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Original Article 

Anti-CD20 antibody therapy and risk of infection in patients with 
demyelinating diseases 

N.R. Oksbjerg a, S.D. Nielsen b,c, M. Blinkenberg a, M. Magyari a,c,d, F. Sellebjerg a,c,* 

a Danish Multiple Sclerosis Center, Department of Neurology, Copenhagen University Hospital - Rigshospitalet, Glostrup, Denmark 
b Department of Infectious Medicine, Copenhagen University Hospital - Rigshospitalet, Copenhagen, Denmark 
c Department of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark 
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A B S T R A C T   

Background: Anti-CD20 antibody therapy may be associated with an increased risk of infections. We therefore 
investigated risk factors for infection in patients with demyelinating diseases treated with anti-CD20 antibody 
therapy. 
Methods: In this retrospective uncontrolled study, patients ever treated with anti-CD20 antibodies at an academic 
clinic were identified through the Danish Multiple Sclerosis Registry (DMSR). Data were collected from medical 
charts and the DMSR. We assessed occurrence of severe infections (requiring hospitalization), varicella zoster 
virus (VZV), major comorbidities and routine laboratory values for lymphocytes, IgG and IgM. 
Results: A total of 447 patients ever treated with anti-CD20 antibody therapy were identified; of these 416 with 
649 patient years of follow-up were still under therapy. In this group, seven patients had VZV infections, and 16 
patients had been hospitalized with infections during up to three years of follow-up on anti-CD20 therapy. 
Comorbidity was recorded in 80 patients. The risk of severe infection was associated with comorbidities, higher 
age, longer duration of treatment, and higher Expanded Disability Status Scale (EDSS) scores. In multivariable 
analyses treatment duration, EDSS scores and presence of comorbidity were independently associated with risk 
of severe infections. Serum concentrations of IgG and IgM decreased with increasing duration of therapy but 
were not associated with risk of severe infections. Patients with VZV infection had lower lymphocyte counts and 
lower serum concentrations of IgM. In multivariable analyses only lymphocyte counts were independently 
associated with risk of VZV infection. 
Conclusions: In this retrospective study of patients treated with anti-CD20 antibodies, the risk of infections 
requiring hospitalization was independently associated with comorbidities, duration of treatment, and higher 
EDSS scores. Risk of VZV infection was independently associated with lymphopenia. Future studies investigating 
strategies for mitigating risk of infection in patients treated with anti-CD20 antibodies are warranted, especially 
for older patients, patients with higher levels of disability and for patients with a longer duration of treatment.   

1. Introduction 

During the past two decades monoclonal antibody therapies have 
been increasingly used for treatment of multiple sclerosis (MS) and other 
demyelinating diseases such as myelin oligodendrocyte glycoprotein 
antibody disease (MOGAD) and neuromyelitis optica spectrum disorder 
(NMOSD) (Graf et al., 2019). These antibodies interfere with pathogenic 
immune reactions but may also impair the patient’s immune responses, 
resulting in increased susceptibility to infection (Soelberg Sorensen, 
2017; Winkelmann et al., 2016). 

The relationship between disease-modifying therapy (DMT) and the 
risk of infection has been investigated in several recent studies (Luna 
et al., 2020; Wijnands et al., 2018). These studies reported different risks 
of infection according to the type of DMT used and the specific type of 
infection. 

The anti-CD20 antibody rituximab was studied in a retrospective 
analysis from the Swedish MS registry and was reported to be associated 
with an increased risk of infections and increased use of antibiotics 
(Luna et al., 2020). On the other hand, they found lower use of herpes 
antiviral drugs compared with fingolimod and natalizumab (Luna et al., 
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2020). A systematic review of adverse events in patients treated with the 
anti-CD20 antibody ocrelizumab also found an increased risk of in-
fections – mainly respiratory tract infections – as well as an increased 
risk of herpes virus infections in MS patients treated with ocrelizumab 
(Ng et al., 2020). However, data for anti-CD20 antibody-treated patients 
with demyelinating diseases are limited and more data would be highly 
relevant, especially since the overall risk of infection is increasingly 
recognized as a crucial issue after the emergence of pandemic corona 
virus disease 2019 (COVID-19) (Zubair et al., 2020). Indeed, some 
studies indicate that the risk of a more severe COVID-19 disease course is 
increased in patients treated with anti-CD20 antibodies (Salter et al., 
2021; Simpson-Yap et al., 2021; Sormani et al., 2021). 

