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Abstract: Muscle fatigue and cognitive disturbances persist in patients after recovery from acute
COVID-19 disease. However, there are no specific treatments for post-COVID fatigue. Objective: To
evaluate the efficacy and safety of the health supplements ImmunoSEB (systemic enzyme complex)
and ProbioSEB CSC3 (probiotic complex) in patients suffering from COVID-19 induced fatigue.
A randomized, multicentric, double blind, placebo-controlled trial was conducted in 200 patients
with a complaint of post-COVID fatigue. The test arm (1 = 100) received the oral supplements for
14 days and the control arm (1 = 100) received a placebo. Treatment efficacy was compared using
the Chalder Fatigue scale (CFQ-11), at various time points from days 1 to 14. The supplemental
treatment resulted in resolution of fatigue in a greater percentage of subjects in the test vs. the control
arm (91% vs. 15%) on day 14. Subjects in the test arm showed a significantly greater reduction
in total as well as physical and mental fatigue scores at all time points vs. the control arm. The
supplements were well tolerated with no adverse events reported. This study demonstrates that a
14 days supplementation of ImmunoSEB + ProbioSEB CSC3 resolves post-COVID-19 fatigue and can
improve patients’ functional status and quality of life.

Keywords: SARS-CoV-2 infection; COVID-19-induced fatigue; chalder fatigue scale; physical fatigue;
mental fatigue; ImmunoSEB + ProbioSEB CSC3

1. Introduction

Coronavirus disease-19 (COVID-19), the disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), is a worldwide pandemic afflicting a large popu-
lation. Most infected people develop acute symptoms that last for 7-10 days. However,
one or more symptoms (physical, cognitive and/or psychological) persist for weeks or
even months in a substantial percentage of people [1]. Fatigue is the most persistent and
debilitating symptom of long COVID [2]. Studies revealed that 52% of the subjects among
the studied population showed fatigue/myalgia post-COVID-19 [3,4]. A survey done by
the Office for National Statistics (ONS) in the United Kingdom suggests that about one in
five people have symptoms of long COVID five weeks after an initial infection and one in
ten after twelve weeks [5]. The chronic phase of COVID-19 is speculated to be perpetual,
with impaired functional status and quality of life [6].

Though the data on COVID fatigue is still emerging, viral infections are known to
trigger chronic fatigue syndrome (CFS), also known as myalgic encephalomyelitis (ME), in
patients. There are no specific biomarkers, and diagnosis is typically based on symptoms.
In fact, a subset of patients suffering from COVID-19 satisfied the diagnostic criteria of
CFS/ME [7] In addition, major post-acute COVID-19 symptoms resemble post-infectious
ME/CEFS [8]. The changes in neurotransmitter levels, inflammation, psychological dis-
orders, stress levels, and cognitive dysfunction are thought to be contributing factors
in fatigue [2]. An increase in the level of pro-inflammatory cytokines and overexpres-
sion of interleukin 6 (IL-6) are associated with persistent inflammation and fatigue [9].
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Further, immune dysregulation and mitochondrial dysfunction are common causes of
fatigue after viral infection [10]. Thus, management approaches that address these varied
patho-physiologies can be evaluated for post COVID fatigue.

While the majority of current treatments for fatigue are palliative, including reha-
bilitation through spa facilities with multidisciplinary interventions, and are restricted
to alleviating symptoms [11], there are indications that certain supplements may be use-
ful in addressing factors potentially involved in the pathogenesis of fatigue. Probiotics
have been evaluated in the management of CFS. A significant decrease in anxiety symp-
toms and modifications in the well-being status, inflammatory and oxidative indexes
in CFS patients were seen with probiotics supplementation [12,13]. Antioxidants and
immunomodulators have also been explored to combat fatigue [14-16]. Lactoferrin and
enzymes such as lysozyme, catalase, bromelain and papain are known to function as
immunomodulators [17-20] as well as in combating oxidative stress [21]. Serratiopeptidase
is used for its anti-inflammatory and analgesic activity [22]. With this understanding, it is
rational to examine the effect of enzymes and probiotics supplementation on COVID-19
induced fatigue.

Early assessments and intervention are critical in reducing COVID-19 induced fatigue,
irrespective of initial illness severity [4]. To the best of our knowledge, no interventional
study to reduce post-COVID fatigue has been published. In our previously published case
series, a 14-day supplementation of enzymes and probiotics (ImmunoSEB and ProbioSEB
CSC3) resulted in a significant reduction in fatigue, as measured by the Chalder Fatigue
Scale-11 [23]. To further validate these findings, we designed a randomized, multicentric,
double blind, placebo-controlled trial to evaluate the efficacy of ImmunoSEB (multi-enzyme
formulation of Peptizyme SP, an enteric coated serratiopeptidase, bromelain, amylase,
lysozyme, peptidase, catalase, papain, glucoamylase and lactoferrin) and ProbioSEB CSC3
(probiotics blend of Bacillus coagulans LBSC (DSM 17654), Bacillus subtilis PLSSC (ATCC
SD 7280) and Bacillus clausii 088AE (MCC 0538)) on COVID-19 induced fatigue.

2. Materials and Methods
2.1. Materials

The investigational products (IP), InmunoSEB and ProbioSEB CSC3, were supplied by
Specialty Enzymes and Probiotics. The placebo used was maltodextrin. The packaging and
labelling for both the IP and placebo were the same, except for the coded batch numbers
used for differentiation.

2.2. Ethics and Informed Consent

The present clinical trial was conducted as per the ethical principles contained in
the current revision of the “Declaration of Helsinki 2013”, ICH harmonized guideline
integrated addendum to ICH E6(R1): Guidelines for Good Clinical Practice ICH E6(R2)
and following the “Ethical Guidelines for Biomedical Research on Human Subjects” issued
by the Indian Council of Medical Research and all other applicable laws and regulations of
the country. Informed written consent was obtained from all participants. No vulnerable
subject participated in the study. The trial was conducted at three centers in India (Swasthya
Hospital, Bhopal, India; Samvedna Hospital, Varanasi, India; and Chirayu Medical College
& Hospital, Bhopal, India), by qualified investigators for a duration of 14 days. The trial
was registered with the Clinical Trial Registry of India as per Indian regulations with the
following registration number: CTRI/2021/05/033576. Date of approval: 10 May 2021.

