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ARTICLE INFO ABSTRACT

Editor: Dr. Y Ali Reliable interpretation of lymphocyte immunophenotyping depends on population-specific reference ranges that
account for demographic and environmental factors. However, such reference data are currently lacking for the
Ukrainian population. This study aimed to establish local reference ranges for lymphocyte subpopulations in
healthy adult men and to assess their temporal stability and variability following physical exercise.

Peripheral blood samples from 100 clinically healthy men aged 22-55 years were analyzed by flow cytometry
to quantify T lymphocytes (CD3", CD3*CD4", CD3"CD8"), B lymphocytes (CD3 CD19"), and NK cells
(CD37CD56", CD3CD56"NKp46"). Temporal stability was evaluated in 24 participants monitored during a
one-year Antarctic expedition, while acute immune responses were assessed in 19 men before and after a
modified Cooper test. The established reference ranges were as follows: CD3" (54.0-82.2%), CD3"CD4"
(29.3-54.0%), CD3"CD8" (11.2-39.6%), CD3 CD19% (3.7-20.1%), CD3 CD56" (4.2-30.0%), and
CD3 CD56 "NKp46™ (2.7-24.3%).

Comparison with published studies revealed differences in several parameters, whereas discrepancies relative
to reference values used by local laboratories were observed across multiple measures. Following a one-year
Antarctic expedition, lymphocyte subset distributions remained largely stable despite a significant expansion
of monocytes, whereas short-term physical exercise elicited pronounced, subset-selective increases in NK cells
and monocytes, accompanied by concurrent elevations in cortisol and testosterone levels. The differences
observed across populations and laboratories underscore the need for harmonized, population-based reference
intervals.
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be derived from well-characterized healthy reference individuals using
standardized pre-analytical, analytical, and statistical approaches to
ensure their clinical reliability and comparability (Clinical and Labora-

1. Introduction

Flow cytometric analysis of peripheral blood lymphocyte sub-

populations is an essential component of clinical diagnostics and
research, providing valuable insights into immune function in disorders
such as primary and secondary immunodeficiencies, autoimmune dis-
eases, malignancies, and infections (Preglej et al., 2023; Rawat et al.,
2019). Accurate interpretation of these data requires reference ranges
that are both analytically validated and population-specific, as
lymphocyte distributions vary with demographic and environmental
factors such as age, sex, geography, and exposure to pathogens (Yaman
et al., 2005; Liu et al., 2022). According to established international
guidelines, such as the CLSI C28-A3 guideline, reference intervals should

tory Standards Institute (CLSI), 2010).

Previous studies have demonstrated marked variability in lympho-
cyte subset reference values among populations worldwide (Yaman
et al., 2005; Klose et al., 2007; Rudolf-Oliveira et al., 2015; Roszczyk
etal., 2024). However, population-specific reference ranges have not yet
been established for the Ukrainian population. The absence of
population-specific reference intervals may compromise the accuracy of
laboratory interpretation and clinical decision-making, particularly with
regard to the assessment of immunodeficiency, immune dysregulation,
and immune monitoring in routine clinical practice.
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An Antarctic expedition presents a major challenge to physical and
emotional health, and therefore expedition participants are carefully
selected from applicants who are healthy both physically and mentally.
Accordingly, selected candidates can serve as a well-defined group of
healthy reference individuals suitable for establishing population-
specific reference intervals for lymphocyte subpopulations. Moreover,
since polar explorers often remain in extreme environmental conditions
for up to a year, this setting provides a unique opportunity to evaluate
the impact of prolonged isolation, low temperatures, and limited
daylight on immunological parameters and their temporal stability.

Immune cell populations are inherently dynamic and respond
rapidly to physiological stimuli. Among these, physical activity is a well-
recognized modulator of immune function (Dawod, 2025). Acute exer-
cise can transiently alter leukocyte distribution, particularly affecting
NK cells and other lymphocyte subsets (Shi et al., 2025), while hormonal
mediators such as cortisol and testosterone also further influence these
responses (Vancolen et al., 2023). The Cooper test is a standardized
assessment of physical performance that evaluates general endurance
and aerobic capacity. It typically involves performing a sequence of
dynamic exercises—running, push-ups, squats, and other body-weight
movements—performed at maximum effort within a defined period,
providing an overall measure of physical fitness.

During the selection process for participants in the polar expedition,
individuals who successfully pass the medical examination undergo a
modified Cooper test as an additional assessment of cardiovascular
fitness and overall physical endurance. Such short-term physical exer-
tion in healthy men also provides a valuable opportunity to evaluate the
impact of acute exercise on immunological parameters.

The purpose of this study was to establish locally derived reference
ranges for major lymphocyte subpopulations and to evaluate their
temporal stability and physiological responses to acute exercise.

2. Materials and methods
2.1. Subjects

The study enrolled 100 healthy adult men (mean age 39.5 + 7.6
years; range 22-55 years) who applied for Antarctic expeditions and
successfully passed comprehensive medical screening. Of these, 42
participants completed a one-year expedition, while the remaining in-
dividuals stayed at the Antarctic station for six months or less. Longi-
tudinal immunological follow-up was conducted in 24 participants from
the one-year expedition subgroup under continuous medical supervi-
sion. Immunophenotypic and serological assessments were performed
between October 2020 and April 2025. Participants were recruited
annually during October—-November following comprehensive medical
examinations, with supplementary recruitment each April after return
from the preceding Antarctic expedition. All analyses were conducted
using a uniform study protocol and identical reagent panels to ensure
standardization and comparability.

