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ABSTRACT
Gut microbiome manipulation to alter the gut-lung axis may potentially protect humans against 
respiratory infections, and clinical trials of probiotics show promise in this regard in healthy adults 
and children. However, comparable studies are lacking in overweight/obese people, who have 
increased risks in particular of viral upper respiratory tract infections (URTI). This Addendum further 
analyses our recent placebo-controlled trial of probiotics in overweight/obese people (focused 
initially on weight loss) to investigate the impact of probiotics upon the occurrence of URTI 
symptoms. As well as undergoing loss of weight and improvement in certain metabolic parameters, 
study participants taking probiotics experienced a 27% reduction in URTI symptoms versus control, 
with those ≥45 years or BMI ≥30 kg/m2 experiencing greater reductions. This symptom reduction is 
apparent within 2 weeks of probiotic use. Gut microbiome diversity remained stable throughout 
the study in probiotic-treated participants. Our data provide support for further trials to assess the 
potential role of probiotics in preventing viral URTI (and possibly also COVID-19), particularly in 
overweight/obese people.
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1. Introduction:

The global burden of disease caused by respiratory 
tract infections is substantial, representing 
a significant proportion of physician visits, working 
days lost through sickness, and healthcare 
expenditure.1,2 Recent large epidemiological stu
dies have observed that being overweight or obese 
appears to be an independent risk factor that 
increases an individual’s risk of both upper and 
lower respiratory tract infections.3–5 Comparable 
findings from the COVID-19 pandemic have 
shown obese patients having both a high risk of 
contracting COVID-19 infection, as well as devel
oping more severe disease, including increased 
mortality.6 Whilst lifestyle intervention and 

bariatric surgery are major current medical options 
to achieve weight loss and therefore mitigate this 
risk, any potential additional preventative 
approaches would evidently be of keen clinical 
interest.

It is well established that a key function of the 
microbiota of different mucosal surfaces found in 
mammals is in colonization resistance, i.e., the 
prevention of infections either through the direct 
action of microbiota components upon pathogens 
or via a number of indirect routes (primarily 
through interactions with the host immune 
system7). However, a more recent concept has 
been the recognition of specific interactions and 
crosstalk between the gut microbiota and the 
lungs, particularly with regards to respiratory 
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immune and anti-infective responses. This is often 
described as the ‘gut-lung axis,8ʹ and sometimes 
referred to as a common mucosal immunological 
system.9 While the mechanisms underpinning the 
link between obesity and risk of respiratory infec
tions including COVID-19 are incompletely 
understood, one hypothesis is that obesity-related 
changes in the gut microbiome composition result 
in increased intestinal permeability, endotoxemia, 
and activation of pro-inflammatory host immune 
responses that increase susceptibility to infection 
across all mucosal surfaces.10 Compared to this, 
the recognized association between older age and 
increased risk of URTI may be at least partly 
explained by the shifts in microbiome composi
tion observed with aging, and associated changes 
in immune response to infective insults.11

By extension, modulation of the gut microbiota 
as a means of influencing the gut-lung axis has been 
an area of active investigation, with probiotics 
being one of the main interventions that has been 
explored in human trials. A number of different 
studies have explored the use of probiotics to 
reduce the risk of respiratory infections, with 
a focus on viral upper respiratory tract infections 
(URTI) in particular (90% of URTIs are viral in 
nature12). To date, several systematic reviews and 
meta-analyses have concluded that probiotics 
appear to have a positive effect in this regard.13–15 

However, these systematic reviews have also noted 
that individual published studies to date are often 
small, with low-quality data and high risk of het
erogeneity, limiting the applicability of their find
ings to a general population.13–15 Furthermore, the 
majority of these studies have included only healthy 
children or adults as study participants, with very 
little focus on groups at elevated risk of viral URTIs, 
such as overweight and obese adults.

We hypothesized that probiotic use would 
reduce the risk of symptoms related to URTI in 
an overweight and obese population, and that this 
reduction may be related to gut microbiota- 
mediated mechanisms. In this Addendum, we pre
sent our additional analysis of a recent double- 
blind placebo-controlled trial we undertook in an 
overweight and obese population where probiotics 
were the intervention, and where the primary end
point was related to weight loss and lipid 
metabolism.

