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Abstract
Vaccines against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) have been used worldwide since the 2020 
coronavirus pandemic. However, several negative side-effects of these vaccines have been reported. Herein, we present a 
case of a patient with fulminant type 1 diabetes that developed shortly after administration of the SARS-CoV-2 vaccine. A 
47-year-old man with no medical history presented with hyperglycemia-related symptoms shortly after receiving the third 
messenger ribonucleic acid SARS-CoV-2 vaccine. Based on hyperglycemia, diabetic ketoacidosis at onset, relatively low 
hemoglobin A1c levels, and complete depletion of endogenous insulin secretion, the patient was diagnosed with fulminant 
type 1 diabetes and insulin therapy was initiated. Through human leukocyte antigen genotyping, the disease-susceptible 
alleles for type 1 diabetes, DRB1*04:05 and DQB1*04:01, were identified. The patient tested positive for serum anti-glutamic 
acid decarboxylase antibodies, which are normally negative for fulminant type 1 diabetes, implying that immunomodulation 
triggered by SARS-CoV-2 vaccination influenced the onset of type 1 diabetes.
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Introduction

Since the outbreak of coronavirus disease 2019 (COVID-19) 
caused by the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), various types of vaccines, including 
messenger ribonucleic acid (mRNA), adenoviral vectors, 
and inactivated vaccines against SARS-CoV-2 have been 
used globally. While transient side effects such as fever, gen-
eral fatigue, and local pain at the injection site are common 
following SARS-CoV-2 vaccinations, immune-mediated 
adverse events that include myocarditis [1], neurological 
diseases [2], hematological disorders [3], autoimmune thy-
roid diseases [4], and type 1 diabetes (T1D) have also been 
reported [5–12].

Fulminant type 1 diabetes (FT1D) is a subtype of T1D, 
characterized by rapid total or near-total loss of pancreatic 
beta cells, resulting in hyperglycemia-related symptoms 
with relatively low hemoglobin A1c levels [13]. Abnormal 

immune responses are fundamental to the pathogenesis of 
FT1D, and the involvement of specific viral infections to 
play a role in this pathogenesis has been proposed [14]. 
Furthermore, it is becoming clear that conditions that cause 
immunological changes, such as the use of immune check-
point inhibitors (ICIs) for cancer treatment, may contribute 
to the development of FT1D [15].

Herein, we present a case of FT1D that developed imme-
diately after receiving the third mRNA SARS-CoV-2 vac-
cine. Although the patient exhibited several key features of 
FT1D, he was positive for anti-glutamic acid decarboxy-
lase antibodies (GADAbs), which are typically negative in 
FT1D patients [16], indicating that SARS-CoV-2 vaccina-
tion affected the onset of T1D.

Case report

A 47-year-old Japanese man with no significant medical his-
tory, including no history of diabetes, received his first and 
second doses of BNT162b2 (Pfizer/BioNTech), an mRNA 
SARS-CoV-2 vaccine, 9 and 8 months before presenting to 
the emergency room, respectively, and showed no symp-
toms. However, he developed high fever, severe thirst, lower 
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abdominal pain, and diarrhea several hours after receiving 
his third BNT162b2 dose. These symptoms persisted, and 
the patient visited the emergency department 3 days later. 
His height, weight, and body mass index were 172.0 cm, 
72.0 kg, and 24.3 kg/m2, respectively. The patient did not 
have a family history of diabetes or autoimmune diseases, 
and no abnormalities in glucose tolerance were noted during 
his medical check-up a year prior (postprandial plasma glu-
cose, 105 mg/dL; hemoglobin A1c, 5.4%). Laboratory tests 
performed in the emergency room revealed elevated plasma 
glucose levels (661 mg/dL), nearly normal hemoglobin A1c 
levels (5.8%), and acidemia (pH 7.149) with increased uri-
nary ketone bodies. After an intravenous saline infusion, 
the patient was transferred and admitted to our hospital with 
suspected diabetic ketoacidosis.

On admission, high plasma glucose levels and acidemia 
persisted, computed tomography revealed no evidence of 
pancreatitis, and the serum amylase levels were within the 
normal limits (Table 1). The SARS-CoV-2 polymerase chain 
reaction test results were negative. A continuous intravenous 
insulin infusion was initiated. On the third day of hospi-
talization, we switched to subcutaneous basal-bolus insulin 
therapy with insulin lispro and degludec. His insulin secre-
tion capacity was exhausted; his fasting serum C-peptide 
immunoreactivity (CPR) was below the detectable range and 
24-h urinary C-peptide excretion was 0.5 μg/day accord-
ing to additional tests performed after admission (Table 1). 
Based on these findings, we diagnosed him with FT1D. The 
patient tested positive for GADAbs, but negative for anti-
insulinoma-associated antigen 2, anti-thyroglobulin, and 

anti-thyroid peroxidase antibodies (Table 1). There was no 
evidence of recent viral infections, such as with coxsacki-
evirus, enterovirus, cytomegalovirus, Epstein-Barr virus, or 
human herpesvirus 6, which have been shown to cause T1D 
[17]. Through human leukocyte antigen (HLA) genotyping, 
the disease-susceptible alleles for T1D, DRB1*04:05 and 
DQB1*04:01, were identified (Table 1). The patient was 
discharged 17 days after admission with adequate blood 
glucose levels controlled by basal-bolus insulin therapy.