Exclusion criteria included chronic diseases, recent infections, cur-
rent or recent immunomodulatory therapy, and positive serological re-
sults for hepatitis B surface antigen (HBsAg), antibodies to hepatitis B
core antigen (anti-HBc), antibodies to hepatitis C virus (anti-HCV), an-
tibodies to human T-lymphotropic virus types I and II (anti-HTLV-1/II),
syphilis, HIV-1/2 antigen/antibody combination assay, and antibodies
to Trypanosoma cruzi.

Non-obesity was an inclusion criterion, and all participants had a
body mass index (BMI) between 18.5 and 29.9 kg/mz. According to self-
reported data, 17.6% of participants were smokers, and 43.1% reported
engaging in regular physical activity; serological analysis demonstrated
CMV IgG seropositivity in 70% of participants, HSV-1/2 IgG seroposi-
tivity in 85%, and EBV nuclear antigen (NA) IgG seropositivity in 90%.

Samples exhibiting clot formation or hemolysis were also excluded.

To evaluate general physical fitness and endurance, participants
performed a modified, circuit-based Cooper test. The test comprised four
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consecutive exercises, each performed for 10 repetitions: push-ups,
squat thrusts (burpee-style knee-to-chest movements from the push-up
position), abdominal crunches, and squats or squat jumps. Completion
of all four exercises constituted one cycle. Participants were instructed
to complete four consecutive cycles of this exercise sequence at maximal
effort and within the shortest possible time. The test was designed to
assess muscular strength, endurance, and overall physical performance
capacity. Performance was classified based on total completion time as
follows: excellent (< 7 min 30 s), satisfactory (7 min 30 s-9 min), and
unsatisfactory (> 9 min). Blood samples were collected 30 min before
the start of the test and 30 min after its completion.

The study protocol was reviewed and approved by the Biomedical
Ethics Committee of the Institute of Pediatrics, Obstetrics and Gyne-
cology and by the Clinical Immunology and Allergology Committee of
the Ministry of Health of Ukraine. Written informed consent was ob-
tained from all participants prior to study enrollment.

2.2. Methods

Venous blood for immunological and serological analyses was ob-
tained after an overnight fast. In participants who underwent the
modified Cooper test (n = 19), blood samples were collected 30 min
before exercise initiation and 30 min post-exercise. Venous blood sam-
ples were collected into a serum tube without anticoagulant (2.6 mL)
and a lithium heparin tube (4.9 mL; Heparin-Li) (Primavette® S and V,
KABE LABORTECHNIK, Niimbrecht, Germany) using 21-gauge needles
(Sangocan®, KABE LABORTECHNIK, Niimbrecht, Germany).

Serum samples for biochemical analyses were obtained by centrifu-
gation of whole blood without anticoagulant at 1500 xg for 10 min, and
the remaining serum after routine analyses was aliquoted and stored at
—80 °C until further determination. Peripheral blood samples were
processed using a single-platform flow cytometric approach on FACScan
(Becton Dickinson Biosciences, San Jose, CA, USA) and Cytomics FC 500
(Beckman Coulter, Brea, CA, USA) flow cytometers.

Data analysis was performed using CellQuest (BD Biosciences, San
Jose, CA, USA) and CXP software (Beckman Coulter, Brea, CA, USA).
Immunophenotypic analysis was performed using the following panel of
fluorochrome-conjugated monoclonal antibodies: BD Simultest Leuco-
gate CD45-FITC/CD14-PE (REF 342408; BD Biosciences, San Jose, CA,
USA), CYTO-STAT tetraCHROME CD45-FITC/CD56-RD1/CD19-ECD/
CD3-PC5 monoclonal antibody reagent (REF 6607073; Beckman
Coulter, Brea, CA, USA), CD8-FITC (REF A07756, clone B9.11; Beckman
Coulter, Brea, CA, USA), CD4-PE (REF A07751, clone 13B8.2; Beckman
Coulter, Brea, CA, USA), CD3-PC5 (REF A07749, clone UCHT1; Beck-
man Coulter, Brea, CA, USA), CD45-FITC (REF A07782, clone J33;
Beckman Coulter, Brea, CA, USA), CD3-ECD (REF A07748, clone
UCHT1; Beckman Coulter, Brea, CA, USA), CD56-PC7 (REF A21692,
clone N901; Beckman Coulter, Brea, CA, USA), CD335-PE (Cat. 557,991,
clone 9E2; BD Pharmingen, San Jose, CA, USA), and Flow-Count fluo-
rospheres (REF 7547053; Beckman Coulter, Brea, CA, USA).

