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Clinical outcomes of antifungal therapy on Candida pulmonary
colonization in immunocompetent patients with invasive ventilation: A
systematic review and meta-analysis

Keywords: Candida colonization, pulmonary, antifungal therapy, mechanical ventilation, meta-
analysis.

Abstract

Objective: This study aimed to use systematic review and meta-analysis to establish the
influence of antifungal therapy on pulmonary Candida colonization of patients with mechanical
ventilation.

Design: Systematic review and meta-analysis.

Data sources: An extensive search was undertaken on publications from inception to July 25,
2023, through PubMed, Web of Science, Medline, Embase, China National Knowledge
Infrastructure, Wanfang Data and VIP Databases.

Eligibility criteria for selecting studies: Randomized trials, cohort studies, and case-control
studies comparing the efficacy of antifungal treatment in immunocompetent patients with pulmonary
Candida colonization after invasive ventilation.

Data extraction and synthesis: Two reviewers independently extracted the data and assessed
the quality of studies. Dichotomous outcomes were expressed as odds ratios (OR) with 95%
confidence intervals (Cls). Continuous outcomes were expressed as standard mean differences
(SMD) with 95% Cls.

Primary and secondary outcome measures: The primary outcomes included ICU, hospital,
28-day, and 90-day mortality. The secondary outcomes included ICU length of stay, MV duration,
and VAP.

Results: Nine high-quality studies were included. According to the data collected from these
nine studies, there is no significant evidence showing a difference between the therapy group treated
with antifungal drugs and the control group without antifungal drugs in clinical outcomes, including
intensive care unit mortality (OR: 1.37; 95% CI, 0.84 to 2.22), hospital mortality (OR: 1.17; 95% CI,
0.57 to 2.38), 28-day mortality (OR; 0.71, 95% CI, 0.45 to 1.14), 90-day mortality (OR; 0.76, 95%
CI 0.35 to 1.63), intensive care unit length of stay (SMD: -0.15; 95% CI -0.88 to 0.59), mechanical
ventilation duration (SMD: 0.11; 95%CI -0.88 to 1.10), and ventilator-associated pneumonia (OR:
1.54; 95% CI 0.56 to 4.20). Subgroup analysis of different treatment types indicate that the combined
effect size is stable and unaffected by different treatment types including inhalation (OR: 2.32; 95%
CI 0.30 to 18.09) and intravenous (OR: 0.65; 95% CI 0.13 to 3.34).

Conclusion: The application of antifungal treatment did not improve clinical outcomes in
patients with mechanical ventilation. We do not suggest initiating antifungal treatment in patients
with Candida pulmonary colonization after invasive ventilation.
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34 Registration: This study was registered in the International Prospective Register of Systematic
35  Reviews, with the registration number CRD42020161138.

36  Strengths and limitations of this study: This meta-analysis has a number of outcome indicators to
37  evaluate the effect of antifungal treatment. Subgroup analysis was conducted based on the treatment
38  type which showed a stable result. However, in quoted and analyzed references, some studies

o 39 declared whether they included patients with pre-existing pneumonia, while others did not. Second,
10 40 some studies described the precise style, name, dose, and administration method of antifungal drugs,
11 41  while others did not. Third, it is important to encourage future research endeavors to enhance the
1242 quality of this meta-analysis. This can be achieved by incorporating an expanded array of studies,
1343 distinguished by a larger sample size, and meticulously defined inclusion and exclusion criteria.

oNOYTULT D WN =

44 1 Introduction

18 45  Candida frequently exists in the normal oral cavity, upper respiratory tract, lower-intestinal tract and
19 46  vagina(1). In tracheal aspirates from patients with mechanical ventilation (MV), 30% have Candida
20 47  isolation, and nearly 50% from patients suspected to have a ventilator-associated pneumonia

21 48  (VAP)(2). When respiratory Candida colonization is detected, it is difficult to differentiate between
22 49  relatively harmless colonization and invasive infection, and leads to a therapeutic dilemma(3).

50  Although few studies reported limited attributable ICU mortality of VAP, the death rate related to

25 51 VAP can not be denied according to the mojority of previous studies(4-7). The presence of Candida
26 52  inrespiratory samples is defined as Candida colonization instead of infection because the appearance
27 53  of Candida pneumonia is rare(8-10). For several years, arguments arose about whether Candida

28 54  colonization negatively affected or simply symbolized disease severity or immunosuppression in

29 55  critically ill patients(11-13). We found that the outcomes of antifungal treatment for Candida

30 56 colonization in pulmonary tract among different studies were controversial, as some studies found
57  that antifungal treatment is associated with lower mortality, some found that treatment made no

33 38  difference in mortality, while others found that it prolonged MVduration, intensive care unit (ICU)
34 59 length of stay, and hospital length of stay(8, 9, 14, 15). Therefore, we performed a systematic review
35 60 and meta-analysis to establish the influence of antifungal treatment on pulmonary Candida

36 61  colonization.
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37

33 62 2 Method

39

j? 63 2.1 Information sources and search strategy

fé 64  This study followed the Preferred Reporting Items for Systematic Review and Meta-Analysis criteria
4a 05  for systematic reviews and meta-analyzes. An extensive search was undertaken on publications from

45 06  inception to July 25, 2023, through PubMed, Web of Science, Medline, Embase, China National

46 67 Knowledge Infrastructure, Wanfang Data and VIP Databases. The searching syntax included the

47 68  following Medical Subject Headings (Mesh) and text words which are varied individually according
48 69 to different databases: ventilator-associated pneumonia, Candida. We used the following search
4270  strategies: (ventilator-associated pneumonia OR VAP OR pneumonia, ventilator-associated OR

71  ventilator-associated pneumonia OR ventilator-acquired pneumonia OR mechanical ventilation)

55 72 AND (Candida OR Candida spp OR Candida colonization OR Candida airway colonization). There
53 73  were no language restrictions on studies searching. The listed references of relevant studies were also
54 74  evaluated to enlarge the search scope and ensure a complete search.
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Selection process of the article was performed by two researchers (LL and SS) independently, the
titles and abstracts of the entries identified in the search were screened. Full text version of all articles
that potentially met the eligibility criteria to make a decision. Disagreements, if any, were resolved
through discussion with a third researcher (HX). Randomized trials, cohort studies, and case-control
studies were included. In the included studies, the patients were adults (>18 years old) who were
diagnosed with pulmonary Candida colonization after invasive ventilation. Pulmonary Candida
colonization was defined as the presence of Candida in bronchoalveolar lavage samples,
endotracheal aspiration samples, protected brush specimens, or any positive airway secretion
specimens.

2.3 Exclusion criteria

We excluded case reports and studies on pregnant, immunocompromised patients, or received
antifungal treatment for reasons other than Candida colonization. Patients with candidemia or
invasive candidiasis were also excluded, and the diagnostic criteria were positive results of direct
detection, in which blood or tissue specimens were cultured, or indirect detection, in which surrogate
markers and polymerase chain reaction assays were used(16).

2.4 Data collection

We screened titles and abstracts, reviewed the full text, and extracted data using an Excel sheet
(Microsoft Corporation). We primarily collected the characteristics of title, author, journal, year,
type, participants, inclusion or exclusion criteria, interventions, and clinical outcomes. Disagreements
were resolved by discussion with a third reviewer if necessary.

2.5 Quality assessment

We used the Cochrane risk assessment tool to measure the risk of randomized controlled trials and
the Newcastle-Ottawa Scale to measure the quality of cohort and case-control studies. Studies that
scored at least six points were regarded as high-quality and included.

2.6 Statistical analysis

Dichotomous outcomes such as VAP, ICU mortality, hospital mortality, 28-day mortality, and 90-
day mortality, were expressed as odds ratios (OR) with 95% confidence intervals (Cls). Continuous
outcomes (ICU length of stay and MV duration) were expressed as standard mean differences with
95% Cls. We analyzed the data using the Inverse-Variance method with the fixed-effect model if
there was no obvious heterogeneity (P>0.1), or else random-effect model if the heterogeneity was
significant (P<0.1). Moreover, heterogeneity was quantified using the I test. The interpretation of
was guided by the Cochrane Handbook for Systematic Reviews of interventions (Version 5.2.0,
updated June 2017). I range from 0 % to 40% indicates that the heterogeneity might not be
important; I° range from 30 % to 60 % may represent moderate heterogeneity; I° range from 50 % to
90 % may represent substantial heterogeneity; I° range from 75 % to 100 % indicates considerable
heterogeneity. Publication bias was not assessed since there were less than 10 studies in this meta-
analysis.

3 Results

3.1 Study selection
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1

2 115 Intotal, 2947 records were identified. With 1246 duplicates removed and 1670 irrelevant records

3 116  excluded, we assessed 31 studies for eligibility, of which 9 were included. 22 studies should not be
4 117  included because of the lack of antifungal treatment, lack of supporting experimental data, lack of
e 118 detection of pulmonary secretion, and occurrence in a special population (Figure 1). All patients

2 119 received MV, had at least one positive culture of Candida in the pulmonary tract, and received

g 120 different antifungal treatments.

9

10 121 Figure 1 Flowchart of studies identified, excluded, and included

12 122 3.2 Study characteristics and quality assessment

14 123  Of'the nine articles included in the study, seven were retrospective cohort studies, one case-control

15 124  study, and one randomized clinical trial. Two studies were conducted in North America, five in
16125 Europe, and two in Asia, giving the studies a wide geographical coverage. Other characteristics of the
126  included studies are summarized in Supplemental Table 1, including years of accuracy, location,

19 127  study style, population, number of patients, outcomes, Candida colonization and antifungal

20 128  treatment. The columns of the quality assessment list and their corresponding points are listed in

21 129  Supplemental Table 2. All included studies were assessed to be of high quality.

23 130 3.3 Effect of antifungal therapy on pulmonary Candida colonization patients’ mortality

25 131  Three studies, including loannou 2021(2), Ong 2013(17), and Nseir 2007(18) reported ICU mortality.
26 132 We found no significant difference between the therapy and control groups (OR: 1.37, 95% CI, 0.84
27133 1o 2.22). Six studies, including Du 2021(3), loannou 2021, Zhang 2017(19), Griffin 2016(20), Lindau
29 134 2015(21), and Albert 2014(22) reported hospital mortality. The pooled results showed no significant
30 135  difference between the therapy and control groups (OR: 1.17, 95% CI, 0.57 to 2.38). Four studies,

31 136  including Du 2021, Zhang 2017, VanDerGeest 2014(23), and Albert 2014, reported 28-day mortality.
32 137  The results showed no significant difference between the therapy and control groups (OR: 0.71, 95%
33 138 (I, 0.45 to 1.14). Three studies, Du 2021, VanDerGeest 2014, and Albert 2014, reported 90-day

34 139 mortality. The results showed no significant difference between the therapy and control groups (OR:
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22 140  0.76, 95% CI, 0.35 to 1.63). No indicator showed statistical significance with respect to mortality.

