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coronavirus 2 (SARS-CoV-2), has rapidly spread around the globe since early 2020, becoming
one of the worst pandemics in the history. The spike (S) protein of SARS-CoV-2 can bind to
angiotensin-converting enzyme 2 (ACE2), a receptor on the host cell surface, to cause gut
microbiota imbalance and different complications. Probiotics, proved to be capable of
regulating gut microbiota to treat diseases and viral infections, have been considered to serve as
an option for alleviating COVID-19. We summarize the efficacy of probiotics in alleviating
clinical symptoms and gastrointestinal adverse events of COVID-19 based on the results of
available preclinical and clinical trials. Furthermore, we discuss the potential of probiotics to
mitigate the sequelae of COVID-19, thereby providing new directions for the subsequent

management of COVID-19 and a theoretical basis for treating respiratory diseases.
Keywords: COVID-19; probiotics; antiviral activity; gut microbiota; sequelae
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COVID-19 I RAEAR A — I 5 Mg . COVID-19
HHORE G A WERE, EIEMEAERS

NP, HFAL T PR oy (1 KU i
MR R, #AEWIRYT COVID-19 BFfE, &
AR S0 IR R S 30 i T TR A o A 24 A
(antibiotic resistance genes, ARGs) i & i /1%
WAL, g AR T U A9 AR B RS 2R AR
UK % #F 5 (Escherichia coli)Ffiti 46 5 55 11 14
(Klebsiella pneumoniae)f) RNA FikFEfL, 1
F. prausnitzii F1 A% #7 7 %; [C 7 (Roseburia
hominis)f) RNA Fik T, M5 fidt BT HE 20
SRR 2 A 25 AR TR AT LS IR COVID-19
FE 1 7 2 0 ) P 258 R R 3 I A DG S Y
Yy, - BEAR S R RO Pl 55 78 B2 R B 1B 18 M9
7K, DTS AR AR T R R, 3%

F1 HHEFER COVID-19 FERMIGERFR
Table 1

AETEER TR R E IR TE S E AR | W A TR
RE AR RAFRIRCR AN, o n] BB 52 M 83 1)
R A I B[] . COVID-19 fRF 25k
RAYT E RN EETE R, & TR S I 8] A AT Be
BF 1) gk 2D, I PR T80 U A O RE IRt A5 B T ek
20064 L b R 5% 22 W 25 4 TR X COVID-19
BEIERA RIFEBER (R 1. WINEATVE
Z I PRI 56t ¥R 5 T 2% A B AE TR DR T
COVID-19 J5 T )4 34 P£ (Clinical Trials.gov,
£ 2). RMIFEAE A MW 5 A T RE 2% i
COVID-19 5lEMANIE . BB FF R 2L 1R — 5k
T EFEAYY COVID-19 3% 7 d J5IfEAfE
st B E R A, 48 COVID-19 #BEf
FH ER 2 s L AT B HOSUSE AT T i B PO 22 25
IGRIT G R FE T 2R 2 804 b & W) 0 i 35

Clinical study on probiotics relieving symptoms of COVID-19

Strain (dose) Object  Intervention Number of Experimental Effect References
cycle (d) subjects design
Streptococcus thermophilus DSM Adult 7 Probiotics Controlled Diarrhea and other [55]

