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SUMMARY
OBJECTIVE: In the recent years, the increase in death rates from nosocomial pneumonia draws attention. The aim of this study was to 

examine the causative agents and mortality factors of patients with pneumonia who were followed up in the chest diseases intensive care unit. 

METHODS: Data of 1070 patients with pneumonia were screened for this study. A total of 160 patients with hospital-acquired pneumonia 

included in this study. The relationship between factors such as patients’ comorbidities, length of stay in the intensive care unit, history 

of hospitalization or respiratory support therapy, infection markers such as C-reactive protein, white blood cell, nutritional markers such 

as albumin and protein, renal and liver function tests, culture growing microorganisms, and clinical pulmonary infection scores was 

evaluated and mortality rates were examined.

RESULTS: Among 1070 patients, the rate of hospital-acquired pneumonia was 14.9%, and the mortality rate of pneumonia was 

16.9%. Mortality was significantly increased in patients who stayed in the intensive care unit for more than 10 days, in patients with a 

clinical pulmonary infection score of ≥6 and with a history of hospitalization in the past one month, and received invasive mechanical 

ventilation therapy. Mortality increased in patients with hypoalbuminemia, hypoproteinemia, and high C-reactive protein values. The most 

commonly grown microorganism was Acinetobacter baumannii, which was also found significantly in patients who underwent invasive 

mechanical ventilation.

CONCLUSION: In the clinical approach to hospital-acquired pneumonia, in order to prevent mortalities, it is important to reveal whether 

the newly emerging symptoms and signs are related to pneumonia, to identify the causative pathogen, and to determine the severity 

of the disease.
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INTRODUCTION
Hospital-acquired pneumonia (HAP) is the most common hos-
pital-acquired infection1. HAP is defined as pneumonia that 
usually develops 48 h after hospitalization without incubation 
period at the time of hospitalization and that occurs within 
48 h of discharge from the hospital2.

The time of onset of pneumonia emerges as an important 
variable in the prognosis of HAP patients in terms of both 

epidemiological and problematic microbiological factors. 
Early-onset HAP that develops within the first 4 days after 
hospitalization is generally benign and has a good progno-
sis due to treatable microorganisms. Late-onset HAP is the 
disease that develops on the fifth and subsequent days, with 
serious pathogens that show multidrug resistance (MDR), 
cause treatment problems, and increase treatment cost3-5. 
Microorganisms in the etiology of HAP may vary with the 
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underlying disease, presence of risk factors, and the time of 
occurrence of pneumonia6. 

The aim of this study was to examine the causative agents, 
mortality factors, the contribution of laboratory data to clinical 
outcome and mortality of patients, and the contribution of clin-
ical pulmonary infection score (CPIS) to the prognosis of the 
pneumonia patients who were followed up in the Chest Diseases 
Intensive Care Unit of Erciyes University Faculty of Medicine.

METHODS
This study was carried out retrospectively in “hospital-devel-
oping pneumonia” patients who stayed in the Chest Diseases 
Intensive Care Unit of Erciyes University Medical Faculty 
Hospital between June 2006 and June 2011 for more than 48 h, 
who were known to have no previous pneumonia, and whose 
secretions increased in the first 48 h of discharge. This study 
was approved by the Research Ethics Committee of Erciyes 
University Medical Sciences (resolution number: 2011-361). 

The registry archive of the chest diseases intensive care unit 
(ICU) was scanned for the study. The profiles, file numbers, and 
clinical and laboratory data of the 1070 patients were obtained. 
Hospitalization history of these patients before their epicrisis, 
antibiotics usage before admission to intensive care, comor-
bidities, course of fever, length of stay in the ICU, CPIS value, 
mortality, facilitating risk factors, clinical navigational informa-
tion, etiological microorganisms, empirical antibiotics usage, and 
antibiotic susceptibilities were recorded. To support the data, the 
control records of the infection committee were scanned with 
the permission of the infectious diseases control committee. 
Patients who were discharged from the ICU in the first 24 h were 
excluded from the study. Liver and renal function tests, albu-
min, protein, magnesium (Mg), C-reactive protein (CRP) levels, 
and complete blood count parameters were recorded. The risk 
factors for HAP such as the presence of central venous catheter, 
tracheostomy, reintubation, bronchoscopy, tube thoracoscopy, 
percutaneous endoscopic gastrostomy (PEG), urethral catheter, 
nasogastric tube, history of total parenteral nutrition (TPN), 
cytostatic agents, transfusion, hypertension, diabetes mellitus, 
chronic obstructive pulmonary disease, underlying malignancy, 
central nervous system pathology, bronchiectasis, hemodialysis 
admission, metabolic acidosis, and length of stay in ICU were 
recorded and factors affecting mortality rates were examined.

