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Development of a novel model for accurate prediction of secondary Candida pneumonia in patients with acute exacerbation of chronic obstructive pulmonary disease
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Background: Given the increased risk factors such as the wide application of various dose forms of corticosteroids and broad-spectrum antibiotics in patients with acute exacerbation of chronic obstructive pulmonary disease (AECOPD) in recent years, the incidence of invasive Candida pneumonia secondary to AECOPD tends to increase. However, Candida infections secondary to AECOPD are often neglected in clinical practice, or even misdiagnosed as bacterial infections, resulting in disease deterioration due to delayed diagnosis. Knowing that early diagnosis and timely treatment can obviously improve the prognosis of pulmonary candidiasis, improving the early diagnosis rate is the key to reduce the mortality of AECOPD-associated candidiasis. The present study was intended to develop a new model that can early and accurately predict the occurrence of Candida infections secondary to AECOPD.

Methods: Clinical data of 164 hospitalized patients with AECOPD who received treatment in the department of respiratory medicine of Yiwu Central Hospital between January 2022 and January 2024 were reviewed retrospectively, including the diagnosis, gender, age, BMI, use of inhaled corticosteroids, the duration of using antibiotics, use of carbapenem antibiotics, random blood glucose, albumin level, the presence or absence of cerebral infarction aspiration, cancer chemoradiotherapy, complicated cardiovascular disease, procalcitonin level, pulmonary function grade, and surviving time. Data were treated and analyzed by R language statistical software.

Results: Of the 164 AECOPD patients, 87 were male and 77 were female, with a mean age of 77.28 ± 8.10 years. The model group consisted of 127 AECOPD patients, including 64 with candidiasis secondary to AECOPD and 63 with no candida infection; the validation group consisted of 37 patients, including 14 with secondary candidiasis and 23 with no Candida infection. Single factor logistic regression analysis of the patients in the model group showed that BMI, use of antibiotics ≥2 weeks, cancer chemoradiotherapy and pulmonary function grade were four independent predictors for the occurrence of secondary candida infection. The weigh factor of the four risk factors was further determined by Multivariate logistic regression analysis as follows: Probability of infection (P) = EXP (−17.7063452 + 1.8265388*pulmonary function grade + 1.8443357*cancer chemoradiotherapy + 4. 1749059*use of antibiotics ≥ 2 weeks + 0.4527216*BMI), and P > 0.5 suggests the probability of developing secondary candidiasis in the AECOPD patient.

Conclusion: The result demonstrated that this new model could accurately predict the occurrence of secondary candidiasis in AECOPD patients, with an accuracy rate of 84%, thus providing a simple and accurate tool for predicting the probability of secondary candidiasis in AECOPD patients, especially in cancer patients complicated with AECOPD. This model can only be used as an auxiliary assessment tool for the possibility of secondary candidal infection and cannot be used as a diagnostic basis.
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Background

Candidiasis is a localized or systemic infectious disease caused by various species of pathogenic Candida, which is easy to occur in immunocompromised patients and may invade the local skin, mucosa, tissues and organs of the whole body, with the clinical manifestations and severity of the disease varying individually (1, 2). Given the increased risk factors such as the wide application of various dose forms of corticosteroids and broad-spectrum antibiotics in patients with acute exacerbation of chronic obstructive pulmonary disease (AECOPD) in recent years, the incidence of invasive candidiasis secondary to AECOPD tends to increase. Among various Candida infections, candidemia is the most common clinical type of invasive candidiasis, often with poor prognosis or even causing death (3). Candidiasis secondary to AECOPD is often neglected in clinical practice, or misdiagnosed as bacterial infection, resulting in disease deterioration due to delayed diagnosis. Knowing that early diagnosis and timely treatment can obviously improve the prognosis of pulmonary candidiasis, improving the early diagnosis rate is the key to reducing the mortality of Candida infections secondary to AECOPD. At present, the diagnosis of secondary candidiasis mainly depends on biophysiological sputum culture and pulmonary CT scan, but the relatively long duration of diagnosis is unfavorable for early diagnosis of the disease; the medical cost of another second-generation sequencing detection technology for sputum specimens is relatively high, and this technology is difficult to popularize; the sensitivity and positivity rate of Candida antigen detection are low (4–7). Knowing that early diagnosis and timely treatment can obviously improve the prognosis of pulmonary candidiasis, improving the early diagnosis rate is the key to reduce the mortality of Candida pneumonia secondary to AECOPD. However, there are few studies reporting simple, effective and non-invasive models for predicting the occurrence of AECOPD-associated secondary candidiasis (8). In this study, we report our development of a novel model that can predict the occurrence of secondary candidiasis in AECOPD patients.



