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Abstract 

Background:  The role of antibiotics in the treatment of chronic obstructive pulmonary disease (COPD) exacerbations 
and their effectiveness in combination have not been clearly established. To determine whether using a combina-
tion of fluoroquinolones and beta-lactams improves the clinical and microbiological efficacy of antibiotics on day 20 
of treatment, we conducted an open-label randomized trial based on clinical outcomes, microbiological clearance, 
spirometry tests, and signs of systemic inflammation in patients hospitalized with acute exacerbations of COPD.

Methods:  We enrolled 139 subjects with COPD exacerbations, defined as acute worsening of respiratory symptoms 
leading to additional treatment. Patients were divided randomly into two groups: 79 patients using beta-lactam 
antibiotics alone and 60 using beta-lactam antibiotics plus fluoroquinolones. Clinical and microbiological responses, 
spirometry tests, symptom scores, and serum C-reactive protein (CRP) levels were evaluated.

Results:  Clinical success, lung function, and symptoms were similar in patients with or without fluoroquinolone 
administration on days 10 and 20. Combination therapy was superior in terms of microbiological outcomes and 
reduction in serum CRP value. Although equivalent to monotherapy in terms of clinical success, the combination 
showed superiority in terms of microbiological success and a decrease in CRP. The combination therapy group had 
a higher microbiological success rate with gram-negative bacteria than the monotherapy group with Pseudomonas 
aeruginosa (100% vs. 33.3%, respectively) and Acinetobacter baumanii (100% vs. 20%, respectively) (P < 0.05).

Conclusions:  Concomitant use of fluoroquinolone and beta-lactam antibiotics for bacterial infections during COPD 
exacerbations caused by gram-negative bacteria appear to be effective and should be applied in clinical practice.

Keywords:  Antibiotic therapy, Chronic obstructive pulmonary disease, Beta-lactam antibiotics, Fluoroquinolones

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Chronic obstructive pulmonary disease (COPD) is one 
of the leading causes of death in the United States and 

worldwide. COPD exacerbation is defined as an acute 
worsening of respiratory symptoms beyond one’s ability 
to adapt normally, requiring additional treatment and 
bringing a risk of adverse health events that could affect 
the patient in the future [1–3]. Significant progress has 
been made in understanding the etiology and pathogen-
esis of these exacerbations. In contrast, there are few 
clinical trials of appropriate design and quality that can 
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support the selection of an optimal treatment approach 
to these exacerbations. The empirical prescription of 
antibiotics to treat presumed bacterial infections is com-
mon in patients presenting with acute exacerbations of 
COPD. However, their use is debated, and whether the 
choice of antibiotic is important is controversial [4, 5]. 
A key feature of airway inflammation in COPD is the 
persistent presence of bacteria in the lower respiratory 
tract. The most commonly isolated bacteria in the lower 
respiratory tract of patients with COPD are Haemophi-
lus influenzae, Moraxella catarrhalis, and Streptococcus 
pneumoniae, with increasing evidence of the importance 
of Pseudomonas aeruginosa infection in severe COPD 
[6]. These bacteria exhibit high resistance to many anti-
biotics, and empirical treatment for serious systemic 
infections often involves a two-drug regimen [7, 8]. The 
efficacy of combination antibiotic therapy in patients with 
gram-negative bacillus sepsis has been previously tested, 
with most studies including a combination of beta-lactam 
antibiotics and aminoglycosides. Overall, the mortality 
rate for patients treated with beta-lactam-aminoglycoside 
combination therapy was not significantly reduced com-
pared with that of patients with gram-negative bacillary 
sepsis treated with beta-lactam monotherapy [9–11]. 
Another potentially favorable combination is a beta-lac-
tam plus a fluoroquinolone. However, while these com-
binations exhibit synergistic strength (i.e., no organisms 
isolated after the 24-h killing tests) due to the bactericidal 
activity of the combination, the minimum inhibitory con-
centrations of organisms recovered were unaltered [12]. 
With increased antibiotic resistance in gram-negative 
bacilli, the use of combination antibiotic therapy to treat 
sepsis caused by these bacilli has resurfaced [13]. Studies 
have shown that inappropriate antibiotic treatment can 
be alleviated using empirical combination therapy [14]. 
Despite the increasing use of fluoroquinolones due to 
their relatively broad spectrum of antimicrobial activity 
and their accepted safety, to the best of our knowledge, 
the inclusion of fluoroquinolones in a combined anti-
bacterial regimen for gram-negative bacilli has not been 
studied on a per-drug basis.

