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a b s t r a c t 

Objectives: We assessed vaccination-induced antibody and cellular responses against spike from the an- 

cestral strain and from the delta ( δ) SARS-CoV-2 variant in patients with immune-mediated inflammatory 

diseases (IMIDs) on immunosuppressive therapy in comparison with immunocompetent subjects. 

Methods: We enrolled patients with IMID and immunocompetent subjects who completed the vaccina- 

tion schedule within 4–6 months from the first dose. The interferon (IFN)- γ -response to spike peptides 

that were derived from the ancestral and the δ SARS-CoV-2 were measured by ELISA. Anti-Receptor Bind- 

ing Domain IgG antibodies were also evaluated. 

Results: We enrolled 43 patients with IMID and nine immunocompetent subjects. No significant differ- 

ences were found after comparing the specific immune response (IFN- γ ) between patients with IMID and 

immunocompetent subjects to the ancestral (p = 0.36) or δ peptide pool (p = 0.51). Nevertheless, IFN- γ - 

specific responses to the ancestral or to the δ pools were reduced in subjects taking CTLA4-IgG or TNF- 

α inhibitors compared with subjects treated with IL-6 inhibitors or Disease Modifying Anti-Rheumatic 

Drugs. Regarding the antibody response, no significant differences were observed between patients with 

IMID and immunocompetent individuals. 

Conclusions: Cellular responses to δ SARS-CoV-2 variant remain largely intact in patients with IMID. How- 

ever, the magnitude of these responses is dependent on the specific IMID immunosuppressive regimen. 

Serological response was also similar between the IMID and control groups. 

© 2022 The Author(s). 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 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

The World Health Organization (WHO) identified all the vi- 

al variants as variants of concern (VOC), with increased poten- 

ial to spread or capacity to evade the natural or the vaccine- 

nduced protection. The SARS-CoV-2 VOC are the α, β , γ , and δ
ariants ( WHO, 2021 ); moreover, the omicron VOC has been rec- 

gnized very recently ( Viana et al., 2022 ). At the time of writing
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 

https://doi.org/10.1016/j.ijid.2022.04.027
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2022.04.027&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:delia.goletti@inmi.it
https://doi.org/10.1016/j.ijid.2022.04.027
http://creativecommons.org/licenses/by-nc-nd/4.0/


L. Petrone, A. Picchianti-Diamanti, G.D. Sebastiani et al. International Journal of Infectious Diseases 121 (2022) 24–30 

t

w

a

2  

u

n

t

n  

2

t

(

d

t

r

t

I

1  

a

C  

2

a

1

e

1

w

m

w

C  

H

s

r

c

(

2

v

c

s

C

f

C

s

v

p

d

v

t

n

a

t

w

i

M

S

H

p

I

(

c

p

I

s

t

d

D

T

u

d

C

c

t

h  

W

m

m

S

“

t

t

I

o

(

l

P

(

(

u

I

t

w

e

u

6

(

p

I

S

s

A

B

t

(

a

A

i

S

8

p

W

t

p

a

his report, the δ, with 41.4% of sequences identified ( WHO, 2022 ), 

as still a high-spread VOC worldwide, and was associated with 

n exponential increase of infections and deaths ( Cherian et al., 

021 ; Depres et al., 2021 ) owing to its capacity to infect individ-

als with a viral load up to 10 0 0-fold compared with the origi- 

al strain ( Campbell et al., 2021 ). Indeed, several studies evaluated 

he ability of these VOC to bypass the protection induced by the 

atural infection or by vaccines ( Pullian et al., 2022 ; Edara et al.,

021 ), which are based on the ancestral SARS-CoV-2 strain. In par- 

icular, the rate of prevention against the δ variant was reduced 

 Lopez Bernal et al., 2021a ), although the protection against severe 

isease and death was still maintained after a complete vaccina- 

ion ( Lopez Bernal et al., 2021b ), indicating the importance of car- 

ying out the vaccination schedule in the context of high circula- 

ion of the δ variant. 

