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ABSTRACT

Viruses are one of the simplest pathogenic organisms
infecting the human body. Association between viral
infections and endocrine system is complex and has
not been fully studied. Viral infections can induce
several physiological changes in the human endocrine
system, resulting in cytokine mediated activation of
hypothalamo-pituitary-adrenal axis to increase cortisol
production, thus modulating the immune response.
Further, many viral infections impact different
endocrine organs, either by direct viral invasion or by
systemic or local inflammation resulting in transient or
permanent endocrinopathies; both hyper and
hypofunction of endocrine organs may ensue. Viruses
can encode production of specific viral proteins that
have structural and functional homology to human
hormones. Since endocrine hormones have
immunoregulatory functions, endocrinopathies may
alter the susceptibility of human body for viral
infections. Recently the pandemic causing SARS 2
CoV infection has been shown to affect multiple
endocrine organs through a variety of mechanisms,
highlighting the significance of viral infection related
endocrinopathies in morbidity and mortality. With
improving understanding of viruses and their role in
the human endocrine system, further research on this
field would be required to explore new targets for
prevention and treatment of endocrinopathies.

INTRODUCTION

The endocrine system plays a vital role in homeostasis
and immunity. Hormones modulate host defenses by
strengthening or weakening the body’s immune
system, being one of the key determinants of
susceptibility of humans for infections. On the other
hand, infective agents through different mechanisms
may affect endocrine organs, causing
endocrinopathies.

Viruses are the most abundant form of life on earth,
estimate at 10 quintillion (10%') (1, 2). They are
obligate parasites with single or double-stranded DNA
or RNA, infecting a variety of hosts; bacteria, algae,
fungi, plants, insects, and vertebrates. Viral infections
are common among humans, resulting in diseases
which may extend into epidemics. The literature is
evolving on viral agents being important pathogens in
endocrine disorders. Knowledge about the interplay
between viruses and the human endocrine system
would expand the understanding of acute and chronic
effects of viral disease on the human body.

HUMANS VIROME

The role of viruses in the human body is diverse. Many
viruses have been identified to play an essential part
in the human microbiome, with an estimate of 380
trillion viral particles inhabiting the human body. This
human virome consists of:

1. Human Endogenous Retroviruses (HERV): These
viruses are integrated viral genomic material
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which consists of 8% of the total human genome
(1, 3). As they are incorporated into the human
genome, they are transmitted vertically to
offspring. The function of the HERYV in the human
genome is not known. However, transcription of
these genes may produce proteins, which may
alter the function of regulatory genes and elicit an
immune response (autoimmune diseases) or cell
growth (cancers) in the host (4, 5).

2. Bacteriophages: These viruses inhabit their
bacterial hosts, mainly in the human gut in
addition to the skin and oral cavity (6, 7). Mostly
they show a symbiotic relationship with their host.
They may promote health or disease by phage-
mediated lysis of pathogenic or commensal
bacteria triggered by external factors, thereby
controlling bacterial populations and promoting
evolutionary advantages to host bacteria (e.g.,
antibiotic resistance through the transfer of
genetic material)

3. Eukaryotic viruses: These viruses infect human
cells often resulting in symptomatic diseases or
may exist in an asymptomatic carrier state (8).

PATHOGENESIS OF VIRAL INFECTIONS IN
HUMANS

Being an obligate parasite, viruses need to enter the
human cell in order to replicate and complete its life
cycle. The first step of viral entry into a host cell
involves recognition and binding to host cell specific
receptors by viral surface proteins (fusion proteins/
spikes). This specificity determines the host range for
a particular virus (e.g. HIV viral surface protein, gp120
specifically interact only with CD4, CCR5, and CXCR4
molecules on T lymphocytes) (9). Subsequent events
are conformational change of fusion proteins and
subsequent entry into the cell through endocytosis
(e.g. Adenovirus), cell membrane fusion (e.g. HIV) or
direct cell to cell contact (virological synapses e.g.
HTLV1) (10). Once the viral DNA or RNA material is
inside the host cell, they are incorporated into the host

genome and replication of the viral genome and/or
transcription of specific proteins will occur. The
replicated viral genome gets assembled with viral
proteins to produce an increased number of viral
particles (virions), which will be released from the
infected cell by cell lysis or budding from the host cell.
Some viruses undergo a lysogenic cycle where the
viral genome is incorporated into a specific location in
the host chromosome. This viral genome is known as
provirus and mostly remain non-functional within host
cells until being activated at some point when the
provirus gives rise to active virus which would lead to
the cellular death, necrosis, or apoptosis of the host
cell (9).

