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Protecting the immunosuppressed against COVID-19

• Immunosuppression increases risk 
of severe COVID-19, including 
death

• BCDT, increased disease activity/PDN, 
JAKi, polytherapy including TNFi

• Variants emerge from patients with 
prolonged SARS-CoV-2 infection 
(>3 months)

• Immunosuppression major risk factor in 
this scenario

Variant emergence in the immunosuppressed

Avanzato et al, Cell, 2020

Choi et al, New Engl J Med, 2020/Clark et al, Cell, 2021

Kemp et al, Nature, 2021

Troung et al, eBioMedicine, 2021

Corey et al, New Engl J Med, 2021

Immunosuppression & COVID-19 severity

Gianfrancesco et al, Ann Rheum Dis, 2020

Schäfer et al, Ann Rheum Dis, 2021

Strangfeld et al, Ann Rheum Dis, 2021

Sparks et al, Ann Rheum Dis, 2021



Outline

• Exploration of the types of immune responses induced by vaccination
• The Spike protein: the target for protective immunity
• Focus on B cell responses: how immunizing with one variant can protect against other 

variants

• The impact of immunosuppression on vaccine-induced immunity
• Associations of specific MOAs on humoral responses
• Nuances in antibody quality: lessons from TNF inhibition
• Impact of holding medications: lessons from MTX
• Role of providing additional doses: lessons from solid organ transplant pts and on BCDT

• Pre-exposure prophylaxis: monoclonal antibodies (tixgevimab/cilgavimab)
• Discussion on protection against variants of concern
• Early data on preventing severe infection
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SARS-CoV-2: Spike protein key to vaccine protection

Most potently neutralizing mAbs recognize the RBD of Spike

Case et al., Virology, 2020

Errico et al., Cell Reports, 2021

RBD: receptor binding domain

RBM: receptor binding motif



Simple view of how vaccines works
Successful immune responses due to vaccination includes production of protective 

antibodies and generation of memory cells

The College of Physicians of Philadelphia (https://www.historyofvaccines.org/content/how-vaccines-

work)

Accession date: 31 July 2021

https://www.historyofvaccines.org/content/how-vaccines-work


How does immunizing against one variant protect 
us from several variants?
Role of the germinal center

Sanz et al., Front Immunol, 2019

•The role of the germinal center reaction for high-
quality antibody production

• Somatic hypermutation (SHM): this is good to 
enhance antibody diversity

• Affinity maturation: this is good to increase antibody 
binding to antigen

• Isotype switching: this is good to help with antibody 
function

• Generates memory B cells

• Disadvantage: takes a couple weeks to mature

•But what about this extrafollicular pathway?

• Rapid onset of activity (within days)

• Disadvantages

• Attenuated proliferation: reduced SHM potential, 
reduced Ab diversity and binding strength

• Minimal memory B cell formation

Important take-home point: when 

reading immunogenicity papers, need to 

note WHEN the samples are taken



Germinal centers persist after SARS-CoV-2 mRNA 
vaccination for months
Likely >7 months

Influenza vax: Turner et al, Nature, 2020

Long duration of GC responses likely has 
major implications on reintroducing 
immunosuppressive medications



Outline

• Exploration of the types of immune responses induced by vaccination
• The Spike protein: the target for protective immunity
• Focus on B cell responses: how immunizing with one variant can protect against other 

variants

• The impact of immunosuppression on vaccine-induced immunity
• Associations of specific MOAs on humoral responses
• Nuances in antibody quality: lessons from TNF inhibition
• Impact of holding medications: lessons from MTX
• Role of providing additional doses: lessons from solid organ transplant pts and on BCDT

• Pre-exposure prophylaxis: monoclonal antibodies (tixgevimab/cilgavimab)
• Discussion on protection against variants of concern
• Early data on preventing severe infection



Antibody responses in the immunosuppressed with 
IMIDs
Consensus: most can generate responses immediately after full series of 

vaccine

Boekel et al, Lancet Rheumatol, 2021

Braun-Moscovici et al, Ann Rheum Dis, 2021

Connolly et al, Ann Intern Med, 2021

Deepak et al, Ann Intern Med, 2021

Furer et al, Ann Rheum Dis, 2021

Geisen et al, Ann Rheum Dis, 2021

Haberman et al, Ann Rheum Dis, 2021

Mahil et al, Lancet Rheumatol, 2021

Prendecki et al, Ann Rheum Dis, 2021

Ruddy et al, Ann Rheum Dis, 2021

Simon et al, Ann Rheum Dis, 2021
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BCDT >> MMF >> GCC > MTX/AZA/JAKi/TNFi > 
immunocompetent



