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CASE BASED REVIEWS

A Case Report and Literature Review of a  
Triple-Vaccinated, Rituximab-Treated Systemic Lupus 
Erythematosus patient with COVID-19 pneumonia
Michailides C1, Paraskevas P1, Lagadinou M1, Papantoniou K1, Kavvousanos M1, Marangos M1, Velissaris D

INTRODUCTION

The use of immune-modulatory agents in the related 

diseases is challenging for the development of possible 

infections. As the COVID-19 pandemic continues to 

affect all type of populations worldwide without dis-

tinction, clinicians are faced with some complex cases 

in regards to management and therapeutic decisions. 

Herein, we present a case of a 50-year-old female being 

under long-lasting immune-suppression treatment in-

cluding rituximab for lupus nephritis, who developed 

COVID-19 respiratory failure despite being fully vacci-

nated against SARS-CoV-2.  

CASE REPORT

A 50 years-old woman was hospitalized in the 

COVID-19 section of the Department of Internal Med-
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icine in the University Hospital of Patras, Greece. She 

had been diagnosed with Systemic Lupus erythemato-

sus (SLE) after suffering episodes of hematuria, protein-

uria and hypertension by renal biopsy in 2019, with 

no other systematic symptoms. She had no other sig-

nificant medical condition instead of a BMI=28 and 20 

pack years of smoking. Since then, the patient had re-

ceived corticosteroids (prednisolone 5mg 1 – 0 - ½ od, 

after dosing modifications and tapering, initiating with 

10mg bid), azathioprine 100mg od, mycophenolate 

mofetil 1g bd, tacrolimus 1mg bd and hydroxychloro-

quine (200mg od) regularly and no disease flares were 

reported. Additionally, the patient was treated with RTX 

1g every 6 months (July-February) starting from July 

2019, as a maintenance treatment.

During the COVID-19 pandemic, the patient was 

vaccinated against SaRS-CoV-2 as per her family doc-

tor’s advice. She received the first and second dose of 

SaRS-CoV-2 (mRNA vaccine from Biontech, Pfizer) 

in April 2021, when the vaccine became available in 

Greece and 3 months after the last Rituximab adminis-

tration. She received the booster dose (Biontech, Pfizer) 

on November 5
th
, 2021. No side effects were reported 

from the patient after application of each dose of the 

vaccine. The patients had no measurement of antibod-

ies level after vaccination.

ABSTRACT

Introduction:  Patients being on immunosuppressive treatment of any reason, along with other risk factors such 

as smoking and obesity, are vulnerable to be infected from SARS-CoV2. Aim of this report is to describe a case 

of a female patient under Rituximab therapy who experienced episodes of lung infection due to Severe Acute 

Coronavirus 2 (SARS-CoV-2) invasion although fully vaccinated.

Case report: A 50-year-old woman, with a past medical history of lupus nephritis on rituximab was diagnosed 

with lung infection due to SARS-CoV-2. Eight months later, following her last infusion of Rituximab (RTX), she 

developed moderate Coronavirus Disease 2019 (COVID-19). After a partial recovery, she exhibited exacerbation 

of respiratory symptoms leading to readmission and invasive oxygenation. She was eventually discharged home 

after 31 days. Her monthly neurological evaluation did not reveal evidence of disease activity. She later received 

intravenous immunoglobulin and a decision was made to restart rituximab.

Conclusions: This case raises the possibility of persistent virus shedding and reactivation of severe acute respiratory 

syndrome coronavirus in a patient with SLE and Rituximab therapy. We emphasize a precise consideration of 

management of patients with autoimmune disorders during the COVID-19 pandemic.
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treatment was suspended. At the 4
th
 day of hospital-

ization, the patient tested negative for SaRS-CoV-2 and 

was discharged on the 5
th
 day, without need for oxygen 

support, in improved clinical condition. Following her 

hospitalization, an anti-SARS-CoV-2 IgG antibody test 

was requested, which was negative (1RU/ml). Patient’s 

clinical course is summarized on Figure 3. A chest CT 

scan was recommended within one month since dis-

charge and an appointment for post-COVID health 

clinic was appointed to assess the results.

