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Abstract

Background—The occurrence of chronic pulmonary aspergillosis (CPA) among drug sensitive 

pulmonary tuberculosis (PTB) patients on optimal therapy with persistent symptoms was 

investigated.

Methods—We consecutively enrolled participants with PTB with persistent pulmonary 

symptoms after 2 months of anti-TB treatment at Mulago Hospital, Kampala, Uganda between 

July 2020, and June 2021. CPA was defined as a positive Aspergillus-specific IgG/IgM 

immunochromatographic test (ICT), a cavity with or without a fungal ball on chest x-ray (CXR), 

and compatible symptoms >3 months.

Results—We enrolled 162 participants (median age 30 years; IQR: 25 — 40), 97 (59.9%) were 

male, 48 (29.6%) were HIV-infected, and 15 (9.3%) had prior PTB. Thirty-eight (23.4%) sputum 
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samples grew A. niger and 13 (8.0%) A. fumigatus species complexes. Six (3.7%) participants 

had intra-cavitary fungal balls, and 52 (32.1%) had cavities. Overall, 32 (19.8%) participants had 

CPA. CPA was associated with prior PTB (adjusted odds ratio (aOR): 6.61, 95% CI: 1.85 — 

23.9, p=0.004), and far advanced CXR changes (aOR: 4.26, 95%CI: 1.72 — 10.52, p=0.002). The 

Aspergillus IgG/IgM ICT was positive in 10 (31.3%) participants with CPA.

Conclusions: CPA may cause persistent respiratory symptoms in up to one-fifth of patients after 

intensive treatment for PTB. The Aspergillus IgG/IgM ICT positivity rate was very low and may 

not be used alone for the diagnosis of CPA in Uganda.
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INTRODUCTION

Chronic pulmonary aspergillosis (CPA) is a heterogenous, destructive and debilitating 

parenchymal lung disease that predominantly occurs in patients with underlying pulmonary 

diseases or damage 1. Pulmonary tuberculosis (PTB) is an important risk factor for CPA 2,3, 

with an estimated 1.2 million cases of CPA estimated to complicate treated PTB globally 4.

Patients with CPA frequently present with prominent pulmonary and systemic symptoms, 

such as chronic productive cough, hemoptysis, chest pain, weight loss, fevers, and fatigue, 

which are clinically indistinguishable from PTB symptoms leading to delayed and/or 

misdiagnosis 5. In addition, chest imaging findings in CPA such as fibrosis and cavitation 

overlap with PTB lesions, and may therefore be unrecognized and left untreated, leading 

to poor outcomes 5. Radiological phenotypes of CPA include 1) Aspergillus nodule – 

presenting as an isolated single or multiple pulmonary nodules, 2) simple aspergilloma – 

with a single well defined cavity with an intracavitary aspergilloma (fungal ball), 3) chronic 

cavitary pulmonary aspergillosis (CCPA) - a chronic cavitary disease with enlargement 

of existing cavities and formation of new cavity with or without a fungal ball and no 

demonstrable hyphal invasion of the parenchyma, and 4) chronic fibrosing pulmonary 

aspergillosis (CFPA), a late stage disease characterized by marked paracavitary and pleural 

fibrosis 6.

Uganda is a high TB burden country with an estimated TB prevalence of about 253 per 

100,000 population 7. Patients with active TB may have persistent respiratory symptoms 

during or after successful completion of their treatment. Currently, it is unclear how often 

persistent symptoms in patients with treated TB are related to CPA. Most of the existing data 

available is on patients who have completed TB treatment and there is limited data on those 

still receiving treatment who present with persistent respiratory symptoms. For example, in 

a laboratory-based study on persons living with HIV in Uganda, Aspergillus-specific IgG 

antibodies were elevated in 9% of the participants at the end of TB treatment8. However, 

a full diagnostic work-up for CPA was not performed in them. In a population-based study 

of previously treated PTB patients in Northern Uganda, about 6.5% of the participants 

developed CPA within 2 years of TB treatment. 9
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The goal of the intensive TB treatment phase (first 2 months) with 4 active anti-TB agents 

is to sterilize sputum and alleviate clinical symptoms 10. Therefore, we hypothesized that 

persistent symptoms of PTB after the intensive phase of drug sensitive PTB treatment may 

be due to co-existent or incident CPA. The aim of this study was 2-fold. First, we determined 

the prevalence and factors associated with CPA among patients with drug sensitive PTB 

with persistent symptoms after 2 months of anti-TB therapy, and secondly, we evaluated the 

diagnostic performance of an Aspergillus-specific IgG/IgM immunochromatographic test 

(ICT) for the diagnosis of CPA in Uganda.

