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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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В патогенезе инфекционных заболеваний значимую роль играют нарушения регуляторных механизмов, оказыва-
емых глюкокортикоидными гормонами коры надпочечников, в первую очередь кортизолом — одним из ключевых 
гормонов, обладающих противовоспалительной активностью. В настоящее время расширились представления о ме-
ханизмах воздействия кортизола, его функциональных возможностях, связи с иммунными и нервными клетками, 
участии в цитокиновой регуляции, характеристиках свободно-радикального окисления. Установлена зависимость 
воздействия кортизола от изоформы, количества и аффинности его рецепторов на клетках-мишенях. В настоящем 
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обзоре представлены результаты исследования уровня кортизола при наиболее часто встречающихся инфекцион-
ных заболеваниях у детей — острых респираторных, кишечных и центральной нервной системы. Отмечен значи-
тельный разброс данных об уровне кортизола в норме и при патологии, однако в большинстве работ установлена 
его связь с клиническими проявлениями и исходами инфекционных заболеваний. Представляют интерес исследо-
вания уровня кортизола в цереброспинальной жидкости при нейроинфекциях, указывающие на его прямую связь 
с тяжестью и этиологией заболевания, что открывает новые возможности для разработки эффективных критериев 
диагностики. Данные литературы указывают на перспективность изучения нарушений функционирования гипота-
ламо-гипофизарно-надпочечниковой оси, рецепторного аппарата клеток-мишеней, а также взаимосвязей кортизола 
с иммунной системой при инфекционных заболеваниях с целью выявления новых критериев для диагностики, 
прогнозирования течения и исхода заболевания, коррекции терапии.

Ключевые слова: кортизол; респираторные инфекции; кишечные инфекции; гепатит; нейроинфекции; сыворотка 
крови; цереброспинальная жидкость.

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 rhythm, 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-α (TNF-α), 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-α 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 μg/L 
versus 238 μg/L) [43]. Thus, an elevated 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 (AII) 
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 AII (such as 
dysentery, salmonellosis, and mixed forms of AII) 
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 AIIs, 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 IU/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 µmol/L), 
and ACTH levels were higher (1234 ng/l). Survi-
vors had higher cortisol values (0.89 µmol/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-α 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 µg/dL) and the control group 
(1.05 ± 0.36 µg/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.

ADDITIONAL INFORMATION
Author contributions. All authors confirm that 

their authorship complies with the ICMJE criteria. 
All authors have made a significant contribution 
to the development of the concept, research, and 
preparation of the article, and they have read and 
approved the final version before its publication.

Conflict of interest. The authors declare no con-
flict of interest.

Funding. The study had no external funding.

REFERENCES
1. Alekseeva LA, Bessonova Tv, Makarenkova ev, et 

al. Cortisol and laboratory indicators of systemic 
inflammation in case of bacterial purulent men-
ingitis and viral encephalitis in children. Pediatri-
cian (St. Petersburg). 2020;11(4):21–28. (In  Russ) 
DOI: 10.17816/PED11421-28

2. Balikin vF. Kliniko-prognosticheskoe znachenie pro-
filei gormonal’nogo i immunnogo statusov pri virus-
nykh gepatitakh u detei. Children infections. 2003;(1): 
20–23. (In Russ.)

3. Gaiton AK, Kholl Dzheh. Meditsinskaya fiziologiya. 
Kobrin vi, editor. Moscow: Logosfera, 2008. 1296 p. 
(In Russ.)

4. Govorova Lv, Alekseyeva LA, vilnits AA, et al. influence 
of cortisol and somatotropic hormone on oxidative 
stress development in children with critical condi-
tions of neuroinfectious diseases. Journal Infectology. 
2014;6(2):25–31. (In Russ.)

5. Golyuchenko OA, Asachuk ss. some features of sick-
ly children endocrine, immune, lipid transport sys-
tems during acute respiratory infections. Journal of 
the Grodno State Medical University. 2015;(4):54–57. 
(In Russ.)

6. Dorovskikh VA, Batalova TA, Sergievich AA, Urazova GE. 
Glyukokortikoidy: ot teorii k praktike: uchebnoe poso-
bie. Blagoveshchensk: Amurskaya gosudarstvennaya 
meditsinskaya aka-demiya federal’nogo agentstva po 
zdravookhraneniyu i sotsial’nomu razvitiyu RF, 2006. 
77 p. (In Russ.)