DISCUSSION

SLE is a chronic rheumatoid disease able to produce 

among others a great number of blood abnormalities 

including lymphopenia and increased risk of recurrent 

infections. Additionally, the fact that immunosuppres-

sive drugs are the cornerstone of its treatment, especial-

ly RTX, a question has been raised on whether vaccina-

tion against SaRS-COV-2 is effective in those patients, 

especially considering the interval between vaccination 

and RTX administration. The need of a booster dose 

soon after the primary vaccination has also been de-

scribed especially for this group of patients
1, 2

.

RTX, a recombinant monoclonal antibody against 

the protein CD20, is primarily found on the surface 

of immune system B-cells. RTX destroys B-cells and is 

therefore used in the treatment of diseases which are 

characterized by excessive production of B-cells, over-

On November 27
th 

and December 1
st 

2021, she vis-

ited the Emergency Department (ED) with persistent 

cough and tested positive for SaRS-CoV-2 RT-PCR, but 

was discharged due to the absence of hypoxemia, de-

spite an X-ray showing mild bilateral infiltrates (Fig-

ure-1), been informed from clinicians to observe her 

clinical status for the case of deterioration. Immuno-

suppression along with the absence of any strict cri-

terion for hospitalization as per local guidelines and 

treatment strategies at that time, led to the decision to 

avoid exposure to hospital environment. On December 

20
th
, the patient visited the ED, this time presenting 

with worsening symptoms, including fever (39
o
 C with 

armpit measurement), dyspnea, headache and fatigue. 

A new chest X-ray demonstrated slightly worsening in-

filtrates (Figure-2). In initial assessment the patient had 

SpO2 92% on room air, which increased up to 97% 

with low flow nasal oxygen support with PO
2
/FiO

2
=366 

and Arterial Blood Gases (ABGs) as shown on Table I. 

The RT-PCR for SaRS-CoV-2 results was positive and 

she was admitted in an isolated ward for further treat-

ment. First day laboratory findings are presented on 

Table II. The patient responded well to oxygen thera-

py, requiring up to 3 litres via low-flow nasal cannu-

la with a rapid reduction of fever. She was also under 

piperacillin-tazobactam 4.5g qid, Remdesivir (200 mg 

IV on day 1 and 100 mg daily IV for the next 4 days), 

low weight molecular heparin (enoxaparin) (40 mg od 

SC) corticosteroid nebulizers (budesonide) and dexa-

methasone (6 mg od IV) while her immunosuppressive 

Figure 1. Chest X-ray findings on first ED visit. Mild bilateral 

infiltrates suggesting possible COVID-19 pneumonia

Figure 2. Chest X-ray finding on second ED visit. Worsening 

infiltrates validating the diagnosis of COVID-19 pneumonia
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Figure 3. Summary of patient’s clinical course.

TABLE I. Patient’s ABGs on low-flow nasal 
oxygen supply, 3lt/min (FiO2=27%)

Variable Value

pH 7.45

pCO2 39 mmHg

pO2 99 mmHg

HCO3 27 mEq/L

Lac 0.4 mmol/L

PO
2
/FiO

2
366

CO2: carbon dioxide, O2: oxygen, HCO3: bicarbonate, Lac: lactate

TABLE II. Laboratory findings during patient’s hospitalization.

Variable Value day 1 Value day 2 Value day 3 Value day 4 Value day 5 Reference Values

