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Background: This study sought to systematically evaluate the distribution characteristics and high-risk 
factors of pulmonary mycosis pathogens, and provide evidence for the clinical treatment and prognosis of 
patients with pulmonary mycosis.
Methods: The Embase, Ovid, PubMed, Medline, and Springer databases were searched to find publications 
on the distribution characteristics and high-risk factors of pulmonary mycosis pathogens that had been 
published between the establishment of the databases and April 1, 2021. The Cochrane Handbook 5.0.2 was 
used to evaluate the risk of bias of the articles included in this study, and Review Manager 5.3 was used to 
conduct a meta-analysis of the included articles.
Results: Eleven articles were included in this study, comprising 6,415 subjects. The meta-analysis results 
showed that pathogen infection significantly increased the mortality of patients [MD =2.67; 95% confidence 
interval (CI): (1.52, 4.68); Z=3.43; P=0.0006]. Patient age was significantly correlated with the incidence 
of pulmonary mycosis [MD =1.21; 95% CI: (0.78, 1.86); Z=0.84; P=0.40]. The use of antibiotics was 
significantly correlated to the incidence of pulmonary mycosis [MD =1.41; 95% CI: (1.15, 1.72); Z=3.30; 
P=0.001]. Glucocorticoid use was significantly correlated to the incidence of pulmonary mycosis [MD =1.81; 
95% CI: (1.13, 2.91); Z=2.45; P=0.01]. However, gender had no obvious correlation with the incidence of 
pulmonary mycosis [MD =1.21; 95% CI: (0.78, 1.86); Z=0.84; P=0.40]. Further, no correlation was found 
between smoking history and the incidence of pulmonary mycosis [MD =0.86; 95% CI: (0.51, 1.45); Z=0.57; 
P=0.57].
Discussion: The main types of bacterial infections in patients with pulmonary mycosis were Pseudomonas 
aeruginosa, Haemophilus influenzae, Streptococcus pneumoniae, Candida albicans, and Helicobacter pylori. 
In addition to the lungs, pathogens were found to be distributed in the intestines, urinary tract, and digestive 
tract. Additionally, patient age, antibiotic use, and glucocorticoid use increased the incidence of pulmonary 
mycosis. Thus, these factors should be paid attention to in the clinical treatment of patients with pulmonary 
mycosis.
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Introduction

In recent years, as medical technology has continued to 
develop and people’s living standards have continued to 
improve, the number of patients with immunodeficiency 
and the number of patients who have undergone organ 
transplantation, tumor radiotherapy and chemotherapy, and 
stem cell transplantation have also continued to increase.(1)  
Patients require a large number of immunosuppressive 
agents during clinical treatments that involve various 
invasive procedures, which increases the incidence and 
mortality of fungal infections in the hospital (2). Studies 
have also shown that the rate of fungal infections in 
hospitals in China is increasing year by year, and invasive 
pulmonary fungal infection (IPFI) accounts for about 50% 
to 60% of fungal infections in hospitals. The lung is one of 
the most common target organs for deep fungal infections, 
and the incidence of lung infections is the highest among 
all infections (3). Pulmonary mycosis has no specific clinical 
manifestations, and early diagnosis is difficult. If it is not 
treated in time, the mortality rate of patients can reach 
about 30% to 80% (4).

Pulmonary mycosis usually refers to bronchial and lung 
fungal inflammation or related lesions, including primary 
and secondary infections (5). The pathogens that causes of 
pulmonary mycosis are classified into pathogenic fungi and 
conditional pathogenic fungi according to their virulence. 
The death of pathogenic fungi is the main cause of primary 
fungal infection, and the pathogenic bacteria include 
histoplasma (6). Conditional pathogenic fungi are the main 
cause of secondary fungal infections. The pathogens of 
secondary fungal infections include Candida, Aspergillus, 
Mucor, Cryptococcus, and Penicillium marneffei, which 
don’t have strong pathogenic to the host, but it can easily 
lead to deep fungal infection when a patient’s immune 
function is weakened or destroyed (7). Due to the lack 
of clinical manifestation specificity, pulmonary mycosis 
is often difficult to distinguish from other lung diseases. 
Patients usually present with fever, cough, hemoptysis, 
chest tightness, and difficulty breathing. The imaging of 
fungi is not specific; however, the halo sign and air crescent 
sign have certain guiding significance in the diagnosis of 
pulmonary mycosis (8,9).

