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Abstract 

Chronic pulmonary aspergillosis ( CPA ) may mimic pulmonary tuberculosis ( PTB ) . The two diseases are clinically indistinguishable and may result 
in CPA misdiagnosed as PTB or vice versa. Although PTB is largely recognised as a differential diagnosis of CPA and often ruled out prior to 
CPA diagnosis, the reverse is uncommon. The aim of this study was to determine the proportion of CPA cases among patients being assessed 
for PTB. A cross-sectional survey was conducted among consecutive patients referred for GeneXpert Mycobacterium tuberculosis test for the 
diagnosis of PTB at the Korle-Bu Teaching Hospital, Accra, Ghana. Patients’ demographics, clinical and socioeconomic details were obtained 
using a structured questionnaire. Blood was collected for Aspergillus and HIV serology, and sputum samples obtained for Aspergillus culture. 
Chest radiograph was obtained, and computed tomography scan was also done for patients with positive Aspergillus serology or cavitation. CPA 

was defined using an algorithm developed by the Global Action for Fungal Infections ( GAFFI ) international expert panel. A total of 154 patients 
were included in the analysis, of whom 134 ( 87% ) did not have a prior PTB diagnosis. There were 41 ( 26.6% ) GeneXpert positive cases. CPA 

prevalence was 9.7% overall, but 50% in patients with a prior history of PTB and 3.7% in those without previous PTB. Although CPA is rarely 
considered as a differential diagnosis of PTB in Ghana, our findings show that CPA may affect half of patients being assessed for PTB relapse. 
Efforts to diagnose CPA should be prioritised in this patient group. 

Lay Summary 

Chronic pulmonary aspergillosis ( CPA ) may be misdiagnosed as pulmonary tuberculosis ( PTB ) , or vice versa due to clinical similarities. Screening 
for CPA among patients undergoing investigation for relapsed PTB and new PTB revealed that half and about four in 100 patients, respectively, 
had CPA. 
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of CPA as PTB, or vice versa. As PTB is more common and 
largely recognised globally, the index of suspicion for PTB is 
likely higher compared to CPA, particularly in settings with a 
high PTB burden. Being mostly diagnosed as a post-PTB com- 
plication, CPA may be misdiagnosed as relapsed PTB infection 
and managed as such.5 CPA may also be occasionally misdi- 
agnosed as primary TB infection.5 Some studies have reported 
CPA misdiagnosed as acid-fast bacilli ( AFB ) smear-negative or 
GeneXpert Mycobacterium tuberculosis ( MTB ) -negative PTB 

and resulting in worsening symptoms and anti-TB treatment 
failure.6 , 7 Previous and present guidelines for CPA diagnosis 
have recommended a necessary exclusion of PTB.4 , 8 However, 
with emerging concerns of primary CPA and CPA co-existing 
with PTB, it may be equally important to rule out CPA when 
making a diagnosis of PTB to avoid inappropriate exposure 
of patients to anti-TB medications. 
Introduction 

