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Abstract
Purpose of Review We reviewed the current data on infections associated with rituximab use published over the last 5 years.
Recent Findings New literature was available on rates of serious infections, Hepatitis B reactivation and screening, and infection
with Severe Acute Respiratory Syndrome Coronavirus 2.
Summary Rates of infection varied by study and population, however, higher risk of infection in patients with underlying
rheumatologic diseases was seen in those who required a therapy switch, had a smoking history, and those undergoing
retreatment who had a serious infection with their first course of therapy. With regards to HBV, the proportion of patients
screened continues to be inadequate. Despite the upfront cost, HBV screening and prophylaxis were found to be cost effective.
There is still limited data regarding COVID-19 severity in the setting of rituximab, however, rituximab, especially in combination
with steroids, may lead to more severe disease and higher mortality.
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Introduction

Rituximab, a monoclonal antibody targeting CD20, results in
B-cell depletion lasting for prolonged periods of time leading
to increased risk of infection, especially from infections re-
quiring humoral immunity for control, such as viral infections
[1]. Patients receiving rituximab often have immune mediated
inflammatory diseases, autoimmune diseases or hematologic
malignancies requiring additional chemotherapy or hematopoi-
etic stem cell transplantation. Evaluating risk of infection

attributed to rituximab exposure is challenging as these patients
often receive other biologic or immunosuppressive agents prior
to rituximab, are on concomitant steroids or immunosuppres-
sion, may have higher underlying disease activity (in patients
with rheumatoid arthritis, for example) or more complications
from their underlying condition, all of which can increase the
risk of subsequent infections with or without the addition of
rituximab. We review the current data on infections associated
with rituximab use published over the last 5 years.

General Infection Risk

Eight studies evaluated the risk of overall infections in those
using rituximab. A retrospective, observational study of 70
patients with rheumatologic conditions and greater than 2
years of rituximab use (median 54 months, range 30–138
months) identified infections in 34.3% resulting in 64
infection-related hospitalizations [2]. Most infections in-
volved the lower respiratory tract and no opportunistic infec-
tions were identified [2]. A prospective, observational cohort
study of patients on rituximab who had inadequate response to
anti-tumor necrosis factor (anti-TNF) agents identified 341
serious infections in 197 patients with an incidence of 8.87/
100 person-years (95% confidence interval 7.98–9.86/100
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person-years) [3]. Cumulative rituximab exposure did not in-
crease risk of serious infection with stable infection rates over
the 5 years of observation [3]. Observational cohort studies
conducted in Sweden and Denmark evaluated incidence of
infection at 12 months and 24 months between abatacept,
rituximab, tocilizumab, and though rates were highest in the
rituximab treated group, no statistically significant difference
was found between the three agents [4, 5]. Patients starting
rituximab had more malignancies, longer duration of underly-
ing rheumatologic disease, and were older, which may also
explain some of the higher incidence [4]. Of note, current or
previous smokers and those who switched between biologic
agents as opposed to biologic-naïve patients also had higher
incidence of infections [5].

Using the Autoimmunity and Rituximab (AIR) registry,
Henry et al. evaluated 1278 patients with rheumatoid arthritis
retreated with standard dose rituximab (1000 mg x2) com-
pared to reduced dose ( < 2000 mg total) [6]. The reduced
dose group had a 39% reduction in the cumulative rituximab
dose per year without a significant difference in European
League Against Rheumatism (EULAR) response at year 1
and 2, however, they did have a significant reduction in the
rate of serious infections: 2.2/100 person-years in the reduced
dose compared to 4.1/100 person-years, p = 0.02 [6]. In addi-
tion, a serious infection during the first course of rituximab
was statistically significantly associated with a serious infec-
tion during retreatment with a hazard ratio of 3.86, 95% con-
fidence interval 1.82–8.2, p < 0.01, suggesting closer moni-
toring of those with infections during their first course of ri-
tuximab may be needed [6]. This suggests that reduced doses
may provide equal clinical benefit for rheumatoid arthritis
with reduced risk of serious infection [6]. Another retrospec-
tive cohort study out of Sweden evaluated serious infections
and the association with immunoglobulin levels over 5 years
in 153 patients with rheumatoid arthritis started on rituximab
at either 500mg or 1000mg [7]. Infections were seen in 23.1%
at a rate of 7.9/100 person-years and did not correlate with
changes in or low immunoglobulin (IgG) levels [7]. In con-
trast to the study performed by Henry et al., there was no
difference in serious infections between different starting
doses [6, 7]. Yusof et al. performed a large retrospective lon-
gitudinal study of patients with rheumatic and musculoskele-
tal diseases with rituximab exposure [8]. They found lower
IgG levels ( <6 gm/liter) at baseline and during therapy to be a
consistent predictor of serious infection, suggesting those with
decreased immunoglobulin levels at baseline should be mon-
itored closely [8].

