
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Wong et al. Respiratory Research           (2025) 26:53 
https://doi.org/10.1186/s12931-025-03129-5

Respiratory Research

*Correspondence:
Charles Wong
respirologistlesarch@gmail.com

Full list of author information is available at the end of the article

Abstract
Background  Despite its heterogeneity, there is currently limited data in pleural infection phenotyping. Using 
pleural fluid characteristics, pleural infection can be classified into microbiological-positive pleural infection (MPPI) 
and microbiological-negative pleural infection (MNPI). This study aimed to evaluate the prognostic significance 
of microbiological positivity in pleural infection, and to evaluate the performance of RAPID (renal, age, purulence, 
infection source, dietary factor) score in these subgroups.

Methods  Consecutive patients hospitalized for pleural infection over a 10-year period in two acute-care hospitals 
in Hong Kong were evaluated. According to the pleural fluid characteristics, they were classified into MPPI and MNPI, 
respectively. Survival was evaluated using multivariate Cox regression analysis. Performance of RAPID score to predict 
mortality at 3-month and 1-year was evaluated using C-statistics.

Results  In total, 381 patients with pleural infection were included. They were classified into MPPI (n = 169) and MNPI 
(n = 212), respectively. The MPPI group had more elderly home residence and use of large-bore chest tube, and higher 
Charlson comorbidity index and RAPID score, compared to the MNPI group. Length-of-stay, the need of surgery and 
intensive care were similar between the two groups. MPPI was associated with significantly increased risk of mortality 
(adjusted hazard ratio [aHR] 1.46, 95% CI 1.08–1.98). Three-month mortality was significantly higher in MPPI compared 
to MNPI (24.9% vs. 10.4%, p < 0.001; adjusted odd ratio 2.05, 95% CI 1.11–3.80). The trend continued at 1, 3, 5 and 7 
years. RAPID score predicted 3-month and 1-year mortality in both groups (C-statistics, MPPI 0.71, 0.75; MNPI 0.84, 
0.81). In the MPPI group, presence of Staphylococcus aureus (aHR 2.26, 95% CI 1.43–3.57) and Gram-negative organisms 
other than Enterobacteriaceae (aHR 2.00, 95% CI 1.10–3.61) were associated with worse survival, while presence of 
Streptococcus anginosus group was associated better survival (aHR 0.50, 95% CI 0.32–0.78), when compared to their 
absence.
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Background
Pleural infection continues to pose a significant health-
care challenge with substantial morbidity and mortality 
rates. It has a combined incidence of over 80,000 cases 
per annum in the USA and the UK [1]. Moreover, the 
incidence has shown an increasing trend, which could 
be contributed by an ageing population with comorbidi-
ties which act as predisposing factors to pleural infection 
(e.g., diabetes mellitus, neurological conditions caus-
ing oropharyngeal aspiration), increased use of sensi-
tive imaging techniques like ultrasound and computed 
tomography (CT), and increased awareness among cli-
nicians leading to more accurate diagnosis [2]. Pleural 
infection, when considered as a single disease entity, is 
associated with worse clinical outcomes when compared 
to those with uncomplicated parapneumonic effusion 
(UPPE), including longer hospital stay and increased 
mortality risk [3]. However, pleural infection has a wide 
disease spectrum from complicated parapneumonic effu-
sion to empyema [4]. Data regarding the differential out-
comes in different phenotypes is limited.

Previous reports suggested that culture positivity in 
pleural fluid may be associated with worse clinical out-
comes in empyema [5–7]. However, the differential out-
come of microbiological (including gram staining and/
or culture) positivity has not been established in an 
all-encompassing pleural infection cohort, as previous 
studies mainly focused on empyema cases, without inclu-
sion of non-empyema pleural infection in their analysis 
[5–6]. The RAPID (renal, age, purulence, infective source, 
dietary factor) score has been developed and validated as 
a prognostication tool in pleural infection [8–13]. Data 
regarding its performance in specific subgroups, such 
as microbiological-positive pleural infection (MPPI) and 
microbiological-negative pleural infection (MNPI), is not 
reported.

