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Introduction
The coronavirus disease 2019 (COVID-19) has 
been considered a global pandemic.1 Fever, 
fatigue, and cough are the most common clinical 
features of COVID-19, but gastrointestinal symp-
toms (e.g., diarrhea, nausea, vomiting) are increas-
ingly recognized among COVID-19 patients.2,3 
Previous studies have shown that positive severe 
acute respiratory syndrome coronavirus (SARS-
CoV-2) in the stool of COVID-19 patients was 

associated with longer illness duration.4 
Angiotensin-converting enzyme 2 has been found 
to be abundant in the epithelia of the lungs and 
intestine, suggesting that there is a subtle link 
between them.4 The gut microbiota have been 
proved to play a critical role in health through the 
“gut–lung axis”. Thus, SARS-CoV-2 might also 
affect the gut microbiota in COVID-19. Indeed, 
microbial dysbiosis was found in some patients 
with COVID-19.5 Imbalance of intestinal flora 
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Abstract
Background and aims: Currently, there are no definitive therapies for coronavirus disease 
2019 (COVID-19). Gut microbial dysbiosis has been proved to be associated with COVID-19 
severity and probiotics is an adjunctive therapy for COIVD-19. However, the potential benefit of 
probiotics in COVID-19 has not been studied. We aimed to assess the relationship of probiotics 
use with clinical outcomes in patients with COVID-19.
Methods: We conducted a propensity-score matched retrospective cohort study of adult 
patients with COVID-19. Eligible patients received either probiotics plus standard care 
(probiotics group) or standard care alone (non-probiotics group). The primary outcome was 
the clinical improvement rate, which was compared among propensity-score matched groups 
and in the unmatched cohort. Secondary outcomes included the duration of viral shedding, 
fever, and hospital stay.
Results: Among the propensity-score matched groups, probiotics use was related to clinical 
improvement rates (log-rank p = 0.028). This relationship was driven primarily by a shorter 
(days) time to clinical improvement [difference, −3 (−4 to −1), p = 0.022], reduction in duration 
of fever [−1.0 (−2.0 to 0.0), p = 0.025], viral shedding [−3 (−6 to −1), p < 0.001], and hospital stay 
[−3 (−5 to −1), p = 0.009]. Using the Cox model with time-varying exposure, use of probiotics 
remained independently related to better clinical improvement rate in the unmatched cohort.
Conclusion: Our study suggested that probiotics use was related to improved clinical 
outcomes in patients with COVID-19. Further studies are required to validate the effect of 
probiotics in combating the COVID-19 pandemic.
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can lead to dysbiosis, which might influence the 
outcome of the clinical features. A novel and 
more targeted method may be needed to modu-
late gut microbiota as one of the treatments for 
COVID-19 and its comorbidities.

Currently, no definitive drugs are recommended 
for the treatment of COVID-19. Developing 
effective new therapies for curing COVID-19 is 
time-consuming. Therefore, using existing 
approved therapies or treatment modalities is 
seen as a more cost-effective strategy for reducing 
the severity of COVID-19. In early February 
2020, China’s National Health Commission and 
National Administration (version 5) recom-
mended the use of probiotics, gut microecological 
modulators, in COVID-19 patients to maintain 
the balance of intestinal microecology.6 Probiotics 
have shown good results in regulating innate 
immunity and improving inflammatory 
conditions.7

We hypothesized that probiotics modulate the gut 
microbiota to protect the respiratory system and 
would be related to clinical improvement in 
COVID-19. Thus, we conducted a propensity-
score matched retrospective cohort study to assess 
the association of in-hospital use of probiotics 
with clinical outcomes.

