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SUMMARY:

Chronic obstructive pulmonary disease (COPD) is a widespread condition with increasing
prevalence globally. Sputum bacterial analysis aids in guiding initial antibiotic treatment.
This study aimed to analyze bacterial characteristics using Real-Time PCR and sputum
culture, and to explore their association with clinical and paraclinical features during
acute exacerbations of COPD. A cross-sectional, comparative, prospective study was
conducted on 180 inpatients at the Vietnam National Lung Hospital between January
2016 and June 2021. Clinical and paraclinical data were collected from the patients. The
mean age of participants was 69.4 + 9.4 years. Positive bacterial cultures were found in

37.2% of cases, while 62.8% were negative. The predominant Gram-positive bacteria
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identified included P. aeruginosa (20.9%), H. influenzae (17.9%), S. pneumoniae
(11.9%), and A. baumannii (10.4%). Atypical bacteria detected via PCR included L.
pneumophila (11.9%) and M. pneumoniae (4.5%). P. aeruginosa, H. influenzae, S.
pneumoniae, and A. baumannii were highly sensitive to moxifloxacin, ceftriaxone, and
cefotaxime. Patients with positive cultures had higher white blood cell counts, CRP
levels, and procalcitonin (p<0.05). These findings support the use of bacterial
susceptibility data to inform antibiotic choices, preventing unnecessary use of broad-
spectrum antibiotics and reducing the risk of resistance development.

Keywords: COPD, exacerbation, Real-Time PCR, Vietnam.

1. INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a prevalent and increasingly common
condition worldwide. According to the World Health Organization, 65 million people
globally suffer from moderate to severe COPD, making it the third leading cause of death
globally, with projections of affecting over 210 million people by 2030(1,2). This disease
Is severe, debilitating, and imposes a burden on patients and healthcare systems alike. In
the Asia-Pacific region, including Vietnam, COPD prevalence is notably high. Research
by Ngo Quy Chau and colleagues in Hanoi found a 2% prevalence rate among adults aged
40 and above(3). Another national survey in 2006 by Dinh Ngoc Sy and collaborators
reported a 4.2% prevalence rate in the same age group(4).

Exacerbations are critical events in COPD patients, leading to worsened lung function,
reduced quality of life, increased risk of future exacerbations, and mortality(5,6).

Preventing exacerbations is crucial in COPD management, as they significantly impact
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health status, often leading to hospitalizations, disease progression, rapid decline in lung
function, and increased mortality(7).

There are many causes of exacerbations, with respiratory infections being the most
common cause of COPD exacerbations(8—10). Recurrent bronchopulmonary infections
exacerbate obstructive ventilation disorders and also increase the severity of the disease.
Common microbiological causes of COPD exacerbations include bacteria such as
Haemophilus influenzae, Streptococcus pneumoniae, Moraxella catarrhalis, and may
also involve certain respiratory viruses(11,12). In addition to these agents, atypical
bacteria such as Mycoplasma pneumoniae, Chlamydia pneumoniae, and Legionella
pneumophila are also important, though less common, pathogens(13,14). The prevalence
of atypical pathogens in patients with COPD exacerbations varies significantly between
studies. In clinical practice, bacterial antibiotic susceptibility test results can provide
evidence for doctors to use in developing initial antibiotic regimens for treatment. This
helps avoid the misuse of broad-spectrum and potent antibiotics from the outset, thereby
limiting the development of resistance to these antibiotics (15-17). However, there is a
lack of real-world data on COPD exacerbations among Vietnamese patients, necessitating
a thorough consideration of clinical complexities.

Thus, this study aims to analyze the characterization of bacteria using Real-Time PCR in
sputum culture, and antibiotic susceptibility testing in acute exacerbations of Chronic

Obstructive Pulmonary Disease.
2. METHODS

2.1. Research Participants

Patients diagnosed with acute COPD and admitted for inpatient treatment at the Vietnam

National Lung Hospital between January 2016 and June 2021, regardless of gender, were
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included in the study. Eligible participants were those with a previously diagnosed history
of COPD at the Central Lung Hospital who met the criteria for an acute exacerbation
upon admission. Only patients who provided consent participated in the study.

