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Abstract: Rapid infectivity of SARS-CoV2 with recent viral variants is posing a challenge in the development of robust 
therapeutic strategies. On the other hand, microbiota is debated for its involvement in SARS-CoV2 infection with 
varied opinions. Although ample data about the role of microbiota and probiotics in respiratory viral infections are 
available, their role in COVID-19 is limited albeit emerging rapidly. The utilization of probiotics for the management 
of COVID-19 is still under investigation in many clinical trials. Existing information coupled with recent COVID-19 
related studies can suggest various ways to use microbiota modulation and probiotics for managing this pandemic. 
Present article indicates the role of microbiota modulation and probiotics in respiratory infections. In addition, scat-
tered evidence was gathered to understand the potential of microbiota and probiotics in the management of SARS-
CoV2. Gut-airway microbiota connection is already apparent in respiratory tract viral infections, including SARS-
CoV2. Though few clinical trials are evaluating microbiota and probiotics for COVID-19 management, the safety 
evaluation must be given more serious consideration because of the possibility of opportunistic infections among 
COVID-19 patients. Nevertheless, the information about microbiota modulation using probiotics and prebiotics can 
be helpful to manage this outbreak and this review presents different aspects of this idea.
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Introduction

The global catastrophe of this century emerged 
with an incidence of viral pneumonia in late 
2019 that eventually led to a global health 
emergency. The clinical features of this pan-
demic ranged from asymptomatic to mild and 
severe infection with its ability to affect lungs, 
rapid transmission rate, and the possibility of 
multi-organ involvement among susceptible 
individuals [1]. Several additional complica-
tions have arisen with these typical clinical fea-
tures after the detection of new viral variants 
and the emergence of post-COVID complica-
tions including secondary infections [2, 3]. The 
etiologic agent of this pandemic was initially 
named as a novel coronavirus (nCoV-2019), 
which was later called SARS-CoV-2, causing the 

disease COVID-2019. COVID-19 caused global 
public health emergencies leading to unprece-
dented steps to curb the chances of infection  
in different countries. Unfortunately, the inci-
dence and mortalities by COVID-2019 are still 
increasing in many countries with an increas- 
ing number of cases. Several treatment guide-
lines were issued to manage this pandemic,  
but sometimes treatment efficacy and related 
events [4] led to shifting on alternative thera-
peutic regimens and the situation is not truly 
under control in certain geographic locations. 
Generally, coronaviruses are known for cau- 
sing enteric and respiratory infections. Their 
role in the severe acute respiratory syndrome 
(SARS) and middle east respiratory syndrome 
(MERS) outbreaks gave them popularity, which 
is still rising with their role in COVID-19 [5]. 
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These viruses are enveloped, positive-strand- 
ed RNA viruses from the Coronaviridae family 
and primarily involved in zoonotic infections. 
Human infections are suggested to develop 
after the evolution of animal strains to infect 
humans, and coronavirus outbreaks including 
SARS, MERS, and COVID-2019 are also sug-
gested as zoonotic origin [6]. Early studies pre-
dicted that COVID-2019 can be a combination 
of bat and pangolin coronavirus. These find- 
ings were supported by the fact that COVID-
2019 showed more than 96% whole-genome 
sequence identity with bat coronavirus and 
90% similarity to Malaysian pangolin coronavi-
rus. However, the specific region of spike (S) 
protein of pangolin coronavirus is highly simi- 
lar to SARS-CoV2, possibly leading to its highly 
efficient host cell attachment and entry th- 
rough angiotensin-converting enzyme 2 (ACE2) 
[7-9], though polymorphism in ACE2 and re- 
cent viral variants need reconsideration of this 
whole paradigm [10, 11]. Recent studies have 
highlighted that the continual evolution of 
SARS-CoV2 is still taking place and creating a 
challenge of re-infection and diagnosis due to 
the generation of variants contributing to pan-
demic waves [12]. 

The role of microbiota is also discussed with a 
range of observations for their effects on infec-
tion susceptibility, including coronavirus infec-
tion. Microbiota represents microbial species 
coexisting with an individual and could be divid-
ed into transient and resident microbiota. The 
geographical diversity in microbiota is evident 
and affected by several factors, including envi-
ronmental condition, natural habitat, nutrition-
al and occupational differences in addition to 
host factors like host genetics, immune status, 
hygiene, etc. [13]. The role of microbiota is dis-
cussed in several diseases including COVID-
2019 with the identification of modulated 
microbiota among infected patients [14-16]. 
These modulated bacteria can contribute to 
the severity of COVID-19 in multiple ways and 
have been discussed in some studies [17, 18]. 
The presence of ACE2 receptor on intestinal 
epithelial cells that contributes to SARS-CoV-2 
pathogenesis and the subsequent presence of 
a large number of microbes in the gut leaves 
several caveats [19]. A recent article has 
reviewed the role of ACE2 as a key player for 
determining the disease outcome of COVID-19 
through gut microbiota dysbiosis [20]. It has 
been verified that gut microbiota affects the 
levels of inflammatory mediators in COVID-19 

patients and immune mediated molecules play 
an important role in clinical presentation of 
COVID-19 disease [21]. Therefore it is involved 
in modulating the severity of clinical presenta-
tion based on microbiota composition [15]. The 
data about the role of microbiota in COVID-
2019 outbreak is limited but gradually increas-
ing with some studies identifying microbiota 
modulation among COVID-19 patients from dif-
ferent geographic locations. We summarized 
information about microbiota diversity and its 
modulation during various respiratory infec-
tions, in addition to recent studies about COVID-
19 patients. We gathered these diverse threads 
to assess the role of microbiota in the COVID-
2019 outbreak. Moreover, we also covered the 
role of probiotics in COVID-19 with clinical trials 
undergoing to utilize this aspect in manage-
ment of current pandemic. Probiotics are ben-
eficial bacteria and their role is already known 
in several diseases [22-24]. 