2. Further analysis of the PROMAGEN study

Our trial examined the impact of probiotics on 
a healthy, free-living, overweight and obese adult 
population (PROMAGEN, ISRCTN12562026).16 

Specifically, this was a double-blind, single-center, 
placebo-controlled trial that recruited 220 people 
with BMI 25–34.9 kg/m2 (30–65 years of age), with 
participants randomized to receive either the Lab4P 
probiotic (50 billion colony-forming units) or 
a matched placebo daily for 6 months. Lab4P com
prised Lactobacillus acidophilus CUL60 (NCIMB 
30157), Lactobacillus acidophilus CUL21 (NCIMB 
30156), Lactobacillus plantarum CUL66 (NCIMB 
30280) Bifidobacterium bifidum CUL20 (NCIMB 
30153) and Bifidobacterium animalis subsp. lactis 
CUL34 (NCIMB 30172). At the end of the study, 
significant between group decreases were identified 
in body weight (1.3 kg, p < .0001), BMI (0.045 kg/ 
m2, p < .0001), waist circumference (0.94 cm, p  
< .0001), and waist-to-height ratio (0.006, p  
< .0001), all favoring the probiotic arm. 
Improvements in small dense LDL-cholesterol, 
self-perceived quality of life, and the incidence of 
particular symptoms that may be consistent with 
URTI were also observed in the probiotic arm rela
tive to participants receiving placebo.16 No signifi
cant adverse events were observed in association 
with probiotic use.

Study participants also contemporaneously 
recorded daily symptom diaries during the trial, 
containing 25 elements related to different organ 
systems and general health. To explore the poten
tial impact of probiotic use upon URTI symptoms 
in more detail, we further reviewed frequencies of 
those symptoms recorded in symptom diaries that 
could be considered most consistent with URTI. 
The study was performed over the 6 months from 
July to January, and as such included a significant 
period of the conventional peak season for influ
enza-like illnesses. We selected five key sympto
matic indicators of URTI that had been recorded, 
all of which have been previously included in vali
dated symptom scoring systems for viral respira
tory illness/URTI, namely: cough, sore throat, 
headache, muscle ache and wheeze17,18 (‘URTI 
symptoms’). Further details of the analysis of symp
tom incidence rate are provided in the 
Supplementary Methods. On review of self- 
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reported URTI symptoms during the study, we 
observed a significant 27% between-group differ
ence in overall incidence favoring the Lab4P group 
(Incidence Rate Ratio (IRR): 0.73, 95% confidence 
intervals (CI): 0.63, 0.84, p< .0001 (Figure 1)).

Given the data outlined above regarding age and 
obesity as risk factors for URTI, we looked at how 
these factors were related to the recorded URTI 
symptoms in the PROMAGEN cohort. We ana
lyzed them using a Poisson regression model 
(Figure 1), which identified significant interactions 
with symptom incidence between treatment and 
age (p= .0071) and BMI (p= .0393, Figure 1). 
Stratification of the cohort highlighted the greater 
probiotic impact on incidence rates of URTI symp
toms in participants ≥45 years old compared to 
younger participants (IRR: 0.60, p< .0001 vs IRR: 
0.90, p= .3336), and in obese participants compared 
to those overweight alone (IRR: 0.57, p< .0001 vs 
IRR: 0.78, p= .0059). Further analysis of additional 
recorded symptoms of potential relevance to URTIs 
(but not included as one of our central five symp
toms, e.g., sneezing) demonstrated that these 
occurred at either similar or reduced rates in parti
cipants taking probiotics compared to those taking 
placebo; a pattern was once again observed regard
ing benefits being generally more prominent in 
participants ≥45 years of age and with BMI 
≥30 kg/m2 (Supplementary Figure S1).

We further explored the dynamics of onset of 
URTI symptoms. On the first day of the study, 
participants in both arms of the PROMAGEN 

study were virtually symptom-free, with only one 
participant in the ≥45 years old placebo group 
reporting cough. After 1 to 2 weeks supplementa
tion, there was the clear indication of a divergence 
between groups in the time taken to record the first 
symptom favoring the probiotic in the two sub
groups, namely those ≥45 years old (Figure 2b) 
and the obese (Figure 2d), suggestive of a rapid 
impact of the probiotic upon URTI symptoms. 
These delays in symptom onset were maintained 
over the duration of the study in both the older and 
obese subgroups, and reached significance in the 
case of the participants ≥45 years old (χ2 = 5.436, 
p= .0194, Figure 2d). Collectively, these findings 
lead us to conclude that Lab4P can act rapidly, 
particularly in the ’at-risk’ groups of older and 
obese participants.

Additionally, we investigated the associations 
between the reported URTI symptoms and the gut 
microbiota profiles of participants ≥45 years old in 
the study, to particularly explore whether potential 
URTIs may impact upon gut microbiota composi
tion (Figure 3 and Supplementary Methods). 
Analysis was performed of 16S rRNA gene sequen
cing of stool samples from study participants 
≥45 years old who had given stool samples both at 
the beginning and end of the study, as previously 
described.19 For placebo-treated participants, 
a negative correlation was observed between length 
of time with URTI symptoms and stool microbiota 
diversity (as measured by Shannon/alpha diversity 
index; r2 = −0.637, p< .05). In contrast, the Shannon 

Subgroup n IRR (95% CI) p value
p value for 
interaction

All participants 110/110 0.73 (0.63,0.84) <0.0001

Age (years) 0.0071

<45 46/44 0.90 (0.72,1.12) 0.3336

≥45 64/66 0.60 (0.50,0.72) <0.0001

BMI (kg/m2) 0.0393

<30 71/78 0.78 (0.66,0.93) 0.0059

≥30 39/32 0.57 (0.44,0.73) <0.0001

0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

Incidence rate ratio (95% CI) 

