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ABSTRACT

Fungi are ubiquitous microbes and form a fraction of
the symbiotic human microbiome. Transition from
normal commensals to opportunistic mycoses can
occur in immunocompromised hosts. Endemic
mycoses are caused by fungi that are acquired from
environmental sources. Fungal infections can be
classified based on the depth of tissue invasion.
Superficial diseases are limited to skin, nails, and
mucous membrane while systemic dissemination can
affect multiple organs including endocrine glands.
Fungal involvement of the adrenals, pituitary, thyroid,
pancreas, and gonads is well recognized. On the other
hand, individual with diabetes mellitus and Cushing’s
syndrome are susceptible to fungal disease as a result
of immune dysfunction. Mucormycosis, candidiasis,
and dermatophytosis occur more commonly in
diabetes. Exogenous as well as endogenous
Cushing’s syndrome is another endocrine disorder
that predisposes to systemic fungal diseases. High
index of suspicion is necessary to recognise these
infections as clinical manifestations can be masked
due to the anti-inflammatory properties of
glucocorticoids. Autoimmune polyendocrine
syndrome type | (APS-1) is a unique genetic disease
where autoimmune damage predisposes to chronic
mucocutaneous candidiasis (CMC) and a multitude of
endocrine anomalies. Antifungal agents like azoles
and polyenes can adversely affect the normal
functioning of various endocrine pathways. Errors in

diagnosis and treatment of the fungal infections of the
endocrine glands can be critical. Equally important is
to identify the various fungal diseases occurring in
diabetes and other endocrine disorders. Conditions
that predispose to fungal diseases such as diabetes
and immunosuppressed states in organ-transplant
recipients are becoming increasingly prevalent.
Understanding of the critical interplay between the
endocrine system and fungal pathogens are
imperative for optimal patient outcomes in modern
medicine.

INTRODUCTION

Fungi are classified as a separate kingdom that
consists of single-celled or complex multicellular
organisms. They are heterotrophs and unlike
autotrophic plants, fungi lack chlorophyll and cannot
synthesize their own food. They acquire nutrients from
the surrounding media by osmosis.

Fungi are ubiquitous, transient, or persistent human
colonizers which form the fungal microbiota or
mycobiome. The human microbiota consists of a
diverse array of microorganisms such as viruses,
bacteria, fungi, protozoa, and parasites that reside in
and around the human body. Fungi comprise <0.1% of
the total human microbiota, but it still plays a crucial
role in human health and disease (1).
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Fungal species have complex interactions with the
human host, which can be viewed as a spectrum of
symbiotic relationships. The association can be
mutualistic where it is advantageous to both, or
commensal where only one profits but the other is
unharmed. On the other hand, the connection can be
parasitic where the fungi are benefitted with a
damaging effect on the human host, or amensalistic
where one organism is harmed but the other remains
unaffected. These human fungal symbionts can
transition from commensalism to parasitism within the
body. Immune dysfunction is one of the common
factors that influence this conversion. Endocrine
diseases like diabetes mellitus, Cushing’s syndrome,
and autoimmune polyglandular syndrome type 1
(APS1) are prone to fungal infections due to immune
dysfunction.

The prevalence of superficial fungal infection is 20-
25% (2). On the other hand, fungal infections tend to
spread in individuals with low immunity such as
patients with cancer or acquired immunodeficiency
syndrome (AIDS) and recipients of
immunosuppressive drugs. The reported incidence of
invasive fungal disease is 5.9 cases per thousand per
year (3). The dissemination may affect various
endocrine glands leading to their dysfunction, the
adrenal gland being the one most commonly involved.
Endocrine system involvement in fungal infections
would extend to the adverse effect of various
antifungal therapy too. Azoles are the most frequently
described class affecting the endocrine system and,
adrenal glands and gonads are their primary targets.

The diverse aspects of this complex relationship
between fungi and the endocrine system are
described in this chapter.

TYPES OF FUNGAL INFECTION

Fungal infections have been classified based on both
anatomic location and epidemiology. They can also be

classified on the basis of morphological structure of
the fungus.

Anatomical Categories

MUCOCUTANEOUS INFECTIONS

Mucocutaneous infections is a heterogeneous group
characterized by infections of the skin, mucous
membranes, and the nails. These infections are
confined to the cutaneous surface, with little
propensity for systemic dissemination. The effect can
vary from mild to severe depending on the extent of
involvement but are rarely fatal.

DEEP ORGAN INFECTIONS

Fungal infections can sometimes cause deep tissue
involvement and have the potential for hematogenous
and systemic spread. Dissemination of fungal
infections is usually observed in immunocompromised
conditions. If untreated, deep organ or systemic fungal
affection can be fatal.

Epidemiological Categories

ENDEMIC MYCOSES

Endemic mycoses include infections caused by fungi
that do not belong to the normal human microbiota but
rather are acquired from environmental sources. In
endemic mycosis, deep organ infection is almost
exclusively caused by inhalation, whereas cutaneous
disease is most often caused by direct contact with soll
but can also occasionally result from hematogenous
dissemination. Dermatophytid fungi are mainly
acquired by environmental contact however, human-
to-human transmission has been reported. Examples
of endemic mycoses include coccidioidomycosis,
paracoccidioidomycosis, histoplasmosis,
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blastomycosis, penicilliosis, phaeohyphomycosis,
sporotrichosis, and adiaspiromycosis.

OPPORTUNISTIC MYCOSES

Opportunistic fungi can be normal human microbiota
components, but in the immunocompromised state,
these organism transition from harmless commensals

to invasive pathogens. These fungi invade the host
from the usual sites of colonization, typically the
mucous membranes or the gastrointestinal tract.
Typical examples are candidiasis, aspergillosis,
mucormycosis (zygomycosis), cryptococcosis,
scedosporiosis, trichosporonosis, fusariosis, and
pneumocystosis. Fungi that are reported to affect the
various endocrine glands are shown in table 1.

Table 1. Fungi Affecting Specific Endocrine Glands

Type of fungus

Organs affected

Aspergillosis

Pituitary, Thyroid, Pancreas, Adrenal

Zygomycosis

Thyroid

Candidiasis

Pituitary, Thyroid, Pancreas, Testis

Cryptococcosis

Thyroid, Pancreas, Adrenal, Testis

Histoplasmosis

Thyroid, Adrenal, Ovaries,

Blastomycosis

Testis, Ovaries

Coccidioidomycosis

Thyroid, Adrenal,

Paracoccidioidomycosis

Thyroid, Adrenal

Pneumocystis jirovecii

Pituitary, Thyroid, Parathyroid, Pancreas, Adrenal

Based on Morphology

YEASTS

Yeast are found as single rounded cells or as budding
organisms. Examples are Saccharomyces cerevisiae,
Candida albicans, and Leucosporidium frigidum.

MOLDS

Molds grow in filamentous forms called hyphae both at
room temperature and in invaded tissue. The common

molds are aspergillus (A. fumigatus, A flavus, and A
brasiliensis), penicillium and rhizopus.

DIMORPHIC

Dimorphic fungi grow as yeasts or large spherical
structures in the tissue but as filamentous forms at
room temperature in the environment. These include
histoplasma (H. capsulatum), blastomyces (B.
dermatitidis), paracoccidioides (P. brasiliensis),
coccidioides (C. immitis), penicillium (P. marneffei),
and sporothrix (S schenckii).
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Figure 1. Classification of Fungal Infections

FUNGAL DISEASES OF MAJOR ENDOCRINE
GLANDS

Fungal infections are more prevalent in the
immunocompromised state (table 2). There is a
tendency for fungal infections to disseminate in such

OPPORTUNISTIC
MYCOSES

cases and affect endocrine organs like the pituitary,
thyroid, parathyroid, pancreas, adrenal glands, and
gonads. The involvement of these endocrine glands
may lead to deficient hormone secretion. The clinical
manifestations, diagnosis, and management of fungal
infection of the major endocrine glands are discussed
below.

Table 2. Conditions Predisposing to Systemic Fungal Infections

Endocrine diseases

Diabetes mellitus

Cushing’s syndrome

Autoimmune polyendocrine syndrome-1

Immunosuppressed states

Cancer

Acquired immunodeficiency syndrome
Acute leukemia

Solid-organ transplant recipients

STATS5b deficiency (Congenital Insulin-like Growth Factor-1 Deficiency)

Hematopoietic stem cell transplant recipients

Recipients of immunosuppressive drugs in conditions like connective tissue diseases

Pituitary Fungal Infections

ETIOLOGY

Pituitary infections or abscesses are rare and account
for less than 1% of pituitary lesions (4). Even among
them, fungal infections are extremely unusual and
occur predominantly in immunocompromised states.
The mode of spread could be hematogenous,
extension from adjacent structures like meninges,
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sphenoid sinus, cavernous sinus, and skull base, or
iatrogenic during transsphenoidal procedures. Fungal
infection of the pituitary can occur in the presence of
underlying lesions like pituitary adenoma, Rathke’s
cleft cyst, etc. Cushing’s syndrome, resulting from an
adrenocorticotrophic hormone (ACTH) secreting
pituitary adenoma, itself causes immunosuppression
and further predisposes to fungal disease (5).
Aspergillus is the most frequently reported fungal
infection of the pituitary (6—8). Other fungi described to
infect the pituitary include candida (9,10),
Pneumocystis jirovecii (in HIV/AIDS) (11,12), and
coccidia (13). In a review of 13 cases of pituitary
aspergillus infection, five were immunosuppressed
(14).

