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a b s t r a c t 

Background: Candida species ( Candida spp . ) are commonly isolated microorganisms from lower respiratory tract 

(LRT) specimens of patients with hospital-acquired pneumonia (HAP); however, the clinical significance remains 

controversial. This study aimed to investigate the correlation between Candida spp. in the LRT and the clinical 

features and prognosis of HAP. 

Methods: This retrospective analysis included eligible patients with HAP from the database of a prospective study 

carried out between 2018 and 2019 in nine Chinese hospitals. Data on demographics, clinical characteristics, 

and prognosis were collected and analyzed. Propensity score matching (PSM) was used to balance the baseline 

characteristics. 

Results: A total of 187 HAP patients were enrolled. After PSM of severity score, 27 cases with positive sputum 

culture of Candida spp . were compared with the control group at a ratio of 1:1. The Candida -positive group 

had more bacterial isolates in blood culture than the Candida -negative group (39.1% [9/23] vs . 7.7% [2/26], 

χ2 = 6.928, effect size [ES] = 0.38, 95% CI: 0.12–0.61, P = 0.008). The proportion of patients with chronic lung 

diseases was significantly higher in the Candida -positive group (55.6% [15/27] vs . 22.2% [6/27], χ2 = 6.312, 

ES = 0.34, 95% CI: 0.07–0.59, P = 0.012). The 30-day prognosis of HAP was significantly different between the 

two groups (80.8% [21/26] vs . 38.5% [10/26], χ2 = 9.665, ES = 0.43, 95% CI: 0.19–0.66, P = 0.002). Univariable 

logistic regression analysis showed that LRT Candida spp . colonization was a risk factor for 30-day mortality of 

HAP (OR = 6.720, 95% CI: 1.915–23.577, P = 0.003). 

Conclusions: Candida spp . in the LRT was associated with 30-day mortality of HAP. Patients with chronic under- 

lying lung diseases tend to have Candida spp . colonization. 

I

 

c  

a  

H  

i  

i  

c  

a  

o  

P  

s  

o  

h

 

i  

m  

t  

t  

t  

f  

p  

d  

h

R

2

l

ntroduction 

Hospital-acquired pneumonia (HAP) is a type of pneumonia that oc-

urs 48 or more hours after admission and is not latent at the time of

dmission. 1 As one of the most common hospital-acquired infections,

AP confers a great burden to the global healthcare system and greatly

ncreases the mean length of hospital stay and the total cost of hospital-

zation, and even doubles the risk of death. The risk factors of HAP in-

lude older age, longer hospital stay, receiving mechanical ventilation,

nd intensive care unit (ICU) admission. 2–4 An epidemiological study

f HAP in China revealed that Acinetobacter baumannii ( A. baumannii ),

seudomonas aeruginosa ( P. aeruginosa ), Staphylococcus aureus , and Kleb-
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iella pneumoniae ( K. pneumoniae ) were the top four pathogens, while

ther Gram-positive cocci and Candida albicans ( C. albicans ) also had

igh isolation rates. 5 

Candida species ( Candida spp . ) is the most common pathogen caus-

ng opportunistic mycosis all over the world, 6 while C. albicans is the

ost common Candida spp . causing bloodstream infection. Over the past

wo decades, the incidence rate of invasive candidiasis (IC) has been on

he rise, 7 and immune dysfunction due to various causes, including cen-

ral venous catheter and abdominal operation, was found to be the risk

actor for IC. 8 Although the isolation of Candida spp . from the lower res-

iratory tract (LRT) is not rare, the significance of the isolation of Can-

ida spp . remains controversial. 9 With the exploration of the pathogenic
hongshan Hospital, Fudan University, Shanghai 200032, China. 

edical Association. This is an open access article under the CC BY-NC-ND 

https://doi.org/10.1016/j.pccm.2023.04.005
http://www.ScienceDirect.com
http://www.elsevier.com/locate/pccm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pccm.2023.04.005&domain=pdf
mailto:jingatlas@outlook.com
https://doi.org/10.1016/j.pccm.2023.04.005
http://creativecommons.org/licenses/by-nc-nd/4.0/


