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Abstract
The most common human illness is upper respiratory tract infection. It causes a high rate of absenteeism 
from school and work and decreases efficiency and productivity of individuals in daily life. People with 
chronic diseases such as asthma, preterm infants and the elderly are more susceptible to viral respiratory tract 
infections. Preliminary studies have shown that probiotics reduce allergic diseases and asthma and strengthen 
the immune system, reducing viral infections. This mini-review looks at how probiotics and prebiotics affect 
viral respiratory tract infection. Functional foods containing well-defined probiotic strains, such as probiotic 
milk or yogurt can reduce the risk of catching a cold. These probiotic strains represent an easy, healthy, reliable 
and accessible method for preventing respiratory infections, especially in developing countries. More research 
is needed to determine the role of probiotics and prebiotics in treating and preventing RTIs and determining 
whether any susceptible subgroups of respiratory diseases exist and how these subgroups benefit from probiotic 
supplementation.
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Introduction
The most common human illness is Upper 

Respiratory Tract Infection (URTI). It causes 
a high rate of absenteeism from school and 
work and decreases efficiency and productivity. 
According to data obtained from the United 
States, 12 percent of adults and 33 percent of 
children with URTI visit a doctor. In 1997, 
the direct medical costs of the common cold 
(such as doctor visits, secondary infections and 
medications) were estimated to be $17 billion. The 
annual indirect costs of loss of jobdue to illness or 
taking care of an ill child were estimated to be $25 
billion. In addition to the financial losses, billions 
of dollars are spent on unproven treatments (1-
3). For respiratory tract infections, probiotics in 
the US population could save costs and decrease 
antibiotic prescriptions (4). 

Over 200 different types of viruses cause 
URTI. Human rhinoviruses (HRV) are the most 
common viruses which account for between 
24 and 52 percent of clinical cases. Influenza 
viruses, respiratory syncytial virus (RSV) and 
adenoviruses are common causes of upper and 
lower respiratory tract infections. Other viruses, 
such as parainfluenza and coronaviruses, can cause 
respiratory illnesses ranging from mild upper 
respiratory infections to pneumonia. Several new 
viruses which are linked to respiratory diseases, 
have recently been identified, including human 
bocavirus, human metapneumovirus and new 
coronaviruses (1, 5).

HRVs have long been linked to URTIs, otitis 
mediaand sinusitis. In recent years, the widespread 
use of PCR assays for respiratory virus detection 
in clinical laboratories has aided the identification 
of HRV as a lower respiratory tract pathogen, 
especially in asthmatics, infants, the elderly and 
immunocompromised individuals (6, 7).

The role of the gastrointestinal tract microbiota 
in the generation of mucosal immune responses 
and the tolerance has been well established, but 
its association with respiratory pathology is a new 
field of investigation. Probiotics have been shown 
in some studies to be effective in preventing colds 
(8). Furthermore, these agents could decrease 
the sick-day of respiratory tract infections in 
the US population (4). According to a Cochrane 
Review of the 14 randomized controlled trials 
which represented no variations in the mean 

length of an episode or a rise in adverse effects 
of  probiotics, probiotics are better than placebos 
in minimizing the number of episodes of acute 
URTIs and reducing antibiotic use. (9). Through 
the modulation of intestinal microbiota and 
enhancement of mucosal immunity, fortification 
with probioticsand functional foods can provide 
one feasible intervention to reduce the burden 
of common childhood morbidities and improve 
quality of life (10, 11).

On the other hand, antibiotics negatively 
impact the immune system, resulting in ineffective 
virus-specific CD4+ and CD8+ T cell responses 
in URTI patients (12). Individuals with chronic 
diseases such as asthma, preterm infants and the 
elderly are more susceptible to viral respiratory 
tract infections. This mini-review looks at how 
probiotics and prebiotics affect viral respiratory 
tract infection.

Viral infection
The most common cause of morbidity 

in infants is an infectious disease. It’s worth 
mentioning that 12.9 million babies are born each 
year prematurely, accounting for 11% of all births. 
RTIs are one of  the leading causes of death and 
morbidity in children, particularly in countries 
where the under-five childhood mortality rate is 
50 per 1,000 (13). Modulating the gut microbiota 
with specific prebiotics, probiotics or both may 
be a cost-effective tool in the fight against RTIs, 
especially in developing countries (14, 15).

