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ABSTRACT

Infections of the hypothalamic-pituitary region are rare
lesions, accounting for less than 1% of all pituitary
lesions. The clinical diagnosis of these infections can
be difficult due to the nonspecific nature of the disease
(in many patients without symptoms of infection) and
may be misdiagnosed as other pituitary lesions. The
risk factors for infections of the hypothalamic-pituitary
region are meningitis, paranasal sinusitis, head
surgery, and immunocompromised host (diabetes
mellitus, Cushing’s syndrome, HIV infections, solid
organ transplantation, malignancy). Infections can
develop in a normal pituitary gland or in pre-existing
pituitary lesions (adenoma, Rathke’'s cleft cyst,
craniopharyngioma). There are several modes of
dissemination of the infection to the hypothalamic-
pituitary region: hematogenous, iatrogenic (after
neurosurgical procedures), and spread from
paranasal or nasal cavity (through venous channels of
the sphenoid bone). Hypothalamic-pituitary infections
most commonly present with visual disturbances and
headache, in some cases with fever and leukocytosis.

A significant proportion of patients develop
hypothalamic-pituitary dysfunction during the acute
phase of the disease or months and years after
successful antimicrobial therapy. Diagnosis can be
challenging and the hypothalamic-pituitary infection
with formation of abscess or granuloma may be
misdiagnosed as a pituitary tumor. Transsphenoidal
drainage followed by antibiotics, antimycotics, or anti-
tuberculous drugs are usually efficient in successful
treatment of these patients.

INTRODUCTION

Infections of the hypothalamic-pituitary region are rare
and commonly described in case reports or small case
series. These infections include bacterial infections
(pituitary abscess), tuberculosis, fungal, viral, and
parasitic infections (Table 1). An infection in the
hypothalamic-pituitary region may present as a
sella/suprasellar mass and may be misinterpreted as
a pituitary tumor. Also, these infections may cause
hypopituitarism and be misdiagnosed as post-
encephalitic syndrome (1-4).
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Table 1. Infectious Agents which Cause Hypothalamic-Pituitary infections

BACTERIA

Gram-positive cocci (Staphylococcus, Streptococcus)

Gram-negative cocci (Neisseria, Esherichia coli , Pseudomonas, Brucella)

Spirochete (Treponema pallidum, Leptospira Interrogans)

Mycobacteria (M. Tuberculosis)

VIRUS

Herpes simplex virus

Varicella zoster virus

Cytomegalovirus

Tick-borne

Hantaan (Hantan) virus

Enterovirus

Neuroborreliosis

SARS-CoV-2 virus

FUNGI

Candida

Aspergillus

PARASITES

Toxoplasma gondii, Echinococcus, Taenia solium

Infections of the hypothalamic-pituitary region may be
primary (without an identifiable source) or secondary
in origin (3, 5). The more common is a primary pituitary
infection, which occurs in previously healthy normal
pituitary glands. Secondary pituitary infections occur in
patients with a pre-existing lesion in the pituitary

region (pituitary adenoma, Rathke’'s cleft cyst,
craniopharyngioma, or prior pituitary surgery).

There are several sources of infections in the
hypothalamic-pituitary region (Table 2). Dissemination
from the sphenoid sinus to the pituitary is possible by
direct contact and through shared venous drainage.
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Table 2. Sources of Infections Spreading to the Hypothalamic-Pituitary Region

Spread

Comments

Hematogenous spread

In immunocompromised host

Direct extension from adjacent anatomical sites

Meningeal infection, sphenoid sinus, cavernous sinus, skull

Previous infectious diseases of the CNS

latrogenic

Surgical intervention in sellar and suprasellar region, tooth
extraction

Infections in the hypothalamic-pituitary region are rare and several predisposing factors have been identified (2)

(Table 3).

Table 3. Predisposing Factors for Hypothalamic-Pituitary Infections

Diabetes mellitus

Tuberculosis

Solid organ transplantation (renal, liver, etc.)

Human immunodeficiency virus (HIV) infection

Non-Hodgkin lymphoma

Chemotherapy

Cushing’s syndrome

Previous pituitary surgery

Immunosuppressive therapy

Infections of the hypothalamic-pituitary region may present with neurological signs and symptoms and signs of

neuroendocrine dysfunction (Table 4).