32345
Lactobacillus acidophilus DSM 32241

group (N=28)  trial
Control group

symptoms were relieved
An eight-fold reduction

Lactobacillus helveticus DSM 32242 (n=42) in the risk of respiratory
Bifidobacterium animalis subsp. lactis failure
DSM 32246 etc.
(2.4x10'"* CFU/d)
Bifidobacterium Adult 28 SIMO1 group ~ Open label Antimicrobial resistance [56]
(2x10%° CFU/d) (n=22) pilot study genes in gut microbiota|
Control group
(n=10)
Virus scavenging
group (N=20)
Bifidobacterium animalis Adult 14 Probiotics Controlled Restoration of gut [57]
subsp. lactisHNO19 group (n=13)  trial microbiota
Lacticaseibacillus casei subsp. Lc-11 Control group
Lactiplantibacillus plantarum subsp. (n=15)
Lp-15 Non-covid-19
Bifidobacterium animalis subsp. lactis control group
B420 etc. (n=15)
(2x10" CFU/d)
(F54%)
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Strain (dose) Object  Intervention Number of Experimental Effect References
cycle (d) subjects design
Sreptococcus thermophilus DSM Adult 19-38 Probiotics Controlled Fatigue ratio of probiotic [58]
32245 group (N=24)  trial group was significantly
Bifidobacterium animalis subsp. lactis Control group lower than control group
DSM 32246 (n=34) Serum arginine,
Lactobacillus helveticus DSM 32242 asparagine and lactic
Lacticaseibacillus paracasei DSM acidt
32243 etc. 3-hydroxyisobutyric
(2.4x10'"2 CFU/d) acid|
Bacillus coagulans LBSC (DSM Adult 14 Probiotics Randomized, Physical and mental [59]
17654) group (n=100)  double-blind, fatigue|
Bacillus subtilis PLSSC (ATCCSD Placebo group  placebo- Functional status and
7280) (n=100) controlled quality of life?
Bacillus clausii 088AE (MCC 0538) trial
(2x10' CFU/d)
Bifidobacterium Adult 14-28 Probiotics Controlled Clinical improvement  [60]
Lactobacillus group (N=150)  trial time, fever duration,
Enterococcus (6107 CFU/d) Control group virus excretion time,
(n=150) length of hospital stay |
Bifidobacterium longum subsp. >14 years 7 Probiotics Controlled Diarrhea, time to turn ~ [61]
longum group (n=23)  trial negative|
(20.5x10" CFU/d) Control group Procalcitonin,
Lactobacillus bulgaricus (n=35) C-reactive protein and
Sreptococcus thermophilus other inflammatory
(20.5x10° CFU/d) indicators
Bifidobacterium Adult 28 SIMO1 group Open label SARS-CoV-2 IgG, [62]
(1x10" CFU/d) (N=25) pilot study  bacterial species
Control group abundance?
(n=30) IL-6, MCP-1, M-CSF,
TNF-a, IL-1RA|
Lactiplantibacillus plantarum Adult 30 Probiotics Single-center, Nasopharyngeal viral — [63]
KABP022, KABP023, KAPB033 group (N=150) four-blind, load, pulmonary
Pediococcus acidilactici KABP021 Placebo group randomized infiltration, and duration
(2x10° CFU/d) (n=150) trial of digestive and
non-digestive
symptoms|
SARS-CoV2-specific
IgM and IgG?
Lacticaseibacillus rhamnosus GG >] year 28 Probiotics Randomized, Associated symptoms| [64]
(age<S5 years, 1 capsule/d; >5 years, group (N=91) double-blind, Gut microbiome
2 capsule/d) Placebo group  placebo- structure changes
(n=91) controlled trial

IgG: HPEIREN G; IL-6: AN FK-6; MCP-1: FAZAMMELEN-1; M-CSF: E MMM F RN T 5 TNF-a:
PUMRIRIEIN F-0; IL-1RA: AN R-1 Z IG5 1gM: RREEREH M
IgG: Immunoglobulin G; IL-6: Interleukin-6; MCP-1: Monocyte chemoattractant protein-1; M-CSF: Macrophagecolony

stimulating factor; TNF-a: Tumor necrosis factor-a; IL-1RA: Interleukin-1 receptor antagonist; [gM: Immunoglobulin M.
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% 2 AR E AF & O (Clinical Trials.gov)iE A 9 B 5E L 32

Table 2 Completed studies registered with ClinicalTrials.gov

Trial No. Title Strain (dose) Object Intervention Number Experimental

cycle of design
subjects

NCT05080244 WHO COVID-19-evaluation of 2 strains Adult 25d n=618 Randomized,
the Efficacy of probiotics to (1-10 d: 2x10' CFU/d) controlled
reduce the occurrence of long  (11-25 d: 1x10'° CFU/d) trial
COVID (PROVID-LD)

NCT04621071 Efficacy of probiotics in 2 strains Adult  25d n=17 Randomized,
reducing duration and (1-10 d: 2x10' CFU/d) double-blind,
symptoms of COVID-19 (11-25 d: 1x10'° CFU/d) placebo-
(PROVID-19) controlled trial

NCTO05474144 Monitoring the efficacy of a Lactobacillusacidophilus NCFM  Adult 2 weeks n=383 Randomized,
probiotic dietary supplement Bifidobacterium longum subsp. double-blind,
SmartProbio C in patients with  infantis Bi-07 placebo-
severe COVID-19 infection Lacticaseibacillus rhamnosus controlled

LR22 etc. trial
(5x10'° CFU/d)

NCT04390477  Study to evaluate the effect of a (1x10° CFU/d) Adult 30d n=41 Prospective
probiotic in COVID-19 controlled

pilot study

NCT04458519 Efficacy of intranasal probiotic Lactococcus lactisW136 Adult  14d n=23 Controlled
treatment to reduce severity of  (4.8x10° CFU/d) trial
symptoms in COVID19
infection

