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Abstract Background/purpose: It is controversial whether healthcare-associated pneumonia
(HCAP) belongs to a unique clinical entity or it shares common characteristics with communityacquired pneumonia (CAP). The impact of prior pulmonary tuberculosis (PTB) in clinical
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presentation and treatment outcome of ICU-admitted CAP and HCAP patients also remains
unknown.
Methods: We report a nationwide, multi-center, retrospective study. ICU-admitted CAP and
HCAP patients from six medical centers in Taiwan were enrolled for analysis. Patients were
defined as either CAP or HCAP cases, and with and without prior PTB, according to the database of Taiwan CDC. The disease severity, microbiologic characteristics, and treatment outcomes between CAP and HCAP patients with or without prior PTB were compared and
analyzed.
Results: A total of 414 ICU-admitted patients, including 176 CAP cases and 238 HCAP cases
were included for analysis during the study period. In both CAP and HCAP subgroups, the pneumonia severities, proportions of organ dysfunction, and microbiologic characteristics were
similar between patients with and without prior PTB. In survival analysis, patients with prior
PTB had higher 30-day mortality than those without prior PTB (38.9% vs. 16.5%, p Z 0.021)
in the CAP population. Multivariate analysis revealed that a history of prior PTB was an independent clinical factor associated with higher 30-day mortality rate in CAP patients
(HR Z 4.45, 95% CI: 1.81e10.98, P Z 0.001).
Conclusion: History of prior PTB is an independent clinical factor for increased 30-day mortality rate in ICU-admitted CAP patients, but not in ICU-admitted HCAP patients.
Copyright ª 2018, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Healthcare-associated pneumonia (HCAP) is a special
category of pneumonia that occurs in patients who had
contact with or previous exposure to a healthcare facility.1
Previously, HCAP was considered to be a specific entity its
unique microbiological characteristics and treatment outcomes.2 However, the concept of HCAP has been recently
challenged and the disease was removed from the current
hospital-acquired pneumonia (HAP)/ventilator-associated
pneumonia (VAP) guidelines.3 It remains controversial
whether HCAP is indeed a separate clinical entity, or
whether it is simply a subgroup of community-acquired
pneumonia (CAP).
Tuberculosis (TB) is the deadliest infection worldwide. It is
transmitted via airborne particles, and the on treatment
mortality among active TB patients ranged from 5% to 30% in
previous reports.4e6 CAP caused by Mycobacterium tuberculosis is common in TB-endemic areas.7 Commonly used antibiotics in CAP, especially fluoroquinolone,8 may potentially mask
the diagnosis of pulmonary TB. Concomitant TB in patients with
HCAP has also been reported in our previous study.9 It is estimated that 1%e3% patients with active TB require intensive
care due to respiratory failure, development of multi-organ
failures, or occurrence of acute respiratory distress syndromes.10e13 The in-hospital mortality among TB patients with
intensive care unit (ICU) admission ranges from 38% to 59%,14e16
which is much higher than that in patients with severe pneumonia and respiratory failure.17 The high mortality rate of ICUadmitted patients with TB originates from high illness severity,
malnutrition, presence of organ failure, extensiveness of lung
destruction, and delay in treatment initiation.18e21
In contrast to active TB, the impact of prior pulmonary
TB (PTB) in the treatment outcomes of critically ill patients
with ICU admission has been much less frequently evaluated. Considering the pulmonary sequelae of TB,22 identifying the impact of prior PTB in ICU-admitted pneumonia

patients would be of clinical importance. Investigating the
role of prior PTB in treatment outcomes of HCAP and CAP
patients will also help us explore the clinical difference
between HCAP and CAP. The aim of the present study was
to evaluate the impact of prior PTB on treatment outcomes
among HCAP and CAP patients requiring ICU admission. The
occurrence of organ failure and the presence of microbiological pathogens were also assessed.

Methods
Patients
This nationwide, multi-center, retrospective study included
six referral medical centers in Taiwan. The details of the
study design have been previously described.9 Briefly,
hospitalized patients diagnosed with CAP and HCAP from
January 2007 to December 2007 were eligible for enrollment, but only patients with documented ICU admission
were included for analysis. The diagnosis of pneumonia was
based on novel, abnormal chest radiographic findings with
the growth of microorganisms in cultures of respiratory
specimens, or with documented improvement after antibiotics treatment. The exclusion criteria were as follows:
(1) patients younger than 20 years of age, (2) no ICU
admission, (3) documented lung cancer with obstructive
pneumonitis, (4) concomitant active TB, or (5) inadequate
data for review. The Institutional Review Board of the six
participating medical centers approved the study, and the
need for informed consent was waived.