METHODS

Study design

This was a cross-sectional study conducted at the National TB control center of Mulago 

National Referral Hospital (MNRH), Kampala, Uganda between 1st July 2020 and 30th June 

2021.

Study Setting

The TB Unit at MNRH serves as the national TB treatment center in Uganda. The unit uses 

a mixed model of care, whereby, 1) very sick patients are hospitalized at the start of their 

TB treatment until clinically stable, and 2) outpatient care where patients continue treatment 

from the community under supervision. The unit manages about 1,500 TB patients annually, 

making it the largest treatment center in the country.

Study population

We enrolled all eligible patients 18 years and older with microbiologically confirmed 

drug sensitive PTB (DS-PTB) using GeneXpert MTB/RIF and persisting pulmonary and/or 

systemic symptoms despite 2 months of standard anti-TB treatment. Patients on second line 

anti-TB regimens, pregnant women, critically ill patients, and those with extra-pulmonary 

TB were excluded.

Sample size estimation and study procedure

Using previous data on a 12% seroprevalence of Aspergillus IgG among patients with active 

TB in Uganda 8, at 95% confidence interval (CI), power of 80% and type I error of 5%, a 

sample size of 162 participants was estimated.

For all eligible participants, a trained medical officer collected data on clinical and 

demographic characteristics such as age, sex, HIV status, clinical symptoms, duration of 

TB treatment, prior history of TB diagnosis, occupation, income, and education status using 

a standardized semi-structured questionnaire. Participants were consecutively recruited until 

required sample size was reached.

Chest radiograph imaging and interpretation

A chest radiography (CXR) for each participant was performed at enrolment and interpreted 

by a qualified radiologist. The scale for grading severity of disease on CXR was defined 

specifically for this study by the radiologist. Minimal, moderate, and far advanced disease 
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was classified based on involvement of one, two or more zones respectively and coupled 

to unilateral or bilateral lung disease. Two horizontal lines were used to divide the lungs 

into 3 regions (upper, middle, and lower) giving a total of 6 zones. Severity within each 

zone was then scored as 0 for no disease, 1 for less than 50% disease and 2 for greater 

than 50% disease. Unilateral zonal severity was reported as: 0 for no disease, 1–4 for mild 

disease, 5–8 for moderate disease, and 9–12 for severe disease. Lung zonal predominance 

was reported as: Upper zone, middle zone, lower zone, upper and middle, upper and lower, 

middle and lower, and upper, middle, and lower zone predominant. Presence of a cavity 

elevated the severity classification. Cavity size was recorded as the maximum diameter on 

planar imaging. A CXR was suggestive of CPA if it showed cavities, pericavitary infiltrates, 

a fungal ball (intracavitary content), pericavitary fibrosis, or pleural thickening.

Aspergillus IgG/IgM serology and sputum cultures

Blood samples were obtained for Aspergillus-specific IgG/IgM assay. Aspergillus-specific 

IgG/IgM ICT (LD Bio, Lyon, France) was performed according to the manufacturer’s 

instruction 11 and interpreted visually by a trained medical mycologist. Sputum samples 

were collected for high volume sputum (HVS) cultures to isolate Aspergillus species as 

previously described 12. All isolates were identified phenotypically and reported as species 

complex.

Diagnosis of chronic pulmonary aspergillosis

CPA was defined as the presence of persistent respiratory symptoms (at least a cough or 

hemoptysis lasting for 3 months or more), suggestive CXR findings (cavities, pericavitary 

infiltrates, a fungal ball (intra-cavitary content), pericavitary fibrosis, or pleural thickening), 

and evidence of Aspergillus infection (a positive HVS culture and/or Aspergillus IgG/IgM 

ICT) consistent with the Global Fungal Infection Forum II diagnostic criteria for CPA in 

resource-limited settings 13. The data from each patient was carefully evaluated by the 

lead investigator (MN) who made a provisional diagnosis of CPA. Two trained medical 

mycologists (FB and RK) experienced in the diagnosis of CPA independently evaluated 

MN’s provisional diagnosis and any discrepancy was resolved by an expert in CPA (DWD).

