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Abstract
Objective
To determine the potential association between infections and rituximab (RTX)-induced
hypogammaglobulinemia among patients with CNS inflammatory diseases.

Methods
We included in a prospective observational study all consecutive adults with aquaporin 4
(AQP4) or myelin oligodendrocyte glycoprotein (MOG) antibody–positive disorders treated
with RTX. Dosing schedule was adapted to memory B-cell measurement.

Results
We included 48 patients (mean age 47 [SD: 14] years; 77% females; 31 AQP4 positive and 17
MOG positive). The median follow-up was 3.6 years (range: 0.9–8.1 years). The median
number of RTX infusions was 8 (range: 2–14). The median dosing interval was 6 months
(range: 1.7–13.7 months). Sixty-seven symptomatic infections (SIs) were observed in 26 of 48
(54%) patients, including 13 severe infections in 9 (19%). Urinary and lower respiratory tract
infections were the most frequent, representing 42% and 21% of SI. At RTX onset, the
immunoglobulin G (IgG) level was abnormal in 3 of 48 (6%) patients. After RTX, 15 (31%), 11
(23%), 3 (6%), and 0 of 48 patients showed sustained IgG level <7, <6, <4, and <2 g/L,
respectively. On multivariate Cox proportional hazards analysis, the main variables explaining
the risk of SI were the presence of urinary tract dysfunction (hazard ratio [HR] = 34, 95% CI
4–262, p < 0.001), the dosing intervals (HR = 0.98, 95% CI 0.97–0.99, p < 0.001), and the
interaction between IgG level and urinary tract dysfunction (HR = 0.67, 95% CI 0.53–0.85, p <
0.005). IgG level <6 g/L during RTX was associated with male sex (HR = 4, 95% CI 1.4–11.4, p
< 0.01) and previous immunosuppression (HR = 3.4, 95% CI 1.2–10, p < 0.05).

Conclusions
RTX used as maintenance therapy in CNS inflammatory diseases is frequently associated with
reduced IgG level and increases the infection risk of the most vulnerable patients.
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B cell–depleting therapy with anti-CD20 drugs is now widely
used inCNS inflammatory diseases includingMS and aquaporin
4 (AQP4)-antibody-positive neuromyelitis optica spectrum
disorders (NMOSDs). In CNS inflammatory diseases, B cell–
depleting therapy is typically used as maintenance therapy,
which contrasts with its use in many non-neurologic diseases, in
which the therapy is usually used as a short-term remission-
inducing agent.

Recently, a nationwide register-based cohort raised safety
concerns related to the use of anti-CD20 agents as mainte-
nance therapy in MS, demonstrating the highest risk of in-
fection with rituximab (RTX) used every 6–12 months
compared with other highly effective disease-modifying
therapies.1 Thus, the long-term safety of anti-CD20 agents
used as maintenance therapy for CNS inflammatory diseases
remains to be fully established. Particularly, mechanisms un-
derlying infections associated with maintenance therapy with
anti-CD20 agents must be identified. For non-neurologic
diseases, including adult lymphoma and rheumatic diseases,
hypogammaglobulinemia and especially reduced serum level
of immunoglobulin G (IgG) have been found as an in-
dependent predictor of infections in patients receiving
RTX.2–6 Thus, guidelines have emerged for managing sec-
ondary hypogammaglobulinemia due to anti-CD20 therapy in
autoimmune rheumatic diseases.7

Here, we report the safety data of a recent published pro-
spective observational study comparing the medium-term
efficacy of RTX used as maintenance therapy in AQP4-
positive NMOSD and myelin oligodendrocyte glycoprotein
(MOG)-associated disorders.8 The objectives were twofold:
to determine first the incidence and prognostic factor(s) of
hypogammaglobulinemia in patients with CNS inflammatory
diseases treated with RTX as a maintenance regimen and
second the incidence and prognostic factor(s) of infections
during this therapy.