Y. Han, Y. Zuo, Z. Luo et al. Chinese Medical Journal Pulmonary and Critical Care Medicine 1 (2023) 113–118 

m  

t  

i  

t  

c  

p  

t  

s  

w  

s  

l  

L

 

s  

b  

M

S

 

i  

s  

c  

m  

2  

w  

a  

s  

w  

(  

s  

n  

(

 

c  

y  

T  

g  

e  

s  

fi  

l  

f  

>  

s  

S  

F

C

n

a  

c  

s  

i  

(  

s  

p  

t  

w

 

T  

c  

i  

p  

r  

m  

o  

c

E

 

o  

N  

y  

r  

t

D

 

r  

I  

c  

d  

r  

(  

s  

c  

t  

s  

P  

Q  

s  

s  

o  

b  
echanism of Candida spp . , more and more attention has been paid to

he colonization of Candida spp . in the LRT, on which a number of stud-

es have been conducted in recent years. These previous studies revealed

he association between Candida spp . colonization in the LRT and worse

linical outcomes, including longer duration of mechanical ventilation,

rolonged length of stay in the ICU or hospital, and higher hospital mor-

ality. 10 Existing research has been focused on the role of LRT Candida

pp . colonization in ventilator-associated pneumonia (VAP). However,

hether HAP patients with Candida spp . colonization in the LRT have

pecial clinical characteristics is a long-standing question. Thus, we be-

ieve it is necessary to conduct this study on the correlation between

RT Candida spp . colonization and HAP. 

The purpose of this study was to explore the influence of LRT Candida

pp . colonization on the prognosis of HAP and to identify the correlation

etween LRT Candida spp . isolation and clinical characteristics of HAP.

ethods 

tudy design and patient population 

As a retrospective study, HAP patients were selected from the orig-

nal database of a prospective study of our research group, which con-

ecutively recruited patients with severe infections by attending physi-

ians using a convenience sampling method from the respiratory depart-

ent and the ICU of nine Chinese tertiary hospitals between December

018 and December 2019. In the prospective cohort, patients diagnosed

ith blood infection, community-acquired pneumonia, HAP, peritonitis,

cute suppurative cholangitis, acute pyelonephritis, or skin and soft tis-

ue infections were considered to have severe infection when they met

ith any of the three conditions: (1) a respiratory rate ≥ 22 times/min,

2) a systolic blood pressure (SBP) ≤ 100 mmHg, or (3) an altered mental

tate. The most recent basic clinical data before considering HAP diag-

osis and the survival outcome after a 30-day follow-up were collected

 Fig. 1 ). 11 

Participants who met the following criteria were selected from the

ohort for the current analysis: (1) Patients between 18 years and 90

ears. (2) The diagnosis criteria of HAP were based on the American

horacic Society (ATS)/Infectious Diseases Society of America (IDSA)

uideline of HAP/VAP and the Chinese guideline of HAP/VAP (2018

dition), 1 , 12 and patients should meet three conditions: (a) Pneumonia

hould be acquired more than 48 hours after admission, (b) radiographic

ndings showed newly occurring or progressive pulmonary infiltrating

esions, and (c) patient should meet at least two of the following clinical

eatures: a body temperature > 38°C, a peripheral white blood cell count

 10 ×10 9 /L or < 4 ×10 9 /L, and purulent airway secretion. (3) The re-

ults of sputum culture at the time of diagnosis of HAP were available.

putum samples were collected by deep and prolonged natural cough
ig. 1. Flowchart of included patients. APACHE II: Acute Physiology and 

hronic Health Evaluation scoring system II; HAP: Hospital-acquired pneumo- 

ia; PSM: Propensity-score matching. 
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114 
fter gargle in the morning according to the National Guide to Clini-

al Laboratory Procedures (fourth edition), 13 and the qualified sputum

amples were defined as a neutrophil count > 25/low-power field, an ep-

thelial cell count < 10/low-power field, or the ratio of the two > 2.5:1.

4) Follow-up data were available for survival at 30 days after diagno-

is of HAP. Patients who had pulmonary infection, those in the latent

eriod of infection, or those with invasive mechanical ventilation at the

ime of admission were excluded. Individuals unable to cooperate or

ith cognitive impairment were also not included in this study. 