The COPD diagnostic criteria, based on GOLD 2015, required patients to be over 40
years old with a history of smoking or tobacco use (18). Clinical symptoms included a
persistent cough, excessive sputum production over many years, progressively worsening
shortness of breath, and recurrent respiratory infections. Physical examination findings
included reduced breath sounds, wheezing, crackles, and bronchial breath sounds, as well
as chest expansion and hyperresonance on percussion. Laboratory findings included chest
X-rays showing bronchial and vascular patterns, along with emphysematous changes.
Pulmonary function tests confirmed irreversible or partially reversible airflow
obstruction, with an FEV1/FVC ratio of less than 70% after bronchodilator use.

The diagnosis of acute COPD exacerbation followed Anthonisen’s 1987 criteria, which
included increased sputum volume, the presence of purulent or mucopurulent sputum,
and worsening dyspnea.

2.2. Research Period and Location of the Study

The study was conducted at the Vietham National Lung Hospital from January 2016 to
June 2021.

2.3. Research Design

A cross-sectional, comparative, and prospective study design was employed to analyze
the data.
2.4. Data collection method:

2.4.1. Sample size

Applied the sample size formula to a proportion
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n In which:
) p(1 —p) | - n: the study sample size
Zi-aj2 W - Statistical significance level a = 0.05 (corresponding to 95%

confidence level).

- With 95% confidence level: Z1-a/2 = 1.96 (look up from the
table with the selected a value)

- ¢ 1s the relative deviation between the sample parameter and
the population parameter (choose € = 0.15)

- p = 0.5 (Estimating the rate of common bacterial agents in
patients with acute COPD exacerbations)

The actual sample size collected was 180 subjects.

2.4.2. Sample Collection Method

A convenient sampling method was used in this study, where patients were directly
interviewed using a pre-built structured questionnaire.

2.4.3. Data Collection Method
Clinical Research
The researcher conducted direct interviews with patients to assess their condition,
performed clinical examinations on all participants, and monitored the implementation of
research-related tests. The collected research information was recorded in the research
medical records.
Paraclinical Research
Various laboratory tests were conducted upon the patient's admission to the hospital,
including blood count, blood biochemistry, CRP, PCT, and arterial blood gas analysis.
Sputum culture was performed to isolate bacteria, and real-time PCR was used to identify
atypical bacteria within the first 24 hours of admission. Pulmonary ventilation function
was measured once the patient’s clinical condition and/or blood gas levels had stabilized
after the acute episode. Additionally, chest X-rays and electrocardiograms were

conducted within the first 24 hours of admission.
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3. RESULTS

Among the 180 patients participating in the study, the mean age of the patients was 69.38
+ 9.40 years. The majority were male with 167 cases, accounting for 92.8%. The Figure
1 illustrated the findings of bacterial detection in sputum samples using both sputum
culture and real-time PCR methods. The results indicated that 37.2% of the tested samples

were positive for bacterial presence, while 62.8% were negative.

= Negative = Positive

Figure 2. Results of bacterial detection in sputum (n=180)
Table 1 presented the distribution of bacterial species identified in positive sputum
specimens. Among the bacteria detected through sputum culture, Pseudomonas
aeruginosa had the highest proportion, accounting for 20.9% of cases. This was followed
by Haemophilus influenzae at 17.9%, Streptococcus pneumoniae at 11.9%, and
Acinetobacter baumannii at 10.4%. Other detected bacterial species included Moraxella
catarrhalis (9.0%), Klebsiella pneumoniae (6.0%), Stenotrophomonas maltophilia
(3.0%), and Staphylococcus aureus (3.0%). The table also illustrated the distribution of

atypical bacteria identified using real-time PCR. Among these, Legionella pneumophila
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accounted for 11.9% of cases, Mycoplasma pneumoniae for 4.5%, and Chlamydia

pneumoniae for 1.5%.