URTI is the leading cause of asthma exacer-
bations in children and adults in autumn and a 
significant risk factor for the hospital admission. 
Asthmatic patients are worried about acute 
asthma exacerbations caused by a common cold, 
and they want to know if they can reduce their risk 
during the winter viral season. The most common 
cause of asthma exacerbations in children (80-
85 percent) is viral respiratory infections, a 
significant risk factor for hospitalization. Human 
rhinoviruses (HRVs) are the most common viral 
agents. According to epidemiological studies, 
Lower Respiratory Tract Infection (LRTI) caused 
by HRV  (Odds ratio = 10) has been linked to an 
increased risk of asthma, even more so than RSV 
(Odds ratio = 2.6). (16) Current treatments for the 
prevention and treatment of virus-induced asthma 
exacerbations are ineffectiveand necessitate the 
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development of innovative alternative therapies. 
Probiotics, prebiotics and symbiotics are used 
in many clinical trials to prevent respiratory 
infections in asthmatic patients. Probiotics are 
thought to interact with pathogens, improve the 
barrier role of the respiratory epithelium, and 
have immunostimulatory effects by enhancing 
cellular immunity through the increased natural 
killer cell and macrophage activity in the airways 
(17, 18).

Arora et al. reviewed recent research about the 
effect of probiotic consumption in preventing viral 
respiratory infection. They found that probiotics 
could provide some elements to enhance the 
immune response. Moreover, they revealed 
that probiotics demonstrate direct and indirect 
mechanisms in exterminating enteric viruses. 
The efficiency of probiotics in the gut ecosystem 
is more applicable (19).

COVID-19 and probiotics
COVID-19 outbreak was started in Wuhan and 

spread rapidly around the world. Nevertheless, no 
antiviral drugs were approved for the treatment of 
COVID-19. Moreover, consumption of probiotics 
as safest, most affordable and easy to consume, 
which can enhance the immune system, and 
establish effective means to protect humans from 
viral infections are a bit challenging. Salman et 
al. reviewed some research on COVID-19and 
probiotics. They declared that using probiotics is 
inexpensive, safe and cost-effective in preventing 
viral infections (20). Another review showed 
the importance of probiotics in boosting the 
immune system against COVID-19. Probiotics 
decrease the severity of inflammation in the GI 
tract and respiratory system. It can also increase 
IgA expressing B cells in gut and lymph nodes 
associated with surging T follicular helper 
cells and IL-23–expressing dendritic cells (21). 
A recent research survey which was done 
among some COVID-19 patients reported an 
intestine microbiota imbalance, particularly 
a fall in probiotics such as Lactobacillus and 
Bifidobacterium, resulting from direct effects of 
COVID infection or antibiotic drugs, which may 
result in secondary infection. Modulators can 
make strides in the gastrointestinal symptoms of 
patients. It can decrease water within the feces, 
make strides in fecal character and defecation 

frequency, and diminish diarrhea by hindering 
intestinal mucosal atrophy. (22). Liu et al. revealed 
that modified Lactobacillus Plantarum could act 
as an effective antiviral agent against coronavirus 
infection in the intestinal epithelial cell (23, 24).

The immunomodulatory effects of probiotics 
are strain-dependent. Many trials confirmed 
that Lactobacillus Rhamnosus GG, Lactobacillus 
Plantarum, Lactobacillus Casei and Paracasei 
and some strains of Bifidobacterium could have 
preventive effects against respiratory infections. 
David Baud and colleagues provided a list of 
probiotic products with documentation in human 
studies that may have relevance to reducing the 
burden of the coronavirus pandemic (25). We 
previously showed that symbiotic Lactocare® could 
lessen the episodes of viral respiratory infections 
in asthmatic children (26). Interestingly, some 
strains of probiotics in Symbiotic Lactocare® 
are similar to Strains suggested by David Baud 
(25). We recently finished a clinical trial using 
symbiotic Lactocare® for the prevention of SARS-
Cov-19 infection in high-risk hospital staff. This 
study showed that although 3 participants in 
the placebo group got SARS-COV2 infection,in 
comparison with the symbiotic group that no 
participants were infected, the difference was not 
statistically significant (27).

Mechanism of action
Certain probiotic lactic acid bacteria strains 

can exert their beneficial effect on the host 
through their immunomodulatory activity. 
Immunobiotics have been used to develop 
functional foods to stimulate mucosal immunity 
to protect other mucosal sites distant from the 
gut. The proposed mechanisms include the 
production of type I IFNs, the activity of NK cells, 
the generation of Th1 responses, the production 
of specific antibodies and the regulation of 
inflammatory lung injury (28, 29). 