7. Zots Yav. Diagnostic value of determination the state 
of the pituitary-adrenal and pituitary-thyroid system 
in patients with acute bacterial meningitis compli-
cated by brain edema. Norwegian Journal of Develop-
ment of the International Science. 2019;(26–2):43–48. 
(In Russ.)

8. Kalagina Ls, Pavlov Chs, Fomina YuA. serological tests 
of functional activity of the digestive system (gastrin, 
pepsinogen-i, trypsin), general iGe and serum cortisol 
levels in children with hepatitis A and B. Experimental 
and Clinical Gastroenterology Journal. 2013;(6):43–46. 
(In Russ.)

9. Koz’ko vN, Zots Yav, solomennik AO, et al. sostoyanie 
gormonal’nogo profilya v syvorotke krovi u bol’nykh 
s ostrymi bakterial’nymi meningitami. Meditsinskie 
novosti. 2018;(11):87–90. (In Russ.)

10. Kotlyarova si, Gritsai iv. Neiroehndokrinnaya adap-
tatsiya i immunnologicheskaya zashchita pri dizenterii 
i sal’moneleze i  ikh assotsiirovannoi forme. Children 
Infections. 2004;(4):14–17. (In Russ.)

11. Landyshev Yus. Mechanisms of action and therapeutic 
effects of basic glucocorticoids. Amurskii meditsinskii 
zhurnal. 2014;(1):10–29. (In Russ.)

12. Malyugina TN, Malinina Nv, Averyanov AP. Cortisol 
level as a marker of adaptation processes in children 
with acute respiratory viral infections. Saratov Journal 
of Medical Scientific Research. 2018;14(4):646–650. 
(In Russ.)

13. Malyugina TN, Zaharova is. Adrenocorticotropin hor-
mone and cortisol dynamic variation in case of children’s 
neuroinfections. Journal Infectology. 2016;8(4):50–57. 
(In Russ.) DOI: 10.22625/2072-6732-2016-8-4-50-57

14. Merkulov vM, Merkulova Ti, Bondar NP. Mechanisms of 
brain glucocorticoid resistance in stress-induced psycho-
pathologies. Biochemistry (Moscow). 2017;82(3):494–510. 
(In Russ.) DOI: 10.1134/S0006297917030142

15. Ryabova TM, Lysenko iM. Kharakteristika gormonal’nogo 
statusa detei grudnogo vozrasta s ostrymi pnev-
moniyami i  bronkhitami. Maternal and child health. 
2010;(2):28–31. (In Russ.)

16. saidov AA. Patomorfologic changes and immunological 
indicators at sharp intestinal infection at newborn children 
till one year. Vestnik soveta molodykh uchenykh i  spetsi-
alistov Chelyabinskoi oblasti. 2017;3(2):71–74. (In Russ.)

17. samotrueva MA, Yasenyavskaya AL, Tsibizova AA, et al. 
Neuroimmunoendocrinology: modern concepts of mo-
lecular mechanisms. Immunologiya. 2017;38(1):49–59. 
(In Russ.) DOI: 10.18821/0206-4952-2017-38-1-49-59

18. skripchenko Nv, Alekseyeva LA, ivashchenko iA, Kri-
vosheyenko eM. Cerebrospinal fluid and prospects for 



◆ Педиатр. 2021. Т. 12. Вып. 5 / Pediatrician (St. Petersburg). 2021;12(5)  eISSN 2587-6252 

RevIewS / ОбзОРы 65

its study. Russian Bulletin of Perinatology and Pediatrics. 
2011;56(6):88–97. (In Russ.)

19. sokhan Av. Uroven’ kortizola v spinnomozgovoi zhid-
kosti patsientov s ostrymi meningitami razlichnoi 
ehtiologii. Aktual’nye problemy sovremennoi meditsiny. 
2015;15(4):117–119. (In Russ.)

20. sokhan Av, Kozko vN, Burma Yai, et al. effect of dysfunc-
tion of the blood-brain barrier, metabolic and endocrine 
disorders on the damage of the CNs cells in acute 
bacterial meningitis and meningoencephalitis in adults. 
Znanstvena misel journal. 2018;(10–1):32–37. (In Russ.)

21. shirshev sv, Lopatina vA. Changes in the parameters 
of immune status and cortisol level in children with 
recurrent obstructive bronchitis. immune correction 
with polyoxidonium. Meditsinskaya immunologiya. 
2003;5(5–6):555–562. (In Russ.)

