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The complex of spaceflight factors has a significant impact on the immunity functional activity. This 
influence is probably caused by factors such as isolation, monotony, physical inactivity, sensory 
deprivation, and increased psycho-emotional tension. Long-term wintering at polar stations can be the 
ground-based model that is most similar to space flight conditions. This research focused on examining 
the reactivation of latent human pathogens among 11 participants of the 64th Russian Antarctic 
expedition to Vostok station. Plasma, saliva and urine samples collected before arriving at the station 
and also during the wintering were studied. Even at the pre-expedition period, DNA of at least one 
of the studied pathogens was detected in the saliva and plasma of 10 out of 11 (90%) expedition 
members. During the wintering all the participants showed changes in the Epstein-Barr virus DNA 
concentration in body fluids. Moreover, 9 out of 11 (80%) participants showed the human herpes virus 
type 6 shedding in the saliva and/or plasma. Herpes simplex virus types 1 and 2 shedding was observed 
in 18% of subjects as well. Additionally, there was an assumption made about the relationship 
between dynamics of latent pathogen shedding, geomagnetic activity, and the psychological state of 
expedition participants.
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Currently, more than 90% of the world’s population is infected with at least one latent intracellular pathogen of 
viral or bacterial nature1. The most common latent infectious agents include viruses of the Herpesviridae family, 
as well as bacteria from the Chlamydiaceae and Mycoplasmataceae families2,3. At the same time, most people 
are asymptomatic carriers without clinical manifestations of the disease4,5. However, under the influence of 
extreme environmental factors, which can lead to a decrease in the reserve capabilities of the organism and, as a 
consequence, suppression of the protective functions of the immune system, reactivation of latent infections can 
occur. The risk group includes elderly people, people with immunodeficiency states, as well as people exposed 
to long-term influence to unfavorable environmental factors, such as sailors, astronauts, and polar explorers6–8.

The human organism, staying for a long time in the polar latitudes, is exposed to a complex of unfavorable 
environmental factors, similar to the conditions. The harsh Antarctic climate, frequent changes in weather 
conditions, extremely low temperatures for most of the year, alternation of polar day and polar night, increased 
radiation and chronic hypobaric hypoxia have a significant impact on the functional activity of the immune 
system9,10. At the same time, long-term isolation in a limited residential space of the station, monotony, 
hypokinesia, sensory and information deprivation contribute to increased psychoemotional tension and, as a 
consequence, a decrease in protective capabilities and asthenisation of the organism11–13. In addition, by 7th – 
8th months of wintering at Vostok station, almost all polar explorers show signs of asthenia9. In this case the 
concept of asthenia is to describe a general depressed state of the body that is characterized by increased fatigue, 
hypoactivity, emotional lability, irritability, psychosomatic symptoms, sleep and appetite disorders9,14. Similar 
symptoms of asthenisation were also manifested in astronauts after the completion of primary adaptation period 
of long-term spaceflight15. It is important to take into account the influence of the psychoemotional factor and 
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sleep quality on the functional activity of the immune system, including cytokine profile, T-cell immunity and 
the development of allergic reactions16–18. The significant role of the isolation factor is also evidenced by the 
results of terrestrial isolation experiments with an artificial habitat, which revealed significant changes in the 
cellular and humoral immunity during both short-term and long-term isolation and hypokinesia19,20.

Another significant risk factor for the health of polar explorers at Vostok station is chronic hypobaric and 
hypoxic stress, since the station is located on the glacial dome at an altitude of 3488 m above sea level and the 
average atmospheric pressure is 460 mm Hg. During early adaptation to hypoxia, significant changes in the 
endocrine system lead to an increase in the number of blood granulocytes and a decrease in their functional 
activity, as well as an increase in the level of proinflammatory cytokines, including Il-6 and Il-8 21,22. The 
functional activity of T cells is also affected in hypoxia conditions23. Additionally, NK cells and plasmacytoid 
dendritic cells involved in antiviral immune response show significant sensitivity to hypoxia factor24,25.

In addition, increasing geomagnetic activity can be an additional stress factor for the human body in high 
latitude conditions. Geomagnetic perturbations are a consequence of changes in the magnetospheric and 
ionospheric current systems under the influence of solar wind stream26.

The state of the magnetosphere is described by a number of different indices calculated using ground-
based measurements of the magnetic field. Thus, the most frequently used Kp-index is calculated based on 
3-hour measurements of observation stations in a wide range of latitudes and takes into account the oscillations 
amplitude of the magnetic field vector horizontal component minus the average variation of the geomagnetic 
activity indicator of quiet days27,28.

