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Background: Chronic obstructive pulmonary disease (COPD) is a common and
frequently encountered disease of respiratory apparatus and is vulnerable to infection.
Increasing studies reveal that bacterial lysates play an encouraging role in preventing
exacerbations in these patients. We here investigated the efficacy and safety of bacterial
lysates in COPD.

Methods: We performed systematic research on PubMed, EMBASE, the Cochrane
Library (CENTRAL), and Web of Science by using the keywords and their synonyms for
studies published before January 11, 2022. Two researchers screened the studies of
literature independently according to the inclusion and exclusion criteria and extracted
data from the included studies. Another two researchers assessed the risk of bias of
each included using the Cochrane risk-of-bias tool. Meta-analysis was conducted using
R (version 4.1.1, The R Foundation for Statistical Computing) and Review Manager
(version 5.4.0, The Cochrane Collaboration).

Results: A total of 12 studies were included in this meta-analysis, and the pooled
results showed that bacterial lysates were effective to reduce exacerbation rate (overall:
relative risk [RR] = 0.83, 95% confidence interval [Cl] 0.72-0.96; alkaline bacterial lysate
subgroup [OM-85]: RR = 0.87, 95% CI 0.77-0.98; mechanical bacterial lysate subgroup
[Ismigen]: RR = 0.70, 95% CI 0.41-1.20) and mean number of exacerbations (overall:
MD = —0.42, 95% Cl —0.75 to —0.08; alkaline bacterial lysate subgroup [OM-85]:
MD = —0.72, 95% CI —1.35 to —0.09; mechanical bacterial lysate subgroup [lsmigen]:
MD = —0.02, 95% CI —0.21 to 0.17). Bacterial lysates were also found beneficial in
alleviating symptoms. The side effects were acceptable and slight.

Conclusion: Bacterial lysates can benefit patients with COPD by reducing
exacerbations and alleviating symptoms. OM-85 is the preferable product based on
the existing evidence. Further studies are needed to validate these findings.

Systematic Review Registration: identifier

[CRD42022299420).

[www.crd.york.ac.uk/prospero/],

Keywords: chronic obstructive pulmonary disease, bacteria lysates, OM-85, Ismigen, efficacy, safety

Abbreviations: COPD, chronic obstructive pulmonary disease; PRISMA, Preferred Reporting Items for Systematic Review
and Meta-Analysis; SD, standard derivation; MD, mean difference; SMD, standard mean difference; CI, confidence interval;
FEV1/predicted, forced expiratory volume in one second/predicted value; RR, relative risk.
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BACKGROUND

Chronic obstructive pulmonary disease (COPD) is a preventable,
treatable chronic respiratory disease that results from the airway
or alveolar abnormalities and is one of the main causes of
death globally (1). Furthermore, the population with COPD
will increase with aging and continued exposure to risk factors
(2). The goal of COPD treatment is to relieve symptoms and
reduce exacerbations, improve the quality of life, and decelerate
progression. Bronchodilators are the main treatment in most
COPD guidelines. However, acute exacerbations still occur
despite an optimal bronchodilator regimen. Moreover, older
adults who have low economic and education levels account for
a large proportion of those with COPD (3). For these people, an
inhaler with a bronchodilator might not be the most acceptable
and economical choice. New treatments are still needed.

Bacterial ~ lysates are  antigen-containing  products
derived from several common bacteria that infect humans,
including Staphylococcus aureus, Staphylococcus pneumoniae,
Staphylococcus pyogenes, and Haemophilus influenzae. Based
on the preparation method, they are classified as alkaline or
mechanical bacterial lysates. Commercial products of both types
are available; OM-85 and Luivac are alkaline bacterial lysates and
Ismigen is a mechanical bacterial lysate. Studies have shown that
bacterial lysates reduce infections and antibiotic use (4) and are
cost-effective (5, 6). A systematic review and meta-analysis of
COPD found that OM-85 reduced the exacerbation rate and need
for antibiotics (7). However, the study evaluated a single alkaline
bacterial lysate and it was published nearly 7 years ago. As several
important clinical trials have been conducted since then (8-10),
an updated, comprehensive meta-analysis is warranted.

METHODS

This systematic review and meta-analysis evaluated the efficacy
and safety of bacterial lysates in COPD based on the
latest evidence. The study was registered at PROSPERO
(registration number: CRD42022299420) and followed the
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines (11).

Inclusion and Exclusion Criteria

Participants

The participants were adults (age > 16 years) suffering from
COPD, characterized by persistent respiratory symptoms
and airflow limitation defined by a post-bronchodilator
FEV/FVC ratio < 0.70.

Type of Intervention and Comparator

The intervention was a bacterial lysate, including OM-85,
Ismigen, MV130, Luivac LW50020, Lantigen, and Ribomunyl.
The comparator was a placebo or blank.

Type of Studies
A randomized controlled trial or cohort study.

Outcomes
The primary efficacy outcome was the effect of the bacterial
lysate on the rate and frequency of acute exacerbations;
secondary efficacy outcomes included respiratory tract infections,
hospitalization rate, and symptom improvement (sputum,
severity of dyspnea, frequency of cough, and fever). Safety was
evaluated based on adverse effects associated with the therapy,
including symptoms and the overall rate of adverse events.

The studies reviewed met the above criteria, and studies were
excluded if they used the same or overlapping data by the same
authors or lacked any one of the predefined outcomes.

Literature Search Strategy

Data were retrieved from PubMed, EMBASE, the Cochrane
Central Register of Controlled Trials (CENTRAL), and Web
of Science by an experienced researcher using keywords and
their synonyms for studies published before January 11, 2022.
Search terms were modified to be commensurate with each
database’s index terms, such as Medical Subject Heading (MeSH)
in PubMed and Emtree in EMBASE. Relevant citations listed
the references in each included study were also screened for
eligibility to minimize retrieval bias. Supplementary Appendix
1 lists the search terms.

Study Selection

Two trained researchers selected studies independently.
Duplicates were identified and removed by comparing the
author, title, and publication year. The remaining studies were
scanned by the title and abstract, and irrelevant studies were
omitted, while the full texts of the others were read. Studies
listed in the references of included studies were also screened
for eligibility.

Quality Assessment

Two researchers independently assessed the quality of all selected
studies. The Cochrane risk-of-bias tool was chosen and included
the following items: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
reporting, and other biases (12). When there was a disagreement
between the researchers, the study was re-evaluated by a third
researcher and determined by the majority.

