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Abstract: Tuberculosis (TB), caused by Mycobacterium tuberculosis, is a primarily
pulmonary infectious disease spread via airborne transmission when individuals with active
TB cough, talk, or sneeze. Despite longstanding TB control efforts in Indonesia, the
incidence remains high, with approximately 845,000 cases annually. Prolonged use of anti-
TB drugs or treatments for multidrug-resistant TB (MDR-TB), which often include
immunosuppressive agents, can predispose patients to fungal infections. These infections
may occur early in the disease course but are often overlooked, leading to prolonged
recovery due to fungal coinfections. This study aimed to analyze the characteristics of TB
patients by age, gender, and type of fungi, and to examine the relationship between fungal
types and sputum characteristics (color, viscosity, and presence of blood). Using a cross-
sectional design, 98 sputum samples were collected through accidental sampling. Among
patients, 81 (82.7%) were adults, and 63 (64.3%) were male. Fungal analysis revealed
Candida sp. in 41 (41.9%) samples, Aspergillus sp. in 9 (9.1%), mixed fungal infections in
17 (17.3%), and no fungi in 31 (31.7%). No significant association was found between
fungal type and sputum characteristics (mucopurulent color, viscosity, and hemoptysis).
The absence of a significant association between fungal type and sputum characteristics
suggests that clinical features alone may not reliably indicate fungal coinfections in TB
patients. This highlights the need for routine laboratory-based fungal diagnostics to ensure
early detection and appropriate management, thereby improving treatment outcomes.

Keywords: Tuberculosis; Fungal coinfections; Multidrug-resistant TB (MDR-TB); Sputum
characteristics; Laboratory-based diagnostics

INTRODUCTION

Tuberculosis remains one of the world's deadliest infectious diseases.
Pulmonary tuberculosis (TB) has long been associated with opportunistic fungal
infections and can be fatal if the fungal infection is not detected in the early stages
of tuberculosis." Every day, more than 4,100 people are reported to die of TB and
nearly 28,000 people are infected with this preventable and curable disease.
Global efforts to combat TB have saved an estimated 66 million lives since 2000.
However, the COVID-19 pandemic has reversed years of progress made in the
fight to eliminate TB. For the first time in more than a decade, the number of deaths
from TB increased in 2020.2

The estimated total number of people infected with TB is approximately
845,000 cases with a death rate of 98,000 or equivalent to 11 deaths per hour. TB
control has been implemented for more than 70 years in Indonesia, but it still ranks
the highest in the world. An estimated 24,000 cases of all new tuberculosis patients
are multidrug-resistant TB (MDR-TB); Historical case series of MDR-TB have
shown a high frequency of cavitation and a poor prognosis. The diagnosis of
chronic pulmonary aspergillosis (CPA) relies on elevated levels of Aspergillus IgG
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and Histoplasma IgG antibodies which were suspiciously detected for chronic
pulmonary histoplasmosis (CPH).?

In 2022, the Ministry of Health together with all health workers successfully
detected more than 700 thousand cases of TB. This is the highest number of
findings since it became a national priority program. Based on the Global TB
Report in 2022, the highest number of TB cases in the world are found in the
productive age group, especially those aged 25 to 34 years. In Indonesia, the
highest number of cases are found in the productive age group, especially those
aged 45 to 54 years.

Long-term TB treatment with anti-TB drugs or Multidrug-resistant
Tuberculosis (MDR-TB) can cause fungal infections.* Fungal infections can occur
in earlier stages of the disease, but the patients are only given anti-TB drugs. It
takes a longer time for patients to recover due to fungal co-infection.® In conditions
of weakened immunity caused by tuberculosis, one type of fungus that can infect
TB patients is Candida albicans. It is a normal flora in the oral cavity that turns into
a pathogen and it can cause a fungal infection called oral candidiasis. Fungal
infections in the lungs are relatively common in patients with weakened immune
systems. Often, this infection presents clinically as a fungal ball called mycetoma.®

Fungal balls caused by Aspergillus species are a rare clinical presentation
and are characterized by fungal clumps in tissue, usually in the lungs or sinuses,
which end in chronic inflammation and hemoptysis. Primary aspergilloma is rarely
reported because this infection mostly occurs secondary to tuberculosis infection
in a pre-existing cavity. The coexistence of Aspergillus fungal balls in active
tuberculosis is very rare to find.” Despite advancements in TB management, the
interplay between tuberculosis and opportunistic fungal infections remains
underexplored. The study highlights a high prevalence of fungal infections, such
as Candida sp. and Aspergillus sp., among TB patients.