22. Lavin N, editor. Ehndokrinologiya. Moscow: Praktika, 
1999. 1128 p. (In Russ)

23. Alder MN, Opoka AM, wong HR. The glucocorticoid recep-
tor and cortisol levels in pediatric septic shock. Crit Care. 
2018;22(1):244. DOI: 10.1186/s13054-018-2177-8

24. Aneja R, Carcillo JA. what is the rationale for hydro-
cortisone treatment in children with infection-related 
adrenal insufficiency and septic shock? Arch Dis Child. 
2007;92(2):165–169. DOI: 10.1136/adc.2005.088450

25. Bae YJ, Kratzsch J. Corticosteroid-binding globulin: modu-
lating mechanisms of bioavailability of cortisol and its 
clinical implications. Best Pract Res Clin Endocrinol Metab. 
2015;29(5):761–772. DOI: 10.1016/j.beem.2015.09.001

26. Beran O, Dzupova O, Holub M. Cortisol kinet-
ics in cerebrospinal fluid during bacterial men-
ingitis. J Clin Neurosci. 2011;18(7):1001–1002. 
DOI: 10.1016/j.jocn.2010.12.020

27. Bone M, Diver M, selby A, et al. Assessment of 
adrenal function in the initial phase of meningo-
coccal disease. Pediatrics. 2002;110(3):563–569. 
DOI: 10.1542/peds.110.3.563

28. Cain Dw, Cidlowski JA. immune regulation by glu-
cocorticoids. Nat Rev Immunol. 2017;17(4):233–247. 
DOI: 10.1038/nri.2017.1

29. De Kleijn eD, Joosten KF, van Rijn B, et al: Low serum 
cortisol in combination with high adrenocorticotro-
phic hormone concentrations are associated with 
poor outcome in children with severe meningococ-
cal disease. Pediatr Infect Dis J. 2002;21(4):330–336. 
DOI: 10.1097/00006454-200204000-00013

30. Goecke iA, Alvarez C, Henríquez J, et al. Methotrexate 
regulates the expression of glucocorticoid receptor 
alpha and beta isoforms in normal human periph-
eral mononuclear cells and human lymphocyte cell 

lines in vitro. Mol Immunol. 2007;44(8):2115–2123. 
DOI: 10.1016/j.molimm.2006.07.303

31. Hladky sB, Barrand MA. Fluid and ion transfer across the 
blood-brain and blood-cerebrospinal fluid barriers; a com-
parative account of mechanisms and roles. Fluids Barriers 
CNS. 2016;13(1):19. DOI: 10.1186/s12987-016-0040-3

32. Holub M, Beran O, Dzupová O, et al. Cortisol levels in 
cerebrospinal fluid correlate with severity and bacte-
rial origin of meningitis. Crit Care. 2007;11(2):R41. 
DOI: 10.1186/cc5729

33. Jenniskens M, weckx R, Dufour T, et al. The Hepatic 
Glucocorticoid Receptor is Crucial for Cortisol Ho-
meostasis and sepsis survival in Humans and Male 
Mice. Endocrinology. 2018;159(7):2790–2802. DOI: 
10.1210/en.2018-00344

34. Joosten KF, de Kleijn eD, westerterp M, et al. endocrine 
and metabolic responses in children with meningocco-
cal sepsis: striking differences between survivors and 
nonsurvivors. J Clin Endocrinol Metab. 2000;85(10): 
3746–3753. DOI: 10.1210/jcem.85.10.6901

35. Kolditz M, Höffken G, Martus P, et al, CAPNeTZ study 
group. serum cortisol predicts death and critical 
disease independently of CRB-65 score in com-
munity-acquired pneumonia: a prospective obser-
vational cohort study. BMC Infect Dis. 2012;12:90. 
DOI: 10.1186/1471-2334-12-90

36. Mahale RR, Mehta A, Uchil s. estimation of cere-
brospinal fluid cortisol level in tuberculous men-
ingitis. J Neurosci Rural Pract. 2015;6(4):541–544. 
DOI: 10.4103/0976-3147.165421

37. Mason BL, Pariante CM, Jamel s, Thomas sA. Central 
nervous system (CNs) delivery of glucocorticoids is fine-
tuned by saturable transporters at the blood-CNs barri-
ers and nonbarrier regions. Endocrinology. 2010;151(11): 
5294–5305. DOI: 10.1210/en.2010-0554

38. Mehta A, Mahale RR, sudhir U, et al. Utility of cere-
brospinal fluid cortisol level in acute bacterial men-
ingitis. Ann Indian Acad Neurol. 2015;18(2):210–214. 
DOI: 10.4103/0972-2327.150626