Table 1. Bacterial species isolated in sputum (n=67)

Bacteria Quantity (n) Percentage

(%)
Pseudomonas aeruginosa, 14 20,9
Haemophilus influenzae, 12 17,9
Streptococcus pneumoniae, 8 11,9
Acinetobacter baumannii, 7 10,4
Moraxella catarrhalis, 6 9,0
Klebsiella pneumoniae, 4 6,0
Stenotrophomanas maltophilia, 2 3,0
Staphylococcus aureus, 2 3,0
Atypical bacteria Legionella pneumophila, 8 11,9
Mycoplasma pneumoniae, 3 4,5

Chlamydia pneumoniae 1 15

Total 67 100

100 90 90

m Sensitive Intermediate  m Resistant

Figure 3. Antibiogram results of Pseudomonas aeruginosa (n=14)
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The Figure 4 illustrated the sensitivity of P. aeruginosa to various antibiotics. The results
indicated that the bacteria exhibited the highest sensitivity to Meropenem and
Tobramycin, both at 90%. Imipenem, Amikacin, and Gentamicin demonstrated an 80%
sensitivity rate. Meanwhile, Aztreonam, Ceftazidime, Ciprofloxacin, and
Piperacillin/Tazobactam each showed a sensitivity rate of 70%. These findings
highlighted the varying degrees of antibiotic susceptibility in P. aeruginosa, providing

essential insights for selecting effective treatment options.

100

80

60

40

20

Amoxixilin/ Ceftazidim Cefotaxim Ceftriaxone Moxifloxacin
clavulanic acid
m Sensitive Intermediate  ® Resistant

Figure 5. Antibiogram results of Haemophilus influenzae (n=12)
Figure 6 illustrated the antibiogram results of Haemophilus influenzae, showing its high
sensitivity to several antibiotics. The bacteria exhibited complete sensitivity (100%) to
Moxifloxacin, Ceftriaxone, and Cefotaxime, while Ceftazidime showed a slightly lower
sensitivity rate of 88.9%. However, H. influenzae demonstrated a high resistance rate of
88.9% to Amoxicillin/Clavulanic acid, with only 11.1% sensitivity. These findings
highlighted the effectiveness of certain antibiotics in treating H. influenzae infections
while also emphasizing the significant resistance to Amoxicillin/Clavulanic acid. (Figure

3)
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Figure 7. Antibiogram results of Streptococcus pneumoniae (n=8)
Figure 4 depicted the antibiogram results of Streptococcus pneumoniae, illustrating its
varying sensitivity to different antibiotics. The bacteria showed a sensitivity rate of 75%
to both Moxifloxacin and Levofloxacin, corresponding to 6 out of 8 cases. Clindamycin
and Cefotaxime exhibited a sensitivity rate of 62.5% (5 out of 8 cases). However, S.
pneumoniae demonstrated lower sensitivity to Penicillin G, with only 50% (4 out of 8
cases) being responsive. Notably, the bacteria exhibited a high resistance rate of 62.5%
to Erythromycin, with 5 out of 8 cases showing resistance. (Figure 4)
The table displayed the antibiogram results of Acinetobacter baumannii, illustrating its
sensitivity and resistance patterns to various antibiotics. The bacteria exhibited sensitivity
to Meropenem, Imipenem, and Doxycycline, with 5 out of 7 cases showing
responsiveness to each. Amikacin, Gentamicin, Tobramycin, Ciprofloxacin, and
Ampicillin/Sulbactam demonstrated lower sensitivity, with only 2 out of 7 cases being
responsive. Ceftazidime, Minocycline, and Piperacillin/Tazobactam showed even lower
sensitivity, with just 1 out of 7 cases being sensitive. The resistance rates were notably

high for several antibiotics. Amikacin, Gentamicin, Tobramycin, Ceftazidime,
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Minocycline, Piperacillin/Tazobactam, Ampicillin/Sulbactam, and
Trimethoprim/Sulfamethoxazole all exhibited resistance in 5 out of 7 cases. These
findings highlighted the significant antibiotic resistance of A. baumannii, emphasizing

the challenge of effective treatment selection. (Table 2)

Table 2. Antibiogram results of Acinetobacter baumannii (n=7)

