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Abstract

Objective Due to the importance of Chronic obstructive pulmonary disease (COPD) as the fourth cause of mortality world-
wide and the lack of studies evaluating the prevalence of bacterial infections in disease exacerbation, this systematic review
and meta-analysis was performed to determine the prevalence rate of bacterial infections in COPD patients.

Methods PubMed, ISI Web of Science, and Scopus databases were systematically searched for population-based prevalence
studies (1980-2018). MeSH terms for “Bacterial infections” and “AECOPD” were used as search keywords. The selected
studies were filtered according to the inclusion and exclusion criteria. Fixed and random-effects models were used for esti-
mation of summary effect sizes. Between-study heterogeneity, as well as publication bias, were calculated.

Results Finally, 118 out of 31,440 studies were selected. The overall estimation of the prevalence of bacterial infection was
49.59% [95% confidence interval (CI) 0.4418-0.55]. The heterogeneity in estimating the pooled prevalence of bacterial infec-
tions was shown in the studies (Cochran Q test: 6615, P <0.0001, P= 98.23%). In addition, S. pneumoniae, H. influenzae,
M. catarrhalis, A. baumannii, P. aeruginosa, and S. aureus were the most prevalent reported bacteria.

Conclusions Our results as the first meta-analysis for the issue demonstrated that bacterial infections are an important risk
factor for AECOPD. Further studies must be performed for understanding the exact role of bacterial agents in AECOPD and
help physicians for more applicable preventive and therapeutic measurements.
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Introduction and objectives

Chronic Obstructive Pulmonary Disease (COPD) is a
prevalent type of obstructive lung disease involved ~ 174
million people worldwide [132]. The main clinical symp-
toms of COPD include cough, shortness of breath, and spu-
tum production [19], with periods of acute exacerbations
(AECOPD) that characterizes by increased cough, more
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shortness of breath, sputum color changing, and increase
in sputum production [11, 19]. Among several risk factors
suggested to play role in COPD/AECOPD pathogenesis,
respiratory bacterial infections are correlated with approxi-
mately 50% of cases [11], as studies have demonstrated a
significant correlation between the lower airway bacterial
load and COPD consequences [86, 118]. Accordingly, many
experimental and review studies have reported a wide range
of bacterial species involved in COPD/AECOPD patients,
among which respiratory microbiome is a key player [28,
104]. Due to demographic and geographical variations, dif-
ferent clinical specimens, and various detection methods
(including molecular methods such as PCR and RT-PCR
and serology), different bacterial species have been isolated
from the patients. Since there are few studies tried to pool
and meta-analyze these heterogeneous studies altogether, the
prevalence and geographical distribution of respiratory bac-
terial infection in AECOPD has not yet been clearly defined.
In the previous study, a systematic review and meta-analysis
was performed by the present authors on 28 studies selected
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out of 26,078 articles to determine the prevalence of viral
infections in AECOPD, resulting in the about 43% overall
viral prevalence rate [52]. To the best of our knowledge,
there is no systematic review and meta-analysis on the preva-
lence of bacterial infections in AECOPD. Accordingly, in
the present study, we aimed to determine the frequency of
bacterial infections in COPD/AECOPD patients through a
systematic review and meta-analysis study.

Data source and study selection
Search strategy

A systematic search was performed in the main databases,
including PubMed, Scopus, and ISI Web of Science to iden-
tify available articles to May 2018. According to MeSH
terms, searches were performed using the following key-
words: “chronic obstructive pulmonary disease”, “COPD”,
“Exacerbation”, “infection”, “microbe”, “bacteria”, and
“colonization”, alone or combined together with the Boolean
operators “OR”, “AND”, and “NOT” in the Keywords/Title/
Abstract fields. In addition, the reference list of selected full-
text papers was precisely searched manually to find addi-
tional citations not retrieved in the first step of the systematic
search. Gray literature, dissertations, and relevant proceed-
ings of international congresses were not explored. Finally,
we restricted our search to the original articles or abstracts
published which reported the prevalence of bacterial infec-
tions in COPD patients. The literature search was conducted
by two independent researchers in two stages. Disagree-
ments among researchers were resolved by discussion or, if
necessary, by a third researcher. Journals and authors were
not blinded during study selection.

