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Abstract 
Background: Fungal infections represent a significant cause of morbidity and 
mortality among immunocompromised individuals. Pulmonary fungal infec-
tion may be missed or misdiagnosed as tuberculosis (TB) hence complicating 
management of these patients. The current study reports the spectrum of fi-
lamentous fungi isolated from sputum of TB relapse and retreatment cases at 
selected reference facilities in Kenya. Methods: A total of 340 sputum sam-
ples collected during the period of June 2018 to June 2019 were subjected to 
mycological investigations. The samples were mucolysed and inoculated on 
sabourauds dextrose agar (SDA) and incubated at 30˚C for 7 days and 
checked daily for fungal growth. Moulds were identified by macroscopic and 
microscopic morphological features and the species were confirmed by se-
quencing. Results: The diversity of fungi out of the 340 sputum samples ana-
lyzed was as follows; 16% (n = 53) were positive for moulds with Aspergillus 
species being the predominant constituting 68 % (n = 36). Among the Asper-
gilli, A. flavus and A. niger were the most frequently isolated adding up to 
23%, (n = 12) and 15% (n = 8) respectively. Additionally, Paecillomyces vari-
otii (9%, n = 5), Scedosporium aspiospermum (6%, n = 3), Mucor racemosus 
(8%, n = 4) and Penicillium spp. (9%, n = 5) were also recovered. Conclu-
sion: The isolated fungi represented potential respiratory pathogens that 
could be responsible for persistent TB like symptoms despite treatment that 
could be misdiagnosed as relapse requiring treatment. Fungal investigation of 
all presumptive TB relapse cases should be advocated before treatment. This 
will reduce unnecessary retreatment, delayed antifungal intervention and 
unwarranted morbidity and mortality associated with misdiagnosis.  
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1. Introduction 

Fungi are emerging significant pathogens mainly as opportunist in individuals 
with impaired immunity; particularly in people living with HIV, diabetes, cancer 
as well as those treated with toxic chemotherapy [1]. Certain species of fungi are 
also capable of invading and causing disease in immunocompetent individuals. 
The increase in incidence of fungal infections has been exacerbated by the esca-
lation of immune debilitating conditions such as HIV [2]. Tuberculosis (TB) 
remains a significant public health threat in Kenya and the country is listed 
among the 30 high burden countries [3]. A prevalence survey that was carried 
out in 2016 confirmed that Kenya’s TB burden is higher than previously esti-
mated. The highest burden was recorded in young men of the reproductive age 
group 25 - 34 years [4]. Fungal spores being ubiquitous can colonize pre-existing 
TB cavities in the lungs. Tuberculosis retreatment cases respond poorly to anti 
TB medication and it is thought that there exists a synergistic growth relation-
ship between Mycobacterium tuberculosis and fungal respiratory pathogens 
among other co-morbidities [5]. The most common respiratory fungal diseases 
include: candidiasis, aspergillosis, cryptococcosis and mucormycosis [6]. 

The WHO estimates that more than a million people develop chronic pulmo-
nary aspergillosis after being treated for TB every year [7]. Majority of the cases 
occur in countries with high burden of TB including Bangladesh, China, India, 
Indonesia, Philippines and Sub Saharan Africa. Due to fungal diagnostic chal-
lenges, almost half of those who develop the disease die within five years [7]. The 
symptoms of chronic pulmonary aspergillosis (CPA) i.e. weight loss, severe 
shortness of breath, fatigue and coughing up blood are similar to those of TB 
that cannot be differentiated clinically. This often leads to misdiagnosis and 
subsequent inappropriate treatment. Fungal infection can progress undetected 
for years until it is too late for antifungal intervention [8]. 

