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Prevalence of ventilator-associated pneumonia through analysis of 
tracheobronchial secretions

Prevalência de pneumonia associada à ventilação mecânica por meio de análise das 
secreções traqueobrônquicas

Elenice Gomes Ferreira1, André Kimura1, Danielly Fernandes de Ramos1, Pascoal Leite de Albuquerque1, Mateus 
Dias Antunes1, Daniel Vicentini de Oliveira2

Objective: to verify the prevalence of pneumonia associated with mechanical ventilation through the collection 
and analysis of tracheobronchial secretions. Methods: an observational study with 13 male patients. The scale 
of Acute Physiology and Chronic Health Evaluation and the Clinical Pulmonary Infection Score were applied 
after 72 hours of orotracheal hospitalization. Results: an average score of 33 points was observed, that is, 
these patients presented on average a 75% chance of death. Staphylococcus aureus (23.07%) and Klebsiella 
pneumoniae (15.38%) were found as the most prevalent microorganisms. Conclusion: the prevalence of 
ventilator-associated pneumonia was 25% of the cases and the most prevalent microorganisms were Klebsiella 
pneumoniae and Staphylococcus aureus. 
Descriptors: Physical Therapy Department, Hospital; Intensive Care Units; Nursing.

Objetivo: verificar a prevalência da pneumonia associada à ventilação mecânica por meio da coleta e análise 
das secreções traqueobrônquicas. Métodos: estudo observacional com 13 pacientes do sexo masculino. Foi 
aplicada a escala de Acute Physiology and Chronic Health Evalution e o Clinical Pulmonary Infection Score após 72 
horas de internação orotraqueal. Resultados: observou-se uma pontuação média de 33 pontos, ou seja, estes 
pacientes apresentaram em média 75% de chance de óbito. Foram encontradas como microorganismos de maior 
prevalência o Staphylococcus aureus (23,07%) e Klebsiella pneumoniae (15,38%). Conclusão: a prevalência de 
pneumonia associada à ventilação mecânica foi de 25% dos casos e que o microorganismo de maior prevalência 
foi Klebsiella pneumoniae e Staphylococcus aureus. 
Descritores: Serviço Hospitalar de Fisioterapia; Unidades de Terapia Intensiva; Enfermagem.
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Introduction

Ventilator-associated pneumonia in Brazil is 
the most frequent cause of infections, representing 
60.0% of the main factors to acquire such complica-
tion. It occurs frequently in hospitalized patients ad-
mitted to intensive care units and submitted to me-
chanical ventilation. It can be classified as early when 
occurring up to the fourth day of intubation and as 
late when occurring after the fifth day(1).

Ventilator-associated pneumonia is classified 
as early (≤4 days of hospitalization) and late (mecha-
nical ventilation ≥48 hours and hospitalization ≥5 
days). Thus, the etiology of each patient depends on a 
series of factors related to local epidemiology, length 
of stay, use of antimicrobials and the severity of the 
infection(2).

The presence of the endotracheal tube can cau-
se a series of complications due to the breakdown of 
the natural protective barrier, affecting the cough re-
flex, the reduction of the ciliary cleaning, and it can be 
a means of access of microorganism to the lower res-
piratory tract(3).

Among the risk factors, it is highlighted the 
abusive use of antimicrobials and anti-inflammatory 
drugs due to the symptomatology presented after the 
installation of ventilator-associated pneumonia, fever, 
leukocytosis and purulent tracheobronchial secretion. 
Drugs such as aminoglycosides (amikacin), 3rd-gene-
ration cephalosporin (cefetriaxone), 4th generation ce-
phalosporin (cefepime), penicillins with B-lactamase 
inhibitors, quinolones and carbapenem exert selective 
pressure on certain classes of microorganisms(4-5). It 
has been reported the appearance of drug-resistant 
bacteria resistant, which requires more intensive care 
for each case’s severity(6).

The colonization of microorganisms is not res-
tricted to the upper and lower airways, but also in the 
oral cavity due to lack of hygiene, mainly of patients 
with reduced level of consciousness(7). The microorga-
nisms frequently found in patients under mechanical 
ventilation are: Klebsiella spp; non-fermenting Gram-

-Negative Bacillus; Staphylococcus aureus and Pseudo-
monas aeruginosa(8).

