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A B S T R A C T

At the beginning of the SARS-CoV-2 pandemic, developing of new treatments to control the spread of infection
and decrease morbidity and mortality are necessary. This prospective, open-label, case-control intervention study
evaluates the impact of the oral intake of the probiotic yeast Kluyveromyces marxianus B0399 together with
Lactobacillus rhamnosus CECT 30579, administered for 30 days, on the evolution of COVID-19 patients. Analysis of
the digestive symptoms at the end of the follow up shows a benefit of the probiotic in the number of patients
without pyrosis (100% vs 33.3%; p 0.05) and without abdominal pain (100% vs 62.5%; p 0.04). Results also show
a better evolution when evaluating the difference in the overall number of patients without non-digestive
symptoms at the end of the follow-up (41.7%, vs 13%; p 0.06). The percentage of improvement in the diges-
tive symptoms (65% vs 88%; p value 0.06) and the global symptoms (digestive and non-digestive) (88.6% vs
70.8%; p value 0.03) is higher in the probiotic group. The probiotic was well tolerated with no relevant side
effects and high adherence among patients. In conclusion, this coadjutant treatment seems to be promising,
although results should be confirmed in new studies with higher number of patients.
1. Introduction

The SARS-CoV-2 coronavirus, the causal agent of the coronavirus
disease 2019 (COVID-19), is an RNA virus belonging to the Coronavir-
idae family. Starting 2020, COVID-19 has been responsible for the worst
pandemic suffered by humanity in the twenty-first century. Main COVID-
19 transmission mechanisms demonstrated so far are airway through
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responsible for the respiratory and digestive symptoms that appear in
COVID-19. A recent study showed that RNA was consistently detected in
rectal swabs even after viral clearance from the upper respiratory tract,
indicating extended duration of viral shedding in faecal samples and
raising the possibility of fecal–oral transmission of SARS-CoV-2 [4].

The effect of viral infections on the gut microbiota has been described
and the role of the gut microbiota influencing lung diseases has been well
articulated [5]. Gut microbiota diversity is diminished in elderly people,
and COVID-19 is especially cruel in these aged people. Several recent
publications demonstrate that SARS-CoV-2 infection causes a significant
alteration of the intestinal microbiota along with a decrease in biodi-
versity [6–8]. It is known that lower microbial biodiversity is a risk factor
for bacterial translocation phenomena and consequently, a worsening of
the patient's prognosis and symptoms, including systemic, respiratory,
and digestive ones [9–11]. These facts highlight the idea of the gut
microbiota impact on COVID-19 evolution and prognosis. Considering
that many of the COVID-19 symptoms could be caused by intestinal
dysbiosis, the hypothesis of acting on it by means of an intervention is
raised, with the aim of changing the natural development of the infection
and thus, turning the coronavirus presence in faecal samples negative
faster. In fact, a phenotype of patients with a greater presence of digestive
symptoms has been described and hypothesized that this COVID-19
phenotype could be related to a greater presence of ACE receptors in
their intestinal mucosa [12–15]. Consequently, it is reasonable to pro-
pose treatments aimed at modulating the gut microbiota to improve
prognosis and reduce the symptoms. Considering their already demon-
strated beneficial effects in various digestive pathologies, probiotics seem
to be a feasible option among other treatments [16–19]. In fact, recently
a few publications studied the effect of different probiotic strains in
COVID-19 patients, with promising results [20–22].

We proposed this study to validate the effectiveness of a specific
probiotic formulation of a yeast and a lactobacillus in symptomatic
COVID-19 patients with moderate involvement, especially in digestive
symptoms. The mixture of probiotics used was selected based in previous
clinical and preclinical studies. Lactobacillus rhamnosus CECT 30579
strain was tested in vitro together with other L. rhamnosus strains and
selected based on internal unpublished data. Kluyveromyces marxianus
B0399 has been studied in different clinical trials where it has shown to
be effective in controlling digestive symptoms in some intestinal diseases,
including diarrhea associated to the use of antibiotics, among others
[23–27].

