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Abstract

Background: Tuberculosis remains a worldwide problem despite efforts to eliminate the
disease and TB co-infection with fungal pathogens.Co-infection is the occurrence of concurrent
infection of an individual with more than one disease-causing pathogen. The most frequent co-

infection is that of PTB co-infected with HIV and that of PTB co-infected with Candidiasis.

Objective: To determine the prevalence and etiologies of tuberculosis and TB fungal co-

infection in patients with signs and symptoms of lower respiratory tract infections.

Materials and methods: A prospective hospital-based, cross-sectional study was conducted
at the study site through November 2023 and May 2024. From 530 study participants, sputum
samples were obtained. Using a GeneXpert Mycobacterium tuberculosis (MTB)/Resistance to
rifampicin (RIF) assay equipment, a portion of the sputum was used for the diagnosis of
tuberculosis. The remaining sample 0.5 ml was grown on BHI agar, and the fungal isolates
were identified using conventional microbiological techniques; CROM agar media and germ
tube formation for yeasts and lactophenol cotton blue staining technique for mycelial fungal

differentiation. SPSS version 22 used for data analysis.

Results: A total of 530 sputum samples were collected and examined for lower respiratory tract
infections. Number of Male participants were slightly less than females and middle-aged to
elderly study subjects were dominant. The prevalence of sputum negative for Gene Xpert or
fungal culture negative was 318 (60.0%). Gene Xpert-positive samples were 42 (7.9%) and
that of fungal infections were 189(36.7%)), respectively. Of 42 Xpert positive 23(4.3%) patients
were infected with TB only and 19(3.9%) patients were TB co-infected with fungal pathogens.
Similarly, 189 (36.7%) sputum samples were culture positive for fungal species in which 170
(32.1%) patients were infected with fungal pathogen only and 19 (3.9%) patients were TB co-
infected with fungal pathogens. Of the Xpert positive tests, four were rifampicin resistance
while two were MDR. Before presentation about 4.1% and 2.3% of the study subjects were

treated with anti-TB and antibacterial drugs respectively.

Conclusions: Among patients with symptoms of respiratory infections tested for TB and fungal
pathogens 42 subjects had tuberculosis of 42 Xpert-positive patients 23(4.3%) were infected
with TB only and 19(3.9%) patients were TB co-infected with fungal pathogens. Screening for
TB should be conducted concomitantly with fungal pathogens.

Key words- Tuberculosis, Co-infection, fungal pathogens, Lower track respiratory infections.
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1. Introduction

1.1 Background

Pulmonary tuberculosis (PTB) is a serious chronic lung disease resulting from the
Mycobacterium tuberculosis (MTB) complex. It ranks among the top 10 causes of death
globally and is the primary cause of death from a single infectious pathogen [1]. According to
the WHO 2019 global TB report, it has been estimated that about 10 million people had
tuberculosis of which about 5.7 million were male, 3.2 million were female, and 1.1 million

were children [1].

Pulmonary tuberculosis (TB) is one of the most common diseases in developing nations
and is associated with low socioeconomic status. The infection remains a disease of poverty,
with 95% of cases and 98% of deaths occurring in developing states [2]. Greater than 95% of
PTB cases have been reported from resource-limited areas of the globe, chiefly from countries
in, Africa, Latin America, Asia, and the Middle East [3]. Ethiopia places tenth out of the thirty
countries with the highest TB burden, with an estimated incidence rate of 151/100,000 [1].

Despite the active disease's microbiological cure, 66% of pulmonary tuberculosis
patients who survive treatment develop serious structural lung abnormalities [4]. Post-TB lung
disease is the term used to describe these residual changes, and one common example of post-
TB lung disease is infectious complications like chronic pulmonary aspergillosis (CPA) [4].
Post-TB lung disease reduces life expectancy, increases the risk of recurrent TB infection, and
significantly increases the risk of other bacterial and fungal infections. It's estimated that 1.2
million people worldwide suffer from CPA as a result of PTB [5]. PTB patients' immune
systems were eventually suppressed by the chronic nature of the disease and extended
chemotherapy, either with or without corticosteroids, making them vulnerable to fungal

infection [6].

Mpycobacterium tuberculosis has developed resistance over time against the drugs used
for its treatment hence drug resistance has become a serious problem around the world.
Development of multi-drug resistant TB (MDR-TB) which is described as tuberculosis with
resistance to both rifampicin and isoniazid drugs [7,8] has been a major health threat in the
world. Data obtained from the latest anti-TB drug resistance investigation showed that 4.1% of
new and 19% of previously treated TB cases in the world are found to be multidrug-resistant

tuberculosis [9].



Lower respiratory tract infection (LRTI) is a disease of the windpipe predominantly of
the bronchi and the lungs [10]. Infection has been recognized as one of the most significant
health issues and a main cause of morbidity and mortality in many developing nations [11]. It
is a worldwide problem accounting for more than 5 million deaths each year [12]. The principal
etiological agents of LRTI are TB, bacterial, and fungal pathogens [13]. Coughing, shortness

of breath, weakness, fever, and fatigue are the most common clinical presentation of LRTI [14].

Fungal infections in the lungs cause a disease known as pulmonary fungal infection.
The ubiquity of fungi and/or their spores makes lung colonization or infection inevitable;
nevertheless, the mechanisms distinguishing fungal colonization from fungal infection are not
well understood, making this topic extremely difficult to address. This study investigated the
possibility of a fungal infection based on the isolation of fungi either by themselves or in
association with tuberculosis in suspected patients. Numerous fungal species have been
recognized as etiological agents of lower tract infection. In many literatures, species of
Aspergillus [15] Candida, Cryptococcus [16] Pneumocystis [17], and dimorphic fungi [18] are
the most significant. Nonetheless, there has been a change in the epidemiology of the fungi that
cause lower respiratory tract infections. Further to that, several molds, such as zygomycetes,
Penicillium spp., Fusarium spp., and Scedosporium spp., have been identified as the causative
agents of respiratory tract infections in addition to Candida albicans. Even though these fungi
are rarely identified in immune-competent patients' respiratory tracts, they may spread to other
systemic organs and infect people who are already seriously ill with potentially fatal invasive

fungal infections [19].

Co-infection is the occurrence of concurrent infection of an individual with more than
one disease-causing pathogen. The most frequent co-infection is that of PTB co-infected with
HIV and that of PTB co-infected with Candidiasis. In some states up to about 80% of PTB
patients are co-infected with HIV [20] and about 15% - 32% of PTB patients are also co-
infected with Candidiasis [21]. With the widespread use of antibacterial drugs and an increasing
number of immunocompromised patients, pulmonary fungal infections are becoming more

common.

Because of the high likelihood of morbidity and death caused by the combination of the
two illnesses, co-infection of pulmonary fungal infection with PTB increases the burden of
PTB [22,23]. Furthermore, similarities in clinical and radiological presentation of pulmonary

fungal infection and PTB have made definite diagnoses between these two infections difficult.



A typical sign of pulmonary illnesses caused by mycobacterium tuberculosis (MTB) and fungal
pathogens is a persistent cough lasting longer than three weeks. In cases when A definitive
diagnosis cannot be made between PTB and fungal lung infection, fungal infections may be
treated empirically with anti-TB chemotherapy, which can have undesirable clinical effects.
[19]. As in most developing countries, empirical treatment of PTB patients in Ethiopia is
common. To this end, the spectrum of pulmonary fungal infections and their association with
PTB in Ethiopia is lacking. Because of this, determining the spectrum of potential fungal
pathogens from the sputum of patients presenting clinical and radiological characteristics like
PTB and the magnitude of the association between TB and potential fungal pathogens is an
active field of research. Therefore, the objectives of the present study were to determine the
Prevalence of pulmonary tuberculosis and PTB co-infection with fungal pathogens in patients

with lower respiratory tract infections referred to St. Peter's Specialized Hospital.



1.2 Statement of the Problem

Pulmonary tuberculosis is a disease caused by an acid-fast bacillus (AFB) known as the
MTB complex [10,11]. PTB is one of the top 10 aetiological agents causing human death and
suffering worldwide, according to the WHO report [24]. Globally, between 9.0 and 11.1 million
individuals (9.8 million males, 3.2 million women, and 1 million children) had active PTB
illness in 2017 [13]. Globally in 2022, the estimated proportion of MDR/RR-TB cases with
pre-XDR TB (i.e. resistance to any fluoroquinolone for which testing was done) was 18% [44].
More than 1.6 million people die from fungal diseases each year, affecting over a billion people
worldwide. However, compared to tuberculosis, fungal infections continue to be poorly
suspected by doctors [25]. This primarily relates to sub-Saharan African states with high rates
of tuberculosis (TB), where a significant proportion of the population, including HIV/AIDS

patients, is susceptible to fungal infections [26].