Data Extraction

Two researchers extracted the following data from each included
study independently: study authors, publication year, country,
number of participants, source of cases, type of bacteria lysate,
dosages, administration routes, control, outcomes, study period,
follow-up, and registration number; participant demographics,
smoking history, forced expiratory volume in 1 s/predicted value
(FEV|/predicted), and concomitant medications and diseases;
and pre-established efficacy and safety outcomes. When results
were reported at multiple time points, the one nearest 3 months
after the last drug dose was chosen. If per-protocol and intention-
to-treat analyses were both reported, the results from the
intention-to-treat analysis were preferred. Any disagreements

Frontiers in Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 877124


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

Huang et al.

Bacterial Lysates in COPD

[ Identification of studies via databases and registers ]
S
5
E Records identified from: SR;(;(;Ez;gmoved before
E g:t?Staesrgs(rgn—:oiss ) Duplicate records removed
5 . B (n=103)
—
4 Records excluded(n = 112)
1.Non-related topic (n=61)
Records screened L 2.Reported none of pre-defined
(n=132) outcome (n=6)
3.Reviews or comments (n=41)
4 Not RCTs or cohort studies (n=4)
v
Reports sought for retrieval
o (n 520 ) 9 — | Reports not retrieved(n =0 )
=
8
o v Reports excluded(n=8):
0 1. without access to the full text
Reports assessed for eligibility nor reporting insufficient data
(n=20) —»| (n=5)
2. Without pre-defined control
(n=1)
3. Duplicate studies (n=2)
—
\4
'g Studies included in review
= (n=12)
o Reports of included studies
= (n=0)
—
FIGURE 1 | The flow diagram.

between the two researchers were resolved by consensus or cross-
checking with a third researcher. If the information of interest
was not reported directly, we tried to deduce it from the existing
information or obtain it by communicating with the principal
investigator by email.

Statistical Analysis
An independent statistician performed the statistical analysis
using Review Manager version 5.4.0 (The Nordic Cochrane
Centre, The Cochrane Collaboration) and R version 4.1.1
(The R Foundation for Statistical Computing). For continuous
variables, we reported the mean and standard derivation (SD),
the mean difference (MD) or standard mean difference (SMD),
and 95% confidence interval (CI). When the units used were
consistent, MD was preferable; otherwise, SMD was chosen. For
dichotomous variables, we reported the frequency or proportion,
relative risk (RR), and 95% CI.

The chi-square test and I? statistic were used for identifying
and measuring heterogeneity. The P-value of chi-square test of

less than 0.1 and I? of more than 50% indicate heterogeneity,
and in this case, a Galbraith radial plot was generated, and meta-
regression analysis was used to explore the underlying causes
of heterogeneity. A random-effects model was applied for the
synthesis, and subgroup analysis was performed, if possible.
When there was no heterogeneity, a fixed-effects model was
preferred. The results of the meta-analysis are shown with forest
plots. We also conducted sensitivity analysis and funnel plot
analysis if applicable.

RESULTS

Study Selection

The database search yielded 235 studies. Of these, 103 studies
were removed as duplicates by comparing the title, publication
year, and authors. The abstracts of the remainder were assessed
to determine eligibility. This led to the removal of 61 studies
that did not involve patients with COPD or did not focus

Frontiers in Medicine | www.frontiersin.org

June 2022 | Volume 9 | Article 877124


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

Huang et al.

Bacterial Lysates in COPD

TABLE 1 | The characteristics of the included studies.

Author Number of participants  Major inclusive Study design Type of bacteria  Administration Dosages and session
(bacterial lysate/control) criteria lysate way
Avdeev et al. (8) 30/30 Patients with frequent ~ Parallel RCT, Ismigen Sub-lingual A cycle consisted of
exacerbations of COPD multicenter sublingual consumption of
(group Cand D one tablet per day for 10
according to the GOLD consecutive days, followed
classification) by 20 days of standard
treatment for three
consecutive months
Zeng et al. (14) 78/72 Stable COPD patients  Parallel RCT, single OM-85 Oral A capsule (OM-85 7 mg) or
center placebo daily for 10
consecutive days per
month, for 6 consecutive
months
Tang et al. (9) 192/192 Age 40-75 years, male Parallel RCT, OM-85 Oral One capsule (OM-85 7 mg)
or female, multicenter or placebo daily for 10
physician-diagnosed consecutive days per
chronic bronchitis, or month, for 3 consecutive
COPD (for 6 months) months (12 weeks)
suffering from an acute
exacerbation according
to the GOLD definition
at enrollment and an
FEV1 between 40 and
70% of the predicted
value within the
6 months before
enrollment.
Braido et al. (10) 146/142 A documented Parellel RCT, Ismigen Sub-lingual A cycle consisted of
diagnosis of moderate, multicenter sublingual consumption of
severe Or very severe one tablet per day for 10
COPD, according to consecutive days, followed
the GOLD 2006 by 20 days of standard
treatment for 3 consecutive
months. After 3 months
without any PMBL
treatment, a second cycle
of therapy (as described
above) was undertaken. At
the end of the second
treatment period, a second
three-month period without
PMBL was observed
Ricci et al. (13) 12/11 Patients aged 40 years Parellel RCT, single  Ismigen Sub-lingual A cycle of 90-day treatment
or older with center wherein the first 10 days of
documented moderate, each 30 days 1 tablet of
Severe oOr very severe either PMBL or placebo
COPD was given. This was
followed by a 90-day ‘rest’
period (no treatment).
Nishantha et al. (15) 24/21 Stable COPD patients  Parallel RCT, single  Ismigen Sub-lingual Daily on the first 10 days of
with moderately severe center three successive months
or severe disease
staging, presenting
during May —
September 2012
Olivieri (16) 340 Patients aged over Parallel RCT, OM-85 Oral A capsule daily during
40 years old, with multicenter month 1, and 1 capsule

COPD stage Il or Il
with a history of at least
2 documented
AE-COPD in the
previous year, and an
FEV1 between 30 and
80%

daily for 10 days in months
3-5.

