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Background: To investigate the effect of Candida albicans airway colonization on hospital-acquired bacterial 
pneumonia (HABP) in patients with systemic lupus erythematosus (SLE). 
Methods: SLE patients with HAP were enrolled in this retrospective cohort study from January 2015 to 
December 2018. According to the culture results of respiratory tract secretions and antifungal treatment, 
patients were divided into non-C. albicans colonization group (NCG), C. albicans colonization with antifungal 
treatment group (CTG) and C. albicans colonization without antifungal treatment group (CNTG). Twenty-
eight days of all-cause mortality after the onset of HABP of each group was assessed, total duration of 
antibiotic treatment, changes of inflammatory cytokines and markers of immune status were documented. 
Results: A total of 269 SLE patients with HABP were finally included in the study. Among them, 69.1% 
(186/269) were found C. albicans airway colonization, and 36.1% (97/269) received antifungal treatment. 
No difference of 28 days of all-cause mortality after HABP onset was found among the three groups (10.8% 
vs. 13.4% vs. 15.7%, P>0.05). Duration of antibiotic treatment of HABP due to Acinetobacter baumannii 
was shorter in CTG (11.21±2.45 days) than that in CNTG (12.89±3.87 days) as well as HABP due to 
Pseudomonas aeruginosa (10.57±2.66 vs. 12.56±3.04 days) (P<0.05, respectively). Antifungal treatment could 
decrease the level of interleukin-1β, interleukin-6, tumor necrosis factor-α and interferon-γ in CTG than in 
CNTG (P<0.05, respectively). In addition, it could regulate immune function by decrease the concentration 
of interleukin-17 and elevate the counts of CD4+Th lymphocyte as well (P<0.05, respectively). 
Conclusions: C. albicans airway colonization was not associated with HABP mortality in SLE patients. 
Antifungal therapy in these patients might shorten the duration of antibiotics in treating HABP due to A. 
baumannii and P. aeruginosa.
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Introduction

Isolation of Candida albicans from respiratory secretions 
is not uncommon in immunocompromised hosts (ICHs) 
especially in those with systemic  lupus  erythematosus 
(SLE) due to immunosuppressive agents and high doses 
of glucocorticoid treatment (1). According to the practice 
guideline, it is indicative of colonization, and antifungal 
therapy is rarely necessary (2). However, the co-existence 
of bacteria and fungi has aroused great concern in recent 
years. Based on some in vitro studies, there is growing 
convincing evidence shows that interplay of fungi and 
bacteria does exist through quorum-sensing (QS) molecules, 
but its clinical significance is hard to evaluate in clinical 
practice (3,4). Although some studies indicated that airway 
Candida spp. colonization might increase the incidence of 
bacterial pneumonia, while others came to the opposite 
conclusion (5-7).

What is more, does empirical antifungal therapy could 
improve the prognosis of hospital-acquired bacterial 
pneumonia (HABP) in ICHs with C. albicans airway 
colonization is still on debate (7-9). Thus, our retrospective 
study was conducted to clarify the status of the following 
objectives: (I) does effect of C. albicans airway colonization 
on HABP really exist in patients with SLE and (II) does 
empirical antifungal treatment might improve the prognosis 
of these patients.

Methods

Research brief 

This retrospective cohort study was performed in Ren Ji 
hospital. Totally 90 inpatient beds were occupied by the 
department of rheumatology and critical care medicine. 
Ethics Committee was approved by Shanghai Jiao Tong 
University (No. 2016-Clinical-Res-011).

Study population 

Patients with SLE who were clinically diagnosed hospital-
acquired pneumonia (HAP) were enrolled in the study 
from January 2015 to December 2018. Patients were 
excluded if (I) extrapulmonary infection was found when 
they admitted to hospital or during their hospital stay; (II) 
pathogen detection results were lacked or negative; (III) 
non-albicans Candida (NAC) species was isolated; (IV) they 
were moribund or not expected to survive 48 h because 
of an underlying irreversible medical condition after the 

onset of HABP and (V) had an incomplete medical history. 
According to the culture results of respiratory tract 
secretions and antifungal treatment, patients were divided 
into non-C. albicans colonization group (NCG), C. albicans 
colonization with antifungal treatment group (CTG) 
and C. albicans colonization without antifungal treatment 
group (CNTG).