Antibiotic Sensitive Intermediate Resistant
Meropenem 5/7 0 2[7
Imipenem 5/7 0 217
Amikacin 2[7 0 5/7
Gentamycin 2[7 0 5/7
Tobramycin 2[7 0 5/7
Doxycycline 5/7 0 2[7
Ceftazidim /7 17 5/7
Ciprofloxacin 2[7 0 5/7
Minocycline 1/7 17 5/7
Ampicillin /Sulbactam 2[7 0 5/7
Trimethoprim/Sultamethoxazole 0 217 5/7
Piperacillin /Tazobactam 1/7 1/7 5/7

The table 3 presented the antibiogram results of Moraxella catarrhalis, highlighting its
sensitivity and resistance to various antibiotics. The bacterium showed sensitivity to
Amoxicillin/Clavulanic acid in 4 out of 6 cases, Ceftriaxone in 4 out of 6 cases,
Ceftazidime in 5 out of 6 cases, Levofloxacin in 5 out of 6 cases, and Amikacin in 3 out
of 6 cases. Conversely, M. catarrhalis exhibited resistance to several antibiotics.
Gentamicin demonstrated resistance in 3 out of 6 cases, while Clarithromycin was

resistant in 4 out of 6 cases. The highest resistance rate was observed with Erythromycin,
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with 5 out of 6 cases showing resistance. These results emphasized the varying degrees

of antibiotic susceptibility in M. catarrhalis, providing essential insights for effective

treatment strategies. (Table 3)

Table 3. Antibiogram results of Moraxella catarrhalis (n=6)

Antibiotic Sensitive Intermediate Resistant
Amoxixilin/clavulanic acid 4/6 1/6 1/6
Cefotaxim 3/6 1/6 2/6
Ceftriaxon 4/6 0 2/6
Ceftazidim 5/6 0 1/6

Penicillin G 2/6 1/6 3/6
Erythromycin 1/6 0 5/6
Clarythromycin 2/6 0 4/6
Amikacin 3/6 0 3/6
Gentamycin 2/6 1/6 3/6
Levofloxacin 5/6 0 1/6

The table 4 showed the correlation between bacterial culture results and paraclinical

characteristics. Patients with a white blood cell count > 10 G/l had a higher positive

bacterial culture rate (46.3%) than those with < 10 G/l (27.4%), with a statistically

significant difference (p = 0.04). For CRP levels, the highest positive bacterial culture

rate (48.4%) was observed in patients with CRP > 40 mg/l, compared to 45.9% in the 20—

40 mg/l group and 24.1% in those with CRP < 20 mg/l (p = 0.001). Regarding

procalcitonin, patients with PCT > 0.25 ng/mL had a lower positive culture rate (33.3%)

than those with PCT < 0.25 ng/mL (79.5%), with p = 0.01. These results highlighted the

association between bacterial infections and inflammatory markers. (Table 4)
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Table 4. Correlation between the results of bacteria isolated in sputum and some paraclinical

characteristics

Bacterial results Positive Negative OR p
bacteria bacteria 95%ClI
Characteristics n % n %
<10 G/ 17 27.4 45 72.6 1 0.04
White blood cell
> 10 G/ 50 46.3 68 53.7 1.95
count (n=180)
Total 67 37.2 113 62.8 (0.96 - 4.06)
<20 mg/l 19 24.1 60 75.9 1 0.001
2.68
CRP level 20 - 40 mg/l 17 45.9 20 54.1
(1.37 - 6.45)
(n=180)
> 40 mg/l 31 48.4 33 51.6 2.97
Total 67 37.2 113 62.8 (1.07 - 6.65)
<0.25 ng/mL 31 79.5 8 20.5 1 0.01
PCT (n=51) >0.25 ng/mL 4 33.3 8 66.7 0.13
Total 35 70.6 16 29.4 (0.02 - 0.66)