Due to similarities in the ways that fungal infections and tuberculosis manifest,
misdiagnosis is frequently associated with longer hospital stays, financial losses, higher rates
of morbidity, and poor outcomes in the clinic [26]. Patients in regions where tuberculosis is
endemic, such as Asia and Africa, are frequently started on anti-TB medication even when
microbiological test results are negative [27]. Furthermore, the lack of diagnostic methods has
masked the true burden of fungal infections, especially in settings with low resources, giving
the impression that they are uncommon compared to well-known conditions like tuberculosis
[26]. The challenge of false-positive TB diagnosis as a result of the National TB program's
efforts to lower the incidence and mortality rate from TB has also added to the story above

[28].

Because of this, determining the spectrum of potential fungal pathogens from the
sputum of patients giving a presentation of clinical as well as radiological features like
pulmonary tuberculosis and the magnitude of the association between TB and potential fungal

pathogens is an active area of research.



1.3 Significance of the study
Studies on the prevalence of pulmonary tuberculosis and co-infection of pulmonary fungal
pathogens in patients with lower respiratory infections is deficient in Ethiopia as well as

worldwide. Therefore, the present study may assist to have a baseline data for further study.

Resemblances in the clinical and radiological presentation of pulmonary fungal infection and
PTB have made definite diagnoses between these two infections difficult. Lack of such a
diagnosis problem between the two infections may result in empirical treatment with poor

clinical outcomes, such as treating fungal infections with anti-TB chemotherapy.

This study may assist in the diagnosis and treatment of those patient. It may also contribute
national guideline amendment and development for pulmonary fungal infection diagnosis and

treatment.



2. Literature Review

2.1 Lower respiratory tract infections

Lower respiratory tract infections (LRTIs) are the most common infections in humans.
An estimated 2.74 million fatalities globally are related to LRTIs annually [30]. The most
frequent LRTIs are pneumonia, acute trachea bronchitis, acute bronchitis, and chronic
bronchitis. These conditions account for 4.4% of hospital admissions and are associated with
high rates of morbidity and mortality as well as excessive medical expenses [31]. The most
common microbial agents of LRTIs are Mycobacterium tuberculosis, yeasts and Molds, Gram-
negative bacteria like Pseudomonas species, Acinetobacter species, Klebsiella pneumoniae,
and Haemophilus influenzae, and Gram-positive bacteria like Staphylococcus aureus and

Enterococcus spp [32-35].

2.2 Pulmonary Tuberculosis

2.2.1 The Burden of pulmonary tuberculosis and risk factors

The Mycobacterium tuberculosis (MTB) complex is a group of acid-fast bacilli (AFB)
bacteria that cause pulmonary tuberculosis (PTB) [33,34]. PTB is among the top 10 etiological
causes contributing to global mortality, per a World Health Organization report [35]. Millions
of individuals suffer from PTB every year. In 2021, the reported number of people newly diagnosed
with TB there was a partial recovery, to 6.4 million people worldwide which is compared to the report
between the year 2016-2017; the estimated number of deaths from TB increased between 2019 and
2021, and total of 1.6 million in both HIV-negative and HIV positive individuals [39]. The majority
of PTB cases occurred in adults (>15 years old), and men were more likely than women to

develop active PTB disease [40].

The most common clinical type of tuberculosis (TB), pulmonary TB is an infectious
illness spread by air that is mostly resulted by members of the Mycobacterium tuberculosis
(MTB) complex. It is also a greatest cause of death from a single pathogen. An estimated 10
million new cases and 1.5 million deaths worldwide were attributed to tuberculosis in 2018
(WHO, 2019). MTB-carrying droplets are transferred by coughing or sneezing. These droplets
are the result of MTB bacilli that were inhaled and trapped in the alveoli at the lower airways.
The bacilli then overcame peripheral immunity, multiplied inside an infected alveolar
macrophage, and triggered an inflammation that resulted in damages to lungs. Those lung
lesions may be asymptomatic/latent TB or they may develop into more extensive lung tissue

destruction that results in cavities and/or consolidations along with symptoms and other



indicators of active TB. Weight loss, night sweating, fever, and productive cough are among
the obvious symptoms and signs of tuberculosis (TB), which is needed for persistent
tuberculosis transmission. In a wider range of results of infection and manifestations of

diseases, latent and active tuberculosis represent the extremes [41].

The Tuberculosis incidence rate is counted among dividing number of new cases of a
disease within one year in 100,000 populations [42]. The incidence varies greatly by
geographic area, though. In sub-Saharan Africa and Asia, the yearly incidence may reach
hundreds of cases per 100,000 people, but in the United States of America, it is lower than 5
cases per 100,000 individuals. The occurrence of TB is global. With 45% of new cases, Asia
accounted for the majority of new tuberculosis infections in 2021. Africa came in second with
23% of new cases. Thirty high-TB-burden nations accounted for 87% of new cases of
tuberculosis in 2021. Two-thirds of the global total came from eight countries: Bangladesh,
Nigeria, Bangladesh, India, Pakistan, Indonesia, China, the Philippines, and the Democratic
Republic of the Congo [39]. Generally, persons at high risk for developing TB disease fall into
two categories: Persons who have been recently infected with TB bacteria (Close contacts,
immigrants, age, homeless persons, injection drug users,) and Persons with medical conditions
that weaken the immune system (HIV infection, Diabetes mellitus, Severe kidney disease,

corticosteroids or organ transplant, etc...) [43].

There were an estimated 1.3 million incident cases of isoniazid-resistant TB in 2022,
including people with both rifampicin-susceptible and rifampicin-resistant TB. Globally in
2022, the estimated proportion of MDR/RR-TB cases with pre-XDR TB (i.e. resistance to any
fluoroquinolone for which testing was done) was 18% [44]. The prevalence of RR-TB is 1.1%
among new and 7.5% among previously treated TB cases, respectively according to the
preliminary report of the 2019 national TB Drug Resistance Surveys (DRS) and MDR
prevalence was 1.03% among new and 6.52% among previously treated TB patients. Any INH
resistance (6.16%) had the highest detected prevalence of all first-line drug resistance [45].
According to the systematic review conducted in Ethiopia in 2022, the overall prevalence of
any anti-TB drug resistance was 14.25%, and INH and RIF resistance was found in 15.62%
and 9.75% of patients with TB respectively. prevalence for INH and RIF-monoresistance was
6.23%) and 2.33% respectively. MDR-TB was detected in 2.64% of newly diagnosed cases
and 11.54% of retreated patients with TB, while the overall pooled prevalence of MDR-TB
was 10.78% [46], which indicates that there is a widespread drug resistance TB in our country

which needs better attention and interventions.



2.3 Burden of pulmonary mycosis and its associated factors

Approximately 6.55 million patients develop life-threatening fungal infections
annually, of which 3.75 million unfortunately do not survive. Among those Some fungal
diseases are acute and severe (i.e., cryptococcal meningitis and fungal eye infection (keratitis),
other recurrent (i.e., Candida vaginitis or oral candidiasis in AIDS), and other chronic (i.e.,
chronic pulmonary aspergillosis) [47]. Over 10 million patients in Europe, the USA, and Japan
are at risk of invasive aspergillosis (IA) each year because of corticosteroids or other therapies.
Over 50% of patients with 1A die, even with treatment [48]. Several medical conditions, such
as asthma, AIDS, cancer, organ transplantation, corticosteroid therapy, chronic obstructive
pulmonary disease (COPD), pulmonary tuberculosis, post-surgical patients, and ICU
admissions, can result in serious fungal infections [49]. Approximately 8% of Ethiopians suffer
from fungi infections annually and among those, there was a prevalence of 15,200 estimated

CPA cases and 11,500 invasive aspergillosis (IA) cases were total incidence [50].

2.4 Co-infection of tuberculosis with other lower respiratory tract infections.

The works of literature have shown that PTB and other lower respiratory tract infections
(LRTIs) can co-exist, especially in regions where PTB is common [51,52]. The co-infection of
PTB with other LRTI may be facilitated by active PTB disease. The primary cause of the co-
infection may be the suppression of human immunity, which might happen as a result of a T
lymphocyte deficiency during an active PTB disease. Early PTB disease is characterized by
hormonal abnormalities that may impair the effectiveness of the immune system. These
alterations include decreased pituitary function, elevated adrenal and pancreatic functional
activity, elevated cortisol levels, and altered thyroid function [53]. In individuals with PTB,
failing to detect LRTI may complicate PTB treatment, lead to worse health outcomes, and
increase mortality rates. Shimazaki et al. reported a significantly greater death risk among HIV-

negative PTB individuals due to a high incidence of bacterial co-infection [54].