Statistical analysis
Data analysis was done using Statistical Package for Social Science 
version 11.5 package program. Shapiro–Wilk test was used for the 
normally distributed continuous data. Descriptive statistics were 
presented as number of cases, median, and lowest and highest 

values for continuous variables and (%) for categorical variables. 
Categorical variables were evaluated with Pearson’s chi-square or 
Fisher’s exact test. Continuous variables were analyzed by univar-
iate logistic regression analysis. As a result of univariate statistical 
analyses, variables determined as p<0.25 were accepted as can-
didate risk factors in distinguishing survivors and exitus groups. 
Among all possible risk factors, the most determining factors were 
investigated by multivariate logistic regression analysis. Odds ratio 
and 95% confidence interval for each variable were calculated. 
For p<0.05, all the results were considered statistically significant.

RESULTS
The names and protocol numbers of 1070 patients were obtained 
from the records of the Intensive Care Unit of Erciyes University 
Faculty of Medicine. Out of 1070, 226 patients were excluded 
from this study because they were discharged from the ICU or 
died in the first 24 h. Of the 844 patients whose records could 
be accessed, 160 (18.9%) patients were identified with microor-
ganisms growing 48 h after they were admitted to the ICU and/
or in the first 48 h of discharge. The clinical and demographic 
data of these 160 patients who met all the study criteria were 
examined. CRP, white blood cell (WBC), blood urine nitro-
gen (BUN), creatinine, aspartate transaminase (AST), analine 
transaminase (ALT), and Mg values at the date of reproduc-
tion of the microorganisms were recorded from the database.

Among 160 patients, 97 (60.6%) were males and 63 
(39.4%) were females. The mortality rate was 61.9% (n=99). 
Of 99 patients, 60 (60.6%) were males and 39 (39.4%) were 
females (p=0.959). A total of 115 (71.9%) patients who devel-
oped HAP were ≥65 years of age. Over 75.8% (n=75) of the 
patients who died during the hospitalization were ≥65 years. 
The difference between the rates of mortality in ≥65 years was 
not statistically different (p=0.353).

Considering underlying diseases, 53.1% (n=85) of the 
patients had chronic obstructive pulmonary disease, 22.5% 
(n=36) had hypertension, 16.9% (n=27) had diabetes mellitus, 
and 4.4% (n=7) had bronchiectasis. Central nervous system 
pathology was present in 11 (6.9%) patients. Mortality rates 
were examined and we found that 27.7% (n=26) patients had 
hypertension, 53.7% (n=51) had chronic obstructive pulmo-
nary disease, 9.7% (n=9) had underlying malignancy, 17.9% 
(n=17) had hemodialysis admission, 17.7% (n=17) had diabe-
tes mellitus, 7.3% (n=7) had central nervous system pathology, 
and 1.0% (n=1) had bronchiectasis. Bronchiectasis and hemo-
dialysis admission were significantly associated with mortality 
(p=0.013 and p=0.022, respectively) (Table 1).

Notably, 131 (81.9%) patients were treated in invasive 
mechanical ventilation (IMV) and 62 (38.8%) patients were 
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treated in non-invasive mechanical ventilation (NIMV). 
The number of patients receiving only oxygen therapy was 7 
(4.4%). In addition, 90.9% of the deceased patients were treated 
in IMV (n=90), and three patients received oxygen therapy 
during their hospitalization. There was a statistically significant 
relationship between IMV and mortality (p<0.001) (Table 1).

