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Magdalena Krbot Skorić a,c 

a University Hospital Center Zagreb, Department of Neurology, Referral Center for Autonomic Nervous System Disorders, Zagreb, Croatia 
b School of Medicine, University of Zagreb, Zagreb, Croatia 
c Faculty of Electrical Engineering and Computing, University of Zagreb, Zagreb, Croatia   

A R T I C L E  I N F O   

Keywords: 
Hypogammaglobulinemia 
infections 
COVID-19 
multiple sclerosis 
ocrelizumab 

A B S T R A C T   

Objective: To determine the influence of immunoglobulins (Ig) level on the rate of infections in people with 
multiple sclerosis (pwMS) treated with ocrelizumab. 
Methods: We enrolled 109 consecutive pwMS treated with ocrelizumab with a mean follow-up of 2.69±0.56 
(1.36-4.27) years. We have retrospectively searched our electronic database and the following information was 
collected: age, sex, MS characteristics, number of ocrelizumab cycles, infections, duration of the infection, 
hospitalization due to infection, treatment of the infection, and COVID-19 characteristics. Ig levels were 
measured within 14 days before each ocrelizumab infusion. 
Results: Number of pwMS with values of IgM and IgG below lower level of normal at baseline was 3 (2.8%) and 2 
(2.8%), respectively; and before 6th cycle of ocrelizumab 5 (13.5%) and 5 (13.5%), respectively. Levels of IgM 
were steadily decreasing over time, while levels of IgG started to show statistically significant drop only after 5th 

cycle of ocrelizumab. 58.7% pwMS experienced infection during treatment, with a median number of infections 
per pwMS being 1, range 0-4. Female sex increased the risk of any infection (HR 2.561, 95%CI 1.382-4.774, 
p=0.003). Higher age and smaller drop in IgM before 3rd ocrelizumab cycle increased the risk for infection 
requiring hospitalization (HR 1.086, 95%CI 1.018-1.159, p=0.013 and HR 9.216, 95%CI 1.124-75.558, 
p=0.039, respectively). Longer disease duration increased the risk for COVID-19 (HR 1.075, 95%CI 1.002- 
1.154, p=0.045). 
Conclusion: The present findings broaden limited real-world data on infection and COVID-19 risk in pwMS 
treated with ocrelizumab.   

1. Introduction 

Ocrelizumab is a recombinant humanized monoclonal antibody that 
targets CD20-expressing B cells, and is approved for the treatment of 
relapsing remitting (RRMS) and primary progressive multiple sclerosis 
(PPMS). Before the introduction of the ocrelizumab, a randomized 
controlled phase II study showed that rituximab, a chimeric monoclonal 
CD20 antibody, reduces inflammatory lesions on MRI, as well as the 
proportion of relapses. (Hauser et al., 2008) Results of this study led to 
wide off-label use of rituximab in the treatment of all MS phenotypes. It 
has later been identified from the results of real-world studies that rit-
uximab use was associated with the highest rate of serious infections in 
people with multiple sclerosis (pwMS) treated with disease modifying 

therapies. (Luna et al., 2020) The presumed mechanism of increased risk 
of infections in pwMS on rituximab is hypogammaglobulinemia, one of 
the most reported laboratory values alterations associated with 
long-term rituximab treatment. (Chisari et al., 2022) 

In both OPERA and ORATORIO clinical trials, which evaluated safety 
and efficacy of ocrelizumab in people with RRMS (pwRRMS) and people 
with PPMS (pwPPMS) respectively, infections were the most common 
adverse events, and pwPPMS in comparison with pwRRMS seem to have 
higher prevalence of infections. (Gabelić et al., 2021) Moreover, it was 
demonstrated that a decreased level of serum immunoglobulins, 
particularly IgG levels, is related to an increased risk of serious in-
fections. (Derfuss et al., 2019, Baker et al., 2020) 

The present study aims to determine the influence of 
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E-mail address: mhabek@mef.hr (M. Habek).  

Contents lists available at ScienceDirect 

Multiple Sclerosis and Related Disorders 

journal homepage: www.elsevier.com/locate/msard 

https://doi.org/10.1016/j.msard.2022.103798 
Received 22 February 2022; Received in revised form 19 March 2022; Accepted 8 April 2022   

mailto:mhabek@mef.hr
www.sciencedirect.com/science/journal/22110348
https://www.elsevier.com/locate/msard
https://doi.org/10.1016/j.msard.2022.103798
https://doi.org/10.1016/j.msard.2022.103798
https://doi.org/10.1016/j.msard.2022.103798
http://crossmark.crossref.org/dialog/?doi=10.1016/j.msard.2022.103798&domain=pdf


Multiple Sclerosis and Related Disorders 62 (2022) 103798

2

immunoglobulins level on the rate of infections in pwMS treated with 
ocrelizumab. 