(Continued)
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TABLE 1 | (Continued)

Author

Number of participants

Maijor inclusive

Study design

Type of bacteria

Administration

Dosages and session

(bacterial lysate/control) criteria lysate way
Cazzolaetal. (17)  33/30 Patients suffering from  Parellel RCT, single  Ismigen Sub-lingual one capsule daily the first
moderate-to-very center 10 days of three
severe COPD, who consecutive months
were under regular
treatment with
salmeterol/fluticasone
(SFC) 50/500 mg BID
Soler et al. (18) 142/131 Outpatients aged Parallel RCT, OM-85 Oral A capsule of OM-85 or
40 years old of both multicenter placebo per day for
sexes with a history of 30 days, followed by three
chronic bronchitis or 10-day courses for months
mild COPD at the time 3,4,and 5
of an AE
Lietal (19) 49/41 Patients with chronic Parallel RCT, OM-85 Oral A capsule daily for the first
bronchitis complicated  multicenter 10 days of each month for
with COPD 3 consecutive months
Collet et al. (20) 191/190 Patients with a history ~ Parallel RCT, OM-85 Oral A capsule per day for
of heavy smoking and  multicenter 30 days followed by a
an FEV1 value between repeat course of 10
20 and 70% of consecutive days of
predicted therapy per month for
3 months
Xinogalos et al. (21) 33/29 - Parellel RCT, OM-85 Oral A capsule (7 mg)/day for
multicenter 1 month; 1
capsule/10 days for
months 3, 4, and 5
Author Control Outcomes Study period Follow up Treatment Drop up Registration  Country
duration number
Avdeev et al. Blank The severity of symptoms, NR 3 months 3 months NR NR Russia
8) frequency of recurrence of COPD
exacerbations, readmissions, need
for emergency care and changes in
basic therapy of COPD
Zeng et al. Blank The number of acute exacerbations 2015.07- 6 months 6 months NR NR China
(14) per person per year, quality of life,  2016.07
lung function, T cell subsets
Tang et al. (9) Placebo The proportion of patients with 2005-2008 10 weeks 12 weeks 19 (4.9%) China Food China
recurrent acute exacerbations and Drug
during the 12-week treatment Administration
period. Secondary efficacy TG0504BCV
endpoints included the proportion
of patients with recurrent acute
exacerbations over the 22-week
study period, the proportion of
patients treated
Braido etal.  Placebo The primary outcome is the number July 31, 2009, 3 months 3 months, 2 NR EudraCT 2007- ltaly
(10) of exacerbations, the secondary to June 16, cycle 000006-67
outcome is the time from the 2012
randomization to the first
exacerbation, the average interval
between the first and second
exacerbation, the effects of Ismigen
on symptoms
Ricci et al. Placebo Serological changes, exacerbation  Fallin 2019to  About 3 months 0 NR Italy
(13) rate and symptom fallin 2010 3 months
Nishantha Placebo Infective exacerbations and 2012 6 months NR NR NR Sri Lanka
etal. (15) symptoms improvements
Olivieri (16) Placebo The rate and duration of AECOPD, 2011 NR NR NR NR NR
the rate of treatment-emergent
adverse events
(Continued)
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TABLE 1 | (Continued)

Author Control Outcomes Study period Follow up Treatment Drop up Registration Country
duration number
Cazzola et al. (17) Blank Symptoms, diagnosis of Begin from 3 months 3 months 0 NR Italy
exacerbation, concomitant September
medications and hospitalization 2007
Soler et al. (18) Placebo The primary endpoint was the NR 1 month 5 months 40 NR Switzerland
mean rate of AEs occurring within (14.65%) and Germany
the study period
Lietal (19) Placebo The frequency of acute NR 9 months 3 month 0 NR China
exacerbation, symptom scores,
and lung function were recorded
Collet et al. (20) Placebo The primary outcome was the Begin from 2 months 4 months 15(3.93%) NR Canada
occurrence of at least one such November 07,
episode during the 6 months. 1994
Secondary outcomes included total
number of acute exacerbations and
hospitalization for a respiratory
problem, as well as all
hospitalization, change in baseline
respiratory symptoms, and change
in quality of life
Xinogalos et al. Placebo Clinical manifestations, frequency, Autumn/winter 2 months 4 months - - -
21) duration and severity of acute of 1990-1991
exacerbations, consumption of
conventional medications and
serum immunoglobulin levels
COPD, chronic obstructive pulmonary disease; GOLD, the global initiative for chronic obstructive lung disease; NR, not reported.
TABLE 2 | The characteristics of the included participants.
Author, year Age (years) Mean Gender (male/total) Smoking history FEV1/predicted (%) Concomitant respiratory Diabetes

[95% CI] or Mean + SD Mean + SD Mean + SD medications
Bacterial Control  Bacterial Control Bacterial Control Bacterial Control Long-terms Flu Pneumonia Bacterial Control
lysates lysates lysates lysates effect vaccination vaccination lysates
bronchodilator
Avdeevetal. 8) 69.4+94 699479 28/30  30/30 30/30  30/30 31.3+ 332+ Yes NR NR NR NR
8.7 7.7
Zengetal (14) 70.1+5.7 69.2+6.1 67/78  63/72 63/78  61/72 4915+  49.06 + Yes No No NR NR
4.74 2.73
Tang et al. (9) 63.0+9.4 632+89 141/192 133/192 123/192 120/192 54.0 + 55.0 + Yes Allowed NO NR NR
10.0 9.7
Braidoetal. (10) 69.3+8.6 68.6+9.4 107/146 91/142 123/146 120/142 5218 + 52.66 + Yes Allowed NR 19/146 10/142
18.99 16.26
Ricci et al. (13) 65-89 16/28 - - - - Yes Allowed NR - -
Nishantha et al. 50-58 24/24  21/21 - - - - - - - - -
(19)
Cazzola et al. 66.6 £7.8 66.2+8.0 25/33  26/30 >=20/33 =16/30 47.7+ 46.2+8.9 Yes Allowed NR NR NR
(7) 9.0
Solér et al. (18) 57.3 57.9 78/142 57/131  87/142 77/131  85[81.7, 82.6[79.9, Yes Allowed NR NR NR
[65.7,58.9] [56.2, 59.6] 88.3] 86.1]
Lietal (19) 67 4 65+5 27/49  22/41 49/49  41/41  50.9 £ 21 53.2 £ 19.7 Yes (sustained- NR NR NR NR
released
theophylline)
Colletetal. (20) 65.3+7.7 66.9+7.7 133/191 135/190 78/191" 59/190' 67.7 +£15.3 68.4 + NR Allowed NR NR NR
15.6
Xinogalos et al. 56.08 £ 59.756 + - - - - - - - - - - -
(21) 12.67 12.89

FEV1/predicted, forced expiratory volume in one second/predicted value; NR, not reported.

