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Long-duration head-down tilt
bed rest confirms the relevance
of the neutrophil to lymphocyte
ratio and suggests coupling it
with the platelet to lymphocyte
ratio to monitor the immune
health of astronauts

Pauline Jacob, Julie Bonnefoy, Stéphanie Ghislin
and Jean-Pol Frippiat*

Stress Immunity Pathogens Laboratory, UR 7300 SIMPA, Faculty of Medicine, Université de
Lorraine, Vandœuvre-lès-Nancy, France
The identification of safe and easily-determined-inflight biomarkers to monitor

the immune system of astronauts is mandatory to ensure their well-being

and the success of the missions. In this report, we evaluated the relevance of

two biomarkers whose determination could be easily implemented in a

spacecraft in the near future by using bedridden volunteers as a ground-

based model of the microgravity of spaceflight. Our data confirm the relevance

of the neutrophil to lymphocyte ratio (NLR) and suggest platelet to lymphocyte

ratio (PLR) monitoring to assess long-lasting immune diseases. We recommend

coupling these ratios to other biomarkers, such as the quantification of

cytokines and viral load measurements, to efficiently detect immune

dysfunction, determine when countermeasures should be applied to

promote immune recovery, prevent the development of disease, and track

responses to treatment.

KEYWORDS
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Introduction

Spaceflight is an extreme environment that threatens the health

of astronauts. Indeed, numerous organ systems are altered by the

space exposome, which comprises a multitude of unique stressors

such as microgravity, radiation, isolation, confinement, disruption

of sleepandcircadianrhythms,highperformanceexpectations, and

risk of equipment failure or fatal accidents. Among affected

biological systems, it is now well established that the space

exposome induces immune system alterations that persist after

return (1–3). These detrimental impacts on the immune system

could compromise the defense against infections, toxins and cancer

and consequently threaten the mission’s objectives. Indeed, it has

been demonstrated that the immune system of approximately half

of the astronauts who spent six months on the ISS is sensitive to

spaceflight conditions (4).

Among immune disturbances that have been reported, several

reports have indicated that spaceflight increases systemic

inflammatory status. The analysis of plasma samples collected

inflight in 28 astronauts participating in long-duration ISS

missions revealed persistent low-grade systemic inflammation

characterized by increased TNFa and IL-1RA plasma

concentrations (5). This increase in proinflammatory cytokines

was confirmed in12 cosmonauts (6) andby a study of 14previously

uninvestigated cytokines in 13 astronauts participating in long-

durationmissions (7). Since persistent low-grade inflammationcan

lead to various diseases (8, 9), its monitoring appears crucial.

Given the limitations in the availability and the experimental

protocols that can be performed with samples from astronauts,
Frontiers in Immunology 02
several ground-based models have been developed to mimic the

effects of spaceflight. Among them, head-down tilt bed rest is the

best and most integrated Earth-based analog of the microgravity

of spaceflight (10) (see Figure 1 presenting socio-environmental

stressors present both during space missions and head-down tilt

bed rest exposures). In a recent paper, Bonnefoy et al. (11)

showed that, contrary to spaceflight, two months of head-down

tilt bed rest seemed to lower the systemic inflammatory status in

20 healthy male volunteers. This hypothesis was supported by an

increase in serum cortisone.

The neutrophil to lymphocyte (NLR) and platelet to

lymphocyte (PLR) ratios are useful, inexpensive and readily

available predictive biomarkers for several inflammatory,

autoimmune, infectious and cardiovascular diseases and

various types of cancer (12–17), all of which are potential

complications associated with space missions (1, 2, 18, 19).

Interestingly, a recent study suggested NLR as a biomarker for

future inflight immune health monitoring (20). Consequently,

we investigated in a group of 20 healthy male volunteers

whether NLR and PLR are affected by 60 days of head-down

tilt bed rest to confirm the relevance of these ratios as

biomarkers of human immune system function during space

missions. Indeed, such biomarkers, coupled with innovative

technologies to monitor health and perform personalized

diagnosis and medical intervention, are needed to ensure safe

space exploration.