Favours probiotic     Favours placebo

Figure 1. Overall and subgroup analysis of the impact of probiotic supplementation on the incidence of URTI symptoms. 
Statistical analysis was performed using a generalized linear model with Poisson distribution and log link function, data is presented as 
IRR ± 95% CI (n, number of participants (placebo group/probotic group); IRR, incidence rate ratio; CI, confidence interval).
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diversity of the probiotic group was unaltered by 
the length of exposure of URTI symptoms (r2= 
−0.87, p= .473). Of note, only one included probio
tic-treated participant had used antibiotics within 3 
weeks of the end of the study stool sample (with 
antibiotics administered for a suspected respiratory 
tract infection); none of the included placebo- 
treated participants had used antibiotics within 
approximately 4 months of the end of the study. 
Together, these data lead us to suggest that in 
participants in the study with URTI symptoms, 
probiotic use may have minimized post-infective 
changes in gut microbiome composition.

3. Discussion:

There is growing evidence supporting the concept 
that gut commensal bacteria (including those com
monly included in probiotics) are able to suppress 
viruses that enter the host via the upper respiratory 
tract from causing infection, with research to date 

focusing particularly upon influenza. Mechanisms 
by which such bacteria suppress influenza directly 
include absorptive trapping,20 as well as by the 
production of lipopolysaccharide that binds to 
and destabilizes the viral structure.21 One potential 
route by which probiotic bacteria may translocate 
from the gut to the lung (and undertake direct 
protective functions such as absorptive trapping) 
is described by the ‘gut-lymph hypothesis’, i.e. gut 
bacteria within draining chyle from the lower gas
trointestinal tract entering the lymphatic system 
and subsequently the thoracic duct, before traveling 
directly on to the capillary blood vessels of the 
lungs.22

There are also indirect routes by which the gut 
microbiota prevents influenza infection, including 
an influence upon interferon responses in lung 
stromal cells,23 as well as promotion of antigen 
presenting cell migration and Toll-like receptor- 
mediated T cell antiviral responses.24 Additionally, 
research into the gut-lung axis in COVID-19 
infected patients has shown an altered stool micro
biome composition compared to controls.25,26 In 
hospitalized patients with COVID-19, stool levels 
of a number of gut commensal bacteria (including 
Bacteroides dorei and Bacteroides ovatus) were 
found to correlate inversely with SARS-CoV-2 
viral load;25 this is of interest, given that such bac
teria may downregulate expression in the mouse 
gut of angiotensin-converting enzyme 2 (ACE2), 
the receptor used by SARS-CoV-2 to gain entry to 
the host.27 Of particular potential relevance given 
the data presented in our work here, a further 
study – longitudinally analyzing the gut micro
biome of 100 patients with COVID-19 infection – 
noted consistent underrepresentation of 
Bifidobacteria in patient stool samples throughout 
the course of disease.26

Furthermore, there is now increased under
standing of the mechanisms by which probiotic 
supplementation of the gut microbiota may directly 
modulate host immunity in this context, predomi
nantly deriving from mouse models of influenza in 
which Bifidobacteria or Lactobacillus supplementa
tion resulted in reduced severity of infection.28 

There is evidence from such models that 
Lactobacillus supplementation enhances type 1 
interferon responses29 and increases TNF-α pro
duction from nasal lymphocytes in response to 
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Figure 2. Impact of probiotic supplementation on time to 
onset of URTI symptoms during the PROMAGEN study. 
Kaplan-meier plots of time to first URTI symptoms in subgroups 
of participants who were: A) <45 year olds; B) ≥45 year olds; C) 
overweight (BMI <30 kg/m2) and; D) obese (BMI ≥30 kg/m2). 
Statistical analysis was performed using the log-rank Mantel-Cox 
test.
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respiratory viral infection.30 Short-chain fatty acids 
(SCFAs) – the product of fermentation of non- 
digestible carbohydrate and amino acids by gut 
bacteria – appear to be a key group of metabolites 
linking the gut microbiome to these altered 
immune responses.31 Human trials investigating 
probiotics for the prevention of viral respiratory 
infections have shown probiotic-related increases 
in serum interferon-γ32 and Th1 cell activation, 
increased numbers of T helper cells, T killer cells 
and monocytes,33 as well as changes in NK cell 
activity.34

