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and Asia, the annual incidence of TB is very high,
reaching hundreds of cases per 100,000 people.3
In Uganda alone, TB is estimated at a prevalence
of 200 per 100,000 people;* in Mbarara, the prev-
alence of TB is estimated at 98 per 100,000 peo-
ple.> Certainly, MTB is still a major co-morbidity
and a leading cause of death among individuals
infected with human immunodeficiency virus
(HIV/AIDS). Additionally, multidrug resistant
TB and the emergence of extensively drug resist-
ant TB have seriously complicated TB diagnosis,
treatment and management. However, amidst all
this, TB is not the only pulmonary infection of
importance, especially with the expansion of at-
risk populations worldwide. For instance, the role
of pulmonary fungal infections caused by pulmo-
nary fungal pathogens has been highlighted
recently and the similarity in clinical and radio-
logical characteristics with TB further compli-
cates diagnosis and management of such
pulmonary infections.® Indeed, pulmonary
mycoses can mimic and easily be misdiagnosed as
TB and vice versa. In this context, fungi have over
time gained attention for their recent emerging
medical importance worldwide.”® Over the past
30years now, fungi have transitioned into key
aetiological agents for difficult to manage infec-
tions, killing at least one million people annually;
and yet still remain among the neglected diseases
globally. Serious invasive fungal infections occur
in immune-compromised patients such as HIV/
AIDS, cancer and transplantation patients among
others, in many of whom they complicate and
worsen the disease.1? For instance, in Africa, pul-
monary fungal infections are reported at about
15-35%, mainly in HIV/TB co-infected cohorts.
Additionally, the similarity in clinical and diag-
nostic manifestations between TB and pulmo-
nary mycoses calls for equal attention if
management of both infections is to be stream-
lined.!! This is posing enormous challenges to
health care professionals, especially in resource
limited settings where diagnosis is not precise. It
is possible that in numerous cases missed fungal
pulmonary mycoses due to lack of specific clinical
manifestations cause a high rate of morbidity and
mortality in patients initially suspected and
treated for TB. The question at hand here is
whether fungal pulmonary infection can be pri-
mary or secondary in TB infection. Although this
is a challenging question to answer at the moment,
through this study we sought to determine the
prevalence and coexistence of pulmonary fungal
pathogens, PTB and HIV among individuals with

clinical signs of pulmonary tuberculosis at a TB
referral clinic in south-western Uganda.

Materials and methods

Study design

This was a hospital based cross sectional study.
The study samples were processed from the
Mycology Laboratory, Department of Micro-
biology, Mbarara University of Science and
Technology (MUST), whose clinical Mycology
Laboratory serves Mbarara Regional Referral
Hospital (MRRH) patients.

Study duration
The study was carried out from November 2019
to June 2020.

Sample size

Sputum samples were collected from 113 clini-
cally PTB suspected patients referred to the TB
clinic of MRRH.

Inclusion criteria of study participants

Patients with signs and symptoms of PTB who
visited the TB unit who required MTB GeneXpert
diagnostic test were included.

The study included TB suspects with a negative
TB diagnostic history and those who were not on
antifungals.

Signed informed consent was sought from each
study participant prior to sputum sample collection.
As for children, written informed assent was obtained
from their care givers.

Exclusion criteria

TB suspects who failed to provide sputum sam-
ples and whose request forms lacked demograph-
ics were excluded from this study.

Specimen collection

First morning sputum sample for MTB
GeneXpert and fungal culture was collected asep-
tically from study participants in a sterile dry
wide-necked, leak-proof universal container from
each of study participant suspected for PTB.
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Transport and storage of samples

Samples were transported in courier boxes from
point of collection to the laboratory. Samples
which were not processed within the same day of
collection were stored in a refrigerator at 4-8°C
awaiting processing

Specimen processing

Collected sputum samples were processed at the
TB and Mycology Laboratory Unit at
Microbiology Department, Faculty of Medicine,
MUST. Demographic data and HIV status of
each study participant were recorded.