Many changes occur in the infected cell and its
surrounding tissues leading to immune modulations.
Direct cellular damage could occur in the infected host
cell by viral proliferation/replication. Proteins encoded
by the viral genome can also modulate cellular
functions and cause damage to the infected cell (11).
Further, the virus itself and infected tissues trigger the
innate immune system through cytokines (IL-1, IL-6,
IL-8, IL-12, TNF-a, IFN-a/B, TGF-B), complements,
and natural killer cells (12, 13). The resultant immune
response can cause inflammation or subsequent
damage to the infected cell which may further
progress to inflammation and damage of nearby
uninfected cells (11, 14). Virus induced tissue
inflammation increases the production of systemic
mediators of inflammation, which may induce a
systemic inflammatory condition in the host, affecting
many other organs ((11, 15). Subsequently adaptive
immunity develops where the host develops cell
mediated immunity (to control disease) and humoral
immunity with antibodies (to prevent reinfection)
against specific viruses (12).

VIRUS INDUCED ALTERATIONS IN THE
ENDOCRINE SYSTEM

Virus induced changes of endocrine cells and organs
can occur in several ways (11).
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1. Activation of the hypothalamo-pituitary-adrenal
(HPA) axis indirectly as a result of systemic viral
infection and inflammation.

2. Damage to specific endocrine cells by direct viral
infection of the cell (through stages of the viral
cell cycle).

3. Damage to specific endocrine cells by viral
proteins produced within the cell as a result of
viral replication within the cell.

4. Damage of virus infected endocrine organs by
inflammation through activation of an immune
reaction (innate and cell mediated).

5. Damage of uninfected endocrine organs through
the systemic immune response as a result of the
immune reaction to the viral infection.

6. Damage of uninfected endocrine organs through
autoimmune mechanisms/cross reaction of
antibodies.

7. Viral gene products may induce an alteration of
hormonal activity/ production by endocrine cells.

Pituitary Gland
HPA AXIS RESPONSE TO VIRAL INFECTIONS

Any virus which causes systemic viremia and
inflammation may stimulate the HPA axis to release
cortisol through early innate proinflammatory
cytokines (IL-1, IL-6 and TNF-a) and late acquired T
cell cytokines (INF-Y" and IL-2) during an acute viral
infection (16). These mediators act on the CRH
producing cells of the hypothalamus, corticotrophs in
the anterior pituitary as well as on the adrenal cortex
to increase glucocorticoids during the illness.
Cytokines (IL-1, -2, -4, -7, -8, TNFa and INF-a) are
responsible for the expression of glucocorticoid
receptors on lymphocytes and neutrophils, enhancing
the immune reaction (17). While the stress hormones
norepinephrine and epinephrine mobilize immune
cells into the blood stream, epinephrine and cortisol
are responsible for enhancing differentiation of

specific immune cells and directing the cells to the
tissues where they are needed (18-20). On the other
hand, elevations in glucocorticoids negatively regulate
the immune system to reduce the further production of
cytokines (e.g., HSV-1, MCMV, influenza,) and
promote switching of cellular immunity to humoral
immunity, thus protecting the body from an overactive
immune response (16). The extent of viral induced
glucocorticoid production is specific to the virus and
the immune response stimulated by the virus; thus, in
infections like LCMV clone E350 where no significant
inflammation occurs, glucocorticoid production is
minimal (21). However, mouse models with corneal
inoculation of HSV-1 virus have shown that even
without significant viremia, brainstem infection of HSV-
1 can alter the HPA axis stress response through
central mediated pathways (22).

ANTERIOR PITUITARY DYSFUNCTION

Hypothalamo-pituitary dysfunction due to infections
remain underestimated (23). Isolated or multiple
anterior pituitary hormone deficiencies had been
identified during acute viral illnesses of the central
nervous system, especially following viral meningo-
encephalitis (24, 25). Pituitary dysfunction mainly
involves corticotrophin deficiency and
hyperprolactinemia and to a lesser extent
gonadotrophin, growth hormone, or thyrotrophin
deficiencies (24-27). The prevalence of individual
deficiencies following viral infections vary among
studies. Patterns of hormonal deficiencies following
CNS infections depend on the type of causative agent,
the localization of the infection, as well as with the
severity of the disease (24). Partial or complete
deficiency of specific hormones may occur depending
on the degree of damage (28).

The main mechanisms involved in hypopituitarism with
examples are shown in Table 1.
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Table 1. Virus Induced Changes in Pituitary Function
Outcome Mechanism Hormone Examples Ref
HPA activation Cytokines Cortisol Any virus causing (11, 16)
T cell mediated significant
inflammation
Hypopituitarism Hypothalamic CRH, CMV, VzV, HIV, (29-32)
involvement GHRH, TRH, | SARS
GnRH
Hypophysitis by ACTH, TSH, | HSV-1/2, HIV, (29, 32-
direct viral infiltration | GH, LH, FSH | Hanta, SARS 36)
Ischemia/infarction ACTH, TSH, | Hanta, Influenza A | (33, 37)
causing apoplexy GH, LH, FSH
Hemorrhage to GH, ACTH, Hanta, VZV (28, 38-
pituitary (Later empty | TSH, LH, 40)
Sella) FSH,
Antibody mediated ACTH, SARS-COVID 19, (41, 42)
hypophysitis GH, FSH, LH | Rubella
Mechanism not Coxsackie B5, (24, 43,
identified Influenza A, 44)
Hyperprolactinemia | Dopaminergic stress | Prolactin (52, 53)
response
SIADH Damage to ADH HSV-1, EBV (45-47)
hypothalamic/ stalk /
posterior pituitary
cells
Diabetes insipidus | Direct viral invasion ADH Hanta, CMV, HSV, | (48-51)
Coxackie B1