Cl: Confidence Interval. CRP: C-reactive protein. PCT: Procalcitonin

The table presented the relationship between Gram-positive, Gram-negative, and atypical
bacteria with some clinical characteristics. The average duration of illness was 5.59 +
2.84 years for patients with Gram-negative bacterial culture results, 5.81 + 2.71 years for
those with Gram-positive bacteria, and 5.95 = 2.82 years for patients with atypical
bacteria. The number of acute episodes per year was also similar across groups, with 2.57
+ 1.63 for Gram-negative bacteria, 3.31 + 2.91 for Gram-positive bacteria, and 2.60 +
1.81 for atypical bacteria. Regarding disease severity, Type 1 cases accounted for 65.9%
in the Gram-negative group, 63.6% in the Gram-positive group, and 66.7% in the atypical
bacterial group. Type 2 severity cases were observed at 34.1%, 36.4%, and 33.3%,

respectively. These differences were not statistically significant (p > 0.05), suggesting no
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clear association between bacterial classification and these clinical characteristics. (Table
5).
Table 5. Relationship between gram positive (+), gram negative (-), and atypical bacteria groups with

some clinical characteristics

Gram negative (- Gram positive
Characteristics Atypical bacteria P
) bacteria (+) bacteria
Duration of illness (years) 5.59+2.84 581271 5.95+2.82 >0.05
Number of acute times per
2.57 £1.63 3.31+2091 2.60+1.81 >0.05
year (times)
29 7 8
Type 1
(65.9%) (63.6%) (66.7%)
Severity level >0.05
15 4 4
Type 2
(34.1%) (36.4%) (33.3%)

4. DISCUSSION

The role of bacteria in triggering exacerbations and perpetuating chronic inflammation in
COPD is well-established. Consequently, it is crucial to gain a deeper understanding of
how bacterial infections evolve after an acute exacerbation of COPD (AECOPD) and how
our treatment decisions affect these dynamics(19,20).

We observed that the positive bacterial rate was 37.2%, while the negative bacterial rate
was 62.8%. Among Gram-positive bacteria identified in sputum cultures, P. aeruginosa
was the most prevalent (20.9%), followed by H. influenzae (17.9%), S. pneumoniae
(11.9%), A. baumannii (10.4%), M. catarrhalis (9.0%), K. pneumoniae (6.0%), S.
maltophilia (3.0%), and S. aureus (3.0%). For atypical bacteria identified using real-time
PCR, L. pneumophila was present in 11.9% of cases, M. pneumoniae in 4.5%, and C.

pneumoniae in 1.5%. These findings aligned with other research conducted in Asia. The
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average infection rates for M. pneumoniae and C. pneumoniae vary, with Japan at 13%,
South Korea at 16%, Taiwan at 22%, China at 16%, Thailand at 9%, Malaysia at 13%,
and Singapore at 7%, depending on the study(13). Typically, atypical bacteria are more
common in younger patients, are often managed on an outpatient basis, and rarely cause
severe pneumonia. Our study showed that L. pneumophila is the most frequently
encountered atypical pathogen in these patients.

Our study found that 14 isolates of P. aeruginosa were still relatively sensitive to several
antibiotics, including Meropenem (90%), Tobramycin (90%), Imipenem (80%),
Amikacin (80%), Gentamicin (80%), Aztreonam (70%), Ceftazidime (70%),
Ciprofloxacin (70%), and Piperacillin/Tazobactam (70%). Despite the fact that over 80%
of Pseudomonas strains are responsive to antibiotics typically effective against this
bacterium, P. aeruginosa infections during exacerbations are linked to poorer clinical
outcomes. Patients with COPD who were admitted for an exacerbation caused by P.
aeruginosa demonstrated worse lung function, increased shortness of breath, and a higher
frequency of hospitalizations in the previous year(21).

S. pneumoniae is a leading cause of high rates of illness and death globally. Resistance to
antibiotics among S. pneumoniae strains varies, with resistance developing to several
types of antibiotics, including penicillin, cephalosporins (beta-lactams), macrolides, and
fluoroquinolones, with some strains even exhibiting multidrug resistance. The extent of
penicillin-resistant S. pneumoniae (PRSP) and other forms of multidrug resistance differs
across regions. EARSS data from 2008 indicate that 95% of invasive S. pneumoniae
isolates were still susceptible to erythromycin. However, in 32 countries (1,655 isolates),
15% of the isolates showed resistance to erythromycin. Surveillance from the same period

found that erythromycin resistance was highest in Tunisia and Malta, with rates of 39%
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and 46%, respectively(22).

