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Abstract

Patients with type 1 diabetes (T1D) may develop severe outcomes during COVID-19 disease, but 

their ability to generate an immune response against the SARS-CoV-2 messenger RNA (mRNA) 

vaccines remains to be established. Here we evaluated the safety, immunogenicity and 

glycometabolic effects of the SARS-CoV-2 mRNA vaccines in patients with T1D. A total of 375 

patients, 326 with T1D and 49 non-diabetics, who received two doses of the SARS-CoV-2 mRNA 

vaccines (mRNA-1273, BNT162b2) between March and April 2021 at the ASST FBF-Sacco 

Milan, Italy, were included in this monocentric observational study (NCT04905823). Local and 

systemic adverse events were reported in both groups after SARS-CoV-2 mRNA vaccination 

without statistical differences between them. While both T1D patients and non-diabetic subjects 

exhibited a parallel increase in anti-SARS-CoV-2S titers after vaccination, the vast majority of 

T1D patients (70% and 78% respectively) did not show any increase in the SARS-CoV-2-specific 

cytotoxic response as compared to the robust increase observed in all non-diabetic subjects. A 

reduced secretion of the T cell-related cytokines IL-2 and TNF-alpha in vaccinated patients with 

T1D was also observed. No glycometabolic alterations were evident in patients with T1D using 

continuous glucose monitoring during follow-up. Administration of the SARS-CoV-2 mRNA 

vaccine is associated with an impaired cellular SARS-CoV-2-specific cytotoxic immune response 

in T1D patients. 
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Introduction

Patients affected by both type 1 (T1D) and type 2 (T2D) diabetes may develop more severe 

outcomes during SARS-CoV-2 infection (1; 2) and the glycometabolic control is altered during 

COVID-19 (3; 4). The recent availability of novel vaccines against SARS-CoV-2 (5) suggests that 

primary prevention based on vaccination may be a key-strategy to dampen the risks associated 

with COVID-19 in patients with T1D. Because an impaired humoral/cellular immune response to 

vaccination was hypothesized in patients with diabetes (6-8), careful consideration of age and 

timing of disease onset has been proposed when considering vaccination for T1D. While benefits 

are known for common vaccinations, the use of novel vaccines, as it is the one for SARS-CoV-2, 

may be challenging (8-10). Given the more severe outcomes during SARS-CoV-2 infection (11), 

patients with T1D should represent a priority group to receive the COVID-19 vaccine (12), 

although studies in this population are lacking (13). Here we assessed the safety, immunogenicity 

and glycometabolic effects of the SARS-CoV-2 mRNA vaccines in patients with T1D, and we 

provide new evidence for an impaired SARS-CoV-2-specific cellular cytotoxic immune response 

in T1D patients. 

Research Design and Methods

Study design and participants

This monocentric observational study was conducted at the Endocrinology and Diabetology Unit, 

ASST FBF-Sacco, Milan, Italy according to the principles of the Declaration of Helsinki and the 

protocol was approved by the Comitato Etico Milano Area 1 (CoVaxT1D, NCT04905823). 326 

patients with T1D and 49 non-diabetic “frail” patients defined based on the guidelines issued by 

the Italian Ministry of Health and including also caregivers/family members of patients with T1D 

Page 4 of 28

For Peer Review Only

Diabetes
D

ow
nloaded from

 http://diabetesjournals.org/diabetes/article-pdf/doi/10.2337/db22-0053/678957/db220053.pdf by guest on 05 July 2022



4

(Table 1), received two doses of SARS-CoV-2 mRNA vaccines (Supplementary Table 1), between 

March 26, 2021, and April 18, 2021 and signed informed consent (Supplementary Fig. 1). Patients 

with active COVID-19 or diagnosis of COVID-19 within the previous 3 months were excluded. 

The primary outcomes of the present study were the safety of the mRNA vaccines in patients with 

T1D, as measured by the occurrence of local/systemic adverse events reported, humoral 

immunogenicity, as measured by anti-SARS-CoV-2 Spike antibody levels and cell 

immunogenicity, as measured by increase in SARS-CoV-2 cytotoxic cellular response in vitro. 

The secondary outcome was to evaluate the effect of the mRNA vaccines on glycemic control in 

patients with T1D, as measured by continuous glucose monitoring (CGM), (3). Samples and data 

were analyzed before vaccination, after dose 1 and 2.