The rate of serious infections varied from 2.2 to 9.8/100
person-years in the published studies and did not significantly
differ between abatacept, rituximab, tocilizumab [4–7].
Additional risk factors for infection included infection with
first treatment of rituximab in those undergoing retreatment,
previous or current smoking and switches between biologic

therapy, which may indicate treatment failure and increased
immunosuppression or side effects that may increase risk of
infection [5, 6]. There is conflicting data on the relationship
between rituximab dose on risk of infection, however, dose-
reduction may be a strategy to consider in a patient with well-
controlled rheumatoid arthritis and recurrent infections [6, 7].

Hepatitis B (HBV)

HBV reactivation is a well-known occurrence in patients who
are HBV surface antigen (sAg) negative and HBV core anti-
body positive (cAb) (8–42%) or HBVsAg positive (30–60%)
in the setting of rituximab use and can have high morbidity
and mortality in this population [9, 10]. A South Korean study
identified HBV reactivation of 7.6% at 1 year and 10.8% at 7
years following rituximab initiation in patients with negative
HBVsAg and positive HBVcAb [11]. Another study found
10.2% HBV reactivation with 40% mortality in patients with
negative HBVsAg and positive HBVcAb, or positive
HBVsAg receiving rituximab following renal transplantation
[12]. Rituximab-based chemotherapy regimens had a hazard
ratio of 11.74 (95% confidence interval 1.62–84.94, P = 0.02)
for HBV reactivation in patients with negative HBVsAg and
positive HBVcAb [13]. Screening for HBV is recommended
prior to initiating rituximab [9, 10]. If HBV viral load,
HBVsAg or HBVcAb is positive, HBV prophylaxis with
entecavir or tenofovir should be initiated and continued for
12 months after discontinuation of rituximab [10]. If patients
do not have evidence of prior or active infection with HBV
(HBVsAg and HBVcAb negative) and HBV surface antibody
(sAb) is negative, vaccination should be considered before
initiation of rituximab.

Four studies evaluated routine screening for HBV in the
setting of rituximab use. A large retrospective cohort study of
the Veterans Health Administration examined HBV testing
and treatment in those receiving treatment with an anti-
CD20 antibody between 2002 and 2014 [14]. They identified
19304 eligible veterans with only 61% tested for HBVsAg
and 73% tested for HBVcAb prior to initiating treatment
[14]. Of those who were positive and at high risk for infection,
less than 37% received HBV antiviral agents during anti-
CD20 antibody administration and 17% or less received
HBV vaccination before anti-CD20 antibody administration
[14]. Less than 2% had HBV viral loads completed while on
anti-CD20 antibody therapy, limiting detection of HBV reac-
tivation in this population [14]. Paul et al evaluated HBV
screening rates by specialty, identifying only 48% of patients
on rituximab with HBVsAg or HBVcAb completed 2 months
before or 1 month after immunosuppressive therapy initiation
[15]. Screening rates were lowest among gastroenterologists
(33%), followed by oncologists (37%), rheumatologists
(54%), and transplant specialists (85%) [15]. Having a
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transplant specialty provider, Asian race, male gender, youn-
ger age, and treatment after 2008 were significantly associated
with being screened for HBV [15]. A more recent study of
HBV screening at two health systems in San Francisco per-
formed between 2012 and 2016 identified 61% at the univer-
sity system and 90% at the safety net system receiving ade-
quate HBV screening prior to rituximab initiation [16]. Trends
were similar in antiviral prophylaxis prescribing for patients at
risk for HBV reactivation, with only 66% and 92% of patients
at the university and safety net systems, respectively [16].