Fungi can destroy host tissue cells and multiply rapidly 
in bronchial cavities and lung cavities, causing damage to 
human tissues. Their antibody antigens or metabolites may 
cause allergic reactions in the human body and increase the 
incidence of pulmonary mycosis (10). In addition, clinical 

studies have shown that endomycin-like active substances 
contained in fungal cell walls can also destroy tissue cells 
and cause pulmonary mycosis in patients (11).

In normal circumstances, a diagnosis of pulmonary 
mycosis should be considered if patients take long-term 
broad-spectrum antibiotics, have a history of fungal 
infection or acquired immunodeficiency syndrome (AIDS), 
use hormones for more than 3 weeks, have a long-term 
stay in the intensive care unit (ICU) while receiving 
mechanical ventilation, or have neutrophils <0.5×109/L (12). 
The pathogenesis of pulmonary mycosis is complicated, 
and many key pathogenesis and clinical risk factors have 
not yet been fully clarified. A number of studies have 
been conducted on the related risk factors of pulmonary 
mycosis; however, the small sample sizes of these single-
center studies affect the reliability of their outcomes, and 
controversies between some studies remain. This study 
sought to systematically analyze the distribution of the 
pathogenic bacteria of pulmonary mycosis and high-
risk infection factors, and discuss the correlation between 
pulmonary mycosis and fungal infection. Our results 
revealed the law of infection and provide a reference for the 
clinical and nursing care of pulmonary mycosis.

We present the following article in accordance with the 
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1388).

Methods

Literature search strategy

The Embase, Ovid, PubMed, Medline, and Springer 
databases were searched to retrieve articles that had been 
published between the establishment of these databases and 
April 1, 2021 on the distribution characteristics and high-
risk factors of pulmonary mycosis pathogens. The search 
language was English, and the search method adopted a 
combination of subject words and free words. English search 
terms included “pulmonary mycosis,” “pulmonary fungal 
disease,” “fungal infection,” “invasive pulmonary fungal 
infection,” “lung,” “respiratory,” “pathogenic bacteria,” “high 
risk factors,” and “IPFI.” Next, “and” or “or” joint searches 
were conducted using the search terms. The literature search 
was carried out by two researchers independently.

Inclusion and exclusion criteria for articles

Articles were included in the meta-analysis if they met the 
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following inclusion criteria: (I) the subjects of the study 
were patients with pulmonary mycosis, regardless of gender 
and age; (II) the study type was a case control, the definition 
of risk factors was similar, and the language was English; (III) 
the experimental group was a fungal infection group and 
the control group was a fungal non-infection group; and (IV) 
the research indicators included patient mortality, the site 
of infection, the type of infection, and high-risk factors.

Articles were excluded from the meta-analysis if they 
met any of the following exclusion criteria: (I) the research 
objects were non-pulmonary mycosis patients, animals, 
or cells; (II) the articles were unpublished (e.g., theses) or 
in a language other than English; (III) the articles were 
republished; and/or (IV) the articles contained incomplete 
research data, making it impossible to calculate the 
corresponding indexes.

Literature screening

To screen the literature, two evaluators independently 
screened the articles. After the literature search, the 
bibliographies of the articles were imported into the Note 
Express 3.2 literature manager to establish a literature 
database. Note Express 3.2 was then used to check and 
eliminate duplicate articles. After the initial screening, 
two assessors continued to manually screen the articles. 
First, the titles and abstracts of the retrieved articles were 
read, and articles that obviously did not meet the inclusion 
criteria were excluded. Next, the full text of each article was 
read carefully to determine whether it met the inclusion 
or exclusion criteria. If the two evaluators disagreed, they 
discussed the article and reached a decision together. If a 
consensus could not be reached, a third-party arbitration 
decision was made.