GeneXpert MTB/ Rifampicin (RIF) assay

Sample reagent was added to sputum sample in a
ratio of 2:1ml and the sputum sample was allowed
to liquefy for 15min. A sterile dropper was used
to transfer 2ml of mixture into the GeneXpert
cartridge, which was loaded into the GeneXpert
machine for MTB detection for 2h. The results
were reported as ‘MTB detected’ or ‘MTB not
detected’.

Potassium hydroxide (KOH) mounts

A drop of 10% KOH was placed on a clean glass
slide using Pasteur pipette. A small portion of spu-
tum was added into the KOH drop using a sterile
wire loop and mixed well. The coverslip was
placed on top of this mixture and the preparation
was placed in a moist chamber and kept at room
temperature for 30min. The preparation was
examined under low power microscope objectives
for the presence or absence of fungal elements.

Gram stain

Gram stain smear was made from the sputum
sample to test for the Gram reaction of fungi and
also the size, shape and arrangement of fungal
elements. For Gram positive yeast-like cells,
mucopurulent absence or presence of pseudo
hyphae was recorded.

Fungal culture

Sabouraud dextrose agar (SDA) containing anti-
biotic chloramphenicol and gentamicin was used
to culture sputum samples. The specimens were
streaked onto the medium in the Universal

bottles with a sterile inoculating loop in order to
obtain isolated colonies. The preparations were
then incubated at 25-30°C in an inverted posi-
tion (agar side up). Cultures were examined at
least weekly for fungal growth and held for 4 weeks
before being reported as negative. After sufficient
incubation, considering colony morphology, tex-
ture, rate of growth, surface of the colony and
pigmentation on the surface and reverse of the
colony on SDA tubes were recorded. The signifi-
cant fungal isolates on culture were identified to
the species level, using standard mycological
procedures.

Lactophenol cotton blue staining

Lactophenol cotton blue was used for micro-
scopic identification and characterisation of fruit-
ing bodies such AS conidia, sporangia, rhizoids
and hypha or mycelia of cultivated fungi on SDA.
A drop of lactophenol cotton blue stain was
placed on a clean grease-free glass slide. A small
fragment of cottony, woolly or powdery colony
was picked from the midpoint of the culture using
a sterile straight wire and placed on a clean glass
slide for the staining process. A clean coverslip
was applied avoiding air bubbles. Excess stain
was removed with blotting paper and the prepara-
tion examined using X10 and X40 objectives of
the microscope. Fungal element features such as
microconidia, macroconidia, chlamydospores
and hyphae with spiral, pertinate and antler-like
structures were investigated. These features seen
on the stained slide were compared with estab-
lished characteristic fungal features using mycol-
ogy atlases.

Germ tube test

Germ tube test is a simple, reliable procedure for
the identification of Candida albicans. Human
serum (0.5-1ml) was put into a 12mm X 75 mm
test tube and the yeast colonies were suspended
into the serum to obtain a faintly turbid suspen-
sion. The preparation was then incubated in the
tubes at 37°C for 2-3h in an incubator. Using a
sterile Pasteur pipette, the suspension was
removed and examined microscopically for the
presence or absence of germ tubes. Positive test
showed germ tubes arising directly from the yeast
cell and had parallel walls without any constric-
tion at their point of origin, which was diagnostic
for C. albicans.
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Table 1. Demographic distribution, pulmonary tuberculosis (PTB), pulmonary fungal pathogens and PTB-fungal co-existence.

Variable

PTB detected

Mycological pathogens identified by

KOH and culture

PTB-fungal
co-existence

GeneXpert
n=5

KOH
n=23

Culture
n=80

PTB-PFP
co-existence
n=2

Age group, years

Proportion (%)

Proportion (%)

Proportion (%)

Proportion (%)

Proportion (%)

Children, 1-13
Adolescents, 14-17
Youth, 18-34
Middle aged, 35-64
Elderly, >64
Gender

Male

Female

3(2.7) 0(0.0) 1(4.5) 1(1.2) 0(0.0)
0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
38 (33.¢) 2(40.0) 3(13.0) 29 (36.2) 1(50.0)
61 (54.0) 2 (40.0) 16 (69.6) 44 (55.0) 1(50.0)
1109.7) 1(20.0) 3(13.0) 617.5) 0(0.0)
46 (40.7) 4 (80.0) 8 (34.8) 33 (41.2) 2 (100)
67 (59.3) 1(20.0) 15 (65.2) 47 (58.8) 0(0.0)

KOH, potassium hydroxide; PFP, pulmonary fungal pathogen.