Immunological studies

SARS-CoV-2 Spike antibody detection

The humoral response was analyzed using ROCHE Elecsys Anti-SARS-CoV-2 serology test (La 

Roche Ltd, Basel, Switzerland), which captured IgG, IgM and to a lesser extent IgA against SARS-

CoV-2 Spike antigen (receptor-binding domain), with signal to cutoff (S/Co) values of ≥ 1.0 

reported as positive (14). An in vitro neutralization assay (NTA), as already described (15), was 

used to validate anti-SARS-CoV-2 antibodies titers detected in seronegative vaccinated patients 

with T1D by performing a Spearman’s correlation analysis between antibodies titers detected by 

NTA and the Elecsys assay. 

In vitro immune cellular response 

1x106 peripheral blood mononuclear cells (PBMCs) (16), obtained from frail subjects or T1D 

patients before and after vaccination, were cultured with/without SARS-CoV-2 spike and 

nucleocapsid recombinant proteins (PR-nCoV-3/PR-nCoV-1, Novatein Biosciences, Inc, Woburn, 
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MA), 500 ng/ml for 48 hours (17). Vaxigrip (quadrivalent split-virion influenza vaccine peptides, 

Sanofi-Pasteur, 0.25 ug/ml) and glutamate transporter-1 (GLT-1, Genscript, Piscataway, NJ, 50 

ug/ml) were included as positive and negative controls. Supernatants were tested for 

perforin/granzyme A (HCD8MAG-15K, Merck-Millipore, Burlington, MA) and T cell-related 

cytokines (M500KCAF0Y, Bio-Rad Laboratories, Hercules, CA) by a Bio-Plex 200 System. An 

increase in cytotoxic response was assessed as a fold increase >0.1 for perforin and >0.01 for 

granzyme A respectively. Cut points of 0.1 and 0.01 were defined based on the difference detected 

for each analyte, measured at each timepoint and normalized to baseline value. To test the specific 

response to SARS-CoV-2 antigens, the number of IFN--producing cells (BD Biosciences, USA) 

was assessed in an ELISpot assay as already described (17).  

Statistical analysis 

The Fisher’s exact test, one-way and two-way ANOVA, the Kruskal-Wallis tests, adjusted for 

multiple comparisons, and the Mann-Whitney tests, were used in the analyses of baseline 

characteristics, side effects, humoral and cellular response, CGM parameters. Multivariable 

logistic regression was used to model the relationships between co-factors and cellular response 

(Stata version 12; StataCorp). Statistical significance was determined at α <0.05. GraphPad Prism 

7 (San Diego, CA) was used to generate graphs. 

Data availability

The datasets and resources generated during and/or analyzed during the current study are available 

from the corresponding author on reasonable request.

Results 

Patients’ characteristics
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We included 375 patients consecutively administered a SARS-CoV-2 mRNA vaccine, of whom 

326 patients had long-term T1D (22.9±14.2 years) and 49 subjects had no diabetes but were 

considered as medically frail/caregivers according to the Italian Ministry of Health guidelines 

(Supplementary Fig. 1, Table 1). The mean age of patients with T1D was 45.9 ± 9.0 years old, and 

180 (55%) were male, while in nondiabetic medically frail patients/caregivers mean age was 61.0 

± 12.9 years old, and 21 (43%) were male (Table 1). No differences were observed with regard to 

type of vaccine administered (Supplementary Table 1), BMI, concomitant therapy (except for 

insulin treatment), and major clinical comorbidities, with a higher frequency of autoimmune 

thyroiditis observed in patients with T1D (Table 1). 

Safety

No differences were observed between patients with T1D and non-diabetic subjects with regard to 

local and systemic side effects after vaccination (Supplementary Fig. 2A-B). Local pain was the 

most common local side effect, reported equally after dose 1 and 2 of the vaccine (72.6% vs 73.7%, 

p=0.78), (Supplementary Fig. 2A-B). Systemic adverse events, consisting mainly of weakness and 

fever, were more frequent after dose 2 (Supplementary Fig. 2A-B). 

Immunogenicity

Humoral immunity

With regard to SARS-CoV-2 humoral response, patients with T1D who were seronegative for 

COVID-19 showed an increase in median IgG levels both after dose 1 and 2 (60.4 and 2058.0 

U/ml respectively) (Fig. 1A-C). This observation was paralleled in subjects who had no diabetes 

at both timepoints (46.3 and 1965.0 U/ml respectively) (Fig. 1A-C), with a response rate 

comparable between the two groups. These data indicate that the administration of two doses of 

the SARS-CoV-2 mRNA vaccine elicited a humoral response in patients with T1D. In a subgroup 
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analysis performed on 15% (49/326) of patients with T1D and 14.3% (7/49, p=0.99) of non-

diabetic subjects who underwent full vaccination but were seropositive for COVID-19 (i.e., 

experienced asymptomatic SARS-CoV-2 infection, baseline S/Co IgG value of ≥ 1.0), the analysis 

of the humoral response revealed no differences between the two groups (Supplementary Fig. 3). 