WBC (K/µL) 4,650 3,350 - 3,320 - 4,000 - 11,000

Hemoglobin (g/dL) 11.8 10.8 - 11.2 - 11.8 – 17

Platelets (/µL) 182,000 172,000 - 194,000 - 150K – 400K

D-dimers (µg/mL) 0.59 - - - - 0.0 - 0.5

Fibrinogen (mg/dL) 453 - - - - 200 – 400

Creatinine (mg/dL) 1.0 0.9 - 0.9 - 0.9 - 1.6

Urea (mg/dL) 34 29 - 36 - 15 – 54

LDH (U/L) 253 227 - 623 - 120 – 230

SGOT (U/L) 15 12 - 21 - < 40

SGPT (U/L) 12 9 - 14 - < 40

albumin (g/dL) 4.4 3.7 - 3.5 - 3.5-5.5

CPK (U/L) 54 55 - 187 - < 190

TnI (pg/mL) 0.4 - - 0.6 - 0 – 15.6

CRP (mg/dL) 26.49
17.31 - 9.85 -

< 0.5

Ferritin (ng/dL) >1675 875 - 205 - 17-390

ESR 108 74 - 50 - 0-10

WBC: white blood cells, LDH: lactate dehydrogonase, SGOT: serum glutamic-oxaloacetic transaminase, SGPT: Serum Glutamate Pyruvate Transaminase, CPK: Creatine 

phosphokinase, CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate

active or dysfunctional B-cells. These are lymphomas, 

leukemias, and autoimmune disorders
3
. Additionally, 

among patients with autoimmune disorders, such as 

Multiple Sclerosis (MS), RTX reduces disease relapse
4
.

This case constitutes real world evidence, that pa-

tients with an underlying condition treated with Ritux-

imab should receive personalized care when presenting 

with prolonged symptoms of COVID-19, even if they 

have been fully vaccinated against SARS-COV-2. For-

tunately, our patient developed only mild to moderate 

COVID-19 pneumonia, but a similar case report of a 

patient with neuromyelitis optica spectrum disorder 

treated with RTX required intensive care unit (ICU) ad-

mission
5
. Below, we present a rapid review of the cur-

rent literature on vaccination efficacy in patients treated 

with RTX.

Patients with autoimmune disease are described to 

develop adequate humoral response after COVID-19 

vaccination, especially SLE patients (90% seropositive) 

compared to other autoimmune diseases, such as Rheu-

matoid Arthritis and vasculitis (approximately 70% se-
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ropositive)
6
. Seropositivity is decreased below 40% in 

patients on RTX with autoimmune diseases6. Our case 

report is in line with previous studies which demon-

strate that humoral response is affected by CD20+ cell 

depleting therapies such as RTX
7, 8

, which is proven 

to be an independent prognostic factor for that phe-

nomenon, when it constitutes a compound of the last 

12-month treatment
9
. Herein we briefly summarize 

some results referring to the humoral response in pa-

tients receiving anti-CD20 agents, some risk factors 

that seem to be related to the antibody production af-

ter vaccination and the cellular response of this patient 

group. 

In a multi-center study, patients with rheumatic dis-

ease on Rituximab found to be 61% seronegative for an-

ti-spike IgG after vaccination
10

. Ferri et al. also describe 

increased seronegativity among patients with Autoim-

mune diseases on RTX compared to patients receiving 

other treatments
11

, while a nation-wide study in Austria 

described increased seronegative response to the vac-

cine in Multiple Sclerosis (MS) patients on anti-CD20 

therapy with an OR=0.15
12

. That increase could be 20-

fold higher when comparing MS patients on Rituximab 

vs healthy volunteers according to Sormani et al.
13

. This 

patient group is found to develop eliminated anti-RDB 

Ab, anti-spike specific Ab and memory B-cell response 

compared to healthy volunteers
14

. Among immune me-

diated disease patients who were twice vaccinated, only 

43% vs 80% and 24% vs 77% were IgG seropositive 

compared to healthy volunteers and patients receiving 

other treatment, respectively
15, 16

. Hematologic patients 

on CD-20+ cell depleting therapy are also found to 

have eliminated humoral response compared to healthy 

volunteers
17, 18

 and decreased neutralization capacity
19

. 

Some studies describe that detectable B lymphocyte 

count is important to predict the effect of vaccination 

on producing antibodies. Higher lymphocyte count is 

related to expanded response rates
20

 and patients with 

detectable B-cell count can present with positive an-

ti-RBD Abs even when that count is low
21, 22

. Jinich et 

al. estimated that B-cell reconstitution after depleting 

therapy has 91.3% positive predictive value on serolog-

ic response to vaccination
23

. Contrariwise, undetectable 

B-cells are independent factor for seronegativity after 2 

doses of the vaccine (p<0.001)
24

.

