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Abstract

Background: Previous studies have suggested that the consumption of probiotic fermented dairy products (PFDP)
may have a protective effect on respiratory tract infections (RTls). However, the results of studies are inconclusive.
We aimed to systematically investigate the effect of PFDP on RTls by performing a meta-analysis of randomized
controlled trials (RCTs).

Methods: PubMed and Scopus databases were systematically searched up to October 2020 to identify eligible
RCTs. Meta-analysis outcomes were risk of incidence of upper (URTIs ) and lower (LRTIs ) respiratory tract infections.
A random-effects model was used to pool the relative risks (RR) and corresponding 95 % confidence intervals (Cl)
for outcomes following conception of PFDP.

Results: A total of 22 RCTs, with a total sample size of 10,190 participants, were included in this meta-analysis.
Compared with placebo, consumption of PFDP had a significant protective effect against RTls in the overall analysis
(RR=0.81, 95 %Cl: 0.74 to 0.89) and in children (RR=0.82, 95 %Cl: 0.73 to 0.93), adults (RR=0.81, 95 %Cl: 0.66 to
1.00), and elderly population (RR=0.78, 95 %Cl: 0.61 to 0.98). The significant decreased risk of RTls was also
observed for URTIs (RR=0.83, 95 %Cl: 0.73 to 0.93), while, this effect was marginal for LRTIs (RR=0.78, 95 %Cl: 0.60
to 1.01, P=10.06). The disease-specific analysis showed that PFDP have a protective effect on pneumonia (RR=0.76,
95 %Cl: 061 to 0.95) and common cold (RR = 0.68, 95 %Cl: 0.49 to 0.96).

Conclusions: Consumption of PFDP is a potential dietary approach for the prevention of RTls.
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Research highlights o The protective effect of PFDP was modified by
probiotic genus and type of dairy product used for
e Consumption of PFDP had a significant protective intervention.

effect against RTIs in all age groups.
e PEDP had a protective effect on pneumonia and
common cold.

Background

Acute respiratory infections (RTI, including upper RTI
(URTI), e.g., cold, and lower RTI (LRTI), e.g., pneumo-
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deaths per 100,000 population [1]. ARIs are a main pub-
lic health problem worldwide and contribute to in-
creased morbidity and mortality, as they result in a large
number of outpatient visits, hospital admissions, and the
widespread administration of antibiotics [2]. These dis-
eases affect all age groups every year and put a heavy
burden on the world’s health and economic systems.
More than 200 types of viruses have been identified as
causing respiratory diseases [3, 4]. As well as, 90% of
deaths because of respiratory infections are reported to
happen in patients over 65 years of age [5]. Young chil-
dren are more likely to get this respiratory infection than
adults or children [6, 7]. In most cases, the diseases of
the upper respiratory tract are mild to moderate and
mostly self-limiting. However, LRTIs-induced pneumo-
nia can be predominantly fatal in children and the eld-
erly or in immunocompromised individuals [4, 8].

The health benefits of fermented milk and dairy
products have long been known. The health benefits
of dairy products are the consequence of the biologic-
ally active ingredients existing in native milk and are
also produced in fermented or sour milk products
produced by the action of probiotic bacteria [9]. Pro-
biotics have been used as an adjunct to reduce the
risks of widespread use of antibiotics such as diarrhea
and to prevent infections, including respiratory infec-
tions [10]. One reason that probiotics are considered
to be the main and important components of the diet
to reduce the risk of infectious diseases is due to
their functional role in the gastrointestinal tract and
intestinal epithelium, as well as their relationship with
the function of the immune system and intestinal mu-
cosa [11, 12]. Probiotics are living microorganisms
that, if administered in sufficient doses, provide health
benefits to the host [13].