Our data confirm the relevance of NLR to monitor immune

health during space missions and suggest that PLR monitoring

could be used to assess long-lasting immune diseases.
FIGURE 1

Socio-environmental stressors encountered during space missions. Those encountered during head-down tilt bed rest exposure appear in blue.
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Materials and methods

Subjects and ethics statement

Twenty healthy male volunteers (age: 34 ± 8; height: 176 ±

5 cm; weight: 73.5 ± 6.1 kg) were recruited for this exploratory

longitudinal study. As indicated in Bonnefoy et al. (11), these

subjects had no medical history or physical signs of disease. All

were nonsmokers, healthy and not taking any drugs or

medications. The head-down tilt bed rest protocol included 16

scientific protocols conducted in parallel and complied with the

ethical standards of the 1964 Declaration of Helsinki. Protocols

were approved (ClinicalTrial .gov database number

NCT03594799) by the Institutional Review Board of the

“Comité de Protection des Personnes Sud Ouest et Outre Mer

I” (number ID RCB: 2016-A00401–50). All subjects gave their

written informed consent before they started the study.
Study design

This 2-month head-down tilt bed rest study, coordinated by

the European and French National Space Agencies, was

conducted at the Space Clinic of the Institute of Space

Medicine and Physiology in Toulouse, France. It was originally

designed to evaluate the efficiency of dietary supplementation

with a cocktail of antioxidant substances. However, independent

studies carried out on these subjects demonstrated that this

supplementation had no effect on B-cell homeostasis (11),

biomarkers of calcium homeostasis, bone formation and

resorption (21), lumbar vertebral fat fraction (22), hemolysis

and CO elimination (23), muscle deconditioning, oxidative

damage, mitochondrial content and protein balance (24),

neurobehavior (25), cardiac circadian rhythm (26) or adipose

tissue immunometabolism (27). Therefore, individuals from the

supplemented and non-supplemented groups could be pooled,

allowing access to a group of 20 participants, which is quite a

large group to have experienced long-duration head-down tilt

bed rest.

From a practical point of view, this head-down tilt bed rest

study was divided into two campaigns. In each campaign, 10

participants were randomly assigned to two groups in a double-

blinded manner. Five of the participants were part of the non-

supplemented group which did not receive the antioxidant

cocktail during head-down tilt bed rest, whereas the five others

were part of the supplemented group which received the

antioxidant cocktail daily during head-down tilt bed rest.

Details about the composition of the antioxidant cocktail as

well as nutritional aspects monitored during this study can be

found in Bonnefoy et al. (11). Each campaign consisted of a 2-

month head-down tilt bed rest period (HDTBR) with a 14-day

baseline data collection period (BDC) before HDTBR and a 14-
Frontiers in Immunology 03
day recovery (R) period after HDTBR. During HDTBR, subjects

lay in a supine position with a -6° tilt to preserve simulated

microgravity effects. All protocols and activities, including

weighing and showering, were performed in a 6° head-down

tilt position. The recovery period included a physical

rehabilitation program tailored to each volunteer.
NLR, GLR and PLR determination