Time since last therapy seems to be crucial for sero-

positivity after vaccination. Longer interim is analogue 

to increased seropositive IgG response
25

. Patients who 

received Rituximab <6months before vaccination are 

observed to develop decreased anti-spike antibody re-

sponse compared to those who had >6months interval
7
. 

Another study demonstrated that, among a cohort with 

rheumatic diseases patients, the seropositive group for 

SARS-COV-2 antibodies, received CD20+ cell deplet-

ing therapy median 704.5 days after treatment, while 

seronegative group had median 98 days interval
26

. Rit-

uxiVac study described that >7.6 months interval has 

positive predictive value for positive humoral response 

along with >643 CD4+ cells/μL
27

. Affirmatively to those 

data, the Singapore Chapter of Rheumatologists recom-

mended a 6 month interval between vaccination and 

anti-CD20+ treatments
28

. RTX should be re-adminis-

tered at least one month after Covid-19 vaccination
29

. 

The aforementioned data could explain our patient’s 

seronegative result, considering her treatment/vaccina-

tion timeline. Moreover, our patient’s timeline is line 

with current literature which describes that time be-

tween RTX administration and COVID-19 mild disease 

is 6.1 months median and 4.6 months median between 

RTX administration and COVID-19 disease that needed 

hospitalization
30

.

COVID-19 severity and RTX treatment is further 

investigated in multiple studies. Patients with rheu-

matic diseases do not seem to have increased risk for 

COVID-19 infection except of those receiving RTX, 

who have worsen prognosis
31

. Studies on MS patients 

on disease modifying therapies demonstrated that only 

RTX can increase COVID-19 infection frequency
32, 33

. 

RTX treatment on those patients is a risk factor for 

severe disease and can predict worse outcomes
32, 33, 

34
. Particularly for mortality rates, RTX therapy is de-

scribed to increase the risk among MS/ Neuromyelitis 

Optica Disorder (NMOD) patients compared to other 

treatments
4, 35

.

In contrary to pessimistic data on humoral response 

in that patient group, literature supports that cellu-

lar response remains intact
7, 14, 22

, as they can produce 

CD4+/CD8+ S-protein specific T-cells in amounts com-

parable to healthy volunteers after 2 doses of vaccina-

tion
36

. The third dose may also increase T-cell response, 

but humoral non-responders tend to remain seronega-

tive
37

. That could explain our patient’s optative course 

and full recovery. In case a patient does not improve 

with standard of care, IVIG and convalescent plasma 

infusion may improve prognosis
38

.

REFERENCES
1. Mason A, Anver H, Lwin M, Holroyd C, Faust SN, Edwards 

CJ. Lupus, vaccinations and COVID-19: What we know now. 

Lupus. 2021 Sep;30(10):1541-1552.  

 https://doi.org/10.1177/09612033211024355

2. Kant S, Geetha D. Impact of rituximab on humoral response 

to COVID-19 booster vaccine and antibody kinetics in patients 

with anti-neutrophil cytoplasmic antibody vasculitis. Kidney 

Int. 2021 Nov;100(5):1124-1127. 

 https://doi.org/10.1016/j.kint.2021.08.020

3. Chmielewska N, Szyndler J. Targeting CD20 in multiple sclerosis 

- review of current treatment strategies. Neurol Neurochir Pol. 

2023;57(3):235-242. 

 https://doi.org/10.5603/PJNNS.a2023.0022

https://doi.org/10.1177/09612033211024355
https://doi.org/10.1016/j.kint.2021.08.020
https://doi.org/10.5603/PJNNS.a2023.0022


Michailides C et al.

The official Journal of the Portuguese Society of Rheumatology • www.arprheumatology.com 149

4. Sharifian-Dorche M, Sahraian MA, Fadda G, Osherov M, 

Sharifian-Dorche A, Karaminia M, et al. COVID-19 and disease-

modifying therapies in patients with demyelinating diseases of 

the central nervous system: A systematic review. Mult Scler Relat 

Disord. 2021 May;50:102800. 

 https://doi.org/10.1016/j.msard.2021.102800  

5. Paybast S, Shahrab F, Hejazi SA. Recurrence of COVID-19 

in a Patient With NMO Spectrum Disorder While Treating 

With Rituximab: A Case Report and Review of the Literature. 

