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Abstract
With highly variable types of coronavirus disease 2019 (COVID-19) symptoms in both severity and duration, there is today 
an important need for early, individualized, and multidisciplinary strategies of rehabilitation. Some patients present per-
sistent affections of the respiratory function, digestive system, cardiovascular function, locomotor system, mental health, 
sleep, nervous system, immune system, taste, smell, metabolism, inflammation, and skin. In this context, we highlight here 
that hydrothermal centers should be considered today as medically and economically relevant alternatives to face the urgent 
need for interventions among COVID-19 patients. We raise the potential benefits of hydrotherapy programs already existing 
which combine alternative medicine with respiratory care, physical activity, nutritional advice, psychological support, and 
physiotherapy, in relaxing environments and under medical supervision. Beyond the virtues of thermal waters, many stud-
ies reported medical benefits of natural mineral waters through compressing, buoyancy, resistance, temperature changes, 
hydrostatic pressure, inhalations, or drinking. Thermal institutions might offer individualized follow-up helping to unclog 
hospitals while ensuring the continuity of health care for the different clinical manifestations of COVID-19 in both post-acute 
and chronic COVID-19 patients. Our present review underlines the need to further explore the medical effectiveness, clinical 
and territorial feasibility, and medico-economic impacts of the implementation of post-COVID-19 patient management in 
hydrotherapeutic establishments.
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COVID‑19: an ongoing global pandemic

In November 2019, one of the most complex pandemics 
to control was breaking out at Wuhan, before spreading 
across the rest of the world. While all medical units first 
had to deal with the urgency of the crisis management, after 
repeated waves of acute infection, arose the difficult prob-
lem of post-coronavirus disease 2019 (COVID-19) patient 
care involving multidisciplinary post-COVID-19 rehabilita-
tions. As of October 20, 2021, the world health organization 
(WHO) counted more than 241 million confirmed cases of 
COVID-19 (World Health Organization 2021a), a number 
that keeps increasing. Health issues related to the Severe 
Acute Respiratory Syndrome CoronaVirus 2 (SARS-CoV-2) 

appear highly variable regarding the types of symptoms but 
also considering its severity and duration (Sun et al. 2020a). 
With less than 2 years of hindsight, we only have little sci-
entific evidence regarding the long-term consequences of 
the SARS-CoV-2 infection. Yet, about 10% of COVID-19 
patients present symptoms mainly respiratory, musculoskel-
etal, or neuropsychiatric not explainable by other causes 
more than four weeks after the diagnosis of SARS-CoV-2 
infection, which can therefore be considered as long-COVID 
cases (Sisó-Almirall et al. 2021). On October 6, 2021, the 
WHO announced the first official definition of what can 
really be considered as long-COVID (World Health Organi-
zation 2021b), mentioning that it “occurs in individuals with 
a history of probable or confirmed SARS-CoV-2 infection, 
usually 3 months from the onset of COVID-19, with symp-
toms that last for at least 2 months and cannot be explained 
by an alternative diagnosis” (World Health Organization 
2021b). The definition further states that common symptoms 
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may include fatigue, cognitive dysfunction, and several oth-
ers that can affect daily functioning. In this context, many 
studies pointed out the urgency to propose early, individual-
ized, and multidisciplinary strategies for the rehabilitation 
of COVID-19 patients (Sun et al. 2020b).

Both physiological and psychological 
heterogenous symptoms that may last 
over time

