
103

Le Infezioni in Medicina, n. 2, 103-114, 2018

ORIGINAL ARTICLES

Corresponding author
Dimitrios Papadopoulos
E-mail: d.g.papadopoulos@gmail.com 

n INTRODUCTION

Aspiration pneumonia is a distinct form of 
bacterial pneumonia resulting from mac-

roaspiration of oropharyngeal or gastric content 

in patients with specific predisposing factors. Its 
incidence in hospitalized patients with commu-
nity-acquired pneumonia ranges from 8.7% to as 
high as 60.1% in recent research, depending on the 
definition each study used [1-5]. In-hospital mor-
tality rate also varies between studies, reaching up 
to 23% in patients treated at pulmonary or inter-
nal medicine departments and to 40% in patients 
admitted to intensive care units (ICU) [1, 3-9]. The 
microbiological etiology of aspiration pneumonia 
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Aspiration pneumonia has a high incidence in hospi-
talized patients with community-acquired pneumo-
nia and results in high mortality rates. We aimed to 
evaluate microbiology and assess prognostic factors 
of aspiration pneumonia in the setting of a tertiary 
hospital pulmonology department. Community-ac-
quired (CAAP) and healthcare-associated aspiration 
pneumonia (HCAAP) cases hospitalized over a period 
of a year were prospectively followed. Demographic, 
clinical, biological and radiological data were record-
ed at admission, while sputum, tracheal aspirates or 
bronchial washing samples were collected within 48 
hours of admission. During hospital stay, therapeutic 
and supportive measures and resulting complications 
were recorded. Regression analysis was applied to find 
statistically significant prognostic factors. The sample 
consisted of 70 patients (67.1% men); 55.7% of them 
presented as HCAAP. 94.3% had positive culture of 
lower respiratory tract specimens with isolation of 115 
pathogens, 47 of which were multidrug- or extensive-
ly drug-resistant. The most common pathogens were 
Pseudomonas aeruginosa (37.1%), Klebsiella pneumoniae 
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(27.1%), Staphylococcus aureus (25.7%) and Acinetobacter 
baumannii (20%). Empiric antimicrobial therapy was 
combination therapy in 70% and included antipseu-
domonal and MRSA-targeted antibiotics in 61.4% and 
11.4%, respectively. Patients in the HCAAP group had 
a higher rate of antibiotics usage in the previous trimes-
ter, more frequent isolation of resistant strains and were 
more likely to receive inadequate empiric treatment 
than those in the CAAP group. In-hospital mortality 
was 52.2%; no difference between groups was noted. 
Independent factors of increased mortality were old-
er age (p=0.004), low serum albumin levels (p=0.039), 
increased radiological involvement (p=0.050) and in-
effective initial therapy (p=0.001). We concluded that 
patients hospitalized for aspiration pneumonia have 
frequent contact with healthcare services and acquire 
multidrug-resistant Gram-negative bacteria. Empiric 
therapy should target these specific microorganisms as 
its success determines the prognosis.

Keywords: aspiration pneumonia, microbiology, empir-
ic therapy, mortality.
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is reported to have significantly changed over the 
last 50 years, shifting from anaerobic-only isolates 
to mixed flora, with Gram-negative bacilli, often 
multi-drug resistant, dominating the picture [10]. 
The effectiveness of initial empiric antimicrobi-
al therapy is considered a significant prognostic 
factor and the choice of drug or combination of 
drugs should be made according to knowledge of 
local epidemiological data [7, 9].
Previous research has examined microbiologi-
cal data of hospitalized patients with aspiration 
pneumonia mostly in the context of ICU admis-
sion [7-9]. Since they do not represent the entire 
spectrum of aspiration pneumonia cases, it is pos-
sible that results cannot be generalized to guide 
treatment and determine prognosis in patients 
hospitalized in general wards. This study aimed 
to identify the bacteriological flora and resist-
ance patterns of patients admitted for aspiration 
pneumonia in a pulmonology department over a 
year’s period and assess prognostic factors relat-
ed to mortality and length of hospital stay.

n PATIENTS AND METHODS

Setting
We conducted a prospective study of patients that 
were admitted with aspiration pneumonia within 
a year in a public tertiary hospital’s pulmonolo-
gy department in Greece. “Sismanoglio” Gen-
eral Hospital of Attica is a reference hospital for 
pulmonary diseases, serving the regional unit of 
North Athens, with a population of 591680 inhab-
itants, and the broader north-eastern part of Atti-
ca. All patients admitted in the 2nd Pulmonology 
department with a diagnosis of aspiration pneu-
monia between 1 December 2015 and 30 Novem-
ber 2016 were screened for enrolment and those 
included were followed during their hospitaliza-
tion and up to three months from admission. 
The study was conducted in accordance with the 
ethical standards of the institutional review board 
and the Helsinki Declaration of the World Medical 
Association and informed consent was obtained 
from participants or their health care proxy.