37 141 (Figure 2)

38

39 142 Figure 2 (A) Forest plot for ICU mortality; (B) Forest plot for hospital mortality; (C) Forest plot for
40 143 28-day mortality; (D) Forest plot for 90-day mortality

41

42 144 3.4 Effect of antifungal therapy on pulmonary Candida colonization patients’ ICU length of
ji 145 stay

45 146  Four studies, including Zhang 2017, Griffin2016, Ong 2013, and Nseir 2007, reported ICU length of
46 147 stay. The results indicated non-significant results for ICU length of stay among patients receiving
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j; 148  antifungal treatment (SMD: -0.15, 95% CI, -0.88 to 0.59), as shown in Figure 3.
49

50 149 Figure 3 Forest plot for ICU length of stay

51

52 150 3.5 Effect of antifungal therapy on pulmonary Candida colonization patients’ MV duration

54 151  Three studies, including Zhang 2017, Griffin 2016, and Nseir 2007, reported the duration of MV. We
55 152  did not identify a significant difference between the therapy and control groups regarding MV
56 153  duration (SMD: 0.11, 95%ClI, -0.88 to 1.10), as shown in Figure 4.
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Figure 4 Forest plot for MV duration

3.6 Effect of antifungal therapy on VAP

Six studies, including Du 2021, Zhang 2017, Griffin 2016, Lindau 2015, VanDerGeest 2014, and
Ong 2013, reported VAP. No significant difference was found between therapy and control groups
(OR: 1.54, 95% CI, 0.56 to 4.20), as shown in Figure 5.

Figure 5 Forest plot for VAP

3.7 Subgroup analysis

We conducted a subgroup analysis based on effect of antifungal therapy on VAP of the included
studies. The result of the subgroup analysis indicate that the combined effect size is stable and
unaffected by different treatment types. As shown in Supplemental Figure 1.

Supplemental Figure 1 Forest plot for subgroup analysis of different treatment types

3.8 Sensitivity analysis and publication bias

A sensitivity analysis was performed by sequentially excluding one study at a time. This exclusion
did not significantly impact the results, with the pooled OR ranging from 1.00 (0.51-1.96) to 2.07
(0.74-5.78) (Supplemental Figure 2). Because only 9 related studies were included in this report,
approaches for detecting publication bias would have exhibited limited efficacy. Consequently, the
evaluation of publication bias was not conducted.

Supplemental Figure 2 Sensitivity analysis for VAP

4 Discussion

In this study, we observed that antifungal therapy administered to mechanically ventilated patients
with Candida colonization did not show a significant impact on patient outcomes, which were
measured by indicators including mortality, hospital length of stay, ICU length of stay, mechanical
ventilation duration, and incidence of VAP, and the result is stable when taking different treatment
types into consideration. A study by Du declared that antifungal treatment was associated with a
reduced risk of VAP, while an autopsy study involving 232 samples showed that although Candida is
a common pathogen, the incidence of Candida pneumonia in ICU patients is extremely low(3, 9).
Inconsistent with the results of the previous studies, a meta-analysis found that Candida pulmonary
colonization probably had poorer clinical outcomes owing to longer mechanical ventilation duration,
higher 28-day mortality, higher ICU mortality, and longer ICU length of stay(24). Furthermore, a
study by Ioannou found that about half of the patients with Candida spp. isolation from their
respiratory secretions were treated with antifungals. Considering the factor that patients under more
critical condition could be treated with antifungals more often, a multivariate regression analysis was
conducted identifying antifungal use as an independent factor associated with total hospital
mortality(2). Without listing the specific articles for verification, the guideline strongly recommends
that Candida colonization rarely requires treatment with antifungal therapy(25). Our study, may help
to provide more information on this problem: whether Candida pulmonary colonization simply
symbolizes the severity of diseases or actually have influence on outcomes(26, 27).

Candida colonization in the respiratory tract is related to higher inflammation and may accelerate the
disease process(28, 29). A few studies used inhalation of antifungal drugs as therapy, which didn’t
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1

2 193  show significant influence on patients’ outcome. This may lead to direct inhibition or damage of the
3194  alveolar-capillary membrane, resulting in an influx of surfactant-inactivating plasma proteins(17, 23).
4195  After Candida colonization, current increases in antifungal drug resistance in Candida spp. and

Z 196  clinical treatment failures are of concern(30). Previous history of antifungal prescription influences

7 197 Candida species distribution and susceptibility profile to antifungal agents(31). Inadequate dose and
g8 198  treatment failure may contribute to high mortality(32).

9

10 199  Considering the various conditions, we thought that various factors cause poor clinical outcomes:

11 200 antifungal treatment may have more harm than benefit in clinically ill patients. Different antifungal
12201  drugs can have varying sensitivities or resistances as well as potential toxicity or adverse effects.
13202 Inadequate dosing of antifungal drugs may also be a contributing factor. In short, further studies

15 203 should be conducted to verify their influence. Considering retrospective and current studies can only
16 204  provide hypotheses to prove the existence of a correlation, a prospective randomized controlled trial
17 205 may be a more appropriate solution to explore the effect of antifungal treatment on patients with

18 206  respiratory Candida colonization in combination with mechanical ventilation.

20 207  Based on the findings of this meta-analysis, the use of antifungal medication on mechanical-

21 208  ventilated patients with respiratory Candida colonization does not appear to improve patients’

209  clinical outcomes. No significant differences were observed in ICU mortality, hospital mortality, 28-
>4 210 day mortality, 90-day mortality, ICU length of stay, MV duration, and VAP associated with different
25 211  treatment regimens. Further analysis of subgroups based on different treatment types confirmed these
26 212 conclusions. Therefore, the use of antifungal medication is not recommended for the decolonization
27 213  of mechanical-ventilated patients with respiratory Candida colonization.

29 214 5§ Author Contributions
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* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg

gg 216  data analysis and manuscript writing.
34

35 217 6 Conflict of Interest

36

37 218  The authors declare that the research was conducted in the absence of any commercial or financial
38 219  relationships that could be construed as a potential conflict of interest.

40 220 7 Patient and public involvement

42 9221  Patients and/or the public were not involved in the design, or conduct, or reporting, or dissemination
43 222 plans of this research.

46 223 8 Patient consent for publication

48 224  Not applicable.

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

50 225 9 Ethics approval
52 226  Not applicable.
54 227 10 Data Availability Statement

>6 228  The raw data of this study can be obtained from corresponding author under reasonable request.

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

229

230
231

232
233
234

235
236
237

238
239
240

241
242
243

244
245
246
247

248
249
250

251
252
253

254
255
256

257
258
259

260
261
262

263
264
265

266
267
268

BMJ Open

11  Reference

1. Pendleton KM, Huffnagle GB, Dickson RP. The significance of Candida in the human
respiratory tract: our evolving understanding. Pathog Dis. 2017;75(3).

2. Ioannou P, Vouidaski A, Spernovasilis N, Alexopoulou C, Papazachariou A, Paraschou E, et
al. Candida spp. isolation from critically ill patients' respiratory tract. Does antifungal treatment
affect survival? Germs. 2021;11(4):536-43.

3. DuH, Wei L, Li W, Huang B, Liu Y, Ye X, et al. Effect of Nebulized Amphotericin B in
Critically ill Patients With Respiratory Candida spp. De-colonization: A Retrospective Analysis.
Front Med (Lausanne). 2021;8:723904.

4. Tehrani S, Saffarfar V, Hashemi A, Abolghasemi S. A Survey of Genotype and Resistance
Patterns of Ventilator-Associated Pneumonia Organisms in ICU Patients. Tanaffos. 2019;18(3):215-
22.

5. Farag AM, Tawfick MM, Abozeed MY, Shaban EA, Abo-Shadi MA. Microbiological profile
of ventilator-associated pneumonia among intensive care unit patients in tertiary Egyptian hospitals. J
Infect Dev Ctries. 2020;14(2):153-61.

6. Babaei S, Pourabdollah M, Aslanimehr M, Nikkhahi F, Mahmoodian S, Hasani Y, et al.
Frequency of Multi-Drug Resistance and Molecular Characteristics of Resistance to Colistin in

Acinetobacter baumannii Collected from Patients in Intensive Care Units with Ventilator-Associated
Pneumonia. Tanaffos. 2021;20(4):345-52.

7. Bekaert M, Timsit JF, Vansteelandt S, Depuydt P, Vesin A, Garrouste-Orgeas M, et al.
Attributable mortality of ventilator-associated pneumonia: a reappraisal using causal analysis. Am J
Respir Crit Care Med. 2011;184(10):1133-9.

8. Hamet M, Pavon A, Dalle F, Pechinot A, Prin S, Quenot JP, et al. Candida spp. airway
colonization could promote antibiotic-resistant bacteria selection in patients with suspected
ventilator-associated pneumonia. Intensive Care Med. 2012;38(8):1272-9.

9. Meersseman W, Lagrou K, Spriet [, Maertens J, Verbeken E, Peetermans WE, et al.
Significance of the isolation of Candida species from airway samples in critically ill patients: a
prospective, autopsy study. Intensive Care Med. 2009;35(9):1526-31.

10. LaY, Kwon DE, Jeon S, Lee S, Lee KH, Han SH, et al. Clinical Implication of Candida
Score in Multidrug-Resistant Pneumonia with Airway Candida Colonization. Infect Chemother.
2022;54(2):287-97.

11. Azoulay E, Timsit JF, Tafflet M, de Lassence A, Darmon M, Zahar JR, et al. Candida
colonization of the respiratory tract and subsequent pseudomonas ventilator-associated pneumonia.
Chest. 2006;129(1):110-7.

12. Delisle MS, Williamson DR, Perreault MM, Albert M, Jiang X, Heyland DK. The clinical
significance of Candida colonization of respiratory tract secretions in critically ill patients. J Crit
Care. 2008;23(1):11-7.

13. Williamson DR, Albert M, Perreault MM, Delisle MS, Muscedere J, Rotstein C, et al. The
relationship between Candida species cultured from the respiratory tract and systemic inflammation
in critically ill patients with ventilator-associated pneumonia. Can J Anaesth. 2011;58(3):275-84.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 20

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg


http://bmjopen.bmj.com/

Page 9 of 20 BMJ Open

1

2 269 14. Terraneo S, Ferrer M, Martin-Loeches I, Esperatti M, Di Pasquale M, Giunta V, et al. Impact
3 270 of Candida spp. isolation in the respiratory tract in patients with intensive care unit-acquired

g 271  pneumonia. Clin Microbiol Infect. 2016;22(1):94 el- e8.

6 272 15. Rouze A, Loridant S, Poissy J, Dervaux B, Sendid B, Cornu M, et al. Biomarker-based
7273  strategy for early discontinuation of empirical antifungal treatment in critically ill patients: a

g 274  randomized controlled trial. Intensive Care Med. 2017;43(11):1668-77.

10 275 16. Kullberg BJ, Arendrup MC. Invasive Candidiasis. N Engl J Med. 2015;373(15):1445-56.

12 276 17. Ong DS, Klein Klouwenberg PM, Spitoni C, Bonten MJ, Cremer OL. Nebulised
13 277  amphotericin B to eradicate Candida colonisation from the respiratory tract in critically ill patients
14 278  receiving selective digestive decontamination: a cohort study. Crit Care. 2013;17(5):R233.

279  18. Nseir S, Jozefowicz E, Cavestri B, Sendid B, Di Pompeo C, Dewavrin F, et al. Impact of
17 280  antifungal treatment on Candida-Pseudomonas interaction: a preliminary retrospective case-control
18 281  study. Intensive Care Med. 2007;33(1):137-42.

282 19. GZ,BFB,HLZ, W S, S WY. [Impact of antifungal therapy in mechanically ventilated
51 283 patients with Candida spp. colonization in lower respiratory tract]. Zhonghua yi xue za zhi.
22 284  2017;97(28).

285  20. Griffin M, Kosmisky DE, Templin MA, Huynh T, McCurdy LH, 3rd, Pasquale TR, et al.
o5 286 Antifungal use in immunocompetent, critically ill patients with pneumonia does not improve clinical
26 287  outcomes. Heart Lung. 2016;45(6):538-43.

27988 21. Lindau S, Nadermann M, Ackermann H, Bingold TM, Stephan C, Kempf VA, et al.
29 289  Antifungal therapy in patients with pulmonary Candida spp. colonization may have no beneficial
30 290 effects. J Intensive Care. 2015;3(1):31.