Diseases definition 

Patients that fulfilled the definition criteria of British Society 
for Rheumatology (BSR) were diagnosed SLE (10), and 
clinical practice guidelines by American Thoracic Society 
(ATS) and Infectious Diseases Society of America (IDSA) 
were applied to diagnose HABP which was described 
as follows: (I) pneumonia acquired 48h after hospital 
admission; (II) new pulmonary infiltrate detected on 
chest radiograph; (III) pathogens were detected from the 
respiratory tract secretions and (IV) with at least two of the 
following criteria: (i) an abnormal temperature (<35.6 or 
>37.8 ℃); (ii) leucocytosis ≥10×109/L or ≤4×109/L and (iii) 
newly purulent sputum (11).

Strains identification and antimicrobial susceptibility 
testing 

Pathogens that caused HABP and their  antimicrobial  
susceptibility results were obtained from Ren Ji hospital’s 
microbiological chamber database. Strains were identified 
using a VITEK-2 automated system (bioMérieux), and 
antimicrobial susceptibility testing was determined 
according to the standards provided by the Clinical and 
Laboratory Standards Institute (CLSI) (http://ncipd.
org/control/images/NCIPD_docs/CLSI M100-S28.
pdf). Multidrug-resistant (MDR) was defined as acquired 
non-susceptibility to at least one agent in three or more 
antimicrobial categories (12). Only the first isolated strain 
was tested in our study. 

Data collection and clinical assessment 

Information on SLE patients with HABP was obtained 
from the hospital’s electronic medical records system. The 
demographic and clinical characteristics of each patient 
enrolled comprised seven parts: (I) basic  information 
including age, gender, and comorbidity;  (II)  pre-
administration antibiotics and antifungal agent before 
hospital admission; (III) therapeutic schemes of SLE 
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including the administration of immunosuppressant, 
daily prednisone dose and disease activity; (IV) duration 
of antibiotics treatment; (V) changes  of  inflammation  
cytokines like procalcitonin (PCT), C-reactive protein 
(CRP), interleukin-6 (IL-6), IL-1β, interferon-γ (INF-γ) and 
tumor necrosis factor-α (TNF-α); (VI) variation tendency of 
immune parameters like IgA, IL-17 and the count of 
CD4+Th lymphocyte [markers included in (V) and (VI) 
were tested at the time of admission and weekly according 
to the procedure of HABP treatment in our department 
as well as immune parameters)], and (VII) outcomes of the 
patients which included 28 days of all-cause mortality after 
the onset of HABP and the rate of invasive or non-invasive 
mechanical ventilation. 

Durat ion of  ant ibiot ic  therapy was  def ined as 
antibiotic administration for treating HABP during the 

hospitalization, which was based on the time to clinical 
stability (TCS). According to the guidelines of National 
Institute for Health and Care Excellence (NICE) (13), the 
criteria for clinical stability were defined as follows: (I) lack 
of fever for >8 h; (II) improvement in clinical signs (cough 
and shortness of breath); (III) improvement in leucocytosis 
(decrease >10% from the previous day); and (IV) tolerance 
of oral antibiotic intake. The criteria for TCS was evaluated 
daily by attending physicians (14).

Outcomes of the study 

We primarily assessed the all-cause mortality of HABP 
over a 28-day treatment. In addition, the total duration of 
antibiotic treatment, evolution of inflammation cytokines 
and immune parameters were also compared.

Statistical analysis 

Statistical analysis was performed by using SPSS version 
22.0 (IBM for windows). Characteristics among the 
three groups were compared using the chi-square test for  
caegorical variables and using analysis of variance or 
Kruskal-Wallis test for continuous variables. Bonferroni 
adjustments were used for multiple comparisons.  
Variables between the C. albicans colonization with or without 
antifungal treatment group were compared by Student’s 
t-test and were expressed as the means (standard deviations), 
while nonnormally distributed data were compared by 
the Wilcoxon rank-sum test and reported as medians 
(interquartile range). Factors associated with C. albicans 
airway colonization and MDR pathogens isolation were 
identified by multivariate logistic regression and summarized 
with odds ratios (ORs) and 95% confidence intervals (CIs). 
A two-sided P<0.05 was considered statistically significant. 
Figures were drawn by GraphPad Prism version 7.0.