Participants
The presence of aspiration pneumonia required 
the following criteria assessed at initial presenta-
tion or within 48 hours of hospitalization:

a) acute onset of at least two symptoms or signs 
suggestive of lower respiratory tract infection 
(fever >38oC, cough or sputum production, 
dyspnoea or respiratory rate >20 breaths per 
minute, altered mental status, pleuritic chest 
pain, crackles or consolidation on physical ex-
amination);

b) evidence of a new gravity-dependent pulmo-
nary infiltrate on thoracic imaging;

c) presence of aspiration risk factors (reduced lev-
el of consciousness, impaired swallowing reflex 
or abnormalities of the upper aerodigestive 
tract) or witnessed large aspiration [11]. A sim-
ple water-swallowing test was used to evaluate 
the adequacy of the swallowing reflex.

Patients were divided in two groups:
a) a healthcare-associated aspiration pneumo-

nia (HCAAP) group, consisting of residents 
of nursing or long-term care facilities and pa-
tients receiving haemodialysis, intravenous 
chemotherapy, radiation therapy or special-
ized healthcare at home (intravenous therapy, 
wound care, urinary catheterization, etc.) in 
the last month before admission or being hos-
pitalized for over two days in the previous tri-
mester;

b) a community-acquired aspiration pneumonia 
(CAAP) group, including the rest [12]. 

Participants were evaluated continuously during 
their hospital stay until death or discharge and 
the latter also received a telephone call after three 
months to assess their clinical condition.

Data sources
Data collected upon admission included demo-
graphic information, type of residence, function-
al (ambulatory or bedridden) and nutritional 
(based on estimated body mass index with cut-
off value 18.5 kg/m2) assessment, comorbidities 
and calculation of Charlson index, history of hos-
pitalizations, long-term oxygen therapy and pro-
tein pump inhibitors (PPIs), histamine-2 receptor 
antagonists (H2 antagonists) and antibiotic usage 
in the previous trimester [13]. Within 48 hours 
after admission the following clinical, biologi-
cal and radiological data were recorded: initial 
vital signs; presenting symptoms; mechanism of 
aspiration; arterial blood gases; biochemical and 
hematological tests (white blood cell count and 
type, platelet count, hematocrit, serum albumin, 
glucose, urea, creatinine, sodium and C-reactive 
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protein); and findings in chest radiograph (num-
ber of lung fields involved, bilateral involvement, 
presence of pleural effusion). Disease severity 
and prognosis assessment was made by calcula-
tion of the Pneumonia Severity Index (PSI) [14]. 
Septic shock was defined according to recently 
published criteria [15].
In all cases, a sputum, tracheal aspirate or bron-
choscopy-directed bronchial washing sample 
was obtained within 48 hours following admis-
sion, while blood cultures were performed only 
in patients with fever. Standard suitability criteria 
of >25 leukocytes and <10 squamous epithelial 
cells per low-power field for bacterial cultures of 
lower respiratory tract specimens were applied, 
followed by qualitative analysis and antimicro-
bial susceptibility testing, according to EUCAST 
guidelines, in suitable samples, while cases with 
unacceptable specimens were excluded [16]. Uri-
nary antigens for Streptococcus pneumoniae and 
Legionella pneumophila were not routinely ordered 
because of limited availability in our hospital 
throughout the study period. Therapeutic and 
supportive measures, such as initial antimicro-
bial therapy, use of systemic corticosteroids or 
inotropic drugs, blood transfusion, parenteral 
nutrition, placement of central venous catheters, 
nasogastric feeding tube or gastrostomy, inva-
sive or noninvasive mechanical ventilation and 
therapeutic bronchoscopy were recorded in all 
patients. Endotracheal intubation was not per-
formed in cases where a “do not resuscitate” 
order was applied. The choice of antibiotics was 
made by the treating physicians based on existing 
guidelines and local epidemiological factors. Pat-
terns of antibiotic resistance were identified using 
expert proposed definitions [17]. Initial antimicro-
bial therapy was considered adequate if the iso-
lated pathogens were susceptible to at least one 
of the used antibiotics and effective when a clin-
ical response (decline of fever, leukocytosis and 
C-reactive protein, improvement of hypoxemia 
and shock) was observed in the first 72 hours of 
treatment. During the patients’ hospitalization, 
the occurrence of pneumonia complications in 
the form of total lung atelectasis, hypoventilation 
and respiratory acidosis, bronchopulmonary hos-
pital-acquired superinfections, secondary septic 
shock or multiple organ failure was also recorded.
In-hospital mortality and mortality at the end of 
follow-up were the primary study endpoints. For 

patients discharged from hospital, length of stay 
(LOS) was also considered an outcome variable.