While cough, fever, dyspnea, and fatigue appeared as the 
most common clinical manifestations of SARS-CoV-2 
(Sun et al. 2020a; Sisó-Almirall et al. 2021), heterogene-
ous symptoms and variable severity and duration have been 
reported (Cabrera Martimbianco et al. 2021). Metabolic, 
functional, energy but also psycho-cognitive symptoms 
have been described, and the different systems of the organ-
ism can be touched (Bornstein et al. 2020; Steardo et al. 
2020; Batabyal et al. 2021; Burtscher et al. 2021). One of 
the systems that is most frequently and severely altered by 
the SARS-CoV-2 is the respiratory system, with patients 
presenting symptoms such as expectorations, dyspnea, or 
respiratory distress syndrome (Sun et al. 2020a). Indeed, 
the lungs appear as the organ most affected by the virus 
and its infection might imply persistent impairments. It had 
been shown that defects in diffusion capacity followed by 
restrictive ventilatory impairments are the most common 
remaining abnormalities of lung capacity (Mo et al. 2020). 
COVID-19 is also characterized by extensive injury to epi-
thelial and endothelial cells with secondary fibroprolifera-
tion (Venkataraman and Frieman 2017) and a potential for 
chronic vascular and alveolar remodeling which can induce 
lung fibrosis or pulmonary hypertension (Frija-Masson 
et al. 2020; Torres-Castro et al. 2021). More than half of 
the patients present abnormal lung function 30 days after 
the symptoms onset (Frija-Masson et al. 2020) and the most 
important pulmonary function test affected would be the dif-
fusion capacity, altered in about 40% of the post-COVID-19 
patients (Torres-Castro et al. 2021). The restrictive ventila-
tory defects and the small function dysfunction can be per-
sistent and not necessarily related to the COVID-19 sever-
ity (You et al. 2020). Digestive symptoms such as nausea, 
vomiting, diarrhea, and abdominal pain (Wang et al. 2021) 
are also frequently observed as well as a loss of appetite, 
ageusia, and anosmia (Lee et al. 2020). Other complications 
like skin disorders, such as skin rashes, are also sometimes 
reported (Iwu et al. 2021). In addition to the diversity of 
the different forms and severities of SARS-CoV-2, complex 
interactions with already existing comorbidities can inter-
fere. For instance, Jain and Yuan observed in their system-
atic review that cardiovascular, hypertension, and diabetes 

also represent predictive symptoms/comorbidities for severe 
COVID-19 in intensive care unit (ICU) admission (Jain and 
Yuan 2020).

Beyond these physiological consequences of SARS-
CoV-2, patients may also develop psychological disorders. 
Fear, anxiety, stress, depression, anger, but also sleep disor-
ders, and insomnia have been reported (Deng et al. 2021), 
with further disorders in case of isolation treatment peri-
ods or stay in ICU (Sun et al. 2020b). Following the acute 
phase of COVID-19, a significant proportion of patients 
still present symptoms for several weeks/months/years 
after the contraction of the virus. Depending upon the dura-
tion of symptoms, post-COVID-19 or long-COVID-19 can 
be divided into two stages: post-acute COVID-19 where 
symptoms extend beyond 3 weeks but less than 12 weeks, 
and chronic-COVID-19 where symptoms extend beyond 
12 weeks (Greenhalgh et al. 2020). Based on 25 observa-
tional studies including 5440 participants in total, the fre-
quency of long-COVID-19 cases (3 to 24 weeks after the 
acute phase or hospital discharge) would range from 4.7 to 
80% in the included studies (Cabrera Martimbianco et al. 
2021). The main subsisting symptoms reported are chest 
pain, chronic fatigue, dyspnea (lung sequelae or hyperven-
tilation syndromes), cough, sputum production but also 
sleep disorders, and mental conditions such as depression or 
anxiety (Iwu et al. 2021; Sisó-Almirall et al. 2021; Cabrera 
Martimbianco et al. 2021). Diverse other symptoms such 
as anosmia, dysgeusia, rhinorrhea, diarrhea, vomiting, nau-
sea, abdominal pain, myalgia, arthralgia, sore throat, head-
ache, or chills are also observed in long-COVID-19 cases 
(Sisó-Almirall et al. 2021). The pathophysiology of post-
COVID-19 syndromes remains very debated and certainly 
depends on the type of symptoms presented by the patient 
(Nalbandian et al. 2021). The potentially involved mecha-
nisms could be primarily changes directly induced by the 
virus specifically. Second, varied immunological aberrations 
have been highlighted. Some forms would be inflammatory 
with strong activation of the innate immune response, the 
production of inflammatory cytokines, activation of a pro-
coagulating phenotype, and the induction of cell damage and 
tissue. Phenomena of self-immunity have sometimes been 
highlighted. Finally, some forms would be linked to tissue 
sequelae following acute disease. Currently, it is considered 
that this pathophysiology is multifactor and also has meta-
bolic abnormalities.

