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Abstract
Background Anti-CD20 monoclonal antibodies are now a common first-line treatment for multiple sclerosis (MS). Rituxi-
mab, ocrelizumab and ofatumumab have all been associated with a dose-dependent risk of hypogammaglobulinaemia, but 
its relevance in clinical practice remains uncertain. 
Objectives To study infection rates over time in a real-world cohort of people treated with ocrelizumab for MS, and their 
relationship to serum immunoglobulin.
Design Observational study of 152 people receiving ocrelizumab for MS followed for up to 5.6 years (mean 2.7 years).
Results Mean (SD) annualized changes in immunoglobulins during ocrelizumab treatment were IgM − 0.22 g/L/year (0.4), 
IgG − 0.38 g/L/year (0.9), IgA − 0.03 g/L/year. Rates of self-reported infection increased significantly during the first 4 years 
of treatment. Infection rates were not only associated with total immunoglobulin levels but also independently associated 
with age, comorbidity and female sex. We demonstrated for the first time that 29 out of 34 (87%) people on ocrelizumab with 
IgG in the lower normal range had sub-protective antibody responses to pneumococcus / haemophilus influenzae.
Conclusions Real-world observational studies complement open label extensions of clinical trials, often by having a more 
representative cohort and more complete follow-up. Our data suggest that while serious infections are rare in people on 
ocrelizumab, non-serious infections become increasingly burdensome. We offer practical suggestions on mitigating the 
risk of infection on ocrelizumab and other anti-CD20 medications. 

Keywords Multiple sclerosis · Disease modifying therapy · Treatment complications · Ocrelizumab · 
Hypogammaglobulinaemia

Introduction

The emergence of disease modifying therapies (DMTs) for 
multiple sclerosis (MS) has considerably improved disability 
outcomes [1], and early use of high-efficacy DMT is widely 
gaining traction [2]. A key challenge facing patients and 

clinicians in neurology is how to quantify and mitigate risks 
associated with the long-term use of high-efficacy immu-
notherapies in lifelong conditions. Anti-CD20 monoclonal 
antibodies are now among the most commonly prescribed 
DMTs for MS. Phase 3 clinical trials show a favorable effi-
cacy and safety profile for ocrelizumab and ofatumumab in 
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people with MS (pwMS) over 2 years [3–5]. Rituximab is 
used off-label in some countries on the basis of favorable 
Phase 2 and observational data in MS [6], although this 
practice has not been adopted in the UK. However, the lack 
of representation of vulnerable characteristics such as age, 
disability and comorbidity in clinical trial cohorts [7], and 
the non-random dropouts in open label extension studies 
with potential survivorship bias [8, 9], mean that real-world 
data on anti-CD20 safety will provide important comple-
mentary information.

Observational data on a large cohort of pwMS treated 
with rituximab recently showed that cumulative rituximab 
exposure was associated with hypogammaglobulinaemia 
and infection. However, low IgG explained < 20% of the 
risk of infection associated with cumulative dosing; other 
risk factors included age, disability and comorbidity [10]. 
Ocrelizumab, ofatumumab and ublituximab are newer to the 
market and have been subjected to fewer real-world obser-
vational studies. Cumulative hypogammaglobulinaemia was 
observed in clinical trials of ocrelizumab and ofatumumab 
[11, 12]. However, real-world data on infection risk in peo-
ple on ocrelizumab or ofatumumab are relatively scarce, 
and the relationship between hypogammaglobulinaemia 
and infection seems inconsistent across studies [13–19]. 
This discordance may reflect the relevance of other factors 
such as comorbidity, disability and age, and may also reflect 
methodological considerations such as a focus on serious 
versus non-serious infection, and short duration of follow-
up and/or treatment exposure. An improved understanding 
of risks associated with DMTs will allow better prediction, 
detection and focused mitigation.

In this study, we report longitudinal trends of serum 
immunoglobulin and infections in a well-characterized 
cohort of pwMS receiving ocrelizumab.

Methods

Design, setting and population

A population-based MS observational study in Wales has 
been studied prospectively since 1999 with Research Ethics 
Committee approval (Ethics REC Ref: 05/WSE03/111, 19/
WA/0289). All patients are seen in neuroinflammatory clin-
ics at the University Hospital of Wales (a tertiary referral 
center), which serves the city of Cardiff and the surround-
ing areas; a population of ~ 1 million. The registry has been 
estimated to include over 97% of MS patients in the region 
[20]. Data is stored securely in a custom-built database on 
National Health Service (NHS) servers. Written consent is 
obtained from all patients.

Ocrelizumab was approved in the UK in July 2018 for 
people with relapsing–remitting MS and in June 2019 for 

people with primary progressive MS. We identified a nested 
cohort of participants who received at least 2 doses of ocre-
lizumab for MS in Cardiff, with first dose between January 
2019 and July 2024 (initial day-1 and day-15 infusions were 
classed as Dose 1). We did not include people on ofatu-
mumab in this study due to short duration of follow-up (UK 
approval 2021) and small numbers.

Data collection and outcomes

Clinical and demographic data are collected prospectively 
including date of first demyelinating event, date of MS diag-
nosis, MS disease course, disability [Expanded Disability 
Status Scale (EDSS)] [21], and all DMT prescriptions. Data 
on BMI, smoking status and co-morbidity were taken from 
the timepoint closest to Dose 1 of ocrelizumab. Since 2019, 
all patients attending for ocrelizumab infusion were system-
atically questioned about infections experienced since their 
previous infusion (or in the previous 6 months at baseline) at 
each infusion attendance. Participants were asked to report 
any infective episodes, use of anti-microbials and/or hospi-
talization for infection. These self-reported data were then 
cross-referenced with primary and secondary care electronic 
health records. Serious infections were classified as those 
leading to death, hospitalization, or requiring IV antimi-
crobials in line with CTCAE grade 3 or above [22]. Total 
Immunoglobulins (IgG, IgM, IgA) were measured 1 month 
prior to each infusion according to local standards-of-care, 
and since 2023, those with IgG < 8 g/L were offered a blood 
test for disease-specific antibodies to haemophilus influenza 
type B (HiB) and pneumococcus. Cut off for data collection 
and collation was July 2024.