The preventive effects on the respiratory air-
way immunity induced by CRL 1505 suggested 
that if the target of probiotic administration is to 
prevent recurrent URTIs, an appropriate strain 
of L. rhamnosus should be selected (30). Zelaya 
et al. revealed that the protective treatment with 
the probiotic bacteria helpfully modifies the fine-
tune equilibrium between dispelling respiratory 
viruses (RSV and influenza virus) and controlling 
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immune-coagulative reactions in the lung, per-
mitting normal lung function to be sustained in 
the face of a viral outbreak. They also showed a 
crucial role for IL-10 in the immune protection 
induced by L. rhamnosus CRL 1505 during re-
spiratory viral infections (29). Furthermore, 
studies determined that L. rhamnosus CRL 1505 
is competent to enlarge the number of CD3+C-
D4+IFN-γ+ T cells in the gut. It prompted a mo-
bilization of these cells into the respiratory muco-
sa and enhanced the production of IFN-γ and the 
activity of lung antigen-presenting cells (31).

RSV vulnerable infants present characteristics 
of Th2 responses, and on the whole, a Th2 
immune reaction is preferred during RSV 
infection, especially in younger hosts (32). Chiba 
et al. demonstrated that L. rhamnosus CRL 
1505 significantly diminishes viral lung loads 
and tissue injuries after the challenge with RSV 
through its competence to usefully moderate pro-
inflammatory IL-10 and Th1/Th2 balances in the 
respiratory tract (33).

L. rhamnosus CRL 1505 administered 
CD3+CD4+IFN-+ T cells orally from the gut 
are mobilized into the respiratory mucosa by 
rhamnosus CRL 1505, which improves local IFN- 
γ development (31). Intranasally administered 
probiotics have also been shown to protect against 
respiratory virus infection by inducing innate 
immune responses in the respiratory epithelium 
(34). L. sublingual Rhamnosus enhanced mucosal 
secretory IgA development, T and NK cell 
function and lung IL-12 levels to protect against 
influenza virus infection (35). Lactobacilli and 
bifidobacteria strains defend against respiratory 
virus infections by stimulating the development 
of virus-specific immunoglobulins in respiratory 
secretions and serum (36). 

Prebiotics are nondigestible yet fermentable 
foods that benefit the host by promoting the 
growth and activity of one or a small number of 
bacteria species in the colon. Symbiotics which 
are a combination of probiotics and prebiotics, are 
designed to improve proven probiotics’ survival 
and activity in vivo while also stimulating native 
bifidobacteria and lactobacilli (37). Prebiotics 
modulate systemic immune function, but the 
exact mechanism is unclear. Modulating Th1/
Th2 responses in the lungs can influence host 
innate and T-cell responses during a respiratory 

viral infection. Prebiotics can help to improve the 
gut’s natural immune system. Numerous studies 
report a boost in intestinal mucosal surface IgA 
but not serum IgA, IgG and IgM concentrations. 
Changes in the microbiota caused by dietary 
oligosaccharides increased viral clearance and 
systemic Th1 responses in studies (38).

Clinical trial in pediatrics
Premature infants ignore initial maturation 

signals due to their immature immune system 
and disrupted production of their gut microbiota. 
LA et al., in a randomized trial, revealed that 
preterm infants who were treated orally with 
a liquid probiotic based on E. faecium L3 in a 
dose of 0.5 ml (5 × 103 CFU) 3 times a day for 14 
days had a significant decline of the frequency of 
infectious complications compared with control 
group patients (20.7 percent against 53.9 percent) 
(39).

In a recent randomized, double-blind and pla-
cebo-controlled trial, 94 preterm infants were 
assigned to take oral prebiotics (galactooligosac-
charides and polydextrose mixture, 1:1), a probi-
otic (L. rhamnosus GG, ATCC 53103), or placebo 
between days 3 and 60 of their life. A significantly 
lower occurrence of RTIs was perceived in infants 
receiving prebiotics or probiotics than in those 
receiving placebo. In addition, the frequency of 
rhinovirus-induced episodes, which constituted 
80 percent of all RTI episodes, was substantially 
lower in the prebiotic and probiotic groups than 
in the placebo group (14). 