Studies show that functional foods from fermented
cow’s milk with probiotic strains can well prevent in-
fectious diseases, but the data are still inconsistent
[14—-19]. Prevention or control of infectious diseases
is one of the most promising health benefits of pro-
biotics [20-22]. The useful effects of lactic acid bac-
teria and cultured milk products have been ascribed
to their capability to suppress the growth of patho-
gens instantly or via the genesis of antibacterial
agents [23]. The results of several studies have shown
that some probiotics are effective against infections of
the gastrointestinal tract and respiratory tract [24].
Furthermore, it has been demonstrated that probiotics
have an essential role in extenuating the rate of ARI
episodes and antibiotic use [25]. Nonetheless, there
are little well-designed individual interventional stud-
ies, with contradictory findings, assessing the clinical
effects of dairy, mostly for yogurt and milk, supple-
mented with chosen probiotics against acute RTL
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Considering the potential of probiotic products and
the importance of medical nutrition therapy of respira-
tory tract infections, the current meta-analysis of re-
cently conducted randomized controlled trials (RCTs)
aimed to assess the effect of fermented dairy products by
probiotics on incidence of respiratory tract infections in
children, adults, and elderly.

Main text

Methods

Search strategy

We followed PRISMA guidelines (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) in the
design and reporting of the methods for this systematic
review [1]. PubMed and Scopus online databases were
searched from inception to October 2020 for RCTs
examining the effect of probiotic fermented dairy prod-
ucts on incidence of respiratory tract infections. A differ-
ent combination of keywords was searched
(Supplemental file 1). Where possible, Medical Subject
Headings in addition to free-text search terms were used
in the search. The search results were limited to
English-language publications. In addition, we checked
references of retrieved eligible papers and previous re-
view articles in this area to make sure we found all rele-
vant articles.

Screening and study selection

First, electronic and manual search results were exported
to EndNote software, version X8 (Thomson Reuters)
and duplicate publications were eliminated. Selection of
eligible controlled trials was carried out independently
by two investigators (SA & PJ). Any discrepancies were
resolved by consensus. The researchers first assessed the
titles and abstracts of studies obtained through prelimin-
ary searches, then, independently reviewed the full text
of remaining publications.

Eligibility criteria

The PICO for this Meta-analysis and systematic review
include: P: People diagnosed with an acute RTI, I: Con-
suming probiotic fermented dairy products (PFDP), C:
Not consuming PFDP, O: Risk of incidence of URTIs or
LRTIs. Also, articles were included for analysis if they
conformed to the following criteria: (1) were RCT in de-
sign; (2) provided original data on the effect of probiotic
fermented dairy products on incidence of respiratory
tract infections; (3) were published in English; (4) done
on human subjects; (5) had full text available, and (6)
provided a comparison group. Trials that did not meet
our inclusion criteria were excluded, and the remaining
studies were selected for further analysis.
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Records identified through database search:
PubMed (n =102), Scopus (137)

l

Records after duplicates removed (n = 213)

Excluded based on title and abstract (n =

A

v

168)

Full text articles assessed for eligibility (n =45)

Records excluded (n = 23)

Used baby formula supplemented with
probiotics (10)

Studies on allergic respiratory diseases (5)

Data were not extractable (4)

/

v

Republished studies (1)

Irrelevant intervention or outcome (3)

Studies included in quantitative analysis: 22
studies

Fig. 1 Flow diagram of the study
A

Data extraction

Data extraction was performed by two investigators,
independently (SA and PJ) using a standardized data
extraction sheet. Subsequently, full texts studies were
assessed, and disagreements were resolved through
discussion with a third independent researcher (BR).
The following information was extracted: first author’s
name, publication year, country/geographic location,
study design including whether parallel or cross-over,
target population, mean age, gender, number of par-
ticipants, study duration, type and dosage of PFDP,
relative risks (RR) and 95% confidence interval (CI)
of RTIs.

Quality assessment of studies

Two reviewers (MD & AD) independently assessed
the quality of each study according to the Cochrane
risk of bias [2], which is composed of the following
criteria: random sequence generation, allocation con-
cealment, blinding, and clarification of failures (im-
perfect outcome data), selective outcome reporting
and other biases. According to the Cochrane guide-
line handbook, the words “yes,” “no,” and “unclear”
corresponded to low, high, and unknown risk of
bias, respectively. According to the mentioned do-
mains, the overall quality of study was considered as
good (low risk for all items), fair (low risk more
than three items), and poor (low risk for 3 or fewer
items).