Respiratory tract microbiota: composition, 
modulation and infection

The microbiota of the upper respiratory tract 
(URT) and lower respiratory tract (LRT) varies 
considerably and is therefore studied separate-
ly. The microbiota of the respiratory tract is 
affected by several external and internal fac-
tors, including age, immunity, disease status, 
and smoking habits, leading to variations in 
resident and transient microbiota [25]. The 
human microbiota is already known for its 
involvement in modulating susceptibility to 
respiratory infections [26]. The lower respirato-
ry tract, including lungs, were previously consid-
ered sterile, however recent culture-indepen-
dent microbial identification, reveals several 
breakthroughs about the respiratory tract 
microbiota and its association with several dis-
eases. The lung microbiome is known to modify 
the risk of viral infections and their subsequent 
severity by affecting the immune response 
[27]. Several articles about respiratory tract 
microbiota are already available [28-30]. There- 
fore our article does not focus on general over-
view of respiratory tract microbiota. Studies 
evaluating the composition of respiratory 
microbiota and its modulation in different clini-
cal conditions are presented in Table 1.

Gut-airway microbiota interactions and respi-
ratory infections

As per an estimate, respiratory infections such 
as pneumonia and influenza leads to 3.2 mil-
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Table 1. Studies from different geographical locations indicating microbiota composition of the respiratory and its variation during different clini-
cal conditions
Primary Location Study Remark Ref
Asia

    China 16S rDNA analysis of 83 (AN), 60 (NP), & 97 (OP) 
samples of 98 healthy children (≤12 years of age).

Moraxella, Staphylococcus, Corynebacterium, Streptococcus, and Dolosigranulum (AN/NP).
Streptococcus, Prevotella, Neisseria, Veillonella, Rothia, Leptotrichia, and Haemophilus (OP).

[67]

High throughput gene sequencing was used to evaluate 
BALF samples of normal and IPF patients.

Healthy individuals were showing the dominance of Sutterella, Coprococcus, Parasutterella, 
Paludibacter and Dorea.
IPF samples were showing the dominance of Streptococcus (23.0% of total reads), followed by 
Pseudobutyrivibrio, Anaerorhabdus, Campylobacter, and Blautia.

[68]

Respiratory samples from 171 healthy children and 
76 children having pneumonia were analyzed for the 
presence of microbes.

The Prevotella and Streptococcus were found with healthy subjects, while Staphylococcus spp. 
and M. pneumoniae were predominant in the patient group.

[69]

Sputum microbiota of tuberculosis patients (25 new, 
30 recurrent, 20 with treatment failure) and 20 healthy 
controls were analyzed through 16s RNA sequencing. 

Tuberculosis patients were primarily showing Firmicutes, while Bacteriodetes was found with 
healthy controls. Tuberculosis patients were showing Streptococcus, Gramulicatella and  
Pseudomonas, while Catonella and Coprococcus were abundant in healthy controls.

[70]

Sputum and respiratory secretions from  
31 tuberculosis (TB) and 24 healthy controls were 
analyzed by 16S rRNA.

Some species like Actinomyces, Granulicatella, Prevotella, Streptococcus, and Veillonella were 
abundant in both groups. The Anoxybacillus, Acinetobacter, Abiotrophia, Klebsiella, Pilibacter, 
Paucisalibacillus, and Rothia were higher in TB patients, while Campylobacter, Fusobacterium, 
Haemophilus, Neisseria, Porphyromonas, Parvimonas, and TM7_genera_incertae_sedis were 
lower in TB patients than control. 

[71]

Upper respiratory tract microbiota of H1N1 influenza  
virus-infected patients were analyzed through 16s 
rDNA analysis.

Proteobacteria was abundant while Actinobacteria, Bacteroidetes, Candidate division TM7,  
Firmicutes, Fusobacteria and SR1 were reduced in H1N1 patients samples. At genera level, 
Ochrobactrum, Brevundimonas, Caulobacter, Aquabacterium and Serratia were increased 
whereas Actinomyces, Acinetobacter, Haemophilus, Neisseria, Prevotella, Porphyromonas,  
Streptococcus, and Veillonella decreased in H1N1 samples. 

[72]

    Hong Kong Sputum microbiota was analyzed by 16s rRNA in 22 TB 
patients and 14 control.

Controls were showing an abundance of Firmicutes while Proteobacteria and Bacteroidetes were 
overrepresented in the TB group. 
The core TB sputum microbiota was made of Actinomyces, Fusobacterium, Leptotrichia,  
Prevotella, Streptococcus, and Veillonella while Mogibacterium, Moryella and Oribacterium were 
also present. Unclassified Lactobacillales was overrepresented in the control group.

