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Abstract

Autoimmune Addison’s disease (AAD) is an organ specific autoimmune disease
which causes primary adrenocortical insufficiency. In AAD, autoantibodies and
autoreactive T cells target cytochrome P450 21-hydroxylase enzyme, which is a
major self-antigen. Similar to other autoimmune diseases, both genetic and
environmental factors play an important role in AAD. Many researchers have
proposed common pathways that link immunity and bacterial and viral infections
in AAD. Moreover, studies have shown the association of viral infections with
the initiation of AAD progression. The chapter summarizes the current aspects of
microorganisms’ involvement in the pathogenesis and management of AAD.
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7.1 Introduction

Autoimmune Addison’s disease (AAD) is a rare autoimmune disease that occurs due
to complex interaction of genetic, environmental and immunological factors and
results in symptomatic adrenocorticol insufficiency and dependency on corticoste-
roid replacement therapy throughout life (Betterle et al. 2002). Dr. Thomas Addison
from Guy’s Hospital, London reported the AAD’s first case in late mid-nineteenth
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century and described adrenocortical insufficiency and changes in adrenal glands as
major symptoms (Addison 2009). The patients exhibited tumors or tuberculosis of
adrenal glands, except the one case of idiopathic adrenal atrophy, now known as
autoimmune Addison’s disease (AAD).

In most countries, the possible etiology behind primary adrenal insufficiency is
represented as autoimmune adrenalitis (Neufeld et al. 1981; Ten et al. 2001).
Malignancy and hemorrhage are considered as less frequently encountered cause
of AAD, whereas if specifically considering cases in males, mostly rare X-linked
condition and adrenoleukodystrophy are reported as a reason behind occurrence of
AAD (Neufeld et al. 1981; Ten et al. 2001). In the past decades, tuberculous
infiltration of the adrenal glands was considered as major cause of primary adrenal
insufficiency globally and still is one of the persistent causes in several developing
countries (Addison 2009; Soule 1999). Primary adrenal insufficiency is rare with an
annual incidence of 4.7-6.2 per million in white populations with a prevalence of
93-140 per million (Laureti et al. 1999; Kong and Jeffcoate 1994; Mason et al.
1968). It is prevalent in women, irrespective of age; however, it is mostly reported
between the 30 and 50 years of age groups (Kong and Jeffcoate 1994). In order to
restore good health, AAD patients have to rely on supplementation therapy through-
out their life, as the steroid hormone releasing cells of the adrenal cortex are attacked
by immune cells which results into organ failure and lack of steroid hormone
synthesis within adrenal gland of AAD patients (Bornstein 2009; Bratland and
Husebye 2011). These patients suffer through higher rate of morbidity, mortality
and reduced quality of life (Lovas et al. 2002; Erichsen et al. 2009; Bensing et al.
2008, 2016). Therefore, there is a need of improving insights regarding the unre-
vealed pathological mechanisms associated with AAD in order to form the grounds
for rational design of molecular and cellular strategies which could be targeted for
the treatment of the disease. Similar to most of the autoimmune diseases, AAD is
also considered as a multi-factorial disease which involves several factors such as
genetic, environmental, and failure to control autoreactive lymphocytes at different
stages (Goodnow 2007). Various genetic risk factors are known to contribute to
AAD, especially major histocompatibility complex (MHC) but hardly something is
known about environmental factors (Erichsen et al. 2009; Skinningsrud et al. 2011).
Suspected environmental factors which causes autoimmune diseases include infec-
tious agents such as bacteria, viruses, and other pathogens (Ercolini and Miller
2009). Unlike other autoimmune diseases, no specific infectious agents have been
identified for AAD (Christen and Hintermann 2018; Lassmann et al. 2011; Hyoty
2016). However, several pathogens are considered to infect the adrenal cortex and
may also contribute to adrenal insufficiency (Paolo and Nosanchuk 2006). In this
chapter, we highlight the role of infectious agents in the disease development and
role of gut microbiota and probiotics in the management of AAD.
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7.2  Role of Microorganisms in the Pathogenesis
of Autoimmune Addison’s Disease

