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Abstract. The immune system plays an essential role in distinguishing between self and non-self and hence protecting the host
from infections. Upon the pathogen encounter, the host seeks to ensure an adequate inflammatory reaction to combat infection
but at the same time tries to prevent collateral damage due to excessive immune activation. As such, limiting inflammation
during an infection is an essential goal, for which several counterregulatory mechanisms are put into play, like the production
of adrenal steroid hormones. This will assure a successful defense and adaptation of the organism to injury, highlighting
the relevance of the relationship between adrenal hormones and the immune response. Chronic infections with bacteria, or
parasites were found to display several endocrine abnormalities, ranging from subtle disturbances to substantial alterations in
the regulation of the HPA axis. Facts accounting for such disturbances encompass several non-mutually exclusive possibilities,
inflammation in neuroendocrine tissues, partly due to the presence of pathogens and the ensuing structural and functional
alterations; along with the exploitation of the host’s hormonal microenvironment by the infectious agent. Alterations in the
steroid hormone axis may be also viewed as one of the consequences resulting from the re-directioning of energy to the
immune system during chronic infections. Collectively, these alterations further contribute to a deficient control of infection
and immunopathology, together with metabolic changes, which promote an unsuitable scenario for disease prognosis.
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Nothing in biology makes sense except in the light Microorganisms are endowed with a recogniz-

of evolution’ able pathogen-associated molecular pattern, which

is recognized through pathogen recognition recep-

INTRODUCTION tors present in many irpmune cells, i.e., macrophages,
monocytes, and dendritic cells, among others. Phago-
cytic cells, quickly manage to deal with such a threat
through the ability to phagocytose pathogens, and to
secrete proinflammatory cytokines like tumor necro-
sis factor alpha (TNF-a), interleukin 1 beta (IL-13),
and IL-6 [1, 2]. Beyond their immunological effects,
these cytokines produced at the site of inflamma-
tion also signal the brain directly or by induction
of second intermediate messengers as well as the
signaling activation through afferents in the vagus
. ) nerve. This activation of the stress system within
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A great variety of organisms including bacteria,
viruses, parasites and fungi can cause infection in
humans. In cases wherein, defensive mechanisms are
not able to cope with the infectious insult, partly
because pathogens escape from immune clearance,
a state of chronic infection in the form of persistent
or latent infections ensues.
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axis and sympathetic nervous system, as effectors
arms [3-6]. As such, the immune response mounted
against pathogens is paralleled by a significantly
altered hormonal response, as documented in a large
series of experimental and clinical studies [3—6].

Many studies point out to an influential role of
the interaction between immune and endocrine sys-
tems in orchestrating an effective defense strategy
against the infective insult [7, 8]. Endocrine and
immune systems are strictly connected by multi-
ple mutual regulatory pathways. As above stated,
proinflammatory cytokines IL-1(3, IL-6, TNF-a pro-
duced in response to an infectious challenge activate
the HPA axis leading to the production of adrenal
steroids [3-6]. In relation to the immunomodula-
tory influences of adrenal steroids, glucocorticoids
(GCs) suppress the immune system at several levels,
avoiding the possible adverse effects of an excessive
immune response and helping to terminate it once
the noxious stimulus was eliminated [9-12]. Under
some circumstances, particularly at the beginning
of the immune response, GCs can also exert pro-
inflammatory effects [13]. But at high concentrations,
GCs generally suppress immune and inflammatory
responses arising during activation of innate and
adaptive immune responses. These are critical for
coping with intracellular pathogens like bacteria,
fungi, and parasites (cellular immunity) as well as
extracellular bacteria, soluble toxins, some viruses,
and multicellular parasites (humoral mechanisms).
In addition, the activation of HPA axis induces the
production of dehydroepiandrosterone (DHEA) and
DHEA-sulphate (DHEA-s), which are known to exert
anti-GC functions [14-16]. There is evidence that
GCs and DHEA display opposite effects on adap-
tive immune cells. While GCs can inhibit both Th1
and Th2 cytokine production by activated human T
cells, they predominantly affect Th1 cytokine produc-
tion, shifting T cell response towards a Th2 profile
[17]. Unlike this, DHEA favors a shift towards Th1
responses by upregulating the production of IL-2
and interferon gamma (IFN-v), in addition to down-
regulating Th2 cytokine synthesis [18]. Within this
context, DHEA and its derivatives have been proved
to enhance protective immune responses against
pathogens with an intracellular habitat [19-22].

