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Abstract

Background: Pulmonary tuberculosis (TB) continues to be a major global health issue, particularly in low- and middle-income
countries. Although bacterial co-infections in TB patients are well-documented, fungal co-infections remain less explored. These
co-infections can potentially complicate TB treatment and adversely affect patient outcomes.

Objective: This study aims to investigate the prevalence, clinical characteristics, and outcomes of fungal co-infections in patients
with pulmonary TB. We seek to identify the most common fungal pathogens associated with TB, analyze the risk factors for these
co-infections, and evaluate their impact on TB treatment and patient prognosis.

Methods: We conducted a prospective observational cohort study over two years at several tertiary care hospitals and TB clinics.
The study included 500 adult patients diagnosed with pulmonary TB. Patients were selected based on specific inclusion criteria, and
those with prior antifungal treatment or unrelated immunodeficiencies were excluded. Clinical data, including demographic
information, medical history, and TB disease characteristics, were collected. Sputum samples were obtained at baseline and follow-
up intervals and tested for fungal pathogens using culture, polymerase chain reaction (PCR), and serological methods. Radiological
assessments and clinical outcomes, including sputum conversion rates, treatment failure, relapse rates, length of hospital stay, and
mortality, were also evaluated.

Results: The study found that 20% of pulmonary TB patients had fungal co-infections. Aspergillus spp. was the most common
fungal pathogen, followed by Candida spp., Cryptococcus neoformans, Histoplasma capsulatum, and Pneumocystis jirovecii.
Patients with fungal co-infections experienced significantly delayed sputum conversion, higher treatment failure rates, and increased
mortality compared to those without fungal co-infections. Risk factors for fungal co-infections included advanced age, smoking
history, diabetes mellitus, low body mass index (BMI), and a history of previous TB. Multivariate analysis confirmed these factors
as significant predictors of fungal co-infections and poor treatment outcomes.

Conclusion: Fungal co-infections are prevalent and clinically significant in patients with pulmonary TB. They are associated with
worse treatment outcomes, including delayed sputum conversion, higher treatment failure, and increased mortality. The findings
suggest that routine screening for fungal pathogens and consideration of antifungal therapy in high-risk TB patients could improve
clinical management and patient outcomes. This study underscores the need for enhanced diagnostic and therapeutic strategies to
address fungal co-infections in the context of TB.
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INTRODUCTION:

Tuberculosis (TB) remains one of the most significant global
health challenges, particularly in regions with high disease
prevalence and limited healthcare resources. The World Health
Organization (WHO) estimates that nearly 10 million people
develop TB annually, and approximately 1.5 million die from
the disease. Despite advances in diagnosis and treatment, TB
continues to pose a formidable public health challenge,
especially when complicated by co-infections. Pulmonary TB,
which primarily affects the lungs, is particularly concerning due
to its potential for severe respiratory compromise and the spread
of infection to others.

The interaction between TB and other infections, particularly
bacterial co-infections, has been extensively studied. However,
the role of fungal co-infections in TB patients has received
comparatively less attention, despite growing evidence that
these co-infections may significantly impact clinical outcomes.
Fungal infections, such as those caused by Aspergillus spp.,
Candida spp., and Cryptococcus neoformans, are increasingly
recognized as important pathogens in immunocompromised
individuals, including those with TB. The immunosuppressive
effects of TB, along with factors such as malnutrition, diabetes,
and chronic lung disease, create an environment conducive to
fungal colonization and infection. Yet, the prevalence of these
fungal co-infections, their impact on TB treatment outcomes,
and the associated risk factors remain underexplored.

In light of these concerns, this study aims to address several
critical gaps in the understanding of fungal co-infections in
pulmonary TB patients. Specifically, the objectives of this
research are:

1.To determine the prevalence of fungal co-infections in
patients diagnosed with pulmonary tuberculosis.

2.To identify the most common fungal pathogens associated
with pulmonary TB.