Statistical analysis
In descriptive statistical analysis, continuous 
variables were expressed as mean±standard de-
viation and categorical variables in the form of 
frequencies. Frequency differences between cate-
gorical variables were analysed by the chi-square 
test or Fisher’s exact test, while the differences in 
means between continuous variables with Stu-
dent’s t test or Mann-Whitney test, depending 
on the normality of data. To examine prognostic 
factors of mortality and LOS we used multiple 
logistic and linear regression models with the 
backward stepwise method. In linear regression, 
high influential points were excluded when their 
Cook’s distance value exceeded three times the 
sample mean value. All significance tests were 
two-sided, with p-value <0.05 being considered 
statistically significant. Analysis was conducted 
with the statistical software package IBM® SPSS® 
Statistics Version 20.

n RESULTS

Sample demographics
During the study period, 94 patients were ad-
mitted with diagnosis of aspiration pneumonia 
and were eligible for enrolment. Three patients 
did not consent and 21 were excluded for having 
unacceptable lower respiratory tract specimens, 
limiting the final sample to 70 patients. Forty-sev-
en were males (67.1%) and 23 females (32.9%), 
while the mean age of the sample was 79.84±14.53 
years. Reasons for aspiration were impaired swal-
lowing reflex due to neurological conditions in 
36, abnormalities of the upper aerodigestive tract 
in 13 (presence of feeding tubes=11, anatomical 
or functional disorders=2), reduced level of con-
sciousness in 9 (cerebral infarct or tumour=3, en-
cephalopathy=5, drug use=1) and witnessed large 
aspiration in 12 (vomiting=8, food aspiration=4) 
cases. Thirty-nine (55.7%) of the participants were 
assigned to the HCAAP group; of them 56.4% were 
nursing home residents, 5.1% received home care 
and 2.6% intravenous chemotherapy over the last 
month, 59% and 15.4% had one and two hospital-
izations in the previous trimester respectively and 
28.2% had been hospitalized for aspiration pneu-
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Table 1 - Demographic and clinical characteristics of study sample at admission.

Variable CAAP HCAAP p

Sex
Male
Female

21 (67.7)
10 (32.3)

26 (66.7)
13 (33.3)

0.924

Age (years) 81.45±16.82 78.56±12.50 0.413

Function
Ambulatory
Bedridden

4 (12.9)
27 (87.1)

6 (15.4)
33 (84.6)

1.000

Nutrition
Adequate
Undernutrition

19 (61.3)
12 (38.7)

25 (64.1)
14 (35.9)

0.809

Comorbidities
Cardiovascular disease
Cerebrovascular disease
Dementia
Parkinson disease
Psychiatric disease
Chronic pulmonary disease
Diabetes mellitus
Malignancy
Charlson index
Median (IQR)

18 (58.1)
9 (29.0)
26 (83.9)
6 (19.4)
2 (6.5)
2 (6.5)
7 (22.6)
3 (9.7)

2.48±1.90
2 (1, 3)

19 (48.7)
13 (33.3)
33 (84.6)
4 (10.3)
12 (30.8)
6 (15.4)
7 (17.9)
4 (10.3)

2.67±1.90
2 (1, 4)

0.436
0.700
1.000
0.320
0.012
0.287
0.630
1.000
0.740

Drug usage
PPIs-H2 antagonists
Antibiotics
Oxygen therapy

7 (22.6)
7 (22.6)
2 (6.5)

13 (33.3)
31 (79.5)
9 (23.1)

0.323
0.000
0.096

Aspiration risk factors
Witnessed large aspiration
Reduced level of consciousness
Impaired swallowing reflex
Abnormalities of the upper aerodigestive tract

7 (22.6)
3 (9.7)

18 (58.1)
3 (9.7)

5 (12.8)
6 (15.4)
18 (46.2)
10 (25.6)

0.236

Presenting symptoms
Fever
Tachypnea
Altered mental status

10 (32.3)
13 (41.9)
16 (51.6)

12 (30.8)
15 (38.5)
13 (33.3)

0.894
0.768
0.123

Biological data
Systolic blood pressure
Heart rate
PaO2/FIO2

PaCO2 (mmHg)
Median (IQR)
pH
Lactate (mmol/L)
Median (IQR)
White blood cell count (x103/μL)
% neutrophils (%)
Hematocrit (%)
Platelet count (x103/μL)
Glucose (mg/dL)
Median (IQR)
Urea (mg/dL)
Median (IQR)
Creatinine (mg/dL)

116.77±28.99
92.03±19.28
182.32±66.03
45.39±19.53
39 (33, 52)
7.38±0.13
1.59±1.08

1.3 (0.9, 2.3)
12.70±7.14
84.21±8.32
35.80±5.95

265.03±114.59
145.94±66.72
128 (104, 177)
76.29±41.50
67 (43, 109)
1.17±0.59

118.49±29.21
98.62±24.75
191.13±81.51
41.56±17.16
38 (30, 45)
7.41±0.11
1.71±1.15

1.5 (1.1, 2.1)
12.80±5.68
83.24±9.60
35.76±6.21

243.38±93.57
142.26±63.79
129 (113, 155)
66.54±53.10
40 (34, 88)
1.06±0.64

0.808
0.228
0.628
0.378

0.254
0.558

0.947
0.658
0.978
0.387
0.929

0.099

0.190
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monia in the same period. The demographic and 
clinical characteristics of the study population at 
admission are presented in Table 1. The HCAAP 
group was more likely to present with a psychiat-
ric comorbidity (p=0.012) and to have used antibi-
otics in the previous trimester (p<0.001) than the 
CAAP group.