[73]

    Singapore Twenty-four genetically related healthy pairs (n=48) 
were divided into young (≤40 years) and old (≥60 
years). The sputum sample of participants was  
collected and analyzed for microbiota composition 
using 16s rRNA. 

Old subjects group was having an abundance of Firmicutes and relatively less abundance of 
Proteobacteria. Ageing is linked with augmented Firmicutes and reduced Proteobacteria in the 
healthy Asian cohort’s airway microbiota. Haemophilus and Lautropia were abundant in young. 
Firmicutes (Gemella) were related to young group lung function, while Fusobacteria and  
Leptotrichia were linked to elder’s arterial stiffness. 

[74]

    Korea Microbiota analysis of 27 BAL fluid samples from 
patients undergoing diagnostic bronchoscopy using 
conventional microbiology media and identification 
through MALDI-TOF MS. In addition, 16S rRNA NGS was 
performed for comparison.

BAL samples showed the highest culture of Streptococcus spp. and Neisseria spp. Actinomyces 
and Veillonella spp. were the most common anaerobes. Other bacteria like Prevotella spp., 
Staphylococcus spp., Clostridium spp., and Bifidobacterium spp. were also present. 

[75]

    Iran Respiratory microbiota of 3-6 years old healthy children 
was determined through culture and 16s rRNA. 

Actinobacteria (4%), Firmicutes (74%), and Proteobacteria (22%) were most common. At genera 
level Staphylococci, Streptococci, Enterobacteriaceae spp. and A. baumannii were common. 

[76]

    India Sputum microbiota of TB was analyzed using 16S rRNA 
and compared with healthy controls.

In healthy controls, Gammaproteobacteria (22%), Streptococcus (20.5%), Neisseria (16.8%) and 
Haemophilus (15.4%). Actinobacillus were present. 
Firmicutes and Actinobacteria were abundant in TB patient’s samples with the dominance of 
Streptococcus, Neisseria and Veillonella.

[77]



Microbiota, probiotics and COVID-19

10980	 Am J Transl Res 2021;13(10):10977-10993

North America

    Canada Microbiota of URT among 65 H1N1 influenza patients 
during the 2009 outbreak was determined by cpn60 
universal target amplification and sequencing. 

The microbiota was dominated by Actinobacteria, Firmicutes and Proteobacteria including 13-20 
species and diversity increasing with age. 

[78]

    USA 16S rRNA gene was used to identify  
abundant pathogens in the lungs. Only 12 out of 56 
showed positive culture for the pathogen.

The results of 16s rRNA analysis were in concordance with clinically isolated pathogens among 
11 positive samples. S. aureus, Pseudomonas aeruginosa, E. coli, Fusobacterium, H. influenza, 
Klebsiella pneumoniae, Enterococcus, Mycoplasma, Prevotella, Veillonella, Rothia, Neisseria, 
Streptococcus, Garanulicattella, and Gemella were found with the lung samples. 

[79]

The URT and LRT microbiota of smokers  
and non-smokers were analyzed through 16s rRNA 
among a total of 64 participants.

Generally, the same bacteria were present in the lungs and oral cavity,  
except Enterobacteriaceae, Haemophilus, Methylobacterium, and Ralstonia spp., those were 
disproportionate in lungs and oral cavity. Tropheryma was lungs specific. The oral microbiota, but 
not the lung microbiota varies among smokers and non-smoker.

[80]

Lung microbiota was analyzed through BAL collected 
from 29 asymptomatic individuals, including 9 never, 
14 formers, and 6 current smokers with the use of 16s 
rRNA. Pulmonary inflammation was also evaluated.

LRT microbiota was showing two groups called as pneumotypes. The first pneumotype was 
similar to the saline group while the second penumotype was showing a higher abundance of 
supraglottic-characteristic taxa. The later was called as pneumotypeSCT and consist of Veillonella 
and Prevotella, this was associated with increased lung inflammation. 

[81]

40 participants included in the BOBCAT asthma-related 
study were selected, and their airway microbiota was 
analyzed through 16s rRNA. The microbiota profile was 
matched with clinical and inflammatory features. 

The microbiota dysbiosis was found to be related with the inflammatory process, and microbiota 
composition varies in mild to severe asthma. Preteobacteria were primarily associated with poor 
asthma control questionnaire (ACQ) score, while Actinobacteria were related with improved ACQ 
score. 

[82]

Central America

    Nicaragua Participants were enrolled for household  
transmission study of Influenza and to understand the 
role of respiratory microbiota in the susceptibility to 
influenza virus infection.

The microbiota were divided into oligotypes, Alloprevotella sp. and Prevotella  
histicola/sp./veroralis/fusca/scopos/melaninogenica were positively involved in influenza virus 
infection. Bacteroides vulgatus oligotype was negatively associated with infection.

[83]

South America

    Colombia Respiratory samples, including, sputum, OP, and nasal 
samples were collected from TB patients and healthy 
controls in order to determine bacterial and fungal 
diversity.

Only OP samples were showing variability among TB and control group. Bacteroidetes,  
Fusobacteria, Actinobacteria, Proteobacteria were showing differences in relative abundance.

[84]

Europe

    Italy 165 samples were collected as non-malignant lung 
tissue from cancer patients, and the microbiota profile 
was determined. 