Pulmonary fungal infections have increased in clinical signif-
icance in recent times, and although many of them mimic
pulmonary tuberculosis ( PTB ) , chronic pulmonary aspergillo-
sis ( CPA ) is one of the most common.1 CPA is a slow, pro-
gressive, and destructive lung disease associated with both
respiratory and systemic symptoms. Globally, approximately
3 million people suffer from CPA, with 1.2 million occurring
as a sequel of PTB.2 In Ghana, CPA among PTB patients is
estimated at 2600 cases annually.3 PTB is a common differ-
ential diagnosis of CPA, and could occur before, after, or in-
frequently, together with CPA.4 There are many similarities
between PTB and CPA in terms of risk factors, clinical pre-
sentation, and radiological features, making the two diseases
clinically indistinguishable.5 This may result in misdiagnosis
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CPA. 
Unfortunately, differentiating CPA from PTB in many high
B burden countries, which are mostly resource-constrained,
s a major challenge. This is probably because of inadequate
wareness, unavailable diagnostic laboratory support, and 
mission of CPA as a differential diagnosis in existing local
uidelines. To improve the status quo , the Global Action for
ungal Infections ( GAFFI ) convened an international expert
anel in 2016 to develop a CPA guideline specific for resource-
onstrained settings.8 However, the lack of Aspergillus serol-
gy testing capacity, which is key to CPA diagnosis, poses a
ignificant limitation to the general use of these guidelines.
 –11 Until recently, the common standard and commercially
vailable methods were precipitins and enzyme immunoas-
ay. The drawbacks of these techniques include cost, long
urnaround time, poor inter-laboratory reproducibility, and 
ariable cut-off values.9 , 12 –14 Additionally, these tests require 
ophisticated equipment and adequate laboratory expertise.
DBio Diagnostics introduced a new rapid diagnostic test
 RDT ) in the form of a lateral flow assay ( LFA ) for the de-
ection of Aspergillus -specific IgG and IgM antibodies based
n immunochromatography technology that meets the World
ealth Organization ( WHO ) ASSURED ( ‘Affordable, Sensi- 

ive, Specific, User-friendly, Rapid and robust, Equipment-free,
nd Deliverable to end users’ ) criteria and may be more suit-
ble for use in resource-constrained settings. Several evalua-
ion studies or clinical use of the LFA have reported a general
igh analytical performance and strong clinical relevance. 15 –19 

In this study, we screened for CPA among patients presumed
o have PTB using the LDBio Aspergillus -specific IgG and IgM
FA and the CPA guideline for resource-constrained settings.8 

e also evaluated the significance of CPA as a differential di-
gnosis of PTB and assessed the clinical relevance of the LD-
io Aspergillus -specific IgG and IgM LFA in CPA diagnosis. 

aterials and methods 

tudy design and site 

he study was a cross-sectional survey conducted at the Chest
linic, Chest Diseases Unit, Department of Medicine and
herapeutics, Korle-Bu Teaching Hospital, Accra. The clinic
cts as the national TB referral centre and hosts a specialised
B laboratory that receives samples from different parts of
hana. 

tudy population 

atients seen at the Chest Clinic of the Korle-Bu Teaching
ospital for suspected PTB or those referred from other parts
f the country to the TB laboratory for GeneXpert MTB
 Xpert ® MTB/RIF, Cepheid, CA, USA ) testing were recruited,
rrespective of their symptoms. Also, blood donors determined
o have no symptoms and signs of a respiratory condition or
istory of PTB, or any other chronic respiratory condition via
n interview, were also recruited as control group participants
rom the National Blood Service, Ghana. This was mainly
one to assess the specificity of the LFA test. 
Ethical approval was obtained from the Institu-

ional Review Board of the Korle-Bu Teaching Hospital
 STC/IRB/00058/2020 ) and the National Blood Services 
hana ( NBSGRD/201410/02 ) and University Research and 
thics Committee of the University of Manchester ( Ref:
020-9368-16168 ) . Written informed consent was obtained
rom all participants. 
nvestigations 
atients’ demographics, clinical and socioeconomic details
ere collected via interviews using a questionnaire. Serum
amples were obtained for Aspergillus serology with LD-
io Aspergillus IgG and IgM LFA ( LDBio Diagnostics, Lyon,
rance ) and HIV antibody testing with HIV ½ RDT ( Healgen
cientific LLC, Houston, TX, USA ) and confirmed with
raQuick HIV ½ RDT ( OraSure Technologies, Bethlehem,
A, USA ) . Sputum was obtained for high-volume culture to
nhance Aspergillus detection, a modified version of Vergidis
t al .,20 by inoculating an aliquot ( 1–2 ml ) of undiluted spec-
men on Sabouraud dextrose agar and incubated at 37°C
or up to 8 days. Chest radiograph was done for all pa-
ients unless patient had obtained one within the previous
onth. Xpert MTB/RIF results were retrieved from labora-
ory records. Chest computed tomography ( CT ) scan was
one for patients with positive Aspergillus serology or cav-
tation on chest radiograph including MTB-positive cases.
mong the MTB-positive cases with cavitation, CT scan
as done to unravel any concealed imaging features of
PA to identify possible PTB-CPA coinfection. In the con-
rol group, only serum samples were obtained for Aspergillus
erology. 