T cell-specific immunity is important for controlling infection. 

n particular, a coordinated immune response is crucial in COVID- 

9 ( Sette and Crotty, 2021 ) and is pivotal for clearance of the virus

nd for the subsequent induction of B cell response ( Sette and 

rotty, 2021 ; Aiello et al., 2021; Cantini et al., 2020 ; Goletti et al.,

021 ). 

Immune-mediated inflammatory diseases (IMIDs) are associ- 

ted with increased risk of hospitalization and death from COVID- 

9 ( Belleudi et al., 2021 ). Therefore, individuals with these dis- 

ases are considered as a priority target group for the COVID- 

9 vaccine campaign ( Picchianti-Diamanti et al., 2021 ). Recently, 

e and others demonstrated that mRNA vaccines induce an im- 

une response, both humoral and T cell response, in patients 

ith rheumatoid arthritis (RA) ( Picchianti-Diamanti et al., 2021 ; 

onnolly et al., 2021 ; Deepak et al., 2021 ; Jyssum et al., 2021 ).

owever, the magnitude of the response depends on the immuno- 

uppressive therapy. In particular, the lowest T cell viral-specific 

esponse was observed in patients with IMID under therapy with 

ytotoxic T-lymphocyte antigen (CTLA) 4-IgG, tumor necrosis factor 

TNF)- α, or interleukin (IL)-6 inhibitors ( Picchianti-Diamanti et al., 

021 ). 

Few evidences are available on the impact of VOCs on the 

accine-induced T cell response in vulnerable populations. The 

omparison of the interferon (IFN)- γ -secreting T cells that are 

pecific for the ancestral spike and VOC, induced by a SARS- 

oV-2 inactivated vaccine or by mRNA vaccine showed no dif- 

erences among healthy subjects ( Melo-González et al., 2021 ; 

assaniti et al., 2021 ). Recently, a study evaluated the T cell re- 

ponse against the ancestral viral strain and against the α, β , γ
iral variants in subjects on immunosuppressive therapy, including 

atients with chronic inflammatory diseases ( Collier et al., 2021 ), 

emonstrating a reduction of the cellular response against viral 

ariants, particularly in individuals on triple immunosuppressive 

herapy. However, the impact of the most spread δ variant has 

ever been evaluated in patients with IMID. 

Therefore, in this study, we assessed the cellular response 

gainst δ SARS-CoV-2 variant after COVID-19 vaccination in pa- 

ients with IMID on immunosuppressive therapy in comparison 

ith the results from immunocompetent subjects. The vaccine- 

nduced antibody response was also evaluated. 

aterials and Methods 

tudy Population 

Patients with IMID were enrolled at Sant’Andrea University 

ospital in Rome (Approval number 318/2021), at San Camillo Hos- 

ital in Rome (Approval number 1532/2021), and at the National 

nstitute for Infectious Diseases (INMI) Lazzaro Spallanzani-IRCCS 

Approval number 59/2020). Immunocompetent subjects were in- 

luded in the study as controls and were enrolled at INMI (Ap- 
25 
roval numbers 59/2020, 72/2015 and 297/2021). The diagnosis of 

MID was based on objective criteria (ie, RA diagnosis on the ba- 

is of the 2010 criteria of the European League Against Rheuma- 

ism/American College of Rheumatology [Aletaha et al., 2010] and 

isease activity on the basis of clinical examination through the 

isease Activity Score based on C-reactive protein [DAS28-CRP]). 

he inclusion criterion for all the subjects was a vaccination sched- 

le that was completed within four and six months from the first 

ose, whereas the exclusion criterion was a recent or remote SARS- 

oV-2 infection. Some of the patients with IMID are part of the 

ohort previously described within a month of completed vaccina- 

ion ( Picchianti-Diamanti et al., 2021 ). Immunocompetent subjects 

ave been described also in a recent study ( Petrone et al., 2022 ).

