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INTRODUCTION
Identifying the appropriate patient groups who will benefit most
from shielding (strict social distancing/isolation) during the COVID-
19 pandemic is important for children as the mental health sequel
of shielding are not inconsequential.1,2 Studies have indicated that
elderly and adults with associated co-morbidities (hypertension,
diabetes, chronic kidney disease and immunosuppressant drugs)
are at higher risk in comparison to children.3 In contrast to adults
where concomitant immunosuppression has been found to
worsen the outcome of SARS-CoV-2 infection3,4 paediatric
systematic reviews have concluded that SARS-CoV-2 infections
occur in low numbers among immunocompromised children and
overall have a favourable outcome.3,5 Literature is limited on the
impact of SARS-CoV-2 infection among children with kidney
disorders who are on potent immunosuppressant.6–8 Rituximab
(B-lymphocyte depleting monoclonal antibody) is one such potent
immunosuppressant frequently used in childhood difficult to treat
nephrotic syndrome (cDNS) including steroid-dependent nephro-
tic syndrome (SDNS) and steroid-resistant nephrotic syndrome
(SRNS).9 Medical literature on its use during the COVID-19
pandemic is scarce and safety remains a concern.7,8 With this
perspective we undertook a questionnaire-based study to
evaluate the effect of COVID-19 pandemic on the use of rituximab
for cDNS (≤18 years) and assess short-term outcomes among
those testing positive for SARS-CoV-2 after receiving rituximab
during the pandemic.

METHODS
A questionnaire was distributed to members of national and
international paediatric nephrology societies (European Society of
Pediatric Nephrology, Asian Society of Pediatric Nephrology and
International Pediatric Nephrology Association) as well as circu-
lated on Pedneph listserv. Since anonymized data were submitted
formal ethical approval was not required. Data governance
procedures were followed in the participating institutions.
Continuous variables were expressed as median with Inter-
quartile Range (IQR). Kruskal–Wallis test was used to compare
between groups and chi-square was used to compare proportions.

RESULTS
Eighty-two responses from 33 countries that covered the
pandemic period (February 2020 onward) were received. Only 9
respondents reported not using rituximab in their paediatric
nephrology practice pre-pandemic and the primary reasons were
either non-affordability due to high cost or non-availability of
rituximab in their region. During the pandemic, 78% (57 /73) of
the respondents who were using rituximab pre-pandemic
continued to use it. The remaining patients did not use rituximab
for various reasons: concerns due to increased risk of immuno-
suppression (n= 9), lacking the need to use rituximab (n= 6) and
disruption in the availability of rituximab (n= 1).
Four hundred and thirty-six children received 701 doses of

Rituximab (SDNS= 80%; n= 347, SRNS= 14%; n= 59; and
unknown = 7%; n= 30) during the COVID-19 pandemic. Most
centres (81%, 46/57) did not modify their protocol for rituximab
dosing and administration. Among those who modified their
protocol six respondents modified their threshold for giving
rituximab i.e. no longer used it for frequent relapses, two
respondents no longer repeated rituximab on CD19 count
normalisation, and three respondents changed the interval
between the two doses of rituximab during COVID-19 pandemic.
Concomitant immunosuppression was continued by 75% (n= 43)
of respondents post rituximab during the pandemic continued to
use co-immunosuppressant post rituximab. A number of respon-
dents (24/73= 33%) reported initial hesitancy but recommenced
using rituximab later during the pandemic. The median number of
children receiving rituximab per centre dropped 1 per month (IQR:
0.5–2) prior to the pandemic to 0.3 per month (IQR: 0.2–0.9); p=
0.01 during the pandemic.
Of 436 children reported to receive rituximab during the

pandemic; 30 (7%) subsequently tested positive for SARS-CoV-2
(67% male and median age: 10.2; IQR: 9.1–16.8 years) at a median
interval of 4 (IQR: 2.5–6.8) months post rituximab. These children
received a median of 2 (IQR: 1–3) doses of rituximab and 87% (26/
30) were receiving concurrent immunosuppressant at the time of
testing positive for COVID-19 (Fig. 1). The clinical outcome of
children who tested positive for SARS-CoV-2 after receiving
rituximab is detailed in Table 1. Among those who tested positive
for SARS-COV2, 63% (19/30) were symptomatic and 37% (11/30)
required hospitalisation. Among symptomatic children, two-thirds
had cough and fever and one-third also had an additional
symptom of respiratory distress. Of note respiratory support was
required in 6 of the 11 hospitalised children including 4 who
required BiPAP among which 2 subsequently required mechanical
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ventilation (Table 1). The commonly reported immunosuppressive
management was to reduce or stop mycophenolate mofetil and
switch to stress dose corticosteroids. Methylprednisolone was
used in the two children requiring ventilation who were also given
remdesevir. All children survived the infection; one child devel-
oped acute kidney injury but did not require dialysis.