Safety and environment

All biological specimens, including used car-
tridges, capable of transmitting infectious agents
were treated with universal precautions.

All laboratory procedures were done in a level 2
TB laboratory.

Personal protective equipment such as disposable
gloves, laboratory coats were used when handling
specimens and reagents.

Washing of hands was done thoroughly after han-
dling specimens and test reagents.

Disposing of used Xpert MTB/RIF cartridges
was done according to the country’s safety guide-
lines for hazardous material.

Quality control measures
Well collected sputum samples were accepted for
analysis.

Known standard fungal element morphologies
and known fungal atlases were used to confirm
established characteristic fungal features.!2

Laboratory reference cultured fungal elements
grown in the laboratory were also used.

Results

Demographic distribution, PTB, pulmonary

fungal pathogens (PFPs] and PTB-fungal
co-existence profiles

Of 113 sputum samples collected, 4.4% (n=5)
were positive for PTB, 20.4% (n=23) were posi-
tive for PFP using KOH direct examination,
while 70.7% (n=80) yielded a positive fungal
growth on culture, which was the diagnostic test
for PFP. Two (0.02%) presented with a mixed
infection of pulmonary TB—fungal co-existence
(Table 1). Based on the findings of this study, the
prevalence of TB was more in males [80.4%
(n=4)] than females (n=1). While taking the
average of KOH and culture results, the preva-
lence of PFP was more in females [62.0% (n=31)]
and the only two mixed infections detected were
seen only in males (Table 1). The mean age of the
participants was 41.9 = 15years and the mini-
mum and maximum ages were 11 and 84years
respectively. The highest incidence of both PTB
and PFP was found in patients aged 18-34 and
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Table 2. Prevalence of pulmonary tuberculosis and pulmonary fungal pathogens by HIV status.

Variable Number (%)
HIV status
Positive 80 (70.8)
Negative 26 (23.0)
Unknown 7 (6.2)

Total 113 (100]

Prevalence by HIV status PFP PTB
KOH Culture GeneXpert
n=23 (%) n=80 (%) n=5 (%)

Positive, n=80 13 (56.5) 57 (71.3) 3(60.0)
Negative, n=26 5(21.7) 18 (22.5) 0(0.00)
Unknown, n=7 5(21.7) 5(6.2) 2 (40.0)
HIV and PTB-fungal co-infection, n=2 1(50.0) 1(50.0) 2 (100)

KOH, potassium hydroxide; PFP, pulmonary fungal pathogen;

PTB, pulmonary tuberculosis.

35—64years respectively. Similarly, the only
mixed infections detected were also in the same
age category (Table 1).

Prevalence of PTB and PFP by HIV status
Following the HIV status of our study partici-
pants obtained through their medical history, the
majority of the participants were HIV positive
[70.8% (n=280)]. HIV negative participants were
23.0% (n=26) whereas 6.2% (rn=7) had
unknown HIV status. We further established that
both PTB [60% (z=3)] and pulmonary fungal
pathogens, 56.5% by KOH and 71.3% by fungal
culture, were more prevalent in the HIV positive
cohort than in the HIV negative cohort, in which
the prevalence was 0.0% PTB; and 21.7% by
KOH and 22.5% by fungal culture for PFP.
Prevalence in participants with unknown HIV
status was 40.0% PTB; and 21.7% by KOH, and
6.2% by fungal culture for PFP (Table 2).

Aetiological profile of pulmonary fungal

infections and PTB-PFP co-existence
Categorically, fungal pathogens isolated were
dominated by filamentous fungi [58.8% (n=47)].