Methods

Population
We performed a propensity-score matched retro-
spective cohort study at the Shenzhen Third 
People’s Hospital (Guangdong, China) from 11 
January 2020 to 1 April 2020. Adults (age 18 years 
or older) were eligible for the study if they tested 
positive for SARS-CoV-2 according to World 
Health Organization (WHO) interim guidance. 
Exclusion criteria were pregnancy or lactation; 
conditions with gastrointestinal or systemic dis-
eases known to affect gut microbiota composition 
such as gastrointestinal cancer, inflammatory 
bowel disease; incomplete information. The defi-
nition of disease severity of COVID-19 was based 
on the Chinese guideline for the management of 
COVID-19.6 The study protocols were approved 
by the Ethics of Research Committee of the 
Shenzhen Third People’s Hospital (No. 2020-
193). A STARD checklist is shown in the 
Supplemental material online.

Standard care comprised, as necessary, supple-
mental oxygen, high-flow nasal cannula (HFNC), 
antiviral agents, antibiotics, corticosteroids, 
mechanical ventilation, according to the Chinese 
guideline for the management of COVID-19.8 
Inclusion criteria for the adjuvant probiotics 
treatment were: mild to severe patients with 
COVID-19; there was no history of probiotics or 
antibiotics use for at least 1 month; did not have 
allergy to probiotics. Probiotic treatment was 
administered as 630 mg (three pills) twice daily, 
using live combined Bifidobacterium, Lactobacillus, 
and Enterococcus capsules (Bifico) (Shanghai, 
China). Each capsule is of 210 mg, which con-
tains Bifidobacterium, Lactobacillus and Ente­
rococcus (1.0 × 107 CFU for each ingredient). 
There was no connection with the probiotic treat-
ment with the gastrointestinal symptoms of 
COVID-19 patients. The primary exposure was 
use of probiotics, classified as present if probiotics 
were received within 48 h of hospital admission 
and otherwise as absent. The duration of oral pro-
biotics administration was defined as the time 
from probiotics treatment initiation to viral shed-
ding or death. In the control group, the initial time 
for the patients without probiotics administration 
was defined as the time of viral shedding or death.

Clinical data were collected from the Shenzhen 
Third People’s Hospital (Guangdong, China). 
Data reliability was verified by two researchers 
(TWL and LNZ) and difference in interpretation 
was adjudicated by a third researcher (JYW).

Outcome measures
The primary outcome was the time (days) to clin-
ical improvement. The definition of time to clini-
cal improvement was the time from any treatment 
initiation to live discharge or an improvement of 
two points on a seven-point scale, whichever 
came first according to the previous study.8 
Second outcomes included the duration of hospi-
tal stay, fever, viral shedding, and gastrointestinal 
symptoms.

Laboratory measures
Throat-swab samples were collected for SARS-
CoV-2 detection according to WHO interim guid-
ance. Complete blood count, D-dimer, serum 
biochemical tests, interleukin-6 (IL-6), procalci-
tonin, CD4+ and CD8+ T cell count were 
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examined. The reference values were as follows: 
white blood cell (WBC) count: (4–10) × 109; 
platelet count: (100–300) × 109/l; lymphocyte 
count: (0.8–4.0) × 109/l; IL-6: (0–7) pg/ml; albu-
min: 40–55 g/l; D-dimer: 0–0.5 μg/ml; aspartate 
aminotransferase (AST): 0–45 g/l; alanine transam-
inase (ALT): 0–45 g/l; procalcitonin: <0.1 ng/ml; 
cluster of differentiation (CD) 4+ T cell count: 
>400/mm3; CD8+ T cell count: >150/mm3.

