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ABSTRACT

Intestinal bacteria may influence lung homeostasis via the gut-lung axis. We conducted a single-
center, quadruple-blinded, randomized trial in adult symptomatic Coronavirus Disease 2019
(Covid19) outpatients. Subjects were allocated 1:1 to probiotic formula (strains Lactiplantibacillus
plantarum KABP022, KABP023, and KAPB033, plus strain Pediococcus acidilactici KABP021, totaling
2 x 10° colony-forming units (CFU)) or placebo, for 30 days. Co-primary endpoints included: i)
proportion of patients in complete symptomatic and viral remission; ii) proportion progressing to
moderate or severe disease with hospitalization, or death; and iii) days on Intensive Care Unit (ICU).
Three hundred subjects were randomized (median age 37.0 years [range 18 to 60], 161 [53.7%)]
women, 126 [42.0%] having known metabolic risk factors), and 293 completed the study (97.7%).
Complete remission was achieved by 78 of 147 (53.1%) in probiotic group compared to 41 of 146
(28.1%) in placebo (RR: 1.89 [95 CI 1.40-2.55]; P < .001), significant after multiplicity correction. No
hospitalizations or deaths occurred during the study, precluding the assessment of remaining co-
primary outcomes. Probiotic supplementation was well-tolerated and reduced nasopharyngeal
viral load, lung infiltrates and duration of both digestive and non-digestive symptoms, compared
to placebo. No significant compositional changes were detected in fecal microbiota between
probiotic and placebo, but probiotic supplementation significantly increased specific IgM and IgG
against Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) compared to placebo. It is
thus hypothesized this probiotic primarily acts by interacting with the host’s immune system rather
than changing colonic microbiota composition. Future studies should replicate these findings and
elucidate its mechanism of action (Registration: NCT04517422).
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Introduction . :
managed on an outpatient basis. Symptoms can

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV2) is the causative agent of Coronavirus
Disease 2019 (Covid19) global pandemic.1 SARS-
CoV2 infection can range from asymptomatic to
death, but most symptomatic patients typically dis-
play mild to moderate symptoms, even despite sig-
nificant viral loads,” and their condition can be

include dry cough, fever, shortness of breath, body
aches, headache, fatigue, diarrhea and anosmia
among others.” However, no therapies have been
approved for Covid19 outpatients to date.
Probiotics are defined as “live microorganisms
that when administered in adequate amounts, con-
fer a health benefit on the host”, and this definition
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entails the requirement of well-conducted studies
in humans in the specified health indication.*
Recent evidence indicates a crosstalk between the
gastro-intestinal tract and respiratory system, along
with their respective microbiomes, referred to as
the gut-lung axis (GLA).”° Meta-analyses have sug-
gested oral probiotics may have a role in respiratory
infections such as cold and influenza, but have also
noted significant limitations, such as overreliance
on subjective outcomes, small sample sizes and
heterogeneity ~ between individual trials.”®
Particularly, heterogeneity between trials is not
unexpected, as several probiotic effects are strain-
specific, particularly immune-related effects.**'?
Based on said evidence, probiotics have been pro-
posed for Covid19.">""> At the time of writing,
some observational, retrospective evidence has
been reported,'® but no randomized, placebo-
controlled trials.

The objective of this study was to test the efficacy
and safety of the AB21° probiotic formula
(Lactiplantibacillus plantarum stains KABP022,

KABP023 and KABP033 plus Pediococcus acidilac-
tici strain KABP021), in symptomatic Covid19 out-
patients, by assessing clinical endpoints,
nasopharyngeal and serum biomarkers, and its
impact on the fecal microbiome.

Results
Participants

Of the 300 patients randomized, 293 completed
the study between August 26™ and December 10™
2020 and were available for primary analysis,
while 7 were lost to follow-up (3 in probiotic
and 4 in placebo, CONSORT Flowchart in
Figure 1). Age ranged 18-60 years old, 126
(42.0%) had known metabolic risk factors for
severe Covid19 (BMI > 30, diabetes and/or hyper-
tension) and median time from first symptom to
study inclusion was 4 days (IQR 3-5). All patients
were seropositive for SARS-CoV2-specific IgM,
providing further confirmation of Covidl9

810 Covid19 adults
screened for eligibility

510 Excluded:

A

P ¢ 415 Not meeting entry criteria
* 95 Declined to participate

300 Enrolled

\ 4
150 Randomized to Active:
* 150 Received allocated intervention

3 Lost to follow-up:

* 2 Withdrew before day 15, stated

& personal/family reasons

¢ 1 Withdrew before day 30, stated
personal/family reasons

0 Discontinued the intervention

4
147 Completed the trial
* 0 excluded from analysis

A 4
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¢ 150 Received allocated intervention

4 Lost to follow-up:

* 1 Withdrew before day 15, stated
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A 4
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Figure 1. Patient enrollment and treatment assignment to active (=2x10° CFU probiotic) or placebo among symptomatic Covid19

outpatients (CONSORT 2010 Flowchart).



diagnosis to RT-qPCR. In general, baseline char-
acteristics were well balanced between groups
(Table 1). Most common digestive complaints
were diarrhea and nausea, followed by feeling of
loose stools or incomplete evacuation and of
abdominal pain. All remaining digestive symp-
toms (e.g. constipation, flatus, bloating, reflux)
were reported by less than 10% of subjects in
both study groups (Table S1), and not considered
for further analysis. A few potential baseline
imbalances were detected: i) higher incidence of
lung infiltrates, of type II obesity, and lower SpO,
in probiotic group; ii) higher incidence of type
I obesity and of shortness of breath in placebo
group. Thus, said variables were considered for
post-hoc sensitivity analyses.