Results

Clinical features of the study population 

Totally 516 SLE patients with HAP were screened in the 
medical record system, and 269 with HABP were finally 
enrolled in the study. Among them, 69.1% (186/269) were 
found C. albicans airway colonization, and 36.1% (97/269) 
received antifungal treatment (Figure 1). 

Age, gender, course of SLE, and systemic lupus 
erythematosus disease activity index (SLEDAI) did not 

Figure 1 Flow chart of the study. Patients with HABP enrolled 
in the study and the distribution of the Candida albicans. HAP, 
hospital-acquired pneumonia; HABP, hospital-acquired bacterial 
pneumonia; SLE, systemic lupus erythematosus.

SLE patients with HAP from January 
2015 to December 2018, n=516

Excluded, n=146
• Had extrapulmonary infection, n=53
• No bacterial detection results, n=41
• Medical history was incomplete, n=52

Negative bacterial 
detection results, n=63

Positive bacterial 
detection results, n=307

non-albicans Candida spp.  
were excluded, n=38

• Candida glabrata, n=17
• Candida tropicalis, n=12
• Candida parapsilosis, n=8
• Candida krusei, n=1

SLE patients with HABP were 
eligible in the study, n=269

HABP with Candida albicans 
airway colonization, n=186

Non antifungal 
treatment, n=89

Antifungal 
treatment, n=97

HABP without Candida albicans 
airway colonization, n=83

Bacterial detection results collection from 
lower respiratory tract specimens, n=370
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Table 1 Demographics and clinical characteristics of SLE patients with HABP

Characteristics NCG (n=83) CTG (n=97) CNTG (n=89) P valuea P valueb P valuec

Age, yrs (mean ± SD) 40.8±9.5 44.5±7.3 42.9±6.4 0.187 0.104 0.115

Gender, female, n (%) 79 (95.2) 96 (98.9) 87 (97.7) 0.273 0.266 0.941

Course of SLE, month (mean ± SD) 38.9±8.4 38.3±9.2 40.2±7.3 0.407 0.589 0.123

SLE activity at the time of infection, n (%)

Lupus nephritis 13 (15.7) 16 (16.5) 17 (19.1) 0.821 0.676 0.642

Hematological activity 5 (6.1) 7 (7.2) 7 (7.9) 0.893 0.657 0.867

Central nervous system activity 3 (3.6) 4 (4.1) 3 (3.4) 0.962 0.772 0.908

SLEDAI score (mean ± SD) 9.3±2.7 8.7±3.1 8.6±4.2 0.271 0.143 0.853

Immunosuppressive therapy during hospitalization, n (%) 11 (13.3) 24 (24.7) 25 (28.1) 0.05 0.017 0.605

Corticosteroid therapy >30 days before admission, n (%) 24 (28.9) 43 (44.3) 41 (46.1) 0.042 0.012 0.812

Residence in nursing home before admission, n (%) 2 (2.4) 10 (10.3) 8 (8.9) 0.014 0.036 0.761

Broad-spectrum antibiotic prescription within 30 days before 
admission, n (%)

17 (20.5) 41 (42.3) 33 (37.1) 0.006 0.002 0.471

Antifungal therapy within 30 days before admission, n (%) 25 (30.1) 14 (14.4) 12 (13.5) 0.008 0.002 0.852

Hospitalization ≥48 hours in preceding 90 days, n (%) 10 (12.1) 15 (15.5) 13 (14.6) 0.796 0.513 0.871

NCG, non-Candida albicans colonization group; CTG, Candida albicans colonization with antifungal treatment group; CNTG, Candida 
albicans colonization without antifungal treatment group; HABP, Hospital-acquired bacterial pneumonia; SLE, Systemic lupus 
erythematosus. a, overall P is for comparison among no Candida albicans airway colonization, Candida albicans airway colonization with 
antifungal treatment and Candida albicans airway colonization without antifungal treatment group; b, P is for comparison between Candida 
albicans airway colonization and no Candida albicans airway colonization groups; c, P is for comparison between Candida albicans airway 
colonization with or without antifungal treatment.

reveal significant difference among the three groups 
(P>0.05). More patients received immunosuppressive 
therapy during hospitalization, received broad-spectrum 
antibiotic prescription within 30 days or was residence 
in nursing home before admission was found in C. 
albicans airway colonization group than in non-C. albicans 
colonization group, P<0.05 respectively (Table 1).