2.3. Selection of Study Subjects

A randomized, multicentric, double blind, 2-Arm parallel design, placebo-controlled
clinical trial was conducted on 200 patients that did not have an active SARS-CoV-2
infection, as determined by a negative COVID-19 test, with a complaint of post-COVID
fatigue. Patients were required to have a positive COVID-19 test at any time in the past.
Patients were recruited from the outpatient department at the three sites.
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2.3.1. Inclusion Criteria

Patients who provided written informed consent; males or non-pregnant, non-lactating
females aged >18 and <75 years (both inclusive); RT-PCR confirmed diagnosis of COVID-19
at any time followed by an RT-PCR negative test; patients experiencing fatigue and muscle
weakness; able to take the drug orally and comply with study procedures; and women of
childbearing potential with a negative urine pregnancy test.

2.3.2. Exclusion Criteria

Patients with severe to critical health condition such as prior known respiratory
distress (RR > 30 times/min), finger oxygen saturation <90% in a resting state, arterial
partial pressure of oxygen (PaO,)/concentration of oxygen inhalation (FiO,;) <300 mmHg
(1 mmHg = 0.133 kPa), respiratory failure or on mechanical ventilation, in shock, ICU
needed for other organ failure; patients with other viral pneumonia; patients unable
to take food or drugs due to coma or intestinal obstruction; consumption of other oral
probiotic supplements during the trial; patients with severe underlying diseases that affects
survival, including uncontrolled malignant tumor with multiple metastases that cannot be
resected, blood diseases, dyscrasia, active bleeding, severe malnutrition, etc.; women who
are pregnant or lactating, or subjects (including male subjects) having a pregnancy plan
(including plans for sperm donation or egg donation) during the study period; patients
allergic to systemic enzyme supplements; patients facing imminent death in the opinion of
the clinical team; patients with Hb less than 8 mg/dL; and patients who have participated
in any other clinical study within 2 weeks prior to randomization were considered ineligible
to participate in the study.

2.4. Study Design, Randomization and Treatments

Two hundred patients were randomized (block randomization was done using the
online randomization tool www.randomization.com, accessed on 16 August 2021) in a
1:1 ratio to either the test arm (n = 100) that received the oral supplements ImmunoSEB
(500 mg/capsule) + ProbioSEB CSC3 (5 billion CFUs /capsule) or the control arm (1 = 100)
that received a placebo for 14 days. Patients received four capsules of InmunoSEB/placebo
daily (two capsules in the morning and two in the evening) on an empty stomach (1 h
before or 2 h after a meal) with 1-2 cups of warm or room temperature water. They also
received 2 capsules of ProbioSEB CSC3/placebo daily, to be taken with lunch. The statisti-
cian generated the allocation sequence and concealed envelopes were used for treatment
allocation. The Investigators enrolled the participants and assigned the intervention based
on the randomization list. The participants, the Investigators and the study team were
blinded to the treatment allocation (Figure 1). No changes or amendments were made to
the approved protocol after the trial commenced and no interim analysis was done during
the study period.

2.5. Endpoints: Efficacy and Safety Variables

Primary endpoints were set to study efficacy outcomes like the proportion of patients
showing improvement in physical fatigue on CFQ-11 and the proportion of patients
showing improvement in mental fatigue on CFQ-11 on day 14. The fatigue assessment
was done by using the validated CFQ-11, an 11 item self-report instrument [24,25]. CFQ-11
has two scoring systems, bimodal and Likert. It has a straightforward answering system
to measure fatigue or “tiredness” ranging from asymptomatic to maximally symptomatic
(‘better than usual’, ‘no worse than usual’, ‘worse than usual’ and ‘much worse than usual’).
The bimodal scoring system allows the differentiation of “cases”, i.e., the presence of fatigue
vs. “non-cases”, i.e., the absence of fatigue. Briefly, “better than usual”/”no worse than
usual” are scored a 0 and “worse than usual”/”much worse than usual” are scored a 1.
The sum of all 11 binary scores is calculated and a total score of four or greater meets the
criteria for fatigue. The 4-point Likert scoring system weighs the severity of fatigue (better
than usual = 0, no more than usual = 1, worse than usual = 2, much worse than usual = 3,
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for a maximum score of 33), with a higher score indicating greater fatigue. The CFQ-11
comprises two subscales that evaluate fatigue in the physical (questions 1-7, score of 0-21)
and mental (questions 8-11, score of 0-12) domains.

[ Enrollment ] Assessed for eligibility (n= 225)

Excluded (n= 25)

~ Not meeting inclusion criteria (n= 0)
» - Declined to participate (n=20)

- Other reasons (n=5)

‘ Randomized (n= 200) |

!

v L Allocation J A
Allocated to intervention (n= 100) Allocated to intervention (n=100)
* Received allocated intervention (n= 100) - Received allocated intervention (n= 100)
" Did not receive allocated intervention (give - Did not receive allocated intervention (give
reasons) (n= 0) reasons) (n=0)

Follow-Up v

L J
Lost to follow-up (give reasons) (n=0) Lostto follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons) (n= 0) Discontinued intervention (give reasons) (n= 0)

| Analysis

Analysed (n= 100) Analysed (n= 100)
~ Excluded from analysis (give reasons) (n=0) “ Excluded from analysis (give reasons) (n= 0)

Figure 1. Participant flow chart.

In the current study, we used (i) bimodal scoring to determine case-status (fatigue vs.
non-fatigued); (ii) Likert scoring to determine severity of fatigue using the total CFQ-11
score; and (iii) Likert scoring for the subscales of physical and mental fatigue. Secondary
endpoints include proportion of patients showing improvement on day 4, day 8, day 11,
proportion of patients requiring additional therapy for fatigue, and adverse events.