39. Melcangi RC, Garcia-Segura LM, Mensah-Nyagan AG. 
Neuroactive steroids: state of the art and new per-
spectives. Cell Mol Life Sci. 2008;65(5):777–797. 
DOI: 10.1007/s00018-007-7403-5

40. Molijn GJ, Koper Jw, van Uffelen CJ, et al. Temper-
ature-induced down-regulation of the glucocor-
ticoid receptor in peripheral blood mononuclear 
leucocyte in patients with sepsis or septic shock. 
Clin Endocrinol (Oxf ). 1995;43(2):197–203. DOI: 
10.1111/j.1365-2265.1995.tb01915.x



RevIewS / ОбзОРы

◆ Педиатр. 2021. Т. 12. Вып. 5 / Pediatrician (St. Petersburg). 2021;12(5)   ISSN 2079-7850 

66

41. Noti M, Corazza N, Mueller C, et al. TNF suppress-
es acute intestinal inflammation by inducing local 
glucocorticoid synthesis. J Exp Med. 2010;207(5): 
1057–1066. DOI: 10.1084/jem.20090849

42. Qiao s, Okret s, Jondal M. Thymocyte-synthesized 
glucocorticoids play a role in thymocyte homeosta-
sis and are down-regulated by adrenocorticotropic 
hormone. Endocrinology. 2009;150(9):4163–4169. 
DOI: 10.1210/en.2009-0195

43. Remmelts HH, Meijvis sC, Kovaleva A, et al. 
Changes in serum cortisol levels during commu-
nity-acquired pneumonia: the influence of dexa-
methasone. Respir Med. 2012;106(6):905–908. 
DOI: 10.1016/j.rmed.2012.02.008

44. stearns-Kurosawa DJ, Osuchowski MF, valentine C, et al. 
The pathogenesis of sepsis. Annu Rev Pathol. 2011;6: 
19–48. DOI: 10.1146/annurev-pathol-011110-130327

45. Talabér G, Jondal M, Okret s. extra-adrenal glucocorti-
coid synthesis: immune regulation and aspects on local 
organ homeostasis. Mol Cell Endocrinol. 2013;380(1–2): 
89–98. DOI: 10.1016/j.mce.2013.05.007

46. van Bogaert T, vandevyver s, Dejager L, et al. Tu-
mor necrosis factor inhibits glucocorticoid recep-
tor function in mice: a strong signal toward lethal 
shock. J Biol Chem. 2011;29:286(30):26555–26567. 
DOI: 10.1074/jbc.M110.212365

47. van woensel JB, Biezeveld MH, Alders AM, et al. Ad-
renocorticotropic hormone and cortisol levels in rela-
tion to inflammatory response and disease severity 
in children with meningococcal disease. J Infect Dis. 
2001;184(12):1532–1537. DOI: 10.1086/324673

48. vassiliou AG, Floros G, Jahaj e, et al. Decreased glucocor-
ticoid receptor expression during critical illness. Eur J Clin 
Invest. 2019;49(4): e13073. DOI: 10.1111/eci.13073

49. Xie Y, Tolmeijer s, Oskam JM, et al. Glucocorticoids 
inhibit macrophage differentiation towards a pro-in-
flammatory phenotype upon wounding without af-
fecting their migration. Dis Model Mech. 2019;12(5): 
dmm037887. DOI: 10.1242/dmm.037887

СПИСОК ЛИТЕРАТУРЫ
1. Алексеева Л.А., Бессонова Т.В., Макаренкова Е.В., и др. 

Кортизол и лабораторные показатели системного вос-
паления при бактериальных гнойных менингитах 
и вирусных энцефалитах у детей // Педиатр. 2020. 
Т. 11, № 4. C. 21–28. DOI: 10.17816/PED11421-28

2. Баликин В.Ф. Клинико-прогностическое значение 
профилей гормонального и иммунного статусов при 
вирусных гепатитах у детей  // Детские инфекции. 
2003. № . 1. С. 20–23.

3. Гайтон А.К., Холл Дж. Э. Медицинская физиология / 
под ред. В.И. Кобрина. Москва: Логосфера, 2008. 
1296 с.

4. Говорова Л.В., Алексеева Л.А., Скрипченко Н.В., 
и др. Влияние кортизола и соматотропного гормо-
на на развитие оксидативного стресса у детей при 
критических состояниях инфекционной природы // 
Журнал Инфектологии. 2014. Т. 6, № 2. С. 25–31.

5. Голюченко О.А., Осочук С.С. Некоторые особенности 
эндокринной, иммунной, липидтранспортной систем 
часто болеющих детей при острых респиратор-
ных инфекциях  // Журнал Гродненского государ-
ственного медицинского университета. 2015. № 4. 
С. 54–57.