Data analysis

Categorical variables were summarized using proportions and percentages. Means and 

standard deviation were calculated for normally distributed continuous variables. To 

compare different variables or different categories, the chi square test, and student t test 

were applied after testing appropriate assumptions. For the regression analysis, the outcome 

variable of CPA diagnosis was dichotomized as 1 “yes CPA” 0” No CPA”. Univariate 

analysis was conducted for each independent variable and the outcome of CPA diagnosis. 

Factors with a p< 0.25 or previously known in the literature like age, sex of an individual, 

previous treatment for pulmonary Tuberculosis were considered for the multivariable 

regression mode. We assessed interaction through forming two-way interaction terms and 

performing likelihood ratio tests. Variables considered in the initial multivariable model 

were entered into a backward stepwise regression model. Confounding was assessed by 

considering a 10% or more change in the odds ratio with a model with the variable and 

one without. The goodness of fit of the model was assessed using the Hosmer-Lemeshow 
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goodness of fit test. The odds ratios with their 95%CI are presented. A p<0.05 was 

considered statistically significant. STATA version 14.0 was used for data analysis.

Ethics

The Makerere University School of Biomedical Science Research and Ethics Committee 

(SBS-795) and the Uganda National Council for Science and Technology (HS739ES) 

approved the study protocol. All study participants provided informed written consent. The 

authors confirm that the ethical policies of the journal, as noted on the journal’s author 

guidelines page, have been adhered to.

Results

Baseline clinical and radiological characteristics of the participants

Of the 162 participants enrolled, 97 (60.0 %) were male with a median age for all 

participants of 30 (IQR: 25 — 40) years. Forty-eight (29.6%) participants were living with 

HIV and 15 (9.3%) were previously treated for PTB. Fifty-two (32.1%) participants had 

history of alcohol use and 13 (8.0%) had a history of smoking tobacco. There was only 1 

(0.6%) participant with history of COPD, bronchial asthma, and chicken pox each. None of 

the participants had a known history of sarcoidosis, whooping cough, or lung cancer.

All participants had chronic productive cough. Other frequent symptoms were, chest pain 

(92.6%, n=150), night sweats (90.7%, n=147), weight loss (51.8%, n=84), fatigue (46.3%, 

n=75), shortness of breath (41.4%, n = 67), loss of appetite (36.4%, n=59), and fever 

(19.1%, n=31). Twenty (12.4%) participants had hemoptysis (Table 2).

Twenty-nine (17.9%) participants had normal CXR findings. However, 63 (38.9%) 

participants had far advanced disease, and 70 (52.6%) had pathology in both lungs. Six 

(3.7%) participants had fungal balls, 52 (32.1%) had cavities, and 58 (35.8%) had pleural 

thickening (Table 3).

Prevalence of chronic pulmonary aspergillosis

Overall, 32/162 (19.8 %) participants had CPA (Figure 1). Overall, 11 (6.8%) participants 

tested positive on the Aspergillus IgG/IgM ICT (Figure 2). Thirty-eight (23.4%) sputum 

samples grew A. niger and 13 (8.0%) grew A. fumigatus species complexes (Figure 3). 

Nineteen (50%) of the 38 participants whose sputum samples grew A. niger complex 

had CPA. Comparatively, 7 (53.8 %) of 13 participants whose sputum samples grew 

A. fumigatus complex had CPA. Isolation of Aspergillus species was higher in CPA 

cases compared to non-CPA cases (19/32 (59.4%) versus 19/130 (14.6%), p <0.001). 

At multivariable analysis, factors statistically significantly associated with CPA were as 

follows; prior PTB (aOR: 6.61, 95%CI: 1.85 — 23.9, p=0.004), and far advanced CXR 

changes (aOR: 4.26, 95%CI: 1.72 — 10.52, p<0.002), (Table 1). Figures 4 and 5 illustrates 

imaging findings in a non-CPA and CPA cases, respectively.
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Aspergillus IgG/IgM ICT positivity rate

The Aspergillus IgG/IgM ICT was positive in 10 participants with CPA (10/32, 31.3%) and 

1 participant without CPA (1/126, 0.8%) (p<0.001).