The components of the ventilator circuit are 
often contaminated through handling or time of use, 
related to external factors such as care of heat and hu-
midity filters, having as main function the maintenan-
ce of the normal physiological conditions of the lower 
airways(9). 

Prevention methods of risk factors for pneumo-
nia associated with mechanical ventilation have been 
advocated, such as: preference for orotracheal intuba-
tion, adequate maintenance of the cuff pressure, posi-
tion of the tube, replacement of the heat and humidity 
exchangers, sterile conditions for bronchial aspiration 
and performing it only when necessary, avoiding ins-
tilling saline solution prior to aspiration, head eleva-
tion from 30° to 45° degrees, use of enteral nutrition, 
oral hygiene, glycemic control(10).

To evaluate the severity of the disease quanti-
fied by the degree of physiological abnormalities of 
the patients in the intensive care unit, the Acute Phy-
siology and Chronic Health Evaluation scale is used, 
which determines the individual’s risk of mortality(11).

The Municipal Hospital of Maringá is a public 
service that does not have an intensive care unit yet. 
For this reason, it supports emergency situations in a 
six-bed emergency room, and in many cases patients 
end up requiring the use of invasive mechanical ven-
tilation. Due to the lack of beds in other reference 
hospitals to refer to intensive care, patients end up 
receiving this care by the multidisciplinary staff of the 
hospital itself (physician, nurse, nursing technicians, 
nutritionist, psychologist and physiotherapist) in or-
der to allow weaning of invasive mechanical ventila-
tion, reduce the risk of nosocomial infection and ven-
tilator-associated pneumonia. However, as there was 
no survey on the rates of ventilator-associated pneu-
monia in this hospital, this study aims to answer the 
following guiding question: what is the prevalence of 
ventilator-associated pneumonia, after collection and 
analysis of bronchial secretions? 

Thus, the present study aimed to verify the 
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prevalence of pneumonia associated with mechanical 
ventilation through the collection and analysis of tra-
cheobronchial secretions.

Methods

This is a quantitative, observational study that 
was conducted in the emergency room of the Munic-
ipal Hospital of Maringá, PR, Brazil, from September 
2013 to August 2014. 

As inclusion criteria, patients could be of both 
sexes and should be under mechanical ventilation. Pa-
tients who were admitted to the unit for community 
pneumonia were excluded. The sample was then com-
posed of 13 patients.

Within the first 24 hours of admission of pa-
tients in the emergency room of the Municipal Hospi-
tal of Maringá, Brazil, it was surveyed in the medical 
records the gender, age group and clinical diagnosis of 
patients. It was applied the scale of Acute Physiology 
and Chronic Health Evaluation(11) in which the physi-
ological variables raised at the time of hospitalization 
were: temperature, blood pressure, heart rate, respi-
ratory rate, oxygenation, blood gas, sodium, potassi-
um, creatinine, leukocytes and hematocrit, Glasgow 
scale, age score and chronic disease score, which were 
added for determining the severity of the patient’s 
condition, and based on the score of Acute Physiology 
and Chronic Health Evaluation relating the probability 
of death of the patient.

The Clinical Pulmonary Infection Score was 
applied at 72 hours of orotracheal intubation, in-
cluding body temperature, leucometry, oxygenation 
parameters and chest X-ray, taking into account the 
semiquantitative culture of the tracheal secretion, 
which greatly increases specificity and sensitivity of 
the diagnosis. The maximum score of that tool is 12, 
and values greater than 6 are correlated with ventila-
tor-associated pneumonia.  

The collection of the secretions for analysis was 
performed after 72 hours of orotracheal intubation, 
and those patient stayed at least six hours without 

receiving this procedure, which is a technique per-
formed by the researchers using a sterile collection 
bottle, that is, a container with two holes: one of which 
is connected to the vacuum cleaner (vacuum) and the 
other is connected to a sterile aspiration nozzle No. 
14. At the time of collection, procedure gloves were 
used and also, in the dominant hand, a sterile plastic 
glove to handle the aspiration probe. After the collec-
tion, the bottle was sealed and sent to the Teaching 
and Research Laboratory in Clinical Analyzes, of the 
State University of Maringá, for an incubation analysis. 
The results of the exams were sent to the hospital and 
thus the researchers had access for analysis. 