Another study out of the United Kingdom evaluated edu-
cational strategies to increase HBV screening prior to rituxi-
mab use and identified only 23% and 19% of patients had
testing for HBVsAg and HBVcAb, respectively [17].
Following this evaluation, new hospital HBV screening
guidelines were emailed to all providers, along with 30-min
education sessions targeting clinicians prescribing rituximab,
and the laboratory reporting algorithm was revised for this
high-risk population [17]. Following these interventions, the
proportion of patients screened increased to 79% for HBVsAg
and 78% for HBVcAb, indicating simple interventions can
improve screening in this population [17].

Crespo et al. evaluated the cost effectiveness of screening
for HBV reactivation and administering prophylaxis with
tenofovir disoproxil fumarate prior to R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone)
and identified they would prevent 7.36 HBV reactivations in a
cohort of 1000 people [18]. The cost of screening and prophy-
laxis was an additional €135 per patient with a savings of
€18,376 per prevented reactivation, suggesting this is a cost-
effective approach in this population [18].

A study performed in Hong Kong evaluating a novel bio-
marker, Hepatitis B core-related antigen (HBcrAg), in nega-
tive HBVsAg and positive HBVcAb patients undergoing ri-
tuximab or stem cell transplantation identified baseline
HBcrAg positivity as a risk factor for two-year HBV reacti-
vation with a hazard ration of 2.94 (95% confidence interval
1.43–6.07) [19]. A pilot study examining cytokine single nu-
cleotide polymorphisms (SNPs) associated with HBV reacti-
vation (HBsAg in the serum and an HBV viral load > 2000
IU/mL) in a group of 104 patients with B-cell non-Hodgkin
lymphoma who were HBVsAg negative and unvaccinated for
HBV [20]. SNPs in IL18 (rs243908) and an IL4 haplotype
(rs2243248~rs2243263), along with greater than 6 cycles of
rituximab were statistically significantly associated with HBV
reactivation [20]. Both hold promise for improved identifica-
tion of patients at risk for HBV reactivation along with more
targeted methods of antiviral prophylaxis.

Overall, screening for HBV in patients prior to receiving
rituximab continues to be inadequate, however, targeted edu-
cation, hospital-specific guidelines and revised laboratory
reporting for patients initiating rituximab are strategies that
can improve screen rates. Despite the upfront cost, HBV

screening and prophylaxis were found to be cost effective
[18]. In addition, novel biomarkers and genetic testing may
provide better identification and ability to provide more
targeted antiviral prophylaxis for those at highest risk of
HBV reactivation.

Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2)

The effect of rituximab on COVID-19 remains uncertain,
however, concerns are raised regarding both viral clearance,
increased disease severity and inability to form antibodies
protective from future infection [1, 21]. Limited data are avail-
able on the on the severity of COVID-19 in those with rheu-
matologic diseases and fewer address the effects of rituximab
exposure. Early studies demonstrated no increase in hospital-
ization rates or severe disease between those with rheumato-
logic diseases compared to the general population [22, 23]. In
one of the largest studies performed by the COVID-19 Global
Rheumatology Alliance physician-reported registry, 231 out
of 600 patients with rheumatologic diseases and COVID-19
were taking biologic therapy [24]. Half the patients required
inpatient admission and 9% died [24]. Biologic therapy was
not associated with an increased risk of hospitalization, how-
ever, only 27 (12%) were taking an anti-CD-20 agent, limiting
evaluation of severe disease risk in this group of patients [24].
Nuno et al. evaluated a cohort of patients with COVID-19 in
addition to underlying rheumatic disease and found 56.6%
required hospital admission and 11.5% died [25]. Biologic
therapy was not associated with hospitalization or death, how-
ever, all patients (n = 7) on rituximab required inpatient ad-
mission and one died [25]. Similarly, a small observation
study of 41 patients with rheumatologic disease and
COVID-19 in Spain found 68.3% required hospital admis-
sion, 14.6% intensive care unit (ICU) admission, and 7.3%
died [26]. Only three patients were taking anti-CD20 mono-
clonal antibodies, including one of the fatalities, a 91-year-old
woman with hypertension and vasculitis [26].