As discussed above, studies to date evaluating the 
role of probiotics for the prevention of viral URTI 
have predominantly focused on healthy adults and 
children and have tended not to explore outcomes 
for the overweight and obese population, or older 
people. There is now recognition of a need for more 
focused studies within this context, including eva
luation of whether probiotics may alter the impact 
of COVID-19 infection.35 Of note, one early study 
of probiotic supplementation to 28 hospitalized 
patients already diagnosed with COVID-19 

observed eightfold lower rates of respiratory failure 
in patients receiving probiotics compared to 42 
comparator patients receiving medical therapy 
alone;36 however, there are currently no data avail
able to our knowledge which demonstrate efficacy 
of probiotics for the prevention of COVID-19 
infection in humans. The particular novelty of our 
findings is the recognition that probiotic supple
mentation may be associated with an overall reduc
tion of URTI symptoms by as much as 27%, with 
individuals ≥45 years of age and/or with a BMI 
≥30 kg/m2 deriving the greatest benefit of risk 
reduction. The recognition that perturbed gut bar
rier function is associated with vulnerability to both 
infection and obesity – and that probiotics may be 
able to improve gut barrier integrity – could be 
a potential mechanistic link that explains our find
ings in patients with an unfavorable BMI.37 With 
regards to our findings on the particular benefits of 
probiotics in older study participants, it is note
worthy that lower levels of gut Bifidobacteria have 
been associated with older age, and Lactobacillus 
and Bifidobacteria depletion have also been 
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Figure 3. Scatterplot of relationship between change in Shannon diversity index of the stool microbiota versus the number of 
days with URTI symptoms in participants ≥45 years old given probiotics or placebo. Shannon diversity was measured in stool 
samples from study participants ≥45 years old at baseline and at end of the study (six months) using 16S rRNA gene profiling. 
Statistical analysis was performed using Pearson’s correlation analysis. Probiotic arm: n = 18; placebo arm: n= 13.
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observed in the gut microbiota of certain patients 
with respiratory infections, including COVID-19.38

The apparent protective impact of the probiotic 
on gut microbial diversity in study participants who 
developed URTI symptoms is another finding of 
interest. While much of the focus to date in gut- 
lung axis research has been on the impact of the gut 
microbiome on the lung, the bidirectional nature of 
this relationship is now increasingly acknowledged. 
Specifically, changes in gut microbiome composi
tion and functionality post-viral respiratory tract 
infection that have been observed (even in the 
absence of detectability of the virus within the gas
trointestinal tract) are associated with changes in 
host immune responses,39 and potentially result in 
increased vulnerability to secondary respiratory 
infections.40 In mouse models of influenza, 
a reduction in gut Lactobacillus has been observed 
after infection,41 while Bifidobacteria (including 
Bifidobacterium animalis) were found to be signifi
cantly elevated in the gut of surviving mice com
pared to dead or mock-infected mice.42

The major limitation of our study is using self- 
reported symptoms as a proxy for URTI, without 
any definitive clinical/laboratory data to confirm 
true infection; however, the symptoms that we 
measured show close overlap with those in estab
lished symptoms scoring systems for predicting 
URTIs/viral respiratory illness.18 There were signif
icantly fewer of our defined URTI symptoms 
observed in all participants in the first 3 months 
of the study (the ‘summer’ months) compared to 
the last 3 months (‘winter’ months) (p= .0108), 
again supporting the concept that the symptoms 
which we selected represent winter respiratory 
viral illness (Supplementary Figure S2). 
Furthermore, since the reporting of URTI symp
toms in this study was self-recorded, statistical 
results may be subject to reporting/recall bias. 
However, a number of different approaches to 
symptom recording were taken in order to mitigate 
the possibility of such bias (Supplementary 
Methods 1.1), and the double-blind nature of the 
trial means that this is unlikely to have contributed 
significantly to the between-group differences 
observed. Whilst we have made some speculation 
as to the potential applicability of our data to 
patients with COVID-19 infection, our study was 

performed before the pandemic occurred, and we 
did not have any symptom data relating to other 
potentially important indicators of particular cor
onavirus infections including COVID-19, such as 
loss of taste/smell. An additional limitation is that 
our definition of cough covered any aspect of 
coughing occurring during the course of the 
study, and this also may not align with more spe
cific features of URTI (e.g., cough with coryza). 
Nevertheless, it is clearly of interest that in the 
PROMAGEN study, even the incidence of cough 
alone was reduced by ~33% (0.38 per 100 person 
days in probiotic arm, 0.57 per 100 person days in 
placebo arm; IRR: 0.67, CI: 0.50, 0.90, p= .0073) in 
participants receiving probiotics compared to those 
receiving placebo.16 As such, one potential area for 
future exploration may be the potential impact of 
probiotics upon other human diseases for which 
cough is a predominant feature, including allergic 
diseases such as asthma; administration of 
a Lactobacillus rhamnosus resulted in lung protec
tion in a murine allergic respiratory disease model, 
with the probiotic demonstrated to alter respiratory 
IL-1β levels, as well as airway total cell counts and 
lymphocyte counts.43

4. Conclusions:

In conclusion, our results extend upon existing data 
regarding the impact of probiotics upon viral 
URTI, by suggesting that probiotics may have 
a potential use for reducing URTI symptoms in 
overweight and obese people, and especially those 
of older age. Furthermore, the Lab4P probiotic 
consortium may also have a potential role in stabi
lizing/preventing changes in gut microbiome com
position in response to an URTI. Probiotics are 
considered overall safe and well tolerated, and rela
tively limited alternative therapeutic options cur
rently exist for prevention of URTIs (including 
COVID-19); as such, we feel that a compelling 
case exists for further randomized studies to pro
spectively explore the potential impact of probiotics 
on prevention of respiratory infection in particular 
for those at higher risk, including obese and older 
people. Furthermore, there is a need for additional 
research to better delineate mechanisms by which 
probiotic bacteria – either directly or via immune 
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modulation – impact upon the gut-lung axis.