Table 4. Clinical Features of Hypothalamic-Pituitary Infections

NEUROLOGICAL SYMPTOMS ENDOCRINE DYSFUNCTION
Headache Hyponatremia

Visual disturbances Hypopituitarism

Cranial neuropathy (lll, IV, VI) Hypogonadotropic hypogonadism

Isolated ACTH deficiency

Hyperprolactinemia

Central diabetes insipidus
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HYPOTHALAMIC-PITUITARY BACTERIAL INFECTIONS

Pituitary Abscess

Pituitary abscesses are rare pituitary lesions
accounting for less than 1% of all pituitary lesions (6,
7). The first case of a pituitary abscess was described
in 1848 and since then it has been mostly described in
case reports or small series. In two-thirds of patients,
pituitary abscesses occur in previously healthy normal
glands (primary pituitary abscess) (8). In other
patients, there is a preexisting lesion in the pituitary
region, such as a pituitary adenoma, Rathke’s cleft
cyst, granulomatous hypophysitis, or
craniopharyngioma or prior pituitary  surgery
(secondary pituitary abscess) (5, 9-12). The infection
can be caused by hematogenous dissemination or by
direct extension from surrounding structures
(meningitis, sphenoid sinusitis, cavernous sinus
thrombophlebitis) (Table 2). Pituitary surgery and
immunocompromised condition are also risk factors
for pituitary abscesses (Table 3).

According to the clinical presentation and duration of
the disease, pituitary abscesses can be acute,
subacute (the disease course less than 1 month), or
chronic (disease course longer than 1 month) (13).
Infective  manifestations  (fever, leukocytosis,
meningism) have been reported in patients with acute
and subacute pituitary abscesses, while chronic
pituitary abscesses have a more indolent course.

Many patients with pituitary abscess were
misdiagnosed as having a pituitary adenoma, pituitary
adenoma with apoplexy, or Rathke’s cleft cyst prior to
surgery (14). The diagnosis of this potentially life-
threatening disease is based on intraoperative
detection of pus and postoperative histopathological

analysis. Clinically, pituitary abscesses usually
present with neurological signs and symptoms
(headache, visual disturbances), signs of

neuroendocrine dysfunction (anterior hypopituitarism,

AVP deficiency) and signs and symptoms related to
infections (fever, leukocytosis) (5, 8, 14). The largest
series of primary pituitary abscesses (84 patients)
during a 20-year period reported asthenia as the most
common clinical presentation (75%), followed with
visual impairment (71%), and headache (50%) (6).

Compared to patients with a pituitary adenoma who
rarely have neuroendocrine dysfunction, most patients
with pituitary abscesses have hypopituitarism (8, 9,
13). The large case series of 66 pituitary abscesses
reported anterior pituitary hypopituitarism in 81.8% of
patients, while AVP deficiency was diagnosed in
47.9% of patients (8). Nine percent of patients (9.3%)
had isolated hypogonadism, 3.7% had isolated ACTH
deficiency, 1.8% had isolated hypothyroidism, and
1.8% had combined hypogonadism and ACTH
deficiency (8). The possible source of the pituitary
infection was found in 14 out of 66 patients (sepsis,
sinusitis, pulmonary tuberculosis) (8). Recently
published the largest series of 84 patients with primary
pituitary abscesses confirmed the high incidence
(73%) of preoperative neuroendocrine dysfunction in
patients with pituitary abscess: panhypopituitarism in
46%, isolated corticotropic insufficiency in 13%,
isolated thyrotropic insufficiency in 10%, isolated
gonadotropic insufficiency in 8%, and combined two
pituitary axes insufficiencies in 22% (6).

On MRI, pituitary abscesses present as a sella
masses, hypointense or isointense on T1-weighted
imaging, hyperintense or isointense on T2-weighed
imaging, with typical rim enhancement after
gadolinium injection, mimicking apoplexy of the
pituitary adenoma or other cystic sella lesions (7-9, 13,
15-17; Fig. 1). Diffusion-weighted imaging (DWI)
sequences of pituitary abscesses often demonstrate
high signal intensity with a reduction in the apparent
diffusion coefficient, different from necrotic brain
tumors (18).
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Figure. 1. Pituitary abscess: gadolinium-enhanced T1-weighted MRI scan (sagittal view) shows sellar
and suprasellar mass with peripheral contrast enhancement.

Neuroimaging with nuclear medicine investigations
(18-FDG PET scan, labelled leukocyte scintigraphy)
could increase the preoperative diagnostic rate in
challenging patients with pituitary abscess (6).

The majority of patients are treated with
transsphenoidal surgery, rarely with a transcranial
approach (8). Intraoperatively, pus is found in the sella
(19, 20). In patients with secondary pituitary
abscesses, the sphenoid sinus is the most common
site of extrasellar invasion (5).