Data synthesis and analysis

All analyses were performed using STATA software ver-
sion 12 (STATA corp, College Station, TX, USA). Due
to the fact that selected RCTs were carried out in differ-
ent settings, a random-effects model was used to pool
the RR and 95 %CI for outcomes following consumption
of PFDP. Heterogeneity was examined using the I-
squared () index. An P value > 50 % was considered to
indicate substantial heterogeneity between trials [4]. To
explore the source of heterogeneity, in addition to the
general analysis, we performed subgroup analyses by
studied population, probiotic genus used in dairy prod-
ucts, type of dairy product, and type of RTI Meta-
regression analysis was also carried out to explore the ef-
fect of the duration of supplementation and age of par-
ticipants of pooled estimates. The presence of
publication bias was tested using the Egger’s regression
asymmetry test and P < 0.05 was considered statistically
significant, except where otherwise specified.

Results

Study characteristics

A total of 239 articles were identified through the sys-
tematic literature search of databases. After excluding 26
duplicate studies and removing 168 irrelevant publica-
tions based on titles/abstracts, 45 studies went under
full-text screening. Of which, 23 paper were excluded
based on the inclusion criteria because they used baby
formula supplemented with probiotics as intervention,
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Study %
D RR (95% CI) Weight
Children L
Agustina (2012) — 0.97(0.82,1.19) 6.37
Agustina (2012) - 0.99 (0.84, 1.16) 642
Hojsak (2010) —- 0.66 (0.52,0.82) 540
Hojsak (2010) -+ 0.82(0.24,2.76) 0.55
Hojsak (2010) —_— 0.38(0.18, 0.85) 12
Hatakka (2001) —_—— 0.78 (0.53,1.14) 341
Hatakka (2001) —_— 0.86 (0.33,2.22) 0.86
Hatakka (2001) —— 0.80(0.39, 1.64) 140
Hatakka (2001) -+ 0.83 (0.18,3.78) 0.36
Kumpu (2012) - 0.99(0.82,1.18) 6.11
Corsello (2017) — 0.70 (0.53,0.92) 4.70
Prodeus (2016) —— 0.88(0.71, 1.10) 5.53
Prodeus (2016) —_——— 1.59(0.83,2.97) 1.69
Mai (2020) =t 0.58(0.42,0.79) 417
Merenstein (2010) —— 0.75(0.30, 1.84) 054
Merenstein (2010) —_— 0.91(0.35,2.34) 0.86
Sazawal (2010) —_— 0.65(0.42, 1.00) 293
Subtotal (I-squared =47.4%, p=0.016) Q 0.82(0.73,0.93) 52.92

I
Elderly ]
Guo (2018) —_—l 0.68(0.37,1.25) 182
Guillemard (2010) —_— 0.97 (0.70, 1.33) 4.10
Guillemard (2010) —_— 1.05 (0.67, 1.65) 2.79
Makino (2010) —_— 0.44 (0.19,1.06) 1.03
Makino (2010) L -+ - 0.29(0.07,1.23) 0.40
Pu (2017) _— 0.55 (0.30,0.96) 1.95
Fujita (2013) — 0.99 (0.68, 1.45) 345
Puyenbroeck (2012) ———t 0.59(0.33,1.04) 199
Subtotal (I-squared = 34.2%, p=0.155) <> 0.78 (0.61, 0.98) 17.54
Adults :
Guillemard (2010) - 0.88 (0.75,1.04) 6.39
Guillemard (2010) ——— 0.43(0.29,0.64) 328
Jespersen (2015) - 1.00 (0.90, 1.10) 7.28
Jespersen (2015) — 0.96 (0.75,1.22 5.17
Kinoshita (2019) —_— 0.97 (0.62, 1.52) 281
Meng (2016) - 1.50 (0.63,3.61) 1.00
Rongrungruang (2015) —_—— 0.81(047,1.39) 2.16
Shida (2017) —_— 0.32(0.16, 0.65) 145
Subtotal (I-squared =74.5%, p=0.000) <> 0.81 (0.66, 1.00) 29.54
Overall (I-squared = 54.8%, p=0.000) Q 0.81(0.74,0.89) 100.00
NOTE: Weights are ftlom random effects analvsip I

