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Abstract: Steroid-dependent nephrotic syndrome (SDNS) is a common type of childhood nephrotic syndrome. Remission following 
steroid therapy is achieved in 80–90% of the patients, while the remainder show steroid-resistant nephrotic syndrome (SRNS). Rituximab 
is an anti-CD20 chimeric monoclonal antibody with proven therapeutic effects in several diseases and has been used with great success in 
the treatment of NS since its discovery. We report a case of a 4-year-old girl diagnosed with SDNS at the age of 3. As treatment with 
steroids, enalapril, and mycophenolate failed to produce complete remission, rituximab was initiated, and remission was successfully 
achieved after administration of the first dose. Due to this response, rituximab therapy was continued; however, a day after being admitted 
to the nephrology ward for the second dose, she started to develop a high fever, which reached up to 40°C. In addition, she also displayed 
symptoms of upper respiratory tract infection and an ulcerated wound on her left cheek. The patient became drowsy with reactive pupils, 
cold peripheries, and weak peripheral pulses. The capillary refill time was prolonged to 3–4 seconds and it was decided to withhold 
the second dose of rituximab. The patient was shifted to the PICU as a case of septic shock secondary to facial cellulitis and started on 
inotropes (epinephrine and norepinephrine), meropenem, vancomycin, and hydrocortisone 15 mg. Thereafter, surgical debridement of 
the wound was carried out. The patient remained in remission with regard to nephrotic syndrome and was discharged in a healthy 
condition. In conclusion, rituximab used in conjunction with steroids and other immunosuppressants may increase the risk of serious 
infections like necrotizing fasciitis (NF). Further studies are needed to explore the relationship between rituximab and NF. 
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Introduction
Childhood nephrotic syndrome (NS) is a challenging condition for pediatric patients. Although the exact pathology 
leading to disturbance of the glomerular filtration barrier and proteinuria is still unknown, this disorder remains the most 
common chronic glomerular disease found in children.1,2 It affects approximately 2–16.9 per 100,000 children world-
wide, with great variability in the incidence rates among different races.1,3,4

In addition to the symptomatic care, corticosteroids have been the mainstay of treatment for idiopathic NS (INS) for decades. 
The majority of INS cases are steroid sensitive with a good clinical outcome, which is defined as complete resolution of 
proteinuria with daily prednisone administration (2 mg/kg/day or 60 mg/m2/day, maximum = 60 mg/d for 6 weeks). Only 10– 
15% of the NS cases do not show remission with steroid therapy and are said to be steroid-resistant nephrotic syndrome (SRNS).5

If a patient with steroid-sensitive nephrotic syndrome presents with frequent relapses, the condition is known as frequent 
relapsing nephrotic syndrome (FRNS) and is defined as at least four relapses per year or at least two relapses within 6 months 
of initial presentation. On the other hand if the patient shows two consecutive relapses during steroid tapering or within 14 
days of therapy cessation, the condition is called as steroid-dependent nephrotic syndrome (SDNS). In such cases, second-line 
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steroid-sparing immunosuppressants are indicated for treatment, including antiproliferative agents, levamisole, calcineurin 
inhibitors, mycophenolate mofetil, and rituximab.5,6

Rituximab is a promising new agent that has shown proven clinically efficacy in treatment of FRNS/SDNS and refractory 
SRNS.7 It is a monoclonal antibody directed against the B lymphocyte CD20 marker, which induces depletion of B cells.5 Due to 
its mechanism of action, it has been mainly used in the treatment of B cell non-Hodgkin’s lymphoma; however, it has also shown 
great benefits in the treatment of numerous chronic conditions affecting the kidney, such as lupus nephritis, Wegener’s 
granulomatosis, rheumatoid arthritis, and microscopic polyangiitis.2,5 Although rituximab is generally considered to be a well- 
tolerated drug that is relatively safe, multiple serious adverse events have been reported to be associated with its use in children 
with complicated FRNS/SDNS. These include pulmonary fibrosis,8 fulminant myocarditis,9 pneumocystis pneumonia,10 

immune-mediated ulcerative colitis,11 agranulocytosis,12 and superimposed infection, which still remains the leading cause of 
death after initiation of rituximab therapy.13