Infants are predisposed to infections as their 
immune system is not fully developed (40). 
Infections are considered one of the principal 
causes of death in this age group (41). In a 
randomized trial, infants necessitating formula 
before two months age were enlisted, and formula 
supplemented with the probiotics L. rhamnosus 
GG and Bifidobacterium lactis Bb-12 or placebo 
was administered daily until the age of 12 months. 
Antibiotics are recommended for 10 out of 32 (31 
%) infants receiving probiotics and 24 out of 40 
(60 %) infants receiving placebo. During the first 
year of life, 9 out of 32 (28 %) infants receiving 
probiotics and 55% of infants receiving placebo 
confronted recurrent respiratory infections (15).

In a further RCT, 109 newborn infants were 
allocated randomly to receive Bifidobacterium 
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animalis ssp. lactis BB-12 or placebo up to 
8 months. The infants receiving BB-12 were 
reported to have experienced fewer respiratory 
infections than the control infants (42). In healthy 
newborns, an amalgamation of L. rhamnosus 
GG and B. rhamnosus lactis Bb12 decreased the 
frequency of chronic RTIs but not acute otitis 
media (15).

In a randomized controlled trial, Hojsak et 
al. gave Lactobacillus GG or a placebo to 281 
children who attended daycare centers. Children 
in the LGG group had a significantly lower risk 
of URTIs, a considerably lower risk of RTIs 
lasting more than three days, and fewer days 
with respiratory symptoms than the placebo 
group (43). Long-term ingestion of probiotic 
milk containing Lactobacillus GG resulted in a 
17 percent reduction in the number of children 
suffering from respiratory infections with 
complications and a 19 percent reduction in 
antibiotic treatments for respiratory infection in 
the Lactobacillus community compared to the 
placebo group in a related study (44). In another 
analysis, L.rhamnosus GG and the control groups 
had no significant differences in respiratory 
symptom episodes (45).

A meta-analysis of RCTs was conducted to 
look into the function of L. rhamnosus GG in 
preventing respiratory infections in children, 
which was found that L. rhamnosus can decrease 
the incidence of upper respiratory infection and 
the use of antibiotics in children. L. rhamnosus 
GG can reduce the risk of URTIs, the occurrence 
of acute otitis media and the use of antibiotic. 
There were no notable variations between the L. 
rhamnosus GG and the control groups in lower 
RTIs (23).

Recurrent RTIs in children were reduced in an 
amalgamation of L. rhamnosus GG, L. rhamnosus 
LC 705, B. breve Bb99 and P. freudenreichii 
ssp. shermanii JS (46). In healthy children, a 
combination of  L. Bifidobacterium acidophilus 
and B. bifidum shortened the period of acute RTI 
symptoms and absence from school (23).

According to some research, using a probiotic 
mixture may be more successful, though the 
effectiveness of probiotic mixtures may be 
hampered by inhibitory effects between probiotic 
strains (47). For example, in a study, Lina et al. 
discovered that a mix of 12 bacteria, including 

Lactobacillus, Bifidobacterium, Streptococcus and  
Enterococcus, could not reduce the amount of 
RTIs. Some interactions between probiotics may 
decrease their effect of them (48). 

The authors concluded from a pilot study 
that laser acupuncture combined with probiotics 
(a suspension of E. faecalis) has a beneficial 
clinical impact on bronchial hyperreactivity in 
school-aged children with intermittent or mild 
chronic asthma, which may help prevent acute 
respiratory exacerbations (49). In a study, ninety-
seven-month-old infants with atopic dermatitis  
were randomized to receive Breve M-16V and 
a galacto/fructo-oligosaccharide mixture for 12 
weeks or the same formula was implemented 
without symbiotics. After a year, the symbiotic 
group had substantially less “frequent wheezing” 
and “wheezing or loud coughing apart from colds” 
than the placebo group. Children in the symbiotic 
community had begun taking asthma drugs at a 
lower rate than those in the placebo group (50).

 Ahanchian et al., in a double-blind clinical 
trial on 72 children with mild persistent asthma, 
showed viral respiratory infections were signifi-
cantly upper in the placebo group than in the 
symbiotic Lactocare® group during the first month 
of use, not during the second month. Salbutamol 
consumption was significantly lower in the 
symbiotic Lactocare® group. Infection duration 
also was meaningly lesser in the symbiotic group 
(26).

