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Introduction

COVID-19 is a new disease caused by a novel cor-
onavirus, SARS-CoV-2, that primarily affects the 
lungs and airways. While the complete pathophysi-
ology of the effect of this virus in man remains to 
be defined, it is evident that its pathological impacts 
include both direct effects of viral invasion and a 
complex immunological response.1 Indeed, ele-
vated serum levels of the pro-inflammatory 
cytokines have been reported to be predictive of a 
poor prognosis in patients with COVID-19.2 Some 
strains of the probiotic species bifidobacteria have 
been shown to exert immune modulating and anti-
inflammatory effects on human immune system.3

Autophagy and immune responses in 
COVID-19

Autophagy is the cell’s self-destruction process. It is 
a process that begins with the endoplasmic reticulum 

(ER) under stress and ends with destructive metabo-
lites in the cell and nucleus, which are collected in 
autophagosomes. While osmotic stresses cause 
autophagy via the target of rapamycin (TOR) kinase 
pathway, oxidative and ER stress conditions lead to 
autophagy via the inositol-requiring enzyme 1 
(IRE1) pathway (Figure 1).4

Certain foods that cause ER stress (such as treha-
lose saccharides) and infections (such as influenza 
and coronavirus) initiate the inflammation cascade 
and promote viral replication by accelerating the 
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process of autophagy. Coronavirus induces the for-
mation of membrane vesicles which viral replica-
tion and transcription complexes are associated. 
These membrane vesicles lead to ER stress medi-
ated autophagy.5 Although there is no evidence that 
SARS-Cov2 causes ER stress-mediated autophagy, 
Fung et al.5 showed that viral replication could be 
decreased by blocking the IRE1 pathway in corona-
virus infected patients with bronchitis. Likewise, in 
relation to autophagy, Kong et al.6 reported that 
interleukin-6 may increase autophagy via the IRE1 
pathway.

Interleukin-17 (originating mainly from IL-17-
producing T cells) is a pro-inflammatory and pro-
carcinogenic cytokine that plays an important role 
in the adaptive immune system.7 IL-17 is also a 
potent inducer of ER stress and autophagy via 
IRE1.8 Accordingly, IL-17 blockade has been 
shown to prevent ER stress-related autophagy and 
inflammation.8 IL-17 also plays an important role 
in inflammatory bowel disease.7 Since effects of 
this novel coronavirus on the gastrointestinal tract 

have been well documented,9 it is reasonable to 
propose that these effects might be mediated 
through IL-17. Also, Hou et al.10 showed that the 
presence of excessive IL-6 promotes the genera-
tion of Th17 cells and that IL-6 and IL-17 synergis-
tically promote viral replication and may be 
important targets for anti-coronovirus therapies. 
Corneth et al.11 demonstrated that an absence of the 
IL-17 receptor leads to a decrease in IL-6 produc-
tion. However, Colaneri et al.12 reported that anti-
IL-6 therapy alone failed to reduce intensive care 
admission rates and mortality in covid-19 patients.

Therapeutic implications

These findings suggest that a strategy that incorpo-
rates a more comprehensive approach to immune 
modulation rather than the inhibition of individual 
cytokines may be more effective against the 
cytokine storm in virus-infected patients. IL-17 
and IL-6, promote viral persistence by immune 
interactions through autophagy. Schett et al.13 

Figure 1. Over the TOR and IRE1b pathways of stress factors leading to autophagy mechanisms of action (Copyright from Plant 
Physiology).4 
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reported that blocking IL-17 might reduce viral 
replication in COVID-19 patients. The pathogene-
sis of the immune response to coronavirus bears a 
striking resemblance to TH17-Th1driven autoim-
mune diseases and these TH17-Th1 immune inter-
actions appear to play an important role in virus 
replication. The immune modulating effects of 
bifidobacteria species include an anti-IL-17 effect 
which could prove important in both treatment and 
vaccine development. Furthermore, it seems clear 
that immune interactions, through autophagy, will 
affect coronaviral replication. In this context, cer-
tain strains of bifidobacteria might play an impor-
tant role in the management COVID-19.

Bifidobacteria in the management of 
COVID-19

Although there is no clear evidence that bifidobac-
teria could be used to treat viruses, it has been 
showed that probiotic bifidobacteria decreased, 
not only the duration of respiratory, symptoms 
caused by the common cold coronavirus but also 
days with fever.14 Also, a report revealed that some 
patients with COVID-19 demonstrated changes in 
the gut microbiome which feature decreased num-
bers of bifidobacteria and lactobacilli.15 It also 
needs to be stressed that probiotic strains of lacto-
bacilli have also been shown to exert beneficial 
effect in some viral infections.16