Primary clinical outcomes

Primary outcome of complete remission (i.e. com-
plete symptomatic and viral clearance) on day 30
was achieved by 78 (53.1%) in the probiotic group
compared to 41 (28.1%) in placebo (Table 2 and
S2), the difference being significant at the multi-
plicity-corrected threshold of P = .01 (RR: 1.89
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[95 CI 1.40-2.55], P < .001). No hospitalizations,
ICU admissions or deaths occurred during the
study, preventing the assessment of remaining pri-
mary outcomes (Table 2).

Secondary clinical outcomes

Patients in probiotic group reported significantly
less days of fever, cough, headache, body aches
(myalgia), shortness of breath (dyspnea), nausea,
diarrhea and abdominal pain (Table 3).
A significant effect was also observed on days with
loose stools, although effect size was minimal.
Importantly, only effects on fever were independent
of their status at baseline, while incidence of other
symptoms during the intervention was practically
null in subjects who did not display them at study
entry already. Patient compliance of electronic
daily report form (eDRF) was high, with only 11
subjects in probiotic and 6 in placebo failing to
report 100% complete diaries.

Probiotic treatment was associated to lower
nasopharyngeal viral load on days 15 and 30 com-
pared to placebo (both P < .001; Figure 2(a)).
Among subjects with lung infiltrates at baseline

Table 1. Demographic and baseline characteristics of the randomized participants.

Characteristics

Probiotic (n = 150) Placebo (n = 150)

Age (years) [median, IQR]

Sex (female) [n, %]

BMI (kg/m?) [median, IQR]

® (lass | obesity (BMI 30 to <35) [n, %]
® (lass Il obesity (BMI 35 to <40) [n, %]
Smoker (yes) [n, %]

Diabetes (yes) [n, %]

Arterial hypertension (yes) [n, %]

Taking =2 medications daily (yes) [n, %]
Use of acetaminophen (yes) [n, %]

Days from symptom onset [median, IQR]
Fever (yes) [n, %]

Cough (yes) [n, %]

Headache (yes) [n, %]

Shortness of breath (yes) [n, %]

Body aches (yes) [n, %]

Diarrhea (yes) [n, %]

Loose stools (yes) [n, %]

Nausea (yes) [n, %]

Incomplete evacuation (yes) [n, %]
Abdominal pain (yes) [n, %]

Lung infiltrates (yes) [n, %]

SpO0, (%) [median, IQR]

SARS-CoV2 (log10 copies/mL) [median, IQR]®
SARS-CoV2 spike IgM (seropositive) [n, %]b
SARS-CoV?2 spike 1gG (seropositive) [n, %]°
hsCRP (mg/L) [median, IQR]

D-Dimer (mg/L) [median, IQR]

34 (26-45)
82 (54.7%)
27.5(23.3-31.8)
31 (20.7%)

39 (27-49)
79 (52.7%)
29.4 (27.1-32.9)
72 (48.0%)

16 (10.7%) 0 (0.0%)
22 (14.7%) 0 (13.3%)
15 (10.0%) 6 (10.7%)
28 (18.7%) 31 (20.7%)
24 (16.0%) 8 (12.0%)
83 (55.3%) 0 (46.7%)
4 (3-5) 4 (3-5)

100 (66.7%)
138 (92.0%)
134 (89.3%)

115 (76.7%)
133 (88.7%)
127 (84.7%)

42 (28.0%) 64 (42.7%)

94 (62.7%) 97 (64.7%)

1(27.3%) 54 (36.0%)

7 (18.9%) 5 (16.7%)

46 (30.7%) 7 (31.3%)

27 (18.0%) 30 (20.0%)

22 (14.7%) 16 (10.7%)

72 (48.0%) 48 (32.0%)

90 (90-91) 1(90-91)

6.8 (6.7-6.9) 6.8 (6.6-6.9)

150 (100%)
36 (24.0%)
3.2 (2.2-4.0)
2.0 (1.5-2.4)

150 (100%)
31 (20.7%)
3.4 (2.8-3.9)
2.0 (1.3-2.8)

BMI: Body Mass Index. hsCRP: High Sensitivity C-Reactive Protein. IQR: Interquartile range. SpO,: Peripheral Oxygen Saturation.

a) As measured in nasopharyngeal swabs.
b) As per test kit manufacturer instructions.
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Table 2. Primary outcomes and safety outcomes at the end of the 30-day intervention.

Probiotic Placebo RR (95 Cl) P-value©
Primary outcomes
Complete remission? [n, %] 78/147 (53.1%) 41/146 (28.1%) 1.89 (1.40-2.55) <0.001
Hospitalized, moderate® [n, %] 0/150 0/150 - 1.000
Hospitalized, severe® [n, %] 0/150 0/150 - 1.000
Days of ICU stay [mean, SD] 0+0 0+0 - 1.000
Death [n, %] 0/150 0/150 - 1.000
Safety outcomes
Patients with > 1 AE [n, %] 41/150 (27.3%) 63/150 (42.0%) 0.65 (0.47-0.90) 0.008
® Taking =2 medications daily [n, %] 7/24 (29.2%) 8/18 (44.4%) 0.66 (0.29-1.48) 0.312
Patients with > 1 SAE [n, %] 0/150 0/150 - 1.000

AE: Adverse Event. Cl: Confidence Interval. ICU: Intensive Care Unit. SAE: Severe Adverse Event. SD: Standard Deviation. a) Requires
negative RT-gPCR (viral clearance) plus complete resolution of all five Covid19 symptoms considered at study entry (symptomatic
clearance). b) As per WHO Clinical Progression Scale.'” ¢) Calculated by Pearson Chi-squared test, Bonferroni-corrected threshold for

significance is P = 0.01.