The patients undergoing this procedure did not 
suffer any type of risk, since it is a sterile procedure, 
without contamination, and that is performed rou-
tinely inside the emergency room of this hospital by 
a trained team. 

The data were analyzed in the software Statis-
tical Package for the Social Sciences 22.0. Descriptive 
and inferential statistics were used. Frequency and 
percentage were used for the categorical variables. 
For the numerical variables, the normality of the data 
was initially verified through the Shapiro-Wilk test. 
The Pearson’s Correlation Coefficient (normal data) 
was used to verify the correlation between the Acute 
Physiology and Chronic Health Evaluation score and 
the Clinical Pulmonary Infection Score. The signifi-
cance was set at p<0.05.

The study complied with the formal require-
ments contained in the national and international 
regulatory standards for research involving human 
beings.

Results 

During the study period, 43 patients who ne-
eded orotracheal intubation for invasive ventilatory 
support were admitted to the emergency room of the 
Municipal Hospital of Maringá. Of these, 70.0% (n = 
30) were excluded from the study because they were 
admitted to the emergency room with diagnosis of 
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pneumonia, or due to transfer to another reference 
hospital, death before collection of the biological ma-
terial, or before completing the 72 hours necessary for 
the collection of secretion.

Thirteen patients were evaluated, with a mean 
age of 70.76 ± 11.76, and prevalence of males.

Staphylococcus aureus (23.1%) and Klebsiella 
pneumoniae (15.4%) were found to be the most pre-
valent microorganisms in the culture of tracheal se-
cretions, being 7.7% isolated and a single sample and 
7.7% associated with Escherichia coli/Haemophilus 
influenzae; 38.9% did not present bacterial culture 
(Table 1).

Table 1 - Prevalence of microorganisms found in the 
culture of tracheal secretions
Microorganisms %  95% CI

No bacterial culture 38.9 21.4-71.4

Staphylococcus aureus 23.1 0-50.0

Pseudomas aeruginosa 7.7 0-21.4

Klebisiella pneumoniae 7.7 0-35.7

Klebisiella pneumoniae/Escherichia coli/Hae-
mophilus influenzae 7.7 0-21.4

Stanotrophomonas maltophilia 7.7 0-21.4

Staphylococcus epidermidis 7.7 0-21.4
CI: Confidence intervals of 95% for proportions

When analyzing the Acute Physiology and 
Chronic Health Evalution Score of these patients in 
the first 24 hours of admission, it was observed a mi-
nimum score of 15 and a maximum of 42, the average 
being 33 points, that is, these patients had an average 
of 75, 0% chance of death.

When analyzing the mean of the Clinical Sco-
re of Pulmonary Infection, in 10 cases the score was 
less than six points, that is, there was no relation with 
the ventilator-associated pneumonia. However, three 
patients who presented a probability of 85.0% of de-
ath by the Acute Physiology and Chronic Health Eva-
luation had the Clinical Score of Pulmonary Infection 
equal to or greater than 6 points, that is, there was an 

association with pneumonia associated with mecha-
nical ventilation in 23.0% of cases.

When correlating the score of Acute Physiology 
and Chronic Health Evaluation with the Clinical Pul-
monary Infection Score, r=0.3975 was found, presen-
ting a mean correlation (p<0.01).

Discussion 

At the Municipal Hospital of Maringá, patients 
who needed hospitalization in the emergency unit 
performed physiotherapy twice a day, contributing 
to an improvement in the patients’ condition, which 
could justify the number of exclusions in the study due 
to extubation and improvement of the clinical picture. 

The importance of physical therapy together 
with a multidisciplinary team within the Intensive 
Care Unit is extremely relevant to patient recovery. 
Among the techniques used by the physiotherapist 
there is mechanical ventilatory assistance, trache-
al aspiration and early mobilization(12). Such actions 
promote the reduction of hospitalization time and the 
patient’s early recovery(13).