And in about 3.8% (n=3) of the patients, mixed
isolates of yeasts and filamentous fungi were also
detected [Figure 1(a)]. According to this study
fungal pathogens [70.8% (n=80)] were by far
the most prevalent when compared with PTB
aetiology [4.4% (n=5)]. However, 0.2% (n=2)
of the patients presented with PTB-PFP
co-infection [Figure 1(b)]. This was an unlikely
but interesting finding which needs to be investi-
gated further. Of individual pathogen fungus iso-
lated, C. albicans [22.58% (n=21)] was the most
prevalent isolate. This was followed closely by
Aspergillus spp. [17.20% (n=16)], non-albicans
Candida [11.83% (n=11)] and Penicillium spp.
[10.75% (n=10)]. Other fungal pathogens iso-
lated also included Trichophyton spp. [9.68%
(n=9)], Bipolaris spp. [8.60% (n=28)], Acremonium
spp. [5.38% (mr=5)] and Lasiodiplodia spp.
[3.23% (n=3)]. The less encountered ones
included Sarcinomyces spp., Rhodotorula spp.,
Mucor spp., Geotrichum candidium, Curvularia
lunata, Fusarium spp. and Rhizopus spp., each of
which had a 1.08% (n=1) representation [Figure
1(c)]. As regards PTB—fungal co-existence, C.
albicans was the only pathogenic fungus isolated
from the two cases of a possible PTB-fungal
co-infection.
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Figure 1. Aetiological profile of pulmonary fungal infections and pulmonary tuberculosis-pulmonary fungal pathogen co-infections.
C. albicans, Candida albicans; PTB, pulmonary tuberculosis.

Co-infection or co-existence by fungal

pathogens

Through this study, we were able to establish
what seemed like a co-infection or simply a co-
existence by more than one organism in an infec-
tion niche in about 15.9% (n=18) of the patients.
We were able to determine a co-infection of
PTB+PFP in 11.11% (n=2), co-existence of
yeasts and filamentous fungi in 16.7% (n=3), of
different yeasts’ pathogen in 5.56% (z=1) and of
different filamentous fungal pathogen in 44.4%
(n=38) (Table 3). In regard to age, gender and
HIV status, the youth (18-34 years) and middle
aged (35—64 years), females and the HIV positive
cohorts were the most affected by co-infections.
Individual pathogenic agents involved included
mainly C. albicans predominantly among the
PTB + PFP co-infections and yeast—filamentous
fungal and different yeast aetiological mixed
infections. On the other hand, Aspergillus spp.
were predominant among the various filamentous
fungal aetiological mixed infections (Figure 2).

Discussion

For some time now PTB has been established as
a major opportunistic pulmonary disease, espe-
cially in the HIV/AIDS infected cohort, with
about two million people dying and one million
infected worldwide each year.!> However, in
many parts of the world endemic pulmonary
mycoses, particularly the deep seated ones, are
also prevalent and, just like TB, are also responsi-
ble for high rates of morbidity and mortality in an
array of patient populations’.1415-17 The challenge
has always been that in addition to the fact that
both entities present with similar symptoms,
patients with a history of suffering from TB have
proven prone to certain opportunistic fungal
infections such as Aspergillus. For instance,
chronic aspergillosis commonly complicates
treated pulmonary tuberculosis with residual cav-
itation.!® However, in many parts of the world the
medical importance of pulmonary fungal infec-
tions continues to be ignored in the at-risk
individuals.!®
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Table 3. Aetiology of co-infections or co-existence by age, gender and HIV status.

Variable
n=18

Co-infections or co-existence by fungal pathogens

PTB + PFP
n=2(11.11%)

Yeast + filamentous
fungal pathogens
n=3(16.7%)

Different yeasts
pathogens
n=11(5.56%)

Different filamentous
fungal pathogen
n=8 (44.4%)

Proportion (%)

Proportion (%) Proportion (%)

Proportion (%)

Age group, years

Children, 1-13 0 (0.00)
Adolescents, 14-17 0 (0.00)
Youth, 18-34 1 (5.56)
Middle aged, 35-64 1(5.56)
Elderly, >64 0 (0.00)
Gender
Male 2(11.1)
Female 0 (0.00)
HIV status
Positive 1(5.56)
Negative 0(0.00)
Unknown 1(5.56)

