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Abstract: Gut microflora dysbiosis affects the majority of individuals after COVID-19, contributing
to both gastro-intestinal (GI) and non-GI symptoms. Natural phytochemicals have reported anti-viral
properties and favourable effects on inflammatory and oxidative pathways, both important for tissue
damage post-viral pneumonia. This study involved 147 participants with symptomatic COVID-19,
randomised to receive a placebo (P) or a phytochemical-rich concentrated food capsule (PC) in
addition to a pre/probiotic lactobacillus capsule. Participants taking the PC had an almost two-fold
reduction in mean fatigue scores compared to P [p = 0.02], a three-fold reduction in cough score and
more than a double improvement in overall well-being scores [p = 0.02]. Two (1.5%) participants
reported mild, increased bloating which they felt was attributable to the capsules, although GI
symptoms improved in 25 of 31 participants (82%) who reported them at baseline. Sedentary, older,
previously hospitalised men with GI symptoms had a statistically significantly improvement among
those given the probiotic. Although some participants with early disease would have improved
spontaneously, such a rapid improvement observed in the majority of participants, who had been
suffering for an average of 108 days, was clinically relevant and welcomed, especially among those
more likely to have pre-existing gut dysbiosis. We are now evaluating whether this blend could also
enhance antibody titres post-COVID-19 vaccination.

Keywords: probiotic; COVID-19; gut-health; long-COVID-19

1. Introduction

Following COVID-19 infection, genetic variabilities in both the host and virus, along
with co-morbidities, reduce an individual’s ability to sustain the viral assault and influence
the severity of disease [1-3]. In addition, emerging data is linking worse outcomes with
factors associated with less-favourable gut microflora (dysbiosis) [1-3]. Gut dysbiosis can
cause impaired gut wall integrity, reduced immunosurveillance, excessive inflammation
and impaired oxidative pathways, all of which are very relevant following COVID-19
infection [1,4-16]. An exaggerated release of inflammatory cytokines triggers an influx of
innate immune cells into tissues, causing collateral damage and excess pulmonary exudates
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which block pulmonary airways, both features of acute respiratory distress syndrome
(ARDS) [4,5,13,17-22].

Dysbiosis has been reported in the majority of patients with COVID-19, particularly
those expressing gastrointestinal (GI) symptoms. This is thought, in part, to be attributed
to an increased susceptibility of individuals with dysbiosis to contract COVID-19, but also
the ability of the virus in the gut to directly cause gut inflammation which can upset micro-
floral balance [6-8,10,11,14,23-26]. Previous studies have highlighted that patients with
GI symptoms at presentation had worse non-GI symptoms, particularly fatigue, during
COVID-19 infection, and had a greater risk of chronic symptom burden [6,11-13,27]. The
link between bowel dysbiosis and hyper-inflammation has also been well documented in
other chronic respiratory diseases [19,25-28]. Factors which influence dysbiosis include
recent use of antibiotics, steroids and antacids, increasing age, obesity, sedentary behaviour
and smoking [29]. Dietary factors include a high intake of processed sugar and meat and a
low intake of fermentable, soluble fibres and prebiotic polyphenols [1,30-32].

The role of nutritional supplements, as a way to enhance prebiotic and probiotic
intake throughout the day, has been the subject of extensive investigation [33-36]. The
most widely researched probiotics include lactic-acid-producing bacteria, such as the
species Lactobacillus, the gut colonization of which is enhanced by concomitant intake with
prebiotic soluble fibres such as inulin [30,37]. Interventional studies in humans and animals
have shown them to improve microflora biodiversity, downregulate mucosal inflammation,
correct GI symptoms, such as bloating and diarrhoea, and help to modify a range of chronic
diseases [33-48].

The reported mechanisms of action of probiotic supplement are multifactorial [38,40].
Probiotics encourage gut colonisation of anti-inflammatory bacterial strains which then
outpace pro-inflammatory bacteria [30,49,50]. Furthermore, they also aid fermentation
of otherwise poorly digestible dietary carbohydrates into short-chain fatty acids such as
butyrate, which are an efficient energy source for gut mucosal and immune cells and so
help improve gut wall growth, function and integrity [3]. As well as their positive influence
on immune balance, probiotics have been found to augment intracellular oxidative enzyme
capacity in both laboratory and clinical studies among patients with COVID-19, enhancing
activity of scavenge tissue damaging superoxide anions [51,52]. Probiotics also help to
increase vitamin D absorption and expression, which is important post-COVID-19 as
suboptimal vitamin D levels have been associated with hyper-inflammatory cytokine
production, and ultimately more severe respiratory COVID-19-related symptoms [52-59].