Presently, the improvement of space weather monitoring technologies has resulted in the accumulation of 
a significant amount of data that indicates the complex impact of the Earth’s magnetosphere oscillations on 
the human body. Although the physiological mechanisms of this process have not yet been fully studied, it is 
obvious that changes in geomagnetic activity seem to affect many body systems (especially the cardiovascular 
and nervous systems), as well as the mental state and cognitive capabilities of a person29,30. Furthermore, there is 
evidence that indicates the impact of increased geomagnetic activity on the innate immunity. Thus, the absolute 
number of neutrophils and basophils in the blood decreased significantly during geomagnetic storms, which, in 
combination with the suppression of the functional activity of lymphocytes, can contribute to a decrease in the 
immune system protective capabilities against internal and external pathogens31,32.

Furthermore, cytokine profiles, stress hormone levels, and pro-inflammatory markers expression can change 
significantly in Antarctic station personnel during the expedition9,13,21,33,34. For example, during the Japanese 
and Australian Antarctic expeditions, some participants showed significant decreases in pro-inflammatory 
cytokines (TNF-α, IL-1Ra, IL-6 and IL-1β) during the early adaptation period that continued throughout the 
expedition33,35. Some members of the Australian expedition had decreased T-lymphocyte proliferative activity 
in response to phytohaemagglutinin stimulation and increased antibody titers to Epstein-Barr virus (EBV) lytic 
cycle proteins36. Moreover, the expansion of the EBV-infected cell population and increased viral DNA content 
in saliva may indicate the initiation of EBV reactivation36,37.

Thus, the immune system’s functional activity may be impaired due to a complex of factors associated with 
long-term wintering in the polar station, resulting in disordered immunological control of latent infections, 
initiation of their reactivation, as well as an increased risk of primary infection of seronegative members of the 
expedition36,38.

The main danger of latent infections reactivation along with the suppression of the immune system functional 
activity is the development of a disease pattern. In conditions of prolonged isolation and autonomy of existence it 
poses a significant threat to the life, health and performance of polar expedition participants39,40.

During expeditions to the Antarctic polar stations McMurdo, Palmer and Amundsen-Scott, 5 clinical cases 
of varicella-zoster virus (VZV) manifestations were reported among 204 polar explorers38. The average VZV 
incidence in the USA is 10 times lower than this38. It is important to note that 4 out of 5 cases were reported 
in the 30–39 age group, which is characterized by high immune activity38. Cases of clinical manifestation of 
latent infections along with the immune dysregulation were also observed in conditions of long-term space 
flight39,40. It may indicate a significant risk of developing diseases associated with latent pathogens in conditions 
of prolonged isolation, hypokinesia and increased psycho-emotional tension40.

However, to study the effects of a complex of factors that are associated with space flight or polar wintering, 
it is worth to consider the small sample size of subjects and the high degree of individual variability in the 
parameters of both innate and adaptive immunity6,41–44. For example, during space flight, many cosmonauts 
showed multidirectional changes in their cytokine profile and gene expression associated with TLR signaling 
pathways42,45. Based on this, to prevent negative consequences of immune system imbalances, an individual 
approach is needed to assess the immune status of subjects as well as to monitoring subclinical reactivation 
of latent pathogens. In particular, personalized approach allows us to choose the most effective measures for 
preventing and treating changes in a person’s immune status under the influence of negative environmental 
factors45–48.

In spite of the importance of the problem of health preservation of the participants of long-term polar 
expeditions, the influence of a complex of factors associated with the wintering at the polar stations, especially 
the inland stations, on the immune system and control of latent infections is poorly studied. Previous studies 
did not include the analysis of reactivation of mixt-latent pathogens of bacterial and viral nature during the 
prolonged (up to a year) Antarctic expedition. Thus, the aim of this study was to investigate the influence of 
a complex of factors associated with a long-duration human stay in the conditions of the Vostok polar station 
on the latent infections reactivation and the level of specific antibodies in the plasma of polar explorers. This 
study will help to assess the risks faced by people who have to work for a long time in conditions of sensory, 
information and motor deprivation caused by physical and social isolation of the micro-collective, including 
polar researchers and astronauts.
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Materials and methods
Subjects and mission
The study was reviewed and approved by the Biomedicine Ethics Committee of the RF SRC-Institute of 
Biomedical Problems, Russian Academy of Sciences/Physiology Section of the Russian Bioethics Committee 
Russian Federation National Commission for UNESCO (protocol No487 from October 11, 2018). All participants 
provided their written informed consent to participate in this study in accordance with the Declaration of 
Helsinki. All methods were performed in accordance with the relevant guidelines and regulations.

The study was conducted during 11 months during the period of the 64th Russian Antarctic Expedition at 
Vostok station located 1253 km from the South Pole and 1260 km from the nearest coast at the ice dome at a 
height of 3488 m above sea level. The average atmospheric pressure in the station area is 460 mm Hg9. During 
the 64th Russian Antarctic Expedition, temperature fluctuated from − 82.1оС to -23.2оС. The study involved 
11 male subjects aged 35 to 67 years. The physical characteristics of the polar explorers are presented in the 
Supplementary Tab. S1.