In the present study we conducted a retrospective analysis of all MS 
patients treated with anti-CD20 antibodies since 2010 at a large aca-
demic MS clinic. We assessed reasons for discontinuation of therapy, 
infections requiring hospitalization and agents and foci of infections, 
varicella-zoster virus (VZV) infections, and risk factors for infections in a 
period of up to three years from May 2017 to May 2020. 

2. Methods 

2.1. Study design 

This study included all patients at the MS Clinis at Rigshospitalet in 
Copenhagen and Glostrup ever receiving anti-CD20 antibody therapy 
and recorded in the Danish Multiple Sclerosis Registry (DMSR) (Mag-
yari et al., 2021). The DMSR collects national data on all patients with 
demyelinating diseases, and all treating clinics record data online on all 
patients with MS, NMO and MOGAD. Notification starts when the dis-
ease is diagnosed. During treatment, patients are monitored in connec-
tion with scheduled clinical visits at regular intervals with recording of 
demographic, clinical and paraclinical data, as well as onset year and 
symptoms, Kurtzke’s Expanded Disability Status Scale (EDSS) score, 
relapses, DMT and side effects. Notification of the DMSR is mandatory 
for all patients receiving DMT, and data collection is a part of the routine 
medical follow-up of patients. 

All patients in the registry were included and the different diagnoses 
represented are relapsing-remitting MS (RRMS), primary progressive 
MS (PPMS), secondary progressive MS (SPMS), NMOSD and MOGAD. 
The anti-CD20 antibody therapies used were ofatumumab, ocrelizumab 
and rituximab. Ofatumumab was initially administered at varying doses, 
but in the study period ofatumumab and ocrelizumab were initially 
administered as 300 mg intravenous twice in two weeks and subse-
quently as 600 mg every six months. Rituximab was initially adminis-
tered as 1000 mg intravenous twice in two weeks and subsequently as 
1000 mg every six months. Pretreatment prior to infusions consisted of 
oral methylprednisolone (100 mg), paracetamol (1000 mg) and fex-
ofenadine (180–360 mg). 

2.2. Data collection 

Through electronic patient file review, we registered whether the 
patients had been hospitalized with an infection as the reason for 
admission or had zoster while treated with anti-CD20 antibodies. This 
was feasible since the same electronic patient file system is used at all 
public hospitals in Eastern Denmark; this allowed us to identify all 
hospitalizations, microbiology tests, and conduct text searches for use of 
the words “shingles” and “zoster” in the patient records. Microbiology 
results were retrieved from the Danish Microbiology Database (MiBa), 
which has complete coverage of all microbiological samples in Denmark 
both from general practice and hospitals since 2010 (Voldstedlund et al., 
2014). We also assessed comorbidities which could contribute to an 
increased risk of infections. The type of comorbidity was classified ac-
cording to relevance for risk of infection and was further divided into 
eight categories: other autoimmune diseases, diabetes, other endocrine 
diseases, hypertension, pulmonary disease, cancer, cardiovascular 

disease, and obesity. In addition, the latest values in the follow-up 
period of blood lymphocytes, neutrophils, immunoglobin G (IgG) and 
IgM were registered. The values were collected so that the blood samples 
were not taken immediately after treatment with methylprednisolone to 
avoid abnormal values due to treatment. The end of the follow-up period 
was from April 8th to May 1st, 2020. 

2.3. Outcomes and statistical analyses 

Tabulations were made for age, sex, disease duration, duration of 
anti-CD20 antibody therapy and the EDSS score. For privacy reasons, 
results for groups with less than three individuals are not reported. All 
values are given as median with inter-quartile range (IQR). Fisher’s 
exact test was used for statistical analysis of categorical data, and the 
Mann–Whitney U test and Spearman rank correlation analysis were used 
for analysis of quantitative data. Multivariable analyses were conducted 
using logistic regression models. Odds ratios (OR) are given with 95% 
confidence intervals (CI). All statistical analyses were conducted with 
IBM SPSS statistics, version 25. In the statistical analyses p < 0.05 was 
considered significant. 