In addition to dampening excess inflammation, intervention studies have shown that
diet enhancement with a lactic-acid probiotic supplement helps to reduce an age-related drop
in natural killer cell activity and augments anti-viral immune surveillance [15,40,60-71]. A
meta-analysis of small randomised controlled trials (RCTs) suggests they decreased the
need for invasive mechanical ventilation in patients with ARDS [72].

Natural phytochemicals, especially the polyphenol group, found in fruit, herbs and
vegetables, are demonstrating an increasing role in mitigating certain symptomatic effects
associated with viral infections [12,18,31,32,73]. As well as their positive effects on gut
health, polyphenols such as curminoids (found in turmeric), ellagic acid and quercetin and
resveratrol (found in tea, grapes, polygonum cuspidatum root and pomegranate) downreg-
ulate excess tissue chronic inflammation by reducing COX-2 activation of prostaglandins
via modulating the function of nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-«kB) [31,32,74-76]. This mechanism explains why polyphenols have been shown
to reduce inflammatory-associated pain in joints, a symptom common among people with
long-COVID-19 [73-76]. However, unlike aspirin and ibuprofen, polyphenol-rich foods
have actually been shown to protect gastric mucosa [77]. The polyphenol resveratrol in-
fluences the regulation of angiotensin-converting enzyme, another factor implicated in
virus-induced exudate production and lung parenchyma injury [78-80]. Unlike steroids and
other immune suppressants, the ability of phytochemicals to suppress pro-inflammatory
cytokines has not led to a reduced viral immunosurveillance [81-84]. Resveratrol has been
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reported to increase anti-viral cytotoxic T lymphocytes and natural killer immune cells [78].
Likewise, apigenin, derived from chamomile, has been shown to induce anti-viral activity
in T-cell lines transfected with HIV [83,84].

Phytochemicals have also been shown to promote a natural adaptive response to
tissue oxidative stress via their ability to facilitate activation of the transcription factor NF-
E2-related factor 2 [18]. This enhances an appropriate antioxidant response to damaging
reactive oxidative species (ROS), which is relevant to COVID-19 as tissue damage post-
COVID-19 has been linked to excess oxidative damage [85]. Yet, unlike direct anti-oxidants
such as vitamins A and E, there is no evidence that phytochemicals over-deplete ROS
levels causing a situation coined anti-oxidative stress, as they do not impair degradation of
antioxidant enzymes after a tissue insult diminishes [86-89].

Pomegranates and other citrus fruits are also rich in nitrates, which in the presence
of vitamin C, citrus bioflavonoids and other polyphenols, are converted to nitric oxide
(NO) [90]. NO has smooth muscle vasodilatory properties which help to lower blood
pressure and enhance tissue oxygenation, both relevant factors following COVID-19 pneu-
monia [91,92].

On top of these protective immune mechanisms, phytochemicals have recently been
discovered to have direct anti-viral properties in laboratory studies [15,57,71,93]. These
processes include inhibition of viral penetration and replication by inhibiting viral gene ex-
pression, viral protein synthesis and downregulation of cellular transcription and signaling
pathways [81,83,94-103].

The optimal health benefits of a diverse phytochemical, prebiotic and probiotic-rich
diet are likely to be the result of synergy between them and long-term intake [104-113].
There are some data, however, to suggest that even short-term intervention can rapidly
alter the composition of the gut microbiota in healthy volunteers [1,114]. It is unknown
whether the same impact could be achieved in people suffering from COVID-19, who may
have a poor appetite along with bowel symptoms and dysfunction. Likewise, it is not
known whether the multiple properties summarised above could be achieved in humans to
levels which could reduce symptoms and shorten the time to recovery, hence the rationale
for this clinical study.

2. Materials and Methods

This double-blind, randomised trial was co-ordinated by the Research Office within the
Primrose Unit, Bedford Hospital. Participants were approached via the local post-COVID-
19 clinic and from the daily COVID-19 ward round; others directly contacted the Trials Unit
after hearing about the study via word of mouth. Participants were excluded if they had
known sensitivities and allergies to the investigational foods, were immunosuppressed or
were too ill to take oral capsules.

