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Abstract

Primary adrenocortical insufϐiciency or Addison’s disease (AD) is a rare, life-threatening condition 
with different aetiologies, but the most common cause is autoimmune destruction of the adrenal 
cortex. Autoimmune Addison’s disease (AAD) can present as an isolated condition or associated with 
others, as part of an autoimmune polyglandular syndrome (APS). The aim of this work is to investigate 
and emphasise the roles of autoantibodies in adrenocortical insufϐiciency, through the description of 
three clinical cases.

function, highlighted by mineralocorticoid and glucocorticoid 
hormone assays. Stage 4 deϐines clinical hypoadrenalism, 
as characterized by very high ACTH levels, very low 
cortisol values, and the appearance of clinical symptoms 
(asthenia, abdominal pain, hypotension, hyponatremia, and 
hyperkalemia) [5]. 

Autoimmune Addison’s disease (AAD) can ϐinally 
present as an isolated condition or associated with other 
pathologies, in autoimmune polyglandular syndromes: type 
1 (APS-1), type 2 (APS-2), and type 4 (APS-4), which identify 
immunological disorders characterized by the coexistence 
of two or more clinically manifest autoimmune diseases and 
with an endocrine pathology at onset [6-8].

The aim of this work is to highlight, through the description 
of three clinical cases, the roles of circulating anti-adrenal 
cortex autoantibodies (ACA, adrenal cortex autoantibodies) 
and anti-21-hydroxylase (anti-21-OH) autoantibodies, in 
autoimmune Addison’s disease

Clinical case I 

A male patient, aged 16, arrived in the emergency 
room due to severe asthenia, hypotension, fever, and 
dehydration. He was admitted to the Pediatric Department 
and subjected to haematochemical and instrumental 
investigations. Laboratory tests showed dyselectrolytemia, 
with hyponatremia (Sodium: 109 mEq/L-r.i. 130-150) 

Introduction
Primary adrenocortical insufϐiciency or Addison’s 

disease (AD) is a rare condition, which occurs in the general 
population with a frequency of 1 in 8000 individuals 
approximately [1]. The diagnosis is often complicated by 
non-speciϐic signs and symptoms at clinical onset, therefore, 
it is a potentially life-threatening condition, if not recognized 
and promptly treated [2].

The most common etiology is the autoimmune destruction 
of the adrenal cortex, which has an external-internal 
cytoarchitecture as follows: pars glomerulosa, responsible 
for the production of mineralocorticoid hormones (mainly 
aldosterone) regulated by renin-angiotensin system; pars 
fasciculata, which occupies the major part of the cortex, 
responsible for the synthesis of glucocorticoid hormones (mainly 
cortisol) under the control of ACTH; pars reticularis responsible 
for the synthesis of androgens (dehydroepiandrosterone, delta-
4-androstenedione, testosterone) [3].

The natural history of autoimmune Addison’s disease 
shows ϐive sequential stages of cortical function impairment, 
based on the response to challenge test with exogenous ACTH 
in patients with autoantibody positivity [4]. Stage 0 deϐines a 
potential or latent condition, characterized by autoantibody 
positivity and normal adrenal function. Stages 1,2 and 3 
are subclinical ones and show an increasing impairment of 
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and hyperkalemia (Potassium: 6.4 mEq/L – r.i. 3.5-5.2). 
Serological and molecular tests denied a possible infectious 
etiology; Computed Tomography scan and Magnetic 
Resonance Imaging excluded space-occupying lesions in the 
brain.

In the suspicion of adrenocortical insufϐiciency ACTH, 
cortisol, renin and aldosterone were measured and showed 
an increase in ACTH and renin levels (ACTH >1250 pg/mL - 
r.v. <46; renin >500 μIU/mL – r.i. 2.8-39.9), hypocortisolemia 
(cortisol 2.3 μg/dL – r.i. 5-27) and normal aldosterone value 
(75.81 pg/mL – r.i. 30-160). ACTH stimulation test conϐirmed 
adrenal insufϐiciency and the patient was immediately 
started on therapy with hydrocortisone and ϐludrocortisone. 

