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A B S T R A C T

Objectives: Assess the efficacy and safety of Broncho-Vaxom in pediatric recurrent respiratory tract infections
(RRTIs).
Methods: Published randomized controlled trials (RCTs) of Broncho-Vaxom for pediatric RRTI were searched
using PubMed, Embase, Cochrane Library, CBM, CNKI, WanFang Data, and VIP databases up to January 2017.
Risk of bias was evaluated in accordance to the guidelines of the Cochrane collaboration and the level of evi-
dence was graded according to the GRADE.
Results: 53 RCTs involving 4851 pediatric patients were included in this meta-analysis. It showed that Broncho-
Vaxom was positively correlated with a reduction in the frequency of respiratory infection [MD =−2.33, 95%
CI (−2.75, −1.90), P < 0.00001] compared to the control group. The Broncho-Vaxom group was more ef-
fective than control groups in relation to the duration of antibiotics course, infections, fever, cough, and
wheezing, increasing serum immunoglobulin levels (IgG, IgA or IgM), and T-lymphocytes subtype (CD3+,
CD4+, or CD8+). However, Broncho-Vaxom had higher adverse event rates [RR = 1.39, 95% CI (1.02, 1.88),
P = 0.04]; these were not serious and did not influence the treatment course.
Conclusion: Broncho-Vaxom shows a good efficacy for pediatric RRTIs on the basis of routine therapy (e.g. anti-
infection and antiviral therapy). However, the level of evidence was low and more international multicenter
clinical trials are needed to explore the efficacy and safety of Broncho-Vaxom.

1. Introduction

Recurrent respiratory tract infections (RRTIs) are one of the
common diseases that are seen in children. It is defined as any upper or
lower respiratory tract infections (RTIs) that occurs frequently per year,
however, the concept of recurrence remains unclear since there is no
generally agreed definition globally. China defines RRTIs through not
only considering numbers but also ages (≥7 upper RTIs per year, ≥3
tracheobronchitis per year or ≥2 pneumonias per year if age is
0–2 years, ≥6 upper RTIs per year, ≥2 tracheobronchitis per year or
≥2 pneumonias per year if age is 2–5 years, ≥5 upper RTIs per year,
and≥2 tracheobronchitis per year or≥2 pneumonias per year if age is
5–14 years) [1]. According to the guidelines of the Dutch College of
General Practitioners referral for recurrent RTI is indicated if acute
otitis media occurs> 4 times per year, sore throat occurs> 5 times per
year, or if otitis media with effusion persists for> 6 months [2]. The

duration of RRTIs is longer and it may affect children's growth as well
as increase the chances of them suffering from other respiratory dis-
eases as they enter adulthood.

The pathogenesis of RRTIs is complicated by the variety of anti-
microbial causes as well as immunological and respiratory diseases [3].
There are no specific guidelines for the treatment of RRTIs at the mo-
ment. However, from an epidemiologic point of view, it has been shown
that the prevalence of IgA and/or IgG subclass deficiency was 25% in
patients with recurrent upper respiratory tract infections, 22% in pa-
tients with recurrent pulmonary infections, and 12.3% in patients with
recurrent bronchiolitis [4]. IgG subclass deficiency is quite prominent
in young children but rare in older children, suggesting a transient
immaturity of the immune system as one of the possible pathogenic
factors. Defects in the immune system such as common variable im-
munodeficiency and selective IgA deficiency are known to be linked
with frequent respiratory infections by bacteria and viruses [5].

https://doi.org/10.1016/j.intimp.2017.10.032
Received 16 June 2017; Received in revised form 10 October 2017; Accepted 30 October 2017

⁎ Corresponding author at: No.56 Nanlishi Road, Xicheng District, 100045 Beijing, China.
E-mail address: kunlingshen1717@163.com (K. Shen).