Statistical analysis

Annualized change in immunoglobulin levels during ocreli-
zumab treatment were calculated from ocrelizumab onset to 
most recent immunoglobulin measurement performed while 
on standard interval dosing of ocrelizumab. The relationship 
between immunoglobulins and time on ocrelizumab was 
explored using data up to year 4, censoring data at the time 
of ocrelizumab discontinuation (n = 20) or extended-interval 
dosing (n = 14), with mixed models. Data were plotted to 
inform the best approach to the model. For IgM and IgA, the 
best fit without adjustments was a quadratic fit in a mixed 
model with random intercept (Patient ID) and random slope 
(time). For IgG there was no significant quadratic effect; the 
best fit without adjustments was a linear fit in a mixed model 
with random intercept (Patient ID) and random slope (time). 
Infections over time were modeled using a negative bino-
mial random effects mixed model of counts of infection per 
ocrelizumab interval. Infections and immunoglobulins were 
treated as time-dependent variables, other covariates (age, 
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sex, EDSS, BMI, disease course (RR vs. progressive MS), 
disease duration, number of co-morbidities, smoking sta-
tus (current vs. ex-/never-smoker), diabetes, previous DMT 
(DMT naïve vs. previous DMT exposure) were modeled as 
fixed effects, using a backwards stepwise approach, retaining 
covariates in the multivariate model that had a relationship 
with significance p < 0.15.

Results

One hundred sixty six received pwMS received at least 2 
courses of ocrelizumab during January 2019 to March 2024, 
of whom 152 consented to participate in observational 
research. Clinical–demographic characteristics of the cohort 
are shown in Table 1. Mean age at ocrelizumab onset was 
43.6y, 105 (69%) were female, 82.2% had relapsing MS, 
and 65 (42.7%) had received prior DMT. At the time of data 
collation, mean time on ocrelizumab was 2.7 years (range 
0.5–5.6), with a total of 419 patient-years of follow-up. Dis-
continuation occurred in 20 people as a result of low IgG/
recurrent infections (11), progressive MS (3) convenience 
reasons (4) or pregnancy planning (2).

Immunoglobulins

Mean [normal range] immunoglobulin (Ig) concentra-
tions at baseline were IgM 1.3 g/L [0.5–1.9], IgG 10.2 g/L 
[6.0–16.0], IgA 2.2 g/L [0.8–2.8]. At baseline (n = 152), 15 
participants (9.9%) had at least one Ig subclass below the 

lower limit of normal (LLN): IgM was low in 8 (5.2%) cases, 
IgA in 7 (4.6%) cases and IgG in 2 (1.3%) cases. Mean (SD) 
annualized change in immunoglobulins during ocrelizumab 
treatment were IgM − 0.22 g/L/year (0.4), IgG − 0.38 g/L/
year (0.9), IgA − 0.03 g/L/year (0.2; Fig. 1A–C). At 1-year 
(n = 131), IgM was below the lower limit of normal in 28 
(21%) cases, IgA in 11 (8.3%) cases and IgG in 5 (3.8%) 
cases. At 2-years (n = 101), IgM was below the lower limit 
of normal in 27 (27%) cases, IgA in 7 (6.9%) cases and 
IgG in 5 (5.0%) cases. Mixed models confirmed that time 
on ocrelizumab was associated with a significant decline in 
levels of IgM, IgG and IgA. BMI (beta − 0.02, p < 0.01) was 
associated with IgM change, diabetes was associated with 
IgG change (beta − 1.45, p = 0.031), which was driven by 
the presence of diabetes in 10 people, and previous DMT 
(beta = − 0.17, p = 0.049), smoking history (beta − 0.32, p = 
0.002) and relapsing disease course (beta 0.22, p = 0.039) 
were associated with IgA change.

In 14 people, dosing of ocrelizumab was switched to 
extended interval dosing—scheduling redosing according 
to when peripheral CD19 counts reached > 10 ×  109, to try to 
mitigate the risk of infection. The resulting dose interval was 
mean (SD) 10.7 (3.1) months. In these individuals, mean 
(SD) annualized change in IgM during standard dosing was 
− 0.56 g/L/year (0.26) versus − 0.10 g/L/year (0.02) dur-
ing extended interval dosing. Mean (SD) annualized change 
in IgG during standard dosing was − 0.57 g/L/year (0.54) 
versus − 0.0 g/L/year (0.56) during extended interval dos-
ing (Fig. 2).

According to local protocol, disease-specific antibodies 
were tested in 34 people with total IgG between 6 and 8 g/L 
(mean 7.3 g/L) from 2023 onwards. Overall, 29 (85%) had at 
least one sub-protective disease specific antibody: 15 (44%) 
had sub-protective titres (< 35 mg/L) for pneumococcus 
[23], and 24 (71%) for haemophilus influenzae (< 1.0 mcg/
ml) [24], (Fig. 3).