Effects of laboratory parameters on mortality rates are 
given in Table 2. The difference between WBC levels in two 
groups was not statistically significant (p=0.254). However, 
the difference between mean CRP levels of two groups and its 
relation with mortality was statistically significant (p=0.003). 
Although the mean protein values were 5.2 (2.3–7.7), there 
was a weak statistically significant correlation with mortality 
(p=0.049). The mean albumin value of the patients in exitus 
group was 2.3 (1.0–3.8), and its relationship with mortality 
was also considered statistically significant (p=0.02). No sig-
nificant correlations were found between other laboratory val-
ues and mortality.

Among 86 patients whose CPIS could be calculated, the 
mean CPIS value of the surviving patients was 7 (3–10), while 
the mean CPIS value of the deceased patients was eight (4–10). 
The correlation between CPIS level and mortality was statisti-
cally significant (p=0.013). Of 86 patients whose CPIS value 
was calculated, 59 died and 57 had a CPIS value of ≥6 (96.6%). 
This result showed that there was a statistically significant rela-
tionship between mortality and CPIS ≥6 (p=0.004).

While a single microorganism was found to be responsi-
ble in 131 cultures, it was recorded as polymicrobial in 29 cul-
tures. Samples were taken from endotracheal aspirate (ETA) 
(n=108), bronchoalveolar lavage (BAL) fluid (n=31), and spu-
tum (n=21). Pneumonia agent was also isolated in blood cul-
ture in 16 out of 160 patients who developed HAP. These iso-
lates were Acinetobacter baumannii (n=9), Staphylococcus aureus 
(n=3), Escherichia coli (n=2), Klebsiella pneumoniae (n=1), and 
Enterococcus faecium (n=1). The most commonly isolated micro-
organisms were, in order of frequency, A. baumannii (n=71), 

Table 1. Effects of underlying diseases and respiratory support on mortality rates.

Alive Exitus p-value OR (95%CI)

Hypertension, n (%)

(+) 48 (82.8) 68 (72.3)
0.142 1.835 (0.810–4.157)

(−) 10 (17.2) 26 (27.7)

Chronic obstructive pulmonary disease, n (%)

(+) 25 (42.4) 44 (46.3)
0.632 0.852 (0.443–1.641)

(−) 34 (57.6) 51 (53.7)

Malignancy, n (%)

(+) 55 (94.8) 84 (90.3)
0.373 1.964 (0.509–7.578)

(−) 3 (5.2) 9 (9.7)

Diabetes mellitus, n (%)

(+) 49 (83.1) 79 (82.3)
0.904 1.054 (0.447–2.488)

(−) 10 (16.9) 17 (17.7)

Central nervous system pathology, n (%)

(+) 55 (93.2) 89 (92.7)
1.000 1.081 (0.303–3.865)

(−) 4 (6.8) 7 (7.3)

Bronchiectasis, n (%)

(+) 53 (89.8) 95 (99.0)
0.013 0.093 (0.011–0.793)

(−) 6 (10.2) 1 (1.0)

Hemodialysis admission, n (%)

(+) 56 (94.9) 78 (82.1)
0.022 4.068 (1.137–14.552)

(−) 3 (5.1) 17 (17.9)

Invasive mechanical ventilation, n (%) 40 (67.8) 90 (90.9) <0.001 4.750 (1.978–11.408)

Oxygen therapy, n (%) 4 (6.8) 3 (3.0) 0.426 0.430 (0.093–1.991)

OR: odds ratio; CI: confidence interval.
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E. coli (n=28) (extended spectrum beta-lactamase [ESBL] pro-
duction; n=18), Pseudomonas spp. (n=25), Klebsiella spp. (n=17), 
S. aureus (n=17) (methicillin-susceptible [MSSA] n=6 and 
methicillin resistant [MRSA] n=11), Gram (−) bacilli (n=12), 
Proteus spp. (n=6), Streptococcus spp. (n=4), Enterobacteriaceae 
spp. (n=3), and others (Stenotrophomonas maltophilia, Serratia 
marcescens, Citrobacter koseri, and fungal agents) (n=15). 
Proteus spp. was found as a candidate risk factor for mortality 
(p=0.085). However, there were no significant relationships 
between the other microorganisms grown in the cultures of 
the patients and their mortality rates (Table 3).