31 9291 22, Albert M, Williamson D, Muscedere J, Lauzier F, Rotstein C, Kanji S, et al. Candida in the
292  respiratory tract secretions of critically ill patients and the impact of antifungal treatment: a

34 293  randomized placebo controlled pilot trial (CANTREAT study). Intensive Care Med.

35 294 2014;40(9):1313-22.

295  23. van der Geest PJ, Dieters EI, Rijnders B, Groeneveld JA. Safety and efficacy of
3g 296  amphotericin-B deoxycholate inhalation in critically ill patients with respiratory Candida spp.
39 297  colonization: a retrospective analysis. BMC Infect Dis. 2014;14:575.

40 9798 24, Huang D, Qi M, Hu Y, Yu M, Liang Z. The impact of Candida spp airway colonization on
4> 299  clinical outcomes in patients with ventilator-associated pneumonia: A systematic review and meta-
43 300  analysis. Am J Infect Control. 2020;48(6):695-701.

44 301 25 Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Zeichner L, et al.
302  Clinical Practice Guideline for the Management of Candidiasis: 2016 Update by the Infectious
47 303 Diseases Society of America. Clin Infect Dis. 2016;62(4):e1-50.

48 304  26. Cornely OA, Bassetti M, Calandra T, Garbino J, Kullberg BJ, Lortholary O, et al. ESCMID*
305  guideline for the diagnosis and management of Candida diseases 2012: non-neutropenic adult
57 306  patients. Clin Microbiol Infect. 2012;18 Suppl 7:19-37.

52307  27. Xu WM, Shui W, Lin JC, Lin ZQ, Li M, Xing YL, et al. The serum glucan level and
3308 pathological changes of antifungal treatment for lower respiratory tract infection of Candida albicans.
309 Med Mycol. 2015;53(2):153-9.

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

310
311
312

313
314

315
316
317

318
319
320

321
322
323

324

BMJ Open

28. Yeter HH, Erten Y, Sevmez H, Korucu B, Kalkanci A, Elbeg S, et al. Oral Candida
Colonization as a Risk Factor for Chronic Inflammation and Atherosclerosis in Hemodialysis
Patients. Ther Apher Dial. 2019;23(6):542-9.

29.  Patel M. Oral Cavity and Candida albicans: Colonisation to the Development of Infection.
Pathogens. 2022;11(3).

30. Bailly S, Maubon D, Fournier P, Pelloux H, Schwebel C, Chapuis C, et al. Impact of
antifungal prescription on relative distribution and susceptibility of Candida spp. - Trends over 10
years. J Infect. 2016;72(1):103-11.

31. Hrabovsky V, Takacova V, Schreterova E, Pastvova L, Hrabovska Z, Curova K, et al.
Distribution and antifungal susceptibility of yeasts isolates from intensive care unit patients. Folia
Microbiol (Praha). 2017;62(6):525-30.

32. de Cassia Orlandi Sardi J, Silva DR, Soares Mendes-Giannini MJ, Rosalen PL. Candida auris:

Epidemiology, risk factors, virulence, resistance, and therapeutic options. Microb Pathog.
2018;125:116-21.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 20

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg


http://bmjopen.bmj.com/

Page 11 of 20

oNOYTULT D WN =

Identification

Screening

Included

BMJ Open

Identification of studies via databases and registers

Records identified from Pubmed
(n=491), Web of Science
(n=776), Medline (n=1599),
Embase (n=40), China National

Knowledge Infrastructure (n=43),

Wanfang Data (n=56) and VIP
Database (n=11). (N =3016)

Records screened
(n =1701)

Records removed before
screening:
Duplicate records removed.
(n=1315)

v

Reports assessed for eligibility
(n=31)

[

Studies included in review
(n=9)

A 4

Records excluded by reading
abstracts and titles.
(n =1670)

Reports excluded:
No antifungal treatment
(n=17)
Special population (n =2)
Duplication (n =1)
Lack of data (n=2)

Figure 1 Flowchart of studies identified, excluded, and included

163x169mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Study %

D OR (85% CI) Weight
Loannou 2021 e 150(0.55,4.12) 2318
Ong 2013 —_— 083 (0.40,1.75)  42.89
Nseir 2007 ——————239(1.04,552 3384

Overall (I-squared = 42.7%, p = 0.175) <®

T
181 1

137(084,222) 10000

(@]

Study %

D OR(95%Cl)  Weight

Du 2024 e 0.48(0.18, 1.20) 26.06

Zhang 2017 _— 0.95(0.41, 2.19) 3167
2014 0.55(0.23, 1.33) 2876

Albert 2014 _— 1.40(0.38, 5.03) 1351

Overal (I-squared = 0.0%, p = 0.463) C>

0.71(0.45, 1.14) 100.00

(B)

Study

Du 2021
Loannou 2021 —_—
Zhang 2017

Griffin 2016

Lindau 2015 e

Albert 2014 .
Overall (I-squared = 74.4%, p = 0.002) <>

NOTE: Weights are from random effects analysis

%

OR (95% CI) Weight

0.22{C.08, 0.66) 15.25
3,94 {155, 10.00) 15.78
1,01(0.44,2.28) 17.94
0.90(0.20, 2.74) 14.84
205{127,3.30) 21.26
1.7200.33,3.83) 13.83

1.4710.57, 2.38) 100.00

0757 1 132

(D)

Study

D

Du 2021
VanDerGeest 2014

Albert 2014
Overall (I-squared = 54.8%, p = 0.110) O

NOTE: Weights are from random effects analysis

%

OR(85%CI)  Weight

0.40 (0.18, 0.91) 36.20

0.77 (0.36, 1.64) 38.46

1.83 (0.57, 5.90) 25.34

0.76 (0.35, 1.63) 100.00

Figure 2 (A) Forest plot for ICU mortality; (B) Forest plot for hospital mortality; (C) Forest plot for 28-day

A7 1

mortality; (D) Forest plot for 90-day mortality

569x373mm (96 x 96 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 20

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg


http://bmjopen.bmj.com/

Page 13 of 20 BMJ Open

w
<
(&
‘ 9
2 2
3 —
4 2
> 2
6 =2
7 )
8 g
9 Study % %
10 D SMD (95% CI) Weight Y S
12 % 8
13 : o ©
14 Zhang 2017 —_— E .03 (-1.44, 061) 2488 g %
15 i g B
Griffin 2016 —_— 0.09 (0.39, 0.57) 24.25 S 3
17 : a
Ong 2013 —_— 0.45 (0.73, 0.16) 26.02 > N
18 i -5
19 Nseir 2007 : —_— 0.83 (0.40, 1.25) 2484 a §
20 . c B
—928% o= : 015 (0.83 0. ! =
21 Overall (-squared = 92 8%, p = 0.000) <:> 0.15 (-0.88, 0.59) 100.00 E o
22 ' - N
: o N
23 NOTE: Weights are from random effects analysis i é m 9
24 T * T g 3 o
25 144 0 144 3 "_D.g
26 228
27 g3k
28 Figure 3 Forest plot for ICU length of stay 52 o
-]
gg 386x251mm (72 x 72 DPI) 2=
290
31 S5 3.9
O pS
32 oS g
33 5%3
34 EEE
ER2E=s
36 &- s
38 g o
S
39 5 3
40 e =
41 ﬂa’ 3
42 o O
43 3 32
44 5 S
45 g c
46 > 3
47 o X
48 8 O
o o5
49 2y
50 g
51 o
52 =
53 w
54 =
55 G_C’:‘
56 5
57 =3
58 _(gD
59 o
)

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

Study

Zhang 2017

Griffin 2016

Nseir 2007

Overall {l-squared = 93.6%, p = 0.000)

NOTE: Weights are from random effects analysis

BMJ Open

'
e

SMD (95% CI)

-081(-122,-0.40)

034 (-014, 082)

7
i
| —~H 0.81(0.39, 1.23)
i

<> 0.11(-0.88, 1.10)

Weight

3362

3287

33.50

100.00

T
-1.23

Figure 4 Forest plot for MV duration

394x251mm (72 x 72 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 20

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg


http://bmjopen.bmj.com/

Page 15 of 20 BMJ Open

vs)
: s
@]
2 2
3 o
4 @
5 -
c
6 =2
=
! 2
8
Study % e
9 7]
10 D OR (95% Cl) Weight o) S
1 S B
12 ‘ S
[ (D —
13 Du 2021 _— 0.63 (0.21, 1.90) 16.17 a ©
\ o §
14 ‘ < o
15 Zhang 2017 — 0.26 (0.07, 1.05) 14.52 3 S
; S 7
16 Griffin 2016 —_—— 1.40 (0.52, 3.76) 16.84 < N
17 3 a
18 Lindau 2015 —_— 2.33 (1.22, 4.48) 18.55 = -
! - o
‘ = @
1 9 VanDerGeest 2014 —"—: 0.92 (0.43, 2.00) 17.99 g %
20 ; c B
Ong 2013 ! ———— 23.01(7.30,72.53) 15.94 9' @
21 ! E °
22 Overall (I-squared = 85.0%, p = 0.000) <:> 1.54 (0.56, 4.20) 100.00 § B
23 : Sm S
24 NOTE: Weights are from random effects analysis : g > 8
25 : 3.6
T T =0 o
26 0138 1 725 @ ;
=33
27 Q'cBD §
28 . 33U
29 Figure 5 Forest plot for VAP T m%
30 xX£ES
 —
31 272x186mm (300 x 300 DPI) 229
g
32 ac®
33 553
34 EEE
35 g@ g
36 Q- E
37 z g
38 = 3
®» O
ke
39 2 9
> S
40 e =
41 g 3
a
42 4 8
43 3 2
= o
44 Q5
45 g c
S
46 T o
3 ~
47 o
o N
48 Q 9o
49 g o
. Q
50 ;
51 e
52 5
53 ul
54 =)
55 S
56 g
57 =
o
58 c
59 o
)

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

Study

Inhalation

Du 2021
VanDerGeest 2014
Ong 2013

Subtotal (l-squared = 92.1%, p = 0.000)

Intravenous
Zhang 2017
Griffin 2016

Subtotal (l-squared = 72.9%, p = 0.055)

Overall (l-squared = 87_.3%, p = 0.000)

NOTE: Weights are from random effects analysis

BMJ Open

OR (95% Cly

063 (0.21,1.90)

0.92 (0.43, 2.00)

————— 2301 (730, 7253)

232 (0.30, 18.09)

0.26 (0.07, 1.05)
1.40 (0.52, 3.76)

065 (0.13, 3.34)

1.39 (0.37, 5.20)

%

Weight

19.91
2147
19.71

61.09

18.42
20.50

3891

100.00

T
0138

343x251mm (72 x 72 DPI)

725

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 20

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg


http://bmjopen.bmj.com/

Page 17 of 20

oNOYTULT D WN =

BMJ Open

Meta-analysis estimates, given named study is omitted
| Lower CI Limit © Estimate | Upper CI Limit