Methods
Study Population and RTX
Administration Scheme
From 2012, we prospectively included in an observational
study all consecutive adults with MOG or AQP4 antibody
disorders receiving RTX at the tertiary neuroinflammatory
center of Marseille by using a standardized protocol (see
Durozard et al.8 for more details). Briefly, inclusion criteria
were age >18 years, at least 1 demyelinating event of the CNS
during the previous 18 months, positive for serum MOG or
AQP4 antibody, and initiating RTX by an individualized

dosing schedule adapted to memory B-cell measurement. The
induction treatment consisted of 1,000 mg infused twice at a
2-week intervals or 375 mg/m2 per week for 4 weeks. The
maintenance regimen consisted of a single infusion of
1,000 mg. Infusions of RTX were guided by an individualized
dosing schedule according to the frequency of reemerging
memory B cells (CD27-positive B cells).8

Standard Protocol Approvals, Registrations,
and Patient Consents
Each participant gave free and informed written consent for
anonymized use of clinical, MRI and biological data for re-
search purposes (NOMADMUS cohort). For the present
study, only data for patients included before December 2018
are reported, and only data acquired before spring 2020 were
analyzed. In case of immunoglobulin replacement, we stop-
ped the analysis of the data at the date of initiation.

Medical Visits
Physical examination was performed at each RTX infusion, 3
months after each infusion, at each relapse, and in case of
adverse events. At inclusion in the present prospective study,
we gave all participants the phone number of our indoor
neuroinflammatory unit, which is open 24 h/d and 7 d/wk.
We informed each patient about the need to call the center in
case of fever or new physical signs. At each visit to our center,
at least every 3months, the examination was performed by the
same experienced neurologists (A.R., C.B., A.M., or B.A.) of
the university hospital of Marseille (France). A prespecified
protocol with directed questions was applied concerning the
most frequent potential adverse event associated with RTX
treatment, namely infection. Full clinical examination in-
cluding temperature measurement was performed at each
visit. All infections were noted and graded according to the
Common Terminology Criteria for Adverse Events v4.0:
grade 1: asymptomatic, pathologic, or radiographic findings
only; grade 2: localized, local, or noninvasive intervention
indicated; grade 3: IV antibiotic, antifungal, or antiviral in-
tervention indicated, interventional radiology or operative
intervention indicated; grade 4: life-threatening consequences
(e.g., septic shock, hypotension, acidosis, and necrosis); and
grade 5: death. Symptomatic infection (grade ≥2) was
retained with only the following criteria: physical signs sug-
gestive of infection associated with at least fever or positive
radiographic or positive laboratory findings.

Immunoglobulin Measurement
The immunoglobulin level was measured at a single di-
agnostic laboratory (University Hospital of Marseille) before
RTX onset and before each RTX infusion. We defined 4
categories of IgG level: normal level, ≥7 g/L; hypo-IgG level

Glossary
AQP4 = aquaporin 4;HR = hazard ratio; IgG = immunoglobulin G;MOG =myelin oligodendrocyte glycoprotein;NMOSD =
neuromyelitis optica spectrum disorder; RTX = rituximab.
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1, 6–7 g/L; hypo-IgG level 2, 4–6 g/L; hypo-IgG level 3, 2–4
g/L, and hypo-IgG level 4, ≤2 g/L. We graded the serum IgG
level after RTX onset on the basis of the nadir serum IgG
concentration during follow-up. We also assessed the pro-
portion of patients showing sustained decrease (maintenance
at the same level), partial reversibility (increase to a higher
level), or complete normalization. IgA and IgM levels were
also measured (normal levels ≥0.7 and 0.4 g/L, respectively).
We also assessed the proportion of patients showing sustained
decrease (maintenance under the normal level) or complete
normalization of levels.

Statistical Analysis
The proportions of patients with hypogammaglobulinemia
before and after RTX onset were compared by the Fisher
exact test. The risk of symptomatic infections was assessed
with multivariate Cox proportional hazard models for re-
current events. Variables tested were disease duration and age
at RTX onset, sex, existence of urinary tract dysfunction de-
fined as the presence of urinary urgency and/or voiding dif-
ficulties, swallowing dysfunction, immunoglobulin levels, and
dosing intervals. Patient ID was included as a cluster variable
to account for intraindividual correlation of observations. A
similar multivariate model was used to investigate the oc-
currence of reduced IgG level during RTX treatment. Here,
we computed hazard ratios (HRs) and 95% CIs for the fol-
lowing variables at the onset of the RTX treatment: age, sex,
disease duration, Expanded Disability Status Scale score,
previous immunosuppressive therapy before RTX, RTX in-
duction regime, and dosing intervals. p < 0.05 was considered
statistically significant. All analyses were performed with
Statistics in R v4.0.2, including the survival package.

