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Abstract
Vaccination is generally recommended for patients with adrenal insufficiency receiving glucocorticoid replacement therapy because they are at 
risk of experiencing adrenal crisis during infections. Conventional vaccinations, such as those for influenza virus, have rarely been associated with 
adrenal crisis in patients with adrenal insufficiency; therefore, increasing the glucocorticoid dose during vaccination is not necessarily 
recommended. The COVID-19 mRNA vaccines exhibit a higher degree of adverse reactions, including fever and general fatigue, than those of 
conventional vaccines. Here, we present 3 cases of adrenal crisis associated with mRNA COVID-19 (BNT162b2) vaccination in patients with 
secondary adrenal insufficiency. Two patients presented with adrenal crisis after the second dose, whereas 1 presented with adrenal crisis 
after the first dose. Within 24 hours of vaccination, all patients presented with fatigue and appetite loss, and 2 patients were febrile. None of 
them increased their glucocorticoid dosage at the time of vaccination, leading to an adrenal crisis. To date, 9 cases of adrenal crisis, including 
ours, associated with COVID-19 vaccination have been reported. Considering the high degree of adverse reactions to COVID-19 vaccination, 
administration of prophylactic stress dose of glucocorticoids is strongly recommended, particularly in patients with symptomatic adverse 
reactions, to protect them from adrenal crisis.
Key Words: adrenal crisis, adrenal insufficiency, COVID-19 vaccination, glucocorticoid replacement
Abbreviations: AC, adrenal crisis; AI, adrenal insufficiency; BP, blood pressure; HC, hydrocortisone; IL, interleukin.

Received: 24 February 2023. Editorial Decision: 9 June 2023. Corrected and Typeset: 14 August 2023 
© The Author(s) 2023. Published by Oxford University Press on behalf of the Endocrine Society. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons. 
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered 
or transformed in any way, and that the work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

Introduction
For patients with adrenal insufficiency (AI), increasing the 
maintenance dosage of glucocorticoid by 2- to 3-folds is rec
ommended to prevent adrenal crisis (AC) during infections 
[1]; however, no specific recommendation exists regarding 
its dosage during vaccination. Moreover, AC associated 
with conventional vaccination has been rarely reported [2].

During the COVID-19 pandemic, several vaccines have 
been developed and widely used to effectively reduce the 
risk of infection and severe COVID-19 outcomes [3]. 
COVID-19 vaccines generally induce high rates of adverse re
actions, particularly systemic reactions, compared with con
ventional vaccines, suggesting an increased possibility of AC 
associated with the vaccination. In this report, we present 3 
cases of AC precipitated by the COVID-19 mRNA vaccin
ation in patients with secondary AI. Furthermore, we provide 
a literature review on similar cases.

Case Presentation

Case 1
A 78-year-old man with idiopathic isolated ACTH deficiency, 
hypertension, and chronic obstructive pulmonary disease had 
been under treatment with hydrocortisone (HC) (12.5 mg/d) 
for 17 years. However, he decided not to take HC on the 
day he received the second dose of the BNT162b2 mRNA vac
cine. The following morning, his body temperature was 37.5 ° 

C and he experienced severe general fatigue, nausea, vomiting, 
and appetite loss; consequently, he was unable to receive 
HC since then. Two days later, he visited the emergency 
department.

Diagnostic Assessment
He exhibited alert consciousness with a body temperature of 
37.7 °C, blood pressure (BP) of 103/60 mm Hg (compared 
with his usual BP of 138/60 mm Hg), O2 saturation of 98%, 
and exhibited signs of hyponatremia. The nasopharyngeal 
swab polymerase chain reaction test for SARS-CoV-2 was 
negative. The laboratory findings are summarized in 
Table 1. His chest radiograph was clear, urine showed no 
signs of infection, and blood culture was negative.

Treatment
He was administered prednisolone sodium succinate (20 mg) 
IV, followed by HC (100 mg) and saline infusion.

Outcome and Follow-up
His symptoms resolved the following day, and electrolyte 
and inflammatory marker levels normalized on the fifth 
day. Based on the presence of severe general fatigue, nausea, 
vomiting, hyponatremia, and relative hypotension, as well 
as observed clinical improvement after receiving parenteral 
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HC, he was diagnosed with AC associated with the vaccin
ation [4].