Definition of CAP and HCAP
HCAP and CAP were defined as in previous report.23,24 Patients presenting with pneumonia diagnosed within 48 h
after hospitalization were identified as HCAP if one of the
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following criteria was satisfied: (1) receiving radiation
therapy or chemotherapy at an outpatient clinic; (2)
receiving regular dialysis at an outpatient clinic; (3)
residing in a nursing home; or (4) undergoing repeated
hospitalization within 90 days prior to the episode of current pneumonia. Pneumonia patients diagnosed within 48 h
after hospitalization were included as CAP if none of the
HCAP criteria were met.

Identification of prior PTB
A history of prior PTB was determined by a complete
treatment record from the registration database of the
Centers for Disease Control (CDC) in Taiwan and the medical records from each participating hospital. In Taiwan,
enforcements are in place to ensure that all the cases of
active TB are registered in the database of the CDC within 7
days of diagnosis. The information of anti-TB treatment
outcome was also recorded in the database.

Clinical evaluation
The demographic profiles and clinical characteristics of the
cases were acquired from the medical records. The severities
of pneumonia were assessed using the pneumonia severity
index (PSI).25 The microorganisms in respiratory specimens
were recorded and categorized as gram-positive coccus and/
or gram-negative bacilli. In particular, the presence of ESKAPE
(Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species) pathogens in respiratory
specimens obtained during the hospital stay was analyzed.26

Outcomes measurement
The use of empirical antibiotics were guided by the treatment guidelines of CAP and HCAP,23,24 and adjusted according to the results of culture when available. The treatment
outcomes of the ICU-admitted patients with pneumonia
evaluated in the present study included 30-day mortality,
length of ICU stay, length of hospital stay, and rate of longterm ventilator dependence. The occurrence of organ
dysfunction, including respiratory failure, septic shock,
altered mental status, renal dysfunction, liver dysfunction,
coagulopathy, and thrombocytopenia, was also analyzed.

Statistically analysis
Continuous variables between subgroups were compared
using independent t tests or a ManneWhitney U test. Categorical variables were compared using Pearson’s chisquare or Fisher’s exact tests. Binary logistic regression
analysis with stepwise selection was performed to determine the independent variables associated with the mortality in patients with CAP and HCAP, and hazard ratios
(HRs) with their 95% confidence intervals (CI) were presented. A p value < 0.1 in the univariate analysis was
required for a variable to be entered into the multivariate
model. The survival time was estimated by the
KaplaneMeier method and compared with the log-rank
test. Statistical analysis was performed using SPSS

F.-M. Lin et al.
software, version 20.0 (SPSS Inc., Chicago, IL, USA). A p
value < 0.05 was considered statistically significant.

Results
Patient characteristics
A total of 1657 hospitalized patients with CAP and HCAP
from six hospitals were enrolled in this study. Of these
patients, 1183 were excluded due to no ICU admission, and
an additional 60 were excluded due to lung cancer with
obstructive pneumonitis, age below 20 years, or incomplete
data. A flow diagram showing the number of cases and the
reasons for exclusion is shown in Fig. 1. Finally, 414 patients
with ICU admission, including 176 CAP cases and 238 HCAP
cases, were included for analysis. Among these patients,
301 (72.7%) were male, 166 (40.1%) had a smoking habit,
150 (36.2%) had diabetes mellitus, 143 (34.5%) had cardiovascular diseases, and 81 (19.6%) had malignant diseases.
The mean age was 71.2  14.0 years. The proportions of
prior PTB were 10.2% (18/176) in patients with CAP and
7.1% (17/238) in patients with HCAP. The demographic
characteristics of patients with CAP and HCAP included in
the study are summarized in Table 1. When compared with
CAP cases without prior PTB, patients with CAP and prior
PTB were more likely to have diabetes mellitus (p Z 0.021).
Otherwise, there were no significant differences in age,
sex, and other comorbidities between CAP patients with
and without prior PTB. In patients with HCAP, the demographic characteristics were comparable between cases
with and without prior PTB (Table 1). The diagnostic date of
prior PTB were available in 16 CAP and 16 HAP cases. The
mean duration from prior PTB to current pneumonia
episode were 6.86  6.0 years in CAP patients and
4.16  4.11 years. There were no statistically significant
differences between the two groups.