0(0.00) 0 (0.00) 0(0.00)
1(5.56) 0 (0.00) 0(0.00)
1(5.56) 0 (0.00) 5(27.8)
1(5.56) 1(5.56) 3(16.7)
0(0.00) 0 (0.00) 0 (0.00)
0(0.00) 0(0.00) 2011.1)
3(16.7) 1(5.56) 6133.3)
3(16.7) 1(5.56) 71(38.9)
0 (0.00) 0(0.00) 1(5.56)
0(0.00) 0(0.00) 0 (0.00)

This brief background highlights the medical
importance of both PTB and pulmonary mycoses.
Yet the role of opportunistic fungi as secondary
invaders of lungs, kidneys and other organs of
patients having underlying conditions such as
HIV/AIDS and cancer is documented in the lit-
erature with a considerable variation of rate of
incidence of 9-80%.!° In Uganda, though, there
is a general paucity of the burden of pulmonary
mycoses. As a result, these infections have
remained a silent challenge to public health due
to the fact that they have been either neglected,
ignored, missed or misdiagnosed.!%:29:21 The spec-
trum of pulmonary fungal aetiology has been
evolving over the years from the commonly iso-
lated Candida species and primary dimorphic
fungi to now several saprophytic moulds and
dematiaceous fungi. Although C. albicans is still
the most common, infections due to other mem-
bers of the genus and other fungal categories are
now on the increase. However, fungal diagnosis

still remains a challenge in most health centres
with limited diagnostic tools and very few trained
mycologists to counter this challenge.

In this study, the prevalence of fungal pathogens
using culture on SDA as our diagnostic test was
80 (70.7%) which dominated the prevalence of
MTB in patients only suspected for MTB [5
(4.4%)]. The low TB prevalence here is interest-
ing to know and it would have been important to
establish whether some of these patients that pre-
sented with fungal pathogens had a history of TB
treatment. The prevalence of pulmonary fungal
pathogens according to gender was higher in
females at 62.0% (n=31). The highest incidence
of both PTB and PFP was found in patients aged
18-34 and 35-64years respectively. Similarly,
the only co-infection or co-existing pathogens
detected were also in the same age category
(Table 1). These findings are in agreement with a
study by Aluyi er al.?? and higher than in a study
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Mixed and co-infections aetiology

[PTB-PFI co-infection |

Il 11.11% MTB + Candida albicans

[Different filamentous fungal mixed infection |

Total=18

5.56% Aspergillus flavus +Rhizopus spp
16.67% Aspergillus niger + Trichophyton spp
5.56% Aspenrgillus flavus + Rhodotorula spp
11.11% Aspergillus + Penicillium spp

5.56% Aspergillus niger + Fusarium spp
11.11% Aspergillus fumigatus + Penicillium spp
5.56% Aspergillus niger + Aspergillus flavus
5.56% Lasiodiplodia + Penicillium spp

IFilamentous - yeasts mixed infection I

Wl 5.56% Acremonium spp + Candida albicans
Wl 5.56% Asperygillus niger + C. albicans
Il 5.56% Penicillium + Non Albicans candida

IDifferent yeast species mixed infection I

@ 5.56% Candida albicans + Rhodotorula

Figure 2. Aetiology of mixed and co-infections.

MTB, Mycobacterium tuberculosis; PFl, pulmonary fungal infection; PTB, pulmonary tuberculosis.

by Ekenna er al.?3 This difference in prevalence
can be attributed to geographical location, sam-
ple size and diagnostic approaches used. On the
other hand the prevalence of TB was 5 (4.4%)
(Table 1), higher than findings of the study by
Buthia and Adhikari24 but lower than findings of
Njunda er al.?5 and Chadeganipour ez al.?¢