Infections

Overall, 716 episodes of infections were recorded during 
419 patient-years of follow-up (171 per 100 patient-years 
(100PY)). Infection rates increased significantly over time 
(Fig. 1 D, p < 0.01), with almost a doubling of infection 
rates from year-1 to year-4 of treatment (Table 2). Varia-
bles associated with infection rate in multivariate modeling 
were IgM (beta − 0.53, p = 0.002), age (beta − 0.02, p = 
0.003), number of comorbidities (beta 0.16, p = 0.0096), 
and female sex (beta 0.60, p = 0.0028). IgG (beta − 0.069, 
p = 0.094) and IgA (beta 0.18, p = 0.057) showed a trend for 
association with infection but this did not reach statistical 
significance (Table 3). EDSS, BMI, disease course, disease 
duration, smoking status (current vs. ex-/never-smoker), dia-
betes, previous DMT did not reach the p < 0.15 threshold of 

Table 1  Xxxx

Age (mean (SD), years) 43.6 (12.0)

Sex (number (%) female) 105 (69.1%)
Disease course (number (%), years) RR 125 (82.2%)

SP 7 (4.6%)
PP 20 (13.2%)

EDSS (median (IQR)) 2.0 (2.0–3.0)
Disease duration (mean (SD), years) 8.4 (7.7)
Number of co-morbidities (number (%)) 0: 28 (18.4%)

1: 34 (22.4%)
2: 40 (26.3%)
3: 29 (19.1%)
4: 16 (10.5%)
5 + : 5 (3.3%)

Body mass index (mean (SD)) 28.8 (7.0)
Smoking status Never: 80 (53.7%)

Previous: 45 (29.6%)
Current: 24 (15.8%)
Missing data: 3 (2%)

Number of prior DMTs 0: 87 (57.2%)
1: 37 (24.3%)
2 + : 28 (18.4%)
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significance to remain in the model. Rates of serious infec-
tion were low throughout follow-up (Supplemental Fig. 1).

Infection types over time are shown in Fig. 4. COVID-19 
was counted separately from other lower respiratory tract 
infections. By Dose 8, the most common infections were 
upper and lower respiratory tract, urinary tract/genital and 
skin infections. The excess of infections in women versus 
men was driven by differences in the rate of respiratory tract 
infections (Supplementary Table 1). Rates of self-reported 
infections were moderately correlated with courses of anti-
microbials recorded in primary care records (R2 = 0.60; Sup-
plementary Fig. 2).

Discussion

Anti-CD20 monoclonal antibodies have become a com-
monly used high-efficacy treatment for MS based on favora-
ble efficacy and safety data from Phase 3 clinical trials [3–5, 
25]. Unlike renal and rheumatological disease where short-
term anti-CD20 treatment is often used to induce remission 
[26, 27], sustained use of antiCD20 is standard practice in 
MS. Here we have shown a duration-dependent effect of 
ocrelizumab treatment on both hypogammaglobulinaemia 
and risk of infection during the first 4 years of treatment. 

Our data suggest that factors including age and co-morbidity 
may increase the risk of hypogammaglobulinaemia, but that 
age, co-morbidity and immunoglobulins also have independ-
ent associations with infection risk. Respiratory and urinary 
tract infections accounted for most infections experienced 
on ocrelizumab. People with IgG in the lower part of the 
normal range had a high incidence of sub-protective IgG 
titres to community respiratory pathogens. In a small subset 
who had extended-interval dosing of ocrelizumab, there was 
a suggestion of reduced rate of IgM and IgG decline.

Our data confirm previous reports that ocrelizumab is 
associated with a duration-dependent decline of immun-
globulins [11, 13, 15, 17, 19, 28], but we have also revealed 
a duration-dependent increase in infection rate. Infection 
rates remained low overall but almost doubled from year-1 
to year-4 of ocrelizumab therapy. We found that the pres-
ence of comorbidities (some of which could be modified or 
optimized) were associated with immunoglobulin decline, 
and that higher age and comorbidities also independently 
associated with higher infection risk. Other groups have also 
identified age, disability and comorbidities as risk factors 
for hypogammaglobulinaemia [15, 28], and infection [14, 
17], while on ocrelizumab treatment. We did not find an 
association between disability and infection, but this may 
have reflected the low disability levels in our cohort [median 

Fig. 1  Immunoglobulins and infections over time. a–c Change in 
IgG, IgA and IgM over time by 6-month infusion interval. Vertical 
lines indicate standard error. Sample size at each infusion (n) and 
% with Ig below the lower limit of normal (LLN) shown below the 

x-axis, d violin plot of infection count over time by 6-month infu-
sion interval. Number under follow-up (n) at each time point is shown 
below the x-axis
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(IQR) EDSS 2.0 (2.0–3.0)] The association between age and 
comorbidity with infection risk is relevant since our real-
world cohort was older and had more comorbidity than the 
OPERA I and II clinical trial cohorts [29]. While BMI has 
not been widely studied as a risk factor for hypogamma-
globulinaemia, one other group have reported an association 
between high BMI and adverse infection outcomes in pwMS 
on ocrelizumab [19].