We hypothesized that the empirical use of fluoroqui-
nolones combined with beta-lactam antibiotics would 
increase their therapeutic success in patients with acute 
exacerbations of COPD compared with that in patients in 
whom beta-lactam monotherapy was used. The main goal 
of this study was to compare the clinical and bacterial 
success of a combination of beta-lactam and fluoroqui-
nolone antibiotics with that of beta-lactam monotherapy 
in adult patients with COPD exacerbations.

Methods
Participants and study design
The study protocols were reviewed and approved by the 
Hai Phong International Hospital Institutional Review 
Board. The study was conducted in accordance with the 
Declaration of Helsinki and International Conference on 
the Harmonization of the Technical Requirements for the 
Registration of Pharmaceuticals for Human Use—Good 
Clinical Practice guidelines. All subjects gave written 
informed consent before study initiation. This trial was 
registered at ClinicalTrials.gov (NCT04879030).

The participants comprised patients aged over 45 years, 
diagnosed with COPD stages I–IV as stated by the 
Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) [15], with acute exacerbations (onset of signs 
under 14 days as defined by Anthonisen et al. [16]: type 1 
[increased dyspnea, increased sputum volume, and spu-
tum purulence] or type 2 [involved two or three symp-
toms that needed hospitalization]), and who had used 
antibiotics for at least 1 day. The exclusion criteria were: 
recently detected or unresolved pulmonary malignancy, 
other infectious diseases requiring antibiotic treatment, 
signs of pneumonia on radiographs, and kidney failure.

Randomization and intervention
This was an open-label, randomized study using two 
types of treatments. Participants were divided into two 
groups using a simple randomization procedure. Within 
24  h of admission, patients were divided randomly into 
two groups by computer-generated random numbers, 
with one group receiving a course of single-antibiotic 
therapy with beta-lactam antibiotics alone and the other 
receiving concomitant antibiotic treatment, defined as 
the use of two antibiotics including one beta-lactam 
antibiotic and one fluoroquinolone. The beta-lactam 
antibiotics with activity against gram-negative bacilli in 
this study included piperacillin-tazobactam, ticarcillin-
clavulanate, imipenem-cilastatin, meropenem, ertape-
nem, ceftazidime, ceftriaxone, cefotaxime, and cefixime. 
The fluoroquinolone antibiotics included ciprofloxacin, 
levofloxacin, and moxifloxacin. Other COPD medica-
tions were continued. When antibiotic therapy failed, 
the attending physician had the right to reevaluate the 
clinical status and to replace the antibiotic therapy in 
the study with more appropriate treatment. Safety was 
recorded daily with the support of a clinical pharmacist 
to report adverse events.

Outcomes and follow‑up
On days 1, 10, and 20, patients were evaluated clini-
cally, and blood was drawn, collected, and the levels 
of C-reactive protein (CRP) were measured (Beckman 
Coulter, Fullerton, CA). Pulmonary function testing was 
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performed, and expectorated sputum samples were col-
lected by laboratory technicians. Symptoms were scored 
via a 10-point visual analog scale (VAS) for shortness 
of breath, tiredness, cough, and sputum color by a res-
piratory physician [17]. Separate and total scores were 
calculated.

The primary endpoint was the clinical outcome on day 
20, as stated by Chow et al. [18]. Successful treatment was 
assessed as cure (completely resolved signs and symp-
toms related to exacerbations) or improvement (resolved 
or decreased symptoms and signs without new symptoms 
or signs related to infection) by a respiratory physician. 
Treatment failure was defined as the failure to address 
symptoms and signs, worsening of symptoms and signs, 
the appearance of new symptoms and signs related to the 
primary infection or new infection, or death.

The secondary endpoints included clinical outcome on 
day 10 and clinical success on days 10 and 20, based on 
lung function (forced expiratory volume in 1  s [FEV1]), 
serum CRP, symptoms, and microbiological responses.