Inclusion and exclusion criteria

A protocol for inclusion and exclusion criteria was defined
for eligible peer-reviewed publications according to the
following inclusion criteria: (A) Articles published up to
May 2018, (B) The articles in English language reporting
the prevalence of bacterial infections in COPD patients, (C)
All studies included samples from sputum, nasopharyngeal
swab, bronchoalveolar lavage, brushing, and nasal lavage,
and (D) reported data related to a group of individuals taken
from the general population. The main exclusion criteria
were: (A) Studies with unknown sample origins, (B) Studies
that failed to present data clearly, (C) Studies conducted on
animal models, (D) Studies with overlapping subjects, time,
and place of sample collection, and (F) Congress abstracts,
review articles, case report articles, meta-analysis or system-
atic reviews, and duplicate publication of the same study.
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Quality assessment and data extraction

The preferred reporting items for systematic reviews and
meta-analysis (PRISMA) guidelines were used to assess the
quality of the included studies by two researchers, indepen-
dently. The PRISMA statement consists of a 27-item check-
list and four-phase flow diagram [75]. A complete infor-
mation list was extracted from the articles into a Microsoft
Excel worksheet. These data were included the first author’s
name, publication date, sample size, the prevalence of bacte-
rial infection, Age mean, detection method, biological sam-
ple, smoking status, risk factors, and reference. Furthermore,
unclear data were consulted and achieved consensus before
recording an entry in the dataset. Cohen’s x was acceptable
between the researchers as the agreement coefficient and was
considered equal to 0.80.

Statistical methods

Pooled relative frequency (RF) and its corresponding 95%
CI were used to evaluate the prevalence of bacterial infec-
tions in COPD. The heterogeneity and the variation in the
pooled estimations were assessed using Cochran’s Q test
and 12 index, respectively, and was considered significant
at P<0.05 level [71]. The pooled RF was calculated by
a random effect model while significantly heterogeneity
existed between the individual studies, and otherwise, this
pooled effect sizes were derived from a fixed-effect model.
A funnel plot was established for checking the existence of
publication bias. The funnel plot asymmetry was measured
by Egger’s linear regression test and Begg’s test (P <0.05
levels were considered statistically significant for publication
bias) [51]. Finally, the subgroup analysis was used in the
year of publication, age average, biological sample, detec-
tion method, smoking status, and risk factors. All statisti-
cal analyses were conducted by data analysis and statistical
software (STATA) (version 11.0; Stata Corporation, College
Station, TX) and MedCalc software.

Results
Literature review

The study selection process and the flowchart of the lit-
erature search are shown in Fig. 1. Through our search in
PubMed, Scopus, and IST web of science database and ref-
erences, 31,440 articles were identified for “Exacerbation”
in the title or abstract. In primary screening, 29,679 publi-
cations were excluded according to COPD Mesh terms in
the title or abstract (COPD, chronic obstructive pulmonary
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Fig. 1 Flowchart of the sys-
tematic search and the resulted
number of final selected studies
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Full-text articles
Narrative qualitative study

v

Lack of relevance
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Studies included in systematic review
and meta-analysis

disease). The retained publications were screened accord-
ing to “Infection” Mesh terms, including “Infect*” OR
“Microb*” OR “Bacteria” OR “Bacterium” OR “Coloniza-
tion” in the title and abstract that resulted in 868 publica-
tions. Then, after manually assessing for bacterial infections
in the title and abstract and eligibility evaluation, finally,
118 papers were retained for full-text evaluation. Two inde-
pendent researchers did the literature search in two stages.

Disagreements among researchers were resolved by dis-
cussion or, if necessary, by a third researcher. Journals and
authors were not blinded during study selection.

Study characteristics

Out of all studies entered into the meta-analysis, 32 studies
(27%) were published before 2005 and others (73%) were after
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2005. Most studies were conducted in Spain (14.4%) and only
less than 1% were published in England and Japan (Table 1).