A large registry of 3729 patients with rheumatic disease
and presumed or confirmed COVID-19 infection looked at
risk for COVID-19 related deaths [27]. They identified age,
male sex, hypertension, cardiovascular disease, chronic lung
disease, higher disease activity, immunosuppressants, absence
of disease-modifying antirheumatic drugs, prednisone
≥ 10mg/day, and rituximab as independent risk factors for
death with the highest odds ratio (OR) associated with ritux-
imab exposure (OR 4.04, 95% confidence interval 2.32–7.03)
[27]. A retrospective cohort study performed in the Kaiser
Permanente health system in California assessed patients with
multiple sclerosis taking rituximab and identified a higher risk
of COVID-19 hospitalization, but not death or infection, com-
pared to the general population without multiple sclerosis
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[28]. Of note, COVID-19 hospitalizations decreased as the
time from last rituximab infusion increased, with no hospital-
izations when COVID-19 occurred > 6 months after the last
rituximab infusion [28]. A rituximab dose of > 1000mg was
also associated with hospitalization (OR=6.24, 95% confi-
dence interval 1.38–28.31) [28]. Prednisone use of ≥ 5mg/
day or ≥ 10mg/day prior to COVID-19 diagnosis was identi-
fied as a risk factor for hospital admission and death in mul-
tiple studies, however, the number of comorbidities and con-
comitant immunosuppressive therapies were also high in these
populations [24, 25, 27]. The reliability of using hospitaliza-
tion as an endpoint for severity is questionable, as many of
these patients may be more likely to be admitted due to
their immunosuppression and concern for higher mor-
bidity and mortality with COVID-19, especially early
in the pandemic.

A case series from Spain reported mild COVID-19 infec-
tions with only one hospitalization in patients taking anti-
CD20 with multiple sclerosis, however, SARS-CoV2 was di-
agnosed only by symptoms [29]. In contrast, a case series in
Tehran evaluated COVID-19 in nine patients with multiple
sclerosis taking rituximab with five requiring hospitalization,
two of which required ICU admission and two died, giving a
mortality of 40% for those admitted [30]. None of the patients
reported steroid use prior to their COVID-19 diagnosis [30]. A
case series in Spain evaluated 13 patients with probable or
confirmed COVID-19 treated with rituximab in the 12months
before the study [31]. Patients had rheumatoid arthritis, sys-
temic vasculitis, Sjogren syndrome or systemic lupus erythe-
matosus as their underlying rheumatologic condition and
many were on additional immunosuppressive agents includ-
ing prednisone (53.8%), methotrexate (46.2%), and
hydroxychloroquine (7.7%) [31]. Eight (61.5%) required hos-
pitalization, five met criteria for acute respiratory distress syn-
drome (ARDS), and three died (23.1%) [31].

A case report by Guilpan et al. describes severe COVID-19
pneumonia with recovery at day 25 of infection in a patient
with granulomatosis with polyangiitis treated with rituximab
and prednisone [1]. Another case reviews a gentleman with
granulomatosis with polyangiitis, also on rituximab and pred-
nisone complicated by hypogammaglobulinemia, with initial-
ly mild symptoms who required readmission on day 14 of
illness with increasing oxygen requirements [21]. SARS-
CoV2 remained detectable in the nasopharyngeal swab for
almost 30 days, with his first negative test at day 32 following
the onset of symptoms [21]. Two case reports were presented
from Germany, however, prednisone use was not discussed in
either report [32]. One patient with relapsing–remitting multi-
ple sclerosis had a mild disease course with no detectable B
cells on hospital admission and negative SARS-CoV-2 anti-
bodies 8 weeks after she tested positive by PCR [32]. The
second patient had multiple underlying comorbidities with a
more severe illness and prolonged ICU course complicated by