Bacteria isolated and antimicrobial susceptibility 

Seven types of bacteria were isolated from the sputum 
samples of SLE patients with HABP. Among them, 
Acinetobacter baumannii was found as the most commonly 
responsible organism in both C. albicans airway colonization 
and non-colonization groups (43.5% vs. 30.1%, P=0.031). 
Pseudomonas aeruginosa and Klebsiella pneumoniae were the 
other main pathogenic bacteria. No significant difference 
was found in the proportion of Streptococcus pneumoniae 
isolation between the two groups (7.5% vs. 12.0%, P=0.031) 
while more MDR pathogens were isolated in C. albicans 

airway colonization group than the non-colonization group 
(58.6% vs. 36.1%, P=0.001) (Figure 2). 

Risk factors of C. albicans airway colonization and MDR 
pathogens infection in SLE patients with HABP 

According to the baseline differences between C. albicans 
airway colonization group and non-colonization group, five 
variables with P<0.05 were incorporated into the logistic 
regression model. As the results of the multivariate logistic 
regression model revealed, immunosuppressive therapy 
(OR =1.92, 95% CI: 1.32–4.06), corticosteroid therapy 
>30 days before admission (OR =2.19, 95% CI: 1.28–4.82) 
and broad-spectrum antibiotic prescription within 30 days 
before admission (OR =3.54, 95% CI: 1.79–4.98) were 
found to be risk factors for C. albicans airway colonization 
(P<0.05). C. albicans airway colonization (OR =1.92, 95% 
CI: 1.32–4.06) and residence in a nursing home before 
admission (OR =1.88, 95% CI: 1.28–3.29) were revealed as 
risk factors of MDR pathogen infection (P<0.05) (Figure 3). 
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Figure 2 Distribution of bacteria caused HABP in Candida albicans airway colonization and non-colonization groups. (A) Distribution of 
pathogens in Candida albicans airway colonization group. Acinetobacter baumannii accounts for a larger proportion (43.5%). (B) Distribution 
of pathogens in non-Candida albicans airway colonization group. The most two pathogens isolated in non-Candida albicans airway 
colonization group are Acinetobacter baumannii (30.1%) and Pseudomonas aeruginosa (26.5%).

Distribution of pathogens in Candida 
albicans airway colonization group

Distribution of pathogens in non-Candida 
albicans airway colonization group
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Figure 3 Risk factors of Candida albicans airway colonization and MDR pathogens infection in SLE patients with HABP. (A) Risk factors 
of Candida albicans airway colonization in SLE patients with HAP. (B) Risk factors of MDR pathogens infection in SLE patients with 
HAP. MDR, multidrug-resistant; HAP, hospital-acquired pneumonia; HABP, hospital-acquired bacterial pneumonia; SLE, systemic lupus 
erythematosus.
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Duration of antibiotic therapy

The total duration of antibiotic therapy was found 
significantly different among the three groups (P=0.007) 
as well as in treating MDR pathogens (P=0.014), A. 
baumannii (P=0.016) and P. aeruginosa (P=0.001). It 
revealed similar length of antibiotic therapy duration in 
treating K. pneumoniae, S aureus and Escherichia coli (P>0.05, 
respectively). Antifungal treatment might decrease the 
duration of MDR pathogens (P=0.033), A. baumannii 
(P=0.025) and P. aeruginosa (P=0.024) treatment in patients 
with C. albicans airway colonization (Table 2).

Changes of inflammation cytokines and host immune status 

No difference was found of the six inflammation cytokines 
in the day of admission (DA) among the three groups. 
Concentrations of PCT and CRP on the day of HABP 
onset (D1) were not revealed significantly different among 
the three groups even in the next two weeks (D7 and D14, 
P>0.05 respectively). However, a higher level of TNF-α, 
INF-γ, IL-1β, and IL-6 were found in C. albicans airway 
colonization group than the non-colonization group (P<0.05 
respectively). Antifungal treatment could decrease their 
levels in the next two weeks in CTN than in CNTG (P<0.05 
respectively) (Figure 4).