We hypothesized that microbiological positivity in 
pleural infection is associated with increased mortality. 
Our study aimed to compare the clinical characteris-
tics and outcomes of patients with MPPI and MNPI. In 
addition, the prognostic significance of individual micro-
organism group in MPPI, and the performance of the 
RAPID score in MPPI and MNPI were evaluated.

Methods
Study design
This was a retrospective observational study which 
recruited patients in two acute-care hospitals in Hong 
Kong (Pamela Youde Nethersole Eastern Hospital 

[PYNEH] and Ruttonjee Hospital [RH]). Adult patients 
admitted for pleural infection in the two hospitals over 
a 10-year period (1 January 2011 to 31 December 2020) 
were identified in a territory-wide healthcare electronic 
database (Clinical Data Analysis and Reporting System) 
using the relevant discharge diagnosis codes consistent 
with parapneumonic effusion and empyema (ICD-9 
codes 510.0, 510.9, 511.0 and 511.1). Exclusion criteria 
included (1) duplicated records, (2) no pleural fluid for 
analysis, (3) uncomplicated parapneumonic effusion not 
fulfilling the definition of pleural infection, (4) tubercu-
lous pleuritis, and (5) pleural effusion of other causes.

Patients were included if they had a clinical presenta-
tion consistent with pleural infection, and any of the fol-
lowing criteria: (1) pleural fluid that was frank pus; or (2) 
pleural fluid that was positive on Gram staining or cul-
ture for bacteria; or (3) pleural fluid with a pH ≤ 7.2; or 
(4) pleural fluid with a low glucose level (≤ 2.2 mmol/l ) 
or (5) contrast-enhanced computed tomography (CT) 
evidence of pleural infection (consolidation of underly-
ing lung with enhancing pleural collection) in a patient 
with clinical evidence of infection, alongside exclusion of 
other sources of infection [9]. Evidence of infection was 
assessed by the investigators based on the presence of 
fever, an elevated peripheral white blood cell (WBC), or 
elevated serum inflammatory markers such as C-reactive 
protein (CRP) [9]. As the standard practice in the two 
participating hospitals, in patients with suspected pleu-
ral infection undergoing thoracentesis or drainage, the 
appearance of pleural fluid was documented routinely 
(pus or non-pus), and the pleural fluid was sent for gram 
staining and culture in plain bottle (without the use of 
blood culture bottle). Other pleural fluid analysis includ-
ing pleural pH and glucose were arranged at the discre-
tion of treating physician, if fluid volume is adequate.

Definitions of MPPI and MNPI
Included patients were classified into one of the two sub-
groups according to the following criteria:

1)	 MPPI was defined by microbiological positivity 
(Gram stain or culture of microorganisms) in the 
pleural fluid, regardless of pleural fluid appearance.

2)	 MNPI was defined by pleural infection without 
microbiological positivity (Gram stain or culture of 
microorganisms) in the pleural fluid.

Clinical notes and electronic records of these admis-
sion episodes were reviewed. Data on the subject’s 

Conclusions  Pleural fluid microbiological positivity is independently associated with increased mortality in patients 
with pleural infections. This finding should complement the RAPID score in risk stratification and inform future 
research aimed at improving outcomes in this patient population.
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demographics, clinical parameters, laboratory param-
eters, treatments, hospital length-of-stay (LOS), and 
survival status were collected. Co-morbidities were sum-
marized using Charlson comorbidity index (CCI) [14]. 
Pleural infection was considered hospital-acquired if the 
onset occurred over 48  h after hospitalization, patient 
had been hospitalized within the preceding 4 weeks, or 
related to an invasive pleural procedure [15]. RAPID 
score was calculated for each subject according to the 
original study [8]. Microorganisms isolated in MPPI were 
classified into one of eight groups according to the TOR-
PIDS study [16]: Anaerobes, Streptococcus (Strep) angino-
sus group, Strep pneumoniae, Staphylococcus (S) aureus, 
other Gram-positive, Enterobacteriaceae, other Gram-
negative and Fungal.