A review article of Ekeng et al[55] demonstrated that, 80 cases in all that was
misdiagnosed as tuberculosis: Aspergillosis ( 22.5%), Histoplasmosis (20%), Blastomycosis
(17.5%), Cryptococcosis (13.8%), Talaromycosis (8.8%), Coccidiomycosis (6.3%),
Mucormycosis ( 3.8%), Phaeohyphomycosis (1.3%) and Chromoblastomycosis (1.3%). More
than one hundred cases of chronic bronchopulmonary aspergillosis were treated with anti-TB
medication prior the proper diagnosis was obtained, according to case series from Pakistan and
India. 25 cases (33.8%) died, and 45 (56.3%) had favourable results; the remaining patients'

outcomes were unknown. 17 (21.3%) cases were infected with a human immunodeficiency
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virus. The diagnostic techniques used were microscopy (12.5%), serology (22.5%),
histopathology (57.5%), culture (52.5%), cytology (2.5%), gene sequencing methods ( 6.3%),
and Gram stain (12.5%). We conclude that whenever an individual presents with symptoms
provocative of unverified tuberculosis, the previously mentioned fungal infections should
always be taken into consideration and ruled out. This will reduce the length of hospitalization

and mortality connected with a delayed or inaccurate the identification of fungus infections.

Kali et.al [21] various techniques reported that Candida co-infection was observed in
30 (40%) of patients with pulmonary tuberculosis. Candida albicans was the most common
isolate observed in 50% of the patients with co-infection, followed by C. tropicalis (20%) and
C. glabrata (20%). Candida co-infection was found in 62.5% of female patients, while it was
observed in only 29.4% of male patients. The mean + SD age of the patients with C. glabrata
infection was 65.83 + 3.19, while the mean + SD age of the patients with other Candida
infections was 43.25 + 20.44.

Candida Co-Infection with Mycobacterium tuberculosis in Tuberculosis Patients and
Antifungal Susceptibility of the Isolates were investigated by Amala et al [56]. The study
demonstrated that out of 400 sputum samples examined for TB 93 (23.3%) were positive and
32 (34.4%) out of 93 TB-positive cases were co-infected with Candida spp. Candida albicans
was the most predominant species with a prevalence of 23 (67.6%), C. tropicals 4 (11.8%), C.
krusei 4 (11.8%), and C. parapsilosis 3 (8.8%). One sample had a dual infection. Female
subjects had a higher prevalence (19.4%) than the male (15.7%). Age group 31 - 40 years had
a high prevalence of TB 32.3% and Candida 25.0%. Antifungal susceptibility testing showed
that isolated Candida spp. was more susceptible to voriconazole and fluconazole compared to

nystatin.

Profiling of potential pulmonary fungal pathogens and the prevalence of the association
between pulmonary tuberculosis and potential fungal pathogens was done by Solomon et.al
[57] in Ethiopia and the prevalence of co-infection of pulmonary tuberculosis and potential
fungal pathogens was 20.0%. According to Solomon et al. a high prevalence of potential
pulmonary fungal pathogens and the association of tuberculosis and potential fungal pathogens
recorded which will enforce health personnel to pay due attention to these conditions and

update laboratory and clinical diagnosis in health facilities.



2.5 Conceptual framework of the study

Socio-Demographic factors
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Figure 1 Conceptual framework of potential risk factors of pulmonary mycosis among
pulmonary TB suspected individuals 41,43,49,53 55
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3. Objective
3.1 General objective

% To determine the Prevalence of pulmonary tuberculosis and its co-infection with fungal
pathogens in patients with lower respiratory tract infections referred to St. Peter's

Specialized Hospital, Addis Ababa, Ethiopia.

3.2 Specific objectives

X/
L X4

To determine the prevalence of pulmonary tuberculosis and

X/
L X4

To determine the prevalence of drug-resistant TB
% To determine pulmonary fungal infections, misdiagnose as tuberculosis.

¢ To determine TB co-infected with pulmonary fungal pathogens.
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4. Materials and Methods

4.1. Study Area

The study was conducted at Saint Peter's Specialized Hospital located in the Gullele sub-city
of Addis Ababa city administration, Ethiopia. It has established in 1953 E.C. The hospital was
selected for this study because of the availability of a specialized referral laboratory for
pulmonary tuberculosis. The hospital offers the best Clinic for initial triage and evaluation of
patients presenting with symptoms of respiratory tract infection. The microbiology laboratory
is well equipped and providing different referral services for Tuberculosis and MDR-related
infection from every corner of the country and with an average turnover of 20-25 new TB

suspects per day

4.2. Study Design and Period
A prospective hospital-based, cross-sectional study was conducted at the study site through

November 2023 and May 2024.

4.3. Population

4.3.1. Source Population

The source of the population was those people referred to the TB clinic at the study site.

4.3.2. Study Population
Patients who were assessed clinically and radiologically for lower respiratory infection in the

study site and met the inclusion criteria were the study population.

4.4, Inclusion and Exclusion Criteria
4.4.1. Inclusion Criteria

The study included adult out-patient patients who had clinical manifestations of lower
respiratory tract infections, especially those who had additional symptoms and signs similar to

PTB and had a persistent cough lasting more than three weeks.
4.4.2. Exclusion Criteria

Individuals who were under antifungal treatment for the last week before the data collection

period were excluded.
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4.5. Study Variables
4.5.1. Dependent Variables

+¢ Incidence of tuberculosis
¢ Prevalence of Pulmonary fungal infections

¢+ Prevalence of fungal and TB co-infection.

4.5.2. Independent Variables
% Age
% Sex

Morbidities

/7
A X4

% Smoking habit
¢ Previous TB treatment
¢ Clinical investigations(x-ray)

¢ Medications used before investigation etc...

4.6. Sample Size Calculation and Sampling Method

4.6.1. Sample size calculation

The sample size of this study was calculated based on a single population proportion formula,
n=(Za/2)* P (1-P) /d?,
where; n=sample size
P=population proportion
7=95% level of confidence (1.96), and
d=margin of error (d=0.05),
By taking the previous study, prevalence of pulmonary fungal infection was 42.3% [57].

The estimated minimum size of sample was (1.96)2x0.423(1-0.423)/(0.05)2=375.
Consequently, 413 study participants were required as the minimum after adding a 10%

contingency. Nonetheless, 530 study participants made up the sample size of this study.
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4.6.2. Sampling Method

To determine the estimated sample size, a convenient sampling technique was applied. Within
the research's designated time frame, all patients with lower respiratory tract infections that

mimicked PTB who were referred to the study site's TB laboratory were enrolled.
4.7. Measurement and Data Collection

4.7.1. Socio-Demographic and clinical investigation Data

The socio-demographic data such as age, gender and other clinical characteristics like
symptoms, morbidities was obtained from an electronic database completed by physicians and
chest x-ray interpretations was taken from radiology department electronic backup data. In
addition to that, patients were interviewed using a standard questionnaire. Before the actual
data collection, a pre-test was conducted using demographic and clinical data collection

formats and log books.

4.7.2. Sample Collection and Laboratory Procedure

Sputum collection

Study participants told for repeatedly clean their mouths carefully with clean water. A sputum
sample used for microbiological investigation was collected and transported as follows. A
sterile falcon tube was given to the patient and requested him or her to cough deeply to
expectorate and produce a sputum specimen. The process of collecting samples was overseen
by a qualified medical laboratory technologist. About half of the sputum was utilized for fungal
culture, as indicated below, and the remaining portion was used for Mycobacterium

tuberculosis detection.
Detection of M. tuberculosis

Detection of M. tuberculosis from sputum specimens was determined by using the GeneXpert
Mycobacterium tuberculosis (MTB)/Resistance to rifampicin (RIF) assay machine (Cepheid,
Sunnyvale, CA, USA) following Cepheid GeneXpert Dx System Users’ manual; 2020. p. 2—
13 [29]. Concisely, 4mL of sputum was mixed with 8mL of sample reagent. The mixture was,
vortexed for about 15s, and then permitted to stand for 10 min at room temperature. The
preparation was then vortexed again and allowed to stand for another 5 min. Then 2mL of the
processed sample was transferred into a multichambered plastic Expert MTB/RIF cartridge
using a Pasteur pipette provided with the kit. Then the cartridge with the specimen was loaded
into the GeneXpert machine, and an automatic process completed the remaining assay steps.

After 2h, result was collected from the GeneXpert computer.
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Detection of drug resistance TB

Detection of drug resistance TB in this study performed by a rapid molecular DST is made
possible by the Xpert MTB/XDR test. It assisted determination of MDR TB in this study. For
use in peripheral and intermediate-level laboratories, expert MTB/XDR is a rapid nucleic acid
amplification test that can identify both drug resistance and tuberculosis in one test. In
specimens where tuberculosis is detected by Xpert MTB/XDR, Xpert MTB/XDR can also
detect resistance to isoniazid, fluoroquinolones, ethionamide, and also amikacin. The Xpert
MTB/XDR assay has been approved for reflex testing of sputum samples after a positive result

for M. tuberculosis complex on the Xpert MTB/RIF or Ultra assays [59].
Fungal isolation and characterization.