NCT04907877 Bifido- and Lactobacilli in Bifidobacterium Adult 28d n=70 Randomized,
symptomatic adult COVID-19  Lactobacillus controlled
outpatients (ProCOVID) (5%10° CFU/d) trial

NCT04937556 Evaluation of a probiotic Ligilactobacillus salivarius Adult 28d n=41 Randomized,
supplementation in the immune (1x10° CFU/d) double-blind,
response of participants with placebo-
COVID-19 (coronavirus controlled
disease) (PROVID) trial

NCT04734886 The effect of probiotic Limosilactobacillus reuteri Adult 6 months n=161  Controlled
supplementation on DSM 17938 trial
SARS-CoV-2 antibody (2x10® CFU/d)
response after COVID-19

NCT05043376 Study to investigate the Sreptococcus salivariusK12  Adult  14d n=50 Controlled
treatment benefits of probiotic (2 tablets/day) trial
Sreptococcus Salivarius K12
for hospitalised patients
(Non-ICU) with COVID-19

NCTO05175833  Oral probiotics and secondary ~ Sreptococcus salivariusK12 ~ Adult  7d n=70 Controlled
bacterial pneumonia in severe  (6x10° CFU) trial
COVID-19 Lactobacillus brevis CD2

(1.2x10'"° CFU)
(55%)
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(£ 2)
Trial No. Title Strain (dose) Object Intervention Number Experimental
cycle of design
subjects
NCTO05781945 COVID-19 pneumonia and gut Bifidobacteriumanimalis Adult 10d n=80  Randomized,
inflammation subsp. lactis LA 304 controlled
Ligilactobacillus salivarius trial
LA 302
Lactobacillus acidophilus
LA 201
NCT04847349 Live microbials to boost Undisclosed Adult  21d n=54 Controlled
anti-severe acute respiratory trial
syndrome coronavirus-2
(SARS-CoV-2) immunity
clinical trial
NCT04517422 Efficacy of L. Plantarumand  Lactiplantibacillus plantarum  Adult  30d n=300 Randomized,
P. acidilactici in adults with CECT30292 controlled
SARS-CoV-2 and COVID-19  Pediococcus acidilactici CECT trial
7483 etc.

Wi 0 IR A WIS AR AE T R 5 ERE I 4 PG
i (intensive care unit, ICU)EBEAY COVID-19 H
i KB H TE AN FE R B 1R I A T TR TR I
JERLT

IXUSRFRE R, H 5 5 A B AE I R B IA
J7 COVID-19 B i35 [ 34 1 I 38 hi IR I o i
I ACREIR , ATRER A E COVID-19 EIRAY
TRTE R o SR X BEMF 5% A B B SR R 25 A
PR RSP L R L TR A A f R K
AFEMAAFER R ZE S, ARRIETEEE Z 1S
Fa g B e itk — AR
3.3 #HHEES COVID-19 [FiRfE

bti 5 A T%F COVID-19 AR A3 3 A &
COVID-19 1) iz #6H0, e 1E A3 2 .
SR AT “E VA MR R B, P 2R
ZHEE COVID-19 & v B k<K Hi 2 %
Ho —INA 151 TRFFT Y Z8 G5 [0 A 25 2
IR, 50.1%F) COVID-19 377 # 18 iy
ARk 12 A BB E D —F G e R, A
faifili CT S MM Ref &R 5, HikEey

REAR, W 57 . R A DR A 2R AR i
Hh, ZIAFFRE COVID-19 0] 1 i K W i i
AR AR 8 K il e st . Su % 155 £
COVID-19 B&#17- - at 1 4ERIBEVI S &
B, W 1B AT 2RV N A 2 I T e R
XTHE, B ZHEMEMAATE R E 2, IR HImE
TEBUR SN A & Wk . s, 117 A
COVID-19 & HiBe ) 90 d Bl & PR 44% 8 ¥
HIEFEERE . EO . BRI MIEESE G
i E e, —IET s PERF T & B COVID-19
BETERETT 3 A H M6 A~ H B, 5 il Bl X B 41
L, COVID-19 S 3Ugh & et H W 8 9%
90/ i 0 A A D o i 14 B 3 e kg
(K, COVID-19 J5 it iE iR T N %02 J5 P 1%
A A A B A o B AR 25 2 TR 22 4% COVID-19
Je A B 5T o B L (E 2R A R R A
FE R T B R RO A 55 M AR AR
i), A A P B R R YT R, T
He T COVID-19 BF MGG IARAE R, Fitt
K R COVID-19 J5 e i — T 5 1%
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