On histopathological analysis, there is evidence of
acute or chronic inflammation, while Gram staining
and bacterial cultures in some cases may identify the
infecting pathogen. In most cases, the etiological
agents cannot be isolated (6, 12). In the two largest
studies on pituitary abscesses, positive results on
gram staining or bacterial cultures were found in only
19.7% and 25% of patients, respectively (6, 8). The
most prevalent organisms are Gram-positive cocci
(Staphylococcus Aureus and Streptococcus species),
but also Gram-negative bacteria (Neisseria,
Esherichia coli, Pseudomonas, Brucella) (5, 6, 9, 21).

Patients with bacterial pituitary abscesses are treated
with intravenous and oral antibiotics for three to six

weeks to prevent the recurrence of the pituitary
abscesses, but in some cases, reoperation was
required. In rare cases, AVP deficiency and
hypopituitarism are reversible, occasionally followed
by secondary empty sella (22). In most cases,
neuroendocrine dysfunction and AVP deficiency are
irreversible findings (6, 13). The preoperative
diagnosis of pituitary abscess represented a protective
factor for pituitary function recovery (in 23% of
patients) (6).

Although pituitary abscesses are more indolent than
other intracranial abscesses, secondary pituitary
abscesses in patients with pituitary adenomas (not in
Rathke’s cleft cyst) is associated with high mortality
rate (26%) due to the dissemination of the infection or
meningitis (5). In patients with infected Rathke’s cleft
cyst, clinical manifestations are commonly subacute,
without septic symptoms (9, 11).

Recently published the largest systematic review of
488 cases of pituitary abscess examined presentation,
radiological findings, endocrinological abnormalities,
treatment, and mortality of these patients (23). The
most common symptoms were headache (76%) and
visual field loss. The median time from onset of
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symptoms to presentation was 120 days. Symptoms
and biochemical markers of infection were absent in
57% of cases. The appearance of hypointensity on T1
weighted images and hyperintensity on T2 weighted
images, as well as peripheral contrast enhancement
of the pituitary on MRI were the most common
radiological findings. Fifty-five percent of patients had
negative culture results. Endocrinological
abnormalities were present in 84.5% of cases
(panhypopituitarism in 41%, AVP deficiency in 25%)
and persisted in over half of cases. The mortality rate
was 5.1%, with delayed presentation increasing risk of
mortality (23).

Hypopituitarism Caused by Treponema Pallidum
Infection (Syphilis)

Syphilis is a sexually transmitted chronic bacterial
infection caused by Treponema Pallidum which
progresses over years through a series of clinical
stages. Syphilis is a well-recognized cause of
hypopituitarism, with granulomatous hypophysitis
(noncaseating giant cell granuloma), syphilitic gumma
in sella region, or congenital syphilis causing
hypothalamic-pituitary dysfunction. The first cases of
hypopituitarism caused by syphilis were described
almost 70 years ago, mostly in postmortem cases
(24). The use of penicillin caused a decline in syphilis
presentations and late complications, including
congenital syphilis. Nowadays, the incidence of
syphilis has been rising again and this sexually
transmitted disease should be considered again in the
differential diagnosis of neurological, psychiatric, and
endocrine cases in high-income countries in risk
groups (HIV positive patients, men-men relationships,
crack cocaine users, and among intravenous drug
users) (25, 26). Spirochete Treponema Pallidum is
also described as a cause of hypophysitis and pituitary
gland enlargement with hypopituitarism, mostly in
immunocompromised patients (HIV-infected patients)
with syphilitic meningitis (27). Syphilis may cause a
sella mass with suprasellar extension mimicking a
pituitary tumor and causing severe headache and
hypopituitarism (28). The diagnosis is confirmed by

positive treponemal antibody or by detection of
Treponema Pallidum by immunohistochemistry or
PCR on the resected pituitary. This disorder is treated
with antibiotics.

Hypopituitarism Caused by Leptospira
Interrogans Infection (Sy Weil)

Leptospirosis is a common tropical febrile, zoonotic
infectious disease caused by spirochete Leptospira
Interrogans. The bacteria are spread through the urine
of infected animals (cattle, pigs, horses, dogs, rodents,
wild animals). Humans can become infected through
contact with urine or other body fluids from infected
animals or through contact with water, soil, or food
contaminated with the urine of infected animals. This
disease presents with hepatorenal syndrome and
systemic hemorrhagic manifestations. The first case of
pituitary apoplexy and panhypopituitarism caused by
leptospirosis in a 56-year-old male with type 2
diabetes mellitus was recently published (29). The
patient developed fever, nausea, vomiting and acute
kidney injury. Leptospirosis was diagnosed by positive
leptospira antibody test, and he started treatment with
antibiotics. After five days of admission, he developed
signs and symptoms of pituitary apoplexy. A brain MRI
scan was consistent with apoplexy in a pituitary
adenoma (the mass showed T2W hyper intensity and
TIW isointensity with hypo intense areas which
suggested hemorrhage). The patient developed
hypopituitarism and was replaced with glucocorticoids
and thyroid hormones. The follow-up MRI scan
showed resolution of the hemorrhagic focus and
regression of the pituitary adenoma. The proposed
mechanism of pituitary apoplexy is platelet dysfunction
(caused by uremia and directly by leptospira) and non-
inflammatory vasculopathy (increased vascular
permeability due to disruption of endothelial cell-cell
junctions, cell retraction and opening of intercellular
gaps) (29). Leptospirosis clinically presents very
similar to another zoonosis, hantavirus infection, is
more common worldwide and serology and PCR are
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necessary to distinguish between these two diseases
(30).