Data Availability
All data analyzed during this study will be shared anonymized
by reasonable request of a qualified investigator to the cor-
responding author.

Results
Study Population
We included 31 (65%) patients with AQP4 antibodies and 17
(35%) with MOG antibodies. Results related to the clinical
response to RTX in both diseases were previously published8

and are not reported here (table 1).

RTX was the first-line therapy for 34 of 48 (71%) patients. In
other patients, previous treatment included mycophenolate
mofetil (n = 6), azathioprine (n = 3), methotrexate (n = 2),
cyclophosphamide (n = 2), interferon beta (n = 2), and ter-
iflunomide, natalizumab, glatiramer acetate, dimethyl fuma-
rate, and fingolimod (n = 1 each). The median follow-up after
RTX initiation was 3.6 years (range 0.9–8.1 years). The me-
dian number of RTX infusions was 8 (range 2–14). The
median and mean duration between 2 RTX infusions was 6
and 5.89 months, respectively (range 1.7–13.7 months). RTX

was used as monotherapy in most patients. Steroids were
associated with RTX in only 7 of 48 patients and were stopped
in 5 of them after several months.

Incidence, Grade, and Type of Infections After
RTX Onset
After RTX onset, we observed 67 symptomatic infections
(grade ≥2) in 26 of 48 (54%) patients, including 13 severe
infections (grade ≥3) in 9 (19%). The median number of
symptomatic infections was 1 (range 0–10) per patient. The
first symptomatic infection occurred at a median of 15months
(range 0–86 months) after RTX onset. The mean annual rate
of symptomatic infections after RTX in the whole group was
0.28 (SD = 0.39). Urinary tract infections (n = 28) were the
most frequent and represented 42% of all symptomatic in-
fections. Lower respiratory tract infections (n = 14) repre-
sented the second most frequent infection type (21%). All
patients presented fever and lower respiratory tract signs.
Chest X-ray or CT scan was performed in 8 of 14 episodes and
confirmed lower respiratory tract infection in all. Nine skin
infections were diagnosed clinically and included erysipelas (n
= 2); 1 each of impetigo, folliculitis, genital herpes simplex,
and herpes zoster; and mycosis (n = 2). One case of cellulitis
was diagnosed clinically and microbiologically. Upper re-
spiratory tract infections (n = 9) included otitis media (n = 2)
diagnosed clinically; sinusitis (n = 3) diagnosed clinically and
radiographically; sinusitis (n = 1) diagnosed clinically, radio-
graphically and microbiologically; dental abscess (n = 2) di-
agnosed clinically and radiographically; and pharyngitis (n =
1) diagnosed clinically and microbiologically. Gastrointestinal
infections included abscess of the ileum (n = 1) diagnosed
clinically and by CT scan and candida esophagitis (n = 1)
diagnosed clinically and microbiologically. One case each of
genital infection, enterovirus meningitis, enterovirus menin-
goencephalitis, and parvovirus B19 infection were diagnosed
clinically and microbiologically (table 2).

Serious Adverse Events
In total, 15 serious adverse events occurred and included 13
serious infectious events, 1 case of agranulocytosis and 1 of
Crohn disease.

Incidence of Hypogammaglobulinemia
Reduced IgG level <7 g/L (level ≥1) was present in 3 of 48
(6%) patients (4.71, 6.39, and 5.81 g/L, respectively) before
RTX and occurred in 28 of 48 (58%) during RTX after a mean
of 17 months (range 0–64) (p < 0.0001). During RTX, re-
duced IgG level <7 g/L was sustained in 15 of 48 (31%)
patients, partially recovered in 7 of 48 (15%) and completely
recovered in 6 of 48 (13%). Reduced IgG level <6 g/L (level
≥2) was observed in 20 of 48 (42%) patients after a mean of
14 months (0–64), was sustained in 11 of 48 (23%), partially
recovered in 7 of 48 (15%), and completely recovered in 2 of
48 (4%). Reduced IgG level <4 g/L (level ≥3) was observed in
5 of 48 (10%) patients after a mean of 1.6 months (0–5), was
sustained in 3 of 48 (6%), partially recovered in 2 of 48 (4%),
and completely recovered in none (0%). Reduced IgG level
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<2 g/L (level 4) was not observed in any patients. Reduced
IgM level (<0.4 g/L) was present in 1 of 48 (2%) patients
(0.26 g/L) before RTX and 22 of 48 (46%) after RTX after a
mean of 13 months (range 0–54) (p < 0.0001). After RTX,
reduced IgM level (<0.4 g/L) recovered in 1 of 48 (2%)
patients. Reduced IgA level (<0.7 g/L) was present in 3 of 48
(6%) patients (0.57, 0.28, and 0.46 g/L, respectively) before
RTX and persisted in the same 3 patients after RTX (0.30,
0.12, and 0.34 g/L, respectively) (table 3).