Du 2021 | o

Zhang 2017 e D

Griffin 2016 | | e

Lindau 2015 | O

VanDerGeest 2014 o}

Ong 2013 | |

o}

0.37 0.56 1.54 4.20 5.94

296x209mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

(@] W
— (o2}
BMJ Open 2 g Page 18 of 20
< 5
(@]
g 3
< N
= O
a N
=z &
Supplemental Table 1. Characteristics of included studies = %
= 2
o [¢¢]
Number . 5 o
Years of Country Study style Population of Outcome Type_ of Candida an.dl% Antifungal treatment
accrual . isolated col@izakon
patients =0
o mo
530
hospital 3 D0
mortality; ICU Candida at @a‘g Be
Griffin 2016 2011-2014 USA retrospective Adults 75 length of gtay; albzca'ns; brondha@Rolar Intravenops ﬂucqnazole/
(20) cohort MYV duration; Candida Py 6) Echinocandin
VAP (after tropicalis ‘i‘@ o
treatment) % o §
o =
5289
. O opS
hospital at leastne @acheal
Lindau 2015 retrospective mortality; VAP . aspH: $40r .
Q1) 2010-2012 Germany cohort Adults 322 (after not described bron E olar not described
treatment) lawdl &)
2. &
28-da , > 5
ctall ?,90 Candida cultures of Bhroat,
VanDerGeest retrospective mortality; o albicans; trachegl asfrates Amphotericin-B
2014 (23) 2010-2011 Netherland cohort Adults 113 day /inorta;hty; Candida non- or brorghoaBreolar deoxycholate inhalation
VAP (after albicans lavaft (+§> 2
treatment) 2 =
>
. S 3
hospital = g
Albert 2014 mortality; 28- bro?;ﬂgoa;molar Intravenous
2010-2012 Canada RCT Adults 89-60 day mortality; not described gage ot anidulafungin/
(22) endracReal
90-day aspate ) Fluconazole
mortality S
Q
@
@
ICU mortality;
Nseir 2007 5304 2005 France nested case- Adults 102 ICUlength of - P. aeruginosa; . . bronhial(+) Fluconazole
(18) control stay; MV Candida spp.
duration;

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

| 8p anbiydeiborqig 8auaby 1e GzZ0


http://bmjopen.bmj.com/

(@] W
— (o2}
Page 19 of 20 BMJ Open 2 S
ST
S 3
o .
1 2 I Supplementary Material
3 hospital - g
4 mortality; 28- a 8
5 Adults day mortality; Candida S &
6 Zhang 2017 } . retrospective ICU length of albicans; cultE'reHg in Intravenous fluconazole/
7 (19) 2012-2016 China cohort APAS;I Bl 101 stay; MV Candida respifdtoryract Caspofungin
8 duration; VAP tropicalis <) 8
9 t (ifter t E rjn%
10 reatment) 2 2%
ot
11 LRI
12 ICU mortality; % 2 Q
13 retrospective ICU length of brondr E;lt’%olar Nebulised amphotericin-B
Ong 2013 (17) 2008-2012 Netherland p Adults 333 stay; VAP not described lavag:ooasgltum . P!
14 cohort (after sampE % 9 inhalation
15 treatment) 223
16 5SS
17 o2q
. = Q
18 Ioannou 2021 retrospective ICU mortality; aCI‘Z"ZCCZZZ ; tracsh %1/g§&£ate’
19 2014-2016 Greece P Adults 90 hospital reans, P , ,
) cohort lity: Candida bron 05}\5301% Fluconazole/ Micafungin /
20 mortality; icali lamoeE . .
py tropicalis agglg’é(c) Anidulafungin
> t
22 = g
23 hospital g 'g-
lity; 28- 2 3
§§ crg;ﬂri:rty;mi- Candida broneRoal ol
. ; . . ronéRoalyggolar . .
2% Du2021(3)  2012-2020 China retrospective Adults 110 90-day albicans; lavag@or sgutum T\ eoulised amphotericin-B
cohort . Candida non- - inhalation
27 mortality; VAP sampfes (‘Q =2
%8 @ fte’r albicans % 3
29 treatment) ngI =
30 g &
31 S 3
32 3
33 e 8
34 2 O
S
35 z
>
36 <
37 3
)
38 w
39 s
40 Q
41 )
S
42 =
a
43 c
44 2 2
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml ®
46


http://bmjopen.bmj.com/

oNOYTULT D WN =

S o
BMJ Open 8 g Page 20 of 20
-
g 2
< N
S 9
«Q N
=z &
Supplemental Table 2. Quality assessment of included studies = §
5 (@]
Cohort study (Newcastle-Ottawa scale) é 2
o N
S mo
Selection Outcome & § s
&2
&= ompara
o @ 8 . TOtal
Study . Selection of . outcome Follow- E% bility of score
Representativeness Ascertainment Assessment of © 2 cohorts
of exposed cohort tiggsny of exposure of outcome .8 oy
exposed cohort interest duration ;ﬁ)ozc
@
S =, 2
oS8
Q
VanDerGees N
£2014(23) ! ! ! ! ! I 313 2 9
==y
S
Q- 7T
. > 3
Griffin 2016 1 1 1 1 1 0o = 3 2 7
(20) p o
> ©
2 3
- o
. 3
Lindau 2015 5 2
1 1 1 1 1 0 2 9 2 7
2
3 S
— (]
Zhang 2017 @ <
1 1 1 1 1 0 > a3 2 7
(15) 2 3
o N
e 9
D
Ong 2013 1 1 1 1 1 0 ! g 2 7
17 2
S
@
Toannou ©
1 1 1 1 1 1 = 2 9
2021(2) 5
«Q
g
=.
Q0
c
(0]
&

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

(@] W
— (o2}
Page 21 of 20 BMJ Open g g
S 35
s 3
@] .
1 2 % Supplementary Material
2 @
3 Z %
- o
4 Du 2021 (3) 1 1 1 1 1 1 g § 1 2 9
5 S &
6 5 9
; Case-control study (Newcastle-Ottawa scale) (?; N
= O
9 203
10 Selection Exposure = © @
11 og Compara
12 Study 52 N bility of  Total
~
13 . .. . O Cases and  score
ot Case Definition Representativeness Selection of  Definition Ascertainment of Ngrﬁlgesponse Controls
Controls  of Controls Exposure 2 &ate
15 o }3 o
16 25 §
17 : ac g
18 Nseir 2007 1 1 1 1 1 %f; = 2 8
(18) 3
19 EEE
>
20 5 L =
21 . . . e- 2
2 Randomized controlled trial (The Cochrane risk assessment tool) > 3
= 3
23 S
24 . . 2 3
25 Stud Random sequence Blindin Allocation Incomplete outcome  Selective oui@or@ Other bias Total
2% Y generation g concealment data reporting 3 score
27 2 o
28 3 32
29 Albert (22) 1 1 1 1 1 § 8 1 6
30 z &
31 S 3
32 3
33 ‘g- §
34 g 9
S
35 Z
36 G
=]
8 :
©
39 =
40 Q
41 )
©
42 =
- 5 2
o
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml ®
46


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Clinical outcomes of antifungal therapy on Candida
pulmonary colonization in immunocompetent patients with
invasive ventilation: A systematic review and meta-analysis

Journal: | BMJ Open

Manuscript ID | bmjopen-2024-083918.R1

Article Type: | Original research

Date Submitted by the

Author: | 26-Aug-2024

Complete List of Authors: | Li, Lingi; University of South China, The Affiliated Changsha Central
Hospital; University of South China, School of Public Health

Su, Shan; Zhaoging First People's Hospital, Department of Respiratory
and Critical Care Medicine

Yang, Hongzhong ; University of South China, Department of Respiratory
and Critical Care Medicine,The Affiliated Changsha Central Hospital

Xie, He-Bin; University of South China, The Affiliated Changsha Central
Hospital; University of South China, School of Public Health

<b>Primary Subject

Heading</b>: Intensive care

Secondary Subject Heading: | Evidence based practice

Meta-Analysis, Adult intensive & critical care < INTENSIVE & CRITICAL

Keywords: CARE, Pulmonary Disease < Lung Diseases

* (s3gv) Jnauadns juswaublasug

o

¢ \RONE™

Manuscripts

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold
| ap anbiydeibol|gig asusaby 1e g0z ‘2 dunc uo /wod fwg uadolway/:diy woiy papeojumod 20z 1900120 2Z Uo 8T6£80-720z-uadolwa/9eTT 0T Se paysiignd 1suy :uado rINg

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 1 of 26

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inalladns juswaublosug

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

N —

11
12
13

14
15
16
17

18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33

BMJ Open

Clinical outcomes of antifungal therapy on Candida pulmonary
colonization in immunocompetent patients with invasive ventilation: A
systematic review and meta-analysis

Keywords: Candida colonization, pulmonary, antifungal therapy, mechanical ventilation, meta-
analysis.

Abstract

Objective: This study aimed to use systematic review and meta-analysis to establish the
influence of antifungal therapy on pulmonary Candida colonization of patients with mechanical
ventilation.

Design: Systematic review and meta-analysis.

Data sources: An extensive search was undertaken on publications from inception to July 25,
2023, through PubMed, Web of Science, Medline, Embase, China National Knowledge
Infrastructure, Wanfang Data and VIP Databases.

Eligibility criteria for selecting studies: Randomized trials, cohort studies, and case-control
studies comparing the efficacy of antifungal treatment in immunocompetent patients with pulmonary
Candida colonization after invasive ventilation.

Data extraction and synthesis: Two reviewers independently extracted the data and assessed
the quality of studies. Dichotomous outcomes were expressed as odds ratios (OR) with 95%
confidence intervals (Cls). Continuous outcomes were expressed as standardized mean differences
(SMD) with 95% Cls.

Primary and secondary outcome measures: The primary outcomes included intensive care
unit (ICU), hospital, 28-day, and 90-day mortality. The secondary outcomes included ICU length of
stay, mechanical ventilation (MV) duration, and ventilator-associated pneumonia (VAP).

Results: Nine high-quality studies were included. According to the data collected from these
nine studies, there is no significant evidence showing a difference between the therapy group treated
with antifungal drugs and the control group without antifungal drugs in clinical outcomes, including
intensive care unit mortality (OR: 1.37; 95% CI, 0.84 to 2.22), hospital mortality (OR: 1.17; 95% CI,
0.57 to 2.38), 28-day mortality (OR; 0.71, 95% CI, 0.45 to 1.14), 90-day mortality (OR; 0.76, 95%
CI 0.35 to 1.63), intensive care unit length of stay (SMD: -0.15; 95% CI -0.88 to 0.59), mechanical
ventilation duration (SMD: 0.11; 95%CI -0.88 to 1.10), and ventilator-associated pneumonia (OR:
1.54; 95% CI 0.56 to 4.20). Subgroup analysis of different treatment types indicates that the
combined effect size is stable and unaffected by different treatment types including inhalation (OR:
2.32; 95% CI 0.30 to 18.09) and intravenous (OR: 0.65; 95% CI 0.13 to 3.34).

Conclusion: The application of antifungal treatment did not improve clinical outcomes in
patients with mechanical ventilation. We do not suggest initiating antifungal treatment in patients
with Candida pulmonary colonization after invasive ventilation.
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1

2 34 Registration: This study was registered in the International Prospective Register of Systematic
2 35  Reviews, with the registration number CRD42020161138.

Z 36 Strengths and limitations of this study:

; 37 1. This study included a number of outcome indicators to assess the effectiveness of antifungal

o 38 treatment, with subgroup analyses performed based on the type of treatment administered.

11 39 2. Most studies included are retrospective studies, raising potential concerns regarding their
12 40  external validity.

13

14 41 3. Some studies described the precise style, name, dose, and administration method of antifungal
1 2 42 drugs, while others did not.

:; 43 4. This study is limited by the number of studies included, especially when it comes to single
19 44 outcomes such as ICU mortality.

20

51 45 5. Most studies included were cohort studies instead of random contral trials, which provide
22 46  stronger evidence.