Finally, our assay captured neutralizing activity as shown by a positive correlation between anti 

SARS-CoV-2 titers determined by our assay with titers of neutralizing antibodies as measured by 

an in vitro neutralization assay (Fig. 1D).  

Cellular immunity

To address whether an immune cytotoxic response against SARS-CoV-2 was elicited with 

vaccination, we re-challenged isolated PBMCs with SARS-CoV-2 peptides at baseline, after dose 

1 and 2 in a Milliplex MAP Human assay. Patients with T1D showed no increase in the granzyme 

A and perforin SARS-CoV-2-specific T cell release in the supernatant after vaccination as 

compared to baseline, while a 2-3-fold increase in both granzyme A and perforin production was 

evident in non-diabetic subjects (Fig. 2A-B), which was also confirmed by testing negative (<1-

fold increase) and positive controls (10- and 7-fold increase for granzyme A and perforin 

respectively). Interestingly, only 30% of T1D patients showed an increased SARS-CoV-2-specific 

T cell cytotoxic response after dose 1, as compared to 80% of non-diabetic subjects (Fig. 2C). This 

observation was confirmed after dose 2 in patients with T1D, with 22% of patients 

developing/maintaining an increased SARS-CoV-2-specific T cell cytotoxic response, although 

the rate of non-diabetic subjects developing a cytotoxic response was lower (57%, Fig. 2D). 

Furthermore, the reduced cytotoxic response detected in T1D was also confirmed after controlling 

for other factors potentially involved (age, sex, concomitant diseases, Supplementary Table 2). 

These findings suggest that SARS-CoV-2 mRNA vaccines fail to elicit a robust cytotoxic response 
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against SARS-CoV-2 in the majority of patients with T1D. Finally, a multiplex T cell-related 

cytokines analysis revealed lower levels of IL-2 and TNF-alpha measured in the supernatant of 

PBMCs cultured with SARS-CoV-2 peptides in patients with T1D as compared to non-diabetic 

subjects after vaccination (Fig. 3A), which was associated with a low response in an IFN-gamma 

ELISpot assay (Fig. 3B), regardless to the type of mRNA vaccination administered, thus 

confirming the existence of an altered immune cellular response to SARS-CoV-2 mRNA two 

doses-vaccination in T1D.    

Glycemic control

Given that COVID-19 is associated with the development of dysglycemia and diabetes, we finally 

assessed whether the administration of SARS-CoV-2 mRNA vaccine may affect glycometabolic 

control in patients with T1D. Data collected by using continuous glucose monitoring showed no 

difference in all the parameters examined at each timepoint (Supplementary Table 3). Moreover, 

a multivariable analysis showed no association between estimated HbA1C levels and cytotoxic 

response to vaccination in patients with T1D, after adjusting for age, sex and concomitant therapies 

(p=0.23 and p=0.65 for response to dose 1 and 2 respectively). These findings suggest that the 

administration of the SARS-CoV-2 mRNA vaccine is not associated with altered glycometabolic 

control in patients with T1D. 

Discussion 

Our study evaluated the safety, immunogenicity and glycometabolic effects of two doses of SARS-

CoV-2 mRNA vaccines in patients with T1D. No differences were observed with regard to the 

humoral response or the incidence of side effects in patients with T1D as compared to non-diabetic 

subjects, and no effects on glycometabolic control were observed using continuous glucose 

Page 9 of 28

For Peer Review Only

Diabetes
D

ow
nloaded from

 http://diabetesjournals.org/diabetes/article-pdf/doi/10.2337/db22-0053/678957/db220053.pdf by guest on 05 July 2022



9

monitoring analysis during follow-up. Interestingly, both dose 1 and 2 of SARS-CoV-2 mRNA 

vaccines were not associated with an increase in cytotoxic factors granzyme A and perforin in the 

majority of patients with T1D nor with an increase in the production of the T-cell related cytokines 

IL-2 and TNF-alpha, as compared to non-diabetic subjects, who showed an increased rate of both 

cytotoxic factors and cytokines after vaccination. The SARS-CoV-2 mRNA vaccines have been 

shown to elicit a humoral and T cell-specific immune response in healthy subjects (18; 19), but 

little is known on their effects in patients with T1D. An impairment in the immune response 

following vaccination in patients with T1D has been previously hypothesized for other 

immunization strategies such as influenza, rotavirus, and Hemophilus B (6; 8) and attributed to an 

impaired cellular immune response. Therefore, boosting immunization strategies with multiple 

doses has been recommended (8; 20). Indeed, immune dysregulation of both T and B cell 

compartments are a key feature of patients with T1D from the onset of the disease and may indicate 