International Immunopharmacology 54 (2018) 198–209

1567-5769/ © 2017 Elsevier B.V. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/15675769
https://www.elsevier.com/locate/intimp
https://doi.org/10.1016/j.intimp.2017.10.032
https://doi.org/10.1016/j.intimp.2017.10.032
mailto:kunlingshen1717@163.com
http://dx.doi.org/10.1016/j.intimp.2017.10.032
http://crossmark.crossref.org/dialog/?doi=10.1016/j.intimp.2017.10.032&domain=pdf


Table 1
Clinical data of included studies.

Studies Sample (T/C) Interventions Endpoints Age (years)a Follow-up time (months)

T C

Maestroni [62] 11/9 1 course Placebo ①② 1–16 6
Ahrens [61] 83/72 1 course Placebo ①③ 2–16 6
Schaad [60] 45/49 1 course Placebo ①③ 0.67–12 6
Zagar [59] 29/22 1 course Placebo ①③ 4–12 6
Paupe [58] 61/55 1 course Placebo ③ T6.6 ± 5.3

C7.6 ± 5.3
6

Gomez-Barreto [57] 26/30 1 course Placebo ①③ T4.7 ± 1.7
C4.0 ± 1.8

6

Jara-Perez [56] 99/100 1 course Placebo ①③ 6–13 6
Tingxi Zhang [55] 15/15 1 course Routine therapies ①②③⑤⑥ T4.1 ± 1.6

C13.8 ± 1.6
5

Gutierrez-Tarango [54] 26/28 2 courses Placebo ①③ 1–12 12
Schaad [53] 120/100 1 course Placebo ① 3–8 6
Del-Rio-Navarro [52] 20/20 1 course Placebo ①③ T4.0 ± 0.9

C4.1 ± 0.9
6

Jie Gao [51] 19/19 1 course Routine therapies ② T3–10
C3–10

3

Lihua Huang [48] 38/34 1 course Routine therapies ②⑥ T3–10
C3–10

6

Junhui Yuan [49] 15/15 1 course Routine therapies ①②③⑥⑦⑧⑨⑩ T4.0 ± 1.2
C7.1 ± 1.5

6

Huiyu Zhang [50] 36/37 1 course Routine therapies ①②③⑥⑧⑨⑩ 0.5–2.9 6
Jinsong Li [45] 39/38 1 course Routine therapies ①②⑤⑧ 0–8 6
Yu Tan [46] 45/44 1 course Routine therapies ①③⑥⑧⑨⑩ 1–10 6
Yongli Wu [47] 45/45 1 course Routine therapies ①③⑤⑥ T6.5 ± 1.3

C6.2 ± 1.4
12

Ying Liao [41] 50/49 1 course Routine therapies ①②③⑤⑥ T1–5
C1–6

12

Haiying Mo [42] 52/52 1 course Routine therapies ①②③⑤⑦⑧⑨ T4.5 ± 1.5
C5.0 ± 1.5

6

Aiqi Zhang [43] 30/30 1 course Routine therapies ①② Not reported 3
Xin Zhao [44] 100/100 1 course Routine therapies ② T4.5 ± 1.1

C4.3 ± 1.2
6

Razi [40] 40/35 1 course Placebo ①③ 1–6 12
Hua Fu [36] 50/49 1 course Routine therapies ①③⑤⑦⑧⑨ T2.3 ± 0.5

C1.9 ± 0.7
3

Yuan Gao [37] 76/83 1 course Routine therapies ①③⑤⑦⑧ 2–5 12
Min Song [38] 32/32 1 course Routine therapies ② T4.6 ± 1.9

C4.4 ± 2.0
6

Guoying Ye [39] 50/45 1 course Routine therapies ③ T4.3 ± 0.7
C4.9 ± 0.9

6

Mingxia Chao [32] 31/30 1 course Routine therapies ①②③ 1–7 12
Beiling Hu [33] 47/46 1 course Routine therapies ①③⑤⑦⑧ 5–12 3
Aiping Liang [34] 36/37 1 course Routine therapies ①④⑤ 1–5 12
Yujing Zhang [35] 46/20 1 course Routine therapies ①②③⑨ 0.75–5 12
Xiongxiong Huang [25] 65/65 1 course Routine therapies ①②③④⑤ 0.58–3 6
Huiqun Ji [26] 35/31 1 course Routine therapies ① T3.7 ± 1.5