All participants were randomised (1:1) to take either a placebo (P) or an identical
looking and weighted phytochemical-rich concentrated food capsule (PC). They took one
capsule twice a day. At the start of the study, participants were initially also randomised
(1:1) to receive a Lactobacillus probiotic and inulin prebiotic, but recruitment became slow
as potential participants were deterred by the possibility of receiving a placebo without the
benefit of a probiotic. It also became clear that participants would buy their own probiotics
over-the-counter, negating any comparative data. Considering these factors and following
feedback from patients, the trial committee decided, subject to a protocol amendment, to
provide the probiotic to all remaining participants. The design change rapidly increased
recruitment rate and allowed recruitment targets to be achieved. In total, 126 participants
received the probiotic capsules (see Figure 1).
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151 participants with symptomatic Covid
(114 Chronic disease 37 early disease)

4 dropped out before
randomisation

50:50 randomisation

|

|

73 placebo capsule
(+ 63 probiotic/prebiotic capsule)

74 Phtochemical rich capsule
( + 63 probiotic/prebiotic capsule)

Common toxicity Symptom Scores (73)
Fatigue Scores (68)
Cough Score (73)
Subjective Well-being Scores (73)
Duration of pyrexia (10)

Figure 1. Trial consort flow diagram.

Common toxicity Symptom Scores (73)
Fatigue Scores (66)
Cough Score (73)
Subjective Well-being Scores (73)
Duration of pyrexia (9)

The study was approved by the Yorkshire & The Humber (Sheffield) Research Ethics
Committee (REC reference: 20/YH/0164) on 22 May 2020 and approved by the HRA
and Health and Care Research Wales (HCRW) on 22 May 2020. IRAS project ID: 282517.

EudraCT number 2020-001532-10.

Capsule contents and manufacture:

Probiotic/prebiotic capsule (PP): The daily dose (from two capsules) was 200 mg of
inulin and 10 billion colony forming units (CFU’s) of Lactobacillus plantarum, Lactobacil-
lus rhamnosus, Lactobacillus bulgaricus, Lactococcus lactis and Lactobacillus paracasei. The
delayed release vegan capsule was made of hypromellose and gellan.
Phytochemical-rich whole food capsule (PC): Citrus Sinensis fruit (400 mg from
200 mg of 2:1 extract, standardised to contain 70 mg of Bioflavonoids). Chamomile,
Matricaria recutita L. flower) (1000 mg from 22 mg of 10:1 extract and 65 mg of 12:1 ex-
tract). Curcuma Longa rhizome in Curcumin Complex (1600 mg of curcumin from
25 mg of 64:1 extract, standardised to contain 23.8 mg of curcuminoid). Pomegranate
(Punica granatum L. rinds and seeds) (1000 mg from 25 mg of 40:1 extract, standard-
ised to contain 10 mg of Ellagic Acid). Polygonum cuspidatum root containing 100 mg
of resveratrol.

Placebo (P): Inert microcrystalline cellulose, magnesium stearate and silicon dioxide.
Capsule manufacture and quality assurance: The capsules and their contents were
made specifically for this trial by ParkAcre, Lincoln, and The Oxford Health Company
Ltd., Oxfordshire, UK, both certified by the Organic Food Federation to conform to
Good Manufacturing Practice (GMP—FSSC 22000, ISO 22000), and UK and Interna-
tional food production laws. Their in-house Research and Development department
tested each batch for biological contamination of yeast, mould, E. coli and salmonella,
and measured lead, arsenic, cadmium, mercury and pesticides, to ensure that they
met international thresholds. A unit of each supplement was securely stored by the
Trust Secretary and can be sent to any regulatory body at their request.

Primary end points were the differences in mean symptom from days 1 to 30 be-

tween the two groups measured by the validated Chalder Fatigue Scale (CFS) (Figure A1l
in Appendix A), the Cough Symptom Score (CSS) (Table Al in Appendix A) and the
Subjective Well-being Score (SWB) (Table A2 in Appendix A) [114,115]. Other symptoms
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were recorded with the NCI Common Toxicity Criteria. All 147 CFS and CSS forms were
completed. A total of 134 CFS were completed (see consort diagram Figure 1).