1 43
Fig. 2 Meta-analysis for the effect of fermented probiotic dairy products on respiratory tract infections stratified by studied population

were on allergic respiratory diseases, were republished
studies, did not report sufficient extractable data, or had
irrelevant intervention or outcome. Finally, 22 clinical
trials with 33 datasets [14, 26—46], with a total sample
size of 10,190 subjects were included in this meta-
analysis. The flow diagram of study selection is pre-
sented in Fig. 1. Some studies reported multiple results;
we extracted all suitable data for such studies. For in-
stance, the study by Agustina et al. [26] contained two
interventions, a group received fermented milk with
Lactobacillus casei CRL431 and another group received
fermented milk with Lactobacillus reuteri DSM17938,
which both were included. The study by Makino et al.
[38] included two separate studies and both were eligible
for our meta-analysis. Moreover, some studies reported
results for different respiratory tract infections (RTIs)

separately, which all effect sizes were included. Data on
total RTIs, lower respiratory tract infections (LRTIs),
and upper respiratory tract infections (URTIs) were re-
ported in 5 studies with 6 data sets [26, 33, 36, 37, 45], 9
studies with 10 data sets [14, 29-32, 40, 42, 43, 46], and
14 studies with 17 data sets [14, 27-29, 31, 32, 34, 35,
38-41, 44, 46], respectively. Among the included studies,
there were 10 studies with 17 data sets on children [14,
26, 27, 31-33, 36, 37, 40, 43] and 6 studies with 8 data
sets for each adult [29, 34, 35, 39, 42, 44], and elderly
population [28, 30, 38, 41, 45, 46]. The probiotic genus
used in fermented dairy products was Lactobacillus in
20 studies [14, 26—38, 40-42, 44—46] and Bifidobacter-
ium in 2 studies [39, 43]. Furthermore, the fermented
dairy products used as intervention was milk in 14 stud-
ies with 21 data sets [26—28, 30—-34, 36, 37, 40, 43-45],
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Table 2 Subgroup analyses for the effect of probiotic dairy products on respiratory tract infections

Subgrouped by No. of data sets RR? (95 % Cl) P value® 12 (%)° P value?
Overall 33 0.81 (0.74 t0 0.89) “0.001 54.8 “0.001

Population type

Children 17 0.82 (0.73 t0 0.93) 0.001 474 0.01

adults 8 0.81 (066 to 1.00) 0.04 418 0.07

Elderly 8 0.78 (061 to0 0.98) 0.03 34.2 0.15

Probiotic genus

Lactobacillus 31 0.81 (0.74 t0 0.90) “0.001 556 “0.001
Bifidobacterium 2 0.90 (041 to 2.01) 0.80 64.6 0.09

Dairy type

Milk 21 0.83 (0.74t0 092) “0.001 580 “0.001

Dairy drink 7 0.80 (064 t0 1.02) 0.07 543 0.04

Yoghurt 5 0.71 (044 to0 1.13) 0.15 496 0.09
Type of infection

RTls 6 0.82 (067 t0 1.00) 0.05 711 0.004

URTIs 17 0.83 (0.73 10 0.93) 0.002 523 0.006

LRTIs 10 0.78 (060 to 1.01) 0.06 433 0.07

RTls Respiratory tract infections, URTIs Upper respiratory tract infections, LRTIs Lower respiratory tract infections, RR relative risk

“Effect size was expressed as relative risk and 95% confidence interval

PFor meta-analysis: P < 0.05 was considered to be a significant effect by using a random-effects model
“The I? statistic was calculated by using Cochran’s test, and I? statistic > 50% was considered to indicate significant heterogeneity across studies