Glucocorticoid immunogenicity
Dose-dependence unclear

•9-fold reduction (n=40) compared to 
immunocompetent

•Even some on low-dose (≤ 5 mg/day PDN 
equivalent) mounted very poor responses

•May be confounded by concomitant 
medication use

• Boekel et al, Lancet Rheumatol, 2021

• Ruddy et al, Ann Rheum Dis, 2021

Deepak et al, Ann Int Med, 2021

Boekel et al, Lancet Rheumatol, 2021

Haberman et al, Ann Rheum Dis, 2021



Glucocorticoid immunogenicity
Dose-dependence unclear

•9-fold reduction (n=40) compared to 
immunocompetent

•Even some on low-dose (≤ 5 mg/day PDN 
equivalent) mounted very poor responses

•May be confounded by concomitant 
medication use

• Boekel et al, Lancet Rheumatol, 2021

• Ruddy et al, Ann Rheum Dis, 2021

Ruddy et al, Ann Rheum Dis, 2021



Antimetabolite immunogenicity
MMF/MPA greatly blunts humoral responses

•Compared to immunocompetent:

•MMF/MPA (n=17): 21-fold reduction

•MTX (n=51): 4.4-fold reduction

•AZA (n=18): 3.5-fold reduction

Deepak et al, Ann Int Med, 2021

Boekel et al, Lancet Rheumatol, 2021

Haberman et al, Ann Rheum Dis, 2021



Antimetabolite immunogenicity
GC machinery virtually absent in kidney transplant patients

•Major GC issues in kidney transplant patients 
after vaccination (likely similar to MMF patients):

• No GC B cells (C)

• No antibody producing cells to Spike (G)

• Greatly reduced Tfh cells (H)

• No neutralizing antibodies (J and K)

• V1: prevax, V2: after 1st dose, V3: after 2nd dose

Lederer et al, Cell, 2022

H



bDMARD/tsDMARD immunogenicity
BCDT virtually eliminates humoral responses

•Compared to immunocompetent:

•BCDT (n=21): 57.7-fold reduction

•JAKi (n=15): 8.6-fold reduction

•TNFi (n=68): 2.3-fold reduction (we’ll come 
back to TNFi later…)

Boekel et al, Lancet Rheumatol, 2021

Braun-Moscovici et al, Ann Rheum Dis, 2021

Deepak et al, Ann Intern Med, 2021

Furer et al, Ann Rheum Dis, 2021

Haberman et al, Ann Rheum Dis, 2021

Mahil et al, Lancet Rheumatol, 2021



BCDT immunogenicity
Timing may be important (6-9 months?)

Moor et al, Lancet Rheumatol, 2021

Stefanski et al, Arthritis Rheumatol, 2021

Schulz et al, Front Immunol, 2021

Humoral responses somewhat associate with presence 

of peripheral B and T cells in other studies



BCDT immunogenicity
Reductions in circulating memory B cells, Tfh cells (albeit modest)

Apostolidis et al, Nat Med, 2021, PMID: 34522051



Breakthrough infections
Delta predominance correlated with increased rate of breakthrough infections

Sun et al., JAMA Int Med, 2022, PMID: 34962505



Breakthrough infections
Increased rate of associated with low Ab responses

Boeckel et al., Lancet Rheumatol, 2022



Breakthrough infections
Pre-Omicron, vaccine effectiveness very high among 

immunosuppressed

Widdifield et al., Lancet Rheumatol, 2022, PMID: 35441151

5.9%

6.1%

6.5%

5.4%
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So you have antibodies: are you protected?
Lessons from TNFi users

Immunosuppression generally reduced cross-variant 

neutralization titers, but those on TNFi had substantial issues

Chen et al, Med, 2021, PMID: 34812429
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Beneficial effects of boosting
Vast majority of immunosuppressed improved Ab titers after 3rd dose

Wieske et al, Lancet Rheumatol, 2022, PMID:35317410



Beneficial effects of boosting
All TNFi users restored cross-variant neutralization after 3rd dose

Chen et al, Med, 2021, PMID: 34812429



Revisiting boosting: can it help everyone?
Patients with SOT continue to improve Ab titers with 4th dose

