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Abstract
Objective: The goal of this study was to compare the microbiology of severe exacerbations of chronic obstructive pulmonary disease (COPD) requiring admission 
to the intensive care unit (ICU), in patients with pneumonia compared to those that did not have.
Methods: We conducted a retrospective cross-sectional study that included patients with severe COPD exacerbation. We took microbiologic and serologic samples 
to study the etiology of the exacerbation and chest X-ray to see whether or not it had associated pneumonia. 
Results: Ninety-one patients were included in the study. 53/91 (58%) had pneumonia. The most prevalent bacteria isolated were H. influenzae (25.3%), Moraxella 
spp (22%), H. parainfluenza (14.3%), Serratia marcescens (13.2%), mixed flora (9.9%) and methicillin-susceptible Staphylococcus aureus (9.9%). A statistically signi-
ficant difference could not be demonstrated between the two groups. We detected 24.2% of bacterial resistance in both groups, the most frequent being AMPc 
(13 cases). 
Discussion: Bacterial pneumonia in COPD patients is higher in comparison with patients with acute exacerbation. Even though we did not find a significant differen-
ce in the microbiology of the groups with or without pneumonia, there are variables such as past smoking related to having pneumonia. Patients with pneumonia 
also had higher severity scores. 

Keywords: microbiology, critical care medicine, smoking, pneumonia, chronic obstructive pulmonary disease, exacerbation. 

Caracterización microbiológica de pacientes con enfermedad pulmonar obstructiva crónica (EPOC) ingresados a UCI 
con exacerbación grave o neumonía: un estudio transversal retrospectivo

Resumen
Objetivo: Comparar la microbiología de las exacerbaciones graves de EPOC (Enfermedad Pulmonar Obstructiva Crónica) que requieren ingreso a la unidad de 
cuidados intensivos, con y sin neumonía
Métodos: se realizó un estudio transversal retrospectivo que incluyó pacientes con exacerbación grave de EPOC que requieren ingreso a la Unidad de Cuidados 
Intensivos (UCI). Tomamos muestras microbiológicas y serológicas para estudiar la etiología de la exacerbación y radiografía de tórax para ver si tenía o no una 
neumonía asociada. Seguimos a los pacientes durante su ingreso en la UCI y evaluamos el resultado de la hospitalización.
Resultados: se incluyeron 91 pacientes en el estudio. 53/91 ( 58%) tuvieron confirmación de neumonía. Las bacterias más prevalentes aisladas fueron H. influenzae 
(25.3%), Moraxella spp (22%), H. parainfluenza (14.3%), Serratia marcescens (13.2%), flora mixta (9.9%) y S. aureus meticilino sensible. (9.9% ). No se pudo demostrar 
una diferencia estadísticamente significativa entre los dos grupos. Detectamos una resistencia bacteriana del 24,2% en ambos grupos, siendo la más frecuente 
AMPc (13 casos).
Discusión: la neumonía bacteriana en pacientes con EPOC es más alta cuando se compara con pacientes con exacerbación aguda. Aunque no encontramos una 
diferencia significativa en la microbiología de los grupos con o sin neumonía, existen variables como antecedente de cigarrillo asociadas a tener neumonía. Los 
pacientes con neumonía así mismo tuvieron mayores índices de severidad. Palabras clave: microbiología, medicina de cuidados críticos, fumar, EPOC, neumonía, 
exacerbación.

Palabras clave: EPOC; neumonia; unidades cuidado intensivo



F. Varon, et al

308 ASOCIACIÓN COLOMBIANA DE INFECTOLOGÍA

REVISTA INFECTIO

Introduction

Chronic obstructive pulmonary disease (COPD) is a progres-
sive illness, characterized by episodes of acute deterioration 
in respiratory symptoms and lung function and usually requi-
ring hospitalization1.The epidemiology of chronic obstructive 
pulmonary disease (COPD) in Colombia was described by the 
PREPOCOL study2 in which they showed an overall prevalen-
ce of 8.9% and it was higher in subjects of more than 60 
years old. The main risk factor was wood smoke, which had 
a prevalence of 39.3% (use wood for cooking for >10 years) 
and smoking 18.3%2. 

