S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Autoimmunity Reviews 20 (2021) 102946

Contents lists available at ScienceDirect AUTOIMMUNITY
REVIEWS

Autoimmunity Reviews

ELSEVIER journal homepage: www.elsevier.com/locate/autrev

Review ' :.)

Check for

The immune-neuroendocrine system in COVID-19, advanced age and | e
rheumatic diseases

Luis J. Jara®"", Berenice Lépez-Zamora ©, Irvin Ordonez-Gonzilez ‘,

Maria F. Galaviz-Sanchez ™/, Caroline L Gutierrez-Melgarejo &, Miguel Aggel Saavedra ™',
Olga Vera-Lastra ™%, Maria Pilar Cruz-Dominguez ™', Gabriela Medina >

2 Direction of Education and Research, Hospital de Especialidades Centro Médico Nacional La Raza "Dr. Antonio Fraga Mouret”, Instituto Mexicano del Seguro Social,
Mexico City, Mexico

b Universidad Nacional Auténoma de México, Mexico City, Mexico

€ Universidad Judrez Auténoma de Tabasco, Divisién Académica de Ciencias de la Salud, Tabasco, Mexico

4 Universidad Veracruzana, Facultad de Medicina, Veracruz, Mexico

€ Universidad Westhill, Facultad de Medicina, Mexico City, Mexico

f Rheumatology Department, Hospital de Especialidades Centro Médico Nacional La Raza "Dr. Antonio Fraga Mouret”, Instituto Mexicano del Seguro Social, Mexico City,
Mexico

8 Internal Medicine Department, Hospital de Especialidades Centro Médico Nacional La Raza "Dr. Antonio Fraga Mouret”, Instituto Mexicano del Seguro Social, Mexico
City, Mexico

" Translational Research Unit, Hospital de Especialidades Centro Médico Nacional La Raza "Dr. Antonio Fraga Mouret”, Instituto Mexicano del Seguro Social, Mexico
City, Mexico

! Research Division, Hospital de Especialidades Centro Médico Nacional La Raza "Dr. Antonio Fraga Mouret”, Instituto Mexicano del Seguro Social, Mexico City, Mexico
J Centro de Investigacion Clinica GRAMEL, Mexico City, Mexico

ARTICLE INFO ABSTRACT

Keywords:
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Immune-neuroendocrine system . . . . . . . . .
Older people e The immune-neuroendocrine system is essential to maintain homeostasis specially during stress

Autoimmune rheumatic diseases situations. COVID-19 infection, produce stress, and activates the immune-neuroendocrine system.
During the COVID-19 pandemic, multiple studies indicate that the most vulnerable populations are
older adults and patients with comorbidities including autoimmune rheumatic diseases. These
patients suffer from extremely important situation that favors the inflammatory hyper response due
to an inadequate reaction of the immune-neuroendocrine system. This review aims to analyze the
findings of the effect of COVID-19 on the hypothalamic-pituitary-adrenal, hypothal-
amic-pituitary-gonadal, hypothalamic—pituitary—thyroid, hypothalamic-pituitary—prolactin axes,
and central nervous system, as well as the response to this viral infection in older adults and pa-
tients with rheumatic diseases and perspectives about this subject.

1. Introduction but local authorities forced him to retract this warning. Dr. Li Wenliang
was infected by a patient and died due to COVID-19 on February 7,
On December 30, 2019, the Ophthalmologist Li Wenliang informed 2020, at the age of 33 [1]. This new viral infection has spread rapidly

his collaborators about the existence of a new disease similar to severe throughout the planet and, since March 11, has been recognized as a
acute respiratory syndrome (SARS) in Wuhan, China. The Ophthalmol- pandemic by the World Health Organization (WHO) [2,3]. As of July 7,
ogist's objective was to alert his colleagues concerning this new disease, 2021, there have been 183,934,913 confirmed cases and 3,985,022

* Correspondence to: L.J. Jara, Seris y Zaachila S/N, Colonia La Raza, Alcaldia Azcapotzalco, 02990 Ciudad de México (CDMX), México.
** Correspondence to: G. Medina, Seris y Zaachila S/N, Colonia La Raza, Alcaldia Azcapotzalco, 02990 Ciudad de México (CDMX), México.
E-mail addresses: luis_jara_quezada@hotmail.com (L.J. Jara), dragabymedina@yahoo.com.mx (G. Medina).