Around one-third of TB patients develop cavities in their lungs, making them 
vulnerable to infection by air borne fungi that are ubiquitous in the environment 
[9]. Studies focusing on the global burden of chronic pulmonary aspergillosis 
have highlighted the importance of following up on TB patients after their initial 
treatment, and having the right diagnosis available [10]. Chronic pulmonary as-
pergillosis (CPA) requires long-term antifungal therapy, while some, surgical 
intervention. Mycological investigation is required to diagnose the disease early 
to increase the chance of survival [11]. 

The National Tuberculosis Leprosy and Lung Disease Program (NTLD-P) in 
Kenya seeks to reduce mortality and morbidity due to chronic lung diseases 
while promoting lung health in the general population. Currently, there is an in-
creased mortality among tuberculosis patients including those who have suc-
cessfully completed treatment, due to development of cavitation and bronchiec-
tasis that favors the colonization of filamentous fungi [12]. Therefore, undiag-
nosed or missed diagnosis of respiratory fungal infection significantly increases 
the morbidity and mortality despite successful TB treatment [13]. There is li-
mited empirical evidence on the existence and extent of respiratory fungal dis-
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eases and possible co-morbidities with pulmonary TB in Kenya. In light of this 
inadequate information, the current study sought to isolate and characterize 
pulmonary fungal pathogens from TB relapse and retreatment cases in Kenya, a 
Sub-Saharan Africa setting. 

2. Materials and Methods 
2.1. Sampling Sites 

In the current cross-sectional study, sputum samples were obtained from 340 
relapse and retreatment patients in tuberculosis reference facilities including 
Moi Teaching and Referral Hospital (MTRH) and, Mbagathi County Referral 
Hospital. A total of 340 sputum samples from the patients were analyzed during 
the study. The study was nested in the protocol approved by KEMRI Scientific 
and Ethics Review Unit (SERU) in which patients provided written informed 
consent to participate in the study. The current study was reviewed and ap-
proved by Kenyatta National Hospital/University of Nairobi Ethics Review 
Committee (KNH/UoN-ERC) (study number P108/02/2018). 

2.2. Sample Size and Participant Selection Criteria 

Tuberculosis relapse and retreatment cases with recurrent symptoms consistent 
with pulmonary TB despite compliance with first line anti-TB therapy were in-
cluded in the study. Relapse and retreatment cases with known HIV/TB 
co-infection were also recruited. Tuberculosis treatment defaulters, newly diag-
nosed smear positive TB and patients with extensively drug resistant tuberculo-
sis (XDR-TB) as well as extra-pulmonary TB were excluded from the study. The 
sample size was determined based on country estimated burden (67%) of chron-
ic pulmonary aspergillosis (CPA) among pulmonary tuberculosis patients [14]. 
Fischer’s et al. (1998) formula with a 95% confidence level was used, where a 
minimum of 340 participants was worked out for the study as indicated below. 

( )2
1 2

2

1z p p
n

d
α− −

=  

where: n = Sample size 

1 2 1.96z α− =  

p = 67% (estimated prevalence of CPA in PTB patients) 
d = Absolute precision (0.05) 

Therefore: 
( )2

2

1.96 0.67 1 0.67
340

0.05
n

× −
= =  

2.3. Sputum Sample Processing 

Fresh expectorated morning sputum specimen were collected in sterile sputum 
mugs and packaged using the triple packaging technique following the requisite 
biosafety guidelines [15]. The samples were transported to Kenya Medical Re-
search Institute (KEMRI), Centre for Microbiology Research-Mycology Labora-
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tory. Coded samples were first mucolysed with sputasol and inoculated on Sa-
bourauds Dextrose Agar (SDA) in duplicates. The media was supplemented with 
10 ml of Chloramphenicol and 0.65 ml Gentamicin (40 mg/ml) to inhibit bac-
terial contamination. Sterility check and ability to support the growth fungi was 
performed on each batch of media and subsequent negative and positive con-
trols were incubated with every batch of cultures. Inoculated plates were incu-
bated at 30˚C for up to 4 weeks and evaluated daily for fungal growth. Plates that 
had no growth at the fourth week were deemed negative and disposed appro-
priately following the laboratory waste disposal procedures. 