Table 3. Days of each symptom after randomization, reported as median days (interquartile range), according to
baseline status for each symptom (presence or absence at study entry). Number of subjects in each subgroup are
indicated within parentheses below. P-values as calculated by Mann-Whitney non-parametric test. Number of
subjects displaying each symptom at baseline within each treatment group can be found in Table 1.

Characteristic and baseline status Probiotic Placebo P-value
Fever (temperature >37.5°C)

® Present at study entry (n = 215) 2 (1-5) 5 (4-8) <0.001
® Absent at study entry (n = 85) 2 (0-5) 4 (4-5) <0.001
Cough

® Present at study entry (n = 271) 10.5 (8-13) 14 (12-17) <0.001
® Absent at study entry (n = 29) 0 (0-3.3) 0 (0-0) 0.238
Headache

® Present at study entry (n = 261) 7 (5-9) 12 ( ) <0.001
® Absent at study entry (n = 39) 0 (0-0) 0 0.404
Shortness of breath

® Present at study entry (n = 106) 2.5 (1-4) 5 (2-6.3) <0.001
® Absent at study entry (n = 194) 0 (0-0) 0 (0-0) 1.000
Body aches

® Present at study entry (n = 191) 3 (2-6) 7 (5-9) <0.001
® Absent at study entry (n = 109) 0 (0-0) 0 (0-0) 0.594
Nausea

® Present at study entry (n = 93) 2 (0-6) 9 (0-14) <0.001
® Absent at study entry (n = 207) 0 (0-0) 0 (0-0) 0.479
Diarrhea

® Present at study entry (n = 95) 4 (0-6) 8.5 (0-13.8) 0.004
® Absent at study entry (n = 205) 0 (0-0) 0 (0-0) 0.555
Loose stools

® Present at study entry (n = 52) 0 (0-0) 0 (0-2) 0.026
® Absent at study entry (n = 248) 0 (0-0) 0 (0-0) 0.270
Feeling of incomplete evacuation

® Present at study entry (n = 57) 2 (0-3) 0 (0-3.5) 0.367
® Absent at study entry (n = 243) 0 (0-0) 0 (0-0) 0.304
Abdominal pain

® Present at study entry (n = 38) 4 (0-6.5) 10 (0-14) 0.031
® Absent at study entry (n = 262) 0 (0-0) 0 (0-0) 0.221
Use of acetaminophen (post-hoc)

® Present at study entry (n = 153) 1(0-3) 3 (3-6) <0.001
® Absent at study entry (n = 147) 1(0-4) 3(3-7) <0.001

(n = 116), probiotic treatment was associated to
lower radiographic scoring both on days 15 and
30 (both P <.001; Figure 2(b)). None of the subjects
negative for lung infiltrates at baseline (n = 184)
became positive for infiltrates on days 15 or 30.
Compared to placebo, probiotic treatment was

also associated to higher serum titers of SARS-
CoV2-binding IgG and IgM on days 15 and 30
(all P < .001; Figure 2(c,d)) and lower serum levels
of high-sensitivity C-reactive protein (hsCRP) and
D-Dimer on day 15 (both P < .001), but not on day
30 (Figure 2(e,f)).
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Figure 2. (a) Mean viral load (as base 10 logarithm of viral copies/mL), as measured by SARS-CoV2-specific RT-qPCR. (b) Box
plot (median, quartiles, Tukey whiskers and individual outliers) of chest X-ray lug abnormality score, in subjects displaying
lung infiltrates at baseline (n = 116). (c) Geometric mean serum titers of SARS-CoV2 spike-binding IgM. (d) Geometric mean
serum titers of SARS-CoV2 spike-binding IgG. (e) Geometric means of serum levels of high-sensitivity hs-CRP. (f) Geometric
means of serum levels of D-Dimer. Error bars denote 95%Cl of the means. Probiotic treatment group is depicted in blue,
while placebo is depicted in gray. Main effects of group, visit and group by visit were significant in all analyses ((a) to (f),
P < .001). (*) Group by visit significance at specific timepoint (P < .001); (#) Group by visit statistical trend at specific
timepoint (P < .10).
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Compositional changes in gut microbiota

Fecal microbiome composition was characterized
in a subset of probiotic and placebo patients
(n = 100 each, Figure S2). A small but statistically
significant increase in alpha diversity (Shannon
index) was observed in both study groups on day
30 compared to day 0 (time effect P < .001; Figure 3
(a)), but no significant differences were observed
between groups. However, this time-dependent
increase in alpha-diversity was not observed in the
Chaol abundance estimator (Figure 3(a)).
Similarly, no significant compositional differences
were observed between study groups, neither at
baseline nor on day 30, based on beta diversity
(Bray-Curtis index) (Figure 3(b)). In this regard,
Principal Coordinate Analysis (PCoA) clustering
was mostly driven by whether the microbiota was
dominated by the Bacteroides genus, the Prevotella
genus or the Firmicutes phylum (P <.0001, Figure 3
(b)). The first coordinate (x-axis) separated
Prevotella from Bacteroides and Firmicutes, while
the second coordinate (y-axis) separated
Bacteroides from Firmicutes. Noteworthy, no dif-
ferences were observed in enterotype distribution
between study groups (Figure S2).