ase definition 

B was diagnosed if MTB was detected in a patient’s spu-
um by Xpert MTB/RIF assay. Patients with suspected or con-
rmed PTB were classified as new PTB and relapsed PTB as
ollows: 

i. new PTB; patients with no prior history of PTB 

ii. relapsed PTB; patients who had been treated successfully
for PTB in the past 

A case of CPA was defined following the guidelines for CPA
iagnosis in resource-constrained settings, developed by the
AFFI international expert panel ( 2018 ) .8 The panel defined
 case of CPA as follows: 

i. weight loss, persistent cough, and/or haemoptysis
for > 3 months 

ii. chest images showing progressive cavitary infiltrates
and/or a fungal ball and/or pericavitary fibrosis or infil-
trates or pleural thickening 

iii. positive Aspergillus IgG assay or other evidence of As-
pergillus infection.

Patients who met criteria ( i ) and ( ii ) above, but not ( iii ) ,
r met criteria ( i ) and ( iii ) , but not ( ii ) were categorised as
robable CPA, a modified version of a classification described
y Setianingrum et al .21 

ata analysis 
ata were analysed with SPSS version 25 ( IBM, Armonk,
Y, USA ) at 5% significance level, using either Chi-square
r Fisher’s exact tests. Summary statistics were presented
sing frequencies and percentages for categorical variables,
nd median values for non-normally distributed continu-
us variables. Fisher’s exact tests were employed to com-
are proportions between groups. Logistic regression was
arried out to assess the effect of individual symptoms
nd socioeconomic details on the likelihood of acquiring
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Table 1. Characteristics of 154 patients referred for GeneXpert TB according to eventual CPA diagnosis. 

Features 
Total 

( n = 154 ) 
CPA 

( n = 15 ) 
Non-CPA 

( n = 139 ) P value 

Demographics 
Male 92 ( 59.7% ) 11 ( 73.3% ) 81 ( 58.3% ) 
Female 62 ( 40.3% ) 4 ( 26.7% ) 58 ( 41.7% ) .410 
Age, median ( range ) 41.5 ( 18-96 ) 47 ( 28-96 ) 43.4 ( 18-78 ) .765 

Clinical details 
History of previous PTB 20 ( 13% ) 10 ( 66.7% ) 10 ( 7.2% ) .002 
Persistent cough 138 ( 89.6% ) 15 ( 100% ) 123 ( 88.5% ) 1.0 
Haemoptysis 26 ( 16.9% ) 7 ( 46.7% ) 19 ( 13.7% ) .023 
Chest pain 74 ( 48.1% ) 11 ( 73.3% ) 63 ( 45.3% ) .395 
Dyspnoea 57 ( 37% ) 4 ( 26.7% ) 53 ( 38.1% ) .570 
Fatigue 111 ( 72.1% ) 11 ( 73.3% ) 100 ( 71.9% ) .101 
Weight loss 110 ( 71.4% ) 10 ( 66.7% ) 100 ( 71.9% ) .203 

Chronic condition 
Asthma 6 ( 3.9% ) 2 ( 13.3% ) 4 ( 2.9% ) .040 
COPD 9 ( 5.8% ) 3 ( 20% ) 6 ( 4.3% ) .044 
Diabetes mellitus 7 ( 4.5% ) 1 ( 6.7% ) 6 ( 4.3% ) .500 
Hypertension 25 ( 16.2% ) 3 ( 20% ) 22 ( 15.8% ) .101 
Lung cancer 1 ( 0.6% ) 0 1 ( 0.7% ) 1.0 

Socioeconomics 
Practice of traditional cooking a 83 ( 53.9% ) 7 ( 46.7% ) 76 ( 54.7% ) .433 
Residence in damp house 12 ( 7.8% ) 2 ( 13.3% ) 10 ( 7.2% ) .330 
Engagement in agricultural 
activities 

30 ( 19.5% ) 2 ( 13.3% ) 28 ( 20.1% ) .740 

History of smoking 27 ( 17.5% ) 2 ( 13.3% ) 25 ( 18% ) 1.0 

a Cooking with charcoal or firewood. 