C3.3 ± 1.7
6

Juhong Li [27] 30/30 1 course Routine therapies ②③ 1.5–3 3
Zhihong Lou [28] 33/33 2 courses Routine therapies ①④ T3.7 ± 1.9

C3.6 ± 2.0
12

Yuping Zhao [30] 50/50 1 course Routine therapies ①②④⑤ 1–7 12
Diqian Zhuang [31] 60/60 1 course Routine therapies ②③ 5.6 ± 2.8 6
Manfeng Zuo [29] 35/33 1 course Routine therapies ①②③⑤⑦⑧ 1–6 6
Guolin Chen [24] 75/75 1 course Routine therapies ①②⑤⑦⑧⑨ T4.3 ± 1.8

C4.5 ± 1.5
6

Guie Li [22] 66/66 2 courses Routine therapies ①②⑤⑦⑧ 4.2 ± 1.6 6
Lancui Lu [23] 55/54 1 course Routine therapies ①②④⑤ T1–10

C2–9
6

Jiayi Liao [19] 31/31 2 courses Placebo ①②③ 1–12 12
Ya Shen [20] 48/48 1 course Routine therapies ①②⑤⑦⑧⑨ T3.5 ± 1.6

C3.8 ± 1.8
12

Ling Su [21] 84/84 1 course Routine therapies ①②④⑤⑥ 0–14 12
Shenfeng Gu [14] 40/40 1 course Placebo ①③⑤⑦⑧ 1–12 12
Fei Liu [15] 73/67 1 course Routine therapies ①②⑦ T5.91 ± 0.38

C5.84 ± 0.34
6

Wei Zhang [16] 17/16 1 course Routine therapies ① 1–12 12
Hongwen Zhu [17] 30/30 1 course Routine therapies ①②③④⑤ T1–5

C1–6
6

Shaoxiong Zhuang [18] 30/30 1 course Placebo ①②④⑤⑥⑦ 0.5–4 6
Shiyan Luo [11] 45/45 1 course Routine therapies ①②③④⑤ T1–14

C1–15
6

(continued on next page)
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Broncho-Vaxom is an orally administered immunomodulator con-
taining the lyophilized bacterial lysate of eight pathogenic bacteria of
the respiratory tract. Broncho-Vaxom stimulates immune defenses and
the production of salivary and bronchoalveolar IgA as well as serum IgA
and IgG [6]; it has been administered since the 1980s to adults and
children in order to prevent recurrences of respiratory tract infections.

In addition to increasing IgA and IgG, Broncho-Vaxom has shown
other immunomodulating effects, such as inducing the terminal ma-
turation of human dendritic cells with an enhanced T cell-stimulatory
capacity [7], up-regulating the Th1-specific cytokine IFN-γ, and the
down-regulating the Th2-specific cytokine IL-4 [8]. All these effects
could activate different systems in the chain of immunologic defense
reactions.

Since the results of studies on Broncho-Vaxom are not consistent
and the sample sizes of most studies are small, this paper explored
randomized controlled trials (RCT) of Broncho-Vaxom used in pediatric
RRTIs to evaluate the efficacy and safety of this procedure and to
provide evidence for clinical use of Broncho-Vaxom in pediatric RRTIs.

2. Methods

2.1. Data sources

We performed a systematic review of published articles about
Broncho-Vaxom for RRTIs in children. The data sources for the iden-
tification of randomized controlled trials included electronic databases
such as: PubMed, Embase, Cochrane Library, CBM, CNKI, and WanFang
Data and VIP databases while reference lists from included articles were
hand-searched. The search was performed using the key terms:
“Broncho-Vaxom”, “Broncho-Munal”, “Ommunal”, “OM-85”, “OM-85
BV”, “Lyophilised bacterial lysates”, and “Respiratory Tract infection”
(up to January 2017) without language restriction.