The main exposure of this study was LRT Candida spp . colonization.

he isolation of Candida spp. from LRT specimen was determined as

olonization if both of the following criteria were met when review-

ng the medical records: (1) the pneumonia can be explained by other

athogens. (2) No antifungal therapy was administered before the en-

ollment and the collection of the blood and sputum specimen. The pri-

ary outcome was the 30-day mortality of HAP patients. Secondary

utcomes were clinical characteristics of patients with LRT Candida spp .

olonization. 

thical approval 

The prospective cohort study was approved by the Ethics Committee

f Zhongshan Hospital Affiliated to Fudan University (Ethical Approval

umber: B2018-182R). During the process of data collection and anal-

sis, the privacy of personal information was guaranteed. Since the cur-

ent study was a retrospective analysis of the aforementioned cohort,

he informed consent was exempted. 

ata collection 

The clinical data were extracted from the original database by one

esearcher independently and then were checked by another researcher.

f there were any differences, the original data would be reviewed for

orrection. The clinical data were composed of demographics (age, gen-

er, height, and weight), symptoms and signs, past history, laboratory

esults on the days of inclusion and considering the diagnosis of HAP

blood routine, inflammatory markers, liver function, renal function,

erum electrolytes, blood gas measurement, myocardial markers, and

oagulation function), imaging results (chest X-ray and chest computed

omography [CT]), results of blood culture and blood next-generation

equencing (NGS), assessment of disease severity (shock index, Acute

hysiology and Chronic Health Evaluation score II [APACHE II], and

uick Sequential Organ Failure Assessment [qSOFA]), clinical diagno-

is, anti- Candida spp . treatment, and 30-day mortality. The final diagno-

is of the causative pathogen was made by the attending physician based

n all the clinical data of the patient, and the decision was confirmed

y three experienced clinical experts of the study group if there was

ny doubt. According to the sputum culture results of Candida spp . , all

he patients were divided into the Candida -positive group and Candida -

egative group. 

tatistical analysis 

SPSS 26.0 software (SPSS Inc., Chicago, IL, USA) was used in the

hole analysis process, and GraphPad Prism 8.0.2 for Windows (Graph-

ad Software Inc., San Diego, CA, USA) was applied to produce figures.

n absolute standardized difference (ASD) of > 0.1 was considered to

ndicate the imbalance of baseline. Due to the imbalance of baseline

ata between the Candida -positive and -negative group, 1:1 propensity

core matching (PSM) was performed with a caliper distance of 0.02 to

dentify a cohort of patients with similar baseline characteristics. The

ropensity score was estimated using a non-parsimonious multivariable

ogistic regression model, 14 with Candida spp . colonization as the inde-

endent variable and shock index, and APACHE II score and qSOFA

core as covariates. The non-replacement nearest neighbor matching

ethod without substitution was adopted. Two groups of patients with
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Table 1 

Clinical scores of the Candida -negative and Candida -positive group before and after matching. 

Clinical scores 

After matching Before matching 

Candida -negative group 

( n = 27) 

Candida -positive group 

( n = 27) 

Absolute standardized 

difference 

Candida -negative group 

( n = 156) 

Candida -positive group 

( n = 31) 

Absolute standardized 

difference 

Shock index 0.90 (0.74, 1.08) 0.86 (0.72, 1.17) 0.069 0.89 (0.72, 1.12) 0.86 (0.72, 1.17) 0.066 

APACHE II 18.00 (16.00, 20.00) 20.00 (12.00, 25.00) 0.045 16.00 (10.00, 20.00) 20.00 (12.00, 25.00) 0.300 

qSOFA 0.053 0.124 

0 2 (7.4) 1 (3.7) 17 (10.9) 1 (3.2) 

1 9 (33.3) 11 (40.7) 43 (27.6) 12 (38.7) 

2 15 (55.6) 13 (48.1) 77 (49.4) 16 (51.6) 

3 1 (3.7) 2 (7.4) 19 (12.2) 2 (6.5) 

Data are presented as median (Q 1 , Q 3 ) or n (%). APACHE II: Acute Physiology and Chronic Health Evaluation scoring system II; qSOFA: Quick Sequential Organ 

Failure Assessment; SBP: Systolic blood pressure; Shock index: Pulse rate/SBP (mmHg). 
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alanced baseline were finally obtained. Further analysis of the matched

ata was carried out. 