abnormalities in the immune response (21; 22), including a higher risk of developing infectious 

disease (23; 24). This was particularly evident during the COVID-19 pandemic, with T1D patients 

experiencing severe COVID-19 disease, with worsened outcomes as compared to the non-diabetic 

general population (1; 2; 11). In our study, patients with T1D did not show an increase in T cell-

specific SARS-CoV-2 cytotoxic factors release (granzyme A and perforin), which may indicate a 

defective ability in inactivating the virus. Indeed, perforin and granzyme A levels, as observed for 

other vaccines and immunization strategies (25; 26), detected after vaccination, increased in non-

diabetic subjects in response to SARS-CoV-2 in vitro challenge, while no effect was observed in 

the majority of T1D patients. This suggests a reduced cytotoxic effector function in T1D and a less 

immunogenic/efficient vaccination in these patients. Despite this, no significant differences were 

observed in SARS-CoV-2 Spike-specific neutralizing antibody titers between patients with T1D 
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and non-diabetic subjects. To the best of our knowledge, this is the first study designed to 

demonstrate the safety and immunogenicity of SARS-CoV-2 mRNA vaccines in a large cohort of 

patients with T1D, without any significant perturbation in continuous glucose monitoring 

parameters, thus supporting the complete safety of vaccine for patients with T1D in our large 

population (13; 27). We acknowledge that this study has some limitations, which include the study 

design, that may have led to potential selection bias primarily due to the pandemic situation, such 

as the smaller and not fully age-matched “frail” control population, the limited number of samples 

available for some analyses (e.g., Elispot), and the assay employed that may capture one aspect of 

the vaccine-specific cellular response. In summary, an impaired cytotoxic SARS-CoV-2-specific 

cellular immune response has been observed in the majority of patients with T1D following two 

doses of SARS-CoV-2 mRNA vaccination, with the humoral response and glycemic control 

unaffected. 
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TABLES

Table 1. Baseline characteristics of patients included in the study.

T1D
(n =326)

CTRL°
(n =49)

p value

Age – yr (mean ± SD) 45.9 ± 9.0 61.0 ± 12.9 <0.0001 
Male – n (%) 180 (54.9) 21 (42.9) 0.12 
Diabetes duration – yr (mean ± SD) 22.9 ± 14.2 -
Body mass index – kg/m2 (mean ± SD) 25.1 ± 4.1 26.4 ± 4.9 0.16
Comorbidities – n (%)
Hypertension 85 (25.9) 18 (36.7) 0.13 
Cardiovascular disease 18 (5.5) 1 (2.0) 0.48
Cerebrovascular disease 12 (3.7) 2 (4.1) 0.70
Chronic kidney disease† 14 (4.3) 1 (2.0) 0.70
Diabetic neuropathy 32 (9.8) -
Diabetic retinopathy 86 (28.3) -
Malignancy 9 (2.9) 0 0.61
Autoimmune diseases – n (%)
Autoimmune thyroiditis 72 (23.5) 6 (12.2) <0.0001
Other autoimmune disease 24 (7.8) 5 (10.2) 0.57
Diabetes treatment – n (%)
Insulin 326 (100) -
Other treatments
ACE-I 39 (11.9) 10 (20.4) 0.11
ARB 31 (9.5) 5 (10.2) 0.80
B-blockers 32 (9.8) 4 (8.2) 0.99
Aspirin 45 (13.8) 8 (16.3) 0.66
Statins 27 (12) 4 (14) 0.75

†Chronic kidney disease defined as eGFR  60 ml/min/m2 
°Non-diabetic “frail” patients defined based on the guidelines issued by the Italian Ministry of 
Health (i.e., elderly subjects > 75 years old, or patients of any age with respiratory illness, severe 
cardiovascular disease, neurological disabilities, multiple sclerosis, cystic fibrosis, kidney failure, 
autoimmune diseases, liver disease, strokes and cerebrovascular disease, cancer, Down's 
syndrome, organ or bone marrow transplants and severe obesity) and caregivers/family members 
of patients with T1D. Data are reported as mean ± standard deviation (SD)

Abbreviations: ACE-I, Angiotensin-converting-enzyme inhibitors; ARB, Angiotensin II receptor 
blocker; T1D, type 1 diabetes; B-blockers, beta blockers; SD, standard deviation.