As for the immune parameters, no difference was found 
in the day of admission (DA) among the three groups as 
well. However, the count of CD4+Th lymphocyte and the 
concentration of IgA were indicated higher in the non-
colonization group than in C. albicans airway colonization 

group (P<0.05 respectively) while antifungal treatment 
could increase the levels of them in the next two weeks in 
CTN than in CNTG (P<0.05 respectively).The variation 
trend of IL-17 was just the opposite (Figure 5).

Outcome of the patients 

No significant difference of 28 days of all-cause mortality 
after HABP onset was found among the three groups (10.8% 
vs. 13.4% vs. 15.7%, P>0.05) as well as between C. albicans 
airway colonization group and the non-colonization group 
(14.5% vs.10.8, P>0.05) (Figure 6). Besides, the proportion 
of intensive care unit (ICU) admission and invasive 
mechanical ventilation application were similar (P>0.05, 
respectively) (Table 3).

Discussion

Our present investigation assessed the relationship between 
C. albicans bronchial colonization and HABP in patients 
with SLE. It showed that C. albicans bronchial colonization 
was independently associated with MDR pathogen in SLE 
patients with HABP. Although it did not affect 28 days of 
all-cause mortality after HABP onset, it did prolong the 
duration of antibiotic treatment in HABP coursed by A. 
baumannii, P. aeruginosa, and other MDR pathogens. It 
was the first time that the course of antibiotic treatment 
was compared in HABP patients with or without airway C. 
albicans colonization which might close the evidence gap and 
supply experience for  later researches. What is more, the 

Table 2 Duration of antibiotics treatment of different pathogens in every group

Pathogens (days) NCG CTG CNTG P valuea P valueb

All pathogens 10.65±1.87 11.37±2.62 12.98±3.61 0.007 0.001

MDR pathogens 11.87±1.69 12.24±2.27 14.17±5.59 0.014 0.033

Acinetobacter baumannii 10.12±1.28 11.21±2.45 12.89±3.87 0.016 0.025

Pseudomonas aeruginosa 9.09±1.95 10.57±2.66 12.56±3.04 0.001 0.024

Klebsiella pneumoniae 10.01±1.47 10.88±1.73 10.61±1.65 0.461 0.735

Staphylococcus aureus 9.31±1.49 10.38±2.51 10.33±1.51 0.418 0.972

Escherichia coli 10.02±1.23 9.01±1.58 10.17±1.47 0.391 0.237

NCG, non-Candida albicans colonization group; CTG, Candida albicans colonization with antifungal treatment group; CNTG, Candida 
albicans colonization without antifungal treatment group; MDR, multidrug-resistant. a, overall P is for comparison among non-Candida 
albicans airway colonization, Candida albicans airway colonization with antifungal treatment and Candida albicans airway colonization 
without antifungal treatment group; b, P is for comparison between Candida albicans airway colonization with or without antifungal 
treatment.
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Figure 4 Evolution of inflammation cytokines during treatment of HABP in patients with SLE. (A) Evolution of PCT. (B) Evolution of 
CRP. (C) Evolution of IL-1β. (D) Evolution of IL-6. (E) Evolution of TNF-α. (F) Evolution of INF-γ. DA: days of admission. *, comparison 
among no Candida albicans airway colonization, Candida albicans airway colonization with antifungal treatment and Candida albicans airway 
colonization without antifungal treatment group, P<0.05. **, comparison between Candida albicans airway colonization with or without 
antifungal treatment, P<0.05. HABP, hospital-acquired bacterial pneumonia; SLE, systemic lupus erythematosus.