2. Materials and methods

2.1. Study design

Randomized prospective, open-label, unblinded case-control
controlled clinical trial with a control group that did not undergo the
intervention. The study was approved in April 2020 by the Hospital
Universitario de Torrevieja and Hospital Universitario del Vinalop�o
(Spain) Ethics Committee (approval protocol code: TV/VP-14042020).
The study was registered at Clinicaltrial.gov as NCT04390477.

2.2. Study population

Population included in the study were subjects admitted in the In-
ternal Medicine Department or in the Home Hospitalized Unit of the
Hospital Universitario del Vinalop�o in Elche, Alicante (Spain). The in-
clusion criteria were patients over 18 years and SARS-CoV-2 diagnosis as
per one positive oropharyngeal and nasopharyngeal COVID-19 swab.
Prior to study inclusion, all patients were properly informed by the
clinical trial investigators. Those who agreed, signed an informed con-
sent to participate in the study.

During the study patients were allowed to receive COVID-19
2

therapeutic treatments, including hydroxychloroquine (200 mg twice a
day for 7 days), azithromycin (500 mg once a day for 7 days), lopina-
vir–ritonavir (400/100 mg twice a day) or darunavir–cobicistat (800/
150 mg once a day) for 14 days, and low molecular weight heparin for
deep vein thrombosis prophylaxis, as recommended at the time by the
Spanish Society of Infectious Diseases and the Hospital Infectious dis-
eases Unit guidelines.

2.3. Randomizing and intervention

Patients were randomized in a ratio 5:3 to be assigned to 1 of the 2
trial arms using a computational randomization list. The intervention
group received one nutraceutical probiotic supplement capsule a day for
one month. Content per dose/capsule was Lactobacillus rhamnosus CECT
30579 1 � 109 CFU and Kluyveromyces marxianus B0399 with 1 � 108

CFU. The control group did not receive the intervention. Investigators
received instructions on product storage, including keeping the product
closed in a cool and dry place, and protected from direct sunlight.

The recommended daily dose is 1 oral capsule, which should pref-
erably be taken with breakfast or other meal. In case of inability or issues
to swallow the capsule, the content can be dissolved in little water and
taken straightaway. The capsule contains the probiotic blend, calcium
carbonate, gelatin (coating agent), maltodextrin (bulking agent) and
magnesium stearate (anti-caking agent).

2.4. Outcome measurements

The study design includes two visits. In visit 1 patients were evaluated
and those eligible according to protocol inclusion criteria were included
in the study. After 30 days of the start of the study, visit 2 (end of the
study) was carried out.

In visit 1 the clinical situation of the patients were evaluated
measuring the parameters included in the protocol. Medical history was
recorded together with the outcome of the examination results including
all digestive symptoms as well as other signs and non-digestive symp-
toms, possible concomitant pathologies, habitual pharmacological
treatments, blood tests, radiological evaluation, CURB-65 pneumonia
severity score and description of symptoms related to COVID-19 infec-
tion. Besides, an antigen COVID-19 test was performed to every patient
between 10 and 15 days from the onset of symptoms. In visit 2, in
addition to the above-described evaluation, the following data was
recorded: result of a second antigen test, the adherence to treatment and
all adverse events occurred during the follow-up period.

The primary outcome was the total number of patients and percent-
age of those that showed improvement in digestive symptoms from
baseline to final visit, comparing intervention group to control group.
The secondary variables were: a) Total number of patients and percent-
age of those who improved in total symptoms; b) Total number of
digestive symptoms and percentage of those that improved; c) Total
number of total symptoms and percentage of those that improved; d)
Number and percentage of cases discharged to the Intensive Care Unit
(ICU); e) Number and percentage of cases that died; f) Number and
percentage of patients who negativized the antigen test between day 10
and 15 from the onset of symptoms; and g) Number of adverse events
attributable or not to the intervention product.