ritten informed consent was required to consecutively enroll im- 

unocompetent subjects and patients with IMID; clinical and de- 

ographic information were recorded at enrollment. 

timuli 

Two different spike SARS-CoV-2 peptide pools were used: the 

ancestral” peptide pool, which was designed and carried out on 

he Wuhan-Hu-1 strain (GenBank ID:MN908947) and the “δ” pep- 

ide pool, which was designed and carried out on the GISAID 

D: EPI_ISL_2020950. Ancestral and δ peptide pools consisted of 

verlapping 15-mers by 10, spanning the entire spike proteins 

n = 253). Peptides were synthesized as crude material (TC Peptide 

ab, San Diego, CA, USA) and resuspended in dimethyl-sulphoxide. 

eptide pools were generated on the basis of spike composition 

ancestral or delta [ δ]), followed by sequential lyophilization steps 

 Carrasco et al., 2015 ). Peptide pools were used at 0.1 μg/mL. 

Staphylococcal enterotoxin B (SEB) antigen (Sigma Aldrich) was 

sed at 200 ng/mL. 

FN- γ Whole Blood Assay 

The spike-specific cellular response was evaluated by the de- 

ection of IFN- γ production after the stimulation of whole blood 

ith SARS-CoV-2 pools of peptides, as previously reported ( Petrone 

t al., 2021a–c ). SEB was used as the positive control, whereas 

nstimulated whole blood served as the negative control. Briefly, 

00 μL of whole blood was stimulated overnight in vitro at 37 °C 

5% CO 2 ) with spike peptide pools or SEB in a 48-well flat-bottom 

late. Then, plasma was harvested and stored at –80 °C until use. 

FN- γ level was measured by an automatic ELISA (ELLA, Protein- 

imple) with a detection limit of 0.17 pg/mL. IFN- γ values were 

ubtracted from the negative control value. 

nti-SARS-CoV-2 Specific IgG Evaluation 

The antinucleoprotein IgG (anti-N IgG) and the anti-Receptor 

inding Domain (RBD) IgG (Architect® i20 0 0sr Abbott Diagnos- 

ics, Chicago, IL, USA) were evaluated as previously reported 

 Agrati et al., 2021 ). Anti-N IgG are expressed as index, whereas 

nti-RBD IgG are expressed as binding antibody units (BAU)/mL. 

nti-N IgG values ≥1.4 or anti-RBD IgG ≥7.1 were considered pos- 

tive. 

tatistical analysis 

Data were analyzed using GraphPad software (GraphPad Prism 

 XML ProjecT). Median and interquartile range (IQR) were re- 

orted. The following nonparametric tests were applied: Kruskal- 

allis test for comparisons among groups and Mann-Whitney U 

est or Wilcoxon test (for unpaired or paired data, respectively) for 

airwise comparisons with Bonferroni correction. Categorical vari- 

bles were analyzed by the chi-square test. Spearman rank test 
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Table 1 

Demographical and clinical characteristics of the 52 enrolled subjects 

Characteristics IMID immunocompetent P value 

N (%) 43 9 

Age median (IQR) 60 (55–66) 28 (25–53) 0.0006 ∗

Female N (%) 37 (82.2) 5 (55.6) 0.08 ∗∗

Origin N (%) West Europe 39 (90.7) 9 (100.0) 0.91 ∗∗

East Europe 2 (4.7) 0 (0) 

Africa 1 (2.3) 0 (0) 

Sud America 1 (2.3) 0 (0) 

Positive anti-RBD IgG 39 (90.7) 9 (100) 0.34 ∗∗

Rheumatologic Treatment N (%) 

TNF- α-inhibitors + /- 

DMARD/corticosteroids 

6 (14.0) - 

IL-6-inhibitors + /- 

DMARD/corticosteroids 

8 (18.6) - 

CTLA4-IgG + /-DMARD/ 

corticosteroids 

8 (18.6) - 

JAK-inhibitors + /-DMARD/ 

corticosteroids 

3 (6.9) - 

DMARD + /- corticosteroids 17 (39.5) - 

corticosteroids 1 (2.3) - 

Disease activity 

median (IQR) 

