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Abstract

Background: Oropharyngeal Candidiasis (OPC) is the most frequent opportunistic fungal
infection of the oral cavity in HIV infected patients. OPC is associated with increased
morbidity and mortality in immunosuppressed patients. However, data on Species distribution
and antifungal susceptibility profiles of yeast isolated from HIV-infected patients in Ethiopia is
limited.

Objective: The aim of the study was to determine the spectrum of Oropharyngeal yeast
isolates from HIV patients and to evaluate antifungal drug susceptibility profile of yeast
isolates to commonly used antifungal drugs.

Method: A cross sectional study was conducted in Zewditu Memorial Hospital, Addis Ababa.
Oral swabs were collected from 224 HIV patients and cultured on Sabouraud Dextrose Agar
with chloramphenicol. All the isolates were characterized to a species level following standard
microbiological techniques. The antifungal susceptibility profiles of all yeast were determined
using disk diffusion method.

Result: Of 224 HIV patients screened, 139 (62.1%) were colonized by yeasts. The rate of
colonization is higher in patients that non HAART than HAART initiated (72.3% versus
51.8%). A total of 155 yeasts were isolated of which 153 (98.7%) were accounted by Candida
consisting of five species and 2(1.3%) non-candida yeasts. Out of all isolates C. albicans was
the most frequently isolated species accounting 68.4% followed by C. glabrata (15.5%) and C.
tropicalis (11%). The Antifungal susceptibility pattern of the yeast isolates for Fluconazole,
ketoconazole, Amphotericin B, Clotrimazole, Nystatin and Miconazole showed a resistance of
12.3%, 8.4%, 5.8%, 2.6%, 1.3%, and 0.6% respectively. C. albicans were 5.7% resistant to
ketoconazole and 6.6% resistant to Fluconazole. C. glabrata and C. tropicalis were 12.5% and

17.6% resistant to ketoconazole and 16.6% and 35.3% resistant to fluconazole respectively.

vil



Conclusion: The spectrum of yeast isolated in the present study was relatively high even if C.
albicans was the predominantly isolated yeast. The results of this study also revealed that
development of drug resistance by yeast isolates were considerable. Isolation, characterization
and evaluating drug susceptibility pattern of the isolates in this hospital in particular and in

health institutions through out of the country in general is recommended.
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1. Introduction

1.1. Background

Yeasts are recognized as major pathogens in human immunodeficiency virus (HIV) infected
patients. The most predominant yeasts isolated from clinical samples include the Candida and
Cryptococcus species [1-4]. Candida species are yeasts that cause a wide range of disease
manifestations ranging from mild oral diseases to disseminated candidiasis [2, 3].

Oropharyngeal candidiasis (OPC) is the most frequent opportunistic infection encountered in
HIV-infected individuals. The most frequently observed forms of oral candidiasis are
erythematous candidiasis, a red, flat, subtle lesion either on the dorsal surface of the tongue and
the hard or soft palates; pseudomembranous candidiasis that appears as creamy white curd-like
plaques on the buccal mucosa, tongue and other oral mucosal surfaces that will wipe away,
leaving a red or bleeding underlying surface; and angular cheilitis which is erythema or fissuring
of the corners of the mouth [4-7]. It occurs in up to 90% at some point during the course of HIV
disease [7-8]. Although the introduction of highly active antiretroviral therapy (HAART) has
reduced the prevalence of most opportunistic infections [9, 10], OPC is still the most common
HIV related oral lesion. About 90% of patients were found to suffer from Oropharyngeal or
esophageal candidiasis in various stages of AIDS and clinical relapse is a common feature of
OPC depending on duration of antifungal therapy and extent of immunosuppression [11, 12].
Candida species colonize the mucosal surfaces of all humans soon after birth and the risk of
endogenous infection is ever-present. The presence of Candida in the oral cavities of HIV/AIDS
patients predicts the subsequent development of oral candidiasis [13, 14].

