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ABSTRACT

Recent evidences show that balneotherapy applications can affect the immune system, which has an important role in the
containment of Covid-19 infection outcomes. It is interesting to consider if balneotherapy, through medical water baths
and mud applications can be a suitable treatment in order to influence human immunity in people who have not acquired
the infection and in subjects discharged from hospital after Covid-19 recovery. In particular, balneotherapy seems to
improve the immune response efficacy, with an effect mediated by mental stress reduction and a direct action, consisting
in the modulation of the abnormal inflammation and the enhancement of the immune system, through changes in both
cell-mediated and humoral immunity. The main changes demonstrated on human immunity, after balneotherapy, are
linked to an increase in the levels and the activity of cells involved in the immune response such as neutrophils and
monocytes and to a reduction of the pro-inflammatory cytokines produced by a dysregulated inflammation. Even if
further in vitro researches and clinical trials on this topic should be conducted, at present Spa centres, if hygienically
controlled according to WHO and national recommendations, may be considered safe places to attend and useful settings
to counteract the outcomes of residual unbalanced immunity after Covid-19 infection.
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PE3IOME

MNMocnepHWe faHHbIE NMOKa3bIBaloT, YTO NPYIMEHeHUe BanbHeoTepanin MOXeT NMOBMIATL HA UMMYHHYIO CUCTEMY, KOTOpas MUrpa-
€T BaXKHYI0 pPOJib B CAepKrBaHuUM nocneactauin nHdekumm Covid-19. VIHTepecHO paccMOTpeTb, MOXKET NN 6anbHeoTepanua ¢
MOMOLLbIO NeyebHbIX BOAAHBIX BaHH U rpA3eBbIX NpoLeayp BO3OENCTBOBATb HAa UMMYHUTET ftofel, He3apa3mBLUMXCA NHPEK-
Lmen, a TakxKe NN, BbINMCaHHbIX M3 60MbHULbI Nocne BbizgoposneHus ot Covid-19. B yacTHocTy, 6anbHeoTepanma nosbiaeT
3G PeKTMBHOCTb IMMYHHOIO OTBETa, € 3GPEKTOM, ONOCPeAOBaHHbIM CHUMXEHNEM MCUXMYECKOTO CTPecca U NPAMbIM AeNCTB-
€M, COCTOALYMM B MOAYNALMN aHOMASIbHOTO BOCMANEHNA U YKPenaeHna UMMYHHOWN CUCTEMbI, 3@ CHET M3MEHEHUA KaK K/leTou-
HO-0NOCPeAO0BaHHOIO, Tak U NyMOpPasnbHOro UMMyHuUTeTa. OCHOBHbIE M3MEHEHNA, AEMOHCTPMPYEMbIE Ha UMMYHUTETE Yenose-
Ka nocsie 6anbHeoTepanuy, CBA3aHbl C NOBbILIEHNEM YPOBHSA 1 aKTUBHOCTH KIIETOK, YUYACTBYIOLMX B UMMYHHOM OTBETE, TakUX
KaK HeNTpoodubl U MOHOLMTBI, @ TaKXKe C YMEHbLUEHMEM KONMYECTBa NPOBOCMANUTENBHbBIX LIUTOKUHOB, 06pasyoLmxca npu
OMCperynupoBaHHOM BocnaneHuu. [laxe B cnyyae NpoBeAeHUA AanbHENLLMX 1abopaToPHbIX MCCNefoBaHNN U KIMHUYECKNX
UCMbITaHU Ha 3Ty Temy, B HacTosAwwee BpeMA CIA-LeHTPbI Npy YCIOBUN FTMIMEHNYECKOTO KOHTPOSA B COOTBETCTBUM C PEKO-
MeHpaaumamm BO3 n HaumoHanbHbIMM peKOMeHAALIMAMM, MOTYT CUMTaTbCA 6€30NacHbIM MECTOM AJ1A MOCELLEHNA U NONE3HbIMU
yupexgeHvamm asis 6opbbbl C NOCNEACTBUAMM OCTaTOUHOTO ANCHanaHCPOBAaHHOTO UMMYHIWTETa Nnoche 3apaxeHua Covid-19.
KnioueBble cnoBa: CaHaTOPHO-KYPOPTHOE NleueHre, 6anbHeoTepanus, ruapoTepanis, rpaseneyeHne, MMMyHHas cucTema,
nMmmyHuTeTt, Covid-19, KNETOUHbI UMMYHUTET, r'yMOPanbHbI UMMYHUTET, IMMYHOMOAYNALMA, peabunutaums, BocnaneHue,
CaHaTOPHO-KYpOPTHasA cpea, 300PoBbe.