Disclosures:

JRM has received renumeration from Cultech Ltd. as 
a consultant and from Enterobiotix Ltd.

Funding

BHM is the recipient of a National Institute of Health 
Research (NIHR) Academic Clinical Lectureship. The 
Division of Digestive Diseases at Imperial College London 
receive financial and infrastructure support from the NIHR 
Imperial Biomedical Research Centre (BRC) based at Imperial 
College Healthcare NHS Trust and Imperial College London; 
NIHR Imperial Biomedical Research Centre [RDA02]; 
National Institute for Health Research [CL-2019-21-002];

ORCID

Benjamin H. Mullish http://orcid.org/0000-0001-6300- 
3100
Julian R. Marchesi http://orcid.org/0000-0002-7994-5239
Julie A.K. McDonald http://orcid.org/0000-0003-0739- 
6047
Daniel A. Pass http://orcid.org/0000-0003-2799-8432
Giulia Masetti http://orcid.org/0000-0002-8513-2509
Daryn R. Michael http://orcid.org/0000-0001-8546-1153
Sue Plummer http://orcid.org/0000-0002-3919-6173
Timothy R. Hughes http://orcid.org/0000-0003-2348-3490
Duolao Wang http://orcid.org/0000-0003-2788-2464

References

1. Trucchi C, Paganino C, Orsi A, Amicizia D, Tisa V, 
Piazza MF, Gallo D, Simonetti S, Buonopane B, Icardi 
G, et al. Hospital and economic burden of influenza-like 
illness and lower respiratory tract infection in adults 
>/=50 years-old. BMC Health Serv Res. 2019;19 
(1):585. doi:10.1186/s12913-019-4412-7.

2. Oppong R, Coast J, Hood K, Nuttall J, Smith RD, 
Butler CC. Resource use and costs of treating acute 
cough/lower respiratory tract infections in 13 
European countries: results and challenges. The 
European Journal of Health Economics: HEPAC: 
Health Economics in Prevention and Care. 2011;12 
(4):319–329. doi:10.1007/s10198-010-0239-1.

3. Maccioni L, Weber S, Elgizouli M, Stoehlker AS, Geist I, 
Peter HH, Vach W, Nieters A. Obesity and risk of respira
tory tract infections: results of an infection-diary based 
cohort study. BMC Public Health. 2018;18(1):271. 
doi:10.1186/s12889-018-5172-8.

4. Harpsoe MC, Nielsen NM, Friis-Moller N, 
Andersson M, Wohlfahrt J, Linneberg A,  Nohr EA, 

Jess . Body mass index and risk of infections among 
women in the Danish national birth cohort. Am 
J Epidemiol. 2016;183(11):1008–1017. doi:10.1093/aje/ 
kwv300.

5. Cocoros NM, Lash TL, DeMaria A Jr., Klompas M. 
Obesity as a risk factor for severe influenza-like illness. 
Influenza Other Respir Viruses. 2014;8(1):25–32. 
doi:10.1111/irv.12156.

6. Popkin BM, Du S, Green WD, Beck MA, Algaith T, 
Herbst CH, Alsukait RF,  Alluhidan M , Alazemi N, 
Shekar M. Individuals with obesity and COVID-19: 
a global perspective on the epidemiology and biological 
relationships. In: Obesity Reviews. 2020. p. 21.

7. Libertucci J, Young VB. The role of the microbiota in 
infectious diseases. Nat Microbiol. 2019;4(1):35–45. 
doi:10.1038/s41564-018-0278-4.

8. Dang AT, Marsland BJ. Microbes, metabolites, and the 
gut-lung axis. Mucosal Immunol. 2019;12(4):843–850. 
doi:10.1038/s41385-019-0160-6.

9. Bienenstock JMM, Befus D, O’Neill M. A common 
mucosal immunologic system involving the bronchus, 
breast and bowel.. In: McGhee JRMJ, Babb JL editors. 
Secretory Immunity and Infection. Springer, Boston, 
MA; 1978. p. 53–59.

10. Belancic A. Gut microbiome dysbiosis and endotoxemia 
- Additional pathophysiological explanation for 
increased COVID-19 severity in obesity. Obes Med. 
2020;20:100302. doi:10.1016/j.obmed.2020.100302.