Figure 5 Evolution of immunity indexes during treatment of HABP in patients with SLE. (A) Evolution of CD4+Th lymphocyte. (B) 
Evolution of Th lymphocyte. (C) Evolution of IgA. (D) Evolution of IL-17. DA: days of admission. *, comparison among no Candida 
albicans airway colonization, Candida albicans airway colonization with antifungal treatment and Candida albicans airway colonization without 
antifungal treatment group, P<0.05. **, comparison between Candida albicans airway colonization with or without antifungal treatment, 
P<0.05. HABP, hospital-acquired bacterial pneumonia; SLE, systemic lupus erythematosus.
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Table 3 Outcomes of SLE patients with HABP

Characteristics NCG (n=83) CTG (n=97) CNTG (n=89) P valuea P valueb

ICU stay during hospitalization, n (%) 6 (7.2) 7 (7.2) 7 (7.9) 0.982 0.912

Non-invasive mechanical ventilation, n (%) 12 (14.5) 16 (16.5) 14 (15.7) 0.931 0.954

Invasive mechanical ventilation, n (%) 6 (7.2) 6 (6.2) 5 (5.6) 0.908 0.883

28day mortality, n (%) 9 (10.8) 13 (13.4) 14 (15.7) 0.642 0.809

NCG, non-Candida albicans colonization group; CTG, Candida albicans colonization with antifungal treatment group; CNTG, Candida 
albicans colonization without antifungal treatment group; HABP, hospital-acquired bacterial pneumonia; ICU, intensive care unit; SLE, 
systemic lupus erythematosus. a, overall P is for comparison among non-Candida albicans airway colonization, Candida albicans airway 
colonization with antifungal treatment and Candida albicans airway colonization without antifungal treatment group; b, P is for comparison 
between Candida albicans airway colonization with or without antifungal treatment.

concentration of some inflammatory cytokines and immune 
parameters were affected by the bacterial and fungal 
symbiosis which showed the need for further concern.

Despite a high incidence of airway Candida spp . 
colonization is observed in ICHs, Candida pneumonia is still 
an extremely rare disease (2). Meersseman’s autopsy study 
has demonstrated that among the patients with pneumonia 
and Candida spp. airway colonization (77 cases), none of 
them was proved Candida pneumonia (15). However, 
Candida spp. colonization is no longer a bystander due to 
biofilm formation and its interplay with bacteria. What is 
more, whether Candida spp. airway colonization should be 
treated still a matter of fierce debate (16,17).

We report here that C. albicans airway colonization could 
promote MDR pathogen selection. In vitro studies, it has 

been showed that C. albicans forms biofilms easily on the 
surface of the airway or medical devices and these biofilms 
play a key role in antibiotic resistance. A substantial number 
of bacteria can form polymicrobial biofilms with C. albicans, 
and these biofilm embedded pathogens are likely to acquire 
one or more resistant phenotypes and develop antibiotic-
resistant patterns in this mixed culture environment (18,19).

Perez’s study has proved that the mucosal barrier is 
destroyed if the airway has been previously exposed to 
Candida spp. Thus, defences against P. aeruginosa are 
weakened while C. albicans impedes alveolar macrophage 
from producing reactive oxygen species (20). This 
phenomenon has also been confirmed in A. baumannii by 
Damien (4) which supplies a plausible of explanation that 
a higher proportion of A. baumannii and P. aeruginosa were 

Figure 6 Twenty-eight days of all-cause mortality after HABP onset of SLE patients. The dashed black line refers to 50% of survival (median 
survival reference line). (A) The percent of survival of non-Candida albicans airway colonization and Candida albicans airway colonization 
groups. (B) The percent of survival among non-Candida albicans airway colonization, Candida albicans airway colonization with antifungal 
treatment and Candida albicans airway colonization without antifungal treatment groups. HABP, hospital-acquired bacterial pneumonia; 
SLE, systemic lupus erythematosus.

30

Non-Candida albicans airway colonization group

Days

P
er

ce
nt

 s
ur

vi
va

l

0 5 10 15 20 25 30

100

75

50

25

0

Candida albicans airway colonization group

A

Days

P
er

ce
nt

 s
ur

vi
va

l

0 5 10 15 20 25

100

75

50

25

0

Non-Candida albicans airway colonization group

Candida albicans airway colonization without antifungal treatment group

Candida albicans airway colonization with antifungal treatment group

B

javascript:;


