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Abstract. – OBJECTIVE: Post-acute sequelae

of SARS-CoV2 infection (PASC) are a novel terminology used to describe post-COVID persistent
symptoms, mimicking somehow the previously described chronic fatigue syndrome (CFS). In
this manuscript, we evaluated a therapeutical approach to address PASC-derived fatigue in a cohort of past-COVID-19 positive patients.
PATIENTS AND METHODS: A number of 100
patients, previously diagnosed as COVID-19 positive subjects and meeting our eligibility criteria, was diagnosed having PASC-related fatigue.
They were recruited in the study and treated with
oxygen-ozone autohemotherapy (O2-O3-AHT),
according to the SIOOT protocol. Patients’ response to O2-O3-AHT and changes in fatigue
were measured with the 7-scoring Fatigue Severity Scale (FSS), according to previously published protocols.
RESULTS: Statistics assessed that the effects of O2-O3-AHT on fatigue reduced PASC
symptoms by 67%, as a mean, in all the investigated cohort of patients (H = 148.4786 p <
0.0001) (Figure 1). Patients following O2-O3AHT therapy, quite completely recovered for
PASC-associated fatigue, a quote amounting
to about two fifths (around 40%) of the whole
cohort undergoing ozone treatment and despite most of patients were female subjects,
the effect was not influenced by sex distribution (H = 0.7353, p = 0.39117).
CONCLUSIONS: Ozone therapy is able to recover normal functionality and to relief pain and
discomfort in the form of PASC-associated fatigue in at least 67% of patients suffering from

post-COVID sequelae, aside from sex and age
distribution.
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Introduction
COVID-19 causes severe systemic disorders.
SARS-CoV2 infection damages endothelia leading
to a possible immuno-thrombosis1 and moreover,
patients infected with SARS-CoV2, even after healing from the sickness, may suffer for long lasting
discomforts, pain and fatigue, collectively classified
as “Post-Acute Sequelae of SARS-CoV2 infection”
or PASC2. Lowe et al., in a longitudinal prospective
cohort encompassing 234 adults (177 entered the
study), described these sequelae and assessed that the
most common and persistent symptom was fatigue2.
Fatigue is a leading marker of PASC in patients still
suffering from consequences due to the previous
COVID-19. These patients should be targeted by innovative therapeutic approaches in order to relieve fatigue, but novel suggestions to address this great concern in COVID-19 pandemic are yet far to be fully
introduced. It seems that PASC cannot account on reliable therapy so far, representing a huge concern for
managing post-COVID sequelae3. Moreover, PASC
diagnosis too, represents a crucial matter of debate.
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To date, a reliable and feasible tool to investigate fatigue in PASC patients is individual’s
interview4. In this perspective, we approached
the evaluation of PASC-related fatigue by using
a modified Neuberger’s FSS scoring questionnaire5. This method was introduced to assess the
ability of an oxygen-ozone mixture via major
auto-hemotransfusion (O2-O3-AHT) to reduce
fatigue symptomatology in PASC patients. This
brief report describes the results gathered from a
clinical multicenter case series study.

Patients and Methods
Outpatients were randomly recruited from two
highly experienced clinics (Pordenone and Bergamo), in order to reach the proper sample size for
optimal statistics. Sample size was calculated to
achieve an error range of about 10%. Referring to
a population proportion of 51%, forecast data resulted in a 13.86% error with 50 patients, whereas 9.80% (<10%) with 100 patients, considering
a 95% confidence probability. Major eligibility
criteria were previous swab positivity to SARSCoV2 infection, moderate to severe COVID-19,
wide age distribution spanning (25-90 years), no
previous chronic inflammation diseases or fatigue
syndromes aside from PASC. Fatigue was classified as related to PASC instead of CFS by anamnestic and symptomatology criteria by one of
the authors (UT), with renowned expertise in the
field, and following also further criteria published
elsewhere in the literature6.
Briefly speaking, a cohort of 100 Caucasian
outpatients were examined at the Clinical Medial
Group Pordenone and the Comunian Clinics, Bergamo (mean age 55.21 yrs ±12.72, IC95 = 52.7257.70). Patients experienced COVID-19 in the
previous 6 months and were currently suffering
from post-COVID-19 fatigue. They were evaluated with a 7-scoring system Fatigue Severity Scale
(FSS) before undergoing therapy5 (Table IA). Patients signed an informed consent, prior to entering the study, following any ethical criteria from
the Declaration of Helsinki. Upon the enrollment,
recruited subjects were all SARS-CoV2 negative,
did not take therapeutic drugs within the previous
72 hours, did not show either signs, or symptoms
or diagnosis of tumors and other chronic immunological syndromes not related to the previous
COVID-19. Following FSS questionnaire, patients underwent a pivotal therapy with at least
one treatment of O2-O3 autohemotherapy (AHT)
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(2 patients), and usually 2-3 O2-O3AHT (major) treatments each week for 2–3 weeks (40-50
mg/150-200 ml ozone into 150/200 ml blood), according to previously published reports regarding
SIOOT panels7,8. Following treatments, patients
were interviewed with FSS at least one week later,
to avoid placebo effects. Statistics were evaluated on mean ± standard deviation (SD) for quantitative values (ages) and a Kruskall-Wallis test
(p<0.05) for scores was applied.