11. Askarova S, Umbayev B, Masoud A-R, Kaiyrlykyzy A, 
Safarova Y, Tsoy A, Olzhayev F, Kushugulova A. The 
links between the gut microbiome, aging, modern life
style and alzheimer’s disease. Frontiers in Cellular and 
Infection Microbiology. 2020;10. doi:10.3389/ 
fcimb.2020.00104

12. Marengo RL, Ciceran A;, Del Río Navarro BE. Upper 
respiratory tract infections in children and adults: 
Burden and management. A narrative summary of 
selected presentations that took place on 11th–12th 
May 2017, as part of the Encuentro Latinoamericano 
de Infecciones Respiratorias Recurrentes (ELAIR) edu
cational event in Mexico City, Mexico. EMJ Respir. 
2017;5:22–28.

13. King S, Glanville J, Sanders ME, Fitzgerald A, Varley D. 
Effectiveness of probiotics on the duration of illness in 
healthy children and adults who develop common acute 
respiratory infectious conditions: a systematic review 
and meta-analysis. Br J Nutr. 2014;112(1):41–54. 
doi:10.1017/S0007114514000075.

14. Hao Q, Lu Z, Dong BR, Huang CQ, Wu T. Probiotics 
for preventing acute upper respiratory tract infections. 
Cochrane Database Syst Rev. 2011;9:CD006895. 
doi:10.1002/14651858.CD006895.pub2.

15. Karl JP. Gut microbiota-targeted interventions for 
reducing the incidence, duration, and severity of 
respiratory tract infections in healthy non-elderly 
adults. Mil Med. 2021;186(3-4):310-318. doi:10.1093/ 
milmed/usaa261..

GUT MICROBES e1900997-7

https://doi.org/10.1186/s12913-019-4412-7
https://doi.org/10.1007/s10198-010-0239-1
https://doi.org/10.1186/s12889-018-5172-8
https://doi.org/10.1093/aje/kwv300
https://doi.org/10.1093/aje/kwv300
https://doi.org/10.1111/irv.12156
https://doi.org/10.1038/s41564-018-0278-4
https://doi.org/10.1038/s41385-019-0160-6
https://doi.org/10.1016/j.obmed.2020.100302
https://doi.org/10.3389/fcimb.2020.00104
https://doi.org/10.3389/fcimb.2020.00104
https://doi.org/10.1017/S0007114514000075
https://doi.org/10.1002/14651858.CD006895.pub2
https://doi.org/10.1093/milmed/usaa261
https://doi.org/10.1093/milmed/usaa261


16. Michael DR, Jack AA, Masetti G, Davies TS, Loxley KE, 
Kerry-Smith J, Plummer  JF, Marchesi JR, Mullish BH, 
McDonald JAK, et al. A randomised controlled study 
shows supplementation of overweight and obese adults 
with lactobacilli and bifidobacteria reduces bodyweight 
and improves well-being. Sci Rep. 2020;10(1):4183. 
doi:10.1038/s41598-020-60991-7.

17. Docherty AB, Harrison EM, Green CA, Hardwick HE, 
Pius R, Norman L, Holden KA , Read JM, Dondelinger 
F, Carson G, et al. Features of 20 133 UK patients in 
hospital with covid-19 using the ISARIC WHO clinical 
characterisation protocol: prospective observational 
cohort study. BMJ. 2020;369:m1985. doi:10.1136/bmj. 
m1985.

18. Barrett B, Brown RL, Mundt MP, Thomas GR, 
Barlow SK, Highstrom AD, Bahrainian M. Validation 
of a short form Wisconsin upper respiratory symptom 
survey (WURSS-21). Health Qual Life Outcomes. 
2009;7(1):76. doi:10.1186/1477-7525-7-76.

19. Mullish BH, Michael DR, McDonald JA, Masetti G, 
Plummer SF, Marchesi JR. Identifying the factors influ
encing outcome in probiotic studies in overweight and 
obese patients: host or microbiome? Gut. 2021;70 
(1):225–226. doi:10.1136/gutjnl-2020-321110.

20. Wang Z, Chai W, Burwinkel M, Twardziok S, Wrede P, 
Palissa C, Esch B, Schmidt MFG. Inhibitory influence of 
Enterococcus faecium on the propagation of swine 
influenza A virus in vitro. PLoS One. 2013;8(1): 
e53043. doi:10.1371/journal.pone.0053043.

21. Bandoro C, Runstadler JA. Bacterial Lipopolysaccharide 
destabilizes influenza viruses. mSphere. 2017;2(5):2. 
doi:10.1128/mSphere.00267-17.

22. Deitch EA. Gut-origin sepsis: evolution of a concept. 
Surgeon. 2012;10(6):350–356. doi:10.1016/j. 
surge.2012.03.003.