Some probiotic strains of bifidobacteria possess 
the aforementioned IL-17 inhibitory effect.7 
Bifidobacterium animalis subsp. Lactis-BB12 is a 
Gram-positive, anaerobic commensal-derived pro-
biotic. Wang et al.17 showed that Bifidobacterium 
animalis subsp. Lactis-BB12 significantly sup-
pressed both TNF-α and NF-b in inflammatory dis-
eases. Also, Jungersen et al.18 demonstrated that 
immune modulation by BB-12 response is dose-
dependent. In our previous reports, we demonstrated 
that a intracolonic single dose of Bifidobacterium 
animalis sp. Lactis-BB12 led to rapid mucosal heal-
ing in an ulcerative colitis patient.7,19 This effect was 
related to the IL-17 inhibitory effect of the BB-12 
strain. Zuo et al.20 showed that patients with COVID-
19 had a significantly disrupted gut microbiome, 
characterised by enrichment of opportunistic patho-
gens and depletion of beneficial commensal bacte-
ria. Interestingly, the bloom of opportunistic 
pathogens correlated positively with the numbers of 
Th17 cells.21 Groeger et al.22 reported that the oral 

administration of B. infantis 35624 could reduce 
systemic inflammatory biomarkers in both gastroin-
testinal and extra-intestinal inflammatory disorders; 
an effect associated with a lowering of levels of 
TNF alpha, IL-6 and C-reactive protein. Also, Han 
et al.23 showed that probiotic bifidobacteria can pro-
tect against intestinal damage induced by autophagy. 
Some species of bifidobacteria are likely to prevent 
the replication of coronaviruses by reducing ER 
stress-related autophagy through an effect on IL-17.6

One striking difference between influenza-
related lung injury and COVID-19-related lung 
injury relates to the prominence of angiogenesis in 
the pathology of COVID-19.24 Interestingly, IL-17 
has been shown to be a proangionesis cytokine, 
especially in the context of cancer metastases.7

For all of these reasons the administration of a 
single high dose of an appropriate strain of bifido-
bacterium (such as BB-12, or infantis) and espe-
cially in patients with gastrointestinal symptoms 
(diarrhoea, abdominal pain, vomiting), may be 
postulated to have a role in the management of 
coronavirus infected patients. In support of this 
proposal it should be noted that Jayawardena25 
reported that bifidobacterium probiotic strains 
either reduced the severity or shortenes the dura-
tion of viral infections; in another report, 
Bifidobacterium infantis reduced the duration of 
acute respiratory infections illness in children and 
adults.26

There are some findings that suggest that intesti-
nal dysbiosis might play a role in the failure to 
respond to vaccines.27 In this regard, gut microbiota 
could affect intestinal immune responses by acting 
as immune modulators as well as natural vaccine 
adjuvants.27 Also, Rizzardini et al.28 reported that 
the consumption of the probiotic strain BB-12  
significantly increased antigen-specific immune 
responses in healthy individuals receiving influenza 
vaccination. Similarly, probiotic bifidobacteria 
might play an important role in the efficacy of vac-
cines against SARS-CoV-2. Certain bifidobacteria 
have a prominent cell surface exopolysaccharide 
(EPS). Schiavi et al.29 showed that EPS produced by 
B. longum 35624 (infantis) played an essential role 
in the anti-inflammatory effects of this bacterium 
and removal of exopolysaccharide resulted, not only 
in loss of these anti-inflammatory effects, but to a 
transformation to become an inducer of local TH17 
responses. In other experiments, Lee et al.30 showed 
that EPS- protein conjugate vaccines could enhance 
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immunogenity. Our studies indicated that the main-
tenance of the unique electrophysiological proper-
ties of BB-12 in an aerobic environment for up to 
6 months could be attributed to the integrity of its 
EPS.31 Also, Salazar et al.32 reported that EPS 
derived from Bifidobacterium animalis sp.lactis 
exhibited metabolic activity in in vitro conditions. 
There are two basic types of vaccines; peptide 
–based vaccines and lipopeptides derived from 
microbes. Unlike peptide-based vaccines, the 
immune response to lipopeptides derived from 
microbes can be generated without the use of adju-
vant due to their electrogenic activity and hygro-
philic features.33 Lipopeptides derived from 
microbial origin provide intrinsic adjuvant-like 
activity by signalling via Toll-like receptor 2.33 
Given the electrogenic activity and hygrophilic 
properties attributed to EPS, bifidobacteria such as 
B. İnfantis and BB-12 might play an important role 
in the development of vaccines against the corona-
virus. Hence, the probiotic bacterial polysaccharide 
structure can be considered as a lipopeptide based 
vaccines.

Conclusion

Given the close relationship that seems to exist 
between viral replication and gastrointestinal immu-
nity, a probiotic strategy that targets and modulates 
the immune response might be effective in reducing 
viral replication. The known anti-inflammatory 
activity of certain bifidobacteria suggest that these 
bacteria could play an important role in abrogating 
the inflammatory response that seems so character-
istic of this virus. New approaches using specific 
single strain probiotic preparations hold promise 
both in terms of abrogating the immune response to 
the virus and enhancing vaccine efficacy.
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