Exacerbations are a frequent complication of COPD. It is 
known that an average patient will suffer 2 or 3 episodes per 
year3, and it can be either infectious or not. The most im-
portant cause are respiratory infections, bacterial being the 
one that accounts for at least 70% of them in subjects who 
require hospitalization4. Virus are another important cause 
and they account for at least 18-60% exacerbations either 
as a sole pathogen or as a co infection, that can perpetuate 
bacterial infection, being more common in winter months5-7. 
In one third of patients that present a severe exacerbation 
the cause is unknown8. The consequences in clinical status of 
the patient are variable, but is it accepted that in 14% of the 
events they will not return to baseline symptoms in 35 days 
and some of them never will9. The in hospital mortality rea-
ches approximately 10% and is up to 40% in the next year in 
subjects who need mechanical ventilation8. Moreover, when 
acute exacerbation of COPD is secondary to pneumonia, at 
30 days after discharge, mortality in these patients have been 
estimated to be of 14,6 % compared with patients only with 
pneumonia, 12,4% and 6,7% of patients with solely acute 
exacerbation of COPD. The overall mortality of patients ad-
mitted for exacerbation of COPD and pneumonia has been 
found to be of 66,2%1.

On the other hand, the epidemiology of COPD and pneumo-
nia has been evaluated in a study published some years ago10. 
The COPD cohort consisted of 40.414 adults. During the ob-
servation period, (1996-2005) 3.149 patients (8%) experienced 
pneumonia with an incidence rate of 22,4 per 1.000-person 
years. Risk factors for pneumonia include age over 65 years, 
heart failure, dementia and prior COPD exacerbations10.

COPD exacerbations have also a great impact in health costs. 
There are studies that show an average cost of hospitaliza-
tion of U$7.000 and more in the patients that need admission 
to the ICU5 being the exacerbations the most common cause 
for hospitalization in these patients it accounts for almost 40-
60% of the annual treatment cost5.

The goal of this study is to compare the microbiology of se-
vere exacerbations of COPD that require admission to the 
intensive care unit, between the ones that have alveolar in-
filtrates or not in chest X-Rays. We believe this is important, 
because we do not have knowledge of the epidemiology of 

such COPD exacerbations in our community. Therefore, we 
do not know if they have differences in microbiology, and if 
they need a different antimicrobial approach depending if 
they have alveolar infiltrates or not. 

Material and Methods

This is a retrospective cross sectional study that included pa-
tients from January to december/2012 with increased dysp-
nea, increased sputum purulence and increased sputum in 
the 7 days prior to hospitalization and requiring invasive and 
/ or non-invasive mechanical ventilation. All patients were 
diagnosed as severe COPD exacerbation that needed ad-
mission to the Intensive Care Unit (ICU), 40 years or older, 
with known exposure to wood smoke (>10 years) or cigarette 
smoking (>12 packs). The clinical chart was reviewed in the 
electronic clinical history, there was no need of spirometric 
confirmation. Patients with a pulmonary illness aside from 
COPD (TB sequelae, bronchiectasis, silicosis or interstitial pul-
monary disease), that were submitted from another health-
care center, that were readmitted in less than 6 weeks or that 
no sample for culture, gram, viral panel and BK could be ob-
tained were excluded: when the patients with these criteria 
were admitted, a blood sample was taken to do a complete 
blood count, C reactive protein and arterial blood gases and 
a chest X ray in the first 24 hours or before the third empiric 
antibiotic dose. If a patient was first admitted in the gene-
ral floor it was taken for the study the first culture sample 
that was obtained, and the one obtained as the patient was 
admitted in the ICU was analyzed as a co infection. For the 
pathogen to be considered the cause of the infection it had 
to be representative in the sputum culture or had to have 
a growth of more than 10x6 CFU (Colony Formation Units), 
taking into account current guidelines11. 

For the analysis we compared patients that presented with al-
veolar infiltrates in the chest X-Ray when they were admitted 
to the ICU, with the ones that did not have alveolar infiltrates. 
To define if there was or not alveolar infiltrates in the chest 
X ray we took the concept from the radiologist and from the 
pulmonologist. They both reviewed the images after the data 
collection. If they differed in the concept, we stayed with the 
radiologists opinion on whether the patients had were alveo-
lar infiltrates or not. 