As an integrated physiological circuit, the HPA
axis represents a well-conserved mechanism to
control/support an intense immune-inflammatory
reaction as well as for the early mobilization of
immune cells and their redistribution to mount an ade-
quate defensive response. Nevertheless, when dealing

with infections, immune-endocrine interactions turn
out to be more complex, since pathogens per se can
modulate endocrine function either by releasing solu-
ble factors or by directly colonizing endocrine tissue
[7,23, 24]. In the case of chronic infections, in which
pathogens are not cleared and the immune response
must be sustained in time, a chronic inflammatory
state establishes which results in substantial changes
in immune and endocrine responses [24, 25].

This review is addressed to describe the alterations
at the level of HPA in a series of chronic infectious
diseases of great impact in human health as well as
their repercussion in disease pathology and clinical
manifestations (summarized in Table 1). For a better
clarification of the diseases under analysis, supple-
mentary information about the main features of them
is provided in Box 1.

ALTERATIONS OF ADRENAL STEROIDS
DURING CHRONIC INFECTIOUS
DISEASES

Bacterial diseases

A study carried out several years ago in adult men
with syphilis revealed higher serum levels of cortisol
in presence of reduced amounts of DHEA, rendering
the DHEA/Cortisol ratio in syphilitic men less than
50% respect the one seen in matched controls. Men
with progressive disease -secondary syphilis- showed
an even worse profile [46]. Another study by the same
group showed that 17 beta-estradiol and estriol levels
were reduced during the third trimester of pregnancy
of syphilitic women. Analysis in newborns with con-
genital syphilis showed subnormal umbilical cord
serum levels of DHEAs compared with data from age-
and weight-matched control infants born to women
with uncomplicated pregnancies. Cortisol and estriol
levels were respectively increased or decreased in
neonates delivered by syphilitic women [47].

Leal and cols [48]. Also analyzed the functional
status of adrenocortical hormones and their relation-
ship to the pattern of inflammatory cytokines in a
series of patients with lepromatous or tuberculoid
leprosy. Both baseline and stimulated adrenocorti-
cotropic hormone (ACTH) and cortisol plasma levels
were not different between patients and control
subjects. In contrast, DHEAs plasma levels were sig-
nificantly lower in both groups of leprosy patients.
Plasma levels of IL-13, IL-6, TNF-«, and C-reactive
protein (CRP) as well as erythrocyte sedimenta-
tion rates (ESR) were significantly augmented in
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Box 1 Main clinical and pathological features of diseases under analysis

> Chagas disease is a parasite infection caused by the protozoan Trypanosoma cruzi, usually transmitted to
humans through the bite of a triatomine bug. Nowadays it has a more worldwide distribution affecting at least
8—10 million people throughout South and Central America, USA and Europe. The major complications of this
disease are mega syndromes from the gastrointestinal tract and particularly the heart involvement. About 30%
of individuals infected with T. cruzi develop chronic chagasic myocarditis resulting in severe heart disorders,
which cause approximately 50,000 deaths annually [26].

>Human African trypanosomiasis (HAT) or sleeping sickness is a vector-borne parasitic disease endemic
in sub-Saharan Africa resulting from the infection with an extracellular parasite called Trypanosoma (genus)
brucei (species) transmitted by a tsetse fly bite. The disease in humans, which are mainly caused by 7. brucei
gambiense (98% of all reported HAT cases) and T. brucei rhodesiense threatens the health of about 70 million
people and 50 million cattle. Other important species causing animal diseases alongside Trypanosoma brucei
include Trypanosoma vivax and Trypanosoma congolense [27, 28].