Caillard et al, Ann Int Med, 2022, PMID: 35007148

Alejo et al, Transplantation, 2021, PMID: 34428188

Kamar et al, JAMA Netw Open, 2021, PMID: 34817587



Revisiting boosting: can it help everyone?
Majority on BCDT with poor responses still have poor responses post-booster

Jyssum et al, Lancet Rheumatol, 2022, PMID: 34977602
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Holding meds: can it also help?
Neutralizing Ab titers to D614G improve with holding MTX for ≥10 days

De Silva et al, Ann Rheum Dis, 2022, PMID: 35288376
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Tixagevimab/cilgavimab (Evusheld)
Concerns about ability to neutralize Omicron subvariants: Is it useless?

https://www.cancertherapyadvisor.com/home/cancer-topics/hematologic-cancers/covid19-omicron-blood-cancer-evusheld-appears-less-effective/

Accession date: 14 July 2022

https://www.cancertherapyadvisor.com/home/cancer-topics/hematologic-cancers/covid19-omicron-blood-cancer-evusheld-appears-less-effective/


Tixagevimab/cilgavimab (Evusheld)
Background

• Two mAbs (IgG1κ) with high 
affinity binding to distinct epitopes 
on spike protein
• Kd tixagevimab = 2.76 pM
• Kd cilgavimab = 13.0 pM
• Kd combination = 13.7 pM

• Each Ab (300 mg, 1.5 mL) 
administered separately IM 
(gluteal ideally)

• Modifications to Fc domain nearly 
tripled IgG t1/2



Tixagevimab/cilgavimab (Evusheld)
FDA EUA granted for use as PrEP 08 Dec 2021

• For use in individuals ≥ 12 yo weighing ≥ 40 kg

• Broad indications for use



Tixagevimab/cilgavimab (Evusheld)
Wide range of medical conditions eligible, similar to vaccine 

rollout

• No utility of Ab testing



Tixagevimab/cilgavimab (Evusheld)
Generally, mAbs for SARS-CoV-2 have issues binding to Omicron 

RBD

COV2-2196: parent mAb of AZD8895 (tix)

COV2-2130: parent mAb of AZD1061 (cil)

S309: parent mAb of VIR-7831 (sotrovimab)

VanBlargan et al, Nat Med, 2022, PMID: 35047673
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Generally, mAbs for SARS-CoV-2 have issues binding to Omicron 

RBD

COV2-2196: parent mAb of AZD8895 (tix)

COV2-2130: parent mAb of AZD1061 (cil)

S309: parent mAb of VIR-7831 (sotrovimab)

147/12 = 12.5-fold reduction in EC50 

against Omicron for Evusheld

VanBlargan et al, Nat Med, 2022, PMID: 35047673



Cilgavimab unique in its binding of Spike
Binding site largely away from RBM of Spike

VanBlargan et al, Nat Med, 2022, PMID: 35047673

COV2-2196: parent mAb of AZD8895 (tix)

COV2-2130: parent mAb of AZD1061 (cil)

S309: parent mAb of VIR-7831 (sotrovimab)



Tixagevimab/cilgavimab (Evusheld)
Omicron neutralization

• Is that bad? Is Evusheld DOA?

• Remember, IC50 is 147 ng/mL 
against BA.2

• At 7 months post-administration, 
serum Ab levels ~27x higher than 
IC50

• Thinking we should be OK?



Real-world tix/cil experience appears good
BCDT patients fully vaccinated with documented COVID-19

Calabrese et al, Arthritis Rheumtol, 2022, PMID: 35791921



Conclusions

•Most immunosuppressed patients with IMID will mount acute humoral 
responses

•Greatest risk of poor responses:

•BCDT >> MMF >> GCC > MTX/AZA/JAKi/TNFi > immunocompetent

•T cells in BCDT patients present, but likely are dysfunctional and may not be protective

•Intensive immunosuppressive therapies destroy GC responses

•TNFi associates with poorer cross-variant neutralization in the long-term, which 
restores with boosting (clinical impact of impaired Fc effector functions?)

•How to mitigate, especially for the B cell depleted?

•Keep vaccinating: solid organ transplant patients eventually make responses

•Pre-exposure prophylaxis (PrEP): Tixagevimab/cilgavimab (Evusheld)!! Probably the 
single best option for many of our patients in the short-term

•Drug holidays?