DISCUSSION
The defense mechanisms of the patients hospitalized in the ICU 
are generally impaired due to existing or accompanying diseases. 
Immune paralysis occurs due to the release of anti-inflammatory 

mediators and is associated with an increased risk of infectious 
complications. Immunosuppressive therapies, which are frequently 
applied to intensive care patients, contribute to these complica-
tions and convey patients to the high-risk group for nosocomial 
infection7. Endotracheal intubation reduces local defense mech-
anisms and paves the way for respiratory tract infections. In the 
first 24 h after admission to the ICU, the mouth is colonized by 
pathogenic bacteria8. In the first 48–72 h, 50% of the patients, 
and at the end of the first week almost all patients, are colonized 
by the factors that make up the flora of the unit. Colonization 
rate in critically ill patients reaches up to higher rates9. In nos-
ocomial pneumonia, there is usually microaspiration or mac-
roaspiration of these colonized microorganisms.

The main factors in early-onset HAP are not different from 
community-acquired pneumonia, and the most common are 
Streptococcus pneumoniae, Haemophilus influenzae, and MSSA1. 
In late-onset pneumonia, P. aeruginosa, Acinetobacter spp., 

Table 3. Effects of microorganisms on patients’ mortality rates.

Alive (n=59) Exitus (n=99) p-value

Acinetobacter spp. (%) 23 (39.0) 46 (46.5) 0.359

E. coli (%) 9 (15.3) 19 (19.2) 0.531

Enterobacteriaceae spp. (%) 1 (1.7) 2 (2.0) 1.000

Gram (−) bacilli (%) 5 (8.5) 7 (7.1) 0.763

Klebsiella spp. (%) 6 (10.2) 11 (11.1) 0.853

Proteus spp. (%) – 6 (6.1) 0.085

Pseudomonas spp. (%) 10 (16.9) 15 (15.2) 0.765

Staphylococcus aureus (%) 6 (10.2) 10 (10.1) 0.989

Streptococcus spp. (%) 2 (3.4) 2 (2.0) 0.630

Others (%) 8 (13.6) 7 (7.1) 0.178

Table 2. Effects of laboratory parameters and CPIS on mortality rates.

Alive Mean (95%CI) Exitus Mean (95%CI) p-value

Albumin (g/dL) 2.5 (1.2–3.8) 2.3 (1.0–3.8) 0.020

Total Protein (g/dL) 5.3 (3.9–7.6) 5.2 (2.3–7.7) 0.049

Mg (mg/dL) 0.8 (0.6–1.4) 0.9 (0.3–1.7) 0.611

WBC (×103/mm3) 14 (5–36) 15 (2–58) 0.254

AST (IU/L) 32 (10–561) 35 (5–2040) 0.370

ALT (IU/L) 31.5 (5–937) 26 (0.8–1614) 0.863

BUN (mg/dL) 30 (9–86) 32 (9–131) 0.096

Creatinine (mg/dL) 1 (0.4–2.8) 1.1 (0.3–38) 0.144

CRP (mg/L) 62 (1.3–339) 119 (3–638) 0.003

CPIS 7 (3–10) 8 (4–10) 0.013

WBC: White blood cell; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urine nitrogen; CRP: C-reactive protein; CI: confidence 
interval; CPIS: clinical pulmonary infection scores.



Evaluating hospital-acquired pneumonia

1850
Rev Assoc Med Bras 2021;67(12):1846-1851

Enterobacter spp., Klebsiella spp., Gram-negative agents, and S. 
aureus can be seen as a factor in 20–30% of cases1,10. The prev-
alence of Legionella species is reported to be 10–20% and its 
frequency increases in cases of corticosteroid use, immunosup-
pression, and previous antibiotic use11. Legionella pneumophila 
should be considered among the causative agents of HAP in 
patients hospitalized in the ICU11. 

The early or late stage of HAP, the underlying risk factors, 
and the severity of pneumonia shape the empirical treatment12. 
Appropriateness in empirical treatment is possible with the 
correct estimation of the origin organisms and requires ratio-
nal antibiotic use skills that require clinical and microbiolog-
ical knowledge, including local resistance data from the ICU.

Mortality rates of lower respiratory tract infections in hospitalized 
patients are high. Mortality is much higher in pneumonia developing 
especially in ventilator-dependent patients13. In our study consider-
ing underlying diseases, bronchiectasis and hemodialysis admission 
were significantly associated with mortality (p=0.013 and p=0.022, 
respectively) in HAP patients. There was also a statistically significant 
relationship between IMV and mortality (p<0.001). 