Unprocessed sputum was inoculated directly onto duplicate Brain Heart Infusion agar in a
screw cup test tubes supplemented with chloramphenicol (Oxoid, Basingstoke, UK) under
safety cabinet level II at the study. All inoculated tubes were then transported to the Department
of Medical Laboratory Science, College of Health Science, Addis Ababa University. One of
the tubes were incubated at 25°C while the other one was incubated at 37°C aerobically in an
inverted position (agar side up) for up to 4 weeks. Culture plates were checked twice a week
for any fungal growth. The significant fungal isolates on culture were identified to the species

level, using standard mycological procedures.

Brain Heart Infusion Agar with Chloramphenicol- The medium contains protease peptone
and infusions from calf brain and beef heart which serve as sources of carbon, nitrogen,
essential growth factors, amino acids, and vitamins. Dextrose is used as a source of energy. Di
sodium phosphate helps in maintaining the buffering action of the medium whereas sodium

chloride maintains the osmotic equilibrium of the medium [78].
Identification

Mold identification

Mycelia fungi were identified by studying their microscopic and macroscopic characteristics.
Pigmentation of the front and the reverse side the culture, texture, topography, and rate of
growth of each culture were considered for macroscopic identification. A piece of fungal
culture was placed on clean glass slides containing LPCB for the staining process. A stained
preparation was then covered by a cover slide and examined for microscopic characteristics

such as macro- and micro-conidia, chlamydospores, the morphology of reproductive structures,

15



and the nature of hyphae by using 10x and 40x objectives of the microscope. Features seen in
the stained slide was compared with established characteristics of fungal features using

mycology atlases.
Yeast identification

Yeasts were identified by employing an array of standard biochemical and assimilation test
procedures. Germ tube production test and CHROM agar Candida culture medium (Becton
Dickinson, Paris, France) as per the instruction of the manufacturer were also used in yeast
identification.

CHROMadar Candida culture medium (Becton Dickinson, Paris, France)

CHROMagar Candida, that can be used for the isolation and presumptive identification of C.
albicans, C. krusei, and C. tropicalis and the differentiation of these species from other yeasts
on the basis of strongly contrasted colony colors produced by reactions of species-specific
enzymes with a proprietary chromogenic substrate. The medium greatly facilitates the

detection of specimens containing mixtures of yeast species.

4.8. Data Quality Assurance

Pre-analytical

A sterile sputum collection cup was issued to patients. Patients were asked to produce sputum
from deep-by-deep breathing three times and coughing to expectorate purulent sputum.
Collected sputum samples were inspected for eligibility. Reagents used for GeneXpert
MTB/RIF assay, CHROM agar, and BHI media preparation were checked for expiry date and

any abnormal color change. Preventive maintenance of equipment was inspected.
Analytical

Test procedures for each test were strictly followed according to the standard operation
procedures of the tests. Media preparation was performed according to the manufacturer's
manual. Media was checked for sterility by incubating at 25-37°c for weeks. If there is any
kind of microbial growth, the prepared batch is discarded. The growth support of each batch of

prepared media was checked with known representative yeast species.
Post analytical

The results generated were appropriately documented electronically. To prevent loss of data

backup data were also documented on the result registration logbook. And also isolates were
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kept. An appropriate disposal system by incineration was utilized after the disinfection of

Specimens and cultures of organisms by autoclaving.

4.9. Data Analysis and Interpretation

SPSS version 22 was used to code, enter, and analyse all of the investigation's data. The chi-

square test (y2) is used to compare descriptive statistics. p-values lower than 0.05 were

considered important. Finally, the results were presented in words and tables.

4.10. Operational Definitions

*
L X4

X/
L X4

X/
L X4

X/
L X4

Multi-drug resistant TB - TB that does not respond to at least isoniazid and rifampicin,
of the two most powerful anti-TB drugs [29].

XDR-TB- A rare type of MDR TB that is resistant to isoniazid and rifampicin, plus any
fluoroquinolone and one of injectable second line drugs (that is: kanamycin,
capreomycin, amikacin) [60].

Co-infection: The presence TB and fungal infection on the same host.

Presumptive TB patient; Tuberculosis suspected patient.

Recurrent TB (relapse/re-infection)- Recurrent TB disease is defined as the diagnosis
of a subsequent episode of TB following treatment completion or cure at the end of the

most recent course of treatment [77].
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4.11. Ethical Considerations

Ethical considerations and obligations were duly addressed, and the study was conducted after
received approval letter from a department research and ethical review committee (DRERC)
of the Department of Medical Laboratory Sciences, College of Health Sciences, Addis Ababa
University. All procedures performed in studies involving human participants were under the
ethical standards of the department research and ethical review committe of the Department of
Medical Laboratory Sciences and with the 1964 Helsinki Declaration and its later amendments.
Before the collection of data, the participants provided written informed consent. Every
responder was granted the freedom to decline participation in the study and to leave at any
point while it was being conducted. To ensure confidentiality, every piece of information
collected from the research participants was coded. The hospital doctor notified the participants
and ensured they received appropriate therapy upon confirmation of a fungal infection test
result.

4.12. Dissemination of the Result

The result was submitted to the Addis Ababa University, College of Health Science,
Department of Medical Laboratory Science. The findings will be presented at national and
international scientific conferences. It will also be sent/ submitted to different peer-reviewed

journals for publication.
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5. Result

5.1 Characteristics of study participants with mycobacterial and fungal sputum
sample

Five hundred thirty (530) subjects with signs and symptoms of lower respiratory tract infections
underwent both tuberculosis and fungal infections of which 263 (49.6%) were male. The
participant's mean age was 48.9 years, with minimum and maximum ages of 16 and 94 years,
respectively. Of a total of 530 sputum samples collected and examined for lower respiratory
tract infections 42 (7.9%) were GeneXpert positive in which 23 patients were infected with TB
only and 19(3.9%) patients were TB coin-infected with fungal pathogens. Similarly, out of 530
sputum samples collected and examined for lower respiratory tract infections 189 (36.7%) were
culture-positive for fungal species,170 (32.1%) patients were infected with fungal pathogen
only and 19 (3.9%) patients were TB co-infected with fungal pathogens. Our study
demonstrated that the prevalence of lower respiratory infection was 318 (60.0%) while that of
tuberculosis and fungal infections was 42 (7.9%) and that of fungal infections was 189(36.7%),
respectively (Table 1). Of the GeneXpert positive tests, four were rifampicin resistance while
two were MDR (Data not shown).

Table 1 Gender and age profile of study participants in relation to identified pathogens of
sputum samples

Variables | Frequency | Notidentified | TB- Fungal- Co-infection of TB | P-
(%) TB or fungi positive positive & fungal infection | value
(n=530) only only

Gender

Male 263(49.6) | 162 15 71 15 0.219

Female | 267 (50.4) | 156 8 99 4

Total 530 318 23 170 19

Age groups in years

15-24 42 (7.9) 19 3 18 2 0.003

25-34 87(16.4) 50 6 25 6

35-44 83 (15.7) 49 5 26 3

45-54 85 (16.0) 51 7 25 2

55-64 105(19.8) | 66 0 36 3

>65 128(24.2) | 83 2 40 3
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Signs and Symptoms of study participants at the presentation are shown in Table 2. At the time
of presentation, 527 (99.2%) patients had productive cough. Other common signs and
symptoms were night sweating (49.9%) chest pain (47.8%), loss of appetite (28.8%), and
weight loss (28.8%). Haemoptysis (6.0%) and fever (5.1%) were the least.