The primary objective was to investigate the rates and relationship 
between hypogammaglobulinema and infections in pwMS treated with 
ocrelizumab. 

The secondary objectives were to:  

1 To investigate the predictors of infections in pwMS treated with 
ocrelizumab.  

2 To investigate the rate of different types of infections in pwMS 
treated with ocrelizumab. 

3 To investigate the rate and predictors of infections requiring hospi-
talization in pwMS treated with ocrelizumab.  

4 To investigate the rate and predictors of COVID-19 in pwMS treated 
with ocrelizumab. 

2. Methods 

2.1. Study population 

The use of ocrelizumab in pwMS was started in our Center in 2017, 
initially for pwPPMS, and several months later for pwRRMS. All consecu-
tive patients were considered for inclusion in the study. Inclusion criteria 
were: 1) diagnosis of RRMS or PPMS, 2) at least 2 cycles of ocrelizumab 
(600 mg) administered. Exclusion criteria included those participants who 
stopped treatment after the first cycle due to any cause. If the participant 
stopped ocrelizumab after the second course, infections were considered up 
to the timepoint when other DMT was started. Ocrelizumab infusions were 
given as per summary of product characteristics (https://www.ema. 
europa.eu/en/documents/product-information/ocrevus-epar-product- 
information_hr.pdf, 2022). 

The study protocol was approved by the ethical committees of the 
University Hospital Center Zagreb. The study followed the Declaration 
of Helsinki and the current European Regulation for Data Protection. 

2.2. Medical visits 

Patients visited the center twice for each ocrelizumab infusion (one 
laboratory visit (complete blood count, immunoglobulin (Ig) levels) and 
one infusion visit), and additional visits were scheduled in case of a 
relapse or adverse events. All examinations were performed by the same 
neurologists for each patient (TG, BB, IA and MH) and all participants 
were questioned whether they experienced any infection since the prior 
visit.. We have retrospectively searched our electronic database and the 
following information was collected: age, sex, MS phenotype (RRMS, 
PPMS), disease duration (years), expanded disability status scale 
(EDSS), disease activity in the year prior starting ocrelizumab (number 
of relapses, number of active lesions on the most recent MR), previous 
therapy, number of ocrelizumab cycles, infections (categorized as res-
piratory, urinary, skin, gastrointestinal and others), duration of the 
infection, hospitalization due to the infection, treatment of the infection, 
COVID-19 status (duration, hospitalization, vaccination). In December 
2021, all participants were contacted by phone to check whether there 
was any missed infections or hospitalization in the electronic charts. 

Ig levels were measured within 14 days before each ocrelizumab 
infusion. The cut-off value for IgG levels was ≥7 g/L. Corresponding 
levels for IgM were ≥0.4 g/L. Δ IgM and Δ IgG were calculated as IgM/ 
IgG value prior 3rd cycle of ocrelizumab minus IgM/IgG value prior 
starting the therapy. 3rd cycle of ocrelizumab was chosen as the median 
cycle prior to infection. 

2.3. Statistical analysis 

Statistical analysis was performed with the IBM SPSS v25 software. 
The normality of the distribution was assessed with the Kolmogorov- 
Smirnov test. Differences between the quantitative variables were 

tested with the parametric independent sample t-test and non- 
parametric Mann-Whitney test. Survival analysis was performed in the 
form of Kaplan-Meier curves in order to estimate the cumulative risk of 
occurrence of specific event (any infection, infection requiring hospi-
talization and COVID-19), and in the form of the Cox regression model, 
which tested effect of age, sex, disease duration, EDSS, MS phenotype 
(RRMS or PPMS), Δ IgM and Δ IgG on the risk for specific outcomes (any 
infection, infection requiring hospitalization and COVID-19). P values 
less than 0.05 were considered as significant. 

3. Results 

We identified 109 consecutive pwMS who fulfilled inclusion criteria 
and were included in the final analysis with a cut-of date of December 
20, 2021 with a mean follow-up of 2.69±0.56 (1.36-4.27) years. De-
mographic characteristics of the cohort are presented in Table 1. 