Hypophysitis can occur either early in the acute phase
of the infection or at a later stage as a sequela of a
CNS infection (24, 25). A proportion of patients who
have deficiencies in anterior pituitary hormones during
the acute phase of a viral infection recover hormonal
function, typically within 1 year, indicating the transient
nature of the damage in a subset of patients (25, 29).
Delayed development of pituitary insufficiency can
remain asymptomatic or present with vague
symptoms. The deficiencies in such case will remain
permanent, needing life-long hormonal replacement. If
not for a high degree of suspicion, hypopituitarism can
be misdiagnosed as the post-encephalic syndrome
(23).

Acute viral infections can cause hyperprolactinemia in
response to elevated cytokines IL-1, IL-2 and IL-6,
which stimulate prolactin production (52). Further,
certain viral infections (e.g., HIV) directly reduce the
dopaminergic tone increasing prolactin levels (53).
Macrophages, monocytes, lymphocytes, and natural
killer cells possess prolactin receptors. Prolactin
binding to these receptors activates downstream
signaling pathways that will stimulate immune cell
proliferation, differentiation, and survival (52).
Prolactin also antagonizes the immunosuppressive
effects of TNF-a and TGF- (54). Therefore, elevated
prolactin acts as an immunomodulator during acute
infections.
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Although rare, CNS viral infections may also present
as an emergency with pituitary apoplexy, precipitating
ischemia or bleeding in a normal pituitary gland or a
pituitary tumor (33, 37, 38, 40). Some patients present
with the empty sella syndrome following initial
hemorrhagic insult to the pituitary, mostly with anterior
pituitary hormonal deficiencies.

POSTERIOR PITUITARY DYSFUNCTION

SIADH is a well-known complication of infections,
particularly CNS viral infections with HSV and tick-
born infections (55, 56). The possible mechanism is
cytokines released during inflammation, especially IL-
6, causing non-osmotic release of vasopressin from
the posterior pituitary (57). The presence and severity
of hyponatremia depends on the infective agent,
severity of the infection, and infected foci.
Hyponatremia portends a worse prognosis (45).

Direct viral destruction of ADH and oxytocin producing
neurons in the hypothalamus, pituitary stork, or
posterior pituitary would result in central diabetes
insipidus (49). It is usually associated with anterior
pituitary hormone deficiency and is described mainly
in immunocompromised patients with encephalitis (49,
58, 59).

Thyroid Gland

Systemic viral infections may result in alterations of
thyroid functions, giving rise to the “Sick Euthyroid
syndrome”, “non-thyroidal illness syndrome”, or “Low
T3 syndrome”(60). This is characterized by decreased
levels of serum T3 and sometimes thyroxine (T4),
without an increased secretion of TSH. Mechanisms
involved are elevated circulating cytokines, cortisol,
and free fatty acids influencing deactivation of
deiodinase-1 enzyme (reduces T4 to T3 conversion),
activation of deiodinase-3 enzyme (increased
conversion of T3 to rT3), down regulation of
hypothalamo-pituitary-thyroid axis resulting in normal
or low TSH levels despite low T3 levels, and changes
in thyroid binding proteins (61).

Direct viral invasion of the thyroid gland with
subsequent cytotoxic T-cell mediated inflammation of
the gland results in infiltration of thyroid follicles with
disruption of the basement membrane leading to
subacute thyroiditis and the release of thyroid
hormones (62). Presence of viral material had been
identified in diseased thyroid glands in certain patients
(e.g., mumps) while others show viral IgG antibodies /
rise in titers (Mumps, Coxsackie, adeno and influenza)
(63, 64). However, elevated antibodies to common
respiratory tract viruses may be an anamnestic
response due to the inflammatory process (65).
Epidemiological data has shown subacute thyroiditis
during outbreaks of viral infections and seasonal
clustering when viral infections are also commonly
seen (66).

Viruses triggering the immune response leading to the

development of autoimmune thyroid diseases like

Hashimoto’s thyroiditis and Grave’s disease has been

suggested (67, 68). Possible mechanism include (69);

¢ Molecular mimicry: recognizing an epitope on an
external antigen

¢ TLR activation by virus and heat-shock protein
effects

e Enhanced thyroid expression of human leukocyte
antigen molecules

The above mechanisms could facilitate the
development of antigen-specific adaptive immunity,
causing autoimmune thyroiditis (68, 70). In Grave’s
disease, significant homology had been identified in
HIV-1 induced viral Nef-protein and the human TSH
receptor, raising the possibility of T cell activation
through a viral antigen acting as an autoantigen (71).
Further, EBV infection results in over-expression of
HLA antigens, predisposing to immune mediated
mechanisms of Grave’s disease (72).