Correlation between the results of bacteria isolated in sputum and some paraclinical
characteristics

Our study found that patients with a white blood cell count > 10 G/l had a higher rate of
positive bacterial cultures in their sputum compared to patients with a white blood cell
count < 10 G/1. This difference was statistically significant with a p-value < 0.05. Our
results are similar to the study by Patrick Mallia et al. (2012), which showed that higher
white blood cell counts were observed in patients with acute COPD exacerbations who
had positive bacterial cultures(23). The study by Bafadhel M et al. (2015) also showed a
positive correlation between the bacterial load in sputum and an increased white blood
cell count(24). These patients exhibited more clinical symptoms and had poorer
outcomes. Acute COPD exacerbations associated with bacterial pathogens showed
significantly more neutrophilic inflammation in the airways compared to non-bacterial
exacerbations(21). The severity of the exacerbation and the concentration of bacteria in
the airways were related to the extent of neutrophilic inflammation(25).

In our research findings, the proportion of patients with CRP levels > 40 mg/l and positive
bacterial results was 48.4%. This rate was higher compared to the group with CRP levels
between 20 and 40 mg/I, which had a positive bacterial result of 45.9%. This difference
was statistically significant with p < 0.05. According to Bircan A (2008), high CRP levels
during acute exacerbations in COPD patients could be an indicator of an exacerbation due
to secondary infection, and it was associated with increased sputum production and
elevated peripheral blood white cell counts(26). In 2020, a study by Janie Bates, along
with Nick A. Francis and colleagues, found that purulent sputum was the best predictive

indicator of bacterial infection during acute exacerbations, while elevated CRP levels

Page 143 https://doi.org/10.5281/zenodo.15052810



Periodico di Mineralogia Volume 94, No. 2, 2025
ISSN: 0369-8963

were associated with infection but could not replace the purulent sputum indicator(27).
Also, the proportion of patients with PCT levels > 0.25 ng/mL and positive bacterial
results in our study was 33.3%, lower than the group with positive bacterial results and
PCT levels < 0.25 ng/mL (79.5%). We did not observe any difference between COPD
exacerbations with positive bacterial results in the group with PCT > 0.25 ng/mL. In a
case-control study by Chang C and colleagues in 2009, a PCT cutoff of 0.155 pg/L
showed a sensitivity of 93.3% and a specificity of 60% for diagnosing bacterial infection
in patients with COPD exacerbations(28). In patients with COPD exacerbations admitted
to the ICU, Nseir and colleagues concluded that a cutoff value of 0.5 pg/L suggested
bacterial isolation(29). A study by Ergan and colleagues showed that the optimal PCT
threshold for hospitalization was 0.25 pg/L to identify patients with bacterial infection
during COPD exacerbations(30). However, some studies by Soler (2012) and Gao (2017)
concluded that PCT values did not significantly differ between bacterial and non-bacterial
COPD exacerbations(31,32).

Our study had some limitations. The follow-up period for each patient in the study was
short (from the time of patient admission), so we were unable to assess changes in
indicators before and after the study. We only used the real-time PCR method to detect
atypical bacteria (L. pneumophila, M. pneumoniae, C. pneumoniae), so we did not have
comprehensive results regarding the microbiological profile in acute COPD episodes. The
research period also overlapped with the COVID-19 pandemic, which caused delays in

the progress of the study.
5. CONCLUSION

A study on 180 inpatients at the Vietnam National Lung Hospital from January 2016 to

June 2021 showed that the positive bacterial rate accounts for 37.2%, and the negative
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bacterial rate accounts for 62.8%. The bacterial antibiotic susceptibility test results
provided evidence for doctors to develop initial antibiotic regimens, helping to avoid the
misuse of broad-spectrum and potent antibiotics from the outset and limiting the
development of resistance to these drugs.

Conflict of Interest Statement: The authors affirm that they have no conflicts of interest
to disclose.

Funding Statement: The authors confirm that this study received no financial support.
REFERENCES

1. Chronic obstructive pulmonary disease (COPD) [Internet]. [cited 2024 Aug 1]. Available from:
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)

2. Boers E, Barrett M, Su JG, Benjafield AV, Sinha S, Kaye L, et al. Global Burden of Chronic
Obstructive Pulmonary Disease Through 2050. JAMA Network Open. 2023 Dec 7;6(12):e2346598.