The advent of antibacterial drugs with broad spectrum activity imbalances the host microbial

flora and predispose for yeast infections. In addition the increased in the prevalence of



immunosuppressed patients as a result of disease progression, low CD4 T- lymphocyte count and
increased viral load predispose HIV patients to Oropharyngeal candidiasis [14].

Although Candida albicans (C. albicans) is the most prevalent isolate accounting 70-95% of
yeasts isolated from HIV infected individuals the rate of isolation of non albicans Candida
species have been increasing significantly in the era of HIV/AIDS [8, 15]. OPC remains the
most frequent HIV-associated oral lesion particularly in most developing countries where the
prevalence of HIV is the high. The results obtained in studies conducted in African countries like

Nigeria and Tanzania are good indicators of the magnitude of the problem in Africa [15].

Information concerning the antifungal susceptibility of Candida is important in the prediction of
the likely efficacy of subsequent treatment. C. albicans is generally assumed to be susceptible to
most antifungal agents. The recent increased use of antifungal therapy, however, has raised
concerns over the potential for the emergence of resistance of Candida to antifungals. Indeed, the
continued exposure of Candida to antifungal drugs in certain patient groups has already been
shown to alter the susceptibility of strains [16, 17].

However, to the best of our knowledge, studies that have been published describing the
distribution of yeast carriage and subsequent causing OPC in Ethiopian HIV patients and their
antifungal susceptibility patterns are limited and inadequate. Fungal isolation using culture
methods and in vitro antifungal susceptibility testing are not routinely performed in clinical
laboratories in Ethiopia. This prospective cross-sectional study was, therefore, conducted with
the aim of investigating the spectrum of yeasts colonizing HIV patients and causing OPC and

their antifungal susceptibility profile in Zewditu Memorial Hospital in Addis Ababa, Ethiopia.



1.2. Statement of the Problem

Even though; C. albicans is one of the most frequently isolated yeasts in clinical laboratories
from HIV/AIDS patients accounting up to 75% of the yeasts recovered from sites of infection
[18, 19]; the incidence of opportunistic infections due to C. albicans and other Candida
species has been increasing.

C. albicans was isolated from 52% samples and NAC species were isolated from 48%
clinical specimens in Egypt [20] and resistance to fluconazole was found in 8 isolates
(22.2%) of NAC species and 2 isolates (5.1%) of C. albicans isolates.

A study on the Common opportunistic infections among HIV-infected patients attending at
ART clinic of Gondar University Hospital, Northwest Ethiopia [21] reported oral candidiasis
was the second common opportunistic infection. Phenotypic and genotypic identification was
performed from oral rinse samples from 13 HIV patients and isolated C. albicans, C.
tropicalis, C. krusei, C. parapsilosis, C. guilliermondi, C. glabrata, and C. dubliniensis and
the study indicated that HIV patients have high risk Candida infection in Ethiopia [22].

A variety of antifungal agents are now available for the treatment of Candida infections.
However, worldwide reports indicated that pathogenic isolates of C. albicans have relatively
high potentials for developing resistance [23]. The in vitro susceptibility profile of vaginal
yeasts recorded a resistance of the isolates for Ketoconazole (32.9%), itraconazole (17%),
Miconazole (8%), and Amphotericin B and Nystatin (1.2% each) [24]. A study by Mulu et al.
[25], found that the candida species were resistance up to 12.2% to different azoles. The
study by Wabe et al. [17] in Ethiopia shows resistance rates of C. albicans to Fluconazole
shows 11.9%. To this effect, studying the spectrum of yeasts and their drug susceptibility

patters in Ethiopia where the prevalence of HIV is high is timely and the highest priority.



1.3.

Significance of the study

The results of this study may be used as an input for the epidemiological studies of
the distribution of Oropharyngeal yeast isolates in HIV patients.