A variety of microorganisms have been reported to infect adrenal gland, adrenal
cortex and cause adrenal insufficiency (Paolo and Nosanchuk 2006). These infec-
tious agents cause opportunistic infections, primarily affecting immunocompro-
mised individuals. The infectious agents involved in the AAD mainly include
bacteria, viruses, fungi, and parasites. Among this infectious agents, bacteria and
viruses are considered of major relevance with AAD just like any other autoimmune
endocrinopathies. In fact other microbes like Paracoccidioides brasiliensis or
M. tuberculosis with a tropism for the adrenals are not endemic in the Western
world (Glaziou et al. 2014; Bocca et al. 2013). In the below sub-sections, we
summarize the involvement of bacteria and viruses in pathogenesis of AAD.

7.2.1 Bacteria

Bacterial infection influences the release of endotoxins or exotoxins resulting into
dysregulation of the adrenal glands affecting the physiological host response
(Fig. 7.1). The most commonly linked bacteria with adrenal damage is
M. tuberculosis. M. tuberculosis can reside within adrenal gland without any clinical
symptoms for up to 10 years (Kelestimur 2004). In a study conducted on 13,762
patients of tuberculosis, 6% of M. tuberculosis affected active patients exhibited
adrenal insufficiency (Lam and Lo 2001). M. tuberculosis causes adrenal dysfunc-
tion through induction of degenerative cells within adrenal cortex (Kelestimur et al.
1994). The radiographic images of adrenal glands also suggests connection between
length and tuberculosis activity in the adrenal gland (Kelestimur et al. 1994).
Interestingly, reports revealed that treatment with anti-tuberculosis drugs does not
ameliorate the condition of adrenal insufficiency (Bhatia et al. 1998). Another
species of Mycobacterium, i.e., M. avium has been reported to cause infection in
adrenals of AIDS patients (Glasgow et al. 1985). Although adrenal failure may result
due to infiltrative disease; however, it may also occur without any clinical dysfunc-
tion (Guenthner et al. 1984). Unfortunately, the exact role of M. avium in adrenal
destruction has not been explained completely, but its involvement in concomitant
infection with cytomegalovirus virus (CMV) has been suggested. Similar to the
above studies, bacterial sepsis is reported to produce bilateral adrenal hemorrhage in
the case of Waterhouse-Friderichsen syndrome. One of the most frequently occur-
ring bacterium linked with this syndrome is N. meningitidis (Bosworth 1979).
However, it may also results during systemic infections caused by Haemophilus
influenzae, Pneumococci, Streptococcus, Klebsiella oxytoca, Pasteurella multocida,
Ewingella americana, and Capnocytophaga canimorsus (Doherty 2001; Hamilton
et al. 2004; Karakousis et al. 2001; Tsokos 2003; Givner 1998; Hori et al. 1998; Ip
et al. 1995; Gertner et al. 1992; McKinney and Agner 1989; Mirza et al. 2000;
Morrison et al. 1985; Piccioli et al. 1994). Although these bacteria are considered to
be linked with patients with adrenal insufficiency, but their direct involvement in
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Fig. 7.1 Proposed mechanism for role of microorganisms in autoimmune Addison’s disease
pathogenesis. Several environmental factors such as stress, bacteria, and viruses have been
suggested to contribute in autoimmune Addison’s disease (AAD) pathogenesis. In AAD,
autoantibodies and autoreactive T cells target cytochrome P450 21-hydroxylase enzyme, as
autoantigen. IL-2 and IFN-y cytokines activate autoreactive T cells (e.g., CD8" T cells and CD4*
Th cells). In addition, IFN-y activates macrophages and autoreactive B cells which then contribute
to destruction of adrenal cortex with idiopathic primary adrenal insufficiency, and lead to autoim-
mune Addison’s disease

AAD is still a mystery. Therefore, further studies are warranted to validate potential
role of bacteria in pathogenesis of AAD.