MATERIAL AND METHOD

This study employed an analytical research design with an observational
cross-sectional approach. The population consisted of 98 sputum samples
collected from tuberculosis (TB) patients. The sampling technique utilized was
accidental sampling. Primary data were obtained directly from the source through
laboratory examination results, collected and analyzed by the researchers. The
data collection method involved analyzing respiratory tract fungi in TB patients by
inoculating sputum samples onto Sabouraud Dextrose Agar (SDA) media and
observing the cultures.

The data collection instrument used in this study was direct microscopic
observation. Univariate analysis was conducted to examine individual variables
independently, without assessing relationships between them, to describe the
characteristics of each research variable. Categorical data were presented as
frequency distributions, highlighting the percentage for each variable. Bivariate
analysis was performed to explore the relationship between two variables: the
independent variable (tuberculosis) and the dependent variables, namely sputum
color (mucopurulent), consistency (viscosity), and presence of blood (hemoptysis).
The data, which were nominal and ordinal in nature, were analyzed using the chi-
square test to determine any statistically significant relationships.

Although this study adhered to rigorous procedures, the sampling
technique presented limitations, particularly regarding representativeness and
potential bias. To ensure data quality and minimize contamination, sputum
samples were collected under strict protocols. Patients were instructed to collect
sputum in the morning immediately after waking up, to reduce contamination from
saliva or nasopharyngeal secretions. The samples were collected in wide-mouthed
glass containers with sterile screw caps, sterilized using a dry heat oven at 160°C
for 2 hours, as prepared by laboratory personnel.
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The collection process followed standard operating procedures (SOPs),
supervised by laboratory personnel to ensure compliance. Samples were either
analyzed immediately or stored under appropriate conditions to maintain integrity,
with storage temperatures maintained at 2-8°C during transportation to the
laboratory. Data analysis was conducted in two stages. First, univariate analysis
was used to describe the frequency distribution of each variable. Next, bivariate
analysis was performed using the chi-square test in the SPSS program to
determine correlations between sputum characteristics (color, consistency, and
hemoptysis) and the presence of respiratory tract fungi.

This study received ethical approval from the Health Research Ethics
Committee (Institutional Review Board/IRB) of the Health Polytechnic of
Palembang (Approval Number: 0947/KEPK/Adm2/VII/2024). All participants
provided informed consent after receiving clear and comprehensive information
about the study.

RESULTS AND DISCUSSION

The results of observations and identification of fungi in the respiratory tract
of tuberculosis patients using a microscope show that Candida albicans is present
in the initial cells and Aspergillus is shown by round conidia, sporangia with long
and cylindrical conidiophores as in Figure 1.

Sporangium

Candida albicans (a) Aspergillus sp (b)
Figure 1. Fungi in respiratory tract of tuberculosis patients.

The first image (a) illustrates Candida albicans, a yeast-like fungus
commonly found as part of the normal flora in the oral cavity, gastrointestinal tract,
and vaginal mucosa. Under certain conditions, such as weakened immunity, C.
albicans can become pathogenic, causing infections like oral candidiasis or
invasive candidiasis. The image shows the characteristic budding cells of C.
albicans, which reproduce through a process called budding, where a daughter cell
forms and detaches from the mother cell. The second image (b) depicts Aspergillus
sp., a filamentous fungus widely found in the environment, particularly in soil,
compost, and decaying vegetation. The structure shown in the image is the
sporangium, which contains spores that can become airborne and serve as a
primary route of infection. In immunocompromised individuals, such as those
undergoing long-term TB treatment, Aspergillus sp. can cause pulmonary
aspergillosis or aspergilloma (fungal balls), particularly in pre-existing lung cavities
caused by tuberculosis. These images emphasize the importance of identifying
fungal pathogens through microscopic examination to ensure accurate diagnosis
and effective management of fungal coinfections in tuberculosis patients.
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The image (fig 2) depicts Candida albicans colonies grown on CHROMagar
medium, which exhibit a characteristic tosca green color. CHROMagar is a
selective chromogenic culture medium specifically designed for the detection,
differentiation, and identification of Candida species. The medium contains
chromogenic substrates that react with enzymes unique to each Candida species,
resulting in distinctive colony colors that facilitate rapid identification. The tosca
green coloration in the image confirms the presence of C. albicans, highlighting its
enzyme activity specific to this species. This method is widely used in
microbiological diagnostics due to its simplicity, efficiency, and ability to
simultaneously differentiate multiple Candida species.