6. Доровских В.А., Баталова Т.А., Сергиевич А.А., Ура-
зова Г.Е. Глюкокортикоиды: от теории к  практике: 
учебное пособие. Благовещенск: Амурская госу-
дарственная медицинская академия федерального 
агентства по здравоохранению и социальному раз-
витию РФ, 2006. 77 с.

7. Зоц Я.В. Диагностическое значение определения 
состояния гипофизарно-надпочечниковой и  гипо-
физарно-тиреоидной системы у  больных остры-
ми бактериальными менингитами, осложненными 
отеком головного мозга  // Norwegian Journal of 
Development of the international science. 2019. 
№ 26–2. С. 43–48.

8. Калагина Л.С. Павлов Ч.С. Фомин Ю.А. Серологи-
ческие тесты функциональной активности органов 
пищеварительной системы (гастрин, пепсиноген-I, 
трипсин), общий IgЕ и  кортизол сыворотки крови 
у детей, больных гепатитами А и В // Эксперимен-
тальная и  клиническая гастроэнтерология. 2013. 
№ 6. С. 43–46.

9. Козько В.Н., Зоц Я.В., Соломенник А.О., и др. Со-
стояние гормонального профиля в  сыворотке 
крови у больных с острыми бактериальными ме-
нингитами  // Медицинские новости. 2018. № 11. 
С. 87–90.

10. Котлярова С.И., Грицай И.В. Нейроэндокринная адап-
тация и иммуннологическая защита при дизентерии 
и  сальмонелезе и  их ассоциированной форме  // 
Детские инфекции. 2004. № 4. С. 14–17.

11. Ландышев Ю.С. Механизмы действия и  основные 
терапевтические эффекты глюкокортикоидов  // 
Амурский медицинский журнал. 2014. Т.  5, № 1. 
С. 10–29.

12. Малюгина Т.Н., Малинина Н.В., Аверьянов А.П. 
Уровень кортизола как маркер адаптации у детей 
с  острыми респираторными вирусными инфекци-



◆ Педиатр. 2021. Т. 12. Вып. 5 / Pediatrician (St. Petersburg). 2021;12(5)  eISSN 2587-6252 

RevIewS / ОбзОРы 67

ями  // Саратовский научно-медицинский журнал. 
2018. Т. 14, № 4. С. 646–650.

13. Малюгина Т.Н., Захарова И.С. Изучение уровня адрено-
кортикотропного гормона и кортизола у детей с нейро-
инфекциями // Журнал инфектологии. 2016. Т. 8, № 4. 
С. 50–57. DOI: 10.22625/2072-6732-2016-8-4-50-57

14. Меркулов В.М., Меркулова Т.И., Бондарь Н.П. Ме-
ханизмы формирования глюкокортикоидной ре-
зистентности в  структурах головного мозга при 
стресс-индуцированных психопатологиях обзор  // 
Биохимия. 2017. Т. 82, № 3. С. 494–510.

15. Рябова Т.М., Лысенко И.М. Характеристика гормо-
нального статуса детей грудного возраста с острыми 
пневмониями и бронхитами // Охрана материнства 
и детства. 2010. № 2. С. 28–31.

16. Саидов А.А. Патоморфологические изменения и им-
мунологические показатели при острой кишечной 
инфекции у новорожденных детей до года // Вест-
ник совета молодых ученых и специалистов Челя-
бинской области. 2017. Т. 3, № 2. С. 71–74.

17. Самотруева М.А., Ясенявская А.Л., Цибизова А.А., 
и  др. Нейроиммуноэндокринология: современ-
ные представления о  молекулярных механиз-
мах  // Иммунология. 2017. Т.  38, № 1. С.  49–59. 
DOI: 10.18821/0206-4952-2017-38-1-49-59

18. Скрипченко Н.В., Алексеева Л.А., Иващенко И.А., 
Кривошеенко Е.М. Цереброспинальная жидкость 
и  перспективы ее изучения  // Российский вест-
ник перинатологии и педиатрии. 2011. Т. 56, № 6. 
С. 88–97.

19. Сохань А.В. Уровень кортизола в  спинномозговой 
жидкости пациентов с  острыми менингитами раз-
личной этиологии // Актуальные проблемы совре-
менной медицины. 2015. Т. 15, № 4. С. 117–119.