a 59 Placebo Probiotic

44 Y

S -

(0]

‘g - -

£ 8 L ’ |

c | |

o —|

£ | ‘

S 24 |

=

%)
" ks
0

400+ I

wx 3004 7 ] g

(] L |

©

E =

S, 2004

o

©

o

o N —

100 ——

Day 0 Day 30 Day 0 Day 30

Post-hoc analyses

Several exploratory analyses were performed on the
primary endpoint. Significance for complete remis-
sion was retained across all trial subpopulations
assessed, defined by age, sex, presence of metabolic
comorbidity, baseline viral load and days from
symptom onset to randomization (Table S3).
Sensitivity analyses were performed to assess the
robustness of the primary endpoint to baseline
imbalances, and the odds of association between
probiotic treatment and complete remission
remained statistically significant (unadjusted OR:
2.90 [95 CI 1.78-4.70], multivariate-adjusted OR:
2.98 [95 CI 1.77-5.03]; both P < .001; Table S4).
The effect of baseline enterotype on complete
remission was also assessed in the subpopulation
analyzed for fecal microbiome (n = 200) and remis-
sion was found to be independent of enterotype
(Table S5).

Median time to overall symptom resolution
(symptomatic clearance) was 5 days shorter in pro-
biotic than placebo group (p < .001), the signifi-
cance being robust to baseline imbalances as found
by multivariate adjustment (Figure S1). Of note,
higher BMI also produced a small but significant

Y o
“ " Firmicutes

PCoA 2 [7.5%)]

[ R Ie)

® g

® ’ ° ® Probiotic Day 0 Placebo Day 0

¢ Probiotic Day 30 Placebo Day 30
PCoA 1 [39.3%]

Number analyzed (A,B) Day 0 Day 30
« Probiotic (n): 100 100
« Placebo (n): 100 100

Figure 3. (a) Alpha diversity (Shannon diversity index and Chaol abundance estimator). (b) Beta diversity (Bray-Curtiss index). Fecal
microbiome analyses were performed by 16S rRNA sequencing in a random subset of study subjects (n = 100 from each group);
obtained sequences were clustered into 97% similarity operational taxonomic unit (OTUs).



increase in time to symptom resolution. Days to
symptom resolution were inversely correlated to
IgM titers both on day 15 (rho = -0.25; P < .001)
and day 30 (rho = -0.35; P <.001). A weak correla-
tion was also observed with IgG titers on day 30
(rho = —0.14; P = .017), but not on day 15. Besides,
days of use of acetaminophen were also signifi-
cantly reduced in probiotic group (Table 3).
Finally, age has been described as a key risk factor
in Covid19 pathology, and the effect of age as
a continuous covariate was further explored on
SARS-CoV2-specific IgM and IgG, viral load and
Brixia lung X-ray score. No significant effects were
found for age, neither as independent factor nor its
interaction with study group or time, for said vari-
ables (Table S6).

Safety

Serious adverse events (SAEs) were not reported for
any of the 300 study subjects, while treatment-
emergent adverse events (AEs) were reported in
41 (27.3%) and 63 (42.0%) subjects of probiotic
and placebo groups, respectively (Table 2). The
most frequent AEs were emergent fever, cough,
body aches, pain when swallowing and conjuncti-
vitis (Table S7), and no treatment-emergent hsCRP
elevations occurred during the study. Incidence of
AEs was generally higher in placebo than probiotic
group, this trend being maintained in patients tak-
ing 2 or more medications daily. Therefore, many
observed AEs could likely be natural symptom
flares in Covid19.

Discussion

Few randomized, controlled trials have found effec-
tive therapies at reducing symptom duration and
viral load in Covid19 outpatients so far.'"®>> At the
time of writing, only a few monoclonal antibodies
have been recommended as treatments for Covid19
outpatients by FDA or EMA. Although effective,
monoclonal antibodies are expensive, cannot be
taken orally and the emergence of new SARS-
CoV2 variants could jeopardize their efficacy.*®
Therefore, an oral treatment helping reduce viral
load, lung infiltrates and symptom duration could
be a good addition to the therapeutic arsenal for
Covid19 outpatients.
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In this blinded, randomized study in Covid19
outpatients, the probiotic formula achieved
a significant effect on improving remission rate
against placebo (p < .001). No patients were hospi-
talized or died during the intervention, preventing
assessment of remaining co-primary efficacy out-
comes (frequency of progression to hospitalization,
mortality ration, duration of ICU stay). Recent
randomized trials in Covidl9 outpatients also
found a combined incidence of hospitalization
plus emergency department visit of just 6% in pla-
cebo groups.'®'*** Our entry criteria (e.g. maxi-
mum age limit of 60 years, SpO, > 90%) may have
resulted in even lower risk of Covid19 worsening.
However, the significance of the improvement in
remission survived the Bonferroni correction for
multiplicity of co-primary outcomes and was
robust to multivariate adjustment for potential
baseline imbalances, as well as to subject’s entero-
type. Moreover, post-hoc analyses showed the effect
was consistent across study subpopulations defined
by age, sex, metabolic comorbidities, viral load at
baseline and days from symptom initiation to ran-
domization (all with p < .05). The positive effect in
patients with metabolic comorbidities (i.e. obesity,
diabetes and/or hypertension) could be of particu-
lar relevance, because of their higher risk of both
severe Covid19 and long Covid19.”