Briefly, whole blood (100 pL) was stained with the respective anti-
bodies in accordance with the manufacturers' instructions. Following 30
min of incubation at room temperature in the dark, red blood cells
(RBCs) were lysed using FACS Lysing Solution (BD Biosciences, San
Jose, CA, USA) or OptiLyse C (Beckman Coulter, Brea, CA, USA) and
washed with phosphate-buffered saline (PBS). Labeled lymphocytes
were acquired on a FACScan flow cytometer (BD Biosciences, San Jose,
CA, USA) or a Cytomics FC 500 (Beckman Coulter, Brea, CA, USA)
following appropriate instrument setup, calibration, and compensation
(Maecker and Trotter, 2006). Quality control of antibody staining, RBC
lysis, instrument setup and performance, and data analysis was routinely
performed using BD™ Multi-Check Control (BD Biosciences, San Jose,
CA, USA).

Serum cortisol and testosterone levels, as well as IgG antibodies to
cytomegalovirus (CMV), Epstein-Barr virus (EBV), single-stranded DNA
(ssDNA), and double-stranded DNA (dsDNA), were measured by
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enzyme-linked immunosorbent assay (ELISA) in accordance with the
manufacturer's instructions (Xema, Kyiv, Ukraine). IgG antibodies to
cardiolipin, phosphatidylserine, and phosphatidylethanolamine (aCL,
aPS, and aPE) were also determined by ELISA, as previously described
(Maecker and Trotter, 2006). Serum IgG antibodies to ssDNA, CMV, and
EBV were additionally measured by ELISA using commercial Kkits
(VitroTest, Kyiv, Ukraine).

2.3. Statistical analysis

The distribution of continuous variables was assessed using the
Shapiro-Wilk normality test. Reference intervals for normally distrib-
uted variables were calculated as the mean + 1.96 standard deviations
(SD). For variables with non-normal distributions, reference intervals
were estimated using the 2.5th and 97.5th percentiles. The coefficient of
variation (CV, %) was additionally calculated to assess the variability of
lymphocyte subsets. Comparisons of immunological parameters before
and after short-term physical exercise were performed using paired-
sample t-tests for normally distributed data or the Wilcoxon signed-
rank test for non-normally distributed data.

Associations between immunological and hormonal parameters were
evaluated using Pearson's or Spearman's correlation coefficients,
depending on data distribution. Statistical significance was defined a
priori at p < 0.05 (two-tailed). All statistical analyses were performed
using SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Reference Ranges

The lymphocyte subsets evaluated in this study included CD3™,
CD37CD4%, CD3*CD8™, CD37CD19™ B cells, CD3~CD56 NK cells, and
NKp46™ NK cells. In addition, the relative proportions of granulocytes,
monocytes, and lymphocytes were assessed. Descriptive statistics,
including the mean, median, standard deviation, and reference in-
tervals, for all studied subsets are presented in Table 1. No significant
correlations were observed between age and any lymphocyte subset.
The established reference intervals were broadly consistent with previ-
ously published data, although some variability was noted (Table 2).

3.2. Changes in immunological parameters after a one-year expedition

Participants (n = 24) completed a one-year stay at the Antarctic
station under continuous medical supervision, with no serious health
complications reported during the observation period. Peripheral blood
samples were collected on-site at quarterly intervals. No cases of pri-
mary infection or viral reactivation involving herpesviruses, including
CMV and EBV, were identified, as confirmed by clinical monitoring. All
participants experienced mild courses of COVID-19 only.

No autoimmune antibodies (aCL, ssDNA, or asDNA) were detected,
and no clinical signs or symptoms of autoimmune disorders were
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observed. These findings indicate that the participants could be
considered not only healthy control subjects at baseline but also a cohort
free of clinically significant disease throughout the entire one-year
observation period.

Immunological assessment following the one-year expedition
demonstrated that the most consistent finding was a significant increase
in monocyte counts (relative change [RCh] +61.2%, p = 0.010). In
addition, trends toward higher absolute counts of T lymphocytes (CD3™,
CD3"CD4", and CD3"CD8™) and B cells were observed; however, these
changes did not reach statistical significance. Absolute NK-cell counts
remained largely unchanged. Collectively, these data indicate a shift
toward monocyte expansion accompanied by moderate, non-significant
increases in T- and B-lymphocyte subsets following prolonged exposure
to extreme environmental conditions (Table 3).

3.3. Immunological response to short-term exercise

Following the modified Cooper test, the most pronounced immuno-
logical changes were observed in the monocyte and NK cell compart-
ments. Monocytes demonstrated a significant relative increase in both
proportional representation and absolute counts (relative change [RCh]
+30.3% and + 41.9%, respectively; p = 0.001 and p = 0.002), while NK
cells also exhibited marked expansion (RCh +38.7% in relative fre-
quency and + 61.0% in absolute numbers; p = 0.001). Other lympho-
cyte subsets, including CD3"CD8" T cells, CD3*CD4" T cells, and B
cells, showed only minor changes that did not reach statistical signifi-
cance (Table 3).

3.4. Comparison with reference values from local laboratories

Immunological parameters of the healthy male cohort were
compared with reference intervals provided by two Ukrainian clinical
laboratories. These reference values were not publicly available on the
laboratories' official websites. Therefore, reference intervals were ob-
tained from laboratory report forms of adult male patients who had
undergone routine immunological testing and were kindly provided to
us for analytical purposes.