DAS28-CRP 3.1 (2.2–3.8) § - 

Footnotes: DMARDs, Disease-Modifying Antirheumatic Drugs; DAS28, Disease Activity Score 28; N, Number; IQR, Interquartile range; ∗Mann-Whitney test; ∗∗

Chi-square test. § data available in 42/43 patients. 
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as used to evaluate correlations: r > 0.7 indicated a high corre- 

ation, 0.7 < r > 0.5 indicated a moderate correlation, and r < 0.5 a

ow correlation. Differences were considered significant if p-values 

ere < 0.05 or < 0.008 after Bonferroni correction. 

esults 

haracteristics of the enrolled subjects 

We enrolled 43 patients with IMID and nine immunocompetent 

ubjects. The 97.7% (42/43 subjects) of patients with IMID had RA 

nd one patient had pemphigus. All patients with IMID were under 

reatment for their disease. The treatments included methotrex- 

te or other disease-modifying antirheumatic drugs (DMARDs), 

ow dosage of corticosteroids (prednisone < 7.5 mg/day or equiv- 

lent), biologic drugs, and/or combinations of these therapies. Pa- 

ients with IMID were stratified according to the therapy regi- 

en. In particular, the following groups were considered: CTLA4- 

gG with or without DMARDs or corticosteroids (n = 8 patients); 

L-6-inhibitors with or without DMARDs or corticosteroids (n = 8 

atients); TNF- α-inhibitors with or without DMARDs or corticos- 

eroids (n = 6 patients); DMARDs with or without corticosteroids 

n = 17 patients); Janus Kinases (JAK)-inhibitors with or without 

MARDs or corticosteroids (n = 3 patients), and corticosteroids 

nly (n = 1 patient). The majority of patients with RA had a 

oderate disease activity with a median DAS28-CRP of 3.1 (IQR: 

.2–3.8). The majority of the subjects with IMID (40/43) inter- 

upted methotrexate and/or JAK-inhibitors intake for one week af- 

er each vaccine dose; patients assuming CTLA4-IgG stopped the 

rug one week before and after the first dose only ( Picchianti- 

iamanti et al., 2021 ). 

The group of immunocompetent subjects included five healthy 

onors, three subjects with tuberculosis infection, and one subject 

ith pneumonia (not COVID-19 related). 

The IMID group showed a significantly higher median age than 

he immunocompetent subjects (p = 0.0 0 06). However, within the 

MID group, the median age of patients taking different therapies 

as similar (p = 0.165) ( Table 2 ). 

The demographic and clinical information of the enrolled sub- 

ects are described in Table 1 . 
26 
accinated patients with IMID show an IFN- γ -specific response to 

pike from δ SARS-CoV-2 variant, similar to immunocompetent 

ubjects 

We evaluated the IFN- γ -specific response to spike from the an- 

estral strain and from the δ SARS-CoV-2 variant in patients with 

MID and in immunocompetent subjects. IFN- γ response to the 

ncestral peptide pool was slightly lower than that observed in 

esponse to the δ peptide pool in both patients with IMID (an- 

estral: median 2.03 pg/mL, IQR: 0.11–18.8 pg/mL; δ: median 2.27 

g/mL; IQR: 0.04–12.4) and immunocompetent subjects (ancestral: 

edian 3.89 pg/mL, IQR: 1–79 pg/mL; δ: median 4.56 pg/mL; IQR: 

.16–95.2) ( Figure 1 A; Supplementary Figure 1A), reaching statisti- 

al significance in the IMID group (p = 0.0127). More importantly, 

o significant differences were found in the IFN- γ levels between 

atients with IMID and immunocompetent subjects in response to 

he ancestral (p = 0.36) or to δ peptide pool (p = 0.51) (Supplemen- 

ary Figure 1A). 