We followed the patients for as long as they were admitted 
in the ICU and we evaluated the outcome of the hospitaliza-
tion. The information-collecting tool was available in the ICU 
and was only filled out by the investigators of the study with 
the data from the medical history. Data were registered and 
confronted directly by the investigators. The study was ap-
proved ethics committee from the Fundación Neumológica 
Colombiana, the act of the institutional review board wai-
ver the study was 201112-17403 (9/12/2011). The necessity 
for informed consent was waived by the institutional review 
board due to the retrospective nature of the study.
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Statistical analysis was performed using SPSS Version 21 (IBM 
Corporation, Armonk NY, USA). The baseline characteristics 
were summarized using descriptive Statistics. Categorical va-
riables were compared using Fisher’s exact test or the chi-
squared test, as appropriate. Spearman’s correlation coeffi-
cient was derived for numeric nominal parameters to evalua-
te alveolar infiltrates in the chest ray between radiologist and 
pulmonologist. A P-value less than 0,05 was considered as 
statistically significant.

Results

All patients who met the inclusion criteria were included, the 
characteristics of the 91 patients are shown in Table 1. There 
was a high concordance in the diagnosis of alveolar infiltra-
tes between the radiologist and the pulmonologist (p= 0.00, 
Kappa= 0,978). 53/91 (58%) had pneumonia. The major di-
fferences that were statistically significant between the two 
groups, were a more frequent history of smoking (87,0% vs. 
66,7%, p= 0,022) and use of clarithromycin (71,1% vs. 50,0%, 
p= 0,039) in those patients who had pneumonia. It is also 

of notice that patients who had pneumonia were older than 
those who didn’t (76,6 vs. 72,6 years old, p= 0,037), had a 
higher tobacco index (55.1.6 vs. 36.3 packs, p= 0,021) and 
higher forced expired volume in the first second (1043 vs. 
765 mL/sec, p= 0,028). Patients who had pneumonia also had 
a higher APACHE index (19,7 vs. 16,6, p= 0,023).

The most prevalent bacteria isolated in severe COPD exa-
cerbations are shown in Figure 1. When we analyzed the 
percentage of presentation from the bacteria between the 
two groups (alveolar infiltrate or not), there could not be de-
monstrated a difference that was statistically significant. We 
detected a 24,2% bacterial resistance in both groups, being 
the most frequent AMPc (13 cases) without any difference in 
the patients who had pneumonia and the ones who didn’t 
(p= 0,357). Other resistances found were 2 cases of BLEE and 
one case carbapenemase resistance (KPC) in the group who 
did not have pneumonia, and two of methicilin resistance in 
the group who had pneumonia. There were no specific risk 
factors found to have any of these resistances. 

Table 1.  

Name of the variable
General Sample With Alveolar infiltrates

Without Alveolar 
Infiltrates

Statistical 
significance of 
difference (P)

 Frequency % frequency % frequency %

Patients n (%)
Female 47(52) 
Male 44 (48)

91 100 53 58 32 46 0,247

Risk factors

Laboral exposure 11 12 6 13 5 11 0,718
Ever smoking status 70 77 30 67 40 87 0,022
Wood smoke exposure 34 38 18 41 16 35 0,549
Last hospitalization >6 
weeks

65 92 30 86 35 97 0,107

COPD severity

Mild 3 5 1 3 2 7 0,294
Moderate 22 37 15 48 7 25  
Severe 26 44 11 35 15 54  
Very severe 8 14 4 13 4 14  

Pharmacological history

Pneumococcal vaccine 23 27 9 22 14 33 0,276
Influenza vaccine 20 24 7 17 13 30 0,157
Inhaled steroid 80 88 40 89 40 87 0,777
Oral steroid 32 35 14 31 18 39 0,423
Antibiotic 25 27 15 33 10 22 0,215

Symptoms

Purulent sputum 68 75 33 73 35 76 0,763
Fever 31 34 19 42 12 26 0,104
Pleuritic pain 10 11 6 13 4 9 0,522
Coryza 71 78 32 71 39 85 0,115