Survival time was calculated from the date of pleural 
infection diagnosis to death. Subjects were censored at 
the time of data extraction if alive (31 December 2023). 
Institutional Review Board approval was obtained with 
a waiver of patient consent for the use of de-identified 
patient data (HKECREC-2021-084).

Statistical analysis
Descriptive statistics included frequency (percentages) 
for categorical variables, mean (+/- standard deviation 
[SD]) or median (inter-quartile range [IQR]) for continu-
ous variables. Parameters of each group were compared 
using univariate analyses. Between-group comparisons 
were performed with Mann–Whitney test for continuous 
variables, and Chi-squared test for categorical variables. 
Survival analyses were performed using Kaplan-Meier 
survival curves, multivariate logistic and Cox regression 
backward selection model. Components of RAPID score 
(serum urea, age, fluid purulence, infection source and 
serum albumin) were adjusted in both the multivariate 
logistic and Cox regression analyses. Concordance (C) 
statistic was used to evaluate the discriminative ability 
of the RAPID score in predicting mortality at 3-month 
and 1-year. The C statistic is a summary measure of a 
model’s accuracy, with a value of 0.5 implying random 
concordance and 1.0 perfect concordance [17]. P values 
(2-tailed) were considered significant if < 0.05. All statis-
tical analyses were performed using computer programs 
Statistical Package for the Social Science (SPSS) version 
23.0 (IBM Corp., Armonk, NY, USA for Microsoft Win-
dows) and Stata version 14.2 (Texas, USA).

Sample size calculation
Sample size calculation was based on the estimated 
90-day mortality difference between MPPI and MNPI. 
Previous study reported mortality of 27.1% and 10.8% in 
culture positive and culture negative pleural infection at 
30-day, respectively [18]. Assuming a minimum signifi-
cant difference to detect mortality fixed at 15% at 90-day 

(with MPPI mortality of 30% and MNPI mortality of 
15%), with a 40% prevalence of microbiological positiv-
ity in an all-compassing pleural infection cohort [18, 19], 
this study required 333 analyzable subjects (90% power, 
alpha 0.05) and, allowing for 10% incomplete data or un-
analyzable subjects, a recruitment target of 367 was set.

Results
Study population
Among 681 episodes retrieved from the database, 300 
episodes met exclusion criteria and were precluded from 
further analysis (Fig.  1). A total of 381 patients fulfilled 
the diagnostic criteria of pleural infection and were 
included in the analysis. Applying the classification cri-
teria, patients were classified into MPPI (n = 169) and 
MNPI (n = 212), respectively. In those with MPPI, micro-
organisms were identified in pleural fluid in 91 by both 
gram stain and culture, 73 by culture only, and 5 by gram 
stain only. The median follow-up time was 8.47 (7.62–
9.32) years.

Comparison of clinical characteristics between MPPI and 
MNPI
Baseline clinical characteristics
Baseline clinical characteristics were summarized in 
Table 1. Age, sex, ethnicity (Chinese), rate of prior anti-
biotic use and hospital acquired infection were simi-
lar between the two groups. The MPPI group has a 
higher rate of elderly home residence (18.9% vs. 11.3%, 
p = 0.037), RAPID high-risk category (23.1% vs. 14.6%, 
p = 0.034) and higher CCI (median 1 [0–3] vs. 1 [0–2], 
p = 0.010). Comorbidities were summarized in Table S1. 
Chronic renal diseases and neurological conditions were 
more common in the MPPI group. (Table S1)