Statistical analysis
Patients in the cohort were classified according to 
whether probiotics were used or not (probiotics 
versus non-probiotics). Continuous and categori-
cal variables were shown as medians [interquar-
tile ranges (IQRs) or standard deviations (SDs)] 
and n (%), respectively. No imputation was per-
formed for missing data, because the patients 
with insufficient information had been removed 
during the patient selection. Patients who had a 
probiotics approach were matched to those who 
did not receive probiotics therapy 1:1 by greedy 
matching on the logit of propensity scores with a 
caliper of 0.2 SD.9 Variables thought to be poten-
tial confounders were enrolled into the propensity 
score and included socio-demographics [age, sex, 
body mass index (BMI)], clinical characteristics 
(disease severity, hypertension, diabetes, coro-
nary disease, radiological findings), laboratory 
tests (WBC counts, lymphocyte count, IL-6, 
D-dimer, ALT, AST, CD4+ and CD8+ T cell 
count), clinical treatments [antibiotics, corticos-
teroid, intravenous immunoglobin, oxygen ther-
apy, HFNC, non-invasive mechanical ventilation 
(NIMV), invasive mechanical ventilation (IMV)], 
and ICU admission. Standardized differences for 
all covariates were calculated before and after 
matching, with 10% or more considered indica-
tive of imbalance.10 The primary outcome was 
described by Kaplan–Meier plot and compared 
with a log-rank test after matching. For all out-
comes, time to different clinical events was treated 
as continuous variable, and the difference between 
the probiotics and non-probiotics groups was 
analyzed by Hodges–Lehmann estimation in the 
matched cohort. To further validate the effects of 
probiotics on clinical improvement, Cox propor-
tional hazard model with hazard ratio (HR) and 
95% confidence interval (CI) was used in the 
unmatched cohort after adjustment for confound-
ing factors. Analysis were performed by R soft-
ware (version 3.6.1, Vienna, Austria). All tests 
were two-sided with a significance level of 0.05.

Results

Baseline characteristics of patients  
before matching
A total of 411 COVID-19 patients were enrolled. 
Eighteen patients were excluded as they were less 
than 18 years old, 15 patients had both gastroin-
testinal disease and tumor, and 10 patients had 
incomplete information. The final cohort 
included 375 patients, among which 179 patients 
received standard care plus probiotics (the probi-
otics group) and the other 196 cases were treated 
with standard care alone (the non-probiotics 
group). The clinical characteristics are shown in 
Table 1.

Before probiotics treatment, the number of 
patients with diarrhea was 20 (10.2%) in the non-
probiotics group and 13 (7.3%) in the probiotics 
group (p = 0.10); the number of patients with 
abdominal pain was three (1.5%) in the non-pro-
biotics group and three (1.7%) in the probiotics 
group (p = 0.12); the number of patients with 
nausea and vomiting was eight (4.1%) in the non-
probiotics group and four (2.2%) in the probiot-
ics group (p = 0.12). After probiotics treatment, 
gastrointestinal symptoms of these patients 
improved and symptoms disappeared. We did not 
observe any side effects of probiotic usage. 
Compared with patients who received probiotics 
therapy, those who had not received probiotics 
had lower rates of mild type (5.6% versus 8.4%; 
standardized difference, 0.11) and normal radio-
logical findings (5.1% versus 8.4%; 0.13), as well 
as a lower lymphocyte count [median, 1.2 × 109/l 
(1.0–1.7) versus 1.3 × 109/l (1.0–1.7); 0.23]. With 
respect to clinical therapy, patients in the non-
probiotics group had higher rates of antibiotics 
(38.8% versus 32.4%; 0.13), corticosteroids 
(34.7% versus 17.9%; 0.39), intravenous immu-
noglobin (34.7% versus 20.7%; 0.32), oxygen 
therapy (75.0% versus 57.0%; 0.39), HFNC 
(4.1% versus 2.2%; 0.11), NIMV (19.9% versus 
12.3%; 0.21), and ICU admission (9.2% versus 
5.6%; 0.14) as compared with those in the probi-
otics group. There was no significant difference in 
antibiotics use between the two groups. The type, 
number, and combinations of administered drugs 
are shown in Supplemental Table 1.

Primary outcome after matching
A total of 150 patients (83.8%) who had under-
gone a probiotics approach were each matched to 
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Table 1.  Demographic and clinical characteristics of the COVID-19 patients at baseline before and after matching.a.