2.5. Statistical analysis and sample size calculation

The statistical analyses were conducted with Statistical Package for
Social Science (SPSS) software, version 22 (IBM SPSS, Chicago, III). The
analysis of the results has been carried out by protocol, that is, only those
patients who completed the clinical study have been considered. During
the statistical analysis we observed two types of variables, continuous
and dichotomous. For the continuous variables, the Kolmogorov Smirnov

http://Clinicaltrial.gov
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normality test was applied, from which it was observed that the distri-
bution of these variables was normal in all cases. Therefore, the data was
analyzed using Student's t-test and represented by the mean and standard
deviation. The dichotomous variables were described as a frequencies
and percentages (%), and then compared by the χ2 test for the two
groups. A two-sided p-value test of <0.05 was considered statistically
significant.

To end, the sample size and the statistical power calculation were
performed taking the total digestive symptoms variable as the basis for
the calculation.When the study was designed, no published data could be
found related to improvement of digestive symptoms in COVID-19 pa-
tients during the first month since diagnosis was done. Local experience
from the Hospital where patients were recruited estimates a range be-
tween 25 and 45%. Taking the value 35% and expecting to detect in the
intervention group a response of at least 80%, accepting an alpha risk of
0.05 and a beta risk of 0.2 in the 2-sided test and a drop out of 2%, 15
subjects are needed in the control group and 25 in the probiotic group for
the difference to be statistically significant in proportion.

3. Results

From December 2020 to February 2021, forty-one patients with
diagnosis of COVID-19 were enrolled in the study. The distribution of the
sample remained with 26 patients in the probiotic group compared to 15
patients in the control group. Table 1 shows the general characteristics of
the population included in the study, both demographic data and the
variables associated with symptoms and signs related to COVID-19.
There were no significant differences in the baseline characteristics be-
tween the 2 groups (Table 1). During the follow-up a total of 2 patients,
both included in the probiotic group, decided to drop out once they were
included in the study voluntarily. Missing data was not related to the
treatment nor to the outcome. Only observed data was used in the
analysis (Fig. 1).
Table 1
Demographic and Clinical Data Homogeneity Analysis. Comparison between groups

Sex (Female), N (%)
Age (years), Mean � SD
Previous pathologies (HT, cardiovascular, diabetes, cancer, COPD), N (%)
Pharmacological treatments, N (%)
PCR diagnosis, N (%)
Antigen test diagnosis, N (%)
Hospital admission, N (%)
HHU admissions, N (%)
Fever, N (%)
Loss of sense of smell or taste, N (%)
Respiratory, N (%)
Dry cough, N (%)
Dyspnea, N (%)
Chest pain, N (%)
Sore throat, N (%)
Digestive, N (%)
Diarrhea, N (%)
Dyspepsia, N (%)
Heartburn, N (%)
Abdominal pain, N (%)
Nausea and/or vomiting, N (%)
Other symptoms, N (%)
Asthenia, N (%)
Musculoskeletal pain, N (%)
Conjunctivitis, N (%)
Headache, N (%)
Rash, N (%)
Total number of digestive symptoms, Mean � SD
Total number of signs and symptoms, Mean � SD
CURB-65 (Mild pneumonia, Groups 0 and 1), N (%)

HT: Hypertension. COPD: Chronic obstructive pulmonary disease. PCR: polymerase ch
Pneumoniae Severity score (Confusion, Urea, Respiratory rate, Blood pressure, 65 ye
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3.1. Main variable in the study

3.1.1. Patients with resolution of digestive symptoms
Table 2 shows the number of patients with digestive symptoms per

group, as well as the number and percentage of patients with symptoms
improvement between initial and final visit. There are significant dif-
ferences when comparing pyrosis symptom mean data in both groups
(placebo 33.3% vs probiotic 100%; p value ¼ 0.05) and the abdominal
pain symptom (placebo 62.5% vs probiotic 100%; p value ¼ 0.04).
3.2. Secondary variables in the study

3.2.1. Patients with resolution of non-digestive symptoms
Results on the total number of patients and percentage of them

grouped by symptoms are described in Table 3. At follow-up end, the
number of patients presenting any symptom was 13/15 (92.8%) in the
control group vs 14/24 (58.3%) in the probiotic one. The number of
patients showing a completely resolution of symptoms comparing control
group to probiotic group was 2/15 (13%) vs 10/24 (41.7%); p value ¼
0.06.