Determining species distribution of yeasts and the antifungal susceptibility provides
information on the most prevalent etiologic agent of OPC.

This study may indicate a simple method to perform drug susceptibility tests for fungi
isolated from Ethiopian patients that is not currently limited in availability in the
country.

The study may also play significant role in the selection of appropriate antimicrobials
for empiric treatment.

Clinical samples were documented for further study.



2. Literature Review

Oropharyngeal candidiasis is a major opportunistic fungal infection in HIV patients. Therefore,
determining the spectrum of yeasts implicated causing OPC and their drug susceptibility pattern
is an active field of study.

Fleck et al. [26] in Mannheim University Hospital, Germany, isolated 512 Candida species
from 427 patients; from which 174 were from primarily sterile sites including blood, intravasal
catheter tips, abdominal cavity, CNS and pleural cavities. The frequency of the isolates was
43.0% C. albicans, 31.1% C. glabrata, 11.7% C. tropicalis, 5.7% C. parapsilosis and 3.7% C.
krusei and 4.6% other rare species. The Antifungal susceptibility testing of this study
demonstrated that 96.3% were susceptible to amphotericin B, 90.4% were susceptible to
Fluconazole, and none of the isolates were resistant to voriconazole.

The spectrum and drug susceptibility profile of Candida species with invasive candidiasis in
Kuala Lumpur Hospital, Malaysia were studied by Amran et al. [27]. In this study a total of 159
clinical isolates of Candida species were isolated of which C. albicans were the most prevalent
(71 1solates) followed by, C. parapsilosis (42 isolates), C. tropicalis (27 isolates) and C. glabrata
(12 1solates). The in vitro antifungal susceptibility of the isolates against amphotericin B,
fluconazole, voriconazole, itraconazole and caspofungin was conducted by using E-test. Over 90
% C. albicans, C. parapsilosis and C. tropicalis were susceptible to fluconazole while the
susceptibility of C. glabrata to same drugs was 83.4%. Amphotericin B was found to be the
most effective.

A cross sectional study to assess the prevalence of oral candidiasis in AIDS patients in Brazil,
South America was conducted by Back-Brito et al. [28]. About 45 HIV positive individuals and
45 control healthy individuals were involved in this study. Oral rinse samples were collected and

phenotypic identification was performed. The result of this study showed that the most



frequently isolated species in AIDS patients were C. albicans followed by C. glabrata, C.
lipolytica, C. krusei, C. guilliermondii, and C. parapsilosis, while C. tropicalis and C.
dubliniensis were the most frequent isolates in the control group.

A study assessing the distribution and drug susceptibility pattern of Candida species in
Mexican HIV/ AIDS patient and health individuals was carried out by Sanchez-Vargas et al. [23]
for over 3 years. Oral swabs were collected from 111 HIV infected and 201 non HIV infected
study subjects. The results of this study depicted that, of the total 85 yeast isolates, C. albicans
was the most frequent isolate followed by C. glabrata, C. tropicalis and C. parapsilosis. The
antifungal susceptibility testing of the study implied from all the isolates 10.8% of the yeasts
were resistant to one or more azole antifungal agents and 29% were intermediate susceptible.

Sanchez-Vargas et al. [29] also studied the oral carriage rate of yeasts among 312 Mexican
AIDS patients by collecting oral swabs from oral lesions. The result of this study showed that C.
albicans was the most frequently isolated species while the isolation rate of other Candida specie
ranges from 16.5 to 38.5% of the isolates. The antifungal susceptibility test indicated that most
isolates were susceptible to fluconazole, but 10.8% were resistant to one or more azoles.