2.6. Statistical Analysis

The sample size calculated (assuming effect size = 20%, « = 0.05, enrolment 1:1 and
power 80%) was 176. A total of 200 subjects were recruited to cover potential dropouts
during the study period. Data were analyzed with 5% significance level (confidence interval
95%) and maintaining a minimum power of 80% for study. The categorical variables were
expressed as frequencies and percentages, and continuous variables as mean and standard
deviation. The data were analyzed using z test statistics. * p < 0.05 was considered
statistically significant.

3. Results

A total of 200 Asian healthy males and non-pregnant, non-lactating females were
randomized to the placebo (1 = 100) and test arms (n = 100). Recruitment was done from
May 12, 2021 to May 31, 2021. Last patient last visit including follow up was completed
on June 16, 2021. The Principal Investigator and the clinical trial team assessed study
compliance at each visit along with the safety and efficacy parameters as per the schedule
of events (Table 1). The analysis was performed on the Intention to Treat population, i.e.,
100 patients in each arm.
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Table 1. Schedule of assessments.

Parameter Screening Treatment EOT
Visits 1 2 3
Day (+days) 24-48 h 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Written Informed Consent X
Inclusion/Exclusion Criteria X
Medical and surgical History X
Physical Examination X
Vital signs X X X X X
Demographic Information X
IP administration X X X X X X X X X X X X X X
Urine pregnancy test (In case of a female subject) X
Chalder Fatigue Scale X X X X X x!
Patient Diary X X X X X X X X X X X X X X
Adverse events X X X X X X X X X X X X X X X
Concomitant Medications X X X X X X X X X X X X X X X

! Collection of Completed Questionnaires.

The mean ages of subjects in the control and test arms were 41.29 years (range 20-75) and
41.17 years (range 20-75), respectively. The male to female ratio was 65:35 and 62:38 in the
control and test arms, respectively and 17% of subjects in the control arm had comorbidities
vs. 12% of subjects in the test arm. The mean days post resolution of SARS-CoV-2 infection
was 18.5 and 20.6 days in the control and test arms, respectively. There was no statistically
significant difference in age or mean days to enrolment post negative COVID test across
study arms (Table 2).

Table 2. Demographics and baseline characteristics.

Control Arm Test Arm * p Value
Age (years); SD; Range 41.29 + 13.0 (20-75) 41.17 + 12.9 (20-75) 0.11
Males: Females (%) 65:35 62:38 -
Subjects with co-morbidities (%) 17 12 -
Days to enrolment post negative COVID test; Range 18.5 (2-48) 20.6 (4-87) 0.20

* p values were calculated using z test statistics.

3.1. Analysis of Efficacy

The supplemental treatment resulted in resolution of fatigue in a significantly greater
percentage of subjects in the test arm vs. the control arm (91% vs. 15%) on day 14 as assessed
by the CFQ-11 bimodal scoring system. Of the 9% of subjects in the treatment arm that were
still fatigued on day 14, over half had a lower fatigue score as compared to baseline, though
they did not meet the criterion for being fatigue free. A beneficial effect was seen even at
earlier time points, with a greater proportion of patients in the test arm being fatigue free on
days 4 (16% vs. 0%), 8 (44% vs. 2%), and 11 (87% vs. 7%) vs. the control arm (Figure 2). All
patients suffered from fatigue at baseline, as determined by the CFQ-11.

The average total fatigue scores on day 0 were comparable in the control vs. the
test arm: 25.69 vs. 25.78. There was a progressive decline in average fatigue scores as
determined by the CFQ-11 Likert scoring system in both arms over the two-week treatment
period as compared to baseline. Subjects in the test arm showed a significantly greater
reduction in total fatigue when compared to the control arm at all time points: control arm
vs. test arm day 4, 23.26 vs. 18.72; day 8, 21.75 vs. 14.98; day 11, 20.55 vs. 10.82; and day 14,
19.91 vs. 8.54 (p < 0.001).
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Figure 2. Percentage of fatigue-free subjects in the control and test arms at various time points during

the treatment period.

Analysis by subscales also showed a significantly greater reduction in physical fatigue
and mental fatigue in the test arm at all time points when compared to the control arm
(p < 0.001). There is less variability in the data in the test arm on days 8, 11 and 14 when
compared to days 0 and 4 in the test arm as well as when compared to days 8, 11 and 14 in
the control arm. The median values of total, physical and mental fatigue are substantially
lower on day 4 (19, 13, 5), day 8 (15, 10, 5), day 11 (10, 7, 4) and day 14 (8, 5, 3), respectively,
when compared to day 0 (26, 18, 8) in the test arm as well as when compared to day 4
(23, 16, 8), day 8 (22, 15, 7), day 11 (20, 14, 7) and day 14 (19.5, 14, 7) in the control arm
(Figure 3). The outliers in the upper range of the test arm represent subjects that were still

experiencing fatigue at the end of the 14-day treatment period.

Day 0 Dy & Day 8

Day 11

Total Fatigue

Control Arm
i ol |
E EmE -
15 15
10 1
Day 0 Day d Day8 Dwy 11 Day 14 Day 0
Physical Fatigue
[} -
—
g * mm -
» = =
15 > 15
v = =
=3 10 10
0
L S [3
©
w
Day0 Dayd Day8 Dy 11 Day 1. Day0

Mental Fatigue
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1

Day 14 Day0

Day 4

Test Arm

Day8

Day 11

Day 11

Day 14

Day 14

Day 14

Figure 3. CFQ-11 Fatigue scores (total fatigue, physical fatigue and mental fatigue) of subjects in
the control and test arms at various timepoints during the treatment period. Data are represented
as median (the line dividing the box), mean (marked with an X), interquartile range (box), range
(whisker) and outliers (dots). (1 = 100).



