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Disorders of control mechanisms caused by glucocorticoid hormones of adrenal cortex have a significant role in the
pathogenesis of infectious diseases, first of all, due to cortisol, one of the key hormones with anti-inflammatory ac-
tivity. Currently the conception about the mechanisms of cortisol influence, its functional abilities, connection with
immune and nerve cells, involvement in cytokine regulation, features of free-radical oxidation has been extended.
There has been identified the dependence of cortisol influence upon the isoform, amount and affinity of its recep-
tors on target cells. The present review describes the study results concerning cortisol level in case of the most
often occurring infectious diseases in children - acute respiratory and intestinal infections, infectious diseases of the
central nervous system. There has been noticed a considerable data variability about cortisol level in normal state
and in pathological one, however, the majority of articles have detected its connection with clinical manifestations
and outcomes of the diseases. The study of cortisol level in cerebrospinal fluid is of a special interest in case of
neuroinfections, specifying its direct connection with the disease severity and aetiology that gives new possibili-
ties to develop effective diagnostic criteria. In general, the literature data specifies the advanced study of disorders
of hypothalamus-hypophysial-adrenal gland functioning, receptor apparatus of target cells, as well as interrelations
of cortisol with immune system in case of infectious diseases to reveal new criteria for diagnostics, course prediction
and disease outcome, therapy correction.
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B natoreHese MHMEKLMOHHbIX 3a601EBAHUI 3HAYMMYIO POJIb UFPALOT HAPYLUEHWUS PETYNSTOPHbIX MEXAHW3MOB, OKa3blBa-
€MbIX [NIIOKOKOPTUKOMIOHBIMM TOPMOHAMM KOPbl HAaAMNOYEYHUKOB, B MEPBYI0 OYEpeb KOPTU30JIOM — OAHWMM M3 KJHOYEBBIX
ropMoHoB, 061aatoLWmMX NPOTUBOBOCNANIMTENbHOM aKTUBHOCTbIO. B HacTosee BpeMs pacliMpUIUCh NpeaCcTaBleHus O Me-
XaHM3Max BO3LeNCTBUS KOPTU30/a, ero GYHKLUMOHANbHBIX BO3MOXHOCTSAX, CBA3U C UMMYHHbIMWU M HEPBHBLIMU KIETKaMM,
y4YacTUM B LUMTOKMHOBOWM PErynsiumu, XapakTeEPUCTUKAX CBOOOAHO-pafMKanbHOTO OKMCNEHUS. YCTAaHOBNEHA 3aBMCMMOCTb
BO34EMCTBMA KOPTM30/1a OT M30(OPMbI, KONMYECTBa U adpOUHHOCTU ero peLenTopoB Ha KNeTKax-MuLleHsx. B HacToawem
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0630pe npencTaBieHbl pe3ynbTaThl UCCAEA0BAHUS YPOBHS KOPTU30/aa Npu Haubonee 4acTo BCTPEUAKLWMXCS UHDEKLMOH-
HblX 3a60NeBaHUAX Yy AeTel — OCTPbIX PeCnUMpPATOPHbIX, KULWEYHbIX U LEeHTPaNbHOW HEPBHOM cucTeMbl. OTMeYeH 3Hauu-
TeNbHbIA pa3bpoc AaHHbIX 06 ypOBHE KOPTM30/1a B HOPME U MpU NaToNOrMK, OAHAKO B BONbLIMHCTBE paboT ycTaHOBEHA
€ro CBsi3b C KJAMHUYECKUMU NPOSBNEHUAMMU U UCXOAAMU MHODEKUMOHHBIX 3a6oneBaHuid. MpeacTaBnsoT MHTEpeC uccneno-
BaHMS YPOBHA KOPTM30/a B LepebpoCnuHanbHOM XUAKOCTU NPU HEVMPOUHDEKLMAX, YKA3bIBAKOLWME HA €ro NpsaMyl CBA3b
C TAXKECTbI U 3TMONOTMEN 3aboneBaHuMs, YTO OTKPbIBAET HOBblE BO3MOXHOCTM AN pa3paboTku 3O DeKTUBHbBIX KpUTEpueB
AMArHOCTUKKU. [laHHble NUTepaTypbl YKa3biBaOT Ha NEPCNEeKTUBHOCTb M3YUYEHUS HapylWweHUn GYHKLUMOHUMPOBAHUS rUnoTa-
naMo-runodusapHo-HaaNnoYeYHUKOBOM OCH, PELLENTOPHOro annapaTta KJAeToK-MULEeHel, a Tak)Xe B3aMMOCBs3el KopTusona
C MMMYHHOW CUCTEMOW NpU MHPEKLMOHHbIX 3ab0NeBaHUAX C LENbl BbISBNEHUS HOBbIX KPUTEPWUEB AN AMATHOCTUKM,
NPOrHO3MPOBaHUS TEYEHUS U UCXOAA 3ab0NeBaHus, KOppeKkLun Tepanuu.