3.2.2. Evolution of digestive symptoms - total number and improvement of
digestive symptoms

Table 4 shows data of the digestive symptoms and its improvement,
featuring the mean of symptoms reported by each patient in both groups,
given that only patients who had some gastrointestinal symptom in visit
1 were analyzed. Comparison between both groups show a nearly sta-
tistical significance difference (placebo 65% vs probiotic 87.95%; p
value ¼ 0.06).

3.2.3. Evolution of overall symptoms
Table 5 includes the mean of total symptoms per group, by averaging

the rate of improvement in the overall symptom. Data shows statistical
at the baseline visit.

Control (N ¼ 15) Probiotic (N ¼ 26) P value

10 (66.7%) 12 (46.1%) 0.21
46.33 � 10.91 48.88 � 12.35 0.51
3 (20%) 7 (26.9%) 0.62
7 (46.7%) 14 (53.8%) 0.66
5 (33.3%) 8 (30.8%) 0.87
10 (66.7%) 18 (69.2%) 0.87
2 (13.3%) 9 (34.6%) 0.14
13 (86.7%) 17 (65.4%) 0.14
12 (80%) 20 (76.9%) 0.82
6 (40%) 15 (57.7%) 0.28
14 (93.3%) 23 (88.5%) 0.61
13 (86.7%) 21 (80.8%) 0.63
1 (6.7%) 8 (30.8%) 0.07
1 (6.67%) 6 (23.1%) 0.18
6 (40%) 6 (23.1%) 0.26
15 (100%) 24 (92.3%) 0.27
12 (80%) 19 (73.1%) 0.62
13 (86.7%) 10 (38.5%) 0.13
2 (13.3%) 4 (15.4%) 0.86
8 (53.3%) 9 (34.6%) 0.24
12 (80%) 12 (46.1%) 0.15
15 (100%) 25 (96.1%) 0.44
15 (100%) 24 (92.3%) 0.27
13 (86.7%) 21 (80.8%) 0.63
3 (20%) 4 (15.4%) 0.71
13 (86.7%) 19 (73.1%) 0.31
1 (6.7%) 0 (0%) 0.18
3.13 � 0.99 2.08 � 1.23 0.07
8.73 � 2.15 7.62 � 2.23 0.13
15 (100%) 24 (92.3%) 0.55

ain reaction. SD: Standard deviation. HHU: Home Hospitalization Unit. CURB 65:
ars or older).



Fig. 1. Consort diagram.

Table 2
Total number of patients and percentage of cases presenting improvement in
digestive symptoms.

Symptoms Group Patients with
symptoms in
V1

Patients with
symptoms in
V2

Improve P
value

Digestive Control 15 8 46.7% 0.11
(N ¼ 37) Probiotic 22 6 72.7%
Diarrhea Control 13 4 69.2% 0.31
(N ¼ 32) Probiotic 19 3 84.2%
Dyspepsia Control 13 3 76.9% 0.41
(N ¼ 23) Probiotic 10 1 90%
Pyrosis Control 3 2 33.3% 0.05*
(N ¼ 7) Probiotic 4 0 100%
Abdominal
pain

Control 8 3 62.5% 0.04*

(N ¼ 17) Probiotic 9 0 100%
Nausea and/
or vomiting

Control 12 4 66.7% 0.16

(N ¼ 23) Probiotic 11 1 90%

V1: Visit 1. V2: Visit 2.

Table 3
Total number of patients and percentage of cases presenting improvement of
non-digestive symptoms.

Symptoms Group Patients
with
symptoms
in V1

Patients
with
symptoms
in V2

Improve P
value

Fever Control 12 0 100% –

(N ¼ 32) Probiotic 20 0 100%
Anosmia/
Ageusia

Control 6 2 66.7% 0.83

(N ¼ 20) Probiotic 14 4 71.4%
Respiratory Control 14 2 85.7% 0.32
(N ¼ 35) Probiotic 21 1 95.2%
Dry cough Control 13 2 84.6% 0.34
(N ¼ 32) Probiotic 19 1 94.7%
Dyspnea Control 1 0 100% –