This comparison demonstrated that a substantial proportion of
healthy individuals exhibited values outside the reported reference in-
tervals (Table 4). The most pronounced discrepancies were observed for
lymphocyte percentage, CD3"CD8" T lymphocytes, and NK cells
(Table 4). Using the reference intervals from Laboratory 1, 30% of
participants fell outside the lymphocyte range, while 26% and 33% were
outside the reference limits for CD37CD8" T lymphocytes and NK cells,
respectively. According to the reference intervals from Laboratory 2,
these proportions increased to 57% for lymphocytes and to 26% and
45% for CD37CD8" T lymphocytes and NK cells, respectively.

Further analysis of immunological parameters following short-term
physical exercise revealed that, when local laboratory reference in-
tervals were applied, the proportion of results falling outside the refer-
ence ranges exceeded 70% for certain parameters. In contrast, when

Table 1

Reference intervals for leukocyte subsets in healthy adult males (n = 100).
Parameter Mean Median Max Min St.Deviation Reference ranges cv
Granulocytes, % 61.4 61.4 78.9 41.7 7.9 45.8 76.9 13
Monocytes, % 6.0 6.0 13.9 2.7 1.9 2.4 9.6 31
Lymphocytes, % 32.6 32.5 55.6 15.9 7.6 17.7 47.5 23
CD3*T lymphocytes,% 68.1 69.2 82.8 48.9 7.2 54.0 82.2 11
CD3"CD4"T lymphocytes,% 41.7 41.5 57.8 24.5 6.3 29.3 54.0 15
CD3*CD8"T lymphocytes,% 25.4 24.5 48.5 12.1 7.2 11.2 39.6 28
CD4:CD8 ratio 1.8 1.7 4.0 0.5 0.7 1.7 1.9 39
B lymphocytes,% 11.9 11.3 27.3 4.7 4.2 3.7 20.1 35
NK lymphocytes,% 17.1 16.2 33.8 3.4 6.6 4.2 30.0 38
NKp46 " lymphocytes,% 13.5 13.0 24.7 3.0 5.5 2.7 24.3 41

St. Deviation — standard deviation.
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Table 2
Comparison of observed reference ranges for lymphocyte subsets with literature data.
Parameter Reference
Present study 5) 6) ae) a7z 7) 3) (4)* (18)* 15)
CD3"T lymphocytes,% 54.0-82.2 56-79 48.0-82.6 52.2-84.8 75-80 56.2-80.8 51.3-86.5 53.9-82.2 59.6-85.3 54-81
CD3"CD4"T lymphocytes,% 29.3-54.0 26-48 23.0-52.6 33.1-62.1 34-61 29.4-55.1 29.9-60.1 24.1-49.0 32.1-56.3 25-49
CD3*CD8"T lymphocytes,% 11.2-39.6 17-37 12.6-39.2 10.2-40.8 16-38 16.3-38.4 18.1-39.9 14.5-37.1 15.6-35.2 -
B lymphocytes,% 3.7-20.1 7-21 6.1-21.6 4.4-19.4 49 7.0-25.3 3.9-22.2 4.6-17.8 5.3-18.3 -
NK lymphocytes,% 4.2-30.0 8-30 5.0-31.3 5.2-32.9 2-27 6.2-25.4 - 4.5-33.2 - -
" reference ranges were determined in mixed groups (men and women).
Table 3
Changes in leukocyte and lymphocyte subsets in response to a modified Cooper test and after 1-year polar expedition.
Parameter Modified cooper test Polar expedition
RCh,% fold change p correl RCh,% fold change P correl
Leucocytes, abs 6,4 1,06 0,233 0,745 20,0 1,20 0,207 0,542
Lympocytes,% 4,6 1,05 0,260 0,859 18,1 1,18 0,096 -0,025
Lympocytes, abs 12,0 1,12 0,123 0,745 14,4 1,14 0,275 0,515
Granulocytes,% -4,3 0,96 0,137 0,874 -5,1 0,95 0,061 0,082
Granulocytes, abs 1,3 1,01 0,464 0,840 24,7 1,25 0,276 0,465
Monocytes,% 30,3 1,30 0,001 0,461 38,7 1,39 0,069 0,336
Monocytes,abs 41,9 1,42 0,002 0,449 61,2 1,61 0,010 0,298
CD3"T lymphocytes,% -5,2 0,95 0,034 0,844 2,5 1,03 0,214 0,878
CD3"T lymphocytes,abs 5,5 1,05 0,325 0,742 16,7 1,17 0,280 0,633
CD3"CD4"T lymphocytes,% -11,2 0,89 0,003 0,755 2,9 1,03 0,381 0,757
CD3*CD4"T lymphocytes, abs -5,1 0,95 0,289 0,718 17,4 1,17 0,400 0,630
CD3"CD8'T lymphocytes,% 0,7 1,01 0,428 0,938 7,8 1,08 0,243 0,939
CD3"CD8'T lymphocytes, abs 12,9 1,13 0,226 0,791 20,4 1,20 0,124 0,735
B lymphocytes,% -10,1 0,90 0,062 0,842 12,5 1,13 0,136 0,258
B lymphocytes, abs -1,8 0,98 0,388 0,941 26,9 1,27 0,261 0,319
NK lymphocytes,% 38,7 1,39 0,001 0,776 —8,6 0,91 0,190 0,774
NK lymphocytes, abs 61,0 1,61 0,001 0,603 6,8 1,07 0,319 0,523

RCh — relative change; abs — absolute count; correl — correlation coefficient;

Table 4

Comparison of deviations from reference ranges reported by two local laboratories and the current study.