The secondary end point was to evaluate which predetermined subgroups had a
greater mean improvement between days 1 and 30—in particular, which subgroups were
more likely to have suboptimal gut health at baseline, such as male versus (vs.) female;
BMI (overweight or obese vs. normal weight); age (>60 years vs. <60 years); exercise levels
(<3 h a week vs. >3 h a week); history of hospitalisation or not; history of bowel symptoms
or not; history of GI symptoms at baseline or not.

Statistical analysis: The power calculation and analysis of results was performed by
independent statisticians who were blind to the treatment arms with the aid of the IBM SPSS
Statistical software (IBM Corp., Amonk, NY, USA). All dependent variables were checked
for normal distribution using Quantile-Quantile (Q-Q) Plots and were deemed plausible in
all instances. All data were presented as mean £ SD with 95% confidence intervals (95%
CI). A dependent paired samples t-test was used to assess the mean differences in Cough,
Subjective Well-being and Fatigue Scores at day 1 compared with day 30. An independent
t-test was also used to determine the differences in these scores between the P and PC arm.
Homogeneity of variance was checked and not violated for any variables. A predetermined
subgroup analysis was used to determine an interaction between the arm (P vs. PC) with
gender (male vs. female), COVID-19 status (early vs. long), or age (<60 years vs. >60 years)
using a between-groups one-way analysis of variance (ANOVA). Assumptions of both tests
were checked via the homogeneity of variance, which was not violated for any variables. In
the instance of a significant interaction effect, a Bonferroni pairwise comparison was used
to locate significant differences. The two-tailed alpha level was set as p < 0.05.

3. Results

All 151 participants, recruited between May 2020 and May 2021, had one or more
symptoms related to their COVID-19 infection. Four withdrew before randomization,
leaving a total of 147 study participants. The average time from COVID-19 diagnosis to
trial entry was 108 days (range 2 to 467 days). Thirty-six participants (25%) entered the
study within 30 days of diagnosis (average 14 days) and 112 (75%) after 30 days (average
120 days). The demographic of the trial cohort is summarised in Table 1, which also shows
that both randomised groups were evenly balanced, apart from Subjective Well-being Score
which was slightly worse at baseline in the PC group. There was no baseline bias. Details of
the range of symptoms experienced by the trial participants at trial baseline are summarised
in Table 2.

Table 1. Demographics for whole cohort (n = 147) and each randomised group.

Category All Patients PC Group (n =74) P Group (n =73) Difference
Description Number (%) Number (%) Number (%) (Significance)
Male gender 82 (56%) 42 (29%) 40 (27%) diff 1% (ns)
Average age 53 yrs 55 yrs 51 yrs diff 4 yrs (ns)
Given probiotics 126 (86%) 62 (42%) 64 (44%) diff 2% (ns)
Duration of symptoms * 108 days 110 days 107 days diff 3 days (ns)
Overweight (BMI > 25-30 Kg/ m?2) 44 (31%) 20 (15%) 24 (16%) diff 1% (ns)
Obese (BMI > 30 Kg/m?) 52 (35%) 27 (18%) 25 (17%) diff 1% (ns)
Smokers 99 (66%) 50 (33%) 49(33%) diff 0% (ns)
Exercised > 3 h/wk 38 (26%) 22 (15%) 16 (11%) diff 4% (ns)
Ethnic group (non-white) 40 (27%) 18 (12%) 22 (15%) diff 3% (ns)
Hospitalised 92 (63%) 44 (30%) 48 (33%) diff 3% (ns)

* Days of COVID symptoms before trial baseline, PC = phytochemical capsule, P = placebo, diff = difference,
ns = non-significant, hrs = hours, wk = week, BMI = Body mass index, yrs = years.
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Table 2. Self-reported symptoms at baseline.

Symptom Number (%) Symptom Number (%)
Fatigue 117 (92%) Sore throat 7 (6%)
Breathlessness 53 (42%) Anxiety or depression 7 (6%)
Joint, muscle or chest pains 43 (34%) Altered hearing or vision 6 (5%)
Bowel symptoms, nausea 31 (25%) Increased blood pressure 6 (5%)
Cough 31 (25%) Peripheral neuropathy 5 (4%)
Altered sense of smell 31 (25%) Dizziness 5 (4%)
Headache 24 (19%) Increased perspiration 4 (3%)
Muscle weakness 22 (17%) Sneezing 4 (3%)
Fever/chills 18 (14%) New onset asthma/asthma flare 4 (3%)
Poor appetite, nausea 14 (11%) Altered voice/hoarseness 3 (2%)
Insomnia 10 (8%) Hyperesthesia 3 (2%)
Heart palpitations 8 (6%) Urinary problems 3 (2%)
Brain fog 8 (6%) Weight loss 3 (2%)
Skin rash/‘COVID toes’ 8 (6%) Altered menstrual cycle 2 (1%)

The most commonly self-reported symptoms for all participants are listed in Table 2.
The five most commonly experienced symptoms were fatigue, shortness of breath, pains,
altered sense of smell and bowel symptom:s.