Clinical trial in adult and elderly
During two winter/spring periods, 479 healthy 

adults (ages 18-67) were supplemented daily with 
vitamins and minerals with or without probiotic 
bacteria (Lactobacillus gasseri, Bifidobacterium 
longum, Bifidum) for at least three months. 
The probiotic-treated group had a lower total 
symptom score, shorter common cold episodes 
and fewer days with fever during an episode than 
the control group (51). Another study found that 
taking Lactobacillus Plantarum and Lactobacillus 
paracasei reduced the risk of catching a cold from 
67 percent in the control group to 55 percent in 
the probiotic group. Moreover, during the 12 
weeks, the number of days with common cold 
symptoms was significantly (p  <  0.05) reduced 
from 8.6 days in the control group to 6.2 days in 
the probiotic group (52). In another study, after 
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influenza virus vaccination, fermentum reduced 
the number of RTIs and increased antigen-specific 
IgA formation (53). Besides, a combination of L. 
rhamnosus GG and B. animalis decreased the 
duration and severity of upper respiratory infe-
ctions (54).

 In the case of Finnish conscripts who were 
given a daily chewable probiotic tablet containing 
L. acidophilus, the presence of picornaviruses 
reduced after three months. L. rhamnosus GG 
and B. animalis ssp. Lactis Probiotics, whether 
Lactis or a control tablet, did not affect the 
occurrence of nasopharyngeal viruses. However, 
after three months, probiotics reduced the 
presence of picornaviruses, suggesting that probi-
otics may play a role in preventing common cold 
viruses (55). In male runners, L. fermentum 
decreased the duration of RTI symptoms but not 
the number of RTIs or the severity of symptoms 
(56). Participants who received a probiotic interv-
ention had fewer days of illness per person, 
shorter illness episodes for almost a day and fewer 
days absent from work than those who received a 
placebo, according to a recent systematic review 
by King et al. (57). In some studies, probiotics 
were ineffective in preventing the occurrence, 
duration, or severity of symptoms in adults (51, 
58-60). Van Puyenbroeck et al. discovered that L. 
casei Shirota or a combination of L. rhamnosus 
GG, L. rhamnosus, B. breve and P. freudenreichii 
was unaffected by the number of RTIs or the 
length of RTI symptoms (61).

Makino et al. discovered that eating yogurt 
fermented with Lactobacillus rhamnosus (L. in 
older adults, bulgaricus OLL1073R-1) increased 
natural killer cell activity and decreased the chance 
of catching a cold (by around 2.6 times) (62). To 
investigate both URTIs and rhinopharyngitis, a 
multicentric, double-blind study involving 1072 
volunteers randomized to consume dairy products 
containing the probiotic strain Lactobacillus casei 
or to consume dairy products without probiotics 
for three months found substantial reductions in 
both episode and cumulative durations (63).

In a multicenter study in Japan, 154 older 
adults were given fermented milk containing L. 
casei strain Shirota (LcS) and placebo drinks as 
control drinks. The researchers concluded that 
fermented milk containing LCS decreases the 
time of acute URTIs (64).

A meta-analysis survey of Fangyan Wang et al. 
systematically examined the effect of probiotics 
and prebiotics on respiratory tract infection. They 
showed that these agents significantly decreased 
the mortality of respiratory tract infection and 
viral load. These agents enhance innate and adap-
tive immune systems to prevent viral infection. 
They showed an increment in interferon (IFN)-α, 
IFN-γ, and interleukin (IL)-12, IL-1β; while the 
level of TNF-α and IL-6 were decreased (65).

Conclusion
Probiotics and symbiotics have been used 

successfully to treat various medical issues, and 
an increasing number of clinical trials have 
shown their efficacy in preventing and treating 
respiratory infections. Clinical trials in humans 
have revealed promising results showing that 
particular probiotic strains can minimize the 
duration or frequency of respiratory infections. 
However, the effects of probiotics on particular 
viruses have only been studied in a few clinical 
trials.

Functional foods containing well-defined 
probiotic strains, such as probiotic milk or yogurt, 
can reduce the risk of catching a cold and represent 
an easy, healthy, reliable and accessible method 
for preventing respiratory infections, especially 
in developing countries. More research is needed 
to determine the role of probiotics and prebiotics 
in treating and preventing RTIs and determining 
whether any susceptible subgroups of respiratory 
diseases exist and how these subgroups benefit 
from probiotic supplementation.
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