Microbiological data
Blood cultures were obtained from 27 (38.6%) 
patients at admission and were positive only in 
one patient, consisting of Staphylococcus homin-
is. Thoracentesis was performed in six cases, re-
vealing one transudate, four exudates and one 
empyema, with only the last having positive 
pleural fluid culture, consisting of Streptococcus 
constellatus. Positive cultures of lower respirato-
ry tract specimens were found in 66 (94.3%) pa-
tients. Overall, 115 pathogens (47 in CAAP group 
and 68 in HCAAP group) were identified (Table 
2); 40%, 40%, 12.9% and 1.4% of participants had 
one, two, three and four pathogens respectively. 
Pseudomonas aeruginosa was the most common 
pathogen isolated (37.1%), followed by Klebsiella 
pneumoniae (27.1%), Staphylococcus aureus (25.7%) 
and Acinetobacter baumannii (20%). Corynebacteri-
um species were significantly more prevalent in 
the HCAAP group (p=0.015). Regarding antibiot-
ic resistance, 24 multidrug-resistant (MDR) and 

23 extensively drug-resistant (XDR) pathogens, 
including Staphylococcus aureus, Enterobacteriace-
ae, Pseudomonas aeruginosa and Acinetobacter bau-
mannii, were isolated from 34 cases (7 cases in 
CAAP group and 27 in HCAAP group, p<0.001). 
HCAAP group was found to have significant-
ly more Klebsiella pneumoniae (p=0.045) and Es-
cherichia coli (p=0.036) MDR isolates than CAAP 
group. Mycobacterial cultures of lower respirato-
ry tract specimens were performed in 17 patients 
and they were all negative. Urinary antigens for 
Streptococcus pneumoniae and Legionella pneumoph-
ila were tested in six patients and were negative 
in all of them.

Follow-up data collection
Therapeutic choices, complications and outcome 
data of the study population are reported in Ta-
ble 3. Initial antimicrobial therapy was mono-
therapy in 30% and combination therapy in 70% 
of patients. The predominant single agent drug 
used was piperacillin-tazobactam (90.5%), while 
the most common combinations were ampicil-
lin-sulbactam plus clindamycin or metronidazole 
(36.7%), piperacillin-tazobactam plus clindamycin 
(20.4%) and ceftriaxone plus clindamycin (8.2%). 
Meropenem-based regimens were initiated in 
8 cases and amikacin was added in the empiric 
therapy in 4 cases. Only 5.7% of participants re-

Variable CAAP HCAAP p

Median (IQR)
Albumin (g/dL)
Sodium
C-reactive protein (mg/L)

1.1 (0.8, 1.3)
3.05±0.61

136.68±11.77
151.51±122.21

0.8 (0.6, 1.5)
2.95±0.63

135.69±11.22
167.52±139.24

0.543
0.722
0.616

Radiological data
Number of lung fields involved
Median (IQR)
Bilateral involvement
Pleural effusion

2.55±1.18
2 (2, 4)

24 (77.4)
9 (29.0)

2.67±1.20
3 (2, 3)

28 (71.8)
5 (12.8)

0.755

0.593
0.092

Initial septic shock 2 (6.5) 5 (12.8) 0.452

PSI
Risk class I-III
Risk class IV
Risk class V

142.74±38.30
1 (3.2)

12 (38.7)
18 (58.1)

135.74±31.46
2 (5.1)

13 (33.3)
24 (61.5)

0.404
0.919

CAAP: community-acquired aspiration pneumonia; HCAAP: healthcare-associated aspiration pneumonia; IQR: interquartile range; PPIs: proton 
pump inhibitors; PaO2: partial pressure of arterial oxygen; FIO2: fraction of inspired oxygen; PaCO2: partial pressure of arterial carbon dioxide; PSI: 
Pneumonia Severity Index.
Categorical data are presented as frequency count (%) and analyzed with chi-square or Fisher’s exact test.
Continuous data are presented as mean±standard deviation and analyzed with Student’s t test, except from non-normal data presented also as 
median (IQR) and analyzed with Mann-Whitney test.
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ceived adequate coverage for atypical pathogens. 
Patients in the HCAAP group were more likely to 
receive methicillin-resistant Staphylococcus aureus 
(MRSA)-targeted antibiotics as empiric therapy 
(p=0.007) and less likely to receive adequate initial 
therapy (p=0.013) than those in the CAAP group. 
Isolation of Acinetobacter baumannii and Stenotro-
phomonas maltophilia was related with significant-
ly higher risk of being untreated during empiric 
therapy compared to other isolates (p=0.001 and 
p=0.014 respectively). Sixty-three patients were 

available for reevaluation after 72 hours; six cas-
es died and one withdrew from the study before 
that time. Empiric therapy was judged ineffective 
in 25 (39.7%) patients, with 4 of them having ad-
equate empiric antibiotic coverage. On the other 
hand, only 20 of the 38 effectively treated patients 
had adequate initial antimicrobial therapy. Pa-
tients with polymicrobial flora and drug-resistant 
pathogens were less likely to improve after 72 
hours (p=0.020 and p=0.027 respectively), while 
those that received antipseudomonal or adequate 

Table 2 - Microbiological data of study sample.

