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a b s t r a c t 

We describe the case of a 44-year-old female patient on rituximab for the treatment of multiple sclerosis 

with undetectable severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) IgG specific antibodies 

18 days after the second dose of SARS-CoV-2 vaccine. Interferon-gamma release assay testing for SARS- 

CoV-2 was positive on day 19, demonstrating a robust T cell-mediated response despite the lack of an 

antibody-mediated response. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 
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. Introduction 

Although immunocompromised patients were excluded from 

he mRNA coronavirus disease 2019 (COVID-19) vaccine clini- 

al trials and made up less than 0.5% of participants in the 

anssen/Johnson & Johnson trials, many physician groups are rec- 

mmending vaccination of these groups. ( Jackson et al., 2020; Po- 

ack et al., 2020; Sadoff et al., 2021 ) Vaccine efficacy in immuno- 

ompromised patients is thought to be impaired, with limited data 

pecifically in patients with B cell impairment. ( Boyarsky et al., 

021 ) 

Neutralizing antibodies are thought to play a protective role 

gainst infection, with a decrease in disease severity in patients 

ith early severe acute respiratory syndrome coronavirus 2 (SARS- 

oV-2) infection treated with monoclonal antibodies or high-titer 

onvalescent plasma. ( Weinreich et al., 2020 , Libster et al., 2021 ) 

pike-specific, nucleocapsid-specific, and neutralizing antibodies 

re associated with protection against SARS-CoV-2 infection after 

atural infection. ( Lumley et al., 2021 ) All three vaccines currently 

vailable in the United States elicit high levels of neutralizing anti- 
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odies. ( Sadoff et al., 2021 , Walsh et al., 2020 ) The US Centers for

isease Control and Prevention (CDC) recommend against routinely 

ssessing antibody levels after vaccination. Data are accumulating 

hat patients on immunosuppressive medications exhibit impaired 

ntibody production after COVID-19 vaccination, with concerning 

mplications for vaccine efficacy in this group. ( Boyarsky et al., 

021 ) Rituximab is one example: it is an anti-CD20 monoclonal 

ntibody that depletes B cells in the treatment of hematologic ma- 

ignancies and rheumatologic diseases, and it potently impairs an- 

ibody production after vaccination. 

SARS-CoV-2-specific antibodies are associated with disease 

everity, with lower titers noted after asymptomatic and mild dis- 

ase. ( Chen et al., 2020 ) However, multiple reports of COVID-19 

nfections in individuals with humoral deficiencies have demon- 

trated that uneventful recovery can occur in the absence of anti- 

ody production. ( Gupta et al., 2021 ) For individuals with impaired 

ntibody production, finding an immunologic correlate of protec- 

ion is of great interest. 

CD4 + and CD8 + T cell responses may contribute to protection 

gainst SARS-CoV-2, even in convalescent individuals after asymp- 

omatic or mild infection and in seronegative exposed family mem- 

ers. ( Sekine et al., 2020 , Sette and Crotty, 2021 ) All three available

accines elicit Th1-skewed T cell responses. ( Sadoff et al., 2021 , 

ahin et al., 2020 ) 

A key component of the Th1 response is the production of 

nterferon-gamma (IFN- γ ) by T cells. IFN- γ release assays (IGRAs) 
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Figure 1. Timeline of events. 
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re in vitro blood diagnostics used to measure IFN- γ released by 

ntigen-specific T cells after overnight stimulation with pathogen 

eptides. Several studies have reported on the performance of 

GRAs for the detection of the cellular immune response to SARS- 

oV-2. ( Murugesan et al., 2020 ) We have demonstrated high 

GRA sensitivity in convalescent patients in the weeks following 

OVID-19, which remains sensitive up to 7 months post infec- 

ion. ( Murugesan et al., 2020 ) The SARS-CoV-2 IGRA is offered as 

 laboratory-developed test at Stanford Health Care clinical labo- 

atories. This test uses a combination of four peptide pools, which 

ncludes the corresponding peptides to spike protein, to stimulate 

D4 + and CD8 + T cells and assess IFN- γ concentration by auto- 

ated enzyme-linked immunosorbent assay (ELISA) with a cutoff

alue of 0.35 IU/ml. ( Murugesan et al., 2020 ) In addition to using

he SARS-CoV-2 IGRA to assess for past infection, the SARS-CoV-2 

GRA can also be used to assess the cellular immune response post 

accination. 

. Case description 

We present the case of a 44-year-old female patient whose 

edical history was notable only for multiple sclerosis that was 

ell controlled on rituximab administered at a dose of 500 mg ev- 

ry 6 months for the past 3 years, with no prior multiple sclerosis 

herapies. She had had no symptoms of respiratory infection be- 

ween April 2020 and January 2021 and no known exposures to 

ARS-CoV-2. Rituximab was last administered as an intravenous in- 

usion 14 weeks prior to her first dose of Pfizer/BNT vaccine, with 

wo doses given 21 days apart. Lymphocyte subsets 18 weeks prior 

o and 19 days after the second vaccine dose demonstrated zero 

 cells. SARS-CoV-2-specific antibodies were not evaluated prior 

o vaccination. Eighteen days after the second vaccine dose, SARS- 

oV-2-specific IgG levels were undetectable, identified by Siemens 

nd Diasorin spike protein assays. Nineteen days after second vac- 

ine dose, the SARS-CoV-2 IGRA was strongly positive: antigen mi- 

us nil = 8.39 IU/ml, with reference range < 0.35 IU/ml ( Figure 1 ).

he mitogen nil result was 9.98 IU/ml. 

. Discussion 

It is expected that patients receiving B cell depleting agents 

uch as rituximab will have an impaired antibody response to 

OVID-19 vaccine, as in this case. Despite delaying vaccination un- 

il 14 weeks after her last rituximab dose, the case patient did not 

roduce a detectable antibody response. More notably, this patient 

eadily produced an antigen-specific T cell response detectable 19 
230 
ays after completed vaccination despite having no B cells. The 

ARS-CoV-2 IGRA provided evidence that this patient mounted a 

obust cellular immune response after vaccination, similar to find- 

ngs by others. ( Bonelli et al., 2021 ) Currently, although humoral 

nd cellular immune responses may together reduce disease sever- 

ty, we do not yet know whether a vaccine-generated T cell re- 

ponse in the absence of antibody production provides protection 

gainst COVID-19. ( Sette and Crotty, 2021 ) 

Although current guidance recommends temporarily pausing 

ituximab and other immunosuppression pending COVID-19 vac- 

ination, it is not known whether this practice improves the im- 

unological response. This is an important factor to discuss with 

atients if delaying therapy could incur risks of disease reactiva- 

ion and need for corticosteroids, which impair both humoral and 

ellular immunity. In weighing the risks and benefits of reducing 

r delaying disease-modifying agents, the benefits are not yet de- 

ned. 

There are several limitations in interpreting this case. Without 

re-vaccination testing, we cannot rule out that the patient had 

ad a prior undetected SARS-CoV-2 infection producing the pos- 

tive IGRA. This specific IGRA showed a 10% background positive 

ate in healthy individuals, reflecting either false-positive results, 

symptomatic SARS-CoV-2 exposure, or cross-reactivity with sea- 

onal coronaviruses. 

The findings of positive SARS-CoV-2 IGRA post-vaccination with 

egative antibodies in this patient on rituximab with zero B cells, 

uggests that the IGRA should be studied as a possible correlate of 

rotection after COVID-19 mRNA vaccines in patients on immuno- 

uppressive medications. 
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