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Abstract: Background. Upper respiratory infections (URIs) remains as significant cause of
morbidity in children. Evidence on efficacy of probiotics to prevent URIs in children is
increasing. This systematic review was assembled to analyze evidence about the efficacy of
probiotics to reduce duration of upper respiratory infections in ambulatory children. Methods.
Randomized controlled trials (RCTs) comparing probiotics vs. placebo to prevent URIs,
published between 2001 and 2016 were considered. Quality evaluation was evaluated using
CONSORT. Standard mean difference (SMD) or risk ratio (RR) was calculated. Network
Meta-Analysis (NMA), using a random effect model was assembled. Results. 31 RCTs were
evaluated and 20 studies were included with 3,635 children randomized to probiotics and
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3,433 to placebo. Lactobacillus reuteri [SMD -0.56 Close, (-0.72 to -0.41), p 0.0001] and
Lactobacillus acidophillus [SMD -0.33 Closy (-0.60 to -0.06), p 0.01] were superior to
placebo to reduce duration of URIs. L. rhamnosus GG showed tendency [SMD -0.14 Clos,
(-0.28 to 0.0), p 0.048]. On the network forest plot L. reuteri showed preventive equivalence
when was compared to L. rhamnosus GG, L. casei and BB12. Conclusions. Lactobacillus
reuteri, Lactobacillus rhamnosus GG and Bifidobacterium BBI2 are evidence-based
alternatives to be considered to prevent URIs in children.
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1. Introduction

URIs are a common problem in the first decade of life. The yearly prevalence of respiratory
tract infections in an otherwise healthy 3-year old child is about three to 10 infections. (1-4)
Although most respiratory tract infections are generally self-limiting and in more than 70%
are from viral etiology, the use of antibiotics around the world is very high. Over a time
period of 12 months, between 30% to 75% of all children and adolescents younger than 15
years of age takes antibiotics for URIs. (5) About 85-88 % of all respiratory infections in
children are URIs with pharyngitis/tonsillitis as the most frequent URIs. (6-8) This type of
infections imposes a significant economic burden on health systems and individual families
in developing countries. We recently estimated that among children aged <5 years, the
median direct cost of ARI was US$135 in private and US$54 in public institutions. (9)
Considering that in the most of cases URIs in ambulatory children are from viral etiology,
that there is no consensus to start treatment of URIs with antibiotics, taking into account all
the antibiotic associated adverse events (10), and secondary to the effects on immunity and
inflammation previously proved for some probiotics, there has been a growing interest in the
use of this alternatives for treatment and prevention of this type of infections in children and
adults. (11-22) The first randomized controlled trial (RCT) about the use of probiotics to
prevent URIs in outpatient children was published in 2001. It was conducted in 18 daycare
centers in Helsinki, Finland. 571 healthy children aged 1 to 6 years were included (n=282 in
probiotic group and 289 in control group). Lactobacillus rhamnosus GG was administrated
in milk. Children in the Lactobacillus group had fewer days of absence from day care because
of illness [4.9 (95% confidence interval 4.4 to 5.5) vs 5.8 (5.3 to 6.4) days, 16% difference,
P =0.03. There was also a relative reduction of 17% in the number of children suffering from
respiratory infections with complications and a 19% relative reduction in antibiotic
treatments for respiratory infection [unadjusted absolute % reduction - 9.6 (- 18.2 to - 1.0), P
= 0.03; adjusted odds ratio 0.72 (0.50 to 1.03), P = 0.08] in the Lactobacillus group. (11)
Twelve years later the first meta-analysis was published. Four RCTs involving 1805
participants were considered. Authors concluded that compared with placebo, probiotics
administration was associated with a reduced incidence of acute otitis media (four RCTs,
n=1805, RR 0.76, 95% CI 0.64-0.91, fixed effects model, NNT 17, 95% CI 11-46), a reduced
risk of URIs (one RCT, n=281, RR 0.62, 95% CI 0.50-0.78, NNT 4, 95% CI 3-8) and
antibiotic treatments (four RCTs, n=1805, RR 0.80, 95% CI 0.71-0.91, fixed effects model).
Unfortunately, the number of RCTs that supported the reduction of risk for URIs was only
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one, establishing the need to assembly other RCTs. (12) In 2014 and 2015 were published
others meta-analysis on the same topic, including 10 and 12 RCTs respectively. (13,14)
Unfortunately, the included studies in children and adults and with specific populations (i.e.
malnourished patients), what made recommendations difficult to extrapolate to healthy
children. In 2016, a fourth meta-analysis was published, which included only RCTs
performed in children. A total of 23 trials involving 6269 children were eligible. None of the
trials showed a high risk of bias. The quality of the evidence of outcomes was moderate. The
age range of subjects was from newborn to 18 years. The results of meta-analysis showed
that probiotic consumption significantly decreased the number of subjects having at least one
URI episode (17 RCTs, 4513 children, relative risk 0.89, 95% CI 0.82-0.96, P=0.004).
Children supplemented with probiotics had fewer numbers of days of RTIs per person
compared with children who had taken a placebo (6 RCTs, 2067 children, MD 0.16, 95% CI
0.29 to 0.02, P=0.03), and had fewer numbers of days absent from day care/school (8 RCTs,
1499 children, MD 0.94, 95% CI 1.72 to 0.15, P=0.02). However, there was no statistically
significant difference of illness episode duration between probiotic intervention group and
placebo group (9 RCTs, 2817 children, MD 0.60, 95% CI 1.49 to 0.30, P=0.19). (15)
Unfortunately, this meta-analysis included not only RCTs focused on prevention, but also
RCTs assembled for treatment of respiratory infections. Finally, a Network Meta-Analysis
(NMA) was published recently. It was focused on the effects of probiotics to prevent
respiratory infections in children and adolescents. Twenty-one trials with 6.603 participants
were included. Pairwise meta-analysis suggested that Lactobacillus casei thamnosus (LCA)
was the only effective probiotic to the rate of RTIs compared to placebo (RR0.38; CI 0.19—
0.45). NMA showed that the LCA exhibited 54.7% probability of being classified in first,
while the probability of Lactobacillus fermentum CECT5716 (LFC) being last in the ranking
was 15.3%. LCA showed no better effect compared to other probiotic strains by indirect
analysis. (16) When this paper was reviewed by our group we found some papers assembled
with different objectives (i.e. to reduce the risk of necrotizing enterocolitis and/or neonatal
sepsis in preterm (17); to reduce the cases of recurrent otitis media (18,19); to prevent
nosocomial infections (20,21) or to reduce the presence of bocaviruses in mouth (22)].
Considering limitations of previous reviews, we decide to assembly this new systematic
review with NMA limited to evaluate the strain specificity of Lactobacillus reuteri and other
probiotics to prevent and reduce the occurrence and duration of upper respiratory infections
in ambulatory children.