The Proteobacteria, Firmicutes, Bacteroidetes, and Actinobacteria were forming core microbiota. 
At the genera level, Proteobacteria genera: Acinetobacter, Pseudomonas, Ralstonia, and other 
two unknown genera belonging to Comamonadacea and Oxalobacteraceae were forming core 
microbiota.

[85]

BAL samples from 10 pulmonary sarcoidosis patients 
and 9 interstitial lung disease patients were collected 
and analyzed for microbiota analysis using 16s rRNA.

Microbiota was dominated by 4 phyla, and Bacteroidetes was abundant in both groups. [86]

    Netherland 25 set of samples from CF patients were involved in 
the study and their NP, OP, and BAL samples were  
collected and analyzed for microbiota using 16s rRNA.

BAL microbiota was mixed with oral and NP flora. The OP and BAL showed an abundance  
of commensals like Neisseria, Streptococcus, Rothia, Veillonella, Gemella and Prevotella spp., 
while NP and BAL samples showed an abundance of pathogen like S. aureus, H. influenzae and 
Moraxella. Corynebacterium and Dolosigranulum spp. were present with all NP samples. 

[87]

    France 16s rRNA analysis was performed  
to analyze the microbiota composition of 225NP 
samples collected from 177 viral respiratory infected 
patients and 48 controls.

Symptomatic respiratory infections are linked with decreased alpha diversity, loss of microbiota 
components, especially Prevotella spp. and increased respiratory pathogens including  
Staphylococcus aureus, Haemophilus influenzae, Streptococcus pneumoniae, Moraxella  
catarrhalis, Dolosigranulum pigrum and Corynebacterium propinquum/pseudodiphtheriticum.

[35]
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    UK Experimental post influenza challenged  
throat microbiota was analyzed using 16s rRNA from 
52 experimental and 35 healthy controls. 

At genera level Streptococcus, Fusobacterium and Prevotella, Neisseria, Haemophilus, and 
Campylobacter were abundant. Prevotella and Fusobacterium were found to varied between 
Influenza-Like Illness/Sflu+ and Asymptomatic control groups.

[88]

Africa

    Uganda BAL was collected from 60 HIV infected acute  
pneumonia patients, and microbiota was analyzed 
through 16s rRNA.

Rich and diverse microbiota was related to low bacteria burden. Pseudomonas aeruginosa was 
most prevalent in the group.

[89]

    Kenya NP microbiota of 60 children who have  
received PHiD-CV (n=30) or Hepatitis A vaccine was 
analyzed through 16s rRNA. 

Moraxella catarrhalis, Streptococcus pneumoniae and Corynebacterium spp. were abundant 
in pre-vaccination NP microbiota, while Streptococcus, Moraxella, and Haemophilus spp. were 
abundant in post-vaccination NP microbiota. 

[90]

    South Africa, Mozambique and Morocco Respiratory virus and bacteria were identified in acute 
lower respiratory infection patients using 16s rRNA.

Streptococcus was the most common bacteria, while human rhinovirus was the most common 
virus linked with acute lower respiratory tract infections. 

[91]

Australia

    Australia NP microbiota was analyzed from persistent wheezing 
disease due to infection associated with lower airway 
inflammation patients. 

Alloiococcus (11.1%), Corynebacterium (12.1%), Haemophilus (8.6%), Moraxella (40.1%),  
Streptococcus (13.3%), and Staphylococcus (4.2%) were abundant in microbiota. 

[92]

Abbreviations: AN-anterior nares; NP-Nasopharynx; OP-Oropharynx; URT-upper respiratory; LRT-lower respiratory; ILI/Sflu+-Influenza-like illness.
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lion death annually [31], and COVID-2019 pan-
demic is also contributing to increase these 
number by causing significant mortality. Identi- 
fication and modulation of immune response in 
the respiratory tract is one of the major chal-
lenges for the management of respiratory tract 
infections, including COVID-2019. The persis-
tence of several viruses in the bat without caus-
ing major host damage is also supported by the 
fact that bats mount rapid antiviral response 
using interferon without a widespread inflam-
matory response. This condition is suggested 
to make bats an ideal incubator for increasing 
viral virulence without damaging their incuba-
tion machinery [32]. The role of microbiota in 
respiratory infections is proven in several stud-
ies (Table 1), but it is complicated due to the 
mixing of oral microbiota. A recent study involv-
ing the identification of oral taxa in lung micro-
biome revealed that certain oral taxa are linked 
with lung inflammation. These oral taxa are 
called pneumotypeSPT and lead to increased 

neutrophils and lymphocytes in bronchoalveo-
lar lavage [33].

In addition, the gut harbors a maximum num-
ber of microbes that display several systemic 
responses on diverse body parts, including the 
respiratory system. They can modulate several 
important mechanisms, like inflammatory re- 
gulation, oral tolerance development, and pro-
duction of some essential short-chain fatty 
acids (SCFA), which translocate to lungs and 
modulate inflammatory pathways [31]. This 
connection between gut and lung is known as 
the gut-lung axis and plays a significant role in 
the development of respiratory infections [34]. 
SARS-CoV2 is mainly known to infect the respi-
ratory system, but its detection in the gastroin-
testinal tract is well known and lead to certain 
gastrointestinal abnormalities, including diar-
rhea, which is correlated with decreased diver-
sity and richness of gut microbiota, delayed 
SARS-CoV2 clearance and immune regulation 
[18]. Figure 1 shows different factors influenc-

Figure 1. Factors influencing respiratory microbiota and its variability.
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ing the development of respiratory microbiota 
and the chances of its variability. 