Studied samples
Venous blood (5 ml), urine (10 ml) and saliva (1,5 ml) samples were taken in the morning on an empty stomach 
before (onboard the Research Vessel “Akademik Zubov” on the way to Antarctica) and during (2nd, 4th, 6th, 
10th and 11th months of wintering) the subjects’ stay at Vostok station. The collection of biomaterial was carried 
out on the same day for all subjects.

Blood was collected from the ulnar vein according to the standard method into vacuum tubes (Greiner 
Bio-One, Austria) with standard anticoagulant content (K3-EDTA). To obtain plasma and serum, blood was 
centrifuged for 10 min at 3000 rpm. Saliva was collected directly into cryotubes without the use of additional 
collection means before brushing and eating.

First morning urine samples were also collected.
The biosamples were frozen and stored at -20о C until the expedition returned.

Experimental parameters
The tested plasma, urine and saliva samples were used to determine the DNA concentration (IU/ml) of latent 
human pathogens of both viral and bacterial nature. The titers of specific antibodies were determined in the 
serum (Table 1).

DNA extraction
DNA extraction was performed from 1  ml of saliva, 1  ml of urine and 0.2  ml of plasma with K3-EDTA 
anticoagulant according to a standard protocol using a commercial DNA extraction kit (Vector-Best, Russia). 
The extraction process involved a threefold concentration of saliva and urine samples being precipitated and 
washed with DPBS. The extraction of DNA from the samples was done in parallel with the extraction of positive 
and negative controls from the DNA extraction kit.

Real-time polymerase chain reaction (RT-PCR)
Viral load (IU/ml) in samples extracted from urine, saliva and plasma was determined by RT-PCR according 
to a standard protocol using commercial kits (Vector-Best, Russia). The internal control included in the DNA 
extraction kit was used as a comparison DNA. All reactions were performed in 5 independent repeats. The 
amplification protocol consisted of 3 stages:

Pathogen Accepted abbreviation Specific antibodies

Herpes simplex
virus types 1 and 2 HSV-1/2 HSV-1 IgG; HSV-2 IgG; HSV-1/2 IgG 

avidity

Varicella-zoster virus VZV IgG; IgG to surface glycoprotein gE

Epstein-Barr virus EBV
IgG to VCA capsid protein; VCA IgG 
avidity; IgG to EBNA-1 nuclear antigen; 
IgG to EA early antigen

Cytomegalovirus CMV IgG; IgGtoIEAprotein; CMVIgG
avidity

Human herpes
virus type 6 HHV-6 IgG

Human herpes
virus type 8 HHV-8 IgG

Mycoplasma
hominis

Mycoplasma
hominis IgG; IgA

Ureaplasma
urealyticum

Ureaplasma
urealyticum IgG; IgA

Chlamydia trachomatis Chlamydia trachomatis
IgG; IgA; IgG to cHSP60 protein; IgG to 
the major outer membrane protein MOMP 
and Chlamydia trachomatis membrane-
associated plasmid protein Pgp3

Table 1.  Pathogens and types of specific antibodies studied in this investigation.
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•	 Stage 1: 50 °C − 2 min;
•	 Stage 2: 95 °C − 2 min;
•	 Stage 3: 40 cycles (94 °C–10 s + 60 °C–20 s).

Fluorescence intensity was measured after the elongation stage. The detection was carried out on a Bio-Rad 
CFX-96 (Bio-Rad Laboratories, USA). Bio-Rad CFXManager software version 3.1 was used for data processing. 
The specificity and homogeneity of PCR products were confirmed by melting profile analysis in each reaction.

Enzyme-linked immunosorbent assay (ELISA)
The titers and avidity index of specific antibodies were determined by solid-phase ELISA using commercial kits 
according to the standard protocols (Vector-Best JSC, Russia) (Table 1). The measurement was carried out 5 
times. Detection was performed using spectrophotometry.

Assessment of the psycho-emotional status of the subjects.
The data of psychological conversation with the expedition participants and assessment of their psychological 

state according to emotional uplift, melancholy, emotional tension and significant psychogenic stress was used to 
analyze the parameters of the psycho-emotional status of the group and individuals. Conflict situations and cases 
of medical intervention were also noted.

To quantify the psychoemotional state, each emotional state was assigned a numerical equivalent: emotional 
uplift - (+ 1), melancholy and emotional tension - (-0.5), stress, conflict, medical intervention - (-1). The 
individual psychological states of all 11 expedition participants were illustrated by graphs constructed based on 
these data.