2. Materials and Methods

Systematic review and network meta-analysis was assembled according to PRISMA
statements (23), incorporating Network Meta-analyses of Health Care Interventions (24), and
approved by the Research Committee at Hospital General Dr. Manuel Gea Gonzalez,
Ministry of Health. Mexico. (Supplementary materials)

Search strategy

We included in this systematic review only double-blind, randomized, controlled clinical
trials (RTCs), published between January 2001 and January 2016, in English or Spanish
language. An exhaustive search was conducted in Medline, Embase, Cumulative Index to
Nursing and Allied Health (CINAHL), PsycINFO, the Cochrane Central Register of
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Controlled Trials, Lilacs, Artemisa and in the databases of the principal international
regulatory agencies in order to identify relevant studies published. PubMed searching
algorithms was ((“infant” [MeSH Terms] OR “infant” [All Fields]) OR (“preschool child”
[MeSH Terms] OR “preschool child” [All Fields]) OR (“child” [MeSH Terms] OR “child”
[All Fields])) AND ((“upper respiratory infection” [MeSH Terms] OR “upper respiratory
infection” [All Fields]) OR (“upper respiratory infections” [MeSH Terms] OR “upper
respiratory infections” [All Fields]) OR (“upper respiratory tract infection” [MeSH Terms]
OR “upper respiratory tract infection” [All Fields]) OR (“upper respiratory tract infections”
[MeSH Terms] OR “upper respiratory tract infections” [All Fields])) AND ((“probiotics”
[MeSH Terms] OR “probiotics” AND (Clinical Trial[ptyp] AND (“2001/01/01” [PDAT]:
“2016/01/31” [PDAT]) AND “humans” [MeSH Terms] AND (English[lang] OR
Spanish[lang])).

Study selection and outcome measures

RCTs that compared the use of probiotics (mono-strain or combined strains) versus placebo
or active treatment in ambulatory or attending daycare centers infant (birth to 23 months of
age), preschool child (2-5 years old) or child (6 to 12 years old) were consider to be included
in this network meta-analysis. All different probiotics used to prevent and/or reduce the
occurrence of URIs were included in 14 nodes of intervention (Figure 1). Primary outcome
analyzed was the reduction of the duration of the episodes of URIs observed during
intervention. Secondary outcomes were the reduction of a) at least one episode of URIs; b)
the number of days with URISs; c) the use of antibiotics and d) the days of scholar absentees.
Data extraction and quality analysis

Quality evaluation of studies was performed in pairs, in a blinded and independent fashion
using CONSORT statement for RCTs. (25) Any discrepancy in the evaluation of the articles
was resolved using Delphi methodology, which was coordinated by the principal
investigator. Analysis included characteristics of participants (age, country, type of URI),
types of intervention (strain of probiotic, CFU dose administrated, time of administration)
and reported outcomes (duration of the episodes, number of episodes, number of days with
URI, use of antibiotics and scholar absentees)

Risk of Bias (RoB) in the Included Studies

Trial quality and RoB in the included studies were assessed according to the criteria outlined
in the Cochrane Handbook for Systematic Reviews of Interventions (26), taking into account
evidence interpretation using the GRADE approach. This included rating the adequacy of
randomization: randomization; allocation concealment; blinding participants; blinding
outcomes; incomplete outcome data; selective reporting; vested interest bias and loss of
participant follow-up.