2.4. Protocol approvals 

The study was approved by the directors of the Neuroscience Center 
and the Department of Neurology, Copenhagen University Hospital – 
Rigshospitalet. According to Danish legislation non-interventional reg-
ister-based studies require neither ethics approval nor informed patient 
consent. 

3. Results 

3.1. Anti-CD20 antibody-treated patients 

A total of 447 patients ever treated with anti-CD20 antibodies were 
included in the study. They were divided into two groups – one of 31 
patients with 182 patient years of follow-up (PYFU) on anti-CD20 
treatment who had discontinued therapy, and another group of 416 
patients with 649 PYFU who still received therapy. Demographic data 
and treatment history for both groups are shown in Table 1. 

In the group who discontinued anti-CD20 therapy, 24 (77%) had 
RRMS, three (10%) had SPMS, and four had NMOSD or MOGAD (13%). 
Thirteen (42%) were treated with ofatumumab, four (13%) with ocre-
lizumab and 14 (45%) with rituximab. For 27 patients the index therapy 
was the first anti-CD20 antibody therapy; four were previously treated 
with rituximab or ofatumumab. Nine patients stopped treatment 
because of various adverse events (recurrent respiratory infections, 
eosinophilic cystitis, ulcerous stomatitis, lymphopenia after previous 
fingolimod therapy, severe infusion reactions, worsening of asthma or 
neoplastic disease). Four stopped because of pregnancy plans, and three 
because of worsening disease. 

Table 1 
Demographics and treatment history of anti-CD20 antibody-treated patients at 
follow-up.   

Current anti-CD20 
therapy (n = 416) 

Anti-CD20 therapy 
discontinued (n = 31) 

Total number of therapies 3 (2–5) 4 (3–5) 
Total number of anti-CD20 

antibody therapies 
1: 369 (88.7%) 1: 27 (87.1%)  

2: 42 (20.1%) 2: 4 (12.9%)  
3: 5 (1.2%)  

Age at follow-up (years) 43 (34-51) 42 (34-52) 
Sex 63.9% females 80.6% females 
Treatment duration (years) 1.2 (0.8–2.0) 1.3 (0.6–2.1) 
Disease duration (years) 11.3 (5.7–18.9) 12.7 (2.8–17.1). 
EDSS at follow-up 3 (2–4.5) 5 (2.5–6.5)  
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Five stopped because ofatumumab was withdrawn from the market 
and eight did not continue therapy for various other reasons, including 
death (≤3 patients died and there was no obvious relationship between 
treatment and death). 

In the group of patients still under treatment the diagnosis was RRMS 
in 343 (83%), 36 (9%) had SPMS, 18 (4%) had PPMS, 14 (3%) had 
NMOSD and five (1%) had MOGAD. Ocrelizumab was administered to 
294 patients (71%); 20 of these patients were previously treated with 
ofatumumab, 12 with rituximab, and four with both rituximab and 
ofatumumab. The remaining 122 patients (29%) were treated with rit-
uximab; 11 of these patients were previously treated with ofatumumab. 

3.2. Infections requiring hospitalization 

Sixteen patients had been hospitalized due to infection one or more 
times from May 2017 to May 2020 while treated with anti-CD20 anti-
bodies. A total of 30 hospital admissions were distributed over the 
sixteen patients and seven patients were hospitalized more than once. 
The 30 admissions corresponded to a total of 137 hospitalization days, i. 
e., a mean of 4.5 days per admission. The diagnoses and infectious 
agents identified are shown in Table 2. 