23

2447 1 Introduction

25

26 48  Candida frequently exists in the normal oral cavity, upper respiratory tract, lower-intestinal tract and
27 49  vagina(1). In tracheal aspirates from patients with MV, 30% have Candida isolation, and nearly 50%
50  from patients suspected to have a VAP(2, 3). When respiratory Candida colonization is detected, it
30 Ol  isdifficult to differentiate between relatively harmless colonization and invasive infection, and leads
31 52 to atherapeutic dilemma(4). Although few studies reported limited attributable ICU mortality of

32 53 VAP, the death rate related to VAP cannot be denied according to the majority of previous studies(5-
33 54  8). The incidence of VAP frequently extends hospital stay, elevates the economic burden, and raises
34 55  the mortality rate(9). The presence of Candida in respiratory samples is defined as Candida

35> 56  colonization instead of infection because the appearance of Candida pneumonia is rare(10-13). For
57  several years, arguments have arisen about whether Candida colonization negatively affects or

3g 38  simply indicates disease severity or immunosuppression in critically ill patients(14-16). We found

39 59 that the outcomes of antifungal treatment for Candida colonization in pulmonary tract among

40 60 different studies were controversial, as some studies found that antifungal treatment was associated
41 61  with lower mortality, some found that treatment made no difference in mortality, while others found
4262 that it prolonged MV duration, intensive care unit (ICU) length of stay, and hospital length of
4363 stay(10, 11, 17, 18). Therefore, we performed a systematic review and meta-analysis to establish the
45 04  influence of antifungal treatment on pulmonary Candida colonization.
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46

47 65 2 Method

48

49 66 2.1 Information sources and search strategy
50

51 67  This study followed the Preferred Reporting Items for Systematic Review and Meta-Analysis criteria
52 68 for systematic reviews and meta-analyzes. An extensive search was undertaken on publications from
53 69  inception to July 25, 2023, through PubMed, Web of Science, Medline, Embase, China National
>4 70  Knowledge Infrastructure, Wanfang Data and VIP Databases. The searching syntax included the
71  following Medical Subject Headings (MeSH) and text words which are varied individually according
57 72 to different databases: ventilator-associated pneumonia, Candida. We used the following search
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strategies: (ventilator-associated pneumonia OR VAP OR pneumonia, ventilator-associated OR
ventilator-associated pneumonia OR ventilator-acquired pneumonia OR mechanical ventilation)
AND (Candida OR Candida spp OR Candida colonization OR Candida airway colonization). There
were no language restrictions on studies searching. The listed references of relevant studies were also
evaluated to enlarge the search scope and ensure a complete search. Selection process of the article
was performed by two researchers (LL and SS) independently. The titles and abstracts of the entries
identified in the search were screened. Full text version of all articles that potentially met the
eligibility criteria was reviewed to make a decision. Disagreements, if any, were resolved through
discussion with a third researcher (HX).

2.2 Inclusion criteria

Randomized trials, cohort studies, and case-control studies were included while selecting. In the
included studies, the patients were adults (>18 years old) who were diagnosed with pulmonary
Candida colonization after invasive ventilation. Pulmonary Candida colonization was defined as the
presence of Candida in bronchoalveolar lavage samples, endotracheal aspiration samples, protected
brush specimens, or any positive airway secretion specimens.

2.3 Exclusion criteria

We excluded case reports and studies on pregnant, immunocompromised patients, or those who
received antifungal treatment for reasons other than Candida colonization. Patients with candidemia
or invasive candidiasis were also excluded, and the diagnostic criteria were positive results of direct
detection, in which blood or tissue specimens were cultured, or indirect detection, in which surrogate
markers and polymerase chain reaction assays were used(19).

2.4 Data collection

We screened titles and abstracts, reviewed the full text, and extracted data using an Excel sheet
(Microsoft Corporation). We primarily collected the characteristics of title, author, journal, year,
type, participants, inclusion or exclusion criteria, interventions, and clinical outcomes. Clinical
outcomes included 28-day mortality, 90-day mortality, ICU mortality, hospital mortality, ICU length
of stay, MV duration, and VAP. Disagreements were resolved by discussion with a third reviewer if
necessary.

2.5 Quality assessment

We used the Cochrane risk assessment tool to measure the risk of randomized controlled trials and
the Newcastle-Ottawa Scale to measure the quality of cohort and case-control studies(20). Studies
that scored at least six points were regarded as high-quality and included.

2.6 Patient and public involvement

Patients and/or the public were not involved in the design, or conduct, or reporting, or dissemination
plans of this research.

2.7 Statistical analysis

Statistical analysis was performed by Stata software (Version 16.0). Dichotomous outcomes such as
VAP, ICU mortality, hospital mortality, 28-day mortality, and 90-day mortality, were expressed as
OR with 95% Cls. Continuous outcomes (ICU length of stay and MV duration) were expressed as
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1

2 112 SMD with 95% CIs. We analyzed the data using the Inverse-Variance method with the fixed-effect

3 113 model if there was no obvious heterogeneity (P>0.1), or else random-effect model if the

g 114  heterogeneity was significant (P<0.1). Moreover, heterogeneity was quantified using the 7 test. The
¢ 115  interpretation of P was guided by the Cochrane Handbook for Systematic Reviews of interventions

2 116 (Version 5.2.0, updated June 2017). Sensitivity analyses was conducted by excluding one study at a
g 117  time from the analysis to assess the stability of the results. Publication bias was not assessed since

9 118 there were fewer than 10 studies in this meta-analysis.

10

m 119 3 Results

12

1 i 120 3.1 Study selection

15 121  Intotal, 2947 records were identified. With 1246 duplicates removed and 1670 irrelevant records

16 122 excluded, we assessed 31 studies for eligibility, of which 9 were included. 22 studies were excluded
123 because of the lack of antifungal treatment, lack of supporting experimental data, lack of detection of
19 124 pulmonary secretion, and occurrence in a special population (Figure 1). All patients received MV,

20 125  had at least one positive culture of Candida in the pulmonary tract, and received different antifungal
21 126  treatments.

22

23 127 Figure 1 Flowchart of studies identified, excluded, and included
24

;2 128 3.2 Study characteristics and quality assessment

27129  Of the nine articles included in the study, seven were retrospective cohort studies, one case-control

28 130 study, and one randomized clinical trial. Two studies were conducted in North America, five in

30 131  Europe, and two in Asia, giving the studies a wide geographical coverage. Other characteristics of the
31 132 included studies are summarized in Supplemental Table 1, including years of accuracy, location,

32 133 study design, population, number of patients, outcomes, Candida colonization and antifungal

33 134 treatment. The columns of the quality assessment list and their corresponding points are listed in

34 135  Supplemental Table 2. All included studies were assessed to be of high quality.
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36 136 3.3 Effect of antifungal therapy on pulmonary Candida colonization patients’ mortality

38 137  Three studies, including Ioannou 2021(2), Ong 2013(21), and Nseir 2007(22) reported ICU mortality.
138  We found no significant difference between the therapy and control groups (OR: 1.37, 95% CI, 0.84
a1 139 to2.22). Six studies, including Du 2021(4), loannou 2021, Zhang 2017(23), Griffin 2016(24), Lindau
42 140  2015(25), and Albert 2014(26) reported hospital mortality. The pooled results showed no significant
43 141  difference between the therapy and control groups (OR: 1.17, 95% CI, 0.57 to 2.38). Four studies,

44 142  including Du 2021, Zhang 2017, VanDerGeest 2014(27), and Albert 2014, reported 28-day mortality.
45 143 The results showed no significant difference between the therapy and control groups (OR: 0.71, 95%
46 144 CI, 0.45 to 1.14). Three studies, Du 2021, VanDerGeest 2014, and Albert 2014, reported 90-day

145  mortality. The results showed no significant difference between the therapy and control groups (OR:
49 146 0.76,95% CI, 0.35 to 1.63). No indicator showed statistical significance with respect to mortality.

so0 147  (Figure 2)
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52 148 Figure 2 (A) Forest plot for ICU mortality; (B) Forest plot for hospital mortality; (C) Forest plot for
53 149 28-day mortality; (D) Forest plot for 90-day mortality

gg 150 3.4 Effect of antifungal therapy on pulmonary Candida colonization patients’ ICU length of
151 stay
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Four studies, including Zhang 2017, Griffin2016, Ong 2013, and Nseir 2007, reported ICU length of
stay. The results indicated non-significant differences for ICU length of stay among patients
receiving antifungal treatment (SMD: -0.15, 95% CI, -0.88 to 0.59), as shown in Figure 3.

Figure 3 Forest plot for ICU length of stay

3.5 Effect of antifungal therapy on pulmonary Candida colonization patients’ MV duration

Three studies, including Zhang 2017, Griffin 2016, and Nseir 2007, reported the duration of MV. We
did not identify a significant difference between the therapy and control groups regarding MV
duration (SMD: 0.11, 95%CI, -0.88 to 1.10), as shown in Figure 4.

Figure 4 Forest plot for MV duration

3.6 Effect of antifungal therapy on VAP

Six studies, including Du 2021, Zhang 2017, Griffin 2016, Lindau 2015, VanDerGeest 2014, and
Ong 2013, reported VAP. No significant difference was found between therapy and control groups
(OR: 1.54, 95% CI, 0.56 to 4.20), as shown in Figure 5.

Figure 5 Forest plot for VAP

3.7 Subgroup analysis

We conducted a subgroup analysis based on the effect of antifungal therapy on VAP of the included
studies. The result of the subgroup analysis indicate that the combined effect size is stable and
unaffected by different treatment types. As shown in Supplemental Figure 1.

Supplemental Figure 1 Forest plot for subgroup analysis of different treatment types

3.8 Sensitivity analysis and publication bias

A sensitivity analysis was performed by sequentially excluding one study at a time. This exclusion
did not significantly impact the results, with the pooled OR ranging from 1.00 (0.51-1.96) to 2.07
(0.74-5.78) (Supplemental Figure 2). Because only 9 related studies were included in this report,
approaches for detecting publication bias would have exhibited limited efficacy. Consequently, the
evaluation of publication bias was not conducted.

Supplemental Figure 2 Sensitivity analysis for VAP

4 Discussion

In this study, we observed that antifungal therapy administered to mechanically ventilated patients
with Candida colonization did not show a significant impact on patient outcomes, which were
measured by indicators including mortality, hospital length of stay, ICU length of stay, mechanical
ventilation duration, and incidence of VAP, and the result is stable when taking different treatment
types into consideration. A study by Du declared that antifungal treatment was associated with a
reduced risk of VAP, while an autopsy study involving 232 samples showed that although Candida is
a common pathogen, the incidence of Candida pneumonia in ICU patients is extremely low(4, 11).
Inconsistent with the results of the previous studies, a meta-analysis found that Candida pulmonary
colonization probably had poorer clinical outcomes owing to longer mechanical ventilation duration,
higher 28-day mortality, higher ICU mortality, and longer ICU length of stay(28). Furthermore, a
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189  study by Ioannou found that about half of the patients with Candida spp. isolation from their

190  respiratory secretions were treated with antifungals. Considering the factor that patients under more
191  critical condition could be treated with antifungals more often, a multivariate regression analysis was
192  conducted identifying antifungal use as an independent factor associated with total hospital

193 mortality(2). Without listing the specific articles for verification, the guideline strongly recommends
194  that Candida colonization rarely requires treatment with antifungal therapy(29). Our study, may help
9 195 to provide more information on this problem: whether Candida pulmonary colonization simply

10 196 symbolizes the severity of diseases or actually has influence on outcomes(30, 31).

oNOYTULT D WN =

12197 Candida colonization in the respiratory tract is related to higher inflammation and may accelerate the
13 198  disease process(32, 33). A few studies used inhalation of antifungal drugs as therapy, which did not
15 199 show significant influence on patients’ outcomes. This may lead to direct inhibition or damage of the
16 200  alveolar-capillary membrane, resulting in an influx of surfactant-inactivating plasma proteins(21, 27).
17 201  After Candida colonization, current increases in antifungal drug resistance in Candida spp. and

18 202  clinical treatment failures are of concern(34). Previous history of antifungal prescription influences
19 203  Candida species distribution and susceptibility profile to antifungal agents(35). Inadequate dose and
20 204  treatment failure may contribute to high mortality(36).