Clinical and microbiological presentations
The clinical and microbiological presentations of ICUadmitted patients with CAP and HCAP are summarized in
Table 2. The mean PSI score was 133.2  35.1 in CAP patients and 148.0  37.9 in HCAP patients. In both CAP and
HCAP cases, no difference in PSI scores between patients
with and without prior PTB was observed. Among the
included patients, respiratory failure was the most common
organ dysfunction, followed by septic shock, within 48 h of
admission. There was no difference in the proportion of
various organ dysfunctions between patients with and
without prior PTB in both CAP and HCAP cases. The
microbiological characteristics are shown in Table 2. The
proportions of gram-positive and gram-negative pathogens
in sputum were similar in both CAP and HCAP patients with
or without prior PTB. The presence of ESKAPE pathogens in
respiratory specimens was noted in 44.3% patients with CAP
and 39.5% patients with HCAP. Of these, K. pneumoniae was
the most common ESKAPE pathogen followed by P. aeruginosa. As shown in Table 2, the distribution of ESKAPE
pathogens was comparable between cases with and without
prior PTB in both CAP and HCAP cases. However, a trend of
lower ESKAPE pathogen load was noted in patients with
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Fig. 1. Flow diagram demonstrating the number of cases and reasons for exclusion in this study. TB, tuberculosis; CAP,
community-acquired pneumonia; HCAP, healthcare-associated pneumonia; ICU, intensive care unit.

HCAP and prior PTB (17.6% vs. 41.2%, p Z 0.071) when
compared to HCAP patients without prior PTB.

statistical difference in mortality rate between ICUadmitted HCAP patients with and without prior PTB (log
rank p Z 0.127), although a trend of lower mortality rates
was noted in those with prior PTB.

Treatment outcomes
The treatment outcomes of ICU-admitted patients with CAP
and HCAP are summarized in Table 3. Overall, there was no
difference in the length of ICU stay, length of hospital stay,
ventilator dependence rate, or mortality rate between ICUadmitted pneumonia patients with and without prior PTB.
In ICU-admitted CAP patients, cases with prior PTB had a
higher 30-day mortality rate (38.9% vs. 16.5%, p Z 0.021)
compared with those without prior PTB. On the contrary, all
the treatment outcomes were comparable between ICUadmitted HCAP patients with and without prior PTB,
although a trend of lower mortality rates was noted in those
with prior PTB (30-day mortality: 11.8% vs. 29.9%, p Z 0.16;
in-hospital mortality: 29.4% vs. 43.9%, p Z 0.25).
KaplaneMeier analysis of survival status according to a
history of prior PTB is shown in Fig. 2. ICU-admitted patients with CAP and prior PTB had significantly higher
mortality rates (log rank p Z 0.021) compared to those
without prior PTB (Fig. 2A). The curves separated early
after admission. As shown in Fig. 2B, there was no

Clinical factors associated with 30-days mortality
Univariate and multivariate Cox regression analyses were
performed to identify clinical factors associated with 30day mortality in ICU-admitted patients with CAP and HCAP.
As shown in Table 4, in ICU-admitted CAP patients, the
clinical factors that significantly associated with 30-day
mortality in univariate analysis included history of prior
PTB, higher PSI scores, and diabetes mellitus. In the
multivariate analysis, independent factors associated with
higher 30-day mortality rate were prior PTB [hazard ratio
(HR) 4.45, 95% CI 1.81e10.98, p Z 0.001], higher PSI scores
(HR 1.01, 95% CI 1.00e1.02, p Z 0.046), diabetes mellitus
(HR 4.10, 95% CI 1.62e10.36, p Z 0.003), and autoimmune
diseases (HR 5.16, 95% CI 1.19e22.33, p Z 0.028). In ICUadmitted HCAP patients, clinical factors significantly associated with 30-day mortality in univariate analysis included
smoking habit, higher PSI scores, malignant diseases, and
chronic lung diseases. In the multivariate analysis,
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Table 1
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Demographic characteristics of ICU admitted CAP and HCAP patients with and without old TBa.
Overall patients,
N Z 414

P value

With prior Without prior
TB, N Z 35 TB, N Z 379
Mean age (SD)
Male gender
Smoking habit
Comorbidities
Malignancy
Chronic kidney
disease
Chronic liver
disease
Diabetes
Autoimmune
disease
Chronic lung
disorders
Cardiovascular
disease
Neurological
disorder
Type of
pneumonia
CAP
HCAP

CAP patients,
N Z 176

P value

With prior Without prior
TB, N Z 18 TB, N Z 158

HCAP patients,
N Z 238

P value

With prior Without prior
TB, N Z 17 TB, N Z 221

74.7 (11.5)
28 (80%)
13 (37.1%)

70.9 (14.2)
273 (72%)
153 (40.4%)

0.12
0.31
0.71

71.8 (12.0)
15 (83.3%)
8 (44.4%)

71.1 (14.7)
118 (74.7%)
69 (43.7%)

0.84
0.57
0.95

77.9 (10.4)
13 (76.5%)
5 (29.4%)

70.8 (13.9)
155 (70.1%)
84 (38.0%)

0.058
0.58
0.48

4 (11.4%)
4 (11.4%)

77 (20.3%)
54 (14.2%)

0.20
0.80

1 (5.6%)
1 (5.6%)

15 (9.5%)
13 (8.2%)

1.00
1.00

3 (17.6%)
3 (17.6%)

62 (28.1%)
41 (18.6%)