Data synthesis and analysis

From a statistic point of view, the information was analyzed with the strategy of multiple
treatments meta-analysis. We use placebo groups as the central axis for direct comparisons.
Indirect comparison was one probiotic against other. Dichotomous outcomes were analyzed
with the total number of randomly assigned participants as the denominator. When
reported, information on participants that abandoned the studies was included in the analysis.
For each potentially eligible study, descriptive statistics of the population characteristics and
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their results were reported, describing the type of comparison as well as the most important
clinical and methodological variables.

For each pairwise comparison (direct or indirect), the Hedges standard mean difference
(SMD) was calculated for continuous numeric variables, whereas the respective risk ratio
(RR) was calculated for dichotomous outcomes. Both were calculated with their respective
95% confidence interval (Close,). The first meta-analysis were paired comparisons of all
published studies, stratified for strain. For this analysis, we used a random effect model,
considering that different studies estimated different treatment effects. Concomitantly, we
calculated 1? for heterogeneity and its corresponding P value. Thereafter we assembled a
NMA, using a random effect model with a Bayesian approach (27,28) and summarized the
results using effect sizes and Close. We used the adjusted model as described by Salanti et
al. (29) Additionally, we calculated the probability of superiority for each “strain of
probiotic” intervention through a SUCRA analysis and presented the results in a ranked
graph. (30) To estimate the inconsistency (discordance between direct and indirect evidence
with a Closy, that did not include zero), we calculated the difference between the direct and
indirect estimates, taking as reference only the constructed indicators that had included a
placebo. (31) Finally, we adjusted the model with and without assumptions of consistency
and compared the two models in terms of fit and parsimony. (32) In the case of a significant
inconsistency we investigated the distribution of clinical and methodological variables that
might have been a potential source of heterogeneity or inconsistency in each group of specific
comparisons. All analysis and graphic depictions were performed on the version 15.1 of
STATA for Mac

3. Results

31 RCTs were analyzed (11, 33-62) (Figure 1). 20 studies were considered and 11 were
excluded (Tables 1 and 2). Quality of considered studies was moderate to good. (Table 3). A
total of 3,635 children were randomized to probiotics (L. rhamnosus GG, n=672; L.
rhamnosus no GG, n=565; L. casei, n=562; L. reuteri, n=360; B. lactis, n= 242; L. casei +
S. termophillus + L. bulgaricus, n=314; 12 strains, n=286; L. acidophilus + B. lactis, n=112;
L. acidophilus, n=110; L. rhamnosus + L. acidophillus, n=97; L. fermentum, n=91; B.
clausii, n=40; L. acidophilus + B. bifidum, n=40; and L. rhamnosus + B. lactis, n=32) and
3,433 to placebo, summarizing a total of 15 nodes of treatment. (Figure 2)

Age of children included in the studies ranged between 7 days to 12 years, with most of
children between 1y to 6y. 13 studies were conducted in Europe (including Russia), 4 in Asia,
2 in Latin-America (Chile and Mexico) and one in USA. Duration of interventions was 6 +
4 months (3 to 24 months).

Regarding duration of URI episodes, compared to placebo, the pairwise forest plot showed
superiority of Lactobacillus reuteri [SMD -0.56 Closy, (-0.72 to -0.41), p 0.0001] and
Lactobacillus acidophillus [SMD -0.33 Closy, (-0.60 to -0.06), p 0.01]; with tendency in case
of L. rhamnosus GG [SMD -0.14 Closy, (-0.28 to 0.0), p 0.048] and with no differences for
the rest of probiotics. (Figure 3) On the network forest plot (contributive plot analysis) L.


http://dx.doi.org/10.20944/preprints201810.0002.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 October 2018 d0i:10.20944/preprints201810.0002.v1

reuteri maintains superiority when was compared vs. placebo; showing preventive
equivalence when was compared to L. rhamnosus GG, L. casei and BB12 (Figure 4).

In terms of reduction of at least one episode of URIs and reduction of number of days with
URIs, comparing with placebo, we observe a significant superiority for L. rhamnosus GG
and L. reuteri, with no difference for the rest of probiotics (Figures 5 and 6).

Related to reduction for the use of antibiotics, two single strains [L. reuteri RR 0.54, Closo,
(0.32 to 0.93), p 0.02; and L. acidophillus RR 0.30, Clos (0.19 to 0.47), p 0.001], and two
products with combined strains (L. acidophilus + B. lactis and L. rhamnosus + B. lactis)
demonstrated superiority vs. placebo (Figure 7). In terms of reduction of absents L. reuteri
[SMD -2.65 Close, (-2.94 to -2.35), p 0.001], L. rhamnosus GG [SMD -0.28 Close, (-0.48 to -
0.08), p 0.007], Lactobacillus acidophilus [SMD -1.38 Close, (-1.68 to -1.08), p 0.001] and
the combination of L. acidophilus + B. lactis [SMD -1.35 Closy, (-1.65 to -1.05), p 0.001],
showed superiority vs. placebo (Figure 8)

Through funnel plots of the network meta-analysis, we identify a low risk of bias (Figure 9).
Finally, we created hierarchies of effect size on the basis of SUCRA rankings for reduction
of duration of URIs, with preventive equivalence for L. rhamnosus GG, L. reuteri and BB12
(Sucra values of 66.3, 63.0 and 62) (Figure 10).