Case 2
An 80-year-old man, who underwent 3 surgeries for cranio
pharyngioma with resultant anterior hypopituitarism, was 
prescribed hormone replacement therapy, including HC 
(10 mg/d), levothyroxine, and testosterone enanthate. The 
morning after receiving the first dose of the BNT162b2 
mRNA vaccine, he experienced general fatigue and appetite 
loss. However, because he was afebrile, he decided to continue 
the maintenance dose of HC. After 5 days, he presented with 
severe appetite loss, cognitive decline, abnormal behavior, and 
hallucinations. After 6 days, he was admitted to the emer
gency department.

Diagnostic Assessment
On examination, his consciousness level was determined to be 
E4V4M5 on the Glasgow Coma Scale, his body temperature 
was 36.8 °C, BP was 123/68 mm Hg, and O2 saturation was 
95%. The laboratory findings are summarized in Table 1. 
His chest radiograph was clear, urine showed no signs of 

infection, and blood culture was negative. Computed tomog
raphy of the head showed no remarkable findings except for 
postoperative changes.

Treatment
He was administered HC (100 mg) IV, followed by HC 
(100 mg) and continuous saline infusion.

Outcome and Follow-up
After 3 days of hospitalization, his level of consciousness and 
appetite normalized. Based on the presence of severe general 
fatigue, hyponatremia, and altered mental status, as well as 
observed clinical improvement after parenteral HC adminis
tration, he was diagnosed with AC associated with the vaccin
ation [4].

Case 3
A 79-year-old man with idiopathic isolated ACTH deficiency, 
type 2 diabetes, vasospastic angina, atrial fibrillation, and dysli
pidemia had been under treatment with HC (13 mg/d) and insu
lin for 3 years. Several hours after receiving the second dose of 

Table 1. Laboratory findings

Normal range Case1 Case 2 Case 3

WBC 3.3-8.6 (109/L), 3300-8600 (/μL) 6.4 (109/L), 6400 (/μL) 9.4 (109/L), 9400 (/μL) 5.6 (109/L), 5600 (/μL)

Neutrophils 38.5-80.5 (%) 47.7 46.1 NA

Eosinophils 0.0-8.5 (%) 0.9 10.9 NA

CRP <3000 (μg/L), <0.3 (mg/dL) 261 000 μg/dL (26.1 mg/dL) 38 000 μg/dL (3.8 mg/dL) 5000 μg/dL (0.5 mg/dL)

Creatinine 57.5-94.6 (μmol/L), 0.65-1.07 (mg/dL) 117.6 μmol/L (1.33 mg/dL) 95.5 μmol/L (1.08 mg/dL) 76.9 μmol/L (0.87 mg/dL)

Blood glucose 4.05-6.05 (mmol/L), 73-109 (mg/dL) 4.27 mmol/L (77 mg/dL) 4.77 mmol/L (86 mg/dL) 4.61 mmol/L (83 mg/dL)

Sodium 138-145 (mmol/L), 138-145 (mEq/L) 128 mmol/L (128 mEq/L) 131 mmol/L (131 mEq/L) 124 mmol/L (124 mEq/L)

Potassium 3.6-4.8 (mmol/L), 3.6-4.8 (mEq/L) 3.3 mmol/L (3.3 mEq/L) 4.3 mmol/L (4.3 mEq/L) 4.3 mmol/L (4.3 mEq/L)

Serum cortisol level 172.2-496.8 (nmol/L), 6.24-18.0 (μg/dL) 8.28 nmol/L (0.3 μg/dL) 5.52 nmol/L (0.2 μg/dL) NA

Abbreviations: CRP, C-reactive protein; NA, not assessed; WBC, white blood cell.