2.4. Identification of Fungal Isolates 

Fungi growing on culture were identified by morphologic characteristics using 
both macroscopic and microscopic and features. Macroscopic features such as 
colony growth rate, color on the obverse and reverse, elevation, texture and co-
lony size were captured. Specimen for microscopy were prepared using tease-mount 
technique and stained with lacto-phenol cotton blue as described by Campbell & 
Johnson [16]. Microscopic features were observed at ×40 magnification and fea-
tures including conidia production, shapes and arrangement of phialides were 
noted to aid in identification of the isolates. Confirmation of the isolates were 
done using ITS, Calmodulin and beta tubulin gene sequence. This was achieved 
courtesy of support from Medical Mycology Research Institute-Chiba Universi-
ty-Japan. Manipulation of all live cultures was done under level II containment 
facilities in compliance with the Mycology Laboratory safety standards and 
KEMRI biosafety guidelines. 

2.5. Data Analysis 

The isolation frequency of individual mould species was recorded and expressed 
as percentage of the total number of moulds isolated from the sputum samples 
analyzed. Pictures of representative fungal species on culture and microscopy 
were also captured to demonstrate their morphological diversity. 

3. Results 

Diverse filamentous fungi were recovered from sputum samples of the study 
participants. Out of the 340 sputa analyzed, 16% (n = 53) were positive for pa-
thogenic filamentous fungi. The genus Aspergillus were the most frequently iso-
lated accounting for 68% (n = 36) of the total isolates with Aspergillus flavus and 
A. niger the being most dominant species constituting 23%, (n = 12) and 15% (n 
= 8) respectively. Only 4% (n = 2) isolates of Aspergilllus candidus were isolated. 
Other Aspergilli present in the samples were A. fumigatus, A. terreus and A. ve-
siclor. Additionally, Paecillomyces variotii (9%, n = 5), Scedosporium aspiper-
mum (6%, n = 3), Mucor racemosus (8%, n = 4) and Penicillium spp. (9%, n = 
5) were isolated from the sputum. The frequency, macroscopic and microscopic 
morphological characteristics of the representative fungi isolated are described 
in Table 1, with the respective isolates in Plate 1 (a)-(j) subsequently. 
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Table 1. The frequency, macroscopic and microscopic features of filamentous fungi from 
sputum. 

Name of Isolate 
and reference plate 

Colony 
morphology 

(obverse) 

Colony 
morphology 

(reverse) 

Structure 
of phialides 

Frequency 
n (%) 

Plate (b). 
Aspergillus flavus 

Light green 
powdery 
colony 

Cream-yellow 

Biseriate phialides 
and aerial hyphae 

with rough, 
spiny conidiophores 

12 (23%) 

Plate (d). 
Aspergillus niger 

Black with 
white margin 

Cream-white 

Biseriate phialides 
covering entire 
vesicle forming 

radiate head 

8 (15%) 

Plate (a). 
Aspergillus 
fumigatus 

Velvety, white, 
dark greenish 

Cream white 
Uniseriate phialides 

covering upper 
two thirds of vesicle. 

6 (11%) 

Plate (j). 
Mucor racemosus 

White 
powdery 
colony 

Cream white 
Aerial hyphae 

bearing 
conidiophores 

4 (8%) 

Plate (e). 
Aspergillus terreus 

Velvety, 
cinnamon 

brown 
Whitish brown 

Compact fan-shaped 
heads with 

metulae, phialides, 
and upright 

conidiophore 

5 (9%) 

Plate (f). 
Aspergillus candidus 

White Orange yellow 

Intact sporing head 
with metulae and 
phialides, over the 

entire vesicle 

2 (4%) 

Plate (g). 
Penicillium spp. 