CLINICAL FEATURES

The clinical presentation of fungal infection of the
pituitary can be variable (table 3). Symptoms from
mass effects such as headache, visual disturbances
(due to optic chiasma compression), and
ophthalmoplegia are the usual presenting features.
Features suggestive of infection, such as fever,
leukocytosis, and meningismus were absent in most
of the reported cases (8,15,16). Aspergillus is known
to cause angioinvasion and vasculitis, and thus can be
additionally associated with features arising from
cerebrovascular infarcts (8,14). Pituitary insufficiency
can acutely manifest as hypotension and shock
primarily from secondary hypoadrenalism (9).
Gonadotrophin and other hormone secretion can be
affected as a delayed sequalae, but such reports are
very rare (17). Pituitary stalk compression can induce
hyperprolactinemia (18). Diabetes insipidus (DI) occur
more frequently than seen with pituitary adenomas

(10).

Table 3. Clinical Profile of Recently Reported Cases of Pituitary Aspergillus Infection
Author, Clinical setting | Symptoms Diagnosis Management/
year outcome
Moore, 74-year old Right eye pain, | Imaging - right ICA Fatal outcome,
2016 (8) | male, headaches, 10 | occlusion, acute right autopsy findings
CAD, CKD, AHA | months of pontine stroke, smaller | revealed fungal
hypertension worsening left infarcts in the right hyphae in
hemiparesis MCA territory pituitary
Choi, 75-year old Headache, MRI - bilateral Endoscopic
2021(15) | male, DM, visual sphenoid sinusitis and | debridement of
hypertension, disturbance, pituitary involvement, sinuses. Oral
lung hyponatremia transsphenoidal biopsy | voriconazole
aspergillosis demonstrated invasive | given, gradual
aspergillus improvement
Saffarian, | 60-year old male | Headache, MRI findings, Endoscopic
2018 (16) | DM, progressive endoscopy by nasal drainage,
hypertension, visual loss, 4™ approach intravenous
sphenoid cranial nerve demonstrated amphotericin,
aspergilloma palsy aspergillus in biopsy responded to
treatment
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Ouyang, | 55-year old Headache, MRI - sellar and Transnasal,
2015 (18) | female, dizziness, and | sphenoid sinus transsphenoidal
no comorbidities | decreased mass removal of the
visual acuity Prolactin - 815 ng/mL mass and oral
voriconazole —
resolution of
symptoms
Vijay- 68-year old Headache, left | MRI — sellar mass Transsphenoidal
vargiya, female, temporal Int tive fi resection,
2013 (14) | kidney transplant | hemianopsia, n ra_opera Ve frozen voriconazole,
. . section showed
recipient ptosis. ) _ Developed ACA
organisms consistent . )
} i ischemic stroke,
with aspergillus died

CAD - coronary artery disease, AHA — autoimmune hemolytic anemia, ICA — internal carotid artery, MCA —
middle cerebral artery, ACA — anterior cerebral artery, DM — diabetes mellitus, MRI — magnetic resonance

imaging
DIAGNOSIS

Fungal pituitary infections usually present with
symptoms of headache, visual disturbance, and
ophthalmoplegia and are often misdiagnosed as
tumors (14). Identification of a mass in the sellar region
in an immunocompromised state should raise
suspicion of fungal etiology. T1-weighted magnetic
resonance imaging (MRI) of fungal abscess of pituitary
shows nonspecific isointensity or hypointensity (4).
Pituitary abscess of any etiology including fungal may
demonstrate peripheral rim enhancement and
calcifications on T2-weighted images. Low signals due
to iron deposition are however indicative of fungal
involvement (19). Involvement of the adjacent sinuses
is another pointer for fungal disease (15,16). It is
difficult to distinguish fungal pituitary infections from
intrasellar bacterial infections and tumors, and the
diagnosis is often confirmed during surgery or
autopsy. Histopathological examination can reveal
hyphae and fungal spores. Silver impregnation stains
such as Grocott or Gomori methenamine silver, fungal
culture, or fungal polymerase chain reaction (PCR)
can confirm the diagnosis (4). Serum 1,3-B-D-glucan

is positive in a broad range of invasive fungal
infections, including candida (19). Serum
galactomannan is however, a specific marker for
invasive aspergillosis (20).

TREATMENT

Treatment includes antifungal therapy and drainage of
the abscess by transsphenoidal endoscopic approach
(14). Craniotomy is discouraged due to fear of
intracranial dissemination. Deficiency of pituitary
hormones may necessitate replacement (9).
Voriconazole is the preferred therapeutic agent for

aspergillus infection. Other medical options are
liposomal amphotericin B, posaconazole,
isavuconazole, and echinocandins (21). The

recommended dose of voriconazole for central
nervous system (CNS) aspergillosis is intravenous
loading with 6 mg/kg every 12 hour for two doses
followed by 4 mg /kg every 12 hour. The oral loading
dose is 400 mg every 12 hour for two doses, followed
by 200 mg twice daily (22). Oral treatment may be
required for months. The exact duration of therapy is
not established and depends on the clinical
parameters. Antifungal therapy for other varieties of
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fungus should be administered as per standard
practice. Mortality rates are high in disseminated
disease with vascular invasion, immunosuppressed
state, and in cases of a delayed diagnosis (14).

Thyroid Disorders

ETIOLOGY

Infections of the thyroid are rare as its rich blood
supply, iodine content, and capsule are protective

against microbial invasion (23). Fungi form a small
subset among the microbial pathogens infecting the

thyroid. A. fumigatus is the predominant fungi in
general, whereas P. jirovecii is the most common
cause of fungal thyroiditis in patients with AIDS
(24,25). Table 4 enumerates the fungal infections
reported to infect the thyroid. These infections are
primarily seen in immunocompromised patients and
usually is a part of disseminated infection. Both
hematogenous and lymphatic spread can occur.
Direct invasion of the thyroid by fungal infection is also
reported. Mycotoxin secreted by the fungus may affect
thyroid function, however the evidence in humans is
not definitive (26).

Table 4. Predisposing Conditions Where Fungus Affects the Thyroid Gland

Type of fungus | Predisposing condition

Aspergillus

MNG (35)

Organ transplant (27,28), AML (29), ALL (30), MDS (31), NHL (32), SLE
(24,33), cryoglobulinemic vasculitis (34), AIDS, normal immune status with

Pneumocystis

AIDS (25), Thymic alymphoplasia (36)

Candida ALL (37), AML (38)

Coccidiodes
corticosteroids (40)

SLE on corticosteroids (39), sarcoidosis on corticosteroids, PAN on

Histoplasmosis | NHL (41)

AML — acute myeloid leukemia, ALL — acute lymphoblastic leukemia, MDS — myelodysplastic syndrome, NHL-
Non-Hodgkin’s Lymphoma, SLE- systemic lupus erythematosus, AIDS — acquired immunodeficiency
syndrome, MNG — multinodular goiter, PAN — polyarteritis nodosa

CLINICAL FEATURES

Fungal infection of the thyroid usually occurs in
presence of underlying critical illness. The symptoms
of thyroid infection can get masked by the primary
disease. Thyroid involvement can be often detected
post-mortem in cases of disseminated fungal disease
(42). Common clinical presentations include pain,
swelling of the thyroid gland, and fever, often
mimicking subacute thyroiditis. In severe cases,
thyroid enlargement may cause dysphagia and

respiratory distress due to esophageal and tracheal
obstruction, respectively (25,42,43). Fungal thyroiditis
typically follows the course of a brief phase of
thyrotoxicosis followed by hypothyroidism. Recovery
of thyroid function generally takes place in weeks to
months. Sick euthyroid syndrome, which sometimes
occurs in disseminated fungal infections, may
confound thyroid function testing. The clinical
presentation of different varieties of fungal infections
is similar.
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Aspergillus

A review of 28 cases of aspergillus thyroiditis by Tan
et al. revealed that 12 (43%) patients had a primary
thyroid infection. The rest had aspergillus infection
elsewhere (usually lungs and airways). Fever,
dyspnea, and neck swelling were the usual
presentation. Dysphagia and airway obstruction
resulted from mass effect and was fatal in two cases.
The overall mortality rate was high (64%) (24).

Pneumocystis

Zavascki et al. described 15 cases of P. jirovecii
thyroiditis. Most of the cases were reported in
individuals with AIDS. It should be suspected if neck
pain and swelling occur in presence of a CD4 count <
200/pL.  Compressive  symptoms  such as
odynophagia, dysphagia, dysarthria, and hoarseness
have been reported. Extra-thyroid disease was
present in 53% (8/15) of cases and documented
usually on post-mortem studies. Most of the cases
were euthyroid, three were hypothyroid, and one
developed transient thyrotoxicosis (25).