ARDS, renal failure, cardia arrhythmia, and bacterial infec-
tion, with eventual recovery after 6 weeks of hospitalization.
The second patient had detectable but suppressed B cells but
did develop SARS-CoV-2 antibodies [32]. An additional two
fatal COVID-19 cases from Germany were described with
prolonged SARS-CoV-2 viremia, with the viral load peaking
just prior to death, in patients receiving rituximab for diffuse
large B-Cell lymphoma and mantle cell lymphoma [33]. One
of these patients was taking steroids [33]. Two more patients
taking rituximab for rheumatoid arthritis were reported from
Germany with fatal outcomes [34]. One was taking 5mg/day
of prednisone as well as methotrexate with rituximab infusion
6 months prior to her COVID-19 diagnosis. The other patient,
also on methotrexate, had his last rituximab infusion, includ-
ing 50mg prednisolone premedication, 2 weeks before his
COVID-19 diagnosis [34]. Another case report from Oregon
reviews a patient with granulomatosis with polyangiitis on
rituximab with multiple ongoing COVID-19 exposures who
acquired SARS-CoV-2 twice [35]. One month after her sec-
ond infection, COVID-19 IgGfig levels were undetectable
[35].

Based on the limited available data, there is concern that
rituximab, especially in combination with high-dose steroids,
may lead to more severe disease and increased risk of death
with COVID-19. The numbers are small, but over half of
those with COVID-19 and rheumatologic conditions are ad-
mitted, with two case series specifically evaluating rituximab
use identifying over half of those admitted meeting criteria for
ARDS and 37–40% mortality [24–28, 31]. We currently have
limited data on vaccine response in this population with one
study showing decreased antibody response after a single dose
of SARS-CoV-2 mRNA vaccine in those taking methotrexate
or rituximab [36]. We do have data with other vaccines dem-
onstrating reduced humoral response in the setting for rituxi-
mab [37]. As with other vaccines, one should administer
SARS-CoV-2 vaccine as far as possible from their last ritux-
imab dose and would avoid rituximab administration for 2–4
weeks after vaccination until more clinical data are available
[37, 38]. Given this, we would continue to encourage ongoing
public health measures such as mask wearing, social distanc-
ing, hand hygiene, and potential vaccination of close contacts
given early data showing decreased transmission and viral
load following vaccination [39–42].

Conclusions

The rate of serious infections in patients receiving rituximab
varied from 2.2 to 9.8/100 person-years in the studies pub-
lished over the last 5 years and did not significantly differ
between abatacept, rituximab, tocilizumab in those with un-
derlying rheumatic diseases [2–8]. Additional risk factors for
infection included infection with first treatment of rituximab
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in those undergoing retreatment, previous or current smoking,
switches between biologic therapy, which may help identify
patients who require closer monitoring [4, 5]. With regards to
HBV, screening continues to be inadequate, however, targeted
education, hospital-specific guidelines, and revised laboratory
reporting for patients initiating rituximab are strategies that
can improve screen rates. Despite the upfront cost, HBV
screening and prophylaxis were found to be cost effective
[18]. There is still limited data regarding COVID-19 severity
in the setting of rituximab, however, case reports, case-series,
and a larger observational study suggest rituximab use is as-
sociated with more severe disease, higher mortality with
COVID-19, and hospitalizations appear to be higher within
the first 6 months following rituximab dose [24–28, 31]. We
currently have limited data on vaccine response in this popu-
lation with one study showing decreased antibody response
after a single dose of SARS-CoV-2 mRNA vaccine in those
taking methotrexate or rituximab [36]. Given this, we
would continue to encourage ongoing public health
measures such as mask wearing, social distancing, hand
hygiene, and potential vaccination of close contacts giv-
en early data showing decreased transmission and viral
load following vaccination [39–42].
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