Hypothalamic-Pituitary Dysfunction
Bacterial CNS Infections

Following

Hypothalamic-pituitary ~ dysfunction is a well-
recognized complication of acute infectious diseases
of the central nervous system (meningitis and
encephalitis) and may occur in the acute phase or in
the late stage of these diseases (1, 4, 31, 32). The
clinical spectrum of neuroendocrine dysfunction may
range from an isolated pituitary hormone deficiency to
panhypopituitarism. Endocrine dysfunction in the
acute phase of meningitis may return to normal after
the acute period or be irreversible (32). The most
common deficit is isolated GH deficiency diagnosed 6-
48 months after the infection, reported at a rate of
28.6% (31).

Hypopituitarism following acute viral or bacterial
meningitis in children is not as common as in
adulthood (33, 34). The GH neurosecretory
dysfunction (low IGF1 with normal GH response in
clonidine test) was found in 3 out of 37 children tested
at least 6 months following the diagnosis of bacterial
meningitis (34). There are rare case reports on
hypopituitarism during acute meningitis caused by
Streptococcus Group B or sepsis caused by
Salmonella enteritidis in a neonatal period (35, 36).

The pathophysiological mechanism responsible for
hypothalamic-pituitary dysfunction following acute
meningitis is not fully understood. In some patients,
anti-pituitary and anti-hypothalamus antibodies are
detected (37). It is proposed that acute infection
provokes an autoimmune process and may cause
axonal injury with consequent neuroendocrine
dysfunction (38).

Idiopathic Granulomatous Inflammation of the
Cavernous Sinus - the Tolosa-Hunt Syndrome

Tolosa-Hunt syndrome is defined as an idiopathic
granulomatous inflammation of the cavernous sinus,
therefore not infectious in origin, with variable
extension into the superior orbital fissure/orbital apex,
usually unilateral. The diagnosis is made by exclusion
of other more common causes of cavernous sinus
lesions (thrombosis, tumors, fungal infections,
systemic  granulomatous  diseases-sarcoidosis,
tuberculosis, Wegener’s granulomatosis) (39). In less
than 5% of cases it can be bilateral, mimicking a
pituitary adenoma in imaging studies (40). The

etiology of Tolosa-Hunt syndrome is not fully
understood. The disease is characterized by
nonspecific  granulomatous inflammation  with

infiltration of lymphocytes and plasmocytes. The
patient presents with severe unilateral orbital pain and
ipsilateral ocular motor neuropathy. The paralysis of
one or more cranial nerves passing through the
cavernous sinus (I, IV, VI) develops with orbital pain
after less than 2 weeks. The signs of infection (fever,
leukocytosis) are usually present. Granulomatous
inflammation develops within the cavernous sinus
causing acute throbbing orbital pain and disordered
eye movement. Brain MRI scan demonstrate the
inflammation in the cavernous sinus, orbital apex, and
rarely in the sella. MR venography of the brain is
important to exclude cavernous sinus thrombosis.
Treatment consists of high dose corticosteroids and
antibiotics. Refractory and steroid-intolerant cases
may be treated with immunosuppressants
(Methotrexate or Azathioprine) and gamma knife
radiotherapy (41). Periorbital pain intensity is rapidly
decreasing and resolving within 72h, while the
resolution of ophthalmoplegia improves gradually and
takes a longer time to resolve (several weeks) (42). If
the patient is not responding to standard therapy,
biopsy of the lesion is necessary to exclude other
diseases, such as lymphoma.
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Hypothalamic-Pituitary Tuberculosis