Pathogens CAAP HCAAP p

Pseudomonas aeruginosa
MDR
XDR

13 (41.9)
0 (0.0)
2 (15.4)

13 (33.3)
1 (7.7)
5 (38.5)

0.459
1.000
0.378

Klebsiella pneumoniae
MDR
XDR

8 (25.8)
0 (0.0)
2 (25.0)

11 (28.2)
5 (45.5)
1 (9.1)

0.823
0.045
0.546

Staphylococcus aureus
MDR
XDR

8 (25.8)
2 (25.0)
0 (0.0)

10 (25.6)
8 (80.0)
0 (0.0)

0.987
0.054

*

Acinetobacter baumannii
MDR
XDR

5 (16.1)
0 (0.0)
4 (80.0)

9 (23.1)
0 (0.0)

9 (100.0)

0.470
*

0.357

Escherichia coli
MDR
XDR

2 (6.5)
0 (0.0)
0 (0.0)

6 (15.4)
6 (100.0)
0 (0.0)

0.287
0.036

*

Corynebacterium spp 0 (0.0) 7 (17.9) 0.015

Stenotrophomonas maltophilia 2 (6.5) 5 (12.8) 0.452

Enterobacter spp 3 (9.7) 1 (2.6) 0.315

Serratia marcescens 1 (3.2) 3 (7.7) 0.624

Haemophilus influenzae 3 (9.7) 0 (0.0) 0.082

Alcaligenes xylosoxidans 0 (0.0) 1 (2.6) 1.000

Moraxella catarrhalis 0 (0.0) 1 (2.6) 1.000

Proteus mirabilis 1 (3.2) 0 (0.0) 0.443

Streptococcus pneumoniae 1 (3.2) 0 (0.0) 0.443

Polymicrobial
Number per patient
Median (IQR)

15 (48.4)
1.52±0.89

1 (1, 2)

23 (59.0)
1.74±0.79

2 (1, 2)

0.377
0.231

MDR-XDR
Number per patient
Median (IQR)

7 (22.6)
0.32±0.65

0 (0, 0)

27 (69.2)
0.95±0.79

1 (0, 1)

0.000
0.000

CAAP: community-acquired aspiration pneumonia; HCAAP: healthcare-associated aspiration pneumonia; MDR: multidrug-resistant; XDR: exten-
sively drug-resistant; IQR: interquartile range.
Categorical data are presented as frequency count (%) and analyzed with chi-square or Fisher’s exact test.
Continuous data are presented as mean±standard deviation, median (IQR) and analyzed with Mann-Whitney test.
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initial therapy were more likely to show clinical 
response at 72 hours (p=0.008 and p=0.003 respec-
tively) (Table 4). In 39 cases, the initial antibiotic 
scheme was changed over the course of treatment, 
mainly consisting of replacement of a penicillin 
or a cephalosporin with a carbapenem in 20 cases 
and addition of colistin or a MRSA-targeted agent 
in 16 and 14 cases respectively.
Ten patients required therapeutic bronchoscopy 
for various degrees of atelectasis, four patients 
were intubated and transferred to the intensive 

care unit with mean LOS 22.5±17.41 days, three 
patients were treated with non-invasive venti-
lation for hypoventilation and emergency tra-
cheostomy was performed in one patient after 
laryngeal edema. There was a significant dif-
ference in the number of patients that required 
bronchoscopy between the CAAP and HCAAP 
groups (p=0.035). Nasogastric tube and gastrosto-
my placement were performed in 49.3% and 4.3% 
of participants respectively, while central venous 
catheterization was performed in 18.8%. 34.8% 

Table 3 - Therapeutic choices, complications and outcome data of study sample.

Variable CAAP HCAAP p

Empiric antimicrobial therapy
Combination
Anaerobic-specific
Antipseudomonal
MRSA-targeted
Atypical-targeted
Adequate

20 (64.5)
19 (61.3)
16 (51.6)
0 (0.0)
1 (3.2)

17 (54.8)

29 (74.4)
21 (53.8)
27 (69.2)
8 (20.5)
3 (7.7)

10 (25.6)

0.372
0.532
0.133
0.007
0.624
0.013

Reevaluation after 72 hours
Effective
Antibiotic change
Change in PaO2/FIO2

Change in WBC (x103/μL)
Change in CRP (mg/L)

18 (69.2)
9 (34.6)

59.50±73.49
-1.96±4.43

-59.24±122.42

20 (54.1)
19 (51.4)

31.86±99.49
-2.01±4.74

-55.24±123.30

0.225
0.188
0.234
0.968
0.899

Bronchoscopy 1 (3.3) 9 (23.1) 0.035

Mechanical ventilation 1 (3.3) 5 (12.8) 0.223

Feeding tube placement
Nasogastric tube
Gastrostomy

16 (53.3)
1 (3.3)

18 (46.2)
2 (5.1)