Page 13 of 28

For Peer Review Only

Diabetes
D

ow
nloaded from

 http://diabetesjournals.org/diabetes/article-pdf/doi/10.2337/db22-0053/678957/db220053.pdf by guest on 05 July 2022



13

References

1. McGurnaghan SJ, Weir A, Bishop J, et al.; Risks of and risk factors for COVID-19 disease in 
people with diabetes: a cohort study of the total population of Scotland. Lancet Diabetes 
Endocrinol 2021;9:82-93
2. Williamson EJ, Walker AJ, Bhaskaran K, et al.; Factors associated with COVID-19-related 
death using OpenSAFELY. Nature 2020;584:430-436
3. Montefusco L, Ben Nasr M, D'Addio F, et al.; Acute and long-term disruption of glycometabolic 
control after SARS-CoV-2 infection. Nat Metab 2021;3:774-785
4. Solerte SB, D'Addio F, Trevisan R, et al.; Sitagliptin Treatment at the Time of Hospitalization 
Was Associated With Reduced Mortality in Patients With Type 2 Diabetes and COVID-19: A 
Multicenter, Case-Control, Retrospective, Observational Study. Diabetes Care 2020;43:2999-
3006
5. Teijaro JR, Farber DL: COVID-19 vaccines: modes of immune activation and future challenges. 
Nat Rev Immunol 2021;21:195-197
6. Remschmidt C, Wichmann O, Harder T: Vaccines for the prevention of seasonal influenza in 
patients with diabetes: systematic review and meta-analysis. BMC Med 2015;13:53
7. el-Madhun AS, Cox RJ, Seime A, et al.; Systemic and local immune responses after parenteral 
influenza vaccination in juvenile diabetic patients and healthy controls: results from a pilot study. 
Vaccine 1998;16:156-160
8. Eibl N, Spatz M, Fischer GF, et al.; Impaired primary immune response in type-1 diabetes: 
results from a controlled vaccination study. Clin Immunol 2002;103:249-259
9. Righi E, Gallo T, Azzini AM, et al.; A Review of Vaccinations in Adult Patients with Secondary 
Immunodeficiency. Infect Dis Ther 2021;10:637-661
10. Schillie SF, Spradling PR, Murphy TV: Immune response of hepatitis B vaccine among 
persons with diabetes: a systematic review of the literature. Diabetes Care 2012;35:2690-2697
11. Barron E, Bakhai C, Kar P, et al.; Associations of type 1 and type 2 diabetes with COVID-19-
related mortality in England: a whole-population study. Lancet Diabetes Endocrinol 2020;8:813-
822
12. Powers AC, Aronoff DM, Eckel RH: COVID-19 vaccine prioritisation for type 1 and type 2 
diabetes. Lancet Diabetes Endocrinol 2021;9:140-141
13. Heald AH, Stedman M, Horne L, et al.; The change in glycaemic control immediately after 
COVID-19 vaccination in people with type 1 diabetes. Diabet Med 2022;39:e14774
14. Speletas M, Kyritsi MA, Vontas A, et al.; Evaluation of Two Chemiluminescent and Three 
ELISA Immunoassays for the Detection of SARS-CoV-2 IgG Antibodies: Implications for 
Disease Diagnosis and Patients' Management. Front Immunol 2020;11:609242
15. Percivalle E, Cambie G, Cassaniti I, et al.; Prevalence of SARS-CoV-2 specific neutralising 
antibodies in blood donors from the Lodi Red Zone in Lombardy, Italy, as at 06 April 2020. Euro 
Surveill 2020;25
16. D'Addio F, Vergani A, Potena L, et al.; P2X7R mutation disrupts the NLRP3-mediated Th 
program and predicts poor cardiac allograft outcomes. J Clin Invest 2018;128:3490-3503
17. Loretelli C, Abdelsalam A, D'Addio F, et al.; PD-1 blockade counteracts post-COVID-19 
immune abnormalities and stimulates the anti-SARS-CoV-2 immune response. JCI Insight 2021;6
18. Sahin U, Muik A, Vogler I, et al.; BNT162b2 vaccine induces neutralizing antibodies and poly-
specific T cells in humans. Nature 2021;595:572-577

Page 14 of 28

For Peer Review Only

Diabetes
D

ow
nloaded from

 http://diabetesjournals.org/diabetes/article-pdf/doi/10.2337/db22-0053/678957/db220053.pdf by guest on 05 July 2022