For continuous variables, the Shapiro–Wilk test was used to evaluate

he normality of data with a sample size < 50, while the Kolmogorov–

mirnov test was used for data with a sample size > 50. Continuous

ariables were described as mean and standard deviation if they were

ormally distributed, and the differences were evaluated by using the

tudent’s t -test. For non-normally distributed continuous variables, they

ere described as median (Q 1 , Q 3 ), and the differences were evaluated

y using Mann–Whitney U test. Categorical variables were expressed as

atio (%) or percentage (%) and were compared by using the χ2 test or

isher’s exact test. 

Moreover, patients were regrouped according to whether they sur-

ived at 30 days. Univariable logistic regression analysis was performed

or the risk factors related to prognosis. The significant variables ( P <

.05) were included in multivariable logistic regression analysis. Risk

actors were removed when missing data exceeded 20%. Bilateral P <

.05 was considered statistically significant. 

esults 

A total of 187 HAP patients, including 138 males and 49 females,

ere included in the basic cohort of this study, which then were di-

ided into the Candida -negative group ( n = 156) and Candida -positive

roup ( n = 31). After analyzing the clinical data of these two groups,

he imbalance of the baseline was found, mainly including neutrophil

ercentage, lymphocyte percentage, partial pressure of carbon dioxide

PaCO 2 ), fraction of inspired oxygen (FiO 2 ), blood urea nitrogen (BUN),

nd creatinine (Cr) [Supplementary Table 1]. Therefore, 1:1 PSM was

arried out with the matching variables of the clinical comprehensive

cores, namely, shock index, APACHE II score, and qSOFA score, which

re commonly used in clinical practice to evaluate the condition of crit-

cally ill patients and cover most of the imbalanced factors mentioned

bove. After matching, the baseline severity scores mentioned earlier in

he two groups were balanced ( ASD < 0.1) [ Table 1 ]. Finally, we ob-

ained 27 HAP patients with positive sputum culture of Candida spp .

nd 27 patients with negative sputum culture, including 37 males and

7 females ( Fig. 1 ). Other microorganisms in sputum culture mainly con-

isted of K. pneumoniae (positive group, seven cases vs . negative group,

wo cases), A. baumannii (positive group, three cases vs . negative group,

hree cases), and P. aeruginosa (positive group, one case vs . negative

roup, two cases). 

linical presentations of HAP patients with positive sputum culture of 

andida spp. after matching 

No significant difference was found in most of the symptoms or

igns between the Candida -positive and -negative groups after match-

ng, including fever, chills, cough, expectoration, and chest pain [Sup-

lementary Table 1], except for SBP (107.00 [101.00, 130.00] mmHg vs .
115 
23.00 [118.00, 138.00] mmHg, Z = − 1.991, effect size [ES] = − 0.41,

5% CI: − 0.96 to 0.14, P = 0.046) and pulmonary rales or consolida-

ion signs (40.7% [11/27] vs . 14.8% [4/27], χ2 = 4.523, ES = 0.29, 95%

I: 0.03–0.53, P = 0.033). Part of the laboratory examination, however,

id have statistically significant difference between the two groups. Red

lood cells ([2.69 ± 0.60] ×10 12 /L vs . [3.18 ± 0.67] ×10 12 /L, t = 2.671,

S = − 0.77, 95% CI: − 1.37, − 0.17, P = 0.010), hemoglobin (7.55 [7.20,

.85] g/dL vs . 9.25 [7.80, 10.48] g/dL, Z = − 2.445, ES = − 0.63, 95% CI:

 1.23, − 0.04, P = 0.014), hematocrit (HCT) ([24.51 ± 4.68]% vs . [29.03

 5.42]%, t = 2.900, ES = − 0.90, 95% CI: − 1.55, − 0.24, P = 0.006),

nd albumin ([31.19 ± 6.55] g/L vs . [35.21 ± 7.85] g/L, t = 2.047,

S = − 0.56, 95% CI: − 1.11 to 0, P = 0.046) were significantly lower

n the Candida -positive group than those in the Candida -negative group

 Table 2 ), indicating a worse general condition. As described before, pul-

onary rales or consolidation signs were more common in the Candida -

ositive group, which indirectly reflected more obvious lung abnormal-

ties in the Candida -positive group. However, PaO 2 /FiO 2 ( Table 2 ) and

adiographic results, including chest X-ray and chest CT scans [Supple-

entary Table 1], showed no significant difference between the two

roups. Candida spp . -positive patients had lower platelets ([135.77 ±
5.27] ×10 9 /L vs . [202.57 ± 103.10] ×10 9 /L, t = 2.208, ES = − 0.67,

5% CI: − 1.30, − 0.04, P = 0.033), higher D-dimer (3.63 [2.53, 2473.00]

g/L vs . 1.95 [0.75, 4.86] μg/L, Z = − 2.558, ES = 0.56, 95% CI: − 0.16,

.28, P = 0.011), and lower fibrinogen (9.50 [4.86, 272.00] mg/dL

s . 193.50 [139.25, 568.75] mg/dL, Z = − 2.682, ES = − 0.97, 95% CI:

 1.69, − 0.25, P = 0.007), reflecting the imbalance of the coagulation

nd anticoagulation in HAP patients with positive sputum culture of

andida spp . ( Table 2 ). 

atients with chronic underlying lung disease may be more prone to LRT 

andida spp. colonization 

To find out what kind of patients tend to have LRT Candida spp .

olonization, we analyzed the clinical information before the onset of

AP. Details are given in Supplementary Table 1. Age and body mass

ndex (BMI) were very close between two groups. Both groups had a

igh rate of antibiotic application before hospital admission and inva-

ive operation before onset and ICU admission. In addition, there was

o significant difference in the time from admission to onset in HAP

atients, regardless of LRT Candida spp . colonization ( P > 0.05). 

The analysis of the past history suggested that patients with chronic

nderlying lung disease were more likely to develop Candida spp . colo-

ization. In the Candida -positive group, there were more cases of un-

erlying lung diseases (55.6% [15/27] vs . 22.2% [6/27], χ2 = 6.312,

S = 0.34, 95% CI: 0.07–0.59, P = 0.012), mainly including chronic

bstructive pulmonary disease (COPD). Cases of COPD in those pa-

ients with Candida spp . colonization were markedly more that those in

atients without Candida spp . colonization (48.1% [13/27] vs . 11.1%

3/27], χ2 = 8.882, ES = 0.41, 95% CI: 0.17–0.64, P = 0.003) ( Table 2 ).
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Table 2 

Clinical characteristics of HAP patients with or without positive sputum culture of Candida spp. after PSM. 

Items Candida -negative group ( n = 27) Candida -positive group ( n = 27) Effect size ∗ (95% CI) P -value 

Gender (male/female) 18/9 19/8 0.04 ( − 0.23, 0.33) 0.770 

Age (years) 56.04 ± 20.36 59.70 ± 14.48 0.21 ( − 0.34, 0.75) 0.449 

SBP (mmHg) 123.00 (118.00, 138.00) 107.00 (101.00, 130.00) − 0.41 ( − 0.96, 0.14) 0.046 