Because most patients in the study had become
symptom-free at the end of the study, complete
remission mostly reflected whether patients
achieved viral clearance. However, compared to
placebo, probiotic intervention was also associated
to shorter duration of both intestinal and non-
intestinal Covid19 symptoms, shorter time to over-
all symptom resolution, and lower viral loads
on day 15 and 30. Moderate-to-severe lung infil-
trates in chest X-ray scans are frequent in hospita-
lized patients and related to worse outcomes,*® but
as expected, they were absent or mild-to-moderate
in our ambulatory study population. Nevertheless,
probiotic intervention was associated to
a significant reduction in severity of lung infiltrates
in those patients displaying them, compared to
placebo. Strikingly, effects on viral load on day 15
were significant but markedly less pronounced than
on day 30, while benefits on symptoms and lung
infiltrates seemed to occur earlier during the inter-
vention. In this regard, recent reports suggest active
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viral particles correlate with RT-qPCR only during
early symptom onset, high viral titers (~7 log and
above) and low antibody levels.”

SARS-CoV2 spike-binding IgM were higher
than IgG at baseline, as previously described,
but this trend was reversed across the intervention.
Probiotic intake was associated to higher titers of
spike-binding IgM and IgG, compared to placebo.
This effect was seemingly homogenous across age,
but it must be pointed out that our study popula-
tion was capped at 60 years old, thus studies in
older subjects are warranted. In our study, higher
spike-binding immunoglobulins correlated to
shorter time to overall symptom resolution, espe-
cially IgM. Of note, neutralizing antibodies were
not measured, but recent research indicates immu-
noglobulins to spike antigens provide a good cor-
relate to both neutralization’** and efficacy,”” and
spike-specific memory B-cells have been found to
persist for months after infection.’**> Our findings,
together with the reduction of lung infiltrates and
of nasopharyngeal viral load, suggest the specific
probiotic strains used in this study can potentiate
acquired humoral immunity against a respiratory
pathogen, acting along the GLA.

Commensal gut microbiota has been found to
influence immunity against viral lung infection in
animal models.”**” A previous randomized trial in
more than 4,000 infants reported L. plantarum
strain ATCC202195 significantly reduced lower
respiratory tract infection - sepsis in infants (RR
0.66 [95 CI 0.51-0.88], P = .002).”® L. plantarum
and related Lactobacillaceae species such as
Pediococci, are common endophytes: bacteria living
in wild vegetables and frequently ingested by her-
bivores and omnivores.”” Accordingly, the immune
systems of the later evolved under repeated intest-
inal exposure to endophytes, regardless of whether
these bacteria successfully colonize the intestine (i.
e. become autochthonous) or are frequent nomadic
commensals. Inspired by the success of the cited
randomized trial®® but under the hypothesis that
a cocktail of strains could better represent a natural
ingestion of endophytic-type bacteria than a single
strain, we chose a formula containing three differ-
ent L. plantarum strains and one P. acidilactici (all
of them originally isolated from humans on
a vegetable-rich diet and not consuming probio-
tics). However, it must be stressed that existing

evidence indicates probiotic immune effects are
strain-specific,”'* and effect from one strain cannot
be directly extrapolated to other strains, even if
from the same species (e.g. L. plantarum), until
clinical trials with relevant endpoints are
conducted.

Despite symptomatic clearance in the majority of
patients, only a small increase in the alpha diversity
in fecal microbiota (a proxy for distal colon micro-
biota) was noted across the 30-day study period.
Furthermore, no changes in beta diversity were
noted across the intervention, neither between
groups nor between baseline and day 30. Principal
coordinates analysis (PCoA) revealed that entero-
type, not treatment or time, was the main driver in
microbiota composition across the study. So far,
Covid19-associated changes in fecal microbiome
have been studied in hospitalized subjects and
seem to be associated to the severity of the
condition.*’ In this regard, our results suggest
microbiome changes could be minimal in Covid19
outpatients, but this observation warrant further
studies.

In our view, the fact probiotic intervention suc-
ceeded at increasing acquired humoral immune
response against SARS-CoV2 while not inducing
detectable changes in fecal microbiota is note-
worthy. The intestinal microbiota is a clear example
of an ecological succession, where different bacter-
ial groups bloom and dwindle following the avail-
ability and exhaustion of dietary nutrients, bacterial
metabolites and oxygen, all under the modulation
of transit time.*"** This ecological succession is
further influenced by the high disparity in bacterial
densities between the small intestine (increasing
from 10* to 10® cfu/mL) and the colon (10'*-10'2
cfu/mL).****  Accordingly, fecal microbiota is
a proxy for the microbiota of the distal colon, but
it becomes less and less representative of the micro-
bial composition moving backwards toward the
small intestine. Thus, the requirement for
a probiotic to change fecal microbiota to be effica-
cious is a frequent misunderstanding.*> For
instance, a probiotic dose of ~10° cfu could deliver
a relevant microbial signal to the hundreds of Peyer
patches and isolated lymphoid follicles in the ileum,
regardless of compositional changes in the colon.*
Of note, this sensing of lactic acid bacteria by
immune cells can require their capture by



endocytosis.*”*® A probiotic could also trigger an
adaptive reaction by the host’s microbiota trying to
maintain its stato quo (i.e. ecological resilience),*
resulting in microbial proteome and metabolome
changes which could in turn influence the host’s
immunity. If successful, such adaptive response
could prevent large compositional changes from
extending across the colon. In this scenario, effects
could be detectable only with high-resolution
sequencing (e.g. single-nucleotide variants)*® or
multi-omic approaches. Finally, a probiotic could
overcome host’s microbiota adaptive response and
ecological succession in significant numbers, pro-
ducing clear compositional changes across the
colon which could modulate the host’s immunity.
In our study, our observations seem to rule out this
last option, as no significant compositional changes
were observed during the intervention, and base-
line enterotype did not seem to influence the pri-
mary outcome. A graphical depiction of these
possible mechanisms of action can be seen in
Fig S3.