Medicines 2021, 8, 47

7 of 12

Average fatigue scores for individual questions in the control arm vs. test arm were
comparable on day 0: Question 1, 2.38 vs. 2.51 (p = 0.08); Q2, 2.55 vs. 2.61 (p = 0.42); Q3,
2.47 vs. 2.56 (p = 0.26); Q4, 2.40 vs. 2.52 (p = 0.13); Q5, 2.68 vs. 2.60 (p = 0.28); Q6, 2.51
vs. 2.55 (p = 0.61); Q7, 2.73 vs. 2.65 (p = 0.24); Q8, 2.08 vs. 2.01 (p = 0.50); Q9, 1.98 vs.
1.88 (p = 0.37); Q10, 1.96 vs. 1.91 (p = 0.65); and Q11, 1.95 vs. 1.98 (p = 0.79). On day 14,
there was a significant reduction in all individual measures of physical fatigue (tiredness,
need to rest, drowsiness, ability to do things, energy level, muscle strength and feeling of
weakness) as well as mental fatigue (concentration, focus and memory) in the test arm vs.
the control arm. Question 1, 1.92 vs. 0.49; Q2, 1.90 vs. 0.57; Q3, 1.80 vs. 0.90; Q4, 1.76 vs.
0.82; Q5,2.04 vs. 0.88; Q6, 1.87 vs. 0.94; Q7, 2.05 vs. 0.87; Q8, 1.74 vs. 0.65; Q9, 1.73 vs. 0.80;
Q10, 1.58 vs. 0.89; Q11, 1.58 vs. 0.76 (p < 0.001) (Figure 4). As seen in the figure, on day 14,
all subjects in the test arm had fatigue scores < 1, indicating “better than usual” status on
all parameters of physical and mental fatigue.

CFQ-11 Scores

Day0 Day 14

0 05 1 15 2 25 3 0 0.5 1 15 2 25

1. Do you have problems with tiredness? M
2. Do you need to rest more? m
3.Do you feel sleepy or drowsy? s

4. Do you have problems starting things? e
5. Do you lack energy? —
6. Do you have less strength in your muscles? B —
7. Do you feel weak? e ———
8. Do you have difficulty concentrating? P —
9. Do you make slips of the tongue when speaking? —
10. Do you find it more difficult to find the correct word? P
11. How is your memory? P—
B Control Arm @Test Arm H Control Arm 7ATest Arm

Figure 4. Average CFQ-11 scores of individual measures of fatigue of subjects in the control and test
arms on day 0 and day 14 of the treatment period All data are presented as mean + SEM (n = 200).

3.2. Analysis of Safety

Vitals (pulse rate, respiratory rate, blood pressure, oxygen saturation and body tempera-
ture) were collected for all patients at baseline, at specific time points during the study and at
the end of study and were in the normal range. No subject in either arm reported any adverse
event(s) including nausea, vomiting or diarrhea at any time during the study, suggesting the
safety and tolerability of supplementation with ImmunoSEB + ProbioSEB CSC3. Compliance
with product intake was 100% and no subject reported having to skip any dose or stop
supplement intake due to an adverse reaction.

4. Discussion

The current study represents, to our knowledge, the first report of a randomized con-
trolled trial demonstrating the efficacy of dietary supplements in resolving fatigue, following
SARS-CoV-2 infection. This is important as there is considerable concern that COVID-19
disease triggers post-viral fatigue syndromes [26-29]. During follow-up in survivors of other
coronaviruses, such as severe acute respiratory syndrome (SARS), 64% reported fatigue at
3 months, 54% at 6 months and 60% at 12 months [30,31]. Following Middle East respiratory
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syndrome (MERS), 48% had clinically relevant fatigue after 12 months [32]. A lengthy post in-
fection fatigue burden impairs quality of life and will have a significant impact on individuals,
employers and healthcare systems, if not managed effectively.

We evaluated the effect of the supplements ImmunoSEB and ProbioSEB CSC3 on the
resolution of post-COVID fatigue using CFQ-11. The bimodal scoring system allows the
differentiation of “cases” vs. “non-cases”. This method for “caseness” is validated and
closely resembles other fatigue questionnaires [33-36]. In the test arm, 91% of subjects
were fatigue-free at end of treatment (EOT, day 14). Of the 9% of subjects in the treatment
arm that were still fatigued on day 14, over half had a lower fatigue score as compared
to baseline, though they did not meet the criterion for being fatigue free. These subjects
may need a longer period of supplementation to completely resolve their fatigue. It is
worthwhile to note that subjects in the test arm were recruited from between 4-87 days
post their acute COVID infection, suggesting the efficacy of our supplemental regimen in
cases of early fatigue as well as long term fatigue.

Significant improvement in fatigue severity, as evaluated using the Likert scoring
system, was seen on all days tested, as compared to the baseline. The reduction in total
fatigue scores was significantly greater in the test arm as compared to the control arm on
all days tested, thus showing proof of efficacy of the supplemental regimen in reducing the
severity of post COVID fatigue. Analysis by subscales demonstrated that the supplements
were effective in reducing both physical and mental fatigue. The individual measures of
physical fatigue include tiredness, need to rest, drowsiness, ability to do things, energy
level, muscle strength and feeling of weakness. The mental fatigue subscale measures
symptoms such as difficulty concentrating, ability to focus or think clearly and memory
difficulties, all of which have been described as “Brain Fog”. In the test arm, all parameters
had a score of <1 indicating “better than usual” status on day 14, suggesting the efficacy of
our supplemental regimen in addressing a wide array of post COVID-19 symptoms.

The post-acute recovery phase of COVID- 19 is assumed to be accompanied by oxida-
tive stress and inflammation which causes physical and mental fatigue [37]. A literature
review on chronic fatigue syndrome found that many patients have persistent low-level
inflammation, possibly triggered by infection [38]. Immune dysfunction, oxidative stress
and inflammation have been observed in patients with fatigue, and account for a number
of fatigue symptoms. Inflammatory changes in the brain cause “brain fog” which includes
symptoms like memory loss and trouble concentrating. Gut dysbiosis has also been linked
with chronic fatigue [39,40]. Antivirals, antioxidants, immunosuppressive agents and
nutrients that support mitochondrial function have been explored individually in the
management of fatigue [37]. The heterogeneity of fatigue makes it difficult to find one
solution that provides 100% benefit for all patients [10]. Thus, we have explored the efficacy
of a combination of dietary supplements comprising systemic enzymes (ImmunoSEB, a
multi-enzyme formulation of Peptizyme SP, an enteric coated serratiopeptidase, bromelain,
amylase, lysozyme, peptidase, catalase, papain, glucoamylase and lactoferrin) and probi-
otics (ProbioSEB CSC3, a blend of Bacillus coagulans LBSC (DSM 17654), Bacillus subtilis
PLSSC (ATCC SD 7280) and Bacillus clausii 088AE (MCC 0538)) in the management of post
COVID fatigue.