An urgent need for new innovative 
rehabilitation programs

Due to both the magnitude and the suddenness of the 
COVID-19 health crisis, all the different rehabilitation strat-
egies and their effectiveness have not been systematically 



International Journal of Biometeorology	

1 3

assessed and demonstrated while the literature points out 
the real need for multidisciplinarity in the recovery pro-
cess (Sun et al. 2020b; Puchner et al. 2021). There is a high 
demand for rehabilitation among COVID-19 patients, which 
requires comprehensive and individualized approaches (Li 
et al. 2020). For instance, the potential benefits of physi-
cal and mental training of Tai Chi (Zhu et al. 2021) or 
Yoga (Jenefer Jerrin et al. 2021) on the overall health of 
COVID-19 patients have been raised. More generally, some 
programs of rehabilitation for both in- and outpatients—
based on exercise training such as active range of motion 
exercises in-bed, sit to stand, walking, cycling, gymnastic 
or strengthening exercises—have already been investigated 
for recovery of COVID-19 patients (Zampogna et al. 2021; 
Al Chikhanie et al. 2021; Ozyemisci Taskiran et al. 2021; 
Rodriguez-Blanco et al. 2021). Such clinical programs might 
however miss considering the overall spectrum of symptoms 
experienced by COVID-19 patients. Moreover, they have 
most of the time a somehow important medico-economic 
cost, require an important availability of the clinical staff 
and facilities, and might not be accessible to all the patients 
living far from clinics and hospitals. Regarding the hetero-
geneity of COVID-19 symptoms, there is a real need for 
innovative health strategies with combined approaches for 
respiratory, functional, digestive, and psychological recov-
ery. Such multidisciplinary approaches remain difficult to 
develop and implement in our current medico-economic 
system, in particular with respect to the high prevalence of 
COVID-19 patients.

What about hydrotherapeutic 
multidisciplinary approaches ?

Meanwhile, the interest in and use of alternative care 
and medicines combining light body motion, respiratory 
exercises, and a mind–body approach have been grow-
ing among COVID-19 patients in the last months. For 
instance, an impressive number of studies assessing the 
multiple effects of traditional Chinese medicine (herbal 
medicine, massage, exercise, acupuncture, dietary therapy) 
has been published to date (Zhao et al. 2021), either imple-
mented during the acute phase or in the recovery stage. 
Yet, other types of alternative medicines have also been 
proposed as innovative rehabilitative treatments, such as 
health resort medicine that has been suggested as a suit-
able setting to take care of discharged patients (Masiero 
et al. 2020a). Since much evidence demonstrated the effi-
ciency of spa environment on several respiratory diseases, 
spa setting might indeed represent a relevant out-of-hospi-
tal alternative (Maccarone and Masiero 2021), especially 
in the context of an increasing number of patients with 
respiratory outcomes whereas only a few facilities remain 

available. As mineral-rich waters were found to improve 
immune function, the potential benefits of such waters 
might also be discussed in the era of COVID-19 (Masiero 
et al. 2020b). In addition, the inexpensive nature of spa 
therapy would represent a relevant financial strategy in the 
medico-economic management of the present health crisis 
(Kardeş 2021). While the pandemic crisis and the con-
secutive lockdowns distancing restrictions have critically 
affected their activity, hydrothermal centers should then 
be considered today as medically and economically perti-
nent alternatives to face the urgent need for interventions 
among COVID-19 patients (Masiero et al. 2020a, b; Mac-
carone and Masiero 2021; Kardeş 2021). Indeed, beyond 
the virtues of thermal waters, thermal institutions present 
several multidisciplinary health care programs combining 
alternative medicine with respiratory care, adapted physi-
cal activity programs, nutritional support, psychological 
support, physiotherapy, massage, music, or aromatherapy, 
in relaxing environments and under medical supervision.

Benefits of natural mineral waters

Water-based therapies are century-old practices that have 
been recognized for their regenerative properties increas-
ing the natural body’s ability to heal (Gianfaldoni et al. 
2017). Hydrotherapy is a generic word referring to the use 
of water in any form, either internally or externally, as a 
therapy for health purposes and may combine various types 
of approaches using natural mineral waters such as com-
pressing, counterbalance to gravity (buoyancy), resistance, 
thermal conduction (cold, body temperature, hot), hydro-
static pressure, inhalations, or drinking of natural mineral 
waters. Scientific evidence-based thermal, mechanical, and 
chemical effects have been reported on various systems 
of the body (Mooventhan and Nivethitha 2014). Among 
therapies daily used by thermal centers, many of them 
match the post-COVID-19 sequellae. For instance, Zajac 
recently proposed an interesting review on the use of inha-
lations with natural mineral waters in the therapy of res-
piratory airway disorders and she concluded that this kind 
of approach was beneficial for almost all manifestations of 
respiratory diseases, probably relying on the restoration of 
the proper defense mechanisms of the body (Zajac 2021). 
Anti-inflammatory effects of thermal waters inhalations are 
indeed observed in different pulmonary affections such as 
those observed due to chronic obstructive pulmonary disease 
(COPD) (Pellegrini et al. 2005) or high tobacco consump-
tion (Carubbi et al. 2019), with specific impacts on the meta-
bolic respiratory parameters and could thus be particularly 
suitable for directly opposing the physiopathological data of 
post-COVID-19 syndromes as described above.
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A specific interest for hydrogen sulfide 
application ?