23. Bradley KC, Finsterbusch K, Schnepf D, Crotta S, 
Llorian M, Davidson S, Fuchs SY, Staeheli P, Wack A. 
Microbiota-driven tonic interferon signals in lung stro
mal cells protect from influenza virus infection. Cell 
Rep. 2019;28(1):245–56 e4. doi:10.1016/j. 
celrep.2019.05.105.

24. Ichinohe T, Pang IK, Kumamoto Y, Peaper DR, Ho JH, 
Murray TS, Iwasaki A. Microbiota regulates immune 
defense against respiratory tract influenza A virus 
infection. Proc Natl Acad Sci U S A. 2011;108 
(13):5354–5359. doi:10.1073/pnas.1019378108.

25. Zuo T, Zhang F, Lui GCY, Yeoh YK, Li AYL, Zhan H, 
Wan Y, Chung ACK, Cheung CP, Chen N, et al. 
Alterations in gut microbiota of patients with 
COVID-19 during time of hospitalization. 
Gastroenterology. 2020;159(3):944–55 e8. doi:10.1053/ 
j.gastro.2020.05.048.

26. Yeoh YK, Zuo T, Lui GC, Zhang F, Liu Q, Li AY,Chung 
ACK, Cheung CP, Tso EY, Fung KS et al. Gut micro
biota composition reflects disease severity and dysfunc
tional immune responses in patients with COVID-19. 

Gut. 2021;70(4):698–706. doi:10.1136/gutjnl-2020- 
323020.

27. Geva-Zatorsky N, Sefik E, Kua L, Pasman L, Tan TG, 
Ortiz-Lopez A, Yanortsang TB, Yang L, Jupp R, Mathis 
D, et al. Mining the human gut microbiota for immu
nomodulatory organisms. Cell. 2017;168(5):928–43 e11. 
doi:10.1016/j.cell.2017.01.022.

28. Iwabuchi N, Xiao JZ, Yaeshima T, Iwatsuki K. Oral 
administration of Bifidobacterium longum ameliorates 
influenza virus infection in mice. Biol Pharm Bull. 
2011;34(8):1352–1355. doi:10.1248/bpb.34.1352.

29. Maeda N, Nakamura R, Hirose Y, Murosaki S, 
Yamamoto Y, Kase T, Yoshikai Y. Oral administration of 
heat-killed Lactobacillus plantarum L-137 enhances protec
tion against influenza virus infection by stimulation of type 
I interferon production in mice. Int Immunopharmacol. 
2009;9(9):1122–1125. doi:10.1016/j.intimp.2009.04.015.

30. Hori T, Kiyoshima J, Shida K, Yasui H. Augmentation 
of cellular immunity and reduction of influenza virus 
titer in aged mice fed Lactobacillus casei strain Shirota. 
Clin Diagn Lab Immunol. 2002;9(1):105–108. 
doi:10.1128/cdli.9.1.105-108.2002.

31. Trompette A, Gollwitzer ES, Yadava K, Sichelstiel AK, 
Sprenger N, Ngom-Bru C, Blanchard C, Junt T, Nicod 
LP, Harris NL, et al. Gut microbiota metabolism of 
dietary fiber influences allergic airway disease and 
hematopoiesis. Nat Med. 2014;20(2):159–166. 
doi:10.1038/nm.3444.

32. Zhang H, Yeh C, Jin Z, Ding L, By L, Zhang L, Dannelly 
HK. Prospective study of probiotic supplementation 
results in immune stimulation and improvement of 
upper respiratory infection rate. Synth Syst Biotechnol. 
2018;3(2):113–120. doi:10.1016/j.synbio.2018.03.001.

33. Winkler P, De Vrese M, Laue C, Schrezenmeir J. Effect 
of a dietary supplement containing probiotic bacteria 
plus vitamins and minerals on common cold infections 
and cellular immune parameters. Int J Clin Pharmacol 
Ther. 2005;43(7):318–326. doi:10.5414/CPP43318.

34. Shida K, Sato T, Iizuka R, Hoshi R, Watanabe O, 
Igarashi T, Miyazaki K, Nanno M, Ishikawa F. Daily 
intake of fermented milk with Lactobacillus casei strain 
Shirota reduces the incidence and duration of upper 
respiratory tract infections in healthy middle-aged office 
workers. Eur J Nutr. 2017;56(1):45–53. doi:10.1007/ 
s00394-015-1056-1.

35. Walton GE, Gibson GR, Hunter KA. Mechanisms link
ing the human gut microbiome to prophylactic and 
treatment strategies for COVID-19. Br J Nutr. 
2020;1–36. doi:10.1017/S0007114520003980.