Figure 2. Chrom agar media

The graphs (fig 3) depict the distribution of respondents based on age and
gender. In the first graph, the majority of respondents, 81 individuals (82.7%), fall
within the adult age group (19-59 years), while 17 respondents (17.3%) are
classified as elderly (=60 years). This indicates that the study primarily involved
participants in the productive age group, reflecting the population most affected by
tuberculosis in many settings. The second graph shows the gender distribution of
respondents. Males constitute the majority, with 63 individuals (64.3%), compared
to 35 females (35.7%). This aligns with the known epidemiological trend where
tuberculosis is more prevalent among males, possibly due to differences in
exposure, health-seeking behavior, or biological susceptibility. These demographic
characteristics provide a context for understanding the population most affected by
tuberculosis and potentially fungal coinfections.

Respondent Characteristic: Age Respondent Characteristic: Gender

17 (17,3%)

= Adult (19-59) = Elderly (>59) = Male = Female

Figure 3. The characteristics of Respondent based on Age and Gender
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Types of Fungi

Pt

Figure 4. The types of fungi

Based on Figure 4, 41 respondents (41.9%) were infected with Candida
sp., 9 respondents (9.1%) were infected with Aspergillus sp., 17 respondents
(17.3%) had mixed infections, and 31 respondents (31.7%) showed no fungal
infection. These findings are consistent with previous research. One study reported
that 64% of children and 57.1% of teenagers were positive for fungal infections.
Additionally, 46.7% of males and 56.7% of females tested positive. Another study
found that, among 42 respondents, 16 were positive for Candida spp., including 11
respondents aged >55 years and 12 females who tested positive. Similarly,
research indicated that 7 (20%) male adult samples were at risk of being infected
with Candida spp., with 6 (17.1%) respondents aged 29-33 years and 1 (2.8%)
respondent aged 40-45 years testing positive. Among females, 3 (8.5%) adult
samples aged 46-51 years tested positive for Candida spp. These findings
highlight age and gender as potential risk factors for fungal infections among
tuberculosis patients.

Table 1. Distribution of respiratory tract fungi in tuberculosis patients based on
sputum color (Mucopurulent)

Color Results
— - P-value
Positive Negative Total
Freq Percentage Freq Percentage Freq Percentage

White/Colorless 34 72.3 13 27.7 47 100
Greenish-yellow 28 62.2 17 37.8 45 100 0.585
Brownish-red 4 66.7 2 33.3 6 100 ’
Total 66 67.3 32 32.7 98 100

Based on table 1, from white/colorless sputum, 34 (72.3%) samples were
found positive and 13 (27.7%) samples were negative; from greenish-yellow, 28
(62.2%) samples were found positive and 17 (37.8%) samples were negative; from
brownish-red, 4 (66.7%) samples were found positive and 2 (33.3%) samples were
negative. The total number of positive samples was 66 (67.3%), and negative was
32 (32.7%). From the results of the statistical analysis, the p-value was 0.585. It
indicated that there was no significant relationship between the respiratory tract
fungi and the color of sputum (mucopurulent), and there was no significant
relationship in terms of the color of the fungi growing in the media.