Annals of Translational Medicine, Vol 7, No 22 November 2019 Page 9 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(22):673 | http://dx.doi.org/10.21037/atm.2019.10.44

isolated in C. albicans airway colonization group in our study.
Clearance of pathogens is one of the key factors 

that determine the course of antibiotic treatment. As is 
known, biofilm formation allows bacteria to escape from 
antimicrobial and host immunity agents as well. In Miquel’s 
in vitro  study, a panel of various bacterial species were 
tested in the environment of C. albicans biofilms, and hyphal 
binding phenomenon was confirmed by confocal and 
electron microscopy (21). Among them, A. baumannii and P. 
aeruginosa were two pathogens that had a high association 
with hyphal. Just as a finely structured building, C. albicans 
serves as the underlying scaffolding and bacteria forms 
microcolonies on the surface of biofilm. Therefore, a longer 
duration of antibiotic treatment was found in those with 
C. albicans airway colonization than in NCG, especially in 
the treatment of A. baumannii and P. aeruginosa pneumonia 
in our study. Biofilms can be eliminated by antifungal 
treatment, and fungi-bacteria interaction is ended which 
shortens the duration of antibiotic therapy.

Although Candida spp. airway colonization seldom 
develops to Candida pneumonia, local inflammatory 
response does exist. Beta-glucan is one of the components 
in yeast cell wall which acts as a lung proinflammatory agent 
causing alveolar macrophage dysfunction (22). Furthermore, 
it could promote the production of lung inflammatory 
cytokines like TNF-α, INF-γ, IL-1β, and IL-6, while the 
systemic inflammatory response cytokines like CRP and 
PCT are not significantly affected (23). The variation 
tendency could be broken by antifungal therapy which was 
proved in our study, and it may have a good prospect. 

Biofilm formation can result in local immunity 
impairment. C. albicans drives the systemic expansion of 
fungal-specific Th17 CD4+ T cells and IL-17 responsiveness 
by circulating neutrophils, which synergistically protect 
against C. albicans invasive infection (24). Moreover, systemic 
Th17 inflammation driven by CD4+ T cells responsive to 
tonic stimulation by commensal C. albicans improves host 
defence against extracellular pathogens, but with potentially 
harmful immunological consequences (25). Thus, it was 
revealed in our study that the concentration of IL-17 in 
CNTG was the highest among the three groups while 
the counts of CD4+Th cells was the lowest. Antifungal 
treatment did change the immune  function, and early 
recovery of immune function could prevent superinfection. 

Our study proved that C. albicans airway colonization 
did not worsen the outcome of SLE patients with HABP. 
Neither the 28-day all-cause mortality nor the percentage 
of invasive mechanical ventilation was significantly affected 

regardless of pathogens. Furthermore, antifungal treatment 
also did not improve the outcome of SLE patients with C. 
albicans colonization which coincides with the earlier studies 
(7,8). It might show that less is more in treating critically 
ill patients. However, antifungal therapy did shorten the 
course of antibiotic treatment in some pathogens, and the 
antibiotic-related side effects could be minimized. Anyway, 
the long-term effect of antifungal therapy in patients with 
C. albicans airway colonization is another uncertainty that 
highlights the need for precision medicine. 

We were concerned about SLE patients with HABP and 
C. albicans airway colonization, with the aim of supplying a 
reference basis  for the assessment and treatment of the 
disease in the future. However, limitations still exist in the 
research. First, C. albicans is one of the most important 
species of Candida spp. and NAC species isolated from 
sputum samples were excluded in our study due to the 
limited sample size. Thus, only the interactions between 
C. albicans and distinct species of bacteria were analyzed. 
Whether the mechanisms  of  action are the same with 
NAC species needs further study. Second, the population 
of patients enrolled was low in our study, which limited 
the establishment of subgroups such as the daily dose 
corticosteroid therapy and different drugs prescribed in 
immunosuppressive therapy. A growing trend of mortality 
was indicated in the C. albicans colonization group than the 
non-colonization group although there was no statistical 
significance. This may be due to the small sample size and 
low statistical power of this study. Further multi-center 
study with large sample size is needed in the future.

Conclusions

C. albicans bronchial colonization in patients with SLE did 
not affect the mortality of HABP, although it could prolong 
the duration of antibiotic treatment in HABP coursed by 
A. baumannii, P. aeruginosa and other MDR pathogens and 
changed the concentration of some inflammation cytokines 
and immune parameters.
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