DISCUSSION

We found CPA in about 20% of the participants with persistent respiratory symptoms after 

2 months of standard anti-TB treatment — the intensive phase. The aim of the intensive 

phase of PTB treatment is to rapidly achieve sputum M. tuberculosis culture conversion and 

alleviate pulmonary and systemic symptoms by using a combination of 4 anti-mycobacterial 

agents 14. Our findings suggest that CPA is a possible cause of persistent symptoms in 

microbiologically confirmed PTB patients on effective anti-TB regimen. In addition, our 

data showed that the odds of having CPA was about 7-fold higher in subjects with prior 

treated PTB compared to those receiving PTB treatment for the first time and over 4-fold 

higher in patients with far advanced CXR changes compared to those with normal or 

minimal CXR changes. Therefore, these group of patients should be targeted for a full 

evaluation for CPA. CPA is a treatable disease and early diagnosis and commencement of 

appropriate antifungal therapy significantly improves health-related quality of life of these 

patients 15.

A recent study evaluating over 1,200 cases of CPA in Africa identified current active or 

previous PTB as an underlying structural lung disease in over 70% of the cases 16. A 

few epidemiological studies from across Africa and other countries in Asia have reported 

varying CPA prevalence based on the population of TB patients studied. In an earlier 

study from Northern Uganda among post-TB patients, the prevalence of CPA was about 

5% 9. In Nigeria, among patients with predominantly smear-negative PTB, about 9% of 

the participants had CPA at the end of their TB therapy17. In addition, among GeneXpert/

smear-negative participants at their end of TB therapy in Indonesia, CPA was found in 22% 

of the participants 18. In Iran, among 124 patients with TB (94 with current TB and 30 

with previous TB) in Iran, 3 (2.4 %) had simple aspergilloma and 14 (11.3 %) CCPA 19. 

In a more recent community-based study at Vietnam National Lung Hospital, 38 (54.3%) 

of 70 post-TB patients had CPA 20. The findings from these studies suggests that CPA 

prevalence varies depending on the population of TB patients studied. Of concern is the 

relatively high occurrence of CPA in patients being treated for PTB without microbiological 

confirmation, which could imply a misdiagnosis of CPA for a smear negative PTB, and 

the possibility of incident CPA during PTB therapy as suggested by the current study. 

Therefore, CPA should be considered not only in previously treated patients, but also in 

those currently receiving therapy for PTB with suggestive clinical features. CPA should also 

be a differential diagnosis in those with GeneXpert/smear negative sputum and should be 

investigated especially when symptoms persist. 21

Aspergillus serology is central in the diagnosis of CPA 22. Current clinical practice 

guidelines recommend it as a key test for the diagnosis of CPA 23. However, in this 

study, we found only about 31% of CPA patients to have a positive Aspergillus IgG 

serological test. This is in contrast with a previous report by Denning and colleagues where 

Aspergillus antibodies were elevated in nearly all patients 1. Recent studies have shown 
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varying prevalence of Aspergillus positivity among CPA patients. In Nigeria, only 8.9% of 

CPA patients had a positive Aspergillus IgG 17, in Vietnam it was 89% 20, in Iran 44% 

and in Indonesia 80% 18. These could be due to the varying Aspergillus platforms used, 

Aspergillus species isolated, the timing of the surveys (during or after PTB treatment) and 

genetics of the varying study population studied. The LD Bio Aspergillus IgG/IgM has 

recently been validated for serological diagnosis of CPA at the point of care with excellent 

sensitivity and specificity 24. In Indonesia, the sensitivity of this ICT assay was 80% with 

a corresponding specificity of 70% 18. On the other hand, the sensitivity and specificity 

for the LDBio Aspergillus ICT were 91.6% and 98.0%, respectively in a cohort of CPA 

patients at the National Aspergillosis Centre in the UK24. There is evidence that Aspergillus 
IgG cut off values vary with population, and performance on the Aspergillus ICT is not 

an exception to the rule. We recently showed that Aspergillus IgG/IgM ICT used in this 

study had a 0% sensitivity in patients with fungal asthma, despite having a 91% sensitivity 

in a Caucasian population 25. Therefore, standardization of these serology platforms in the 

Ugandan population is urgent and justified.