Neurologist. 2021 Nov 4;26(6):281-283. 

 https://doi.org/10.1097/NRL.0000000000000371  

6. Jena A, Mishra S, Deepak P, Kumar-M P, Sharma A, Patel YI, et 

al. Response to SARS-CoV-2 vaccination in immune mediated 

inflammatory diseases: Systematic review and meta-analysis. 

Autoimmun Rev. 2022 Jan;21(1):102927. 

 https://doi.org/10.1016/j.autrev.2021.102927  

7. Prendecki M, Clarke C, Edwards H, McIntyre S, Mortimer P, 

Gleeson S, et al. Humoral and T-cell responses to SARS-CoV-2 

vaccination in patients receiving immunosuppression. Ann 

Rheum Dis. 2021 Oct;80(10):1322-1329. 

 https://doi.org/10.1136/annrheumdis-2021-220626  

8. Seyahi E, Bakhdiyarli G, Oztas M, Kuskucu MA, Tok Y, Sut 

N, et al. Antibody response to inactivated COVID-19 vaccine 

(CoronaVac) in immune-mediated diseases: a controlled study 

among hospital workers and elderly. Rheumatol Int. 2021 

Aug;41(8):1429-1440.  

 https://doi.org/10.1007/s00296-021-04910-7

9. Gavriatopoulou M, Terpos E, Ntanasis-Stathopoulos I, Briasoulis 

A, Gumeni S, Malandrakis P, et al. Poor neutralizing antibody 

responses in 106 patients with WM after vaccination against SARS-

CoV-2: a prospective study. Blood Adv. 2021 Nov 9;5(21):4398-

4405. https://doi.org/10.1182/bloodadvances.2021005444 

10. Furer V, Eviatar T, Zisman D, Peleg H, Paran D, Levartovsky 

D, et al. Immunogenicity and safety of the BNT162b2 mRNA 

COVID-19 vaccine in adult patients with autoimmune 

inflammatory rheumatic diseases and in the general population: 

a multicentre study. Ann Rheum Dis. 2021 Oct;80(10):1330-

1338. 

 https://doi.org/10.1136/annrheumdis-2021-220647corr1  

11. Ferri C, Ursini F, Gragnani L, Raimondo V, Giuggioli D, Foti 

R, et al. Impaired immunogenicity to COVID-19 vaccines 

in autoimmune systemic diseases. High prevalence of non-

response in different patients’ subgroups. J Autoimmun. 2021 

Dec;125:102744.  

 https://doi.org/10.1016/j.jaut.2021.102744  

12. Bsteh G, Dürauer S, Assar H, Hegen H, Heschl B, Leutmezer F, et al. 

Humoral immune response after COVID-19 in multiple sclerosis: 

A nation-wide Austrian study. Mult Scler. 2021 Dec;27(14):2209-

2218. https://doi.org/10.1177/13524585211049391  

13. Sormani MP, Inglese M, Schiavetti I, Carmisciano L, Laroni 

A, Lapucci C, et al; CovaXiMS study group on behalf of the 

Italian Covid-19 Alliance in MS. Effect of SARS-CoV-2 mRNA 

vaccination in MS patients treated with disease modifying 

therapies. EBioMedicine. 2021 Oct;72:103581.  

14. Apostolidis SA, Kakara M, Painter MM, Goel RR, Mathew 

D, Lenzi K, et al. Cellular and humoral immune responses 

following SARS-CoV-2 mRNA vaccination in patients with 

multiple sclerosis on anti-CD20 therapy. Nat Med. 2021 

Nov;27(11):1990-2001. 

 https://doi.org/10.1038/s41591-021-01507-2  

15. Boekel L, Steenhuis M, Hooijberg F, Besten YR, van Kempen ZLE, 

Kummer LY, van Dam KPJ, et al. Antibody development after 

COVID-19 vaccination in patients with autoimmune diseases in 

the Netherlands: a substudy of data from two prospective cohort 

studies. Lancet Rheumatol. 2021 Nov;3(11):e778-e788. 