It is believed that the most important cause of HAP is the 
colonization of the gastrointestinal tract and oropharynx by 
pathogenic microorganisms14,15. Pneumonia occurs with aspi-
ration of these pathogens and failure of the host defense14. 
Microaspiration of oropharyngeal secretions may occur during 
sleep in normal individuals. However, these aspirates are small 
and originated from nonpathogenic flora. However, in hospi-
talized patients, oropharyngeal colonization occurs with patho-
genic aerobic Gram-negative bacilli. Colonization is facilitated 
by coma, hypotension, acidosis, azotemia, alcoholism, diabetes 
mellitus, leukocytosis, leukopenia, pulmonary disease, nasogastric 
and endotracheal intubation, and antibiotic utilization. In these 
patients, the aspirated volume and frequency of aspiration also 
increase for various reasons such as altered consciousness, dif-
ficulty in swallowing, decreased gurgling reflex, delayed gastric 
emptying, and slowing of gastrointestinal motility16. Normally, 
gastric acidity prevents pathogenic microorganisms. However, 
in cases of advanced age, achlorhydria, ileus, upper gastrointes-
tinal system diseases, use of antacids or H2 receptor antagonists, 
proton-pump inhibitors, and enteral nutrition, the gastric pH 
rises above 4 and gastric acid protection disappears. In the HAP 
diagnosis and treatment management guidelines published by 
the American Thoracic Society in 2005, common pathogens in 
HAP cases are Gram-negative bacilli such as P. aeruginosa, E. coli, 
K. pneumoniae, and Acinetobacter spp. Gram-positive cocci, espe-
cially MRSA and anaerobes. In the 2008 HAP Guideline of the 
Turkish Thoracic Society, common pathogens in late-onset HAP 
were indicated as P. aeruginosa, Acinetobacter spp., Enterobacter 
spp., and Klebsiella spp. However, Hu et al. reported that agent 

spectrum and antibiotic susceptibility differ in late-onset Group 
2 and Group 3 HAP cases17. The most common isolated micro-
organisms in our study were, in order of frequency, A. bauman-
nii (n=71) and E. coli (n=28) (ESBL production; n=18). Proteus 
spp. (n=6) was found as a candidate risk factor for mortality 
(p=0.085). However, there were no significant relationships 
between the other microorganisms grown in the cultures of the 
patients and their mortality rates (Table 3).

Laboratory tests have been performed to complete the diag-
nosis and to guide clinicians about the prognosis of HAP. Zheng 
et al. showed that the neutrophil/lymphocyte count ratio, procal-
citonin, and CRP levels were markedly different between the non-
infection and HAP groups18. In our study, the effects of laboratory 
parameters on mortality rates were also examined and the difference 
between mean CRP and albumin levels of groups and their rela-
tions with mortality were found statistically significant (p=0.003 and 
p=0.02, respectively). We also examined the relation between CPIS 
and mortality and our study showed that there was a statistically 
significant relationship between mortality and CPIS ≥6 (p=0.004). 

Our study had some limitations. First, this was a retrospective 
study evaluating causative agents, mortality factors, laboratory data 
to clinical outcome and mortality of patients, and the contribution 
of CPIS to prognosis of patients with HAP. Therefore, our study 
could be improved by performing further prospective studies. 
Second, we examined a limited number of laboratory parameters 
and inflammation markers. Further prospective studies are required 
to clarify the effects of laboratory parameters and inflammation 
markers on prognosis and mortality rates of patients with HAP.

CONCLUSIONS
The clinical diagnosis of HAP is difficult. Infectious and non-
infectious pathologies should be considered in the differential 
diagnosis. Difficulty in diagnosis causes unnecessary antibi-
otic utilization, and as a result, there is an increase in risk of anti-
biotic-resistant bacterial infection, toxicity, and treatment cost. 
In addition, mortality rates of these patients are high. Hence, 
combining clinical, laboratory, and CPIS data and isolating the 
related pathogens earlier with appropriate antibiotics therapy may 
help clinicians to predict the prognosis of patients with HAP. 
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