An indirect immunoϐluorescence method (IFI) on primate 
adrenal tissue (IFA Adrenal Cortex, Euroimmun, Germany) was 
used, according to the manufacturer’s instructions, to search 
for circulating autoantibodies against the adrenal cortex 
and showed a positive result: the ϐluorescent signal affected 
the entire microscopic section including pars glomerulosa 
and fasciculata (Figure 1). The autoantibody positivity was 
conϐirmed by an immunoenzymatic method (21-Hydroxylase 
Autoantibody ELISA Kit, RSR, United Kingdom) which detected 
autoantibodies against 21-hydroxylase, an enzyme involved 
in adrenocortical steroidogenesis and a speciϐic target of 
anti-adrenal autoantibodies [9]. This test showed high levels 
of anti-21-OH autoantibodies (2.2 units/mL, r.v. <0.4). These 
ϐindings led to the etiological diagnosis of Autoimmune 
Addison’s disease at clinical stage 4.

Clinical case II

A male patient, 17 years old, with a previous diagnosis 
of Hashimoto’s thyroiditis and type I diabetes mellitus, was 
admitted to the Pediatric Department for severe dehydration, 
asthenia, and hypotension. Preliminary laboratory tests 

showed dyselectrolytemia, with hyponatremia (Sodium: 
114 mEq/L-r.i. 130-150) and hyperkalemia (Potassium: 
5.9 mEq/L – r.i. 3.5-5.2). Serological and molecular tests 
denied a possible infectious etiology, so in the suspicion of 
adrenocortical insufϐiciency, the clinician proceeded with the 
request for further tests which revealed very high levels of 
ACTH and Renin (ACTH >1250 pg/mL - r.v. <46; Renin >500 
μIU/mL – r.i. 2.8-39.9), reduction of cortisolemia (cortisol 
3.5 μg/dL – r.i. 5-27) and normal value of aldosterone (2.97 
ng/dL – r.i. 1.76-23.2). The patient was started on therapy 
with hydrocortisone and ϐludrocortisone. In order to better 
investigate the etiology of adrenocortical insufϐiciency, 
ACA was searched by an IFI method (IFA Adrenal Cortex, 
Euroimmun, Germany) with positive results (Figure 2) and 21-
OH autoantibodies, subsequently evaluated (21-Hydroxylase 
Autoantibody ELISA Kit, RSR, United Kingdom), conϐirmed the 
autoimmune etiology. Because of concomitant Hashimoto’s 
thyroiditis, type I diabetes mellitus, and Autoimmune 
Addison’s disease at the clinical stage, the patient was 
discharged with the diagnosis of APS-2.

Clinical case III 

A female patient, 14 years old, was admitted to the Pediatric 
Department for follow-up of autoimmune polyendocrine 
syndrome type 1 (APS-1), also known as APECED 
(Autoimmune polyendocrinopathy candidiasis ectodermal 
dystrophy), diagnosed in 2016 due to the association of 
mucocutaneous candidiasis, hypoparathyroidism and the 
presence of mutations in the AIRE gene (AutoImmune 
REGulator gene). 

Due to the young age, personal clinical history, and the 
awareness that Autoimmune Addison’s disease can be 
associated with mucocutaneous candidiasis and chronic 
hypoparathyroidism in APS-1, despite the lack of adrenal 
insufϐiciency clinical manifestations, ACTH, cortisol, and 

Figure 1: Indirect immunoϐluorescence on primate adrenal tissue (dilution 
1:5, 400x) – case I. a: pars glomerulosa; b: pars fasciculata. Scale bar: 100 μm.

Figure 2: Indirect immunoϐluorescence on primate adrenal tissue (dilution 
1:5, 400x) – case II. a: pars glomerulosa; b: pars fasciculata. Scale bar: 100 μm.
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case of double positivity for ACA and for anti-21-OH, it was 
decided to carry out an ACA screening in IFI and conϐirm the 
outcome in immunoenzymatic [10].

In the natural history of autoimmune Addison’s disease 
the time between the detection of speciϐic autoantibodies, 
the appearance of adrenal functional modiϐications, and the 
evidence of symptoms is variable and and can even last a few 
years [11]. The cases described are at the opposite ends of 
the natural history stadiation [4,5]. 

In the ϐirst case, ACA and anti-21-OH antibodies result in 
excellent diagnostic markers in the etiological classiϐication 
of autoimmune adrenocortical insufϐiciency [9]. In fact, they 
are detectable in more than 90% of patients with Addison’s 
disease at clinical onset, although they often appear even 
before the development of full-blown adrenal dysfunction 
[6,9], which becomes evident only when 70% of the cortex 
is damaged. The Autoimmunology laboratory’s readiness 
to perform an immunoϐluorescence test and an enzyme 
immunoassay allowed the diagnostic and etiological 
classiϐication in a rather short time.