0.57
1.00

3 (8.6%)

23 (6.1%)

0.47

2 (11.1%)

6 (3.8%)

0.19

1 (5.9%)

17 (7.7%)

1.00

16 (45.7%)
0

134 (35.4%)
16 (4.2%)

0.22
0.38

11 (61.1%)
0

53 (33.5%)
4 (2.5%)

0.021
1.00

5 (29.4%)
0 (0)

81 (36.7%)
12 (5.4%)

0.55
1.00

28 (80%)

190 (50.1%)

0.001

15 (83.3%)

88 (55.7%)

0.024

13 (76.5%)

102 (46.2%)

0.016

13 (37.1%)

130 (34.3%)

0.74

7 (38.9%)

50 (31.6%)

0.53

6 (35.3%)

80 (36.2%)

1.00

9 (25.7%)

138 (36.4%)

0.21

2 (11.1%)

47 (29.7%)

0.10

7 (41.2%)

91 (41.2%)

1.00

0.27
18 (51.4%)
17 (48.6%)

158 (41.7%)
221 (58.3%)

a

The data are presented as n (%) unless otherwise stated.
ICU, intensive care unit; CAP, community acquired pneumonia; HCAP, healthcare-associated pneumonia; TB, tuberculosis; SD, standard
deviation.

independent factors associated with higher 30-day mortality rates were smoking habit (HR 1.69, 95% CI 1.02e2.79,
p Z 0.041), higher PSI scores (HR 1.02, 95% CI 1.01e1.02,
p Z 0.001), and malignant diseases (HR 1.87, 95% CI
1.05e3.32, p Z 0.033).

Discussion
It is widely reported that ICU-admitted patients with CAP
and active TB had worse outcomes, compared to those
without active TB, although the empirical use of fluoroquinolones may improve their survival.14,27 Hospitalized
patients with HCAP and active TB also had more organ
dysfunction, more ICU admission, and a longer length of
hospital stay.9 However, reports which evaluated the
impact of prior PTB on treatment outcomes of pneumonia
patients with ICU admission are scarce. In this study,
although showing similar pneumonia severities and microbiological characteristics, ICU-admitted CAP patients with
prior PTB had a significantly higher mortality rate than that
without prior PTB. More importantly, we found that history
of prior PTB was an independent factor associated with
increased mortality in ICU-admitted patients with CAP, but
not in ICU-admitted patients with HCAP. Our findings suggested a specific role of prior PTB in the treatment outcomes of the patients with CAP. It also highlighted the
clinical differences between CAP and HCAP patients that
require ICU admission.

The negative impact of prior PTB in treatment outcomes
of pneumonia patients could be multifactorial. Prior PTB
had been reported to increase the risk of several pulmonary
disorders, such as lung cancer, chronic obstructive pulmonary disease, and bronchiectasis.28,29 Elevated or unchanged serum concentration of interleukin-6 and
interleukin-10, were noted in some patients who
completed the anti-TB therapy, which suggested that systemic inflammation may persist beyond the completion of
TB treatment.30 The persistent inflammatory responses
may lead to an increased risk of systemic disorders,31e33
which may in turn worsen the prognosis of patients with
pneumonia. Similarly, pulmonary disorders related to prior
PTB such as structural lung disorders and bronchiectasis
may also cause dysregulation of local immunity, which may
increase the risk of bacterial infection and further
compromise the treatment outcome in patients with
pneumonia.34
Interestingly, we found that the negative impact of prior
PTB in treatment outcome is only found in CAP patients,
not in HCAP patients. Considering the high proportions of
comorbidities and high PSI scores in HCAP patients, we
speculated that the negative impact of prior PTB on
treatment outcome may be masked by the other comorbidities. Our multivariate analysis also demonstrated that
the independent factors associated with mortality in HCAP
patients included malignant and autoimmune diseases, but
not prior PTB. On the contrary, the proportions of comorbidities are fewer in CAP patients, and the impact of CAP
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Clinical and microbiological presentations of ICU admitted CAP and HCAP patients with and without old TBa.
CAP patients, N Z 176

PSI score (SD)
CURB65 score (SD)
Bilateral lung involvement
Multi-lobar involvement
Organ dysfunction within 48 h
Respiratory failure
Septic shock
Altered mental status
Acute kidney injury
Liver dysfunction
Coagulopathy
Thrombocytopenia
Numbers of organ failure (SD)
Pathogen in sputum culture
Gram positive
Gram negative
ESKAPE pathogens
Yes
No
E. faecium
S. aureus
K. pneumoniae
A. baumannii
P. aeruginosa
Enterobacter spp

P value

With old
TB, N Z 18

Without old
TB, N Z 158

139.6 (41.6)
2.8 (1.2)
11 (61.1%)
11 (61.1%)

132.4 (32.3)
2.2 (1.2)
96 (60.8%)
114 (72.2%)

