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Introduction: Recent evidence shows that there 1s an increase in the incidence of
pulmonary mycosis globally. In clinical settings, pulmonary mycosis is commonly
misdiagnosed as pulmonary tuberculosis (PTB). Identifying risk factors can ease the
diagnosis of pulmonary mycosis. This study aimed to determine the risk factors for
pulmonary mycosis in immunocompromised patients in Surakarta.

Methods: This was an analytic observational study with a retrospective cohort study
3 Department Parasitology mcmod. This stud.y used [.)urposivc. sampling technique on 218 medical records of
and Micology, Universitas lmmtimoyompromlsed patients durlpg January. 2019—September 2022 at a referral
Sebelas Maret, Surakarta, hospital in Surakarta. The correlation of sociodemographic, health status, health

Indonesia behavior, history of diseases, medications, and transplantations with the incidence of
pulmonary mycosis was analyzed using Chi-Square test or Fisher’s exact test as its
alternative.

Results: There was a significant correlation between educational level (p=0.018),

Recived: 13/09/2023 nutritional status (p=0.001), smoking habit (p=0.000), history of corticosteroid use

Accepted: 24/05/2024 (p=0.031), history of antibiotic use (p=0.006), history of chemotherapy (p=0.003),

Published: 24/07/2024 history of PTB (p=0.047), and history of chronic obstructive pulmonary disease
(COPD) (p=0.001) with the incidence of pulmonary mycosis. Meanwhile, there was

e o 9 no significant correlation between occupation (p=0.057), neutrophil level (p=1.000),
history of human immunodeficiency virus (HIV) infection (p=1.000), history of

diabetes mellitus (DM) (p=0.070), and history of organ transplantation (p=1.000)

with the incidence of pulmonary mycosis.

Conclusion: Low educational level, malnutrition, smoking habit, history of
pulmonary diseases, and medications are the risk factors for pulmonary mycosis in
immunocompromised patients in Surakarta. It 1s important to identify these risk
factors when examining patients with respiratory disorder symptoms.
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INTRODUCTION

Pulmonary mycosis is a systemic fungal infection that causes pulmonary and/or airway
disorders. Clinical symptoms include fever, malaise, chest pain, shortness of breath, a protracted and
productive cough with mucoid or purulent sputum, and hemoptysis. In recent years, the incidence of
this disease has increased, jeopardizing people's health all around the world. This condition coincides
with an increase in immunocompromised and chronic lung disease patientst. The most commonly
reported types of pulmonary mycosis cases are pulmonary candidiasis, pulmonary aspergillosis,
pulmonary histoplasmosis, pulmonary cryptococcosis, and pneumocystis carinii pneumonia (PCP)>2.
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One of the biggest challenges in dealing with pulmonary mycosis in Indonesia nowadays,
besides the increasing incidence rate, is conducting early diagnosis and proper treatment for pulmonary
mycosis patients®. Pulmonary mycosis is commonly misdiagnosed as pulmonary tuberculosis (PTB) in
daily clinical practice. This is due to the lack of information on the pathognomonic clinical symptoms
and radiological characteristics of pulmonary mycosis to differentiate it from PTB, and moreover, both
often occur as co-infections®4. The mycology laboratory examination is one of the most important parts
in diagnosing pulmonary mycosis.> However, the facilities for mycology laboratory examinations in
several areas of Indonesia are still insufficient, resulting in the late diagnosis of pulmonary mycosis®.
This condition can be harmful to patients because they may not obtain appropriate therapy for their
ailment, resulting in greater morbidity and mortality rates’.

To improve the quality of pulmonary mycosis management in Indonesia in the future, it is
important to improve clinicians' knowledge and awareness of epidemiology as well as the diagnosis of
pulmonary mycosis®. Thus, a further comprehension of pulmonary mycosis epidemiology,
pathogenesis, and risk factors is necessary?. Risk factors can be an important part of easing the diagnosis
of pulmonary mycosis. Previous studies have shown various risk factors related to pulmonary mycosis,
such as older age, residential areas, smoking behaviors, low CD4+ and CD8+ T cell counts, prolonged
use of antibiotics and corticosteroids, organ transplantation, and underlying respiratory illnesses®™.
Based on this information, it is known that sociodemographic, health behavior, health status, history of
diseases, medications, and transplantations can be considered potential risk factors for pulmonary
mycosis; thus, further research is required to analyze these factors.

In Indonesia, there have been no recent studies about the risk factors for pulmonary mycosis.
Hence, the authors are intrigued to conduct a study that aims to determine the risk factors for pulmonary
mycosis in immunocompromised patients in Surakarta, Indonesia.