0.554
1.000

Central venous catheter placement 3 (10.0) 10 (25.6) 0.100

Parenteral nutrition 6 (20.0) 18 (46.2) 0.024

Inotropic support 5 (16.7) 12 (30.8) 0.178

Corticosteroids 6 (20.0) 9 (23.1) 0.759

Blood transfusion 7 (23.3) 9 (23.1) 0.980

Complications
Total lung atelectasis
Hypoventilation-respiratory acidosis
Hospital-acquired superinfections
Septic shock-multiple organ failure

1 (3.3)
2 (6.7)
3 (10.0)
7 (23.3)

9 (23.1)
4 (10.3)
8 (20.5)
11 (28.2)

0.035
0.690
0.327
0.648

Outcome
LOS (days)
In-hospital mortality
90-day mortality

13.33±8.82
18 (60.0)
23 (76.7)

18.67±17.51
18 (46.2)
27 (69.2)

0.334
0.254
0.493

CAAP: community-acquired aspiration pneumonia; HCAAP: healthcare-associated aspiration pneumonia; MRSA: methicillin-resistant Staphylococcus 
aureus; PaO2: partial pressure of arterial oxygen; FIO2: fraction of inspired oxygen; WBC: white blood cell; CRP: C-reactive protein; LOS: length of stay.
Categorical data are presented as frequency count (%) and analyzed with chi-square or Fisher’s exact test.
Continuous data are presented as mean±standard deviation and analyzed with Student’s t test.
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of patients received parenteral nutrition; signifi-
cantly more in the HCAAP group (p=0.024). Ino-
tropic support and corticosteroids were initiated 
in 24.6% and 21.7% of patients respectively and 
23.2% were transfused during their hospital stay. 
There was no difference between groups in terms 
of observed complications, except from the fact 
that patients in the HCAAP group developed a 
total lung atelectasis more frequently than the 
CAAP group (p=0.035). During their hospitali-
zation, 11 patients developed nosocomial pneu-
monia with alteration of their initial bronchial 
pathogens (Klebsiella pneumoniae=5, Acinetobacter 
baumannii=5, Pseudomonas aeruginosa=4, MRSA=2, 
Stenotrophomonas maltophilia=2), while three of 
them had positive blood cultures (Klebsiella pneu-
moniae, Acinetobacter baumannii and Candida par-
apsilosis).

Table 4 - Association between effectiveness of empiric 
therapy and microbiology or antibiotic therapy used.

Variable Effective Non-
effective

p

Microbiology

Pseudomonas aeruginosa 14 (36.8) 7 (28.0) 0.466

Klebsiella pneumoniae 7 (18.4) 9 (36.0) 0.117

Staphylococcus aureus 9 (23.7) 7 (28.0) 0.700

Acinetobacter baumannii 7 (18.4) 7 (28.0) 0.371

Escherichia coli 5 (13.2) 3 (12.0) 1.000

Corynebacterium spp 2 (5.3) 5 (20.0) 0.103

Stenotrophomonas maltophilia 5 (13.2) 1 (4.0) 0.389

Enterobacter spp 2 (5.3) 2 (8.0) 1.000

Serratia marcescens 2 (5.3) 1 (4.0) 1.000

Haemophilus influenzae 2 (5.3) 1 (4.0) 1.000

Polymicrobial 16 (42.1) 18 (72.0) 0.020

MDR-XDR 15 (39.5) 17 (68.0) 0.027

Antibiotic therapy

Combination 26 (68.4) 20 (80.0) 0.311

Anaerobic-specific 20 (52.6) 18 (72.0) 0.124

Antipseudomonal 28 (73.7) 10 (40.0) 0.008

MRSA-targeted 5 (13.2) 2 (8.0) 0.693

Atypical-targeted 3 (7.9) 1 (4.0) 1.000

Adequate 20 (52.6) 4 (16.0) 0.003

MDR: multidrug-resistant; XDR: extensively drug-resistant; MRSA: 
methicillin-resistant Staphylococcus aureus.
Data are presented as frequency count (%) and analyzed with chi-
square or Fisher’s exact test.

Figure 1 - Kaplan-Meier graph of cumulative survival 
over time for CAAP and HCAAP groups (log-rank chi-
square test: 0.834, p=0.361) during the three-month 
follow-up.

Figure 2 - Receiver operator characteristic curve of PSI 
against in-hospital mortality (AUC: 0.752, 95%CI: 0.636, 
0.867, p<0.001).