15 (83.3%)
6 (33.3%)
7 (38.9%)
1 (5.6%)
0
0
0
1.56 (1.10)

HCAP patients, N Z 238

P value

With old
TB, N Z 17

Without old
TB, N Z 221

0.45
0.034
0.98
0.33

148.5 (41.1)
2.0 (0.9)
11 (64.7%)
14 (82.4%)

148.0 (37.8)
2.3 (1.2)
132 (59.7%)
158 (71.5%)

0.75
0.45
0.68
0.41

105 (66.5%)
42 (26.6%)
31 (19.6%)
17 (10.8%)
0
5 (3.2%)
14 (8.9%)
1.35 (1.15)

0.15
0.58
0.07
0.49
e
1.00
0.37
0.39

10 (58.8%)
3 (17.6%)
4 (23.5%)
5 (29.4%)
0
1 (5.9%)
0
1.08 (1.06)

165 (74.7%)
76 (34.4%)
80 (36.2%)
49 (22.2%)
1 (0.5%)
10 (4.5%)
28 (12.7%)
0.98 (1.22)

0.15
0.16
0.29
0.49
1.00
0.56
0.23
0.15

3 (16.7%)
10 (55.6%)

27 (17.1%)
76 (48.1%)

0.96
0.55

1 (5.9%)
4 (23.5%)

28 (12.7%)
85 (38.5%)

0.70
0.22

8 (44.4%)
10 (55.6%)
0
1 (5.6%)
3 (16.7%)
2 (11.1%)
2 (11.1%)
2 (11.1%)

70 (44.3%)
88 (55.7%)
3 (1.9%)
14 (8.9%)
27 (17.1%)
7 (4.4%)
21 (13.3%)
17 (10.8%)

0.99

3 (17.6%)
14 (82.4%)
0
0
1 (5.9%)
1 (5.9%)
1 (5.9%)
1 (5.9%)

91 (41.2%)
130 (58.8%)
1 (0.5%)
19 (8.6%)
32 (14.5%)
11 (5%)
37 (16.7%)
26 (11.8%)

0.071

a
The data are presented as n (%) unless otherwise stated.
ICU, intensive care unit; CAP, community acquired pneumonia; HCAP, healthcare-associated pneumonia; TB, tuberculosis; SD, standard
deviation; PSI, pneumonia severity index; CURB65, confusion, urea, respiratory rate, blood pressure, age 65; ESKAPE, Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa and Enterobacter spp.

can be easily highlighted. Our findings suggest that a history
of prior PTB plays a specific role in the treatment responses
of CAP patients requiring ICU admission. History and
radiologic evidences that are suggestive of prior PTB should
be carefully reviewed in CAP patients that require ICU
Table 3

admission, and these patients should be aggressively
treated to improve their treatment outcomes.
It remains controversial whether HCAP is a specific
clinical entity, and HCAP is removed from the concept of
HAP/VAP in the current guidelines as many studies revealed

Disease severities and treatment outcomes of ICU admitted CAP and HCAP patients with and without old TBa.
CAP patients, N Z 176

Length of ICU stay (SD)
All patients
Survivors
Non-survivors
Length of hospital stay (SD)
All patients
Survivors
Non-survivors
Mortality
30-day mortality
In-hospital mortality

With old
TB, N Z 18

Without old
TB, N Z 158

23.1 (29.7)
28.5 (32.1)
16.3 (26.9)

19.2 (21.6)
19.3 (21.7)
19.1 (21.7)

33.6 (32.7)
44.5 (34.2)
20.0 (26.8)
7 (38.9%)
8 (44.4%)

P value

HCAP patients, N Z 238

P value

With old
TB, N Z 17

Without old
TB, N Z 221

0.89
0.39
0.54

21.8 (22.0)
15.5 (12.0)
37.0 (33.6)

16.5 (14.4)
16.8 (14.0)
16.0 (14.9)

0.45
0.84
0.13

34.8 (27.6)
36.3 (26.9)
31.7 (29.0)

0.40
0.60
0.25

42.7 (32.9)
42.8 (34.5)
42.2 (32.8)

32.5 (28.1)
37.3 (31.4)
26.2 (21.7)

0.17
0.62
0.22

26 (16.5%)
51 (32.3%)

0.021
0.30

2 (11.8%)
5 (29.4%)

66 (29.9%)
97 (43.9%)

0.16
0.25

a
The data are presented as n (%) unless otherwise stated.
ICU, intensive care unit; CAP, community acquired pneumonia; HCAP, healthcare-associated pneumonia; TB, tuberculosis; SD, standard
deviation.
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Fig. 2. KaplaneMeier survival curves of ICU-admitted pneumonia cases with and without history of prior TB. A) CAP patients. B)
HCAP patients. TB, tuberculosis; CAP, community-acquired pneumonia; HCAP, healthcare-associated pneumonia; ICU, intensive
care unit.