Data extraction

The two researchers independently extracted the data in the 
literature and used Excel spreadsheets to organize the data. 
The information extracted from the literature included basic 
information about the article (i.e., the title of the article, the 
year of publication, the source of the article, the first author, 
and author information), general patient information (i.e., 
gender, age, sample size, length of illness, and baseline 
comparability), research plan design, intervention measures 
and control measures, testing indicators, and outcome data. 
After the data extraction, the two researchers conducted 
a cross-check. If the data extracted by the two researchers 

were inconsistent, the inconsistency was discussed and 
resolved. If a consensus could not be reached, a third-party 
arbitration decision was made.

Quality assessment

The bias-risk assessment criteria specified in the Cochrane 
Handbook for Systematic Reviews of Intervention 5.0.2 were 
adopted to evaluate the risk of bias of the included articles. 
The evaluation content included: (I) whether it was a 
random sequence (i.e., whether a random number table 
or other random method had been used to randomly 
group the research objects); (II) whether allocation hiding 
was implemented (i.e., whether random grouping was 
implemented and the subjects remained confidential); 
(III) whether the subjects were blinded (i.e., whether the 
subjects of the clinical research study were aware they 
were participating in the research and whether they knew 
that they were in the experimental group or the control 
group); (IV) whether the outcome assessor was blinded (i.e., 
whether the researcher or outcome assessor knew the group 
of the subject); (V) data integrity (i.e., whether the research 
data was complete and whether there was any missing data); 
(VI) selective report (i.e., whether there was a selective 
report); and (VII) whether there were other biases. If the 
data extracted by the two researchers were inconsistent, the 
inconsistency was discussed and resolved. If a consensus 
could not be reached, a third-party arbitration decision was 
made.

Statistical analysis

The Cochrane Handbook for Systematic Reviews of Interventions 
5.0.2 was used to evaluate the risk of literature bias. 
STATA 11.0 was employed to merge the statistics of the 
included article. Review Manager 5.3 was employed for 
the meta-analysis of the combined statistics and to draw 
forest and funnel plots. The indexes in this study were all 
binary variables. Relative risk was the effect size, and the 
95% confidence interval (CI) was calculated. When it was 
found that the research results of various articles could be 
combined, a meta-analysis was conducted. The I2 test was 
used to evaluate the heterogeneity of the included articles. 
The greater the I2, the greater the heterogeneity. If the I2 
was >50% (P<0.05), and if the source of the heterogeneity 
could not be explained, a random-effects model (REM) 
(with a combined effect size) was used for the meta-
analysis. If I2 was <50% (P>0.05), which represented good 
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heterogeneity in the articles, a fixed-effects model (FEM) 
(with a combined effect size) was used for the meta-analysis. 
The combined effect-size test adopted a u test and 95% CI. 
The u test result was expressed as a P value, and a P<0.05 
indicated that the difference was statistically significant. 
Binary variables were tested with 95% CIs. When the 95% 
CI was >1 or <1, the difference was statistically significant. 
When the 95% CI contained 1, the difference was not 
statistically significant. Continuous variables were tested 
using 95% tests. When the 95% CI was >0 or <0, the 
difference was statistically significant.

Results

Literature search results

Five English databases were used to conduct a preliminary 
search of the data using the corresponding keywords. A 
total of 902 related articles were retrieved. Among them, 
269 related articles were retrieved from PubMed, 166 from 
Embase, 201 from Medline, 164 from Springer, and 102 
from Ovid. After the preliminary search, Endnote X8 was 
employed to eliminate duplicate articles, and 692 articles 
remained. Next, two literature reviewers read the titles 
and abstracts of the articles, and excluded 481 articles that 
obviously did not meet the inclusion criteria. The remaining 
211 articles were carefully read and cross-checked by 
the two reviewers, and any article that did not meet the 
inclusion and exclusion criteria was eliminated. Ultimately, 
a total of 11 articles (13-23) were included in this study. 
The 11 articles contained a total of 6,415 research subjects, 
including 1,529 patients in the infected group and 4,886 

patients in the uninfected group (see Figure 1 and Table 1).