Microbiological response
The microbiological outcome was evaluated on days 1 
and 20 in accordance with the guidelines for the clini-
cal evaluation of anti-infective drug products by Beam 
et  al. [19]. Success was defined as eradication (absence 
of the original pathogen in an adequate sputum sample 
after completion of therapy), presumptive eradication 
(clinical success in the absence of adequate sputum pro-
duction), reduction (reduction of the bacterial load), or 
colony (the appearance of an organism that differs from 
that of the original pathogen in the absence of symptoms 
or signs of active infection). Failure was defined as persis-
tence (continued presence of the original pathogen upon 
completion of therapy), relapse (the reemergence of the 
same pathogen after a documented absence), superinfec-
tion (emergence of a new pathogen during therapy, with 
associated symptoms and signs), or presumed persis-
tence (initiation of new antimicrobial therapy for contin-
ued infection in the absence of microbiological data). The 
response was regarded as indeterminate in case of death 
or withdrawal before follow-up cultures were obtained, if 
microbiological data were incomplete, or if a patient had 
received an effective course of antibiotics that was not 
part of the study protocol.

Sample size and statistical analyses
Our sample size was calculated based on the results of 
Ioannis et  al. [20], who had a treatment success rate of 
65% for the beta-lactam monotherapy group and 85% 
for the combination therapy group. In total, 60 exacerba-
tions were needed in both arms of our study to compare 
the effect of antibiotic monotherapy and concomitant 

therapy on day 20 with 80% power at a significance level 
of 5%.

All analyses were performed using the Statistical Anal-
ysis System statistical software package, version 9.1.3 
(SAS Institute, Cary, NC) and R software, version 3.2.4 
[21]. Comparisons of continuous variables between two 
study groups were performed using a t-test for normally 
distributed data and a Mann–Whitney U test for non-
normally distributed data; differences in frequencies of 
two groups were analyzed by the chi-squared test. The 
Fisher-exact test was used when comparing the differ-
ence in proportions of two small groups [22]. There were 
no missing data during the study. Subtypes were assigned 
depending on the type of exacerbation, presence of bac-
teria, serum CRP level, and pulmonary function test. 
Heterogeneity of therapeutic effects between subgroups 
was checked using logistic regression analysis.

Results
Baseline characteristics
Of the 170 participants screened, 155 were enrolled and 
randomly assigned to either the monotherapy (80 exac-
erbations) or combination therapy (75 exacerbations) 
group. Almost all participants in the monotherapy (79 
of 80 [99%]) and combination groups (60 of 75 [80%]) 
accomplished the trial (Fig. 1). The most common cause 
for patients to discontinue our study was withdrawal 
of consent. The baseline characteristics are shown in 
Table  1. During the study period, the groups remained 
comparable with regard to demographic characteris-
tics, smoking number, VAS score, baseline FEV1, base-
line forced vital capacity, comorbidities, white blood cell 
count, CRP level, partial pressure of oxygen, partial pres-
sure of carbon dioxide, inhalation corticosteroids, and 
systemic corticosteroid use.

Primary outcome
Of the study population, 70 patients (88.6%) in the mono-
therapy group and 53 (88.3%) in the combination group 
(Table  2) were diagnosed as clinically successful on day 
20. On day 20 of combination treatment, the clinical suc-
cess was not significantly higher than that with mono-
therapy (P = 1).

Secondary outcomes
Clinical outcomes on day 10
On day 10, 48 patients (60.7%) in the monotherapy 
group and 36 (60%) in the combination therapy group 
were evaluated as clinically successful. The clinical suc-
cess rates on day 10 were significantly different (P = 1) 
between the two regimens (Table 2).
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Pulmonary function
Paired pulmonary function results were collected for 
139 subjects on days 1, 10, and 20. The baseline FEV1 of 
monotherapy and combination therapy was 0.75 ± 0.19 L 
and 0.73 ± 0.21 L, respectively. There was no significant 
difference in FEV1 between the two therapies (P = 0.22) 
(Table  2). The mean elevation of FEV1 on day 10 was 
0.17 ± 0.21 L in the monotherapy group and 0.20 ± 0.26 
L in the combination therapy group (P = 0.24) (Table 2). 
On day 20, the mean elevation was 0.18 ± 0.28 L in the 
monotherapy group and 0.24 ± 0.25 L in the combination 
group (P = 0.56) (Table 2).