Others

There are reports of infection of the thyroid with
candida, histoplasma, coccidiodes, and,
paracoccidiodes in immunocompromised hosts (37—
41). The different varieties of fungal thyroiditis are
clinically indistinguishable from each other.

DIAGNOSIS

Thyroid infection should be suspected in
immunocompromised hosts who present with swelling
and pain in the region of the thyroid gland. The thyroid
involvement not uncommonly remains asymptomatic
and gets detected post-mortem (42). Imaging of the
neck by ultrasonography can be useful to define the

morphology of the lesion. Computed tomography of
the chest additionally identifies fungal lesions in the
lungs, the usual site of primary or secondary infection.
Fungal staining and culture of the lesion obtained by
fine needle aspiration (FNA) of the thyroid gland can
confirm the diagnosis. Results of thyroid function
testing can be normal or may reveal thyrotoxicosis or
hypothyroidism.

TREATMENT

Antifungal therapy is the mainstay of treatment.
Voriconazole is the first line agent for invasive
aspergillus infection. Adding echinocandin
(capsofungin  or  antidulafungin) along  with
voriconazole may provide marginally better outcomes
in patients who are immunocompromised (44,45).
Cotrimoxazole is the preferred therapy for
pneumocystis infection. The choice of antifungal
therapy depends on the type of fungus and the
prevalent pattern of antifungal resistance. Surgical
debridement may be required especially if there is a
possibility of tracheal compression due to mass effect.
Symptomatic treatment may be required in the
thyrotoxic phase resulting from acute damage to the
gland. The thyroid gland fails to recover in a minority
of patients. They should be treated with thyroid
hormone replacement. Outcome of fungal thyroiditis
has improved over the last two decades with advances
in antifungal therapy (43).

Disorders of Calcium Metabolism

Fungal infections can alter calcium and vitamin D
metabolism. The common metabolic bone disorders
are described in the following section.

MONOCYTE 1a HYDROXYLASE MEDIATED
HYPERCALCEMIA

Etiology and Pathogenesis
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Conversion to the active 1,25-dihydroxyvitamin D
[1,25(0OH);D] from 25-hydroxyvitamin D [25(OH)D]
occurs primarily in the kidney. The renal enzyme
25(0OH)D-1a hydroxylase (CYP27B1) responsible for
the conversion, is tightly regulated by parathyroid
hormone (PTH), fibroblast growth factor 23 (FGF-23),
and the serum 1,25(0OH);D concentration. The
activated mononuclear cells and macrophages also
exhibit  25(OH)D-1a-hydroxylase  activity. The
1,25(0OH).D synthesized in these cells normally exert
a paracrine effect on growth and differentiation of
cells. In granulomatous disorders, such as
sarcoidosis, tuberculosis, and fungal infections, the
1,25(OH).D production in monocytes is dysregulated
resulting in hypercalcemia. The monocyte 25(OH)D-
1a-hydroxylase is resistant to the regulatory
mechanisms and the lack of calcium-mediated
negative feedback predisposes to hypercalcemia
(46). PTH-independent hypercalcemia is described in
chronic fungal infections, such as histoplasmosis,
coccidioidomycosis, para-coccidioidomycosis,
candidiasis, cryptococcosis, and pneumocystis.

Clinical Profile

The fungal infections associated with 1a-hydroxylase
mediated hypercalcemia can occur in both
immunocompromised and immunocompetent hosts.
In a review summarizing 16 cases of histoplasmosis
induced hypercalcemia, 68.7% (11/16) were
immunosuppressed. The common presentations were
with polyuria, constipation, altered sensorium, and
renal insufficiency (47). Hypercalcemia is also
reported in cryptococcus and pneumocystis infections
in individuals with HIV/AIDS (48-50). Hypercalcemia
can be an early marker of pneumocystis pneumonia in
renal transplant recipients (51,52).

Laboratory Features
Patients present with elevated serum calcium and

phosphate levels, suppressed PTH values, normal
25(0OH)D, and increased 1,25(0OH);D concentrations.

Serum angiotensin-converting enzyme (ACE) levels
can be elevated (47).

Treatment

Hypercalcemia resolves with resolution of the infection
after institution of successful antifungal therapy.
Hydration, calcitonin, and bisphosphonates can be
considered to lower calcium till the effect of antifungal
medication occurs (47). Steroids can be used in
resistant cases but should be initiated only under
appropriate antifungal coverage. Fatalities have been
reported when the cases have been misdiagnosed as
sarcoidosis and steroids initiated without antifungal
drugs (53,54). Some cases show transient worsening
of hypercalcemia probably mediated by immune
reconstitution inflammatory syndrome (55). Also,
initiation of antiretroviral therapy in patients with
HIV/AIDS infected with cryptococcus, might cause
hypercalcemia. This may be due to restoration of
granulomatous host response (56).

PARATHYROID HORMONE REALTED PROTEIN
(PTHrP) MEDIATED HYPERCALCEMIA

Coccidioidomycosis infection is associated with
hypercalcemia. However, the mechanism of
hypercalcemia in coccidioidomycosis is not related to
autonomous 1,25(OH);D production. It could be due
to osseous coccidioidomycosis in some cases, but in
the majority of cases it occurs without bony lesions.
Serum PTH levels and 1,25(0OH,)D levels were either
suppressed or normal (57). Expression of PTHrP by
the granulomatous tissue has been documented in
coccidioidomycosis. The serum PTHrP levels are
elevated in cases with hypercalcemia and presumed
to be the possible mechanism. The PTHrP levels
return to normal along with resolution of
hypercalcemia after successful antifungal treatment
(58).

OTHER DISORDERS OF CALCIUM METABOLISM
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Histoplasmosis-induced hypercalcemia has been
postulated to result from excess expression and
secretion of osteopontin by histiocytes in granulomas
(59). Osteopontin can activate osteoclasts and
subsequently lead to bone resorption (60). However,
currently there is insufficient evidence to support this
hypothesis.

Hypoparathyroidism has also been described in
HIV/AIDS with  pneumocystis infiltrating the
parathyroid glands. It causes hypocalcemia and
hyperphosphatemia (61).

Fungal Infection of the Adrenal Gland

The adrenal gland is the commonest endocrine organ
to be affected by infections including mycosis. Adrenal
fungal infection can be asymptomatic and get detected
as an incidental finding during radiological imaging, or
can manifest with symptoms of adrenal insufficiency
(62,63).

ETIOLOGY AND PATHOGENESIS

Unlike the other endocrine organs, isolated adrenal
involvement can be seen as a manifestation of
endemic mycoses in immunocompetent hosts by
histoplasmosis, paracoccidioidomycosis,
blastomycosis, and other fungal organisms (64—66).
The susceptibility to develop primary adrenal infection
or disseminated fungal disease is however more often
seen in the immunocompromised individuals with
HIV/AIDS, or in those receiving immunosuppressive
therapy such as solid organ transplant recipients (67).
Predisposition of the adrenal glands to fungal
infections is postulated to be due to suppression of
cell-mediated local immunity caused by high local
glucocorticoid levels (68). More often than isolated
involvement, the adrenal gland is involved as a part of
disseminated infection. Histoplasmosis  and
paracoccidioidomycosis are the commonest fungal
infections reported to have adrenal disease at autopsy
(67,69).

Affinity for different adrenal zones might vary for
different fungal infections. Paracoccidioides species
has affinity for zona reticularis as well as zona
glomerulosa leading to decreased
dehydroepiandrosterone sulfate and aldosterone
levels, respectively (59,70,71). The large fungal cells
cause embolic infection of the small vessels of the
gland subsequently leading to endovasculitis,
granuloma formation and caseous necrosis (67,72). In
patients with histoplasmosis, zona fasciculata and
reticularis are preferentially affected owing to the
presence of high concentration of cortisol (73).
Vasculitis of downstream medullary vessels starting
from zona fasciculata induce glandular destruction
and subsequent caseation necrosis (68,74).

CLINICAL FEATURES

The spectrum of manifestations of fungal adrenal
involvement can vary from asymptomatic cases
detected incidentally to frank adrenal crisis.
Occasionally, adrenal involvement can get masked by
the disseminated fungal disease or the underlying
immunocompromised state (67). Many of the patients
despite bilateral adrenal infection do not develop
adrenal insufficiency, as destruction of more than 90%
of adrenal cortex is required for the disease to
manifest (59). Some studies have observed lower
prevalence of adrenal involvement in
immunocompromised hosts, presumably due to the
inability to launch a granulomatous response in the
gland (75,76).