on the clinical application of bacterial lysates, 41 citations
of reviews, 6 studies without pre-defined outcomes, and 4
studies that were not a randomized controlled trial or cohort
study. The remaining 20 studies were subject to a whole-text
review. Subsequently, eight studies were voted out, namely,
two duplicate studies; five without access to the full text
or reporting insufficient data; and one without a pre-defined

control. During the process, we found that the study by Ricci
et al. (13) was ancillary to the AIACE study (2), but retained it
because it reported complementary data. Ultimately, this meta-
analysis included 12 studies, namely, nine randomized controlled
trials and three abstracts of randomized controlled trials with
sufficient data (8-10, 13-21). Figure 1 summarizes the study
selection process.
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FIGURE 2 | Risk of bias. (A) Each risk of bias item presented as percentages across all included studies. (B) Each risk of bias item for each included study.
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A bacterial lysates Control Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight IV, Random.95% Cl Year IV, Random, 95% CI
1.1.1 Alkaline Bacterial Lysates
Ainogalos, 5 etal. 1993 13 33 16 29 5.7% 0.71[0.42,1.22] 1993 I
ColletJ P etal. 1997 85 191 83 190 16.5% 1.02[0.81,1.28] 1997 -
Solér, M etal. 2007 25 142 40 131 T7% 0.58[0.37,0.89] 2007 -
TangHetal 2018 137 192 149 192 23.6% 0.92[0.82,1.03] 2015 -
Zeng D etal 2019 62 78 69 72 233% 0.83[0.73,0.94] 2019 bl
Subtotal (95% Cl) 636 614 76.8% 0.87[0.77, 0.98] L
Total events 322 357
Heterogeneity Tau®= 0.01; Chi*= 7.16, df= 4 (P= 0.13); F= 44%
Testfor overall effect Z=2.28 (P=0.02)
1.1.2 Mechanical Bacterial Lysates
Cazzola, M et al. 2009 18 33 20 30 8.7% 0.82[0.55,1.22] 2009 T
Braido F etal. 2015 43 146 41 142 101% 1.02[0.71,1.46] 2015 -1
Avdeev S N etal. 2020 g 30 23 30 4.4% 0.35[0.19, 0.65] 2020 -
Subtotal (95% Cl) 209 202 23.2%  0.70[0.41, 1.20] -
Total events 69 g4
Heterogeneity: Tau*= 017, Chi*=8.57, df=2 (P=0.01), F=77%
Test for overall effect Z=1.30 (P =0.19)
Total (95% CI) 845 816 100.0%  0.83[0.72, 0.96] ¢
Total events 391 441
Heterogeneity: Tau?= 0.02; Chi*= 16.28, df= 7 (P = 0.02); F= 57% o o T -5
Testfor overall effect: Z=2.52 (P =0.01) : N— " y "
Testfor subaroun difierences: Chi*= 0.57. df= 1 (P = 0.45). F= 0% Favours [experimental] Favours [controf
B Mean Number of Exacerbations
Bacterial Lysates Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random.95% Cl Year IV, Rand 95% Cl
1.2.3 Alkaline Bacterial Lysates
LiJ et al. 2004 21 0.8 49 3.8 1.3 41 16.3% -1.70 [-2.16, -1.24] 2004 —
Solér, M et al. 2007 071 025 142 093 0.02 131 23.4% -0.22[-0.26, -0.18] 2007 -
Zeng D etal. 2019 1.44 1.05 78 1.82 061 72 20.3% -0.38[-0.65, -0.11] 2019 =l
Subtotal (95% CI) 269 244 60.0%  -0.72[-1.35, -0.09] -
Heterogeneity: Tau? = 0.29; Chi? = 41.14, df = 2 (P < 0.00001); I> = 95%
Test for overall effect: Z = 2.25 (P = 0.02)
1.2.4 Mechanical Bacterial Lysates
Nishantha K et al. 2014 3.58 0.62 24 362 057 21 18.7% -0.04 [-0.39, 0.31] 2014 -
Braido F et al. 2015 0.51 0.965 146 052 0.965 142 21.3% -0.01 [-0.23, 0.21] 2015 -
Subtotal (95% Cl) 170 163  40.0%  -0.02[-0.21,0.17] *
Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.89); I = 0%
Test for overall effect: Z = 0.20 (P = 0.84)
Total (95% CI) 439 407 100.0%  -0.42[-0.75, -0.08] <>
Heterogeneity: Tau? = 0.12; Chi? = 46.04, df = 4 (P < 0.00001); 12 = 91% 4‘1 2 . 2 “1

Test for overall effect: Z = 2.44 (P = 0.01)
Test for subarounp differences: Chi*=4.41.df =1 (P =0.04). I?=77.3%

FIGURE 3 | Forest plot of the efficacy of bacterial lysates on exacerbations. (A) Forest plot of rate of exacerbation. (B) Forest plot of mean number of exacerbations.

Favours [Bacterial Lysates] Favours [control]

Characteristics of the Included Studies

and Participants

Of the included studies, seven focused on OM-85 (alkaline
bacterial lysate) and five on Ismigen (mechanical bacterial lysate),
and studies were conducted in Italy (n = 3), China (n = 3), Russia
(n = 1), Canada (n = 1), Switzerland and Germany (n = 1),
Sri Lanka (n = 1), and not reported (n = 2). Three studies were
blank-control, while the others were placebo-control. All studies
were parallel randomized controlled trials, with four single-center
and eight multicenter studies. Two studies were registered. The
majority of cases in the studies were men, in accordance with the
real-world population. Most studies allowed flu vaccination. The
FEV/predicted ranged from less than 30% to more than 80%.
The characteristics of the included studies and participants are
summarized in Tables 1, 2, respectively.

Quality of the Included Studies

Eligible studies with sufficient information were assessed using
the Cochrane risk-of-bias tool. As shown in Figure 2, three

studies with a blank control were at a high risk of both
performance and detection bias. No study mentioned allocation
concealment, which was deemed an unknown risk. Braido et al.
(10) were funded by a pharmaceutical company and considered
high risk. Tang et al. (9) were also sponsored by OM Pharma
but all the authors assume responsibility for the integrity and
completeness of the data and data analyses, and considered an
unknown risk. The others did not include a conflict of interest
section and were considered an unknown risk. There were low
risks in random sequence generation, attrition bias, and reporting
bias in all studies assessed. Figure 2 summarizes the quality of the
included studies.

Efficacy and Safety of Bacterial Lysates
Efficacy on Exacerbation

Nine studies reported the rate of exacerbation with detailed
numbers. Excluding the study by Ricci et al. (13), data from eight
studies were subtracted for the meta-analysis. The pooled result
indicated that bacterial lysates could reduce the exacerbation rate
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FIGURE 4 | Forest plots of the efficacy of bacterial lysates on respiratory infections and hospitalization. (A) Rate of hospitalization. (B) Mean number of respiratory
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by 17% (RR = 0.83, 95% CI 0.72-0.96, P = 0.01; heterogeneity:
P = 0.02, I> = 57%). The alkaline bacterial lysate (OM-85)
subgroup reduced the exacerbation rate by 13% (RR = 0.87, 95%
CI 0.77-0.98, P = 0.02; heterogeneity: P = 0.13, I* = 44%), while
the mechanical bacterial lysate (Ismigen) subgroup reduced the
exacerbation rate by 30% (RR = 0.70, 95% CI 0.41-1.20, P = 0.19;
heterogeneity: P = 0.01, I? = 77%); however, the difference was
not significant.