Bias-risk assessment of included articles

The Cochrane Handbook (version 5.0.2) of the systematic 
review writing manual was used to evaluate the risk of bias 
in the 11 articles included in this study. Review Manager 
5.3 was employed to output the risk of bias chart (see  
Figures 2,3). The risk of bias in this study included: (I) 
whether it was a random sequence [randomness was 
mentioned in the study of Shah et al., implied as low risk, 
and randomness was not reported in the study of Hashemi 
et al., implied as unclear risk. Prina et al. clearly mentioned 
in their study that the grouping method was “non-random”, 
indicating high risk]; (II) whether there was assigning 
concealment [allocation concealment was mentioned in the 
study of Shah et al., suggested as low risk, and allocation 
concealment was not mentioned in the study of Hashemi 
et al., suggested as unclear risk]; (III) whether the subjects 
were blinded [blind subjects were mentioned in the study 
of Li, indicating low risk, and blind subjects were not 
mentioned in the study of Shah et al, indicating unclear 
risk]; (IV) whether the outcome evaluator was blinded 
[blind outcome evaluators were suggested in the study 
of Shah et al., suggested as low risk, while blind outcome 
evaluators were not mentioned in the study of Hashemi  
et al., suggested as unclear risk]; (V) data integrity [the data 
of 11 studies were complete, which indicated a low risk]; 
(VI) selective reporting [11 articles did not have selective 
reporting, which indicated a low risk]; and (VII) whether 
there was other bias [for 11 articles, no judgement could 

Figure 1 Literature retrieval process.
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be made as to whether there were any other biases, which 
indicated that the risk was not clear].

Type of pathogenic infections

Eight of the 11 articles included in this study analyzed the 
types of pathogenic bacteria infection in patients, and a total 
of 4,431 subjects were included. Pseudomonas aeruginosa, 
Haemophilus influenzae, Streptococcus pneumoniae, and 
Candida albicans research heterogeneity was low (I2<50%). 
A FEM was used for the analysis, and the Helicobacter 
pylori study was highly heterogeneous (I2=68%). A 
REM was used for the meta-analysis (see Figure 4). The 
results showed that the combined effect of Pseudomonas 
aeruginosa was MD =1.86; 95% CI: (1.35–2.54); Z=3.85 

(P=0.0001). The combined effect of Haemophilus 
influenzae was MD =1.67; 95% CI: (1.18–2.36); Z=2.91 
(P=0.004).  The combined effect of Streptococcus 
pneumoniae was MD =1.52; 95% CI: (1.10–2.09); Z=2.55 
(P=0.01). The combined effect of Helicobacter pylori 
was MD =2.04; 95% CI: (1.39–2.98); Z=3.06 (P=0.0003). 
The combined effect value of Candida albicans was MD 
=1.53; 95% CI: (1.06–2.22); Z=2.26; (P=0.02). There was 
a statistically significant difference between the results of 
the five bacterial infection types in the infected group and 
the uninfected group, which suggested that the combined 
bacterial infections of patients with pulmonary mycosis were 
mainly Pseudomonas aeruginosa, Haemophilus influenzae, 
Streptococcus pneumoniae, Helicobacter pylori, and 
Candida albicans. Thus, these bacterial infections should be 

Table 1 Basic characteristics of articles included in this study

First author Published year Research type Group Sample size

Shah PL 1999 Case control Infected 28

Uninfected 58

Roussos A 2006 Case control Infected 126

Uninfected 126

Hashemi SH 2011 Case control Infected 90

Uninfected 90

García-García ML 2012 Case control Infected 377

Uninfected 454

Neoh CF 2013 Case control Infected 15

Uninfected 47

Siva R 2013 Case control Infected 64

Uninfected 17

Prina E 2015 Case control Infected 94

Uninfected 1,503

Hasegawa K 2015 Case control Infected 47

Uninfected 1,715

Paul SP 2017 Case control Infected 207

Uninfected 230

Bao QH 2019 Case control Infected 184

Uninfected 227

Li LJ 2020 Case control Infected 297

Uninfected 419
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paid attention to in the clinical treatment of patients with 
pulmonary mycosis.