The importance of hypogammaglobulinaemia as a risk 
factor for infection in secondary antibody deficiency is 
increasingly being recognized in other settings such as hae-
matologic malignancy [30]. Low IgG has been demonstrated 
by several groups to be a risk factor for infection in people 
receiving rituximab for MS [10, 31–33]. This study provides 
further support for this association extending to other newer 
anti-CD20 s. Safety evaluation of pooled data from the piv-
otal ocrelizumab clinical trials demonstrated a relationship 
between low IgG and higher risk of serious infection [11]. 
More recently, evaluation of a similar dataset from 13 ocre-
lizumab clinical trials showed an association between low 

IgM and rates of all (including non-serious) infections [29]. 
We demonstrated a significant inverse relationship between 
total IgM and infection, while the relationship between IgG 
and infection was of borderline significance. People with 
selective IgM deficiency in other settings are known to be 
commonly susceptible to bacterial infections such as otitis 
media, chronic sinusitis, bronchitis, bronchiectasis, pneu-
monia, urinary tract infections, cellulitis, supporting the 
potential clinical relevance of acquired IgM deficiency [34], 
whereas people with selective IgA deficiency are usually 
asymptomatic [35]. The stronger association of IgM with 
infection may also reflect the tendency for IgM to fall earlier 
and more precipitously than IgG or IgA, giving us greater 
power to detect this early effect. This suggests that IgM may 
be a useful marker of functional impairment of humoral 
immunity, even before decline in IgA or IgG occur. There is 
mechanistic support for hypogammaglobilnaemia contribut-
ing to infection risk; in primary antibody deficiency, persis-
tent/chronic (often non-serious) infections cause consider-
able burden and negative impact on quality of life [36]. The 

Fig. 2  Immunoglobulin over 
time according to ocrelizumab 
treatment schedule. IgM (a) and 
IgG (b) over time in 14 people 
who had standard interval 
dosing (SID; shown in black), 
followed by extended interval 
dosing (EID, show in red) of 
ocrelizumab
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lack of a discernible relationship between Ig and infection 
in some ocrelizumab cohorts may relate to factors includ-
ing a focus on serious infection [13, 15], short duration of 
follow-up [14, 16], or the tendency to consider IgM and IgG 
as binary variables (above or below the lower limit of nor-
mal) [11, 29], which may over-simplify humoral protection. 
Disease-specific IgG tires have been recommended to assess 
as valuable adjuncts in assessing the severity of primary and 
secondary antibody deficiency [37]. We found that people 
with IgG in the low normal range (6–8 g/L) frequently dem-
onstrated sub-protective humoral immunity to pneumococ-
cus and haemophilus influenzae.

The most common types of infection before the onset of 
ocrelizumab were urinary tract infections whereas respira-
tory infections and skin infections had become prominent by 
the end of follow-up. Urinary, respiratory and skin infections 
all occur at higher incidence in people with MS versus age- 
and sex-matched non-MS controls [38], but the change in the 
proportion of infection types over time suggests that humoral 
immunity impairment may reshape the pattern of infections 
experienced in MS. Interestingly, we and other groups have 
found higher rates of infection in women versus men with 
MS on ocrelizumab [17, 19], and others have demonstrated 
this effect in the overall population of people with MS versus 
age-matched matched controls [38]. In our cohort, this dif-
ference seemed to be driven by higher reports of respiratory 
tract infections in women (Supplementary Table 1).

Extending the interval of ocrelizumab or rituximab dos-
ing to mitigate the risk of hypogammaglobulinaemia and/
or infection has been proposed, with some limited data to 
support a beneficial effect in people receiving ocrelizumab 
[39–41]. In our cohort, a small sub-sample of patients 
commenced extended interval dosing in the face of either 
hypogammaglobulinaemia and/or burdensome infec-
tions. There was a signal that this had a favorable effect on 
hypogammaglobulinaemia, but sample size was too small 
for statistical evaluation.

The mean rate of infections recorded in our study (171 
per 100PY) was higher than reports from the long-term fol-
low-up of ocrelizumab clinical trials [29]. There are several 
reasons that could account for this difference, including our 
cohort being older, more disabled and with higher levels 
of comorbidity. However, data collection methods may also 
play a role. Under-reporting of adverse events is common 
in clinical trials; it has been estimated that only 1–10% of 
adverse events are reported [42]. Indeed, ocrelizumab clini-
cal trial data show high baseline infection rates with a con-
siderable early drop that suggests a decrease in the vigilance 
in the recording of infections over time [29]. Our data sug-
gest that self-reported infection rates correlate moderately 
with data on antimicrobial prescribing captured in primary 
or secondary care records. Discrepancies likely arise due 
to factors including lack of prescribing for presumed viral 

Fig. 3  Disease-specific IgG titres in people with low-normal total 
IgG on ocrelizumab. Box plot showing IgG titres to pneumococcus 
(a) and haemophilus influenza B (b) in people on ocrelizumab who 
have total IgG between 6 and 8 g/L. Horizontal line indicates median, 
whiskers are interquartile range. Red dashed line indicates protective 
cut-off

Table 2  Estimated marginal means of infection rate over time, by 
infusion interval

Infection rate Mean St Error 95% confidence interval

Upper bound Lower bound

Pre-ocrelizumab 0.17 0.103 − 0.033 0.371
Infusion 1–2 0.76 0.103 0.559 0.963
Infusion 2–3 0.71 0.111 0.495 0.933
Infusion 3–4 0.78 0.115 0.549 1.001
Infusion 4–5 1.16 0.120 0.921 1.392
Infusion 5–6 1.21 0.134 0.946 1.470
Infusion 6–7 1.44 0.146 1.152 1.726
Infusion 7–8 1.38 0.162 1.064 1.701
Infusion 8–9 1.50 0.191 1.129 1.878

Table 3  Predictors of infection rate over time

Beta SE p-value

Intercept − 0.414 0.591 0.484
Time 0.198 0.033  < 0.001
IgM − 0.53 0.174 0.002
IgG − 0.069 0.041 0.094
IgA 0.182 0.096 0.057
Age − 0.022 0.008 0.003
Sex 0.597 0.2 0.003
Comorbidity 0.165 0.064 0.01
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infections versus prescribing of several courses of antibiot-
ics for a single persistent infection, and variations in the 
consulting and prescribing practice of patients and clini-
cians, respectively. While it is possible that patients in our 
cohort were over-reporting infections, we used an approach 
analogous to the symptom-diary and records review used for 
recording and categorizing adverse-events in clinical trials. 
We suspect that by focusing our 6-monthly enquiry on infec-
tions, and educating patients about the potential associa-
tions, we have been more sensitive to detecting non-serious, 
but potentially burdensome, community infections.