The average change in symptoms from day 1 to 30 was compared between the two
randomised groups, and the results are summarised in Table 3. Participants taking the PC
had an almost two-fold reduction in mean fatigue compared to placebo [6.1 vs. 3.4 (95% CI
—5to —0.3, p = 0.02)]. Likewise, there was a three-fold reduction in cough (CSS) amongst
those randomised to the PC group compared to placebo [1.1 vs. 0.4 (95% CI —1.3 to —0.1,
p =0.02)]. This improvement in symptoms resulted in an a more than doubly improved
overall well-being measured by the SWS score [2.0 vs. 4.5 (95% CI 1.5 to —4, p = 0.02)]

Table 3. Differences in the mean improvement in symptoms between the two randomised arms.

P Arm (n =73) PC Arm (n = 74) Pvs. PC* Value
Mean Diff (D1-30) Mean Diff (D1-30) Diff in Means (CI £ 95%) P
Cough Score (CSS) 04+15 1.1+2.0 0.7 (CI —1.3 to —0.1) 0.02
Subjective Well-being Score (SWS) 12+74 6.6 = 10.5 54(24to84) <0.001
Chalder Fatigue Scale (CFS) 34+6.1 6.1+75 2.7 (CI —=5.0 to —0.3) 0.02

* PC = phytochemical capsule, P = placebo.

A second part of the evaluation measured symptoms among the 126 participants who
received the probiotic supplement between day 1 to day 30 (Table 4). CSS significantly
reduced over two-fold (1.4 to 0.6, C1 0.5 to 1.1, p < 0.001). Likewise, SWB scores significantly
improved from 24.5 to 28.5 (CI —5.5 to —2.4, p < 0.001) and CFS significantly reduced from
21.2t0 16.5 (C13.5 to 5.8, p < 0.001). Table 3 summarised the changes in cough and fatigue
as a whole and when subdivided into the early (n = 30) and chronic phase cohorts (n = 96).

With respect to subgroup effect on symptom scores, there was one or more statistically
significant difference exhibited in the level of improvement in males (vs. females), over
60 years (vs. <60 years old), participants who exercised < 3 h a week (vs. 3 h/week), had
previous hospitalisation (vs. no hospitalisation) and had prior or current indigestion (vs.
no indigestion) (Table 5). BMI had no significant effect on symptom improvement.
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Table 4. Change in symptom severity in participants who received probiotic supplement.

S Mean & SD Difference Day 1 to 30
ymptom Scores (Day 1 vs. 30) 95% CI) p Value
All participants Given Probiotic Capsules (n = 126)
Cough Score 144+ 0.6vs. 06 14 0.8 (CI0.5t01.1) <0.001
SWS 245+8.3vs. 285 +7.2 4.0 (CI —-5.5t0 —2.4) <0.001
Fatigue Score 212 £5.7vs. 165 £ 6.7 4.7 (CI3.5t05.8) <0.001
Early COVID * Cohort (n = 30)
Cough Score 1.84 +2.33 vs. 0.61 4+ 1.27 1.24 (CI 0.42 to 2.07) p =0.004
Fatigue Score 20.19 + 5.69 vs. 14.44 + 4.53 4.70 (CI12.88 to 8.61) p <0.001
SWS 24.45 + 9.69 vs. 30.94 + 6.06 6.48 (C110.17 to —2.8) p =0.001
Late COVID * Cohort (n = 96)
Cough Score 1.03 £ 1.82 vs. 0.35 £ 0.89 0.67 (CI10.38 to 0.98) p <0.001
Fatigue Score 21.66 = 5.55 vs. 17.18 £7.20 4.70 (CI3.13 to 5.82) p <0.001
SWS 23.99 + 8.04 vs. 27.51 £ 7.03 3.23 (CI —5.33 to —0.70) p <0.001

* Early COVID-19 = symptoms within 1 month of trial entry (Mean 14 days) * Late COVID-19 = Participants with
symptoms for >1 month prior to trial entry (Mean = 120 days).