METHOD

This was an analytic observational study with a retrospective cohort study method. The study
was conducted by obtaining secondary data from the medical records of immunocompromised patients
during January 2019-September 2022 at a referral hospital in Surakarta. The immunocompromised
patients in this study mainly referred to patients with malnutrition status, neutropenia status, history of
human immunodeficiency virus (HIV) infection, history of diabetes mellitus (DM), history of
corticosteroid use (more than four weeks), history of antibiotic use (more than two weeks), history of
chemotherapy (within the past year), or history of organ transplantation. The data from
immunocompromised patients with pulmonary mycosis was compared to the data from a control group
without pulmonary mycosis. Patients with incomplete medical records were excluded from the study.

The medical records were collected using the purposive sampling technique. After collecting
samples from the case group via purposive sampling, the samples from the control group were identified
by manually matching the sex and age of the patients in both groups. Based on our calculations using
the hypothesis test for an odds ratio, the minimal sample size was 33 medical records for each group,
for a total of 66 medical records.

The pulmonary mycosis cases that were analyzed as the dependent variables in this study were
pulmonary candidiasis, pulmonary aspergillosis, and PCP. They were diagnosed based on the diagnostic
criteria, which consisted of possible, probable, and proven. In the diagnosis of pulmonary mycosis, the
mycological culture test was performed to confirm the diagnosis of probable cases by using sputum or
bronchoalveolar lavage (BAL) fluid as the specimen, and the biopsy was performed to confirm the
diagnosis of proven cases by using lung or bronchial tissue as the specimen. On the other hand, the
suspected risk factors of pulmonary mycosis, such as patients’ sociodemographic (occupation and
educational level), health behavior (smoking habit), health status (nutritional status and neutrophil
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level), disease history (HIV infection, DM, PTB, and chronic obstructive pulmonary disease (COPD)),
medication history (antibiotic, corticosteroid, and chemotherapy), and organ transplantation history,
were analyzed as the independent variables in this study.

The obtained data were analyzed using the Chi-Square test to show the correlation between the
incidence of pulmonary mycosis and its suspected risk factors. The Fisher’s exact test was performed
as an alternative when the data did not meet the requirements of the Chi-Square test. The tests were
performed using IBM Statistical Package for the Social Sciences (SPSS) version 24.0 for Windows.
This study obtained ethical clearance from the Health Research Ethics Committee of Dr. Moewardi
General Hospital with number 1.091/VIII/HREC/2022.

RESULTS

Table 1. Characteristics of Immunocompromised Patients at a Referral Hospital in Surakarta
based on Sex and Age (n=218)

Characteristics n %

Sex

Male 152 69.7

Female 66 30.3
Age (years)

<20 2 0.9

21 -30 4 1.8

31-40 20 9.2

41 -50 64 29.4

51 -60 52 23.9

>61 76 34.9

Patients Characteristics

During our observation, there were 218 medical records of immunocompromised patients that
met the inclusion criteria (complete medical record). The patients consisted of 152 males (69.7%) and
66 females (30.3%). Most of the patients were aged > 61 years (34.9%) (Table 1).

Table 2. Characteristics of Pulmonary Mycosis Cases at a Referral Hospital in Surakarta during
January 2019-September 2022

Characteristics n %

Diagnostic Criteria (n=109)

Possible 11 10.1

Probable 93 85.3

Proven 5 4.6
Specimen (n=98)

Sputum 63 64.3

BAL fluid 30 30.6

Bronchial tissue 1 1.0

Lung tissue 4 4.1
Causative Agents (n=98)

Candida spp. 2.0

2 .

Candida albicans 44 44.9
Candida glabrata 6 6.1
Candida tropicalis 31 31.6
Candida parapsilosis 3 3.1
Candida lusitaniae 1 1.0
Candida guilliermondii 1 1.0
Aspegillus spp. 9 9.2
Pneumocystis carinii 1 1.0
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Pulmonary Mycosis Cases Characteristics

The incidence of pulmonary mycosis among 109 immunocompromised patients during January
2019-September 2022 at a hospital in Surakarta included 93 probable (85.3%), 11 possible (10.1%),
and 5 proven (4.6%) cases. Thus, there were only 98 fungi that could be identified from the probable
and proven cases. The most common cause of pulmonary mycosis in the hospital was Candida spp.
(89.8%), with Candida albicans (44.9%) as the most common species, followed by Candida tropicalis
(31.6%) (Table 2).