https://doi.org/10.1016/j.autrev.2021.102946
Received 28 June 2021; Accepted 4 July 2021
Available online 10 September 2021

1568-9972/© 2021 Elsevier B.V. All rights reserved.


mailto:luis_jara_quezada@hotmail.com
mailto:dragabymedina@yahoo.com.mx
www.sciencedirect.com/science/journal/15689972
https://www.elsevier.com/locate/autrev
https://doi.org/10.1016/j.autrev.2021.102946
https://doi.org/10.1016/j.autrev.2021.102946
https://doi.org/10.1016/j.autrev.2021.102946
http://crossmark.crossref.org/dialog/?doi=10.1016/j.autrev.2021.102946&domain=pdf

L.J. Jara et al.

deaths worldwide [4].

In nearly 80% of COVID-19-infected patients, the disease will be mild
and restricted to the upper airways. About 20% of infected patients will
develop atypical pneumonia and around 2% of these will develop a very
severe disease [5]. High mortality has been observed in people over 65
years of age and with comorbidities such as diabetes mellitus, arterial
hypertension, obesity, autoimmune diseases, and others [6]. At this
time, biomarkers of morbimortality have been identified: lymphopenia;
increased of lactic dehydrogenase (LDH); C-reactive protein; procalci-
tonin; D-dimer, and ferritin [7,8]. Recent studies suggest immune al-
terations in older people (immunosenescence), such as T-cell alterations
and innate immune response, which lead to a hyperinflammatory state,
known as the cytokine storm syndrome [9,10].

The immune-neuroendocrine system responds to infections, stressful
events such as physical factors and chemical and psychological agents
through its messengers as follows: cytokines; neuropeptides; hormones;
neurotransmitters, and their receptors [11-13]. Similar to immunose-
nescence, it is possible that the immune-neuroendocrine interaction is
altered with age and comorbidities that lead to severe complications of
COVID-19. The purpose of this narrative review was to analyze the
possible interaction of COVID-19 infection with age, the immu-
ne-neuroendocrine system, and rheumatic diseases in order to answer
the following question: Why are these patients more susceptible to
developing severe and devastating COVID-19?

2. COVID-19 infection and stress

When severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) reaches the oropharynx, there is an innate immune inflammatory
response, and the patient develops fever, headache, sore throat, cough,
malaise, myalgia, arthralgia, anosmia, ageusia, and occasional diarrhea
[14]. The next stage is the invasion of the virus into the lungs, heart, and
other tissues [5]. This process is permitted by ACE-2 receptors [15].
Various autopsy studies have confirmed the hyperinflammatory
response and the activation of the coagulation cascade [16,17]. In
relation to the immune response, a recent study shows that the degree of
COVID-19 infection is inversely correlated with interferon I and directly
with the overproduction of proinflammatory cytokines such as IL-1 and
IL-6. This study was conducted in patients with mild/moderate, severe,
and critical disease [18]. In each of these stages, the viral infection and
immune/inflammatory response stimulate the stress response systems, a
fundamental part of the immune-neuroendocrine system, such as the
following: the hypothalamic—pituitary—adrenal (HPA) axis; the hypo-
thalamic-pituitary-thyroid (HPT) axis, the hypothal-
amic-pituitary-gonadal (HPG) axis, the prolactin axis (HP-PRL), and the
sympathetic and parasympathetic nervous system [19]. In fact, this type
of integral response has been observed in infections of different types,
such as viral, bacterial, and parasitic. Therefore, this response can be
similar in patients infected with COVID-19. Viral infections engage in a
very particular manner of infecting the human body, every virus has a
different way of doing this; however, each mechanism ends in the
relationship with the neuroendocrine system [20]. Consequently, the
COVID-19 infection undoubtedly causes emotional, physical, and bio-
logical stress, leading to the to stress response systems. In fact, several
studies demonstrated that approximately 60% of patients during the
COVID-19 pandemic exhibited anxiety, stress, and depression [21].

3. COVID-19 and the immune-neuroendocrine system

At the beginning of the COVID-19 infection, the innate and adapta-
tive immune systems are activated, releasing proinflammatory cyto-
kines. Multiple evidence indicates that pro-inflammatory mediators
activate the neuroendocrine system. Viral interaction has been studied
for many years [20]. However, there is scarce evidence of this interac-
tion with the COVID-19 infection. Next, we will update the interaction
between viral infection and the immune-neuroendocrine system
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Fig. 1. Interaction between viral infection and the immune-neuroendo-
crine system.