3.1. Primary objectives 

Rates of pwMS with levels of IgM and IgG below lower level of 
normal are presented in Fig. 1. Number of pwMS with values of IgM and 
IgG below lower level of normal at baseline was 3 (2.8%) and 2 (2.8%), 
respectively; and before 6th cycle of ocrelizumab 5 (13.5%) and 5 
(13.5%), respectively. Notwithstanding, levels of IgM are steadily 
decreasing over time, while levels of IgG started to show statistically 
significant drop only after 5th cycle of ocrelizumab (Fig. 2). 

Rate of infections in the studied cohort is presented in the Table 2 
and type of infections in supplementary Table 1. In Fig. 3a, Kaplan-Meier 
survival curve is presented showing survival probability for the first 
infection. There was no difference in pwMS with any infection in Δ IgM 
and Δ IgG compared to pwMS without infection (-0.44±0.44 vs -0.36 
±0.23, p=0.252; and -0.08±0.23, p=0.160 vs 0.23±0.97, respectively). 

3.2. Secondary objectives 

Results of the univariable and multivariable Cox hazard model 

Table 1 
Demographic characteristics of the cohort (N=109).  

Age 44.6±9.5 
Sex (females) 75 (68.8%) 
MS phenotype  
RRMS 73 (67%) 
PPMS 36 (33%) 
Disease duration (years) 8.5±5.8 
EDSS 3.5 (0-7.0) 
Number of relapses in the previous year 1 (0-3) 
Number of active lesions in the most recent MRI (N=100) 1 (0-20) 
Previous DMTs  
Treatment naïve 34 (31.2%) 
1 previous DMT 58 (53.2%) 
2previous DMTs 13 (11.9%) 
≥3previous DMTs 4 (3.7%) 
Previous DMTs*  
1st line injectables 51 (46.4%) 
1st line orals 21 (19.1%) 
Azathioprine 1 (0.9%) 
Fingolimod 9 (8.2%) 
Natalizumab 1 (0.9%) 
Alemtuzumab 2 (1.8%) 
Rituximab 1 (0.9%) 
Duration of previous therapies (months) 64.3±47.9 
Number of ocrelizumab cycles  
2 3 (2.8%) 
3 8 (7.3%) 
4 19 (17.4%) 
5 42 (38.5%) 
6 29 (26.6%) 
7 5 (4.6%) 
8 3 (2.8%)  
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analysis investigating possible predictors of risk for any infection are 
presented in Table 3. In a univariable model, female sex increased the 
risk of infection. Out of the total cohort nine (8.3%) pwMS had infection 
requiring hospitalization. There was no difference in PwMS with infec-
tion requiring hospitalization in Δ IgM and Δ IgG compared to pwMS 
without infection requiring hospitalization (-0.20±0.45 vs -0.42±0.36, 
p=0.074; and 0.50±2.30 vs 0.01±1.01, p=0.540, respectively). In 
Fig. 3b Kaplan-Meier survival curve is presented showing survival 
probability for the hospitalization. Higher age and smaller drop in IgM 
before 3rd ocrelizumab cycle increased the risk for infection requiring 
hospitalization. 

Characteristics of COVID-19 in the studied cohort are presented in 
the Table 2. In Fig. 3c Kaplan-Meier survival curve is presented showing 
survival probability for the developing of COVID-19. There was no dif-
ference in PwMS with COVID-19 in Δ IgM and Δ IgG compared to pwMS 
without COVID-19 (-0.41±0.39 vs -0.40±0.36, p=0.944 and 0.19±1.39 
vs -0.02±1.03, p=0.373, respectively). 

Results of the univariable and multivariate Cox proportional hazard 
models, adjusted to possible COVID-19 exposure (from March 2020) and 

number of COVID-19 vaccines received, investigating predictors for 
COVID-19 are presented in Table 3. Longer disease duration increased 
the risk for COVID-19. 

4. Discussion 

In this observational, retrospective cohort study, 13.5% of pwMS 
developed low levels of IgM and/or IgG after 5th cycle of ocrelizumab. 
While levels of IgM were steadily decreasing over time, levels of IgG 
started to show statistically significant drop only after 5th cycle of 
ocrelizumab. 