Of the total number of patients admitted to the 
emergency unit of the Hospital studied, there was a 
predominance of males, which was also found in ano-
ther study(14). This shows the neglect of men to their 
own health, not seeking the health services for perio-
dic monitoring, which would avoid more serious com-
plications(15).

Among the exclusions due to death, nine had a 
mortality probability of 85.0% by the Acute Physiolo-
gy and Chronic Health Evaluation scale and only one 
had a 55.0% risk of death, corroborating with other 
studies(16) that reported that scores above 20.0% re-
vealed a high death rate. 

Ventilator-associated pneumonia is a problem 
commonly found worldwide, with a high mortality 
rate (10.0%)(17-19). About nine to 27.0% of patients 
under mechanical ventilation develop such a compli-
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cation(20), whose prevalence is consistent with the re-
sult (25.0%) obtained in the present study. However, 
this can be avoided with preventive measures: hand 
hygiene and oral cavity hygiene; head elevation, bron-
choaspiration prevention; aspiration of the secretion 
only when necessary and cuff pressure control(10). At 
the study site, such measures are taken daily by the 
emergency room staff to minimize the likelihood of 
patient contamination.

When verifying each case of the group without 
bacterial culture (five patients), it was found a high 
mortality rate and severity of the clinical picture: 
three patients with 85.0%, one with 55.0% and one 
with 40.0%. These data show that the severity of the 
patient’s clinical condition, immunological condition 
and pre-disposition to infection of microorganisms, 
demonstrating the importance of risk identification 
by means of a mortality predictor through the Acute 
Physiology and Chronic Health Evalution scale, thus 
indicating its main risk factors(11).

The types of microorganisms found in the cul-
ture corroborate with a study conducted in 2013(8) in 
the hospital environment, which were Klebsiella pneu-
moniae (40.4%), Pseudomonas aeruginosa (17.2%), 
Staphylococcus aureus(17.2%). The drug treatment is 
empirical after the previous diagnosis of pneumonia, 
and it is still effective in the fight against pneumonia-
-related bacteria, eliminating the current problem of 
geographic microbiological multi-drug resistance(6,20).

The level considered serious with risk of death 
was presented in all patients with positive bacterial 
culture, ranging from 25.0% to 85.0%. In the current 
study there was no relationship between clinical diag-
nosis, presence of microorganisms and clinical seve-
rity according to the Acute Physiology and Chronic 
Health Evaluation scale, since 100.0% of the patients 
analyzed had an association with 3 or more clinical 
complications such as diabetes mellitus, stroke, car-
diac decompensation, renal insufficiency, dehydration, 
malnutrition, cardiogenic shock, systemic arterial 

hypertension or seizure. The predisposition for bac-
terial contamination of each individual may be related 
to factors related to the host and medications in use(5). 
Among these patients, it is not possible to know about 
the history of pharmacological use as well as previous 
hospitalizations, thus showing multidrug resistance.

The established protocols for hospital infec-
tion control are of extreme importance, such as the 
culture of tracheal secretion, which was not adopted 
in the studied environment. Microbiological moni-
toring is necessary because it is determinant for the 
control of nosocomial infections(7). The prevalence of 
Staphylococcus aureus in the studied patients is con-
sistent with several studies(9-10,19), which associates it 
with a high mortality rate. This shows the relevance 
of intermittent monitoring for the prevention, control 
and combat of epidemics.

The major limitations of the present study were 
related to the demand for hospitalizations, since cri-
tically ill patients that required intensive care were 
immediately transferred to a reference hospital with 
an Intensive Care Unit. However, when there was hos-
pitalization, the referred diagnosis, most of the time, 
was of pulmonary infection.  

Conclusion

It is concluded that the prevalence of ventila-
tor-associated pneumonia is relatively high, through 
analysis of tracheobronchial secretions, and that the 
most prevalent microorganism was Klebsiella pneu-
moniae and Staphylococcus aureus. There was a pre-
valence of ventilator-associated pneumonia in 25% 
of cases and a mean correlation between the severity 
of the disease, according to the Acute Physiology and 
Chronic Health Evaluation scale, and the occurrence 
of ventilator-associated pneumonia. These data rein-
force that even when patients are being treated in an 
emergency room, preventive measures are extremely 
important in the control of infections. 
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