3. Ngo Quy Chau, Chu Thi Hanh. Epidemiological study of chronic obstructive pulmonary disease in
Hanoi city population. 2005.

4. Dinh Ngoc Sy, Chu Thi Hanh. Epidemiology of Chronic Obstructive Pulmonary Disease in Vietham
and preventive and treatment measures. 2010.

5. Doll H, Miravitlles M. Health-related QOL in acute exacerbations of chronic bronchitis and chronic
obstructive pulmonary disease: a review of the literature. Pharmacoeconomics. 2005;23(4):345-63.

6. Soler-Cataluna J, Martinez-Garcia M, Roman S, Salcedo E, Navarro M, Ochando R. Severe acute
exacerbations and mortality in patients with chronic obstructive pulmonary disease. Thorax. 2005
Nov;60(11):925-31.

7. Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P, 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 Sep 15;176(6):532-55.

8. Shibuya M, Yamamoto S, Kobayashi S, Nishie K, Yamaga T, Kawachi S, et al. Pulmonary
Rehabilitation for Patients After COPD Exacerbation. Respir Care. 2022 Mar;67(3):360-9.

9. Ryrsg CK, Godtfredsen NS, Kofod LM, Lavesen M, Mogensen L, Tobberup R, et al. Lower
mortality after early supervised pulmonary rehabilitation following COPD-exacerbations: a
systematic review and meta-analysis. BMC Pulm Med. 2018 Sep 15;18(1):154.

10. Machado A, Matos Silva P, Afreixo V, Caneiras C, Burtin C, Marques A. Design of pulmonary
rehabilitation programmes during acute exacerbations of COPD: a systematic review and network
meta-analysis. Eur Respir Rev. 2020 Dec 31;29(158):200039.

11. Brown JS. Geography and the aetiology of community-acquired pneumonia. Respirology. 2009
Nov;14(8):1068-71.

https://doi.org/10.5281/zenodo.15052810



Periodico di Mineralogia Volume 94, No. 2, 2025
ISSN: 0369-8963

12. Liam C, Pang Y, Poosparajah S, Chua K. Community-acquired pneumonia: An Asia Pacific
perspective. Respirology. 2007 Mar;12(2):162—4.

13. Peto L, Nadjm B, Horby P, Ngan TTD, van Doorn R, Van Kinh N, et al. The bacterial aetiology of
adult community-acquired pneumonia in Asia: a systematic review. Trans R Soc Trop Med Hyg.
2014 Jun;108(6):326-37.

14. Hurst JR, Han MK, Singh B, Sharma S, Kaur G, de Nigris E, et al. Prognostic risk factors for
moderate-to-severe exacerbations in patients with chronic obstructive pulmonary disease: a
systematic literature review. Respir Res. 2022;23:213.

15. Furuno JP, Metlay JP, Harnett JP, Wilson J, Langenberg P, McGregor JC, et al. Population antibiotic
susceptibility for Streptococcus pneumoniae and treatment outcomes in common respiratory tract
infections. Pharmacoepidemiol Drug Saf. 2006 Jan;15(1):1-9.

16. Querol-Ribelles JM, Molina J, Naberan K, Esteban E, Herreras A, Garcia-de-Lomas J. Discrepancy
between antibiotics administered in acute exacerbations of chronic bronchitis and susceptibility of
isolated pathogens in respiratory samples: multicentre study in the primary care setting. Int J
Antimicrob Agents. 2006 Nov;28(5):472-6.

17. Manjhi R, Nanda SK, Agrawal BK. Sputum antibiogram in acute exacerbation of chronic obstructive
pulmonary disease. J Family Med Prim Care. 2022 Dec;11(12):7713-9.

18. Gentry S, Gentry B. Chronic Obstructive Pulmonary Disease: Diagnosis and Management. Am Fam
Physician. 2017 Apr 1,95(7):433-41.

19. Vollenweider DJ, Frei A, Steurer-Stey CA, Garcia-Aymerich J, Puhan MA. Antibiotics for
exacerbations of chronic obstructive pulmonary disease. Cochrane Database Syst Rev. 2018 Oct
29;10(10):CD010257.