Before matching After matching

Characteristic Non-probiotics group
n = 196

Probiotics group
n = 179

SDMb Non-probiotics group
n = 150

Probiotics group
n = 150

SDMb

Male sex, n (%) 105 (53.6) 88 (49.2) 0.09 76 (50.7) 77 (51.3) 0.01

Age, median (IQR), years 50 (36–62) 48 (36–59) 0.01 50 (37–62) 49 (35–60) 0.00

BMI, median (IQR) 23.6 (21.7–26.1) 22.9 (20.8–25.1) 0.08 23.3 (21.4–25.6) 23.2 (21.3–25.3) 0.01

Disease severity, n (%)

  Mild 11 (5.6) 15 (8.4) 0.11 10 (6.7) 11 (7.4) 0.03

  Moderate 174 (88.8) 157 (87.7) 0.03 135 (90.0) 134 (89.3) 0.02

  Severe 11 (5.6) 7 (3.9) 0.08 5 (3.3) 5 (3.3) 0.0

Comorbidity, n (%)

  Hypertension 36 (18.4) 31 (17.3) 0.03 27 (18.0) 31 (20.7) 0.07

  Diabetes 22 (11.2) 15 (8.4) 0.09 16 (10.7) 14 (9.3) 0.05

  Coronary disease 10 (5.1) 6 (3.4) 0.08 7 (4.7) 6 (4.0) 0.03

Laboratory test, median (IQR)

  WBC count, ×109/l 4.6 (3.8–5.7) 4.8 (3.8–6.0) 0.09 4.7 (3.9–5.8) 4.7 (3.6–5.0) 0.00

  Lymphocyte count, ×109/l 1.2 (1.0–1.7) 1.3 (1.0–1.7) 0.23 1.3 (1.0–1.7) 1.3 (1.0–1.7) 0.02

  IL-6, pg/ml 10.2 (3.9–20.7) 6.3 (3.0–17.1) 0.01 8.8 (3.4–17.3) 8.5 (3.0–18.9) 0.00

  D-dimer, μg/ml 0.4 (0.3–0.6) 0.3 (0.2–0.5) 0.04 0.4 (0.2–0.6) 0.4 (0.3–0.6) 0.07

  ALT, g/l 21.0 (15.0–30.8) 18.0 (12.0–28.0) 0.00 20.0 (13.0–29.0) 19.0 (13.0–29.5) 0.00

  AST, g/l 25.0 (19.3–31.0) 22.0 (19.0–28.0) 0.01 24.0 (19.0–30.0) 23.0 (19.0–29.3) 0.01

  T cell count, /ml 967 (592–1261) 1076 (711–1389) 0.00 988 (628–1373) 1043 (678–1359) 0.00

  CD4+ T cell count, /ml 519 (377–735) 586 (413–780) 0.00 545 (390–759) 567 (409–780) 0.00

  CD8+ T cell count, /ml 343 (204–470) 386 (240–539) 0.00 348 (200–504) 377 (231–514) 0.00

Radiological findings, n (%)

  Normal 10 (5.1) 15 (8.4) 0.13 9 (6.0) 11 (7.3) 0.05

  Ground-glass opacity 174 (88.8) 157 (87.7) 0.03 129 (86.0) 133 (88.7) 0.08

 � Bilateral pulmonary 
infiltration

147 (75.0) 131 (73.3) 0.04 108 (72.0) 114 (76.0) 0.09

Duration of illness onset to 
any treatments initiation, 
median (IQR), days

3 (2–6) 3.5 (2–7) 0.02 3 (2–7)) 3 (1–5) 0.05

Treatments, n (%)

  Antibiotics 76 (38.8) 58 (32.4) 0.13 54 (36.0) 49 (32.7) 0.07

  Antiviral treatment 196 (100.0) 179 (100.0) 0.00 150 (100.0) 150 (100.0) 0.00

  Corticosteroids 68 (34.7) 32 (17.9) 0.39 32 (21.3) 32 (21.3) 0.00

(continued)
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Before matching After matching