Table 2 Signs and Symptoms of the study participants at presentation in relation with
identified pathogens of sputum samples

Variables Frequency (%) | Not TB- Fungal- Co- P-value
B identified | positive | positive only | infection of
(n=330) TB or only TB &
fungi fungal
infection

Productive cough | 527 (99.2) 84 23 169 19 0.671
Shortness of 91 (17.1) 38 4 38 11 0.000
breath
Chest pain 254 (47.8) 149 14 81 10 0.340
Haemoptysis 32 (6.0) 14 3 12 3 0.010
Fever 27 (5.1)0 12 3 9 3 0.007
Weight loss 131 (24.7) 63 11 50 7 0.000
Loss of appetite 153 (28.8) 83 10 51 9 0.013
Night sweating 265 (49.9 160 16 78 11 0.448
Easily fatigued 125 (25.5) 60 10 47 8 0.001

Clinical chest x-ray interpretation of study participants is shown in Table 3. All (100%) study
subjects had chest radiographs. Chest radiographs at presentation were normal in 80.6%; 8.5%
had cavity lesions, 4.2% had infiltrates and/or consolidations, 4.5% had fibrosis, and 2.1% had
bronchitis. The distribution of organisms identified in sputum differed across categories of
chest radiographs (p<0.001). Among the subsets of study subjects with normal chest
radiographs, 10 patients were identified with TB only,130 patients with fungi only, and 3
patients with TB coinfected with fungi. The presence of a cavity lesion was the most common

radiographic abnormality among all patients (8.5%).
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Table 3. Chest radiographs at presentation in relation with identified pathogens of sputum

samples.
Variables Frequency Not identified | TB- Fungal- Co-infection of | P- value
(%) TB or fungi positive | positive TB & fungal
(n=530) only only infection
Normal 427 (80.6) 284 10 130 3 <0.001
Fibrosis 24 (4.5) 10 2 11 1
Cavity lesion | 45 (8.5) 10 9 13 13
Bronchitis 11 (2.1) 5 0 5 1
Infiltrate 23 (4.2) 9 2 11 1
/consolidation

Risk factors recorded at presentation are shown in Table 4. About 14 (2.6%) study subjects had
known HIV infection and 21 (4.0%) patients had diabetes mellitus. Nine (1.7%) were current
cigarette smokers and 6.8% and 1.7% had prior TB treatment once and more than once,
respectively. Reported medication use at presentation is shown in the table below, and about
4.1% and 2.3% of study subjects used Anti-TB and antibacterial treatment prior to presentation.
other medication used accounts for 60(11.3%) which includes medication for HIV, Diabetes,
Hypertension, Cardiac disease, chronic kidney disease, and so on.

Table 4 Potential risk factors for PTB and pulmonary mycosis of study participants
recorded at presentation

Variables Frequency | Not TB- Fungal- Co-infection of | P-
(%) identified positive positive TB & fungal | value
(n=530) TB or fungi | only only infection

Morbidities

Hypertension 51(9.6) 31 - 20 - 0.678

Diabetes 21(4.0) 7 - 12 2

HIV 14(2.6) 9 1 3 1

Asthma 21(4) 13 - 7 1

Sinusitis 2(4) 0 - 2 -

Other chronic | 8(1.5) 6 - 2 -

infection

Current smoking
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Yes 9(1.7) 2 - 6 1 0.048
No 521(98.3) 316 23 164 18

Previous pulmonary TB

Recurrent TB 45(8.6) 17 4 18 6 <0.001
Number of times TB treated

Once 36(6.8) 16 4 12 4 0.381
More than once 9(1.7) 2 - 5 2

Antimicrobials prior to presentation

Anti-TB 22(4.1) 12 3 6 1 0.293
Anti-bacteria 12(2.3) 7 - 4 1

Other medications | 60(11.3) 31 1 27 1

5.2 The spectrum of fungal isolates

Of the 530 sputum cultures used in this investigation, 189 had potential fungal pathogens, and

24 samples produced more than one species of fungal. A total of 241 fungal isolates in all were

found. Among the isolates, 183 (75.9%) contained yeasts, including Cryptococcus neoformans
4 (2.2%), Candida albicans 92 (50.3%), Candida tropicalalis 43 (23.4%), and Candida krusei

36 (19.7%). The most common species, C. albicans, accounted for 50.3% of the yeast isolates.

Aspergillus spp. (33; 56.9%), Penicillium spp. (7; 12.1%), and Scedosporium apiospermum

(15; 28.9%) were the most common isolates among the remaining 58 (24.1%) mycelial fungus

isolates (Table 5).
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Table 5- Spectrum of fungal isolates in presumptive Pulmonary Tuberculosis patients.

Fungal species Single (pure) | Mixed with other | Total isolates
isolates fungi isolates (n=530)
Molds
Aspergillus niger 24 2 26
Aspergillus fumigatus 3 - 3
Aspergillus terreus 3 1 4
Penicillium marneffei 1 - 1
Penicillium spp. 4 2 6
Scedosporium apiospermum 11 3 15
Acremonium spp. - 1 1
Bipolaris spp. 1 - 1
Alternaria spp. 1 - 1
Mold sub-total 48 10 58
Yeasts
Candida albicans 59 33 92
Candida krusei 23 13 36
Candida tropicalis 23 20 43
Other NAC spp. 8 - 8
Cryptococcus neoformans 4 - 4
Yeast sub-total 117 66 183
NAC.: Non albican candida.
Table 5-mixed isolates (continued)
A. niger+Aspergillus terreus - - -
A. niger+Fusarium spp. - 1 1
A. niger+P. marneffei - - -
A. niger+Penicillium spp. - 3 3
A. niger+Scedosporium spp. - 2 2
A. niger+C. neoformans - - -
A. niger+Acremonium spp. - 2 2
Penicillium spp+Scedosporium spp. - 1 1
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Penicillium spp+Collectricum - 1 1

+Acrimonium spp.

C.albicans+Scedosporium spp. - 1 1
C.albicans+C.tropicalis+A.niger - 4 4
C.albicans+C.krusi+A.niger - 1 1
C.albicans+C.krusi+Pencillium spp. - 1 1
C.tropicalis+A.niger - 1 1
C.tropicalis +Scedosporium spp. - 2 2
C.tropicalis+Scedosporium - 1 1

spp.+A.niger

C.krusi+Scedosporium spp. - 1 1
Other NAC+Alternia spp. - 1 1
Other NAC +Scedosporium spp - 1 1
Total mixed culture 24 24

As shown in the above table, out of the total 241 fungal isolates,24 cultures were with mixed
isolates. This includes Mold isolates with more than one mycelial species and yeast isolates
with more than one species. Or else isolation of Molds and yeast spp from a single culture. 4.
niger with Fusarium spp, Penicillium spp, Scedosporium spp. Acremonium spp were among

the common mixed isolates found.
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5.3 Pulmonary Tuberculosis and Pulmonary Fungal Co-infection

The co-infection of pulmonary tuberculosis and pulmonary fungal infection in our study was
19(3.7%). As shown in Table 6,17(89.5%) of the fungal pathogens among PTB patients were
yeasts while 2(10.5%) were mycelial fungi. Among the yeasts, Candida albicans was the most

common.

Table 6 Spectrum of fungi in fungal—tuberculosis co-infection patients.

Fungal species Number of MTB | Percentage (%)
positive
samples(n=530)
C. albicans 12 63.2
C. krusei 2 10.5
C. tropicalis 2 10.5
Other NAC spp. - -
Cryptococcus neoformans 1 53
Total yeast species 17 89.5
Aspergillus spp. 2 10.5
Total mycelial fungi 2 10.5
Total 19 100
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6. Discussion

An estimated 2.74 million people globally die from lower respiratory tract infections
(LRTIs), the most frequent infection in humans. [29]. It comprises a wide range of diseases of
which TB and pulmonary fungal infections are the most significant [60]. Among the etiological
agents of LRTs Mycobacterium tuberculosis, the etiological agent TB is the most significant.
Despite all global efforts to eliminate TB, tuberculosis as an infectious disease has remained a
worldwide threat. Co-infection of the respiratory tract by fungi and TB has been recognized

for its wide range of clinical spectrum and chronicity.

The detection (prevalence) rate of TB in Ethiopia from subjects with signs and
symptoms of lower respiratory tract infection was variable. In 2014 the magnitude and
incidence of TB in Ethiopia were 211 and 214 per 100,000 populations respectively [61] with
a prevalence rate of multidrug resistance TB of 2% among new cases in 2006 and 4.5% among
new cases in 2016 [61,62]. Our present study demonstrated a 7.9% prevalence rate of TB
which is three times less than the prevalence rate of 27.2% reported by Adane and Solomon in
2021[57]. Further of the Xpert positive tests, 4 were rifampicin resistance while 2 and 1 were
1 MDR respectively. These differences in prevalence status among Ethiopian studies may be
explained by the fact that Ethiopia has achieved most of the Millennium Development Goals
targets related to TB. Assefa et al [63] reported that TB incidence rate and TB mortality rate
declined by 54% and by 72% respectively during the Millennium Development Goals.
Furthermore, the prevalence rate of TB in our study was low compared to studies conducted in

Nigeria (45.2%) by Uzoamaka et al [64] and Tunisia (24%) by Fekih et al [65].

As a result of the extensive use of antibacterial drugs and an increasing number of
immunocompromised patients, pulmonary fungal infections are becoming more common.
However, the occurrence of pulmonary fungal infections and TB co-infection is rarely reported.
The most frequently found species among our patients in the current investigation were
Candida albicans and Aspergillus niger. Our result was consistent with published data in
Ethiopia [57]. In this study out, of 530 sputum samples collected and examined 43 (7.9%) were
Xpert positive in which 19(3.9%) patients were TB co-infected with fungal pathogens. The
result of our study disagreed with the findings of Adane and Solomon [57] who reported a
20.0% prevalence rate of TB co-infections with fungal infection. Our findings about the

prevalence of fungal co-infection with tuberculosis were in line with those of Sani et al. [66].
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Similar investigations by Shome et al. [67] and Bansods et al. [68] found a prevalence of TB

fungal infections in the range of 18% to 40%.