Addison’s disease is most frequently reported with
histoplasmosis and paracoccidioidomycosis, given
their high affinity for adrenal glands. In a review of 252
cases of adrenal histoplasmosis, adrenal hypofunction
was confirmed in 41.3%. Almost all the cases were
secondary to chronic disseminated pulmonary
histoplasmosis although isolated adrenal involvement
has also been reported (77). A study of 546 cases of
paracoccidioidomycosis from Brazil documented
adrenal involvement in only 5% (n = 27) (78). Another
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review revealed partial adrenal insufficiency in 33—
40% of cases, and frank symptoms in 3—-10% cases
(79). Patients with diminished adrenal reserve often
require glucocorticoid supplementation during periods
of stress or after initiating antifungal agents known to
affect steroidogenesis. There are reports of
blastomycosis, pneumocystis, and cryptococcus
causing adrenal insufficiency as well (80-82). The
clinical features of primary adrenal insufficiency
include fatigue, loss of appetite, weight loss,
orthostatic hypotension, and hyperpigmentation
(66,83).

DIAGNOSIS

Fungal infection of the adrenal glands can be
asymptomatic and detected incidentally on abdominal
imaging. Radiographically bilateral symmetric adrenal
enlargement is seen with histoplasmosis whereas
paracoccidioidomycosis and blastomycosis cause
asymmetric and occasionally unilateral involvement
(81,84-86). Other radiographical features include
peripheral enhancement, central hypoattenuation,
preserved contour, and calcifications (66,67). These
features help to differentiate from other disorders such
as metastatic disease where the adrenal contour is
distorted and autoimmune adrenalitis, where the
glands are atrophic (66,67,87,88).

The laboratory findings such as hyponatremia and
hyperkalemia are often seen but the diagnosis of
adrenal insufficiency is confirmed with the short
Synacthen test (SST) or cosyntropin test (250 ug of
Synacthen, im or iv) in chronic and stable cases. In a
patient with suspected Addisonian crisis, a blood
sample collected for estimation of serum cortisol and
adrenocorticotrophic  hormone  (ACTH)  before
initiating glucocorticoid replacement can be helpful. A
formal evaluation by SST can be performed later.
Simultaneous estimation of plasma renin and
aldosterone to determine mineralocorticoid reserve
can be considered. (66).

The confirmation of fungal etiology might necessitate
fungal staining or culture of the biopsied material. In
disseminated disease, a more accessible site like skin
lesion or affected lymph node can be biopsied instead
of the adrenal gland.

MANGEMENT AND PROGNOSIS

Initiation of antifungal therapy at the earliest is
essential to salvage adrenal function. Recovery has
been reported in a few cases with histoplasmosis and
paracoccidioidomycosis (59). However, frequently
adrenal insufficiency is irreversible and lifelong
glucocorticoid replacement is required.
Mineralocorticoid replacement with fludrocortisone
may additionally be necessary (83). Onset of adrenal
insufficiency in paracoccidioidomycosis can occur
after initiation of antifungal therapy from the fibrosis
that occurs during recovery (79,89).

Fungal Infection of the Pancreas

The pancreas is normally resistant to fungal infection.
Fungal affection of the pancreas usually occurs in an
inflamed gland in the presence of underlying necrosis.
Although rare, the prevalence of fungal pancreatitis is
on the rise.

ETIOLOGY AND PATHOGENESIS

Candida (C. albicans and C. glabrata) is the most
common etiology responsible for fungal pancreatic
infections (90). Pneumocystis, aspergillosis, and
cryptococcosis have also been reported to affect the
pancreas (91-93). The risk factors for fungal infection
are necrotizing pancreatitis, use of broad-spectrum
antibiotics, abdominal surgery, prolonged total
parenteral nutrition, indwelling catheters, and an
immunosuppressed state. The mode of spread could
be translocation from the gut, hematogenous spread,
or external seeding (90).
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CLINICAL COURSE AND MANAGEMENT

The clinical features of fungal infection of the pancreas
are non-specific. Abdominal pain, fever, and a
palpable abdominal mass can occur (94). Most cases
of fungal pancreatitis occur on the backdrop of recent
necrotizing pancreatitis (90,94). In a study of 92
patients with necrotizing pancreatitis, 22 (24%) had
evidence of candida infection in the surgical
necrosectomy material (95). Candida was
demonstrated in 27% of aspirates from walled-off
necrosis occurring after acute pancreatitis (96). Rare
cases of recurrent pancreatitis from candida have also
been described (97,98).

Fungal culture and staining of percutaneous aspirates,
or necrosed tissue obtained during surgery, are
necessary to establish the diagnosis. Antifungal
therapy and surgical drainage and debridement are
the mainstay of therapy. Mortality rates are higher if
candida infection is present (95).

Fungal Infection of the Testis

ETIOLOGY AND PATHOGENESIS

Fungal epididymo-orchitis can occur in isolation or as
a part of disseminated infection. The fungi reported to
infect testis and epididymis include candida,
blastomycosis, histoplasma, aspergillus, and
cryptococcus (99-103). Both C. albicans and C.
glabatra can cause epididymo-orchitis by retrograde
transport from infection in the urinary tract. Risk
factors comprise diabetes mellitus, instrumentation of
the wurinary tract, urinary obstruction, or recent
antibiotic usage (104). The majority of blastomycosis
infections were associated with systemic diseases
(105). Granulomatous epididymo-orchitis can also
occur as a part of disseminated histoplasmosis in
immunocompromised state (106).

CLINICAL COURSE AND MANAGEMENT

Most patients present with unilateral or bilateral pain
and swelling of the scrotum. Onset can be acute or
insidious with duration of symptoms lasting for days to
months (104). In contrast, bacterial infection is almost
always unilateral with an acute onset of scrotal
swelling, redness, and pain. Some fungal infections
may remain asymptomatic and get detected on
autopsy (102). Fungal epididymo-orchitis is also
recognized as a cause of azoospermia and infertility
(107). This is mainly due to direct gonadal invasion but
can also be due to anti-sperm effects induced by fungi
and by secreted mycotoxins (59). C. guilliermondii and
C. albicans can affect sperm viability and motility
(108). Antifungal agents are the mainstay of treatment.
Surgery may be required in some cases.

Fungal Infection of the Ovary

ETIOLOGY AND PATHOGENESIS

Pelvic inflammatory disease (PID) refers to infection of
the wupper genital tract wusually occurring in
reproductive age females. A tubo-ovarian abscess
(TOA) is a sequela of PID. It is a complex adnexal
mass resulting from ascent of the infection through the
fallopian tube (109). Though the common causative
organisms are bacteria such as Chlamydia
trachomatis and Neisseria gonorrhoeae, fungal
infections are also recognized as an important
etiological agent (110). It can also be a part of
disseminated infection (111-113). C. albicans as well
as other candida species such as C. glabrata and C.
keyfr have been described to cause TOA (114-116).
Intrauterine devices, diabetes, and morbid obesity are
the typical risk factors (114,117). There are rare
reports of female genital coccidioidomycosis
(112,113,118).

CLINICAL COURSE AND MANAGEMENT
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The usual presentation is that of a pelvic infection not
responding to conventional antibiotics (117).
Presenting symptoms can be dysmenorrhea,
menstrual irregularities, menorrhagia, anovulation,
and infertility. Occasional patients present with severe
lower abdominal pain, fever and vomiting (116).

Fusarium toxin zearalenone and its metabolite
zearalenol can be present as a contaminant in cereals
and usually enter the food chain as pesticide. It is a
non-steroidal estrogen mycotoxin with strong affinity
for estrogen receptors (119). The resulting
hyperestrogenism has the potential to cause infertility
by suppressing luteinizing hormone (LH) and
progesterone secretion and also can have a
carcinogenic effect on the breast (120).

FUNGAL INFECTIONS OCCURING IN
ENDOCRINE DISORDERS

Individuals with certain endocrine disorders such as
diabetes mellitus and Cushing’s syndrome are
predisposed to fungal infections as a result of the
associated immune dysfunction. Both pathogenic and
opportunistic fungi can cause infection in these
conditions. APS1 is an endocrine syndrome
characterized by CMC (121). The common fungal

infections occurring in individuals with endocrine
dysfunction are discussed below. Other fungal
infections like coccidioidomycosis and aspergillosis
are also known to occur at a higher frequency in
individuals with diabetes.

Fungal Infections in Patients with Diabetes

Diabetes is known to affect both innate and adaptive
immunity. Hyperglycemia also induces critical
alterations in cytokine signaling (122). Fungal
infections in general occur at a slightly increased
frequency in diabetes, especially if glycemic control is
poor. However, certain fungal infections like
mucocutaneous candidiasis and invasive
mucormycosis have a strong association with diabetes
(123).

CANDIDIASIS

Infection with candida is common in individuals with
diabetes (124) . Genital candidiasis is often an
indicator for undetected or poorly controlled diabetes.
Increased  hydrolytic  enzyme  activity and
hydrophobicity along with altered biofilm formation
have been proposed as possible mechanisms that
favor candida infection in diabetes (125,126). The
common sites and clinical characteristics of candida
infection in diabetes are summarized in table 5.