Drug used

Ampicillin-sulbactam 60 66 27 60 33 72 0,237
Piperacillin-tazobactam 25 27 14 31 11 24 0,442
Clarithromycin 55 60 32 71 23 50 0,039
Cefepime 3 3 1 2 2 4 1,000
Meropenem 1 1 1 2 0 0 0,495
Trimethoprim-
sulfamethoxazole

1 1 1 2 0 0 0,495

Linezolid 1 1 1 2 0 0 0,495
Oseltamivir 5 5 2 4 3 7 1,000
Vancomycin 3 3 3 7 0 0 0,117

*Chi cuadrado de Pearson o Test exacto de Fisher según conveniencia.
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In 71,6% of the cases the antibiotic that was empirically star-
ted was right and there were no tuberculosis cases detected. 
In 9/91 (9,8%) of the cases we detected a viral agent, from 
those cases 2 were AH1N1, one patient had Influenza A, Pa-
rainfluenza I and II (1 patient each) and respiratory syncytial 
virus 4 patients.1. It was necessary to intubate the patients 
for mechanical ventilation in 36.3% of the cases and it was 
most frequent in patients who had pneumonia (48,9 vs. 23,9, 
p= 0,013). Moreover, 9.8% of the samples taken were consi-
dered as mixed-flora and 4,4% of the cultures were negative. 
The majority of the patients needed noni-nvasive mechanical 
ventilation at any point of the hospitalization (86,8%). The 
need of reintubation and the infectious relapse was not fre-
quent. (1,1 and 9,9% respectively). Global mortality was 16.7% 
and there was no difference statistically significant between 
patients who had or not pneumonia. (20,5 vs. 13,0, p= 0,346).

Discussion

In our study group of 91 patients admitted to the ICU with 
a COPD exacerbation, 53/91 (58%) had pneumonia, a hig-
her prevalence than that reported in the literature10,12. Mo-
reover, there are no differences in the microbiology in a se-
vere COPD exacerbation between the patients who have an 
associated pneumonia and those who did not. In contrast 
with the literature, in a Spanish study published by Boixeda 
et al13. they actually found microbiological differences, with 
S. pneumoniae predominating in the pneumonia group, and 
P. aeruginosa in the exacerbation group with no differences 
in hospital stay, need for admission to ICU or in-hospital 
mortality13. In comparison with the literature14 we found a 
similar prevalence of microorganisms in order of frequency: 
H. influenzae (25,7%), Moraxella catarrhalis (21,98%) and H. 
parainfluenzae (14,29%)., without any statistically differences 
between the two groups. Moreover, in the pneumonia group 
53/91 (58%), the microbiological trend was the same for 
both groups. There is also a higher frequency of methicillin-
susceptible Staphylococcus aureus (MSSA) in the pneumonia 

group; 11,7% vs 8,7%. It is noteworthy that even though the-
re is no statistically significant difference between the two 
groups, there is a high prevalence of resistance (24%) and Se-
rratia marcescens is the third one in prevalence in the without 
pneumonia group and the fourth in the group of patients 
with associated pneumonia. This finding could be due to the 
antibiotic pressure that has been stablished during the last 
years, and we must also take into account that this bacteria 
has the ability to form a biofilm15 and our patients might be 
colonized. 

In our cohort, past smoking history was associated with 
pneumonia in the bivariate analysis (P=0.022). When re-
viewing literature in a Chinese cohort of 164 patients12. Mul-
tivariable logistic regression analysis showed that smoking 
history (OR=2.64, 95%CI 1,15–6,07, P=0,022), and other fac-
tors such as the use of COPD drugs, D-dimer levels, per-
centage of neutrophils in sputum were also associated with 
pneumonia12. 

COPD exacerbation with an associated pneumonia has been 
linked to like chronic use of inhaled steroids and more ad-
vanced disease as it was described by File et al16. Although 
the mechanism by which this happens is not completely 
comprehended Drummond et al17, propose that this might 
be because of a local airway immunosuppression associated 
with a posterior diminished response of the innate immune 
system. We however, did not find any difference between the 
two groups.