Overall prevalence

According to included studies, the pooled estimation for
the prevalence of bacterial infection in COPD patients was
0.4959 (95% CI 0.4418-0.55). Total patients analyzed for
the pooled prevalence of bacterial infection were 19,409
among which, 8447 cases were positive for bacterial infec-
tions. The most common isolated pathogens were includ-
ing H. influenzae, S. pneumoniae, Klebsiella pneumoniae,
S. aureus, M. catarrhalis, A. baumannii, and P. aerugi-
nosa. The heterogeneity for estimating the pooled preva-
lence among the studies was shown; Cochran Q test: 6615,
P <0.0001, I*=98.23% (Fig. 2 and Table 2).

Subgroup analysis

As we analyzed for the time trend of bacterial infections
in AECOPD, the LOWESS Smoother plot showed a sig-
nificant shift in bacterial infections prevalence in 2005. In
fact, subsequent to a decreasing rate of bacterial prevalence
in AECOPD studies, an increasing shift is seen after 2005
and continues almost steadily. Therefore, it seems that bac-
terial infection was noted to be more prevalent in studies
published after 2005 (0.4939; 95% CI 0.4281-0.5598). As
shown in Fig. 3, culture is constantly used in most stud-
ies but a dramatic shift was seen in applying PCR-based
methods for detecting bacterial infections in AECOPD.
More than 60 years old was the most common group of
patients (0.5114; 95% CI 0.446-0.5767, P <0.001). Spu-
tum was the most used clinical specimen (82.2%) (0.4943;
95% CI 0.4328-0.5558, P<0.001) and culture was the
most common detection method (83.8%) (0.4956; 95% CI
0.4375-0.5538, P <0.001). More information on Subgroup
analysis is presented in Table 2. In addition, the prevalence
of bacterial infection in COPD patients increased over age
and decreased in men, approximately (Fig. 4).

Publication bias

Although publication bias was statistically significant in
some cases based on Egger’s regression test, no publication
bias was detected according to the Begg’s adjusted rank cor-
relation test (Table 2 and Fig. 5).

Discussion

To the best of our knowledge, this is the first system-

atic review and meta-analysis about the prevalence of
bacterial infections in AECOPD patients, showing that
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the prevalence of bacterial infections is 49.5% (95% CI
0.4418-0.55). Although about 20% of the AECOPD cases
may be a co-infection of simultaneous bacterial and viral
infections, according to the principal objective of our
study, we determined only the role of bacterial infections
in AECOPD patients. The majority of the most common
microorganisms, including S. pneumoniae, H. influenza,
and M. catarrhalis, were a part of the respiratory microbi-
ome. It seems reasonable, since microbiome dysbiosis is a
major cause of chronic respiratory complications that can
disturb homeostasis in the lung resulting in lung inflam-
mation and infection [104]. Sethi et al. isolated bacterial
agents from sputum samples of 40-60% of COPD patients
[107]. A study in 2003 identified bacterial infections in
43.3% of AECOPD patients as the major risk factor with
the dominance of H. influenzae (13.3%) [76]. Several other
studies have isolated H. influenzae, Streptococcus pneu-
moniae, Moraxella catarrhalis, and Pseudomonas as the
most common bacteria from both stable and exacerbated
COPD [11, 37, 72]. In most studies, the average age of
patients was above 60 years. Previous studies have shown
that young age groups of COPD patients may be more
likely to show worse clinical outcomes [48]. Another influ-
encing factor is the bacterial detection method. As shown
in the subgroup analysis for the year of publication, after a
decreasing rate of bacterial prevalence in AECOPD stud-
ies, an increasing shift is seen after 2005. This shift may be
due to three possible reasons: first, molecular techniques
(with higher sensitivity and being independent of previous
antibiotic administration) are mainly introduced almost
after 2005; second, bacterial culture systems have been
progressed more frequently; and third, it is simply due to
the slight changes in the prevalence of bacterial caused
AECOPD before and after 2005. In this meta-analysis, the
most common detection method was the culture (83.8%)
(0.4956; 95% CI1 0.4375-0.5538, P <0.001). For bacterial
detection, culture is the gold standard method, but has
some shortcomings such as time-consuming and low sen-
sitivity [38, 61]. Despite being expensive and more com-
plicated, molecular techniques have several advantages
including higher sensitivity, being able to detect noncul-
tivable bacteria, being independent of previous antibiotic
administration, and can quantitatively determine the load
of bacteria [38]. In addition, since it is proved that chang-
ing in the total pattern of microbiome content is the cause
of asthma and COPD rather than changing in an individual
bacterial species, next-generation sequencing techniques
would be needed to give a comparison between healthy
and patients respiratory microbiome. We found ELISA as
the third most common method in 21 studies (0.5099; 95%
CI 0.3767-0.6423, P <0.001), as a fast but low specific
method. In fact, sandwich and indirect ELISA methods
used to evaluate microbial antigens and/or antibodies are
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Fig. 2 Forest plot indicates the estimation for the prevalence of bacterial infection in COPD patients