Table 3. Correlation between Risk Factors and The Incidence of Pulmonary Mycosis
Pulmonary Mycosis

Risk Factors Positive Negative Total p-value
n % n % n %
Occupation
Farmer 26 23.9 15 13.8 41 18.8 0.057
Non-farmer 83 76.1 94 86.2 177 81.2 '
Educational Level
Primary education 59 54.1 62 56.9 121 55.5
Secondary education 44 404 30 275 74 33.9 0.018*
High education 6 55 17 15.6 23 10.6
Nutriniotal Status
Underweight 46 422 26 239 72 33.0
Ideal 48 440 44 404 92 42.2 0.001*
Overweight 13 119 29 266 42 19.3 '
Obese 2 1.8 10 9.2 12 55
Smoking Habit
Non-smoker 57 52.3 92 84.4 149 68.3
Light smoker 11 101 3 2.8 14 6.4 0.000*
Moderate smoker 23 21.1 11 10.1 34 15.6 '
Heavy smoker 18 16.5 3 2.8 21 9.6
Neutrophil Level
Neutropenia 1 0,9 2 1.8 3 14 1.000
Not neutropenia 108 99.1 107 98.2 215 98.6 '
History of HIV Infection
Yes 6 55 6 55 12 55 1.000
No 103 945 103 945 206 94.5 '
History of DM
Yes 35 321 48 440 83 38.1 0.070
No 74 679 61 56.0 135 61.9 '
History of Organ Transplantation
Yes 1 0.9 0 0 1 0.5 1.000
No 108 991 109 100 217 99.5 '
History of Corticosteroid Use
Yes 14 12.8 5 4.6 19 8.7 0.031*
No 95 87.2 104 954 199 91.3 '
History of Antibiotic Use
Yes 74 679 54 495 128 58.7 0.006*
No 35 321 55 505 90 41.3 '
History of Chemotherapy
Yes 9 8.3 25 229 34 15.6 0.003*
No 100 917 84 77.1 184 84.4 '
History of PTB
Yes 45 413 31 284 76 34.9 0.047*
No 64 58.7 78 716 142 65.1 '
History of COPD
Yes 20 18.3 4 3.7 24 11.0 0.001*
No 89 817 105 96.3 194 89.0 '
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The Analysis of Risk Factors

The bivariate analysis was performed by using the Chi-Square test and Fisher’s exact test to
provide an analysis of risk factors for the incidence of pulmonary mycosis. The results showed that
several risk factors, such as educational level (p=0.018; Chi-Square test), nutritional status (p=0.001;
Chi-Square test), smoking habit (p=0.000; Chi-Square test), history of corticosteroid use (p=0.031; Chi-
Square test), history of antibiotic use (p=0.006; Chi-Square test), history of chemotherapy (p=0.003;
Chi-Square test), history of PTB (p=0.047; Chi-Square test), and history of COPD (p=0.001; Chi-
Square test), were significantly correlated with the incidence of pulmonary mycosis. Meanwhile,
occupation (p=0.057; Chi-Square test), neutrophil level (p=1.000; Fisher’s exact test), history of HIV
infection (p=1.000; Chi-Square test), history of DM (p=0.070; Chi-Square test), and history of organ
transplantation (p=1.000; Fisher’s exact test) were not significantly correlated with the incidence of
pulmonary mycosis (Table 3).

DISCUSSION

In our study, it was found that most of the immunocompromised patients with pulmonary
mycosis were male and elderly. This finding is similar to previous studies that showed older age was
one of the pulmonary mycosis risk factors®. It is the immunosenescence process that makes the elderly
more susceptible to respiratory tract infections!!. However, sex and age were not included in our
analysis of risk factors for the incidence of pulmonary mycosis.

The most prevalent case of pulmonary mycosis found in this study was pulmonary candidiasis,
which was caused by C. albicans. It corresponds with previous studies that showed C. albicans as the
most common causative agent of pulmonary mycosis'®2, Unfortunately, the examination equipment in
the hospital's mycology laboratory has limitations in its ability to diagnose pulmonary mycosis. As a
result, it was unclear if the fungus discovered and identified in the medical records was commensal or
opportunistic.

There were two sociodemographic aspects that were analyzed as risk factors for pulmonary
mycosis: educational level and occupation. The educational level was significantly correlated with the
incidence of pulmonary mycosis, similar to a previous study conducted in Banjar Regency, Indonesia®®.
This implies that the more educated a person is, the better their disease prevention will be. Otherwise,
occupation was not significantly correlated with the incidence of pulmonary mycosis. It does not
correspond with our references, which stated that farmers had a higher susceptibility to endemic
pulmonary mycoses caused by pathogenic fungi such as Histoplasma capsulatum, Paracoccidioides
brasiliensis, and Paracoccidioides lutzi**°, Based on an epidemiological study in Latin America, those
three pathogenic fungi are endemic to the Americas®®. Thus, most farmers in Indonesia have very low
exposure to these three fungal pathogens, and so the risk of developing the pulmonary mycosis caused
by these three fungal pathogens is also very low, making our finding reasonable.