The apparent lack of changes in fecal micro-
biome leads us to hypothesize that observed clinical
effects are mediated either by bacterial molecules
produced by the probiotic strains or the host
microbiome’s adaptation to probiotic intake.
Specific bacterial signals to the host’s immune sys-
tem might involve small molecules (e.g. short chain
fatty acids, tryptophan metabolites, specific
G-protein receptor ligands), which can act on
mucosal immune cells but also permeate into cir-
culation to tune immune cells in peripheral
tissues.”’ > Some bacterial surface proteins in
Lactobacilli are also recognized by antigen-
presenting cells,'™"" which could result in systemic
effects via migration of primed lymphocytes. Future
studies should elucidate the mechanism of action of
this probiotic on systemic immunity. Ileal micro-
biota sampling and multi-omic analyses could pro-
vide useful information.

Highly elevated serum hsCRP levels are a marker
of poor prognosis in Covid19,>>* yet hsCRP was
only mildly elevated in our study population, as no
subject displayed levels above normal range (i.e.
>10 mg/L), and further declined during the inter-
vention. Conversely, the majority of subjects in the
study displayed abnormal serum levels of D-Dimer
(i.e. >0.5 mg/L or pg/mL) at baseline. D-dimer
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serum levels declined in both probiotic and placebo
groups as the study progressed, but probiotic
achieved a faster decrease compared to placebo.
Elevated D-Dimer levels are associated to higher
risk of thrombotic events such as pulmonary embo-
lism, and have been associated to Covid19 severity
and mortality in meta-analyses.>>> Therefore, the
usefulness of this probiotic formula in helping pre-
vent thrombotic complications in Covid19 war-
rants further investigations.

Treatment-emergent adverse events were char-
acterized as in recent Covidl9 trials'” and the
results of this study highlight the safety of this
probiotic formulation in Covidl9 outpatients.
Besides, no increases in hsCRP measurements
were observed. Human supplementation with pro-
biotics is generally considered as safe, based on the
history of their use in foods, and is recognized as
such for most probiotic strains by regulatory
authorities.’®®” Conversely, probiotic use in
patients with severe disease remains controversial
due to concerns of bacteremia by lactic acid bac-
teria or microbial contaminants, especially immu-
nosuppressed patients or those in intensive care
units (ICU).>”° Moreover, lymphopenia is fre-
quent in severe Covid19 patients’ and could poten-
tially interfere with the antibody-stimulating
activity of this probiotic, reducing its efficacy.
Therefore, additional studies must be conducted
before the use of this probiotic can be recom-
mended to patients with severe Covid19.

This study has some limitations that must be
pointed out. First, all subjects in the study were of
Hispanic ethnicity and were recruited in a single
center. Hispanic ethnicity has been associated to
higher mortality in Covid19.°° In our study, viral
and symptomatic clearance in placebo group were
markedly slower than in similar trials where
Hispanic subjects accounted for 50% or less of the
study population.'®'® Accordingly, although our
study population could be regarded as particularly
challenging, yet multicentric replication in other
ethnicities is highly desirable. Second, no patients
older than 60 years old were included in the study.
The consistency of the effect across age subpopula-
tions suggests the effects of this probiotic are not
limited to young adults, yet additional studies in
older populations are warranted. Third, no
Covid19 aggravations requiring of hospitalization
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or ICU admission or resulting in death occurred in
our study, probably owing to entry criteria prevent-
ing the entry of older patients or of those with lower
SpO,. Thus, the usefulness of this probiotic on pre-
venting Covid19 aggravation or death could not be
directly assessed. Fourth, lenient entry criteria
regarding the recent used of probiotics and antibio-
tics were used to facilitate patient recruitment, and
dietary habits were not recorded in this study. These
factors could have influenced microbiota composi-
tion. However, beta-diversity analysis indicated
enterotypes explained a large fraction of the
between-subject variability in microbiota composi-
tion in our study, these being markedly larger than
the observed combined effect for anthropometric,
dietary and medication factors in large cohort
studies.”’ Given the sample size, balanced distribu-
tion of enterotypes and lack of effect of enterotype on
remission rate, it would seem unlikely that smaller
random microbiota imbalances could explain the
highly significant effects observed in this study.

In conclusion, this four-strain probiotic compo-
sition was associated with a significant increase in
complete viral and symptomatic remission by day
30 in Covid19 outpatients, compared to placebo.
Effect on hospitalization, ICU stay, and mortality
could not be assessed because of lack of occurrences
during the study. Significant effects were also
observed in reducing symptom duration, viral
load and lung infiltrates while increasing SARS-
CoV2-specific IgM and IgG, and probiotic was
well tolerated. No significant changes were detected
in fecal microbiota (a proxy for distal colon micro-
biota), and probiotic efficacy on the primary end-
point was confirmed to be independent of the
baseline enterotype. We thus hypothesize this pro-
biotic may primarily act on the gut-lung axis (GLA)
via crosstalk with the host’s immune system.
Noteworthy, the observed stimulation of humoral
immunity is unlikely to be dependent on
a particular viral variant, an interesting trait given
the emergence of new viral variants. Overall, con-
sistency of effects across several objective endpoints
and study subpopulations warrants replication stu-
dies. These studies should ensure the same strains
and dose are used, while considering the immune-
stimulating effects of this probiotic may require
some days of buildup before beneficial effects can
be observed.