Patients and methods

Included in this study were 164 hospitalized patients with AECOPD who received treatment in the department of respiratory medicine of Yiwu Central Hospital (Yiwu, China) between January 2022 and January 2024. Their clinical data including the diagnosis, gender, age, BMI, use of inhaled corticosteroids (ICS), the duration of using antibiotics, use of carbapenem antibiotics, random blood glucose, albumin level, the presence or absence of cerebral infarction aspiration, cancer chemoradiotherapy, complicated cardiovascular disease, procalcitonin level, pulmonary function grade, and surviving time were collected and analyzed by R language statistical software.


Inclusion and exclusion criteria

The inclusion criteria were: (1) Pulmonary function meets the diagnostic criteria for COPD (GOLD 2024 version). (2) Chest CT shows typical signs of emphysema. (3) There are complete research related materials in the electronic medical record database. (4) Diagnostic criteria for pulmonary candidiasis: Two or more deep sputum cultures show candidiasis and acute exudation on lung CT. Detailed research methodology explanation: The risk of acute respiratory failure induced by bronchoscopy in AECOPD patients is very high, and none of the patients received bronchoscopy. We obtain deep sputum samples from all patients after breakfast through three steps: rinsing with water– rinsing with compound chlorhexidine mouthwash– rinsing with water– and preparing 5% saline solution for nebulization. This can minimize the interference caused by oral colonization bacteria. Regarding the method of determining acute exudative inflammation of the lungs through chest CT plain scan, the typical CT imaging features of candidal pneumonia are: cloudy or grid like exudative shadows or consolidation shadows in the lung tissue and interstitium around the bronchi, spreading along the bronchi, and significant absorption after antifungal treatment (Follow up chest CT scan after one week of treatment with echinocandin drugs). All of our patients’ CT images can be processed with high-resolution thin-layer imaging through software, and each patient’s CT report is personally reviewed by the associate chief physician to ensure maximum accuracy.

The exclusion criteria were patients: (1) Incomplete case data or unclear diagnosis.

(2) Simultaneously merging other diseases that seriously affect the patient’s survival or easily lead to changes in the condition, such as acute left heart failure, acute ischemic heart disease, rheumatic and immune diseases, severe gastrointestinal bleeding, etc.



Statistical methods

Grouping based on the diagnosis of secondary pulmonary candidiasis in AECOPD, using R language for data analysis, and comparing the two groups. The above risk factors were analyzed through univariate logistic regression analysis (whether inhaled corticosteroids was used, Use of antibiotics ≥ 2 weeks (Antibacterial drugs that can cover common pathogens of respiratory infections during hospitalization, including carbapenems such as cephalosporins, quinolones, and meropenems. The main focus is on whether the duration of treatment is greater than or equal to 2 weeks. Long course antibiotics can easily cause dysbiosis and secondary Candida infections. We will list carbapenems with high antibacterial strength separately, and carbapenems are also very prone to causing bacterial dysbiosis and secondary Candida infections), random blood glucose > 11.1 mmol/L, Albumin level < 30 g/L, Post cerebrovascular aspiration, Chemoradiotherapy (Chemoradiotherapy: Patients who have received chemotherapy or radiation therapy within the past 6 months), Complication of cerebrovascular disease, Procalcitonin > 0.5, time of carbapenem antibiotics use ≥ 3 days were defined as binary variables: “Yes” was defined as 1, “No” was defined as 0). The significant results obtained from the one-sided analysis were subjected to multiple logistic regression analysis. P < 0.05 is considered statistically significant. The mathematical prediction equation is as follows: m(P) = ex/(1 + ex), P > 0.5 is considered high-risk, while p ≤ 0.5 is considered low-risk.