Prognosis assessment
In-hospital and 90-day mortality was 52.2% and 
72.5% respectively; no difference between CAAP 
and HCAAP groups was found, neither in LOS 
among survivors. Median survival time at the end 
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of follow-up for the whole sample was 3 weeks; 
no significant difference between CAAP (median: 
1.5 weeks) and HCAAP (median: 4 weeks) groups 
was noted (p=0.322) (Figure 1). In-hospital mor-
tality across PSI risk classes was 0%, 36% and 
65.9% for classes I-III, IV and V respectively; pa-
tients in classes IV and V had significantly higher 
in-hospital mortality (p<0.001) compared to the 
original derivation cohort [14]. PSI significantly 
predicted overall in-hospital mortality, with an 
area under the receiver operator characteristic 
curve (AUROC) of 0.752 (95% CI: 0.636, 0.867, 
p<0.001) (Figure 2). PSI performed similarly for 
both groups (AUROC CAAP: 0.743, p=0.026, AU-
ROC HCAAP: 0.771, p=0.004, AUROC difference: 
-0.028, p=0.818).
Regression analysis was performed to identify 
statistically significant predictors of in-hospital 
mortality and LOS among survivors, using dif-
ferent models for demographic, clinical, microbi-
ological and therapeutic factors. For in-hospital 
mortality, increased age (p=0.002), use of oxygen 
therapy during the previous trimester (p=0.008) 
and impaired swallowing reflex as an aspiration 
risk factor compared to witnessed large aspi-
ration (p=0.026) were significant demographic 
correlates; low serum albumin (p=0.032) and in-
creased radiological involvement (p=0.027) were 
significant clinical correlates; ineffective initial 
therapy (p=0.015) was a significant therapeu-
tic correlate, while none of the microbiological 
factors was found to be significant. Applying a 
unique model including all of the above signifi-
cant predictors, four variables were found to be 
independently associated with in-hospital mor-
tality: age (p=0.004), albumin (p=0.039), radiolog-
ical involvement (p=0.050) and ineffective thera-
py (p=0.001). The model was statistically signif-
icant (p<0.001), explained 56.5% of the variance 
in aspiration pneumonia prognosis and correctly 
classified 81% of cases (AUROC: 0.892, 95% CI: 
0.812, 0.973, p<0.001).
For LOS in patients discharged from hospital, 
lower age (p<0.001), being ambulatory (p=0.010), 
higher comorbidity burden (p=0.005), not using 
oxygen therapy (p=0.006), hospitalization in the 
previous trimester (p=0.015) and reduced lev-
el of consciousness as an aspiration risk factor 
compared to witnessed large aspiration (p=0.001) 
were significant demographic factors; high white 
blood cell (WBC) count (p=0.002), low serum 

creatinine (p=0.002) and albumin (p=0.005) and 
high serum sodium (p=0.001) were significant 
clinical factors; isolation of Klebsiella pneumoniae 
(p=0.029), Corynebacterium (p=0.050) or Enterobac-
ter species (p=0.010) were significant microbio-
logical factors; need for bronchoscopy (p<0.001) 
or change in antibiotic regimen (p<0.001) were 
significant therapeutic factors. Applying a unique 
model including all of the above significant pre-
dictors, the following variables were identified 
as independent correlates of increased LOS: age 
(p<0.001), comorbidities (p=0.018), oxygen ther-
apy (p=0.005), WBC (p=0.002), serum creatinine 
(p=0.048), Enterobacter species isolation (p=0.005), 
bronchoscopy (p<0.001) and antibiotic change 
(p=0.001). The model was statistically significant 
(p<0.001) and explained 84.5% of the variance in 
LOS among patients discharged from hospital.

n DISCUSSION

The majority of patients that were hospitalized 
with diagnosis of aspiration pneumonia in our 
department over a year’s period had increased 
contact with healthcare services. These cases 
(HCAAP) were more likely to have history of 
psychiatric disease, increased antibiotic usage 
and lower respiratory tract isolation of MDR-XDR 
pathogens. Although they were initially treat-
ed more frequently with MRSA-targeted agents, 
they were less likely to receive adequate empiric 
therapy than CAAP cases. They also developed 
more often total lung atelectasis requiring ther-
apeutic bronchoscopy and were more likely to 
receive parenteral nutrition. Half the patients 
died during their hospital stay, but no difference 
in mortality rate was observed between the two 
groups. Effectiveness of empiric therapy was the 
most important prognostic factor, followed by 
older age, low serum albumin and increased radi-
ological involvement.
Our study has several limitations. Even with the 
current definition of aspiration pneumonia, it 
could be difficult to distinguish aspiration pneu-
monia from aspiration pneumonitis and a degree 
of contamination may exist. The variety in the 
acquisition of lower respiratory tract specimens 
and the lack of anaerobic microbiological inves-
tigation was dictated by the daily routine of a 
large pulmonology department, since it was not 
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possible for all patients to undergo bronchoscopy 
or to maintain adequate sampling, transport and 
culture conditions respectively. The use of qual-
itative instead of quantitative cultures makes it 
less possible to clearly identify microbial etiology; 
however, a recent meta-analysis has shown that 
there is no clinical advantage in terms of mortal-
ity, length of mechanical ventilation or ICU stay 
and antibiotic change in patients with ventila-
tor-associated pneumonia (VAP) [18].
Our microbiological data are in accordance with 
most recent research and confirm the predomi-
nance of Gram-negative bacilli in lower respirato-
ry tract flora of patients with aspiration pneumo-
nia and the growing challenge posed by antibiot-
ic-resistant strains, especially in, but not limited 
to, healthcare-associated cases [8, 9]. Similar to 
Wei et al., we identified Pseudomonas aeruginosa as 
the leading pathogen and showed that isolation 
of Streptococcus pneumoniae, Haemophilus influen-
zae and Escherichia coli has decreased since last 
decade’s studies and that the emergence of XDR 
Acinetobacter baumannii is already becoming a ma-
jor issue [6-9]. Our data also correspond to pre-
vious epidemiologic studies of hospital-acquired 
pneumonia (HAP), VAP and respiratory tract col-
onization in the ICU in Greece, where Pseudomonas 
aeruginosa - and especially resistant strains - is the 
most frequent isolate [19-21]. A novel finding of 
our study is the isolation of Corynebacterium spe-
cies from nearly one fifth of the HCAAP cases. 
Recent reports have highlighted the pathogen-
ic role of non-diphtheriae Corynebacterium spe-
cies in lower respiratory tract infections, such as 
HAP or VAP and acute exacerbation of chronic 
obstructive pulmonary disease or bronchiectasis, 
occurring in immunocompromised or debilitat-
ed patients with pre-existing chronic pulmonary 
diseases, presence of medical devices, prolonged 
hospitalizations and use of broad-spectrum anti-
biotics [22, 23].
Our cohort exhibited higher in-hospital mortal-
ity than previous studies, while 90-day mortali-
ty exceeded 2/3 of the sample [1, 3-9]. The high 
proportion of old-aged, bedridden and demented 
patients may partially explain the observed worse 
prognosis. PSI modestly predicted in-hospital 
mortality, with an AUROC much lower than the 
summary of 0.81 from a recent meta-analysis of 
hospitalized patients with community-acquired 
pneumonia (CAP) [24]. Lanspa et al. also found 

