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Background: Mounting evidence suggests SARS-CoV-2 may impact on host

microbiota and gut inflammation, infecting intestinal epithelial cells. This possible link and

its implications can be investigated by observing the effects of modulation of the microbial

flora in patients with COVID-19. The aim of this study was to compare the rate of mortality,

the need of ICU hospitalization and the length of hospitalization in patients with severe

COVID-19 pneumonia who received the best available therapy (BAT) vs. patients treated

with BAT and supplemented with oral bacteriotherapy.

Methods: This retrospective, observational cohort study included 200 adults with severe

COVID-19 pneumonia. All patients received therapeutic regimens including lowmolecular

weight heparin plus one or more between hydroxychloroquine, azithromycin, antivirals,

and Tocilizumab. Oral bacteriotherapy was used as complementary treatment.

Results: Out of the 200 patients, 112 received BAT without oral bacteriotherapy, and

88 BAT with oral bacteriotherapy. Crude mortality was 22%. Eleven percent died in the

group of patients treated with BAT plus oral bacteriotherapy vs. 30% subjects in the

group of patients managed only with BAT (p < 0.001). By multivariate analysis, the age

>65 years, CRP >41.8 mg/L, Platelets <150.000 mmc, and cardiovascular events were

associated with the increased risk of mortality. Oral bacteriotherapy was an independent

variable associated with a reduced risk for death. Despite large prospective trials are

needed, this study highlights a possible role for oral bacteriotherapy in the management

of patients hospitalized for COVID-19 pneumonia.

Keywords: COVID-19, microbiota, gut, oral bacteriotherapy, pneumonia

INTRODUCTION

Pneumonia and gastrointestinal symptoms as predominant clinical manifestations of COronaVIrus
Disease-19 (COVID-19) are not accidental (1). Both lung and gut express the ACE2 receptor,
through which the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) can enter
cells. In the gut, where ACE2 receptors are abundantly present, coronavirus may multiply quickly,
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and a recent study found that the infection generally lasted
longer in COVID-19 patients who had previously experienced
gastrointestinal problems (2).

Older adults or subjects with diabetes mellitus (DM),
hypertension, cerebrovascular disease, and chronic obstructive
pulmonary disease (COPD) have a higher risk of death for severe
COVID-19 infection (3, 4). The co-morbidities mentioned above
present a common denominator: gut dysbiosis. Alterations of the
gut microbiota composition as well as the loss of key intestinal
bacterial species might be a facilitating factor for a dysregulated
immune response against the SARS-CoV-2 (5). Therefore, the
supplementation with beneficial microbes of the gastrointestinal
tract of SARS-CoV-2 infected individuals seems not illogical.

We previously reported the results of a “real life” study
analyzing the effects of an oral bacteriotherapy as support of
standard of care treatment in patients hospitalized for SARS-
CoV2 pneumonia and associated gastrointestinal symptoms
(6). In particular, we observed that combined treatment may
induce, within 72 h, remission of diarrhea, and other symptoms
compared to less than half of the patients who received best
available therapy (BAT) alone. Besides, the estimated risk of
developing respiratory failure was eight-fold lower in patients
also receiving oral bacteriotherapy (6).

Here we report the results of a more extensive “real life”
study on the complementary use of a specific oral bacteriotherapy
(Sivomixx R© a multi-strain product containing five strains of
lactobacilli, two strains of bifidobacteria, and one strain of
Streptococcus thermophilus) in a cohort of individuals infected by
SARS-CoV2 and receiving BAT.

MATERIALS AND METHODS

This is a retrospective observational “real-life” cohort study
comparing the rate of crude mortality, the need of intensive
care unit (ICU) hospitalization and the length of hospitalization
in patients with severe COVID-19 pneumonia who received
the best available therapy (BAT) vs. patients treated with
BAT and supplemented with oral bacteriotherapy. Patients
admitted in wards of the Department of Infectious Diseases of
Policlinico Umberto I Hospital, Sapienza University of Rome,
Italy, from 6th March until 26th April 2020 were evaluated. The
Ethics Committee of Policlinico Umberto I approved the study
(approval number/ID Prot. 109/20209).