 https://doi.org/10.1016/S2665-9913(21)00222-8

16. Ammitzbøll C, Bartels LE, Bøgh Andersen J, Risbøl Vils S, 

Elbaek Mistegård C, Dahl Johannsen A, et al. Impaired Antibody 

Response to the BNT162b2 Messenger RNA Coronavirus Disease 

2019 Vaccine in Patients With Systemic Lupus Erythematosus 

and Rheumatoid Arthritis. ACR Open Rheumatol. 2021 

Sep;3(9):622-628. https://doi.org/10.1002/acr2.11299  

17. Canti L, Humblet-Baron S, Desombere I, Neumann J, Pannus P, 

Heyndrickx L, et al. Predictors of neutralizing antibody response 

to BNT162b2 vaccination in allogeneic hematopoietic stem cell 

transplant recipients. J Hematol Oncol. 2021 Oct 24;14(1):174. 

https://doi.org/10.1186/s13045-021-01190-3  

18. Tvito A, Ronson A, Ghosheh R, Kharit M, Ashkenazi J, Magen 

S, et al. Anti-CD20 monoclonal antibodies inhibit seropositive 

response to Covid-19 vaccination in non-Hodgkin lymphoma 

patients within 6 months after treatment. Exp Hematol. 2022 

Mar;107:20-23. 

 https://doi.org/10.1016/j.exphem.2021.12.396  

19. Peeters M, Verbruggen L, Teuwen L, Vanhoutte G, Vande 

Kerckhove S, Peeters B, Raats S, et al. Reduced humoral immune 

response after BNT162b2 coronavirus disease 2019 messenger 

RNA vaccination in cancer patients under antineoplastic 

treatment. ESMO Open. 2021 Oct;6(5):100274. 

 https://doi.org/10.1016/j.esmoop.2021.100274  

20. Perry C, Luttwak E, Balaban R, Shefer G, Morales MM, Aharon 

A, et al. Efficacy of the BNT162b2 mRNA COVID-19 vaccine in 

patients with B-cell non-Hodgkin lymphoma. Blood Adv. 2021 

Aug 24;5(16):3053-3061. 

 https://doi.org/10.1182/bloodadvances.2021005094  

21. Bonelli MM, Mrak D, Perkmann T, Haslacher H, Aletaha D. 

SARS-CoV-2 vaccination in rituximab-treated patients: evidence 

for impaired humoral but inducible cellular immune response. 

Ann Rheum Dis. 2021 Oct;80(10):1355-1356. 

 https://doi.org/10.1136/annrheumdis-2021-220408

22. Mrak D, Tobudic S, Koblischke M, Graninger M, Radner H, 

Sieghart D, et al. SARS-CoV-2 vaccination in rituximab-treated 

patients: B cells promote humoral immune responses in the 

presence of T-cell-mediated immunity. Ann Rheum Dis. 2021 

Oct;80(10):1345-1350.  

 https://doi.org/10.1136/annrheumdis-2021-220781  

23. Jinich S, Schultz K, Jannat-Khah D, Spiera R. B Cell Reconstitution 

Is Strongly Associated With COVID-19 Vaccine Responsiveness 

in Rheumatic Disease Patients Who Received Treatment With 

Rituximab. Arthritis Rheumatol. 2022 May;74(5):776-782. 

https://doi.org/10.1002/art.42034  

24. Avouac J, Miceli-Richard C, Combier A, Steelandt A, Fogel 

O, Mariaggi AA, et al. Risk factors of impaired humoral 

response to COVID-19 vaccination in rituximab-treated 

patients. Rheumatology (Oxford). 2022 Jun 28;61(SI2):SI163-

SI168.  https://doi.org/10.1093/rheumatology/keab815  

25. König M, Lorentzen ÅR, Torgauten HM, Tran TT, Schikora-

Rustad S, Vaage EB, Mygland Å, Wergeland S, et al. Humoral 

immunity to SARS-CoV-2 mRNA vaccination in multiple 

sclerosis: the relevance of time since last rituximab infusion 

and first experience from sporadic revaccinations. J Neurol 

Neurosurg Psychiatry. 2023 Jan;94(1):19-22. 