Results
Table IB summarizes the leading results obtained from this preliminary study. All treated
patients, except three of them (with very modest
changes), strongly ameliorated their health status. Patients with the highest FSS score before
treatment accounted for 74%, of which 54/74 =
72.97% female subjects. The percentage of the
highest FSS delta score, calculated as the difference between FSSpre-treatment and FSSpost-treatment, (ΔFSS
= - 6), was 36%, following O2-O3-AHT, whereas the lowest (ΔFSS = - 1), amounted to 3%, with
ΔFSS = - 2, accounting for 9%. The 85% of patients
reported a FSS amelioration from 7 to at least
3. Statistics assessed that O2-O3-AHT reduced
PASC symptoms, i.e., fatigue, by at least 67% (as
a mean), in all the investigated cohort of patients
(H = 148.4786 p < 0.0001) (Figure 1). Patients
following O2-O3-AHT therapy, quite completely
recovered for PASC-associated fatigue, representing a quote amounting to about two fifths (around
40%) of the whole cohort undergoing ozone treatment and despite most of patients were female
subjects, the effect was not influenced by sex
distribution (H = 0.7353, p = 0.39117). This evidence prevents any criticism about the possibility
of feeling different degrees of fatigue due to different sex-linked psychological attitudes towards
subjective pain or discomfort. Furthermore, significant effects did not depend on age distribution,
as either in very old patients (≥ 75 years old) or in
youngest ones (≥ 50 years old), statistics reported
similar distributions in FSS between patients before and after the O2-O3-AHT (Table I).

Discussion
Treatment with O2-O3-AHT improved fatigue
symptoms in all the tested patients, though with
different degrees. The highest effect was observed

Fatigue in post-COVID treated with oxygen ozone
Figure 1. Notched box plots of FSS scoring in patents with post-COVID fatigue before and after oxygen ozone therapy. (H =
148.4786 (p < 0.0001) The delta Notched
box plot shows how the difference in postCOVID symptoms is very high.

Table I. Results of PASC-associated fatigue in patients treated with O2-O3 AHT.

Table IA. FSS questionnaire.
Read and circle a number

Strongly disagree → Strongly agree

1 My motivation is lower when I am fatigued

1 2 3 4 5 6 7

2 Exercise brings on my fatigue

1 2 3 4 5 6 7

3 I am easily fatigued

1 2 3 4 5 6 7

4 Fatigue interferes with my physical functioning

1 2 3 4 5 6 7

5 Fatigue causes frequent problems for me

1 2 3 4 5 6 7

6 My fatigue prevents sustained physical functioning

1 2 3 4 5 6 7

7 Fatigue interferes with carrying out certain duties
and responsibilities

1 2 3 4 5 6 7

8 Fatigue is among my most disabling symptoms

1 2 3 4 5 6 7

9 Fatigue interferes with my work, family and social life

1 2 3 4 5 6 7

Table IB. Data about patients undergoing O2-O3-AHT
Sex distribution
Males 30
Females 70

Age distribution
< 30 yrs
4
31<x<50
36

Kruskall-Wallis test (whole)
H = (12/(N(N+1)) * (∑T2/n) - 3(N+1)
H = 0 * 2517453.38 - 603

51<x<64
≥65

H = 148.4786 p< 0.0001 (Δb-a)
Fatigue reduction in PAS = 67%

35
25

Kruskall-Wallis test
Age ≥ 75 yrs (very old)
H = (12/(N(N+1)) * (∑T /n) - 3(N+1)
H = 0.029 * 2675.45 - 63
H = 13.4414
2

The H statistic is 13.4414 (1, N = 20)
p = 0.00025

Age ≤ 50 yrs (very young)

Incidence of sex ratio (F)