Patients
Diagnosis of SARS-CoV-2 was defined as one positive
oropharyngeal and nasopharyngeal swab for COVID-19. It
was performed in duplicate for SARS-CoV-2 E and S gene by a
reverse transcriptase polymerase chain reaction (RT-PCR) (7).
Studied population included subjects older than 18 years.

All the hospitalized patients received therapeutic regimens
including hydroxychloroquine (200mg twice a day for 7 days),
azithromycin (500mg once a day for 7 days), lopinavir–ritonavir
(400/100mg twice a day) or darunavir–cobicistat (800/150mg
once a day) for 14 days, and low molecular weight heparin for
prophylaxis of deep vein thrombosis as recommended at the time
by the Italian Society of Infectious Diseases (8). Tocilizumab (8

mg/kg up to a maximum of 800mg per dose with an interval
of 12 h for two times) was administered in case of high levels of
serum IL-6 or of significant worsening of the respiratory picture
in case of unavailability of IL-6 dosage. Patients admitted to
the ward in case of intestinal symptoms received in addition
to BAT, also supplementation with oral bacteriotherapy. The
commercial formulation used was composed of Streptococcus
thermophilus DSM 32245, Bifidobacterium lactis DSM 32246,
Bifidobacterium lactis DSM 32247, Lactobacillus acidophilus
DSM 32241, Lactobacillus helveticus DSM 32242, Lactobacillus
paracasei DSM 32243, Lactobacillus plantarum DSM 32244, and
Lactobacillus brevis DSM 27961 (Sivomixx R©). The formulation
was administered in three equal doses per day, for a total of 2,400
billion bacteria per day.

The data source for patient information analysis was derived
from electronic medical records in the Hospital Electronic
Information System. The variables considered for the study
included: (1) age, gender, admission and discharge date from
the hospital, length of stay (LOS); (2) cardiovascular (CV)
disease, chronic lung disease, chronic kidney disease (CKD),
hypertension, asthma, chronic obstructive pulmonary disease
(COPD), diabetesmellitus, immunodeficiency, cancer (defined as
active or past/resolved).

We used the Charlson score (9) to predict the 1-year
mortality for a patient with a range of comorbid conditions.
Confusion—Blood urea—Respiratory rate—Blood pressure
score (CURB) (10), Confusion—Blood urea—Respiratory
rate—Blood pressure, Age 65 (CURB-65) (11), Confusion—
Blood urea—Respiratory rate—Blood pressure, Age 65,
Lactate dehydrogenase, Platelet, and Albumin (expanded-
CURB-65) (12), Pneumonia Severity Index (PSI) score
(13) were used to define the severity of pneumonia. To
predict the progression of COVID-19 we considered
Comorbidity—Age—Lymphocyte—Lactate Dehydrogenase
(CALL) (14).

Statistical Analysis
The statistical analyses were conducted with Statistical package
for social science (SPSS) software, version 22 (IBM SPSS,
Chicago, III). The continuous data were presented as medians
(IQR, 25◦-75◦) and the presence of statistically significant
differences between groups were assessed by the nonparametric
Mann–Whitney U-test. The dichotomous variables were
described as simple frequencies and percentages (%) and then
compared by the χ

2 test for the two groups. A multivariate
analysis of gradual regression was run with different factors
potentially confounding, with Age > 65 years, Lymphocytes
<1,000 in 1 µL of blood, platelets < 150–103/mm3, albumin
< 32 g/dL, CV events, BAT therapy and oral antibacterial
therapy as dependent variable. We have done a standard survival
analysis, tracing participants from entry into the clinic to
discharge or death. The event-free survival in follow-up was
depicted graphically by Kaplan–Meier’s survivor curve, using
multivariable Cox regression analysis, including the confusion
factors with fixed baseline covariates. The effect of treatment
was shown using an unadjusted odds ratio (OR) adjusted with
95% CI. Principal sources of confusion were identified as age,
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TABLE 1 | Demographic and clinical characteristics of whole population enrolled.