Table 2. Laboratory results of 154 patients referred for GeneXpert TB according to eventual CPA diagnosis. 

Variable 
Total 

( n = 154 ) 
CPA 

( n = 15 ) 
Non-CPA 

( n = 139 ) P value 

Aspergillus serology 14 ( 9.1% ) 14 ( 93.3% ) 0 < .001 
Positive Aspergillus culture 32 ( 20.8% ) 10 ( 66.7% ) 21 ( 15.1% ) .024 
Aspergillus spp. isolates 38 ( 24.7% ) 13 ( 86.7% ) 25 ( 18.0 ) < .001 
Aspergillus spp. distribution 
Aspergillus fumigatus 18 ( 47.4% ) 9 ( 69.2% ) 9 ( 36% ) 
Aspergillus niger 14 ( 36.8% ) 3 ( 23.1% ) 11 ( 44% ) 
Aspergillus flavus 5 ( 13.2% ) 1 ( 7.7% ) 4 ( 16% ) 
Aspergillus terreus 1 ( 2.6% ) 0 1 ( 4% ) 

HIV reactive 44 ( 28.6% ) 3 ( 20% ) 41 ( 29.5% ) .560 
MTB detected 41 ( 26.6% ) 4 ( 26.7% ) 37 ( 26.6% ) 1.0 
MTB load distribution 
Trace 2 ( 4.9% ) 2 ( 50.0% ) 0 .009 
Very low 5 ( 12.2% ) 2 ( 50.0% ) 3 ( 8.1% ) .050 
Low 3 ( 7.3% ) 0 3 ( 8.1% ) 1.0 
Medium 9 ( 22% ) 0 9 ( 24.3% ) .060 
High 22 ( 53.7% ) 0 22 ( 59.5% ) .013 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 

From October 2020 to May 2021, 183 consecutive patients
referred for Xpert MTB/RIF were screened, but 21 ( 11.5% )
were either less than 18 years or unable to provide sputum
and/or blood and were excluded. Of the 162 recruited, a com-
plete data set for evaluation of CPA was available for 154
( 84.2% ) patients. The 154 patients comprised 92 ( 59.7% )
males, with a median age of 41.5 years and range of 18 to 96
years ( Table 1 ) . There were 134 ( 87% ) and 20 ( 13% ) patients
being assessed for new PTB and ‘relapsed’ PTB, respectively.
The time from completion of TB treatment to recruitment in
the ‘relapse’ group was 1 to 24 years ( median 4 ) . The median
duration of symptoms prior to presentation among patients
was 9 weeks, with a range of 1 to 21 weeks. Ninety blood
donors were recruited in the control group from March to 
April 2021. 

Laboratory results 
Laboratory findings of the 154 patients are shown in 
Table 2 . MTB was detected in 41 ( 26.6% ) patients, of whom
35 ( 85.4% ) were classified as new PTB and 6 ( 14.6% ) had 
relapsed PTB. Aspergillus serology was positive in 9.9% 

( n = 16 ) of participants, but there was no imaging data for two
( 12.5% ) of these and hence they were excluded from the anal-
ysis. There were 44 ( 28.6% ) HIV-positive patients, of whom 2 
( 4.5% ) had positive Aspergillus serology. Aspergillus serology 
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Table 3. Imaging ( chest radiograph and/or CT scan ) findings for 154 patients. 