20. Сохань А.В., Козько В.Н., Бурма Я.И., и др. Влияние 
нарушения функции гематоэнцефалического барье-
ра, метаболических и эндокринных расстройств на 
поражение клеток ЦНС при острых бактериальных 
менингитах и  менингоэнцефалитах у  взрослых  // 
Znanstvena misel journal. 2018. № 10–1. C. 32–37.

21. Ширшев С.В., Лопатина В.А. Изменения некоторых 
показателей иммунного статуса и уровня кортизо-
ла при рецидивирующем обструктивном бронхите 
у  детей. Иммуннокоррекция полиоксидонием  // 
Медицинская иммунология. 2003. Т.  5, № 5–6. 
С. 555–562.

22. Эндокринология / под ред. Н.Лавина. Москва: Прак-
тика, 1999. 1128 с.

23. Alder M.N., Opoka A.M., wong H.R. The glucocorti-
coid receptor and cortisol levels in pediatric sep-

tic shock  // Crit Care. 2018. Vol. 22, No. 1. P. 244. 
DOI: 10.1186/s13054-018-2177-8

24. Aneja R., Carcillo J.A. what is the rationale for hy-
drocortisone treatment in children with infection-
related adrenal insufficiency and septic shock?  // 
Arch Dis Child. 2007. Vol. 92, No. 2. P.  165–169. 
DOI: 10.1136/adc.2005.088450

25. Bae Y.J., Kratzsch J. Corticosteroid-binding globulin: 
modulating mechanisms of bioavailability of cortisol 
and its clinical implications  // Best Pract Res Clin 
Endocrinol Metab. 2015. Vol. 29, No. 5. P. 761–772. 
DOI: 10.1016/j.beem.2015.09.001

26. Beran O., Dzupova O., Holub M. Cortisol kinetics in 
cerebrospinal fluid during bacterial meningitis  // 
J Clin Neurosci. 2011. Vol. 18, No. 7. P. 1001–1002. 
DOI: 10.1016/j.jocn.2010.12.020

27. Bone M., Diver M., selby A., et al. Assessment of adre-
nal function in the initial phase of meningococcal dis-
ease // Pediatrics. 2002. Vol. 110, No. 3. P. 563–569. 
DOI: 10.1542/peds.110.3.563

28. Cain D.w., Cidlowski J.A. immune regulation by glu-
cocorticoids // Nat Rev Immunol. 2017. Vol. 17, No. 4. 
P. 233–247.DOI: 10.1038/nri.2017.1

29. De Kleijn e.D., Joosten K.F., van Rijn B., et al: Low serum 
cortisol in combination with high adrenocorticotrophic 
hormone concentrations are associated with poor out-
come in children with severe meningococcal disease // 
Pediatr Infect Dis J. 2002. Vol. 21, No. 4. P. 330–336. 
DOI: 10.1097/00006454-200204000-00013

30. Goecke i.A., Alvarez C., Henríquez J., et al. Metho-
trexate regulates the expression of glucocorticoid 
receptor alpha and beta isoforms in normal human 
peripheral mononuclear cells and human lymphocyte 
cell lines in vitro // Mol Immunol. 2007. Vol. 44, No. 8. 
P. 2115–2123. DOI: 10.1016/j.molimm.2006.07.303

31. Hladky s.B., Barrand M.A. Fluid and ion transfer across 
the blood-brain and blood-cerebrospinal fluid bar-
riers; a comparative account of mechanisms and 
roles  // Fluids Barriers CNS. 2016. Vol. 13. No. 1. 
ID19. DOI: 10.1186/s12987-016-0040-3

32. Holub M., Beran O., Dzupová O., et al. Cortisol levels 
in cerebrospinal fluid correlate with severity and bac-
terial origin of meningitis // Crit Care. 2007. Vol. 11, 
No. 2. ID R41. DOI: 10.1186/cc5729

33. Jenniskens M., weckx R., Dufour T., et al. The Hepatic 
Glucocorticoid Receptor is Crucial for Cortisol Homeo-
stasis and Sepsis Survival in Humans and Male Mice // 
Endocrinology. 2018. Vol. 159, No. 7. P. 2790–2802. 
DOI: 10.1210/en.2018-00344



RevIewS / ОбзОРы

◆ Педиатр. 2021. Т. 12. Вып. 5 / Pediatrician (St. Petersburg). 2021;12(5)   ISSN 2079-7850 

68

◆ information about the authors ◆ Информация об авторах

Lidia A. Alekseeva — PhD, Leading Scientist, Research Depart-
ment of Clinical Laboratory Diagnostics Pediatric Research and 
Clinical Center for infectious Diseases, saint Petersburg, Russia. 
e-mail: kldidi@mail.ru