> As regards Leishmaniasis this disease presents in three major clinical forms: cutaneous, mucosal, or visceral
involvement. In the Americas, the most frequent etiological agents are Leishmania braziliensis, Leishmania
mexicana, Leishmania panamensis, Leishmania amazonensis, and Leishmania guyanensis, whereas in the Old
World the responsible species are Leishmania major, Leishmania ethiopica, and Leishmania tropica. Cuta-
neous leishmaniasis can manifest as a single ulcer in the skin, or in rare cases the disseminated form presenting
large numbers of lesions. There also exists the diffuse cutaneous leishmaniasis consisting of nodular composed
of heavily infected macrophages. In some cases, parasites from cutaneous leishmaniasis metastasize to the
nasal-pharyngeal mucosa, leading to a severe form named mucosal leishmaniasis. In visceral leishmaniasis or
Kala Azar the parasite replicates in the spleen, liver, and bone marrow, and in the absence of drug treatment,
this form is fatal [29, 30].

>Leprosy, whose etiological agent is Mycobacterium leprae, affects mainly the skin and peripheral nerves.
It is endemic in many regions of the world and presents a wide spectrum of clinical manifestations dependent
on the interaction of M. leprae with host specific immunity. At one end there are patients with tuberculoid
disease that possess suitable cell-mediated immune response and few lesions with no detectable mycobacteria.
The other pole of the spectrum is composed by patients with lepromatous leprosy who are anergic towards M.
leprae and present multiple lesions plenty of bacilli. Between both extremes lie borderline leprosy patients,
with detectable but unstable cell-mediated immunity and numerous lesions [31].

>Malaria caused by Plasmodium vivax is/a serious threat to human health, attacking 100 to 400 million
people each year among the 2.5 billion living at endemic risk. Plasmodium falciparum is another important
cause of malaria, involving similar global burden estimates [32—34]. The three-remaining species responsible
for human malaria -Plasmodium malariae, Plasmodium ovale, and Plasmodium knowlesi- are less relevant
[32-34]. The asexual blood stage of Plasmodium infects mature erythrocytes and is responsible for the most
aggressive forms of human malaria, killing at least one million children per year. Severe malaria includes
multiple additional pathologies like anemia and cerebral malaria [35].

>Neurocysticercosis (NCC), constitutes a brain infection by Taenia solium larvae and represents one of the
leading causes of epilepsy and neurological morbidity worldwide. The disease in humans results from the
ingestion of the larval form of Taenia solium by faeco-oral contamination [36, 37]. These larval oncospheres
have predilection to different sites like eyes, heart, skeletal muscles and the brain. NCC occurs in both adults
and children consisting of single or multiple cysts that progress from viable vesicular to colloidal and granu-
loma states and final calcification [38]. Cysticerci localization in the CNS and the intensity of inflammation
accounts for disease severity [39].

>Schistosomiasis is another chronic disease affecting nearly 260 million people worldwide mainly in tropical
and subtropical regions [40]. Schistosoma mansoni is a major causative agent of human intestinal schistoso-
miasis which may present with hepatomegaly, splenomegaly and portal hypertension [40]. The transmission
cycle is initiated when the miracidium larval stage of the parasite infects a suitable molluscan host. In a
compatible infection, the intramolluscan parasite undergoes asexual multiplication and the human infecting
cercaria larval stage is released into water. Human infection occurs when the cercariae come in contact with
human skin through contaminated freshwater [40, 41].
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>Syphilis, on its own, is a sexually transmitted disease caused by the spirochete Treponema pallidum. Syphilis
is a multistage disease which is usually transmitted through sexual contact or mother-infant transmission route.
The disease presents a series of highly variable clinical manifestations during the first 2-3 years of infection,
followed by a typically prolonged latent stage. This can evolve into clinically apparent tertiary stage years or
even decades after initial infection, with neurosyphilis constituting a typical late manifestation. Though the
incidence of primary and secondary syphilis is still increasing, the incidence of tertiary syphilis has decreased
due to widespread availability of effective treatment [42, 43].