Variable 
Total 

( n = 154 ) 
CPA 

( n = 15 ) 
Non-CPA 

( n = 139 ) P value 

Infiltration 36 ( 23.4% ) 8 ( 53.3% ) 28 ( 20.1% ) .169 
Cavitation 26 ( 16.9% ) 12 ( 80% ) 14 ( 10.1% ) .005 
Paracavitary fibrosis 19 ( 12.3% ) 11 ( 73.3% ) 8 ( 5.8% ) .005 
Pleural thickening 24 ( 15.6% ) 10 ( 66.7% ) 14 ( 10.1% ) .040 
Bronchiectasis 11 ( 7.1% ) 3 ( 20% ) 8 ( 5.8% ) .077 
Nodules 16 ( 10.4% ) 2 ( 13.3% ) 14 ( 10.1% ) .066 
Fungal ball 2 ( 1.3% ) 2 ( 13.3% ) 0 .009 
Pleural effusion 12 ( 7.8% ) 1 ( 6.7% ) 11 ( 7.9% ) 1.0 

Figure 1. ( A ) Plain frontal radiograph of a CPA patient shows a right apical lung cavity ( long arrow ) with a soft tissue density within it ( short arrow ) , which 
is associated with pericavity fibrosis and volume loss evidenced by mediastinal shift to the right. ( B ) Axial chest CT scan in lung window confirmed the 
presence of a right apical lung aspergilloma with an air crescent sign ( short arrow ) and surrounding fibrosis 164 × 73 mm ( 144 × 144 DPI ) . 
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as positive in one ( 1.1% ) participant in the control group,
ho had no respiratory signs and symptoms or no previous
istory of PTB. Culture was positive for Aspergillus spp. in
2 ( 20.8% ) cases, yielding 38 isolates. The main species were
spergillus fumigatus ( 47.4%, n = 18 ) and A. niger ( 36.8%,
 = 14 ) ( Table 2 ) . 

adiological findings 
f 154 patients, chest radiograph was normal in 96 ( 62.3% )

 Table 3 ) . The common abnormalities reported were infiltra-
ion ( 23.4%, n = 36 ) , cavitation ( 16.9%, n = 26 ) , fibrosis
 12.3%, n = 19 ) , and pleural thickening ( 15.6%, n = 24 ) .
hest CT scan was done in 17 ( 53.1% ) of the 32 patients
ligible for the procedure; the remainder either died or were
ost to follow-up. The major CT scan findings were cavitation
 100%, n = 17; two of these contained a fungal ball ) , fibrosis
 88.2%, n = 15 ) , and pleural thickening ( 88.2%, n = 15 ) . Out
f the 26 participants with cavitation, 11 ( 42.3% ) had a pos-
tive Aspergillus IgG/IgM assay. Cavitation ( P = .005 ) , para-
avitary fibrosis ( P = .005 ) , and pleural thickening ( P = .04 )
ere seen more often in patients with CPA ( Table 3 ) . CT
can contributed to CPA diagnosis in 11 patients ( Figs 1
nd 2 ) . 

PA classification 

f the 154 patients, 15 ( 9.7%, 95% CI 7.8%–11.6% ) met
he criteria for CPA, including three probable CPA cases
 Supplementary Table S1 ) . Ten ( 66.7% ) CPA cases had pre-
ious PTB, representing 50% ( 10/20 ) of the patients being
ssessed for relapsed PTB. The predisposing conditions in
he remaining CPA patients were chronic obstructive pul-
onary disease ( COPD ) ( n = 3 ) and asthma ( n = 2 ) . Four
ases classified as CPA, all with previous history of PTB infec-
ion, had trace or very low levels of MTB detected on Gen-
Xpert, and were placed on TB treatment. The diagnosis of
PA was made in these patients because the imaging features
ere more suggestive of CPA including cavitation with irreg-
lar intraluminal lining of cavity, pleural thickening adjacent
avity, paracavitary fibrosis, and one with a fungal ball. Ad-
itionally, Aspergillus antibody test was positive in all four
atients and Aspergillus spp. was isolated in three patients.
hree subsequently had a negative sputum Xpert MTB and/or
FB smear 1 month later but the fourth patient had a posi-
ive AFB smear which showed scanty organisms. The propor-
ion of CPA based on HIV status were 10.9% ( 12/110 ) and
.8% ( 3/44 ) for HIV-negative and HIV-positive, respectively
 P = .560 ) . The most common symptoms among CPA cases
ere fatigue ( 73.3%, n = 11 ) , weight loss ( 73.3%, n = 11 ) ,
nd haemoptysis ( 46.7%, n = 7 ) . 
Haemoptysis was proportionately more common in CPA