Results

Of the 164 AECOPD patients, 87 were male and 77 were female, ranging in age from 57 to 92 years with a mean of 77.28 ± 8.10 years. All patients have a smoking history of over 20 years. All patients received 3–5 days of methylprednisolone (40 mg iv, once daily) during hospitalization. Of the 127 AECOPD patients in the model group, 64 patients developed secondary Candida pneumonia, and the other 63 patients did not. Of the 37 patients in the validation group, 14 patients developed secondary Candida pneumonia, and the other 23 patients did not. Univariate logistic regression analysis of the model group showed that BMI, use of antibiotics ≥ 2 weeks, chemoradiotherapy and pulmonary function grade were four independent risk factors for developing secondary candidiasis in AECOPD patients (Table 1). Further multivariate logistic regression analysis was performed to determine the weight factor of the four factors (Table 2), based on which a AECOPD-associated secondary Candida pneumonia prediction model in elderly patients was established as follows: Probability of infection (P) = EXP (−17.7063452 + 1.8265388*pulmonary function grade + 1.8443357*cancer chemoradiotherapy + 4.1749059*use of antibiotics ≥ 2 weeks + 0.4527216*BMI), and P > 0.5 suggests the probability of secondary Candida pneumonia occurrence of the COPD patient. In this equation, pulmonary function is expressed as a GOLD grade, where GOLD grade 1 means FEV1%pred ≥ 80% (mild), which is expressed as 1; chemoradiotherapy is expressed as yes = 1 and 0 as no; 3) use of antibiotics is expressed as ≥ 2 weeks = 1 and 0 = no; BMI is calculated as BMI = body weight ÷ height2 (Kg/m2). The predictive performance of the prediction model was validated. The result showed that the sensitivity of the prediction model in diagnosing AECOPD-associated secondary Candida pneumonia was 0.88, specificity was 0.78, positive prediction value was 0.82, negative prediction value was 0.86, and accuracy was 0.84 (Figure 1 and Table 3).


TABLE 1 Univariate logistic regression analysis of independent risk factors for developing Candida pneumonia secondary to acute exacerbation of chronic obstructive pulmonary disease (AECOPD).


	Factor
	b
	Z
	P





	Gender
	−0.133
	−2.567
	0.78



	Age
	0.000561
	0.026
	0.98



	BMI
	−0.257
	−2.04
	0.04*



	Use of ICS
	19.01
	0.014
	0.99



	Use of antibiotics ≥ 2 weeks
	3.35
	6.478
	0.00*



	RBG > 11.1
	16.6
	0.012
	0.99



	Albumin < 30 g/L
	0.314
	0.765
	0.44



	Post CIA
	16.598
	0.012
	0.99



	Chemoradiotherapy
	1.507
	2.53
	0.01*



	Complication of CVD
	0.087
	0.19
	0.85



	Procalcitonin > 0.5 ng/ml
	18.902
	0.013
	0.99



	Use of CPA ≥ 3 days
	17.81
	0.017
	0.98



	PF grade
	1.7086
	5.025
	0.00*






*Significant difference. b value, regression coefficient; Z value, b/standard error; BMI, body mass index; ICS, inhaled corticosteroids; RBG, random blood glucose; CIA, cerebrovascular aspiration; CVD, cerebrovascular disease; CPA, carbapenem antibiotics; PF, pulmonary function.





TABLE 2 Multivariate logistic regression analysis of independent risk factors for developing Candida pneumonia secondary to acute exacerbation of chronic obstructive pulmonary disease (AECOPD).