indirectly detected the pathogens using nonspecific poly-
clonal antibodies [110]. As an important note regarding
the serology assay studies, although serology could indi-
cate passive infections and not necessarily active infection,
these studies using serology assays (mostly for detect-
ing M. pneumoniae, M. catarrhalis, and Chlamydophila
pneumonia) evaluated current active bacterial infections
in AECOPD patients. Regarding the advantages and disad-
vantages of both culture and molecular methods, it seems
that the combination of these two methods may give more
reliable results [61]. Of note, three studies used microarray
as the high-throughput technique for bacterial detection.
Due to the high capacity of the microarray to specifically
identify a wide range of microbial species as well as their
different characteristics, using microarray developed for
simultaneous detection of many bacterial species and
strains would be of great attention in the future. A mecha-
nism related to bacterial infection is the bacterial load. In
COPD exacerbations, the bacterial load increases with a
significant decrease in microbiome complexity [11, 37].
In one study, Sethi et al. demonstrated that the bacterial

@ Springer

load of H. haemolyticus, M. catarrhalis, and H. influen-
zae in the sputum of AECOPD patients was significantly
different from stable patients. In addition, they indicated
a significant negative correlation between the sputum
bacterial load for H. parainfluenzae and S. pneumoniae
and the exacerbation occurrence, whereas H. influenzae
was detected in high concentrations in AECOPD patients
[112]. In terms of clinical specimens, sputum was the
most prevalent sample in this meta-analysis. Although
sputum is not an ideal representative for lower respira-
tory tract microflora (due to the possible contamination
by oral flora), the sampling simplicity and feasibility have
introduced sputum as the most prevalent lower respiratory
sample. In addition, bronchoalveolar lavage and protected
specimen brush sampling may be applicable only for the
milder severity states of AECOPD but not for a more
severe disease state. Although the application of PCR or
real-time PCR methods in sputa could correctly detect oral
flora, it would be unable to ascertain if these are commen-
sals or have converted into a pathogenic state. One of the
main factors in COPD pathogenesis is airway inflammation
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Fig.3 Time trend of applying detection methods for bacterial infections in AECOPD

leading to progressive airway injuries, though producing
inflammatory mediators such as cytokines by T cells,
macrophages, and neutrophils [11, 57]. Studies indicated
that bacterial infection can trigger airway immune sys-
tem that resulted in inflammation [45]. A study showed
that the neutrophilic inflammation (including neutrophil
elastase, TNF-a, and IL-8) in COPD-mediated bacterial
exacerbation was higher than nonbacterial exacerbation
[111]. Neutrophil migration into airways may occur due to
bacterial products. The elastase produced by neutrophils
can act synergistically with bacterial products to inhibit
tracheobronchial ciliary function [11, 110]. After inflam-
mation, another risk factor considered here was diabetes.
This disease in individuals with COPD more occurs than
in healthy persons. The association between COPD and
diabetes is varied and different studies known that diabetes
affects 2-37% of COPD patients [102].

@ Springer

Conclusion

The current study provides the first overall bacterial infec-
tion prevalence in AECOPD patients worldwide and infor-
mation about bacterial species in different geographical
areas. It seems that besides other risk factors such as viral
infections and environmental conditions, bacterial infec-
tions caused mainly by the dysbiotic respiratory microbi-
ome may consider as the major risk factor of AECOPD
for which more accurate and applicable detection and
therapeutic methods. Further studies with more developed
methods must be performed for understanding the exact
role of bacterial agents in AECOPD.
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