2.2. Study selection

In order to be included in this review, studies had to meet all of the
following criteria: 1) study design: RCTs without language restriction;
2) participants: children with diagnosis of RRTIs; 3) interventions and
comparisons: the efficacy and safety of routine treatment for RTIs
(routine treatment is defined as treatment for disease symptoms such as
anti-infection and antiviral therapy) with or without placebo were
compared with the routine treatment involving Broncho-Vaxom; 4)
patients were treated by at least one course of Broncho-Vaxom
(3 months per course); 5) outcome measures: the primary outcomes
were the number of participants experiencing respiratory tract infec-
tions. The secondary outcomes included duration of antibiotics course,
infections, fever, cough, and wheezing. Serum immunoglobulin levels
(IgG, IgA or IgM) or T-lymphocytes subtype (CD3+, CD4+ or CD8+)
were included as secondary outcomes. Trials were excluded if: 1) there
were repeat published studies; 2) trials that used Broncho-Vaxom along
with other treatments, such as acupoint application or interferon; 3)
Broncho-Vaxom comparison with control groups use unconventional
treatment, such as transfer factors or other immunomodulators; and 4)
no data available.

2.3. Data extraction and quality assessment

Two independent authors reviewed and crosschecked the data from
all trials. They recorded the first author, publication time, sample size,
interventions protocol, outcomes, and risk of bias item. Disagreements
among authors were resolved through negotiations.

We assessed the risk of bias using the Cochrane Collaboration's tool
for assessing risk of bias [9]. The assessment was also conducted by two
independent authors, followed by crosschecking. In case of disagree-
ment, a consensus was sought and resolved with the third author. The
following information were extracted: random sequence generation,

Table 1 (continued)

Studies Sample (T/C) Interventions Endpoints Age (years)a Follow-up time (months)

T C

Yincun Ye [12] 44/43 1 course Routine therapies ②③ 1–6 3
Liming Yin [13] 39/39 1 course Routine therapies ①②③ T2–8

C2–9
12

Jingyang Li [10] 94/50 1 course Routine therapies ①③ T3.17 ± 0.77
C3.20 ± 0.78

12

T: Broncho-Vaxom group; C: control group; endpoints: ① frequency of RTIs; ② serum immunoglobulin level; ③ adverse event rates; ④duration of infection; ⑤ the therapeutic time of
antibiotics; ⑥ level of T cell subgroup; ⑦ febrile time; ⑧ cough length; ⑨ wheezing onset time.

a The age of the child enrolled was expressed as mean ± SD or range.

Table 2
Assessment of risk of bias.

Random method Allocation
concealment

Blinding Integrity of the
results

Results reported
selectively

Other bias

4 RCTs [52–54,56] Random number
table

Yes Double blind Yes No None

6 RCTs [10–13,20,32] Random number
table

Unclear Unclear Yes No None

2 RCTs [14,19,40] Computer random Yes Double blind Yes No None
1 RCT [14] Computer random Yes Single blind Yes No None
1 RCT [44] Minimization Unclear Unclear Yes No None
2 RCTs [26,33] Semi-random Unclear Unclear Yes No None
3 RCTs [48,50,51] Not mentioned Unclear Unclear Yes No None
6 RCTs [57–62] Unclear Unclear Double blind Yes No None
28 RCTs [15–18,21–25,27–31,34–39,41–43,45–47,49,55] Unclear Unclear Unclear Yes No None
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allocation concealment, blinding of participants and researchers, in-
complete outcome data, selective reporting, and other bias.