	Factor
	b
	Z
	P





	BMI
	0.4527
	1.988
	0.04*



	Use of antibiotics ≥ 2 weeks
	4.1749
	5.464
	0.00*



	Chemoradiotherapy
	1.844
	2.157
	0.03*



	PF grade
	1.8265
	4.043
	0.00*






*Significant difference. b value, regression coefficient; Z value, b/standard error; BMI, body mass index; PF, pulmonary function.
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FIGURE 1
The ROC curve of the predictive performance of the prediction model. Statistical principle: The closer the AUC is to 1.0, the higher the authenticity of the corresponding detection method. The AUC of the prediction model is 0.84, which is close to 1.0, indicating that the prediction model has high application value and high prediction accuracy.



TABLE 3 Validation data of the predictive performance of the acute exacerbation of chronic obstructive pulmonary disease (AECOPD)-associated secondary Candida pneumonia prediction model.


	Prediction
	Actual value



	
	Positive
	Negative





	Prediction
	Positive
	77
	17



	Negative
	10
	60








Discussion

Denning et al. (9) retrieved 85 articles from the literature about disease burden in individual countries and the whole world from 2010 to 2023, and estimated the crude death rate (CDR) and attributable mortality (AM) by comparing differences in the death rate between patients who received treatment and those without receiving treatment and calculating the survival rate of patients who received treatment. After analyzing data from more than 120 countries, they found that each year more than 2,113,000 people contracted invasive pulmonary mycosis from AECOPD, intensive care, lung cancer or hematological malignancies, causing an annual CDR of 1,801,000 people (85.2%); 1,565,000 people contracted Candida bloodstream infection or invasive candidiasis, causing 995000 deaths (63.6%). Among them, there may be some AECOPD patients who failed to be diagnosed with complicated candidiasis. The above data indicate that candidiasis secondary to AECOPD seriously affects patient life and health, and therefore early detection and early treatment can undoubtedly reduce the occurrence of invasive candidiasis in AECOPD patients. However, candidiasis often lacks specific symptoms and signs in the early stage and is easy to be misdiagnosed as bacterial infections. In China, the clinical diagnosis of candidiasis mainly depends on a small number of experienced clinicians who proactively assess the risk of Candida pneumonia and then undertake further microbial culture to confirm the diagnosis. If a specific model for predicting Candida pneumonia in AECOPD patients is available and can be used as a routine in clinical practice, the risk of developing Candida pneumonia in AECOPD patients would be reduced substantially by taking anti-fungal therapy in the early stage. Although there is G test [G test, also known as the (1–3) -β - D glucose test] to assist the diagnosis of candida infection at present, it cannot be used by clinicians as a routine practice to assess the risk of Candida pneumonia in each patient. In addition, G test may already be lagging behind when the patient presents acute symptoms of fever, chest suffocation and dyspnea, knowing that early intervention is the key to obtaining a relatively good life prognosis. On the other hand, if we can make an extensive and dynamic assessment during the therapeutic process of AECOPD, we are able to identify the risk of Candida pneumonia and take early and timely measures to prevent its occurrence or even cure it (10). In AECOPD patients with secondary Candida pneumonia, although elderly male smokers are more common, logistic regression analysis suggests that there is no significant relationship between gender and age of patients and secondary Candida infections. Other related studies have not found a significant relationship between the risk of secondary Candida pneumonia and gender and age (11, 12). The poorer the pulmonary function, the higher the risk of acute exacerbation would be. As a result, the dosage of antibiotics and corticosteroids (either through inhalation, IV injection or oral administration) that the patient requires would be increased, which may further aggravate respiratory microbiota and intestinal microbiota disturbances and compromise their immunity, thus forming a vicious cycle and increasing the mortality of these AECOPD patients (13–15). For AECOPD patients with poor pulmonary function at risk of acute aggravation, inhalation of large doses of ICS is a standard treatment recommended by the GOLD guidelines. However, the risk of localized Candida infection progressing to involving the lower respiratory tract is increased in patients with reduced pulmonary function and those who cannot use the inhalation device correctly because of accumulation of large amounts of ICS on the oropharyngeal mucosa due to reduced inspiratory ability or improper use of the device (16). It is apparent that the risk of secondary Candida pneumonia is apparently increased in patients with poor respiratory function. There are also other studies reporting that the risk of reaggravation of secondary candidiasis secondary to AECOPD is also increased within 180 days (17).