Serum CRP
The mean decrease in the CRP level on day 10 was 
−  13.5 ± 14.3  mg/L in the monotherapy group and 
− 12.6 ± 16.1 mg/L in the combination group (P = 0.099) 
(Table  2). On day 20, the combination group had a sig-
nificantly greater decrease in CRP compared with 
the monotherapy group (−  26.9 ± 15.7  mg/L vs. 
− 22.1 ± 14.5 mg/L, P = 0.004).

Symptom scores
The mean change in total symptoms score on day 
10 was −  10.6 ± 9.6 in the monotherapy group and 

−  10.5 ± 13.3 in the combination group (P = 0.92) 
(Table  2). On day 20, the mean change in total symp-
toms score was − 21.3 ± 15.1 in the monotherapy group 
and − 23.8 ± 17.6 in the combination group (P = 0.26).

Microbiological outcomes
We evaluated the bacteriological responses of 139 
patients on days 1 and 20 (Table 3). The most predomi-
nant pathogens were S. pneumoniae (35.9%), H. influ-
enzae (20.9%), P. aeruginosa (12.9%), and Acinetobacter 
baumannii (8.6%). Successful bacterial eradication was 
observed in 70 of the 79 patients in the monotherapy 
group (88.6%) and 58 of 60 (96.7%) in the combination 
group (P = 0.11) (Table  3). For the two most common 
pathogens (S. pneumoniae and H. influenzae), the suc-
cess rates for those using combination therapy were not 
significantly higher than for those using monotherapy 
(S. pneumoniae: 94.4% vs. 96.9%, respectively, P = 1; 
H. influenzae: 87.5% vs. 95.2%, respectively, P = 0.48). 
The combination group had a higher microbiologi-
cal success rate with gram-negative bacteria than the 
monotherapy group with P. aeruginosa (100% vs. 33.3%, 
respectively) and A. baumanii (100% vs. 20%, respec-
tively) (P < 0.05) (Table 3).

Fig. 1  Enrollment and follow-up of patients. Shows the screening, enrollment, random assignment
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Discussion
There was no significant difference in clinical outcome 
on day 20 among patients with acute exacerbations of 
COPD treated with combination therapy and those 
treated with monotherapy. Moreover, combination 

therapy with fluoroquinolone was not advantageous 
over monotherapy for the clinical outcome on day 10 
or microbiological success. However, the combination 
therapy group had a higher microbiological success 
rate with gram-negative bacteria than the monotherapy 

Table 1  Baseline patient characteristics

AECOPD acute exacerbation of COPD, FEV1 postbronchodilator forced expiratory volume in 1 s, ICS inhalation corticosteroids, IQRs interquartile range, SCS systemic 
corticosteroids, SD standard deviation, WBC white blood cell
# Fisher’s Exact Test for propotion comparison; Mann–Whitney test for comparing the means
† Last recorded postbronchodilator value in a stable state before admission

*The body mass index is the weight in kilograms divided by the square of the height in meters

Plus–minus values represent means ± SD

Characteristics Monotherapy (n = 79) Combination therapy (n = 60) P-value#

Age, years 71.4 ± 11.8 71.7 ± 12.1 0.89

Male sex, no. (%) 55 (69.6) 46 (76.7) 0.36

Smokers, no. (%) 43 (54.4) 34 (56.7) 0.79

Body mass index ± SD 24.1 ± 3.1 23.7 ± 2.6 0.25

VAS score 34.1 ± 11.1 32.3 ± 16.1 0.54

Percent predicted FEV1, %† 58.0 ± 14.8 55.8 ± 16.1 0.42

Percent predicted FVC, %† 71.3 ± 17.1 72.1 ± 18.2 0.47

Comorbidities, no. (%)