9P value for 12

yogurt in 4 studies with 5 data sets [35, 38, 39, 41], and
a dairy drink in 4 studies with 7 data sets [14, 29, 42,
46]. Concerning study design, all studies were parallel
RCT, except for the study by Meng et al.[39], which had
a crossover design. The sample size of the included stud-
ies ranged from 52 to 1104 participants and follow-up
period was between 1 and 12 months. Based on the
Cochrane scale, all included studies received scored as
moderated to high quality. Other characteristics of the
analyzed publications are reported in Table 1.

Quantitative analysis

Overall and stratified analysis by studied population for
the effect of probiotic fermented dairy products (PFDP)
on RTIs is presented in Fig. 2. When all studies were
pooled, it was found that, compared with placebo, con-
sumption of PFDP has a significant protective effect
against RTIs in the overall analysis (RR=0.81,
95 %CI: 0.74 to 0.89) and in children (RR =0.82,
95 %CI: 0.73 to 0.93), adults (RR=0.81, 95 %CI: 0.66
to 1.00), and elderly population (RR=0.78, 95 %CI:
0.61 to 0.98), with a significant heterogeneity across
studies (I2=54.8%, P<0.001). The significant de-
creased risk of RTIs was also observed for URTIs
(RR=0.83, 95 %CIL: 0.73 to 0.93), while, this associ-
ation was marginal for LRTIs (RR =0.78, 95 %CI: 0.60

to 1.01, P=0.06). In the subgroup analysis, the signifi-
cant impact of PFDP on RTIs was modified by pro-
biotic genus and type of dairy product used for
intervention; while, PFDP consumption had a protect-
ive effect on RTIs when Lactobacillus and milk were
used as probiotic and fermented dairy product, re-
spectively, but no significant effect was found in stud-
ies which administered Bifidobacterium and dairy
drink or yogurt (Table 2).

Fermented probiotic dairy products and specific
respiratory tract infections

Meta-analysis for the effect of PFDP on specific respira-
tory tract infections showed that the consumption of
PEDP has a protective effect on pneumonia (RR = 0.76,
95 %CI: 0.61 to 0.95) and common cold (RR =0.68,
95 %CI: 0.49 to 0.96). PFDP had no significant effect on
other RTIs (Fig. 3).

Meta-regression, sensitivity analysis, and publication bias
Meta-regression analysis showed that the effect of PFDP
on RTIs was not modified by the duration of supple-
mentation and age of participants (Fig. 4). There was a
significant evidence for possible publication bias based
on funnel plots asymmetry and Egger’s linear regression
test (t=-3.02, P =0.005) (Fig. 5). In the sensitivity ana-
lysis by removing one study at a time and reanalyzing
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Fig. 3 Meta-analysis for the effect of fermented probiotic dairy products on specific respiratory tract infections

other studies, the polled effect size ranged from (RR =
0.79, 95 %CI: 0.72 to 0.88) to (RR =0.83, 95 %CI: 0.76 to
091) and no single study significantly affected the
pooled effect estimate, showing the reliability of the
findings.

Discussion

During the past years, numerous investigations have
evaluated the potential role of fermented probiotic dairy
products against RTIs. Notwithstanding, these studies
yielded inconclusive findings. Differences in the experi-
mental design, lower sample sizes, and bacterial strains
used in the preparation of the fermented products might
be the underlying cause of such conflicting results. To
resolve the problem of inconsistency by abrogating the
limiting issues present in the individual studies we

conducted the current meta-analysis which is the most
up-to-date study that contained a significantly higher
frequency of studies and individuals in the intervention/
placebo groups, and indicated beneficial effects of FPDPs
supplementation in reducing the risk of RTIs. Accord-
ingly, overall and stratified analysis highlighted decreased
risk of RTIs in overall population, all age subgroup, dairy
products fermented with Lactobacillus and those who
consume fermented probiotic milk, but not diary drink
and yogurt.