KnioueBblie cnoBa: KOPTU30N; pecnmMpaTtopHbie MHdJeKLI,MM; KULeYyHble lAHCDEKLI,MM; renaTtur, HeﬁpOMHq)eKLI,MM; CbIBOPOTKa

KpOBU; Ll,epe6pochHaanaﬂ XNOKOCTb.

INTRODUCTION

Glucocorticoid hormones of the adrenal cortex,
primarily cortisol, have a pronounced regulatory and
anti-inflammatory activity, which determines their
role in the pathogenesis of infectious diseases. Cor-
tisol is synthesized by the adrenal cortex under the
influence of adrenocorticotrophic hormone (ACTH),
and its secretion is regulated by the corticotropin-
releasing hormone produced by the hypothalamus
[3, 11, 22]. Cortisol secretion occurs according to the
circadian rthythm, with a maximum level in the blood
in the morning and a minimum level at night [6].
Under normal conditions, approximately 95% of
cortisol levels in the blood are bound to carrier
proteins, namely, plasma corticosteroid-binding
globulin (transcortin) and albumin, while the free
fraction of the hormone has bioactivity [25]. In the
last two decades, other organs such as the thymus,
intestine, and brain can also synthesize glucocorti-
coids, which is probably important for maintaining
local homeostasis [39, 41, 42, 45]. The understand-
ing of the mechanisms of the action of cortisol on
various tissues and organs, its functionality, rela-
tionship with immune and nerve cells, interaction
with cytokine regulation, and characteristics of free
radical oxidation has significantly expanded [4, 17,
28, 49].

During the infectious process, the immune sys-
tem is activated, pro-inflammatory cytokines, name-
ly, interleukin-1 (IL-1), IL-6, and tumor necrosis
factor-a (TNF-a), are released into the bloodstream,
which contribute to the activation of the hypotha-
lamic—pituitary—adrenal (HPA) axis and increased
cortisol production [28]. As it enters the focus of
inflammation, cortisol exerts an anti-inflammatory
effect; reduces capillary permeability; reduces the
expression of adhesion molecules on the membranes
of endothelial cells; reduces the cytotoxic activity
of cells, stabilizing the membranes of lysosomes
and reducing the release of lysosomal enzymes;
suppresses the expression of IL genes; inhibits the