The incidence of tuberculosis is rising not only in
developing countries, but also in developed countries,
especially given the increasing population migration.
Mortality has begun to increase after years of decline
and since 2018 more than 7 million people have died
of tuberculosis (43). Extrapulmonary tuberculosis may
affect the brain causing tuberculous meningitis and
tuberculoma of the central nervous cases.
Tuberculous meningitis has a tendency to affect basal
parts of the brain from where it can spread to the sella
region. In rare cases, CNS tuberculosis may present
as tuberculous hypophysitis or sella/suprasellar
tuberculoma mimicking a pituitary adenoma or
pituitary apoplexy (44-48). It may occur in the absence
of systemic tuberculosis, but the majority of patients
have a past history of pulmonary tuberculosis or
tuberculosis of other organs (spine). Tuberculosis may
affect the hypothalamus, pituitary, paranasal sinuses
(sphenoid sinus), or tuberculoma may be located only
in the pituitary stalk. Hypothalamic-pituitary
dysfunction and AVP deficiency during the acute
phase or years after recovery from acute tuberculous
meningitis suggests a more destructive and more
extensive hypothalamic and pituitary damage
compared to other causes of acute viral and bacterial
meningitis.

A significant proportion of patients with sella
tuberculoma or tuberculous meningitis develop

hypothalamic-pituitary dysfunction. In 18 cases of
histologically proved sella tuberculoma (5 of them with
past history of tuberculosis), 5 patients had
hypopituitarism and 3 had hyperprolactinemia due to
pituitary stalk compression (44).

In patients with tuberculous meningitis half of them
developed neuroendocrine dysfunction:
hyperprolactinemia (23-50% of patients),
hypocortisolism (13-43%), hypothyroidism (17-31%),
hypogonadism (34%), SIADH (10%) (4, 49, 50) during
the acute phase. Multiple hormonal axes were
affected in 23.5% of patients (49, 50). In young adult
patients who survived tuberculous meningitis in
childhood and were tested several years after
recovery, hypopituitarism was diagnosed in 20% of
patients (51). This is a consequence of fibrosis, gliosis,
and calcification in the hypothalamus and pituitary
after recovery of active tuberculous brain infection. In
rare cases, pituitary function recovered after
successful treatment with anti-tuberculous drugs (52).

The diagnosis of sella tuberculoma is a challenge,
especially in cases without systemic tuberculosis. The
signs and symptoms are nonspecific: fever,
neurological abnormalities  (headache, Vvisual
disturbances), and neuroendocrine dysfunction (44,
53). Sellar tuberculoma on MRI scans presents as
thickening of the pituitary stalk or abnormal
enhancement pattern of the sella lesion (54) (Fig. 2).
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Figure 2. Tubercular hypophysitis: sellar MRI scan (coronal view) shows stalk thickening.

If the correct diagnosis is established, anti-
tuberculosis drugs are effective and surgery is not
indicated for tuberculous hypophysitis. With surgery
the histological examination shows granulomas with
central caseous necrosis surrounded by giant
Langhans cells. In cases in whom Ziehl-Nielsen
staining for acid fast bacilli and the culture on
Lowenstein-Jensen media are negative, PCR for
detection of mycobacterial DNA in tissue or CSF may
help.

HYPOTHALAMIC-PITUITARY FUNGAL
INFECTIONS

Hypothalamic-pituitary fungal infections are extremely
rare and occur usually in immunocompromised
patients (diabetes mellitus, granulocytopenia, solid
organ transplantation). There are only few case
reports of Candida and Aspergillus sella abscesses
and reviews of fungal sellar abscesses (55-61).
Aspergillus is a ubiquitous saprophitic fungus found in
the nasal mucosa of healthy people and patients with

chronic sinusitis. This fungus may cause CNS
infection, such as meningitis, encephalitis, brain
abscess, subdural abscess, pituitary abscess, and
mycotic arteritis with thrombosis and aneurysm (61-
63). Fungal sella abscesses have a nonspecific
presentation, with neurological signs and symptoms
(headache, visual disturbances) and hypothalamic-
pituitary dysfunction. Sella MRI images are
nonspecific, with a T1W hypointense or isointense
mass with rim enhancement and may be
misdiagnosed as a pituitary adenoma (Fig. 3). It is
proposed that a low signal on T2W images due to iron
deposition may be a more specific sign of fungal
abscess (58, 64; Fig. 4). Diagnosis of fungal pituitary
abscess is made by histopathological finding
(Grocott—Gomori's  methenamine  silver  stain
demonstrates septate fungal hyphae), cultivation, or
PCR identification of fungus DNA. A combination of
transsphenoidal drainage and antifungal therapy
(liposomal Amphotericin B, itraconazole,
voriconazole, caspofungin, micafungin) can result in a
good prognosis (55, 59, 60, 65). Endocrinopathies
caused by fungal abscess have a low rate of recovery
(59).
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Figure 3. Fungal pituitary abscess spreading from fungal sinusitis: sellar MRI scan (coronal and sagittal
views) shows a large sellar mass pushing the pituitary upwards.