 Ischemic heart disease 31 (39.2) 27 (45.0) 0.52

 Heart failure 20 (25.3) 13 (21.7) 0.63

 Diabetes mellitus 11 (13.9) 10 (16.7) 0.46

 Lung cancer 2 (2.5) 6 (10.0) 0.21

WBC

1. > 10 × 109/L, no. (%) 42 (53.1) 34 (56.7) 0.52

 C-reactive protein (mg/L), median (IQR) 46.0 (12–124) 44.8 (18–113) 0.73

 PaO2 (mm Hg), median (IQRs) 71.7 (41–99) 72.8 (43–115) 0.72

 PaCO2 (mm Hg), median (IQRs) 42.8 (27–90) 40.9 (25–82) 0.45

 ICS, no. (%) 76 (96.2) 59 (98.3) 0.08

 SCS, course for current AECOPD, no. (%) 30 (37.9) 22 (36.7) 0.34

Table 2  Effect of interventions on primary and secondary endpoints

FEV1 postbronchodilator forced expiratory volume in 1 s
# Fisher’s Exact Test for propotion comparison; Mann–Whitney test for comparing the means

End Point Monotherapy (n = 79) Combination therapy (n = 60) P-value#

Clinical success on Day 10, no. (%) 48 (60.7) 36 (60) 1

Clinical success on Day 20, no. (%) 70(88.6) 53 (88.3) 1

FEV1, L

 FEV1 on Day 1 0.75 ± 0.19 0.73 ± 0.21 0.22

 ΔFEV1 on Day 10 0.17 ± 0.21 0.20 ± 0.26 0.24

 ΔFEV1 on Day 20 0.18 ± 0.28 0.24 ± 0.25 0.56

VAS score

 ΔVAS score on Day 10 − 10.6 ± 9.6 − 10.5 ± 13.3 0.92

 ΔVAS score on Day 20 − 21.3 ± 15.1 − 23.8 ± 17.6 0.26

CRP (mg/L)

 ΔCRP on Day 10 − 13.5 ± 14.3 − 12.6 ± 16.1 0.099

 ΔCRP on Day 20 − 22.1 ± 14.5 − 26.9 ± 15.7 0.004
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group with P. aeruginosa and A. baumanii (P < 0.05). 
The main rationale for antibiotic use in patients with 
COPD exacerbations has been reported to be their 
close association with bacteria such as H. influen-
zae [23]. Many systematic reviews have shown the 
benefit of antibiotics in the treatment of COPD exac-
erbations. Using antibiotics can help reduce recov-
ery time, the risk of exacerbations, treatment failure, 
and the length of hospital stay in patients with COPD 
[24, 25]. Some antibiotics, such as quinolones, mac-
rolides, beta-lactams, doxycycline, and trimethoprim-
sulfamethoxazole, have proven effective in treating 
bacterial infections in COPD exacerbations [26]. The 
MOSAIC study compared broad-spectrum fluoroqui-
nolones (such as moxifloxacin) with narrow-spectrum 
antibiotics (amoxicillin, clarithromycin, or cefuroxime-
axetil) and found that moxifloxacin and narrow-spec-
trum antibiotics were comparable in terms of clinical 
success (improvement or cure); however, moxifloxa-
cin was associated with a higher clinical cure rate and 
superior bactericidal activity [27]. Some results suggest 
that broad-spectrum antibiotics are more effective in 
treating exacerbations [16, 27]. Finally, patients using 
combination therapy did not show a greater decrease 
in symptoms on days 10 and 20 compared with those 
using monotherapy. There were no differences observed 
in the recovery of pulmonary function or resolution of 
main symptoms of systemic inflammation between our 
study groups. To the best of our knowledge, there are 
no studies that compare single-antibiotic and combina-
tion regimens in patients with COPD exacerbations.

Our study showed that the main causes of COPD 
exacerbations were S. pneumoniae (35.9%), H. influen-
zae (20.9%), P. aeruginosa (12.9%), and A. baumannii 
(8.6%). Our results are consistent with the results of 
other studies [28–31].