(Fig. 1).
3.1. Hypothalamic-pituitary—adrenal axis

The first axis that is activated after a viral infection and stress situ-
ation is the hypothalamic-pituitary-adrenal (HPA) axis. The proin-
flammatory cytokines released by this viral infection cross the Blood
Brain Barrier (BBB), arrive at the hypothalamus, activating neurons of
the organum vasculosum of the laminae terminalis (OLVT) and of the
paraventricular nucleus (PVN), stimulating the release of the
corticotrophin-releasing hormone (CRH) [22], activating the anterior
pituitary gland and consequently releasing the adrenocorticotropic
hormone (ACTH), ending with the release of corticoids by the adrenal
glands [23,25]. These corticoids yield negative feedback on immune
cells, which suppress the synthesis and release of the cytokines TNF-a,
IL-1B, and IL-6 [23]. Another function of glucocorticoids is to change
from Thl- to Th2-type immune responses, thus counterbalancing dam-
age to the tissues [24].

The HPA axis has receptors at every level for cytokines and it was
demonstrated that this axis can also synthesize the latter [25]. Cytokines
cross the BBB, which is an integral part of the immune-neuroendocrine
system [26]. There are several identified ways as to how cytokines cross
the BBB as follows: stimulating afferents pathways that project to the
nucleus tractus solitarius, activating norepinephrine in the PVN;
crossing the BBB at damaged regions; exerting a direct effect on CRH in
the medium eminence, and inducing/releasing secondary messengers
and crossing the BBB by active transport [24]. The BBB is injured by the
TNF-a and IL-6 participating in neuroinflammation. TNF-o allows de-
polarization of the BBB endothelial cells and IL-6 production with the
consequent stimulation of immune-neuroendocrine system [26].

A clear example of this relationship is the existing between HIV-1
and the HPA axis, in which the levels of cortisol have been observed
as increased and, in several cases, adrenal insufficiency has also been
observed [27]. Despite high cortisol levels, ACTH levels are low; this can
indicate that some cytokines by themselves can stimulate the synthesis
of glucocorticoids [28].

Anosmia and ageusia demonstrate the direct involvement of SARS-
CoV-2 and cytokines on the central nervous system (CNS). In this
respect, histological studies obtained on the olfactory epithelium have
shown that TNF-a levels were significantly high in patients infected with
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COVID-19 compared to those of a control group [29]. Early studies
found on tonsilitis a local production of proinflammatory cytokines and
its relationship with catecholamine receptors [30]. Based on these
findings, an immune-neuroendocrine interaction has been proposed. In
fact, the SARS-CoV-2 virus is neurotropic [26]. COVID-19 infection al-
ters the stress response system, and this alteration contributes to the
worsening of elderly patients or those with an autoimmune disease. In
fact, patients severely infected with COVID-19 exhibited significantly
lower cortisol levels than severely infected non-COVID-19 patients [31].
Another study evaluated adrenocortical function in a group of patients
with COVID-19 in which the study's findings suggest an inadequate
response of the HPA axis [32]. In support of these findings, an autopsy
study of COVID-19 patients revealed enlarged hematomas, diffuse
bleeding, thrombus, necrosis, and the inflammatory infiltrate of adrenal
glands. Taken this evidence together, COVID-19 has a devastating effect
on the hypothalamic—pituitary—adrenal axis, that is, the principal stress
response system [33].