Figure 4. Fungal infections in the sella: a) CT scan of the sinuses (axial view) shows a large sellar mass,
erosion in sellar floor, propagation of the pathological process and opacification of the sinuses, and B)
sellar MRI scan (coronal view) shows a giant hypointense lesion in the sellar region.

An unusual form of allergic fungal sinusitis which
expands from the sphenoid sinus through a bone
erosion to the sella in immunocompetent patient has
been described (64) (Fig. 4). This patient had
hyperprolactinemia (in the setting with no pituitary
stalk compression), which resolved after successful
transsphenoidal operation followed by anti-mycotics
and corticosteroids (64). It is speculated that fungal
glucans may directly stimulate glucan-specific
receptors on somatomammotroph cells to stimulate
prolactin secretion (66).

HYPOTHALAMIC-PITUITARY VIRAL INFECTIONS

Hypothalamic-pituitary dysfunction (hypopituitarism
and cranial diabetes insipidus) may develop in the
acute phase of viral infections of the CNS (meningitis
and encephalitis) or in the late stage of these diseases
(1, 31, 32). Infectious agents which cause CNS viral
infections are listed in Table 5.
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Table 5 - Infectious Agents Which Cause CNS Viral Infections

MENINGITIS

ENCEPHALITIS

Herpes virus

Tick-borne

Varicella

Herpes simplex

Enterovirus

Cytomegalovirus

Neuroborreliosis

SARS-CoV-2 virus

SARS-CoV-2 virus

The investigation of hypothalamic-pituitary function at
least 6 months after recovery from mild-to-moderate
meningitis/encephalitis showed that 21% patients
developed isolated corticotroph deficiency, while other
neuroendocrine abnormalities or AVP deficiency were
not found (1).

Hantavirus

Hemorrhagic fever with renal syndrome (HFRS),
caused by Hantaviruses in the Bunyaviridae family, is
an endemic zoonotic disease transmitted by rodents.
There are several serotypes of these RNA viruses
causing systemic infection, milder form called
nephropathia endemica (Puumala) or severe form
(Dobrava, Belgrade). The disease is endemic in
Europe (Balkans, Finland, Germany) and Asia
(Korea), where several outbreaks have been
recorded. Farmers and solders are exposed to the
virus by inhalation of infected rodent urine, feces, or
saliva. Hantavirus infiltrates the vascular system
causing increased capillary permeability, renal failure,
thrombocytopenia, hemorrhage, fever, hypotension,
and shock. The mortality rate is 6.6%. Autopsy
findings reported a slightly enlarged pituitary with

ischemialinfarction, hemorrhage, and necrosis (67-
69). Direct viral invasion was confirmed in the pituitary
causing viral hypophysitis (69). Hypothalamic-pituitary
dysfunction has been reported during the acute phase
of the disease or after long-term follow-up (70-79). A
milder form of HFRS infection caused by Puumala
virus (nephropathia epidemica) is associated with a
lower incidence of hypopituitarism (80). It is
speculated that in some patients with no signs of
hemorrhage in the sella, hantavirus may cause
autoimmune hypophysitis and hypopituitarism (81).
Sellar MRl imaging in hypopituitary patients reveals an
edematous pituitary gland or increased signal intensity
in the pituitary due to hemorrhage during the acute
phase, while pituitary atrophy and secondary empty
sella develops months and years after acute infection
(76, 79-81) (Fig 5). A retrospective study of 60 adults
who had recovered from HFRS reported that 18% of
patients developed hypopituitarism (82). Ten percent
of patients had a single pituitary deficit (three GH, two
gonadal, and one adrenal), and 8.3% had multiple
pituitary hormone deficiencies (82). In rare cases,
HFRS may cause injury of the pituitary stalk or
acute/subacute hemorrhage in the pituitary gland and
AVP deficiency with panhypopituitarism (30, 77).
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Figure. 5. Hemorrhagic fever with renal syndrome: sellar MRI scan (sagittal view) shows pituitary

atrophy and secondary empty sella.

SARS-CoV-2

The novel coronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was identified
as a cause of coronavirus disease 2019 (COVID-19).
This virus is responsible for a variety of clinical
manifestations, ranging from an asymptomatic stage
to severe pulmonary disease (respiratory distress
syndrome) and various extrapulmonary
manifestations, including endocrine axes (83-85).