It is well known that infection is a chief complication of NS due to numerous factors, including hypogammaglobinemia, 
interstitial edema, disturbance of humoral immunity, and chronic use of steroids and other immunosuppressive medications. 
Peritonitis, cellulitis, and sepsis due to Streptococcus pneumoniae and Haemophilus influenzae are common infections associated 
with this disease.14

However, deep soft tissue infection in nephrotic syndrome, such as necrotizing fasciitis (NF), is a very rare and unlikely 
complication and very few cases of NF associated with NS have been reported in the English literature to date. NF is a fatal and 
serious condition that requires a prompt and effective management to minimize associated morbidity and mortality.15–19 

Furthermore, some cases of NF as a side effect of rituximab therapy have been reported previously. It is agreed that further 
studies are required to investigate the link between rituximab therapy in nephrotic syndrome and NF.20–23

After obtaining Informed written consent from the parents of the patient for the publication of the case report. Here 
we present a case of a 4-year-old girl with SDNS, who started to develop septic shock secondary to NF after receiving the 
first dose of rituximab therapy. This adverse reaction was thought to be a side effect of rituximab.

Case Presentation
A 4-year-old Saudi girl was diagnosed with nephrotic syndrome when she was 3 years old. As she suffered from frequent 
relapses post diagnosis, she was labelled as SDNS. Thereafter, she was put on mycophenolate mofetil 180 mg twice daily, 
prednisolone 36 mg on every alternate day and enalapril 1.4 mg once daily. However, with this regimen, she failed to achieve 
full remission, and to avoid steroid toxicity by increasing the steroid dosage, we decided to add rituximab to the regimen. 
Rituximab is administered intravenously and is known to be well tolerated by most patients with SDNS. After receiving the 
first dose of rituximab (dose: 375 mg/m2) the patient achieved full remission, with negative proteinuria. B-cell analysis 
following therapy revealed about 0.03% cells that were positive for CD22 and CD24 and negative for CD19 and CD20. 
Patient’s immunoglobulin (Ig) G level was also measured and was found to be low (2.02 g/L). Two weeks after the first 
rituximab dose, we admitted her electively for the second dose; however, the day after admission, the patient developed a high- 
grade fever (40°C), in conjunction with neutropenia, signs of upper respiratory tract infection, and an ulcerated wound on the 
left cheek measuring 2×3 cm with red margins and necrotic tissue in its center.

The patient was drowsy and exhibited reactive pupils, cold peripheries and weak peripheral pulses with a capillary 
refill of 3 seconds. Her vitals were as follows: temperature: 39.3°C; heart rate: 180 beats per minute; and blood pressure: 
65/35 mmHg. O2 saturation on non-rebreathing mask was measured at 87% in room air.

The patient was administered 40 mL/kg normal saline as a bolus, but it failed to improve her blood pressure, and the 
systolic blood pressure remained in the range of 60–70 mmHg. Broad-spectrum antibiotics (piperacillin-tazobactam) 
were initiated to control the infection, and the patient was admitted to the PICU with the diagnosis of septic shock 
secondary to facial cellulitis. Epinephrine and norepinephrine, along with meropenem, vancomycin, and 15 mg hydro-
cortisone, were administered to counter the shock; however, keeping in mind the severity of her condition, we did not 
start the second dose of rituximab and also put mycophenolate mofetil administration on hold.

Computed tomography images revealed inflammatory changes in the left cheek and buccal space with fat stranding 
and soft tissue thickening, suggestive of cellulitis. Culture of the swab taken from the cheek cellulitis revealed the 
presence of Pseudomonas aeruginosa; but the blood culture and urine culture returned negative.
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Debridement of the facial wound was performed, followed by re-debridement and closure with a local flap. 
Laboratory findings of the tests conducted during fever are presented in Table 1. After surgical debridement and 
a cumulative stay of 10 days in the PICU, the fever subsided and patient’s status improved. She was then shifted to 
the pediatric ward, where she stayed for a total of 4 days before being discharged. No relapse was seen with regard to 
nephrotic syndrome during her PICU and pediatric ward stay as evidenced by persistently negative urine dipstick test for 
proteinuria. The patient was discharged from the hospital in a good state and was put on prednisolone 25 mg and 
prophylactic antibiotic.