The results of the analysis showed that there was no significant relationship
between the presence of fungi in the respiratory tract of tuberculosis patients and
the color of mucopurulent sputum (p-value = 0.585). This finding is consistent with
several kinds of literature such as in '° stating that sputum color alone is often not
enough to be a specific indicator of fungal or bacterial infection in tuberculosis
patients. Sputum analysis is more often used to detect Mycobacterium tuberculosis
with methods such as microscopic examination, sputum culture (gold standard), or
molecular rapid tests (GeneXpert MTB/RIF). Visual examination of sputum,
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including color, is usually only used to assess sample quality but not for specific
diagnosis of fungal infection."

Table 2. Distribution of respiratory tract fungi in tuberculosis patients based on
consistency (Viscosity)
Consistency Results

(Viscosity) Positive Negative Total P value
Freq Percentage Freq Percentage Freq Percentage

Thick 63 67.0 31 33.0 94 100

Not thick 3 75.0 1 25.0 4 100 0.605

Total 66 67.3 32 32.7 98 100

Based on Table 2, from thick sputum, 63 (67.0%) samples were found
positive, and 31 (33.0%) samples were negative; from not thick samples, 3 (75.0%)
samples were positive and 1 (25.0%) sample was negative. After being analyzed,
the results of the p-value were 0.605, meaning there was no significant relationship
between the respiratory tract fungi of tuberculosis patients and consistency
(viscosity). In terms of thickness (viscosity) the fungi growing in the media did not
show a significant relationship. From the results of the study on the relationship
between sputum viscosity and fungal detection in patients with pulmonary
tuberculosis (TB), it was found that there was no significant relationship (p-value =
0.605). This shows that the sputum viscosity factor, whether thick or not, is not the
main indicator that influences the presence of fungi in the respiratory tract of TB
patients. Several other literatures also confirm that the presence of fungi is more
influenced by the patient's immunodeficiency condition and environmental
exposure to fungal spores.'?

In general, fungal infections often occur in TB patients due to a decreased
immune system, especially in elderly patients or those receiving long-term
antibiotic treatment. A study at Soekardjo Hospital, Tasikmalaya, for example,
showed that 22.2% of TB patients had fungi in their sputum, with a higher
prevalence in elderly patients."

Table 3. Distribution of respiratory tract fungi in tuberculosis patients based on
blood presence (hemoptysis)

Blood Presence — Result.s P value
(hemoptysis) Positive Negative Total
Freq Percentage Freq Percentage Freq Percentage
Bleeding 5 62.5 3 375 8 100
Not bleeding 61 67.8 29 32.2 90 100 0.519
Total 66 67.3 32 32.3 98 100

Based on Table 3, from samples with blood, 5 (62.5%) samples were
positive and 3 (37.5%) samples were negative; and from those with no blood, 61
(67.8.0%) samples were positive and 29 (32.2%) samples were negative. After
being analyzed statistically, the result of the p-value was 0.519. It meant that there
was no significant relationship between the respiratory tract fungi and the presence
of blood (hemoptysis) in samples. In terms of hemoptysis, the fungus growing in
the media did not show a significant relationship.

The results of table 3 showing the relationship between hemoptysis (blood
in sputum) and the presence of fungi in tuberculosis patients, it was obtained that
the p-value was 0.519. This meant there was no significant relationship between
hemoptysis and fungal infection in the respiratory tract of tuberculosis patients.

These results can be explained by the fact that hemoptysis, or coughing up
blood, is often associated with damage to lung tissue due to active TB infection,
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but does not directly indicate the presence of a fungal infection. Hemoptysis can
occur in a variety of conditions, including bacterial infections or tuberculosis, but
the presence of fungi in sputum is more often influenced by immunosuppression
or co-infection factors, rather than by clinical symptoms such as hemoptysis.