>Toxoplasma gondii is an obligate intracellular parasite able to infect about 30% of humans globally. Sources
of infection for humans include food, the water supply, and organ transplants as well as direct contact with
cat feces in the soil and domestic litter. Most people infected postnatally have no recognized symptoms, but
toxoplasmosis can result in severe disease in immune-compromised individuals or when acquired congenitally
with serious damage of the brain and eyes [44].

>Tuberculosis (TB) is one of the most important infectious diseases and cause of death around the world. It is
estimated that 2 billion persons are infected with Mycobacterium tuberculosis, and 8 to 12 million new cases
of active tuberculosis occur each year, accounting for 2-3 million deaths annually [45]. Most people infected
with M. tuberculosis have a clinically latent infection, which remains dormant constituting asymptomatic and
non-contagious carriers. The development of clinical post-primary TB occurs in 5%—10% of latently infected
persons. Pulmonary disease is the most common form of post-primary TB and comprises a great spectrum of
manifestations, ranging from few foci in the upper lobes to bilateral involvement with strong tissue damage

[25].

LL/BL (lepromatous/borderline lepromatous) lep-
rosy patients. There was a significant inverse
correlation between DHEAs and IL-6, TNF-o, and
CRP concentrations, whereas levels of IL-6, TNF-a,
CRP and ESR appeared positively correlated.

By evaluating hormonal and cytokine levels in
patients with TB, we have shown imbalanced
immune-endocrine responses. This was characterized
by increased levels of pro-inflammatory cytokines,
cortisol and estradiol, reduced amounts of testos-
terone and DHEA, together with an increased
Cort/DHEA ratio, more pronounced in patients
with progressive disease [49]. Studies in active TB
patients from Turkey and South Africa also revealed
decreased DHEA levels [50-52], whereas corti-
sol concentrations appeared unchanged [50, 51] or
slightly increased [52].

Parasitic diseases

Galindo-Sevilla and cols [53] measured the serum
concentrations of cortisol and DHEA in patients with
diffuse (DL) or localized (LL) cutaneous leishmani-
asis due to L. mexicana mexicana. Hormone levels
were lower in DL compared with controls and LL.
Also, alower percentage of IFN-vy positive cells along
with higher levels of IL-6 and anti-leishmania anti-
bodies were found in DL patients. In the whole group
of patients, IL-6 and DHEA were inversely correlated
[53].

Another study carried out in Brazil in cases with
LL evaluated plasma levels of cortisol, DHEAs,
estradiol, prolactin and testosterone and their asso-
ciation with clinical disease parameters (lesion size,
treatment schedule and time to reach clinical cure)
together with the in vitro synthesis IFN-vy, IL-10
and TNF-a to antigen-specific stimulation. Patients
displayed lower levels of prolactin and testosterone,
with no changes in cortisol and estradiol concentra-
tions. DHEASs concentrations were found decreased
in male patients resulting in altered DHEA/cortisol
ratio. Plasma levels of cortisol, estradiol or prolactin
correlated positively with at least one clinical param-
eter; whereas cortisol and prolactin levels exhibited a
negative correlation with in vitro levels of IFN-y [54].

Some years ago, we have also studied the fea-
tures of immunoneuroendocrine responses in patients
with chronic Chagas disease with different degree of
heart involvement (indeterminate, mild/moderate or
severe) [55]. A systemic inflammatory scenario was
evident in patients with severe myocarditis, exempli-
fied in increased levels of TNF-a, IL-17, IL-6, IFN-vy
and nitric oxide serum levels. Levels of ACTH and
cortisol were similar among groups, whereas DHEAs
levels appeared diminished as disease severity pro-
gressed, with an unbalanced cortisol/DHEA-s ratio,
implying that severe cases are devoid of an adequate
neuroendocrine anti-inflammatory milieu.