Elevated levels of TBG had been observed in patients
with HIV in both stable and ill patients (36). The
mechanism of this finding is unknown but care should
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be taken in interpreting total T4/T3 levels in patients
with HIV.

Table 2. Virus Induced Diseases of the Thyroid Gland
Outcome Mechanism Hormone Example Ref
Sick euthyroid Deactivation of deiodiase- | Low T3 Any virus (32,61)
syndrome 1 (through cytokine Normal or low causing
mediated inflammation) T4/TSH significant
Activation of deiodinase-3 inflammation
Down regulation of HPT
axis
Changes in circulating
proteins
Subacute Direct viral invasion Hyperthyroidism | Mumps, (63, 64,
thyroiditis followed by Coxsackie, 73)
hypothyroidism adeno,
(mostly influenza,
reversible within | SARS
12 months)
Autoimmune Development of adaptive | Overt Parvovirus (66-68)
hypothyroidism | immune system through: | hypothyroidism B19, mumps,
Molecular mimicry (Low T4/T3, rubella,
TLR activation Raised TSH coxsackie,
HLA over expression Subclinical HSV, Hep C,
hypothyroidism E, EBV
Antibody mediated (normal T4/T3,
raised TSH)
Autoimmune Hyperthyroidism | EBV, HIV-1 (71, 72,
hyperthyroidism (Low TSH, 74)
(Grave’s raised T4/T3)
Disease)

Parathyroid Glands and Calcium Metabolism

Although rare, parathyroid dysfunction following viral
infections has been documented in case reports.
Acute hyperparathyroidism has been reported with
acute Hepatitis B infection, where hypercalcemia
resolved following resolution of the hepatitis. It was
postulated that antibody mediated lowering of the
calcium set point in the parathyroid gland had resulted
in hyperparathyroidism (75).

Hypoparathyroidism is documented with several viral
infections including HIV and SARS-COVID 19 (76-78).
Parathyroid cells express a protein recognized by
antibodies against CD4, the HIV-1 receptor.
Therefore, it is possible for the virus to directly infect
the parathyroid cells and also circulating
autoantibodies against CD4, may impaired PTH
release though direct interaction (76).

Hypocalcemia is a well-recognized metabolic
derangement in some viral infections (e.g., Dengue,
measles, SARS-COVID-19), indicating severe
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disease and worse outcomes (79-81). This is usually
transient during the active disease and could be
secondary to vitamin D deficiency, hypoalbuminemia
secondary to infection, calcium influx into damaged
cells, or hypoxia induced cytokine release mediating
impaired PTH secretion or tissue response to PTH
(82).

Pancreas
TYPE 1 DIABETES

Different viral infections are linked as a potential
trigger for the development of Type 1 diabetes. This
happens through different mechanisms; direct
pancreatic p-cell lysis or immune mediated
progressive B-cell destruction though autoimmunity
generated from molecular mimicry, bystander
activation of autoreactive T cells, and loss of
regulatory T cells (83). As a result, hyperglycemia /
new-onset insulin dependent diabetes develops.

Direct 3-cell damage can occur as a result of viral
invasion  resulting in  beta-cell lysis (e.g.
coxsackieviruses, Rubella, mumps, enterovirus,
influenza, Hep C (84-87) or inflammation following
pancreatitis secondary to viral infection (hepatotropic
virus, coxsackie virus, CMV, HSV, mumps, varicella-
zoster  virus), systemic inflammation, or
immunomodulation (88). Although the incidence of
diabetes following acute pancreatitis is as high as 23%
(89), the incidence following viral pancreatitis had not
been studied.

Virus induced autoimmunity appears to be the main
mechanism for viral induced type 1 diabetes.
However, the role of viruses seems to be more
complex. Certain virus infections induce upregulation
of MHC class | on B cells, thereby enhancing
recognition of B cells by autoreactive CD8+ cytotoxic
T lymphocytes, thus inducing autoimmunity (90).
However, some virus strains (LCMV, CVB) reduce the
incidence or delay the onset of type 1 diabetes,
probably through a TLR mediated mechanism (90).

Whether inductive or protective autoimmunity
depends on several factors; level of infection (more
severe infections enhance diabetes while low-
replicating strains of the same infection seem
protective), genetic predisposition, presence of other
detrimental environmental triggering factors like
viruses, and direct B-cell toxins (91). Adding to the
complexity, research on the intestinal virome has
shown that certain changes in the intestinal virome
precede autoimmunity, especially in developing type 1
diabetes in genetically susceptible people (92).

To-date, literature support viral infection (e.qg.
enterovirus, influenza virus, cytomegalovirus, mumps,
rubella, rotavirus, and coxsackie virus) mediated
autoimmune destruction of beta-cells through
molecular mimicry or activating cross-reactive T cells
as one of the potential mechanisms for the
pathogenesis of type 1 diabetes (93).