Лидия Аркадьевна Алексеева — д-р биол. наук, ведущий науч-
ный сотрудник, научно-исследовательский отдел клинической 
лабораторной диагностики. ФГБУ Детский научно-клиниче-
ский центр инфекционных болезней ФМБА России, Санкт-
Петербург, Россия. E-mail: kldidi@mail.ru

Elena V. Makarenkova — Junior Research Associate, Research Depart-
ment of Clinical Laboratory Diagnostics. Pediatric Research and 
Clinical Center for infectious Diseases, Fede ral Medical-Biological 
Agency, saint Petersburg, Russia. e-mail: ele7227@yandex.ru

Елена Владимировна Макаренкова — младший научный сотрудник 
НИО клинической лабораторной диагностики. ФГБУ «Детский 
научно-клинический центр инфекционных болезней» ФМБА 
России, Санкт-Петербург, Россия. Е-mail: ele7227@yandex.ru

34. Joosten K.F., de Kleijn e.D., westerterp M., et al. endocrine 
and metabolic responses in children with meningocco-
cal sepsis: striking differences between survivors and 
nonsurvivors // J Clin Endocrinol Metab. 2000. Vol. 85, 
No. 10. P. 3746–3753. DOI: 10.1210/jcem.85.10.6901

35. Kolditz M., Höffken G., Martus P., et al., CAPNeTZ study 
group. serum cortisol predicts death and critical dis-
ease independently of CRB-65 score in community-
acquired pneumonia: a prospective observational 
cohort study // BMC Infect Dis. 2012. Vol. 12. ID90. 
DOI: 10.1186/1471-2334-12-90

36. Mahale R.R., Mehta A., Uchil s. estimation of cerebro-
spinal fluid cortisol level in tuberculous meningitis // 
J Neurosci Rural Pract. 2015. Vol. 6, No. 4. P. 541–544. 
DOI: 10.4103/0976-3147.165421

37. Mason B.L., Pariante C.M., Jamel s., Thomas s.A. Central 
nervous system (CNs) delivery of glucocorticoids is fine-
tuned by saturable transporters at the blood-CNs barriers 
and nonbarrier regions // Endocrinology. 2010. Vol. 151, 
No. 11. P. 5294–5305. DOI: 10.1210/en.2010-0554

38. Mehta A., Mahale R.R., sudhir U., et al. Utility of 
cerebrospinal fluid cortisol level in acute bacterial 
meningitis // Ann Indian Acad Neurol. 2015. Vol. 18, 
No. 2. P. 210–214. DOI: 10.4103/0972-2327.150626

39. Melcangi R.C., Garcia-segura L.M., Mensah-Nya-
gan  A.G. Neuroactive steroids: state of the art and 
new perspectives // Cell Mol Life Sci. 2008. Vol. 65, 
No. 5. P. 777–797. DOI: 10.1007/s00018-007-7403-5

40. Molijn G.J. , Koper J.w., van Uffelen C.J. , et al. Temper-
ature-induced down-regulation of the glucocorticoid 
receptor in peripheral blood mononuclear leucocyte 
in patients with sepsis or septic shock  // Clin En-
docrinol (Oxf). 1995. Vol. 43, No. 2. P.  197–203. 
DOI: 10.1111/j.1365-2265.1995.tb01915.x

41. Noti M., Corazza N., Mueller C., et al. TNF suppresses 
acute intestinal inflammation by inducing local glu-
cocorticoid synthesis  // J Exp Med. 2010. Vol. 207, 
No. 5. P. 1057–1066. DOI: 10.1084/jem.20090849

42. Qiao s., Okret s., Jondal M. Thymocyte-synthesized 
glucocorticoids play a role in thymocyte homeosta-
sis and are down-regulated by adrenocorticotropic 
hormone  // Endocrinology. 2009. Vol. 150, No. 9. 
P. 4163–4169. DOI: 10.1210/en.2009-0195

43. Remmelts H.H., Meijvis s.C., Kovaleva A., et al. Changes 
in serum cortisol levels during community-acquired 
pneumonia: the influence of dexamethasone  // 
Respir Med. 2012. Vol. 106, No. 6. P.  905–908. 
DOI: 10.1016/j.rmed.2012.02.008

44. stearns-Kurosawa D.J. , Osuchowski M.F. , valen-
tine C. , et al. The pathogenesis of sepsis  // 
Annu Rev Pathol. 2011. Vol. 6. P.  19–48. DOI: 
10.1146/annurev-pathol-011110-130327