proliferation and migration of immunocompetent
cells; induces apoptosis of lymphocytes and eosin-
ophils; prevents the interaction of immunoglobu-
lins (Ig) with mast cells and macrophages; reduces
the formation and release of histamine from mast
cells; and inhibits the expression of antigens on
the surface of macrophages and production of IL-1
[3, 22, 28, 44]. Differences in the effect of cor-
tisol on cells depend on its concentration. Low
concentrations of endogenous cortisol increase the
sensitivity of the immune system to a pathogen by
activating cytokine receptors and complement fac-
tors, whereas high concentrations suppress immune
responses [28]. A low level of glucocorticoids was
found to enhance the production of IL-1 [11].
Cortisol influences cells as a result of the in-
teraction with cytosolic and nuclear glucocorticoid
receptors (GR), which have various isoforms (alpha,
beta, P, etc.). This enables the hormone to inter-
act with chromatin and influence gene expression,
which leads to a decrease in the number of cer-
tain proteins in the cells [3]. GRs are expressed by
nearly all cells in the body, and the effects differ
depending on the cell type [14, 28]. The GH-alpha
isoform represents a classical receptor that mediates
the hormonal response. GR-beta is presumably an
inhibitor of GR-alpha [30, 46]. The predominance
of the expression of one or another receptor isoform
determines the efficiency of the effect of cortisol on
the target cell. Recent experimental studies, which
aimed at examining the causes of cortisol resis-
tance, have shown that pro-inflammatory cytokines
(TNF-o and IL-1) increase the expression of both
GR isoforms, but with a predominance of GR-beta
[30, 46]. Patients with sepsis and septic shock were
found to have a decrease in affinity for GR [40].
Experimental data show that a septic condition leads
to a decrease in GR expression in the liver [33].
In the study of the receptor apparatus in children
and adults with serious conditions, a decrease in GR
expression on neutrophils, lymphocytes, and mono-
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cytes was noted, which correlated with an adverse
outcome of septic shock, especially in patients with
high serum levels of cortisol [23, 33, 48]. The ac-
tivation of the HPA axis during a critical condi-
tion may be accompanied by peripheral adaptation
through the number of GRs and their affinity.

In clinical and laboratory practice, specialists
are limited to determining the cortisol level in
biological fluids without assessing the state of its
intracellular receptors and level of binding proteins.
Perhaps, this is one of the reasons, along with the
difference in the methods of determination and test
systems used, that cause a significant scatter of data
on the cortisol level under normal conditions and
infectious pathology in scientific literature. This re-
view presents the results of a study of the cortisol
levels in biological fluids (blood and cerebrospinal
fluid [CSF]) of adults and children with common
infectious diseases, which were published in Rus-
sian and international literature and available in the
databases of PubMed and eLibrary.

INFECTIOUS DISEASES OF THE RESPIRATORY
TRACT

Respiratory tract diseases rank one of the
leading places among infectious diseases. In
acute bronchopulmonary diseases in pediatric pa-
tients aged 1-6 months, the cortisol level in-
creased in the blood serum of patients with bron-
chitis (281.82 £29.63 nmol/L) and pneumonia
(320.78 £ 35.69 nmol/L) in relation to the compari-
son group (203.21 £ 28.39 nmol/L) [15]. Moreover,
the maximum increase (420.62 = 81.73 nmol/L) in
cortisol levels was noted in patients with a rapidly
arrested inflammatory process in the lungs. Patients
with a longer duration of pneumonia had no sig-
nificant change in cortisol levels. Hypocortisolemia
below 100 nmol/L was associated with a severe
disease with clinical manifestations of adrenal insuf-
ficiency in these patients [15]. A low cortisol level
was noted in children aged 3-6 years in the acute
period of recurrent obstructive bronchitis induced by
acute respiratory viral infections (ARVI) compared
with apparently healthy children, and its signifi-
cant decrease after therapy. A correlation was found
between the cortisol level and immune response,
indicating its involvement in the regulation of the
activity of immunocompetent cells [21].

Frequently ill (FIC) and episodically ill (EIC)
children with ARVI, including those with lesions
of the lower respiratory tract and pneumonia, were
examined [5]. The cortisol levels in these pediatric
patients were compared during the ARVI period and
after recovery. As a result, in the acute period of