Eighty patients had one or more comorbidities documented in the 
electronic patient record. Eight patients had pulmonary disease, 12 
other autoimmune diseases than MS (excluding thyroid disease), 5 
cancer, 15 hypertension, 9 other vascular diseases, 5 obesity, 10 dia-
betes, 25 other endocrine diseases. A higher percentage of patients 
having one or more comorbidities had infections requiring hospitaliza-
tion (p = 0.005). Due to the low number of patients in many subgroups, a 
detailed analysis of the different comorbidities was not attempted. Pa-
tients with infections requiring hospitalization were also older (p =
0.003), had higher EDSS scores (p < 0.001) and a longer duration of 
treatment with anti-CD20 antibodies (p < 0.001). There was no differ-
ence in neutrophil or lymphocyte counts, the neutrophil-lymphocyte 
ratio, or serum concentrations of IgG or IgM between patients with 
and without infections requiring hospitalization (Table 3). In a multi-
variable logistic regression analysis, the EDSS score (OR 2.0, 95% CI 
1.4–2.7), duration of treatment in years (OR 1.6, 95% CI 1.2–2.1) and 
presence of comorbidities (OR 3.3, 95% CI 1.1–10.0) were indepen-
dently associated with risk of severe infections. Age, sex, and disease 
duration were not independently associated with risk of infections 
requiring hospitalization. 

3.3. Herpes zoster infection 

From May 2017 to May 2020, seven patients had a cutaneous zoster 
infection (not confirmed by microbiological analysis) during anti-CD20 
antibody therapy (Table 4). Patients with zoster had lower lymphocyte 
counts (p = 0.018) and serum concentrations of IgM (p = 0.019) at the 

latest follow-up. In a multivariable logistic regression model the blood 
lymphocyte count was independently associated with the risk of herpes 
zoster (OR 0.14, 95% CI 0.03–0.67 for log2-transformed lymphocyte 
count) whereas the serum concentration of IgM was not. 

3.4. Immunoglobulin G and M levels 

Out of 370 patients with available results during anti-CD20 therapy, 
19 (5%) had levels of IgG below the lower limit of normal and 101 out of 
361 (28%) had levels of IgM below the lower limit of normal. We found 
weak but statistically significant associations between treatment dura-
tion and serum concentrations of IgG and IgM. For IgG Spearman’s rho 
was − 0.208 (p < 0.001) and for IgM rho was − 0.248 (p < 0.001). The 
relationship between treatment duration and serum concentrations of 
IgG and IgM are shown in Figure 1. 

4. Discussion 

We investigated the occurrence of severe infections (requiring hos-
pitalization) and zoster in patients with demyelinating diseases during 
treatment with anti-CD20 antibodies. We found that patients who were 
hospitalized due to infection were older, more commonly had comor-
bidities, had longer duration of treatment and higher EDSS scores. 
Comorbidities, higher EDSS scores and longer duration of treatment 
were independently associated with risk of severe infections in a 
multivariable analysis. Lower levels of lymphocytes and IgM were 
observed in patients with zoster, with only low lymphocyte counts being 
independently associated with risk of zoster in a multivariable analysis. 
The levels of serum immunoglobins decreased with increasing duration 
of treatment, but most patients had normal immunoglobulin levels. 

Recent studies indicate that MS patients, regardless of treatment, are 
at increased risk of infections compared to people without demyelin-
ating diseases (Castelo-Branco et al., 2020; Luna et al., 2020). Especially 
the rate of urinary tract infections, presumably due to neurogenic 
bladder problems, and the rate of infections requiring hospitalization 

Table 2 
Infections and infectious agents detected in patients with severe infection 
defined as infections requiring hospitalization.  

Infection Number of 
cases 

Infectious agent (number of cases) 

COVID-19 or 
influenza 

4 SARS-CoV-2 or influenza A 

Pneumonia 8 Clamydophila pneumoniae (≤3), 
Mycoplasma pneumoniae (≤3), 
Staphylococcus aureus (≤3), unknown (≤3) 

Urinary tract 
infection 

13 Citrobacter freundii (≤3), Enterobacter 
cloacae (≤3), Enterococcus faecalis (≤3), 
Enterococcus faecium (≤3), Escherichia 
coli (6), Klebsiella pneurmoniae (≤3) 

Diarrhea or 
cholecystitis 

5 Clostridium difficile, Salmonella enterica or 
unknown 

Neutropenic fever or 
unknown focus 

7 Unknown  

Table 3 
Characteristics of patients with and without infections requiring hospitalization 
during anti-CD20 therapy.   