Parameter Lab #1 Lab #2 Current study
ref.ranges a,% b,% ref.ranges a,% b,% ref.ranges b,%
Granulocytes,% 47-75 9.0 26.3 n/a n/a n/a 45.8-76.9 15.8
Monocytes,% 3-11 3.0 0.0 n/a n/a n/a 2.4-9.6 0.0
Lymphocytes,% 19-37 30.0 421 28-36 57.0 78.9 17.7-47.5 15.8
CD3"T lymphocytes,% 60-80 17.0 47.4 61-85 17.0 47.4 54.0-82.2 15.8
CD3"CD4"T lymphocytes,% 33-52 14.0 36.8 35-55 17.0 52.6 29.3-54.0 10.5
CD3"CD8'T lymphocytes,% 19-35 26.0 36.8 19-35 26.0 36.8 11.2-39.6 15.8
B lymphocytes,% 7-19 12.0 15.8 7-17 15.0 21.1 3.7-20.1 5.3
NK lymphocytes,% 6-20 33.0 73.7 8-18 45.0 84.2 4.2-30.0 10.5

Ref. ranges — reference ranges

“Percentage of subjects with immunological parameters out of the reference range, blood samples were collected before completion of the modified Cooper test.
bPercentage of subjects with immunological parameters out of the reference range. Blood samples were collected 30 min following completion of the modified Cooper

test.

reference intervals established in the present study were used, de-
viations for the same parameters after exercise did not exceed 20%
(Table 4b).

3.5. Impact of short-term physical activity on serum cortisol and
testosterone levels

Following short-term physical exercise, all participants demon-
strated significant increases in serum cortisol and testosterone levels.
Cortisol concentrations increased 1.6-fold (p = 0.013), while testos-
terone levels increased approximately twofold (p = 0.001) (Fig. 1).
When participants were stratified according to physical test perfor-
mance (successful completion: < 7 min 30 s and 7 min 30 s-9 min;
unsuccessful completion: > 9 min), a significant association between
changes in NK-cell parameters and cortisol levels was identified. In the

subgroup of men who did not successfully complete the physical test, the
exercise-induced increase in cortisol levels showed a strong positive
correlation with increases in both the relative proportion of NK cells (r
= 0.71) and their absolute counts (r = 0.91, p = 0.002) (Fig. 2a). In
contrast, no such correlation was observed among men who successfully
completed the test (r = 0.03) (Fig. 2b). Notably, although NK cell levels
increased after exercise in both groups, post-exercise cortisol concen-
trations were comparable between groups.

4. Discussion

Clinical diagnoses and research outcomes become more informative
and reliable when interpreted against locally established reference in-
tervals. Numerous studies have demonstrated that the distribution of
lymphocyte subsets varies according to age, sex, and geographic region
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Fig. 1. Hormonal responses to short-term physical exercise.
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Fig. 2. Correlation between NK cell and cortisol fold changes in males participants stratified by physical test performance. (a) participants who failed the physical

test; (b) participants who successfully completed the test.

(Preglej et al., 2023; Rawat et al., 2019; Yaman et al., 2005). Therefore,
the regular assessment and establishment of population-specific refer-
ence intervals are essential for accurate interpretation of immunological
results. In addition, exposure to infectious agents may substantially in-
fluence immune parameters. We have previously demonstrated that
seropositivity for human CMV is associated with distinct immune al-
terations and may result in an accentuated immune phenotype in a
subset of infected individuals, with marked differences observed be-
tween populations from different countries (Donskoi et al., 2020;

Fowler et al., 2022). Taken together, these observations further high-
light the importance of deriving reference values from well-
characterized local populations.

In the absence of population-specific immunological reference data
for Ukraine, the present study evaluated peripheral blood lymphocyte
subpopulations in clinically healthy men aged 22-53 years who had
undergone comprehensive medical screening prior to participation in a
polar expedition. These data allowed us to establish reference intervals
for major lymphocyte subsets in peripheral blood, including NKp46 ™ NK
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cells.

The percentages of CD3" and CD3"CD4" T lymphocytes exhibited
the lowest coefficients of variation among all parameters analyzed.
Comparison with previously published studies demonstrated that the
reference intervals for CD3" lymphocytes established in the present
study were consistent with those reported for most male cohorts (Yaman
et al., 2005; Klose et al., 2007; Roszczyk et al., 2024; Thakar et al., 2011;
Bisset et al., 2004), with the exception of one study (Rudolf-Oliveira
et al., 2015), which described a broader reference range. Our findings
were also consistent with the data reported by Liu et al. (Liu et al., 2022),
who analyzed a mixed-sex population. The low inter-individual vari-
ability and cross-population consistency observed for CD3" lympho-
cytes suggest that this subset is relatively insensitive to geographic or
nutritional influences.