Assessment of geomagnetic activity
During the Antarctic expedition, the K-index was used to evaluate the geomagnetic activity. The K-index is a 
parameter calculated as the maximum fluctuation of the horizontal component of the Earth’s magnetic field 
during a three-hour interval expressed as an integer from 0 to 9, where 0 is a quiet magnetic field and 9 is an 
extreme geomagnetic storm. This parameter was monitored by the expedition members daily every 3 h using 
a digital magnetovariation complex MicroLog with a block of three-component sensors developed by N.V. 
Pushkov Institute of Earth Magnetism, Ionosphere and Radio Wave Propagation of the Russian Academy of 
Sciences. Data processing and K-index values calculation were performed using the “OPER” software.

Statistical analysis
Statistical data processing was performed using GraphPad Prism 8.0.2 software (GraphPad Software Inc., 
USA). Mann-Whitney test were employed to determine the significant differences in averaged values of all 
participants (n = 11) of viral DNA concentration between successive stages of experiments. One-way ANOVA 
with Tukey’s multiple post hoc test was used to determine the significant differences in mean values of viral 
DNA concentration/specific antibody titers between time points within each participant. Each blood sample 
underwent 5 independent rounds of total DNA extraction, followed by RT-PCR to identify latent pathogens 
DNA concentrations. Additionally, 5 rounds of specific antibody titers measurements were carried out for each 
sample. Differences were considered reliable at a significance level of p < 0.05. In the data presented, one asterisk 
(*) indicates a p ≤ 0.05 and two asterisks (**) indicates a p ≤ 0.01 in the criterion used.

The correlation analysis was carried out using the nonparametric Spearman rank correlation test. The 
correlation coefficient was deemed reliable with a significance level of p < 0.05.

Results
During the 64th Russian Antarctic Expedition to Vostok station, all 11 polar explorers had EBV and HHV-6 
DNA detected in their saliva and/or plasma. In addition in 2 (No 6 and 11) participants HSV-1/2 DNA was 
detected at least at one stage of the expedition. The urine samples were not positive for the DNA of the examined 
latent pathogens.

At the same time, before arriving at the station, 10 out of 11 expedition members (except for No 11) had EBV 
and/or HHV-6 DNA detected in their saliva. Additionally, EBV DNA was detected in the plasma of one of the 
explorers (No 4) (Fig. 1).

Human herpesvirus type 6
First of all, it is important to note that averaging the HHV-6 DNA concentrations value (n = 11) in saliva and 
plasma did not yield statistically significant differences between the consecutive time points (according to the 
Mann-Whitney criterion) (see Supplementary Fig. S2 and S3). Thus, this study requires a personalized data 
processing approach to avoid missing the dynamics of reactivation in all participants.

In all 11 polar explorers, HHV-6 DNA was detected in samples at least at one point during the expedition 
(Fig. 2). In this instance all expedition participants can be divided into 2 main groups. The first group (No 3, 6, 
8 and 11) had shedding of HHV-6 in saliva during the expedition. The second group (No 2, 4, 5, 7, 9 and 10) 
had viral DNA detected in saliva prior to arriving at the station. Separately, it is possible to point out expedition 
participant No 1, who had HHV-6 DNA shedding in saliva during all phases of the expedition, but only in plasma 
during the 11th month of wintering (see Supplementary Fig. S4). During the 2nd month of wintering, viral DNA 
concentration in saliva of 2 participants (No 6 and 10) reached a high point, but the level of specific antibodies 
was consistently low (Fig. 2B, D). For 1 of the polar explorers (No 6), we can discuss subclinical reactivation of 
HHV-6 during this period, as viral DNA was not detected in saliva during the background period.

During the 4th – 6th months of wintering, there was a peak of HHV-6 DNA content in saliva for 5 other 
subjects (No 3, 4, 5, 7, 11) (Fig. 2B). In addition, just 1 of them (No 3) showed a decrease in the level of specific 
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Fig. 2.  Dynamics of the HHV-6 lytic cycle in the biomaterial of the expedition participants. (a) The mean 
values (log 10) of HHV-6 DNA concentration (IU/ml) in plasma. (b) The mean values (log 10) of HHV-6 DNA 
concentration (IU/ml) in saliva. Dynamics of IgG antibody to HHV-6 titers (optical density units ± standard 
deviation) in the serum of the expedition participants No 1–5 (c) and No 6–11 (d). (*) - p ≤ 0.05; (**) - p ≤ 0.01 
in one-way ANOVA with Tukey’s aposteriori test for pairwise comparison.

 

Fig. 1.   Mean values (log10) of viral DNA concentration in the biomaterial before arriving at the station. (a) 
The baseline concentration (mean values (IU/ml) ± standard deviation) of EBV DNA in saliva and plasma 
of the expedition participants. (b) The baseline concentration (mean values (IU/ml) ± standard deviation) of 
HHV-6 DNA in saliva of the expedition participants.
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antibodies at this time (Fig. 2C). At the same time for 3 expedition participants (No 3, 8, 11) we can discuss the 
subclinical reactivation of HHV-6 associated with the primary detection of viral DNA in biological samples 
during this period.