 https://doi.org/10.1136/jnnp-2021-327612  

26. Spiera R, Jinich S, Jannat-Khah D. Rituximab, but not other 

antirheumatic therapies, is associated with impaired serological 

response to SARS- CoV-2 vaccination in patients with rheumatic 

diseases. Ann Rheum Dis. 2021 Oct;80(10):1357-1359. 

 https://doi.org/10.1136/annrheumdis-2021-220604  

27. Moor MB, Suter-Riniker F, Horn MP, Aeberli D, Amsler J, 

https://doi.org/10.1016/j.msard.2021.102800
https://doi.org/10.1097/NRL.0000000000000371
https://doi.org/10.1016/j.autrev.2021.102927
https://doi.org/10.1136/annrheumdis-2021-220626
https://doi.org/10.1007/s00296-021-04910-7
https://doi.org/10.1182/bloodadvances.2021005444
https://doi.org/10.1136/annrheumdis-2021-220647corr1
https://doi.org/10.1016/j.jaut.2021.102744
https://doi.org/10.1177/13524585211049391
https://doi.org/10.1038/s41591-021-01507-2
https://doi.org/10.1016/S2665-9913(21)00222-8
https://doi.org/10.1002/acr2.11299
https://doi.org/10.1186/s13045-021-01190-3
https://doi.org/10.1016/j.exphem.2021.12.396
https://doi.org/10.1016/j.esmoop.2021.100274
https://doi.org/10.1182/bloodadvances.2021005094
https://doi.org/10.1136/annrheumdis-2021-220408
https://doi.org/10.1136/annrheumdis-2021-220781
https://doi.org/10.1002/art.42034
https://doi.org/10.1093/rheumatology/keab815
https://doi.org/10.1136/jnnp-2021-327612
https://doi.org/10.1136/annrheumdis-2021-220604


A SLE patient on RTX with COVID-19 pneumonia

150   www.arprheumatology.com • The official Journal of the Portuguese Society of Rheumatology

Möller B, et al. Humoral and cellular responses to mRNA 

vaccines against SARS-CoV-2 in patients with a history of CD20 

B-cell-depleting therapy (RituxiVac): an investigator-initiated, 

single-centre, open-label study. Lancet Rheumatol. 2021 

Nov;3(11):e789-e797. Epub 2021 Sep 7. Erratum in: Lancet 

Rheumatol. 2022 Mar;4(3):e174. 

 https://doi.org/10.1016/S2665-9913(21)00251-4  

28. Santosa A, Xu C, Arkachaisri T, Kong KO, Lateef A, Lee TH, 

et al. Recommendations for COVID-19 vaccination in people 

with rheumatic disease: Developed by the Singapore Chapter 

of Rheumatologists. Int J Rheum Dis. 2021 Jun;24(6):746-757. 

https://doi.org/10.1111/1756-185X.14107  

29. Park JK, Lee EB, Shin K, Sung YK, Kim TH, Kwon SR, et al; 

Korean College of Rheumatology Task Force for COVID-19 

Vaccine Guidance for Patients with Autoimmune Inflammatory 

Rheumatic Diseases. COVID-19 Vaccination in Patients with 

Autoimmune Inflammatory Rheumatic Diseases: Clinical 

Guidance of the Korean College of Rheumatology. J Korean 

Med Sci. 2021 Mar 29;36(12):e95. Erratum in: J Korean 

Med Sci. 2021 Oct 04;36(38):e270. https://doi.org/10.3346/

jkms.2021.36.e95  

30. McKay KA, Piehl F, Englund S, He A, Langer-Gould A, Hillert 

J, Frisell T. Rituximab Infusion Timing, Cumulative Dose, and 

Hospitalization for COVID-19 in Persons With Multiple Sclerosis 

in Sweden. JAMA Netw Open. 2021 Dec 1;4(12):e2136697. 

https://doi.org/10.1001/jamanetworkopen.2021.36697  

31. Kroon FPB, Najm A, Alunno A, Schoones JW, Landewé RBM, 

Machado PM, Navarro-Compán V. Risk and prognosis of 

SARS-CoV-2 infection and vaccination against SARS-CoV-2 in 

rheumatic and musculoskeletal diseases: a systematic literature 

review to inform EULAR recommendations. Ann Rheum Dis. 