Reference intervals for CD37CD4™ T lymphocytes were likewise in
agreement with several previously published datasets (Yaman et al.,
2005; Roszezyk et al., 2024). However, in contrast to total CD3" T
lymphocytes, CD37CD4" cells demonstrated greater variability across
studies. These discrepancies were primarily attributable to differences in
the lower limits of the reported reference intervals, which were lower in
some cohorts (Klose et al., 2007; Rudolf-Oliveira et al., 2015; Thakar
et al., 2011) and higher in others (Bisset et al., 2004; Valiathan et al.,
2014)

Reference intervals for CD37CD8" T lymphocytes differed more
markedly from those reported in other populations (Yaman et al., 2005;
Liu et al., 2022; Klose et al., 2007; Roszczyk et al., 2024; Valiathan et al.,
2014; Rovati et al., 2014), particularly with respect to the lower refer-
ence limit, indicating substantial inter-study heterogeneity for this
parameter. Among all lymphocyte subsets analyzed, B cells and NK cells
exhibited the highest coefficients of variation. Reference intervals for B
cells in the present study were comparable to those reported by Yaman
et al. (Yaman et al., 2005), but differed from several other datasets
primarily due to lower lower-limit values (Liu et al., 2022; Roszczyk
et al., 2024; Bisset et al., 2004; Valiathan et al., 2014; Rovati et al.,
2014). The reference intervals established for NK cells were broadly
consistent with most published studies (Liu et al., 2022; Rudolf-Oliveira
et al., 2015; Bisset et al., 2004; Phan et al., 2017), although notable
discrepancies were observed when compared with selected cohorts
(Yaman et al., 2005; Roszczyk et al., 2024; Valiathan et al., 2014)

NKp46 is a key activating receptor expressed on natural killer (NK)
cells and plays a central role in the recognition and elimination of target
cells (Hadad et al., 2015). Our previous studies further highlighted the
functional relevance of NKp46, demonstrating that the frequency of
NKp46™ NK cells has prognostic value for identifying impaired or
abnormal NK-cell cytotoxicity (Dons'koi et al., 2019). In the present
study, reference intervals for NKp46" NK lymphocytes were largely
consistent with previously published data (Apoil et al., 2017), although
a higher mean frequency of these cells was observed. In contrast, our
findings differed from those reported by (Phan et al., 2017), who
described a substantially broader reference range. Such discrepancies
may be attributable to differences in the age distribution of study pop-
ulations, as NKp46 expression on NK cells is known to decline with
advancing age, while showing no significant sex-related differences
(Apoil et al., 2017).

Although the cohort of 100 clinically healthy participants is sub-
stantial and comparable to sample sizes used in previously published
immunophenotyping studies, it does not fully satisfy the Clinical and
Laboratory Standards Institute (CLSI) C28-A3 guideline, which recom-
mends a minimum of 120 reference individuals for robust reference
interval estimation. Accordingly, the relatively smaller sample size may
reduce the precision of the estimated lower and upper reference limits,
particularly at the extreme percentiles (Clinical and Laboratory Stan-
dards Institute (CLSI), 2010).

Nevertheless, the impact of this limitation is partly mitigated by the
high homogeneity of the study population and the use of standardized
pre-analytical and analytical procedures, both of which are known to
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reduce biological and technical variability. Because the cohort consisted
of clinically healthy adult men of European ancestry who were in good
physical condition, had normal body weight, and had no history of
chronic disease, the findings may not be fully generalizable to the
broader male population in Ukraine.

Accordingly, this cohort should be regarded as a well-defined sub-
group of healthy men, and reference intervals applicable to the general
male population in Ukraine are likely to differ and may exhibit broader
ranges. Nevertheless, comparison of immunological parameters ob-
tained in this healthy cohort with reference values currently used by
local laboratories revealed that more than 50% of results fell outside
laboratory-defined limits. These findings underscore substantial limita-
tions in the clinical applicability of existing laboratory reference in-
tervals. Together with the unclear origin and validation of these
reference values, such discrepancies may increase the risk of misclassi-
fication and potential overdiagnosis.

Beyond the establishment of baseline reference intervals, this study
also investigated dynamic changes in immune cell populations under
distinct physiological conditions. Immunological parameters were
assessed following participants' return from a one-year Antarctic expe-
dition, reflecting long-term environmental exposure, while short-term
physical exercise was used as a standardized acute stressor to evaluate
immune reactivity.

Prolonged polar exposure was associated with a persistent and sta-
tistically significant expansion of monocytes, whereas only moderate,
non-significant trends toward increased T- and B-lymphocyte subsets
were observed, indicating selective adaptation of the innate immune
compartment alongside relative stability of adaptive immune cell pop-
ulations under chronic environmental stressors, including cold expo-
sure, circadian disruption, and social isolation (Shephard, 1998).The
relative stability of NK-cell counts observed under these conditions
further supports their predominant role in acute, rather than long-term,
immune modulation. Although vitamin D is a key immunomodulatory
factor and its deficiency commonly develops during Antarctic residence
(Martens et al., 2020; Cabalin et al., 2021), all participants in the present
study received continuous vitamin D supplementation, and post-
expedition levels exceeded baseline values. Thus, vitamin D-related
deficiency is unlikely to have contributed to the observed immunolog-
ical changes. Further studies are needed to clarify the observed immu-
nological changes and their mechanisms. Consistent with this
interpretation, our previous studies demonstrated that distinct immune
accentuations may serve as prognostic markers of individual adaptation
to Antarctic conditions, underscoring the value of immunological
monitoring for predicting resilience in extreme environments
(Dubrovskyi et al., 2025).