The anti-inflammatory, anti-oxidant and immunomodulatory properties of systemic
enzymes are previously documented in the literature [17,19,41-43] and likely effected
the reduction of COVID-19 fatigue observed in the present trial: systemic enzymes are
useful as immunotherapeutics as they can modulate the local availability of immunostim-
ulatory and immunosuppressive signals [44]; serratiopeptidase and bromelain possess
anti-inflammatory activity [22,41,42]; catalase and lysozyme reduce oxidative stress [21,43];
serratiopeptidase, lysozyme, lactoferrin and bromelain have anti-viral activity [45-47];
and papain, bromelain, lysozyme and lactoferrin have immunomodulatory effects [17-19].
Specifically, the potential of bromelain in inhibiting SARS-CoV-2 infection [46] and catalase
in reducing oxidative stress in SARS-CoV-2 infection [48] has been demonstrated in the
reported studies.
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In addjition to their immunomodulatory [49], anti-inflammatory [50], antioxidant [51]
and antiviral [52] actions, probiotics have been shown to boost mood, improve cognitive
function and reduce fatigue: probiotics improve well-being as well as inflammatory and ox-
idative indexes in CFS/ME patients [13]; probiotics regulate brain health via the gut-brain
axis [53]; probiotic supplementation significantly improved mood and sleep quality and
reduced depression, anger and fatigue [54-56]. This evidence suggests that probiotics have
the potential to improve measures of both physical and mental fatigue, as demonstrated in
the current trial.

The results obtained in this randomized, placebo-controlled trial are in good agreement
with our previously reported case series on post-COVID fatigue [23], and further build
on our previous in vitro and clinical data on these dietary supplements: In an open-label
clinical trial in patients hospitalized with mild to moderate COVID-19 disease, supplemen-
tation with ImmunoSEB and ProbioSEB CSC3 resulted in earlier clinical improvement and
faster reduction in CRP levels [57]. In our in vitro study, InmunoSEB showed antiviral
activity against the SARS-CoV-2 virus [47].

Our study has a few limitations worthy of discussion. Our study only assessed
participants during a 2-week period. However, this may be sufficient as a majority of
the subjects in the test arm showed a resolution of fatigue at this time point. We did not
specifically collect information about depression and psychiatric history at baseline; thus,
this was not adjusted as a covariate. However, no patient reported having a psychiatric
illness as part of their medical history. As mentioned, we reported post-COVID fatigue
at an early timepoint (an average of 3 weeks post resolution of infection). We would
recommend that studies are designed to evaluate the effectiveness of this supplemental
therapy in patients with persistence of fatigue six months or beyond to address the needs of
patients suffering from chronic fatigue. The treatment period in our study was a one-time
intervention of 14 days with no long-term follow up. It would be worthwhile to conduct a
long-term follow up of patients in future studies to evaluate potential recurrence of fatigue.
Testing for certain inflammatory and immunity markers in these patients may provide
further insight into the mechanism of action of the current supplemental regimen.

5. Conclusions

This study demonstrates that a 14 days supplementation of InmunoSEB + ProbioSEB
CSC3 resolves post-COVID-19 fatigue. The proposed supplement regimen significantly
reduces the burden of both, physical and mental fatigue and is effective as an early in-
tervention in the recovery of COVID-19 patients, many of whom continue to experience
severe fatigue including muscle weakness and “brain fog” several months after initial
infection. Thus, while researchers are still characterizing post-COVID sequelae, we suggest
the addition of these dietary supplements to other evidence-based multidisciplinary care
approaches to improve functional status and quality of life in these patients.

Author Contributions: Conceptualization, A.R. and N.S.; Data curation, A.R. and N.S.; Methodology,
AR. and N.S,; Visualization, A.R., S.B.J. and N.S.; Writing—original draft, S.B.J. and N.S.; Writing—
review & editing, A.R., S.B.J. and N.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The present clinical trial was conducted as per the ethical
principles contained in the current revision of the “Declaration of Helsinki 2013”, ICH harmonized
guideline integrated addendum to ICH E6(R1): Guidelines for Good Clinical Practice ICH E6(R2)
and following the “Ethical Guidelines for Biomedical Research on Human Subjects” issued by the
Indian Council of Medical Research and all other applicable laws and regulations of the country.

Informed Consent Statement: Informed written consent was obtained from all participants. No
vulnerable subject participated in the study.



Medicines 2021, 8, 47 10 of 12

Data Availability Statement: The conditions of our ethics approval do not permit public archiving
of the data supporting the conclusions of the study. However, data described in the manuscript, code
book, and analytic code will be made available upon request.

Acknowledgments: The authors would like to thank Advanced Enzyme Technologies for sponsoring
the clinical study, Specialty Enzymes & Probiotics for providing the supplements and the ProClin
Research team for study conduct.

Conflicts of Interest: A.R. and S.]. are paid employees of Advanced Enzyme Technologies, which
sponsored the study and has a corporate affiliation with Specialty Enzymes and Probiotics. Specialty
Enzymes and Probiotics had no role in the study design and actual conduct of the study. N.S. has no
conflict of interest to report.

References

1.  Raveendran, A.V.; Jayadevan, R.; Sashidharan, S. Long COVID: An overview, diabetes & metabolic syndrome. Clin. Res. Rev.
2021, 15, 869-875.

2. Rudroff, T.; Fietsam, A.C.; Deters, ].R.; Bryant, A.D.; Kamholz, J. Post-COVID-19 fatigue: Potential contributing factors. Brain Sci.
2020, 10, 1012. [CrossRef]

3. Xu, XW,;Wu, XX, Jiang, X.G.; Xu, KJ; Ying, L]J.; Ma, C.L,; Li, S.B.; Wang, H.Y.; Zhang, S.; Gao, H.N; et al. Clinical findings in a
group of patients infected with the 2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China: Retrospective case series.
BM]J 2020, 368, 606. [CrossRef]

4. Townsend, L.; Dyer, A.H.; Jones, K.; Dunne, ].; Mooney, A.; Gaffney, E; O’Connor, L.; Leavy, D.; O'Brien, K.; Dowds, |.; et al. Persistent
fatigue following SARS-CoV-2 infection is common and independent of severity of initial infection. PLoS ONE 2020, 15, e0240784.
[CrossRef]

5. ONS WEBSITE. Available online: https://www.ons.gov.uk/news/statementsandletters/ theprevalenceoflongcovidsymptomsandcovid1l
9complications (accessed on 16 August 2021).