that another prediction tool, CURB-65, performed 
significantly poorer in their retrospective cohort 
compared to a cohort of CAP patients from the 
same hospital [3]. Most of the prognostic factors 
for in-hospital mortality identified in this study 
were also evident in previous research, such as 
older age, chronic respiratory insufficiency, poor 
nutritional status, increased radiological involve-
ment and ineffective initial therapy [7-9]. The 
finding that patients with impaired swallowing 
reflex had significantly higher mortality rate than 
patients with a witnessed large aspiration event 
can be possibly attributed to repeated silent as-
piration episodes, accumulating a large bacterial 
load over time, in those with swallowing difficul-
ties or misclassification of aspiration pneumonitis 
cases as aspiration pneumonia in those with mac-
roaspiration.
We further tested statistically significant cor-
relates of prolonged hospital stay in patients 
discharged from hospital, although, due to the 
small sample size, results must be interpreted 
with caution. Younger ambulatory patients had 
high LOS mostly because they were more likely 
to receive mechanical ventilation than older de-
bilitated patients, who had more often a “do not 
resuscitate” order applied, while it is possible that 
patients not on long-term oxygen therapy had to 
stay longer in hospital to fully recover from hy-
poxemia. More comorbidities, previous hospitali-
zation, malnutrition, high inflammatory markers 
and electrolyte disorders seem to complicate and 
prolong hospital stay, findings consistent with 
previous research in CAP [25, 26]. Patients that re-
quired bronchoscopic intervention for atelectasis 
and change in their antibiotic therapy because of 
clinical deterioration or hospital-acquired super-
infections had also late discharge. In a study ex-
amining clinical impact of bronchoscopy in aspi-
ration pneumonia patients admitted to ICU, those 
that underwent bronchoscopy within 24 hours 
after intubation had lower mortality and shorter 
duration of mechanical ventilation and ICU LOS 
than patients that had bronchoscopy later during 
their stay [27]. Finally, identified microbiological 
predictors of LOS are based on limited number of 
isolates to reach a safe conclusion.
Despite the unavailability of anaerobic cultures 
and the inability to distinguish between etiolog-
ical pathogens and simple colonization in our 
study, we strongly believe that the microbiologi-
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cal landscape of aspiration pneumonia has indeed 
changed over the last decades. Our findings cor-
respond with those of recent research which has 
found that effective empiric antimicrobial thera-
py is the cornerstone of management of these pa-
tients. In light of the above, selection of antibiotics 
for empiric treatment should be guided by the 
need to cover for Gram-negative bacilli, especial-
ly Pseudomonas aeruginosa. Moreover, aspiration 
pneumonia patients who have increased contact 
with healthcare services or facilities are at risk of 
colonization with resistant strains of Gram posi-
tive bacteria, such as MRSA and Corynebacterium 
species, and should be evaluated for the necessity 
to receive glycopeptides or linezolid in the initial 
regimen. More studies are required to examine 
the impact of Acinetobacter baumannii isolation in 
HCAAP cases in order to determine the need for 
empiric coverage.
In conclusion, we have shown that Gram-nega-
tive bacilli are the main isolates from aspiration 
pneumonia cases and that they demonstrate mul-
ti-drug resistance patterns in healthcare-associat-
ed infections. Proper assessment of severity re-
garding demographic, clinical and radiobiological 
factors, along with administration of appropriate 
initial antibiotic therapy may lead to more favora-
ble outcomes in clinical practice.
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