Bluish green, 
white margin, 

exudates 
present, 

raised with 
radial furrows 

Creamish 
yellow 

Branching, flask 
shaped conidiophores 

with metulae 
5 (9%) 

Plate (i). 
Paecilomyces variotii 

Yellowish brown Pale brown 

Long slender 
phialides 

appearing singly 
along hyphae 

5 (9%) 

Plate (c). 
Aspergillus vesicolor 

Greenish 
yellow 

Orange yellow 

Biseriate, loosely 
radiate 

phialides covering 
entire vesicle 

3 (6%) 

Plate (h.) 
Scedosporium 
aspiospermum 

White cottony 
aerial mycelia 

Greyish black 

Septate hyphae 
with short 

conidiophores 
bearing condia singley 

3 (6%) 

Total number 
of isolates 

   53 (16%) 
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Plate 1. (a) Aspergillus fumigatus; (b) Aspergillus flavus; (c) Aspergillus vesicolor; (d) Aspergillus niger; (e) Aspergillus terreus  
(f) Aspergillus candidus; (g) Penicillium spp. (SDA); (h) Scedosporium aspiospermum; (i) Paecilomyces variotii; (j) Mucor race-
mosus. 

4. Discussion 

Fungal diseases have emerged as major pathogens among the immunocompro-
mised individuals [17]. The frequency of infections is generally on the rise and 
appropriate strategies are needed to avert the problem. The current study ex-
amined sputa samples from individuals presenting with clinical symptoms typi-
cal of pulmonary tuberculosis who had a history of previous treatment for tu-
berculosis. Out of the 340 samples examined, 16% (n = 53) were positive for a 
variety of moulds which have been implicated in invasive mycoses and other 
fungal related illnesses. 

The genus Aspergillus was the most frequently isolated fungi among the iso-
lates recovered. Members of the genus Aspergillus are ubiquitous and their 
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spores are airborne which can be acquired through inhalation [18]. There are 
over 200 species of Aspergilli but a few are associated with clinical disease. In the 
current study, distinct species were isolated among them Aspergillus flavus and 
A. niger which were the dominant species constituting 23% (n = 12) and 15% (n 
= 8) respectively. Other Aspergilli included A. fumigatus (11%, n = 6), A. terreus 
(9%, n = 5), A. versicolor (6%, n = 3) and A. candidus (4%, n = 2). Individuals 
with a debilitated immune system such as those with leukaemia, severe asthma, 
cystic fibrosis, HIV/AIDS and people with lung injuries including those who 
have had tuberculosis are at highest risk of infection and disease [19]. 

Pulmonary fungal infections such as chronic bronchopulmonary aspergillosis 
(CPA), allergic bronchopulmonary aspergillosis (ABPA) and other fungal lung 
etiologies can present with clinical symptoms that mimic pulmonary TB [20]. 
Various diagnostic approaches for pulmonary aspergillosis have been proposed 
and it has been suggested that the most reliable method is the detection of asper-
gillus antibody depicting an immunological response to the infection. The posi-
tivity rate of sputum samples is known to be low in patients with CPA despite a 
high number of Aspergillus spp. in the lung cavities [21]. Therefore, the results 
from sputum cultures in the current study may be lower due to the relatively low 
sensitivity of sputum fungal culture. However, the findings paint a clear picture 
of the existing fungal infection among individuals presenting with pulmonary 
conditions clinically typical of tuberculosis. It depicts the significance of pulmo-
nary fungal colonization that is unattended and being treated as TB leading to 
disease progression and poor TB treatment outcome due to missed diagnosis. 
This scenario poses significant challenges and constraints to TB management 
efforts. 