han other symptoms. No association was found between CPA
iagnosis and socioeconomic details as potential risk factors. 

iscussion 

his study is the first epidemiological study on CPA from
hana and provides data for differential PTB diagnosis. It is
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Figure 2. ( A ) Plain frontal radiograph of another CPA patient demonstrates bilateral apical lung fibrosis with associated hilar retraction and distortion. 
Right apical pleural thickening ( long arrow ) and adjacent consolidation. Background of diffuse bilateral lung nodules ( short arrows ) . ( B ) Corresponding 
axial chest CT scan in lung window demonstrates a small right lower lobe superior segment cavity, which was not demonstrated on the plain radiograph 
and multiple bilateral lung nodules ( short arrows ) 159 × 70 mm ( 144 × 144 DPI ) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

common practice in high TB prevalence areas that patients
previously treated for PTB who present with new symptoms
are generally diagnosed with PTB relapse even when sputum
AFB smear or Xpert MTB are negative. Our study showed that
half of these patients had CPA. Therefore, a prior history of
PTB treatment in a patient presenting with suspected relapse
should raise suspicion for CPA. 

The current study revealed a CPA prevalence of 9.7%
among patients presenting with presumed PTB. Varying
rates have also reported in Uganda 22 and Nigeria,6 Iran,23

Pakistan,24 Indonesia,15 , 21 Uganda,16 and Brazil 25 largely due
to difference in study designs, population, investigations, and
sampling methods. Also, the present study identified 50%
prevalence of CPA in patients with prior PTB. This is sim-
ilar to recent reports from Vietnam ( 54.3% ) 26 and India
( 57% ) .27 CPA and PTB often present with clinically indis-
tinguishable symptoms; fever is more common in PTB, and
haemoptysis in CPA, but are not sufficiently distinctive fea-
tures to be used as a definite diagnostic tool. A recent review
established a common association between CPA and TB in
Africa.28 Considering the high burden of TB in many African
countries such as Ghana, CPA is likely to be misdiagnosed
as PTB.5 In recent times, the new GAFFI case definition for
CPA for resource-constrained healthcare settings, utilising the
new Aspergillus IgG and IgM LFA, is improving epidemiolog-
ical studies and providing more clinical experience of CPA in
resource-constrained settings.7 , 15 –19 

In the present study, three of four patients with concomi-
tant CPA and PTB had a negative AFB smear within a month.
The average interval from completion of TB treatment to re-
cruitment for these patients was 4 years. Possibly, their Xpert
MTB could have been false positives due to detection of resid-
ual MTB DNA or non-viable non-intact bacilli. 29 –31 The role
of Xpert MTB in detecting reinfection or relapse accurately
is unclear, often associated with high occurrence of false posi-
tives especially with low mycobacterial burden, and short time
post-treatment, as noted in our study.30 , 31 The likelihood of
false positivity is reported to decrease with the longer time
since successful treatment of PTB but the total duration is not
known.30 Nevertheless, one study indicates that this can be
up to 4 years after successful completion of appropriate treat-
ment.31 The fourth patient had a positive AFB smear result,
and probably had PTB-CPA co-infection. 