Adrenal Glands

Primary adrenal insufficiency is a well-known
consequence of certain viral infections. Common
pathological mechanisms are direct viral invasion
causing adrenalitis, adrenal hypofunction due to
immunological impact from systemic inflammatory
response, and viral-induced autoimmune destruction
of the adrenal gland (94). Although less frequent,
adrenal glands can be infected in early HSV-1 and -2
infections irrespective of the immune status of the
host, with the adrenal gland having the highest
number of viral particles of any organ (95). SARS-
COVID 19 virus also affects the adrenals by direct
cytopathic effects by the virus or due to the systemic
inflammatory response (96). Antibody mediated
adrenal insufficiency is also seen in SARS viral
infection by producing molecular mimics to ACTH.
Antibodies to the viral peptides bind both viral protein
and host ACTH, may destroy ACTH or reduce the
functionality of the hormone, thus reducing the ability
of ACTH to induce cortisol production (97).
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More severe forms of adrenal disruption (usually
bilateral) are seen in less common fulminant viral
infections; H5N1 avian influenza causing multifocal
necrosis of adrenal cells (98), filoviruses (e.g. Ebola)
giving rise to liquefaction of the adrenals (99). Further,
immunosuppression has been identified as a
predisposing factor for severe adrenal infections.
Echoviruses serotypes 6 and 11 which cause lethal
disseminated intravascular coagulation in children can
affect the adrenals with hemorrhagic necrosis (100).
CMV adrenalitis had been reported in more than half
of the patients with AIDS, with or without evidence of
CMV viremia (101, 102).

Adrenal glands are the most commonly affected
endocrine organ by HIV infection (103, 104). Early
stages of HIV result in a rise in cortisol secretion, as
an adaptive response to a stressor. In some patients,
this rise in cortisol levels may precipitate reactivation
of EBV. During the latter stages, adrenal ‘burnout’,
direct viral infection, co-infection by opportunistic
microbes (viral — CMV, bacterial, fungal), anti-adrenal
cell antibodies (unique to HIV infection), and increased
peripheral cortisol resistance may lead to progression
to overt adrenal failure (105-107). An autopsy series
has shown the adrenal gland to be pathologically
compromised in 99.2% of cases of patients with AIDS,
highlighting the degree of damage in
immunocompromised state (108).

Some adrenal neoplasms have a viral etiological
relationship, particularly in HIV infected people; EBV
associated lymphoma of the adrenal gland and AIDS-
associated neoplasms (e.g. Kaposi sarcoma from
HHV-8, non-Hodgkin's lymphoma) (109).

Gonads
TESTES
Viruses are well known to cause orchitis, both
unilateral and bilateral, as a consequence of a

systemic viral infection. Mumps virus is the
commonest viral infection affecting the testes, being

the most common complication of mumps in post-
pubertal men (110). Virus attacks the testicular
tissues, leading to an innate immune response,
inflammation, and perivascular intestinal lymphocyte
infiltration. Resultant swelling exert pressure on
intratesticular tissues and leads to testicular atrophy
(111, 112). In addition to having varying degrees of
hypogonadism, viral infection leads to subfertility;
transient changes in sperm count, mobility, and
morphology of fertility in unilateral disease while 30 —
87% having infertility due to oligo-asthenospermia in
bilateral disease (113). Other viruses have also been
identified to cause direct testicular damage including
coxsackievirus, varicella, echovirus, Hep E, Zika virus,
and cytomegalovirus, leading to varying degree of
testicular damage but to a lesser extent than mumps
virus (114-116). Certain viruses have also been
detected in semen (e.g., Zika, Ebola, HIV, Hep B,
Herpes and SARS-COV) and within spermatozoa
(e.g., HIV, Hep B and Zika) of infected patients (117,
118). Although some of these could contribute to
vertical transmission as well as affect fertility, the role
of the viruses needs to be clarified with further
research (119, 120).

HIV infects the testis early during the course of the
disease, targeting testicular leucocytes and germ
cells, but is not associated with any apparent
morphological changes (121). Viral infection of the
germ cells is important in vertical transmission of the
disease. Further, HIV-2 and SIV but not HIV-1 are
known to damage Leydig cells and reduce
testosterone levels (122). HIV/AIDS also make the
testes more susceptible for opportunistic infections
like CMV, EBV and TB (123). Some evidence has
emerged for an oncogenic effect of HIV and EBV
infection on human testis but further research is
needed (124).

Although viral orchitis induces humoral immune
response and result in anti-sperm antibodies, their
causal link to subfertility or hypogonadism is unclear
(110, 125).
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OVARIES

Viruses affect ovaries through similar mechanisms as
the testes; direct invasion and innate immune
mediated oophoritis, resulting in changes in
estrogen/progesterone to cause varying degrees of
hypogonadism as well as affect fertility (126, 127).
Mumps, Zika, HIV, and CMV viruses have been
documented in the literature as common viral culprits
affecting the ovaries and the clinical manifestations
range from being silent infections to oophoritis
resulting in premature menopause (126-128).