DISCUSSION
The role of rituximab in paediatric nephrology is rapidly
expanding and it is increasingly being advocated for cDNS.9

Given its marked impact on the immune system concerns
regarding its use during any infectious pandemic such as the
current COVID-19 pandemic cannot be ignored. The current
survey, covering a large number of cDNS across many countries
demonstrated a low incidence of these children subsequently
testing positive for COVID-19 infection after receiving rituximab
during the pandemic. This is similar to the observation reported in
a nationwide prospective survey conducted by Shaunak et al.
among immunocompromised children and young adults during
the first wave of SARS-CoV-2 in the United Kingdom.10 Out of 1490
immunocompromised children across 46 centres, 110 children
had symptoms consistent with SARS-CoV-2 infection but none
tested positive.10 Reports on the impact of the use of rituximab in
cDNS during the COVID-19 pandemic are scarce and the risk of
developing SARS-CoV-2 infection post rituximab is unclear. In a
previous international survey of COVID-19 infection among 113
children with kidney disease receiving various immunosuppres-
sants, only 11 (10%) received rituximab.7 Similarly in an Italian
cohort of 1116 children with kidney disease and receiving
immunosuppressants only 34 (6%) children had received

rituximab in the prior 6 months and overall only 3 children tested
positive for COVID-19. Angeletti et al. focused on the use of
rituximab and SARS-CoV-2 infection.8 Out of their cohort of 159
children who had received rituximab for difficult nephrotic
syndrome none tested positive however the majority of them
had received rituximab prior to the start of the pandemic.
The current survey reports clinical outcomes in one of the

largest cohorts of cDNS receiving rituximab during the COVID-19
pandemic collected to date and highlights several important
observations. Firstly, despite the COVID-19 pandemic, rituximab
continued to play an important role in the management of cDNS
worldwide as the majority of paediatric nephrologists (78%)
continued its use even during the pandemic. Secondly, in line with
previous studies on the impact of the COVID-19 pandemic on
immunocompromised children,3–6 the proportion of children on
rituximab affected by SARS-CoV-2 continued to be low (6%)and
mirrored those reported from population-based data. Thirdly, the
courses of the infection in this cohort were similar to the
previously reported 102 children who received various immuno-
suppressants other than Rituximab7 with a comparable rate of
hospitalisation (46% vs. 60%, p > 0.05), although a trend towards
the higher need for respiratory support among those hospitalised
post rituximab (54% vs 34%; p > 0.05) was observed. Most
importantly, all children with SARS-COV2 infection under Ritux-
imab treatment survived the disease.
We need to acknowledge the number of limitations in our

study, of which the most important remains the inherent bias of
conducting a study based on a retrospective questionnaire. It also
cannot be ruled out that the wider asymptomatic testing
capability affected our results as our survey was conducted one
year after the start of the pandemic. Also, clinical practice at many
contributing centres involved the administration of rituximab in
combination with other immunosuppressants, rendering the
assessment of the specific impact of rituximab on COVID-19
outcome difficult. Even comparing to immunocompromised
children not exposed to rituximab by extracting data from the
previous study7 did not solve this conundrum due to differences
in underlying diseases and extent of immunosuppression. Lastly,
as we received anonymous data, the possibility of duplicate
reporting is a genuine concern although unlikely as in the 30
children who tested positive for COVID-19, additional clinical data
were solicited, which helped us in ruling out data duplications.
In conclusion, despite the COVID-19 pandemic, rituximab

continues to play an important role in the management of cDNS.
In comparison to reports on the general paediatric population11
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Fig. 1 Immunosuppressive co-medication at time of testing positive for SARS-CoV-2. MMF Mycophenolate mofetil.

Table 1. Clinical outcome of 30 children who tested positive for SARS-
CoV-2 following rituximab.

Clinical outcome of 30 children who tested positive for SARS-CoV-2
following rituximab (n= 30)

Symptomatic [isolated cough: 1, isolated fever: 4, cough
and fever: 8, cough, fever and respiratory distress: 6]

19 (63%)

Hospitalisation 11 (37%)

Required respiratory support [oxygen: 3, BiPAP: 1, BiPAP
and ventilator: 2]

6 (20%)

BiPAP Bi-level positive airway pressure.
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neither the risk of acquiring SARS-CoV-2 infection nor the risk of
symptomatic disease and dismal outcomes appear to be increased
among patients with cDNS receiving rituximab.
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