Physical activity is a well-established modulator of immune function,
with its effects determined by the type, intensity, and duration of ex-
ercise (Dawod, 2025). Acute, short-term exercise (< 30 min) is typically
associated with transient increases in circulating lymphocyte subsets,
including CD4" and CD8" T cells, CD19" B cells, and NK cells, which
generally return to baseline levels within 10-30 min after exercise
cessation. In contrast, prolonged or sustained exercise requires a longer
recovery period for leukocyte counts to normalize (Pedersen and
Hoffman-Goetz, 2000).

The present study evaluated the effects of acute short-term physical
exercise (a modified Cooper test) on immunological and endocrine pa-
rameters. Both absolute and relative immunological measures, together
with serum testosterone and cortisol concentrations, were assessed 30
min before and 30 min after exercise in a subgroup of 19 men.

No significant changes in total leukocyte counts were observed;
however, both the relative proportion and absolute counts of monocytes
increased significantly following physical exertion. It is well established
that leukocyte subpopulations exhibit distinct mobilization and recov-
ery kinetics after exercise (Neves et al., 2015); thus, inter-study vari-
ability may partly reflect differences in the timing of post-exercise blood
sampling.
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In our study short-term physical exercise induced an increase in NK
cells and monocytes. According to existing evidence, the primary
mechanism underlying the rapid post-exercise elevation in circulating
immune cell counts involves acute sympathetic nervous system activa-
tion, mediated predominantly by catecholamine release, f.-adrenergic
receptor (B2-AR) signaling, and exercise-induced hemodynamic shifts.
fBz-adrenergic pathways play a particularly important role in the selec-
tive mobilization of NK cells and specific monocyte subsets into the
peripheral circulation.

Previous studies have demonstrated that the preferential mobiliza-
tion of NK cells, non-classical monocytes, and differentiated CD8" T-cell
subsets during exercise is largely dependent on catecholamine signaling
via the p2-AR. Moreover, exercise selectively mobilizes lymphocyte and
monocyte subpopulations characterized by high expression of surface
adhesion molecules and phenotypes associated with enhanced cytotox-
icity, prior antigen exposure, inflammatory potential, and antigen-
presenting capacity (Millard et al., 2013; Crisafulli et al., 2013; Graff
et al., 2018a; Campbell and Turner, 2018).

In the present study, acute short-term physical activity was associ-
ated with significant increases in serum testosterone and cortisol con-
centrations. While the cortisol responses observed here were largely
consistent with those reported in comparable studies, post-exercise
testosterone dynamics appeared to be more heterogeneous. Although
several investigations have described reductions in testosterone levels
following physical exercise, accumulating evidence indicates that
testosterone responses are highly context-dependent and vary according
to exercise intensity, duration, timing of blood sampling, and the base-
line physiological status of participants.

Specifically, acute high-intensity exercise has consistently been
shown to elicit a transient increase in circulating testosterone concen-
trations immediately after exercise or during the early recovery phase,
an effect thought to be mediated by catecholamine release, exercise-
induced plasma volume shifts, and acute metabolic stress (Riachy
et al., 2020; D'Andrea et al., 2020).

In contrast, prolonged endurance exercise has more frequently been
associated with reductions in testosterone concentrations, particularly
when assessed during later stages of recovery and in the context of
sustained cortisol elevation (Taipale and Hakkinen, 2013) Moreover,
studies using delayed post-exercise sampling have demonstrated de-
clines in testosterone levels 120-180 min after high-intensity exercise,
supporting the concept of a biphasic hormonal response, characterized
by an early transient increase followed by a subsequent (Dote-Montero
et al., 2021).

Given that the modified Cooper test used in the present study con-
stitutes a brief, high-intensity aerobic challenge, the observed post-
exercise increase in testosterone concentrations is consistent with
studies focusing on early post-exercise assessments and may additionally
reflect the relatively high physical fitness of the study participants.

Glucocorticoid and adrenergic receptors are widely expressed on
immune cells and play an essential role in the regulation of their func-
tional activity. Glucocorticoid receptors are differentially expressed
across immune cell subsets, including NK cells, T and B lymphocytes,
and monocytes, and this heterogeneity underlies cell type-specific
sensitivity to cortisol-mediated regulation of immune activation, traf-
ficking, and survival (Cain and Cidlowski, 2017; Sharma et al., 2020).
Glucocorticoids modulate lymphocyte trafficking, including that by NK
cells, affecting their immune functions. Still, cortisol, which increased in
our study, is unlikely to serve as the primary and the main trigger of
early NK cell leukocytosis; rather, it may modulate the subsequent
redistribution and homing phases by influencing chemokine receptor
expression and the migratory readiness of NK cells and monocytes. This
is consistent with evidence suggesting that acute exercise-induced NK
cell redistribution is not fully explained by cortisol alone but instead
arises through multifactorial mechanisms involving adrenergic
signaling combined with glucocorticoid modulation (Capellino et al.,
2020; Okutsu et al., 2014).
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According to our data, among men who did not successfully com-
plete the physical test, exercise-induced fluctuations in cortisol levels
were closely associated with NK-cell mobilization, whereas no such as-
sociation was observed in men who completed the test successfully.
These observations partially support previous evidence indicating that
acute exercise-induced redistribution of NK cells cannot be fully
explained by cortisol responses alone. Instead, they suggest that habitual
physical training status may play a key role in modulating immune
responsiveness to physical exertion and acute hormonal fluctuations.