Libonati et al. [56] analyzed the levels of cor-
tisol and DHEA in patients with uncomplicated
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Plasmodium falciparum malaria, before treatment as
well as 1 and 8 days after its initiation. The sam-
ple was composed of 24 patients ranging from 15
to 47 years, half of them primoinfected. Among the
12 multi-infected patients, two thirds of them had
malaria for the second time. The levels of both hor-
mones were significantly higher on Day O than on
Day 7, in coincidence with a decreasing parasitemia
[53]. Since the study did not include a control popu-
lation sample the status of adrenal steroid production
in relation to healthy people cannot be appraised.
Another study in Vietnamese patients with malaria
challenged with corticotrophin-releasing hormone -
CRH- (CRH-test) revealed an impaired ACTH and
adrenal response respect to healthy controls, partly
related to increased IL-6 levels [57].

In a cross-sectional sample of 12-18-year-old
schoolgirls from an area of intense transmission in
Kenya, DHEAS levels were significantly associated
with decreased P. falciparum parasitemia, even after
adjustment for age. Individuals with low DHEAS lev-
els had significantly higher parasite densities than
those with higher DHEAs amounts [58].

In a sample of patients with NCC, Cardenas et al.
reported lower concentrations of DHEA respect to
healthy controls. Male patients also had lower concen-
trations of 17b-estradiol and higher concentrations of
luteinizing hormone, whereas those with severe dis-
ease exhibited higher amounts of follicle-stimulating
hormone and lower testosterone levels, as well. In the
clinically severe group of women, progesterone and
androstenedione appeared lowered. Within males,
estradiol levels correlated with IL-10 concentrations
in cerebrospinal fluid while in female cases DHEA
and androstenedione levels correlated with the respec-
tive in vitro synthesis IL-13 and IL-17 [59].

Concerning schistosomiasis, a study carried out in
135 Ethiopian residents showed a significant neg-
ative correlation between serum levels of DHEAs
and intensity of S. mansoni infection, regardless of
age [60]. Further evidence in favor of a protective
role of DHEA during this parasitosis comes from the
demonstration of a more favorable evolution of schis-
tosomiasis when DHEA levels appeared increased
[61]. At the experimental level, baboons with pri-
mary S. mansoni infection had decreased CRH serum
levels, whereas in animals undergoing a secondary
infection CRH concentrations appeared increased
[62].

De la Torre et al., carried out a study in
individuals with evidence of Toxoplasma gondii
infection distributed into the following groups:

chronic and asymptomatic cases; chronic patients
with retinal scars of retinochoroiditis; and acute
symptomatic patients with active retinochoroiditis.
Patients revealed no changes in DHEAs levels com-
pared to seronegative controls, even when adjusting
for sex and age [63]. In a parallel study, Toxo-
plasma gondii-infected men showed low levels of
gonadotrophic hormones and gonadal insufficiency
[64-66].

Moving to another relevant protozoan disease,
African trypanosomiasis, infection in humans with
Trypanosoma brucei is also accompanied by adrenal
insufficiency in presence of increased levels of
TNF-a and IL-6 [67, 68]. In line with this, challenge
with CRH (CRH-test) in cattle infected with Try-
panosoma congolense revealed an impaired ACTH
and adrenal response [69].

POTENTIAL MECHANISMS INVOLVED
IN HPA DISRUPTION

The processes by which chronic infectious diseases
result in dysregulated adrenal steroid production can
be varied. The pathogen persistence along with the
protracted immune-inflammatory response is much
likely to interfere not only with the classical regula-
tory axis involved in hormonal synthesis but also at
the local glandular level. For instance, there is ample
evidence for the interactions occurring in the adrenal
gland between resident cells, i.e., endothelial cells,
chromaffin and adrenocortical cells with infiltrating
immune cells [70]. Regardless of the type of interac-
tion, direct cell-cell contact or paracrine influences,
the hormonal production results modified.