Other studies have demonstrated the existence of Aspergillus spp. in respira-
tory specimen of patients suspected of TB. In Cameroon, a study carried out to 
determine the prevalence of respiratory tract aspergillosis in sputum of patients 
suspected of pulmonary tuberculosis (TB), 30 (15%) of Aspergillus spp. were 
isolated from 200 sputa samples with a co-infection with TB in 9 (4.5%) of the 
cases [22]. Literature search of all epidemiology papers that reported fungal in-
fections in Kenya revealed that about 7% of the Kenyan population suffers from 
a significant fungal infection at any one time. Further, chronic pulmonary as-
pergillosis (CPA) following TB was reported at a prevalence of 10,848 cases 
(32/100,000). The reported adult asthma prevalence was 3.1% and it is assumed 
that 2.5% have allergic bronchopulmonary aspergillosis implying that 17,696 
(44/100,000) individuals were affected [14]. The presence of high concentration 
of fungal spores both in indoor and outdoor environments particularly the As-
pegillus spp. acts as a source of most infections and immunosuppression is the 
major risk factor determining the outcome of the infection and the resulting pa-
thologies [23].  

Individuals who are culture positive for diverse Aspergillus species are at 
highest risk of invasive aspergillosis (IA), allergic-bronchopulmonary asper-
gillosis (ABPA) and bronchitis [24]. Patients presenting with various clinical 
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symptoms such as frequent chest pain, tightness, fatigue, weight loss, produc-
tive cough and labored breathing are non-specific for fungal or other lung dis-
orders including tuberculosis. Therefore pulmonary fungal infection may be 
indistinguishable clinically from other lung etiologies [1]. In Kenya, there is a 
well-established program for tuberculosis and lung diseases. Nevertheless, con-
siderable efforts and resources have been focused on the diagnosis and manage-
ment of tuberculosis with minimal attention to possible pulmonary fungal infec-
tions which are likely misdiagnosed and treated as relapse and TB culture con-
taminants.  

In the present study, Paecillomyces variotii was isolated in 9% (n = 5) of the 
samples. This species represents a noteworthy emerging opportunistic pathogen 
among the immunocompromised individuals [25]. The fungus has been pre-
viously isolated in food products, soil as well as indoor home environments [26]. 
Further, P. variotii has been implicated in pulmonary mycoses in diabetics and 
cases of endocarditis, sphenoid infections and other related diseases [27] [28] 
[29]. The isolation of P. variotii among tuberculosis retreatment cases in the 
current study highlights a possible co-infection complicating the treatment of 
the affected individuals. 

Penicillium spp. represents a large group of ubiquitous genus consisting over 
350 recognized species [30]. Members of this group are mainly responsible con-
tamination of food products and mycotoxin production. Opportunistic infec-
tions attributable to Penicillium spp. have also been reported mainly entailing 
prosthetic endocarditis, otomycosis as well as pulmonary involvement in im-
munocompromised individuals [31]. The frequency of isolation of Penicillium 
spp. from the sputum specimen in the current study was 9%. This shows that the 
genus could be a significant complication in pulmonary tuberculosis necessitat-
ing further in-depth inquiry to elaborate the clinical picture and prognosis. 

Scedosporium aspiospermum was isolated from 6%, of the samples, the fun-
gus is a ubiquitous filamentous mould found in soil and polluted water [32]. The 
fungus has been implicated in a wide variety of severe infections including, 
lungs, sinuses, bone and disseminated disease involving the central nervous sys-
tem among immunocompromised individuals as well as those receiving steroidal 
medication and such infections are usually fatal [33]. Infection with S. aspios-
permum has also been reported in immunocompetent individuals signifying the 
virulence of this species. In the spectrum of infections associated with S. aspios-
permum, lung infection is fairly overriding and often progressing in patients 
with prevailing lung conditions and surgical resection is main intervention since 
S. aspiospermum is intrinsically resistant to various antifungals. A greater sur-
vival rate in immunocompetent individuals has been noted compared to the 
immunocompromised [34]. It would be essential to evaluate presumptive tu-
berculosis relapse and retreatment cases for possible infection and co-infection 
with pathogenic fungi. These should also include the HIV immunocompromised 
individuals presenting with severe pulmonary diseases. 