3.2. Hypothalamic-pituitary-gonadal axis

The relation between this axis and the immune response can be
sustained by certain facts, such as that the gonadotropin releasing hor-
mone (GnRH),produced by immune cells; estrogens stimulate the im-
mune response, and androgens inhibit this response [34]. Experimental
models revealed that male rodents had a worse outcome after a Hepatitis
B infection due to the immunosuppressive activity of testosterone.
Another example was that after an Influenza A virus infection, female
mice had a greater inflammatory response than males [35]. These ex-
amples clearly demonstrate the relation between these two systems, and
this has also been studied for the SARS-COV 2 infection. It was observed
that men present more complications than women, this due to the levels
of androgens, particularly in the expression of a gene, TMPRSS2, whose
transcription is regulated by androgen receptors [36]. With regard to
ACE2 receptors and SARS-CoV-2 interaction, estrogens and androgens
increase their expression [37]. It was evidenced that the hypothal-
amic-pituitary-gonadal axis can be directly affected by COVID-19,
destroying Sertoli cells and Leydig cells, causing a worsening of sper-
matogenesis and a decrease in testosterone levels [38]. Several in-
vestigations have shown the involvement of the COVID-19 infection in
the ovarian reserve and can affect the reproductive function of fertile
women. Therefore, the latter will be monitored when COVID-19 occurs
in women of reproductive age [39].

This evidence indicates the involvement of COVID-19 infection with
the HPG axis. The consequence of this damage needs to be studied in the
post COVID-19 stage.

3.3. Hypothalamic-pituitary—thyroid axis

The HPT axis has a clear relation with the immune system, and low
levels of T3 and T4 were found in some infections [40]. An example is
HIV infection where prior to the use of antiretroviral therapies, there
were several patients with sub-clinical hypothyroidism and low levels of
T4 [41]. During the cytokine storm for COVID-19, thyrotoxicosis and
low free T3 concentrations have been described. Infection by SARS-
COV-2 can destroy thyroid follicular cells and could be the reason for
the thyrotoxicosis [42]. Affectation of the HPT axis can take place in two
ways: by direct interaction between the SARS-CoV-2 and the thyroid
glands, or by means of the hyperinflammatory response. In either situ-
ation, thyroiditis occurs. This is probably due to the high number of
ACE-2 receptors that exist in the thyroid glands [43]. The description is
of interest of some cases of Graves disease and thyroiditis in post-COVID-
19 vaccinated patients [44,45].

3.4. Hypothalamic-pituitary—aprolactin axis

Prolactin is a lactotrophic hormone that possesses
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immunostimulatory properties, and it is synthetized and secreted by
different cells or tissues, including immune system cells [46-48]. In fact,
the prolactin gene in humans is located on the short arm of chromosome
6, near the major histocompatibility complex (MHC) [49].

It is well known that prolactin stimulates the innate and adaptive
immune responses. Prolactin is produced by the T-lymphocytes, which
are considered proinflammatory cytokines. In this regard, it was
demonstrated that the hypoprolactinemic state is associated with the
risk of infections and death. It has been proposed that drugs such as
Domperidone/Metoclopramide (which are dopamine antagonists) can
enhance PRL levels and, in this manner, the hyperprolactinemic state
can increase the protective effect against COVID-19 infection [48]. In
contrast, a hyperprolactinemic state has been demonstrated in systemic
lupus erythematosus and other associated autoimmune diseases to in-
crease active disease [50]. Recently, there was the first case of a COVID-
19-positive patient in her third trimester of pregnancy who developed a
pituitary apoplexy. This patient presented low TSH levels and high
prolactin levels. It is probable that this axis is affected by COVID-19
[51].

4. COVID-19, the central nervous system, and the peripheral
nervous system

The presence of fever, headache, anosmia, and early ageusia suggests
an early interaction between the viral infection and the CNS. Multiple
evidences suggest that SARS-CoV-2 is neurotropic, and that it possesses a
neuroinvasive mechanism [52]. There is evidence that loss of smell (fifth
cranial nerve) may be the gateway for SARS-CoV-2 to enter the CNS. A
recent study demonstrated the presence of SARS-CoV-2 RNA and protein
in distinct regions of the nasopharynx and brain [53]. One of the pro-
posed forms of infection of the CNS is via the neural route through the
olfactory bulb, which entertains direct axonal connections with the
medial temporal lobe and allows it to reach the brain [52]. Another
route is through the blood circulation and the ACE2 receptors, which the
virus utilized to enter the cell. These receptors are known to have been
detected in neurons and glial cells, as well as in the capillary endothe-
lium, which interacts with the Spike protein of the virus, altering the
blood vessels and the permeability of the cerebral BBB, affecting the
nervous system and becoming an important target of COVID-19 [54].