2.4. Statistical analysis and quality of the evidence

In the meta-analysis of RCTs, dichotomous data was expressed as a
risk ratio (RR) with 95% confidence intervals (CI). Continuous data was
expressed as a mean difference (MD) with 95% confidence intervals
(CI). The study only analyzed the available data and discarded the
missing data. We assessed heterogeneity by using two statistics of
heterogeneity (Cochrane Q test and I2 statistic). Qualitative hetero-
geneity of effect differences between trials was estimated using a chi
square test and was considered significant if P < 0.1. I2 statistic was
used to quantitatively assess the heterogeneity. Either a fixed-effects (in
the presence of heterogeneity, P < 0.1 or I2 > 50%) or random-ef-
fects model (in the presence of heterogeneity, P > 0.1 or I2 < 50%)
was used to calculate the combined effect size. Data was combined for
the fixed-effects model using the Peto-modified Mantel-Haenszel
method and the random-effects model using Dersimonian-Laird
method. The level of statistical significance was set at α= 0.05 for this
meta-analysis. All analyses were performed using RevMan 5.3 version.
The quality of the evidence was assessed by GRADEpro GTD software.

3. Results

823 relevant references were identified initially and 53 [10–62]
were subsequently retained after step-by-step screening, including 11
studies published in English [40,52–54,56–62] and 42 in Chinese
[10–39,41–51,55]. 4851 pediatric patients were included totally, of
which 2491 were in Broncho-Vaxom group and 2360 in control group.
Out of these 53 articles, 13 RCTs [14,18,19,40,52,53,56–62] were
placebo-controlled on the basis of routine antibacterial and antiviral
therapies while the others used routine treatment only; 4 RCTs
[19,22,28,57] used two courses of Broncho-Vaxom (3 months per
course), and the remaining articles used one course of Broncho-Vaxom.
The features of these included studies are shown in Table 1.

The sizes of these studies are small. Only three studies' samples were
slightly larger, about 100 in each intervention group [44,53,56]. The
total participants of most studies were< 100. The age of the partici-
pants ranged from 0 to 16 years old.

3.1. Assessing the risk of bias in included studies

Only 14 (26.4%) RCTs [10–14,19,20,32,40,44,52–54,56] reported
the correct random method, 7 (13.2%) [14,19,40,46,52–54,56] reported
the right allocation method, 12 (22.6%) [19,40,52–54,56–62] adopted

Fig. 1. Frequency of RTIs in Broncho-Vaxom and control group.
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the double-blind method, and one (1.9%) [14] adopted the single course
of treatment. 6 (11.3%) RCTs [57–62] did not report random and hidden
methods, but the doctors and patients were double-blind, which can be

treated as random and allocation concealment. The detailed assessment
of risk of bias on included studies are shown in Table 2. In general, the
description of the methodology was not clear in most of the studies.

Fig. 2. Therapeutic time of antibiotics in Broncho-Vaxom and control group.

Fig. 3. The duration of infection in Broncho-Vaxom and control group.

Fig. 4. The febrile time in Broncho-Vaxom and control group.

J. Yin et al. International Immunopharmacology 54 (2018) 198–209

202



Fig. 5. The cough length in Broncho-Vaxom and control group.

Fig. 6. Duration of wheezing in Broncho-Vaxom and control group.

Fig. 7. The change of IgG in Broncho-Vaxom and control group.
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3.2. Frequency of RTIs

A total of 44 RCTs reported the frequency of RTIs after receiving
proper treatments where 2056 children were treated in the Broncho-
Vaxom group and 1936 were treated in the control group. A random

effect model was adopted to analyze the frequency because of the high
heterogeneity among these included studies (I2 = 98%, P < 0.00001).
As shown in Fig. 1, the Broncho-Vaxom group was significantly asso-
ciated with reduction in the frequency of RTIs [MD= −2.33, 95% CI
(−2.75, −1.90), P < 0.00001].

Fig. 8. The change of IgA in Broncho-Vaxom and control group.