Mucor racemosus that was recovered from the sputum of 8% of the patients is 
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a dimorphic fungi belonging to a large group of fungi named the Mucorymy-
cetes collectively responsible for infections referred to as mucorymycoses [35]. 
Frequent human infections are caused by Rhizopus, Absidia and Mucor as well 
as Chlamydoconidia species. Mucor is reported as the most common usually 
acquired through inhalation [36]. The spectrum of disease associated with mu-
corymycoses includes rhino-cerebral affecting the sinuses and the brain with 
ensuing fever, sinus congestion and headache. Pulmonary mucormycosis mainly 
infects the lung resulting to chest pain, breathing problems, cough and fever as 
well as disseminated infections [37]. Since lung infections with Mucorales 
present similar clinical picture as tuberculosis or pneumonia, this may be mis-
diagnosed and the patient put on anti TB medication as the infection progresses. 
Mucormycoses is now recognized as a neglected tropical disease (NTD) [38]. 

A significant number of pulmonary tuberculosis patients currently on treat-
ment were diagnosed clinically or were smear negative. It is likely that these in-
dividuals could have had pulmonary fungal etiologies. According to Denning 
(2018), the WHO reported that approximately 2.2 million out of 5.2 million new 
cases of pulmonary tuberculosis were clinically diagnosed or smear negative in 
2015. It has also been observed that there is a low specificity of presumptive TB 
suggestive X-ray and hence the diagnosis is often inconclusive. The utility of 
computed tomography (CT) has been evaluated for the diagnosis of filamentous 
fungi infection among the immunocompromised. In one of the studies, CT-guided 
lung biopsies showed high diagnostic accuracy comparable to antigen based tests 
and molecular assays [39]. However, such high tech facilities are often not avail-
able in resource constrained countries and if available, they are often not af-
fordable to the common man. 

It has been reported that the diagnostic yield of cultures from patients with 
pulmonary fungal infections particularly those with CPA is usually low, and this 
could be considered a limitation of the study. Therefore, the burden of fungal 
infection among the patients examined could be higher and additional microbi-
ological tests on specimen such as broncho-alveolar lavage fluid (BALF) would 
be invaluable. Nevertheless, positive sputum cultures from patients undergoing 
treatment for a fungal disease are predictive of treatment response. 

4.1. Conclusion 

The current study highlights the significance of pulmonary fungal infections 
among presumptive tuberculosis relapse and retreatment patients. Mycological 
investigation indicates that unlike other studies where Aspergillus fumigatus is the 
main etiology, other Aspergillus species such as A. flavus and A. niger are involved 
in Kenya. These species are often intrinsically resistant to triazoles as first line 
treatment for pulmonary aspergillosis. The other filamentous fungi isolated such 
as Penicillium spp., Paecillomyces spp., Mucor spp. and Scedosporium spp. are 
frequently reported as TB culture contaminants but could be of clinical signific-
ance. The diagnosis and management of pulmonary fungal infections in Kenya has 
been hampered by technical and infrastructural inadequacies primarily the lack of 
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trained medical mycologists, inadequate laboratory infrastructure for fungal diag-
nosis and scarcity of effective and affordable antifungal drugs. 

4.2. Recommendation 

Smear negative patients presenting with clinical symptoms of tuberculosis re-
lapse should be subjected to mycological investigations before retreatment. This 
requires investment in technical and infrastructural capabilities for diagnosis 
and management of fungal infections. 
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Abbreviations and Acronyms 

TB-Tuberculosis, KEMRI-Kenya Medical Research Institute, SERU-Scientific 
and Ethics Review Unit, KNH/UoN ERC-Kenyatta National Hospital/University 
of Nairobi Ethics Review Committee, Retreatment-any individual with a history 
of treatment for tuberculosis exhibiting clinical symptoms consistent with pul-
monary tuberculosis. Relapse-any patient treated for pulmonary tuberculosis 
having recurrent symptoms despite compliance with first line anti TB drugs. 
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