3.1. Figures, Tables and Schemes

Fig. 1 PRISMA Flow Diagram

e
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Fig. 2 Network Meta-Analysis on the efficacy of probiotics to reduce the ocurrence of
upper respiratory infections in ambulatory children

Lactobacillus reuteri

Lactobacillus casei ,:; 7
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Fig. 3 Efficacy of probiotics to reduce duration of upper respiratory infections

Author, Year, Type of Probiotic SMD (95% Cl) Weight

Lactobacillus rhamnosus GG !

Hojsak, 2010 — -0.40 (-0.64,-0.16)  7.33

Kumou. 2012 f——— 0.00(-0.18,0.18) 1334

Z1.98, p 0.048. 12 85.9%, p = 0.008 -0.14(-0.28,-0.00)  20.67
1

Bifidobacterium lactis 1

Weizman-A, 2005 —_—— 002(-0.30,035)  3.89

Hojsak, 2016 -t 000 (-0.27,027) 559

20.9, p 0.92.120.0%, p = 0.912 T 001(-0.20,022)  9.48
'

Lactobacillus reuteri !

Weizman-B, 2005 —f—— -0.17 (-0.51,0.17) 3.61

Agustina-B, 2012 —— 003(-0.22,028)  6.65

Gutierrez-Castrellon, 2014 —_— Il -1.29 (-1.58,-1.06)  7.39

27.26, p 0.0001. 12 96.9%, p = 0.000 L Il -0.56 (-0.72,-0.41)  17.65
1

Lactobacillus casei !

Agustina-A, 2012 —— -0.04(-0.29,021) 654

Prodeus, 2016 : - 0.03 (-0.13, 0.19) 15.95

20.15,p 0.88. 120.0%, p = 0.615 < 001(-0.12,015) 2249
1

Bacillus clausii 1

Marseglia, 2007 —_—— 1 -1.03(-1.50,-0.57)  1.87

24.3,p0.0001. 12 NE ———— 1 -1.03 (-150,-0.57)  1.87
1

L. thamnosus GG + L. acidophillus + BB12 !

Kloster Smerud, 2008 :—+— 0.11(-0.17,038) 529

20.74,p 0.45. 12 NE R 0.11(-0.17,038)  5.29
1

Lactobacillus acidophillus 1

Leyer-A, 2009 —r— -0.33 (-0.60, -0.06)  5.62

22.38,p0.01. 12NE _ -0.33 (-0.60,-0.06)  5.62
|

Lactobacillus acidophillus + B. lactis :

Leyer-B, 2009 —_— ' -0.54 (-0.81,-0.27) 554

23.9,p 0.0001. 12 NE - f -0.54 (-0.81,-0.27)  5.54
'

Lactobacillus rhamnosus* |

Caceres, 2010 | —— 007 (-0.14,028)  9.28

20.64,p0.52. 12NE < 0.07 (-0.14,0.28)  9.28
1

L. acidophillus + B. bifidum A

Rerksuppaphol, 2012 —_—— 027 (-0.71,017) 2.1

21.2,p0.23. I2NE <j==- -0.27 (-0.71,017) 211
1

Heterogeneity between groups: p = 0.000 |

Overall z5.73, p 0.0001. I2 89.8%, p = 0.000 Lol -0.19 (-0.25,-0.12)  100.00
1
L

T T

-1.53 0 1.53
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Fig. 4 Network forrest plot about the efficacy of probiotics to reduce duration of upper respiratory infections

Treatment Effect Mean with 95%Cl and 95%Pr|
L. rhamnosus GG vs. Placebo — 0.83 (0.44,1.57) (0.23,2.99)
Bifidobacterium BB12 vs Placebo — 1.01 (0.47,2.21) (0.24,4.23)
Lactobacillus reuteri vs. placebo ————— 0.60 (0.35,1.06) (0.18,2.02)
Lactobacillus casei vs. Placebo — 1.00 (0.53,1.88) (0.28,3.58)
BB12 vs L. rhamnosus GG * 1.22 (0.45,3.34) (0.23,6.61)
L. reuteri vs. L rhamnosus GG — 0.73 (0.31,1.70) (0.16,3.28)
L. casei vs. L. rhamnosus GG —+—r¢———— 1.20(0.49,2.95) (0.25,5.74)
L. reuteri vs. Bifi BB12 * 0.60 (0.23,1.56) (0.12,3.06)
L. casei vs. Bifidobacterium BB12 0.99 (0.36,2.69) (0.18,5.33)
L. casei vs. L. reuteri ————&—————— 165(0.71,3.85) (0.37,7.44)

T T T T

1 25

7.4

Fig. 5 Efficacy of probiotics to reduce at least one episode of upperrespiratory infections