(N ¼ 8) Probiotic 7 0 100%
Chest pain Control 1 0 100% –

(N ¼ 6) Probiotic 5 0 100%
Throat pain Control 6 1 83.3% 0.30
(N ¼ 12) Probiotic 6 0 100%
Asthenia Control 15 8 46.7% 0.64
(N ¼ 37) Probiotic 22 10 54.5%
Musculoskeletal
pain

Control 13 4 69.2% 0.01*

(N ¼ 32) Probiotic 19 0 100%
Conjunctivitis Control 3 0 100% –

(N ¼ 7) Probiotic 4 0 100%
Headache Control 13 2 84.6% 0.09
(N ¼ 31) Probiotic 18 0 100%
Rashes Control 1 0 100% –

(N ¼ 1) Probiotic 0 0 – 0.34

V1: Visit 1. V2: Visit 2.

Table 4
Total number and improvement of digestive symptoms.

Digestive symptoms Control (N ¼
15)

Probiotic (N ¼
22)

P
value

Total number V1, Mean 3.13 2.36
Total number V2, Mean 1.13 0.32
Improvement index V1–V2, %
Mean � SD

65% � 39.86 87.95% � 24.26 0.06

V1: Visit 1. V2: Visit 2. SD: Standard deviation.
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difference between groups with an improvement of 70.82% in the pro-
biotic group vs 88.55% in the placebo group; p value ¼ 0.027.

3.2.4. Other variables: number of patients discharged to ICU and number of
patients who did during the follow up and number of patients which
performed COVID-19 test in days 10–15

All patients included in the study were admitted in the Home Hos-
pitalization Unit. The 39 analyzable patients were discharged home. No
patient was discharged to the ICU nor died during the follow up.

To compare the possible effects of probiotic treatment on early neg-
ativization of the virus, between day 10 and 15 from the onset of
symptoms, 24 of the 39 analyzable patients performed a rapid antigen
test at home (the remaining 15 patients were not able to perform a rapid
antigen test). One of them, included in the control group, was positive;
the remaining 23 were negative.

3.2.5. Security analysis
All adverse events occurred during the follow-up period were

collected by the investigators. A total of 11 patients reported adverse
events during the study, 6 in the probiotic group and 5 in the control
4



Table 5
Total number and improvement of overall symptoms.

Overall symptoms Control (N ¼
15)

Probiotic (N ¼
24)

P
value

Total number V1, Mean 8.73 7.71
Total number V2, Mean 2.47 0.92
Improvement index V1–V2, %
Mean � SD

70.82% �
26.48

88.55% � 13.85 0.03*

V1: Visit 1. V2: Visit 2. SD: Standard deviation.

Table 6
Description of patients and adverse events in both follow-up groups.

Control Probiotic

Renal colic Nausea and increased frequency of bowel
movements

Low back pain Mild constipation and Poor digestion - bloating
Weight loss; 6 kg Mild constipation
Persistent fatigue and
dyspnea

Renal colic and DVT

Persistent dyspnea Mild intermittent swelling
Headaches/dizziness

DVT: Deep Vein Thrombosis.
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group (Table 6). Bearing in mind that only the patients in the probiotic
group received treatment and analysing the possible side effects of the
product under study, we emphasize that none of the 7 described adverse
events were considered potentially attributable to the product under
study.

4. Discussion

As previously mentioned, few studies have evaluated the efficacy of
certain probiotic strains as an option to improve moderated COVID-19
recovery rates in adults; however, to date, there is no strong experi-
mental evidence supporting their effectiveness and safety in real clinical
practice. Importantly, evidence and clinical trials demonstrating strain-
specific effects are lacking. The clinical trial reported herein explores
the role of a mixture of probiotics administered to patients with moderate
COVID-19. Several variables, such as treatments used for COVID-19 be-
sides other concomitant diseases were controlled to avoid bias. Our re-
sults suggest that administration of the probiotic mixture under study
(yeast strain Kluyveromyces marxianus B0399 plus Lactobacillus rhamnosus
CECT 30579), as adjuvant treatment, can be effective in reducing the
symptoms and thus, shortening the time needed for full recovery in
symptomatic patients with an acute episode of COVID-19. The response
rate of patients was statistically significant higher in the probiotic group
comparing to the no intervention group when analyzed the symptoms
pyrosis, abdominal pain and the overall symptoms.