Table 5. Subgroup analysis highlighting who got the greatest benefit from the intervention.

S tom S Difference in Mean Score Day Difference Val
ymptom Scores 1t0 30 SD (95% CI) p vatue
Gender
Male (70) vs. Female (56)
Cough Score 1.1£20vs.05+£1.2 0.6 (0.1 to 1.6) p =0.04
Fatigue Score 64+£72vs. 32462 3.2(0.6t0 0.5) p=0.01
SWS * 53+ 10.6 vs. 2.6 = 8.0 2.7 (—0.6 to 5.6) p=0.10
Age
<60 years (89) vs. >60 years (37)
Cough Score 06+18vs.09+£17 0.3(09to —0.4) p=0.46
Fatigue Score 1.6 £53vs.64+7.0 4.8 (7.2t02.5) p <0.001
SWS 14+98vs.52+£94 3.8(0.2t07.5) p=0.04
BMI
Normal (46) vs. OW and O (80)
Cough Score 0.8+15vs. 0.7 +19 0.1 (—0.8 to 1.5) p=1.00
Fatigue Score 274+101vs. 47+93 2(—2.6t047) p=1.00
SWS 424+103vs.3.8+75 0.4 (—2.0 to 4.0) p=0.13
Hospitalised
Yes (79) vs. No (47)
Cough Score 09+1.6vs. 0.7+19 0.2(—0.5t00.7) p=077
Fatigue Score 6.1+74 vs.29+55 3.2(09t05.6) p<0.01
SWS 35+9.0vs. 514105 1.6 (—2.0to 5) p=0.39
Prior indigestion
Yes (113) vs. No (13)

Cough Score 08+17vs. 1.0+£21 0.2(0.8to —1.2) p=0.70
Fatigue Score 94+79vs. 44+ 6.6 5(0.1to 11.1) p <0.01
SWS 91+£115vs.35+9.2 5.6 (89to1.1) p=0.04
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Table 5. Cont.
Svmptom Scores Difference in Mean Score Day Difference Value
ymp 1to 30 SD (95% CI) P
New GI symptoms at baseline
Yes (41) vs. No (85)
Cough Score 0.7+19vs. 08+ 1.7 0.1 (—0.5t00.8) p=0.59
Fatigue Score 54+£7.0vs. 421+68 1.2 (1.5 to 3.8) p=0.01
SWS 274+10.1vs. 47+9.3 2(—5.6t01.6) p=0.274
Exercise

>3 h/wk (93) vs. <3 h/wk (33)
Cough Score 05+13vs.1.6+24 1.1(0.2to 1.9) p=0.02
Fatigue Score 414+64vs.76+78 3.5(0.3t06.7) p=0.03
SWS 27+64vs.80+11.4 5.3 (=9.7 to —0.9) p=0.02

* SWS = Subjective well-being Score.

No formal statistical analysis was performed comparing symptoms between the
11 participants who received PC without probiotic, with the 63 participants who received
PC and probiotic, as the sample size difference between these two groups is not conducive
to accurate statistical analysis. Symptoms were compared between the 126 who received
probiotics with the 21 who did not. There was a trend in benefit for the probiotic group:
cough (mean difference 0.48 vs. 0.83, p = 0.08); fatigue score (3 vs. 4.92 vs. 3, p = 0.09); and
subjective well-being (4.34 vs. 1.52, p = 0.1). Likewise, the difference in the sample sizes
were too large for these figures to be statistically meaningful, hence they have not been
displayed in tables.

4. Discussion

This study highlights the wide variety of symptoms participants suffer following
COVID-19, in particular symptoms of fatigue and those of a GI origin. The randomised
element of this study demonstrated that intake of the phytochemical-rich food capsule,
in addition to the probiotic and prebiotic capsule, resulted in a statistically significant
improvement in symptoms. Compared to participants who took the placebo, those taking
the additional PC had an almost two-fold improvement in mean CFS and a three-fold better
improvement in CSS. This resulted in a significant improvement in overall well-being in the
latter group. This does imply that the quantity of phytochemicals in these foods is sufficient
to elicit effects on biological pathways. Nevertheless, further research measuring the
cellular and biochemical responses which take place following phytochemical intake would
also be beneficial. This would help to establish whether their mechanisms of action are as
an additional prebiotic to support the probiotic, or whether they have a more substantive
role in helping reduce tissue inflammation, improved oxidative balance, oxygenation or
even have direct anti-viral properties [15,52,71,93].