Furthermore, one polar explorer (No 9) demonstrated the presence of viral DNA during the background 
period and during the 2nd month of wintering. The virus reappeared in the 6th month of the expedition after 
being eliminated from saliva between the second and 6th months of wintering (Fig. 2B).

In 4 polar explorers (No 1, 2, 8 and 9), the maximum level of viral DNA was observed at the tenth and/or 11th 
month of wintering (Fig. 2B). During the 11th month of wintering, viral DNA was detected in plasma in 1 of 3 
(No 1) participants, but specific antibodies remained stable (Fig. 2A, C).

Epstein-Barr virus
During the investigation of the dynamics of EBV DNA concentrations mean values (n = 11) in saliva and plasma, 
as in the case of HHV-6, there were no statistically significant differences between successive time points 
(according to the Mann-Whitney criterion) (see Supplementary Fig. S5 and S6).

EBV DNA, as well as HHV-6, was detected in the saliva and/or plasma of all 11 polar explorers at least at 
one stage of the expedition (Fig. 3). All expedition participants can also be divided into 3 main groups. The first 
group (No 9, 10 and 11) had shedding of EBV only in saliva during the expedition. The second group (No 2, 3, 6, 
7 and 8) had viral DNA detected only in saliva prior to arriving at the station. The third group (No 1 and 5) was 
distinguished by the presence of viral DNA in saliva at all stages of observation and its shedding in plasma only 
during the end of the wintering. Separately, it is possible to point out expedition participant No 4, who had EBV 

Fig. 3.  Dynamics of the EBV lytic cycle in the biomaterial of the expedition participants. (a) The mean 
values (log 10) of EBV DNA concentration (IU/ml) in plasma. (b) The mean values (log 10) of EBV DNA 
concentration (IU/ml) in saliva. Dynamics of IgG antibody to EBV NA protein titers (optical density 
units ± standard deviation) in the serum of the expedition participants No 1–5 (c) and No 6–11 (d). (*) – 
p ≤ 0.05, (**) – p ≤ 0.01 in one-way ANOVA with Tukey’s aposteriori test for pairwise comparison.
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DNA detected in both saliva and plasma before the expedition started (see Supplementary Fig. S7).The dynamics 
of viral DNA content in saliva usually had a two-peak character. Thus, the first peak of viral DNA concentration 
in saliva of 7 out of 11 participants (No 1, 5, 6, 7, 9, 10, 11) fell in the middle of the wintering, and the second 
peak occurs during its final stage. In 2 more subjects (No 3 and 4), the peak of EBV DNA concentration in 
saliva occurred in the pre- expedition period (Fig. 3B). In addition, in 1 person (No 3), viral DNA was no longer 
detectable by the 10th month of the expedition. In the second participant (No 4), the viral DNA content in saliva 
decreased gradually before increasing again during the 10th month of wintering. The dynamics of EBV DNA 
concentration in saliva of both subjects were observed against the background of stably high titers of antibodies 
to nuclear antigen (NA IgG) (Fig. 3C). At the same time, viral DNA was detected in plasma of 3 polar explorers 
(No 1, 4 and 5) (Fig. 3A). In 2 of them (No 1 and 5), EBV DNA was detected during the final stages of the 
expedition (at the tenth and 11th month).

In 1 participant (No 4) viral DNA was constitutively present in both saliva and plasma throughout the 
expedition except for the 2nd month of wintering, when viral DNA was detected in saliva but not in blood 
(Fig. 3A, B). It is also worth noting that during the expedition, the level of antibodies to EBV capsid antigen 
(VCA IgG) remained consistently high, but to early EBV antigen (EA IgG) remained consistently low for all 
subjects (see Supplementary Fig. S8 and S9).

Correlation analysis revealed a moderate positive correlation between EBV DNA concentration in saliva and 
the level of antibodies to EBV VCA antigen (r = 0,324; p = 0,02), as well as a weak negative correlation with the 
level of antibodies to HHV-6 (r=-0,2621; p = 0,05). In addition, the level of EBV antibodies to NA antigen had 
a weak positive correlation with the level of antibodies to HHV-6 (r = 0,298; p = 0,027) and a moderate negative 
correlation with the concentration of HHV-6 DNA in saliva (r=-0,417; p = 0,002) (see Supplementary Tab. S10).

Human simplex virus type 1 and 2
During the investigation of the dynamics of HSV-1/2 DNA concentrations mean values (n = 11) in saliva, as in 
the case of HHV-6 and EBV, there were no statistically significant differences between successive time points 
(according to the Mann-Whitney criterion) (see Supplementary Fig. S11).