Author, Year, Type of Probiotic RR(95%Cl)  Weight
L. thamnosus GG |
Hatakka, 2001 — 0.79 (0.64, 0.97) 11.60
Hojsak, 2010 — 0.64 (0.51,0.80) 8.96
Kumpu, 2012 1 - 0.97 (0.93,1.02) 22.69
2 4.26, p 0.0001. 12 94.6%, p = 0.0001 < 085 (0.80, 0.92) 43.25
. ]
L. rhamnosus* |
Taipale, 2011 —_— 0.69 (0.53, 0.89) 3.07
Hojsak, 2016 - 0.99 (0.78, 1.25) 5.70
Taipale, 2016 —— 0.87 (0.75, 1.01) 3.06
21.82,p0.07.1254.3%, p=0.112 < 0.88(0.76, 1.01) 11.83
. I
L. reuteri DSM17938 X
Gutierrez-Castrellon, 2014 —_— 0.60 (0.51,0.70) 13.77
2 6.45, p 0.0001. 12 NE > } 0.60 (0.51,0.70) 13.77
. |
Lactobacillus casei '
Cobo Sanz, 2006 T 0.90 (0.80, 1.02) 9.71
Prodeus, 2016 i 0.85 (0.64, 1.14) 7.27
21.74,p 0.08. 12 0.0%, p = 0.673 < 0.88 (0.7, 1.02) 16.99
- I
L. thamnosus GG + L. acidophillus |
Kloster Smerud, 2008 I - 1.02 (0.95,1.09) 8.73
20.51,p 0.61. 12NE D 1.02 (0.95, 1.09) 8.73
. |
L. rhamnosus + B. lactis |
Rautava, 2009 — 0.51(0.27,0.95) 1.84
22.1,p 0.03. 12 NE —_  —— 051(0.27,095) 1.84
. |
L. acidophillus + B. bifidum |
Rerksuppaphol, 2012 — 0.82 (0.68, 0.98) 3.58
22.2,p0.028. 12NE = 082 (0.68, 0.98) 3.58
- I
Overall z7.3, p 0.0001. 12 89.6%, p = 0.000 Q 0.83 (0.79, 0.87) 100.00

I

T ‘ T

275

3.64
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Fig. 6 Efficacy of probiotics to reduce number of days with upper respiratory infections

Author, Year, Type of Probiotics SMD (95% Cl) Weight (%)

Lactobacillus rhamnosus GG
Hatakka, 2001

Kumpu, 2012

2 1.99, p 0.046. 12 0.0%, p = 0.643

-0.10 (-0.26,0.07)  25.51
-0.15(-0.33,0.02) 22.34
-0.12 (-0.24,-0.00) 47.85

4.

o

Bifidobacterium lactis

L. rhamnosus GG + L. acidophillus + BB12
Kloster Smerud, 2008
21.07,p0.28. 2NE

Weizman-A, 2005 - 0.19 (-0.13, 0.52) 6.50
21.17,p 0.24. 12 NE < 0.19 (-0.13,0.52)  6.50
Lactobacillus reuteri
Weizman-B, 2005 — -0.80 (-1.15,-0.45) 5.63
Agustina-B, 2012 e -0.09 (-0.34,0.16)  11.17
Gutierrez-Castrellon, 2014 —&— : -2.31 (-2.59,-2.03) 8.99
z12.2, p 0.0001. 12 98.6%, p = 0.000 < ! -1.02(-1.18,-0.86) 25.79
'
Lactobacillus casei E
Agustina-A, 2012 : —— 0.02 (-0.23, 0.27) 11.00
20.13,p0.9. I2NE ' <> 0.02(-0.23,0.27)  11.00
1
1
1
1

o -0.15 (-0.43,0.13)  8.87
-0.15 (-0.43,0.13)  8.87

Heterogeneity between groups: p = 0.000

Overall z7.57, p 0.0001. 12 97.1%, p = 0.0001 -0.32 (-0.40, -0.24)  100.00

-"O""(v\;i

T
-2.59 2.59

o

Fig. 7 Efficacy of probiotics to reduce the use of antibiotics for upper respiratory infections
Author, Year, Type of Probiotic RR (95% Cl) Weight (%)

L. rhamnosus GG
Hatakka, 2001

l |

0.86 (0.72,1.01)  9.72

Hojsak, 2010 T—— 1.45(0.90,2.33) 7.73

Kumpu, 2012 + 1.00 (0.06, 15.76)  0.89

20.2,p 0.84. 12 53.9%, p = 0.114 4|<> 1.04(0.67,1.62)  18.34

Bifidobacterium lactis :

Weizman-A, 2005 _—— 1.12(0.56,2.25)  6.07

Taipale, 2011 —— 1.29(0.58,2.87)  5.39

Hojsak, 2016 ——— 1.09 (0.71,1.67)  8.08

20.71, p 0.47. 12 0.0%, p = 0.94 ! = 113(0.81,157) 19.54

i.actobacillus reuteri :

Weizman-B, 2005 —_—— 0.32(0.11, 0.95) 3.86

Gutierrez-Castrellon, 2014 — 0.62(0.40,0.98)  7.91

22.2,p 0.02. 12 19.0%, p = 0.267 <=|> 0.54(0.32,093) 11.76

Lactobacillus acidophillus :

Leyer-A, 2009 —_—— 1 0.30(0.19,047) 7.86

25.2,p 0.0001. 12 NE - 0.30(0.19,047)  7.86

. 1

L. acidophillus + B. lactis !

Leyer-B, 2009 —_— ! 0.15(0.08,0.28)  6.41

25.8,p 0.0001. 12 NE _— : 0.15(0.08,0.28)  6.41

i.. rhamnosus + B. lactis :