One of the main mechanisms by which COVID-19 crosses the BBB is
by means of the “Trojan Horse” strategy. During transcellular migration,
viruses invade the junctions formed by the BBB endothelial cells,
becoming engulfed by phagocytic cells such as macrophages. COVID-19
employs a combination of these previously mentioned mechanisms to
invade the CNS [55]. Another form of COVID-19 affectation is through
causing hypoxemia in neuronal tissue, due to the excessive production of
mucus in the pulmonary alveoli, hindering the alveolar gas exchange,
giving rise to a decrease in the arrival of oxygen to neuronal cells and
ischemia [56].

Neural cells are known to lack the MHC, which renders them sus-
ceptible to viral invasion and causes pyroptosis, a type of cell death that
occurs during an infection with an intracellular pathogen. Pyroptosis-
induced neuroinflammation can contribute to memory loss, hypersen-
sitivity to pain, or seizures in COVID-19 patients [56]. The most frequent
neurological manifestations in infected patients include headache,
dizziness, hyposmia, and hypogeusia, all of which are currently known
to be associated in patients with mild-moderate COVID-19 [57,58].
There are reports in which the appearance of ischemic cerebrovascular
accidents accompanied by dysarthria by COVID-19 have been
mentioned, considering that this virus gives rise to a state of hyperco-
agulability, thus to the formation of thrombi, which contribute to the
ischemic event [59]. During the infectious process, encephalopathy may
occur and manifests as delirium, agitation, disorientation, paralysis, loss
of consciousness, cerebral edema, coma, or epilepsy, the latter having
become a commonly described manifestation and one that can occur due
to hydric and electrolyte, alterations, hypoxia, or multi-organ failure
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[60]. It has been shown that, in COVID-19, cerebral edema of different
degrees, and even fulminant edema, can occur [61]. Presently, the ways
in which COVID-19 can induce demyelinating diseases such as multiple
sclerosis are not known with certainty, but in the future development is
expected in this regard [62].

The hypothalamus is a complex structure that has many neuronal
groups and intrahypothalamic circuits that are the basis for the immu-
no-neuroendocrine interaction. This structure can be affected by the
COVID-19 infection. The hypothalamic circuits are essential for main-
taining homeostasis and the immuno-neuroendocrine response to SARS-
CoV-2 [63].

5. COVID-19, immune-neuroendocrine system and age

The involvement of the immune-neuroendocrine system during the
battle against SARS-CoV-2 has not been clearly described; however, we
do know that the disease drastically disrupts its components, particu-
larly in older adults. To effectively eliminate SARS-CoV-2, the immu-
ne-neuroendocrine system must recognize, alert, destroy, and clear the
virus [9]. This entity causes the activation of the immune-neuroendo-
crine system. Dysregulation of the stress system leads to communication
between the brain and the HPA axis for the adaptation of the organism
[64].

The changes in this system over time are attributed to the evolution
of humans due to adaptation to its environment and to the balance be-
tween aggression vs. tolerance caused by various pathogens. With re-
gard to advanced age, the body's immuno-neuroendocrine response
undergoes a progressive deterioration that is conditioned by an ineffi-
cient response to diseases [65].

Following the challenge of the immune system to fight the pathogen,
it produces a series of cytokines. In fact, several cytokines were reported
in the serum of COVID-19 patients, mainly proinflammatory, such as
tumor necrosis factor-o (TNF a), interleukin-1 (IL-1) and IL-6, and type I
interferons (IFN-a/p). Their role, in addition to contributing to the im-
mune response against viral infection such as coronavirus, is responsible
for activating the HPA axis, which releases adrenal glucocorticoids,
providing negative feedback on immune cells in order to inhibit the
synthesis and release of cytokines, thus protecting the host from the
devastating consequences of an overactive immune response [66].

Type I Interferon (IFN-1) is essential in antiviral immunity to fight
against several infections, as in the case of COVID-19 infection. In
France, a study reported that COVID-19 infection is characterized by a
decrease in the circulating IFN in patients of all disease-severity states,
rendering us vulnerable to pathogens, which is significantly associated
with a prognosis of a fatal outcome. Therefore, these authors propose
that a blood IFN deficiency could be a biomarker for severe COVID-19
[18]. Agrawal [67] explained that the production of IFN-1 by den-
dritic cells constitutes the innate immunity of our human organism, but
it is affected in older adults as the advance in age, because the immune
system's capacity to express IFN-1 decreases and deteriorates. Therefore,
elderly patients are more susceptible to infections and to more serious
conditions compared to the young population, supporting what is
observed in elderly patients with COVID-19 [68].