It should also be noted that 2 polar researchers out of 11 (No 6 and 11) had a subclinical reactivation of 
HSV-1/2 during the wintering at Vostok station (Fig. 4А). At the same time, 2 rounds of subclinical reactivation 
of HSV were observed in 1 of the polar explorers (No 6). For the first time, viral DNA was detected during the 
period of early adaptation to polar station conditions against the background of increasing HSV-2 IgG antibody 
titers and some decrease in HSV-1 IgG titers. The second, more significant peak of subclinical reactivation was 
observed at the final stage of expedition against the background of a slight decrease in the titers of specific 
IgG antibodies to both HSV-1 and HSV-2 (Fig.  4B). In another expedition participant (No 11), subclinical 
reactivation was observed only at the 10th month of wintering on the background of stably high titers of HSV-1 
specific antibodies and absence of HSV-2 specific antibodies (Fig. 4C).

Another latent pathogens
We also measured the shedding of other studied pathogens in saliva, urine and plasma, as well as the titers of 
specific antibodies (Table 1). In the same time DNA of CMV, VZV, Mycoplasma hominis, Ureaplasma urealiticum 
and Chlamydia trachomatis was not detected in the plasma, urine and saliva samples of polar explorers. However 
the titers of specific antibodies to these pathogens were changed in some of those subjects during the expedition. 
The maximum number of statistically significant changes in antibody titers to these pathogens was observed 
during the middle and second half of the period of stay at the station (see Supplementary Fig. S12 - S16).

Interrelation with geomagnetic activity and psychoemotional state
Although no statistically significant correlations were found between the DNA levels of the studied latent 
pathogens in saliva and plasma and the K-index of geomagnetic activity, it is worth noting that the increase 
of viral DNA concentration in saliva and its detection in plasma in some participants at the 10th month of 
expedition approximately coincides with the prolonged period of increased geomagnetic activity from the thirty 
first to the fortieth week of the expedition (Fig. 5; see Supplementary Tab. S10).

Thus, in the 10th month of the expedition, an increase in the HHV-6 DNA level was noted in the saliva of 
participants No 8 and 9, and the level of EBV DNA increased in the saliva of participants No 9 and 10 and in the 
plasma of participant No 5 (Figs. 2 and 3). At the same time, reactivation of HSV-1/2 was observed in saliva of 
participant No 11 during the 10th month of the expedition (Fig. 4).

If we assume a delayed effect of the increase in geomagnetic activity, then we can also consider the level of 
viral DNA in the 11th month of the expedition. Thus, during this period, an increase in the HHV-6 DNA was 
observed in the saliva of participants No 2, 6, and 7 and in the plasma of participant No 1 (Fig. 2). Moreover, the 
level of EBV DNA increased in the saliva of participants No 1, 5, 7, 8, and 11 and in the plasma of participant 
No 1 (Fig. 3). At the same time, in participant No 6, reactivation of HSV-1/2 in the saliva was noted in the 11th 
month of the expedition (Fig. 4).

During the analysis of the psychoemotional state, two major periods of its decrease were observed in most 
participants: from expedition week 15 to 17 (4th month of expedition) and from expedition week 38 to 40 
(9th month of expedition) (Fig. 6). Although no reliable correlations between the level of the polar explorers’ 
psychoemotional state and the level of latent pathogen DNA/specific antibody titers were found, some 
participants during this period showed a tendency towards an increase in the level of viral DNA in saliva and 
plasma (see Supplementary Tab. S17).

Thus, in the 4th month of the expedition, an increase in the HHV-6 DNA level was noted in the saliva of 
participants No 4, 7, 8 and 11, and the level of EBV DNA increased in the saliva of participants No 1, 7 and 9 and 
in the plasma of participant No 4 (Figs. 2 and 3).

Scientific Reports |         (2025) 15:9980 7| https://doi.org/10.1038/s41598-025-94539-4

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 5.  Geomagnetic activity variation during the expedition. G0 - quiet geomagnetic background. G1 
- intensified geomagnetic activity. G2 - active geomagnetic activity. G3 - weak geomagnetic activity. G4 - 
medium geomagnetic activity. G5 - strong geomagnetic storm.

 

Fig. 4.  Dynamics of the HSV-1/2 lytic cycle in the biomaterial of the expedition participants. (a) The mean 
values (log 10) of HSV-1/2 DNA concentration (IU/ml) in saliva. Dynamics of IgG antibody to HSV-1 and 
HSV-2 titers (optical density units ± standard deviation) in the serum of the expedition participant No 6 (b) 
and No 11 (c). (*) – p ≤ 0.05, (**) – p ≤ 0.01 in one-way ANOVA with Tukey’s aposteriori test for pairwise 
comparison.
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At the same time, the observed increase in the concentration of latent pathogens DNA in the biological fluids 
of some participants in the 10th month of the expedition may be associated with the delayed effect of prolonged 
psychoemotional stress in the 9th month.