Hypogammaglobulinemia is the most frequently observed laboratory 
abnormality in pwMS treated with ocrelizumab. In a 7-year follow-up of 
pwMS enrolled in clinical trials or treated in real-world post marketing 
settings with ocrelizumab, there was a mean relative reduction of 55.8% 
in serum IgM levels in the OPERA population, characterized by a faster 
drop in the first year followed by a slower decline. Serum IgG levels 
decreased at an average rate of − 0.33 g/L per year. (Hauser et al., 2021) 
Real-world data on hypogammaglobulinemia in pwMS on ocrelizumab 

Fig. 1. Proportion of pwMS with levels of IgM and IgG below lower level of normal.  
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are limited. In a cohort of pwMS treated with ocrelizumab in Melbourne, 
Australia, after a mean number of ocrelizumab doses of 4.6, 9.3% and 
2.3% of pwMS had levels of IgM and IgG below lower limit of normal. 
(Seery et al., 2021) Data from the Danish MS registry showed that the 
rates of low levels of IgM and IgG among pwMS treated with CD20 
depleting therapies (rituximab, ocrelizumab and ofatumumab) were 
28% and 5%, respectively. (Oksbjerg et al., 2021) Overall, the largest 
body of evidence related to immunoglobulin levels exists for rituximab. 
When looking at the different classes of immunoglobulins, IgM was the 
most frequently affected immunoglobulin whose levels tend to stay low 
for longer periods than IgG after rituximab cessation and often remain 
low even after the level of B cells have returned to normal. (Kridin and 
Ahmed, 2020) As opposed to IgG levels, low IgM levels do not appear to 

be associated with serious consequences (Kridin and Ahmed, 2020). In 
several other studies with rituximab in pwMS and other conditions, low 
levels of IgM were present in >20% of participants during the course of 
treatment, and low IgG levels ranged from 3.0-4.2% pwMS. (Perriguey 
et al., 2021, Boleto et al., 2018, Isvy et al., 2012, Vollmer et al., 2020) 
Interestingly, none of the studies assessing the safety profile of cumu-
lative doses of rituximab in rheumatoid arthritis demonstrated a higher 
risk of hypogammaglobulinemia with increasing numbers of rituximab 
cycles. (Boleto et al., 2018, Isvy et al., 2012) Only one study compared 
low levels of IgM and IgG between pwMS treated with ocrelizumab and 
rituximab. Levels of IgG dropped 0.16 g/L with each ocrelizumab 
infusion but remained stable with rituximab. In contrast, levels of IgM 
decreased to a similar extent with both drugs. (Evertsson et al., 2020) 

Low levels of immunoglobulins, especially low levels of IgG have 
been associated with increased risk of infections in people treated with 
rituximab. (Perriguey et al., 2021, Marcinnò et al., 2018, Barmettler 
et al., 2018) Notwithstanding, in randomized clinical trials of rituximab 
in pwPPMS, serious infections occurred in 4.5% of rituximab-treated 
patients and in < 1.0% in the placebo, with no clear association to the 
number of infusions, which corroborates findings from large trials. 
(Chisari et al., 2022, Hawker et al., 2009) 

In the current study, 58.7% pwMS treated with ocrelizumab expe-
rienced infection during treatment, with a median number of infections 
per pwMS being 1, range 0-4. In a 7-year follow-up of pwMS enrolled in 
clinical trials or treated in real-world post marketing settings with 
ocrelizumab, the overall rate of infections remained consistent with 
rates observed during the phase 3 clinical trials program, with a rate of 
serious infections fluctuating over time, but showed no meaningful year- 
on-year variation. (Hauser et al., 2021) Older age, higher serum IgA and 
IgG were associated with reduced odds of infection in pwMS treated 
with ocrelizumab. (Seery et al., 2021) Another study showed that pwMS 
with an infection requiring hospitalization were older, more commonly 
had comorbidities, had longer duration of treatment and higher EDSS 
scores. (Oksbjerg et al., 2021) Similarly, we have also shown that older 
age increases the risk for infections requiring hospitalization. In our 
cohort we didn’t find association between IgG levels and infections, 
however, we found that smaller drop in IgM before 3rd ocrelizumab 
cycle increased the risk for infection requiring hospitalization. This 
observation has not so far been reported and warrants further investi-
gation into possible mechanisms. 

Several studies have indicated an association between B-cell 

Fig. 2. Absolute levels of IgM and IgG before each new cycle of the ocrelizumab.  

Table 2 
Rate and characteristics of infections in the studied cohort (N=109).  