Ina untmposanua: Maccarone M. C., Magro G., Solimene U., Masiero S. The effects of balneotherapy on human immune
function: should baths and mud applications have a role during Covid-19 pandemic? Bulletin of rehabilitation medicine.

Nowadaysworldisfacing Covid-19 pandemic,fightinganew
and unexpected battle in which the immune system becomes
one of the main weapons against the virus. Since human
immune function has a significant role in order to contrast the
infection and, even after the recovery, a persistent immune
imbalance can lead to medium and long-term outcomes [1],
we think it is interesting to consider if balneotherapy, one
of the most used traditional and complementary therapies
[2], can be a suitable treatment in order to influence human
immunity in people who have not acquired the infection and
in subjects discharged from hospital after Covid-19 recovery.
Balneotherapy, in the form of mineral-rich water baths or mud-
bath therapy applications, has well-known positive effects
in chronic musculoskeletal, dermatologic, and metabolic
disorders. However, recent findings suggest that the effects of
mineral-rich waters used in balneotherapy could also involve
the immune system, improving the immune response efficacy.

First of all, it must be considered that the positive social
atmosphere in which balneotherapy is carried out may have
a beneficial effect on the immune system. In fact, a prolonged
mental stress can damage human immune function through
a systemic immunosuppression on both innate and adaptive
immunity [3]. Thermal environment, relieving psychological
concerns and mental stress, probably through a modulation of
the neuroendocrine activity linked to an increase in systemic
cortisol levels [4], can enhance the immune response.

Strong psychological stressors are associated with a
reduced T lymphocytes and natural killer cells activity [3],
important to contrast viruses. On the other side, it seems
possible that after baths applications the concentration and
the activity of CD8+ lymphocytes and natural killer cells may
increase, probably depending on an enhanced somatotropic
hormone production [5].

Even if there is a link between psychological sphere and
immune response, balneotherapy can also have a direct
effect on immunity. The mechanisms through which bathing
in mineral-rich water or mud-bath applications may improve
directly human immunity are still not fully understood.
However, preclinical models have demonstrated at the cellular
level that balneotherapy can have an anti-inflammatory and
immunosuppressive role [6] and clinical trials have confirmed
it. In an induced atopic dermatitis murine model, the serum
levels of pro-inflammatory cytokines such as IL-13, IL-13 and
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TNF-a were significantly decreased after a treatment with
high concentration mineral spring water [7]. Also in patients
who underwent baths applications and mud therapy the
inflammatory cytokines' activity seems to be modulate
through an increase in anti-inflammatory IGF-1 as well as
a reduction in serum levels of pro-inflammatory cytokines
TNF-a and IL-1 [8, 9]. Furthermore, in patients with rheumatic
diseases a reduction in the concentrations of prostaglandin
E2 and leukotriene B4, significant inflammation mediators,
was demonstrated after mud-bath applications [10] and
C-reactive protein, which rise during inflammation, decreased
significantly after balneotherapy applications [8].

Sulphur balneotherapy and mud-bath applications can
also contribute to the balance between the pro- and the
anti-inflammatory responses modifying the regulatory T
cells proportion [9]. In particular, bathing in sulphur water
can elevate the level of Foxp3+ Treg cells, which have an
immunosuppressive activity [11].

Finally, thermal baths and mud-packs may also have a
positive action on the oxidant/antioxidant system, with a
reduction in the release of reactive oxygen (ROS) and nitrogen
(RNS) species [10], contributing to an immunosuppressive
action.

However, the effects produced by balneotherapy on
human immunity are not only linked to an anti-inflammatory
and immunosuppressive action, but they also seem to derive
from an improvement of cell-mediated immunity. Radon bath
applications can enhance cell-mediated immunity by giving a
small but long-lasting increase in monocytes level [12], while
sulphur water has been demonstrated in vitro to enhance the
short-term survival capacity of neutrophils [13]. Furthermore,
in patients with osteoarthritis, after hydrotherapy or mud-bath
therapy an increase in neutrophils’ functional capacity was
demonstrated [8, 9], thanks to the influence of the previously
mentioned rise in cortisol concentration [4].