FN- γ -specific response to spike from the δ SARS-CoV-2 variant in 

atients with IMID is associated with the drug regimen 

We stratified patients with IMID into four groups according 

o the drug regimen. We identified six different groups as previ- 

usly reported; however, the JAK inhibitors and the corticosteroids 

roups were excluded from this analysis owing to the low number 

f the subjects included in these groups. 

Although not significant, the IFN- γ -specific responses to the an- 

estral or to the δ pools were reduced in subjects under CTLA4- 

gG or TNF- α-inhibitors compared with subjects who were treated 

ith IL-6-inhibitors or DMARDs ( Figure 1 B and Supplementary Fig- 

re 1B). In particular, the IFN- γ response to the δ pool in patients 

nder IL-6-inhibitors or DMARDs was higher than that observed 

n subjects taking CTLA4-IgG, although the differences were not 

ignificant after applying statistical corrections (p = 0.0468 and 

 = 0.022, respectively) (Supplementary Figure 1B). 

umoral response correlates with IFN- γ -specific response to spike 

rom ancestral and δ SARS-CoV-2 

We evaluated the vaccine-induced humoral response by mea- 

uring the anti-N and anti-RBD IgG levels. All the enrolled subjects 
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Table 2 

Age and time range from the first vaccine dose of patients with IMID taking different therapies 

TNF- α-inhibitors + /- 

DMARDs/corticosteroids 

IL-6-inhibitors + /- 

DMARDs/corticosteroids 

CTLA-4-inhibitors + /- 

DMARDs/corticosteroids 

JAK-inhibitors 

+ /-DMARDs/ 

corticosteroids 

DMARDs + /- 

corticosteroids 

corticosteroids P value 

Age years Median (IQR) 58 (50–73) 59 (43–65) 57 (53–61) 59 (53–72) 63 (59–67) – 0.165 ∗

Days from 1 dose Median 

(IQR) 

178 (170–195) 180 (170–185) 180 (176–184) 189 (178–205) 181 (174–186) – 0.635 ∗

Footnotes: DMARDs, Disease-Modifying Antirheumatic Drugs; IQR, Interquartile range; ∗Kruskall-Wallis test. 

Figure 1. Vaccinated patients with IMID show a T cell-specific response to spike from δ SARS-CoV-2 variant. A. IFN- γ levels in response to spike from ancestral or δ

SARS-CoV-2 in each patient with IMID (left panel) and immunocompetent subject (right panel). B. IFN- γ levels in response to spike from ancestral or δ SARS-CoV-2 in each 

patient with IMID treated with CTLA4-IgG ( ± DMARDs or corticosteroids), IL-6 inhibitors ( ± DMARDs or corticosteroids), TNF- α inhibitors ( ± DMARDs or corticosteroids) 

or DMARDs ( ± corticosteroids). IFN- γ levels were measured by ELLA. Wilcoxon test was used for pairwise comparisons. Differences were considered significant if p < 0.05. 

Footnotes: IFN: Interferon; CTLA4: Cytotoxic T-Lymphocyte Antigen 4; TNF: Tumor Necrosis Factor; IL: Interleukin; DMARD: Disease-Modifying Anti-Rheumatic Drug; IMID: 

Immune-Mediated Inflammatory Diseases. 
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cored negative in the anti-N IgG evaluation (Supplementary Fig- 

re 2). Regarding the anti-RBD response, no significant differences 

ere observed between IMID and immunocompetent IgG levels 

 Figure 2 A); moreover, all the immunocompetent subjects scored 

ositive (9/9, 100%), whereas within the IMID group, 39/43 (90.7%) 

ubjects had detectable anti-RBD IgG and four subjects were non- 

esponders ( Table 1 ). Stratifying patients with IMID on the basis 

f therapy, no significant differences were observed among the 

roups analyzed ( Figure 2 B); however, 2/4 (50%) of nonresponder 

ubjects fell in the CTLA4-IgG group ( Figure 2 B). 