The clinical response observed in the main variable “Patients with
resolution on digestive symptoms” was in the same line as observed in
other previous clinical controlled studies testing probiotics on COVID-19
[21]. 72.7% of patients remained free of digestive symptoms at the end of
the first month follow-up in the probiotic group in our study. Data from
the Gutierrez-Castrellon et al. study showed 53% of response in the same
variable and same follow up period.

Moreover, despite the low number of patients in our study, the
magnitude of the difference in the number of patients showing a
completely resolution of symptoms comparing control and probiotic
group reaches almost significant statistical difference (13% vs 41.7%; p
value ¼ 0.06). Several factors which may influence the response to
probiotic treatment on COVID-19 were considered when the protocol of
this clinical study was designed: older patients have more dysbiosis than
young ones, besides some different treatments prescribed to COVID-19
patients such as antibiotics, can affect the microbiota composition and
5

hence the rates of response to probiotic treatment [28,29]. Interestingly
not only digestive symptoms improved when the probiotic was admin-
istered. The osteo-muscular pain and the overall symptoms also
improved in the probiotic group when compared to the
non-interventional group. This effect suggests a systemic effect of pro-
biotic on the immunomodulatory and inflammatory systemic bio-
markers, as proposed in other inflammatory, infectious and immunity
systemic diseases [30]. Decreased activity of the T helper 2 cells, lipo-
polysaccharides and viral DNA in the peripheral blood of patients
included in the probiotic arm as a consequence of the use of probiotic has
been described [31].

The final blend used in the study included Kluyveromyces marxianus
fragilis B0399, the first non-Saccharomyces yeast approved as a probiotic
for human consumption [23]. This strain has demonstrated to be effec-
tive in the recovery of digestive symptoms, besides a potential in some
other diseases such as intestinal bowel diseases, halitosis, lactic intoler-
ance, and antibiotic side effects. In patients with IBS (Intestine Bowel
Syndrome) administration of a fermented milk containing Kluyveromyces
marxianus fragilis B0399 and other probiotic species, improved symptoms
[27]. In subjects with halitosis, which the cause is probably due to bac-
terial disbalance, the administration of Kluyveromyces marxianus B0399
capsules for two weeks allowed to eliminate halitosis in 91% of patients.
Mechanism of action of probiotic was the restoration of the gut micro-
biota, not acting at the oral level [26].

The other strain in this mixture is Lactobacillus rhamnosus CECT 30579
that has been proved in a mixture for digestive symptoms with good
results and effectiveness (internal data unpublished). It is interesting to
note that none of the previously published clinical trials in COVID-19
patients evaluate the effect of a yeast in the evolution of these patients.
Only one study evaluates the effect of a Nutritional Support System
administered orally and intramuscularly. This treatment includes some
different compounds and vitamins, including the probiotic yeast
Saccharomyces boulardii but administered orally only during the first 6
days of intervention [22]. Kluyveromyces marxianus B0399 is especially
interesting because it is a proven strain not only in the treatment of
digestive symptoms but also with immunomodulatory potential [32].
Another factor in favor of its selection is that both strains have been
previously used in elderly and immunocompromised patients without
significant side effects and with very good tolerance by patients [23,26,
27].

Limitations to the study should be considered, including among
others the low number of patients evaluated and the non-blinded open
label clinical trial due to the fact that the study design was performed
during the first COVID-19 pandemic wave when researchers had
important restrictions to access to patients, as well as the fact that non
usual practices were not allowed, and this is why no samples of stool for
microbiota study were collected. Besides, the time of intervention and to
know if longer treatment could benefit a greater number of patients, are
another unresolved questions. Applicability of our results and whether
they can be extended to other populations such as patients with severe
COVID-19 are points to solve and clarified through further research.

5. Conclusions

The results of our study indicate a positive effect in reducing the total
number of digestive symptoms and overall symptoms in the group
treated with the probiotic mixture. This evidence supports the efficacy of
administering this probiotic mixture to patients with moderate COVID-
19 and suggests that it could be an effective coadjutant treatment that
could be used more extensively in clinical practice.
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