Fasting venous blood was collected within 30 min after

waking before other scientific protocols and several days after

potentially traumatic procedures required by other participating

teams (e.g., muscle biopsies). Neutrophils, granulocytes, platelets

and lymphocytes were quantified four days before head-down

tilt bed rest exposure (BDC-4), after 20, 49 and 60 days of head-

down tilt bed rest (HDTBR20, HDTBR49 and HDTBR60,

respectively), and 1, 13 and 60 days after the end of head-

down tilt bed rest (R+1, R+13 and R+60, respectively) from

blood samples collected in EDTA by the LaboSud Garonne

laboratory (Accreditation 31 002 325 4, Labège, France) using

SYSMEX XN9100 (SYSMEX, Roissy, France). NLR, GLR and

PLR were calculated using neutrophil, granulocyte, platelet and

lymphocyte levels in the complete blood count measurement.
Statistics

NLR, GLR and PLR data were first analyzed for the statistical

significance of the effects of dietary supplementation during

head-down tilt bed rest with a repeated-measures two-way

ANOVA with the Geisser-Greenhouse correction in

combination with post hoc Sidak’s multiple comparison testing

or, when data points were missing, with a Geisser-Greenhouse

corrected linear mixed effects model using the restricted

maximum likelihood method in combination with post hoc

Sidak’s multiple comparison testing (GraphPad Prism 9.0). As

no statistical significance was identified between supplemented

and non-supplemented volunteers, pooled data for all volunteers

per time point were analyzed for the statistical significance of the

effects of head-down tilt bed rest and test days using a repeated-

measures one-way ANOVA with the Geisser-Greenhouse

correction in combination with post hoc Tukey multiple

comparison testing or, when data points were missing, with a

Geisser-Greenhouse corrected linear mixed effects model using

the restricted maximum likelihood method in combination with

post hoc Tukey multiple comparison testing (GraphPad Prism

9.0). No outliers were identified or removed. Information on age,

height and weight was not considered because these parameters

were not different between the supplemented and non-

supplemented groups. An adjusted P value < 0.05 was

considered statistically significant.
frontiersin.org

https://doi.org/10.3389/fimmu.2022.952928
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Jacob et al. 10.3389/fimmu.2022.952928
Results

All participants completed the 60 days of head-down tilt bed

rest, but three dropped out at R+60 during follow-up.
NLR, GLR and PLR are not affected by
dietary supplementation

To confirm the non-effectiveness of the antioxidant

supplementation used during this head-down tilt bed rest

study, as mentioned above, we checked that NLR, GLR and

PLR values were not significantly different between the

supplemented and non-supplemented groups. Figure 2 shows

that none of these ratios were significantly different between the

groups at each investigated time point. Thus, as expected,

individuals from the supplemented and non-supplemented
Frontiers in Immunology 04
groups could be pooled, thereby giving us access to a large

group having undergone long-duration head-down tilt bed rest.
Effects of head-down tilt bed rest on
NLR, GLR and PLR

Significant increases in NLR and GLR were noted at R+1.

These ratios were increased by 50 ± 49% (mean ± SD) (p<0.01)

and 48 ± 47% (p<0.01) at R+1 compared to BDC-4, respectively

(Figure 3). Then, NLR and GLR ratios decreased at R+13 to

reach a mean value similar to the one observed at BDC-4. The

very similar evolution of NLR and GLR in this study occurs

because basophil and eosinophil levels are low in peripheral

blood in comparison to neutrophil levels, which represent 50-

70% of the total leukocyte population. Regarding PLR, we noted

that it gradually increased after head-down tilt bed rest. It

increased by 20 ± 23% (p<0.05) at R+13 compared to BDC-4
A B

C

FIGURE 2

Comparison of NLR (A), GLR (B) and PLR (C) ratios between the supplemented and non-supplemented groups at each time point of the head-
down tilt bed rest study. Dots and triangles indicate the mean ± SD. n=10 in the supplemented group. n=10 in the non-supplemented group,
except at R+60, where n=7. No statistically significant differences between the supplemented and non-supplemented groups were observed at
any time point for any ratio using two-way ANOVAs, indicating that individuals of both groups could be pooled. BDC, baseline data collection
(blue); HDTBR, head-down tilt bed rest (pink); R, recovery (yellow).
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and by 32 ± 22% (p<0.01) at R+60 compared to HDTBR49.

Details about statistics can be found in Supplementary Tables 1

and 2.
Discussion

Changes in the rate of circulating leukocytes serve as simple,

rapid and economical markers of inflammation in many diseases

(28). Such markers will be highly desirable for the early detection

of immune changes during space missions to allow early

diagnosis and timely treatment. Indeed, increasing and

activating neutrophils will induce inflammation and the release

of enzymes and reactive oxygen species that damage cells and

tissues (29). There is evidence that platelets contribute to the
Frontiers in Immunology 05
inflammatory response (30), and lymphocyte counts may be

affected by inflammation, infection and stress. In this context,

NLR and PLR, which integrate two kinds of immune cells, are

more reliable markers than the count of single immune cells.
NLR and GLR are increased after head-
down tilt bed rest