Methods
Study design and participants

We conducted a randomized, parallel, quadruple-
blinded, placebo-controlled study (prospectively
registered as NCT04517422). Symptomatic
Covid19 outpatients, 18-60 years old, with SARS-
CoV2 confirmation by RT-qPCR®* within 72 h of
enrollment were recruited at Hospital General
Dr. Manuel Gea Gonzalez, a tertiary referral hospi-
tal in Mexico City (Mexico). Patients had to display
one or more of the following Covid19 symptoms,
with onset within 7 days of enrollment: fever
(>37.5°C), cough, headache, muscle pain and short-
ness of breath. The choice of these symptoms was
pragmatic, based on local experience with Covid19
at the time of study design. Full list of inclusion and
exclusion criteria can be found in Supplementary
Methods. The protocol was approved by the
Research Ethics Committee of Hospital General
Dr. Manuel Gea Conzalez (ref. 12-120-2020), com-
plied with the Helsinki Declaration and followed
the CONSORT reporting guideline (Annex 1 in
Supplementary Information). All participants pro-
vided written, informed consent.

Randomization and blinding

Subjects were randomized 1:1 in blocks of six with-
out stratification, using a randomization list gener-
ated with Sealed Envelope (https://www.
sealedenvelope.com/) by an independent pharma-
cist. Enrollment and allocation were conducted by
caregivers. Study products (probiotic or placebo)
were given in coded, anonymous boxes, and were
indistinguishable in form, color, and taste. All sub-
jects, caregivers, investigators, and outcome asses-
sors were unaware of the treatment allocation.

Study products

The active product (AB21° probiotic formula) con-
sisted of capsules containing Lactiplantibacillus
plantarum KABP033 (CECT30292), L. plantarum
KABP022 (CECT7484), L. plantarum KABP023
(CECT7485) and  Pediococcus  acidilactici
KABPO021 (CECT7483), in a ratio of 3:1:1:1 colony-
forming units (CFU), respectively, and a total dose
of >2x10° total CFU, with a maltodextrin carrier.
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Placebo product consisted of capsules containing
the maltodextrin carrier only. Identity of the four
strains in the probiotic product and microbial qual-
ity of probiotic and placebo batches were verified
(Supplementary Methods). Probiotic was also mon-
itored for conformance to the specification of
>2x10° CFU/capsule throughout the study in sta-
bility chamber (25 + 2°C, 60 + 5% relative humid-
ity) by ISO17025-accredited company Silliker
Iberica (Merieux Nutrisciences Group).

Patient procedures

The study was scheduled across three study site
visits: day 0 (visit 1), day 15 (visit 2) and day 30
(visit 3). On day 0, study subjects were given the
study product and were instructed to store it at
room temperature and take one oral capsule daily,
from day 1 to day 30, before breakfast. Subjects
were also given access to a web-based electronic
daily report form (eDRF) for symptoms recording.
An infrared thermometer (Harbin Xiande
Technology Development Co, Harbin, China) was
provided to each subject for at home use during the
study.

On all study visits, subjects were assessed for
Covid19 severity using WHO Clinical Progression
Scale'” and received chest pulmonary X-ray, which
was rated according to Brixia score® using the IA-
Rx software (Annex 2 in Supplementary
Information). Nasopharyngeal and venous blood
samples were taken on each visit, and fecal samples
were collected on the first and last visit with the
GUT-OMR200 kit (DNAgenotek). Study subjects
were also contacted by phone on days 5, 10, 20 and
25 (all £ 1 day) by a physician, as part of outpatient
follow-up. Only acetaminophen (500 mg/dose, up
to three times a day) was allowed as comedication
for Covidl9 symptoms (use was recorded in
patient’s eDRF), to be used on-demand, and no
other Covid19 therapies (e.g. corticosteroids) were
allowed. All patients were recommended to rest as
much as possible and not to change their diet.

Outcomes

Five co-primary efficacy outcomes were considered
at the end of the 30 days intervention, using defini-
tions from World Health Organization Clinical

GUT MICROBES (&) €2018899-11

Progression Scale:'” i) fraction of subjects who pro-
gressed to remission (score of “0”); ii) fraction who
progressed to hospitalization with moderate disease
(scores of “4” or “5”); iii) fraction who progressed
to hospitalization with severe disease (scores of “6”
to “9”); iv) mortality rate (score of “10”); v) length
of stay in Intensive Care Unit (ICU). Remission
required a negative RT-qPCR (viral clearance)
plus complete resolution of all five Covid19 symp-
toms considered at study entry (symptomatic
clearance).

Prespecified secondary outcomes included: i)
SARS-CoV2 viral load evaluated by RT-qPCR; ii)
Plasma SARS-CoV2 spike-binding IgG and IgM
titers; iii) lung infiltrates measured by chest
X-ray and rated according to Brixia score;*® iv)
duration from randomization of each of the five
core Covidl9 symptoms considered at baseline:
fever (>37.5°C), cough, headache, body aches
and shortness of breath; v) duration from ran-
domization of gastrointestinal symptoms accord-
ing to GSRS (Gastrointestinal Symptom Rating
Scale);*® vi) serum high sensitivity C-reactive
protein (hsCRP) and D-Dimer; and vii) fecal
microbiome evaluated by 16S rRNA sequencing.
These outcomes were analyzed in all subjects,
except for microbiome which was analyzed in
a random subset of 100 subjects (out of 150)
per study arm.