Rautava, 2009 —_—— 0.52(0.29,0.92) 6.98

22.2,p0.02. 12NE _ 052(0.29,092)  6.98
]

L. rhamnosus* !

Caceres, 2010 —_ 0.82(0.57,1.18) 855

z1.09, p 0.27. 12 NE > 0.82(0.57,1.18)  8.55

. 1
L. casei + S. termophillus + L. bulgaricus [’
Merestein, 2010 —_—— 0.87 (0.63,1.19)  8.91

20.89, p 0.37. 12 NE <T 0.87(0.63,1.19) 891

i.. fermentum
Maldonado, 2012 1.17(0.92,1.49) 9.34

T
'
'
|

21.2,p0.21. I2NE <2 147 (0.92,149)  9.34
I
1
Ll

L. acidophillus + B. bifidum

Rerksuppaphol, 2012 - 0.40(0.08,1.94) 230
z1.1,p0.25. 12NE —<:===— 0.40 (0.08,1.94)  2.30

. 1

Overall 2.4, p 0.01. 12 81.0%, p = 0.0001 < 0.71(0.54,0.93)  100.00
I
L

NOTE: Weights are from random effects analysis
T

.0635 1 15.8
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Fig. 8 Efficacy of probiotics to reduce abseentism secondary to upper respiratory infections

Authar, Year. Problotic SMDEES T Weight (5
Lactobacilus casel :
Prodeus, 2016 (L. casel 11518} i —— 0 (015, 017 187
20.10, p 0.92. 2 NE ! <> L (015, 01T 1137
I
Lactobacilus rewter !
'
Gutiemez-Castrellon, 2014 (L. reutesi DSMITI36 1x10°8) -—— h 25 (204, 2351110
Z17.7.p 0.001. 12 NE | 205 (284, 2351 10
'
1
Lactobacills rhamnosus |
Cacares, 2010 (Lactobaeilius hamnosus HNDD 1x10™10) : - D2 005, 035 1128
2109, p 027 12 NE | <
1
'
Lactobacills rhamnosws GG |
Hatakka, 2001 (L rhamnosus GG [ATCC 53103) 5-10 % 10%5) ! —— 019 (4136, -0.03)11.36
'
Hojsak, 2010 (L rhamnosus GG 16109} |—— 04D (D64, 0161123
227, p 0.007. 12 50.4%, p = 0156 ! <> 028 (448, 00EE 50
|
Bacilus lactis 1
Hojsak, 2016 (8. lacts 1x103) | ———
2013, p 0.89. 12 NE | — 003 (9.3, 056 1034
1
'
Combinaticns '
Klaster Smerud. 2008 (L GG 1108 + L. LAS 1x10°8 + BB12 1x10°7) : — 020 (048, 0.08) 1114
21.4,p 01612 NE 1 020 {048 008 1114
I
|
Lactobacills scidophillus |
Leyer-A, 2009 (L. acidophillus 5x10%8 1x1010) —_—— ! 138 (1,68 1.08)11.09
2 9.06. p 0.001. 12 NE - ! 43844 B8 4 0811 09
'
Combinaticns :
Leyer-8, 2009 (L. acidoghillus 5x10°8 + B. lactis 1x10*10) —_—— 1 <136 {-1.85, 1.05)11.08
28.0,p0.00. I2ZNE - 135 (185 -1 05108
|
2244, p 0.01. 12 97.8%, p = 0.0001 -$-— DT 121, 010000
'
T —— !
T T
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Fig. 9 Funnel plot about the efficacy of probiotics to reduce duration of upper respiratory infections
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Fig. 10 Best Treatment Analysis for Probiotics to reduce duration of upper respiratory infections
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* Sucra analysis include only probiotic with at least 2 studies on the topic
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Table 1. Included studies
Author Year Country  Ages at Type of Probiotics Duration of
inclusion intervention
(months)
Hatakka, 2001 Finland 1 to by L rhamnosus GG (ATCC 53103) 5-10 x 7
20011 10°
Weizman-A, 2005 Israel 4-10m BB12 1x107 3
20053
Weizman-B, 2005 Israel 4-10m L. reuteri ATCC55730 1x10% 3
20053
Cobo Sanz, 2006 Spain 3to 12y L. casei DN11401 5
20063
Marseglia, 2007 Italy 3-6y B. clausii 2bill spores/5ml 3
2007%
Kloster 2008 Norway 1to3y L rhamnosus GG 1x10° + L. acidophillus 7
Smerud, 20083¢ LAS5 1x10° + BB12 1x107
Leyer-A, 2009%” 2009  China 3 to 5y L. acidophillus 5x10° 1x10%° 6
Leyer-B,2009% 2009  China 3 to 5y L. acidophillus 5x10° + B. lactis 1x10%° 6
Rautava, 2009 Finland 0-2m L. rhamnosus + B. lactis 1x10° 12