Infection (n =
16) 

No infection (n =
400) 

P value 

Age (year) 54 (42–61) 45 (36–53) 0.003 
Most recent EDSS 5.75 (4.0–6.5) 3.00 (2.0–4.5) <0.001 
Disease duration (years) 13.8 (9.1–25.3) 11.8 (5.8–18.8) 0.066 
Treatment duration 

(years) 
2.5 (1.4–3.3) 1.2 (0.8–1.9) <0.001 

Comorbidity 8/16 72/400 0.005 
Lymphocytes (x106/ml) 1.6 (0.9–2.0) 1.5 (1.1–2.0) 0.467 
Neutrophils (x106/ml) 4.1 (2.0–4.7) 4.1 (3.0–5.2) 0.226 
Neutrophil-lymphocyte 

ratio 
2.71 (1.77–4.17) 2.53 (1.83–3.60) 0.892 

IgG (g/l) 7.6 (6.4–10.1) 9.2 (7.6–10.8) 0.070 
IgM (g/l) 0.43 (0.28–0.73) 0.59 (0.36–0.93) 0.219  

Table 4 
Characteristics of patients with and without zoster during anti-CD20 therapy.   

Zoster Infection No zoster infection P value 

Age (years) 49 (44–54) 45 (36–53) 0.206 
EDSS 3.50 (2.50–4.50) 3.00 (2.00–4.50) 0.636 
Disease duration (years) 15.8 (11.8–19.9) 11.8 (5.8–18.9) 0.099 
Treatment duration (years) 1.3 (1.2–2.6) 1.2 (0.8–1.9) 0.304 
Comorbidity 3/7 77/409 0.133 
Lymphocytes (x106/ml) 1.1 (0.9–1.4) 1.6 (1.2–2.0) 0.018 
Neutrophils (x106/ml) 3.6 (1.7–4.8) 4.1 (3.0–5.2) 0.248 
Neutrophil-lymphocyte ratio 3.43 (1.89–4.25) 2.52 (1.82–3.59) 0.384 
IgG (g/l) 8.2 (6.7–10.1) 9.2 (7.5–10.8) 0.142 
IgM (g/l) 0.33 (0.22–0.51) 0.59 (0.36–0.93) 0.019  

N.R. Oksbjerg et al.                                                                                                                                                                                                                             



Multiple Sclerosis and Related Disorders 52 (2021) 102988

4

was twice as high in MS patients in one recent study (Persson et al., 
2020). There are also differences in the risk of infections according to 
the use of different DMTs (Winkelmann et al., 2016). MS patients treated 
with anti-CD20 antibodies are at increased risk of infections compared 
to patients treated with other types DMTs (Luna et al., 2020). 

The risk factors for infections requiring hospitalization identified in 
our study – age, comorbidities and more severe disability - are in line 
with those identified as risk factors for severe influenza-like illness and 

lower respiratory tract infection as well as for severe infections in pa-
tients with NMOSD (Radaelli et al., 2016; Trucchi et al., 2019). Older 
age and higher disability levels have also been identified as risk factors 
for a more severe course of COVID-19 in MS (Louapre et al., 2020; Salter 
et al., 2021; Sormani et al., 2021), In addition, obesity and cardiovas-
cular comorbidity were associated with an increased risk of severe 
COVID-19 (Louapre et al., 2020; Möhn et al., 2020; Salter et al., 2021). 
Finally, anti-CD20 antibody treatment was found to be associated with 

Fig. 1. Relationship between duration of anti-CD20 antibody therapy and serum concentrations of IgG and IgM (lines denote upper and lower limits of normal).  
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increased risk of severe COVID-19 in several studies (Salter et al., 2021; 
Simpson-Yap et al., 2021; Sormani et al., 2021). The number of patients 
hospitalized with COVID-19 in our study was too low to allow for an 
analysis of risk factors for severe COVID-19. 