Discussion

We have presented a case of FT1D that developed imme-
diately after mRNA SARS-CoV-2 vaccination. The most 
characteristic feature of FT1D is the rapid destruction of 
pancreatic beta cells, which leads to ketosis or ketoacidosis 
within several days of the onset of hyperglycemia-related 
symptoms with relatively low hemoglobin A1c levels [13]. 
Although certain cases of FT1D are known to be caused by 
viral infections or the use of ICIs for cancer treatment [15], 
the current patient had no obvious signs of viral infection 
or ICI administration prior to the development of ketoaci-
dosis. Therefore, the SARS-CoV-2 vaccination might have 
triggered an abnormal immune response, resulting in the 
development of FT1D in this case.

Various types of immune-related adverse events have 
been reported since the start of global SARS-CoV-2 vac-
cination. Recently, several cases of T1D have been reported 
following SARS-CoV-2 vaccinations [5–12]. Similar to the 

Table 1  Laboratory data

BUN blood urea nitrogen, TSH thyroid-stimulating hormone, GAD glutamic acid decarboxylase, IA-2 insu-
linoma-associated protein-2, Tg thyroglobulin, TPO thyroid peroxidase, HLA human leukocyte antigen

Arterial blood gas 
(room air)

Immunological tests

pH 7.149 Anti-GAD antibody 18.7 U/mL
pCO2 25.0 mmHg Anti-IA-2 antibody  < 0.6 U/mL
pO2 87.3 mmHg Anti-Tg antibody 11.0 IU/mL
HCO3

− 8.5 mmol/L Anti-TPO antibody  < 9.0 IU/mL
Biochemistry HLA genotyping
Plasma glucose 658 mg/dL DRB1*04:05:01/13:02:01
Hemoglobin A1c 5.8 % DQB1*04:04:01/06:04:01
Serum C-peptide  < 0.1 ng/mL
Urine C-peptide 0.5 μg/day
BUN 42 mg/dL
Creatinine 1.45 mg/dL
Amylase 56 IU/L
Na 130 mmol/L
K 7.0 mmol/L
Cl 94 mmol/L
Free T4 1.17 ng/dL
TSH 1.50 μIU/mL
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current case, some of these cases presented with clinical 
features of FT1D [7, 8, 10], the characteristics of which are 
summarized in Table 2. The involvement of mRNA-based 
[7, 10] or inactivated [8] SARS-CoV-2 vaccines has been 
implicated. While one patient had received ICI treatment 
prior to the SARS-CoV-2 vaccination [10], there were no 
other obvious potential causative factors besides the vac-
cines in the other cases. From the viewpoint of genetic fac-
tors, the most prominent genomic region that contributes to 
a higher susceptibility to T1D is the Class II HLA [18]. T1D 
is associated with haplotypes DRB1*04:05-DQB1*04:01 
and DRB1*09:01-DQB1*03:03 in Japanese and East Asian 
populations [19]. Intriguingly, except for one case of receiv-
ing ICI treatment before FT1D onset, all cases, including 
the current patient, exhibited one of these class II HLA 
haplotypes [7, 8], indicating that SARS-CoV-2 vaccina-
tions increase the risk of developing FT1D in a genetically 
predisposed population.

Several possible mechanisms by which SARS-CoV-2 
vaccines induce autoimmune diseases have been postulated. 
These mechanisms include molecular mimicries between 
SARS-CoV-2 proteins and human tissue antigens and dys-
regulation of the immune system following exposure to 
adjuvants contained in the vaccines [4]. Antibodies against 
SARS-CoV-2 proteins (e.g., spike proteins, nucleoproteins, 
and membrane proteins) cross-react with human GAD65 
and thyroid peroxidase [20], which may induce autoimmune 

responses in pancreatic beta cells and thyroid tissues, lead-
ing to T1D and autoimmune thyroid diseases, respectively. 
Regarding the latter mechanism, it has been suggested that 
several excipients in SARS-CoV-2 vaccines, such as the 
aluminum hydroxide contained in inactivated vaccines and 
polyethylene glycol lipid conjugates in mRNA vaccines, act 
as adjuvants and trigger autoimmune responses [21]. Inter-
estingly, there is a case report of FT1D development fol-
lowing influenza vaccine administration, which may support 
the latter mechanism [22]. However, the precise mechanism 
has not been fully elucidated, and further investigations are 
warranted.