Exploratory (post-hoc) outcomes included: i)
robustness of the primary endpoint to baseline
imbalances; ii) significance of the primary out-
come in subpopulations split by age (less than
50 years old vs 50 years and older), sex (male vs
female), metabolic comorbidity (diabetes, hyper-
tension or obesity vs none), viral load at baseline
(below vs above median value) and time from
symptom onset to randomization (one to four
days vs five or more days); iii) time to overall
symptomatic resolution, defined as the disap-
pearance of all five core Covidl9 symptoms; iv)
correlation between symptom duration and
spike-binding IgM and IgG titers; v) number of
days of use of acetaminophen; and vi) age-
dependence of spike-binding IgM and IgG titers,
viral load and chest X-ray score.

A treatment-emergent adverse event (AE) was
defined as any event that first occurred or worsened
in severity after the initiation of the intervention,



2018899-12 (&) P. GUTIERREZ-CASTRELLON ET AL.

akin to other trials in Covidl9 outpatients."
A serious AE (SAE) was defined when causing hos-
pitalization, persistent disability or incapacitation, or
death. Reporting of adverse events was monitored in
phone calls (days 5, 10, 20, and 25) and study site
visits (days 0, 15, and 30). Treatment-emergent
serum levels of hsCRP >10 mg/L were also consid-
ered in safety analysis.

Because no hospitalizations were observed as the
study progressed, the protocol was amended to
include remission (defined as negative RT-qPCR
plus symptomatic remission) to primary outcomes,
as well as the duration of five specific Covid19 symp-
toms (fever, cough, headache, shortness of breath and
body aches) as secondary outcomes, since these symp-
toms were already being recorded in patients eDRFs.
All these changes were granted approval by the
Research Ethics Committee before study unblinding
by the independent pharmacist (on February 3, 2021).

Laboratory and microbiome analyses

SARS-CoV2 analysis was performed on nasophar-
yngeal samples using a validated RT-qPCR protocol
(Supplementary Methods).®* Venous blood (stored
at —=70°C until the end of the study) was used to
assay for SARS-CoV2 spike protein-specific IgG
(DiaSorin SpA), SARS-CoV2 spike protein-
specific IgM (Abbot Laboratories), D-dimer
(Spinreact SA) and hsCRP (Abbot Laboratories),
according to manufacturer’s instructions.

DNA was extracted from fecal samples obtained
on days 0 and 30 from a random subset of patients
from probiotic and placebo group (n = 100 each) with
MoBio’s Soil DNA Isolation kit (Quiagen). Bacterial
16S rRNA genes were PCR-amplified with dual-
barcoded primers targeting the V4 region (515 F
and 806 R) and sequenced with Miseq (Illumina),
obtaining an average of 29,400 quality-filtered reads
per sample. Fastq files were quality-filtered and clus-
tered into 97% similarity operational taxonomic unit
(OTUs) using the Mothur software package® and
classified using the Silva database.”” Alpha-diversity
(Shannon and Chaol indexes) and beta-diversity
(Bray-Curtiss index) were computed using the
vegan R package. Changes in alpha diversity were
assessed with a linear mixed-effect model for repeated
measures (MMRMs) with visit and group as fixed
factors, and a group by visit interaction. Beta diversity

was assessed by Principal Coordinate Analysis
(PCoA) and 2-way PERMANOVA (visit, group and
group by visit interaction).

Sample size

No published data could be found regarding the
risk of mild Covid19 progressing to hospitalization
in Mexico, estimates based on local experience ran-
ging 27% to 67%. Taking the average value (47%)
and aiming at detecting a relative reduction of at
least 35% with a two-sided alpha = 5% and
power = 80% resulted in 150 subjects per study
arm after accounting for dropouts.

Statistical analyses

All analyses were performed according to allocated
randomization group, without any data exclusion or
imputation for missing values. All statistical tests were
two-tailed, and differences were considered significant
at P< .05. For the five co-primary outcomes,
a Bonferroni-type correction for multiplicity was
applied post-hoc, resulting in a significance threshold
of P < .01.

Co-primary outcomes were assessed by Pearson’s
Chi-squared test. For secondary and exploratory out-
comes, differences in days of symptoms were assessed
with Mann-Whitney test. Differences between groups
across days 0,15 and 30 in SARS-CoV?2 viral load,
SARS-CoV2-specific IgM and IgG, hsCRP and
D-Dimer were assessed by linear mixed-effects models
for repeated measures (with unstructured covariance
matrix), while differences in Chest-X ray Brixia score
were assessed by logit ordinal regression for repeated
measures. These repeated measures analyses had
study group and visit as fixed factors, and a group-by-
visit interaction. Binomial logistic regression was used
when adjusting primary outcome for baseline covari-
ates in sensitivity analysis, and to calculate unadjusted
and multivariate-adjusted odd-ratios (OR) and their
95% confidence interval. Time to overall symptom
resolution was assessed by Kaplan-Meyer analysis,
unadjusted and multivariate-adjusted hazard ratios
(HR) and their 95% confidence intervals being calcu-
lated by Cox method. Finally, bivariate correlations
were assessed by Spearman’s rank method. All statis-
tical tests described in this section were performed



with the SPSS program v.24 (IBS Corp.). Microbiota-
specific analyses are described in the Laboratory ana-
lyses section.
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