Physiological, laboratory and radiological parameters
Physiological parameters were similar between the two 
groups (Table  2). Regarding laboratorial parameters, 
serum urea was significantly higher (6.2 mmol/l vs. 4.7 
mmol/l, p = 0.001) while albumin was significantly lower 
(28  g/l vs. 31  g/l, p < 0.001) in the MPPI group, when 
compared to MNPI group (Table  3). Regarding pleural 
fluid parameters, pleural LDH was significantly higher 
(4276 units/l vs. 1567 units/l, p < 0.001), while pleu-
ral pH (7.34 vs. 7.68, p < 0.001), glucose (0.3 mmol/l vs. 
1.6 mmol/l, p = 0.006) and protein (35.2  g/l vs. 46.6  g/l, 
p < 0.001) were significantly lower in MPPI group, when 
compared to MNPI group (Table  3). Documentations 
of septation on ultrasound and pleural enhancement on 
computed tomography were similar between the two 
groups. (Table 3)
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Table 1  Baseline characteristics of study population
Total (n = 381) MPPI (n = 169) MNPI (n = 212) p value

PYNEH 280 (73.5%) 118 (69.8%) 162 (76.4%) 0.148
Male 288 (75.6%) 129 (76.3%) 159 (75.0%) 0.90
Age 65 (56–77) 65 (56–77) 65 (55–77) 0.508
Chinese 373 (97.9%) 166 (98.2%) 207 (97.6%) 0.693
Elderly home residence 56 (14.7%) 32 (18.9%) 24 (11.3%) 0.037
Antibiotic use before diagnosis 31 (8.1%) 9 (5.3%) 22 (10.4%) 0.073
Hospital-acquired 31 (8.1%) 15 (8.9%) 16 (7.5%) 0.637
CCI 1 (0–2) 1 (0–3) 1 (0–2) 0.010
CCI > = 2 134 (35.2%) 74 (43.8%) 60 (28.3%) 0.002
CCI > = 3 79 (20.7%) 46 (27.2%) 33 (15.6%) 0.005
>= 1 comorbidity 293 (76.9%) 143 (84.6%) 150/212 (70.8%) 0.001
RAPID score 3 (2–4) 3 (2–4) 3 (2–4) 0.017
RAPID high risk
RAPID mod risk
RAPID low risk

70 (18.4%)
147 (38.6%)
164 (43.0%)

39 (23.1%)
65 (38.5%)
65 (38.5%)

31 (14.6%)
82 (38.7%)
99 (46.7%)

0.034

MPPI: microbiological-positive pleural infection. MNPI: microbiological-negative pleural infection. PYNEH: Pamela Youde Nethersole Eastern Hospital. CCI: Charlson 
comorbidity index. RAPID: renal, age, purulence, infection source, dietary factor

Table 2  Physiological parameters at presentation
Total (n = 381) MPPI (n = 169) MNPI (n = 212) p value

Confusion 26 (6.8%) 16 (9.5%) 10 (4.7%) 0.068
MAP < 65 16 (4.2%) 8 (4.7%) 8 (3.8%) 0.643
Tachycardia P > 100 220 (57.7%) 93 (55.0%) 127 (59.9%) 0.338
Temp > 38 C or < 36 C 102 (26.8%) 44 (26%) 58 (27.4%) 0.772
Tachypnea RR > 20 112 (29.4%) 51 (30.2%) 61 (28.8%) 0.765
Hypoxemia 117 (30.7%) 58 (34.3%) 59 (27.8%) 0.173
MPPI: microbiological-positive pleural infection. MNPI: microbiological-negative pleural infection. MAP: Mean arterial pressure. Temp: Temperature

Fig. 1  Inclusion and exclusion of patients
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Treatments and length-of-stay
The majority (361/369) of patients were treated with 
chest tube insertion. In MPPI, the rate of large-bore chest 
tube ( > = 20  F) use was higher (41% vs. 25%, p = 0.001), 
compared to MNPI. The rates of surgery and intensive 
care unit admission, and length-of-stay were similar 
between MPPI group and MNPI group. (Table 4)

Primary outcome: survival analysis of MPPI vs. MNPI
Kaplan-Meier curves showed significant survival dif-
ferences between MPPI and MNPI (log-rank p < 0.001) 
(Fig. 2). Using multivariate Cox regression analysis, after 
adjusting for covariates, MPPI was associated with signif-
icantly increased risk of mortality (adjusted hazard ratio 
1.46, 95% CI 1.08–1.98). (Table 5) Three-month mortality 