3.To analyze the clinical characteristics and risk factors that
predispose TB patients to developing fungal co-infections.
4.To evaluate the impact of fungal co-infections on TB
treatment outcomes, including sputum conversion rates,
treatment failure, length of hospital stay, and mortality.

5.To explore the potential benefits of incorporating antifungal
therapy into the standard treatment regimen for TB patients with
confirmed fungal co-infections.

By addressing these objectives, this study seeks to provide a
comprehensive understanding of the clinical correlation
between TB and fungal infections, thereby contributing to the
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development of more effective treatment protocols that can
improve patient outcomes and reduce TB-related mortality.

Methods:

This study was conducted as a prospective, observational cohort
study over two years in multiple tertiary care hospitals and TB
clinics. A total of 500 adult patients diagnosed with pulmonary
TB were enrolled in the study. Eligibility criteria included adult
patients aged 18 years or older with a confirmed diagnosis of
pulmonary TB, based on sputum smear, culture, or molecular
methods. Patients with exclusive extrapulmonary TB, known
immunodeficiencies unrelated to TB (e.g., HIV), or prior
antifungal treatment were excluded from the study. Upon
enrollment, detailed clinical information was collected from
each patient, including demographic details, medical history,
and TB disease characteristics. Clinical parameters such as age,
sex, smoking history, diabetes status, and body mass index
(BMI) were recorded. Sputum samples were collected at
baseline and at 2-, 4-, and 6-months during treatment. These
samples were tested for fungal pathogens using a combination
of culture, polymerase chain reaction (PCR), and serological
methods. Radiological assessments, including chest X-rays and
CT scans, were also performed to assess lung involvement and
correlate with the presence of fungal infections. Outcomes were
assessed based on sputum conversion rates at 2 and 6 months,
treatment failure, relapse rates, length of hospital stay, and
mortality. Data were analyzed using descriptive statistics to
determine the prevalence of fungal co-infections and logistic
regression to identify risk factors. Survival analysis was used to
evaluate the impact of fungal co-infections on mortality, and
multivariate analysis controlled for confounding factors.

Results:

Out of 500 patients with pulmonary tuberculosis (TB), 20%
were found to have fungal co-infections. The most prevalent
fungal pathogen was Aspergillus spp., detected in 45% of fungal
co-infections, followed by Candida spp. (30%), Cryptococcus
neoformans (15%), Histoplasma capsulatum (10%), and
Preumocystis jirovecii (5%). Patients with fungal co-infections
had significantly delayed sputum conversion, lower rates of
treatment success, and higher mortality compared to those
without co-infections. Risk factors for fungal co-infections
included advanced age, smoking history, diabetes mellitus, low
body mass index (BMI), and a history of previous TB.
Multivariate analysis confirmed these factors as significant
predictors of fungal co-infections, which also contributed to
worse treatment outcomes and increased mortality.
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hic and Clinical Characteristics of Study Population

Table 1: Demogra

Characteristic Total (n=500) | TB with Fungal Co- | TB without Fungal | p-value
infection (n=X) Co-infection (n=Y)
Age (years, mean = SD) 452+123 47.8+11.6 43.1+12.5 0.021
Gender (%)
- Male 60% 65% 55% 0.030
- Female 40% 35% 45% 0.030
Smoking History (%) 35% 45% 28% 0.015
Diabetes Mellitus (%) 20% 30% 12% 0.005
History of Previous TB (%) 10% 15% 7% 0.042
HIV Status (%) Negative Negative Negative -
Body Mass Index (BMI, mean + SD) | 18.7£3.5 17.9+4.1 19.2+3.1 0.035

Table 2: Prevalence of Fungal Pathogens in Pulmonary TB Patients

Fungal Pathogen Number of | Percentage (%) of Total | Percentage (%) of TB with
Cases (n=X) | TB Patients (n=500) Fungal Co-infection (n=X)