Assessment of signs and symptoms at presentation depicted that cough was the
commonest sign and symptom accounting for 99.2% and this was consistent with the reports
of Ekenna et al. [71] and Attia et al. [69]. Among Chest radiograph abnormality at the
presentation 45(8.5%%) patients had cavity lesions where 9 were with TB infections, 13 with
fungal infections, and, 13 were with TB co-infected with fungal pathogens. Four hundred
twenty-seven study participants (80.6%) were normal. Like our result, TB fungal co-infection
was the commonest among patients with cavitary lesions on chest radiography [69]. The
distribution of organisms identified in sputum differed across categories of chest radiographs

(p<0.001).

In our study, samples collected from males were slightly less than that of females, and
middle-aged to an elderly study subject were dominant. About 4.0% and 2.6% of our study
subjects were with diabetes where 12 were with fungal infection, 2 were TB co-infected with
fungal pathogens and 7 were with no identified TB or fungi. About 2.6% of our study subjects
were with HIV where 1 was TB infected, 1 was TB co-infected with the fungal pathogen, 3
were infected with fungal pathogens and 9 were with no identified TB or fungi.

Tuberculosis co-infected with HIV and TB co-infected with Candidiasis have been the
most recurrent co-infections. In some situations, up to about 80% of PTB patients are co-
infected with HIV [20], and about 15% - 32% of PTB patients are also co-infected with
Candidiasis [21]. Our work revealed that among 180 yeast isolates 17 yeast isolates were co-
infected with TB. Similarly, out of 58 Mold isolates only two Aspergillus spp were co-infected
with TB. Regarding Aspergillus spp., the result was contrary as many other studies have
documented Aspergillus species as the major fungus reported in patients with PTB [70,71].
Among the 19 patients with pulmonary tuberculosis, Candida co-infection was observed in 16
(84.2%) of our patients. Candida albicans was the most common isolate observed in 63.2% of
the patients with co-infection, C. tropicalis came next. (10.5%) and C. krusei (10.5%).
Numerous writers from around the globe have reported that Candida species is the most
common fungus identified in TB patients' sputum. Amala et al [55] demonstrated that among
93 TB patients, 32 (34.4%) patients were co-infected with C. albicans as the predominant
species with the isolation of 61.8%. Ndukwu et al [72] reported a prevalence rate of 25.3% TB

Candida co-infection and Candida albicans were the most prevalent species. Kali et al [20]
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depicted that among 75 patients with TB, Candida co-infection was seen in 30 (40%) of patients
with pulmonary tuberculosis. Candida albicans is the most frequent species seen in 50% of the
patients. The prevalence of TB/Candida co-infection is extremely high ranging from 45% -
92% in several Indian studies [73]. Several non-Albicans Candida species are also reported
more frequently, even though Candida albicans remain the predominant species in pulmonary

candidiasis [ 57,55,75].

Although several researchers have identified Candida species as the most often
occurring fungus species found in TB patients' sputum, there has long been debate on the
significance of this species given that up to 32.5% of healthy people have Candida in their
respiratory tracts. This may contaminate the specimens of sputum during the sample collection
process. [74]. Bronchoscopy has been suggested as one of the different approaches to reduce
this problem [75]. Yet in developing countries such as Ethiopia bronchoscopy has not been

always effective.
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7. Strengths and Limitations of the Study

7.1 Strength of the study

This study addressed the status of tuberculosis and fungal co-infection of the study participants
at a time. The study also determines the drug resistance tuberculosis (RR, INH monoresistance,
MDR, and pre-XDR) of our study participants. In addition, this paper tried to assess potential

risk factors of pulmonary mycosis which is the most essential thing to be considered.

7.2 Limitations of the study

The limitation of the study was that we couldn’t ascertain the anti-fungal susceptibility test of
the fungal isolates due to a lack of equipment and resources. The limitation of our study was

we couldn’t discuss our findings well with other studies since studies in this area are limited.
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8. Conclusion and Recommendation

8.1 Conclusion
Lower respiratory tract infection (LRTI) is a disease of the respiratory tract
predominantly of the bronchi and the lungs pulmonary tuberculosis is one of the most common
diseases in developing nations and is associated with low socioeconomic status. Since the
major etiological agents of LRTI are TB, bacterial and fungal pathogens, our study tried to
investigate the prevalence of PTB and its co-infection with fungal pathogens from a sputum
sample collected from PTB perceptive individuals visited St. Peters' specialized hospital's TB

laboratory during the data collection period.

Among patients with symptoms of respiratory infections tested for TB and fungal
pathogens 42 subjects had tuberculosis, 23(4.3%) were infected with TB only and 19 (3.9%)
patients were TB co-infected with fungal pathogens. Among fungal isolates, 183 (75.9%) were
yeasts while 58 (24.1%) isolates were molds. Among yest isolates, C. albicans were
predominantly isolated Age of the study participants, smoking habit, chest radiograph
interpretation and previous TB history had a significant association with pulmonary TB and
pulmonary fungal infection. And there were no statistical association with PTB and pulmonary
myecosis in this study. The existence of fungal pathogens in TB patients poses a significant risk
of making the patients more devastated due to the pathogenic synergism existing among the

infections thereby escalating TB morbidity and mortality.

8.2 Recommendation
Although the prevalence rate of the co-infections was low, it is recommended if TB
patients should be concomitantly tested for fungal pathogens. And further studies should be

done in this area for a better understanding.
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10. Annex

Annex I. Participant Information Sheet

Participants’ Information Sheet in English Version

Title of the Research Project: Prevalence of Pulmonary Tuberculosis and Its Co-infection
with Fungal Pathogens in Patients with Lower Respiratory Tract Infections referred to St.

Peter's Specialized Hospital, Addis Ababa, Ethiopia.
Principal Investigator: Zenawit Lakew (BSc, MSc candidate)

Name of the Organization: Addis Ababa University, College of Health Sciences School of
Medical Laboratory.

Introduction: The purpose of this study is to determine the spectrum of potential pulmonary
fungal pathogens and the prevalence of the association between pulmonary tuberculosis and
potential fungal pathogens. The similarity in the clinical and radiological presentation of
pulmonary fungal infection and PTB has made definite diagnoses between these two infections
difficult. So, the result of the study can be helpful in planning and intervention to solve such

diagnosis and treatment problems.

Purpose of the Research Project: To determine the status of pulmonary tuberculosis, drug-
resistant TB, TB coinfected with pulmonary fungal pathogens, and fungal infections
misdiagnosed as tuberculosis in the sputum of patients with lower respiratory infections St.

Peter's Specialized Hospital...

Duration: The study was carried out at the Saint Peter's Specialized Hospital located in the

Addis Ababa Administrative region between November 2023 and May 2024.

Confidentiality: We respect your privacy and confidentiality. Any information that identifies
you will not be shared with anyone else outside the study team. The information we will collect
from you as part of the study will be protected by a password on the computer only accessible
to personnel involved in the study. There is no sensitive issue that you will be asked related to
your social interest but any information that is obtained in connection with this study will

remain confidential.

Potential benefits to subjects and society: - You will not receive any payment for your
participation in this research. The finding of the study is useful for creating a better

understanding of the misdiagnosis of pulmonary mycosis with PTB You will also obtain all the

38



results of the analysis and communicate to your physician for the appropriate treatment.
Participation and Withdrawal from the Study: Participation is voluntary and you have the right
not to participate in this study. Refusal to participate will not result in loss of medical care

provided or any other benefits.
Contact information

If you have any questions about this study, you can contact the following principal investigator

and advisor for further information.

Zenawit Lakew (BSc, MSc candidate), DMLT, AAU, +251927348648
E-mail: zenawitlakew(@gmail.com

Dr. Adane Bitew (MSc,PhD), DMLT, AAU, +251911039162

E-mail: bitewadane@gmail.com

For additional information, please contact Addis Ababa University, College of Health Sciences,
Department of Medical Laboratory Sciences by Telephone at .+251112755170 Your signature
below indicates that you have read/or listened, to and understand the information provided for
you about the study. Before you sign, please understand the purpose of the study, procedure,
risks and benefits of participation, right to refuse or withdraw, confidentiality and privacy, and

who to contact if you have any questions.
I have read/ or listened to the description of the study and I understand what procedures are

and what will happen to me in the study.

Agree to participate? Yes - No
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Annex II. Informed Consent Form for Adults (in English Version)

Participant code:

The objective and the application of the study were briefly explained to me. I am also informed
that my demographic and clinical data was used for this research purpose from the laboratory
request form and they were kept confidential. Moreover, I have been well informed of my right
to refuse information, decline to cooperate, and drop out of the study if I want and none of my
actions will have any bearing at all on my overall health care. It is therefore with full
understanding of the situation that I agreed to give the informed consent voluntarily to the

researcher to give my specimen for the mentioned study.