Table 3  Laboratorial and radiological parameters
Total (n = 381) MPPI (n = 169) MNPI (n = 212) p value

Serum urea (mmol/l) 5.3 (3.8–8.1) 6.2 (4.1–10.2) 4.7 (3.5–6.9) 0.001
Serum albumin (g/l) 29 (25–33) 28 (24–32) 31 (27–34) < 0.001
Pleural LDH (units/l) (n = 330) 2162 (988–8425) 4276 (1082–14453) 1567 (919–4802) < 0.001
Pleural pH (n = 282) 7.59 (7.20–7.90) 7.34 (6.91–7.78) 7.68 (7.35–7.94) < 0.001
Pleural glucose mmol/l (n = 297) 0.7 (0.3–4.4) 0.3 (0.3–3.2) 1.6 (0.3–4.5) 0.006
Pleural protein g/l (n = 335) 42.8 (32.5–50.5) 35.2 (22.4–45.9) 46.6 (39.4–51.8) < 0.001
Septation on ultrasound (n = 371) 160/371 (43.1%) 65/163 (39.9%) 95/208 (45.7%) 0.263
Pleural enhancement on computed tomography (n = 349) 247/349 (70.8%) 99/148 (66.9%) 148/201 (73.6%) 0.171
MPPI: microbiological-positive pleural infection. MNPI: microbiological-negative pleural infection. LDH: Lactate dehydrogenase

Table 4  Treatments and length-of-stay
Total (n = 381) MPPI (n = 169) MNPI (n = 212) p value

Large-bore ( > = 20 F) chest tube (n = 361)# 116/361 (32.1%) 66/161 (41.0%) 50/200 (25.0%) 0.001
Thrombolytic use (n = 361) 117/361 (32.4%) 46/161 (28.6%) 71/200 (35.5%) 0.162
Surgery 10 (2.6%) 5 (3.0%) 5 (2.4%) 0.716
ICU 38 (10.0%) 16 (9.5%) 22 (10.4%) 0.768
LOS 31 (21– 43) 32 (23–45) 30 (21–41) 0.154
MPPI: microbiological-positive pleural infection. MNPI: microbiological-negative pleural infection. ICU: Intensive care unit. LOS: Length of stay

# As opposed to smaller (< 20 F) chest tube

Fig. 2  Kaplan-Meier survival curves in the MPPI group and MNPI group
MPPI: microbiological-positive pleural infection. MNPI: microbiological-negative pleural infection
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was significantly higher in MPPI compared to MNPI 
(24.9% vs. 10.4%, p < 0.001; adjusted odd ratio 2.05, 95% 
CI 1.11–3.80). The trend continued at 1, 3, 5 and 7 years. 
(Tables 6 and 7)

Sensitivity analysis
Sensitivity analysis was performed using multivariate 
analysis, taking additional potential covariates (p < 0.05) 
found during univariate analysis into consideration 
(model 1: elderly home residence, CCI and chest tube 
size; model 2: elderly home residence, chronic renal 
disease, chronic neurological disease and chest tube 
size). The sensitivity analysis showed consistent results 

to confirm the independent prognostic significance of 
microbiological positivity. (Table S2)

Secondary outcomes (I): prognostic significance of 
individual microorganism group
Altogether 229 microorganisms were isolated from 
169 patients with MPPI (Fig. 3) (Table S3). In the MPPI 
group, isolation of S aureus (aHR 2.26 [1.43–3.57]) and 
Gram-negative organisms other than Enterobacteriaceae 
(aHR 2.00 [1.10–3.61]) were associated with worse sur-
vival, while isolation of Streptococcus anginosus group 

Table 5  Cox regression analysis for survival analysis of MPPI vs. 
MNPI

Hazard ratio (95% CI) P value
Unadjusted analysis 1.86 (1.40–2.49) < 0.001
Adjusted analysis* 1.46 (1.08–1.98) 0.015
# Adjusted to components of RAPID score