When we evaluated the severity of the disease in the group 
who had associated pneumonia we found a higher APACHE 
score (19,76 vs 16,62) and a lower PaO2 (60,15 mmHg vs 
73,41 mmHg). This finding could be used as an initial tool in 
the moment of the diagnosis of pneumonia to have a stric-
ter monitoring of the ventilation function in these patients. 
This is important because they have a higher necessity of en-
dotraqueal intubation that is statistically significant (48,9 vs. 
23,9, P=0,013) as is also reported in the study by Daubin et 
al18. Overall mortality was 10,9% (10/91), with no difference in 
the mortality between the two groups. 

Our study has limitations that need to be addressed. First, the 
analysis was carried out retrospectively and our data stem 
from a limited number of patients treated at a single center, 
so that not all potential confounders (eg, frequency of pre-
vious antibiotic treatment) could be systematically assessed, 
and our results may thus not be uncritically generalized to 
all patients. Second, obtaining bronchial aspirates are more 
prone to contamination by upper airway flora than, eg, sam-
ples stemming from bronchoalveolar lavages or protected 
specimen brushes. Third, there was no need of spirometric 
confirmation. 

In our cohort of 91 patients, 94.5% had a microbiological 
identification. This is probable due to the fact that when as 
soon as a patient is admitted to the ICU, sputum cultures or 

Figure 1.
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Table 2.  

Name of the variable 
General sample

With alveolar 
infiltrates

Without alveolar 
infiltrates P value 

Frequency % Frequency % Frequency %

H. Influenzae 23 25,3 12 26,7 11 23,9 ,763

Bacterial resistance 22 24,2 9 20,0 13 28,3 ,357

M. catarrhalis 21 22,1 7 15,6 14 30,2 ,143

H. parainfluenzae 13 14,3 7 15,6 6 13,0 ,732

Serratia marcescens 12 13,2 5 11,1 7 15,2 ,563

mixed-flora 9 9,9 5 11,1 4 8,7 ,739

Methicillin-susceptible S. aureus 9 9,9 5 11,1 4 8,7 ,739

E. coli 8 8,8 4 8,9 4 8,7 1,000

Klebsiella pneumoniae 8 8,8 3 6,7 5 10,9 1,000

Pseudomonas aeruginosa 5 5,5 2 4,4 3 6,5 1,000

S. pneumoniae 5 5,5 4 8,9 1 2,2 ,203

Negative culture 4 4,4 3 6,7 1 2,2 ,361

Aeromonas sp. 3 3,3 2 4,4 1 2,2 ,617

Citrobacter freundii 2 2,2 1 2,2 1 2,2 1,000

Klebsiella oxytoca 2 2,2 1 2,2 1 2,2 1,000

Stenotrophomonas maltophilia 2 2,2 1 2,2 1 2,2 1,000

Aspergillus spp. 1 1,1 1 2,2 0 0,0 ,495

Enterobacter cloacae 1 1,1 1 2,2 0 0,0 ,495

Proteus spp. 1 1,1 1 2,2 0 0,0 ,495

Raoultella spp. 1 1,1 0 0,0 1 2,2 1,000

Methicillin-resistant S. aureus 1 1,1 1 2,2 0 0,0 ,495

Streptococcus pyogenes 1 1,1 1 2,2 0 0,0 ,495

Corynebacterium spp. 1 1,1 0 0,0 1 2,2 1,000

endotracheal cultures are taken. However, it is important to 
note that the study was done in an observation cross-sectio-
nal way and in order to really affirm that most of the patients 
admitted to the ICU have an etiology it will be necessary 
to do a prospective clinical study. On the other hand, some 
of the patients were not able to have an etiology. It can be 
due probably to the fact that at that time we did not have 
molecular techniques such as real-time PCR with sensitivity 
between 57 and 100%, and an excellent specificity between 
98.2 and 100% and a higher capacity of identifying other 
viruses and bacteria such as B. pertussis, M. pneumoniae and 
C. pneunomiae19.

In conclusion, in this study group of 91 patients with severe 
COPD exacerbation admitted to our ICU, most of them had 
bacterial pneumonia, higher than that reported in the litera-
ture. Pathogens between the groups were not significantly 

different, and patients with pneumonia were more likely to 
have an ever-smoking status and had higher APACHE sco-
res. Attention should be focused on the management of un-
derlying conditions.
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