Parameters Mean (±SD) Median (IQR

25–75%)

Number (%)

Gender, Male/Female – – 113 (57)/87 (43)

Age 63 (±15) 63 (54–75) –

Male 62 (±15)

Female 64 (±16)

White blood cells 6,261.5 (±2,766.4) 5,660 (4,420–7,205) –

Neutrophils (mmc) 4,606.7 (±2,641.8) 4,050 (2,795–5,664) –

Neutrophils (%) 70.8 (±13.1) 72.3 (63.3–81) –

Lymphocytes (mmc) 1,083.4 (±649.2) 920.0 (670.0–1,330) –

Lymphocytes (%) 19.2 (±10.6) 16.8 (11.5–29) –

Monocytes (mmc) 362.2 (±160.6) 320.0 (250–470) –

C-reactive protein (mg/L) 98,855.8 (±121,164.2) 53,165.0 (16,937.5–140,025) –

D-dimer (mg/dl) 1,321.6 (±1,200.0) 878.0 (495.5–1,547) –

Albumin (mg/dl) 36.9 (±5.7) 37.5 (33–42) –

LDH (U/L) 333.0 (±168.5) 288.0 (226.5–391) –

Platelets (mmc) 225,087 (±91,489) 208,000 (161,250–262,500) –

Lenght of hospitalization 20 (±13.8) 15 (10–27) –

CHARLSON index 2.6 (±2.2) 2.0 (1–4) –

CURB-65 1.1 (±0.8) 1.0 (0–2) –

EXP CURB 65 2.2 (±1.4) 2.0 (0–3) –

PSI 73.4 (±29.6) 70.0 (51–89) –

CALL 8.7 (±2.6) 9.0 (7–11) –

Death – – 44 (22)

C-reactive protein (CPR), Charlson’s comorbidity index, CURB,
CURB-65, PSI, Call, number of lymphocytes, and number of
platelets the most likely causes of both treatment assignment
and risk of the outcome. A two-sided p-value test of <0.05 was
considered statistically significant.

RESULTS

The data utilized are from the patients admitted in wards
of the Department of Infectious Disease from March 6 until
April 26, with the diagnosis of SARS-CoV-2 infection. Two
hundred patients were included; the demographic and clinical
characteristics of whole population enrolled were reported in
Table 1.

We are unable to report the duration of the symptoms before
admission to the hospital. However, we are confident that the
hospitalization took place within a few days after the onset of
the respiratory symptoms since an efficient, free of charge, Health
Service is present in the Lazio Region, Italy. The median length
of hospitalization was 15 days [IQR, (10–27)]. Out of the 200
patients, 112 received BAT without oral bacteriotherapy while
for 88 subjects, BAT was coupled with oral bacteriotherapy. The
characteristics of the two groups are shown in Table 2. The oral
bacteriotherapy was started after a median of 1 day (min 0, max
2) from the admission to the hospital.

The two groups were comparable for Charlson comorbidity
index and severity of SARS-CoV-2 related pneumonia. CRP
concentrations were significantly higher initially in the group

treated with BAT and bacteriotherapy. In the same group, LDH
was significantly lower (p = 0.012). In the subjects treated only
with BAT, the albumin was lower than in the group treated with
BAT and bacteriotherapy.

Mortality was Lower in Patients Treated
With Bat Plus Oral Bacteriotherapy
The primary endpoint was in-patient hospital crude mortality
evaluated in each treatment group. Cumulative crude mortality
was 22% (44 patients). Ten patients (11%) died in the group of
patients treated with BAT plus oral bacteriotherapy vs. 34 (30%)
subjects in the group of patients managed only with BAT (p <

0.001) (Figure 1).
The significant reduction in risk of death present for patients

treated with both BAT and oral bacteriotherapy was reconfirmed
after adjustment for age, Charlson and CURB, CURB-65, PSI,
and Call score with an OR of 0.28 (95% CI, 0.13–0.6, p =

0.001). The unweighted Kaplan–Meyer calculated showed the
beneficial effect of combined BAT and oral bacteriotherapy on
the parameter death probability (log rank p = 0.035 Figure 2).
Moreover, the incidence of mortality related to the different BAT
regimens used in the two groups was reported in Table 3.