There is evidence that T. brucei infection may
cause adrenal inflammation unrelated to an antibody-
driven inflammatory reaction [68]. Cattle infected
with T. congolense also had alterations in the pituitary
microvasculature along with a pituitary dysfunction
related to the presence of the parasite in situ [69].
Other histopathological studies also evidence pitu-
itary necrosis in concomitancy with inflammatory
infiltrates and parasite nests during HAT [71]. Studies
during 7. cruzi infection revealed histological alter-
ations of endocrine glands characterized by T cell
and macrophage infiltration [reviewed in 7]. There
is also evidence of an immunological destruction of
T. cruzi-infected glial, astrocytic and Schwann cells
which may indirectly affect neuroendocrine func-
tions [72]. Other studies in acutely 7. cruzi-infected
mice showed the presence of amastigote nests in the
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adrenal gland [73, 74], along with the identification of
parasite-derived antigens at the adrenal and pituitary
level [73]. Microscopic analysis of tissue specimens
from patients with acute Chagas disease revealed the
presence of amastigote nests in the ovary, testis, thy-
roid, as well as cells from the nervous system [72].

Our studies in human TB also provided evidence of
an immune-endocrine cross talk leading to an altered
hormonal production. In fact, culture supernatants
(SN) from M. tuberculosis antigen-stimulated PBMC
of TB patients inhibited DHEA secretion by the
human adrenal cell line NCI-H295-R [49]. Moreover,
treatment with anti-transforming growth factor beta
(TGF-B) antibodies abrogated the inhibitory effects
of these SN on DHEA release by cultured adrenal
cells [75].

In discussing possibilities, changes in hormonal
production may also have to do with some uniden-
tified pathogen influences addressed to ultimately
create a more favorable microenvironment for
pathogen growth. For instance, larvae from Toxocara
canis were found to express PR receptors, with PRL
stimulation accelerating the larval growth [76]. Work
from the same group also demonstrated that expo-
sure of Haemonchus contortus larvae to progesterone
inhibited the in vitro molting process of larvae from
one to another larval stage increasing their motility
during the time of hormonal exposure [77].

Turning to adrenal steroids, in vitro exposure to
cortisol or DHEA results in a respective increase
or decrease of malaria parasites growth [78, 79].
In the same sense, in vitro exposure of Entamoeba
histolytica trophozoites to DHEA markedly inhib-
ited parasite proliferation, adherence and motility,
with some evidence of trophozoite lysis. In contrast,
a recovered parasite proliferation was found when
trophozoites were treated with cortisol. Yet, infected
hamster recipients of DHEA treatment had exacer-
bated amebic liver abscesses [80].

Several pieces of evidence indicate that DHEA
can be beneficial in many infectious processes. For
instance, treatment with a synthetic DHEA derivative
improved the course of experimental murine tuber-
culosis [20], whereas the administration of DHEA
sulphate improved IgG and IFN-+y production in mice
immunized with heat shock proteins from M. tuber-
culosis [81]. In dexamethasone-immunosuppressed
mice undergoing an experimental infection by the
coccidian parasite, Cryptosporidium parvum, treat-
ment with DHEA significantly reduced both fecal
oocyst shedding and parasite colonization of the
ilea. Immunosuppressed mice given DHEA had more

splenic total T cells, CD4+ T cells, and CD8+ T cells
than the untreated counterparts [82]. Another mouse
study of experimental infections with Cryptosporid-
ium parvum or avirulent Toxoplasma gondii also
showed that DHEA administration reduced mortality
rates along with a significant reduction in the cryp-
tosporidial oocyst count in stool and intestinal villi
or toxoplasma cysts in the brains [83]. Moving to T.
cruzi, infection in rodents with this protozoan parasite
was also found ameliorated by DHEA administra-
tion, partly due to the beneficial effects of DHEA on
the host immune response [84, 85]. Apart from these
demonstrations, there is also evidence that gonadal
steroids can also exert immunomodulatory effects or
relevance in infectious pathology [86, 87].