Discussion
NS is diagnosed by massive proteinuria (greater than 40 mg/m2/hour) and a triad of clinical findings associated with large 
urinary protein loss, including edema, hypoalbuminemia, and hyperlipidemia.24,25 SDNS is a common type of NS 
diagnosed during childhood.26 Approximately 80–90% of the children can achieve remission with steroid therapy, while 
the remainder develop SRNS.27

Rituximab is an anti-CD20 chimeric monoclonal antibody with substantial therapeutic efficacy. Since its discovery, 
rituximab has been used with great success, primarily in the treatment of hematological malignancies.28 This success has 
led to the expansion of its use in other conditions, such as refractory rheumatoid arthritis that does not respond to one or 
more classes of medications (including anti-TNFs), certain vasculitides, such as granulomatosis with polyangiitis, and 
even systemic lupus erythematosus.29–31 In case of SDNS, rituximab is used as a steroid-sparing agent, resulting in 
a longer remission period. In a prospective observational study conducted in Shanghai, rituximab was found to be 
effective in treating 91.67% of the children with refractory nephrotic syndrome, albeit with some side effects, such as 
skin rashes, hypotension, and fever.32 Another multicenter, double-blind, randomized, placebo-controlled trial on the use 
of rituximab in pediatric-onset, complicated, frequently relapsing SDNS concluded that there was no noticeable 
difference in the incidence of infections necessitating treatment between the placebo and rituximab treatment arms. 

Table 1 Laboratory Test Results During the Febrile Episode

Result Normal Range

WBC 16.50 K/µL 4–11 K/µL

Automated neutrophils 11.69 K/µL 1 −8.5 K/µL

Automated lymphocytes 1.91 K/µL 2–8 K/µL

Automated eosinophils 0.13 K/µL 0.2–0.8 K/µL

Creatinine 9.94 µmol/L 53–115 umol/L

Urea 2.5 mmol/L 2.5–6.4 mmol/L

Hemoglobin 11.2 g/dL 13–17 g/dL

Platelets 521 K/µL 150–450 K/µL

CRP 4.48 mg/L 0–3 mg/L

Respiratory panel (PCR test for common URTI viruses) Negative

Urine analysis Negative proteinuria

Microalbuminuria/creatinine ratio 40.016 mg/g 0–30 mg/g

Blood gas pH: 7.553 PCO2: 3.94 kPa PO2: 9.79 kPa

Random glucose 6.6 mmol/L 3.9–6.7 mmol/L

Notes: Respiratory panel is a test for common URTI viruses including influenza and other common viruses. 
Abbreviations: WBC, white blood cell; CRP, C-reactive protein; URTI, upper respiratory tract infection.
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Nonetheless, during the B-cell depletion period (post-rituximab infusion), the rate of infections that required intervention 
was higher in the treatment group than in the placebo group.33

At the cellular level, rituximab use has been associated with a decrease in the B-cell count and serum Ig levels. The number 
of circulating B cells reportedly returns to normal 4.4 months after a single dose of rituximab, and the use of multiple doses of 
rituximab has been suggested to result in a prolonged depletion of B cells.32 Low B-cell numbers and serum Ig levels leave the 
treated subject vulnerable to infections such as upper respiratory tract infections and pneumonia.32 Pneumocystis jirovecii is an 
infectious pathogen that has been linked to rituximab treatment-related pneumonia. A previous case report has stated that one 
of the major risk factors for this infection is corticosteroid use.34 The reactivation of hepatitis B virus (HBV) has also been 
linked to rituximab treatment. Thus, screening of all patients receiving rituximab for HBV is strongly recommended.34 Studies 
have also shown that rituximab treatment is associated with serious viral infection caused by the John Cunningham virus, 
which leads to progressive multifocal leukoencephalopathy, a lethal demyelinating disease of the brain. Although this disease 
is rare, the increase in its incidence following rituximab treatment, as reported in several studies, resulted in a MedWatch alert 
by the FDA, a black box warning, and a letter from the manufacturer to physicians using rituximab.34

Other grade 3–4 adverse events associated with rituximab treatment include hypoproteinemia, lymphocytopenia, and 
neutropenia. Pulmonary fibrosis in one case8 and fulminant viral myocarditis in another9 have been reported as other fatal 
side effects.