Table 5. Candida Infections in Diabetes

Site Usual Predisposing | Clinical Diagnosis Treatment
species factors features

Oral C. albicans Uncontrolled Types of Compatible Oral hygiene

candidiasis | C. glabrata hyperglycemia, | lesions: clinical Topical:
C. tropicalis | dentures, Pseudo- findings; Clotrimazole,
C. krusei xerostomia, membranous Confirmation | miconazole,
C. inhaled Hyperplastic by Gram stain | nystatin,
dubliniensis | corticosteroids | Erythematous | or KOH amphotericin B
C. (127) Atrophic preparation or | suspension
parapsilosis (denture fungal culture
(124) stomatitis) of the
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Angular scrapings Oral:
cheilitis (129) Fluconazole,
Median itraconazole
rhomboid (129)
glossitis (128)
Vulvo- C. albicans Uncontrolled Thick white Clinical Glycemic
vaginal C. glabrata hyperglycemia, | cottage findings, control
candidiasis | (124) pregnancy and | cheese-like Vaginal swab | Vaginal:
hyper- discharge, — acidic pH, Clotrimazole,
estrogenemic itching, pain, KOH or miconazole,
state, SGLT2 redness, fungal tioconazole,
inhibitor burning, staining, terconazole,
therapy, edema and fungal culture | butoconazole
immunosuppre | dyspareunia in selected Oral:
ssion (130) cases Fluconazole
(150 mg single
dose ) (131)
Balanopost | C. albicans Uncontrolled Sore, pruritic Clinical Glycemic
hitis C. glabrata hyperglycemia, | erythematous | findings, KOH | control
SGLT2 inhibitor | rash with small | or fungal Topical:
therapy, papules, stain of Clotrimazole,
uncircumcised | erosions or dry | scrapings in miconazole
men, dull areas with | rare cases Oral:
immunosuppre | glazed Fluconazole
ssion (132,133) | appearance (150 mg single
(134) dose),
Itraconazole
Esophageal | C. albicans, | Old age, Odynophagia, | Endoscopy - | Initial therapy:
candidiasis | C. HIV/AIDS, dysphagia, white Oral fluconazole
dubliniensis | corticosteroid retrosternal mucosal Second-line
(124) use, COPD, pain, usually plaque-like therapy:
PPI use, associated lesions. Itraconazole,
esophageal with oral Biopsy — voriconazole
dysmotility thrush (136) confirmatory. | isavuconazole,
(135) Culture rarely | echinocandin,
required liposomal
(136) amphotericin B
Urinary tract | C. albicans, | Hyperglycemia, | Asymptomatic, | Urinalysis Asymptomatic
candidiasis | C. glabrata, | urinary symptoms of and culture of | candiduria
C. tropicalis | retention and lower and urine, needs treatment
(137) stasis, renal upper urinary Imaging when | in neutropenic
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transplantation, | tract indicated patients, before
long-term involvement (139) urological
urinary mimic bacterial procedures.
catheterization, | infection (139) First line:
hospitalization Fluconazole
(138) Second line:
Flucytosine,
amphotericin B
(138)
Onychomyc | C. albicans, | Age, nail Nail Clinical Oral
osis C. disorders, discoloration, findings, KOH | itraconazole
parapsilosis | frequent subungual preparations, | treatment of

C. tropicalis | exposure to hyperkeratosis | fungal choice.

(124) moisture (124) |, onycholysis, | cultures, Terbinafine
splitting, and histopathologi | might also be
nail plate ¢ examination | efficacious
destruction with a PAS (141)

stain and
PCR testing
(140)
Systemic C. albicans, | New onset Can vary from | Blood culture. | Preferred
candidiasis | C. hemodialysis, minimal fever | 1,3-B-d- therapy
parapsilosis, | use of TPN, or | to a full-blown | glucan assay | Echinocandin:

C. krusei, receipt of sepsis may assist in | anidulafungin,

C. tropicalis, | broad- the diagnosis | capsofungin,

C. glabrata spectrum micofungin

(142) antibiotic (143) Alternative:

Amphotericin B
Step down
therapy:
Fluconazole if
susceptibility
results support
(144)

KOH - potassium hydroxide, SGLT2 - Sodium-glucose cotransporter-2, COPD — chronic obstructive pulmonary
disease, PPI — proton-pump inhibitor, PAS — Periodic Acid Schiff, PCR — polymerase chain reaction, TPN —

total parenteral nutrition.
MUCORMYCOSIS
Mucormycosis refers to a group of infections caused

by fungi of the order Mucorales present ubiquitously in
the environment. Individuals with uncontrolled

diabetes or those who are immunosuppressed are
characteristically affected. The most common
presentation is rhino-orbital-cerebral mucormycosis,
though pulmonary, gastrointestinal, cutaneous, and
renal infection can also occur (145). Several cases of
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mucormycosis have been reported recently following
SARS COV-2 disease (146). Around 40% of the
patients had received corticosteroids within the month
before the diagnosis of mucormycosis. Diabetes with
ketoacidosis (DKA) is 50% more likely to develop
mucormycosis than without DKA. The prognosis is
poor and mortality rates remain high. The rhino-orbital-
cerebral form is characteristically associated with
diabetes and detailed below.

Pathogenic Organisms

The pathogenic fungi belonging to order Mucorale
customarily associated with human infections are
Rhizopus, Mucor, and Lichtheimia (formerly Absidia
and Mycocladus). The rarer pathogens include
Rhizomucor, Cunninghamella, Apophysomyces, and
Saksenaea (147). Infection occurs presumably from
inhalation of spores.

Pathogenesis

Patients with diabetes, defects in phagocytic function
(such as neutropenia or glucocorticoid treatment),
and/or elevated levels of free iron which supports
fungal growth in serum and tissues are prone to
mucormycosis. DKA is a risk factor for developing
rhino-orbital-cerebral mucormycosis, as acidosis
leads to dissociation of iron from sequestering
proteins, which aids increased fungal survival and
virulence (148). Moreover, the ketoacid -
hydroxybutyrate facilitates fungal adherence and
penetration into tissues, by increased expression of
fungal receptors (149). Apart from ketoacidosis,
hyperglycemia itself may contribute to the risk of
mucormycosis by four possible mechanisms: (i)
disruption of normal iron sequestration due to hyper-
glycation of iron-sequestering proteins; (ii) phagocytic
dysfunction; (iii) enhanced expression of a mammalian
cell receptor (GRP78) that binds to Mucorales,
enabling tissue penetration; (iv) enhanced expression
of CotH, a Mucorales-specific protein that binds to
GRP78 and mediates host cell invasion (150). The risk
factors for mucormycosis are summarized in table 6.

Table 6. Risk Factors for Mucormycosis

Uncontrolled diabetes mellitus especially if associated with ketoacidosis

Underlying malignancy receiving chemotherapy or immunotherapy

Solid organ transplant

Hematopoietic stem cell transplant

Treatment with deferoxamine

Iron overload

Corticosteroid therapy

Trauma or burns

Malnutrition

Coronavirus disease 2019
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Clinical Features

Rhino-orbital-cerebral mucormycosis is the most
common form of the disease whereas lung,
gastrointestinal, renal, and cutaneous involvement are
less frequent (145). Initial symptoms of rhino-orbital-
cerebral mucormycosis include eye or facial pain and
facial numbness followed by conjunctival suffusion
and blurring of vision. Facial erythema with or without
edema may be present. Fever occurs in only half of

the cases (151). Black, necrotic eschar develops over
the palate or in the nasal mucosa. In untreated cases,
infection spreads from the ethmoid sinus to the orbit
which involvement of extra-ocular muscles. It results
in proptosis, typically with chemosis. Infection might
further extend from the orbit to the frontal lobe of the
brain via hematogenous route or contiguous
dissemination. It may extend to cavernous sinus as
well via venous drainage (147). The clinical features
are summarized in table 7.

Table 7. Clinical Features of Rhino-Orbital-Cerebral Mucormycosis

Site

Symptoms

Signs

Paranasal sinuses

Nasal congestion, purulent
nasal discharge or post-nasal
drip, loss of smell, headache,
pain over the sinuses

Swelling, redness, ulceration
and blackening of overlying
skin and nasal mucosa

Systemic features

Fever

Fever

Orbit

Red eyes, pain, visual blurring,
loss of vision, bulging of eyes

Periorbital swelling, chemosis,
proptosis, loss of visual acuity

Cavernous sinus

Headache, periorbital swelling
and pain, diplopia, and visual
loss

Periorbital swelling, chemosis,
ptosis, proptosis, restricted or
painful eye movement,
diminished facial sensation

Palate

Ulceration, pain, swelling

Ulceration, eschar formation

Central nervous
system

Headache, drowsiness,
seizures, hemiparesis,
obtundation, coma

Focal seizures, hemiparesis,
altered sensorium

Vascular invasion

Black eschars over skin, nasal
mucosa, palate and involved
areas, symptoms related to
stroke

Black eschars (from
cutaneous necrosis), focal
neurological deficit (also from
mycotic aneurysm)

Diagnosis

Clinical features, mycological,

investigations and imaging with CT or MRI are

necessary for
assessing the extent of spread.
suspected,
Histopathological

and histological

establishing

endoscopy should be
examination of

the diagnosis and
If sinusitis is

performed.

infected tissue
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demonstrates characteristic wide, thick walled, ribbon
like, aseptate hyphal elements that branch at right
angles. Fungal culture of specimens is strongly
recommended for genus and species identification,
and for antifungal susceptibility testing (145). PCR-
based technique and matrix-assisted laser desorption
ionization-time of flight (MALDI-TOF) can assist to
confirm fungal etiology if cultures are negative
(145,152). MRI of the cranium including the sinuses
and orbit should be done to delineate the extent of
involvement (145). CT scan can help to assess the
extent of bony erosion and can be considered if MRI
is not readily available.