Discussion
The uniqueness of a months-long expedition to Vostok polar station lies in the fact that, despite modern means 
of communication and transport, people for a long period of time find themselves almost completely cut off 
from the surrounding world in extreme conditions and are forced to solve problems without outside help. In 
this sense, polar winter represents a terrestrial model that is similar to the conditions of a long-term spaceflight.

For technical reasons it was only possible to conduct background biomaterial sampling on the way to 
Antarctica. During this period the organisms of the subjects were already exposed to a complex of stress factors 
related to the preparation for the expedition and the long journey, which could not but affect the state of the 
immune system. On this basis, the detection of latent pathogens DNA in the saliva and/or plasma of polar 
explorers during this period were quite expected. Furthermore, reactivation of herpesviruses has also been 
shown during the pre-flight period of spaceflight49. The results obtained appear to be logical due to the high 
level of psychoemotional stress and fatigue in both the pre-flight and pre-expedition periods, which significantly 
affect the immune system’s protective capabilities.

During the Antarctic expedition, DNA of latent pathogens such as HHV-6 and EBV was detected in saliva 
and/or plasma of all subjects at least at one stage of the expedition. In addition to this, 2 of the subjects also had 
detectable HSV-1/2 DNA in saliva. In most cases, the peaks of viral DNA content occurred mainly during the 
middle and final stage of the expedition. One of the most probable explanations of the observed lytic infection 
dynamics may be the suppression of immune system functional activity caused by a complex of negative 
environmental factors. It is possible that it resulted in a weakening of the immune system’s capacity to control 
latent infections. The absence of significant changes in the titers of specific antibodies to the latent pathogens and 
their avidity index against statistically significant changes in the concentration of viral DNA in saliva, and some 
cases subclinical reactivation of the pathogen are an indirect indication of this. Indeed, the absence of significant 
changes in the titers of specific antibodies to the studied pathogens in most of the subjects suggests that the 
complex of factors associated with a long-term stay at the Antarctic Vostok station influence the B-cell immune 
response. Therefore, it could be a contributor to the impaired immunological control of latent infections. It’s 
clear that this hypothesis needs more confirmation.

The comparison of the DNA content of the studied latent pathogens in saliva and plasma with the change 
of geomagnetic activity during the expedition produced interesting results. Thus, the peaks of viral DNA 
concentration and the increase of specific antibody titers in the 10th month of the expedition are noted 
immediately after a prolonged period of increased geomagnetic activity.

The comparison of the DNA content of the studied latent pathogens in saliva and plasma with the change 
of geomagnetic activity during the expedition produced interesting results. Thus, the increase of viral DNA 
concentration and specific antibody titers in the 10th month of the expedition for some participants are noted 
immediately after a prolonged period of increased geomagnetic activity. In addition, if we assume a delayed 
effect of geomagnetic activity on the functional state of the immune system, this may explain the increase in 
the concentration of viral DNA in the saliva and plasma of some participants during the 11th month of the 
expedition. This is consistent with the literature data describing the interrelations of increased geomagnetic 
activity with the development of immunodeficiency states, including in healthy people. It can be one of the 

Fig. 6.  Psychoemotional state of the expedition participants during the wintering at Vostok station. 
The months of the expedition are indicated at the bottom of the X-axis, and the weeks of the expedition 
are indicated at the top. Green – the most positive psychoemotional state (the maximum value of the 
emotional background parameter is + 1), red – the most negative emotional state (the minimum value of the 
psychoemotional background parameter is -1).
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reasons for the decrease of immunological control of latent infections and the initiation of reactivation50,51. 
Additionally, geomagnetic fluctuations may cause changes in indicators of innate and adaptive immunity as 
a result of a decrease in melatonin level52. Thus, the increase in solar and geomagnetic activity resulted in a 
significant decrease in the total number of leukocytes, neutrophils and blood basophils, as well as a general 
decrease in lymphocytes’ synthetic activity32,51,53. In addition, there are reasons to assume that the influence 
of increased solar activity may have an influence on the decrease of the total level of immunoglobulins IgG 
and IgM, as well as the increase in the level of IgA antibodies to β2-glycoprotein I - an autoimmune marker of 
antiphospholipid syndrome50,54. The issue of the association between human immune status and geomagnetic 
activity is relevant not only for residents of the northern regions and polar researchers. This problem can also 
be encountered by astronauts during the departure beyond the Van Allen radiation belts in the period of deep 
space exploration55.

In this study, the small number of time points considered does not allow us to establish reliable correlations 
between the geomagnetic activity and the concentration of viral DNA in saliva. However, the presented data enable 
us to us to make an assumption about the trends of the relationship between the dynamics of latent pathogens’ 
lytic cycle and the level of geomagnetic activity. Obviously, this hypothesis requires further confirmation.