This was a randomized trial to evaluate antibiotic com-
bination therapy for acute exacerbations of COPD. Our 
study did not find a significant therapeutic effect on the 
main outcome (clinical success on days 10 and 20). Our 
research findings indicate that it is unclear if there is 
an advantage in selecting concomitant therapy of beta-
lactams and fluoroquinolone when single beta-lactam 
therapy can be administered for severe COPD with 
exacerbations, according to susceptibility testing results. 
However, this should be interpreted in consideration 
of whether the small size of our study would offer suffi-
cient statistical power to detect large differences between 
the two intervention groups [32]. Moreover, this study 
was not placebo-controlled. Therefore, the enrollment 
of patients with pneumonia may have increased the 
observed therapeutic effect. Additionally, we selected 
patients with moderate-to-severe COPD with exacer-
bations requiring hospitalization. The severity of these 
exacerbations can cause a large proportion of early recur-
rences, thereby reducing treatment effectiveness. Since 
combination therapy did not outperform monotherapy 
in the overall analysis, it is important to evaluate whether 
certain subgroups benefit from antibiotics. It is clear that 
the airways of patients with COPD carry a certain bac-
terial load, and an increase in bacterial load or even the 
addition of a new strain of bacteria does not necessarily 
lead to an exacerbation [5]. In this study, we could not 
find any advantage in using combination therapy based 
on the reduction of serum CRP levels. Although serum 
CRP has been suggested as a biomarker of infection in 
acute exacerbations of COPD [33], evidence has shown 
that antibiotic therapy is guided by procalcitonin levels, 
a systemic marker of bacterial infection, which safely 
reduces antibiotic use [34].

The findings of this study should be explained in the 
context of some potential limitations. The absence of 

Table 3  Microbiological outcomes

A potential pathogen was identified in 128 exacerbations

End Point No. success (%) Monotherapy (n = 79) Combination therapy 
(n = 60)

P-value

Overall success, no. (%) 128 (92.1) 70 (88.6) 58 (96.7) 0.11

Success per pathogen

 Streptococcus pneumoniae (n = 50) 48 31/32 (96.9) 17/18 (94.4) 1

 Haemophilus influenzae (n = 29) 27 20/21 (95.2) 7/8 (87.5) 0.48

 Pseudomonas aeruginosa (n = 18) 16 1/3 (33.3) 15/15 (100) 0.01

 Acinetobacter baumanii (n = 12) 8 1/5 (20.0) 7/7 (100) 0.01

 Stenotrophomonas maltophilia (n = 10) 9 5/6 (100) 4/4 (100) 1

 Staphylococcus aureus (n = 8) 8 4/4 (100) 4/4 (100) 1

 Escherichia coli (n = 6) 6 4/4 (100) 2/2 (100) 1

 Moraxella catarrhalis (n = 6) 6 4/4 (100) 2/2 (100) 1
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advanced antibiotic resistance in our hospital could 
affect the generalization of results to other studies. 
Another drawback of our study is that patients were 
not stratified depending on factors that may impact 
study results, such as COPD severity. However, in the 
subgroup evaluation, we concluded that disease sever-
ity did not affect the therapeutic outcome. Further, 
the VAS used in this study to score patient symptoms 
is not validated and has not been assessed specifically 
for acute exacerbations of COPD. However, the VAS is 
commonly used to measure subjective signs, and the 
VAS can reproducibly score symptoms such as short-
ness of breath and fatigue [35].

Conclusion
The combination of a beta-lactam with a fluoroqui-
nolone is equivalent to beta-lactam monotherapy in 
terms of clinical response on days 10 and 20 but is supe-
rior against S. pneumoniae and P. aeruginosa in terms of 
microbiological success on day 10. Additional effects of 
combination therapy include a greater reduction in the 
change in serum CRP levels. Further research is required 
before combination therapy is routinely recommended.

Abbreviations
COPD: Chronic obstructive pulmonary disease; CRP: C-reactive protein; VAS: 
Visual analog scale; FEV1: Forced expiratory volume in 1 s; FVC: Forced vital 
capacity; PaO2: Partial pressure of oxygen; PaCO2: Partial pressure of carbon 
dioxide.

Acknowledgements
We thank all the staff members for their contributions to this study.

Authors’ contributions
PNTT: conception; study design; acquisition; data analysis, interpretation of 
data; writing manuscript. MNTH: conception; acquisition; data analysis, inter-
pretation of data; writing manuscript. NTT: conception; study design; acquisi-
tion; data analysis, interpretation of data; HNT: study design; acquisition; data 
analysis, interpretation of data; writing manuscript. KPM: conception; study 
design; acquisition; data analysis, data accuracy; final approval of the manu-
script. All authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Data available on request from the authors.