Further, some viruses (e.g. CMV) had been implicated
in ovarian carcinogenesis but further studies need to
clarify the exact causal effect and pathogenesis (129).

Viral Protein Mediated Modulation of Hormone
System

New insights have shown that the viral genomes can
produce viral peptide sequences that possess
homology with human hormones, growth factors, and
cytokines. Such viruses may affect human physiology
not by infecting and damaging tissues nor by eliciting
immune responses but by producing molecules which
mimic the action of functional molecules. Recent
research pointed out that viruses belonging to
Iridoviridae family, which commonly infect fish, but
have been also identified in the human virome (blood
and feces), produce viral insulin like peptide (VILP),
which has homology to human insulin/ IGF-1 (130).
These VILPs could compete with endogenous ligands,
stimulate or impair post receptor signaling in an
autocrine, paracrine, and endocrine basis. They bind
to human receptors and stimulate downstream
signaling, increase glucose uptake by adipocytes in
vitro and in vivo, and stimulate cell proliferation and
growth, but less potently than human insulin/IGF-1
(130-132). The role of VILPs are not fully understood
and further research is needed to explore the links
between VILP and T1DM, insulin resistance, and
certain neoplastic growths in association with viral
infections.

Other “viral hormones” have also been identified, with
structural and/or functional homology to human
hormones including IGF-1 and IGF-2, endothelin-1
(ET1), endothelin-2, TGF-1 and TGF-32, fibroblast
growth factors 19 and 21, inhibin, adiponectin, resistin,
adipsin, and irisin in various viruses (132). However,
their exact role in altering human physiology in a
beneficial or harmful manner is yet to be identified.

Certain virus genome encoded proteins may alter the
human genomic expression of particular hormones. A
classic example is HTLV-1 infected cells producing
PTHrP causing hypercalcemia by trans-activation of
the PTHrP gene through the TAX viral gene product
(133). Certain viral products act at the cellular
receptor/post receptor level, resulting in alterations of
intracellular hormonal signaling pathways. HIV-1
related Vpr and Tat protein may induce
hypersensitivity of the glucocorticoid receptor (GR)
resulting in lipodystrophy and insulin resistance (134).
A similar mechanism is suggested for Paget’s disease,
where there is a possible mumps viral peptide
(Nucleocapsid transcript) induced hypersensitivity of
osteoclastic receptors to vitamin D (135). Inactivation
of hormone receptor / post receptor signaling may be
seen with some viruses; RSV protein miR-29a down
regulates GR receptors (136); poxvirus MCV MCO013L
protein induces inhibition of glucocorticoid nuclear
receptor transactivation (137), and E1A protein
produced by Adenovirus blocks the action of
glucocorticoids on transcription activity genes (138)
resulting in resistance to glucocorticoids. As illustrated
by the above examples, viral encoded proteins may
affect the human endocrine system through alteration
of endocrine signaling systems.

VIRAL INFECTIONS AS A COMPLICATION OF
ENDOCRINE DISEASES

HPA Axis

Patients with untreated or undertreated adrenal
insufficiency are at a higher risk of infections as well

www.EndoText.org 9



as 5-fold higher mortality from infection compared to
the normal population (139, 140). Impaired innate
immune function, especially with lower natural killer
cells among patients with adrenal insufficiency has the
potential to make them more susceptible to invading
pathogens and cause a higher rate of death following
viral infections (141-143). On the other hand, among
patients with undiagnosed glucocorticoid deficiency,
the initial HPA axis response to increase the level of
glucocorticoids in response to the immune mediators
will be altered, hence appropriate shaping of the
downstream immune response will not take place.
This may result in overactive immune response to the
viral infections, affecting mortality and morbidity.
Replacement regimes which restore physiological
glucocorticoid secretion patterns have been shown to
reduce susceptibility to infections as well as to improve
mortality among patients with adrenal insufficiency
(144). Therefore, appropriate steroid treatment
regimens should be employed in patients with
deficiencies in the HPA axis depending on their clinical
state (Doubling steroid dose in mild viral infections, up
to 200mg/24-hours hydrocortisone in moderate-
severe viral infections) (145).

Stress induced hypercortisolemia and elevated
epinephrine levels, which occur as a physiological
mechanism, could mediate latent viral reactivation
(HSV, EBV, VZV) through IL-6 mediated pathways,
precipitating viral infections (146-148). However, the
level of stress may also determine the threshold for
reactivation (e.g. low stress levels precipitating VZV,
high stress levels precipitate an increase in HSV-1
DNA load) (148).

Viral infections have an increased prevalence and
more severe disease course among patients who are
immunosuppressed compared to the general
population (149). Cushing’s syndrome or over
treatment with steroids impair immune function and
are considered as an immunocompromised state with
high susceptibility for severe viral infections. Further,
the high glucocorticoid levels may mask the initial
symptoms of viral infection, delaying medical

treatment and would lead to a clinical course which is
more difficult to predict than in the normal population
(150, 151). In addition, concordant viral infection may
precipitate adrenal crisis in patients on glucocorticoid
replacement therapy, which adds to the increased
mortality from viral illness (139).