2009%®
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Song Lin-A, 2009 Taiwan 1to7y L. casei rhamnosus 7
2009%
Song Lin-B, 2009 Taiwan 1to7y L. rhamnosus T-celll 7
2009%*
Song Lin-C, 2009 Taiwan 1to7y 12 strains* 7
2009%
Caceres, 2010*° 2010  Chile 1 to 5y Lactobacillus  rhamnosus ~ HN0O1 3
1x10%
Hojsak, 2010** 2010  Croatia 1to 7y L. rhamnosus GG 1x10° 3
Merestein, 2010 USA 3 to 6y L. casei DN114 1x10® + S. 3
2010% thermophillus 1x10” + L. bulgaricus
1x107
Taipale, 2011% 2011 Finland 1-2m BB12 1x10'? 7
Agustina-A, 2012 Indonesia 1 to 6y L. casei CRL431 6
2012%
Agustina-B, 2012 Indonesia 1 to 6y L. reuteri DSM17938 1x108 6
20124
Kumpu, 2012% 2012  Finland 2 to 6y L rhamnosus GG 2x10°8 7
Maldonado, 2012 Spain 6m L. fermentum 1x10% 6
20124
Rerksuppaphol, 2012 Thailand 8-13y L. acidophillus + B. bifidum 1x10° 3
20124
Gutierrez- 2014 Mexico 6mto3y L. reuteriDSM17938 1x108 3
Castrellon,
2014%
Hojsak, 2016* 2016  Croatia 1to 8y B. lactis 1x10° 3
Prodeus, 2016 Russia 3-6y L. casei 1-1518 4
2016
Taipale, 2016 2016 Finalnd Im BB12 1x10* 24
Author Year Type of probiotics Reasons to exclude
Roos K, 2001°2 2001 alfa streptococci Use alfa streptococci
Tano K, 200253 2002 alfa hemolytic streptococci Use of alfa hemolytic streptococci
Hatakka, 2007 Lactobacillus  rhamnosus GG  + Treatment of acute otitis media.
2007°>* Lactobacilus rhamnosus LC Not preventive
Honeycutt 2007 L. rhamnosus GG Evaluate nosocomial infections in
TCB, 2007% pediatric intensive care patients
Cazzola M, 2010 L helveticus R0052, B infantis and B. Intervention with pre and
2010°° bifidum combination of probiotics
Hojsak, 2010°7 2010 Lactobacillus Prevent Nosocomial. Not

rhamnosus GG ambulatory
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Lethoranta, 2012 Lactobacillus Evaluate only Human bocavirus in
201258 rhamnosus GG + L. nasophrainx

rhamnosus

LC705p b-99pP.
Di Pierro, 2012 Streptococcus salivarius K12 Use of Streptococcus salivarius
2012%° K12
Cohen R, 2013 Streptococcus Intervention with pre and a
2013 thermophilus + Streptococcus salivarius combination of probiotics

DSM 13084 + L
rhamnosus LPR CGMCC

Tappiovara, 2014 L. rhamnosus GG Evaluate presence of L.
20145 rhamnosus GG in middle ear
Hojsak, 201562 2015 Bifidobcaterium animalis Prevent Infections in hospitalized

children. Not ambulatory

Table 3. Cuality Analkvsis of Induwded stndies
Blinding of Incompleie
ambiome ontcome dats

Aniher

i

and perzonnsl

Hatzkka, 20081

Weizman-&,
2005
Weizman-B,
20054

Cobo Sanz, J06H

Marzeglia, 20075

Eloster Smerud,
200E™
Leyer-A, 200577

Leyer-B. 20097

Rautava, 2008

Tong Lin-A,
2009m
Song Lin-B, 2009

Song Lin-C, 20095

Cacmres, 2010

Hojzak, 2010
Merestein, 20105

Taipabe, 201112

Bgustinz-A,
2012
Agustina B,

pa i P
Kumpu, 20124

Mzidonzdao,
2012%
Rerksuppaphol,
20127
Gutierrez-
Castrellon, 204
Hojzak, 20164

Prodeuws, 2016%

Taipaie, 20167
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4. Discussion