14

19. Anderson EJ, Rouphael NG, Widge AT, et al.; Safety and Immunogenicity of SARS-CoV-2 
mRNA-1273 Vaccine in Older Adults. New England Journal of Medicine 2020;383:2427-2438
20. Spatz M, Eibl N, Hink S, et al.; Impaired primary immune response in type-1 diabetes. 
Functional impairment at the level of APCs and T-cells. Cell Immunol 2003;221:15-26
21. Ilonen J, Lempainen J, Veijola R: The heterogeneous pathogenesis of type 1 diabetes mellitus. 
Nat Rev Endocrinol 2019;15:635-650
22. Kleffel S, Vergani A, Tezza S, et al.; Interleukin-10+ regulatory B cells arise within antigen-
experienced CD40+ B cells to maintain tolerance to islet autoantigens. Diabetes 2015;64:158-171
23. Carey IM, Critchley JA, DeWilde S, et al.; Risk of Infection in Type 1 and Type 2 Diabetes 
Compared With the General Population: A Matched Cohort Study. Diabetes Care 2018;41:513-
521
24. Critchley JA, Carey IM, Harris T, et al.; Glycemic Control and Risk of Infections Among 
People With Type 1 or Type 2 Diabetes in a Large Primary Care Cohort Study. Diabetes Care 
2018;41:2127-2135
25. Miller JD, van der Most RG, Akondy RS, et al.; Human effector and memory CD8+ T cell 
responses to smallpox and yellow fever vaccines. Immunity 2008;28:710-722
26. Voskoboinik I, Whisstock JC, Trapani JA: Perforin and granzymes: function, dysfunction and 
human pathology. Nat Rev Immunol 2015;15:388-400
27. Heald AH, Rea R, Horne L, al.; Analysis of continuous glucose tracking data in people with 
Type 1 Diabetes (T1DM) after Covid-19 Vaccination reveals unexpected link between immune 
and metabolic response, augmented by adjunctive oral medication. Int J Clin Pract 2021:e14714

Page 15 of 28

For Peer Review Only

Diabetes
D

ow
nloaded from

 http://diabetesjournals.org/diabetes/article-pdf/doi/10.2337/db22-0053/678957/db220053.pdf by guest on 05 July 2022



15

FIGURE LEGENDS

Figure 1. Anti–SARS-CoV-2 antibody response in patients with T1D and in non-diabetic 

subjects.

(A, B, C). Boxplots representing Anti–SARS-CoV-2 S antibody levels measured in patients with 

T1D and in non-diabetic subjects at baseline (A), after the first dose (B) and after the second dose 

(C) of the SARS-CoV-2 mRNA vaccines. Anti-SARS-CoV-2 antibody titers are reported as 

median with interquartile range. (D). Line graph showing the correlation between SARS-CoV-2 

antibodies titers detected by an in vitro neutralization assay and through the Elecsys assay (n=30). 

Measurements for ‘after dose 1’ were performed 3-4 weeks after the first dose, and measurements 

‘after dose 2’ were performed 4 weeks after the second dose. 

Abbreviations: AU, Arbitrary Units; NTA, neutralization assay.
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Figure 2. Cytotoxic response to the SARS-CoV-2 peptides after prime and boost doses of 

SARS-Cov-2 mRNA vaccine administered to T1D patients and to non-diabetic subjects. 

(A, B). Line graphs representing normalized secretion of SARS-CoV-2 -specific T cell cytotoxic 

factors perforin (A) and granzyme A (B), measured in the supernatant of PBMCs obtained from 

patients with T1D or from non-diabetic subjects at each timepoint (baseline, after dose 1 and after 

dose 2) and cultured in the presence/absence of SARS-CoV-2 peptides for 48 hours. Data 

expressed are mean  standard error of the mean (SEM). Secretion data have been normalized to 

baseline levels for each cytokine analyzed. Cut points of 0.1 and 0.01 were assessed based on the 

difference observed in the levels of each analyte, perforin and granzyme A respectively, measured 

at each timepoint as compared to baseline and normalized to baseline value. Analysis was 

performed for ‘after dose 1’ at 3-4 weeks after the first dose, and for ‘after dose 2’ at 4 weeks after 

the second dose. (C). Bar graph representing proportions of patients with T1D as compared to non-

diabetic subjects showing increased or no change in the SARS-CoV-2-specific T cell cytotoxic 

response before receiving the second dose of SARS-Cov-2 mRNA vaccine. (D). Bar graph 

representing proportions of patients with T1D as compared to non-diabetic subjects showing 

increased or no change in the SARS-CoV-2-specific T cell cytotoxic response at 4 weeks of 

follow-up after administration of the second dose of the SARS-Cov-2 mRNA vaccine. The SARS-

CoV-2-specific T cell cytotoxic response was analyzed as an increase/lack of increase observed in 

both perforin and granzyme A levels at each timepoint. 

Abbreviations: PBMCs, peripheral blood mononuclear cells; A.U., arbitrary units; T1D, type 1 

diabetes.
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Figure 3. T cell-related cytokines and immune response to SARS-CoV-2 peptides after 

administration of SARS-Cov-2 mRNA vaccines in T1D patients and in non-diabetic subjects. 