H = [12/(N(N+1)] * (∑T /n) 3(N+1)
H = 0.002 * 188769 - 255
H = 62.2588

H = [12/(N(N+1)]* (∑T2/n) - 3(N+1)
H = 0.003 * 56039.267 - 183
H = 0.7353

2

The H statistic is 0.7353 (1, N = 60).p
The H statistic is 62.2588 (1, N = 84). = 0.39117

p<0.00001

FSS questionnaire and the H statstics of the Kruskall-Wallis test; H = Kruskall-Wallis statistics. Under the null hypothesis the
chi square distribution approximates the distribution of H.
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in about 36% of PASC patients but at least 85%
of them experienced an improvement from FSS
= 7 to FSS = 3. Preliminary results described in
this report showed that O2-O3-AHT reliefs fatigue
associated with PASC. The recovery from PASC,
assessed as an improved health status and wellbeing, with an evident reduction in fatigue and
discomfort, lasted also several months following
therapy. At the best of our knowledge no data
about the effect of medical ozone in PASC-associated fatigue has ever been reported before. In
this paper about two fifths of the patients’ population recovered their healthy functionality and felt
much better than before. Ozone therapy was successfully used to treat COVID-19 in our group8,
and its therapeutic suggestion was forwarded
starting from this evidence. Nowadays, it is particularly hard for us to highlight and fully elucidate which mechanism underlies this encouraging
and significant result, although some hypothesis
can be forwarded by retrieving evidence from other chronic fatigue syndromes.
A very recent paper by Blauersteiner et al9,
associated the CFS-caused fatigue with endothelial dysfunction and vascular alterations, often related to disorders in the silent information
regulator 1 and endothelial nitric oxide synthase
(Sirt1/eNOS) axis. In particular, the microRNAs
miR-21, miR-34a, miR-92a, miR-126, and miR200c were found to be abundant in CFS patients’
plasma respect to healthy controls9. Mir-21 is
involved in the immune response10 and mir-34a
is involved in both endothelial and inflammatory
signals, even in COVID-19, as its modified form
mir-34a-5p was found as associated with endothelial dysfunction (observed in postmortem
cases) in SARS-CoV2 infected individuals11. If
fatigue may depend on endothelial dysfunction,
as observed in CFS12, ozone can exert a fundamental action on endothelia13. While the most recent evidence14 assesses that COVID-19 has an
endothelial and immuno-thrombotic etiopathogenesis, the role of oxygen-ozone in the regulation of the endothelial-thrombotic mechanisms
may be particularly intriguing, deserving further
attention by clinical research, particularly for its
action on the nitric oxide (NO) pathway13. Interestingly, O2-O3-AHT works perfectly not only in
CFS15 but also in fibromyalgia, where the role of
NO seems to be particularly relevant16,17.
Fundamentally, ozone was successfully used
for chronic fatigue syndrome15, a pathological
disorder with several hallmarks shared with
PASC and involving many organs functions18-20,
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and it is conceivable that ozone therapy can offer promising expectations even to PASC-associated fatigue.
However, further research is requested. This
preliminary study has some limitations. A deeper
insight on the pre-clinical data in order to assess
the evidence reported may be particularly useful.
Confounders, due to clinical status, should be statistically calculated and reported. The possibility
to increase the cohort of subjects undergoing the
study is the next planning perspective.

Conclusions
Ozone therapy is able to recover normal functionality and to relief pain and discomfort in the
form of PASC-associated fatigue in at least 67%
of patients suffering from post-COVID sequelae,
aside from sex and age distribution. This preliminary evidence encourages further research to go
ahead in deepening the mechanisms underlying
these results.
Conflicts of Interest
The authors state they have no conflicts of interest.

References
1) Bonaventura A, Vecchié A, Dagna L, Martinod K,
Dixon DL, Van Tassell BW, Dentali F, Montecucco F, Massberg S, Levi M, Abbate A. Endothelial
dysfunction and immunothrombosis as key pathogenic mechanisms in COVID-19. Nat Rev Immunol 2021; 21: 319-329.
2) Logue JK, Franko NM, McCulloch DJ, McDonald D, Magedson A, Wolf CR, Chu HY. Sequelae
in Adults at 6 Months After COVID-19 Infection.
JAMA Netw Open 2021; 4: e210830.
3) Hirschtick JL, Titus AR, Slocum E, Power LE,
Hirschtick RE, Elliott MR, McKane P, Fleischer NL.
Population-based estimates of post-acute sequelae of SARS-CoV-2 infection (PASC) prevalence
and characteristics. Clin Infect Dis 2021; ciab408.
4) Karaarslan F, Demircioğlu Güneri F, Kardeş S.
Postdischarge rheumatic and musculoskeletal
symptoms following hospitalization for COVID-19:
prospective follow-up by phone interviews. Rheumatol Int 2021; 8: 1-9.
5) Neuberger GB Measures of fatigue Arthritis
and Rheumatisms (Arthr Care Res) 2003; 48:
S175-S183.
6) Wong TL, Weitzer DJ. Long COVID and Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome
(ME/CFS)-A Systemic Review and Comparison of