We also evaluated the efficacy of bacterial lysates on
exacerbation using the mean number of exacerbations.
In line with the rate of exacerbation, the pooled result
showed that bacterial lysates were associated with fewer
exacerbations (MD = —0.42, 95% CI —0.75 to —0.08,
P = 0.01; heterogeneity: P < 0.001, I*> = 91%). Both the
alkaline (MD = —0.72, 95% CI —1.35 to —0.09, P = 0.02;
heterogeneity: P < 0.001, I> = 95%) and mechanical
(MD = —0.02, 95% CI —0.21 to 0.17, P = 0.20; heterogeneity:
P = 0.89, I? = 0) bacterial lysates decreased the mean number
of exacerbations in the subgroup analysis. Another study
also reported that mechanical bacterial lysates were effective
at reducing exacerbations (22), but was excluded from this

synthesis for lack of data. The forest plots are shown in
Figure 3.

Efficacy on Hospitalization and Respiratory Infections
Four studies reported the hospitalization rate. Overall, bacterial
lysates reduced hospitalization (RR = 0.50, 95% CI 0.25-
0.99, P = 0.05; heterogeneity: P = 0.05, I> = 62%). The
subgroup analysis indicated that alkaline bacterial lysate
treatment resulted in a 37% reduction in hospitalization
(RR = 0.77, 95% CI 0.55-1.08, P = 0.13), while mechanical
bacterial lysates resulted in a greater reduction in hospitalization
(RR = 0.33, 95% CI 0.19-0.57, P < 0.001; heterogeneity:
P = 0.52, I? = 0). Moreover, Braido et al. (10) showed that
mechanical bacterial lysates prolonged the interval between
the first and second exacerbations (70.36 vs. 123.89 days,
P = 0.03). Regarding the effect on respiratory infections,
data from two studies showed the alkaline bacterial lysates
induced an insignificant reduction in the mean number of
respiratory infections (MD = —0.87, 95% CI —2.10 to 0.35,
P = 0.16; heterogeneity: P = 0.006, I> = 87%). Figure 4 shows
the forest plots.
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FIGURE 5 | Forest plots of the efficacy of bacterial lysates on symptoms. (A) Sputum, (B) cough, and (C) severity of dyspnea.

Efficacy on Symptoms
Symptoms were evaluated mainly using the changes in sputum,
cough, severity of dyspnea, and fever.

Four studies reported a change in sputum, with two studies
each examining alkaline and mechanical bacterial lysates. Collet
et al. (20) described a difference between the OM-85 group and

control without detailed data, while Li et al. (19) showed that
alkaline bacterial lysates helped improve sputum (score 1.5 £ 0.5
vs. 1.9 £ 0.8, P < 0.01). Overall, bacterial lysates reduced the
sputum slightly but insignificantly (SMD = —0.20, 95% CI —0.65
to 0.25, P = 0.39; heterogeneity: P = 0.08, I> = 61%), while
mechanical bacterial lysates had no significant effect on sputum
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FIGURE 6 | Safety of bacterial lysates: the forest plot of the rate of adverse events.

TABLE 3 | The detailed adverse effect.

Author, year Treatment The most symptoms reported
Treatment group Control group
Zeng et al. (14) OM-85 Nausea, Thirst Thirst
Tang et al. (9) OM-85 Common cold, nausea, abdominal pain, headache Common cold, headache, dizziness, nausea
Soler et al. (18) OM-85 Respiratory system manifestations such as acute exacerbations, tonsillitis, symptoms of influenza, sinusitis
Lietal. (19) OM-85 Dyspepsia, skin pruritus Not mentioned
Collet et al. (20) OM-85 Abdominal with gastroenteritis, miscellaneous, pulmonary and Miscellaneous, pulmonary and respiratory issues, abdominal with

respiratory issues

gastroenteritis

(SMD = 0.04, 95% CI —0.32 to 0.41, P = 0.83; heterogeneity:
P=0.83,1*=0).

Five studies reported a change in cough. Collet et al. (20)
(OM-85) and Solér et al. (18) (Ismigen) also reported a difference
between the two groups. Cazzola et al. (17) reported the same
outcome (cough score 1.0 £ 0.6 vs. 1.0 £ 0.5). The remaining
two eligible studies found OM-85 and improved cough. Data
from the three studies for the meta-analysis gave an SMD of
—0.46 for alkaline bacterial lysates (95% CI —0.72 to —0.21,
P < 0.001; heterogeneity: P = 0.85, I = 0) and -0.37 for the overall
effect of bacterial lysates (95% CI —0.61 to —0.14, P = 0.001;
heterogeneity: P = 0.30, I* = 18%).

Six studies reported a change in the severity of dyspnea.
Solér et al. (18) stated that there was no substantial difference
between Ismigen and the control on dyspnea. Pooled results of
the remaining five eligible studies indicated that bacterial lysates
alleviated dyspnea (SMD = —0.36, 95% CI —0.60 to —0.12,
P = 0.003; heterogeneity: P = 0.09, I> = 51%). Both alkaline
(SMD = —0.29, 95% CI —0.49 to —0.09, P = 0.004; heterogeneity:
P =0.26, I> = 27%) and mechanical (SMD = —0.54, 95% CI —1.29
to 0.22, P = 0.16; heterogeneity: P = 0.04, I* = 75%) bacterial
lysates helped improve the severity of dyspnea, but a difference
did not reach significance. Figure 5 shows the forest plots.

One study examined the effect of OM-85 on fever (10),
reporting that the mean number of days with fever was 0.06 for
the treatment group and 0.11 for the placebo group (P < 0.001).

Safety of Bacterial Lysates

The difference in adverse effects between the bacterial lysates and
control was similar and insignificant (RR = 0.97, 95% CI 0.86-
1.09, P = 0.60; heterogeneity: P = 0.66, I> = 0; Figure 6 shows
the forest plot). The adverse effects reported in most studies were
acceptable and slight. Table 3 summarizes the symptoms.