The activation of the HPA axis has been observed in phenomena such
as immune/inflammatory processes; therefore, in patients infected with
COVID-19, it can alter the HPA axis in two ways, that is, hyperactivated
or hypoactivated, mainly due to the dysfunction in negative feedback
between the axis and the immune system. The hyperactivation of this
axis is mainly attributed to the cytokine- storm mechanism in in-
dividuals infected with SARS-CoV-2, related to lung damage and fatal-
ity. Similarly, another potential mechanism for SARS-CoV-2 for over
activating this axis is the decrease in the angiotensin-converting enzyme
2 levels (ACE2). Contrariwise, the HPA is hypo-activated by TNF-a and
Transforming growth factor beta (TGF-f); thus, it is possible that a
certain number of cytokines that are elevated in patients with COVID-19
are involved in the hypocortisolism associated with this disease, being
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the main cause of depression in convalescent patients [69].

To date, it is theorized that the interaction between the Spike protein
located in the SARS-CoV-2 membrane and the ACE2 receptor improves
the host's tropism. Chatterjee and colleagues [70] explain that the
essential part for the entry of the virus into the host cell, mainly for
human respiratory epithelial cells, is the viral-receptor interaction. In
elderly patients, low immunity is inversely proportional to the viral
load, as well as to the increased expression of the ACE2 receptor in
hematopoietic cells, cardiopulmonary tissues, macrophages, and
monocytes.

Meftahi et al. [71] propose that several factors may associate
“inflame aging” with the cytokine storm in elderly patients with COVID-
19; they can uncontrollably turn on the inflammatory machine in the
aging, including the alteration of ACE2 receptor expression, excessive
reactive oxygen species (ROS) production, senescent adipocyte activity,
the alteration of autophagy and mitophagy, and immune-senescence, as
well as vitamin D (VD) deficiency. Hence, older persons with severe
COVID-19 infection cannot shut down their proinflammatory immu-
ne-neuroendocrine response (Fig. 2).

Nevertheless, there is still much to analyze concerning the partici-
pation of the axes of the immune-neuroendocrine system in this new
worldwide disease, especially in older adults and patients with rheu-
matic disease.

6. COVID-19, immune-neuroendocrine system, and rheumatic
diseases

Patients with autoimmune rheumatic diseases (ARD) are considered
as more susceptible to bacterial and viral infections, which can be
related with disease activity, disease damage, comorbidities, and their
treatment [72].

Patients with ARD present alterations in the axes of response to
stress. Various experimental and human studies suggest that there are
alterations in the axes. These alterations are observed, above all in the
stages of ARD activity, in pregnancy, in infections, and under stress
conditions [73]. It is characterized by decreased plasma—cortisol levels,
alterations in thyroid function, a state of hyper-estrogenism, hyper-
prolactinemia, and dysautonomia. These abnormalities participate in
the etiopathogenesis of these entities and can be modified by remission-
inducing treatments [74].

With respect to patients with ARD, 30-40% may present infections of
various types, which increases the immuno-neuroendocrine response,
favoring a proinflammatory state [75]. A similarity of innate and
adaptive immune-response alterations involving macrophages, mast
cells, neutrophils, and T- and B-lymphocytes has been proposed, leading
to multiorgan damage due to the release of cytokines, chemokines, and
autoantibodies. It has been proposed that this similarity is due to a
complex interaction between the SARS-CoV-2 virus and the patient with
ARD because of molecular mimicry, among others [76].

However, there is an important difference between SARS-CoV-2
infection and ARD. Recent studies have shown that the levels of inter-
feron alpha and beta, essential cytokines for controlling viral infection,
are decreased during the SARS-CoV-2 infection. This decrease in inter-
feron, demonstrated by lower gene expression, lower production, and
decreased serum levels, especially in life-threatening COVID-19 infec-
tion, correlates directly with the viral load and inversely with the levels
of proinflammatory cytokines [18]. This is partly due to the production
of neutralizing the anti-interferon antibodies that are produced during
this infection [77]. In contrast, interferons play a relevant role during
autoimmune diseases with the overproduction of this cytokine, which
participates in the proliferation and activation of cells of the immune
system. During a viral infection, the patient with ARD develops an
overproduction of the interferon system, which leads to a release of
autoantigens that stimulate the innate and adaptive response with the
production of autoantibodies, providing the ability to stimulate inter-
feron through the dendritic cells. The increase in interferon is promoted
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by natural killer (NK) cells and B-lymphocytes and is regulated by
monocytes. This function is poor in patients with ARD such as SLE [78].

