratentorial, and cervical demyelinating plaques 
associated with generalized atrophy, consistent with 
his previous MRI (Figure 2). 

Furthermore, the opacifications of paranasal sinuses 
were observed, which were more prominent in the 
posterior ethmoidal and sphenoidal sinuses on the 
left side, invading the posterior orbital space (Figure 
3).

With suspicion of rhino-orbital mucormycosis, 
systemic antibiotics and antifungals were started, 
including intravenous meropenem, vancomycin, and 
amphotericin B liposomal (Ambisome Gilead Co.) 
(5 mg/kg daily). Then, he underwent endoscopic 
examination, where blackish necrotic tissues were 
observed. Subsequently, the patient underwent 
paranasal sinuses debridement followed by surgical 
debridement. We performed left temporal craniotomy 
and sub-temporal extradural approach to the middle 
cranial fossa to access the abscess formation and 
necrotic tissues. After evacuating the abscess from the 
medial parts of the middle fossa, a route was founded 
to the sphenoid sinus mucosa due to the destruction 
of the lateral wall of the sphenoid sinus related to 
fungal invasion. Successively, the inflamed mucosa 
was exenterated, and the specimens obtained from 
the sinuses were sent to the pathology laboratory. 
Examination of the results with hematoxylin and 
eosin (H&E) staining and direct experiment with 10% 
potassium hydroxide (KOH) showed irregular, wide, 
and non-septate hyphae along with the areas of 
necrosis (Figure 4).

The headache and nasal discharge were dramatically 

 
Figure 3: Evidence of significant opacities in the paranasal sinuses, more prominent in the posterior 
ethmoidal and sphenoidal sinuses on the left side, extending to the posterior orbital space in all 
sequences (two left: coronal, middle: axial, right: sagittal) 

   

Fig. 3. Evidence of significant opacities in the paranasal sinuses, more prominent in the posterior ethmoidal and sphenoidal sinuses 
on the left side, extending to the posterior orbital space in all sequences (two left: coronal, middle: axial, right: sagittal)
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resolved after the surgery. The post-op brain CT 
revealed the complete removal of the abscess (Figure 
5). 

Liposomal amphotericin B was continued for 21 days. 
The inflammatory markers gradually decreased with 
a leukocyte count of 7200 × /mm3), ESR of 15 
ml, and CRP of 5 mg/dl at discharge. After a month, he 
was left with vision loss and impaired ocular mobility. 
He was eventually discharged home to complete 
his therapy course of bone tissue regeneration. In 
addition, he was strongly recommended to discontinue 
rituximab with a close clinical and imaging follow-up 
under the supervision of his MS specialist. 

Discussion

This report provides the occurrence of rhino-sino-
cerebral mucormycosis in a patient treated with 
rituximab for SPMS. 

Rituximab, a monoclonal antibody targeting CD20, 
selectively allows the depletion of the circulating 
B-cell population, apart from the mature antibody-
secreting plasma cells for a long-lasting period of 6-12 
months. Since the introduction of rituximab in the 
treatment of lymphoma in 1997, it has been widely 
used in other hematologic and immune-mediated 
disorders, of which MS is of paramount importance 
[3,4]. However, many studies have shown an 
increased risk of infection with rituximab, particularly 
for those depending on humoral immunity, ranging 
from 2.2 to 9.8 person-years [2]. Similarly, in the MS 
population, a higher rate of serious infections (4.5%) 
was demonstrated in patients treated with rituximab, 
with no clear association to the number of infusions 
[8]. In light of previous evidence, the reactivation of 
viral infections, tuberculosis, severe COVID-19, and 
lower response to COVID-19 vaccination have been 
shown in association with rituximab in MS patients 
[4–6]. 

 
Figure 4: a) a defect from the sphenoid roof to the skull base in the ethmoidal fovea (yellow 
flashes), b) evidence of typical aseptate, wide fungal hyphae (yellow flashes) along with areas of 
necrosis, epithelioid cell granulomas, multinucleated giant cells, and chronic inflammatory cell 
infiltrate in H&E staining with direct experiment with 10% potassium hydroxide (KOH) 

   

Fig. 4. a) a defect from the sphenoid roof to the skull base in the ethmoidal fovea (yellow flashes), b) evidence of typical aseptate, 
wide fungal hyphae (yellow flashes) along with areas of necrosis, epithelioid cell granulomas, multinucleated giant cells, and chronic 

inflammatory cell infiltrate in H&E staining with direct experiment with 10% potassium hydroxide (KOH)

 
Figure 5: Rt: Evidence of the abscess removal in post-op brain CT imaging (yellow flash), Lt: the 
route between the sphenoid and posterior ethmoidal sinuses due to the fungal invasion (green flash) 

 

Fig. 5. Rt: Evidence of the abscess removal in post-op brain CT imaging (yellow flash), Lt: the route between the sphenoid and posterior 
ethmoidal sinuses due to the fungal invasion (green flash)
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To the best of our knowledge, there are only a 
few reports of rituximab-associated mucormycosis 
in the literature, all of which occurred in 
immunocompromised patients with concomitant use 
of other immunosuppressive therapies. The majority 
of the patients reported pulmonary mucormycosis 
with a poor prognosis [9–12]. However, in the case 
we described, the patient was a case of SPMS who 
was; otherwise, healthy and had no underlying risk 
factors other than treatment with rituximab. Another 
unique aspect of our patient was that he responded 
dramatically to the treatment despite the extensive 
fungal invasion and was discharged in a good general 
condition. The favorable outcome in our patient 
could be attributed to his relatively intact immune 
system, normal levels of IgG and blood cells, stable 
hemodynamic variables at the time of referral, and 
timely diagnosis and treatment.

Notably, mucormycosis is an extremely rare fungal 
infection, ranging from 0.005 to 1.7 per million. 
It occurs most frequently in patients with DM, 
hematologic malignancies, organ transplants, and 
patients receiving immunosuppressive medications. 
The disease mainly takes the form of rhino-orbit-
cerebral involvement with a highly aggressive clinical 
course and an average mortality rate of 50% [7,13].

With all considerations in mind, the present report 
indicates a rare and potentially life-threatening fungal 
infection in an SPMS patient treated with rituximab. 
Although our data do not confirm a causal relationship 
between rituximab and mucormycosis, it highlights 
the importance of rapid and accurate diagnostic tests 
in suspicion of rare opportunistic infection in patients 
receiving rituximab. Moreover, in line with previous 
reports, our report supports a difference between the 
first and second-line DMTs regarding infection risks.

Conclusion

The present case report describes a rare and 
potentially life-threatening fungal infection (rhino-
sino-cerebral mucormycosis) in an SPMS patient 
treated with rituximab. Although our finding does 
not draw a strong association between mucormycosis 
and rituximab, it highlights the need to evaluate the 
new neurological symptoms in patients treated with 
rituximab. 
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