Heterogeneity Analysis

As the forest plots show, heterogeneity was present in the
efficacy assessments. First, we conducted a subgroup analysis.
The forest and radial plots (Figure 7) analyzing the effect on the
exacerbation rate showed obvious heterogeneity for mechanical
bacterial lysates; Avdeev et al. (8) included patients with a lower
FEV/predicted and found a higher RR, and might be the source
of heterogeneity. After removing this study, the heterogeneity
decreased (overall: RR = 0.88, 95% CI 0.79-0.97, P = 0.009;
heterogeneity: P = 0.24, I* = 25%; mechanical bacterial lysate
subgroup: RR = 0.92, 95% CI 0.71-1.21, P = 0.57; heterogeneity:
P =0.42, I’ = 0). Examining the mean number of exacerbations,
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we noticed that the effect size differed among studies, but
all supported the use of bacterial lysates. The heterogeneity
decreased in the subgroups when analyzing the secondary
efficacy outcomes.

Considering the limited number of studies (23), we also
conducted a meta-regression of the rate of exacerbation. This
suggested that the type of bacterial lysate (P-value of meta-
regression 0.698) and publication year (P-value of meta-
regression 0.727) was unlikely to be the cause of heterogeneity.

Sensitivity Analysis

We performed a sensitivity analysis to evaluate the robustness of
the efficacy results. A meta-analysis with an alternative model
was used to assess whether the statistical method affected the
results. As shown in Table 4, the value of the estimated effect

was rather close. Moreover, we performed an influence analysis
that examined the impact of each study on the final pooled effect
size by re-synthesizing the included studies, by omitting one at a
time (Figure 8). This indicated that the result remained stable no
matter which study was removed.

Publication Bias

Considering the limited number of included studies that were
not suitable for statistical testing, the publication bias was
assessed using a funnel plot. As shown in Figure 7, publication
bias appeared to present, so a trim analysis was performed
to help quantify its influence. However, with the addition of
studies, it remained similar (RR = 0.88 [trim analysis] vs.
RR = 0.83 [accrual]).
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FIGURE 8 | Sensitivity analysis. (A) Influence analysis of the rate of
exacerbation. (B) Influence analysis of the mean number of exacerbations.

TABLE 4 | Results of the meta-analysis by the alternative model.

Outcome (effect factor) Model used (estimated value [95% CI])

Random Fixed

Rate of exacerbation (RR) 0.83[0.72, 0.96]

~0.42[~0.75, —0.08]

0.87 [0.81, 0.93]

Mean number of —0.23 [-0.27, —0.19]

exacerbations (MD)

Mean number of respiratory
infections (MD)

Rate of hospitalization (RR)
Sputum (SMD)

Cough (SMD)

Severity of dyspnoea (SMD)
Adverse effects (RR)

~0.87 [-2.10, 0.35] ~0.87 [-1.32, —0.42]

0.50 [0.25, 0.99]
~0.20 [-0.65, 0.25]
~0.37 [-0.63, —0.11]
—0.36 [-0.60, —0.12]
0.93[0.84, 1.03]

0.61 [0.46, 0.81]
~0.23[-0.51, 0.04]
~0.37 [-0.61, —0.14]
~0.32[-0.47, —0.1§]
0.97 [0.86, 1.09]

DISCUSSION

The use of bacterial lysates dates to the 1970s and they are
most often used clinically to prevent or treat an infection.
Evidence has accrued demonstrating their role in pediatric
respiratory tract infections, and they are recommended in some
guidelines (24). As they can be given orally, studies are examining
their role in COPD.

Using published evidence, we evaluated the efficacy and safety
of bacterial lysates in patients with COPD in this meta-analysis.
This showed that bacterial lysates reduced exacerbations. This
result was consistent with the former analysis by pan et al. (7)
who included 4 randomized controlled trials focused on OM-
85. The combined results of the RR in the OM-85 subgroup of
our study and that of Pan et al. were 0.87 (95% CI 0.77-0.98)
and 0.8 (95% CI 0.65-0.97), respectively. The results were also
supported by several other studies that revealed that bacterial

lysates were effective at reducing the exacerbations of chronic
bronchitis (25, 26), which can lead to COPD. Several studies
have linked the mechanism underlying the effects of lysates to
the gut-lung axis. As oral immunomodulators, both mechanical
and alkaline bacterial lysates interact with mucosa-associated
lymphoid tissues in the gut, bronchi, and upper airways, which
function as an integrated unit (27-29). On delivery to the body,
the bacterial lysate antigens are captured and recognized by the
pattern recognition receptors of immune cells in the mucosa,
including dendritic cells. These then transmigrate to lymph nodes
and bloodstream and trigger an immune cascade. As a result,
secretory immunoglobulin A increases and there is an extensive
non-specific immune response to pathogens and toxins (30-32).
Moreover, bacterial lysates promote the production of antiviral
cytokines, including INF-vy, facilitate neutrophil chemotaxis, and
modulate the Th1/Th2 ratio, enhancing the immune status
(31, 33-35). Consistent with this, fewer bacterial colonies were
cultured in sputum from patients treated with bacterial lysates
(19, 23), and less seroconversion was seen clinically (14).

Moreover, we assessed the efficacy of bacterial lysates on
symptoms, which was not analyzed in the former meta-analysis.
We found that bacterial lysates reduced the hospitalization rate,
alleviated cough, and improved dyspnea slightly. There were
also non-significant improvements in sputum production and
the mean number of respiratory infections. Intriguingly, in the
subgroup analysis, OM-85 was significantly more effective than
Ismigen overall, although Ismigen might be more effective in
reducing the hospitalization rate.

Of note, heterogeneity was seen in most results. This might
have been due to the type of bacterial lysate, as seen in the
subgroup analysis. In addition, the growing understanding of
the disease and emerging drugs, which could be represented
by the year, could also have influenced the outcomes. Thus,
subsequent meta-regressions were performed. However, neither
the type of bacterial lysate nor the year was a source of
heterogeneity. Moreover, there was a publication bias in the
rate of exacerbation, especially in the alkaline bacterial lysate
subgroup. Nevertheless, the included studies all favored OM-
85. In addition, it might be explained by differences in
the population’s lung function, which was correlated with
exacerbation risk. Importantly, a sensitivity analysis showed that
our results were stable and reliable.

In summary, our results showed that bacterial lysates
can reduce exacerbations and alleviate symptoms in
patients with COPD.

Nevertheless, our study had several limitations. First, some
studies did not report sufficient data in the abstract and were
too old to obtain the full text, so they were removed from the
meta-analysis. Second, the measurements in the studies, such as
symptom evaluation, were not standardized, which could affect
the quantitative analysis. In addition, several studies described
the predefined outcomes rather than presenting detailed data and
could not be included in the meta-analysis. Heterogeneity was
also a problem, as discussed above. The included studies also had
methodological issues, such as explicit allocation concealment, an
important factor for evaluating selection bias, which could lead to
bias and reduce the strength of the evidence.
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CONCLUSION

Bacterial lysates can benefit patients with COPD by reducing
exacerbations and alleviating symptoms. OM-85 is the preferable
product based on the existing evidence. Further studies are
needed to validate these findings.