Regarding both the prevention and treatment of SARS-
CoV-2, potential benefits of hydrogen sulfide (H2S) nat-
urally found in some natural mineral waters have been 
described (Evgen’ev and Frenkel 2020; Pozzi et al. 2021). 
Recognized as a strong biological mediator with antioxi-
dant and anti-inflammatory effects, H2S was also found 
to provide a significant antiviral activity against a broad 
range of emerging enveloped RNA viruses (Bazhanov 
et al. 2017). Recently, H2S was shown to significantly 
reduce the transmembrane protease serine 2 (TMPRSS2), 
one of the two main host proteins implicated in the cell 
entry of SARS-CoV-2 (Pozzi et al. 2021). These new find-
ings, therefore, raise new interests for H2S-rich inhala-
tional treatment in the prevention of SARS-CoV-2 infec-
tion or second reinfection, by preventing the virus from 
spreading into the lower respiratory tract and the lungs 
(Pozzi et al. 2021). Some well-documented hypotheses 
also suggest that H2S might have an inhibitory effect on 
SARS-CoV-2 replication in addition to the possibility of 
interrupting viral entry (Yang 2020). Since H2S has the 
property to reverse lung inflammation and improve pul-
monary function in various models of lung injury (Tang 
et al. 2017; Ali et al. 2018), Yang also suggests its poten-
tial benefit on lung damage caused by SARS-CoV-2 infec-
tion (Yang 2020). Biological mechanisms explaining how 
thermal water-associated H2S modulate clinical improve-
ments on human airways and associated immune cells 
have indeed been explored in many respiratory diseases 
(such as allergic rhinitis, asthma, and COPD) (Viegas et al. 
2019). Sulfurous thermal waters would not only provide 
antioxidant, anti-inflammatory, and antiviral properties, 
but also mucolytic, analgesic, antiproliferative, and anti-
cancer properties. This would result in prophylactic and 
therapeutic beneficial effects, but would also help decreas-
ing socio-economic costs due to fewer hospital admissions 
and to a reduction of disease-related healthcare charges 
(Viegas et al. 2019).

Demonstrated benefits of hydrotherapy 
on human physiology

More globally, aquatic training is well-known to have a 
beneficial role on metabolic and neuromuscular systems 
due to the fundamental principles of hydrodynamics, 
such as the buoyancy or resistance properties of water 
(Torres-Ronda and del Alcázar 2014). Indeed, these 
properties imply low joint impacts which are relevant 

for osteoarticular and muscular affections, such as those 
observed in short or long-term hospitalized COVID-19 
patients (Sagarra-Romero and Viñas-Barros 2020). Two 
systematic reviews reported a better quality of life, pain 
reduction, and functional improvements in patients with 
osteoarticular affections (Bender et al. 2014; Ma et al. 
2021). Beyond the effects on the neuromuscular system, 
hydrotherapeutic treatments are also well-recognized for 
many other benefits. For instance, water-based exercise 
training also improves the health status of patients with 
COPD (Khaltaev et al. 2020); water immersion promotes 
sleep quality therefore helping reduce fatigue (An et al. 
2019); mineral waters have anti-irritant effects particularly 
used to relieve skin irritations (Ferreira et al. 2010; Eliasse 
et al. 2020); and balneotherapy present many benefits for 
metabolism, inflammation, and antioxidant status (Bender 
et al. 2014). It has also been reported by an integrative 
literature review conducted in 2019 that water immersion, 
independently of any mechanical effects, provides thermal 
effects on health outcomes (An et al. 2019). For instance, 
warm water immersion would have specific effects on 
the cardiovascular system while cold water would have 
impacts on the neuromuscular system (An et al. 2019).