6.  O’Connor, C.M. COVID-19 Fatigue. JACC Heart Fail. 2020, 8, 592-594. [CrossRef] [PubMed]

7. Kedor, C,; Freitag, H.; Meyer-Arndt, L.A.; Wittke, K,; Steinbeis, F; Haffke, M.; Gordon, R.; Heidecker, B.; Volk, H.D.; Skurk, C.; et al.
Chronic COVID-19 syndrome and chronic fatigue syndrome (ME/CFS) following the first pandemic wave in Germany—A first
analysis of a prospective observational study. medRxiv 2021. [CrossRef]

8.  Poenaru, S.; Abdallah, S.J.; 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.

9.  Perrin, R; Riste, L.; Hann, M. Into the looking glass: Post-viral syndrome post COVID-19. Med. Hypotheses 2020, 144, 110055.
[CrossRef] [PubMed]

10. Toogood, P.L.; Clauw, D.J.; Phadke, S.; Hoffman, D. Myalgic encephalomyelitis/ chronic fatigue syndrome (ME/CFS): Where will
the drugs come from? Pharmacol. Res. 2021, 165, 105465. [CrossRef]

11.  Maccarone, M.C.; Magro, G.; Tognolo, L.; Masiero, S. Post COVID-19 persistent fatigue: A proposal for rehabilitative interventions
in the spa setting. Intern. J. Biometeorol. 2021, 1-3.

12.  Rao, A.V,; Bested, A.C.; Beaulne, T.M.; Katzman, M.A ; Iorio, C.; Berardi, ].M.; Logan, A. A randomized, double-blind, placebo-
controlled pilot study of a probiotic in emotional symptoms of chronic fatigue syndrome. Gut. Pathogens 2009, 1, 6. [CrossRef]

13.  Venturini, L.; Bacchi, S.; Capelli, E.; Lorusso, L.; Ricevuti, G.; Cusal, C. Modification of immunological parameters, oxidative
stress markers, mood symptoms, and well-being status in CFS patients after probiotic intake: Observations from a pilot study.
Oxid. Med. Cel. Longev. 2019, 2019, 1-10. [CrossRef]

14. Singh, A.; Naidu, PS.; Gupta, S.; Kulkarni, S.K. Effect of natural and synthetic antioxidants in a mouse model of chronic fatigue
syndrome. J. Med. Food 2002, 5, 211-220. [CrossRef] [PubMed]

15. Gupta, A.; Vi, G,; Sharma, S.; Tirkey, N.; Rishi, P.; Chopra, K. Curcumin, a polyphenolic antioxidant, attenuates chronic fatigue
syndrome in murine water immersion stress model. Immunobiology 2009, 214, 33-39. [CrossRef]

16. Nipate, S.S.; Tiwari, A.H. Antioxidant and immunomodulatory properties of Spilanthes oleracea with potential effect in chronic
fatigue syndrome infirmity. J. Ayurv. Int. Med. 2020, 11, 130. [CrossRef] [PubMed]

17. Rose, B.; Herder, C.; Loffler, H.; Meierhoff, G.; Schloot, N.C.; Walz, M.; Martin, S. Dose-dependent induction of IL-6 by
plant-derived proteases in vitro. Clin. Exp. Immunol. 2006, 143, 85-92. [CrossRef]

18. Rosa, G.; De, Y.; Tewary, P.; Varadhachary, A.; Oppenheim, ].J. Lactoferrin acts as an alarmin to promote the recruitment and
activation of antigen-presenting cells and antigen-specific immune responses. J. Immunol. 2008, 180, 6868-6876. [CrossRef]
[PubMed]

19. Murakami, F; Sasaki, T.; Sugahara, T. Lysozyme stimulates immunoglobulin production by human-human hybridoma and
human peripheral blood lymphocytes. Cytotechnology 1997, 24, 177-182. [CrossRef]

20. Shi, X.L.; Shi, Z.H.; Feng, M.Q.; Ye, L.; Zhu, H.Y,; Li, ].Y,; Ju, D.W.; Zhou, P. High expression of recombinant human catalase and
its immunomodulatory effects on HIN1 influenza virus infection. Process. Biochem. 2013, 48, 588-592. [CrossRef]

21. Liu, H.; Zheng, F; Cao, Q.; Ren, B.; Zhu, L.; Striker, G.; Vlassara, H. Amelioration of oxidant stress by the defensin lysozyme. Am.

J. Physiol. Endocrinol. Metab. 2006, 290, E824-E832. [CrossRef] [PubMed]


http://doi.org/10.3390/brainsci10121012
http://doi.org/10.1136/bmj.m606
http://doi.org/10.1371/journal.pone.0240784
https://www.ons.gov.uk/news/statementsandletters/theprevalenceoflongcovidsymptomsandcovid19complications
https://www.ons.gov.uk/news/statementsandletters/theprevalenceoflongcovidsymptomsandcovid19complications
http://doi.org/10.1016/j.jchf.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32616168
http://doi.org/10.1101/2021.02.06.21249256
http://doi.org/10.1016/j.mehy.2020.110055
http://www.ncbi.nlm.nih.gov/pubmed/32758891
http://doi.org/10.1016/j.phrs.2021.105465
http://doi.org/10.1186/1757-4749-1-6
http://doi.org/10.1155/2019/1684198
http://doi.org/10.1089/109662002763003366
http://www.ncbi.nlm.nih.gov/pubmed/12639396
http://doi.org/10.1016/j.imbio.2008.04.003
http://doi.org/10.1016/j.jaim.2017.08.008
http://www.ncbi.nlm.nih.gov/pubmed/30455072
http://doi.org/10.1111/j.1365-2249.2005.02970.x
http://doi.org/10.4049/jimmunol.180.10.6868
http://www.ncbi.nlm.nih.gov/pubmed/18453607
http://doi.org/10.1023/A:1007936629501
http://doi.org/10.1016/j.procbio.2013.01.002
http://doi.org/10.1152/ajpendo.00349.2005
http://www.ncbi.nlm.nih.gov/pubmed/16317028

Medicines 2021, 8, 47 11 of 12

22.