Fungal infection site characteristics

Of the 11 articles included in this study, 6 (comprising 
a total of 3,894 patients) examined the infection sites of 
pathogenic bacteria in patients. The intestinal, urinary tract, 
and digestive tract infection studies had low heterogeneity 
(I2<50%), and a FEM was used. The study of lung infection 
was highly heterogeneous (I2=65%), and a REM was used for 

the meta-analysis (see Figure 5). The results showed that the 
combined result of the lung infection effect was MD =1.55; 
95% CI: (1.28–1.89); Z=4.41 (P<0.0001). The combined 
result of the intestinal infection effect was MD =1.37; 95% 
CI: (1.12–1.67); Z=3.06 (P=0.002). The combined result of 
the urinary tract infection effect was MD =1.32; 95% CI: 
(1.06–1.63); Z=2.48 (P=0.01). The combined result of the 
digestive tract infection effect value was MD =1.70; 95% CI: 
(1.18–2.44); Z=2.85 (P=0.004). The comparison results of 
the fungal infection sites between the infected group and the 
uninfected group showed statistically significant differences.

Figure 2 The bias evaluation bar graph of the included articles.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

B
ao 2019

G
arcía-G

arcía 2012

H
asegaw

a 2015

H
ashem

i 2011

Li 2020

N
eoh 2013

P
aul 2017

P
rina 2015

R
oussos 2006

S
hah 1999

S
iva 2013



7925Annals of Palliative Medicine, Vol 10, No 7 July 2021

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(7):7919-7932 | https://dx.doi.org/10.21037/apm-21-1388

Published bias analysis of the types and distribution 
characteristics of pathogenic bacteria in pulmonary mycosis

Review Manager 5.3 was employed to draw a funnel plot 
of the types and distribution characteristics of pulmonary 
mycosis pathogens and perform the publication bias 

analysis. The results are shown in Figure 6. Each point 
in the funnel chart displaying the types and distribution 
characteristics of pathogenic bacteria of pulmonary mycosis, 
representing each independent study included, basically fell 
within the credible interval, and showed obvious symmetry. 

Figure 4 Forest plot of the composition ratios of fungal infections and mixed bacterial infections in patients with pulmonary mycosis.
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Thus, the publication bias on the types and distribution 
characteristics of pulmonary mycosis pathogens appeared to 
be low.

Patient mortality analysis

Four of the 11 articles included in this study reported on 
the mortality of patients in the infected and uninfected 
groups. A total of 734 subjects were included in the analysis, 
including 353 patients in the infected group (with 46 deaths 

and a mortality rate of 13.03%), and 381 patients in the 
uninfected group (with 20 deaths and a mortality rate of 
5.25%). The results of the heterogeneity test showed that 
the included 4 studies had good homogeneity (I2=0%; 
P=0.67). Thus, a FEM was used for the analysis. The 
analysis results are shown in Figure 7. The combined effect 
of the meta-analysis was MD =2.67; 95% CI: (1.52, 4.68); 
Z=3.43 (P=0.0006). The difference in mortality between the 
infected group and the uninfected group was statistically 
significant, indicating that pathogen infection can increase 

Figure 5 Forest plot of the distribution characteristics of fungal infections in patients with pulmonary mycosis.
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Figure 6 Analysis of publication bias of pathogen types and distribution characteristics of pulmonary mycosis. (A) Distribution types of 
pathogens; (B) distribution characteristics of pathogens.

Figure 7 Forest plot of the relationship between pathogen infection and death.
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the mortality of patients with pulmonary mycosis.

Relationship between pathogenic bacteria infection and 
gender

Among the 11 articles included in this study, 7 reported 
on the gender of patients in the infected and uninfected 
groups. A total of 3,419 patients were included in the study, 
including 914 patients in the infected group (of whom 
633 or 69.26% were men). There were 2,505 patients in 
the uninfected group (of whom 1,644 or 65.63% were 
men). The results of the heterogeneity test showed that 
the included 7 studies were quite heterogeneous (I2=76%; 
P=0.0003). Thus, a REM was used for the analysis. The 
analysis results are shown in Figure 8. The combined effect 
size of the meta-analysis was MD =1.21; 95% CI: (0.78, 
1.86); Z=0.84 (P=0.40). There was no significant difference 
between the gender of the infected group (male) and the 
uninfected group (male), which indicated that gender did 

not increase the risk of pulmonary mycosis.