The benefits of waters might also be due to their chemi-
cal composition naturally rich in different minerals and other 
components (Nguyen Ba 2020). For instance, sodium chlo-
ride–rich mineral waters might be beneficial for digestive 
disorders (Crespo et al. 2021), salty and sulfur waters for der-
matological applications (Cacciapuoti et al. 2020), or sulfate 
mineral waters appear as a medical resource used for several 
disorders, such as gastroenteric, musculoskeletal, skin, and 
respiratory disorders (Costantino et al. 2019)—types of symp-
toms presented by post-COVID-19 patients. Supplementation 
of mineral water during thermal therapy has been shown to 
provide digestive benefits in patients with functional dyspepsia 
or irritable bowel syndrome, with specific improvements on 
the gastric acid output and transit duration, as well as a reduc-
tion of the different other symptoms (Gasbarrini et al. 2006). 
Interests for hydrotherapy in COVID-19 patients have also 
recently been raised by Ramirez and collaborators (Ramirez 
et al. 2021). They urged the need for clinical studies assessing 
some water properties in the COVID-19 patients and specifi-
cally discussed the potential benefits of hydrothermotherapy 
on the immune system function based on the SARS-CoV-2 
vulnerability to heat (Ramirez et al. 2021).

Psychological benefits of water‑based 
therapy

Importantly, beyond the physiological effects of water-based 
therapy, psychological benefits can also be observed, such as 
mental relaxation, mental fatigue recovery, management of 
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pain, lower stress, a better quality of life, lower anxiety, and 
lower depression-dejection scores (Mizuno et al. 2010; Han 
et al. 2014; Goto et al. 2018), all of them being described in 
the literature as significantly affected among patients with 
COVID-19 infection (Steardo et al. 2020; Deng et al. 2021). 
As displayed in Fig. 1, many symptoms due to COVID-19 
infection match the treatments and benefits already provided 
by thermal centers.

Possible limitations and dangers

If many potential benefits of balneotherapy in the context 
of this unprecedented health crisis have been raised here, 
possible limitations and dangers should also be discussed 
(Guvener 2020). Indeed, hydrothermal centers are usually 
warm and humid environments reported to favor the sur-
vival and transmission of viruses through the respiratory 
tract but also by direct or indirect contact, even if the results 
of some studies remain variable (Guvener 2020). In addi-
tion, the social distancing might be difficult to maintain 
in such promiscuous spaces in which patients, physicians, 

and staff members are in close contact. The present health 
context would imply important attention for the equipment 
disinfection since some of them could be highly favorable 
to the virus dissemination—such as inhalers for instance. 
Post-COVID-19 patients are however not supposed to be 
more contagious than the others (or even less), and thermal 
spas are already receiving patients with various conditions—
patients who do not seem to present higher levels of contam-
ination in the observation of the sanitary recommendations.

A relevant strategy in the health 
management of the COVID‑19 crisis ?

Considering the specific symptoms observed and described 
among COVID-19 patients, and looking at the multiple 
benefits of hydrotherapy in its various approaches on these 
kinds of symptoms, it appears today relevant to propose and 
explore its clinical effectiveness. Thermal institutions pro-
pose alternative treatments that can offer multidisciplinary 
individualized interventions and follow-up of patients during 
recovery while helping to unclog clinics and hospitals. Spa 

Fig. 1   Potential benefits of 
hydrotherapy on symptoms 
due to Severe Acute Respira-
tory Syndrome Coronavirus 2 
(SARS-CoV-2) infection
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centers and the associated activities in spa town might play 
a relevant role in the management of the COVID-19 crisis, 
helping reduce the length of stay in hospital for severe forms 
and providing adapted strategies for the remaining disorders 
of long-COVID-19 patients. This complementary therapy 
using water for health purposes might ensure the continuity 
of health care within thermal establishments for the different 
clinical manifestations of the SARS-CoV-2, through com-
bined approaches for respiratory, functional, digestive, and 
psychological recovery. The integration of care in their ter-
ritories, particularly in rural areas, is a very current research 
topic in health management to which significant responses 
have already been made (Fleury et al. 2017; Gervasi et al. 
2020; Mériade and Rochette 2021). Applied to COVID-19 
patients and to care in and out of hospitals, it can help define 
tools and actions adapted to the continuity of care between 
the institutions concerned. It would therefore appear to be 
very appropriate today to deepen research aimed at evaluat-
ing both the medical effectiveness, clinical and territorial 
feasibility, and medico-economic impact of the implementa-
tion of post-COVID-19 patient management in hydrothera-
peutic establishments.
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