205  Considering the various conditions, we thought that various factors cause poor clinical outcomes:

>4 206  antifungal treatment may have more harm than benefit in clinically ill patients. Different antifungal

25 207  drugs can have varying sensitivities or resistances as well as potential toxicity or adverse effects.

26 208 Inadequate dosing of antifungal drugs may also be a contributing factor. Although the analysis of this
27 209  study showed that antifungal treatment did not improve patients' clinical outcomes, the sample size of
28 210  included studies were limited and the 95% confidence intervals were wide. Further studies should be
29 211 conducted to verify their influence. Considering retrospective and current studies can only provide
212 hypotheses to support the existence of a correlation, a prospective randomized controlled trial might
3 213 be a more appropriate solution to explore the effect of antifungal treatment on patients with

33 214  respiratory Candida colonization in combination with mechanical ventilation.

* (s3gv) Jnauadns juswaublasug
| ap anbiydeiBolqig sousby 1e GZoz ‘L sunc uo jwod fwg uadolway/:dny woly papeojumod ‘20z 1840190 ZZ U0 8T6£80-7202-uadolwag/9eTT 0T se paysiignd 1si1y :uado CINg

35 215 Based on the findings of this meta-analysis, the use of antifungal medication on mechanical-

36 216  ventilated patients with respiratory Candida colonization does not appear to improve patients’

37 217  clinical outcomes. No significant differences were observed in ICU mortality, hospital mortality, 28-
38 218 day mortality, 90-day mortality, ICU length of stay, MV duration, and VAP associated with different
40 219  treatment regimens. Further analysis of subgroups based on different treatment types confirmed these
41 220  conclusions. Therefore, the use of antifungal medication is not recommended for the decolonization
42 221  of mechanical-ventilated patients with respiratory Candida colonization.

44 222 The strength of this study is that it included a number of outcome indicators to assess the

45 223  effectiveness of antifungal treatment, with subgroup analyses performed based on the type of

46 224  treatment administered. However it encountered several limitations. Most studies included are

225  retrospective studies, raising potential concerns regarding their external validity. Additionally, some
49 226  studies described the precise style, name, dose, and administration method of antifungal drugs, while
50 227  others did not. Furthermore, this study is limited by the number of studies included, especially when
51 228 itcomes to single outcomes such as ICU mortality. Moreover, most studies included were cohort

52 229  studies instead of random contral trials, which provide stronger evidence.
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Search:

(ventilator-associated pneumonia OR VAP OR pneumonia, ventilator-associated OR ventilator-
associated pneumonia OR ventilator-acquired pneumonia OR mechanical ventilation) AND
(Candida OR Candida spp OR Candida colonization OR Candida airway colonization)

Details:

("pneumonia, ventilator associated"[MeSH Terms] OR ("pneumonia"[All Fields] AND "ventilator-
associated"[All Fields]) OR "ventilator-associated pneumonia"[All Fields] OR ("ventilator"[All
Fields] AND "associated"[All Fields] AND "pneumonia"[All Fields]) OR "ventilator associated
pneumonia"[All Fields] OR "VAP"[All Fields] OR (("pneumonia"[MeSH Terms] OR
"pneumonia"[All Fields] OR "pneumonias"[All Fields] OR "pneumoniae"[All Fields] OR
"pneumoniae s"[All Fields]) AND "ventilator-associated"[All Fields]) OR ("pneumonia, ventilator
associated"[MeSH Terms] OR ("pneumonia"[All Fields] AND "ventilator-associated"[All Fields])
OR '"ventilator-associated pneumonia"[All Fields] OR ("ventilator"[All Fields] AND
"associated"[All Fields] AND "pneumonia"[All Fields]) OR "ventilator associated pneumonia"[All
Fields]) OR ("pneumonia, ventilator associated"[MeSH Terms] OR ("pneumonia"[All Fields] AND
"ventilator-associated"[All Fields]) OR "ventilator-associated pneumonia"[All Fields] OR
("ventilator"[All Fields] AND "acquired"[All Fields] AND "pneumonia"[All Fields]) OR
"ventilator acquired pneumonia"[All Fields]) OR ("respiration, artificial'[MeSH Terms] OR
("respiration"[All Fields] AND "artificial"[All Fields]) OR "artificial respiration"[All Fields] OR
("mechanical"[All Fields] AND "ventilation"[All Fields]) OR "mechanical ventilation"[All Fields]))
AND ("candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields] OR (("candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All
Fields] OR "candidas"[All Fields]) AND ("sci public policy"[Journal] OR "spp"[All Fields])) OR
(("candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR "candidas"[All
Fields]) AND ("colonisation"[All Fields] OR "colonisations"[All Fields] OR "colonise"[All Fields]
OR "colonised"[All Fields] OR "coloniser"[All Fields] OR "colonisers"[All Fields] OR
"colonises"[All Fields] OR "colonising"[All Fields] OR "colonization"[All Fields] OR
"colonizations"[All Fields] OR "colonize"[All Fields] OR "colonized"[All Fields] OR
"colonizer"[All Fields] OR "colonizers"[All Fields] OR '"colonizes"[All Fields] OR
"colonizing"[All Fields])) OR (("candida"[MeSH Terms] OR "candida"[All Fields] OR
"candidae"[All Fields] OR "candidas"[All Fields]) AND ("airway"[All Fields] OR "airway s"[All
Fields] OR "airways"[All Fields]) AND ("colonisation"[All Fields] OR "colonisations"[All Fields]
OR "colonise"[All Fields] OR "colonised"[All Fields] OR "coloniser"[All Fields] OR
"colonisers"[All Fields] OR "colonises"[All Fields] OR "colonising"[All Fields] OR
"colonization"[All Fields] OR "colonizations"[All Fields] OR "colonize"[All Fields] OR
"colonized"[All Fields] OR "colonizer"[All Fields] OR "colonizers"[All Fields] OR "colonizes"[All
Fields] OR "colonizing"[All Fields])))

Translations:

ventilator-associated pneumonia: "pneumonia, ventilator-associated"[MeSH Terms] OR
("pneumonia"[All Fields] AND '"ventilator-associated"[All Fields]) OR "ventilator-associated
pneumonia"[All Fields] OR ("ventilator"[All Fields] AND "associated"[All Fields] AND

"pneumonia"[All Fields]) OR "ventilator associated pneumonia"[All Fields]
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pneumonia: "pneumonia"[MeSH Terms] OR "pneumonia"[All Fields] OR "pneumonias"[All Fields]
OR "pneumoniae"[All Fields] OR "pneumoniae's"[All Fields]

ventilator-associated pneumonia: "pneumonia, ventilator-associated"[MeSH Terms] OR
("pneumonia"[All Fields] AND "ventilator-associated"[All Fields]) OR "ventilator-associated
pneumonia"[All Fields] OR ("ventilator"[All Fields] AND "associated"[All Fields] AND
"pneumonia"[All Fields]) OR "ventilator associated pneumonia"[All Fields]

ventilator-acquired pneumonia: "pneumonia, ventilator-associated"[MeSH Terms] OR
("pneumonia"[All Fields] AND "ventilator-associated"[All Fields]) OR "ventilator-associated
pneumonia"[All Fields] OR ("ventilator"[All Fields] AND "acquired"[All Fields] AND
"pneumonia"[All Fields]) OR "ventilator acquired pneumonia"[All Fields]

mechanical ventilation: "respiration, artificial"[MeSH Terms] OR ("respiration"[All Fields] AND
"artificial"[All Fields]) OR "artificial respiration"[All Fields] OR ("mechanical"[All Fields] AND
"ventilation"[All Fields]) OR "mechanical ventilation"[All Fields]

Candida: "candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields]

Candida: "candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields]

spp: "Sci Public Policy"[Journal: _ jid0417663] OR "spp"[All Fields]

Candida: "candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields]

colonization: "colonisation"[All Fields] OR "colonisations"[All Fields] OR "colonise"[All Fields]
OR "colonised"[All Fields] OR "coloniser"[All Fields] OR "colonisers"[All Fields] OR
"colonises"[All Fields] OR "colonising"[All Fields] OR "colonization"[All Fields] OR
"colonizations"[All Fields] OR "colonize"[All Fields] OR "colonized"[All Fields] OR
"colonizer"[All Fields] OR "colonizers"[All Fields] OR "colonizes"[All Fields] OR
"colonizing"[All Fields]

Candida: "candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields]

airway: "airway"[All Fields] OR "airway's"[All Fields] OR "airways"[All Fields]

colonization: "colonisation"[All Fields] OR "colonisations"[All Fields] OR "colonise"[All Fields]
OR "colonised"[All Fields] OR "coloniser"[All Fields] OR "colonisers"[All Fields] OR
"colonises"[All Fields] OR "colonising"[All Fields] OR "colonization"[All Fields] OR
"colonizations"[All Fields] OR "colonize"[All Fields] OR "colonized"[All Fields] OR
"colonizer"[All Fields] OR "colonizers"[All Fields] OR "colonizes"[All Fields] OR
"colonizing"[All Fields]
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Clinical outcomes of antifungal therapy on Candida pulmonary
colonization in immunocompetent patients with invasive ventilation: A
systematic review and meta-analysis

Keywords: Candida colonization, pulmonary, antifungal therapy, mechanical ventilation, meta-
analysis.

Abstract

Objective: This study aimed to use systematic review and meta-analysis to establish the
influence of antifungal therapy on pulmonary Candida colonization of patients with mechanical
ventilation.

Design: Systematic review and meta-analysis.

Data sources: An extensive search was undertaken on publications from inception to July 25,
2023, through PubMed, Web of Science, Medline, Embase, China National Knowledge
Infrastructure, Wanfang Data and VIP Databases.

Eligibility criteria for selecting studies: Randomized trials, cohort studies, and case-control
studies comparing the efficacy of antifungal treatment in immunocompetent patients with pulmonary
Candida colonization after invasive ventilation.

Data extraction and synthesis: Two reviewers independently extracted the data and assessed
the quality of studies. Dichotomous outcomes were expressed as odds ratios (OR) with 95%
confidence intervals (Cls). Continuous outcomes were expressed as standardized mean differences
(SMD) with 95% Cls.

Primary and secondary outcome measures: The primary outcomes included intensive care
unit (ICU), hospital, 28-day, and 90-day mortality. The secondary outcomes included ICU length of
stay, mechanical ventilation (MV) duration, and ventilator-associated pneumonia (VAP).

Results: Nine high-quality studies were included. According to the data collected from these
nine studies, there is no significant evidence showing a difference between the therapy group treated
with antifungal drugs and the control group without antifungal drugs in clinical outcomes, including
intensive care unit mortality (OR: 1.37; 95% CI, 0.84 to 2.22), hospital mortality (OR: 1.17; 95% CI,
0.57 to 2.38), 28-day mortality (OR; 0.71, 95% CI, 0.45 to 1.14), 90-day mortality (OR; 0.76, 95%
CI 0.35 to 1.63), intensive care unit length of stay (SMD: -0.15; 95% CI -0.88 to 0.59), mechanical
ventilation duration (SMD: 0.11; 95%CI -0.88 to 1.10), and ventilator-associated pneumonia (OR:
1.54; 95% CI 0.56 to 4.20). Subgroup analysis of different treatment types indicates that the
combined effect size is stable and unaffected by different treatment types including inhalation (OR:
2.32; 95% CI 0.30 to 18.09) and intravenous (OR: 0.65; 95% CI 0.13 to 3.34).