7.2.2 \Viruses

Individuals with human immunodeficiency virus (HIV) infection are more suscepti-
ble towards several other infections including CMV infection, which results into
adrenal dysfunction (Arlt and Allolio 2003; Nakamine et al. 1987; Glasgow et al.
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1985; Huang et al. 2004; Angulo et al. 1994; Dore et al. 1995; Rodrigues et al. 2002).
However, direct involvement of HIV in adrenal destruction is unusual (Sellmeyer
and Grunfeld 1996). Autopsy studies have revealed that in HIV patients, adrenal
gland is commonly affected endocrine organ (Welch et al. 1984; Hofbauer and
Heufelder 1996). Autopsy study in 128 patients with AIDS showed pathologically
compromised adrenal gland within 99.2% of the subjects (Rodrigues et al. 2002).
Moreover, adrenal insufficiency was estimated in 5-8% AIDS patients, and it was
significantly higher as compared to its incidence in the general population (Huang
et al. 2004). Along with direct infection through HIV, other etiological reasons are
also stated for adrenal malfunctions which include infections, viral-induced autoim-
mune deterioration and detrimental effects of chemotherapeutics (Huang et al.
2004). Furthermore, autopsy studies suggest that CMV plays substantial role in
adrenal damage in AIDS patients. An adrenal pathology study in AIDS patients
reported 21 cases in which adrenal gland was infected with CMV (Glasgow et al.
1985). Although, CMV has the highest involvement in adrenal infection of HIV
patients, but antemortem diagnosis remains a rare occurrence (Dore et al. 1995;
Eledrisi and Verghese 2001). Disturbance in function of adrenal gland can occur at
any stage of HIV infection. Nonetheless, adrenocorticotrophin (ACTH) and cortisol
levels occur early in HIV infection, and as HIV infection spreads, the insufficiency
occurs with normal to low ACTH levels (Eledrisi and Verghese 2001). Advance
HIV infection elevates the cortisol-binding globulin (CBG) within the serum in
response to stimulation of adrenal cortex by IL-1p and IL-6 (Mayo et al. 2002).
According to several studies, the progression to adrenal failure occurs in advanced
HIV infection and the reason considered behind this is co-infection by opportunistic
microbes, adrenal burnout, increased peripheral cortisol resistance, and anti-adrenal
cell antibodies (Eledrisi and Verghese 2001; Mayo et al. 2002; Salim et al. 1988;
Marik et al. 2002). A study conducted on 30 patients with AIDS depicted significant
correlation between presence of CMV antigenemia and adrenal insufficiency
(Hoshino et al. 1997). Controversy exists as there are no befitting diagnostic
parameters for screening and delineating the probable basis for adrenal insufficiency,
which majorly holds for some of the variance in number of cases reported (Eledrisi
and Verghese 2001).

Moreover, some viruses also exhibit mutagenic potential, particularly Epstein—
Barr virus (EBV), which was associated with adrenal gland lymphoma (Ohsawa
et al. 1996; Suankratay et al. 2005; Ohshima et al. 1997; Jimenez-Heffernan et al.
1995; Prevot et al. 1994). Surprisingly, adrenal dysregulation of glucocorticoid
levels, which is common in HIV patients may substantially promote latent EBV
reactivation (Cacioppo et al. 2002). Acute EBV infection can potentially cause
adrenalitis (Hertel et al. 1987).