Declarations

Ethics approval and consent to participate
The study protocols were reviewed and approved by the Hai Phong Interna-
tional Hospital Institutional Review Board. All subjects gave written informed 
consent before study initiation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Haiphong University of Medicine and Pharmacy, 72A Nguyen Binh Khiem, 
Ngo Quyen, Haiphong, Vietnam. 2 Haiphong International Hospital, 124 
Nguyen Duc Canh, Le Chan, Haiphong, Vietnam. 3 Drug Administration of Viet-
nam, 138A Giang Vo, Ba Dinh, Ha Noi, Vietnam. 

Received: 17 August 2021   Accepted: 13 September 2021

References
	1.	 Halpin DMG, et al. Global initiative for the diagnosis, management, and 

prevention of chronic obstructive lung disease. The 2020 GOLD science 
committee report on COVID-19 and chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med. 2021;203(1):24–36.

	2.	 Burrows B, Earle RH. Course and prognosis of chronic obstructive 
lung disease. A prospective study of 200 patients. N Engl J Med. 
1969;280(8):397–404.

	3.	 Spencer S, et al. Health status deterioration in patients with 
chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 
2001;163(1):122–8.

	4.	 Hirschmann JV. Do bacteria cause exacerbations of COPD? Chest. 
2000;118(1):193–203.

	5.	 Murphy TF, Sethi S, Niederman MS. The role of bacteria in exacerbations 
of COPD. A constructive view. Chest. 2000;118(1):204–9.

	6.	 Kyd JM, McGrath J, Krishnamurthy A. Mechanisms of bacterial resist-
ance to antibiotics in infections of COPD patients. Curr Drug Targets. 
2011;12(4):521–30.

	7.	 Gajdacs, M., The concept of an ideal antibiotic: implications for drug 
design. Molecules, 2019. 24(5).

	8.	 Worthington RJ, Melander C. Combination approaches to combat 
multidrug-resistant bacteria. Trends Biotechnol. 2013;31(3):177–84.

	9.	 Klibanov OM, Raasch RH, Rublein JC. Single versus combined anti-
biotic therapy for gram-negative infections. Ann Pharmacother. 
2004;38(2):332–7.

	10.	 Leibovici L, et al. Monotherapy versus beta-lactam-aminoglycoside 
combination treatment for gram-negative bacteremia: a prospective, 
observational study. Antimicrob Agents Chemother. 1997;41(5):1127–33.

	11.	 Safdar N, Handelsman J, Maki DG. Does combination antimicrobial 
therapy reduce mortality in Gram-negative bacteraemia? A meta-analysis. 
Lancet Infect Dis. 2004;4(8):519–27.

	12.	 Fish DN, Choi MK, Jung R. Synergic activity of cephalosporins plus fluo-
roquinolones against Pseudomonas aeruginosa with resistance to one or 
both drugs. J Antimicrob Chemother. 2002;50(6):1045–9.

	13.	 Behzadi P, Barath Z, Gajdacs M. It’s not easy being green: a narrative 
review on the microbiology, virulence and therapeutic prospects of 
multidrug-resistant Pseudomonas aeruginosa. Antibiotics (Basel), 2021. 
10(1).

	14.	 Micek ST, et al. Pseudomonas aeruginosa bloodstream infection: impor-
tance of appropriate initial antimicrobial treatment. Antimicrob Agents 
Chemother. 2005;49(4):1306–11.

	15.	 Shen YC, Chen L, Wen FQ. Interretation of 2019 global strategy for the 
diagnosis, management and prevention of chronic obstructive pulmo-
nary disease. Zhonghua Yi Xue Za Zhi. 2018;98(48):3913–6.

	16.	 Anthonisen NR, et al. Antibiotic therapy in exacerbations of chronic 
obstructive pulmonary disease. Ann Intern Med. 1987;106(2):196–204.

	17.	 Raj-Koziak D, et al. Visual analogue scales as a tool for initial assessment of 
tinnitus severity: psychometric evaluation in a clinical population. Audiol 
Neurootol. 2018;23(4):229–37.

	18.	 Chow AW, et al. Evaluation of new anti-infective drugs for the treatment 
of respiratory tract infections. Infectious Diseases Society of America 
and the Food and Drug Administration. Clin Infect Dis. 1992;15(Suppl 
1):S62-88.