Treatment and Prognosis

Surgical debridement of the necrotic tissue in
combination with intravenous lipid preparations of
amphotericin B are the mainstay of therapy. It is also
important to restore euglycemia and correct acidosis
as soon as possible. The recommended dose of lipid
formulation amphotericin B is 5mg/kg/day. There is
evidence to support a higher dose of 10 mg/kg/day in
cases of CNS involvement. There is no consensus on
total duration of therapy but it usually takes weeks to
months for completely cure these infections. It is
critically important to monitor for adverse effects of
amphotericin B especially nephrotoxicity and
electrolyte imbalance. Posaconazole or
isavuconazole can be considered as oral step down
therapy, as salvage therapy, or if amphotericin B
related adverse effects precludes its further use (145).
Repeat surgery may be necessary if the infection
progresses. Prognosis is poor especially if there is
associated CNS involvement.

DERMATOPHYTES

Dermatophytosis are caused by filamentous fungi
belonging to the genera Microsporum,
Epidermophyton, and Trichophyton. Dermatophytes
cause infection of skin, hairs, and nails and derive
nutrition from Kkeratin present in these tissues.
Dermatophytosis is known to occur commonly in

individuals with diabetes. Infection of the hair is
referred to as tinea capitis (scalp) and tinea barbae
(beard). Infection of the body surface in general is
called tinea corporis while that of groin is known as
tinea cruris.

Skin infection with dermatophytes occurring over the
feet is called tinea pedis. It can cause micro-fissuring
that may predispose to secondary bacterial infection
and subsequently to diabetic foot. The other form of
dermatophyte infection affecting feet is
onychomycosis or tinea unguium (153). Tinea pedis
and onychomycosis are commonly causes by the
anthropophilic  dermatophytes 7. rubrum, T.
interdigitale and E. floccosum (154). Uremic patients
on hemodialysis more often have dystrophic nalil
changes and are at increased risk of developing
onychomycosis  (155).  Dystrophic  nails in
onychomycosis look thick, brittle and discolored, often
with a yellow shade. It may also lead to separation of
the nail plate from the nail bed (onycholysis).
Paronychial inflammation of the nail edge surrounding
skin is a characteristic feature (156). Early recognition
and treatment of tinea pedis and onychomycosis can
prevent ominous complications like diabetic foot.

Clinical features along with KOH preparation of
scrapings from affected area are usually adequate to
establish the diagnosis. Treatment mainly includes
topical and oral agents with activity against
dermatophytes. The commonly applied topical agents
includes azoles, allylamines, butenafine, ciclopirox,
and tolnaftate. Oral therapy usually involves use of
terbinafine, itraconazole or fluconazole (157).

Fungal Infections in Cushing’s Syndrome

The susceptibility of individuals with Cushing’s
syndrome to fungal infection is well recognized. Both
endogenous and exogenous hypercortisolism are
associated with opportunistic fungal diseases.
Hypercortisolism induces immune dysfunction by
multiple mechanisms (158). The major defects
induced by excess cortisol are depicted in table 8.
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Among the subtypes of endogenous Cushing’s
syndrome, fungal infections are more commonly seen
in the syndrome of ectopic ACTH secretion.
Propensity for fungal infections in exogenous
Cushing’s syndrome depends on both, the intensity of
glucocorticoid therapy and relative virulence of the

offending fungus. With respect to glucocorticoids, it
depends on administration route, dose, potency, and
duration of treatment (159). The commonly reported
fungal infections in Cushing’s syndrome are discussed
below.

Susceptibility to Fungal Infections

Table 8. Hypercortisolemia-Induced Immune Dysfunctions Increasing

Cell/Mediator

Dysfunction

Innate immunity

Neutrophils

Impaired neutrophil adherence to endothelium

Monocytes and macrophages

Decreased circulating monocytes
Decreased degranulation capacity
Decreased phagocyte function

Natural Killer cells

Suppressed cytotoxic activity

Adaptive immunity

T Cells Lymphopenia due to a reduction in CD4+ subset
Influences the Th1/Th2 balance
Induces apoptosis in mature T lymphocytes
Cytokines
Cytokines Down-regulates multiple cytokines by inactivating

key proinflammatory transcription factors (e.g., NF
kappa B)

CD - cluster of differentiation, Th — T helper cells, NF — nuclear factor

CANDIDIASIS

In immunocompromised states such as Cushing’s
syndrome, candida species may cause superficial
infections like cutaneous candidiasis, oropharyngeal
candidiasis, esophagitis, or vulvovaginitis. Cases of
candida endophthalmitis have also been described
(160). It may also disseminate in the bloodstream to
cause candidemia. Glucocorticoid may augment
biological fitness of candida species, by enhancing its
adhesion to epithelial cells. C. albicans is the most

common species reported though infection with C.
glabrata, C. parapsilosis and C. tropicalis can also
occur (159).

ASPERGILLUS

Aspergillus is associated with invasive fungal infection
in endogenous Cushing’s syndrome as well as in
those receiving exogenous glucocorticoids (161) .
Most common species to cause invasive infection are
A. fumigatus, followed by A. flavus, A. terreus, and A.
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niger. The usual portal of entry for aspergillus is
typically the pulmonary tract. However, later it might
get disseminated systemically and severe cases
requiring emergency bilateral adrenalectomy for
control of hypercortisolism has been reported (162).
Apart from immune dysfunction, glucocorticoids can
induce alterations in the biology of aspergillus species
to increase its invasiveness. For example A. fumigatus
and A. flavus showed increased growth on in-vitro
exposure to pharmacological doses of hydrocortisone
(163).

PNEUMOCYSTIS

P. jirovecii is usually seen in immunocompromised
patients. Severe P. jirovecii pneumonia even leading
to fatal outcome are described in cases of
endogenous Cushing’s syndrome (164). The infection
is often unmasked once treatment for hypercortisolism
is commenced. The restoration of immune response
with lowering of cortisol levels presumably induce the
inflammatory changes and result in manifest disease
(165,166). A review of 15 cases of P. jirovecii
pneumonia, reiterated the same observation of
immune reconstitution related worsening of symptoms
after treatment initiation. In 13 of these cases
symptoms were triggered after cortisol-lowering
therapy was started. Interestingly, all but one if these
patients had ectopic Cushing’s syndrome. All the
cases were characterized by severe hypercortisolemia
and the outcome was fatal in 11 cases (167). Patients
with Cushing’s syndrome, especially those with severe
hypercortisolemia might benefit from prophylaxis with
cotrimoxazole before beginning cortisol-lowering
therapy.

CRYPTOCOCCOSIS

C. neoformans is another opportunistic infection
where Cushing’s syndrome is a predisposing factor.
The route of entry is inhalational. It may cause
pneumonitis or disseminate systemically to cause
more severe infections, such as meningitis and

meningoencephalitis (168). Fatal cases have been
reported (169,170). The presence of coexisting
diabetes might further increase the risk of infection
(171).

Glucocorticoid-induced immunosuppression has a few
unique characteristics noted with cryptococcosis. For
example, alveolar macrophage capacity to attach to
and ingest is diminished by cortisone acetate, which
potentially may lead to dissemination of the fungus
(172). Moreover, chemotactic activity of cerebrospinal
fluid toward polymorphonuclear (PMN) leucocytes and
monocytes, is substantially reduced by glucocorticoid
administration. This leads to lack of PMN leucocyte
influx in cerebrospinal fluid and subsequent inability to
eradicate fungi like C. neoformans with tropism for the
CNS. Glucocorticoid-induced  abnormalities  of
microglial cells further intensify this attenuation. Thus,
individuals with hypercortisolemia are predisposed to
cryptococcal meningitis (173).

HISTOPLASMOSIS

Pulmonary histoplasmosis has been reported in
association with endogenous Cushing’s syndrome
(174). Patients receiving glucocorticoids may develop
primary or reactivated infections by endemic fungi
(175). There are reports of pulmonary histoplasmosis
after prolonged glucocorticoid therapy from non-
endemic countries as well (176). H. capsulatum, the
usual pathogen in most cases of histoplasmosis,
enters through the respiratory tract and causes
pulmonary histoplasmosis but can also disseminate to
cause systemic infection. Pathological features of
histoplasmosis are atypical in patients treated with
glucocorticoids. Discrete granuloma formation is
prevented by the anti-inflammatory properties of
glucocorticoids (175).