Relationship between pathogenic bacteria infection and age

Five of the 11 articles included in this study reported on the 
gender of patients in the infected and uninfected groups. 
A total of 2,687 subjects were enrolled, including 590 
patients in the infected group (of whom 299 patients were 
aged over 60 years), and 2,097 patients in the uninfected 
group (of whom 808 patients were aged over 60 years). The 
heterogeneity test results showed that the heterogeneity 
among the included 5 studies was small (I2=19%; P=0.29). 
Thus, a FEM was used for the analysis. The analysis results 
are shown in Figure 9. The combined effect of the meta-
analysis was MD =1.51; 95% CI: (1.23, 1.86); Z=3.88 
(P=0.0001). There was a significant statistical difference 
between the infected and uninfected groups among patients 
aged over 60 years. Thus, being aged over 60 years can 
increase the risk of pulmonary mycosis. 
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Figure 8 Forest plot of the relationship between pathogen infection and gender.

Figure 9 Forest plot of the relationship between pathogen infection and age.

Figure 10 Forest plot of the relationship between pathogen infection and the adoption of antibiotics.

Relationship between pathogenic bacteria infection and the 
adoption of antibiotics

Six of the 11 articles included in this study reported on the 
use of antibiotics in the infected and uninfected groups. 
A total of 2,939 subjects were enrolled, including 716 
patients in the infected group (of whom 270 used antibiotics 
for more than 14 days), and 2,223 patients in the non-
infected group (of whom 643 used antibiotics for more than  
14 days). The results of the heterogeneity test showed 

that the 6 included studies had good homogeneity (I2=1%; 
P=0.41). Thus, a FEM was used for the analysis. The 
analysis results are shown in Figure 10. The combined 
effect of the meta-analysis was MD =1.41; 95% CI: (1.15, 
1.72); Z=3.30 (P=0.001). There was a statistically significant 
difference between the number of antibiotics used in the 
infected group and the uninfected group, which indicated 
that antibiotic use over 14 days increased the risk of 
pulmonary mycosis. 
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Figure 11 Forest plot of the relationship between pathogen infection and the adoption of glucocorticoids.

Figure 12 Forest plot of the relationship between pathogen infection and smoking.

Relationship between pathogenic bacteria infection and the 
adoption of glucocorticoids

Five of the 11 articles included in this study reported on 
the use of glucocorticoids in patients in the infected and 
uninfected groups. A total of 2,687 subjects were enrolled, 
including 590 in the infected group (of whom 203 were 
treated with glucocorticoids), and 2,097 in the uninfected 
group (of whom 410 were treated with glucocorticoids). 
The results of the heterogeneity test showed that the 
5 included studies were quite heterogeneous (I2=73%; 
P=0.005). Thus, a REM was used for the analysis. The 
analysis results are shown in Figure 11. The combined 
effect of the meta-analysis was MD =1.81; 95% CI: (1.13, 
2.91); Z=2.45 (P=0.01). There was a significant statistical 
difference between the number of glucocorticoids used 
in the infected group and the uninfected group, which 
indicated that the use of glucocorticoids increased the risk 
of pulmonary mycosis.

Relationship between pathogenic bacteria infection and 
smoking

Four of the 11 articles included in this study reported on 
the smoking status of patients in the infected and non-

infected groups. A total of 2,016 subjects were included in 
the study, including 312 patients in the infected group (of 
whom 153 had a history of smoking), and 1,704 patients 
in the uninfected group (of whom 981 had a history of 
smoking). The results of the heterogeneity test showed that 
the 4 included studies were quite heterogeneous (I2=54%; 
P=0.09). Thus, a REM was used for the analysis. The 
analysis results are shown in Figure 12. The combined effect 
size of the meta-analysis was MD =0.86; 95% CI: (0.51, 
1.45); Z=0.57 (P=0.57). The number of smokers in the 
infected group was not significantly different from that in 
the uninfected group, which indicated that smoking did not 
increase the risk of pulmonary mycosis.