The profound drug–drug interaction between rifampicin 
and oral antifungal azoles requires that clinicians to select 
between these diagnoses, and not attempt treating both PTB 

and CPA together. Some very ill patients with CPA require 
intravenous antifungal therapy while those with a single as- 
pergilloma can be cured with surgical resection.4 However,
the majority require at least 12 months of oral antifungal 
( itraconazole or voriconazole ) treatment for chronic cavitary 
pulmonary aspergillosis to reduce symptoms, prevent progres- 
sion or relapse and improve overall quality of life.4 A recent 
randomised controlled trial in India demonstrated that 12 
months of oral itraconazole was superior to a 6-month reg- 
imen in reducing relapses of CPA at 2 years.32 

The most common symptoms for CPA cases recorded in 
the current study were fatigue, weight loss, and haemopty- 
sis. Although patients with active PTB also had these symp- 
toms, haemoptysis was more common in CPA, and should 
raise suspicion for diagnosis.5 COPD was more common in 
patients with CPA than PTB, although overall numbers were 
small. We observed no significant statistical difference in the 
rate of CPA in HIV-positive patients and CPA in HIV-negative 
patients ( 6.8% vs 10.9% ) , contrary to other studies.6 , 16 , 22 , 33 

Though Aspergillus serology was positive in less than 10% of 
our screened patients, it contributed to greater than 90% of 
CPA diagnosis. One CPA patient who was HIV-positive had 
a negative Aspergillus IgG and IgM LFA result. This maybe 
because of a reduced capacity to elicit production of antibod- 
ies; the correlation between immunodeficiency and negative 
Aspergillus serology has been previously described.6 , 9 , 33 Un- 
fortunately, the participant in the control group with a positive 
Aspergillus antibody test was unable to be reached for imaging 
and further laboratory investigations to evaluate the clinical 
relevance. It could have been a possible case of asymptomatic 
pulmonary aspergillosis or a false positive test. In addition, we 
did not observe an association with various sociodemographic 
practices common in Ghana that could potentially lead to fun- 
gal exposure. 

The most common organism implicated in CPA is A. fumi- 
gatus ; it is especially reported in Europe and United States,
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here it accounts for over 90% of all cases. 34 –36 However,
n Africa and Asia, A. flavus and A . niger are frequently iso-
ated, as demonstrated in our study and elsewhere.6 , 15 , 16 , 34 

he frequent imaging findings of CPA, as stipulated in many
uidelines, reported in several epidemiological studies, and
onsidered to be more linked to CPA are cavitation, per-
cavitary fibrosis, and pleural thickening.4 , 5 , 8 , 15 , 21 , 22 These 
hree features were present in 67% ̶ 80% of CPA cases in
ur study on chest radiograph and/or CT scan. Three pa-
ients without cavitation on chest radiograph were diagnosed
ith probable CPA based on parenchymal fibrosis and/or
ronchiectasis coupled with positive Aspergillus serology 
nd/or culture. It is possible that these patients had cav-
tation that could have been revealed by CT scan as ob-
erved in two other patients with CPA. CT scan is an im-
ortant complementary investigation to chest radiography 
hen available especially when Aspergillus serology is pos-
tive. In the present study, additional cavitation and fungal
alls detected by CT scan in four patients were missed on
hest radiographs. Similar observations were made by Page
t al .22 and Nguyen et al .26 

In conclusion, the early differentiation of active PTB, post-
B lung disease, and PTB plus CPA co-infection, in settings
ith high TB burden, may require a broader screening strat-
gy at the investigation stage. The present study contributes to
he efforts of identifying an efficient framework for routine or
ystematic screening for CPA in PTB. Access to readily avail-
ble diagnostics, in addition to algorithms that easily identify
atients with CPA, will improve patient care and outcomes. 
Our study is not without limitations. Our inability to do
T scans for all eligible patients due to loss to follow-up or
eath was a major challenge. Secondly, prior to PTB retreat-
ent, a repeat Xpert MTB and/or culture was not done for
PA patients from whom MTB was detected to rule out false
ositive results. Additionally, patients being assessed for PTB
elapse were few, and the CPA rates in this group may not be
epresentative. 
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