By multivariate analysis, the age >65 years, CRP >41.8 mg/L,
Platelets < 150,000 mmc, and CV events were associated with
the increased risk of mortality. Oral bacteriotherapy was an
independent variable associated with a reduced risk for death
(Figure 3).
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TABLE 2 | Population stratified in two groups according to the therapy: BAT or BAT plus oral bacteriotherapy.

Parameters BAT (n = 112) BAT + oral bacteriotherapy (n = 88) p-value

Mean (±SD) Median (IQR 25–75%) Number (%) Mean (±SD) Median (IQR 25–75%) Number (%)

Gender, Male/Female – – 64 (57)/48 (43) – – 49 (56)/39 (44) 0.978

Age 64 (±16) 63 (55–75) – 62 (±15) 63 (52–72) – 0.289

Age > 65 years – – 53 (47) – – 38 (43) 0.448

Lymphocytes < 1,000 (mmc) – – 60 (54) – – 49 (56) 0.898

PLT < 150,000 (mmc) – – 16 (14) – – 22 (25) 0.718

Albumin <32 (mg/dl) – – 20 (18) – – 7 (8) 0.024

CRP >41.8 (mg/L) – – 64 (57) – – 40 (45) 0.055

White blood cells (mmc) 6,306 (±2,624) 5,740 (4,570–7,450) – 6,206 (±2,944) 5,590 (4,327–7,155) – 0.803

Neutrophils (mmc) 4,716 (±2,525) 4,100 (2,990–5,689) – 4,473 (±2,785) 3,785 (2,692–5,592) – 0.528

Neutrophils (%) 72 (±12.7) 73 (65–80) – 69 (±13.5) 68 (61–79) – 0.076

Lymphocytes (mmc) 1,013 (±517) 920 (640–1,300) – 1,168 (±775) 925 (687–1,350) – 0.111

Lymphocytes (%) 18 (±9.9) 16 (12–24) — 20 (±11.4) 18 (11–28) – 0.162

Monocytes (mmc) 368 (±168) 320 (250–450) 354 (±151) 325 (240–470) – 0.562

C-reactive protein (mg/L) 11,645 (±133,032) 63,540 (22,375–160,770) – 77,257 (±101,404) 34,900 (12,375–113,970) – 0.020

D-dimer (mg/dl) 1,444 (±1,199) 1,268 (627–3,147) – 1,193 (±1,212) 788 (484–1,770) – 0.188

Albumin (mg/dl) 35.9 (±5.8) 37 (32.0–40) – 38.1 (±5.4) 39.0 (34–42) – 0.008

LDH (U/L) 358.9 (±1,923) 310 (242.3–419.3) – 300.8 (±126) 272.0 (211–379) – 0.012

CHARLSON index 2.7 (±2.3) 2 (1–4) – 2.3 (±2.0) 2 (1–4) – 0.313

Body Mass Index (BMI) 23 (±3) – – 24 (±2) – – 0.13

CURB-65 1 (±1) 1 (0–2) – 1 (±1) 1 (0–2) – 0.395

EXP CURB 65 2 (±1) 2 (1–3) – 2 (±1) 2 (1–3) – 0.108

PSI 76 (±31) 73 (54–91) – 71 (±28) 69 (49–86) – 0.211

CALL 9 (±3) 9 (7–11) – 9 (±3) 9 (7–11) – 0.869

Lenght of hospitalization (days) 18 (±13) 14 (8–23) – 23 (±14) 20 (11–31) – 0.012

Intensive care unit (ICU) hospitalization – – 24 (19) – – 16 (18) 0.847

History of CV disease – – 0 (0) – – 0 (0) 1.000

Death – – 34 (30) – – 10 (11) <0.001

Bloodstream infection (BSI) – – 14 (13) – – 7 (8) 0.211

Lung superinfections – – 9 (8) – – 8 (9) 0.904

Fungal infections – – 2 (2) – – 0 (0) 0.158

ICU Hospitalization
A severe worsening of cardio-respiratory conditions was the
reason for the patient’s transfer to ICU. These patients had a
lower number of platelet and lymphocytes and a higher value of
CRP than the patients staying in the ward (data not shown).