Pituitary
HYPOPITUITARISM

Several anterior  pituitary hormones  have
immunoregulatory roles (152). GH, PRL, TSH, and
gonadotrophins show stimulatory effects on immune
cells while gonadal steroids tend to suppress immune
mechanisms (153-156). Patients with multiple
deficiencies of anterior pituitary hormones would
therefore have variable alterations in their immune
systems and show an increased susceptibility for
infections and an increased tendency to develop
serious infections (157).

HYPERPROLACTINEMIA

Elevated prolactin levels act as immunomodulators
and enhance the host innate and adaptive immune
system. Thus, prolactin may protect the host from viral
infections as well as help in containing viral infections
(52-54).

Thyroid Gland

Thyroidal diseases have not been shown to increase
the susceptibility to viral infections.

Parathyroid Glands
HYPERPARATHYROIDISM

Several in vivo and in vitro studies have demonstrated
the immunomodulatory effect of parathyroid hormone.
PTH receptors had been identified on cells involved in
immune pathways, including neutrophils and B and T
lymphocytes (158). In patients with CKD and
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secondary hyperparathyroidism, elevated PTH has
been shown to affect immune cells causing impaired
migration, reduced phagocytic and bactericidal
activity, and inhibited granulocyte chemotaxis (159,
160). T and B lymphocyte proliferation and antibody
production are also affected by PTH. Thus, PTH may
reduce the host response to viral infections and
increase the susceptibility for severe viral infections
(159).

Gonads

Gender had been one of the key epidemiological
factors determining the prevalence and intensity of
human viral infections, with men tending to be more
susceptible (161). It was shown that females mount a
stronger innate and adaptive immune response than
males, giving rise to the above differences (162).
Rodent studies had demonstrated that in addition to
the influence of the sex chromosomes on immune
cells, sex hormones also account for this difference
through their effects on the immune systems by
influencing cell signaling pathways resulting in
differential production of cytokines / chemokines and
also enhancing T-cell populations and adaptive
immune systems through receptors on immune cells
(163-165).

Low testosterone levels negatively impact the
outcome of certain viral infections. Low levels seen in
elderly men and in young men with hypogonadism
result in higher morbidity and a worse clinical course
following certain viral infections (e.g. Influenza) and
antibody response is reduced compared to young
healthy males (166). Furthermore, treatment with
testosterone has been shown to reduce mortality and
improve disease course in both young and elderly
males with hypogonadism (166). These changes were
mainly due to alterations in the immune response by
testosterone receptor mediated leukocyte contraction
to limit inflammation (monocytes, CD8+ T cells,
degranulation and reduced cytokine production) rather
than limiting viral replication (165, 167).

Estrogen acts as a potent anti-inflammatory hormone
that reduces the severity of viral infections such as the
influenza virus. Estrogen alters the production of
chemokines, target organ recruitment of neutrophils,
and cytokine responses of virus-specific CD8 T cells
to protect against severe influenza (168). Estrogen
shows bipotential effects; small or cyclical amounts
enhancing proinflammatory cytokine responses and
high or sustained circulating levels reducing
production of proinflammatory cytokines and
chemokines (169). Female hypogonadism in the form
of natural menopause or pathological hypogonadism
in young women has been shown to increase
susceptibility for viral infections while the use of
hormonal replacement therapy or estrogen
replacement has reduced viral infections and hospital
admissions (170).

Diabetes

Chronic hyperglycemia is known to be associated with

altered innate immune response with reduced
chemotaxis, phagocytosis, killing by
polymorphonuclear cells and

monocytes/macrophages, a reduced response of T
cells, reduced neutrophil function, and varying
disorders of humoral immunity (171). These defects in
immune response predisposes patients with diabetes,
especially individuals with poor glycemic control, to
different viral infections as well as results in a more
severe disease (172). Respiratory viruses like
influenza are known to affect patients with diabetes
commonly and have a sixfold higher risk of
hospitalization compared to non-diabetics (173).
Further, SARS-CoV-2 virus also tends to result in
more severe infections in patients with poorly
controlled diabetes (174).

ENDOCRINE PARAMETERS AS MARKERS OF
SEVERE VIRAL INFECTION

Severe systemic viral infections tend to cause
changes in thyroid profile, which is known as Non-
Thyroidal lllness (NTI)/ Sick Euthyroid syndrome.
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Classic changes in the thyroid profile are low T3 and
normal/low TSH and fT4 levels. Low T3 levels and the
presence of NT| has been associated with severe viral
infections and poor outcomes in several viral
infections (e.g., CNS viral infections, SARS-Cov-2)
(60, 175).

Among many other markers of disease severity, low
serum calcium level is also a predictor for severe
disease and worse clinical outcome among patients
with Dengue and SARS-COV-2 infections (82, 176,
177). The above markers could be used in addition to
the usual clinical parameters for assessment and
prediction of disease severity and prognosis.