Previous studies have also shown that hemoptysis in TB patients is more
often related to the severity of tuberculosis infection or the presence of other
comorbidities, while fungal infections tend to develop in patients with more severe
immune disorders. Patients over 40 years of age were more likely to provide
sputum samples contaminated with the respiratory fungi, C. albicans.’ In sputum
and tracheal aspirates, the chance of identifying one species was higher than the
chance of identifying multiple species. Culture on Sabouraud Dextrose Agar (SDA)
media from 103 bronchoalveolar lavage (BAL) fluid samples, there were 23
samples (22.3%) positive for Candida spp. found in men ®

In macroscopic and microscopic examinations, the results were obtained
based on the percentage of the presence of fungi in the respiratory tract of Candida
sp. which grew on SDA media. The results of the study from 62 samples obtained
34 (54.9%) positive samples of Candida sp.'® _The prevalence of Candida sp
respiratory tract fungus in all samples analyzed was 31.60%. After excluding
contaminated samples, the actual prevalence was 27.66%. Of all sputum samples,
31.6% were contaminated."’

This research is in line with'® The results of the study showed that out of 30
samples, 7 (23.3%) samples were found to be infected with Candida albicans, 8
(26.7%) samples with Candida parasilopsis Il, and 15 (50%) samples were
negative. This study concludes that out of 30 samples, 15 samples were detected
that had the Candida spp. gene. The results of both studies showed agreement in
terms of the presence of Candida infections in the respiratory tract, although the
species-specific results and percentage figures were slightly different. The first
study provides an overview of the prevalence of Candida in more samples, while
the second study offers specific details about the types of species involved.

The overall comparison is that both results are in line in terms of showing
the prevalence of Candida fungi in the respiratory tract, although there are
differences in methodology and level of specification between the two studies.
These differences could be caused by different sample sizes, types of species
detected, and identification methods used. Thus, despite differences in specific
results between the two studies, both still demonstrate significant Candida infection
in the respiratory tract.’ Candida will live in balance with other microorganisms in
the body without causing harm, with approximately 15% to 30% of healthy people
carrying Candida in the mouth and throat and 15% in the bronchi.?

However, when conditions are favorable, Candida has the opportunity to
multiply and cause disease in many other parts of the body. Candida pneumonia
is generally confined to severely immunocompromised patients who develop the
infection after it has spread from the bloodstream to the lungs. A chest CT scan
often shows multiple lung nodules.?'Candida albicans lung disease: Fungal cases
of pneumonia are a small proportion of pneumonia and Candida is the most
common cause of invasive fungal infections, accounting for 70-90%. Fungi can be
present in the body without causing disease or can cause significant disease,
especially in immunocompromised settings.?2

Things to note in sputum sampling color should be yellowish-green and
mucoid viscosity. The best time for sputum collection is after waking up because
abnormal bronchial secretions tend to collect during sleep so that the sputum is
not contaminated by saliva or nasopharyngeal secretions to avoid biased results.?®

There is no influence based on volume, but there is an influence based on
the smell, color, and consistency of sputum because the condition of sputum
usually specifically shows the pathological process that occurs in the formation of
the sputum itself.?* The results of this study are in line with the statement according
to %_in Science Direct Topics stating that normal sputum is odorless, conversely,
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foul-smelling sputum indicates a bacterial infection. A similar thing was explained
by %, sputum that has a foul odor is likely a sign of lung abscess or bronchiectasis.
A study conducted by L.R. Bijland et all (2013) discussed the diagnosis of disease
through odor in samples. The study concluded that odor detection by animals and
electronic noses holds promise for the future and should receive higher priority in
research and funding efforts.?’

The ideal consistency (viscosity) of sputum for TB examination is mucoid,
which is thick and slimy to facilitate proper laboratory examination.? Things to note
in taking sputum samples must be thick, namely by spontaneous coughing, sputum
induction, and bronchoscopy. There is no influence based on volume, there is an
influence based on the smell, color, and consistency of sputum. If the sample does
not meet the requirements, then a repeat sample can be taken, or if not possible,
the most mucopurulent or thick part of the sample can be taken with a special note
on the label. The sample should also not contain food residue or other solid
particles.?®