45. Talabér G., Jondal M., Okret s. extra-adrenal glucocorti-
coid synthesis: immune regulation and aspects on local 
organ homeostasis // Mol Cell Endocrinol. 2013. Vol. 380, 
No. 1–2. P. 89–98. DOI: 10.1016/j.mce.2013.05.007

46. van Bogaert T., vandevyver s., Dejager L., et al. Tumor 
necrosis factor inhibits glucocorticoid receptor func-
tion in mice: a strong signal toward lethal shock  // 
J Biol Chem. 2011. Vol. 286, No. 30. P. 26555–26567. 
DOI: 10.1074/jbc.M110.212365

47. van woensel J.B., Biezeveld M.H., Alders A.M., et al. 
Adrenocorticotropic hormone and cortisol levels in 
relation to inflammatory response and disease se-
verity in children with meningococcal disease  // 
J  Infect Dis. 2001. Vol. 184, No. 12. P.  1532–1537. 
DOI: 10.1086/324673

48. vassiliou A.G., Floros G., Jahaj e., et al. Decreased 
glucocorticoid receptor expression during critical 
illness  // Eur J Clin Invest. 2019. Vol. 49, No. 4. 
ID e13073. DOI: 10.1111/eci.13073

49. Xie Y., Tolmeijer s., Oskam J.M., et al. Glucocorticoids 
inhibit macrophage differentiation towards a pro-in-
flammatory phenotype upon wounding without affect-
ing their migration // Dis Model Mech. 2019. Vol. 12, 
No. 5. ID dmm037887. DOI: 10.1242/dmm.037887



◆ Педиатр. 2021. Т. 12. Вып. 5 / Pediatrician (St. Petersburg). 2021;12(5)  eISSN 2587-6252 

RevIewS / ОбзОРы 69

◆ information about the authors ◆ Информация об авторах

Natalia V. Skripchenko — MD, PhD, Dr. Med. Sci., Professor, Deputy 
Director of science, Pediatric Research and Clinical Center for 
infectious Diseases, saint Petersburg, Russia; Head of the De-
partment of infectious Diseases of Postgraduate and Continuing 
Professional Education, St.  Petersburg State Pediatric Medical 
University of the Ministry of Health of Russia, saint Petersburg, 
Russia. e-mail: snv@niidi.ru

Наталья Викторовна Скрипченко — д-р мед. наук, профессор, 
заместитель директора по научной работе Детского научно-
клинического центра инфекционных болезней ФМБА России, 
Санкт-Петербург, Россия; заведующая кафедрой инфекционных 
болезней факультета переподготовки и дополнительного про-
фессионального образования, ФГБОУ ВО «Санкт-Петербургский 
государственный педиатрический медицинский университет» 
Минздрава России, Санкт-Петербург, Россия. E-mail: snv@niidi.ru

Tatiana V. Bessonova — Research Associate, Research Department 
of Clinical Laboratory Diagnostics, Pediatric Research and Clinical 
Center for infectious Diseases. Federal Medical-Biological Agency, 
saint Petersburg, Russia. e-mail: bioximiya@mail.ru

Татьяна Валерьевна Бессонова — научный сотрудник НИО кли-
нической лабораторной диагностики. ФГБУ «Детский научно-
клинический центр инфекционных болезней» ФМБА России, 
Санкт-Петербург, Россия. Е-mail: bioximiya@mail.ru

Anton A. Zhirkov — Junior Research Associate, Research Department 
of Clinical Laboratory Diagnostics, Pediatric Research and Clinical 
Center for infectious Diseases. Federal Medical-Biological Agency, 
saint Petersburg, Russia. e-mail: ant-zhirkov@yandex.ru

Антон Анатольевич Жирков — младший научн. сотрудник НИО 
клинической лабораторной диагностики. ФГБУ «Детский науч-
но-клинический центр инфекционных болезней» ФМБА Рос-
сии, Санкт-Петербург, Россия. Е-mail: ant-zhirkov@yandex.ru

Nina E. Monakhova — Research Associate, Research Department 
of Clinical Laboratory Diagnostics, Pediatric Research and Clinical 
Center for infectious Diseases. Federal Medical-Biological Agency, 
saint Petersburg, Russia. e-mail: immidi@yandex.ru

Нина Евгеньевна Монахова — научный сотрудник НИО кли-
нической лабораторной диагностики. ФГБУ «Детский научно-
клинический центр инфекционных болезней» ФМБА России, 
Санкт-Петербург, Россия. Е-mail: immidi@yandex.ru