Our data allow us to make practical suggestions to miti-
gate risks for pwMS receiving maintenance anti-CD20 
therapies. Prior to commencing treatment, we recommend 
pwMS and all household contacts are up-to-date with vac-
cines according to appropriate national vaccination sched-
ules. There may be a future role for expanding this to include 
additional individualized vaccination of pwMS at baseline 
based on measures of their humoral immunity to commu-
nity pathogens such as pneumococcus and haemophilus. We 
would recommend optimizing respiratory and urinary tract 
function where relevant e.g., bladder emptying, underlying 
lung disease. In particular, based on the association of smok-
ing with lower Ig, we recommend discussing this where rel-
evant and offering access to dedicated smoking cessation 
services. We routinely check total immunoglobulins before 
each anti-CD20 dose in line with the Summary of Product 
Characteristics for ocrelizumab that suggests checking “the 
patient's immune status before dosing since severely immu-
nocompromised patients (e.g., with lymphopenia, neutrope-
nia, hypogammaglobulinemia) should not be treated.” Our 
own practice is to consider results of total serum IgG and 
IgM in the context of recent infection burden. To facilitate 

this, we have embedded monitoring of infections into routine 
assessment for pwMS attending for anti-CD20 treatment, 
mandating that healthcare professionals document any infec-
tions, antimicrobial use or hospitalisations since the previous 
treatment. In individuals with isolated hypogammaglobuli-
naemia (without a significant recent burden of infection), 
we consider continuing treatment but provide education for 
patients and primary care physicians about the need to report 
infections and collect relevant samples (e.g., sputum, throat 
swab, urine) for microbiological evaluation. We recommend 
providing relevant sample collection pots/swabs for people 
experiencing a high burden of infections to keep at home, to 
overcome unnecessary barriers in accessing diagnostics. In 
patients on antiCD20 with serum IgG < 8 g/L we check dis-
ease specific serum IgG to pneumococcus and haemophilus 
[37], and recommend vaccination in the presence of sub-
protective titres where vaccines have not already been per-
formed within the last 6 months. In people with hypogam-
maglobulinaemia and burdensome infection (e.g., requiring 
frequent time off regular duties and/or regular courses of 
antimicrobials), we revisit the optimisation of underlying 
organ function, and consider antiCD20 interruption, exten-
sion of antiCD20 dosing interval or switching to an alterna-
tive DMT with a different mechanism of action. In the rare 
case of burdensome infections, hypogammaglobulinaemia 
and a lack of alternative DMT options, we would consider 
strategies such as prophylactic antibiotics and immunoglob-
ulin replacement therapy and discussion with Immunology.

The main limitation to this study is the relatively small 
sample-size, which precluded a more detailed breakdown 
of infection patterns within sub-cohorts. However, this is 
balanced by complete data on patient-outcomes (avoiding 
the problem of non-random dropouts in clinical trials) [9]. 

Fig. 4  Infection types over time 
on ocrelizumab. Infection rates 
(per person per 6-month dose 
interval) over time in people 
on ocrelizumab. LRTI lower 
respiratory tract infection, URTI 
upper respiratory tract infection, 
UTI urinary tract infection
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In conclusion, in this real-world cohort of pwMS on ocre-
lizumab we found a doubling of infection rate during the first 
4 years of ocrelizumab treatment. Infections were mainly 
non-serious urinary, skin and respiratory tract infections, 
that were partially explained by hypogammaglobulinaemia, 
age and co-morbidity. These data support vigilant monitor-
ing of infection-burden in people receiving anti-CD20 and 
highlights the need for further research into strategies to 
mitigate risk.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00415- 025- 13133-w.

Data availability The complete raw dataset is not publicly available to 
preserve individuals’ privacy under the European General Data Pro-
tection Regulation. However, the dataset with sex and age removed to 
preserve privacy have been made available at Uk Data Service Reshare 
platform.

Declarations 

Conflict of interest In the last 5 years ET has received honorarium for 
consulting work from Biogen, Janssen, Merck, Novartis, and Roche. 
She has received travel grants to attend or speak at educational meet-
ings from Biogen, Merck, Neuroax, Roche, and Novartis. SJ has re-
ceived support for conferences, speaker, advisory boards, trials, data 
and safety monitoring boards, studies and projects with CSL Behring, 
Takeda, Octapharma, Grifols, BPL, LFB, Kedrion, Pharming, Bi-
ocryst, Capitainer, Swedish Orphan Biovitrum, Biotest, Binding Site, 
GSK, Sanofi, UCB Pharma and HCRW. LD, RS, WJW report no con-
flicts of interest.