Microbiota modulation during respiratory in-
fections

It has been proved in several studies that respi-
ratory microbiota plays a vital role in the devel-
opment of viral infection. A recent study with 
nasopharyngeal samples from 177 patients of 
viral respiratory infections and 48 healthy con-
trols, and subsequent microbiota identification 
using 16S rRNA revealed a significant differ-
ence in microbiota profiling of both groups. This 
study included respiratory viral infections like 
influenza A and B, respiratory syncytial virus, 
metapneumovirus, rhinovirus, etc. Results in- 
dicated that several microbial species are 
absent among the patient group, which forms 
the core microbiota of healthy individuals. The 
patients also showed decreased alpha diversi-
ty. However, this study also indicated the inter-
individual respiratory microbiota variability and 
stressed on detection of microbiota in a large 
group of subjects [35].

It has been found that healthy microbiota con-
sists of highly diverse and balanced microbial 
population. Microbiota alters during the devel-
opment of respiratory viral infections that pro-
motes colonization by opportunistic patho- 
gens. In contrast, modulation of innate immu- 
ne mediators under different disease condi- 
tions is already involved in regulating second-
ary infections susceptibility and this aspect 
must be given serious consideration for COVID-
19 [36]. The limitation in analyses of respirato-
ry microbiota arises due to mixing of oral micro-
biota, and other factors, including antibiotic 
usage, vaccination, allergies, asthma, and per-
sonal habitats, which may contribute to varia-
tion in respiratory microbiota profiles.

Certain respiratory infections can also alter the 
composition of gut microbiota in addition to 
respiratory microbiota. For example, lung infec-
tions by respiratory syncytial and influenza 
viruses increase Bacteriodetes and reduce the 
relative abundance of Firmicutes in the gut 
[37]. In addition, other studies found gut micro-
biota modulation during respiratory viral infec-
tions. It has been found that the influenza virus 
induces gastroenteritis in patients by systemic 
effects of respiratory influenza on intestinal 
microbiota leading to microbiota modulation 

and subsequent IL-15 production by intestinal 
epithelial cells. This leads to Th17 cell-depen-
dent inflammation [38]. Moreover, viral infec-
tions also lead to faecal metabolome alteration 
and its shifting towards lipid metabolism. 
Short-chain fatty acids (SCFA), polyunsaturated 
fatty acids (PUFA) and sphingolipids are found 
to be increased in the faecal metabolome of 
post-RSV infection [39]. 

The microbiota modulation is also evident with 
the recent COVID-2019 outbreak. A significant 
number of COVID-19 patients show gastroin-
testinal symptoms [40] and the presence of 
viral genetic material in the faecal samples of 
COVID-2019 patients indicates its fecal-oral 
transmission [41]. The impact of gut micro- 
biota on systemic immunity and subsequent 
respiratory infection risk and inflammation is 
already explored in a number of studies [42-
44]. It is proposed that gut microbiota modula-
tion towards a healthy state can play an adju-
vant therapeutic role in the management  
of COVID-2019 [45]. The information about 
microbiota modulation during COVID-19 is lim-
ited, though emerging. Some studies about 
coronavirus have found that bacterial ribonu-
clease known as binase are able to inhibit the 
replication of MERS-coronavirus and low pa- 
thogenic human coronavirus 229E in cell cul-
ture studies [46]. However, they obtained this 
enzyme from Bacillus pumilus B3073, which  
is normally present in soil and included as nor-
mal microbiota of plants, but the presence of 
several other related bacteria within normal 
human microbiota raises the scope of debate 
for their action against SARS-CoV2. It has  
been identified that commensal immunomodu-
latory bacteria, such as Bifidobacteria, Faeca- 
libacterium prausnitzii, and Eubacterium rec-
tale are underrepresented in the COVID-19 
patient groups even after disease resolution 
and it is associated with elevated inflamma- 
tory markers contributing to disease severity 
[15]. These all caveats indicate a role of micro-
biota in COVID-19 susceptibility and its subse-
quent severity. 

SARS-CoV2 and microbiota modulation

The management of COVID-2019 through 
microbiota modulation is not the main point  
of debate in case of the current pandemic. 
Nevertheless, the management of COVID- 
2019 by microbiota is not completely neglect-
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ed. Chinese National Health Commission and 
National Administration of Traditional Chinese 
medicine recommended the use of probiotics 
for the treatment of severe COVID-2019 infec-
tions during early February 2020. They sug-
gested that probiotics can be used for main-
taining healthy intestinal microbiota and sub- 
sequent prevention of secondary infections 
[45, 47]. Clinical trials are also undergoing for 
evaluation of microbiota modulation for the 
management of COVID-19 [48]. Lung and gut 
microbiota studies of COVID-2019 patients 
indicated that the microbiota of infected 
patients is different from healthy individuals 
[15, 49]. In silico host-pathogen interactions 
analysis of overrepresented bacteria in the 
lungs of COVID-19 patients indicate that over-
expressed microbial proteins may be involved 
in viral growth and inflammation [17]. However, 
the in silico studies need experimental valida-
tion and must be seen with its limitation [50], 
but such computational host-pathogen inter- 
action analysis have revealed several insights 
about different diseases, including COVID-19 
[51-54]. Another study indicated that modulat-
ed microbiota of URT among COVID-19 pati- 
ents is associated with fatality and needs fur-
ther investigations [55]. It is speculated that 
microbiota modulation towards healthy micro-
biota can support gastrointestinal health and 
may also protect from respiratory infections. 
The SARS-CoV2 virus uses ACE2 receptor for 
entry into the host cell, and recent findings 
reveal that ACE2 has a non-catalytic role in 
amino acid transfer in the gut. Therefore its 
expression can be modulated by microbiota. In 
addition, gut and lung microbiota dysbiosis is 
associated with several cardiopulmonary dis-
eases, which provide further support for the 
use of microbiota modulation in the manage-
ment of the COVID-2019 outbreak [56].