This study provides important insights into the clinical management of
tuberculosis. Routine screening for respiratory tract fungal infections, especially
Candida sp and Aspergillus sp, in tuberculosis patients is recommended, given the
high prevalence of detected fungal infections. This screening can help identify
secondary infections early and prevent complications. In addition, tuberculosis
patients need to be educated about the risk factors for fungal infections, such as
immunosuppression, environmental hygiene, and healthy lifestyles, as additional
preventive measures®. Itis recommended that future studies involve larger sample
sizes and incorporate more diverse variables, such as environmental factors,
patient immune status, and disease duration, to gain a deeper understanding of
the mechanisms underlying the association between tuberculosis and fungal
infection.®® Molecular analysis for the identification of fungal species can
strengthen the evidence and provide more accurate data in determining antifungal
therapy strategies. In addition, this study highlights the importance of including
fungal infection examinations in tuberculosis diagnostic guidelines. This can
improve the quality of health services and ensure more comprehensive treatment.
By applying these insights, the results of this study are expected to make a real
contribution to improving the management of tuberculosis and the management of
accompanying fungal infections 2.

CONCLUSION

The study, conducted on 98 sputum samples from tuberculosis patients at the
Palembang Public Health Laboratory Center, concluded that the majority of patients
(81, 82.7%) were adults, with a higher prevalence among males (63, 64.3%).
Respiratory tract fungal infections were detected in 67 samples (68.3%), with the
following distribution: Candida sp. in 41 samples (41.9%), Aspergillus sp. in 9 samples
(9.1%), and mixed fungal infections in 17 samples (17.3%). Meanwhile, 31 samples
(31.7%) showed no fungal growth. Statistical analysis revealed no significant
relationship between fungal infections and sputum characteristics, including color
(mucopurulent), consistency (viscosity), or the presence of blood (hemoptysis). These
findings emphasize the importance of routine fungal diagnostics in tuberculosis patients
to better understand the impact of fungal coinfections.

AUTHORS’ CONTRIBUTIONS

Herry Hermansyah: author, editor, planning and implementing the research, Sri
Sulpha Siregar: revising the manuscript, preparing samples, implementing the
research, and administrator, Erwin Edyansyah: corresponding author, collecting,
processing and analyzing data. All authors contributed equally in every stage of
the research process.

217



Herry, et al Jurnal Teknologi Laboratorium 2 (2024) 210-220
ACKNOWLEDGEMENT

Thanks to the Head of the Medical Laboratory Technology Department and the
Director of the Health Polytechnic of Palembang.

FUNDING INFORMATION
The research was funded by the DIPA of the Health Polytechnic of Palembang
through SIMLIBTAKES 2024

DATA AVAILABILITY STATEMENT
The utilized data to contribute to this investigation are available from the
corresponding author on reasonable request.

DISCLOSURE STATEMENT

The views and opinions expressed in this article are those of the authors and do
not necessarily reflect the official policy or position of any affiliated agency of the
authors. The data is the result of the author's research and has never been
published in other journals.

REFERENCE

1. Bitew A, Bati S. Profiling of Potential Pulmonary Fungal Pathogens and The
Prevalence Of The Association Between Pulmonary Tuberculosis And
Potential Fungal Pathogens In Presumptive Tuberculosis Patients Referred
To Saint Peter’'s Specialized Tuberculosis Referral Hospital, Addis Ababa,
Ethiopia. Sage open med. 2021;9. D0i:10.1177/20503121211056163

2. Sari Mi, Marlianto N, Nuh Yh. Latihan Batuk Efektif pada Pasien Tb paru
sebagai Upaya Bersihan Jalan Nafas dengan Pendekatan Model Teori
Keperawatan Orem di Ruang Rawat Inap RSUD Kabupaten Lebong.
Published online 2022. Https://ojs.stikesamanah-mks.ac.id/index.php/jihad

3. Soeroso NN, Siahaan |, Khairunnisa S, et al. The association of chronic
pulmonary aspergillosis and chronic pulmonary histoplasmosis with mdr-tb
patients in indonesia. Journal of fungi 2024, vol 10, page 529. 2024;10(8):529.
Do0i:10.3390/jof10080529

4. Dwi Anggraeni Sukaesih. Karakterisasi Senyawa Katekin dari Daun Teh Hijau
(Camellia sinensis (l.) Kuntze) dan Uji Aktivitas Antibakteri. Published online
2021.