that patients defined as HCAP are not at high risk for multidrug resistant pathogens.3,35e37 On the contrary, it is recommended that HCAP is included in the upcoming CAP

guidelines because HCAP patients frequently present from
the community and are initially cared for in the emergency
department.3 However, the clinical differences between

Table 4 Univariate and multivariate analysis of demographic factors associated with 30-day mortality in CAP and HAP patients
with ICU admissiona.
CAP patients
Univariate

Age
Male gender
Smoking habit
History of
prior TB
CURB65 scores
Malignancy
Chronic kidney
disease
Chronic liver
disease
Diabetes
Chronic lung
disease
Autoimmune
disease
Cardiovascular
disease
Neurological
disorder

HCAP patients
Multivariate

HR (95% CI)

P value HR (95% CI)

1.00
0.97
0.65
2.57

(0.98e1.02)
(0.44e2.14)
(0.32e1.35)
(1.12e5.93)

0.99
0.93
0.25
0.027

1.51 (1.13e2.02)
2.32 (0.96e5.61)
0.68 (0.16e2.82)

0.005
0.06
0.59

0.63 (0.09e4.62)

0.65

2.84 (1.17e6.87)
1.01 (0.50e2.04)

0.021
0.97

3.37 (0.81e14.10) 0.09

Univariate
P value HR (95% CI)

3.86 (1.54e9.71)

0.004

1.40 (1.05e1.87)
3.03 (1.22e7.50)

0.024
0.017

0.99
0.77
2.10
0.35

(0.98e1.01)
(0.44e1.33)
(1.30e3.38)
(0.09e1.44)

Multivariate
P value HR (95% CI)

P value

0.44
0.34
0.002
0.15

1.50 (1.21e1.86) <0.001 1.48 (1.18e1.84) <0.001
3.42 (2.12e5.50) <0.001 3.30 (2.04e5.33) <0.001
1.08 (0.58e2.01) 0.82
1.73 (0.83e3.62) 0.15

4.13 (1.63e10.47) 0.005

1.06 (0.65e1.73) 0.82
1.72 (1.06e2.80) 0.028

5.99 (1.36e26.38) 0.018

2.16 (0.93e5.00) 0.07

0.82 (0.38e1.77)

0.61

0.96 (0.58e1.59) 0.88

0.52 (0.21e1.25)

0.14

0.61 (0.36e1.02) 0.06

2.89 (1.24e6.74) 0.014

a
Univariate and multivariate HR are derived from logistic regression analysis with stepwise selection procedure.
CAP, community acquired pneumonia; HCAP, healthcare-associated pneumonia; ICU, intensive care unit; TB, tuberculosis; HR, hazard
ratio; CI, confidence interval; CURB65, confusion, urea, respiratory rate, blood pressure, age 65.

Impact of Prior Pulmonary Tuberculosis
CAP and HCAP have been reported in previous reports and
in the present study.38 Furthermore, we identified different
impacts of prior PTB on mortality between CAP and HCAP
patients. Our findings suggested that HCAP is a specific
entity with its unique clinical characteristics. More evidence is still required to conclude if HCAP and CAP belong
to the same clinical entity.
This study has several limitations that are worth noting.
Some relevant clinical parameters, such as the time delay
in pneumonia diagnosis and the radiographic characteristics
of prior PTB sequelae, were not obtained in our initial study
design. History of prior PTB was determined based on the
records in Taiwan CDC database; therefore, this study
lacked patients with history of undiagnosed and/or untreated TB. The number of patients with prior PTB was
relatively small in both CAP and HCAP cases, which may
underestimate the impact of prior PTB on treatment outcomes. Currently there is no well-verified scoring tool to
assess the severities of HCAP. Therefore the PSI score used
in the present study would not be able to clearly discriminate the severities of HCAP patients with and without PTB.
Finally, this study was carried out in a TB-endemic area
with low human immunodeficiency virus (HIV) prevalence.
Therefore, it is unlikely that these findings are applicable in
areas with low TB incidence or high HIV prevalence.
In conclusion, this multi-center retrospective study
demonstrated that among CAP patients requiring ICU
admission, patients with prior PTB had higher 30-day mortality than those without prior PTB, and the history of prior
PTB was an independent factor associated with mortality.
The presence of prior PTB should be carefully pursued in
the management of ICU-admitted CAP patients. Further
studies are necessary to identify other clinical factors that
may different impacts on treatment between CAP and
HCAP cases.

Conflicts of interest
All authors declare no conflicts of interest.