Cancer patients who receive chemotherapy are often subjected to the toxic effects of chemotherapy drugs, including bone marrow suppression, leukocytopenia, and the reduced immune defense ability against pathogenic infections, all of which may cause pulmonary infections including fungal infections, especially caused by Candida and Aspergillus (18). Studies have demonstrated that hypoproteinemia, prolonged chemotherapy, AECOPD and basic bronchiectasis are risk factors for nosocomial infection of cancer patients during chemotherapy (P < 0.05) (19). In addition, studies on chemotherapy-associated Candida pneumonia showed that the incidence of candidiasis was increased in patients receiving radiotherapy, and that positive Candida was observed in the saliva specimens of 75% patients with oral squamous cell carcinoma, with Candida albicans as the most common yeast. Radiotherapy is also a common treatment for lung squamous cell carcinoma. We also often encountered such patients with pulmonary candidiasis in clinical practice, but the mechanism of radiotherapy causing secondary candidiasis in lung cancer patients remains unclear and further study is required. What is clear is that cellular immunity and humoral immunity are decreased in lung cancer patients after radiotherapy, chemotherapy and administration of immunosuppressants (20–22). The lower respiratory tract is susceptible to oral candidiasis, causing pulmonary candidiasis. Other studies also observed that Candida albicans and Candida tropicalis isolated from cancer patients who suffered mouth dryness after radiotherapy presented high a higher biofilm formation ability and bacterial strain metabolic activity as compared those isolated from healthy persons, which may be the pathogenic mechanism underlying Candida pneumonia in patients with squamous cancer after radiotherapy (23). These findings suggest that single tumor therapy may increase the risk of Candida infection. It is obvious that cancer patients complicated with AECOPD are more likely to be affected by Candida pneumonia. Therefore, early identification of high-risk patients and take early preventive measures or even early anti-fungal therapy are critical to deal with the unfavorable effects associated with Candida infection (24–27). Based on the numerous findings mentioned above, we have developed a new model for clinical prediction of pulmonary candidiasis in AECOPD patients, believing that it is instructive to clinical diagnosis and treatment. The validation data have confirmed that this prediction model is clinically practicable with a positive prediction rate of 0.82 and an accuracy rate of 0.84. Both the model group and validation group patients followed the same study inclusion criteria, the authors establish this clinical prediction model using model group data, and its predictive value was well demonstrated in the validation group data. It will greatly assist clinical doctors in predicting secondary Candida infections in AECOPD. At present, there are no other similar prediction models available for reference or even comparison with this prediction model in terms of prediction accuracy.


Limitations of this research

Currently, there are very few reported models for predicting Candida pneumonia, and there is a lack of comparison with other similar models. This prediction model is only applicable to AECOPD patients and has a relatively limited scope of application. In addition, the sample size of this study is relatively small and needs to be further expanded to verify the accuracy of the prediction model.




Conclusion

The prediction model of Candida pneumonia secondary to AECOPD reported herein presents a high prediction efficiency, offering an accuracy rate of 84%. Clinical doctors should keep in mind these 4 main high-risk predictive factors for AECOPD patients, such as, pulmonary function grade, chemoradiotherapy, prolonged antibiotic use, and higher BMI, especially for cancer patients complicated with AECOPD. But, in clinical practice, AECOPD patients may be infected with both bacteria and fungi simultaneously. Clinical doctors need to continuously perform sputum microbiological culture and chest CT imaging examinations to grasp the dynamic changes in the patient’s condition and adjust anti-infective treatment plans in a timely manner. This model can only be used as an auxiliary assessment tool for the possibility of secondary Candida infection and cannot be used as a diagnostic basi.
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