Fig. 9. The change of IgM in Broncho-Vaxom and control group.
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3.3. Therapeutic time of antibiotics

A total of 22 RCTs reported the therapeutic time of antibiotics with
1005 children in the Broncho-Vaxom group and 1002 in the control
group. Due to the moderate heterogeneity of included studies
(I2 = 77%, P < 0.00001), a random effect model was adopted in the
meta-analysis. It showed that the therapeutic time of antibiotics in the
Broncho-Vaxom group was significantly shorter than that in the control
group [MD = −4.10 days, 95% CI (−4.52, −3.67), P < 0.00001]
(Fig. 2).

3.4. Duration of infection

A total of 13 RCTs reported the duration of infection with 581

children in the Broncho-Vaxom group and 576 in the control group. The
heterogeneity among these included studies was significant (I2 = 94%,
P < 0.00001) and a random effect model was adopted. The results
showed that the duration of infection in the Broncho-Vaxom group was
significantly lower than that in the control group [MD =−3.13 days,
95% CI (−3.91, −2.35), P < 0.00001] (Fig. 3).

3.5. Febrile time

A total of 15 RCTs reported the febrile time with 722 children in the
Broncho-Vaxom group and 716 in the control group. One study (Guie Li
et al. [22]) used two courses of Broncho-Vaxom while the rest of the
RCTs used Broncho-Vaxom 1 course. The heterogeneity among these
included studies was significant (I2 = 98%, P < 0.00001) and a

Fig. 10. Box-plots for the changes of serum immunoglobulin in Broncho-Vaxom and control group.

Fig. 11. The Level of T cell subgroup in Broncho-Vaxom and control group.
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random effect model was adopted. According to the results, the febrile
time of Broncho-Vaxom was significantly lower than the control group
[MD = −2.91 days, 95% CI (−3.75, −2.07), P < 0.00001] (Fig. 4).

3.6. Cough length

A total of 12 RCTs reported the cough time with 580 children in the
Broncho-Vaxom group and 581 in the control group. One study (Guie Li

et al. [22]) used two courses of Broncho-Vaxom while the rest of RCTs
used Broncho-Vaxom 1 course. The heterogeneity among these in-
cluded studies was significant (I2 = 83%, P < 0.00001) and a random
effect model was adopted. The cough length of Broncho-Vaxom group
was significantly lower than the control group [MD =−5.26 days,
95% CI (−6.41, −4.12), P < 0.00001] (Fig. 5).

3.7. Duration of wheezing

A total of 8 RCTs reported the wheezing onset time with 365 chil-
dren in the Broncho-Vaxom group and 337 in the control group. All
RCTs used the Broncho-Vaxom 1 course. The heterogeneity among
these included studies was significant (I2 = 94%, P < 0.00001) and a
random effect model was adopted. It showed that the wheezing onset
time in Broncho-Vaxom group was significantly lower than the control
group [MD =−3.37 days, 95% CI (−4.52, −2.22), P < 0.00001]
(Fig. 6).

3.8. Level of serum immunoglobulin

31 RCTs reported the changes of serum IgG, 30 RCTs reported the
changes of serum IgA, and 25 RCTs reported the changes of serum IgM,
respectively. All these studies showed moderate to high heterogeneity
(IgG: I2 = 95%, P < 0.00001; IgA: I2 = 99%, P < 0.00001; IgM:
I2 = 69%, P < 0.00001) and the random effect model was used to
analyze the results. Broncho-Vaxom can significantly improve the level
of IgG [MD = 1.47 g/L, 95% CI (1.16, 1.77), P < 0.00001; Fig. 7], IgA
[MD = 0.40 g/L, 95% CI (0.25, 0.54), P < 0.00001; Fig. 8] and IgM
[MD = 0.10 g/L, 95% CI (0.05, 0.15), P = 0.0003; Fig. 9]. Box-plots

−1

0

1

2

3

CD3 CD4 CD4/CD8 CD8

p
e
r
c
e
n
ta

g
e
 (

%
)

Broncho−Vaxom

Control

Fig. 12. Box-plot for the changes of T cell subgroup in Broncho-Vaxom and control group.