23.

24.

25.

26.
27.

28.

29.
30.

31.

32.

33.
34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

Jadhav, S.B.; Shah, N.; Rathi, A.; Rathi, V.; Rathi, A. Serratiopeptidase: Insights into the therapeutic applications. Biotechnol. Rep.
2020, 28, 544. [CrossRef]

Parate, R.; Shah, N. Management of post COVID-19 fatigue using systemic enzymes and probiotics—Case series. Med. J. Clin.
Trials Case Stud. 2021, 5, 281.

Butler, S.; Chalder, T.; Ron, M.; Wessely, S. Cognitive behaviour therapy in chronic fatigue syndrome. J. Neurol. Neurosurg.
Psychiatry. 1991, 54, 153-158. [CrossRef] [PubMed]

Chalder, T.; Berelowitz, G.; Pawlikowska, T.; Watts, L.; Wessely, S.; Wright, D.; Wallace, E.P. Development of a fatigue scale. J.
Psychosom. Res. 1993, 37, 147-153. [CrossRef]

Mahase, E. Covid-19: What do we know about “long covid”? BM]J 2020, 370, m2815. [CrossRef]

Yelin, D.; Wirtheim, E.; Vetter, P.,; Kalil, A.C.; Bruchfeld, J.; Runold, M.; Guaraldi, G.; Mussini, C.; Gudiol, C.; Pujol, M.; et al.
Long-term consequences of COVID-19: Research needs. Lancet. infect. Dis. 2020, 20, 1115-1117. [CrossRef]

Wilson, C. Concern coronavirus may trigger post-viral fatigue syndromes. New Sci. 2020, 246, 10-11. [CrossRef]

Marshall, M. The lasting misery of coronavirus long-haulers. Nature 2020, 585, 339-341. [CrossRef] [PubMed]

Tansey, C.M.; Louie, M.; Loeb, M.; Gold, W.L.; Muller, M.P; de Jager, J.; Cameron, ].I; Tomlinson, G.; Mazzulli, T.; Walmsley, S.L.; et al.
One-year outcomes and health care utilization in survivors of severe acute respiratory syndrome. Arch. Intern. Med. 2007, 167,
1312-1320. [CrossRef]

O’Sullivan, O. Long-term sequelae following previous coronavirus epidemics. Clin. Med. 2021, 21, e68-e70. [CrossRef]

Lee, S.H.; Shin, H.S; Park, H.Y.; Kim, J.L.; Lee, J.].; Lee, H.; Won, S.D.; Han, W. Depression as a mediator of chronic fatigue and
post-traumatic stress symptoms in middle east respiratory syndrome survivors. Psychiatry. Investig. 2019, 16, 59-64. [CrossRef]

Jackson, C. The general health questionnaire. Occup. Med. 2007, 57, 79. [CrossRef]

Morriss, R.; Wearden, A.; Mullis, R. Exploring the validity of the Chalder Fatigue scale in chronic fatigue syndrome. J. Psychosom. Res.
1998, 45, 411-417. [CrossRef]

Loge, ].H.; Ekeberg, O.; Kaasa, S. Fatigue in the general Norwegian population: Normative data and associations. J. Psychosom. Res.
1998, 45, 53-65. [CrossRef]

Jackson, C. The Chalder fatigue scale (CFQ 11). Occup. Med. 2015, 65, 86. [CrossRef]

Vollbracht, C.; Kraft, K. Feasibility of vitamin C in the treatment of post viral fatigue with focus on long COVID, based on a
systematic review of IV vitamin C on fatigue. Nutrients 2021, 13, 1154. [CrossRef] [PubMed]

Gerwyn, M.; Maes, M. Mechanisms explaining muscle fatigue and muscle pain in patients with myalgic encephalomyeli-
tis/chronic fatigue syndrome (ME/CFS): A Review of recent findings. Curr. Rheumatol. Rep. 2017, 19, 1. [CrossRef]

Sullivan, A.; Nord, C.E.; Evengard, B. Effect of supplement with lactic-acid producing bacteria on fatigue and physical activity in
patients with chronic fatigue syndrome. Nutr. J. 2009, 8, 1-6. [CrossRef]

Carabotti, M.; Scirocco, A.; Maselli, M.A.; Severi, C. The gut-brain axis: Interactions between enteric microbiota, central and
enteric nervous systems. Ann. Gastroenterol. 2015, 28, 203-209. [PubMed]

Rajinikanth, B.; Venkatachalam, V.V.; Manavalan, R. Investigations on the potential of serratiopeptidase- a proteolytic enzyme,
on acetic acid induced ulcerative colitis in mice. Int. J. Pharm. Pharmaceut. Sci. 2014, 6, 525-531.

Gaspani, L.; Limiroli, E.; Ferrario, P.; Bianchi, M. In vivo and in vitro effects of bromelain on PGE2 and SP concentrations in the
inflammatory exudate in rats. Pharmacology 2002, 65, 83-86. [CrossRef] [PubMed]

Ando, T,; Mimura, K,; Johansson, C.; Hanson, M.G.; Mougiakakos, D.; Larsson, C.; Palma, TM.; Sakurai, D.; Norell, H,; Li, M,; et al.
Transduction with the antioxidant enzyme catalase protects human T cells against oxidative stress. ]. Immunol. 2008, 181,
8382-8390. [CrossRef] [PubMed]

Farhadi, S.A.; Bracho-Sanchez, E.; Freeman, S.L.; Keselowsky, B.G.; Hudalla, G.A. Enzymes as immunotherapeutics. Bioconjugate Chem.
2018, 29, 649-656. [CrossRef]