URIs are one of the most common reasons for children in the USA to seek medical care (63),
resulting in billions of dollars in health care expenditures; 30 % of URIs are complicated by
acute otitis media and 8 % by rhinosinusitis. Considering that in the most of cases the etiology
is viral, there had been a lot of debate regarding the early use of antibiotics. Unnecessary use
of antibiotics to treat such conditions poses significant financial burden and can result in
untoward side effects as well as risk of antimicrobial resistance. On the other hand,
inadequate antibiotic treatment in certain cases may increase the risk of suppurative
complications and/or invasive infection in this population. (64) Recently a prospective
observational study was conducted in order to compare the treatment outcomes between those
with and without antibiotic treatment for the uncomplicated URIs and acute diarrhea in
young children. 200 previously healthy children presenting with acute uncomplicated URI
(aged 2 to 5 years) and 199 children with acute diarrhea (aged 6 months to 5 years) were
included. The decision for antibiotic prescription was based entirely on attending physicians'
discretion. Antibiotic prescription rates for URI and diarrhea groups were 30.2% and 13.6%,
respectively. Univariate analyses indicated that odds ratios (OR) for treatment failure
comparing those with and without antibiotics were 0.5 (Close, 0.2 to 1.7) and 1.5 (CI95% 0.6
to 3.7) for URI and diarrhea, respectively. Logistic regression analyses indicated that
antibiotic treatment was not significantly associated with better treatment outcomes neither
URI nor diarrhea cases. Adjusted OR for antibiotic for requirement of additional treatment
were 1.06 (Closy, 0.14 to 8.15) for URI cases. (65) On the other hand, some papers recently
published had pointed out the importance of changes in the nasopharyngeal microbiome as
significantly associated with the development of URIs. In 2016, the nasopharyngeal
microbiome was analyzed in a cohort of 47 healthy children from USA, aged 49 to 84 months
trying to establish a relationship between specific profiles and the developing of URIs. All
NP samples were profiled for bacterial microbiota using a phylogenetic microarray, and these
data were related to demographic characteristics and upper respiratory health outcomes.
Authors found that time to develop URI was positively correlated with NP diversity, and
children who experienced more frequent URIs exhibited significantly diminished NP
microbiota diversity, p <0.05. (66) Very recently 971 specimens collected monthly and
during URI and AOM episodes from 139 infants were analyzed. 16S rRNA V4 gene regions
were sequenced to determine the interactions between nasopharyngeal microbial pathogens
and commensals during viral upper respiratory tract infection (URI) and acute otitis media
(AOM). URI frequencies were positively associated with increasing trend in otopathogen
colonization. AOM frequencies were associated with decreasing trend in Micrococcus
colonization. During URI and AOM, there were increases in abundance of otopathogen
genera and decreases in Pseudomonas, Myroides, Yersinia, and Sphingomonas. Otopathogen
abundance was increased during symptomatic viral infection, but not during asymptomatic
infection. The risk for AOM complicating URI was reduced by increased abundance of
Staphylococcus and Sphingobium. (67) In concordance with this rationale, the results of our
systematic review with NMA confirms what other publication had concluded about the safety
and efficacy of different probiotics as therapeutic and/or preventive options for URIs in
children, adults and elderly population. (11, 33-62) Different to previous papers (13-15) our
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systematic review with NMA establish a strain-specificity analysis to clearly demonstrate the
concept that in this moment is prevalent around the world in terms of strain-specificity, dose-
specificity and frequency-specificity for a specific type of health/disease condition, showing
the superiority of some strains of probiotics (L. reuteri, L. rhamnosus GG and
Bifidobacterium BB12), for reduce the burden of the URIs in children. One of the results
identified in our study, that is very important to emphasize, is the observed reduction for the
use of antibiotics. Since the emergence of antibiotic resistance and the increasing frequency
of antibiotic associated adverse, indiscriminate use of antibiotics has emerged as a relevant
problem around the world. The prevalence of gastrointestinal, hepatic, renal and even
hematological events observed during and after the use of antibiotics represents a health
problem associated with very high costs (10), therefore identifying prevention alternatives
that help to reduce the use of antibiotics represents a relevant public health strategy. In terms
of mode of action and trying to establish a rationale about observed clinical effects, in contrast
to how microbiota protects against intestinal infection, where a diversity of mechanisms have
been clearly described for how the microbiota inhibits the establishment of colonization by
enteric pathogens and fortifies innate and adaptive defenses against those that are able to
invade this site (68,69), the mechanistic basis for how the microbiota protects against
infection outside the intestine had been limited explained. Microbiota and different probiotics
has been shown to protect against systemic and respiratory infection by Escherichia coli
(70,71), influenza virus (72) Klebsiella pneumoniae (73,74) Listeria monocytogenes (75),
Staphylococcus aureus (76), and Streptococcus pneumoniae (77-79). Very recent research
had demonstrated that microbiota and probiotics protects against infection by a) diverse
respiratory pathogens; b) enhances respiratory immunity via granulocyte—macrophage
colony-stimulating factor (GM-CSF) signaling; ¢) IL-17A modulated for probiotics primes
GM-CSF during infection downstream of the microbiota; d) regulates alveolar macrophage
function via GM-CSF; ¢) GM-CSF stimulates extracellular signal regulated kinase (ERK) to
promote bacterial killing by alveolar macrophages; f) modulate pattern recognition receptor
(PPR) ligands; and g) stimulate Nod2 to regulate respiratory immunity. Activation of
NOD?2 seems to represent one of the most powerful mechanisms to protect against respiratory
infections. In this sense, research has identified potent activators of NOD2 (activation of 36
+ 1.9), among which are L. reuteri, L. crispatus and Clostridium orbiscindens and weak
activators (activation of 2.6 = 0.76) such as Lactobacillus johnsonii and Lactobacillus.
Rhamnosus. (80)

5. Conclusions

Probiotics are safe alternatives to reduce the frequency and duration of URIs in children.
They additionally help to reduce the use of antibiotics and the days for absentees.

In terms of strain-specificity there are preventive equivalence for L. reuteri, L. rhamnosus
and Bifidobacterium BB2 for reduce the aforementioned outcomes.

Considering the economic impact and burden disease of antibiotic associated side effects, the
associated reduction of antibiotics with the preventive use of probiotics for URI in children
must be considered as public health strategy.
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