In this study, C. albicans was the predominant
isolate with a prevalence of 22.58% followed by
Aspergillus 17.20%, non C. albicans 11.83%,
Penicilium species 10.73%, Trichophyton species
9.68%, Bipolaris species 8.60%, Acremonium spe-
cies 5.38%, Lasiodiplodia species 3.23% (Figure 2).
These findings are similar to those of several stud-
ies including Nawange and Kavishwar?? that have
named C. albicans and Aspergillus among the
dominating aetiological agents of pulmonary
mycosis. However, the aetiological profile

determined is interestingly different from in some
studies.?? For instance, the next most common
aetiological agents other than yeasts and Aspergillus
species were Penicillium species, Trichophyton spe-
cies and Bipolaris species. These are dematiaceous
Ascomycotina fungi that are often associated with
soil and plant debris. Other rare opportunistic
pathogens that were isolated included Sarcinomyces
mucor, Fusarium, Rhodotorula, Curvularia lunata,
Rhizopus, Geotrichum candidum, each accounting
for 1.08%, and the dermatophytes are isolates in
this infection niche. However, their isolation here
could be linked to patients’ underlying condi-
tions, exposure, geographical location and per-
haps evolution in microbial adaption mechanisms.
Indeed, the aetiological profile established in this
study should send out a strong message regarding
fungal aetiological evolution over the past few
decades.
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On the other hand it is not uncommon for fungi
to co-exist with other microbes in the same infec-
tion niche. In this study, we also sought to estab-
lish the prevalence of PTB, PFP and fungal-PTB
co-infections among the PTB suspects by HIV
status. We established a prevalence of 57 (71.3%)
for PFP, three (60.0%) for MTB in HIV positive
patients and 18 (22.5%) for PFP in HIV negative
patients and zero (0.0%) for MTB in HIV nega-
tive patients. On the other hand, two (100%)
HIV positive patients were co-infected with both
PFP and MTB (Table 2). These results prove the
fact that HIV/AIDs is a major predisposing factor
to both MTB and many of the saprophytic and
environmental fungal opportunists. There is also
existing evidence that individuals treated for PTB
are prone to fungal infection.!8

In the wider environment, fungi co-exist and
interact with similar or other microbes to form
different kinds of relationships including the
highly addictive mutualistic or endosymbiotic
interactions, whilst others can be of antagonistic
nature. However, the impact of such interactions
in an infection niche on clinical outcomes remains
unclear. Through this study, we were able to
establish what seemed like a mixed, a co-infection
or simply a co-existence by more than one organ-
ism in an infection niche in about 15.9% (n=18)
of the patients. We were able to determine a co-
infection of PTB +PFP in 11.11% (n=2), mixed
infection or co-existence of yeasts and filamen-
tous fungi in 16.7% (n=3), of different yeasts’
aetiology in 5.56% (n=1) and of different filamen-
tous fungal aetiology in 44.4% (n=28) (Table 3). In
regard to age, gender and HIV status, the youth
(18-34) and middle aged (35-64), females and
the HIV positive cohorts were the most affected
by mixed and co-infections. Individual aetiologi-
cal agents involved mainly C. albicans predomi-
nantly among the PTB+ Pulmonary fungal
infections (PFI) co-infections and yeast—filamen-
tous fungal and different yeast aetiological mixed
infections. On the other hand, Aspergillus spp.
were predominant among the different filamen-
tous fungal aetiological mixed pathogens (Figure
2): PFP and PTB co-infection prevalence of
11.11% in this study was apparently higher than
the one found in a study done by Yahaya et al.?8
In addition, we established C. albicans as the com-
mon fungus associated with TB-fungal co-infec-
tion similar to findings by Astekar ez al.,'° Mathavi
et al.,?° Hadadi-Fishani et al.,3° Amiri et al.3! but

different from studies by Osman ez al.3? and Bansod
and Rai?3; however, in our study no Aspergillus spe-
cies were found to co-infect with PTB.

Already shown by prior studies, our findings con-
tinue to highlight the medical importance of pul-
monary fungal pathogens among patients
suspected for TB. Most importantly, the aetio-
logical diversity determined in this study reveals
other neglected pulmonary fungal pathogens.
Therefore this presents a need for routine diagno-
sis for pulmonary mycoses among TB suspects
and set-up of antimicrobial profile for pulmonary
fungal isolates to support clinical management of
these cases.
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