Among the cohort (126) given the Lactobacillus probiotic and inulin, there was a
clear improvement in CFS, CSS and SWB scores over the 30 days. For patients within
the acute phase of an infection this result would have been expected, as most patients
are likely to improve within this time frame [7,116-118]. The same, however, cannot
be said for participants with chronic, persistent COVID-19-related symptoms. In this
cohort, participants had fluctuating symptoms for an average of 120 days pre-entry, and
therefore improvement in symptoms within 30 days of the intervention was unlikely to
have happened spontaneously and the improvements were certainly clinically meaningful.
A limitation of the study was, however, the non-randomisation design of the probiotic
element, but as mentioned in the methods section above, the number of participants
who would have bought their own probiotics would have negated any comparative data.
Nevertheless, this data does support studies which have demonstrated that probiotic
supplements, particularly in vulnerable groups, shortened the incidence, duration and
severity of respiratory and systemic symptoms associated with upper respiratory tract
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infections [6,13,15,40,54,61-72,118-120]. It also supports two recent randomised trials
involving patients and their relatives with COVID-19 [121,122]. Likewise, it supports the
finding from the King’s College ZOE STUDY which established a link between people who
took probiotics and a lower risk of symptomatic COVID-19 [123].

Another limitation of the study is the uncertainty of which elements of the food
intervention had the biggest impact, or whether it is the combination of all, working in
synergy, which provides the therapeutic effect [117]. There are some data which highlight
that the combination of probiotic bacteria, inulin and phytochemicals appears particularly
advantageous via a number of synergistic mechanisms. The phytochemical-rich foods in
this study can act as prebiotics which help to support probiotic bacteria growth [74,75,108].
Resveratrol and emodin in Aloe vera and polygonum cuspidatum root also enhance the
formation of a protective biofilm over bacteria such as Lactobacillus paracasei, facilitat-
ing adhesion, aggregation and colony formation [108]. Curcuminoids, which are poorly
absorbed in the small bowel, pass into the colon where they promote local synthesis of
anti-oxidant enzymes, protecting probiotic bacteria from oxidative damage [109]. In return,
probiotic bacteria help the breakdown of polyphenols into more readily absorbed and more
bioactive varieties [110-112]. Inulin, a soluble fermentable polysaccharide found in chicory
root, also passes into the large bowel where it functions as a carbon source for growth
favoured by anti-inflammatory commensal bacteria. A combination of curcuminoids and
ellagic acid has demonstrated synergy in their ability to generate apoptosis in viral-infected
cell lines [100].

In terms of subgroup differences, participants admitted to hospital had a greater
improvement after this intervention compared with non-hospitalised participants. A
possible explanation for this is that gut dysbiosis is aggravated by treatments such as
dexamethasone and antibiotics, routinely administered to patients during their hospital
management of COVID-19, so we postulate that an intervention to improve gut health has
an even greater impact on these patients [1,123]. More detailed information on antibiotic use
in the non-hospitalised patients, in retrospect, would have been useful. Likewise, the benefit
was greater in the older participants and those who exercised less, also factors known to be
linked to less favourable gut microflora profiles [3,124]. Males did better following probiotic
consumption vs. females. It has previously been reported that males have worse outcomes
after COVID-19 [125]; our data adds weight to the theory that underlying variance in gut
microbiota could be an explanation for this gender difference [126,127].

The mechanism of action of the probiotics on symptoms was not addressed in this
study, but previous literature suggests a number of contributory possibilities. The improve-
ment in cough may be explained by augmentation of the gut-lung axis and a reduction
in lung inflammation [4,5,19-21,28,29]. Some authors postulate that the cause of fatigue,
common during viral infections, is part of an innate immune-related defense, as it re-
duces movement and hence interaction with other people [128]. It is well-known that
poor gut health has a link to gut inflammation and chronic fatigue [129-131]. Previous
interventions with lactobacillus supplements reduced fatigue-related behaviour in labo-
ratory animals [132]. In humans, there have been reported improvements in fatigue and
memory following probiotic interventions, alongside reductions in systemic inflamma-
tory cytokines and improvements in gut integrity [129,133]. Some studies have shown
a microbial-neuroendocrine relationship between certain dysbiotic flora species and a
resultant adverse change in hormones and neurotransmitters such as acetylcholine and
gamma-amino butyrate, serotonin and dopamine, and that administration of Lactobacil-
lus probiotics helped restore these changes [128-133]. Further research is required to
establish whether these biochemical changes are responsible for the profound fatigue in
long-COVID-19 sufferers and the improvements seen following this intervention.