There are also other frequent viruses that have a role in adrenal disease, such as
newborn infections with echoviruses, which are linked to deadly disseminated
intravascular coagulation, which causes severe damage due to multiple organ dam-
age and adrenal hemorrhagic necrosis (Ventura et al. 2001; Speer and Yawn 1984;
Mostoufizadeh et al. 1983; Reyes et al. 1983; Berry and Nagington 1982; Wreghitt
et al. 1989). In neonates, Herpes simplex virus (HSV) can potentially cause injury to
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the adrenals (Nakamura et al. 1985). According to studies on mice, HSV-1 or HSV-2
causes fast infection of the CNS via adrenal gland (Irie et al. 1987; Hill et al. 1986;
Aita et al. 2001). Adrenal glands contain the highest proportion of virus particles of
any organ in the early stages of HSV-1 and HSV-2 infections (Potratz et al. 1986). In
deadly infections with filoviruses, such as the Ebola virus, colossal apoptotic lysis of
cells in numerous organs including liquefaction of the adrenals, has been
documented (Mahanty and Bray 2004). Although the Marburg virus has low fatality
rate, it can nevertheless harm the adrenal, particularly the cortical cells (Mahanty and
Bray 2004; Geisbert and Jaax 1998). Similarly, an arenavirus, Lassa virus is also
reported to infect the adrenals (Edington and White 1972). Influenza virus type A has
also been suggested to potentially influence ACTH production and its release
(Jefferies et al. 1998). The Influenza virus was found to be more fatal in adrenal
insufficiency patients (Skanse and Miorner 1959). A study on avian influenza A
virus suggests that H5SN1 avian Influenza A virus has capacity to cause severe
adrenal damage (Lee et al. 2005). The reports for involvement of viruses in adrenal
infections are more in comparison with the bacterial involvement. Similar to the
studies on bacteria, virus infected adrenal disease reports also fails to provide a direct
association with adrenal insufficiency and AAD. Future studies on both animal and
human subjects are needed to reach up to any concrete conclusion for the involve-
ment of viruses in AAD.

7.2.2.1 SARS-CoV-2

In addition to the above reported virus infections, recently emerged causative agent
of COVID-19 disease, i.e. severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) may also be involved in adrenal dysfunction (Ding et al. 2004). However,
the cellular abnormalities found in the adrenals could be related to the virus’s direct
cytopathic effects or systemic inflammatory reactions. Coronavirus can create
peptides that are molecular mimics of ACTH, disrupts the host’s corticosteroid stress
response (Wheatland 2004). Antibodies to viral peptides that bind to both the host’s
ACTH and the viral protein impair the host’s capacity to release corticosteroids,
resulting in adrenal insufficiency. Moreover, the use of glucocorticoids to treat
coronavirus infection has been proposed as a way to prevent or modify the infection
(Wheatland 2004). The COVID-19 was recently exposed to a 19-year-old female
with a medical history of Raynaud’s phenomenon, and she tested positive for the
disease (Bhattarai et al. 2021). The study reported primary adrenal insufficiency due
to COVID-19 infection (Bhattarai et al. 2021). The COVID-19 illness and endocrine
abnormalities have also been addressed by the European Society of Endocrinology
(ESE) (Puig-Domingo et al. 2020). Moreover, a 32-year-old woman with autoim-
mune polyglandular syndrome type 1 (APS-1) was reported to develop COVID-19.
The patient’s clinical, immunological and genetic patterns confirmed autoimmune
polyendocrinopathy—candidiasis—ectodermaldystrophy (APECED), also known as
APS-1 (Betterle et al. 2012; Beccuti et al. 2020). Similarly, a case study on 51-year-
old man confirmed with COVID-19 infection exhibited probability of an underlying
cortisol deficiency (Hashim et al. 2021). Furthermore, COVID-19 was found in
64-year-old lady with type 2 diabetes and hypothyroidism, who had nausea,
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vomiting, and abdominal pain since 1 week. The patient exhibited presence of
21-hydroxylase antibodies, high ACTH level and low cortisol level, indicative of
Addison’s disease. After infection, the COVID-19 disease might have contributed to
rapid, clinically meaningful disease progression. The study suggested that the
development of AAD could be linked to a previous COVID-19 infection in the
patient (Sanchez et al. 2022).

These case reports offer important insights into the COVID-19 related serious and
rare medical conditions including adrenal insufficiency which can be unmasked by
SARS-CoV-2 infection; thereby, rendering diagnostic and treatment processes
complicate.