The most notable aspects of the present case are the 
presence of GADAbs, which is usually negative in FT1D 
patients, and the extremely rapid onset of the disease within 
one day of SARS-CoV-2 vaccination. According to a Japan 
Diabetes Society committee survey, the positivity of GADAb 
in cases that meet the diagnostic criteria for FT1D is as low 
as 4.8% [16], which is remarkably low compared to other 
subtypes of T1D, such as acute-onset T1D (89% positivity 
in the same study). Indeed, except in our case, GADAbs 
were not detected in all cases reported to develop FT1D 
following SARS-CoV-2 vaccination (Table 2). Differences 
in GADAb positivity between T1D subtypes have generally 
been thought to highlight differences in the clinical course 
and underlying mechanisms involved in disease development 
[23]. It should be noted that in patients with acute-onset 

Table 2  Characteristics of cases of fulminant type 1 diabetes that developed following SARS-CoV-2 vaccination

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, mRNA messenger ribonucleic acid, Ab antibody, GAD glutamic acid decarboxy-
lase, IA-2 insulinoma-associated protein-2, ZnT8 zinc transporter 8, Tg thyroglobulin, TPO thyroid peroxidase, HLA human leukocyte antigen, 
ND not described

No. (Ref.) 1 [10] 2 [8] 3 [7] 4

Authors Sato et al Tang et al Sasaki et al Present case
Age 45 50 45 47
Gender Male Male Female Male
Type of SARS-CoV-2 vaccine mRNA Inactivated virus mRNA mRNA
Dose 2nd 1st 1st 3rd
Time to onset 2 days 5 days 8 days Within 1 day
Preceding infectious disease symptoms None None None None
Plasma glucose 655 mg/dL ND 344 mg/dL 658 mg/dL
Hemoglobin A1c 8.0% Near normal 7.6% 5.8%
Serum C-peptide 0.13 ng/mL 0.10 ng/mL 0.33 ng/mL  < 0.1 ng/mL
Autoantibodies GAD Ab (−) GAD Ab (−) GAD Ab (−) GAD Ab ( +)

IA-2 Ab (−) IA-2 Ab (−) IA-2 Ab (−) IA-2 Ab (−)
ZnT8 Ab (−) ZnT8 Ab (−) ZnT8 Ab (−) TgAb (−)

TgAb (−) TPOAb (−)
TPOAb (−)

HLA genotype DRB1*11:01/13:02 DRB1*09:01/09:01 DRB1*04:05/13:02 DRB1*04:05/13:02
DQB1*03:01/06:04 DQB1*02:03/03:03 DQB1*04:01/06:04 DQB1*04:01/06:04

Other factors Use of nivolumab None None None
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T1D, GADAbs have been shown to become positive months 
to years before the onset of overt hyperglycemia [24], indi-
cating that the presence of GADAbs reflects a persistent 
autoimmune process leading to beta cell damage for a cer-
tain period of time. Therefore, it is unlikely that the rapidly 
emerging GADAbs directly affected the onset of FT1D. In 
the context of ICI-related T1D, a case report has confirmed 
the seroconversion of GADAbs following combination ther-
apy with nivolumab and ipilimumab, leading to the devel-
opment of newly-developed FTID [25]. However, in that 
case, it took approximately 4 months to develop FT1D from 
the initial ICIs administration. In contrast, another case of 
GADAb-positive insulin-dependent diabetes (IDDM) with 
complete loss of insulin secretion that developed as rapidly 
as in one week after the initial nivolumab administration has 
been reported [26]. Although it is unknown whether GAD-
Abs were present before ICI treatment in that case, there is a 
possibility that the patient had already been under the course 
of slowly progressive T1D or latent autoimmune diabetes in 
adults, prior to the initiation of ICI administration, since the 
patient had been receiving medications for type 2 diabetes 
before developing IDDM [26]. In that case, it is possible 
that ICI-triggered aberrant autoimmune responses acceler-
ated beta cell destruction, resulting in IDDM development 
immediately after ICI treatment. Considering these findings, 
although it remains unclear whether GADAbs were present 
prior to SARS-CoV-2 vaccination in our case due to the lack 
of pretreatment evaluation, it can be speculated that autoim-
mune processes leading to beta cell destruction had been 
ongoing before the vaccination, and the immune alteration 
caused by SARS-CoV-2 vaccination accelerated the destruc-
tion of pancreatic beta cells.

In conclusion, we described a case of FT1D that devel-
oped immediately after mRNA SARS-CoV-2 vaccination. 
Further similar cases would help to elucidate the relationship 
between T1D and vaccines, resulting in a better understand-
ing of the pathological mechanisms of T1D.
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