Current status of probiotics in respiratory in-
fections and suggestions for COVID-19 

Several experimental evidences are available 
regarding the prevention of viral and bacterial 
infections using probiotics. However, the ma- 
jority of them are based on in vitro or in vivo 
studies. For example, intranasal inoculation of 
live or heat-inactivated Lactobacillus planta-
rum or L. reuteri can protect the mice from 
lethal infection of Pneumovirus, and this effect 
lasts for at least 13 weeks [57]. Unfortunately, 
the use of probiotics is highly specific and 

needs a separate study for COVID-2019 
patients to identify beneficial strains for the 
prevention of infection. Some commercial pro-
biotic strains are available and proposed to 
boost up the immune system in case of upper 
respiratory infections. For example, probiotic 
strain L. reuteri DSM17938 is known to pro- 
tect from the respiratory tract and gastrointes-
tinal ailments in children [58, 59]. A systemic 
review of randomized controlled trials regarding 
the assessment of probiotics’ impact on anti- 
biotic utilization on common acute infections, 
including respiratory tract infections revealed 
that probiotics could reduce the risk of com-
mon acute infections [60]. The application of 
probiotics and prebiotics is also known for 
enhancing immunogenicity in influenza vaccine 
inoculated adults [61]. The benefits of probiot-
ics and prebiotics in the prevention of respira-
tory tract infections, including viral infection, 
are proposed in many studies. Some of these 
studies are mentioned in Table 2. The possible 
role of microbiota and probiotics-mediated pre-
vention of respiratory infection is shown in 
Figure 2, in addition to possible microbiota 
modulation during SARS-CoV2 infection. 

Uses of probiotics is a common strategy to 
modulate microbiota towards a healthy state, 
as it has been proven clinically useful in man- 
aging several diseases [62]. Due to the recent- 
ly identified role of modulated microbiota in 
deciding the fate of COVID-2019 disease, mod-
ulation of microbiota to a healthy state is also 
studied for controlling virus infection or to pre-
vent infection severity. Probiotic bacteria are 
known to support the immune system and 
induce an immune response against invading 
pathogens. They are also known for mediating 
certain direct and indirect effects on host-
microbiota resulting in beneficial physiological 
changes [63, 64]. It is suggested that probiot-
ics and a high fiber diet can manifest anti-
inflammatory effects in COVID-19 through tar-
geting the gut-lung microbiota axis [65]. Some 
clinical trials regarding the study of probiotics 
for management of COVID-19 are already 
undergoing and the results may provide future 
direction for the prevention of this pandemic 
(Table 3). It is suggested that reduced immune 
response leads to increased mortality with 
recent COVID-2019 pandemic [66]. Therefore, 
the study of probiotics’ application in respira-
tory infections must be given a serious consid-
eration, especially in the case of the current 
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Table 2. Studies about the use of probiotics in respiratory infections
Objective of the study Study Type Participants Results Location of study Ref.
Assessment of long term probiotics use on respiratory infection 
prevention.

Double-Blind, Randomized, Seven 
months study with placebo control. 

571 healthy children (1-6 
years)

Lactobacillus rhamnosus GG can 
decrease respiratory infections and their 
severity in children.

Helsinki, Finland [93]

Assessment of Lactobacillus casei Shirota (LcS) in aged subjects 
with nursing homes stay for reducing respiratory symptoms and 
enhanced immune response to influenza vaccine.

Double-blind, randomized, placebo-
controlled trial.

737 healthy people (age 
≥65 years) in 53 nursing 
homes

No statistically significant effects of 
probiotics revealed.

Antwerp, Belgium [94]

Assessment of URTI preventive effects of probiotics  
(Lactobacillus casei strain Shirota (LcS)) on elder subjects.

double-blinded, randomized, placebo-
controlled parallel-group study.

154 elderly subjects Probiotics reduce acute upper respiratory 
infection duration.

Tokyo, Japan [95]

Evaluation of probiotic Lactobacillus  
casei DN-114001 (fermented product) for prevention of common 
infectious diseases in elderly.

Multicentric, randomized, double 
blind and controlled trial.

1072 participants  
(median age: 76.0 years)

The probiotic reduces both cumulative 
and episode duration of URTI and  
rhinopharyngitis. The probiotic was safe 
and well tolerated.