Fig. 13. The adverse event rate in Broncho-Vaxom and control group.
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were drawn for the changes of each serum immunoglobulin for visual
comparison in Broncho-Vaxom and control group (Fig. 10).

3.9. Level of T cell subgroup

4 RCTs reported the changes on CD3+ level, 5 RCTs reported the
changes on CD4+ level, 5 RCTs reported the changes on CD8+ level,
and 4 RCTs reported the ratio of CD4+/CD8+ level. The results
showed that Broncho-Vaxom can significantly improve the level of
CD3+ [MD = 4.12%, 95% CI (1.30, 6.95), P = 0.004], CD4+
[MD = 3.81%, 95% CI (1.14, 6.48), P = 0.005] and CD4+/CD8+
[MD = 0.21%, 95% CI (0.15, 0.26), P < 0.00001] (Fig. 11), but there
were no differences between the two groups in terms of CD8+
[MD = 0.46%, 95% CI (−0.06, 0.98), P = 0.09]. Box-plot was drawn
for the changes of T cell subgroup for visual comparison in Broncho-
Vaxom and control group (Fig. 12).

3.10. Adverse event

33 RCTs reported the incidence of adverse events, which were
mostly rashes and mild gastrointestinal reactions; these adverse events
had no influence on the treatment. The results showed that the adverse
event rate was higher in the Broncho-Vaxom group compared with the
control [RR = 1.39, 95% CI (1.02, 1.88), P = 0.04] (Fig. 13).

3.11. Level of evidence

The level of evidence for the adverse event rate was low and very
low for the other endpoints (Table 3). This indicates that evidence
should be interpreted with caution, since there is low evidence quality
due to the limitations of the original studies. Further high-quality and
adequately powered trials are needed.

4. Discussion

Our systematic review showed a significant reduction in RTIs, a
decrease in the duration of the course of antibiotics, infections, fever,
cough, and wheezing in children with RRTIs who were treated with
Broncho-Vaxom in comparison to the control. In addition, Broncho-
Vaxom significantly improved the level of serum immunoglobulin le-
vels (IgG, IgA, or IgM) and T-lymphocytes subtype (CD3+, CD4+, or
CD4+/CD8+). Adverse events of Broncho-Vaxom had no influence on
the treatment. As described in the Results section, heterogeneity existed
in each endpoint: different age spans included in these studies may be
the cause of heterogeneity.

RTIs are important causes of morbidity, mortality, and disability in
children [63] and therefore are one of the major costs for the health-
care system [64]. The pathogenesis of RRTIs is complicated and has

many factors including: anatomical and physiological characteristics of
the respiratory system, deficiency of vitamins, trace elements or cal-
cium, genetic and environmental factors, impaired immunity, and so on
[65]. In order to treat RRTIs in children, possible pathogenic factors
such as environmental and other controllable factors should be re-
moved to enhance nutrition and physical exercise and add trace ele-
ments and vitamins; anti-bacterial or antiviral treatment can be con-
ducted in the acute phase. In addition, immunomodulator agents, such
as bacterial lysates, have been recommended as a useful option in RRTIs
management.

The vast majority of recurrent RTIs are triggered by viruses, but
these are frequently followed by bacterial super-infections [66]. Re-
gardless of whether they are viral or bacterial, the presence of patho-
gens in the respiratory tract triggers the involvement of the innate and
adaptive immune systems. A key event among the actions of the
adaptive immune system is the production of IgA molecules. As a result,
patients with impaired immunity and chronic inflammation are at
greater risk of RTIs [67].