Probiotics are defined as “beneficial live microorgan-
isms which its administration in optimal amount confer
a health benefit to the user”. The boosting effects of pro-
biotics on the function of gastrointestinal and respiratory
systems have been proposed by several studies per-
formed on humans and animals [47, 48]. However, the
observed beneficial effects are bacterial strain dependent.
It is highlighted that lactobacillus casei resistant to
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gastric acid and bile. In this regard, several studies have
shown that lactobacillus-containing products reach the
lower digestive tract without losing its activity, and after
localization balance the intestinal flora by promotion of
immune cells that are produced in the lower intestinal
tract. These cells might migrate to other mucosal sites
and contribute in protection against pathogens [49-51].
So far, several mechanisms have been suggested on the
effectiveness of probiotics to promote immune system.
Firstly, Lactobacillus cause an anti-inflammatory impact
by reduction of Interleukin-12 (IL-12) and stimulation of
Interleukin-10 (IL-10) [52]. From immunological point
of view, IL-10 derived from CD4 + T-helper type 2. This

cytokine identified as potent inhibitor of monocyte/
macrophage function and suppress the production of
many pro-inflammatory cytokines [53]. Secondly, pro-
biotics present an immunostimulatory effect which re-
sulted in activation of innate and acquired immunity
cells and subsequently production of innate and ac-
quired immunity peptides. Paneth cells, neutrophils, and
epithelial cells are among activated cells which produce
antimicrobial peptides (AMPs) like lysozyme, lactoferrin,
defensins and defend the body against pathogens [54,
55]. Moreover, secretory immunoglobulin A (IgA) which
is a functional acquired immunity peptides defenses
against pathogens either by immune exclusion or
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neutralization mechanism [56]. Studies have shown
that probiotics induce AMPs, IgA, and IgG, resulting
in an augmentation of immune system against infec-
tions [57, 58]. In confirm of the aforementioned the-
oretical facts, Reale et al. showed that probiotic intake
can restore natural killer (NK) cell activity, member
of innate immunity cells, which strengthen the host’s
immune defense and induce a quick recovery by
shortening the duration of infection [59, 60]. As our
results show, consumption of FPDPs significantly de-
creased risk of RTIs in all age groups which can be a
promising finding supported by potential biological
mechanisms. Reduction of RTIs by FPDPs is highly
important is it is accompanied by a reduction in
medication use, working and school days loss, and so-
cial burden. It should be considered that the non-
significant effect of studies which administered Bifido-
bacterium and dairy drink or yogurt on RTIs is due
to small number of analyzed studies in these sub-
groups, which is important to be interpreted with a
high caution.

Our meta-analysis was not bereft of limitations
and caveats. First, we searched only English-written
papers, which may raise the possibility of omission
of potentially valuable studies and cause publication
bias. Second, we observed a significant heterogeneity
among the studies that might stem largely from, eth-
nicity of participants, year of publication, age, clin-
ical heterogeneity, unreported and unknown study
characteristics and many other factors which we are
not able to attenuate their impact on final analysis.

Therefore, for finding any sources of heterogeneity
and attenuating their effects, we conducted subgroup
analysis and weighted meta-regression. Collectively,
the results of meta-regression showed that duration
of supplementation and age of participants were not
the expected source of heterogeneity, but probiotic
genus and type of dairy product used for interven-
tion were found as sources of observed heterogen-
eity. However, to deal with statistical heterogeneity,
a random-effects model was applied for analyzes,
which typically produces more conservative estimates
of the significance of a result (a wider confidence
interval), as it gives proportionately higher weights
to smaller studies and lower weights to larger studies
than fixed effect analysis.

Conclusions

Considering all the facts, this was the first comprehen-
sive systematic review and meta-analysis of the effect of
probiotic dairy products on respiratory tract infections,
by including 22 clinical trials with 33 datasets. Our ana-
lysis indicated protection effect of FPDPs against RTIs in
all age subgroup.
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