Table 2. The incidence of systemic reactions of the COVID-19 vaccines and influenza vaccine

Vaccine
Vaccine 
type

Number 
of patients Dose

Fever 
≧38 °C 
(%)

Nausea, 
Vomiting 
(%)

Fatigue 
(%)

Headache 
(%)

Chills 
(%)

Myalgia 
(%)

Overall systemic  
reactions 
(%)

COVID-19 vaccine

BNT162b2 (Pfizer/BioNTech)a mRNA 1 659 724 1st 3 8 29 25 7 17 48

971 375 2nd 14 14 49 40 23 37 69

mRNA-1273 (Moderna)a mRNA 1 984 194 1st 1 9 33 27 10 21 52

949 497 2nd 16 22 60 53 40 51 75

ChAdOx1 nCoV-19 
(AstraZeneca)b

Adenoviral 
vector

33 869 1st 8 23 53 53 32 44 NA

31 217 2nd 1 9 17 27 5 19 NA

Influenza vaccine Inactivated NA 5-10

Abbreviation: NA, not assessed.  
aChapin-Bardales J, Gee J, Myers T. Reactogenicity following receipt of mRNA-based COVID-19 vaccines. JAMA. 2021;325(21):2201-2202.  
bMHRA. Information for Healthcare Professionals on COVID-19 Vaccine AstraZeneca. London: GOV.UK. 2022. https://www.gov.uk/government/ 
publications/regulatory-approval-of-covid-19-vaccine-astrazeneca
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the BNT162b2 mRNA vaccine, he developed a fever of 37.6 °C 
and experienced general fatigue and appetite loss. An antipyretic 
was administered, and the maintenance dose of HC was contin
ued. However, as his symptoms persisted, he visited the hospital 
10 days later.

Diagnostic Assessment
He exhibited alert consciousness with body temperature of 
36.4 °C and BP of 98/55 mm Hg. Additionally, hyponatremia 
of 124 mmol/L (124 mEq/L) was observed, without any signs 
of infection (Table 1).

Treatment, Outcome and Follow-up
An increased dose of HC (30 mg/d) was administered, follow
ing which his symptoms resolved and sodium level normal
ized. Based on the presence of severe general fatigue, 
hyponatremia, and hypotension, as well as observed clinical 
improvement following the increased dose of HC administra
tion, he was diagnosed with AC associated with the vaccin
ation [4].

Discussion
Reports of AC in patients with AI associated with convention
al vaccinations are rare. Major et al reported a case of 
32-year-old patient with Addison disease who developed 
AC after receiving concurrent inoculations for influenza, diph
theria, tetanus, pertussis, and pneumococcal vaccines [2]. In 
this case, the simultaneous administration of multiple vaccines 
may have contributed to the development of severe systemic 
adverse reactions, potentially triggering AC. Based on the ex
tensive search in the PubMed database, we found this to be the 
only reported instance of AC associated with a conventional 
vaccination. Therefore, it is reasonable to conclude that con
ventional vaccinations rarely cause AC in patients with AI.

COVID-19 vaccines, including mRNA and adenoviral vec
tor vaccines, have been extensively used worldwide. Notably, 
mRNA vaccines had never been used in humans before the 
COVID-19 pandemic. Both mRNA and adenoviral vector 
vaccines induce strong humoral and cell-mediated immune re
sponses. In addition to local reactions, systemic reactions such 
as fatigue and fever are common. The time of onset of systemic 
reactions is rapid after vaccination [5]. In most cases, the se
verity of systemic reactions is mild to moderate; however, 
with mRNA vaccines, moderate or severe reactions are com
mon after the second dose (Table 2) [5].

In this report, we describe cases of 3 patients with secondary 
AI who developed AC following COVID-19 mRNA vaccin
ation. To date, AC associated with COVID-19 vaccination 
has been reported in 5 cases using the ChAdOx1 nCoV-19 
adenoviral vector vaccine [6] and in 1 case using the 
BNT162b2 mRNA vaccine [7]. A total of 9 cases, including 
the 3 cases described in our report, are summarized in 
Table 3. Interestingly, all patients receiving adenoviral vector 
vaccines exhibited AC following the first dose, whereas most 
patients receiving mRNA vaccines exhibited AC following 
the second dose. In general, adenoviral vector vaccines induce 
stronger adverse reactions, even after the first dose, than those 
of mRNA vaccines (Table 2); such a reaction may cause suffi
cient stress to trigger AC. In contrast, mRNA vaccines can in
duce strong reactions, especially after the second dose, which 

may account for the occurrence of AC following the second 
dose in most cases.