(A). Dot plots representing secretion of SARS-CoV-2 -specific T cell-related cytokines, measured 

in the supernatant of PBMCs obtained from patients with T1D or from non-diabetic subjects at 

baseline and after dose 2 and cultured in the presence/absence of SARS-CoV-2 peptides for 48 

hours. Data are expressed as mean  standard error of the mean (SEM) of secretion levels corrected 

to baseline levels for each cytokine analyzed. (B). Bar graphs representing the number of IFN- 

spots detected by ELISpot analysis using PBMCs isolated from patients with T1D (n=10) and from 

non-diabetic subjects (n=10), after the administration of the SARS-CoV-2 mRNA vaccines, 

following challenge with spike and nucleocapsid SARS-CoV-2 peptides. Data are expressed as 

mean ± SEM. 

Abbreviations: PBMCs, peripheral blood mononuclear cells; T1D, type 1 diabetes.
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Figure 1. Anti–SARS-CoV-2 antibody response in patients with T1D and in non-diabetic subjects .
(A, B, C). Boxplots representing Anti–SARS-CoV-2 S antibody levels measured in patients with T1D and in non-diabetic subjects at baseline (A), after the first dose (B) and 
after the second dose (C) of the SARS-CoV-2 mRNA vaccines. Anti-SARS-CoV-2 antibody titers are reported as median with interquartile range. (D). Line graph showing 
the correlation between SARS-CoV-2 antibodies titers detected by an in vitro neutralization assay and through the Elecsys assay (n=30). Measurements for ‘after dose 1’ 
were performed 3-4 weeks after the first dose, and measurements ‘after dose 2’ were performed 4 weeks after the second dose. AU, Arbitrary Units; NTA, neutralization 
assay.
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Figure 2. Cytotoxic response to the SARS-CoV-2 peptides after prime and boost doses of SARS-Cov-2 mRNA vaccine administered to T1D patients and to non-
diabetic subjects. (A, B). Line graphs representing normalized secretion of SARS-CoV-2 -specific T cell cytotoxic factors perforin (A) and granzyme A (B), measured in the 
supernatant of PBMCs obtained from patients with T1D or from non-diabetic subjects at each timepoint (baseline, after dose 1 and after dose 2) and cultured in the 
presence/absence of SARS-CoV-2 peptides for 48 hours. Data are expressed are mean  standard error of the mean (SEM). Secretion data have been normalized to 
baseline levels for each cytokine analyzed. Cut points of 0.1 and 0.01 were assessed based on the difference observed in the levels of each analyte, perforin and granzyme 
A respectively, measured at each timepoint as compared to baseline and normalized to baseline value. Analysis was performed for ‘after dose 1’ at 3-4 weeks after the first 
dose, and for ‘after dose 2’ at 4 weeks after the second dose. (C). Bar graph representing proportions of patients with T1D as compared to non-diabetic subjects showing 
increased or no change in the SARS-CoV-2-specific T cell cytotoxic response before receiving the second dose of SARS-Cov-2 mRNA vaccine. (D). Bar graph representing 
proportions of patients with T1D as compared to non-diabetic subjects showing increased or no change in the SARS-CoV-2-specific T cell cytotoxic response at 4 weeks of 
follow-up after administration of the second dose of the SARS-Cov-2 mRNA vaccine. The SARS-CoV-2-specific T cell cytotoxic response was analyzed as an increase/lack 
of increase observed in both perforin and granzyme A levels at each timepoint. PBMCs, peripheral blood mononuclear cells; A.U., arbitrary units; T1D, type 1 diabetes.
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Figure 3. T cell-related cytokines and immune response to SARS-CoV-2 peptides after administration of SARS-Cov-2 mRNA vaccines in T1D patients and 
in non-diabetic subjects. 
(A). Dot plots representing secretion of SARS-CoV-2 -specific T cell-related cytokines, measured in the supernatant of PBMCs obtained from patients with T1D or 
from non-diabetic subjects at baseline and after dose 2 and cultured in the presence/absence of SARS-CoV-2 peptides for 48 hours. Data are expressed as mean  
standard error of the mean (SEM) of secretion levels corrected to baseline levels for each cytokine analyzed. (B). Bar graphs representing the number of IFN- spots 
detected by ELISpot analysis using PBMCs isolated from patients with T1D (n=10) and from non-diabetic subjects (n=10), after the administration of the SARS-CoV-
2 mRNA vaccines, following challenge with spike and nucleocapsid SARS-CoV-2 peptides. Data are expressed as mean ± SEM. PBMCs, peripheral blood 
mononuclear cells; T1D, type 1 diabetes.
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SUPPLEMENTARY FIGURES

Supplementary Figure 1. Study flow-chart. 
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Supplementary Figure 2. Local and systemic adverse effects in T1D patients and non-

diabetic subjects who received two doses of SARS-CoV-2 mRNA vaccine. 
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(A, B). Bar graphs representing percentage of T1D patients and non-diabetic subjects reporting 

local and systemic reactions after dose 1 (A) and after dose 2 (B) of the SARS-CoV-2 mRNA 

vaccines. Assessment ‘after dose 1’ was performed 3-4 weeks after the first dose, and assessment 

‘after dose 2’ was performed 4 weeks after the second dose.  