A great amount of evidence suggests that some components of the
immune-neuroendocrine system participate in the activation process of
the interferon system in ARD. For example, prolactin (PRL), as a cyto-
kine, intervenes in the proliferation and differentiation of cells of the
immune system. For T-lymphocyte-stimulated PRL, the interferon reg-
ulatory factor provides the ability to adjust the prolactin immune
response. Hyperprolactinemia comprises one of the important factors in
the pathogenesis and course of autoimmune diseases such as SLE,
rheumatoid arthritis, systemic sclerosis, and Sjogren's syndrome [79].

In a study in which the disease course was followed in 86 patients
with immune-mediated inflammatory diseases, the authors included 50
cases of inflammatory arthritis (rheumatoid arthritis, psoriatic arthritis,
and ankylosing spondylitis). These were confirmed cases or highly sus-
pected cases of COVID-19. The main comparison was between out-
patient and in-patient management, during which 72% of patients
were receiving biologic disease-modifying anti-rheumatic drugs
(bDMARD) or Janus kinase (JAK) inhibitors. On comparing comorbid-
ities such as hypertension, diabetes, or chronic obstructive pulmonary
disease, these were more common in hospitalized patients than in out-
patients. Also, oral glucocorticoids (29 vs. 6%), hydroxychloroquine
(21 vs. 7%), and methotrexate (43 vs. 15%) were more frequently uti-
lized in hospitalized patients, whereas biologicals (mostly TNF-blockers
and anti-IL12/23 agents) were more common in out-patients. All of this
could suggest a certain possible protective effect of these biologics to
prevent the occurrence of a cytokine-release syndrome in patients with
rheumatic diseases, with this remaining controversial [80].

On the other hand, SLE possesses similarities with COVID-19, such as
the multi-organ complications of interstitial pneumonia, cytopenia, and
arthralgia. Immunosuppressants employed in SLE have been investi-
gated as an option to reduce inflammation and the development of acute
respiratory distress syndrome infected with coronavirus [81]. In this
sense, a recent case-based review disclosed that a previously healthy 45-
year-old man developed SLE probably triggered by SARS-CoV-2 infec-
tion [82].

7. Therapeutic evidences

The use of steroids in critically ill patients during the COVID-19
pandemic was the strongest demonstration of the effect of SARS-CoV-2

on the HPA axis [83].

Accumulated evidence concerning the effect of the SARS-CoV-2
infection on the HPG axis opens the possibility of using testosterone-
based hormone-replacement therapy [84]. In relation with the HPT
axis, thyrotoxicosis, including the thyroid storm, are conditions
described during COVID-19 infection; in these cases, the use of anti-
thyroid drugs is indicated. Regarding to hypothyroidism prior to COVID-
19, patients should continue with their therapeutic regimen [85].

The evidence of the immune-neuroendocrine axes involved is solid
and opens the possibility of future trials with hormonal therapies in
order to restore the homeostasis of the immune-neuroendocrine system.

8. Perspectives and conclusions

1. The immune-neuroendocrine system is essential to maintain ho-
meostasis during stress situations. Older adults, patients with auto-
immune rheumatic diseases, and with other comorbidities have an
altered immune-neuroendocrine system response.

2. SARS-CoV-2 infection alters the mechanisms of response to stress by
the direct action of the virus in the effector organs of the immu-
ne-neuroendocrine system and through a hyperinflammatory
response with a devastator effect on the immune-neuroendocrine
system.

3. The complex interaction between COVID-19 and the immu-
ne-neuroendocrine system explains the susceptibility of older adults,
patients with autoimmune rheumatic diseases, and other comor-
bidities to develop severe complications.

4. Knowing the effect of the COVID-19 infection on the immu-
ne-neuroendocrine system and its response, is essential to propose
novel treatments, to improve the survival of patients infected with
COVID-19.

5. The consequence of the damage caused by SARS-CoV-2 on the
immune-neuroendocrine system will be the subject-of-study during
the post-COVID-19 stage.
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