Conclusion: The application of antifungal treatment did not improve clinical outcomes in
patients with mechanical ventilation. We do not suggest initiating antifungal treatment in patients
with Candida pulmonary colonization after invasive ventilation.
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1

2 34 Registration: This study was registered in the International Prospective Register of Systematic
2 35  Reviews, with the registration number CRD42020161138.

Z 36 Strengths and limitations of this study:

; 37 1. This study included a number of outcome indicators to assess the effectiveness of antifungal

o 38 treatment, with subgroup analyses performed based on the type of treatment administered.

11 39 2. Most studies included are retrospective studies, raising potential concerns regarding their
12 40  external validity.

13

14 41 3. Some studies described the precise style, name, dose, and administration method of antifungal
1 2 42 drugs, while others did not.

:; 43 4. This study is limited by the number of studies included, especially when it comes to single
19 44 outcomes such as ICU mortality.

20

51 45 5. Most studies included were cohort studies instead of random contral trials, which provide
22 46  stronger evidence.

23

2447 1 Introduction

25

26 48  Candida frequently exists in the normal oral cavity, upper respiratory tract, lower-intestinal tract and
27 49  vagina[1]. In tracheal aspirates from patients with mechanical ventilation (MV), 30% have Candida
50 isolation, and nearly 50% from patients suspected to have a ventilator-associated pneumonia

30 Sl (VAP)[2, 3]. When respiratory Candida colonization is detected, it is difficult to differentiate

31 52  Dbetween relatively harmless colonization and invasive infection, and leads to a therapeutic

32 53  dilemmal4]. Although few studies reported limited attributable intensive care unit (ICU) mortality of
33 54 VAP, the death rate related to VAP cannot be denied according to the majority of previous studies|5-
34 55  8]. The incidence of VAP frequently extends hospital stay, elevates the economic burden, and raises
35 56 the mortality rate[9]. The presence of Candida in respiratory samples is defined as Candida

57  colonization instead of infection because the appearance of Candida pneumonia is rare[10-13]. For
3g 8  several years, arguments have arisen about whether Candida colonization negatively affects or

30 59  simply indicates disease severity or immunosuppression in critically ill patients[14-16]. We found

40 60 that the outcomes of antifungal treatment for Candida colonization in pulmonary tract among

41 61  different studies were controversial, as some studies found that antifungal treatment was associated
42 62 with lower mortality, some found that treatment made no difference in mortality, while others found
43 63 thatit prolonged MV duration, ICU length of stay, and hospital length of stay[10, 11, 17, 18].

45 04 Therefore, we performed a systematic review and meta-analysis to establish the influence of

46 05  antifungal treatment on pulmonary Candida colonization.
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47

48 66 2 Method

49

50 67 2.1 Information sources and search strategy
51

52 68  This study followed the Preferred Reporting Items for Systematic Review and Meta-Analysis criteria
53 69  for systematic reviews and meta-analyzes[19]. An extensive search was undertaken on publications
>4 70  from inception to July 25, 2023, through PubMed, Web of Science, Medline, Embase, China

71  National Knowledge Infrastructure, Wanfang Data and VIP Databases. The searching syntax

57 72 included the following Medical Subject Headings (MeSH) and text words which are varied
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individually according to different databases: ventilator-associated pneumonia, Candida. We used the
following search strategies in all of the databases above: (ventilator-associated pneumonia OR VAP
OR pneumonia, ventilator-associated OR ventilator-associated pneumonia OR ventilator-acquired
pneumonia OR mechanical ventilation) AND (Candida OR Candida spp OR Candida colonization
OR Candida airway colonization). There were no language restrictions on studies searching. The
listed references of relevant studies were also evaluated to enlarge the search scope and ensure a
complete search. Full search strategy of pubmed database is provided in the supplemental material.
Selection process of the article was performed by two researchers (LL and SS) independently. The
titles and abstracts of the entries identified in the search were screened. Full text version of all articles
that potentially met the eligibility criteria was reviewed to make a decision. Disagreements, if any,
were resolved through discussion with a third researcher (HX).

2.2 Inclusion criteria

Randomized trials, cohort studies, and case-control studies were included while selecting. In the
included studies, the patients were adults (>18 years old) who were diagnosed with pulmonary
Candida colonization after invasive ventilation. Pulmonary Candida colonization was defined as the
presence of Candida in bronchoalveolar lavage samples, endotracheal aspiration samples, protected
brush specimens, or any positive airway secretion specimens.

2.3 Exclusion criteria

We excluded case reports and studies on pregnant, immunocompromised patients, or those who
received antifungal treatment for reasons other than Candida colonization. Patients with candidemia
or invasive candidiasis were also excluded, and the diagnostic criteria were positive results of direct
detection, in which blood or tissue specimens were cultured, or indirect detection, in which surrogate
markers and polymerase chain reaction assays were used[20].

2.4 Data collection

We screened titles and abstracts, reviewed the full text, and extracted data using an Excel sheet
(Microsoft Corporation). We primarily collected the characteristics of title, author, journal, year,
type, participants, inclusion or exclusion criteria, interventions, and clinical outcomes. Clinical
outcomes included 28-day mortality, 90-day mortality, ICU mortality, hospital mortality, ICU length
of stay, MV duration, and VAP. Disagreements were resolved by discussion with a third reviewer if
necessary.

2.5 Quality assessment

We used the Cochrane risk assessment tool to measure the risk of randomized controlled trials and
the Newcastle-Ottawa Scale to measure the quality of cohort and case-control studies[21]. Studies
that scored at least six points were regarded as high-quality and included.

2.6 Patient and public involvement

Patients and/or the public were not involved in the design, or conduct, or reporting, or dissemination
plans of this research.

2.7 Statistical analysis
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us]

=
1 o)
2 111  Statistical analysis was performed by Stata software (Version 16.0). Dichotomous outcomes such as E
3 112 VAP, ICU mortality, hospital mortality, 28-day mortality, and 90-day mortality, were expressed as -
4 113 odds ratios (OR) with 95% confidence intervals (Cls). Continuous outcomes (ICU length of stay and @
Z 114 MV duration) were expressed as standardized mean differences (SMD) with 95% Cls. We analyzed g
2 115 the data using the Inverse-Variance method with the fixed-effect model if there was no obvious &
g 116  heterogeneity (P>0.1), or else random-effect model if the heterogeneity was significant (P<0.1). g
9 117  Moreover, heterogeneity was quantified using the /7 test. The interpretation of 7 was guided by the 2
10 118  Cochrane Handbook for Systematic Reviews of interventions (Version 5.2.0, updated June 2017). T 5
119  Sensitivity analyses was conducted by excluding one study at a time from the analysis to assess the Z B
12120 stability of the results. Subgroup analyses were performed on the effect of antifungal therapy. =z ]
13 .U . . .. . . a g
14 121 Publication bias was not assessed since there were fewer than 10 studies in this meta-analysis. g %
15 g B
16 122 3 Results z 3
17 @ S
18 123 3.1 Study selection S
19 S »
20 124  Intotal, 2947 records were identified. With 1246 duplicates removed and 1670 irrelevant records % g
21 125  excluded, we assessed 31 studies for eligibility, of which 9 were included. 22 studies were excluded 2 S
22126  because of the lack of antifungal treatment, lack of supporting experimental data, lack of detection of s N
23 127  pulmonary secretion, and occurrence in a special population (Figure 1). All patients received MV, é m Q
;;' 128  had at least one positive culture of Candida in the pulmonary tract, and received different antifungal ? § %
26 129  treatments. gg =
28 130 Figure 1 Flowchart of studies identified, excluded, and included 585
29 ==3
30 131 3.2 Study characteristics and quality assessment 5%) é
31 S350
32 132 Of the nine articles included in the study, seven were retrospective cohort studies, one case-control §§ §
33 133  study, and one randomized clinical trial. Two studies were conducted in North America, five in 8>3
34 134  Europe, and two in Asia, giving the studies a wide geographical coverage. Other characteristics of the g ai
22 135  included studies are summarized in Supplemental Table 1, including years of accuracy, location, g"’g
37 136  study design, population, number of patients, outcomes, Candida colonization and antifungal > 3
3g 137  treatment. The columns of the quality assessment list and their corresponding points are listed in 5 %’
39 138  Supplemental Table 2. All included studies were assessed to be of high quality. g: E
40 e o
41 139 3.3 Effect of antifungal therapy on pulmonary Candida colonization patients’ mortality "a’ 3
42 o o
43 140  Three studies, including loannou 2021[2], Ong 2013[22], and Nseir 2007[23] reported ICU mortality. 3 32
44 141  We found no significant difference between the therapy and control groups (OR: 1.37, 95% CI, 0.84 2 S
45 142 to2.22). Six studies, including Du 2021[4], Ioannou 2021, Zhang 2017[24], Griffin 2016[25], Lindau 8 €
j? 143 2015[26], and Albert 2014[27] reported hospital mortality. The pooled results showed no significant :37 2
4g 144 difference between the therapy and control groups (OR: 1.17, 95% CI, 0.57 to 2.38). Four studies, SN
49 145 including Du 2021, Zhang 2017, VanDerGeest 2014[28], and Albert 2014, reported 28-day mortality. 2 o
50 146  The results showed no significant difference between the therapy and control groups (OR: 0.71, 95% ' ’i
51 147  CI, 0.45 to 1.14). Three studies, Du 2021, VanDerGeest 2014, and Albert 2014, reported 90-day Q
52 148  mortality. The results showed no significant difference between the therapy and control groups (OR: §
gi 149  0.76, 95% CI, 0.35 to 1.63). No indicator showed statistical significance with respect to mortality. ®
o5 150  (Figure 2) 5
56 0
57 E;
58 _(gD
59 4 o
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Figure 2 (A) Forest plot for ICU mortality; (B) Forest plot for hospital mortality; (C) Forest plot for
28-day mortality; (D) Forest plot for 90-day mortality

3.4 Effect of antifungal therapy on pulmonary Candida colonization patients’ ICU length of
stay

Four studies, including Zhang 2017, Griffin2016, Ong 2013, and Nseir 2007, reported ICU length of
stay. The results indicated non-significant differences for ICU length of stay among patients
receiving antifungal treatment (SMD: -0.15, 95% CI, -0.88 to 0.59), as shown in Figure 3.

Figure 3 Forest plot for ICU length of stay

3.5 Effect of antifungal therapy on pulmonary Candida colonization patients’ MV duration

Three studies, including Zhang 2017, Griffin 2016, and Nseir 2007, reported the duration of MV. We
did not identify a significant difference between the therapy and control groups regarding MV
duration (SMD: 0.11, 95%CI, -0.88 to 1.10), as shown in Figure 4.

Figure 4 Forest plot for MV duration

3.6 Effect of antifungal therapy on VAP

Six studies, including Du 2021, Zhang 2017, Griffin 2016, Lindau 2015, VanDerGeest 2014, and
Ong 2013, reported VAP. No significant difference was found between therapy and control groups
(OR: 1.54, 95% CI, 0.56 to 4.20), as shown in Figure 5.

Figure 5 Forest plot for VAP

3.7 Subgroup analysis

We conducted a subgroup analysis based on the effect of antifungal therapy on VAP of the included
studies. The result of the subgroup analysis indicate that the combined effect size is stable and
unaffected by different treatment types. As shown in Supplemental Figure 1.

Supplemental Figure 1 Forest plot for subgroup analysis of different treatment types

3.8 Sensitivity analysis and publication bias

A sensitivity analysis was performed by sequentially excluding one study at a time. This exclusion
did not significantly impact the results, with the pooled OR ranging from 1.00 (0.51-1.96) to 2.07
(0.74-5.78) (Supplemental Figure 2). Because only 9 related studies were included in this report,
approaches for detecting publication bias would have exhibited limited efficacy. Consequently, the
evaluation of publication bias was not conducted.