Malaczewska, J.; Kaczorek-Lukowska, E.; Wojcik, R.; Siwicki, A.K. Antiviral effects of nisin, lysozyme, lactoferrin and their
mixtures against bovine viral diarrhoea virus. BMC Veter. Res. 2019, 15, 318. [CrossRef] [PubMed]

Sagar, S.; Rathinavel, A.K.; Lutz, W.E,; Struble, L.R.; Khurana, S.; Schnaubelt, A.T.; Mishra, N.K.; Guda, C.; Broadhurst, M.].;
Reid, S.PM; et al. Bromelain inhibits SARS-CoV-2 infection in VeroE6 cells. bioRxiv 2020. [CrossRef]

Chitnis, A.V,; Rathi, A.K. In-vitro virucidal activity of commercial enzyme preparations against SARS-CoV-2 virus. Preprint 2020.
[CrossRef]

Qin, M.; Cao, Z.; Wen, ].; Qingsong, Y.; Chaoyong, L. An antioxidant enzyme therapeutic for COVID-19. Adv. Mater. 2020, 32, 1-9.
[CrossRef]

Azad, M.A K,; Sarker, M.; Wan, D. Inmunomodulatory effects of probiotics on cytokine profiles. Biomed. Res. Int. 2018, 2018, 1-11.
[CrossRef] [PubMed]

Morshedi, M.; Hashemi, R.; Moazzen, S. Inmunomodulatory and anti-inflammatory effects of probiotics in multiple sclerosis: A
systematic review. J. Neuroinflam. 2019, 16, 231. [CrossRef]

Wang, Y.; Wu, Y,; Wang, Y. Antioxidant properties of probiotic bacteria. Nutrients 2017, 9, 521. [CrossRef]

Eguchi, K.; Fujitani, N.; Nakagawa, H. Prevention of respiratory syncytial virus infection with probiotic lactic acid bacterium
Lactobacillus gasseri SBT2055. Sci. Rep. 2019, 9, 4812. [CrossRef]

Kim, N.; Yun, M.; Oh, Y.J.; Choi, H.J. Mind-altering with the gut: Modulation of the gut-brain axis with probiotics. J. Microbiol.
2018, 56, 172-182. [CrossRef]


http://doi.org/10.1016/j.btre.2020.e00544
http://doi.org/10.1136/jnnp.54.2.153
http://www.ncbi.nlm.nih.gov/pubmed/2019842
http://doi.org/10.1016/0022-3999(93)90081-P
http://doi.org/10.1136/bmj.m2815
http://doi.org/10.1016/S1473-3099(20)30701-5
http://doi.org/10.1016/S0262-4079(20)30746-6
http://doi.org/10.1038/d41586-020-02598-6
http://www.ncbi.nlm.nih.gov/pubmed/32929257
http://doi.org/10.1001/archinte.167.12.1312
http://doi.org/10.7861/clinmed.2020-0204
http://doi.org/10.30773/pi.2018.10.22.3
http://doi.org/10.1093/occmed/kql169
http://doi.org/10.1016/S0022-3999(98)00022-1
http://doi.org/10.1016/S0022-3999(97)00291-2
http://doi.org/10.1093/occmed/kqu168
http://doi.org/10.3390/nu13041154
http://www.ncbi.nlm.nih.gov/pubmed/33807280
http://doi.org/10.1007/s11926-017-0628-x
http://doi.org/10.1186/1475-2891-8-4
http://www.ncbi.nlm.nih.gov/pubmed/25830558
http://doi.org/10.1159/000056191
http://www.ncbi.nlm.nih.gov/pubmed/11937778
http://doi.org/10.4049/jimmunol.181.12.8382
http://www.ncbi.nlm.nih.gov/pubmed/19050255
http://doi.org/10.1021/acs.bioconjchem.7b00719
http://doi.org/10.1186/s12917-019-2067-6
http://www.ncbi.nlm.nih.gov/pubmed/31488163
http://doi.org/10.1101/2020.09.16.297366
http://doi.org/10.20944/preprints202012.0543.v1
http://doi.org/10.1002/adma.202004901
http://doi.org/10.1155/2018/8063647
http://www.ncbi.nlm.nih.gov/pubmed/30426014
http://doi.org/10.1186/s12974-019-1611-4
http://doi.org/10.3390/nu9050521
http://doi.org/10.1038/s41598-019-39602-7
http://doi.org/10.1007/s12275-018-8032-4

Medicines 2021, 8, 47 12 of 12

54.

55.

56.

57.

Marotta, A.; Sarno, E.; Del Casale, A.; Pane, M.; Mogna, L.; Amoruso, A.; Felis, G.E.; Fiorio, M. Effects of probiotics on cognitive
reactivity, mood, and sleep quality. Front. Psychiatry 2019, 10, 164. [CrossRef] [PubMed]

Williamson, C.B.; Pizano, ].M.; Gasta, M.G. Probiotics and disease: A comprehensive summary—Part 3, Cardiometabolic disease
and fatigue syndromes. Integr. Med. 2017, 16, 30.

Ng, Q.X,; Peters, C.; Ho, C.Y.X,; Lim, D.Y.; Yeo, W.S. A meta-analysis of the use of probiotics to alleviate depressive symptoms. J.
Affect. Disord. 2018, 228, 13-19. [CrossRef]

Shah, N.; Parate, R.; Vispute, A. Potential of the Combination of a systemic enzyme complex and probiotics administration to
combat COVID-19: A randomized open label prospective analysis. Adv. Clin. Toxicol. 2021, 6, 205.


http://doi.org/10.3389/fpsyt.2019.00164
http://www.ncbi.nlm.nih.gov/pubmed/30971965
http://doi.org/10.1016/j.jad.2017.11.063

	Introduction 
	Materials and Methods 
	Materials 
	Ethics and Informed Consent 
	Selection of Study Subjects 
	Inclusion Criteria 
	Exclusion Criteria 

	Study Design, Randomization and Treatments 
	Endpoints: Efficacy and Safety Variables 
	Statistical Analysis 

	Results 
	Analysis of Efficacy 
	Analysis of Safety 

	Discussion 
	Conclusions 
	References