DBP (mmHg) 71.33 ± 12.26 68.22 ± 13.30 − 0.24 ( − 0.79, 0.30) 0.376 

Rales or consolidation 4 (14.8) 11 (40.7) 0.29 (0.03, 0.53) 0.033 

Underlying lung disease 6 (22.2) 15 (55.6) 0.34 (0.07, 0.59) 0.012 

COPD 3 (11.1) 13 (48.1) 0.41 (0.17, 0.64) 0.003 

Asthma 3 (11.1) 1 (3.7) − 0.14 ( − 0.35, 0.15) 0.603 

Chronic interstitial lung disease 0 (0) 0 (0) - - 

Pulmonary embolism 0 (0) 1 (3.7) 0.14 (0.11, 0.28) 1.000 

Structural lung disease 1 (3.7) 0 (0) − 0.14 ( − 0.27, − 0.11) 1.000 

Laboratory examination 

RBC ( ×10 12 /L) 3.18 ± 0.67 2.69 ± 0.60 − 0.77 ( − 1.37, − 0.17) 0.010 

Hb (g/dL) 9.25 (7.80, 10.48) 7.55 (7.20, 8.85) − 0.63 ( − 1.23, − 0.04) 0.014 

PLT ( ×10 9 /L) 202.57 ± 103.10 135.77 ± 95.27 − 0.67 ( − 1.30, − 0.04) 0.033 

HCT (%) 29.03 ± 5.42 24.51 ± 4.68 − 0.90 ( − 1.55, − 0.24) 0.006 

CRP (mg/L) 18.83 (8.75, 117.18) 79.15 (26.61, 127.43) 0.48 ( − 0.11, 1.07) 0.116 

PCT (ng/mL) 0.33 (0.16, 13.59) 3.05 (0.37, 5.87) − 0.29 ( − 0.84, 0.26) 0.315 

pH 7.46 (7.40, 7.47) 7.43 (7.40, 7.47) − 0.31 ( − 0.96, 0.34) 0.396 

PaO 2 (mmHg) 129.60 (89.70, 180.45) 87.30 (60.15, 124.00) − 0.60 ( − 1.26, 0.06) 0.032 

P/F 254.27 (147.15, 380.62) 171.50 (107.25, 347.71) − 0.52 ( − 1.17, 0.14) 0.152 

Albumin (g/L) 35.21 ± 7.85 31.19 ± 6.55 − 0.56 ( − 1.11, 0) 0.046 

D-dimer (mg/L) 1.95 (0.75, 4.86) 3.63 (2.53, 2473.00) 0.56 ( − 0.16, 1.28) 0.011 

Fibrinogen (mg/dL) 193.50 (139.25, 568.75) 9.50 (4.86, 272.00) − 0.97 ( − 1.69, − 0.25) 0.007 

Positive blood culture result 2 (7.7) 9 (39.1) 0.38 (0.12, 0.61) 0.008 

Data are presented as n / n , mean ± standard deviation, median (Q 1 , Q 3 ), or n (%). ∗ The effect size of continuous variables is rep- 

resented by Cohen’s d , while that of categorical variables is represented by phi ( 𝜑 ). COPD: Chronic obstructive pulmonary disease; 

CRP: C-creative protein; DBP: Diastolic blood pressure; FiO 2 : Fraction of inspiration oxygen; HAP: Hospital-acquired pneumonia; 

Hb: Hemoglobin; HCT: Hematocrit; P/F = PaO 2 /FiO 2 ; P/F: Oxygenation index; PaO 2 : Arterial partial pressure of oxygen; PCT: Pro- 

calcitonin; PLT: Platelet count; PSM: Propensity score matching; RBC: Red blood cell count; SBP: Systolic blood pressure. 
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he positive rate of blood culture was higher in the Candida spp.-positive 

roup 

The positive blood culture rate in the Candida -positive group was sig-

ificantly higher than that in the Candida -negative group (39.1% [9/23]

s . 7.7% [2/26], χ2 = 6.928, ES = 0.38, 95% CI: 0.12–0.61, P = 0.008).

he results of blood culture in the positive group were mainly composed

f A. baumannii (two cases) and Enterococcus faecium (E. faecium)(one

ase), while the results in the negative group were mainly K. pneumoniae

two cases). Additionally, a higher positive rate of blood NGS was also

ound in the Candida -positive group (80.8% [21/26] vs . 55.6% [15/27],

 = 3.865, ES = 0.27, 95% CI: 0–0.52, P = 0.049) ( Table 2 ). 

AP patients with positive Candida spp. in sputum culture had higher 

0-day mortality risk 

The 30-day mortality was higher in the Candida -positive group

80.8% [21/26] vs . 38.5% [10/26], χ2 = 9.665, ES = 0.43, 95% CI:

.19–0.66, P = 0.002). To explore the factors influencing the 30-day

rognosis of HAP patients, univariable logistic regression was performed

or each clinical variable [Supplementary Table 2]. Positive Candida

pp . in sputum culture (OR = 6.720, 95% CI: 1.915–23.577, P = 0.003),

ore affected lung lobes (OR = 2.464, 95% CI: 1.405–4.323, P = 0.002),

igher C-reactive protein (OR = 1.015, 95% CI: 1.002–1.029, P = 0.002),

igher APACHE II score (OR = 1.122, 95% CI: 1.029–1.224, P = 0.009),

nd positive blood NGS results (OR = 3.636, 95% CI: 1.054–12.546, P

 0.041) were associated with the 30-day mortality in HAP patients

 Fig. 2 ). The factors with P < 0.05 were included in the multivariable lo-

istic regression analysis; however, none of these factors was found to be

he independent risk factor for HAP mortality [Supplementary Fig. 1]. 

iscussion 

Our study retrospectively analyzed the data from a multicenter, ran-

omized, controlled prospective cohort. As a result, the causal infer-

nce in this study had a certain degree of credibility. Additionally, the
116 
rospective cohort had uniform diagnostic criteria, test criteria, and

valuation criteria, making our data more accurate than the retrospec-

ively collected data. It was found that positive Candida spp . in sputum

ulture was a risk factor for 30-day mortality in HAP patients in the uni-

ariable analysis, which increased the risk of death by 6.720 times. In

ddition, more affected lung lobes, elevated C-creative protein (CRP),

nd a high APACHE II score were also important risk factors for HAP

ortality. 

Available studies on the clinical significance of LRT Candida were

ainly performed in patients with VAP. For example, a study by Delisle

t al. 15 in patients with VAP also revealed an independent association

etween Candida spp . colonization in LRT and hospital mortality. Stud-

es have also demonstrated that age, APACHE II score, length of hospital

tay, and Candida spp . isolated from the LRT were independently asso-

iated with increased hospital mortality in VAP. 10 , 16 

It should be noted that the concept of VAP has been separated from

AP internationally, emphasizing that HAP, different from VAP, is not

ssociated with mechanical ventilation. 1 , 17 Candida spp . infection has

een confirmed to be associated with invasive procedures, involving

iofilm formation on implanted devices. 18–20 Existing studies on pul-

onary Candida spp . colonization focused on patients with VAP, while

hose without mechanical ventilation have been neglected, which made

s more curious about HAP patients without VAP. Therefore, the main

ocus of this study was on HAP patients without mechanical ventilation.

The analysis of clinical features suggested the possible causes for the

ncreased risk of death in HAP patients with LRT Candida spp . coloniza-

ion. To our knowledge, this is one of the first studies to analyze the

linical features of HAP patients with positive sputum culture of Can-

ida spp . in detail. Previous studies have demonstrated that patients

ith VAP who had LRT Candida spp . colonization were more likely to

ave higher inflammatory response. Williamson et al. 21 reported that

espiratory Candida spp . colonization could significantly increase PCT,

RP, and interleukin-6 (IL-6) levels in patients with severe VAP. Addi-

ionally, De Pascale and Antonelli 9 proved an increase in serum tumor

ecrosis factor- 𝛼 caused by pulmonary Candida spp . colonization. These

esults indicated that the activation of the immune system to induce in-
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Fig. 2. Univariable logistic regression was performed for the risk factors related to prognosis. APACHE II: Acute Physiology and Chronic Health Evaluation scoring 

system II; CI: Confidence interval; CRP: C-creative protein (mg/L); CT: Computed tomography; NGS: Next-generation sequencing; qSOFA: Quick Sequential Organ 

Failure Assessment; OR: Odds ratio; RBC: Red blood cell count ( × 10 12 /L); SBP: Systolic blood pressure (mmHg). 
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ammatory response might be the pathogenic mechanism of pulmonary

andida spp. Similarly, the values of CRP and PCT were numerically

igher in the Candida -positive group in the present study, but no sig-

ificant difference was found. This might be caused by the application

f PSM on the clinical severity score; hence, the differences in these

ariates may be underestimated. It was known that Candida spp . in the

ycelial state can damage epithelial cells and induce inflammation. The

andidalysin secreted by C. albicans can cause invasive mucosal infec-

ion and tissue damage. 22 In our study, HAP patients with LRT Candida

pp . colonization had more severe lung signs, reflecting lung damage

aused by Candida spp. Moreover, other indicators of Candida spp . colo-

ization in HAP patients were found in this study, including D-dimer and

brinogen, which suggested that Candida spp . colonization in the LRT

ay increase the risk of death in HAP patients by impairing the coagu-

ation and anticoagulation mechanism. Patients with LRT Candida spp .