Characteristic Non-probiotics group
n = 196

Probiotics group
n = 179

SDMb Non-probiotics group
n = 150

Probiotics group
n = 150

SDMb

  Intravenous immunoglobin 68 (34.7) 37 (20.7) 0.32 36 (24.0) 36 (24.0) 0.00

  Oxygen therapy 147 (75.0) 102 (57.0) 0.39 101 (67.3) 102 (68.0) 0.02

  HFNC 8 (4.1) 4 (2.2) 0.11 5 (3.3) 4 (2.7) 0.04

  NIMV 39 (19.9) 22 (12.3) 0.21 21 (14.0) 22 (14.7) 0.02

  IMV 9 (4.6) 7 (3.9) 0.03 6 (4.0) 7 (4.7) 0.03

ICU admission 18 (9.2) 10 (5.6) 0.14 9 (6.0) 10 (6.7) 0.03

aGreedy matching occurred 1:1 on the logit of a propensity score with a caliper of 0.2 SD.
bSDMs of 0.1 or more represent meaningful difference in covariates between groups before and after matching.
ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, body mass index; CD, cluster of differentiation; HFNC, high-flow nasal 
cannula; ICU, intensive care unit; IL-6, interleukin-6; IMV, invasive mechanical ventilation; IQR, interquartile range; NIMV, non-invasive mechanical 
ventilation; SDM, standard difference of the mean; WBC, white blood cell.

Table 1.  (continued)

a patient who had not received probiotics therapy 
with standardized difference of less than 10% for 
all covariates, suggesting an adequate match 
(Table 1). Compared with the non-probiotics 
group, the cumulative improvement rate was 
higher in the probiotics group with a log-rank p 
value of 0.028 (Figure 1). Patients in the probiot-
ics group also have an accelerated time to clinical 
improvement after matching [median, 18 days 
(IQR: 14–28) versus 21 days (IQR: 17–29)] with 
a median difference of −3 days (95% CI: −4 to 
−1; p = 0.022) [Figure 2(a) and Table 2].

Secondary outcomes after matching
The secondary outcomes of the probiotics and 
non-probiotics groups after matching are shown 
in Table 2. Among patients who experienced 
fever symptoms, the duration of fevers in the pro-
biotics group was also shorter than that in the 
non-probiotics group (median, 6 days versus 
7 days) with a significant difference in median −1 
day (IQR: −2 to 0 days; p = 0.025) [Figure 1(b)]. 
The probiotics group was superior to the non-
probiotics group in shortening the duration of 
hospital stay [median, 17 days versus 20 days; dif-
ference, −3 days (95% CI: −5 to −1), p = 0.009] 
[Figure 1(c)] and the duration of viral shedding 
[median, 15 days versus 18 days; difference, 
−3 days (95% CI: −6 to −1), p < 0.001] [Figure 
1(d)]. However, there was no significance in the 
ICU stay length, duration of NIMV, duration of 
IMV, and duration of oxygen support between 

the propensity-score matched groups (p > 0.05) 
(Table 2).

Effects of probiotics on clinical  
improvement in the unmatched cohort
The effects of probiotics on clinical improvement 
analyzed by Cox regression analyses in the 
unmatched cohort are shown in Table 3. A crude 
model of univariate analysis showed that the appli-
cation of probiotics in COVID-19 patients was 
dramatically related to a better clinical improve-
ment (HR, 1.35; p = 0.006). Using further multi-
variate analyses we found that patients who 
underwent probiotics therapy were likely to expe-
rience a favorable clinical improvement compared 
with those not treated with probiotics, even after 
adjusting for age, sex, BMI [Model 1; adjusted 
HR (aHR), 1.33; p = 0.007]; further adjusted for 
disease severity, comorbidity, radiological findings 
based on Model 1 (Model 2; aHR, 1.32; p = 0.012); 
based on Model 2, further adjusted for laboratory 
test results (Model 3; aHR, 1.28; p = 0.026). We 
further additionally adjusted for clinical treat-
ments and ICU admission based on Model 3 
(Model 4; aHR, 1.30; p = 0.017).