COVID-19 vaccines using mRNA and adenoviral vectors 
exhibit a higher frequency of systemic adverse reactions 
than those exhibited by inactivated influenza vaccines 
(Table 2). These adverse reactions are believed to be associ
ated with COVID-19 vaccine-induced strong immune re
sponse, including the release of proinflammatory cytokines. 
In a clinical trial with the mRNA vaccine BNT162b1, a tran
sient increase in C-reactive protein, particularly after the se
cond dose; increased serum levels of cytokines such as 
interferon-γ, tumor necrosis factor, interleukin-2 (IL-2), 
IL-1β, and IL-12p70 were observed. In addition, the lipid 
nanoparticles of mRNA vaccine increase the level of inflam
matory cytokines, such as IL-6 and IL-1β [8]. These data sug
gest that a profound increase in proinflammatory cytokines 
following COVID-19 vaccination causes systemic adverse re
actions, which can trigger AC as a strong stressor.

We reviewed AC associated with COVID-19 vaccinations 
and summarized them in Table 3. Among the 9 cases, fever 
and fatigue were observed in 7 cases each, whereas nausea and 
vomiting were observed in 4 cases. Additionally, 2 cases 
did not present with fever. Only 2 cases increased the HC 
dose, by up to 2-fold, but AC still occurred, whereas 4 cases 
were unable to receive increased doses because of nausea and 
vomiting. In case 1, particularly, the patient’s failure to 
take his regular HC dose on the day of vaccination could 
have played a significant role in triggering AC. In patients ex
periencing fever of ≥39 °C or diarrhea, even with a 2-fold in
crease in the HC doses, AC was still observed, indicating that 
a minimum increase by 3-fold of the regular HC dose may be 
necessary to prevent AC. Additionally, the IV infusion of HC 
was recommended when nausea and vomiting were 
observed.

According to the Pituitary Society survey of patients with AI 
who received the COVID-19 vaccine, 64% of the clinicians 
did not recommend automatic glucocorticoid dose escalation 
with vaccination; among those 88% planned to increase the 
dose if fever developed, and 47% planned to increase the 
dose if myalgia or arthralgia developed. Therefore, most clini
cians intend to maintain the current glucocorticoid dose and 
only increase them when fever develops [9]. The Korean 
Society of Endocrinology recommends that patients with AI 
should increase the daily replacement glucocorticoid dose 2 
to 3 times, following the sick day rule, if the patients experi
ence fever, myalgia, and chills after COVID-19 vaccination 
[10]. However, in our cases, the degree of fever was mild, 
and 1 case of AC occurred without fever. Based on these find
ings, promptly increasing the dose of glucocorticoids in pa
tients with fatigue and appetite loss, regardless of fever, was 
recommended. In addition, considering that symptoms can 
be mild or even absent, especially in older individuals, an em
pirical increase in the HC dose is recommended, particularly 
when patients have other underlying comorbidities. 
Notably, older patients often exhibit uncommon symptoms 
such as cognitive decline as a manifestation of AC, as demon
strated in case 2.

In conclusion, patients with AI may experience AC follow
ing COVID-19 vaccination, particularly in cases of systemic 
adverse reactions. Moreover, a 2-fold increase in HC dose 
may be insufficient in symptomatic cases, necessitating the ad
ministration of at least a 3-fold increased dose of glucocorti
coids. Additionally, providing appropriate instructions to 
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patients and their families is crucial in managing this situation 
effectively.

Learning Points
• In patients with adrenal insufficiency and systemic ad

verse reactions, COVID-19 vaccination may trigger an 
adrenal crisis.

• Particular attention should be paid to the first dose of 
adenoviral vector vaccines and second dose of mRNA 
vaccines.

• Two-fold increase in the hydrocortisone dose may be insuf
ficient in symptomatic cases; therefore, at least a 3-fold in
creased dose of glucocorticoids should be administered.

• It is essential to provide appropriate instructions to pa
tients and their families.
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