MPPI: microbiological-positive pleural infection. MNPI: microbiological-
negative pleural infection. CI: confidence interval

Table 6  Mortality outcome at various time points in MPPI and MNPI
Total (n = 381) MPPI (n = 169) MNPI (n = 212) p value

3-month mortality 64 (16.8%) 42 (24.9%) 22 (10.4%) < 0.001
1-year mortality 98 (25.7%) 60 (35.5%) 38 (17.9%) < 0.001
3-year mortality 129 (33.9%) 74 (43.8%) 55 (25.9%) < 0.001
5-year mortality (n = 344) 157 (45.6%) 87 (55.4%) 70 (37.4%) 0.001
7-year mortality (n = 289) 157 (54.3%) 87 (62.1%) 70 (47.0%) 0.010
MPPI: microbiological-positive pleural infection. MNPI: microbiological-negative pleural infection

Table 7  Logistic regression analysis of mortality at various time 
points of MPPI vs. MNPI
Mortality Unadjusted OR 

(95% CI)
P value Adjusted OR* 

(95% CI)
P value

3 months 2.86 (1.63–5.01) < 0.001 2.05 (1.11–3.80) 0.022
1 years 2.52 (1.57–4.04) < 0.001 1.88 (1.10–3.21) 0.022
3 years 2.22 (1.44–3.43) < 0.001 1.67 (1.00–2.79) 0.052
5 years 2.08 (1.35–3.20) 0.001 1.78 (1.05–2.99) 0.031
7 years 1.85 (1.16–2.96) 0.010 1.76 (1.00–3.08) 0.050
MPPI: microbiological-positive pleural infection. MNPI: microbiological-
negative pleural infection. OR: odd ratio, CI: confidence interval

# Adjusted to components in RAPID score

Fig. 3  Microorganisms (n = 229) isolated in 169 patients with microbiological-positive pleural infection

 



Page 7 of 9Wong et al. Respiratory Research           (2025) 26:53 

was associated better survival (aHR 0.50 [0.32–0.78]). 
(Table S4)

Secondary outcomes (II): performance of RAPID score in 
MPPI and MNPI
RAPID score showed consistent discriminative perfor-
mance in mortality prediction in both the MPPI and 
MNPI groups at various time points. (Table S5) C-statis-
tics of RAPID score to predict 3-month and 1-year mor-
tality were 0.71 [0.62–0.80] and 0.75 [0.67–0.82] in MPPI; 
and 0.84 [0.77–0.91] and 0.81 [0.74–0.88]) in MNPI. 
(Table S5) Mortality risks stratified by RAPID score and 
pleural fluid microbiological positivity were summarized 
in Table  8. Patients with MPPI and high-risk RAPID 
score had the highest 3-month mortality (48.7%), while 
those with MNPI and low-to-moderate RAPID score had 
better survival (3-month mortality 6.1%).

Discussion
We conducted a bicentric, retrospective observational 
study to evaluate the prognostic significance of microbio-
logical positivity (MPPI) in pleural infection. The results 
showed that pleural infection is a heterogenous disease, 
and microbiological positivity in pleural fluid is associ-
ated with worse prognosis, with a two-fold increase in 
3-month mortality, and the trend continued at 1, 3, 5 and 
7 years. The long-term prognostic impact of microbio-
logical positivity in pleural infection could be multifacto-
rial including possible secondary effects on various organ 
systems, especially the cardiovascular system, by possible 
pathogenic mechanisms related to higher bacterial load 
and host response [20], in addition to higher prevalence 
of comorbidities.

The microbiological pattern of pleural infection 
observed in our study aligns with existing literature [21]. 
We observed that certain microorganisms are associated 
with worse prognosis, including S aureus and Gram-neg-
ative organism other than Enterobacteriaceae, while the 
Strep anginosus group is associated with better survival, 
which is consistent with recent study [16] and further 
support microbiological phenotyping in pleural infection. 
One possible explanation for the better survival observed 
in Strep anginosus group is its higher susceptibility 
to standard antibiotic treatments, resulting in earlier 

appropriate treatment and improved clinical outcomes. 
Other factors such as virulence factors, host immune 
response, and co-infections likely also contribute to these 
observations and should be investigated in future studies.