The health status also shared similar results with the sociodemographic aspects in this study.
The nutritional status was significantly correlated with the incidence of pulmonary mycosis. This
finding is in accordance with a study conducted at a hospital in Wisconsin'’. Malnutrition in an
individual can lead to immune system dysfunction known as nutritional-acquired immune deficiency
syndrome (NAIDS), making them more susceptible to various infections, especially opportunistic
fungal infections!®. Meanwhile, the neutrophil level was not significantly correlated with the incidence
of pulmonary mycosis. A cross-sectional study in Kolkata, India, showed that neutropenia that lasted
for more than 10 days was the risk factor for invasive fungal infection (IFI) in patients with
hematological malignancies, which was different from our result™®.
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The analysis of smoking habit showed a significant correlation with the incidence of pulmonary
mycosis. This finding corresponds with a systematic review and meta-analysis that stated that there was
an increased risk of invasive fungal disease (IFD) in smokers compared to non-smokers®. An
experimental study conducted in Canada also supports our findings. The study showed that there was a
significant correlation between the smoke condensate of cigarettes and the adhesion, growth, and
biofilm formation of C. albicans, thus increasing their ability to develop opportunistic infections?.

This study showed that the history of medications, such as corticosteroid, antibiotic, and
chemotherapy, had a significant correlation with the incidence of pulmonary mycosis. A study in Japan
revealed that the administration of prednisolone with an equivalent steroid dose of 55 mg/kg
cumulatively for the first 4 weeks in patients with severe acute graft-versus-host disease (GVHD)
showed a significant correlation with the increase in the incidence of fungal infections, similar to our
findings?2. Another study in Nigeria also corroborates our finding; the study showed that long-term use
of antibiotics had a significant correlation with the incidence of pulmonary mycosis in non-TB
patients®®. Corticosteroid and antibiotic impair the innate and adaptive immune systems, making the
individual more susceptible to opportunistic fungal infections in the respiratory tract'®??, Regarding
chemotherapy, our finding is in accordance with a cross-sectional study in Kolkata, India, which stated
the induction chemotherapy was one of the risk factors for the incidence of IFI1%°. Similar to the effects
of corticosteroid and antibiotic, chemotherapy can lead to a weakened epithelial barrier and dysfunction
of both the innate and adaptive immune systems, making it more susceptible to opportunistic infections
by fungi?.

The history of pulmonary diseases, such as PTB and COPD, also had a significant correlation
with the incidence of pulmonary mycosis in this study. It is in accordance with a cross-sectional study
in Brazil that showed that cavities in the lung tissue had a significant correlation with pulmonary
mycosis in PTB patients?. In PTB patients, the cavities that are formed in the lungs contain adequate
oxygen and necrotizing tissue to provide a suitable place for various organisms, including fungi, to
grow and cause an infection?. The finding about COPD is also consistent with a cohort study in South
Korea, which showed that COPD was one of the pulmonary disease histories that had a significant
correlation with the increase in pulmonary aspergillosis risk in bronchiectasis patients?, COPD patients
commonly get long-term corticosteroid therapy, which leads to a reduction in alveolar macrophage
activity that inhibits the function of neutrophils in destroying Aspergillus spp. fungal components. Thus,
increasing the colonization of Aspergillus spp. in COPD patients®.

The history of HIV infection, the history of DM, and the history of organ transplantation were
not significantly correlated with the incidence of pulmonary mycosis. This finding is not in accordance
with the previous studies?~?°. This is due to the fact that the onset and duration of these factors were
not considered in our study, so that possible complications such as pulmonary mycosis might not have
occurred in many patients with these factors. This is true for the neutrophil level in our study as well.
Furthermore, the background of these factors, such as the degree of neutropenia, the stage of HIV
infection (based on CD4+ T cell counts), the blood glucose level of DM patients, and the type of
transplanted organ, was not analyzed in our study. In this case, the severity of each underlying condition
was not considered in our study, so the results regarding these factors are not very detailed.

There are also other limitations in this study. The data of patients in this study was only derived
from one hospital, making generalizations difficult for every incidence of pulmonary mycosis in
Indonesia. The population in this study was also too broad in scope, so the data and results obtained for
each immunocompromised factor were less representative. Furthermore, the other risk factors that may
be correlated with the incidence of pulmonary mycosis, such as sex, age, genetic factors, environmental
conditions, economic conditions, personal hygiene, and history of autoimmune diseases, were not
included in the analysis. Further studies on these factors need to be conducted for better comprehension
of pulmonary mycosis risk factors.
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CONCLUSION

This study concludes that low educational level, malnutrition, smoking habit, history of
pulmonary diseases, and medications are risk factors for pulmonary mycosis in immunocompromised
patients in Surakarta. A thorough anamnesis is necessary for the identification of these risk factors,
especially when screening patients with respiratory illness symptoms such as chest pain, shortness of
breath, and a protracted cough. Identification of these risk factors can aid in the early diagnosis of
pulmonary mycosis, resulting in more successful patient treatment.
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