125 centres in 
France

[96]

Evaluation of long term probiotic use of Lactobacillus rhamnosus 
GG (GG) containing milk on respiratory illness.

randomized, double-blind, placebo-
controlled trial.

523 children (age: 2-6 
years)

Probiotic consumption reduces  
respiratory illness occurrence, but not in 
total. Future clinical trial required.

Finland [97]

Evaluation of Lactobacillus GG (LGG) for prevention of respiratory 
and gastrointestinal infections in children attending day care 
centre.

randomized, double-blind, placebo-
controlled trial.

281 children LGG reduces URTI risk and lower the 
number of respiratory symptoms.

Zagreb, Croatia [98]

Assessment of Lactobacillus GG (LGG) in prevention  
of nosocomial infection of gastrointestinal and respiratory at 
pediatric hospital.

randomized, double-blind, placebo-
controlled trial.

742 hospitalized children Reduced risk of respiratory  
and gastrointestinal infections among 
hospitalized children. 

Zagreb, Croatia [99]

Evaluation of prebiotic (galacto-oligosaccharide  
and polydextrose mixture, 1:1) and probiotic (Lactobacillus 
rhamnosus GG, ATCC53103) for reducing risk of virus mediated 
RTI among preterm infants. 

randomized, double-blind, placebo-
controlled trial.

94 preterm infants 
(gestational age, ≥32 + 0 
and ≤36 + 6 weeks; birth 
weight, >1500 g)

Reduced incidence of RTI through  
prebiotics and probiotics.

Turku, Finland [100]

Evaluation of coadjuvant ability of oral Lactobacillus fermentum 
(CECT5716) for influenza vaccine. 

randomized, double-blinded, placebo-
controlled trial.

50 participants (31 ♂ 
and 19 ♀) with  
intramuscular influenza 
vaccine

Increase immune response of influenza 
vaccine through Th1 response and  
neutralizing antibodies.

Puleva Food S.A. 
(Granada, Spain)

[101]

Evaluation of Bifidobacterium longum SP 07/3, Lactobacillus 
gasseri PA 16/8, B. bifidum MF 20/5 on the severity and  
incidence of the common cold.

randomized, double-blind, placebo-
controlled.

479 healthy adults (18-
67 years)

Symptoms and duration of common cold 
reduces with reduced fever days.

Germany [102]

Meta-analysis of clinical evaluation of synbiotics on prevention 
of RTI. 

Meta-analysis of randomized control 
trials.

16/62 studies were  
used for meta-analysis 
(including >10,000 
individuals)

Synbiotic reduces the incidence of  
RTI and proportion of RTI experience by 
participants. This can be an alternative 
stretagy for preventing RTI.

[103]

Effect of probiotics specially Bifidobacterium and Lactobacillus 
was evaluated on ARTI.

Meta-analysis of randomized  
controlled trials.

20 randomized control 
trials were included

Probiotics use can significantly reduce 
the number of days of illness, days of 
absence from daycare/school/work.

[104]

Evaluation of probiotics effects and safety on prevention of URTI 
in person at risk.

Meta-analysis of randomized  
controlled trials.

13 trials were included 
for analysis

Probiotics are beneficial in URTI. It  
reduces the duration of an episode of 
URTI and antibiotic prescription rate.

[105]

Evaluation of possible effects of probiotics on RTI associated 
expenses in USA primary care settings.

Evaluation of two meta-analysis of 
probiotic use in RTI including YHEC 
and Cochrane was performed  
independently.

Meta-analysis of York 
Health Economic 
consortium (YHEC) and 
Chochrane

Probiotics use in USA can save  
$1.4 billion cost due to ARTI, including 
ILI ranging from severe flu to mild cold. It 
also decreases antibiotic use and  
duration from the absence of work.

[106]
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COVID-2019 outbreak, where the virus is con-
tinually challenging healthcare researchers.

Final remarks

COVID-2019 outbreak poses a formidable  
challenge to the global scientific community. 
Scientific efforts, worldwide are unraveling  
several new insights of this viral infection at a 
rapid pace, though the complete management 
of this pandemic is still challenging. Earlier 
studies with other respiratory viral infections 
confirmed the involvement of microbiota in 
respiratory infections, which is also verified 
with COVID-19 through some limited studies. 
Recent studies that performed microbiota  
analyses of COVID-19 patients have found a 
significant difference in microbiota among 
healthy and SARS-CoV2 infected individuals. 
Therefore, microbiota balance towards a heal- 

thy state using probiotics and prebiotics has 
been recommended and is currently under 
investigation in some clinical trials. As micro- 
biota modulation is becoming significant in 
SARS-CoV2 infection, more studies are requir- 
ed to understand this aspect on mechanistic 
implications of SARS-CoV2 infection and its 
subsequent management. Many studies have 
identified microbiota modulation and probio- 
tics application in respiratory tract viral infec-
tions. Such studies can act as a stepping stone 
in the identification of suitable probiotics 
strains for the management of current pandem-
ic. The application of probiotics for immune  
system enhancement and management of 
COVID-2019 must be given a serious consider-
ation, as we are still struggling to manage this 
pandemic on a global scale. Unfortunately, the 
recent trend in the COVID-19 pandemic has 
also witnessed the development of several 

Figure 2. Role of normal microbiota in the prevention of respiratory infections and possible mechanistic interven-
tions of probiotics. Inflammosome generally elicit antiviral response [107], but SARS-CoV2 engages inflammosome 
and triggers pyroptosis resulting in increased pro-inflammatory cytokines in human primary monocytes [108]. Mi-
crobiota modulation associated with COVID-19 is also indicated separately with representative studies for gut mi-
crobiota and respiratory microbiota. a: [109], b: [110], c: [111]. 
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Table 3. Some representative clinical trials evaluating efficacy of microbiota modulation and probiotics in COVID-19
Country Study type (Trial number) Evaluation goals Intervention/Treatment
Canada Randomised, single-blinded 

trial with 23 participants 
(NCT04458519)

Evaluation of intranasal probiotic administration  
for reduction of COVID-19 symptoms severity. 