DATA AVAILABILITY STATEMENT

The original contributions presented in this study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

TZ provided study conception and funding support. YH designed
search terms with the help of YP and YQ. YH completed the
literature searching and mainly drafted the manuscript. YP and
YQ finished study selection, quality assessment and revised the

manuscript. YH and JD conducted quality assessment. MS did
the data analysis and offered funding support. ZY and CC coped
with the disagreement between the authors. All authors read and
approved the final manuscript.

FUNDING

TZ and MS was supported by the Science and Technology
Development Program of Suzhou, China (Grant Nos. SLJ202008
and SYS2020025).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2022.877124/full#supplementary- material

Supplementary Appendix 1 | PRISMA checklist.

Supplementary Appendix 2 | Lists the search terms.

REFERENCES 11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow
CD, et al. The PRISMA 2020 statement: an updated guideline for reporting

1. Global Initiative for Chronic Obstructive Lung Disease. Global Strategy for systematic reviews. Br Med J. (2021) 372:n71. doi: 10.1136/bmj.n71
the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary ~ 12. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page M], et al.
Disease. (2022). Available online at: https://goldcopd.org/2022-gold-reports- editors. Cochrane Handbook for Systematic Reviews of Interventions. 2nd ed.
2/ (accessed on January 6, 2022). Chichester: John Wiley & Sons (2019).

2. Mathers CD, Loncar D. Projections of global mortality and burden of disease ~ 13. Ricci R, Palmero C, Bazurro G, Riccio AM, Garelli V, Di Marco E, et al. The
from 2002 to 2030. PLoS Med. (2006) 3:e442. doi: 10.1371/journal.pmed. administration of a polyvalent mechanical bacterial lysate in elderly patients
0030442 with COPD results in serological signs of an efficient immune response

3. Halpin DMG, Celli BR, Criner GJ, Frith P, Lopez Varela MV, Salvi S, et al. The associated with a reduced number of acute episodes. Pulm Pharmacol Ther.
GOLD Summit on chronic obstructive pulmonary disease in low- and middle- (2014) 27:109-13. doi: 10.1016/j.pupt.2013.05.006
income countries. nt ] Tuberc Lung Dis. (2019) 23:1131-41. doi: 10.5588/ijtld. ~ 14. Zeng D, Huang ], Wang B, Chen G. Efficacy of Broncho-Vaxom on chronic
19.0397 obstructive pulmonary disease in elderly patients. Chin ] Geriatr. (2019)

4. Feleszko W, Dziekiewicz M, Wasowicz A. Immunostimulation using bacterial 38:717-21.
antigens - Mechanism of action and clinical practice in viral respiratory tract ~ 15. Nishantha K, Gunaratne HC, Yasaratne D, Medegedara R. Polyvalent
infections. Pediatr Med Rod. (2015) 11:358-64. mechanical bacterial lysate in advanced COPD; a randomized controlled trial.

5. Bodajko-Grochowska A, Emeryk A, Lahutta D, Bartkowiak-Emeryk M, Respirology. (2014) 121.

Markut-Miotla E, Kowalska M, et al. The cost-effectiveness of polyvalent  16. Olivieri D. Reducing exacerbations in COPD with OM-85: a multicentre,
mechanical bacterial lysate treatment in children with asthma. Allergy. (2017) double-blind, placebo-controlled trial. Eur Respir J. (2011) 38(Suppl. 55):202.
72:62. 17. Cazzola M, Noschese P, Di Perna F. Value of adding a polyvalent mechanical

6. Xuan J, Wang L, Yin H, Xuan D, Zhou Y, Hu S. The cost-effectiveness of bacterial lysate to therapy of COPD patients under regular treatment with
OM-85 in managing respiratory tract infections in China. ] Med Econ. (2015) salmeterol/fluticasone. Ther Adv Respir Dis. (2009) 3:59-63. doi: 10.1177/
18:167-72. doi: 10.3111/13696998.2014.971159 1753465809104677

7. Pan L, Jiang XG, Guo J, Tian Y, Liu CT. Effects of OM-85 BV in patients with ~ 18. Solér M, Miitterlein R, Cozma G. Double-blind study of OM-85 in patients
chronic obstructive pulmonary disease: a systematic review and meta-analysis. with chronic bronchitis or mild chronic obstructive pulmonary disease.
J Clin Pharmacol. (2015) 55:1086-92. doi: 10.1002/jcph.518 Respiration. (2007) 74:26-32. doi: 10.1159/000093933

8. Avdeev SN, Nuralieva GS, Gainitdinova VV, Baimakanova GE, So AK, 19. Li]J, Zheng JP, Yuan JP, Zeng GQ, Zhong NS, Lin CY. Protective effect of a
Merzhoeva ZM. [Clinical efficacy of mechanical bacterial lysate in the bacterial extract against acute exacerbation in patients with chronic bronchitis
prevention of infectious exacerbations of chronic obstructive pulmonary accompanied by chronic obstructive pulmonary disease. Chin Med ] (Engl).
disease]. Ter Arkh. (2020) 92:57-63. doi: 10.26442/00403660.2020.04.000590 (2004) 117:828-34.

9. Tang H, Fang Z, Saborio GP, Xiu Q. Efficacy and safety of OM-85 in patients ~ 20. Collet JP, Shapiro S, Ernst P, Renzi P, Ducruet T, Robinson A, et al. Effects
with chronic bronchitis and/or chronic obstructive pulmonary disease. Lung. of an immunostimulating agent on acute exacerbations and hospitalizations
(2015) 193:513-9. doi: 10.1007/s00408-015-9737-3 in patients with chronic obstructive pulmonary disease. Am J Resp Crit Care.

10. Braido F, Melioli G, Cazzola M, Fabbri L, Blasi F, Moretta L, et al. Sub- (1997) 156:1719-24. doi: 10.1164/ajrccm.156.6.9612096
lingual administration of a polyvalent mechanical bacterial lysate (PMBL)  21. Xinogalos S, Duratsos D, Varonos D. Clinical effectiveness of Broncho-vaxom
in patients with moderate, severe, or very severe chronic obstructive (BV) in patients with chronic obstructive pulmonary disease. J Immunother.
pulmonary disease (COPD) according to the GOLD spirometric classification: (1993) 9:135-42.

a multicentre, double-blind, randomised, controlled, phase IV study (AIACE =~ 22. Genda AM, Davidescu L, Ulmeanu R, Ilisie M. Value of adding treatment
study: advanced immunological approach in copd exacerbation). Pulm with lyophilized bacterial lysates in reducing COPD exacerbations in COPD
Pharmacol Ther. (2015) 33:75-80. doi: 10.1016/j.pupt.2015.03.006 patients risk group C and D. Eur Respir J. (2014) 44:3008.