Concomitant increases in testosterone concentrations may further
modulate the functional profiles of NK cells and monocytes through
androgen receptor-mediated signaling. Androgen receptors are
expressed in multiple immune cell types, including myeloid populations,
and are known to regulate transcriptional programs involved in
inflammation and cytokine production (Ainslie et al., 2024). Emerging
evidence further indicates that the effects of testosterone on monocyte-
and NK-associated pathways are highly context dependent, suggesting
that even short-term hormonal fluctuations may fine-tune immune re-
sponses to acute physical stress (Lakshmikanth et al., 2024). Taken
together, the concomitant elevation of cortisol and testosterone
observed in our study likely reflects a coordinated activation of two
stress-response axes, with early mobilization of NK cells and monocytes
primarily driven by pz-adrenergic-mediated redistribution, while
cortisol and testosterone may act as modulatory factors shaping
migratory and functional properties during the post-exercise phase
(Lakshmikanth et al., 2024; Graff et al., 2018b).

The immunological changes observed in the present study represent
a part of a coordinated systemic response aimed at maintaining ho-
meostasis under stress conditions. Experimental evidence indicates that
the duration of stress exposure is a critical determinant of stress-induced
immune dysregulation. While acute stress has been reported to prepare
the organism to cope with challenges and may exert adaptive or even
beneficial effects, chronic stress is consistently associated with detri-
mental consequences for immune function.

Prolonged exposure to stress hormones, particularly glucocorticoids
and catecholamines, suppresses T-cell activation and proliferation, im-
pairs NK-cell cytotoxic activity, and promotes a shift toward immuno-
suppressive phenotypes, thereby increasing susceptibility to infections
and chronic inflammatory conditions (Balcerowska and Kwasnik, 2025).
Numerous mechanistic pathways underlying stress-induced immune
dysregulation have been described at the molecular and cellular levels,
providing insight into how sustained stress responses contribute to an
elevated risk of pathological conditions (Balcerowska and Kwasnik,
2025; Li et al., 2025; Alotiby, 2024).

Taken together, these findings underscore that stress-induced im-
mune dysregulation represents a key mechanism contributing to the
development of pathological conditions, including increased suscepti-
bility to infections, chronic low-grade inflammation, and immune-
mediated diseases. Accordingly, elucidating the mechanisms that link
stress responses to immune imbalance is essential for identifying in-
dividuals at risk and for defining potential targets for prevention and
early intervention.

This study established population-specific reference intervals for
peripheral blood lymphocyte subpopulations in adult males. Compari-
son with previously published datasets demonstrated that reference in-
tervals for CD3" T lymphocytes and NK cells were largely consistent
with those reported in most male cohorts, whereas other lymphocyte
subsets showed substantial inter-study variability.

In addition to defining baseline reference values, the study examined
dynamic, context-dependent changes in immune parameters following
both short-term and long-term physiological stressors, including a
modified Cooper test and a one-year Antarctic expedition. Short-term
physical activity exerted a pronounced effect on selected immune cell
subsets, most notably inducing significant increases in NK-cell and
monocyte counts, accompanied by elevations in circulating testosterone
and cortisol concentrations. Importantly, exercise-related alterations in
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immunological parameters remained detectable 30 min after exertion, a
factor that should be considered when formulating clinical recommen-
dations for blood sampling.

In contrast, prolonged exposure to Antarctic conditions over one year
was associated with no significant long-term changes in major immune
cell populations, particularly within the NK- and T-cell compartments.
This indicates that, unlike the pronounced and transient alterations
observed after short-term physical activity, chronic environmental
exposure was characterized by relative stability of selected immuno-
logical parameters, consistent with long-term physiological adaptation.

Comparison of immunological parameters in healthy male subjects
with reference intervals currently applied by local clinical laboratories
revealed that a substantial proportion of results fell outside these ranges,
indicating limited accuracy and potential clinical misclassification
associated with existing laboratory norms. The often unclear origin and
validation of such reference values further amplify the risk of
overdiagnosis.

Taken together, these findings underscore the necessity of estab-
lishing well-characterized, population-specific immunological reference
intervals and highlight the importance of inter-laboratory collaboration
aimed not only at methodological harmonization but also at the stan-
dardization and validation of reference values.

4.1. Limitations

This study included a carefully selected cohort of applicants for
Antarctic expeditions—physically fit individuals without chronic dis-
eases—which may limit the applicability of the findings to the broader
male population of Ukraine. Therefore, the derived reference ranges
may be somewhat narrower than those observed in a more heteroge-
neous population. Further studies are needed to expand the reference
population by including women, a wider age range, and individuals with
varying levels of physical fitness in order to improve the applicability of
these reference intervals.
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