The only previous study assessing NLR and GLR as

biomarkers to monitor immune status during space missions

revealed that spaceflight significantly increased rodent NLR at

the end of the 14-day Spacelab Life Sciences-2 mission and

immediately postlanding (R+0). Then, rodent NLR decreased,

suggesting a readaptation response to Earth’s gravity (20). This
A B

C

FIGURE 3

Evolution of NLR (A), GLR (B) and PLR (C) ratios before, during and after two months of head-down tilt bed rest. As no statistically significant
differences between the supplemented and non-supplemented groups were observed (Figure 2), individuals of both groups were pooled. n=20,
except at R+60, where n=17. Horizontal bars indicate the mean. Statistically significant differences were revealed using either one-way ANOVA
or a linear mixed effects model analysis. * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001. BDC, baseline data collection (blue); HDTBR, head-
down tilt bed rest (pink); R, recovery (yellow).
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study also showed that the GLR of 23 astronauts who

participated in 6-month ISS expeditions was elevated after 180

days in orbit and in samples collected within 2 to 3 hours

postlanding (R+0). Postflight GLR later recovered to preflight

baseline levels, again suggesting readaptation. Thus, this study

revealed progressive increases in NLR and GLR that were

statistically significant at the end of the space mission and

immediately postlanding in rodents and humans, suggesting

that these ratios may be useful biomarkers to monitor astronaut

immune status. A very similar pattern was observed during this

long-term head-down tilt bed rest. However, no increase in NLR

and GLR was observed at HDTBR60, and a lower GLR increase

was noted (mean GLR of 3.6 in astronauts at R+0 (20) versus

mean GLR of 2.6 in head-down tilt bed rest volunteers at R+1).

These differences are likely due to the fact that our head-down

tilt bed rest was of a limited duration, that we did not collect

blood at R+0, thereby allowing readaptation during 24 hours,

and the absence of radiation which causes inflammation (31, 32).

However, our results, which are deduced from 20 volunteers, are

consistent with astronauts’ data, thereby confirming that NLR

and GLR could potentially be useful markers to monitor the

immune system during space missions. It is also very interesting

to note that these slight increases in NLR and GLR are associated

with major acute physical stress, landing in the case of spaceflight

and the switch from60daysofproneposition toanuprightposition

in the case of head-down tilt bed rest. These stresses certainly

contribute toNLRandGLRpeaks, as it is known that stress can lead

to neutrophil demargination, and increases in NLR were observed

up to 3 hours after intense training, with the extent of the increase

depending on the training protocol (33). Thus, an increase in NLR

or GLR seems to be a biomarker of acute physical stress, which can

induce inflammation (34). In the future, itwouldbe very interesting

to study thesemarkers before and after extravehicular activities, for

example, to confirm their diagnostic interest.
PLR increases after two months of head-
down tilt bed rest

With regard to PLR, which has not been previously studied

during spacemissions or head-down tilt bed rest exposure, we noted

that this biomarker increased slightly and gradually after head-down

tilt bed rest. This progressive increase could be due to a change in

hematopoiesis. Indeed, Liu et al. (22) observed an enhancement of

erythropoiesis during recovery in these volunteers, which was

confirmed by Bonnefoy et al. (11). In addition, these authors noted

an increase of platelets afterHDTBRwhich they attributed to a slight

increase in thrombopoiesis.

Interestingly, it has been reported that an increase in PLR

correlates with disease activity of autoimmune diseases such as

rheumatoid arthritis and systemic lupus erythematosus. Fu et al.

(12) andWu et al. (14) determined mean PLR values of 125 (min

67; max 212) and 99 (min 85; max 119) in healthy volunteers
Frontiers in Immunology 06
and of 179 (min 46; max 417) and 138 (min 94; max 223) in

rheumatoid arthritis and systemic lupus erythematosus patients,

respectively. Our mean PLR value at BDC-4 (120; min 71; max

189) is similar to that determined for healthy volunteers. Our

mean PLR value at R+60 (149; min 93; max 284) is below the

value of 179 for rheumatoid arthritis but close to the value of 138

determined for systemic lupus erythematosus.

Even if to date there is no clear evidence that spaceflight is

associated with a risk of developing autoimmune disease, this

possibility is an interesting avenue for further research as it is not

quite comparable to the specific inflammation triggers observed in

previous astronaut/cosmonaut subjects. Indeed, it was shown that

murinemedullary thymic epithelial cells (mTECs)are reducedafter

14 days of hindlimb unloading (35), a model classically used to

mimic the effects of spaceflight (36). Given that mTECs expressing

tissue-specific antigens are critical for removing self-reactiveT-cells

and generating regulatory T-cells (37), thismodel may increase the

risk of autoimmune disease. It was also shown that

socioenvironmental stressors such as those encountered during

space missions partially affect the murine TCRb repertoire and

could increase the self-reactivity of this repertoire (38). Postflight

cytokine data collected from crew members revealed a decrease in

TH1 cytokine expression (39), suggesting a potential TH2 cytokine

shift that represents a significant clinical risk for TH2-related

autoimmune diseases such as rheumatoid arthritis and systemic

lupus erythematosus. Finally, our previous data revealed that two

out of five analyzed cosmonauts presented significant changes in

their IgM repertoire that persisted up to 30 days after landing (40).