SARS-CoV-2 is a neuroinvasive virus which enters the
brain through the nasopharyngeal epithelium via the
olfactory nerve, passes through the blood-brain
barrier, or enters the brain through the median
eminence where this barrier is absent (86). Neurons,
glial cells, and cerebrovascular endothelia cells, as
well as hypothalamus and pituitary cells express an
angiotensin-converting enzyme 2 (ACE2) receptor
responsible for the entry of the virus into these cells
which induce neuroinflammation (86-88). SARS-CoV-
2 virus is also detected in cerebrospinal fluid of
patients with encephalitis caused by COVID-19 and in
pituitary tissues from patients who died from SARS

(89, 90). SARS-CoV-2 is responsible for a variety of
neurological complications, including headache,
anosmia, confusion, ataxia, neuropathic pain,
seizures, and delirium (89).

There are also indirect systemic effects of COVID-19
virus: an altered immune response (cytokine storm),
infection-induced thrombocytopenia, platelet
dysfunction, coagulopathy (hypercoagulable state),
endothelitis, and endothelial dysfunction (91). All
these direct and indirect systemic effects of COVID-19
virus may be responsible for ischemic and
hemorrhagic vascular syndromes, affecting also the
hypothalamo-pituitary  region. Another possible
indirect effect of COVID-19 may be mediated by
cytokines that can trigger hypothalamo-pituitary
inflammation with consequent neuroendocrine
dysfunction (92). Also, it has been shown that SARS-
CoV-2 express an amino-acid sequence that mimics
human ACTH and induces the production of
autoantibodies against ACTH causing cortisol
insufficiency and inadequate adrenal response to the
stress (83).
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SARS-CoV-2 infection may involve the hypothalamo-
pituitary axis causing pituitary apoplexy, hypophysitis,
and hyponatremia (83, 85, 91, 93-97).

There are nine case reports of pituitary adenoma (6
males/3 females, between 27 and 56 years of age,
eight with pituitary macroadenoma) and two series of
three patients with pituitary adenomas, complicated by
apoplexy during COVID-19 infection (93-102). In one
patient this occurred during the third trimester of
pregnancy. Four patients had transsphenoidal surgery
and recovered, one patient had transcranial resection,
three patients were conservatively managed, and one
patient died 12 hours after admission. There is also a
report of a 65-year-old woman with no underlying
pituitary disease who developed acute pituitary
apoplexy one month after the initial diagnosis of
COVID-19 (103). She developed anterior
hypopituitarism with no evidence of AVP deficiency.
An MRI pituitary scan showed the resolution of
intrapituitary hemorrhage, with normal size of the
pituitary gland after six months of follow-up. A small
case series reported three patients with previously
unknown pituitary adenoma complicated by apoplexy
during COVID-19 infection: a 54-year-old female with
null cell adenoma, a 52-year-old and a 56-year-old
men, both obese with hypertension, both with a
lactotroph pituitary adenoma (94). In another series of
three patients with  pituitary = macroadenoma
complicated with apoplexy following a symptomatic
COVID-19 infection, two of these patients’ developed
symptoms of pituitary apoplexy days following the viral
infection, whereas the third patient developed pituitary
apoplexy after a 2-month period (96).

In some patients COVID-19 caused an acute
lymphocytic hypophysitis with temporal evolution of
symptoms, suggesting an immune-mediated
parainfectious pattern of disease (104, 105). An 18-
year-old previously healthy girl with a history of
symptomatic COVID-19 three weeks prior to the acute
onset of headache and dizziness, presented with
diffuse thickening and enlargement of the

infundibulum with homogenous contrast enhancement
of the pituitary (104). She was treated with
glucocorticoids with a significant clinical improvement
on day 3 and complete resolution of MRI finding on
day 5. A similar case is a 16-year-old girl who
presented with headaches, polyuria/polydipsic
syndrome, and impaired visual acuity three weeks
after COVID-19 infection (105). She had pituitary
enlargement on MRI, was treated with
methylprednisolone and improved on day 5. Such a
rapid headache resolution after steroid treatment
suggests a transitory acute hypophysitis, an immune-
mediated process, triggered by viral infection. It has
been hypothesized that SARS-CoV-2 may induce
hypothalamo-pituitary autoimmunity, with positive
anti-hypothalamus (AHA) and anti-pituitary (APA)
antibodies (106). The current results in the literature
about antigens which are targets of AHA and APA are
still contradictory (83). It is possible that patients at
high-risk for such a complication are carriers of
specific HLA alleles. The human leukocyte antigen
(HLA) complex has a central role in the recognition
and presentation of viral antigens to immune system.
HLA class | molecules mediates innate defense
strategies against viral infection. HLA-c 04:01, DRB1
08, DQB1 06 carriers have an increased risk of a
severe clinical course of COVID-19 and generate a
robust response and susceptibility to autoimmune
diseases (107-110).