Ethical statement This human study has been approved by a UK 
research ethics committee and has been performed in accordance with 
the ethical standards laid down in the 1964 Declaration of Helsinki and 
its later amendments. All persons gave their informed consent prior to 
their inclusion in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Claflin SB, Tan B, Taylor BV (2019) The long-term effects of 
disease modifying therapies on disability in people living with 
multiple sclerosis: a systematic review and meta-analysis. Mult 
Scler Relat Disord. https:// doi. org/ 10. 1016/j. msard. 2019. 08. 016

 2. Selmaj K, Cree BAC, Barnett M, Thompson A, Hartung H-P 
(2024) Multiple sclerosis: time for early treatment with high-
efficacy drugs. J Neurol 271(1):105–115. https:// doi. org/ 10. 1007/ 
s00415- 023- 11969-8

 3. Hauser SL et al (2020) Ofatumumab versus teriflunomide in mul-
tiple sclerosis. N Engl J Med 383(6):546–557. https:// doi. org/ 10. 
1056/ NEJMo a1917 246

 4. Montalban X et al (2017) Ocrelizumab versus placebo in primary 
progressive multiple sclerosis. N Engl J Med 376(3):209–220. 
https:// doi. org/ 10. 1056/ NEJMo a1606 468

 5. Hauser SL et al (2016) Efficacy and safety of ocrelizumab in 
relapsing multiple sclerosis: results of the IFN-beta-1a-controlled, 
double-blind, Phase III OPERA I and II studies. Mult Scler J 
22(1):17–18

 6. Langer-Gould A, Sotirchos ES, Bourdette D (2024) Rituximab for 
multiple sclerosis. Neurology 102(2):e208063. https:// doi. org/ 10. 
1212/ WNL. 00000 00000 208063

 7. Tan YY, Papez V, Chang WH, Mueller SH, Denaxas S, Lai AG 
(2022) Comparing clinical trial population representativeness to 
real-world populations: an external validity analysis encompass-
ing 43 895 trials and 5 685 738 individuals across 989 unique 
drugs and 286 conditions in England. Lancet Healthy Longev 
3(10):e674–e689. https:// doi. org/ 10. 1016/ S2666- 7568(22) 
00186-6

 8. Hemming K, Hutton JL, Maguire MJ, Marson AG (2008) Open 
label extension studies and patient selection biases. J Eval Clin 
Pract 14(1):141–144. https:// doi. org/ 10. 1111/j. 1365- 2753. 2007. 
00821.x

 9. Hazewinkel A-D, Bowden J, Wade KH, Palmer T, Wiles NJ, 
Tilling K (2022) Sensitivity to missing not at random dropout 
in clinical trials: Use and interpretation of the trimmed means 
estimator. Stat Med 41(8):1462–1481. https:// doi. org/ 10. 1002/ 
sim. 9299

 10. Langer-Gould A, Li BH, Smith JB, Xu S (2024) Multiple 
Sclerosis, Rituximab, Hypogammaglobulinemia, and Risk of 
Infections. Neurology Neuroimmunology & Neuroinflamma-
tion 11(3):e200211. https:// doi. org/ 10. 1212/ NXI. 00000 00000 
200211

 11. Hauser SL et al (2021) Safety of ocrelizumab in patients with 
relapsing and primary progressive multiple sclerosis. Neurology 
97(16):E1546–E1559. https:// doi. org/ 10. 1212/ WNL. 00000 00000 
012700

 12. Hauser SL et al. (2022) Safety experience with continued expo-
sure to ofatumumab in patients with relapsing forms of multiple 
sclerosis for up to 3.5 years., Mult Scler, 13524585221079732, 
https:// doi. org/ 10. 1177/ 13524 58522 10797 31.

 13. Nobile S, Beauchemin P, Hypogammaglobulinemia and Infec-
tion Risk in an Ocrelizumab-treated Multiple Sclerosis Cohort, 
Canadian Journal of Neurological Sciences / Journal Canadien des 
Sciences Neurologiques, pp. 1–8, 2024, https:// doi. org/ 10. 1017/ 
cjn. 2024. 21.

 14. Seery N et  al. Predicting infection risk in multiple sclerosis 
patients treated with ocrelizumab : a retrospective cohort study, 
CNS Drugs, no. 0123456789, 2021, https:// doi. org/ 10. 1007/ 
s40263- 021- 00810-3.

 15. Mears V, Jakubecz C, Seeco C, Woodson S, Serra A, Abboud H 
(2023) Predictors of hypogammaglobulinemia and serious infec-
tions among patients receiving ocrelizumab or rituximab for treat-
ment of MS and NMOSD, J Neuroimmunol, 377, https:// doi. org/ 
10. 1016/j. jneur oim. 2023. 578066.

 16. Smoot K, Chen C, Stuchiner T, Lucas L, Grote L, Cohan S (2021) 
Clinical outcomes of patients with multiple sclerosis treated with 
ocrelizumab in a US community MS center: an observational 
study. BMJ Neurol Open 3(2):e000108. https:// doi. org/ 10. 1136/ 
bmjno- 2020- 000108

 17. Habek M, Piskač D, Gabelić T, Barun B, Adamec I, Krbot Skorić 
M (2022) Hypogammaglobulinemia, infections and COVID-19 
in people with multiple sclerosis treated with ocrelizumab, Mult 
Scler Relat Disord 62, https:// doi. org/ 10. 1016/j. msard. 2022. 
103798.