Anti-CD20 antibodies target the CD20 molecule and deplete B-cells. 
Even long-term depletion appears to be well tolerated in most patients, 
but there is a risk of developing hypogammaglobulinemia, which in 
some studies was associated with an increased risk of infection (Bar-
mettler et al., 2018; Cartin-Ceba et al., 2012; Casulo et al., 2013; 
Marcinnò et al., 2018; Marco et al., 2014; Shah et al., 2017; van Vol-
lenhoven et al., 2013; Zoehner et al., 2019). In the present study we did 
not find lower concentrations of immunoglobulins in patients with in-
fections requiring hospitalization, but the median follow-up time may 
have been insufficient to disclose such a relationship. We did, indeed, 
find an association between duration of therapy and risk of infection, 
and serum concentrations of IgG and IgM decreased with longer dura-
tion of therapy. This notion is substantiated by data from the pivotal 
ocrelizumab trials where decreases in IgG, IgA and IgM concentrations 
over 5.5 years of ocrelizumab therapy were reported at a recent con-
ference (Derfuss et al., 2019). This study also reported an association 
between decreases in IgG concentrations and risk of severe infections. 

When looking at the different immunoglobins, IgM was the most 
frequently affected immunoglobulin in our study as well as in previous 
studies (Kridin and Ahmed, 2020; Roberts et al., 2015), apart from one 
study (Shah et al., 2017). IgA levels were not influenced by adminis-
tration of rituximab in a recent study (Kridin and Ahmed, 2020). IgM 
levels tend to stay low for longer periods than IgG and often remain low 
after the level of B cells has returned to normal. As opposed to IgG levels, 
low IgM levels do not appear to have serious consequences (Kridin and 
Ahmed, 2020). 

Varicella-zoster virus reactivation with zoster is not uncommon in 
MS patients and is a known complication of immunosuppressive ther-
apy. There is a clear increase in the risk of zoster after immune depletion 
therapy with alemtuzumab or cladribine (Cohen et al., 2012; Coles et al., 
2012; Giovannoni et al., 2010). A Swedish registry study also reported 
increased use of herpes antiviral drugs in patients treated with natali-
zumab and fingolimod (Luna et al., 2020). The prevalence of zoster in 
our study was comparable to the prevalence reported in clinical trials 
with ocrelizumab (Hauser et al., 2017; Montalban et al., 2017). We 
observed lower levels of IgM and lower lymphocyte counts in patients 
with zoster, but in multivariable analyses only low lymphocyte counts 
were independently associated with risk of zoster. 

The major weakness of our study is that it was retrospective and only 
includes data from patients with demyelinating diseases treated with 
one class of DMT, the anti-CD20 antibodies. Some of our data were 
collected through hospital chart review which has several limitations. 
Not all information is available in hospital files. The list of diagnoses 
may be inadequate for less severe comorbidities, and information about 
milder infections such as zoster may be missed due to handling by the 
general practitioner. Furthermore, we did not use medication prescrip-
tion history to assess comorbidities. This may result in an underesti-
mation of the comorbidities. Likewise, some potentially important 
confounders such as body mass index, alcohol intake and smoking status 
were not systematically recorded, and were therefore excluded from the 
analysis. 

On the other hand, the use of one electronic patient record system for 
all public hospitals in Eastern Denmark means that we could effectively 
monitor hospitalizations for infections since these are only treated in the 
public health care system in Denmark. Furthermore, we could use text 
search strategies to identify use of the words zoster and shingles, and 
microbiology results could be identified through a national microbi-
ology database. We decided to include data only for a three-year period 
from 2017 where the electronic patient record system had been imple-
mented, but most patients had a shorter duration of follow-up. 

Our study confirms known risk factors for infections requiring hos-
pitalization as age, comorbidities, duration of treatment and physical 

disability were associated with the risk of infections requiring hospi-
talization. We also found that the serum levels of IgG and IgM decreased 
with longer treatment duration, but there was no clear relationship with 
risk of severe infections. We found a possible relationship between 
zoster infection and autoimmune comorbidities, and low lymphocyte 
counts were associated with an increased risk of zoster. Taken together 
these results may be helpful in mitigating the risk of infections in pa-
tients on anti-CD20 antibody therapy. 
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