Probiorinse (2.4 Billion CFU (Colony-Forming Units) of Lactococcus Lactis W136, (NPN: 
80085895))

USA open-label, randomized, and 
controlled clinical trial with 100 
participants (NCT04540406)

Evaluation of NBT-NM108 as an early treatment  
by modulating gut microbiota in COVID-19.

NBT-NM108, a novel botanical based fixed combination drug

Mexico Interventional, randomized, 
single-blind trial with 240  
participants (NCT04507867)

Evaluation of nutritional support system (NSS) in COVID-19 
patients with co-morbidities and reduction of complications.

NSS with Saccharomyces bourllardii

Argentina Randomized, triple blind 
trial with 140 participants 
(NCT04403646)

Evaluation of Tannin specific natural extract for COVID-19 
due to their anti-inflammatory, anti-oxidative and intestinal 
microbiota modulatory activity.

Dry extract of polyphenols (tannins) from quebracho and chestnut

Spain Randomized, open label trial with 
41 participants (NCT04390477)

Evaluation of probiotics in COVID-19 patients for  
improvement of symptoms and reduction of hospital stay. 

Probiotic strain with maltodextrin as excipient

Spain Randomized, Quadruple blind 
trial with 314 participants 
(NCT04366180)

Evaluation of Lactobacillus coryniformis K8 on the incidence 
and severity of Covid-19 in health workers exposed to virus.

Lactobacillus K8 per day (3×10^9 cfu/day) 

Mexico Randomized, quadruple blind 
trial with 300 participants 
(NCT04517422)

Evaluation of efficacy of L. plantarum and P. acidilactici in 
Adults With SARS-CoV-2.

Combination of Lactobacillus plantarum CECT30292, Lactobacillus plantarum CECT7484, 
Lactobacillus plantarum CECT7485, and Pediococcus acidilactici CECT7483

Italy Randomized, single blind 
trial with 152 participants 
(NCT04366089)

Evaluation of oxygen ozone and probiotics as an adjuvant 
strategy for management of COVID-19 and modulation of 
microbiota. 

Oxygen-ozone therapy with dietary supplements SivoMixx (Streptococcus thermophilus 
DSM322245, Bifidobacterium lactis DSM32246, Bifidobacterium lactis DSM32247,  
Lactobacillus acidophilus DSM32241, Lactobacillus helveticus DSM32242, Lactobacillus  
paracasei DSM32243, Lactobacillus plantarum DSM32244, Lactobacillus brevis DSM27961)

USA Randomized, triple blind 
trial with 182 participants 
(NCT04399252)

Evaluation of the effect of probiotic Lactobacillus rhamnosus 
GG (LGG) and COVID-19 on the microbiome in exposed 
household contacts.

Lactobacillus rhamnosus GG
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opportunistic infections among recovered pa- 
tients. Virus-mediated immunomodulation and 
subsequent therapy-associated immunosup-
pression are believed to be responsible for 
increased sensitivity to opportunistic infec-
tions, but the exact cause is still under investi-
gation and must be investigated separately. 
This aspect also needs serious safety consi- 
deration of probiotic in such population which 
is already vulnerable to several opportunistic 
infections. However, such studies may be  
time-consuming and not practical under the 
current emergency situation, therefore the 
available information on probiotics safety in 
other respiratory viral infections can give an 
idea about their application in SARS-CoV2 
infected groups, and this knowledge could 
prove to be helpful to design strategies for 
management of COVID-19. We must be opti- 
mistic with the current knowledge of micro- 
biota modulation during respiratory viral infec-
tions and its subsequent management through 
probiotics and prebiotics. Prebiotics are sub-
stances used to promote the growth of pro- 
biotics, and these substances are under clini-
cal trials for the management of COVID-19.  
We have compiled several studies about the 
use of prebiotics in respiratory viral infections, 
including SARS-CoV2, and such data will be 
helpful for designing strategies for the appli- 
cation of prebiotics in the management of 
COVID-19. As mentioned earlier, the existing 
information about the potential of probiotics 
and prebiotics in other respiratory viral infec-
tions can certainly reduce time and cost on 
such analyses with respect to COVID-19 and 
can therefore provide the right direction for 
such studies. The use of probiotics and pre- 
biotics in SARS-CoV2 can definitely provide 
suitable adjunctive therapy to control the 
effects of this pandemic, as the studies based 
on previous experiences with other respiratory 
viral infections can increase the chances of 
success. The studies are already being con-
ducted at a reasonable fast pace and hope- 
fully this information will help to achieve this 
endeavor for successful management of 
COVID-19.
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