Thus, investigating PLR during spacemissions might be of interest

because more prolonged-development diseases could occur (4).
Limitations

This study is limited by the duration of head-down tilt bed

rest exposure, interindividual differences which likely explain

large variability in the data, and the fact that head-down tilt bed

rest does not include a combination of some major spaceflight-

encountered stressors such as radiation, disrupted circadian

rhythm, high performance expectations, and the risk of

equipment failure or fatal accidents. However, we are

confident in our results because the subjects were under highly

controlled study conditions and, as shown above, our data are

consistent with previously collected space data.
Conclusion and perspectives

In summary, this report highlights that simple, cost-effective,

low-risk tests, suchasdeterminingneutrophil to lymphocyte (NLR)

and platelet to lymphocyte (PLR) ratios, could aid in monitoring

immune health during space missions. Our results are consistent

with a previous study conducted on 23 astronauts who spent 6
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months on the ISS (20), but further studies on larger cohortswill be

needed to define space-appropriate NLR and PLR thresholds that

can be used to predict risk.We recommend coupling these ratios to

other biomarkers, such as cytokine quantification as increases in

proinflammatory cytokines have been repeatedly observed in

astronauts/cosmonauts (5–7), and viral load measurements as

latent virus reactivation has also been frequently reported in these

subjects and is a good biomarker of spaceflight-induced weakening

of cell-mediated immunity (41). Such combination of biomarkers

could allow to efficiently detect immune dysfunction, determine

when countermeasures should be applied to promote immune

recovery, prevent the development of disease, and track responses

to treatment during space missions. Given recent progress in space

biotechnology regarding the monitoring of peripheral white blood

cells and differential cell counts (neutrophils, lymphocytes,

monocytes, eosinophils, and basophils) within minutes from a

fingerstick blood sample (42), the development of aVaricella zoster

virus detection kit that can be used in space (43, 44), and the

possibility of quantifying cytokines and stress markers using

luminescence- or fluorescence-based assays (45), it can be hoped

that such analyseswill be implemented in the near future on the ISS

and then on spacecrafts involved in future deep-space missions.

These advances will also be of paramount importance to defeat

diseases on Earth at the patient bed site, especially in medical

deserts, and will contribute to telemedicine improvement.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding author.
Author contributions

PJ, JB and SG analyzed the data and performed statistical

analyses. PJ and J-PF wrote the manuscript. JB and SG revised

the manuscript. J-PF designed and supervised the project. J-PF

obtained funding resources. All authors contributed to the article

and approved the submitted version.
Frontiers in Immunology 07
Funding

This study was funded by the European Space Agency and

the Centre National d’Etudes Spatiales (CNES, the French Space

Agency). Investigators’ costs were covered by CNES (grants

DAR 4800001108 and DAR 4800001163), the French Ministry

of Higher Education and Research, the University of Lorraine,

and the French State-Region Project Contract (CPER).
Acknowledgments

We thank the staff of the Institute of Space Medicine and

Physiology, Toulouse, France, for having organized and carried

out this head-down tilt bed rest study, especially Dr. Marie-

Pierre Bareille and Dr. Arnaud Beck. We also express our thanks

to the volunteers for their participation and cooperation.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fimmu.2022.952928/full#supplementary-material
References
1. Crucian BE, Choukèr A, Simpson RJ, Mehta S, Marshall G, Smith SM, et al.
Immune system dysregulation during spaceflight: Potential countermeasures for
deep space exploration missions. Front Immunol (2018) 9:1437. doi: 10.3389/
fimmu.2018.01437

2. Akiyama T, Horie K, Hinoi E, Hiraiwa M, Kato A, Maekawa Y, et al. How
does spaceflight affect the acquired immune system? NPJ Microgravity (2020) 6:14.
doi: 10.1038/s41526-020-0104-1
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