Immunoglobulin replacement was started in 5 of 48 patients
after a mean of 55months (range: 24–95months). In 3 patients,
immunoglobulins replacement was started owing to severe
hypogammaglobulinemia associated with 1 episode of infection.
In the 2 remaining patients, hypogammaglobulinemia was not
associated with infection but occurred in patients with MOG

antibody–associated disorder. In these patients, we de-
cided to initiate IV immunoglobulins for replacement but
also as maintenance therapy according to the recent pub-
lished results related to the limited clinical response to RTX
of MOG-associated disease8,9 and publications suggesting the
efficacy of IV immunoglobulin in MOG antibody–associated
disorder.10

Predictors of Symptomatic InfectionsAfter RTX
The main variables explaining the risk of symptomatic infec-
tions after RTX were the presence of urinary tract dysfunction
(HR = 34, 95% CI 4–262, p < 0.001), the dosing intervals
(HR = 0.98, 95%CI 0.97–0.99, p < 0.001), and the interaction
between the IgG level and the presence of urinary tract dys-
function (HR = 0.67, 95% CI 0.53–0.85, p < 0.005). We did
not use a cutoff for the IgG level in the model. IgG was

Table 1 Patient Characteristics (n = 48)

Characteristics Value

Age, y, mean (SD) 46.6 (14)

Sex ratio (F/M) 3.4 (37/11)

Disease type, no. (%) of patients

AQP4-positive NMOSD 31 (65)

MOG-associated disorder 17 (35)

Disease duration, y, median (range) 6.2 (1.8–35.1)

EDSS score, median (range) 2 (0–6.5)

Urinary tract dysfunction, no. (%) of patients 21 (44)

Swallowing dysfunction, no. (%) of patients 0 (0)

RTX as first-line therapy, no. (%) of patients 34 (71)

Previous treatment, no. (%) of patients

Mycophenolate mofetil 6 (13)

Azathioprine 3 (6)

Methotrexate 2 (4)

Cyclophosphamide 2 (4)

Interferon beta 2 (4)

Teriflunomide 1 (2)

Natalizumab 1 (2)

Glatiramer acetate 1 (2)

Dimethyl fumarate 1 (2)

Fingolimod 1 (2)

No. of RTX infusions, median (range) 8 (2–14)

Duration between 2 RTX infusions, mo, median (range) 6 (1.7–13.7)

Follow-up after RTX initiation, y, median (range) 3.6 (0.9–8.1)

Abbreviations: AQP4 = aquaporin 4; EDSS = Expanded Disability Status Scale; MOG = myelin oligodendrocyte glycoprotein; NMOSD = neuromyelitis optica
spectrum disorder; RTX = rituximab.
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included as a continuous variable. Applying a commonly used
cutoff of 6 g/L to define hypogammaglobulinemia gives
similar results. For patients with reduced IgG level <6 g/L
after RTX (n = 20), the mean annual rate of symptomatic
infections was 0.33 (SD = 0.52) before the emergence of
reduced IgG level <6 g/L and was 1.1 (SD = 1.96) after.

Predictors of Hypogammaglobulinemia
After RTX
We limited the analysis to potential predictors of reduced
IgG level because only the IgG level interacted with the
infection risk during RTX. The main variables explaining
the risk of reduced IgG level <6 g/L after RTX onset were
male sex (HR = 4, 95% CI 1.4–11.4, p < 0.01), previous
immunosuppressive therapy before RTX (HR = 3.4, 95%
CI 1.2–10, p < 0.05), and a trend for the dosing intervals
(HR = 0.99, 95% CI 0.98–1, p = 0.06).