Frontiers in Medicine | www.frontiersin.org 14 June 2022 | Volume 9 | Article 877124


https://www.frontiersin.org/articles/10.3389/fmed.2022.877124/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2022.877124/full#supplementary-material
https://goldcopd.org/2022-gold-reports-2/
https://goldcopd.org/2022-gold-reports-2/
https://doi.org/10.1371/journal.pmed.0030442
https://doi.org/10.1371/journal.pmed.0030442
https://doi.org/10.5588/ijtld.19.0397
https://doi.org/10.5588/ijtld.19.0397
https://doi.org/10.3111/13696998.2014.971159
https://doi.org/10.1002/jcph.518
https://doi.org/10.26442/00403660.2020.04.000590
https://doi.org/10.1007/s00408-015-9737-3
https://doi.org/10.1016/j.pupt.2015.03.006
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.pupt.2013.05.006
https://doi.org/10.1177/1753465809104677
https://doi.org/10.1177/1753465809104677
https://doi.org/10.1159/000093933
https://doi.org/10.1164/ajrccm.156.6.9612096
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

Huang et al.

Bacterial Lysates in COPD

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Thompson SG, Higgins JPT. How should meta-regression analyses be
undertaken and interpreted? Stat Med. (2002) 21:1559-73. doi: 10.1002/sim.
1187

Esposito S, Jones MH, Feleszko W, Martell ], Falup-Pecurariu O, Geppe
N, et al. Prevention of new respiratory episodes in children with recurrent
respiratory infections: an expert consensus statement. Microorganisms. (2020)
8:1810. doi: 10.3390/microorganisms8111810

Keller R. [Multicenter double-blind study of the action of Broncho-Vaxom in
chronic bronchitis]. Schweiz Med Wochenschr. (1984) 114:934-7.

Messerli C, Michetti F, Sauser-Hall P, Staubli C, Taddei M, Weiss S, et al. [Effect
of a bacterial lysate (Broncho-Vaxom) in the therapy of chronic bronchitis:
multi-center double-blind clinical trial]. Rev Med Suisse Romande. (1981)
101:143-6.

Dumas A, Bernard L, Poquet Y, Lugo-Villarino G, Neyrolles O. The role of the
lung microbiota and the gut-lung axis in respiratory infectious diseases. Cell
Microbiol. (2018) 20:e12966. doi: 10.1111/cmi.12966

Holmgren J, Czerkinsky C. Mucosal immunity and vaccines. Nat Med. (2005)
11(Suppl. 4):545-53. doi: 10.1038/nm1213

Keely S, Talley NJ, Hansbro PM. Pulmonary-intestinal cross-talk in mucosal
inflammatory disease. Mucosal Immunol. (2012) 5:7-18. doi: 10.1038/mi.20
11.55

Yang Y, Palm NW. Immunoglobulin A and the microbiome. Curr Opin
Microbiol. (2020) 56:89-96. doi: 10.1016/j.mib.2020.08.003

Pasquali C, Salami O, Taneja M, Gollwitzer ES, Trompette A, Pattaroni
C, et al. Enhanced Mucosal antibody production and protection against
respiratory infections following an orally administered bacterial extract. Front
Med (Lausanne). (2014) 1:41. doi: 10.3389/fmed.2014.00041

Rossi GA, Peri C, Raynal ME, Defilippi AC, Risso FM, Schenone G, et al.
Naturally occurring immune response against bacteria commonly involved in
upper respiratory tract infections: analysis of the antigen-specific salivary IgA
levels. Immunol Lett. (2003) 86:85-91. doi: 10.1016/s0165-2478(02)00290-0

33. Navarro S, Cossalter G, Chiavaroli C, Kanda A, Fleury S, Lazzari A, et al. The
oral administration of bacterial extracts prevents asthma via the recruitment
of regulatory T cells to the airways. Mucosal Immunol. (2011) 4:53-65. doi:
10.1038/mi.2010.51

Bowman LM, Holt PG. Selective enhancement of systemic Th1l immunity
in immunologically immature rats with an orally administered bacterial
extract. Infect Immun. (2001) 69:3719-27. doi: 10.1128/IA1.69.6.3719-3727.2
001

Roth M, Pasquali C, Stolz D, Tamm M. Broncho Vaxom (OM-
85) modulates rhinovirus docking proteins airway
epithelial cells via Erkl/2 mitogen activated protein kinase and
cAMP. PLoS One. (2017) 12:e188010. doi: 10.1371/journal.pone.018
8010

34,

35.

on human

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Huang, Pei, Qian, Yao, Chen, Du, Shi and Zhou. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Medicine | www.frontiersin.org

15

June 2022 | Volume 9 | Article 877124


https://doi.org/10.1002/sim.1187
https://doi.org/10.1002/sim.1187
https://doi.org/10.3390/microorganisms8111810
https://doi.org/10.1111/cmi.12966
https://doi.org/10.1038/nm1213
https://doi.org/10.1038/mi.2011.55
https://doi.org/10.1038/mi.2011.55
https://doi.org/10.1016/j.mib.2020.08.003
https://doi.org/10.3389/fmed.2014.00041
https://doi.org/10.1016/s0165-2478(02)00290-0
https://doi.org/10.1038/mi.2010.51
https://doi.org/10.1038/mi.2010.51
https://doi.org/10.1128/IAI.69.6.3719-3727.2001
https://doi.org/10.1128/IAI.69.6.3719-3727.2001
https://doi.org/10.1371/journal.pone.0188010
https://doi.org/10.1371/journal.pone.0188010
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/
https://www.frontiersin.org/journals/medicine#articles

	A Meta-Analysis on the Efficacy and Safety of Bacterial Lysates in Chronic Obstructive Pulmonary Disease
	Background
	Methods
	Inclusion and Exclusion Criteria
	Participants
	Type of Intervention and Comparator
	Type of Studies
	Outcomes

	Literature Search Strategy
	Study Selection
	Quality Assessment
	Data Extraction
	Statistical Analysis

	Results
	Study Selection
	Characteristics of the Included Studies and Participants
	Quality of the Included Studies
	Efficacy and Safety of Bacterial Lysates
	Efficacy on Exacerbation
	Efficacy on Hospitalization and Respiratory Infections
	Efficacy on Symptoms
	Safety of Bacterial Lysates

	Heterogeneity Analysis
	Sensitivity Analysis
	Publication Bias

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