https://doi.org/10.1007/s00415-025-13133-w
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.msard.2019.08.016
https://doi.org/10.1007/s00415-023-11969-8
https://doi.org/10.1007/s00415-023-11969-8
https://doi.org/10.1056/NEJMoa1917246
https://doi.org/10.1056/NEJMoa1917246
https://doi.org/10.1056/NEJMoa1606468
https://doi.org/10.1212/WNL.0000000000208063
https://doi.org/10.1212/WNL.0000000000208063
https://doi.org/10.1016/S2666-7568(22)00186-6
https://doi.org/10.1016/S2666-7568(22)00186-6
https://doi.org/10.1111/j.1365-2753.2007.00821.x
https://doi.org/10.1111/j.1365-2753.2007.00821.x
https://doi.org/10.1002/sim.9299
https://doi.org/10.1002/sim.9299
https://doi.org/10.1212/NXI.0000000000200211
https://doi.org/10.1212/NXI.0000000000200211
https://doi.org/10.1212/WNL.0000000000012700
https://doi.org/10.1212/WNL.0000000000012700
https://doi.org/10.1177/13524585221079731
https://doi.org/10.1017/cjn.2024.21
https://doi.org/10.1017/cjn.2024.21
https://doi.org/10.1007/s40263-021-00810-3
https://doi.org/10.1007/s40263-021-00810-3
https://doi.org/10.1016/j.jneuroim.2023.578066
https://doi.org/10.1016/j.jneuroim.2023.578066
https://doi.org/10.1136/bmjno-2020-000108
https://doi.org/10.1136/bmjno-2020-000108
https://doi.org/10.1016/j.msard.2022.103798
https://doi.org/10.1016/j.msard.2022.103798


Journal of Neurology         (2025) 272:415  Page 9 of 9   415 

 18. Evertsson B, Hoyt T, Christensen A, Nimer FAL, Foley J, Piehl F 
(2020) A comparative study of tolerability and effects on immu-
noglobulin levels and CD19 cell counts with ocrelizumab vs low 
dose of rituximab in multiple sclerosis. Mult Scler J Exp Transl 
Clin. https:// doi. org/ 10. 1177/ 20552 17320 964505

 19. Peters J, Longbrake EE (2022) Infection risk in a real-world cohort 
of patients treated with long-term B-cell depletion for autoim-
mune neurologic disease, Mult Scler Relat Disord 68 https:// doi. 
org/ 10. 1016/j. msard. 2022. 104400.

 20. Hirst C, Ingram G, Pickersgill T, Swingler R, Compston DAS, 
Robertson NP (2009) Increasing prevalence and incidence of mul-
tiple sclerosis in South East Wales. J Neurol Neurosurg Psychiatry 
80:386–391. https:// doi. org/ 10. 1136/ jnnp. 2008. 144667

 21. Kurtzke JF (1983) Rating neurologic impairment in multiple 
sclerosis: an expanded disability status scale (EDSS). Neurology 
33(11):1444–1452. https:// doi. org/ 10. 1212/ WNL. 33. 11. 1444

 22. U.S. Department of Health and Human Services, Common Ter-
minology Criteria for Adverse Events (CTCAE), 2017. Accessed: 
Nov. 22, 2024. [Online]. Available: https:// ctep. cancer. gov/ proto 
colde velop ment/ elect ronic_ appli catio ns/ docs/ ctcae_ v5_ quick_ 
refer ence_ 5x7. pdf

 23. Siber GR et al (2007) Estimating the protective concentration of 
anti-pneumococcal capsular polysaccharide antibodies. Vaccine 
25(19):3816–3826. https:// doi. org/ 10. 1016/j. vacci ne. 2007. 01. 119

 24. Haemophilus influenzae type b (Hib) Vaccination Position 
Paper—July 2013. Accessed: Oct. 21, 2024. [Online]. https:// fctc. 
who. int/ news- and- resou rces/ publi catio ns/i/ item/ 10665- 242126

 25. National commissioning data repository Portal (NHS England). 
Accessed: Oct. 21, 2024. [Online]. https:// ncdr. engla nd. nhs. uk

 26. Sun Y, Li Z, Sun J, Zhang S, Wang R, Chen B (2024) The efficacy 
and safety of rituximab with or without glucocorticoid in inducing 
remission of MCD with different clinical presentations in adults: 
a retrospective study, Clin Kidney J, 17(6): sfae139, https:// doi. 
org/ 10. 1093/ ckj/ sfae1 39.

 27. Smith RM et al (2020) Rituximab as therapy to induce remis-
sion after relapse in ANCA-associated vasculitis. Ann 
Rheum Dis 79(9):1243–1249. https:// doi. org/ 10. 1136/ annrh 
eumdis- 2019- 216863

 28. Evertsson B, Hoyt T, Christensen A, Nimer FAL, Foley J, Piehl F 
(2020) A comparative study of tolerability and effects on immu-
noglobulin levels and CD19 cell counts with ocrelizumab vs low 
dose of rituximab in multiple sclerosis. Mult Scler J Exp Transl 
Clin 6(4):2055217320964505. https:// doi. org/ 10. 1177/ 20552 
17320 964505

 29. Derfuss T et al (2024) Long-term analysis of infections and asso-
ciated risk factors in patients with multiple sclerosis treated with 
ocrelizumab: pooled analysis of 13 interventional clinical trials. 
Ther Adv Neurol Disord 17:17562864241277736. https:// doi. org/ 
10. 1177/ 17562 86424 12777 36

 30. Chai KL et al (2023) Interventions to reduce infections in patients 
with hematological malignancies: a systematic review and 

meta-analysis. Blood Adv 7(1):20–31. https:// doi. org/ 10. 1182/ 
blood advan ces. 20220 08073

 31. Perriguey M et al (2024) Hypogammaglobulinemia and Infec-
tions in Patients With Multiple Sclerosis Treated With Rituximab. 
Neurology Neuroimmunology & Neuroinflammation 9(1):e1115. 
https:// doi. org/ 10. 1212/ NXI. 00000 00000 001115

 32. Disanto G et al (2020) De-escalating rituximab dose results in 
stability of clinical, radiological, and serum neurofilament levels 
in multiple sclerosis. Mult Scler J 27(8):1230–1239. https:// doi. 
org/ 10. 1177/ 13524 58520 952036

 33. Vollmer BL, Wallach AI, Corboy JR, Dubovskaya K, Alvarez 
E, Kister I (2020) Serious safety events in rituximab-treated 
multiple sclerosis and related disorders. Ann Clin Transl Neurol 
7(9):1477–1487. https:// doi. org/ 10. 1002/ acn3. 51136

 34. Gupta S, Gupta A selective IgM deficiency-an underestimated 
primary immunodeficiency, Sep. 05, 2017, Frontiers Media S.A. 
https:// doi. org/ 10. 3389/ fimmu. 2017. 01056.