Discussion
In the present prospective study, patients with CNS in-
flammatory diseases treated with RTX used as maintenance
therapy frequently showed reduced IgG level, which increased
the risk of symptomatic infections of the most vulnerable
patients. Male sex and the use of previous immunosuppressive
therapy before RTX were the best predictors of reduced IgG
level during RTX treatment.

Hypogammaglobulinemia after B cell–depleting therapy is
now well recognized in patients with hematologic and auto-
immune rheumatic diseases.11 For patients with lymphoma,
confounding factors such as chemotherapy, bone marrow
transplantation, and lymphoma itself probably contribute to
hypogammaglobulinemia after RTX. In contrast, in rheumatic
and multisystem autoimmune diseases, RTX can be the main
factor underlying hypogammaglobulinemia. In these diseases,
the incidence of hypogammaglobulinemia is highly variable,

ranging from 10% to 50% depending on the number of cycles
and the disease. In fact, most studies have been retrospective,
included patients with various RTX regimens and frequently
associated other immunosuppressive drugs, which limits
comparison.

In the present study, including mostly patients naive of im-
munosuppressive agents, the proportion of patients with
persistent reduced IgG level <7, 6, and 4 g/L after RTX was
31%, 23%, and 6%, respectively. Few studies have provided
data on the incidence of hypogammaglobulinemia during
maintenance therapy with anti-CD20 agents for neuro-
inflammatory diseases. Pivotal randomized controlled trials of
RTX and ocrelizumab have reported a low incidence of
hypogammaglobulinemia during relatively short observa-
tional periods.12–14 In the pivotal phase 2 study testing RTX in
relapsing-remitting MS, 7.8% of patients showed hypo-
gammaglobulinemia12: 2 infusions of RTX were adminis-
tered at a 2-week interval and patients were followed for 12
months. In the phase 3 study testing ocrelizumab vs in-
terferon beta-1a in relapsing-remitting MS, the incidence
of hypogammaglobulinemia and reduced IgG level was
16.5% and 1.5% at 2 years after 4 doses at a 6-month interval.13

In the phase 3 study testing ocrelizumab vs placebo in primary
progressive MS, the incidence was 15.5% and 1.1%, respectively,
at 2.5 years after 5 doses at a 6-month interval.14 Recently, data
were published from the 5-year open-label extension of the phase
3 study testing ocrelizumab vs interferon beta-1a in relapsing-
remitting MS15: at 5 years, for 5.4% of the patients who com-
pleted the study (88.5%), the reduced IgG level was <5.68 g/L.
Unfortunately, the study did not compare the incidence of re-
duced IgG level between patients who received ocrelizumab
since the study onset (5 years) and after interferon beta-1a
treatment (3 years). Moreover, a potential high incidence of
reduced IgG level for patients who did not complete the study
cannot be excluded. Nevertheless, potential generalization
from randomized controlled trials is problematic because
these studies subselected patients who tolerated the therapy,

Table 2 Symptomatic Infections (Grade ≥2) After Rituximab

Type of infection No. of episodes (%)

Urinary tract infections 28 (42)

Lower respiratory tract infections 14 (21)

Skin infections 10 (15)

Upper respiratory tract infections 9 (13)

Gastrointestinal infection 2 (3)

Enterovirus meningitis 1 (1.5)

Enterovirus encephalitis 1 (1.5)

Genital infection 1 (1.5)

Parvovirus B19 1 (1.5)

Total 67
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whereas thosewith comorbidities orwith previous treatmentwith
immunosuppressive drugs were often excluded from trials.
Therefore real-world data from cohort studies are necessary. Two
real-word retrospective observational studies in patients with
NMO receiving RTX demonstrated increased incidence of
hypogammaglobulinemia close to the incidence we report.16,17

For a group of 15 patients with NMOSD receiving a mean of 6
RTX infusions during a median of 70 months,16 73% showed
reduced IgG level <7 g/L and 20% severe reduced IgG level, <4
g/L. Among 50 patients with NMOSD receiving RTX for several
years, the proportion with hypogammaglobulinemia and reduced
IgG level was 64% and 38%, respectively.17 Probably that the
relative long treatment period and the inclusion of patients with
other immunosuppressive agents before RTX affect the incidence
of reduced IgG level after RTX as evidenced here. Maintenance
therapy with RTXduring the long termmay have a higher impact
on humoral immunity because long-lived plasma cells that are not
depleted by anti-CD20 therapies may depend on regular re-
plenishment by the B-cell progenitor pool that is regularly de-
pleted by maintenance therapy.