7.3 Role of Gut Microbiota in Autoimmune Addison’s Disease

The gut microbiota plays a crucial role in shaping activity of the hypothalamus-
pituitary-adrenocortical (HPA) axis (Herman et al. 2016). Nevertheless, knowledge
on microbiota’s effect on adrenals, pituitary, and hypothalamus is scarce (Sudo et al.
2004). The influence of microbiota on the acute restraint stress (ARS) response in the
adrenal gland, pituitary, and gut (an organ of extra-adrenal glucocorticoid produc-
tion) was investigated in a study on germ free (GF) mice (Vagnerova et al. 2019). A
study using SPF and GF male BALB/c mice found that the GF mice’s plasma
corticosterone reaction to ARS was higher than that of SPF mice (Vagnerova et al.
2019). ARS substantially activated the steroidogenic pathway in the adrenals at the
levels of the steroidogenic transcriptional regulator Sf-1, cholesterol transporter Star,
and Cypllal (the first enzyme in the steroidogenic pathway). These findings show
that the gut microbiota influences the adrenals’ and microbiota’s responses
(Vagnerova et al. 2019). Although studies on the HPA axis and the neuroendocrine
system have indicated the significance of gut microbiota in modulating adrenal
glands, there is no clear indication whether it improves or worsens the adrenal
function (Vagnerov4 et al. 2019; Farzi et al. 2018). So far, there is no study reported
on the impact of gut microbiota on AAD. Upcoming research should be more
focused on finding the role of intestinal microbiota in AAD and how they can be
targeted for improving adrenal functions.

7.4 Role of Probiotics in Autoimmune Addison’s Disease

Probiotics have been found to have potential ameliorative benefits in the prevention
and treatment of a wide range of systemic diseases in both animal and human
investigations. Rheumatoid arthritis, ulcerative colitis, multiple sclerosis, and
hepatic encephalopathy are some of the examples of inflammatory and autoimmune
disorders in which probiotics have been found useful (Liu et al. 2018). The regula-
tion of immune system function, which is typically reliant on the strain of probiotic
bacteria, is one of the major benefits of probiotics. Some strains have been shown to
stimulate the immune response, and thereby rendering it beneficial to patients with
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immune deficiencies (Ishizaki et al. 2017). Although, previous reports suggested the
crucial role of probiotics in ameliorating the dysfunction of the hypothalamic-
pituitary-adrenal (HPA) axis induced by stress, but there is no report available
which directly indicates role of probiotics in benefiting either adrenal complications
or AAD (Eutamene and Bueno 2007; Smith et al. 2014). Therefore, future studies
should be targeted for exploring the potential of probiotics in improving the adrenal
functions in AAD.

7.5 Conclusion

Many organ specific autoimmune diseases including type 1 diabetes have been
related to enteroviruses; however, the active involvement of any infectious agents
in AAD has yet to be established. The immune system majorly target and coordi-
nately attack on steroidogenic cells of the adrenal cortex by 210H (one dominant
self-antigen), and it is markedly similar to the immune system’s attack on viruses,
CD4* and CD8" T cells, and antibodies specific for an intracellular antigen
(Fig. 7.1). In addition, epidemiological research revealed that infections may have
arole in the development of AAD. The protracted subclinical phase of AAD, on the
other hand, makes it difficult to identify any probable viruses or bacteria that might
play a role in the pathogenesis at early stages. Viruses such as CMV, EBV, and
HSV-1 are involved in the AAD pathogenesis; however, more extensive research is
needed to identify the exact pathomechanisms and other pathogens contributing to
AAD. Furthermore, there are no studies that indicate the possible relevance of gut
microbiota dysbiosis and probiotics in the treatment of AAD; therefore, animal
model and clinical investigations are required. Certain studies, on the other hand,
offer potential ways for taking use of AAD’s extraordinarily high heritability and
gathering a large cohort of families with ADD aggregation (Skov et al. 2017;
Mitchell and Pearce 2012). All family members could then be tracked prospectively
and examined for evidence of functional adrenal impairment as well as exposure to
infectious agents or other environmental factors.
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