Any infection  

Number of pwMS having any infection 64 (58.7%) 
Median number of infections per pwMS 1 (0-4) 
Number of infections per pwMS (distribution)  
0 45 (41.3%) 
1 37 (33.9%) 
2 19 (17.4%) 
3 7 (6.4%) 
4 1(0.9%) 
Type of infection (number of events)  
Respiratory 39 
Urinary 40 
Skin 14 
Gastrointestinal 3 
Other 4 
Duration of infections 10 (2-42) 
Number of episodes requiring specific treatment 69 
Number of episodes requiring hospitalization 9 
COVID-19  
Number of pwMS with COVID-19 35 (32.1%) 
Number of pwMS with COVID-19 requiring treatment (antibiotics, 

steroids, remdesivir, antibodies) 
14 (40%) 

Number of pwMS with COVID-19 requiring hospitalization 7 (20%) 
Number of pwMS who received COVID-19 vaccine 68 (62.4%) 
1 dose 3 (2.8%) 
2 doses 41 (37.6%) 
3 doses 24 (22.0%) 
Number of pwMS with COVID-19 after vaccination 11 of 19 

(57.9%)  
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Fig. 3. Kaplan-Meier survival curve showing survival probability for a) the first infection, b) infection requiring hospitalization and c) COVID-19.  

M. Habek et al.                                                                                                                                                                                                                                  



Multiple Sclerosis and Related Disorders 62 (2022) 103798

6

depleting disease modifying therapy and higher probability of a more 
serious clinical course of COVID-19. (Sormani et al., 2021, Stastna et al., 
2021) In this study we have investigated factors that increase the risk for 
acquiring COVID-19 in pwMS treated with ocrelizumab. In our cohort, 
longer disease duration increased the risk for COVID-19, however, there 
was no association between IgG and IgM levels and increased risk for 
COVID-19. There is an increasing amount of data suggesting an atten-
uated humoral response to SARS-COV-2 infection in pwMS using ocre-
lizumab. (Habek et al., 2021) As well, pwMS treated with ocrelizumab 
have an attenuated response to COVID-19 vaccines (Sormani et al., 
2021). Therefore, extended interval dosing has been proposed as a risk 
mitigation strategy for COVID-19 infection as it seems that prolonging 
ocrelizumab dosing does not affect its efficacy (Rolfes et al., 2021, 
Barun et al., 2021). However, further studies are needed to assess 
whether this approach may improve the safety and vaccine readiness of 
pwMS during the COVID-19 pandemic. 

The limitations of this study are retrospective design, the absence of 

a control group and moderate duration of observation time. However, 
the present findings broaden limited real-world data on infection and 
COVID-19 risk in pwMS treated with ocrelizumab. 
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Barun, Adamec, Krbot Skorić. Administrative, technical, and material 
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Table 3 
Results of the univariable and multivariable Cox hazard models for predicting 
any infection, infection requiring hospitalization and COVID-19 in pwMS 
treated with ocrelizumab.   

Univariable COX hazard model Multivariable Cox hazard 
model  

HR 95% C.I. 
for HR 

p 
value 

HR 95% C.I. 
for HR 

p 
value 

Any infection 
Age 0.998 0.973- 

1.024 
0.881    

Sex 2.561 1.382- 
4.774 

0.003    

Disease 
duration 

1.01 0.968- 
1.055 

0.633    

EDSS 0.962 0.822- 
1.127 

0.635    

MS 
phenotype 

0.832 0.479- 
1.445 

0.514    

Δ IgM 0.841 0.387- 
1.829 

0.663  

Δ IgG 0.83 0.649- 
1.063 

0.14    

Infection requiring hospitalization 
Age 1.099 1.030- 

1.173 
0.004 1.086 1.018- 

1.159 
0.013 

Sex 0.641 0.169- 
2.431 

0.513    

Disease 
duration 

0.216 0.963- 
1.180 

0.216    

EDSS 0.953 0.626- 
1.452 

0.824    

MS 
phenotype 

1.913 0.478- 
7.655 

0.359    

Δ IgM 11.321 1.836- 
69.824 

0.009 9.216 1.124- 
75.558 

0.039 

Δ IgG 1.452 0.896- 
2.355 

0.13    

COVID-19* 
Age 1.005 0.965- 

1.047 
0.802    

Sex 1.33 0.583- 
3.033 

0.498    

Disease 
duration 

1.09 1.025- 
1.158 

0.006 1.075 1.002- 
1.154 

0.045 

EDSS 1.211 0.976- 
1.503 

0.082    

MS 
phenotype 

1.071 0.454- 
2.527 

0.875    

Δ IgM 2.369 1.014- 
5.534 

0.046 1.426 0.576- 
3.531 

0.443 

Δ IgG 0.938 0.687- 
1.280 

0.686     

* adjusted to possible COVID-19 exposure (from March 2020) and number of 
COVID-19 vaccines received 
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