Participant name Signature/fingerprint: Date
Witness’s name Signature/fingerprint: Date
Investigator’s name Signature/fingerprint: Date
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Annex III. Amharic Versions of Patient Information Sheet
AL T HTPT APm. NALN ANN RLNCAtL IMS ALTN hAE PUNIRT AN ALTN

TIUCT NEA PUATE 8212 +992 AT PIRCIRC NS NARPALF AL A1GAUL=ACNPI® NHU
MmeF AL AY8A+TE HINHPA =NMG+E ARA+E £ PLT P1M. N+H9Hae- dppagani.gy
Pan PAL MZPT AL A8 4 LA™ AMLSU::

ane,p

Prevalence of Pulmonary Tuberculosis and its co-infection with Fungal pathogens in patients

with the lower respiratory tract infections referred to St. Peter’s Specialized Hospital, Addis
Ababa, Ethiopia.? TATI® PAD+ILA Ahd PR PM PAIEN 1PCA AT NAR+IEA ANAT AR
NAF7T PARLAM. LYIT NCET NFTED PA+IEA AhA NAZF P+Me AANT AL NTRA
CON APMGU ATFAL: 52U MEFIR N+AFL, T & $LFTR AR PHaDW/t 1M NG+ +AFE,
PYMNE NHU MGF ATRA+E Paqp@ae NPy PR §0%G RYBMAL dDAARaYHt:
EMNPNFA=PMS NAT™P NACAP Ta™G@mF LANANA=N+OALMI® Fa™G AL PaR)Y.
m/EPT PACAT MY7F PALIAR TNLEPTFT MATIR NPT ALLAT PARAAAT dB/EPTF
ARERIRCT AHU DTF A1ATIAT NF PAMA APAP €L NAPM$I® NHU PNTHd M-
ATLTF AL RRINNTE AAFQ APF NI1C PAILPMAD AD PRy APARART B MNPNF A =Fa]
AM- BAT NAFD LTFNPFA MAT ARLATC:NACAP §05 M-NM PNAF ATP6w +UPH N7
NMT NAGPOL AN LG UNTRT P15 A:PARLE M MAMDGRYT YT MID PAM-T ABLE AT
Nt@ALD §a™G AL P+7TM, PANLRL QUM PAUMAM. AMGE AATY NF 10 =2UT TULC
ALTF POUFA P+DAF PRT+R +NNE WetEF NF TFM:NHUI® NAL NA ACHP PAMTY
MITMIT aLE PRAGPA NAQ. PhIPTMAC PADLE TULLC MAM AT8PIPM £LZJA
HhAF4 M, P9 PM4M. TH PHHIEMT PATRIRIT $& AR /9RG GG AMPAMT 3-7 P
PNEAIA = NG+ NARA+E PAYANFATD, FICTF - §aF NANANNT DPTICIT ALYT
FoiC hPANTANFIR::

N®G+ NARA+& P PANFATM. mPRF:- £U MGF PAIN+CH 82IC aRanle P AL aRPk
@MY NEA+EP P LTFT PTITHN MPTMPIR PATR:PFIR NbR N, LL7M. PANLFE
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golans. AUNTEP NAPAMT ANEALQT UNTRT ATR.PTTF £RZJIA AL ANLALTRI® PhATC
A.MTTITD MNE ANEALRT JRCAPL RRLCIAFAZADLLT N+IPAAL Ut @AM Ak
NA+ET NaeLE AR e+aeAZt URTRT AGPAMT PoHA NEAT PANGFS mumetF7F N19 P15k
R18.09° NA ANEALOL URTRT hUNTRP JC £1J74- =Pma+ +AFEPT dPNT FNNCP T
Na>-i N&PLETT AL P+aOWl+q +ATEPTY ao+m-§ NMIFM-I° AGT MG+T MSI® LFAN
=NMGE A PAFT +ATE NMIFMID 1H PAIFLm aof ANFP O+MNP NARPRID NAL
AN NMETE NTRIAAP PPt PMPCNPT RITR 9R¥E PUNTHA A1t
REECIP:NHUTIR Nt DT+T N+ARAN+ MIFMIID GL5F mPE PARMPPT TAT PR T+
@MNt AAPT:PANLFS FPCAPE METIR N19 97T £FAA: TR PR LUT M9t
N+aeARt @LI° hHU Ié N+HARL AN NATRLIMM. &771+5 F9C MLI° HPe haet
NMN+AD ALEA BMPam:

HTRT AP, (N,.AN.N)TPNLA+251927348648, A-T2LA! zenawitlakew@gmail.com
R8N ANN BLACAK : PMT ALIN DAE: PANTRT ANG-F2 ALTN TIRUCT hEa

ATINg

2/C A8 @ (T.hT.8) TPNLA+251911039162, A-T2LAI bitewadane@gmail.com
A8.N ANN RLACAL :PMS ALTN DAE :PhhTRT ANLFE ARTN FIPUCT N&A

AtenTIs A28 R8N ANN RLACAL IPMATRT AeR4 ARTN FIRUCT AFA £Mee: NAR-
+251112755170 hHYU NFF PMITD- &LCTMP AACNP PHAMMT aoZ8 ey iNNPTy:
aATFPY AT AR)THNPT PAT,PAL 10 ::NADE LIPP N&F ANNPHT PRGTHT GAT T PHATE
BTG MPA> IPAD+M. IPAYR/M IADNFG 197 AT18APT L7841 ANTIIRHPA20MGHY
maAeh, AINNPAL / ATRFAL ATTR +ZEFAL:aRaRsem- o7 RYRIT NAS 97 AAt
RIBMTA AL EFAL NG+ AL ATRA+E

ANTYTAL- heahaqaqge
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Annex I'V. Amharic Versions of Consent Form for Adult Participants
PtAFL NTPTRTT PR

£U ‘Prevalence of Pulmonary Tuberculosis and Its Co-infection with Fungal pathogens in
patients with the lower respiratory tract infections referred to St. Peter’s Specialized Hospital,

Addis Ababa, Ethiopia® @ATI® PaR+3¢A ANA PARPMP PATRN 1PCA AT NAR+HILA ANAT
AL NAFT P Panmy. LYIAF NCoet NFFEM PAR+3LA ANA NAF P+mME IANNT AL
NPSN ... KFCLP” NMA mTF AL AMRA+HE &L PIM. N+HHHaD- ADAQaRT.PY paq PA L,
ACTM AndPYF AR AT84 LA™ AMR U

1. A1 PR+ A ANA P99, PM P PATRN YbCA AT NAR+HTLA ANAT AL NASFT PR, LA M. £ 77T
NCET NFTFEM PaP+74A AhA NAF P+Me IANNT AL NP8A ... ATESE” PAAD. MGF
AATY N2+ HMLAAU::

2. AL PAAMALM. §OG AMG+h AATY NF AL M A +2.&FAL:

3. PAGR a2 EPF AT PTO™G MMk TPNMLP TRUFT +1THNLAAL =

4. NMG+ AL NARA+L, FPTIR PTYHA NEP ATRMIATT +2 & FAU-:

5. N5+ PACCA+E R18.U-9° NYYEMID UH Pag/m O AT18AT AMBAAU-:
6. PAGR A EPF NANTNNZM/PF +7424% NLIN +LEFAU:

P+AFL 4CM:-- --- PHAFL AEGN: --- e T

NIRRT+ M&F PING PN CT

1.

2.

2UTT ®FF N+@ANT mPE NFCPT MLI® hHU I NHHADL dPAh NAGH PIMmaRPHt:
EY1HE FOC NTN+AD ALGA EMeam:: qPNLA+251927348648 PhATRT Al4-%4 ALTN
FIRUCT N&d PMS ALTN DAE I AN ANN RLACAL A-T8AIzenawitlakew@gmail.com
Ateais a0l R8N ANN RINCAL IPAAIRT ANGFS ARIN Hh&d Bmes:
NAR:+251112755170
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Annex V: Demographic and Clinical Data Record Format

Data extraction Questioner

Variables Mark | Number
(X)

Sex

Male

Female

Age

Morbidities

Current smoking

Previous pulmonary TB

Yes

No

Number of times TB treatment

One

More than one

Symptoms at presentation

Cough

Shortness of breathing

Anorexia

Chest pain

Fatigue

Night sweat
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Haemoptysis

Weight loss

Fever

Reported medication used at the

presentation

Antimicrobials prior to

presentation

Antibacterial/ antifungal

Anti-TB

Unknown

Other medications prior to

presentation

Clinical chest X-ray interpretation

Normal chest x-ray

Cavitary lesion(s)

Infiltrates and/or consolidation

Fibrosis

Bronchiectasis and/or

bronchitis

Pathogenic organisms identified in

sputum sample

None

TB only

Fungal only

TB and fungal
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Annex VI. Laboratory Standard Operating Procedures and Quality Control

A. Test Principle and Procedure of GeneXpert MTB/RIif Assay

The GeneXpert (Cepheid) is a closed, self-contained platform for the extraction, amplification,
and detection of Mycobacterium tuberculosis (MTB) complex from unprocessed samples. The
GeneXpert system can generate a result within 2 hours. The Xpert MTB/RIF assay allows for
the rapid detection of MTB and rifampicin (RIF) resistance by combining automated
extraction, amplification, and detection on a single system. RIF is one of the first-line anti-TB
drugs and is also a surrogate marker for multi-drug resistant TB (MDRTB). The assay amplifies
a portion of the "rifampicin resistance determining region" of the rpoB gene, the most common
site for RIF mutations, in real-time, using two sets of primers. Fluorescent probes are then used
to differentiate between wild-type and mutant strains so that if one or more probes don't bind,
this indicates the presence of a mutation and RIF resistance. A sample processing control (SPC)
consisting of spores from Bacillus globigii, is included in the assay as an internal control to
ensure adequate processing of the sample as well as to monitor the presence of PCR inhibitors.
A probe check control (PCC) verifies reagent rehydration, PCR tube filling in the cartridge,
probe integrity, and dye stability.