2022 Mar;81(3):422-432. 

 https://doi.org/10.1136/annrheumdis-2021-221575  

32. Smith TE, Madhavan M, Gratch D, Patel A, Saha V, Sammarco 

C, et al. Risk of COVID-19 infection and severe disease in MS 

patients on different disease-modifying therapies. Mult Scler 

Relat Disord. 2022 Apr;60:103735. 

 https://doi.org/10.1016/j.msard.2022.103735  

33. Barzegar M, Houshi S, Sadeghi E, Hashemi MS, Pishgahi G, 

Bagherieh S, et al. Association of Disease-Modifying Therapies 

with COVID-19 Susceptibility and Severity in Patients with 

Multiple Sclerosis: A Systematic Review and Network Meta-

Analysis. Mult Scler Int. 2022 Sep 21;2022:9388813. 

 https://doi.org/10.1155/2022/9388813  

34. Schiavetti I, Ponzano M, Signori A, Bovis F, Carmisciano L, 

Sormani MP. Severe outcomes of COVID-19 among patients 

with multiple sclerosis under anti-CD-20 therapies: A systematic 

review and meta-analysis. Mult Scler Relat Disord. 2022 

Jan;57:103358. 

 https://doi.org/10.1016/j.msard.2021.103358  

35. Barzegar M, Mirmosayyeb O, Ebrahimi N, Bagherieh S, Afshari-

Safavi A, Hosseinabadi AM, et al. COVID-19 susceptibility and 

outcomes among patients with neuromyelitis optica spectrum 

disorder (NMOSD): A systematic review and meta-analysis. 

Mult Scler Relat Disord. 2022 Jan;57:103359. 

 https://doi.org/10.1016/j.msard.2021.103359

36. Madelon N, Lauper K, Breville G, Sabater Royo I, Goldstein R, 

Andrey DO, et al. Robust T-Cell Responses in Anti-CD20-Treated 

Patients Following COVID-19 Vaccination: A Prospective Cohort 

Study. Clin Infect Dis. 2022 Aug 24;75(1):e1037-e1045. 

 https://doi.org/10.1093/cid/ciab954  

37. Felten R, Gallais F, Schleiss C, Chatelus E, Javier RM, Pijnenburg 

L, et al. Cellular and humoral immunity after the third dose of 

SARS-CoV-2 vaccine in patients treated with rituximab. Lancet 

Rheumatol. 2022 Jan;4(1):e13-e16. 

 https://doi.org/10.1016/S2665-9913(21)00351-9  

38. Daoussis D, Leonidou L, Kalogeropoulou C, Paliogianni F, 

Tzouvelekis A. Protracted severe COVID-19 pneumonia 

following rituximab treatment: caution needed. Rheumatol 

Int. 2021 Oct;41(10):1839-1843. doi: 10.1007/s00296-021-

04969-2. Epub 2021 Aug 19. PMID: 34409510; PMCID: 

PMC8373601. https://doi.org/10.1007/s00296-021-04969-2

https://doi.org/10.1016/S2665-9913(21)00251-4
https://doi.org/10.1111/1756-185X.14107
https://doi.org/10.3346/jkms.2021.36.e95
https://doi.org/10.3346/jkms.2021.36.e95
https://doi.org/10.1001/jamanetworkopen.2021.36697
https://doi.org/10.1136/annrheumdis-2021-221575
https://doi.org/10.1016/j.msard.2022.103735
https://doi.org/10.1155/2022/9388813
https://doi.org/10.1016/j.msard.2021.103358
https://doi.org/10.1016/j.msard.2021.103359
https://doi.org/10.1093/cid/ciab954
https://doi.org/10.1016/S2665-9913(21)00351-9
https://doi.org/10.1007/s00296-021-04969-2