ARVI in FIC, the cortisol level was significantly
lower than that after recovery (297.17 + 188.9 and
518.7 £ 125 nmol/L, respectively). A parallel de-
crease in IgA level in the presence of ARVI was
also found in this group. In EIC, the cortisol level
during these periods did not show significant differ-
ences (361.3 £ 151 and 434.03 = 102.8 nmol/L) [5].
Different variants of the reaction of the adre-
nal glands to a viral infection in pediatric patients
aged 1-10 years old, with ARVI of varying severi-
ties, were established [12]. A significant increase
in cortisol levels in the blood serum in the acute
period (>1600 nmol/L) indicated a moderate disease
with short-term severe intoxication without compli-
cations. A moderate increase (800-1600 nmol/L in
37.1% of children) was noted in severe ARVI with
prolonged severe intoxication and frequent bacterial
complications. With serum cortisol levels of 300—
800 nmol/L, ARVI proceeded with mild intoxication
and without complications. Bacterial complications
were also registered in cortisol levels <300 nmol/L
(31.4%) [12]. A low cortisol level is an indicator
of exhaustion in response to stress, which provokes
the occurrence of complications. Other results were
obtained when assessing the relationship between
cortisol levels and outcomes of community-acquired
pneumonia, and the cortisol level in the blood serum
at admission was significantly higher in patients
who died or were admitted to the intensive care
unit than in patients who had recovered (360 pg/L
versus 238 ug/L) [43]. Thus, an eclevated cortisol
level is a biomarker of predicting adverse outcomes
in patients with community-acquired pneumonia.
The relationship between cortisol parameters in
patients with community-acquired pneumonia (bac-
terial, viral, and mixed etiology) and the severity
of the condition and mortality within 30 days was
analyzed [35]. Serum cortisol levels in patients with
critical illness were higher than those without
critical illness (median (Me), 972 nmol/L versus
598 nmol/L) and increased with a worsening con-
dition. Cortisol levels were also increased in non-
survivors compared with survivors [Me, 870 nmol/L
vs 602 nmol/L]. The threshold cortisol level in the
blood serum (795 nmol/L) has been established,
which enables the prediction of an unfavorable
outcome of community-acquired pneumonia [35].

ACUTE INTESTINAL INFECTIONS (All)
AND HEPATITIS

In Russia, intestinal infections consistently rank
second and third among all infectious diseases in
pediatric patients, which leads to the search for new
approaches to diagnosing and predicting the disease
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course. Examination of children with AIl (such as
dysentery, salmonellosis, and mixed forms of AlI)
revealed an increase in cortisol levels in the
blood serum in comparison with the control in
the acute period in all examined pediatric patients
(819.1 nmol/L, dysentery; 816 nmol/L, salmonel-
losis; 868 nmol/L, mixed form; 307.2 nmol/L, con-
trol group) [10]. With increasing disease severity,
the cortisol level elevated in all groups, whereas
in mixed infection, the increase in cortisol lev-
el was less significant (946.2 nmol/L) than that
in dysentery (1159.1 nmol/L) and salmonellosis
(1092.1 nmol/L) [10]. According to the authors, such a
hormonal reaction indicates the depletion of the func-
tional reserves of the adrenal glands and/or a decrease
in sensitivity of hormone-synthesizing cells to ACTH
because of severe endotoxinemia in patients with co-
infection. In the study of pathomorphological changes
in the intestinal mucosa in pediatric patients aged
<1 year, who died from various Alls, high levels of
cortisol in the blood serum (5487.62 + 34.5 nmol/L)
and IgE were noted, whereas IgA and IgG levels
did not increase and were lower in children aged
1-3 months compared with newborns [16].

Several studies have examined the cortisol level in
the blood serum of patients with hepatitis of various
etiologies and severity. In the acute period of mild
hepatitis A and B in pediatric patients, the average
cortisol levels in the blood serum were at maximum in
hepatitis A (796.35 ng/mL at a rate of 617.96 ng/mL)
and minimum in hepatitis B (604.38 ng/mL), ac-
companied by a significant increase in the IgE level
(191.46 and 242.22 1U/mL, respectively) compared
with the norm (39.47 IU/mL) [8].

Other data indicate different variants of hyper-
cortisolemia in pediatric patients with viral hepati-
tis A, B, C, and D. An adequate response of stress
systems in hepatitis A, B, C, and D is accompa-
nied by a 3-4-fold increase in cortisol level in the
acute period (911.39£84.12 nmol/L in girls and
896.26 £ 96.26 nmol/L in boys) [2]. The ACTH level
also rises to the same extent. A comprehensive exami-
nation of patients with hepatitis revealed three profiles
of hypercortisolemia, which differ in the dynamics of
cortisol levels, nature of the clinical course, and dis-
ease outcome, as well as changes in the subpopulation
composition of blood lymphocytes, viral load, and bio-
chemical criteria for damage to hepatocytes. Signifi-
cant changes in the immune status (a total decrease in
CD3" cells, hyperactivation of T-killers, and an increase
in B-lymphocytes), i.e., a decrease in the cortisol level
against the disease progression, indicate exhaustion in
the early stages of the pituitary—adrenal system, which
may be a prognostic sign of hepatic coma [2].