Broncho-Vaxom is an immunomodulator that is comprised of lyo-
philized bacterial lysates from 21 different bacterial strains, derived
from the eight-major species and sub-species that are most often asso-
ciated with RTIs. There are trials and meta-analyses that indicate
Broncho-Vaxom reduced the number of RRTIs and enhanced immune
function, (i.e. increasing in secretory IgA, serum IgA, serum IgG, serum
IgM, and T cells). The percentages of different lymphoid subsets such as
CD3+, CD4+, and CD8+ T cells as well as immunoglobins provide
some of the main immunological parameters that reflect the immune
reactive states. T lymphocyte-mediated immune function plays an im-
portant role in immune response and immune regulatory function of the
body. The generation of antigen-specific memory CD4+ T cells could
up-regulate T helper type 1 (Th1) immune responses, enhancing more
efficient anti-microbial defenses in the long-term. In addition, the level
of CD3+, CD4+, and CD4+/CD8+ have a negative correlation with
the risk of RTI [68,69]. Although extensive body trials and meta-ana-
lyses have shown the benefit of Broncho-Vaxom to RTI, the sizes of
most studies are small.

In a systematic quantitative review of 13 clinical trials (2721 pa-
tients) testing Broncho-Vaxom, Steurer-Stey et al. found evidence in
favor of Broncho-Vaxom for the prevention of ARTI in children, leading
to fewer infections [70]. The number of studies included in the meta-
analysis for each endpoint was small, with only two or three trials for
each one. In 2010 Schaad performed a systematic review to assess the
efficacy of Broncho-Vaxom for preventing the occurrence of pediatric
RTIs [71]. Eight RCTs were included in the study (851 patients) and the
author reported a 26.2% decrease of RRTIs in patients with Broncho-
Vaxom (32% vs. 58.2%, P < 0.001). In a recent meta-analysis, 19
studies were assembled and appraised (959 patients) [72]. The results
showed that during 12 months, compared with routine treatment alone,

Table 3
Level of the included evidence for endpoints.

Endpoints Sample Number RR (95% CI) MD (95% CI) Level of evidence

Frequency of RTIs 3992 44 − −2.33 (−2.75, −1.90) Very low
Therapeutic time of antibiotics 2007 22 − −4.10 (−4.52, −3.67) Very low
Duration of infection 1157 13 − −3.13 (−3.91, −2.35) Very low
Febrile time 1438 15 − −2.91 (−3.75, −2.07) Very low
Cough length 1161 12 − −3.37 (−4.52, −2.22) Very low
Duration of wheezing 702 8 − −3.37 (−4.52, −2.22) Very low
Serum IgG 2706 31 − 1.47 (1.16, 1.77) Very low
Serum IgA 2686 30 − 0.40 (0.25, 0.54) Very low
Serum IgM 2226 25 − 0.10 (0.05, 0.15) Very low
CD3+ 300 4 − 4.12 (1.30, 6.95) Very low
CD4+ 360 5 − 3.81 (1.14, 6.48) Very low
CD8+ 360 5 − 0.46 (−0.06, 0.98) Very low
CD4+/CD8+ 300 4 − 0.21 (0.15, 0.26) Very low
Adverse events 2857 33 1.39 (1.02, 1.88) − Low
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patients with the addition of Broncho-Vaxom experienced an average of
2.963 times reduction of acute respiratory tract infection. Compared
with these studies, more trials (53 trials) and samples (4851 patients)
were included in our systematic review. More comprehensive endpoints
were estimated, which included of the duration of antibiotics course,
infections, fever, cough and wheezing, serum immunoglobulin levels, T-
lymphocytes subtype, and adverse events. Finally, we used the GRADE
system to grade the quality of evidence.

However, it should be mentioned that there are some limitations of
the present systematic review. First, in addition to several high-quality
trials, the overall studies that were included showed a low methodo-
logical quality. Second, due to the variation in study characteristics, it
was not surprising that there was substantial statistical heterogeneity
among individual studies. Finally, the patient sample size was relatively
insufficient. As a result, all the factors that were mentioned above led to
the low evidence level.

5. Conclusion

Our analysis indicated a significant efficacy of routine treatment
regarding using Broncho-Vaxom on RRTIs in children as well as a good
safety range. However, the results should be interpreted with caution
because of the low evidence level. Further confirmatory evidence from
high-quality and large-scale RCT trials is required.
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