The need for ICU care was 21.4% (24/112) in BAT group
and 18.1% (16/88) in BAT plus bacteriotherapy group. Patients
who received BAT and oral bacteriotherapy had a similar risk of
transfer in ICU when compared with the population who was
receiving BAT alone (calculated by unadjusted Cox regression
model (OR, 1.3, 95% CI 0.8–2.4, p = 0.270, vs. OR, 1.0. 95%
CI 0.6–2.5, p = 0.554). These data were supported by various
analyses aimed at controlling for confounding factors such as age,
CRP, Charlson Comorbidity Index, exp CURB-65, CURB-65, PSI,
Call, lymphocytes number, Platelet number, and the treatment
effect (data not shown). No statistically significant differences
were observed between the two groups regarding the incidence of
bacterial and fungal superinfections in ICU. The patients treated
with BAT had a hospitalization of 14 (IQR, 8–23) days vs. 20

(IQR, 11–31) days reported for patients receiving BAT and oral
bacteriotherapy (p < 0.001).

Safety
All patients were monitored for QT interval prolongation during
treatment with hydroxychloroquine and azithromycin, as well
as for the biochemical profile. Some patients reported mild
gastric disturbances, not individually attributable to any of the
drugs administered. No episodes of bacteremia attributable to the
bacterial strains present in product utilized for bacteriotherapy
were recorded.

DISCUSSION

Elderly subjects, immunocompromised patients, and
people with comorbidities such as type 2 diabetes, heart
disease, and vascular disorders are failing in the fight
against COVID-19 (15). What is interesting to note is
that dysbiosis is generally associated with these patients
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FIGURE 1 | Mortality in wards and ICU in the two groups (BAT treatment vs.

BAT and oral bacteriotherapy).

FIGURE 2 | Death probability. Kaplan–Meier curves displaying BAT treatment

vs. BAT and oral bacteriotherapy.

and the elderly. Several bacterial metabolites and bacterial
fragments can vary the immune response in the lungs (the
so-called “gut-lung” axis). The current hypothesis is that
beneficial microorganisms in the digestive tract can play
a significant role in determining the course of COVID-19
disease (16–18).

Given that the intestinal microbiota is adaptable and
adjustable with diet, personalized dietary solutions can be
deployed as a supplement to present-day routine therapies
against COVID-19. We can achieve this goal by administering
selected strains of lactobacilli and bifidobacteria to boost
immunity and exert antiviral activities. The bacterial strains,
present in the product delivered in this study, increase
the production of both the nuclear factor erythroid 2p45

related to factor 2 (Nrf2) and its target Heme oxygenase-
1 (HO-1) (6–19). Such molecules exert antiviral activity
through a limitation of oxidative stress. Nrf2 and HO-
1 have significant antiviral activity against a wide variety
of viruses, including human immunodeficiency virus (HIV),
influenza virus, respiratory syncytial virus, dengue virus, and
Ebola virus, among others. Beneficial properties of HO-1
expression have been reported for viruses that cause lung disease
(20–23).

Worldwide, it is estimated that the mortality rate for SARS-
CoV-2 is around 6–7%. Different descriptive studies indicate an
increased mortality rate in hospitalized patients, from 10 to 30%.
For this study, mortality was 22%, reflecting a high prevalence
of co-morbid diseases in patients with COVID-19 admitted to
our Institution. Our study’s death predictors included age ≥

65 years old, CRP (>41.8 mg/L), platelets (<150,000 mmc),
lymphocytes (<1,000 mmc), and cardiovascular problems.
The cumulative probabilities calculated with Kaplan–Meyer’s
analyses for the entire population studied were 0.23 for
deaths, 26 (16%) for transfer to intensive care, and 18 (22%)
for hospitalization.

In a previous paper, we have reported a dramatic
improvement in extrapulmonary symptomatology after 3
days of bacteriotherapy and a minor risk for mechanical
ventilation (6). In this report, we confirm that few days
after bacteriotherapy, the survival probability is significantly
ameliorated. Moreover, the combined treatment BAT and
bacteriotherapy is overall associated with a significant reduction
in the mortality compared to the BAT group (10 = 11% vs. 34
= 30%; p < 0.001). We are not able to define if the observed
positive effect of a specific oral bacteriotherapy can be explained
by a direct effect on gut microbiota or an anti-viral activity
or both. Anyway, as previously reported, oral bacteriotherapy
administration could modulate the gut-lung axis, and possibly
ameliorate the outcome of lung infection, by its biochemical
and immunological profile that might trigger several protective
biological functions (6).