A low significant correlation was found between the anti-RBD 

gG and the IFN- γ levels in response to both the ancestral and the 

spike (ancestral: r s = 0.38, p = 0.006; δ: r s = 0.36, p = 0.009)

Supplementary Figure 3). 

iscussion 

The impact of VOCs on the vaccine-induced immune response 

s of utmost importance, especially in vulnerable populations, such 

s patients with IMIDs. We showed that, after vaccination, patients 

ith IMID have a similar cellular immune response to the ances- 
27 
ral or δ spike compared with immunocompetent subjects. How- 

ver, stratifying patients on the basis of the therapy regimen, we 

bserved a trend of decreasing T cell-specific response in patients 

aking CTLA4-IgG or TNF- α inhibitors. These results, if confirmed 

n further studies, may be helpful in guiding vaccine strategies and 

mmunosuppressive treatment schedules during vaccination. 

Regarding the T cell-specific response, the observed decrease is 

ikely due to the well-known impact of CTLA4-IgG on the down- 

egulation of the antigen presentation thus preventing T cell acti- 

ation ( Bonelli and Scheinecker, 2018 ). In contrast, TNF- α is a key 

actor in all acute inflammatory reactions; therefore, its inhibition 

ay have broader effects on T cell responses. 

Regarding the antibody response, no significant differences 

ere observed for the anti-RBD IgG response, both quantitatively 

nd qualitatively, between patients with IMID and immunocom- 

etent subjects. We only found a reduced number of responders 

n patients under CTLA4-IgG, although, it is known that immuno- 

uppressive therapies may have an impact on the antibody re- 

ponse to anti-SARS-CoV-2 vaccines, as recently shown ( Picchianti- 

iamanti et al., 2021 ; Connolly et al., 2021 ; Deepak et al., 2021 ;

aberman et al., 2021 ). 
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Figure 2. Vaccinated patients with IMID show a humoral response similar to immunocompetent subjects. A. IMID patients and immunocompetent subjects have similar 

anti-RBD IgG level. B Patients with IMID stratified based on the ongoing immunosuppressive therapy do not have significant different anti-RBD responses. Horizontal lines 

represent medians. Dotted lines represent ELISA IgG cut-off; anti-RBD IgG levels were measured by ELISA. Mann-Whitney test was used for pairwise comparisons. Differences 

were considered significant if p < 0.05 (A) or p < 0.008 (B). Footnotes: RBD: Receptor Binding Domain; BAU: Binding Antibody Units; CTLA4: Cytotoxic T-Lymphocyte Antigen 

4; TNF: Tumor Necrosis Factor; IL: Interleukin; DMARD: Disease-Modifying Antirheumatic Drug; IMID: Immune-Mediated Inflammatory Diseases. 
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All these findings are relevant in light of new VOC identification 

nd of co-circulation of different VOCs. In this regard, recently, the 

 cell response to spike of the omicron variant has been found in 

oth mRNA-vaccinated subjects at 6 months from the second dose 

nd in convalescent subjects with COVID-19 who were infected 

ith the ancestral strain, demonstrating that spike-specific CD4 + 

nd CD8 + T cell responses are not weakened by the omicron vari- 

nt ( Gao et al., 2022 ). Further studies on vaccinated patients with 

MID are warranted to confirm these data. 

Limitations of the study are related to the low number of sub- 

ects evaluated. However, the patients with IMID described here 

epresent the real-world clinical scenario of the patients with RA 

nder different immunosuppressive therapies, and they are homo- 

eneous in terms of age and disease activity. Altogether, these pa- 

ameters are the premise to generate results that can lead to reli- 

ble considerations. Moreover, the study performed is complete in 
28 
erms of immune responses evaluated, as both T and B cell com- 

onents were studied. 

In conclusion, we demonstrated that cellular responses to δ
ARS-CoV-2 variant remain largely intact in IMID. However, the 

agnitude of these responses may be dependent on the type of 

mmunosuppressive regimen. These findings are important to in- 

rease our knowledge on the vaccines against COVID-19 and to 

ake strategies to halt the COVID-19 pandemic. 
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