Fatigue in post-COVID treated with oxygen ozone

7)

8)

9)

10)

11)

12)

13)

Clinical Presentation and Symptomatology. Medicina (Kaunas). 2021; 57: 418-431.
Izadi M, Cegolon L, Javanbakht M, Sarafzadeh A,
Abolghasemi H, Alishiri G, Zhao S, Einollahi B,
Kashaki M, Jonaidi-Jafari N, Asadi M, Jafari R,
Fathi S, Nikoueinejad H, Ebrahimi M, Imanizadeh
S, Ghazale AH. Ozone therapy for the treatment
of COVID-19 pneumonia: A scoping review. Int
Immunopharmacol 2021; 92: 107307.
Franzini M, Valdenassi L, Ricevuti G, Chirumbolo S, Depfenhart M, Bertossi D, Tirelli U.
Oxygen-ozone (O2-O3) immunoceutical therapy for patients with COVID-19. Preliminary evidence reported. Int Immunopharmacol 2020;
88: 106879.
Blauensteiner J, Bertinat R, León LE, Riederer M,
Sepúlveda N, Westermeier F. Altered endothelial
dysfunction-related miRs in plasma from ME/CFS
patients. Sci Rep 2021; 11: 10604.
Abu-Izneid T, AlHajri N, Ibrahim AM, Javed MN,
Salem KM, Pottoo FH, Kamal MA. Micro-RNAs in
the regulation of immune response against SARS
CoV-2 and other viral infections. J Adv Res 2021;
30: 133-145.
Centa A, Fonseca AS, Ferreira SGDS, Azevedo
MLV, Vaz de Paula CB, Nagashima S, Machado-Souza C, Miggiolaro AFRDS, Baena CP, de
Noronha L, Cavalli LR. Deregulated miRNA expression is associated with endothelial dysfunction in post-mortem lung biopsies of COVID-19
patients. Am J Physiol Lung Cell Mol Physiol
2021; 320: L405-1412.
Scherbakov N, Szklarski M, Hartwig J, Sotzny
F, Lorenz S, Meyer A, Grabowski P, Doehner W,
Scheibenbogen C. Peripheral endothelial dysfunction in myalgic encephalomyelitis/chronic fatigue
syndrome. ESC Heart Fail 2020; 7: 1064-1071
Chirumbolo S, Valdenassi L, Simonetti V, Bertossi
D, Ricevuti G, Franzini M, Pandolfi S. Insights on

14)

15)

16)

17)

18)
19)

20)

the mechanisms of action of ozone in the medical
therapy against COVID-19. Int Immunopharmacol
2021; 96: 107777.
Bonaventura A, Vecchié A, Dagna L, Martinod K,
Dixon DL, Van Tassell BW, Dentali F, Montecucco F, Massberg S, Levi M, Abbate A. Endothelial
dysfunction and immunothrombosis as key pathogenic mechanisms in COVID-19. Nat Rev Immunol 2021; 21: 319-329.
Tirelli U, Cirrito C, Pavanello M. Ozone therapy
is an effective therapy in chronic fatigue syndrome: result of an Italian study in 65 patients.
Ozone Ther Sept 2018; 3. https://doi.org/10.4081/
ozone.2018.7812.
Aguilar-Ferrándiz ME, Casas-Barragán A, Rus
A, Tapia-Haro RM, Martínez-Martos JM, Molina
F, Correa-Rodríguez M. Associations among nitric oxide and enkephalinases with fibromyalgia
symptoms. Nurs Res 2021; 70: E11-E20
Tirelli U, Cirrito C, Pavanello M, Piasentin C,
Lleshi A, Taibi R. Ozone therapy in 65 patients
with fibromyalgia: an effective therapy. Eur Rev
Med Pharmacol Sci 2019; 23: 1786-1788
Wang F, Kream RM, Stefano GB. Long-Term Respiratory and Neurological Sequelae of COVID-19.
Med Sci Monit 2020; 26: e928996.
Poenaru S, Abdallah SJ, Corrales-Medina V,
Cowan J. COVID-19 and post-infectious myalgic encephalomyelitis/chronic fatigue syndrome:
a narrative review. Ther Adv Infect Dis 2021; 8:
20499361211009385.
Korompoki E, Gavriatopoulou M, Hicklen RS, Ntanasis-Stathopoulos I, Kastritis E, Fotiou D, Stamatelopoulos K, Terpos E, Kotanidou A, Hagberg
CA, Dimopoulos MA, Kontoyiannis DP. Epidemiology and organ specific sequelae of post-acute
COVID19: A Narrative Review. J Infect 2021;
S0163-4453(21)00247-4.

5875