According to our results, more drugs in combination does
not mean a better therapeutic outcome for COVID-19 patients.
The combinations Hydroxychloroquine with Lopinavir/r and/or
Tocilizumab and/or Azithromycin were always less effective
in terms of death rate to hydroxychloroquine alone. The key
factor for the survival of the patient was oral bacteriotherapy,
according to our observations. The “zero-mortality” target
was achieved in 20 patients (23%) with the combination
bacteriotherapy, hydroxychloroquine, and azithromycin and
1 patient (1%) who assumed bacteriotherapy, azithromycin,
and tocilizumab.

This study’s limitations are primarily related to the fact
that it is the results of the observations from a single-
center, and it is not prospective and not blinded. The only
plausible explanation for the more extended hospitalization of
patients treated with bacteriotherapy is a better survival (18
days BAT vs. 23 days BAT plus bacteriotherapy; p = 0.012).
Another significant limitation is that the patients received a
specific bacterial formulation with peculiar anti-inflammatory
and antiviral activities. Therefore, the results are not directly
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TABLE 3 | Summary of the combination of drugs used, degree of pneumonia severity, and incidence of mortality.

Therapy n
(%

)

C
S
I

C
U
R
B
-6
5

E
X
P
C
U
R
B
-6
5

P
S
I

C
A
L
L

In
c
id
e
n
c
e
o
f
m
o
rt
a
li
ty

(%
)

BAT without

oral

bacteriotherapy

(n = 112)

Single drug 18 (16) 3 (0–8) 1 (0–2) 3 (0–4) 78 (15–138) 8.5 (4–16) 2 (2)

Hydroxycloroquine 13 (12) 2 (0–7) 1 (0–2) 3 (0–4) 64 (15–135) 7 (4–16) 2 (2)

Lopinavir/r 0 (0) – – – – – 0 (0)

Tocilizumab 5 (5) 4 (0–8) 1 (1–2) 3 (2–4) 92 (49–138) 10 (5–12) 0 (0)

Azithromycin (0) – – – – – 0 (0)

Combination of 2 drugs 49 (43) 2.5 (0–13) 1 (0–3) 2 (0–5) 75 (27–165) 8.5 (4–13) 17 (15)

Hydroxycloroquine, Tocilizumab 12 (11) 4.5 (0–8) 2 (0–3) 2.5 (1–5) 82.5 (35–149) 10 (7–12) 8 (7)

Hydroxycloroquine, Lopinavir/r 12 (11) 1 (0–6) 1 (0–2) 2 (0–4) 54 (43–126) 7 (4–11) 3 (3)

Hydroxycloroquine, Azithromycin 17 (15) 2 (0–13) 1 (0–3) 2 (0–5) 71 (27–165) 7 (4–13) 5 (4)

Tocilizumab, Azithromycin 8 (7) 3 (0–7) 1 (0–2) 2.5 (0–4) 91 (29–151) 10 (4–13) 1 (1)

Tocilizumab, Lopinavir/r 0 (0) – – – – – 0 (0)

Azithromycin, Lopinavir/r 0 (0) – – – – – 0 (0)

Combination of 3 drugs 37 (33) 2 (0–6) 1 (0–2) 2 (0–5) 67 (19–120) 9 (4–11) 12 (11)

Hydroxycloroquine, Lopinavir/r, Tocilizumab 20 (18) 1.5 (0–4) 1 (0–2) 2 (0–5) 70.5 (39–118) 9 (4–11) 9 (8)

Hydroxycloroquine, Lopinavir/r, Azithromycin 9 (8) 1 (0–6) 1 (0–2) 2 (1–3) 51 (39–87) 7 (5–11) 2 (2)