Discussion
In the present study, we found that probiotics 
added to standard care was superior to standard 
care alone in time to clinical improvement. The 
significant reduction in duration of viral shedding 
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was related to clinical improvement as shown by 
the significant reductions in duration of fever and 
hospital stay.

Gastrointestinal symptoms with a 70% relative 
increased risk for positive detection of COVID-19. 
The presence of diarrhea was associated with the 
severity of respiratory symptoms.2 The gut micro-
biota are considered to have an important role on 
the innate and adaptive immune system.16 Gut–
lung crosstalk may affect the gut microbiota in 
patients with COVID-19.4 It has been shown that 
modulating intestinal flora can avoid early replica-
tion of influenza virus in lung epithelia and reduce 
ventilator-associated pneumonia.17,18 Currently, 
no specific treatment has been recommended for 
COVID-19. Probiotics have been recommended 
for maintain the balance of gut microbiota in 
COVID-19 patients and prevent secondary bacte-
rial infection.6 Probiotics, including bacteria and 

Figure 1.  Secondary outcomes after matching. (a) Time to clinical improvement, (b) time to temperature 
return to normal, (c) duration of hospital stay, (d) duration of viral shedding.

Figure 2.  Kaplan–Meier estimates of cumulative clinical improvement rate.
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Table 2.  Clinical outcomes after the propensity-score matching.

Characteristic Total
N = 300

Non-probiotics group
n = 150

Probiotics group
n = 150

Difference p value

Primary outcome

 � Time to clinical 
improvement, days

20.0 (15.0–28.0) 21.0 (17.0–29.0) 18.0 (14.0–28.0) –3 (–4 to –1) 0.022

Secondary outcomes

  Hospital stay, days 21.0 (15.0–28.0) 22.0 (16.0–31.0) 19.0 (15.0–25.0) –3 (–5 to –1) 00.009

 � Duration of viral shedding, 
days

16.0 (12.0–22.0) 18.0 (13.0–24.0) 15.0 (10.0–20.0) –3 (–6 to –1) <0.001

  Duration of fever, days 7.0 (4.0–9.0) 7.0 (4.0–10.0) 6.0 (3.0–9.0) –1.0 (–2.0 to 0.0) 00.025

  ICU stay, days 15.0 (10.0–20.0) 16.0 (13.0–30.0) 13.0 (7.0–17.0) –4 (–9 to 2) 0.397

  Duration of NIMV, days 6.0 (4.75–8.0) 6.0 (4.0–8.0) 7.0 (5.0–9.5) 1 (–1 to 3) 0.545

  Duration of IMV, days 19.0 (10.5–28.5) 24.0 (19.0–33.0) 12.0 (7.0–25.5) –11 (–20 to 1) 0.615

  Oxygen support, days 14.0 (8.0–21.0) 14.5 (7.25–20.0) 14.0 (8.0–21.0) 0 (–3 to 2) 0.081

Data are median (interquartile range).
ICU, intensive care unit; IMV, invasive mechanical ventilation; NIMV, non-invasive mechanical ventilation.

Table 3.  Time-varying analysis for the effect of 
probiotics on clinical improvement in the unmatched 
cohort.