NF after rituximab treatment is rare. Nonetheless, several studies have reported such cases. One such study reported 
a case of a 69-year-old man with chronic lymphocytic leukemia (CLL), who was initially treated with six cycles of 
bendamustine and rituximab, after which he was in complete remission. Eight years later, he was re-treated with a 4-week 
course of rituximab for CLL relapse, which resulted in the development of Clostridium septicemia, manifesting as NF 
and requiring amputation.20

Another study that further highlighted the association between rituximab and NF was a case of a 76-year-old man 
who was diagnosed with Waldenström macroglobulinemia on the basis of elevated serum levels of IgM (1944 mg/dL) 
and relevant findings on bone marrow biopsy. Chemotherapy with bortezomib, dexamethasone, and rituximab was 
initiated for rapid disease control, resulting in reduced IgM levels. After treatment, the patient complained of severe pain 
and swelling in his right thigh in the absence of a visible wound. The white blood cell count was 15.0 × 109/L with 
a predominance of neutrophils. Two sets of blood culture samples were taken and a fascia biopsy was performed from the 
right thigh by an orthopedic surgeon. Pathological examination revealed neutrophilic infiltration and the presence of 
multiple gram-negative rods, which morphologically resembled Enterobacteriaceae.21

According to the Cancer Research and Treatment Center of the University of New Mexico for Health Sciences, two out 
of 20 patients with non-Hodgkin’s lymphoma who received rituximab as part of their chemotherapy regimen developed NF. 
The first case was of a 48-year-old female diagnosed with recurrent follicular B-cell non-Hodgkin’s lymphoma. The patient 
was initially treated with chemotherapy alone. Five years later, the patient relapsed and was treated with chemotherapy 
combined with corticosteroids. Subsequently, she received four weekly rituximab infusions. One month after therapy 
completion, the patient developed NF in the left lower extremity. P. aeruginosa was isolated from the wound and identified 
as the causative agent.22 Similarly, in our case, the patient was steroid-dependent and underwent treatment with rituximab, 
which was complicated by NF caused by the P. aeruginosa. The second case was of a 59-year-old man who had a recurrence 
of follicular B-cell non-Hodgkin’s lymphoma 1 year after undergoing remission following mono-chemotherapy. During 
relapse, the patient received rituximab as part of his chemotherapeutic regimen. Following the administration of only three 
weekly doses, he developed a severe systemic infusion reaction, which started with chills and fever and then intensified to 
NF in the flank region. Escherichia coli was isolated from the blood and affected tissues, in this case.22 This presentation 
was similar to that of our case, in which NF was preceded by pyrexia. However, the causative organism E. coli was different 
in that it is considered to be part of the normal flora of human gut and stains gram-negative, while the isolated organism in 
our case report belonged to Pseudomonas spp., which stains gram-positive and is known to cause opportunistic infection in 
immunocompromised individuals with severe manifestations that may result in a necrotizing, gangrenous process.35

Rituximab has also been used successfully to control the flares of rheumatoid arthritis. A 62-year-old woman with 
rheumatoid arthritis, who did not respond to traditional therapeutic regimens, including methotrexate and disease- 
modifying anti-rheumatic drugs, was treated with rituximab in addition to daily prednisone for 6 months. The patient 
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developed a swollen painful left arm preceded by rigors 18 days after the first rituximab cycle. The patient was diagnosed 
with NF caused by group A streptococcus.23 Similar to our case, the patient in the aforementioned case was considered 
immunocompromised due to steroid-dependency.

Conclusion
In conclusion, although there exists a black box warning for mucocutaneous reactions to rituximab, few cases of such 
reactions have been reported to date. Through this case report, we encourage physicians to be alert and vigilant when 
diagnosing and treating this severe and fatal side effect of rituximab therapy. 
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CLL, chronic lymphocytic leukemia; FRNS, frequent relapsing nephrotic syndrome; HBV, hepatitis B virus; INS, 
idiopathic NS; Ig, immunoglobulin; NF, necrotizing fasciitis; NS, nephrotic syndrome; SRNS, steroid-resistant nephrotic 
syndrome; SDNS, steroid-dependent nephrotic syndrome.
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