Hydroxycloroquine, Tocilizumab, Azithromycin 8 (7) 2.5 (0–5) 1 (0–2) 2.5 (1–3) 79.5 (19–120) 10 (5–12) 2 (2)

Combination of the 4 drugs 8 (7) 4 (0–6) 2 (0–2) 3.5 (1–4) 90 (32–132) 10.5 (7–13) 3 (3)

BAT plus oral

bacteriotherapy

(n = 88)

Bacteriotherapy and 1 drug 13 (15) 4 (0–6) 1 (0–2) 1 (0–4) 83 (21–121) 9 (4–13) 2 (2)

Hydroxycloroquine 13 (15) 4 (0–6) 1 (0–2) 1 (0–4) 83 (21–121) 9 (4–13) 2 (2)

Lopinavir/r 0 (0) – – – – – 0 (0)

Tocilizumab 0 (0) – – – – – 0 (0)

Azithromycin 0 (0) – – – – – 0 (0)

Bacteriotherapy and 2 drugs 40 (45) 2 (0–5) 0 (0–3) 1.5 (0–5) 64 (18–111) 8 (4–12) 3 (3)

Hydroxycloroquine, Tocilizumab 13 (15) 2 (0–5) 1 (0–3) 2 (1–5) 67 (37–111) 8 (5–12) 2 (2)

Hydroxycloroquine, Lopinavir/r 6 (7) 2 (0–5) 0 (0–2) 1.5 (1–4) 68 (39–108) 7.5 (7–12) 1 (1)

Hydroxycloroquine, Azithromycin 20 (23) 2 (0–5) 0 (0–2) 1 (0–3) 64.5 (18–99) 7 (4–12) 0 (0)

Tocilizumab, Azithromycin 1 (1) 2 2 2 56 9 0 (0)

Bacteriotherapy and 3 drugs 28 (32) 2 (0–6) 1 (0–3) 2 (0–5) 65 (32–111) 8 (5–13) 5 (6)

Hydroxycloroquine, Lopinavir/r, Tocilizumab 7 (8) 2 (0–5) 0 (0–2) 2 (1–4) 51 (32–83) 9 (7–12) 0 (0)

Hydroxycloroquine, Lopinavir/r, Azithromycin 4 (4.5) 2 (0–6) 1 (0–2) 1 (0–3) 66 (23–111) 7 (5–10) 1 (1)

Hydroxycloroquine, Tocilizumab, Azithromycin 17 (19) 3 (0–5) 1 (1–3) 3 (1–5) 79 (49–108) 9 (7–13) 4 (4.5)

Bacteriotherapy and the 4 drugs 3 (3) 2 (0–3) 2 (0–2) 1 (0–3) 54 (36–69) 10 (7–34) 0 (0)

The values in bold highlight statistically significant differences.

transferable to different bacterial preparations (24–26). The two
groups of patients enrolled were substantially comparable for
clinical characteristics, but not for CRP, LDH, and albumin levels;
anyway, the increased levels of the CRP and LDH (observed
in the group treated with BAT and bacteriotherapy) suggest a
more severe disease—connected with lung injury—and a worse
prognosis but are not considered a main prognostic factor (27).
Finally, the albumin levels were lower in the subjects treated
only with BAT than in the other group, anyway, according

to previous studies, only when albumin is below a specific
range—i.e., <35g/L—the risks of venous and arterial thrombosis
increase (28–32).

CONCLUSION

Mounting evidence suggests SARS-CoV-2 may impact on
host microbial flora and gut inflammation in patients
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FIGURE 3 | Forest plot multivariate analysis with 95% of Confidence interval

(Lower, Upper).

affected by COVID-19. In particular, alterations of the gut
microbiota composition might be a facilitating factor for
an impaired immune response against the SARS-CoV-2
The possible effect of modulation of microbial flora and
its implications are progressively assuming importance in
COVID-19 research. Despite study’s limitations previously
highlighted and the need of large prospective trials to confirm
the results reported, our studies suggest a possible role for oral

bacteriotherapy in the management of patients hospitalized
for COVID-19 pneumonia: in particular, the reduction in

progression to severe disease and a lower mortality were

highlighted in subjects in whom BAT is associated with
oral bacteriotherapy.
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