Patents with CPA are often heavily symptomatic 26. All the patients in our study had chronic 

productive cough. Surprisingly, only about 12% of our study participants had hemoptysis. 

In the largest ever review of CPA patients in Africa, almost 60% reported hemoptysis, 

significantly contributing to their death 16. Hemoptysis is a common cause of death, even in 

developed countries, and bronchial artery embolization or surgery may be required to arrest 

bleeding 27. In a recent systematic review by Bongomin and colleagues 28, among nearly 

900 CPA patients managed surgically in Africa, post-operative mortality was as low as 5%, 

suggesting a possible role of surgery in the management of CPA in Africa were antifungal 

agents are not widely available. However, when antifungals are available, affordable and 

accessible to the patients, and there is no indication for surgery, itraconazole or voriconazole 

are the preferred first line agents for the management of CPA 6. Antifungal agents alleviate 

symptoms, improve quality of life and overall survival 29,30.

A common post-PTB sequela is traction bronchiectasis, which is associated with Aspergillus 
bronchitis 31. These patients are usually highly symptomatic, but do not have cavitary 

changes or pleural thickening on chest imaging. However, they will usually have positive 

Aspergillus cultures of sputum and may have Aspergillus IgG detectable in serum 31. 

Patients with Aspergillus bronchitis usually respond to antifungal therapy 31. Some of the 

patients with probable CPA in this study may have Aspergillus bronchitis, depending on the 

precise imaging findings. This is an area for further evaluation.

This study has some limitations. This was a single center study, involving mainly patients 

from the central region of Uganda and may not be representative of the entire Uganda 

population. All isolates of Aspergillus were identified phenotypically, therefore, there 

was a possibility of misidentification of phenotypically indistinguishable species. Future 

multicenter studies recruiting nationally representative participants are recommended. There 

are no established diagnostic criteria for PTB-associated CPA, as previous criteria do not 

recognize CPA to occur during active PTB. In addition, there is no known diagnostic cut 

off for Aspergillus IgG suitable for the diagnosis of CPA in Ugandans and the Aspergillus 
IgG/IgM has not been previously validated among Ugandans, posing a risk of diagnostic 
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inaccuracy, because diagnostic performance may vary by race and ethnicity. Also, we were 

unable to do bronchoscopies to further enhance recovery of Aspergillus and for biomarker 

assays on bronchoalveolar lavage sample. Lastly, we performed culture on a single sputum 

sample and positive cultures may have been from contaminations, particularly that a high 

proportion of cultures were positive for A. niger. Radiological phenotypes of CPA are 

defined using chest CT; therefore, we have missed some important imaging findings by 

using only CXR.

In conclusion, CPA is highly prevalent among active PTB patients with persistent respiratory 

symptoms, especially those with history of prior PTB treatment and those with advanced 

CXR changes in Uganda. CPA screening may be considered among this subset of patients. 

A. niger was a common species of Aspergillus in our setting. Aspergillus IgG/IgM LFA 

positivity rate was very low and thus may not be used singly for the diagnosis of CPA in 

Uganda.
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Figure. 1. Study enrollment
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Figure 2. A positive Aspergillus IgG/IgM ICT
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Figure 3. A positive Aspergillus fumigatus fungal culture
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Figure 4. A CXR of a CPA negative case
Thirty-six-year-old female who was enrolled with complaints of a persistent cough, fevers, 

nights sweats, and chest pain after 2 months of PTB therapy. She had no prior TB treatment 

history. She was HIV negative. CXR showed multiple bilateral cavities, extensive air 

space infiltrates, and fibrosis. Aspergillus LFD was negative and fungal culture showed 

no significant growth
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Figure 5. A CXR of a confirmed CPA case.
A 43-year male who was enrolled with complaints of a persistent cough, weight loss, and 

nights sweats after 2 months of PTB therapy. He had previously been treated for PTB 7 

years ago and cured. He was HIV positive with a CD4 count of 423 cells/microlitre and a 

viral load of less than 50 copies/ml. He had history of smoking (1.5 pack years), and history 

of alcohol abuse. CXR showed far advanced disease with left lung collapse, and right linear 

opacities. Aspergillus LFD was positive and fungal culture grew A. fumigatus.
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