Supplemental Figure 2 Sensitivity analysis for VAP
4 Discussion
In this study, we observed that antifungal therapy administered to mechanically ventilated patients
with Candida colonization did not show a significant impact on patient outcomes, which were

measured by indicators including mortality, hospital length of stay, ICU length of stay, mechanical
ventilation duration, and incidence of VAP, and the result is stable when taking different treatment
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186  types into consideration. A study by Du declared that antifungal treatment was associated with a

187  reduced risk of VAP, while an autopsy study involving 232 samples showed that although Candida is
188  a common pathogen, the incidence of Candida pneumonia in ICU patients is extremely low[4, 11].
189  Inconsistent with the results of the previous studies, a meta-analysis found that Candida pulmonary
190  colonization probably had poorer clinical outcomes owing to longer mechanical ventilation duration,
191  higher 28-day mortality, higher ICU mortality, and longer ICU length of stay[29]. Furthermore, a

9 192  study by loannou found that about half of the patients with Candida spp. isolation from their

10 193  respiratory secretions were treated with antifungals. Considering the factor that patients under more
11194 critical condition could be treated with antifungals more often, a multivariate regression analysis was
12195 conducted identifying antifungal use as an independent factor associated with total hospital

14 196 mortality[2]. Without listing the specific articles for verification, the guideline strongly recommends
15 197  that Candida colonization rarely requires treatment with antifungal therapy[30]. Our study, may help
16 198  to provide more information on this problem: whether Candida pulmonary colonization simply

17 199  symbolizes the severity of diseases or actually has influence on outcomes[31, 32].

oNOYTULT D WN =

19 200  Candida colonization in the respiratory tract is related to higher inflammation and may accelerate the
200201  disease process[33, 34]. A few studies used inhalation of antifungal drugs as therapy, which did not
202  show significant influence on patients’ outcomes. This may lead to direct inhibition or damage of the
23 203 alveolar-capillary membrane, resulting in an influx of surfactant-inactivating plasma proteins[22, 28].
24 204  After Candida colonization, current increases in antifungal drug resistance in Candida spp. and

25 205  clinical treatment failures are of concern[35]. Previous history of antifungal prescription influences
26 206  Candida species distribution and susceptibility profile to antifungal agents[36]. Inadequate dose and
27207  treatment failure may contribute to high mortality[37].

29208 Considering the various conditions, we thought that various factors cause poor clinical outcomes:

209 antifungal treatment may have more harm than benefit in clinically ill patients. Different antifungal

3o 210 drugs can have varying sensitivities or resistances as well as potential toxicity or adverse effects.

33 211  Inadequate dosing of antifungal drugs may also be a contributing factor. Although the analysis of this
34 212  study showed that antifungal treatment did not improve patients' clinical outcomes, the sample size of
35 213  included studies were limited and the 95% confidence intervals were wide. Further studies should be
36 214  conducted to verify their influence. Considering retrospective and current studies can only provide
37215 hypotheses to support the existence of a correlation, a prospective randomized controlled trial might
39 216  beamore appropriate solution to explore the effect of antifungal treatment on patients with

40 217  respiratory Candida colonization in combination with mechanical ventilation.
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42 218  Based on the findings of this meta-analysis, the use of antifungal medication on mechanical-

43 219  ventilated patients with respiratory Candida colonization does not appear to improve patients’

44 220 clinical outcomes. No significant differences were observed in ICU mortality, hospital mortality, 28-
45 221 day mortality, 90-day mortality, ICU length of stay, MV duration, and VAP associated with different
222 treatment regimens. Further analysis of subgroups based on different treatment types confirmed these
48 223 conclusions. Therefore, the use of antifungal medication is not recommended for the decolonization
49 224  of mechanical-ventilated patients with respiratory Candida colonization.
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51 225  The strength of this study is that it included a number of outcome indicators to assess the

52 226  effectiveness of antifungal treatment, with subgroup analyses performed based on the type of

53 227  treatment administered. However it encountered several limitations. Most studies included are

>4 228 retrospective studies, raising potential concerns regarding their external validity. Additionally, some
229  studies described the precise style, name, dose, and administration method of antifungal drugs, while
57 230  others did not. Furthermore, this study is limited by the number of studies included, especially when
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it comes to single outcomes such as ICU mortality. Moreover, most studies included were cohort
studies instead of random contral trials, which provide stronger evidence.
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(n=491), Web of Science
(n=776), Medline (n=1599),
Embase (n=40), China National
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Wanfang Data (n=56) and VIP
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Records removed before
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Reports assessed for eligibility
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[

Studies included in review
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Records excluded by reading
abstracts and titles.
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Reports excluded:
No antifungal treatment
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Special population (n =2)
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Lack of data (n=2)

Figure 1 Flowchart of studies identified, excluded, and included
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Search:

(ventilator-associated pneumonia OR VAP OR pneumonia, ventilator-associated OR ventilator-
associated pneumonia OR ventilator-acquired pneumonia OR mechanical ventilation) AND
(Candida OR Candida spp OR Candida colonization OR Candida airway colonization)

Details:

("pneumonia, ventilator associated"[MeSH Terms] OR ("pneumonia"[All Fields] AND "ventilator-
associated"[All Fields]) OR "ventilator-associated pneumonia"[All Fields] OR ("ventilator"[All
Fields] AND "associated"[All Fields] AND "pneumonia"[All Fields]) OR "ventilator associated
pneumonia"[All Fields] OR "VAP"[All Fields] OR (("pneumonia"[MeSH Terms] OR
"pneumonia"[All Fields] OR "pneumonias"[All Fields] OR "pneumoniae"[All Fields] OR
"pneumoniae s"[All Fields]) AND "ventilator-associated"[All Fields]) OR ("pneumonia, ventilator
associated"[MeSH Terms] OR ("pneumonia"[All Fields] AND "ventilator-associated"[All Fields])
OR '"ventilator-associated pneumonia"[All Fields] OR ("ventilator"[All Fields] AND
"associated"[All Fields] AND "pneumonia"[All Fields]) OR "ventilator associated pneumonia"[All
Fields]) OR ("pneumonia, ventilator associated"[MeSH Terms] OR ("pneumonia"[All Fields] AND
"ventilator-associated"[All Fields]) OR "ventilator-associated pneumonia"[All Fields] OR
("ventilator"[All Fields] AND "acquired"[All Fields] AND "pneumonia"[All Fields]) OR
"ventilator acquired pneumonia"[All Fields]) OR ("respiration, artificial'[MeSH Terms] OR
("respiration"[All Fields] AND "artificial"[All Fields]) OR "artificial respiration"[All Fields] OR
("mechanical"[All Fields] AND "ventilation"[All Fields]) OR "mechanical ventilation"[All Fields]))
AND ("candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields] OR (("candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All
Fields] OR "candidas"[All Fields]) AND ("sci public policy"[Journal] OR "spp"[All Fields])) OR
(("candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR "candidas"[All
Fields]) AND ("colonisation"[All Fields] OR "colonisations"[All Fields] OR "colonise"[All Fields]
OR "colonised"[All Fields] OR "coloniser"[All Fields] OR "colonisers"[All Fields] OR
"colonises"[All Fields] OR "colonising"[All Fields] OR "colonization"[All Fields] OR
"colonizations"[All Fields] OR "colonize"[All Fields] OR "colonized"[All Fields] OR
"colonizer"[All Fields] OR "colonizers"[All Fields] OR '"colonizes"[All Fields] OR
"colonizing"[All Fields])) OR (("candida"[MeSH Terms] OR "candida"[All Fields] OR
"candidae"[All Fields] OR "candidas"[All Fields]) AND ("airway"[All Fields] OR "airway s"[All
Fields] OR "airways"[All Fields]) AND ("colonisation"[All Fields] OR "colonisations"[All Fields]
OR "colonise"[All Fields] OR "colonised"[All Fields] OR "coloniser"[All Fields] OR
"colonisers"[All Fields] OR "colonises"[All Fields] OR "colonising"[All Fields] OR
"colonization"[All Fields] OR "colonizations"[All Fields] OR "colonize"[All Fields] OR
"colonized"[All Fields] OR "colonizer"[All Fields] OR "colonizers"[All Fields] OR "colonizes"[All
Fields] OR "colonizing"[All Fields])))

Translations:

ventilator-associated pneumonia: "pneumonia, ventilator-associated"[MeSH Terms] OR
("pneumonia"[All Fields] AND '"ventilator-associated"[All Fields]) OR "ventilator-associated
pneumonia"[All Fields] OR ("ventilator"[All Fields] AND "associated"[All Fields] AND

"pneumonia"[All Fields]) OR "ventilator associated pneumonia"[All Fields]
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pneumonia: "pneumonia"[MeSH Terms] OR "pneumonia"[All Fields] OR "pneumonias"[All Fields]
OR "pneumoniae"[All Fields] OR "pneumoniae's"[All Fields]

ventilator-associated pneumonia: "pneumonia, ventilator-associated"[MeSH Terms] OR
("pneumonia"[All Fields] AND "ventilator-associated"[All Fields]) OR "ventilator-associated
pneumonia"[All Fields] OR ("ventilator"[All Fields] AND "associated"[All Fields] AND
"pneumonia"[All Fields]) OR "ventilator associated pneumonia"[All Fields]

ventilator-acquired pneumonia: "pneumonia, ventilator-associated"[MeSH Terms] OR
("pneumonia"[All Fields] AND "ventilator-associated"[All Fields]) OR "ventilator-associated
pneumonia"[All Fields] OR ("ventilator"[All Fields] AND "acquired"[All Fields] AND
"pneumonia"[All Fields]) OR "ventilator acquired pneumonia"[All Fields]

mechanical ventilation: "respiration, artificial"[MeSH Terms] OR ("respiration"[All Fields] AND
"artificial"[All Fields]) OR "artificial respiration"[All Fields] OR ("mechanical"[All Fields] AND
"ventilation"[All Fields]) OR "mechanical ventilation"[All Fields]

Candida: "candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields]

Candida: "candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields]

spp: "Sci Public Policy"[Journal: _ jid0417663] OR "spp"[All Fields]

Candida: "candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields]

colonization: "colonisation"[All Fields] OR "colonisations"[All Fields] OR "colonise"[All Fields]
OR "colonised"[All Fields] OR "coloniser"[All Fields] OR "colonisers"[All Fields] OR
"colonises"[All Fields] OR "colonising"[All Fields] OR "colonization"[All Fields] OR
"colonizations"[All Fields] OR "colonize"[All Fields] OR "colonized"[All Fields] OR
"colonizer"[All Fields] OR "colonizers"[All Fields] OR "colonizes"[All Fields] OR
"colonizing"[All Fields]

Candida: "candida"[MeSH Terms] OR "candida"[All Fields] OR "candidae"[All Fields] OR
"candidas"[All Fields]

airway: "airway"[All Fields] OR "airway's"[All Fields] OR "airways"[All Fields]

colonization: "colonisation"[All Fields] OR "colonisations"[All Fields] OR "colonise"[All Fields]
OR "colonised"[All Fields] OR "coloniser"[All Fields] OR "colonisers"[All Fields] OR
"colonises"[All Fields] OR "colonising"[All Fields] OR "colonization"[All Fields] OR
"colonizations"[All Fields] OR "colonize"[All Fields] OR "colonized"[All Fields] OR
"colonizer"[All Fields] OR "colonizers"[All Fields] OR "colonizes"[All Fields] OR
"colonizing"[All Fields]
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