In the second case, the positivity for ACA and anti-
21-OH autoantibodies is important not only to deϐine the 
autoimmune etiology of Addison’s disease but also to allow 
the diagnosis of APS-2, an autoimmune polyendocrine 
syndrome characterized by the compulsory presence of 
Addison’s disease, associated with autoimmune thyroiditis 
and type 1 diabetes mellitus.

In the third case, it is clear that positivity for ACA and 
anti-21-OH autoantibodies have an important predictive 
value, especially in patients with autoimmune polyendocrine 
syndromes already diagnosed, even in the absence of 
adrenocortical insufϐiciency clinical manifestations. In 
APECED patients without clinically evident Addison’s 
disease, a positivity for ACA and anti-21-OH autoantibodies 
allows us to predict the full-blown pathology within ten years 
in almost all cases9. It contributes to supporting the strong 
association between the presence of ACA and anti-21OH and 
the development of autoimmune Addison’s disease [7].

In two of the three cases, ACTH and Cortisol levels were 

aldosterone were assayed and were within reference limits 
(ACTH 19.7 pg/mL –r.v. <46; cortisol 12.9 μg/dL –r.i. 5-27; 
aldosterone 121.3 pg/mL –i.r. 30 -160). The search for anti-
adrenal cortex autoantibodies by an IFI method (IFA Adrenal 
Cortex, Euroimmun, Germany) was instead positive (Figure 3) 
and the enzyme immunoassay (21-Hydroxylase Autoantibody 
ELISA Kit, RSR, United Kingdom) for detection of anti-21-OH 
autoantibodies showed a weak positivity (0.6 units/mL, r.v. 
<0.4).  

The patient, with known APECED syndrome, was 
therefore discharged with the diagnosis of latent Addison’s 
disease, on the basis of normal adrenal function and speciϐic 
autoantibody positivity, with the indication for clinical and 
laboratory follow-up, also including the adrenal hormones 
assays.

Discussions and conclusion
Three cases with positive ACA conϐirmed with the enzyme 

immunoassay for anti-21-OH, have been described (Table 1). 

Since the probability of an accurate diagnosis of 
autoimmune Addison’s disease is greater than 99% in the 

Figure 3: Indirect immunoϐluorescence on primate adrenal tissue (dilution 
1:5, 400x) – case III. a: pars glomerulosa; b: pars fasciculata. Scale bar: 100 μm.

Table 1: Main features of the clinical cases.                                                      
Case I                              Case II Case III

Age 16 17 14
Sex Male Male Female

Remote medical history Nothing to report -   Hashimoto's thyroiditis
-   Type 1 Diabetes Mellitus

- APECED
- Mucocutaneous candidiasis
- Hypoparathyroidism
- AIRE gene mutations

ACTH >1250 pg/mL (r.v. <46) >1250 pg/mL (r.v. <46) 19,7 pg/mL (r.v. <46)
Cortisol 2,3 μg/dL (r.i. 5-27) 3.5 μg/dL (r.i. 5-27) 12,9 μg/dL (r.i. 5-27)

ACA (IFI) Positive Positive Positive
Anti-21-OH Positive Positive Positive

ACA: adrenal cortex autoantibodies; Anti-21-OH: anti-21-hydroxylase autoantibodies; IFI: indirect immunoϐluorescence; APECED: Autoimmune polyendocrinopathy candidiasis 
ectodermal dystrophy
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outside the normal ranges.  These ϐindings have been very 
important in leading to the diagnosis of adrenal insufϐiciency. 
ACA and anti-21-OH positivity, subsequently evaluated, 
led to the identiϐication of the autoimmune etiology of this 
diagnosis.

In the third case, the diagnostic course for Addison’s 
disease started with ACA and anti-21-OH positivity. ACTH 
and Cortisol levels assayed afterwards, have been found 
within normal ranges, leading to the diagnosis of a latent 
autoimmune Addison’s disease.

In summary, the three cases outline the heterogeneity 
of autoimmune Addison’s disease natural history and 
clearly describe the key roles in this context of anti-adrenal 
autoantibodies. 

Ethical declarations

All procedures described in the study were implemented 
in accordance with the ethical standards established by the 
1964 Helsinki Declaration and subsequent amendments. 
Informed consent of the minor patients’ parents was 
obtained.
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