Abbreviations: T1D, type 1 diabetes.
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Supplementary Figure 3. Anti–SARS-CoV-2 antibody response in patients with T1D and non-

diabetic subjects who were seropositive before vaccination. 
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(A, B, C). Anti–SARS-CoV-2 antibody levels in SARS-CoV-2-seropositive patients with T1D 

and non-diabetic subjects at baseline (A), after dose 1 (B), and after dose 2 (C). Anti-SARS-CoV-

2 antibody titers are reported as median with interquartile range. ‘After dose 1’ was 3-4 weeks 

after the first dose, and ‘after dose 2’ was 4 weeks after the second dose. 
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SUPPLEMENTARY TABLES

Supplementary Table 1. Distribution of mRNA SARS-CoV-2 vaccines in the study population.

BNT162b2 mRNA-1273

T1D – n of patients (%) 168 (51.5) 158 (49.5)

Controls – n of patients (%) 29 (59.1) 20 (40.9)

Abbreviations: n, number; T1D, type 1 diabetes; BNT162b2 Pfizer mRNA SARS-CoV-2 
vaccine administered at day 0 and 21; mRNA-1273, Moderna mRNA SARS-CoV-2 vaccine 
administered at day 0 and 28. 
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Supplementary Table 2. Multivariable analysis of factors associated with the development of 
cytotoxic response in the whole study population after having received the first and the second 
dose of the SARSCoV2 mRNA vaccine. 

Cytotoxic response after dose 1

Variables Regression coefficient (95% CI) P value

Type 1 diabetes -3.68 (-5.49 to -1.88) 0.0001

 Gender (Male) -0.01 (-0.97 to 0.93) 0.96

 Age (years) -0.04 (-0.08 to -0.01) 0.01

Cardiovascular disease 1.92 (-0.57 to 4.47) 0.12

Hypertension -0.31 (-1.99 to 1.36) 0.71

Autoimmune thyroid disease -0.25 (-1.45 to 0.95) 0.68

Cytotoxic response after dose 2

Variables Regression coefficient (95% CI) P value

Type 1 diabetes -1.76 (-3.22 to -0.30) 0.01

 Gender (Male) 0.42 (-0.61 to 1.46) 0.42

 Age (years) -0.02 (-0.05 to 0.01) 0.21

Hypertension 0.43 (-1.01 to 1.88) 0.55

Autoimmune thyroid disease -0.78 (-2.43 to 0.86) 0.35

Abbreviations: CI, confidence interval; after dose 1, the first dose; after dose 2, after the second 
dose of the SARS-CoV-2 mRNA vaccines.
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Supplementary Table 3. Continuous glucose monitoring in patients with T1D receiving the 
SARS-CoV-2 mRNA vaccine at three timepoints. 

Baseline 

(n=150)

After the 1st 
dose 

(n=150)

After the 2nd 
dose 

(n=150)

p value

Time in range % 64.1 ± 18.8 65.0 ± 18.2 62.6 ± 18.6 0.91^; 0.76┘; 0.51┴

Time above range % 32.9 ± 19.8 32.2 ± 18.7 34.3 ± 19.1 0.95^; 0.79┘; 0.60┴

Time below range % 3.0 ± 2.6 2.9 ± 3.2 2.9 ± 3.3 0.98^; 0.99┘; 0.99┴

Use of CGM % 91.7 ± 12.2 91.0 ± 13.0 89.2 ± 16.7 0.89^; 0.30┘; 0.56┴

estimated HbA1c § % 7.2 ± 0.8 7.2 ± 0.8 7.3 ± 0.8 0.99^; 0.93┘; 0.93┴

Coefficient of variation† % 33.2 ± 6.7 33.2 ± 6.4 34.5 ± 6.8 0.99^; 0.33┘; 0.34┴

Glucose level (mg/dl) 161.1 ± 30.0 160.6 ± 30.0 163.6 ± 31.0 0.99^; 0.76┘; 0.69┴

Plus–minus values are means ± SD.
^Baseline vs “After the 1st dose”; ┘Baseline vs. “After the 2nd dose”; ┴ “After the 1st dose” vs. 
“After the 2nd dose”; § Complete data from 122 patients; † Complete data from 118 patients.

Abbreviations: CGM, continuous glucose monitoring; HbA1c, glycated hemoglobin.
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