Beyond the typical mechanistic explanation for
biological phenomena, from a more teleological
standpoint the question also arises as to the adaptive
component shaped throughout evolution. In general,
responses to environmental stimuli comprise physio-
logical adaptations that can be working in seconds or
minutes, sometimes days to weeks or lifetime due to
the development of plasticity [88]. The major func-
tions for which humans have been selected, and the
ensuing trade-offs deal with preservation, growth,
reproduction, and defensive mechanisms for combat-
ing infections. Infectious diseases of chronic nature
may have started to appear later when life expectancy
prolonged because of an improved standard of living.
Although non-fatal in the short-term, such pathogen
persistence results in a state of chronic inflammation
characterized by a protracted, dysregulated and mal-
adaptive response comprising active inflammation,
tissue destruction and attempts at tissue repair [89].
Persistent inflammation is not an exclusive hallmark
of infectious pathology but also many other chronic
human conditions and diseases, like atherosclerosis,
or autoimmune diseases, among others [90, 91]. Stud-
ies in patients with chronic disabling inflammatory
diseases, i.e., rheumatoid arthritis, demonstrated that
the state of prolonged immune aggression coexists
with a deficient production of DHEA [90, 91]. In
trying to cope with chronic inflammation the host
attempts to preserve cortisol production a highly
influential hormone in the response to several types of
stress, including the immunologically mediated one.
In this hierarchical conciliation, production of other
steroid hormones may result more compromised.
This would not only those produced by the adrenal
gland but also at the gonad level. In this regard, we
have recently demonstrated that male TB patients also
display a disruption of the hypothalamic-pituitary-
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Table 1
Alterations in cortisol and DHEA levels during major chronic infectious diseases
Disease Country Cortisol DHEA (DHEAs) Ratio Ref. #
African trypanosomiasis Uganda Decreased Not assessed NA 64,65
Chagas disease Argentina Not different Decreased Abnormal® 52
Leishmaniasis Mexico Non-estimated 50
DCL Decreased Decreased
LCL Less decreased Less decreased
LCL Brasil Not different Lower Abnormal 51
Leprosy Brasil Not different Decreased in both Non-estimated 48
Lepromatous
Tuberculoid
MalariaP Brasil Decreased by treatment Decreased by Non-estimated 53
treatment
Malaria Vietnam Relatively decreased Not assessed NA 54
Malaria® Kenya Not assessed Decreased NA 55
Neurocysticercosis Mexico Not different Decreased Non-estimated 56
Schistosomiasis Ethiopia and Kenya Not assessed Negatively correlated NA 57,58
with the intensity of
infection
Syphilisd USA Increased Decreased Abnormal 46,47
Toxoplasmosis Colombia Not assessed Not different NA 60
Tuberculosis Argentina Increased Decreased Abnormal 49
Tuberculosis Turkey Increased Not assessed NA 51
Tuberculosis Turkey Not different Decreased Non-estimated 52
Tuberculosis South Africa Not different Decreased Non-estimated 50

DCL, diffuse cutaneous leishmaniasis; LCL, localized cutaneous Leishmaniasis. NA: not applicable. *In severe patients. " The study lacked
controls. ¢ After adjustment for age, individuals with low DHEASs levels had significantly higher parasite densities than did individuals with

higher DHEAs levels. YProgressive disease (secondary syphilis) showed a worse profile.

gonadal axis resulting in a decreased testosterone
production [49, 92].