 35. Yazdani R, Azizi G, Abolhassani H, Aghamohammadi A (2017) 
Selective IgA deficiency: epidemiology, pathogenesis, clinical 
phenotype, diagnosis, prognosis and management. Scand J Immu-
nol 85(1):3–12. https:// doi. org/ 10. 1111/ sji. 12499

 36. Anderson JT, Cowan J, Condino-Neto A, Levy D, Prusty S (2022) 
Health-related quality of life in primary immunodeficiencies: 
impact of delayed diagnosis and treatment burden. Clin Immunol 
236:108931. https:// doi. org/ 10. 1016/j. clim. 2022. 108931

 37. Guideline on the clinical investigation of human normal immu-
noglobulin for intravenous administration (IVIg)—rev. 4, 2021. 
Accessed: Oct. 22, 2024. [Online]. https:// www. ema. europa. eu/ 
en/ clini cal- inves tigat ion- human- normal- immun oglob ulin- intra 
venous- admin istra tion- ivig- scien tific- guide line

 38. Persson R et al. (2020) Infections in patients diagnosed with mul-
tiple sclerosis: a multi-database study, Mult Scler Relat Disord, 
41, https:// doi. org/ 10. 1016/j. msard. 2020. 101982.

 39. Allen C et al (2022) Extended interval dosing of ocrelizumab 
reduces risk of developing hypogammaglobulinaemia. J Neurol 
Neurosurg Psychiatry 93(9):e2. https:// doi. org/ 10. 1136/ jnnp- 
2022- abn2. 26

 40. Schuckmann A, Steffen F, Zipp F, Bittner S, Pape K (2023) Impact 
of extended interval dosing of ocrelizumab on immunoglobulin 
levels in multiple sclerosis. Med 4(6):361-372.e3. https:// doi. org/ 
10. 1016/j. medj. 2023. 05. 001

 41. Rempe T, Elfasi A, Rodriguez E, Vasquez M, Graves J, Kinkel R 
(2023) Ocrelizumab B-cell repopulation-guided extended inter-
val dosing versus standard dosing—similar clinical efficacy with 
decreased immunoglobulin M deficiency rates. Mult Scler Relat 
Disord 79:105028. https:// doi. org/ 10. 1016/j. msard. 2023. 105028

 42. Goldman SA (1998) Limitations and strengths of spontaneous 
reports data. Clin Ther 20:C40–C44. https:// doi. org/ 10. 1016/ 
S0149- 2918(98) 80007-6

https://doi.org/10.1177/2055217320964505
https://doi.org/10.1016/j.msard.2022.104400
https://doi.org/10.1016/j.msard.2022.104400
https://doi.org/10.1136/jnnp.2008.144667
https://doi.org/10.1212/WNL.33.11.1444
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://doi.org/10.1016/j.vaccine.2007.01.119
https://fctc.who.int/news-and-resources/publications/i/item/10665-242126
https://fctc.who.int/news-and-resources/publications/i/item/10665-242126
https://ncdr.england.nhs.uk
https://doi.org/10.1093/ckj/sfae139
https://doi.org/10.1093/ckj/sfae139
https://doi.org/10.1136/annrheumdis-2019-216863
https://doi.org/10.1136/annrheumdis-2019-216863
https://doi.org/10.1177/2055217320964505
https://doi.org/10.1177/2055217320964505
https://doi.org/10.1177/17562864241277736
https://doi.org/10.1177/17562864241277736
https://doi.org/10.1182/bloodadvances.2022008073
https://doi.org/10.1182/bloodadvances.2022008073
https://doi.org/10.1212/NXI.0000000000001115
https://doi.org/10.1177/1352458520952036
https://doi.org/10.1177/1352458520952036
https://doi.org/10.1002/acn3.51136
https://doi.org/10.3389/fimmu.2017.01056
https://doi.org/10.1111/sji.12499
https://doi.org/10.1016/j.clim.2022.108931
https://www.ema.europa.eu/en/clinical-investigation-human-normal-immunoglobulin-intravenous-administration-ivig-scientific-guideline
https://www.ema.europa.eu/en/clinical-investigation-human-normal-immunoglobulin-intravenous-administration-ivig-scientific-guideline
https://www.ema.europa.eu/en/clinical-investigation-human-normal-immunoglobulin-intravenous-administration-ivig-scientific-guideline
https://doi.org/10.1016/j.msard.2020.101982
https://doi.org/10.1136/jnnp-2022-abn2.26
https://doi.org/10.1136/jnnp-2022-abn2.26
https://doi.org/10.1016/j.medj.2023.05.001
https://doi.org/10.1016/j.medj.2023.05.001
https://doi.org/10.1016/j.msard.2023.105028
https://doi.org/10.1016/S0149-2918(98)80007-6
https://doi.org/10.1016/S0149-2918(98)80007-6

	Real-world observational study of infections in people treated with ocrelizumab for multiple sclerosis
	Abstract
	Background 
	Objectives 
	Design 
	Results 
	Conclusions 

	Introduction
	Methods
	Design, setting and population
	Data collection and outcomes
	Statistical analysis

	Results
	Immunoglobulins
	Infections

	Discussion
	References