In terms of safety, only two participants discontinued their capsules because of an
increase in bloating, which they attributed to the capsules. Both received probiotic cap-
sules, one placebo and one PC. This high safety profile is in agreement with the thousands
of studies which have reported a high safety profile involving millions of people who
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have consumed both phytochemical-rich whole foods and probiotic capsules [33,134-140].
In particular, the intake of Lactobacillus probiotics has shown to be especially safe and
beneficial among patients with several different medical conditions, including immunocom-
promised patients such as those on chemotherapy and over a wide age spectrum, ranging
from premature infants to the elderly [36,42,140-142]. We add to these data by reporting
that this Lactobacillus blend was safe in patients suffering from COVID-19.

Although it is still not known whether the benefits seen in this study could have been
achieved with determined dietary manipulation alone, in this current pandemic, it would
be wise to emphasise food with higher phytochemical content and lifestyle and nutritional
factors which are associated with a more favorable gut microbiome. Concentrating whole
foods into supplements is a convenient way to boost intake of specific nutrients throughout
the day, especially for individuals who have reduced appetite. It should be noted, however,
that even though these supplements used sophisticated methods to standardize the con-
centration of phytochemicals within capsules, regulatory bodies class them as foods rather
than medicines and so they cannot be prescribed by medical practitioners. Going forward,
our research group has now designed and started a study to evaluate whether this blend
could also enhance antibody titres post-COVID-19 vaccination.

5. Conclusions

In conclusion, intake of this blend of probiotics and prebiotics appears to influence the
severity and persistence of symptoms post COVID-19 infection, a finding which supports
other recently published studies that have also reported beneficial roles for similar Lacto-
bacillus probiotics [121-123]. In addition, we believe our study is one of the first to report
an additional benefit for patients with symptomatic post-COVID-19 infection for this safe,
low-cost phytochemical rich nutritional intervention.

6. Patents

There are no intellectual patents issued on any of the investigational ingredients, as
these are already freely available and can be purchased over-the-counter. Information
generated by the trial is published in the public domain for any company or government
body to, hopefully, act upon.
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Appendix A

less than no more more than | much more
usual than usual usual than usual

do you have problems with tiredness?

do you need to rest more?

do you feel sleepy or drowsy?

do you have problems starting things?

do you lack energy?

do you have less
strength in your muscles?

do you feel weak?

do you have difficulties concentrating?

do you make slips of the
tongue when speaking?

do you find it more difficult
to find the right word?

better than| no worse | worse than | much worse
usual than usual usual than usual

how is your memory?

Figure A1. Chalder Fatigue Scale.

Table Al. Cough Symptom Score.

DAYTIME COUGH
0 — No cough during the day

1 — Cough for one short period

2 — Cough for more than two short periods

3 — Frequent coughing, which did not interfere with usual daytime activities

4 — Frequent coughing, which did interfere with usual daytime activities

5 — Distressing coughs most of the day
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Table Al. Cont.

NIGHT TIME COUGH
0 — No cough during the night

1 — Cough on waking only

2 — Wake once or early due to cough

3 — Frequent waking due to choughs

4 — Frequent coughs most of the night

5 — Distressing coughs preventing any sleep

Table A2. Subjective Well-being questionnaire.

Subjective Well-Being (SWB)

Overall, how satisfied are you with your life nowadays?
0—-1—-2—-3—-54—-5—-6—-7—-8—-9—10
Not at all Completely
Overall, to what extent do you feel that the things you do in your life are worthwhile?
0—-1—-2—-3—-4—-5—-6—-7—-8—-9—-10
Not at all Completely
Overall, how happy did you feel yesterday?
0—-1—-2—-3—-4—-5—-6—-7—-8—-9—10
Not at all Completely
Overall, how anxious did you feel yesterday?
0—-1—-2—-3—-4—-5—-6—-7—-8—-9—10

Not at all Completely
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