CLINICAL AND PATHOLOGICAL
IMPLICATIONS

In addition to the well-known implications of
chronic infectious disease, in terms of tissue damage,
long-lasting inflammation and the accompanying
hormonal disturbances may be able, per se, toresultin
a series of alterations impairing the clinical status of
patients and disease evolution. Alterations of steroid
hormone axes may account for an impaired immune
response leading to a deficient control of infection
and immunopathology, because of the above com-
mented effects of cortisol and DHEA on the immune
responses [9-12, 14-18].

Without being necessarily evident in clinical terms,
the thymic microenvironment may be an additional
target of organ involvement during chronic infectious
diseases. This will further contribute to a deficient
immune competence not only because of direct affec-
tation but also due to the adverse effects of the
unbalanced production of GCs and DHEA on thy-
mocyte differentiation [93].

From another standpoint, exposure to life-
threatening infectious pathogens also impact in
resource availability since developing an immune
response is expensive in metabolic terms [94]. Studies
in children demonstrated that each degree of temper-
ature augment from fever leads to an 11.3% increase
of the metabolic rate [95]. The establishment of a
new metabolic set point during infections intends to
attain an optimal functioning of the immunological
needs [96, 97], without compromising the needs of
some essential physiological functions. Nevertheless,
energy is not an unlimited resource, for which sit-
uations wherein the infection cannot be controlled
may result in a metabolic deficit further affecting
the defensive reaction and disease outcome. This
will help to explain the debilitating chronic weight
loss seen in a wide range of diseases, including the
infectious ones [98, 99]. This seems to be due to
an unbalanced relation between metabolism and the
immune response, in which immunologic and neu-
roendocrine factors, as well as products released by
the adipose tissue play an essential role [100].

Within this context, TB is a clear example in
which the disease can lead to a consumption state
[101], formerly defined as phthisis (Greeek phthi-
sis = consumption). While being from ancient times,
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the impact of such negative metabolic balance on
the specific immune response and disease outcome
has received much less attention. We have shown
that the impaired clinical state of TB patients, i.e.
weight loss, is related to the immune-endocrine dis-
turbances, supporting the view that immune and
endocrine mediators play a role in energy expendi-
ture and metabolism [102]. By using a multivariate
analysis, it was shown that defective in vitro immune
responses of TB patients to mycobacterial antigens
(decreased lymphoproliferation and increased IL-10
and TGF-f3 production) loss statistical significance
when adjusted to their reduced body mass index
(BMI). Correlation studies indicated that the BMI
was negatively associated with IL-6 circulating lev-
els, whereas the levels of this cytokine correlated
positively with cortisol concentrations. Stepwise
regression analysis further demonstrated that 74% of
the variability in IL-6 concentrations was related to
the BMI, as well as cortisol and IFN-y serum con-
centrations [102].

CONCLUDING REMARKS

There seems to be a delicate balance between
protective and harmful influences of adrenal steroid
hormones. In fact, chronic hyper-activation of HPA
axis may increase susceptibility or exacerbate the
course of infectious diseases because of the immuno-
suppressive effects of GCs, whereas blunted HPA
axis response may be related to an increased vulnera-
bility to immune-based diseases. The experimental
and clinical data discussed here strongly suggest
a role of an inadequate HPA axis response in the
physiopathology and outcome of chronic infectious
diseases.

The long evolutionary history of the bi-directional
communication between the neuroendocrine and
immune systems implies the need of thinking in a
wider perspective to eventually reveal the mecha-
nisms and factors that are of major relevance for
disease outcome to a pathogen. Indeed, an imbal-
ance in the interplay between neuroendocrine and
immune systems can result in substantial changes
in the resistance/susceptibility state to infections.
Improving our knowledge about these interactions is
mandatory. Particularly, a more detailed analysis on
the cross-talk between hormones and immune medi-
ators, and the role of such interactions in the clinical
setting will provide valuable insights into how disrup-
tion within one or more of these compartments may

influence our ability to cope with pathogens, regu-
late inflammation, or tissue repairing. In parallel, a
better understanding of these processes may help to
delineate valuable new interventional approaches to
improve disease control.
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