OTHER FUNGAL INFECTIONS

Other fungal infections reported with
hypercortisolemia are C. immitis, mucor, fusarium and
blastomyces (159). Besides the heightened risk of
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fungal inspection in hypercortisolemia, the other
concerning issue is masking of the signs and
symptoms of infections due to the anti-inflammatory
properties of glucocorticoids. Recognition of infections
may be delayed in presence of hypercortisolemia, and
a high index of suspicion is required for early
diagnosis. Treatment of fungal infection must include
prompt correction of hypercortisolism and aggressive
antifungal therapy.

Chronic Mucocutaneous Candidiasis in
Autoimmune Polyendocrine Syndrome Type 1

Autoimmune polyendocrine syndrome type 1 (APS1)
is characterized by the classical triad of chronic
mucocutaneous candidiasis (CMC), autoimmune
hypoparathyroidism, and Addison’s disease. Two of
the three classic features should be present to
establish the diagnosis of APS1. However, there is a
risk of the development of autoimmune diseases
affecting almost every organ. APS1 is also known as
autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy (APECED) with ectodermal
dysplasia occurring in a third of the patients.
Ectodermal dystrophy is not related to candidiasis
(121). CMC commonly occurs sporadically secondary
to AIDS, diabetes, and immunosuppressive treatment
(177). C. albicans is the predominant pathogen but
infection with other candida species is also described.

PATHOGENESIS

APS1 is an autosomal recessive disease caused by
mutations in the autoimmune regulator (AIRE) gene,
located on the short arm of chromosome 21. The
functioning of following pathways can be altered in
APS1, though the specific contribution in increasing
susceptibility to candida infection is not well defined.

i Defects in AIRE gene are associated with
autoantibodies to interleukin (IL) 17A, IL17F and
IL22, which are key cytokines for the function of
the T-helper (Th) 17 cell subset. Loss of function
of these cytokines increase susceptibility to
candida infections (177).

Autoimmunity to mediators involved in antigen
presentation by B cells may be an additional factor
responsible for susceptibility. This is further
corroborated by the response to rituximab (anti-
CD 20 antibody that prevents B cell function) to
certain components of the disease in individuals
with AIRE deficiency (178).

A defect in Dectin-1, a B-glucan receptor, has been
shown to diminish tumor necrosis factor a
production in APS-1. Innate immune response is
affected as a result (179).

CLINICAL SPECTRUM

CMC is the most common component of APS-1. It has
been reported in 80-100% of cases in different series
(121,177). Onset of CMC is usually in the first decade
and cases can be seen in the very first year of life.
Mouth, nails and, less frequently, skin, vagina and the
esophagus are affected. The infection tends to be
persistent or recurrent. Severity of the infection in
variable, however disseminated disease is rare (177).

The oral mucosa is the usual site of infection. All
spectra of infection starting from localized ulceration,
and redness in mild cases to involvement of entire
mouth is described. White or grey membrane covering
the tongue or mucosa are visible in the hyperplastic
form. Cracks (angular cheilitis or perléche) occurring
at the angle of the mouth is common. The atrophic
form has areas of leukoplakia, which is a significant
risk factor for carcinoma of the oral mucosa. The finger
nails are the other site which is commonly affected.
There can be an associated paronychia.
Onychomycosis in CMC is particularly resistant to
treatment (121,180).

TREATMENT

Oral fluconazole is the preferred therapy. Some
patients require suppressive treatment with
fluconazole 100 mg three times a week. Emergence of
resistance remains a possibility with suppressive
therapy. Alternatives for fluconazole refractory
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disease includes itraconazole, Posaconazole, or
voriconazole. Rare cases of systemic disease not
responding to azoles might require a lipid formulation
of amphotericin B or echinocandins (144).

ADVERSE ENDOCRINE EFFECTS OF
ANTIFUNGAL AGENTS

The antifungal drugs such as polyenes, azoles and
echinocandins can impact the function of endocrine
glands. Azoles are recognized for their adverse effect
on adrenal cortex and the gonads. The other drugs are
also known to cause endocrine dysfunction though
less frequently. These important adverse endocrine
consequences of the different antifungal agents are
discussed below.

Azoles

The azoles are the one of the most frequently
administered systemic antifungal agents. They can be
divided into two groups on the basis of their structure.
Ketoconazole, which belongs to the imidazole group,
is associated with multiple endocrine adverse effect,
but seldom used orally as an antifungal agent
currently. The newer azoles belonging to the triazole
group include fluconazole, itraconazole, voriconazole,
posaconazole, and isavuconazole. Endocrine
dysfunction also occurs with the triazoles but is less
frequent (181).

ADRENAL GLAND

The azoles exert their antifungal effect by inhibiting the
cytochrome P450 (CYP450) enzyme lanosterol 14-a-
demethylase (CYP51) mediated conversion of
lanosterol to ergosterol, a critical constituent of fungal
cell wall. Mammals do not have this enzyme, but
azoles can block the synthesis of glucocorticoids,
mineralocorticoids, and sex steroids by blocking
CYP450 dependent enzymes involved in
steroidogenesis (182).

Ketoconazole

Ketoconazole is a dose-dependent reversible inhibitor
of cholesterol desmolase, 17,20-lyase, 11pB-
hydroxylase, 17a-hydroxylase, and 18-hydroxylase
(183). Ketoconazole at doses of more than 200 mg
daily can impair glucocorticoid synthesis. Overt
adrenal insufficiency is relatively infrequent however it
can be seen with doses of 600 to 1200 mg/day, which
are often used in the medical management of
Cushing’s syndrome (59,184,185). Apart from
inhibiting enzymes involved in steroidogenesis,
ketoconazole is also a dose-dependent, reversible,
competitive antagonist at the glucocorticoid receptor
level (186). The inhibitory effect of ketoconazole on
adrenal steroid synthesis has been utilized for the
medical management of Cushing’s syndrome (187).

Fluconazole and Posaconazole

Adrenal insufficiency has been reported with the
imidazole derivatives itraconazole, fluconazole,
voriconazole, and posaconazole (188-192). Primary
adrenal insufficiency induced by fluconazole has been
observed in critically ill patient as a result of CYP450
inhibition (193). Fluconazole has been employed for
the medical management of Cushing’s syndrome
(194). Posaconazole-induced primary adrenal
insufficiency resulting from a similar mechanism has
been described (190,192).

Itraconazole and Voriconazole

Itraconazole and voriconazole (also ketoconazole) are
potent inhibitors of CYP3A4, the enzyme that partially
metabolizes glucocorticoids. The resultant decrease in
glucocorticoid clearance produces supraphysiological
levels of glucocorticoid from inhaled, nasal or oral
steroids (195). The clinical profile resembles that of an
iatrogenic Cushing’s syndrome later progressing to
secondary or central adrenal insufficiency consequent
to suppression of the hypothalamic-pituitary-adrenal
(HPA) axis (196). Secondary adrenal insufficiency
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following combined use of glucocorticoids and
itraconazole or voriconazole have been described
(188,191).  Steroids that are predominantly
metabolized by the CYP3A4 pathway include
methylprednisolone, fluticasone, budesonide and
triamcinolone. It may be prudent to consider
alternative glucocorticoids such as prednisolone,
beclomethasone, or flunisolide that are not
predominantly metabolized by CYP3A4 enzymes
when voriconazole or itraconazole is being
administered (190,191).

Pseudohyperaldosteronism

Posaconazole and itraconazole has been associated
with a syndrome of mineralocorticoid excess
manifested by low-renin low-aldosterone hypertension
and hypokalemia (197). Two distinct mechanisms are
implicated in the pathogenesis with significant
interindividual differences. Posaconazole can inhibit
the enzyme 11 3-hydroxylase (CYP11B1) and prevent
the conversion of 11-deoxycortisol to cortisol.
Diminished cortisol synthesis triggers adrenal
steroidogenesis as a result of loss of feedback
inhibition of the HPA axis and causes accumulation of
11-deoxycortisol (and 11-deoxycorticosterone). Even
though aldosterone production is reduced due to
posaconazole-induced aldosterone synthase
(CYP11B2) inhibition, very high levels of 11-
deoxycortisol and  11-deoxycorticosterone can
overcome that and produce a state of
mineralocorticoid excess (197,198). The other
mechanism incriminated is blockage of the peripheral
cortisol metabolizing enzyme 11 B-hydroxysteroid
dehydrogenase 2 (113-HSD2) leading to an increased
ratio of active to inactive cortisol metabolite. Elevated
ratios of cortisol to corticosterone and their tetrahydro-
metabolites are observed in such individuals (198).
There are few case reports of itraconazole and several
reports of posaconazole-induced
pseudohyperladosteronism (199-202). Therapeutic
options include lowering the dose of azoles or
changing to alternatives like isavuconazole (198).