36. d’Ettorre G, Ceccarelli G, Marazzato M, Campagna G, 
Pinacchio C, Alessandri F, Ruberto F, Rossi G, Celani L, 
Scagnolari C, et al. Challenges in the management of 
SARS-CoV2 infection: The role of oral bacteriotherapy as 
complementary therapeutic strategy to avoid the progression 
of COVID-19. Front Med (Lausanne). 2020;7:389. doi:10.3389/ 
fmed.2020.00389.

e1900997-8 B. H. MULLISH ET AL.

https://doi.org/10.1038/s41598-020-60991-7
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1186/1477-7525-7-76
https://doi.org/10.1136/gutjnl-2020-321110
https://doi.org/10.1371/journal.pone.0053043
https://doi.org/10.1128/mSphere.00267-17
https://doi.org/10.1016/j.surge.2012.03.003
https://doi.org/10.1016/j.surge.2012.03.003
https://doi.org/10.1016/j.celrep.2019.05.105
https://doi.org/10.1016/j.celrep.2019.05.105
https://doi.org/10.1073/pnas.1019378108
https://doi.org/10.1053/j.gastro.2020.05.048
https://doi.org/10.1053/j.gastro.2020.05.048
https://doi.org/10.1136/gutjnl-2020-323020
https://doi.org/10.1136/gutjnl-2020-323020
https://doi.org/10.1016/j.cell.2017.01.022
https://doi.org/10.1248/bpb.34.1352
https://doi.org/10.1016/j.intimp.2009.04.015
https://doi.org/10.1128/cdli.9.1.105-108.2002
https://doi.org/10.1038/nm.3444
https://doi.org/10.1016/j.synbio.2018.03.001
https://doi.org/10.5414/CPP43318
https://doi.org/10.1007/s00394-015-1056-1
https://doi.org/10.1007/s00394-015-1056-1
https://doi.org/10.1017/S0007114520003980
https://doi.org/10.3389/fmed.2020.00389
https://doi.org/10.3389/fmed.2020.00389


37. Bron PA, Kleerebezem M, Brummer R-J, Cani PD, 
Mercenier A, MacDonald TT, Garcia-Ródenas CL, 
Wells JM. Can probiotics modulate human disease by 
impacting intestinal barrier function? Br J Nutr. 
2017;117(1):93–107. doi:10.1017/S0007114516004037.

38. Olaimat AN, Aolymat I, Al-Holy M, Ayyash M, Abu 
Ghoush M, Al-Nabulsi AA, Osaili T, Apostolopoulos 
V, Liu SQ, Shah NP. The potential application of pro
biotics and prebiotics for the prevention and treatment 
of COVID-19. NPJ Sci Food. 2020;4(1):17. doi:10.1038/ 
s41538-020-00078-9.

39. Fuentes S, Den Hartog G, Nanlohy NM, Wijnands L, 
Ferreira JA, Nicolaie MA, Pennings JLA, Jacobi R, Wit JD, 
Beek JV, et al. Associations of faecal microbiota with 
influenza-like illness in participants aged 60 years or older: 
an observational study. The Lancet Healthy Longevity. 
2021;2(1):e13–e23. doi:10.1016/S2666-7568(20)30034-9.

40. Hanada S, Pirzadeh M, Carver KY, Deng JC. 
Respiratory viral infection-induced microbiome 

alterations and secondary bacterial pneumonia. Front 
Immunol. 2018;9:2640. doi:10.3389/fimmu.2018.02640.

41. Wang J, Li F, Wei H, Lian ZX, Sun R, Tian Z. 
Respiratory influenza virus infection induces intestinal 
immune injury via microbiota-mediated Th17 
cell-dependent inflammation. J Exp Med. 2014;211 
(12):2397–2410. doi:10.1084/jem.20140625.

42. Zhang Q, Hu J, Feng JW, Hu XT, Wang T, Gong WX, 
Huang K, Guo YX, Zou Z, Lin X, et al. Influenza infec
tion elicits an expansion of gut population of endogen
ous Bifidobacterium animalis which protects mice 
against infection. Genome Biol. 2020;21(1):99. 
doi:10.1186/s13059-020-02007-1.

43. Spacova I, Van Beeck W, Seys S, Devos F, Vanoirbeek J, 
Vanderleyden J, Ceuppens J, Petrova M, Lebeer S. 
Lactobacillus rhamnosus probiotic prevents airway function 
deterioration and promotes gut microbiome resilience in 
a murine asthma model. Gut Microbes. 2020;11 
(6):1729–1744. doi:10.1080/19490976.2020.1766345.

GUT MICROBES e1900997-9

https://doi.org/10.1017/S0007114516004037
https://doi.org/10.1038/s41538-020-00078-9
https://doi.org/10.1038/s41538-020-00078-9
https://doi.org/10.1016/S2666-7568(20)30034-9
https://doi.org/10.3389/fimmu.2018.02640
https://doi.org/10.1084/jem.20140625
https://doi.org/10.1186/s13059-020-02007-1
https://doi.org/10.1080/19490976.2020.1766345

	Abstract
	1. Introduction:
	2. Further analysis of the PROMAGEN study
	3. Discussion:
	4. Conclusions:
	Disclosures:
	Funding
	ORCID
	References