COVID-19 AND THE ENDOCRINE SYSTEM

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) virus has spread across the globe
rapidly since the end of 2019 (Corona virus disease
2019; COVID-19), causing an unprecedented
pandemic with significant mortality and morbidity.
Because of the novelty of the disease, the possible
impact on the endocrine system is not fully
understood. However, emerging evidence support that
COVID-19 has significant effects on the endocrine
system.  Additionally, patients with  certain
endocrinopathies face a worse outcome from COVID-
19 infections.

SARS-CoV-2 virus uses the host angiotensin-
converting enzyme 2 (ACE2) as the receptor for fusion
and entry into human cells in order to complete its life
cycle (178). Lung is the principal target of COVID-19
virus due to an abundancy of ACE2 receptors and is
responsible for the main symptoms of the disease but
many endocrine organs (hypothalamus, pituitary,
thyroid, pancreas, adrenals, gonads) also express
ACE2 receptors abundantly and this predisposes viral
entry into endocrine organs and subsequent viral
induced changes (179, 180). Possible pathogenic
mechanisms are direct viral entry and destruction of
cells, inflammation induced cellular dysfunction, and
immune/antibody mediated hormonal dysfunction.

COVID-19 and Endocrinopathies

Data on the impact of COVID-19 infections on
endocrine organs are emerging. Previous SARS viral
infection outbreaks have revealed a spectrum of
endocrinopathies which span from asymptomatic
disease to gross hypofunction of endocrine organs
(hypothalamus, pituitary, thyroid, adrenals, pancreas
and gonads). Considering the similarities of other
SARS viruses and SARS-Cov-2 (COVID-19) in
structure and pathogenic mechanisms, we can
assume that a similar spectrum of diseases can be
expected during COVID-19 pandemic. Table 3
outlines a summary of available data on the impact of
COVID-19 infection on endocrine organs.

Table 3. COVID-19 Infection Related Endocrinopathies
Gland Outcome Mechanism Reference
Hypothalamus | Hypopituitarism Hypothalamic involvement (29)*
/ Pituitary (Hypocortisolism / (181, 182)
Secondary Hypophysitis from direct viral infiltration | (29)*, (183)
hypothyroidism) Molecular mimicry for ACTH inducing 97)*
antibody production, with subsequent
destruction of ACTH
Central diabetes Hypoxic Encephalopathy following (184)
insipidus COVID-19 pneumonia
Autoimmune neuroendocrine
derangement
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SIADH Through cytokines (185-187)
Non-osmotic release of ADH
Hypoxic pulmonary vasoconstriction
pathway inducing ADH release
Intravascular volume depletion
inducing non-osmotic baroreceptor
activation
Pain inducing ADH release through
hypothalamus
Thyroid gland | Primary Direct viral invasion (29)*
hypothyroidism Consequence of subacute thyroiditis (188, 189)
Subacute thyroiditis | Direct viral invasion and inflammation (188, 189)
Grave’s disease Virus induced trigger for autoimmunity | (190)
Sick euthyroid Cytokine induced dysregulation of (190, 191)
syndrome deiodinases
Parathyroid Data limited
gland
Pancreas Diabetes t Inflammation / cytokine activation and (192)
(Type 1 & Type 2) resultant insulin resistance t
Viral invasion and destruction of islet (193)
cells
Development of autoimmunity against
islet cells
Pancreatitis (194)
Diabetes Worsening of pre-existing diabetes by | (195)
ketoacidosis above I mechanisms
New onset of type 1 diabetes
Adrenal Primary adrenal Adrenal necrosis and vasculitis from (196)
glands insufficiency direct cytopathic effect or inflammatory
response
Bilateral adrenal hemorrhage (197)
Gonads Epididymo-orchitis Inflammation / direct viral invasion (198)
(Testis) Hypogonadism t Direct testicular damage by the virus (199, 200)
Indirect inflammatory/immune
response in the testicles
Impairment of sperm | Direct inversion of testes/seminiferous | (201)
quality t tubules / semen
Elevated immune response in testis
Autoimmune orchitis
Gonads Data limited
(Ovary)

* Evidence based on SARS-Cov-1/ SARS virus infections
T Need further scientific evidence to establish the effect of infection on endocrine dysfunction
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In addition to the COVID-19 virus induced hormonal
changes, certain pre-existing endocrinopathies may
influence the disease course of COVID-19. Patients
with immunocompromise due to active Cushing’s
disease or long term poorly controlled diabetes are
more prone for severe COVID-19 infections and have
an increased morbidity and mortality (174, 202).
Therefore, care must be taken to treat these patients
to achieve good control of their disease state as well
as to recognize the increased severity of COVID-19
infections. Patients with adrenal insufficiency are also
considered to have an increased risk of more severe
COVID-19 infections with a higher complication risk,
including adrenal crisis and mortality (139, 203).
Careful management of glucocorticoid replacement
would minimize the risk.
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