	19.	 Beam TR Jr, Gilbert DN, Kunin CM. General guidelines for the clinical 
evaluation of anti-infective drug products. Infectious Diseases Society 
of America and the Food and Drug Administration. Clin Infect Dis. 
1992;15(Suppl 1):S5-32.

	20.	 Bliziotis IA, et al. Impact of definitive therapy with beta-lactam mono-
therapy or combination with an aminoglycoside or a quinolone for 
Pseudomonas aeruginosa bacteremia. PLoS ONE. 2011;6(10):e26470.



Page 8 of 8Thu et al. BMC Infect Dis         (2021) 21:1019 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	21.	 Team RC (2013) R, a language and environment for statistical computing. 
R Foundation for Statistical Computing. http://​www.R-​proje​ctorg/.

	22.	 Bewick V, Cheek L, Ball J. Statistics review 8: qualitative data—tests of 
association. Crit Care. 2004;8(1):46–53.

	23.	 Sethi S, Murphy TF. Infection in the pathogenesis and course of chronic 
obstructive pulmonary disease. N Engl J Med. 2008;359(22):2355–65.

	24.	 Fabbri L, et al. Global strategy for the diagnosis, management, and 
prevention of chronic obstructive pulmonary disease: GOLD executive 
summary updated 2003. COPD. 2004;1(1):105–41.

	25.	 Rabe KF, et al. Global strategy for the diagnosis, management, and 
prevention of chronic obstructive pulmonary disease: GOLD executive 
summary. Am J Respir Crit Care Med. 2007;176(6):532–55.

	26.	 Vollenweider DJ, et al. Antibiotics for exacerbations of chronic obstructive 
pulmonary disease. Cochrane Database Syst Rev. 2018;10(10):CD010257.

	27.	 Wilson R, et al. Moxifloxacin versus amoxicillin/clavulanic acid in out-
patient acute exacerbations of COPD: MAESTRAL results. Eur Respir J. 
2012;40(1):17–27.

	28.	 Ball P. Epidemiology and treatment of chronic bronchitis and its exacer-
bations. Chest. 1995;108(2 Suppl):43s–52s.

	29.	 Erkan L, et al. Role of bacteria in acute exacerbations of chronic obstruc-
tive pulmonary disease. Int J Chron Obstruct Pulmon Dis. 2008;3(3):463–7.

	30.	 Monsó E, et al. Bacterial infection in chronic obstructive pulmonary dis-
ease. A study of stable and exacerbated outpatients using the protected 
specimen brush. Am J Respir Crit Care Med. 1995;152(4 Pt 1):1316–20.

	31.	 Soler N, et al. Bronchial microbial patterns in severe exacerbations of 
chronic obstructive pulmonary disease (COPD) requiring mechanical 
ventilation. Am J Respir Crit Care Med. 1998;157(5 Pt 1):1498–505.

	32.	 Falagas ME, et al. Inadequate statistical power of published comparative 
cohort studies on ventilator-associated pneumonia to detect mortality 
differences. Clin Infect Dis. 2010;50(4):468–72.

	33.	 Dev D, et al. Value of C-reactive protein measurements in exacerbations 
of chronic obstructive pulmonary disease. Respir Med. 1998;92(4):664–7.

	34.	 Stolz D, et al. Antibiotic treatment of exacerbations of COPD: a rand-
omized, controlled trial comparing procalcitonin-guidance with standard 
therapy. Chest. 2007;131(1):9–19.

	35.	 Grant S, et al. A comparison of the reproducibility and the sensitivity to 
change of visual analogue scales, Borg scales, and Likert scales in normal 
subjects during submaximal exercise. Chest. 1999;116(5):1208–17.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://www.R-projectorg/

	Combination antibiotic therapy versus monotherapy in the treatment of acute exacerbations of chronic obstructive pulmonary disease: an open-label randomized trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Participants and study design
	Randomization and intervention
	Outcomes and follow-up
	Microbiological response
	Sample size and statistical analyses

	Results
	Baseline characteristics
	Primary outcome
	Secondary outcomes
	Clinical outcomes on day 10
	Pulmonary function
	Serum CRP
	Symptom scores
	Microbiological outcomes


	Discussion
	Conclusion
	Acknowledgements
	References