Similarly, regarding humoral immunity balneotherapy
not only has an anti-inflammatory role, but it can also lead to
improve immune response. In fact, a higher concentration of
IgA and C4 complement component, a vital protein that takes
part in the clearance of antigen-antibody immune complexes,
was demonstrated after 3 weeks of balneotherapy [14].

A complex balneotherapy intervention can also contribute
to normalize lower level of immunity with changes in both cell-
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mediated and humoral immunity. Struk et al. demonstrated
thatin patients who normalized theirimmunity after a complex
mineral-rich water treatment neutrophils bactericidity and
monocytes level increased, and also humoral immunity,
through arise in IgG levels, was enhanced [15].

In  conclusion, there are several evidences that
balneotherapy (through baths or mud applications) may
reduce human dysregulated inflammation and enhance cell-
mediated and humoral immunity. Further in vitro researches
and clinical trials on this topic should be conducted in order

to better understand the mechanisms leading to these effects.
Anyway, we think that at present Spa centres, if hygienically
controlled according to WHO and national recommendations,
with the application of stringent hygienic and disinfection
procedures, may be considered safe places to attend by people
without Covid-19 infection and useful settings to counteract
the outcomes of residual unbalanced immunity after the
recovery from Covid-19.

We declare no conflicts of interest in the authorship or
publication of this contribution.

REFERENCES
Wang J., Wang B.J,, Yang J.C., Wang M.Y., Chen C., Luo G.X., He W.F. Advances in the research of mechanism of pulmonary fibrosis induced by Co-
rona Virus Disease 2019 and the corresponding therapeutic measures. Zhonghua Shao Shang Za Zhi. 2020; 36 (0): E006. Chinese. DOI: 10.3760/
cma.j.cn501120-20200307-00132

S

[=]
Eﬁ

2. World Health Organization. WHO traditional medicine strategy: 2014-2023. 2013. www.who .int/medicines/publications/traditional/trm_strate-
gyl4_23/en/

3. VitlicA., Lord J.M., Phillips A.C. Stress, ageing and their influence on functional, cellular and molecular aspects of the immune system. Age and Ageing.
2014; 36(3):9631. DOI: 10.1007/511357-014-9631-6

4. Antonelli M., Donelli D. Effects of balneotherapy and spa therapy on levels of cortisol as a stress biomarker: a systematic review. International Journal
of Biometeorology. 2018; 62(6):913-924. DOI: 10.1007/s00484-018-1504-8

5. Mooventhan A., Nivethitha L. Scientific evidence-based effects of hydrotherapy on various systems of the body. North American Journal of Medical
Sciences. 2014; 6(5):199-209. DOI: 10.4103/1947-2714.132935

6. CheleschiS., Gallo I., Tenti S. A comprehensive analysis to understand the mechanism of action of balneotherapy: why, how, and where they can be
used? Evidence from in vitro studies performed on human and animal samples [published online ahead of print, 2020 Mar 21]. International Journal of
Biometeorology. 2020. DOI: 10.1007/s00484-020-01890-4

7. Bajgail., Fadriquela A., Ara J. et al. Balneotherapeutic effects of high mineral spring water on the atopic dermatitis-like inflammation in hairless mice
viaimmunomodulation and redox balance. BMC Complementary and Alternative Medicine. 2017; 17(1): 481 p. DOI: 10.1186/512906-017-1985-8

8. Galvezl., Torres-Piles S., Ortega-Rincon E. Balneotherapy, immune system, and stress response: a hormetic strategy? International Journal of Molecular
Sciences. 2018; 19(6): 1687. DOI: 10.3390/ijms19061687

9. Galvez I, Torres-Piles S., Ortega E. Innate/inflammatory bioregulation and clinical effectiveness of whole-body hyperthermia (balneotherapy) in
elderly patients with osteoarthritis. International Journal of Hyperthermia. 2018; 35(1): 340-347. DOI: 10.1080/02656736.2018.1502896