The second important result of the study relates to the high
frequency of symptomatic and severe infections observed in
54% and 19% of patients, respectively. This high frequency is
probably multifactorial. First, contrary to autoimmune rheu-
matic diseases, urinary tract or swallowing dysfunctions are
common in patients with CNS inflammatory diseases and
represent a major risk factor for infections. In the present study,
urinary tract dysfunctions were present in 44% of patients, but
no patient exhibited swallowing dysfunction. This finding ex-
plains why the presence of urinary tract dysfunction in patients
was the main modulator of the infection risk in the present
sample. Second, the reduced IgG level increased the risk of
infection associated with the presence of urinary tract dys-
function. This interaction suggests that one of the most vul-
nerability factors of infection in neurologic patients represented
by urinary tract dysfunction is modulated by RTX-induced
hypogammaglobulinemia. The effect of RTX-induced hypo-
gammaglobulinemia on the rate of infection was reported re-
cently in 2 retrospective studies including large cohorts of
patients with autoimmune rheumatic diseases2 and CNS in-
flammatory diseases.18 Similarly, these studies revealed an as-
sociation between the reduced IgG level and the rate of
infection. In patients with CNS inflammatory diseases, Vollmer

et al.18 found several other factors associated with risk of in-
fection, including duration of RTX therapy, male sex, increased
disability, prior exposure to immunosuppression, and lym-
phopenia. In the present study, prior exposure to immuno-
suppression and male sex were associated with only reduced
IgG level during RTX treatment but not infection risk. These
discrepancies are probably due to the limited sample size and
the high homogeneity of the clinical characteristics of patients
in our study. Particularly, most patients were included at the
onset of the disease, received RTX as first-line therapy, and
exhibited limited disability.

Finally, we evidenced that dosing intervals of RTX inter-
acted with the risk of symptomatic infections and the risk
of reduced IgG level. Patients with shorter dosing intervals
due to earlier reemergence of memory B cells had a higher
risk of symptomatic infection probably due to a higher risk
of reduced IgG level. This suggests that extending dosing
of anti-CD20 agents could improve their safety. In AQP4-
positive NMOSD, intensive maintenance regimen with
anti-CD20 agents seems necessary because relapses can
occur when memory B cells are slightly repopulated,8,19–21

but in MS, extending dosing of RTX is associated with a
low risk of relapse or MRI activity, as suggested by recent
studies.22,23 Future prospective studies performed in large
sample are required to confirm that extending dosing of
anti-CD20 agents could improve safety in MS without
significant loss of efficacy.

This prospective study confirms the safety signal reported
recently in a large retrospective study relative to the infectious
risk associated with anti-CD20 agents used as maintenance
therapy in CNS inflammatory diseases.1 Importantly, the
present study showed that reduced level of IgG induced by
anti-CD20 agents contributes to the emergence of infections
and that the risk of infections is associated with dosing
intervals.

Study Funding
No targeted funding reported.

Disclosure
All authors certify that there is no financial interest related to
this study. Go to Neurology.org/NN for full disclosures.

Table 3 Reduced IgG Level After RTX Initiation

IgG
level, g/L

Total (reduced IgG level at any timeafter RTX),
no. (%) of patients

Sustained, no. (%) of
patients

Partially recovered, no. (%)
of patients

Completely recovered, no.
(%) of patients

<7 28/48 (58) 15/48 (31) NA 13/48 (27)

<6 20/48 (42) 11/48 (23) 7/48 (15) 2/48 (4)

<4 5/48 (10) 3/48 (6) 2/48 (4) 0/48 (0)

<2 0/48 (0) 0/48 (0) 0/48 (0) 0/48 (0)

Abbreviations: IgG = immunoglobulin G; NA = not applicable; RTX = rituximab.
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