Even these two acute pituitary disorders (pituitary
apoplexy with transition to acute hypophysitis) can
occur in patients with COVID-19 and preexisting
unknown pituitary adenoma (97).

Several cases of AVP deficiency as a late
complication of COVID-19 infection were published
(111-114). All patients (2 males/2 females, 28-60
years of age) suddenly developed polyuria, nocturia,
and polydipsia four to eight weeks after the diagnosis
of COVID-19 infection. In one of the published cases,
a sellar MRI scan showed an enlarged pituitary with
an absent posterior pituitary bright spot on T1W
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images associated with thickening of the pituitary stalk
of 3.5 mm suggesting infundibulo-neurohypophysitis
(113). Other pituitary hormone evaluations were
normal. They were treated with oral desmopressin.

A case of a young woman with hypothalamic
amenorrhea following COVID-19, with normal
appearance of the sella turcica and regular
dimensions of the pituitary was reported (95). This
case suggests clinicians need to follow patients for
possible delayed neuroendocrine dysfunctions after
COVID-19 infection.

Hyponatremia was reported in 30-60% of patients with
SARS-CoV-1 infection and was associated with worse
outcomes and increased mortality (115). The
syndrome of inappropriate anti-diuretic hormone
secretion (SIADH) was the most common reason for
hyponatremia, followed by adrenal insufficiency (116).

There are also data on the association between
COVID-19 vaccination and the subsequent
development of pituitary diseases (85, 117-120). A
recently published systematic review analyzed 23
case reports of post COVID-19 vaccination pituitary
diseases: hypophysitis in 9 patients, pituitary apoplexy
in 6 patients, SIADH in 5 patients, and isolated ACTH
deficiency in two patients (119). Symptoms of pituitary
disease typically occurred shortly (several days) after
vaccine administration and the pathogenetic
mechanisms potentially include molecular mimicry,
vaccine adjuvants, and vaccine-induced thrombotic
thrombocytopenia (83, 119). The presence of ACE2
receptors in the hypothalamo-pituitary system
contributes to these post vaccinal pituitary diseases.
Isolated infundibulo-neurohypophysitis and AVP
deficiency or isolated ACTH deficiency may also
develop several days after immunization with BNT
162b2 mRNA COVID-19 vaccine (117, 121). In some
cases of panhypopituitarism and AVP deficiency due
to hypophysitis after COVID-19 vaccination, hormonal
secretion partially improved during follow-up (120).

Other Viruses

Cytomegalovirus, herpes simplex, varicella zoster,
and enterovirus have also been described in very rare
cases of central diabetes insipidus, mainly in
immunocompromised patients with encephalitis (such
as HIV infection, Cushing’s syndrome, lymphoma or
immunosuppressive therapy) (122-126). Direct
cytomegalovirus invasion and reduction in the number
of AVP and oxytocin cells was confirmed in the
hypothalamus (123).

HYPOTHALAMIC-PITUITARY PARASITIC
INFECTIONS

Parasitic infections of the pituitary are rare and
infections in the sellar region caused by Toxoplasma
gondii, Echinococcus species, and Taenia solium
have been reported anecdotally (4).

Toxoplasmosis is a worldwide zoonosis, caused by
the protozoan parasite Toxoplasma gondii. This is one
of the most common parasitic infections of warm-
blooded animals and humans. Approximately one-
third of humans have been exposed to T. gondii,
mostly with no serious diseases, except in
immunocompromised patients (HIV) and congenital
toxoplasmosis. Two cases of prolactinomas with T.
gondii cysts among tumor cells were reported (127).
Toxoplasmosis is the most common CNS infection in
immunocompromised patients (patients with HIV
infection) and may cause hypopituitarism,
accompanied by focal neurological deficits, headache,
and fever (128, 129). The brain MRI shows lesions
with significant enhancement of T2W images and peri-
lesional edema, which may be misdiagnosed as
intracranial metastasis. The diagnosis is based on
brain biopsy with confirmed presence of T. gondii by
PCR. Infection with T. gondii is treated with
antimicrobial therapy and with hormone replacement
therapy as needed.
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The most common parasitic infestation of the brain is
neurocysticercosis, caused by Taenia solium. A
systematic review of 23 patients with intrasellar
cysticercosis reported endocrine abnormalities
(panhypopituitarism, hyperprolactinemia, AVP
deficiency, and isolated hypothyroidism) in 56% of the
affected population (130). These infections present
with a cystic mass in the sella with hypopituitarism
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caused by compression, subarachnoid cysts,
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