We also demonstrated that RAPID score has satisfac-
tory performance in both MPPI and MNPI, supporting its 
clinical utility in these phenotypes, and in Asian-Chinese 
population. Thus, the microbiological phenotype should 
be considered together with RAPID score risk stratifica-
tion in early phase of treatment to assist clinical decision 
making in patients with pleural infection. Although the 
role of RAPID score in routine clinical care is yet to be 
defined [22], our data support developing treatment par-
adigms by risk stratifying patients with pleural infection 
according to both microbiological phenotype and RAPID 
score in future prospective study. For instance, strategy 
focusing on early escalation of treatment in those with 
MPPI with a high RAPID score, should be considered in 
future clinical trials.

The rate of surgical treatment (2.6%) in the present 
study is lower than previous reports of pleural infection. 
This could be due to an elderly predominant cohort with 
high prevalence of comorbidities in this study, resulting 
in treatment decisions that favors non-surgical options 
due to concerns on high surgical risk. Previous large sur-
gical case series also demonstrated a preference of inter-
vening younger individuals with fewer co-morbidities 
[23, 24]. These results underscore the urgent need for 
randomized studies powered to evaluate the impact of 
more invasive treatments, including surgical interven-
tion, on clinically important outcomes such as mortal-
ity. This will better inform the decision-making process 
regarding surgical intervention in patients with pleural 
infection.

Strengths of our study include a bicentric design across 
a 10-year period, which captures a reasonable number 
of subjects (n = 381) with pleural infection in an Asian-
Chinese predominant population. Follow-up data were 
available at 5-year in 90% (n = 344) and at 7-year in 76% 
(n = 289) of patients, respectively, which allowed analy-
sis of long-term outcomes. We performed multivariate 
analysis using both planned model (RAPID score factors 
as covariates) and sensitivity analysis taking into account 
additional potential confounders found in univariate 

Table 8  3-month mortality stratified by microbiological positivity phenotype and RAPID score
MPPI (n = 169) MNPI (n = 212)

3-month mortality 24.9% 10.4%
RAPID high risk (n = 39) RAPID low - moderate risk 

(n = 130)
RAPID high risk (n = 31) RAPID 

low– 
moder-
ate risk 
(n = 181)

3-month mortality 48.7% 17.7% 35.5% 6.1%
MPPI: microbiological-positive pleural infection. MNPI: microbiological-negative pleural infection. RAPID: renal, age, purulence, infection source, dietary factor
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analysis, which further strengthen the robustness of our 
results. Our study has several limitations. First, inherent 
to the nature of retrospective study, there was missing 
data for some variables, including sonographic and CT 
features. However, the key parameters responsible for the 
primary outcome were complete and therefore the pri-
mary results of our study remain valid. Second, the phe-
notypes in our study were dependent on gram staining 
and/or culture positivity. The microbial yield could have 
been affected by prior antibiotic use, timing and method 
of pleural fluid culture. The sensitivity of pleural fluid 
microbiology identification could be improved using 
genetic methods [16, 25], or by the use of blood culture 
bottles [26]. However, this was not a standard practice in 
our centers during the study period, thus the results may 
not be applicable to those using blood culture bottle’s 
culture method to define pleural microbiological positiv-
ity. Future investigations into detection rate differences 
using blood culture bottles could offer valuable insights. 
Nonetheless, this study reflected real world practice and 
showed that mortality could be predicted by clinical phe-
notype defined by readily available parameter in routine 
practice.

Conclusions
Pleural fluid microbiological positivity indicates a high-
risk phenotype in patients with pleural infection. The 
diagnosis of MPPI with a high RAPID score portends 
high mortality risk despite standard treatment by antibi-
otic and drainage. Future research focusing on treatment 
strategies based on both microbiological positivity and 
RAPID risk stratification is needed to inform the optimal 
management of adults presenting with pleural infection.
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