Acknowledgements
The authors would like to thank all those who contributed
to the study: Kuo-Hsuan Hsu at VGHTC, Wei Chen at CMUH,
Wen-Chien Fan and Shiang-Fen Huang at VGHTPE, Chih-Ying
Ou at CKUH. This study was partially supported by the MOST
Research Project Grants MOST-105-2314-B-010-041-MY3,
and Taipei Veterans General Hospital Grants V107C-077.

References
1. Kollef MH, Shorr A, Tabak YP, Gupta V, Liu LZ, Johannes RS.
Epidemiology and outcomes of health-care-associated pneumonia: results from a large US database of culture-positive
pneumonia. Chest 2005;128:3854e62.
2. Carratala J, Mykietiuk A, Fernandez-Sabe N, Suarez C, Dorca J,
Verdaguer R, et al. Health care-associated pneumonia
requiring hospital admission: epidemiology, antibiotic therapy,
and clinical outcomes. Arch Intern Med 2007;167:1393e9.
3. Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA,
Palmer LB, et al. Executive Summary: management of adults

327

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

with hospital-acquired and ventilator-associated pneumonia:
2016 clinical practice guidelines by the infectious diseases
society of America and the American Thoracic Society. Clin
Infect Dis 2016;63:575e82.
Feng JY, Su WJ, Chiu YC, Huang SF, Lin YY, Huang RM, et al.
Initial presentations predict mortality in pulmonary tuberculosis patients–a prospective observational study. PLoS One
2011;6, e23715.
Mugusi FM, Mehta S, Villamor E, Urassa W, Saathoff E, Bosch RJ,
et al. Factors associated with mortality in HIV-infected and
uninfected patients with pulmonary tuberculosis. BMC Publ
Health 2009;9:409.
Podlekareva DN, Efsen AMW, Schultze A, Post FA, Skrahina AM,
Panteleev A, et al. Tuberculosis-related mortality in people
living with HIV in Europe and Latin America: an international
cohort study. Lancet HIV 2016;3:e120e31.
Grossman RF, Hsueh PR, Gillespie SH, Blasi F. Community-acquired pneumonia and tuberculosis: differential diagnosis and
the use of fluoroquinolones. Int J Infect Dis 2014;18:14e21.
Liu Y, Zhang Y, Wu J, Zhu D, Sun S, Zhao L, et al. A randomized,
double-blind, multicenter phase II study comparing the efficacy and safety of oral nemonoxacin with oral levofloxacin in
the treatment of community-acquired pneumonia. J Microbiol
Immunol Infect 2017;50:811e20.
Feng JY, Fang WF, Wu CL, Yu CJ, Lin MC, Ku SC, et al.
Concomitant pulmonary tuberculosis in
hospitalized
healthcare-associated pneumonia in a tuberculosis endemic
area: a multi-center retrospective study. PLoS One 2012;7,
e36832.
Frame RN, Johnson MC, Eichenhorn MS, Bower GC,
Popovich Jr J. Active tuberculosis in the medical intensive care
unit: a 15-year retrospective analysis. Crit Care Med 1987;15:
1012e4.
Bhurayanontachai R, Maneenil K. Factors influencing development and mortality of acute respiratory failure in hospitalized
patient with active pulmonary tuberculosis: a 10-year retrospective review. J Thorac Dis 2016;8:1721e30.
Sydow M, Schauer A, Crozier TA, Burchardi H. Multiple organ
failure in generalized disseminated tuberculosis. Respir Med
1992;86:517e9.
Hagan G, Nathani N. Clinical review: tuberculosis on the
intensive care unit. Crit Care 2013;17.
Balkema CA, Irusen EM, Taljaard JJ, Koegelenberg CF. Tuberculosis in the intensive care unit: a prospective observational
study. Int J Tuberc Lung Dis 2014;18:824e30.
Valade S, Raskine L, Aout M, Malissin I, Brun P, Deye N, et al.
Tuberculosis in the intensive care unit: a retrospective
descriptive cohort study with determination of a predictive
fatality score. Can J Infect Dis Med Microbiol 2012;23:173e8.
Duro RP, Figueiredo Dias P, Ferreira AA, Xerinda SM, Lima
Alves C, Sarmento AC, et al. Severe tuberculosis requiring
intensive care: a descriptive analysis. Crit Care Res Pract 2017;
2017:9535463.
Tagami T, Matsui H, Horiguchi H, Fushimi K, Yasunaga H. Lowdose corticosteroid use and mortality in severe communityacquired pneumonia patients. Eur Respir J 2015;45:463e72.
Lin SM, Wang TY, Liu WT, Chang CC, Lin HC, Liu CY, et al.
Predictive factors for mortality among non-HIV-infected patients with pulmonary tuberculosis and respiratory failure. Int
J Tuberc Lung Dis 2009;13:335e40.
Zahar JR, Azoulay E, Klement E, De Lassence A, Lucet JC,
Regnier B, et al. Delayed treatment contributes to mortality in
ICU patients with severe active pulmonary tuberculosis and
acute respiratory failure. Intens Care Med 2001;27:513e20.
Erbes R, Oettel K, Raffenberg M, Mauch H, Schmidt-Ioanas M,
Lode H. Characteristics and outcome of patients with active
pulmonary tuberculosis requiring intensive care. Eur Respir J
2006;27:1223e8.