GONADS
Male Sexual Dysfunction

Inhibition of 17,20-lyase by ketoconazole impairs
production of testosterone in the male gonads (203).
The effect can be seen even at a single dose of
200mg, however lower testosterone levels and longer
duration of suppression can be seen with an
increasing dose (204). Oligospermia and azoospermia
as well as decreased libido and impotence have been
reported at doses more than 800mg/day (181).
Reversible gynecomastia is another manifestation
seen due to increase in the estradiol:testosterone ratio
partially attributed to displacement of estrogen from
sex-hormone binding globulin by the drug (205).

Ketoconazole also binds to androgen receptors
thereby blocking androgen signaling (206).
Antiandrogenic properties of ketoconazole have been
used in the treatment of prostate cancer, autonomous
Leydig cell hyperactivity in children with precocious
puberty, and topical therapy for androgenetic alopecia
(207-209).

Fluconazole in contrast to ketoconazole does not
affect testosterone synthesis (210). A single case of
posaconazole induced gynecomastia has been
reported. Inhibition of the CYP11B1 enzyme by the
drug stimulates compensatory adrenal
steroidogenesis. Increased peripheral conversion of
adrenal androgens to estrogen was presumed to
induce gynecomastia after posaconazole use. The
other possible hypothesis could be reduced
catabolism of estrogen in the liver due to blocking of
CYP3A4 and CYP3A7 (211).

Female Reproductive Dysfunction

Ketoconazole reduces estrogen levels in females.
Reduction of estrogen levels could be due to
aromatase inhibition or androgen synthesis blockade.
Estrogen precursor deprivation from decreased
androgen synthesis is likely to be the predominant
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mechanism (59). In animal studies, ovarian
progesterone production is impaired thereby
preventing uterine implantation (212). Ketoconazole
has been used in treatment of polycystic ovarian
syndrome and ovarian hyperthecosis, given its ability
to substantially block ovarian androgen synthesis
(213). ltraconazole when co-prescribed with
simvastatin, induced metrorrhagia in a 69-year old
lady, presumably occurring as result of low-estrogen
breakthrough bleeding (214). Itraconazole can also
enhance estrogen metabolism interfering with efficacy
of oral contraceptives (215). Fluconazole on the other
hand can increase estrogen levels by inhibiting its
metabolism and is not associated with risk of
contraceptive failure (216).

HYPONATREMIA

Voriconazole use has been associated with severe
hyponatremia. The median time to onset of
hyponatremia is 6-26 days (217). Severe
hyponatremia, volume depletion, elevated antidiuretic
hormone (ADH), and plasma renin activity along with
high wurinary sodium suggestive of salt-losing
nephropathy were observed after voriconazole
administration (218). Syndrome of inappropriate ADH
secretion (SIADH) has been implicated as another
possible mechanism and euvolemia is the critical
distinguishing feature from salt-losing nephropathy
(219). The toxic effect of voriconazole is
concentration-dependent and therapeutic drug
monitoring has been found to be useful for prevention
and dose adjustment for hyponatremia (220). The risk
of hyponatremia increased with trough concentrations
> 7 mg/L and the dose should be modified to maintain
levels below that threshold (181). An interesting
observation was predisposition to develop
voriconazole induced hyponatremia among Asians, in
whom polymorphism of CYP2C19 is more common
(221). CYP2C19 is the enzyme that metabolizes
voriconazole and dosing depending on genotype has
been proposed as a means to avert its adverse effects
including hyponatremia (222,223).

FLUORIDE-INDUCED PERIOSTITIS

There are several reports of voriconazole-induced
periostitis presumably related to excess fluoride
released from the three fluorine atoms present in the
molecule (224-228). A 400 mg tablet of voriconazole
contains approximately 65 mg of fluoride, however
only 5% of the fluoride is generated from the drug in
free form (181,224). The other fluorinated azoles
fluconazole and posaconazole contain two atoms of
fluorides and have not been associated with fluorosis
and periostitis (225).

A review summarizing 98 cases of periostitis, reported
the median age to be 59 years with onset of symptoms
between 6 weeks to 8 years after drug exposure.
Presenting features are muscle and bone pain.
Affection of almost any skeletal site has been
described (229). Ribs and ulna are the most common
site of involvement. The other involved sites include
tibia, clavicle, femur, radius, fibula, scapula, and
humerus (224,229).

The serum fluoride and alkaline phosphatase levels
are significantly higher in those with periostitis
compared to those without (224). The plain radiograph
reveals multiple areas of periosteal thickening along
with formation of new bones which may take the form
of an exostoses or can be fluffy. The radiological
findings are analogous to periostitis deformans
observed in fluoride intoxication (230). Bone scan
shows increased tracer uptake but unlike hypertrophic
osteoarthropathy tend to be asymmetric (224).
Discontinuation of voriconazole usually results in
improvement in the majority of cases. Substitution by
a non-fluorinated azole such as itraconazole can be
considered when continued antifungal coverage is
necessary. Replacement by posaconazole has also
been beneficial (228).

OTHER ENDOCRINE ABNORMALITIES

High dose ketoconazole (1200mg/day) may rarely
cause hypothyroidism by interference with iodine and

www.EndoText.org 24



thyroid peroxidase (231). Ketoconazole is also an
inhibitor of 25(OH)D-1a hydroxylase (CYP27B1)
leading to decreased 1,25(0OH).D levels (232).
Hypercalcemia induced by sarcoidosis, tuberculosis
and other granulomatous disorders respond to
treatment with ketoconazole (233,234). Both
ketoconazole and fluconazole are treatment options
for idiopathic infantile hypercalciuria that occurs from
CYP24A1 (24-hydroxylase)  gene mutations
(235,236). The effects of ketoconazole on enzymes
regulating vitamin D has also been explored for
treatment of prostate cancer (208,237).

There are rare reports of pancreatitis with fluconazole,
itraconazole, and voriconazole (181). Voriconazole,
ketoconazole, and fluconazole have been implicated
as a cause of hypoglycemia (238,239). The
hypoglycemia could be due to hyperinsulinemia
resulting from decreased degradation of insulin (240).
The metabolism of sulfonylureas can be inhibited by
fluconazole thereby increasing the risk of
hypoglycemia in individuals receiving both these drugs
(241,242).

Polyenes

The polyenes currently in medical use are nystatin and
amphotericin B. Use of nystatin is limited to topical
application. Amphotericin B  deoxycholate s
associated with higher risk of toxicity as compared to
its lipid preparation. The lipid formulations of
amphotericin B are expensive but the risk of adverse
effect is less. Electrolyte abnormalities resulting from
tubular damage is the predominant endocrine
dysfunction described with amphotericin B. Rare
cases of pancreatitis have occurred with liposomal
amphotericin B (243).

TUBULAR DAMAGE

Clinical manifestations of amphotericin B induced
nephrotoxicity include renal insufficiency,

hypokalemia, hypomagnesemia, metabolic acidosis
resulting from distal renal tubular acidosis, and
polyuria due to nephrogenic diabetes insipidus (DlI)
(244—246). The mechanism for DI involves a decrease
in aquaporin 2 expression in the kidney medulla, that
makes the collecting tubules insensitive to ADH (244).
Although the risk of nephrogenic DI with lipid
preparations of amphotericin B is significantly less,
cases have still been described (247). Nephrogenic DI
can be managed by amiloride plus
hydrochlorothiazide, or indomethacin (248).

Nephrogenic DI can also be induced by hypokalemia
caused by amphotericin B (249). Hypokalemia is more
common with amphotericin B deoxycholate but is also
recognized with lipid preparations of amphotericin B
(250). Amphotericin B can induce apoptosis of renal
tubular cells and also enhance tubular permeability by
damage to lining epithelium (251). Renal magnesium
loss can also result from amphotericin B. PTH
secretion is affected by hypomagnesemia and that
may subsequently lead to hypocalcemia (252).
Monitoring and supplementing potassium and
magnesium is an important adjunct to prevent adverse
consequences of amphotericin B therapy (253).

Echinocandins

Capsofungin, micofungin and antidulafungin are the
three echinocandins currently in clinical use. These
agents, unlike azoles or amphotericin B, do not usually
cause adverse endocrine effects. Micafungin is rarely
reported to cause pancreatitis (254). Caspofungin has
been reported to induce hypercalcemia in an infant by
an undefined mechanism (255).

Other Agents

Oral potassium iodide is used in treatment of
cutaneous sporotrichosis (256). It may precipitate
thyrotoxicosis in patients with incipient Graves’
disease or multinodular goiter in areas of relative
iodine deficiency (Jod-Basedow disease).
Hypothyroidism can occur in those with excessive

www.EndoText.org 25



autoregulation on prolonged exposure (Wolff-Chaikoff
effect) (257).

CONCLUSION

Although fungi are ubiquitous within the environment,
very few are considered true pathogens and affect
healthy individuals only in limited circumstances. The
majority of fungi are opportunistic and immune
dysfunction in endocrine disorders increase
susceptibility to fungal infection. On the other hand,
fungal diseases especially in immunocompromised
host can disseminate and affect various endocrine
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