5. Akhmad Rivai Harahap. Faktor Pengawas Minum Obat Terhadap Kepatuhan
Minum Obat Penderita Tuberkulosis di Rumah Sakit Khusus Paru Medan.;
2019.

6. Melati Dwiamugrah Khalik. Prevelensi Penemuan Jamur pada Sputum
Terduga Tuberkulosis Paru yang Diperiksa di RSUP Dr.M..Djamil Padang.
Published online 2019.

7. Yadav S, Yadav S. Pulmonary Tuberculosis with Concomitant Aspergillus
Fungal Ball In a Diabetic Indian Male: a Rare Case Report. Cureus.
2023;15(7). Doi:10.7759/cureus.41443

8. Maloho RF, Putri Solikah M. Hubungan Jamur Candida albicans dan
Aspergillus Fumigatus Terhadap Pasien Tuberkulosis Paru di Balai
Laboratorium Kesehatan Daerah (Blkd) Provinsi Sulawesi Utara. Jurnal Analis
Laboratorium Medik. 2023;8(2):108-116. D0i:10.51544/Jalm.v8i2.4612

9. Aprilia Tri Putri. Gambaran Keberadaan Jamur Candida Albicans Pada Urin
Anak Asuh Di Panti Asuhan Fatmawati Kota Palembang Tahun 2019.
Published online 2019.

10. Isnin Anang Marhana Maapanr. Buku Ajar Paru Departemen Pulmonologi Dan
lImu Kedokteran Respirasi fakultas kedokteran universitas airlangga- RSUD
dr.soetpmo. 2022. Accessed december 19, 2024.
Https://books.google.co.id/books?hl=id&Ir=&id=tg6deaaaqbaj&oi=fnd&pg=pp
1&dg=beberapa+literatur+yang+menyebutkan+bahwa+warna+sputum+saja+

218



Herry, et al Jurnal Teknologi Laboratorium 2 (2024) 210-220

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

sering+kali+tidak+cukup+untuk+menjadi+indikator+spesifik+adanya+infeksi+
jamur

Lilis Pamungkassari Amdak. Direktorat Jenderal Pelayanan Kesehatan.
December 15, 2022. Accessed december 14, 2024.
Https://yankes.kemkes.go.id/view _artikel/1937/pengumpulan-dan-
pengelolaan-spesimen-dahak%20https://repository.poltekkes tjk.ac.id

Urip U, Jiwintarum Y, Gandi NLPG. Studi Jamur Aspergillus Fumigatus Di
Pasar Cakranegara Kota Mataram Penyebab Penyakit Aspergillosis
Menggunakan Media Pertumbuhan Potato Dextrose Agar. Bioscientist : jurnal
ilmiah biologi. 2021;9(2):631. Doi:10.33394/bioscientist.v9i2.4560

Desak gede swi agustin. Gambaran hasil pemeriksaan jamur pada sputum
pasien di rumah sakit daerah mangusada kabupaten badung.; 2020.

Penulis: Tim Promkes RSST - RSUP Dr. Soeradji Tirtonegoro Klaten.
Accessed december 14, 2024. Https://ayosehat.kemkes.go.id/author/jk/tim-
promkes-rsst-rsup-dr-soeradiji-titonegoro-klaten

Feriana Basri R, Kesehatan Megarezky P, Sitti Rahbiah Akram |, Harisa Rama
Yanti |, Riyan Sukma |, Jurnal Pendidikan Biologi b. dengan Multiplex PCR.
2023;(1). Https://e-journal.my.id/biogenerasi

Geni |, Winita R, Istiqgomah AA. Pemeriksaan Jamur Candida Sp pada Rongga
Mulut Lansia di Panti Sosial Tresna Werdha Budi Mulia 1 Cipayung Jakarta
Timur. Anakes: Jurnal llmiah Analis Kesehatan. 2020;6(2):202-211.
Do0i:10.37012/Anakes.v6i2.374

Ciurea CN, Santini A, Mare Ad, et al. Candida Spp. In Lower Respiratory Tract
Secretions — a Ten Years Retrospective Study. The journal of critical care
medicine. 2021;7(3):217. D0i:10.2478/jccm-2021-0016