INFECTIOUS DISEASES OF THE CENTRAL
NERVOUS SYSTEM

Infectious diseases of the central nervous sys-
tem (such as meningitis and encephalitis) are of-
ten associated with severe complications and high
mortality. The inflammatory process in the central
nervous system can contribute to the dysfunction
of the HPA axis. High concentrations of cortisol
and components of inflammation can adversely af-
fect the brain tissues [7, 47]. On the contrary, with
the generalization of the inflammatory process, the
function of the adrenal glands can be impaired,
which leads to an inadequate response to ACTH
stimulation and disruption of cortisol production.

A study presented changes in the blood serum
levels of cortisol and ACTH in meningitis in several
groups with enteroviral meningitis, viral meningitis
of unclear etiology, purulent meningitis of unclear
etiology, and meningoencephalitis of unclear etiol-
ogy [13]. In all groups, the cortisol levels were
significantly increased in the acute period (from
761.1 £75.0 nmol/L in enteroviral meningitis to
1594.4 £ 183.9 nmol/L in purulent meningitis) com-
pared with the control group (342.3 + 13.6 nmol/L).
Moreover, the ACTH level decreased, which was
a consequence of the pathogen effect on the pitu-
itary gland. The highest cortisol level was noted
in bacterial purulent meningitis (BPM) compared
with viral ones. In addition, cortisol levels in BPM
were significantly higher in the severe form than in
the moderate form. No significant differences were
registered in the group with viral meningitis [13].

In patients with acute BPM of various etiologies,
the cortisol levels in the blood serum of patients
with pneumococcal meningitis were not different
from those with meningococcal meningitis (377.4
and 326.5 nmol/L, respectively), exceeding those
in the control group (162.9 nmol/L) [9]. A previ-
ous study revealed changes in the cortisol levels
over time in pediatric patients with bacterial and
viral neuroinfections [1]. The maximum cortisol
level was detected in the acute period of BPM
(2150.3 £ 191.2 nmol/L) compared with viral en-
cephalitis (931.6 = 225.8 nmol/L). Differences in
cortisol levels in pediatric patients with emergen-
cy and critical conditions were noted depending
on the nosological form and disease course [1].
The association of the HPA axis with inflammation
markers and disease severity in pediatric patients
with meningococcal infection was examined [47].
The results showed a difference in cortisol levels in
severe and extremely severe generalized forms of
meningococcal infection, as the cortisol level was
the highest in meningococcal meningitis, associated
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with septic shock, and it was lower in fulminant
meningococcal sepsis [47]. Other authors did not
reveal significant differences in the cortisol level
in the blood serum in moderate and severe BPM
(310.4 and 317.03 nmol/L, respectively) [7].

The levels of cortisol and ACTH, depending on
the disease outcomes in pediatric patients in a septic
state, were also examined [34]. In cases with a lethal
outcome, cortisol levels were lower (0.62 pmol/L),
and ACTH levels were higher (1234 ng/l). Survi-
vors had higher cortisol values (0.89 pmol/L) and a
moderately increased ACTH level (231 ng/L) [34].
Other authors have come to the same conclusions.
Pediatric patients who died from fulminant menin-
gococcemia had a lower cortisol/ACTH ratio than
survivors [24]. This was also confirmed in the
studies where the cortisol level in deceased pedi-
atric patients was lower (Me 654 nmol/l) than in
survivors (Me 2184 nmol/l) [29]. ACTH levels in
deceased children were higher (Me 1271 ng/l) than
in survivors (85 ng/l). The mean cortisol/ACTH
ratio decreased depending on the disease severity.
These results indicate impairment of the direct link
and feedback in the functioning of the HPA axis
with the progression of the infectious process [29].
At the initial stage of the meningococcal infection
in children, the levels of ACTH and cortisol were
increased and then decreased [27]. The authors sug-
gested that the decrease in cortisol level during in-
fection may be secondary, since high concentrations
of pro-inflammatory cytokines (TNF-o and IL-1)
can block the stimulatory effect of corticotropin-
releasing hormone on the pituitary gland and, con-
sequently, ACTH-induced cortisol release [27].