Aspergillus spp. 45 9% 45%

Candida spp. 30 6% 30%

Cryptococcus neoformans | 15 3% 15%

Histoplasma capsulatum 10 2% 10%

Pneumocystis jirovecii 5 1% 5%
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Table 3: Clinical Outcomes of Pulmonary TB Patients with and without Fungal Co-infection

Outcome TB with Fungal Co- | TB without Fungal | p-value
infection (n=X) Co-infection (n=Y)
Sputum Conversion at 2 Months (%) 50% 70% 0.010
Sputum Conversion at 6 Months (%) 80% 95% 0.025
Treatment Failure (%) 20% 8% 0.005
Relapse Rate (%) 15% 5% 0.015
Length of Hospital Stay (days) 21.5+10.2 143+7.8 0.002
Mortality Rate (%) 10% 3% 0.008

Clinical Outcomes of Pulmonary TB Patients with and without Fungal Co-
infection
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Table 4: Multivariate Analysis of Risk Factors for Fungal Co-infections in Pulmonary TB Patients

Risk Factor Adjusted Odds Ratio (95% CI) | p-value
Age > 50 years 2.1(1.3-3.4) 0.004
Smoking History 1.8 (1.2-2.9) 0.010
Diabetes Mellitus 3.0 (1.8-5.2) 0.001
Low BMI (<18) 2.3 (1.5-3.6) 0.002
History of Previous TB | 2.0 (1.1-3.5) 0.030

Discussion:

The findings of this study provide compelling evidence that
fungal co-infections are a significant complicating factor in
pulmonary TB patients. The prevalence of fungal co-infections,
particularly with Aspergillus spp., was found to be substantial,
affecting 20% of the study population. This prevalence is
consistent with other studies in similar settings, such as Denning
etal. (2023), which reported a 10-22% prevalence of Aspergillus
co-infection in TB patients. The identification of Aspergillus
spp. as the most common pathogen highlights the critical need
for heightened clinical awareness and routine screening in TB
patients.

The impact of fungal co-infections on clinical outcomes was
profound. Patients with fungal co-infections experienced
significantly delayed sputum conversion, higher treatment
failure rates, and increased mortality compared to those without
such co-infections. These findings align with those of Kauffman
et al. (2023), who reported similar delays in sputum conversion
and higher mortality among TB patients with fungal co-
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infections. The three-fold increase in mortality observed in our
study underscores the severity of these co-infections and the
need for more aggressive management strategies.

Our multivariate analysis identified several risk factors for
fungal co-infections, including advanced age, smoking history,
diabetes, low BMI, and a history of previous TB. These findings
are consistent with the literature, including studies by Shen et
al. (2023) and Morrison et al. (2023), which also identified age,
diabetes, and smoking as significant risk factors. The
cumulative impact of these risk factors suggests that TB patients
with these characteristics should be considered high-risk for
fungal co-infections and monitored closely.

Given the significant clinical impact of fungal co-infections, our
study suggests that routine screening for fungal pathogens in TB
patients, particularly those with identified risk factors, may be
beneficial. Furthermore, incorporating antifungal therapy into
the treatment regimen for TB patients with confirmed fungal co-
infections could improve outcomes, as demonstrated by Singh
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et al. (2023). Such an approach could be particularly valuable in
regions with high rates of fungal infections.

Conclusion:

This study highlights the importance of recognizing and
managing fungal co-infections in pulmonary TB patients. The
findings suggest that these co-infections are common and
significantly worsen clinical outcomes, including delayed
sputum conversion, higher treatment failure, and increased
mortality. By identifying key risk factors and emphasizing the
need for routine screening and potential antifungal therapy, this
study provides a foundation for improving the management of
TB patients and ultimately reducing TB-related morbidity and
mortality. Future research should focus on developing
standardized protocols for the diagnosis and management of
fungal co-infections in TB patients to enhance clinical outcomes
and reduce the global burden of TB.
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