Report could be

s MTB DETECTED

% Rif Resistance NOT DETECTED
¢ Rif Resistance DETECTED

¢ Rif Resistance INDETERMINATE
s MTB NOT DETECTED

Reagents and Instruments

% Xpert MTB/RIF Assay Cartridges with Integrated Reaction Tubes
% Sample Reagent (Sodium Hydroxide & Isopropanol)

¢ Disposable Transfer Pipettes
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Procedure for raw sputum specimens
1. Label each Xpert MTB/RIF Assay cartridge with the sample ID
2. Carefully open the lid of the sputum collection container.

3. Pour or pipette (pipette not provided) approximately 2 times the volume of the Sample

Reagent into the sputum (2:1 dilution, Sample Reagent: sputum).
4. Replace and secure the lid.

5. Shake vigorously 10 to 20 times or vortex for at least 10 seconds
6. Incubate the sample for a total of 15 minutes at 20-30 °C.

7. Between 5 and 10 minutes into the incubation period, shake vigorously 10 to 20 times or

vortex for at least 10 seconds.
8. Preparing the Cartridge
9. Open the cartridge lid, and then open the sample container

10. Using the provided transfer pipette, aspirate the liquefied sample close to the line on the
pipette.

11. Dispensing the sample slowly to minimize the risk of aerosol formation, transfer the Sample

Reagent-treated sample into the sample chamber of the Xpert MTB/RIF cartridge.

12. Close the cartridge lid firmly. The remaining Sample Reagent-treated sample can be kept
for up to four hours at 2—8 °C.

13. Starting the Test
14. Turn on the GeneXpert Instrument System

15. Log on to the GeneXpert Instrument System software using your username and password.
16. In the GeneXpert System window, click Create Test (GeneXpert Dx) or Orders and Order
Test (Infinity).

17. Scan or type in the Patient ID (optional). If typing the Patient ID, make sure the Patient ID
is typed correctly. The Patient ID is associated with the test results and is shown in the View

Results window.
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18. Scan the barcode on the Xpert MTB/RIF Assay cartridge. The Create Test window appears.
Using the barcode information, the software automatically fills the boxes for the following

fields: Select Assay, Reagent Lot ID, Cartridge SN, and Expiration Date.
19. Click Start Test (GeneXpert Dx) or Submit (Infinity).

20. Viewing and Printing Results.

B. A test principle of GeneXpert MTB/XDR Assay

The Xpert MTB/XDR assay, performed on the GeneXpert Instrument Systems, is a nested real-
time polymerase chain reaction (PCR) in vitro diagnostic test for the detection of extensively
drug-resistant (XDR) Mycobacterium tuberculosis (MTB) complex DNA in unprocessed
sputum samples, concentrated sediments prepared from sputum, or BD™ Mycobacterial
Growth Indicator Tube (MGIT™) culture. In specimens where MTB is detected, the Xpert
MTB/XDR assay can also detect isoniazid (INH) resistance-associated mutations in the katG
and fabGl genes, oxyR-ahpC intergenic region and inhA promoter; ethionamide (ETH)
resistance associated with inhA promoter mutations only; fluoroquinolone (FLQ) resistance-
associated mutations in the gyrA and gyrB quinolone resistance determining regions (QRDR);
and second-line injectable drug (SLID) associated mutations in the rrs gene and the eis
promoter region. The Xpert MTB/XDR assay is intended for use as a reflex test for a specimen
(unprocessed sputum, concentrated sputum sediments, or MGIT culture) that is determined to
be MTB positive. This test is intended as an aid in the diagnosis of XDR tuberculosis (TB)

when used in conjunction with clinical and other laboratory findings.[60].
B. Fungal Identification Sample-
Sputum Collection

% 5-10 ml; early morning before eating
+» Use mouth rinse and brush before collection

¢ Collected in sterile wide-mouthed container Unacceptable sample ¢ Saliva, nasal

secretion, throat swab, 24-hour collection
Transport of specimens

1. Specimens should be transported in sterile, humidified, leak-proof containers.
Dermatological specimens, however, should be transported in a dry container. Transport

medium should not be used unless the specimen can be easily and completely retrieved from
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the medium. Although fungi can be recovered at times from specimens submitted in anaerobic

transport media, such media should be avoided.

2. Specimens should be processed and inoculated to primary isolation media as soon as possible
after collection, ideally within a few hours. It should not be presumed that successful methods
for the storage of fungal cultures are suitable for the temporary storage of clinical specimens

that harbor relatively few fungal cells.

3. The effect of refrigeration on fungal specimens has not been well studied, but if processing
is to be delayed for more than several hours, it is recommended that specimens be stored under

refrigeration at 4°C.

Brain Heart Infusion Agar with Chloramphenicol- The medium contains protease peptone
and infusions from calf brain and beef heart which serve as sources of carbon, nitrogen,
essential growth factors, amino acids, and vitamins. Dextrose is used as a source of energy. Di
sodium phosphate helps in maintaining the buffering action of the medium whereas sodium

chloride maintains the osmotic equilibrium of the medium.

Directions To rehydrate the medium

1. Suspend 52g in1000 ml, cold freshly distilled water

2. Heat to boiling to dissolve the medium completely

3. Sterilize in an autoclave for 15 minutes at 15 pounds pressure (1210 ¢)
4. Finally add 0.05g chloramphenicol

Urease test Media used in Urease Test: Christensen’s Urea Agar It is used to differentiate
between Candida albicans and Cryptococcus neoformans. C.albican is urease negative while

the Cryptococcus neoformans is urease positive.

Principle of Urease Test: Urea is the product of the decarboxylation of amino acids. Hydrolysis
of urea produces ammonia and CO2. The formation of ammonia alkalinizes the medium, and
the pH shift is detected by the color change of phenol red from light orange at pH 6.8 to magenta
(pink) at pH 8.1. Rapid urease-positive organisms turn the entire medium pink within 24 hours.
Weakly positive organisms may take several days, and negative organisms produce no color

change or yellow as a result of acid production.

49



Lactophenol cotton blue staining

Lactophenol cotton blue was used for microscopic identification and characterisation of
fruiting 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 preparation 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 established characteristic fungal features using mycology atlases.

Quality Control

Pre-analytical

A sterile sputum collection cup was issued to patients. Patients were asked to produce sputum
from deep-by-deep breathing three times and coughing to produce purulent sputum. Collected
sputum samples were inspected for eligibility. Reagents used for GeneXpert MTB/RIF assay,
SDA, BHI media preparation, and other reagents were checked for expiry date and any

abnormal color change. Preventive maintenance of equipment was inspected.
Analytical

Test procedures for each test were strictly followed according to the standard operation
procedures of the tests. Media preparation was performed according to the manufacturer's
manual. Medias were checked for sterility by incubating at 25-37 ¢ for weeks. If there is any
kind of microbial growth, the prepared batch is discarded. The growth support of each batch of

prepared media was checked with known representative yeast species.
Post-analytical

The results generated were appropriately documented electronically. To prevent loss of data
backup data were also documented on the result registration logbook. And also isolates were
kept. An appropriate disposal system by incineration was utilized after the disinfection of

Specimens and cultures of organisms by autoclaving.

50



Declaration

I, the undersigned, declare that this M.Sc. thesis is my original work, has not been presented
for a degree in this or any other university, and that all sources of materials used for the thesis

have been duly acknowledged.
M.Sc. candidate: Zenawit Lakew (B.Sc.)

Signature:

Date of submission:

This thesis has been submitted with our approval as advisors.
Advisor: Dr. Adane Bitew (MSc, PhD)

Signature:

Date:

Place: Addis Ababa, Ethiopia.

51