olonization had significantly lower serum albumin, possibly indicating

he ability of albumin to reduce Candida spp . pathogenicity. 23 

We found that HAP patients with underlying lung diseases, mainly

OPD, were more likely to have LRT Candida spp . colonization. A possi-

le explanation is that Candida spp . is an opportunistic pathogen, which

s most likely to attack the immunodeficient host. 8 In addition, Can-

ida spp . is a common colonization bacterium in oral cavity and has

een proved to be related to the occurrence of pneumonia. 18 In patients

ith COPD, airway epithelial cells are damaged; thus, the barrier against

athogens is weakened, creating opportunities for Candida spp . to col-

nize and cause disease. 24 COPD patients have mucosa destruction and

iliary dysfunction in the LRT, so it is more conducive for Candida spp .

o colonize. 

The positive rate of blood culture was higher in HAP patients with

andida spp . colonization in LRT, while the main pathogen of blood-

tream infection was not Candida spp. The common causative pathogens

n the Candida -positive group were P. aeruginosa (5/27), A. baumannii

3/27) and E. faecium (3/27), while those in the Candida -negative group

ere Pneumocystis carinii (3/27), S. aureus (2/27), and K. pneumoniae

2/27). These findings indicated that although the sputum culture of

andida spp . was positive, most HAP patients were not diagnosed with

andida spp . infection in clinical practice. It is generally accepted that

uantitative bacterial culture of LRT can help confirm the diagnosis of

acterial pneumonia. However, such threshold of Candida spp . burden

or the diagnosis of pneumonia has not been established; thus, Can-

ida spp . pneumonia must be diagnosed by histopathology. 25 Despite

he high rate of clinical isolation of Candida spp . from the respiratory

ract, histopathologically confirmed Candida spp . pneumonia is rarely

eported. 9 As a result, the clinical diagnosis of Candida spp . pneumonia
117 
s rare. Hence, it was suggested that despite the colonization of Candida

pp . in the LRT, they are not highly invasive and cannot cause can-

idiasis. However, existing studies had demonstrated that there might

e interaction between LRT Candida spp . and bacteria, 26 which was a

otential risk factor for bacterial pneumonia, 27 and LRT Candida spp .

as related to the increased risk of multi-drug resistant (MDR) bacte-

ial isolation. 28 Moreover, antifungal treatment could reduce the risk of

. aeruginosa VAP. 29 This revealed the local pathogenic significance of

andida spp . in the LRT. Although some scholars believed that there is

o need to eliminate LRT Candida spp . , 30 Candida spp . colonization, in

his study, did cause adverse clinical outcomes, and worse clinical man-

festations. In our view, therefore, for patients with a positive blood cul-

ure result, even though the culture result is not Candida spp . , attention

hould be paid to the presence of LRT Candida spp . colonization. 

Due to the imbalance of baseline in the basic cohort of this study,

SM was adopted. As the sample size of this study was small, the anal-

sis results of individual variables may not be reliable. This may also

e the reason why we failed to find the independent risk factors for

AP mortality. Therefore, further studies with a larger sample size are

eeded. Nevertheless, this study collected the results of as many com-

on clinical examination items as possible to make the conclusion more

eaningful in clinical application. In addition, there may be correlation

etween the risk factors obtained by univariable regression analysis.

his may be the reason why we could not find independent risk factors

hrough the multivariate regression analysis. For example, the possible

nteraction mentioned earlier between Candida spp . and bacteria sug-

ested that LRT Candida spp. colonization may be associated with pos-

tive blood NGS results. Strictly designed prospective clinical trials are

eeded to further explore the relationship between these risk factors. 

In conclusion, positive sputum culture of Candida spp . might be a

isk factor for the 30-day mortality of HAP and was also related to worse

linical manifestations. The coagulation and anticoagulation disorders

nd elevated inflammatory markers in HAP patients might be associ-

ted with LRT Candida spp . colonization. There was a significant corre-

ation between Candida spp . colonization and chronic underlying lung

iseases, especially COPD. For these patients, more attention should be

aid to prevent LRT Candida spp . colonization. 
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