Furthermore, it was interesting to observe the connection between the psychoemotional state of the polar 
explorers and the dynamics of the lytic cycle of latent infections. The reason for this interest was that many 
psychosocial stressors faced by polar expedition participants are very similar to those faced by astronauts 
during long-term spaceflight. These stressors include, first of all, a high degree of physical and psychosocial 
isolation, sensory monotony, shift of circadian rhythms during the polar day and night, and psychological stress 
associated with limited rescue opportunities in case of a threat to life and health in unfavorable environmental 
conditions9,56,57. Thus, Antarctica is an excellent environment for reproducing the conditions of isolation in the 
long-term space missions48. That is why the study of the influence of psychological changes occurring in the 
participants during a months-long expedition on the functional activity of the immune system is currently a 
highly relevant issue in the context of preparation for long-term spaceflight.

Analyzing the psychoemotional state of the expedition members during the period of taking biomaterial, it 
can be noticed that the primary detection of viral DNA in saliva or plasma, as well as changes in antibody titers 
in some participants at 4th and 10th months of wintering coincide with three-week periods of pronounced 
psychoemotional tension within the team (Fig. 6). Previously, the important role of the psychological factor in 
the regulation of the immune system functional activity was shown in an experiment involving male isolation 
for 10 days58. Changes in innate immunity parameters correlated well with an increase in the anxiety level 
calculated on the basis of psychological tests58. Consequently, it can be concluded that a prolonged period of 
psychoemotional tension can have a significant immunosuppressive effect on the some members of Antarctic 
expeditions. However, this statement is just an assumption and needs to be researched more thoroughly.

Thus, a general tendency of activation of the lytic cycle of herpesviruses at the background of no significant 
changes in the titers and the avidity of specific antiviral antibodies was observed in all participants of the 
expedition. The increase in viral DNA concentration in biological fluids of the subjects was primarily observed 
during the later stages of wintering. The study of reactivation of latent infections under spaceflight conditions 
revealed that herpesvirus reactivation was considerably more frequent in long-term International Space 
Station missions than in short-term Space Shuttle missions41. This can be explained by the development of 
immunosuppression caused by prolonged isolation, hypodynamia, and asthenia, which can result in impaired 
immunological control of latent infections9,37.

In addition, the investigation discovered significant differences in the dynamics of DNA content of latent 
pathogens in the biological fluids of polar explorers during their stay at Vostok station for each of the detected 
viruses.

Additionally, the dynamics of the lytic cycle of the studied latent pathogens in saliva and plasma were 
significantly different. Thus, in saliva, EBV and HHV-6 DNA was detected more frequently than in plasma. 
Moreover, only saliva was found to have HSV-1/2 DNA. Presumably, this may be due to the fact that the blood 
of immunocompetent subjects constitutively contains a wide range of functional immune system elements. At 
the same time, secretory immunoglobulins of class A are the only antiviral immune system component in saliva. 
Consequently, viral particles are eliminated more effectively in the blood, which contributes to their preferential 
detection in saliva rather than in plasma. However, this phenomenon remains to be studied.

Furthermore, it was noted that the obtained results had a high degree of individual variability. The introduction 
of pre-flight quarantine can help reduce the risk of infectious diseases developing in astronauts and ground-
based experimenters. However, controlling of the latent pathogens reactivation is very difficult due to their 
lifelong persistence in the host organism2,59. As a result, it becomes clear that a personalized approach is needed 
to study the immune system response of each individual subject. In the future, the personalized approach should 
be the basis for the development of monitoring, prevention and therapy of immune disorders, as well as cases of 
reactivation of latent pathogens in polar explorers, astronauts and volunteers in the ground-based experiment.

Based on the obtained data, it can be concluded that the conditions of a months-long expedition to the 
Antarctic Vostok station have a significant impact on the human immune system causing weakening of the 
immunological control of latent infections. It is supposed that the level of specific antibodies to latent pathogens 
may indicate the functional activity of the B-cell component of the immune system. And since immunity is a 
complex system with closely interconnected components, the functional activity of one of them may reflect the 
general state of the human immune system. It can be also concluded that geomagnetic activity fluctuations and 
negative psychoemotional state can have a negative effect on the immune system’s functional activity and, as a 
consequence, reactivation of latent infections. However, it is yet to be determined which factor have the most 
impact on the dynamics of the lytic cycle of latent pathogens: psychoemotional status, geomagnetic activity, or 
any other. The obtained results are of great significance in understanding the peculiarities of human immune 
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system adaptation to the conditions of high latitudes, as well as in assessing the risk of negative effects of latent 
infections reactivation in conditions of long-term isolation, including long-duration spaceflight.

Data availability
The authors confirm that the data supporting the findings of this study are available within the article and its 
supplementary materials.
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