Models Hazard ratio (95% CI) p value

Crude model 1.35 (1.09–1.67) 0.006

Model 1a 1.33 (1.09–1.67) 0.007

Model 2b 1.32 (1.06–1.64) 0.012

Model 3c 1.28 (1.04–1.59) 0.026

Model 4d 1.30 (1.04–1.61) 0.017

aModel 1 was adjusted for age, sex, and body mass index.
bModel 2 was additionally adjusted for disease severity, 
comorbidity (including hypertension, diabetes, and 
coronary disease), and radiological findings (including 
normal, ground-glass opacity, and bilateral pulmonary 
infiltration).
cModel 3 was additionally adjusted for laboratory test 
results (including white blood cell count, lymphocyte 
count, interleukin-6, D-dimer, alanine transaminase, 
aspartate aminotransferase, T cell count, CD4+ T cell 
count, and CD8+ T cell count).
dModel 4 was additionally adjusted for clinical treatments 
(including antibiotics, corticosteroid, intravenous 
immunoglobin, oxygen therapy, high-flow nasal cannula, 
non-invasive mechanical ventilation, and invasive 
mechanical ventilation), and intensive care unit admission.
CI, confidence interval.

yeast, are living microorganisms that have been 
shown to be beneficial to human health.17 In vivo 
experiments and clinical trials expand our current 
understanding of the critical role of probiotics in 
human intestinal flora-related diseases. Many clin-
ical trials have shown that probiotics can shape the 
intestinal flora, making it possible to control a vari-
ety of intestinal diseases and promote overall 
health.19 The presence of gastrointestinal symp-
toms was related to a 70%increased risk for posi-
tive detection of COVID-19.

COVID-19 infection affects lung tissue and intes-
tines, thereby activating inflammation. Probiotics 
supplementation may improve the ability of the 
gastrointestinal microbiota to regulate immune 
activity, thereby preventing viral infections, 
including COVID-19. Although many experi-
mental and clinical studies support the possible 
role of probiotic microorganisms in protecting the 
host against viral infections (e.g., colds and flu),20–

23 no research has reported the use of probiotics to 
treat or prevent COVID-19. In our study, higher 
percentages of antibiotics, antiviral treatment cor-
ticosteroids, intravenous immunoglobin, oxygen 
therapy, HFNC, NIMV, IMV, and ICU admis-
sion in the non-probiotics group before matching 
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imply that disease was much more severe in the 
non-probiotics group compared with the probiotic 
group. Similarly, higher percentages of antibiotics 
were found in the non-probiotics group after 
matching. We found that patients in the probiotics 
plus standard care group had shorter time to clini-
cal improvement. The significant reduction in 
duration of viral shedding was related to clinical 
improvement as shown by the significant reduc-
tions in duration of fever and hospital stay. These 
results may lead to a better understanding of pro-
biotics use in COVID-19 patients. According to 
our study, the indication of probiotics is mild to 
severe patients with COVID-19 and the contrain-
dication is patients who are allergic to probiotics. 
The strains selection may contain Bifidobacterium, 
Lactobacillus, and Enterococcus, based on our cur-
rent study. The dosage of probiotics is given 
according to the specifications. However, these 
findings are observational, and we cannot exclude 
the possibility of unmeasured confounders or hid-
den bias that account for the association between 
probiotics use and improved outcomes. Further 
randomized controlled trials (RCTs) are needed 
to prospectively explore the benefit of probiotics 
in combating the COVID-19 pandemic. Our 
study may also provide a theoretical basis for the 
next prospective randomized controlled studies. 
Currently, three registered trials to evaluate probi-
otics administration to COVID-19 patients are 
ongoing and these studies could help to address 
the scientific questions.24–26

Our study has several limitations. First, the cohort 
study design limits interpretation of results and 
confirmation of efficacy will require controlled 
trials; second, this study was limited to one single 
medical institution in Shenzhen and therefore 
may have limited external generalizability to other 
medical settings; third, critically ill patients are 
underrepresented, which did not allow the gener-
alization of our findings to critical cases.

In summary, our study has demonstrated that the 
use of probiotics was associated with a shorter 
time to clinical improvement including fever, hos-
pital stay, and viral shedding in hospitalized 
COVID-19 subjects. This information may help 
clinicians to consider the use of probiotics in 
patients with mild to severe COVID-19. Further 
RCTs are needed to prospectively explore the 
benefit of probiotics in combating the COVID-19 
pandemic.
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