328
21. Kim S, Kim H, Kim WJ, Lee SJ, Hong Y, Lee HY, et al. Mortality
and predictors in pulmonary tuberculosis with respiratory
failure requiring mechanical ventilation. Int J Tuberc Lung Dis
2016;20:524e9.
22. Kim HY, Song K-S, Goo JM, Lee JS, Lee KS, Lim T-H. Thoracic
sequelae and complications of tuberculosis. RadioGraphics
2001;21:839e58.
23. American Thoracic S, Infectious Diseases Society of A. Guidelines for the management of adults with hospital-acquired,
ventilator-associated, and healthcare-associated pneumonia.
Am J Respir Crit Care Med 2005;171:388e416.
24. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG,
Campbell GD, Dean NC, et al. Infectious Diseases Society of
America/American Thoracic Society consensus guidelines on
the management of community-acquired pneumonia in adults.
Clin Infect Dis 2007;44(Suppl 2):S27e72.
25. Lim WS, van der Eerden MM, Laing R, Boersma WG, Karalus N,
Town GI, et al. Defining community acquired pneumonia
severity on presentation to hospital: an international derivation and validation study. Thorax 2003;58:377e82.
26. Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D,
Rice LB, et al. Bad bugs, no drugs: no ESKAPE! An update from
the infectious diseases society of America. Clin Infect Dis
2009;48:1e12.
27. Tseng YT, Chuang YC, Shu CC, Hung CC, Hsu CF, Wang JY.
Empirical use of fluoroquinolones improves the survival of
critically ill patients with tuberculosis mimicking severe
pneumonia. Crit Care 2012;16:R207.
28. Jordan TS, Spencer EM, Davies P. Tuberculosis, bronchiectasis
and chronic airflow obstruction. Respirology 2010;15:623e8.
29. Yu YH, Liao CC, Hsu WH, Chen HJ, Liao WC, Muo CH, et al.
Increased lung cancer risk among patients with pulmonary
tuberculosis: a population cohort study. J Thorac Oncol 2011;6:
32e7.
30. Su WL, Perng WC, Huang CH, Yang CY, Wu CP, Chen JH. Association of reduced tumor necrosis factor alpha, gamma

F.-M. Lin et al.

31.

32.

33.

34.

35.

36.

37.

38.

interferon, and interleukin-1 beta (IL-1beta) but increased IL10 expression with improved chest radiography in patients with
pulmonary tuberculosis. Clin Vaccine Immunol 2010;17:
223e31.
Chen YY, Feng JY, Ting WY, Yen YF, Chuang PH, Pan SW, et al.
Increased risk of incident osteoporosis and osteoporotic fracture in tuberculosis patients: a population-based study in a
tuberculosis-endemic area. Osteoporos Int 2017;28:1711e21.
Sheu JJ, Chiou HY, Kang JH, Chen YH, Lin HC. Tuberculosis and
the risk of ischemic stroke: a 3-year follow-up study. Stroke
2010;41:244e9.
Kuo SC, Hu YW, Liu CJ, Lee YT, Chen YT, Chen TL, et al. Association between tuberculosis infections and non-pulmonary
malignancies: a nationwide population-based study. Br J Cancer 2013;109:229e34.
Yum HK, Park IN, Shin BM, Choi SJ. Recurrent pseudomonas
aeruginosa infection in chronic lung diseases: relapse or reinfection? Tuberc Respir Dis (Seoul) 2014;77:172e7.
Chalmers JD, Rother C, Salih W, Ewig S. Healthcare-associated
pneumonia does not accurately identify potentially resistant
pathogens: a systematic review and meta-analysis. Clin Infect
Dis 2014;58:330e9.
Gross AE, Van Schooneveld TC, Olsen KM, Rupp ME, Bui TH,
Forsung E, et al. Epidemiology and predictors of multidrugresistant community-acquired and health care-associated
pneumonia. Antimicrob Agents Chemother 2014;58:5262e8.
Valles J, Martin-Loeches I, Torres A, Diaz E, Seijas I, Lopez MJ,
et al. Epidemiology, antibiotic therapy and clinical outcomes
of healthcare-associated pneumonia in critically ill patients: a
Spanish cohort study. Intensive Care Med 2014;40:572e81.
Micek ST, Kollef KE, Reichley RM, Roubinian N, Kollef MH.
Health care-associated pneumonia and community-acquired
pneumonia: a single-center experience. Antimicrob Agents
Chemother 2007;51:3568e73.