Several studies have analyzed the cortisol level
in the CSF in neuroinfections. CSF is known to
have limited contact with blood given the barrier
structure of the central nervous system, which in-
cludes the blood-brain barrier [18]. Analysis of li-
terature data showed the possibility of the transport
of hormones of peripheral endocrine glands, includ-
ing cortisol, into the CSF [31, 37]. CSF cortisol
may suppress intrathecal inflammation, improving
the outcome of bacterial meningitis, and long-term
exposure to high levels of cortisol has a neurotoxic
effect [19], which may affect the functioning of the
HPA axis. Certain studies also determining corti-
sol levels in the CSF and studying its dynamics in
neuroinfections.

Studies have revealed an increase in the CSF levels
of ACTH and cortisol with BPM of varying severity
[7]. In moderate BPM, the cortisol level in the CSF
was 88.18 nmol/L; severe course, 104.1 nmol/L; and
conditional control, 64.75 nmol/L. The dependence

of the cortisol level in the CSF on both the se-
verity of the condition and etiology of meningitis
was noted [19]. The maximum levels of cortisol
in the CSF were established in severe BPM with
lethal outcomes (121.6 nmol/L in meningococ-
cal meningitis and 118.7 nmol/L in pneumococcal
meningitis). In the case of a viral infection, the
cortisol level was lower (46.2 nmol/L with moderate
enteroviral meningitis, 70.2 nmol/L with moderate
herpesvirus meningitis, and 61.1 nmol/L with severe
herpesvirus infection). A positive correlation of the
cortisol level in the CSF and blood serum in BPM
was established. The author proposed to use the
cortisol level as a marker for differentiating bacte-
rial and aseptic meningitis [19].

This is confirmed by data showing that cortisol
levels in BPM are higher than in aseptic meningi-
tis, while the CSF level of cortisol correlated with
serum cortisol [38]. Studies have shown higher cor-
tisol levels in the CSF in patients with pneumococ-
cal meningitis than in those with meningococcal
meningitis (318 and 171 nmol/L, respectively) [26].
In the blood serum, no such significant differences
were noted (1145 and 1058 nmol/L in pneumococcal
and meningococcal meningitis, respectively).

Serum cortisol and CSF levels were compared in
adult patients with meningitis. The serum and CSF
cortisol concentrations in patients with BPM correlat-
ed with each other and exceeded significantly those
in patients with aseptic meningitis (p < 0.001) [32].
The cortisol level in the CSF of 46.1 nmol/L was
suggested as the optimal threshold for the differ-
ential diagnostics of meningitis.

A comparative analysis of the CSF level of cor-
tisol in adult patients with tuberculous and asep-
tic (viral) meningitis [36] revealed that cortisol
levels in tuberculous meningitis are significantly
higher than those in aseptic meningitis (8.82 + 0.67
and 3.47+0.96 pg/dL) and the control group
(1.05 £ 0.36 png/dL). According to the authors, cor-
tisol can be used as a diagnostic marker in tuber-
culous meningitis.

CONCLUSION

The contemporary scientific literature indicates
that the cortisol level in biological fluids in infec-
tious diseases depends on many factors [27, 32, 37,
38, 47]. A significant variation is demonstrated in
the blood serum level of cortisol; however, most
studies have emphasized the relationship of its level
with the clinical presentation and disease outcome.
In neuroinfections, it is promising to study the cor-
tisol level in the CSF, indicating its direct depen-
dence on the severity of the condition and disease
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etiology. Multiple correlations of cortisol with mark-
ers of blood-brain barrier damage, neurospecific
proteins, expression of neuroprotective factors, and
metabolic parameters have been established [20].
The literature emphasizes the prospects of studying
dysfunctions of the HPA axis, receptor apparatus of
target cells, and association of cortisol level with
the immune system in infectious diseases to identify
new criteria for diagnosing, predicting the disease
course and outcomes, and correcting the therapy.
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