10. Fioravanti A., Cantarini L., Guidelli G.M. et al. Mechanisms of action of spa therapies in rheumatic diseases: what scientific evidence is there? Rheuma-
tology International. 2011; 31: 1-8. DOI: 10.1007/s00296-010-1628-6

11. LeeY.B, LeelY,LeeH.J,YunST, Lee )T, KimH.J., YuD.S., Woo S.Y., Kim J.W. Immunomodulatory effects of balneotherapy with hae-un-dae thermal
water on imiquimod-induced psoriasis-like murine model. Annals of Dermatolody. 2014; 26(2): 221-230. DOI: 10.5021/ad.2014.26.2.221

12. Ruhle P.F., Wunderlich R., Deloch L., Fournier C., Maier A., Klein G., Fietkau R., Gaipl U.S., Frey B. Modulation of the peripheral immune system after
low-dose radon spa therapy: Detailed longitudinal immune monitoring of patients within the RAD-ONO1 study. Autoimmunity. 2017; 50(2): 133-140.
DOI: 10.1080/14397595.2018.1442640

13. Ortega E., Galvez |., Hinchado M.D., Guerrero J., Martin-Cordero L., Torres-Piles S. Anti-inflammatory effect as a mechanism of effectiveness underly-
ing the clinical benefits of pelotherapy in osteoarthritis patients: regulation of the altered inflammatory and stress feedback response. International
Journal of Biometeorology. 2017; 61(10): 1777-1785. DOI: 10.1007/s00484-017-1361-x

14. Xul. ShiR. WangB., GaoY., Geng J., Zhou L., Guo G., Zhang Y., Chen J,, Cao X., Zhang S. Effect of 3 Weeks of Balneotherapy on Immunological Param-
eters, Trace Metal Elements and Mood States in Pilots. Journal of Physical Therapy Science. 2013; 25(1): 51-54. DOI: 10.1589/jpts.25.51

15. Struk Z.D., Mel'nyk O.1., Zukow W., Popovych I.L. The diversity of immune reactions to balneotherapy and their accompaniments. Journal of Education,
Health and Sport. 2019; 9(11) :349-373 DOI: 10.12775/JEHS.2019.09.11.033
Contact information:
Maccarone Maria Chiara, Physical Medicine and Rehabilitation School, doctor of medicine, PhD, e-mail: mariachiara.
maccarone@studenti.unipd.it, ORCID ID 0000-0003-2793-1334
Magro Giacomo, Physical Medicine and Rehabilitation School, Doctor of Medicine, PhD, e-mail: giacomo.magro@studenti.
unipd.it
Solimene Umberto, president of World Federation of Hydrotherapy and Climatotherapy «<FEMTEC», Doctor of Medicine,
PhD, e-mail: umberto.solimene@unimi.it, ORCID ID 0000-0002-0172-0574
Masiero Stefano, chair of the Department of Physical Medicine and Rehabilitation, School of Medicine, General Hospital of
Padua, professor, e-mail stef. masiero@unipd.it, ORCID ID 0000-0002-0361-4898
KoHTakTHaa nHpopmaums:
Mapusa Kbapa MakkapoHe, LLikona ¢usunueckorn megmuuHbl 1 peabunutauum, JOKTOP MeAMLMHCKMX Hayk, e-mail:
mariachiara.maccarone@studenti.unipd.it, ORCID ID 0000-0003-2793-1334
Ixakomo Marpo: LLIkona ¢pr3nyeckoin MeguumHbl 1 peabunuTauum, LOKTOP MeAMLMHCKKX HayK, e-mail: giacomo.magro@
studenti.unipd.it
Ym6epTto ConumeHe, npesngeHT BcemnpHol pepepaunm BogonedyeHns n knumatonedeHns «OEMTEK», pokTop meanumH-
CKMX Hayk, e-mail: umberto.solimene@unimi.it, ORCID ID 0000-0002-0172-0574
CredaHo Maselipo, 3aBeayownii kadenpon Gpusnyeckon MeanLmHbl 1 peabunutauum, MeguLUUHCKOW LKOMbI, FNaBHasA
6onbHuLa Magyn, npodeccop, e-mail stef. masiero@unipd.it, ORCID ID 0000-0002-0361-4898

24 TexHOonorMm BOCCTaHOBUTEJIbHOW MeAVLMHbI U MeAVULIMHCKO peabunurauum