Publication bias analysis of the high-risk factors of 
pulmonary mycosis

Review Manager 5.3 was employed to draw a funnel plot 
of high-risk factors for pulmonary mycosis and perform a 
publication bias analysis. The results are shown in Figure 13.  
In the funnel plots for mortality, age, antibiotic use, 
glucocorticoid use, and smoking history, some scattered 
points representing the corresponding articles were basically 
distributed within a credible interval, which suggested that 
the possibility of publication bias appeared to be low. In 



7930 Lin et al. Meta-analysis of pulmonary mycosis pathogen distribution

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(7):7919-7932 | https://dx.doi.org/10.21037/apm-21-1388

Figure 13 Publication bias analysis of the high-risk factors of pulmonary mycosis. (A) Mortality; (B) gender; (C) age; (D) antibiotic use; (E) 
glucocorticoid use; (F) smoking history.
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the funnel plot of patient gender, some scattered points fell 
outside the credible interval, which suggested that there was 
a certain publication bias in the literature.

Discussion

In recent years, with the extensive development of organ 
transplantation and the extensive use of broad-spectrum 
antimicrobial drugs and immunosuppressants, the incidence 
of pulmonary fungal infection has gradually increased. 

Currently, empirical treatment strategies are usually used in 
clinical treatment of pulmonary mycosis (24,25). Pulmonary 
mycosis is dominated by invasive infection, so it is necessary 
to strengthen the dynamic monitoring of the high incidence 
of pathogenic bacteria in pulmonary mycosis in clinical 
treatment. In addition, screening and identification of high-
risk factors should be strengthened to realize early detection 
and treatment of patients with pulmonary mycodisease and 
improve the prognosis of patients (26).

This meta-analysis included a total of 11 articles, 
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including 6,415 cases of study subjects. The types of 
infections, infection sites, and high-risk factors of the 
pathogenic bacteria of pulmonary fungal disease were 
explored. The results showed that the main types of 
lung fungal infections were Pseudomonas aeruginosa, 
Haemophilus influenzae, Streptococcus pneumoniae, 
Helicobacter pylori, and Candida albicans. The infection 
sites were mainly infections of the lungs, intestines, urinary 
tract, and digestive tract. The reason may be that the 
clinical invasive operation destroys the mucosal barrier 
of the respiratory tract, leading to fungal infection of the 
lungs. After the risk factors of pulmonary mycosis were 
analyzed, it was found that the mortality of patients in the 
infected group was higher than that in the non-infected 
group, and the age of patients was related to the incidence 
of pulmonary mycosis. Patients older than 60 years of age 
had an increased incidence of pulmonary mycosis. The use 
of antibiotics and glucocorticoids also increased the risk of 
pulmonary mycosis. However, gender and smoking history 
of patients had no significant effect on the incidence of 
pulmonary mycosis, which was similar to the opinion of 
Haydour et al. (27). The reason may be that the onset of 
pulmonary mycosis may be related to the patient’s physical 
condition. The elderly had an increased incidence of 
pulmonary mycosis due to low immune function and other 
basic diseases. In addition, long-term use of antibiotics can 
inhibit the normal flora in the body, resulting in imbalance 
of flora, leading to an increase in the incidence of fungal 
infections. The continued use of glucodermatin may 
inhibit the chemotaxis of white blood cells and weaken the 
function of phagocytes and lymphocytes. While reducing 
inflammation, it also reduces the body’s immune response, 
leading to fungal infection of the lungs.

Conclusions

The types of infections, infection sites, and high-risk factors 
of the pathogenic bacteria of pulmonary fungal disease were 
explored. It was revealed that the main types of lung fungal 
infections were Pseudomonas aeruginosa, Haemophilus 
influenzae, Streptococcus pneumoniae, Helicobacter 
pylori, and Candida albicans. The infection was related 
to the age of the patients and the use of antibiotics 
and glucocorticoids. Therefore, appropriate measures 
should be taken to prevent fungal infection in the clinical 
treatment of pulmonary mycosis. Reasonable use of drugs 
and strengthening the monitoring of pathogenic bacteria 
can effectively control nosocomial fungal infections and 

effectively reduce the mortality of invasive abdominal fungal 
infections. However, this study also has some deficiencies, 
which are manifested as a small number of included studies 
and no analysis of factors such as mechanical ventilation and 
invasive procedures, leading to certain limitations of this 
study. Therefore, more high-quality, multi-center, and large 
sample controlled clinical trials are still needed in future 
studies. The distribution of pathogenic bacteria and high 
risk factors of pulmonary mycosis will be further analyzed 
to provide a more sufficient basis for the treatment and 
prognosis of patients with pulmonary mycosis.
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