20. Moghoofei M, Azimzadeh Jamalkandi S, Moein M, Salimian J, Ahmadi A. Bacterial infections in
acute exacerbation of chronic obstructive pulmonary disease: a systematic review and meta-analysis.
Infection. 2020 Feb;48(1):19-35.

21. Ko FW, Chan KP, Hui DS, Goddard JR, Shaw JG, Reid DW, et al. Acute exacerbation of COPD.
Respirology. 2016 Oct;21(7):1152-65.

22. Borg MA, Tiemersma E, Scicluna E, van de Sande-Bruinsma N, de Kraker M, Monen J, et al.
Prevalence of penicillin and erythromycin resistance among invasive Streptococcus pneumoniae
isolates reported by laboratories in the southern and eastern Mediterranean region. Clin Microbiol
Infect. 2009 Mar;15(3):232—7.

23. PM,JF, RS, AJ,MC,MbTT,etal. Rhinovirus infection induces degradation of antimicrobial
peptides and secondary bacterial infection in chronic obstructive pulmonary disease. American
journal of respiratory and critical care medicine [Internet]. 2012 Jan 12 [cited 2024 Nov 28];186(11).
Available from: https://pubmed.ncbi.nIm.nih.gov/23024024/

24. MB,KH,BB,HP,V M, Mr B, et al. Airway bacteria measured by quantitative polymerase chain
reaction and culture in patients with stable COPD: relationship with neutrophilic airway
inflammation, exacerbation frequency, and lung function. International journal of chronic obstructive
pulmonary disease [Internet]. 2015 Sep 6 [cited 2024 Nov 28];10. Available from:
https://pubmed.ncbi.nlm.nih.gov/26089657/

25. Anthonisen NR, Manfreda J, Warren CP, Hershfield ES, Harding GK, Nelson NA. Antibiotic

therapy in exacerbations of chronic obstructive pulmonary disease. Ann Intern Med. 1987
Feb;106(2):196-204.

Page 146 https://doi.org/10.5281/zenodo.15052810



Periodico di Mineralogia Volume 94, No. 2, 2025
ISSN: 0369-8963

26. Bircan A, Gokirmak M, Kilic O, Ozturk O, Akkaya A. C-reactive protein levels in patients with
chronic obstructive pulmonary disease: role of infection. Med Princ Pract. 2008;17(3):202-8.

27. Francis NA, Gillespie D, Wootton M, White P, Bates J, Richards J, et al. Clinical Features and C-
Reactive Protein as Predictors of Bacterial Exacerbations of COPD. Int J Chron Obstruct Pulmon
Dis. 2020;15:3147-58.

28. Chang C, Yao W zhen, Chen Y hong, Liu Z ying, Zhang X wei. [Value of serum procalcitonin in
diagnosing bacterial lower respiratory tract infections in people with exacerbation of Chronic
Obstructive Pulmonary Disease]. Beijing Da Xue Xue Bao Yi Xue Ban. 2006 Aug 18;38(4):389-92.

29. Nseir S, Cavestri B, Di Pompeo C, Diarra M, Brisson H, Lemyze M, et al. Factors predicting
bacterial involvement in severe acute exacerbations of chronic obstructive pulmonary disease.
Respiration. 2008;76(3):253-60.

30. Ergan B, Sahin AA, Topeli A. Serum Procalcitonin as a Biomarker for the Prediction of Bacterial
Exacerbation and Mortality in Severe COPD Exacerbations Requiring Mechanical Ventilation.
Respiration. 2016;91(4):316-24.

31. Gao D, Chen X, Wu H, Wei H, Wu J. The levels of serum pro-calcitonin and high-sensitivity C-
reactive protein in the early diagnosis of chronic obstructive pulmonary disease during acute
exacerbation. Exp Ther Med. 2017 Jul;14(1):193-8.

32. Soler N, Esperatti M, Ewig S, Huerta A, Agusti C, Torres A. Sputum purulence-guided antibiotic use
in hospitalised patients with exacerbations of COPD. Eur Respir J. 2012 Dec;40(6):1344-53.

Page 147 https://doi.org/10.5281/zenodo.15052810