Yulianingsih A, Basri A, Jakaria. Deteksi Gen Jamur Candida Spp. pada Swab
Tenggorok Penderita Tuberculosis dengan Metode Polymerase Chain
Reaction. Health Information: Jurnal Penelitian. 2022;14(1):19-26.
Do0i:10.36990/Hijp.v14i1.459

R An, Rafig NB. Candidiasis. European Handbook of Dermatological
Treatment. Published Online May 29, 2023:131-136. D0i:10.1007/978-3-031-
15130-9_12

Riset A, Fadhilah D, Yani Sodigah K, et al.Jamur pada Sampel Sputum
Penderita Tuberkulosis Paru Fakumi Medical Journal.; 2022.

Rudy Joegijantoro. Penyakit infeksi.; 2018. Www.intranspublishing.com
Vinmec. Candida Infections of The Lungs: Diagnosis and Treatment | vinmec.
2019. Accessed november 14, 2024.
Https://www.vinmec.com/eng/article/candida-infections-of-the-lungs-
diagnosis-and-treatment-en

Hagan G, Nathani N. Clinical Review: Tuberculosis on The Intensive Care
Unit. Crit care. 2013;17(5). Doi:10.1186/cc12760

Tarigan PB. Kualitas Sputum Pasien Tuberkulosis. j Chem Inf Model.
2020;53(9):1689-1699.

Hermansyah H. Karneli, Refai. Kualitas Sputum dalam Pemeriksaan BTA
Metode Ziehl Nelssen dan Test Cepat Molekuler Sputum Quality In Bta
Examination With Ziehl Nelssen Method And Molecular Quick Test. JMLS)
Journal ~ Of  Medical  Laboratory = And  Science. 2022;2(1).
Do0i:10.36086/Medlabscience.v2i1

Ariyanto Joko. Pengaruh Teknik Batuk Efektif Terhadap Pengeluaran Sputum
untuk Penemuan Mycobacterium tuberculosis (MTB) pada Pasien Tb Paru di
Ruang Rajawali 6b RSUP Dr Kariadi Semarang. Published online 2018.
Maloho Rf, Putri Solikah m. Hubungan Jamur Candida Albicans dan
Aspergillus Fumigatus Terhadap Pasien Tuberkulosis Paru di Balai
Laboratorium Kesehatan Daerah (BLKD) Provinsi Sulawesi Utara. Jurnal
Analis Laboratorium Medik. 2023;8(2):108-116. Doi:10.51544/Jalm.v8i2.4612

219



Herry, et al Jurnal Teknologi Laboratorium 2 (2024) 210-220

28.

29.

30.

31.

32.

Yadav s. Pulmonary Tuberculosis with Concomitant Aspergillus Fungal Ball In
a Diabetic Indian Male: a rare case report. Cureus. 2023;15(7).
Doi:10.7759/cureus.41443

Hermansyah H. Karneli, Refai. Kualitas Sputum dalam Pemeriksaan BTA
Metode Ziehl Nelssen dan Test Cepat Molekuler sputum quality in bta
examination with ziehl nelssen method and molecular quick test. Jmls) journal
of medical laboratory and science. 2022;2(1).
Doi:10.36086/medlabscience.v2i1

Madona A, Cipta Pratiwi E, Arsa Bhuwana Adi M, et al. Fakultas Kesehatan
Masyarakat Skrining Penyakit Menular Tuberculosis pada Masyarakat di
Kecamatan Kartasura Kabupaten Sukoharjo. Seminar kesehatan masyarakat.
2023;1. Https://jurnalnew.unimus.ac.id/index.php/prosidingfkm

Amalia R, Lestari R, Cholidah R. Hubungan Fase Pengobatan Tuberkulosis
dengan Status Gizi Pasien Tuberkulosis Paru di Puskesmas Cakranegara. ol
1.; 2022.

Ratna Rahayu S, Fauzi |, Maharani C, et al. Kualitas pelayanan kesehatan
tuberkulosis melalui quote tb light sebagai upaya “to end tb.” Published online
2021. Doi:10.15294/.v0i0.14

220