A study conducted in India by Kantheti et al. [6] involving a total of 150 HIV positive and HIV
negative study subjects by taking oral rinse samples. The overall culture positivity was found to
be 35.33% of which C. albicans was the most prevalent species (16.67%) followed by C.
tropicalis (8.00%), C. glabrata (4.67%), C. parapsilosis (1.33%), C. kefyr (0.67%), C.
guilliermondii (0.67%), C. stellatoidea (0.67%). Similar study conducted by Furtado [19] in
Bangalore, India reported that among yeast isolates the prevalence of C. tropicalis and C.
albicans was 44% and 34% respectively. The study further indicated an increase in non albicans
species and antifungal resistance was high in non albicans species ranging from 1% for both

voriconazole and Amphotericin B to 12.5% for fluconazole.



Another study in Southern India; conducted by Umadevi et al. [30] evaluated the effect of
HAART on the prevalence of oral candidiasis. The study included 100 HIV-seropositive
subjects, 50 in the HAART group and 50 in the non HAART group. In this study, it has been
indicated that the prevalence of oral candidiasis decreases in patients who had access to HAART
than those who did not have access to HAART.

A five year study in Iran was conducted by Badiee and Alborzi [31] to identify Candida
species and determine antifungal susceptibility patterns of the isolates. In this study a total of 595
Candida species were isolated. Of the isolates the most prevalent species was C. albicans (48%),
followed by C. krusei (16.1%), C. glabrata (13.5%), C. kefyr (7.4%), C. parapsilosis (4.8%), C.
tropicalis (1.7%) and other species (8.5%). The drug susceptibility pattern of the yeast isolates to
fluconazole, amphotericin B, ketoconazole, itraconazole, voriconazole was determined, and

showed that resistance varies depending on the species and the respective antifungal agents.

Similar studies were also conducted in the African continent. Hodgson et al. [15] reviewed oral
fungal infections in HIV infected individuals in Africa. The reviewers indicated that oral
candidiasis has been used as a marker of HIV progression in African HIV-infected individuals.
OPC has been the significant cause of morbidity in HIV diseases. The susceptibility of the
isolates to different antifungal agents ranges from 80-100% in some of the studies. Further; more
many researches on OPC have been conducted in various countries in Africa.

A study conducted by Kwamin et al. [32] in Accra, Ghana isolated 201 Candida species from
oral swabs of 267 HIV patients of which C. albicans is the predominant isolate (68.5%),
followed by C. tropicalis (7.4%), C. krusei (6.4%), C. parapsilosis (3.0%), C. sake (2.5%) and
other species (0.5- 1.5%). The study further depicted that prevalence of Candida species isolates

was independent of HAART status.



The prevalence of C. albicans in the oral cavity in HIV seropositive patients in Abakaliki,
Nigeria was studied by Okonkwo et al. [33]. In this study a total of 30 Candida species were
isolated and of these 24 were C. albicans and the remaining were non albicans species including
C. tropicalis(1), C. pseudotropicalis (3), C. parapsilosis (1), and Candida guilliermondii (1).
Similar study in Nigeria was also conducted by Nweze et al. [34]. The study involved 200
Oropharyngeal swabs from HIV patients with 100 age matched healthy controls. The study
depicted that 120 out of 200 were colonized by yeasts, C. albicans accounting the highest
frequency (45%) followed by non albicans species such as C. tropicalis (18.3%), C. parapsilosis
(15%), C guilliermondii (9.2%),C dubliniensis (7.5%),C lusitaniae (1.7%),C krusei (1.7%), and
C. kefyr (1.7%).The study further showed that 11.7% of the isolates were resistant to
fluconazole, 7.5% to itraconazole, 8.3% to flucytosine, and 1.7% to voriconazole. C. albicans
was the most resistant species (17.5%) followed by C. parapsilosis (7.5%) and C. tropicalis
(4.2%). This study showed no statistical significance association between HAART and species of
Candida isolated in the study.

A study conducted by Hamza et al. [35] in Tanzania isolated 296 yeasts from 292 HIV patients
with primary and recurrent OPC. The isolation rate of yeast species in descending order was C.
albicans (84.5%), C. glabrata (6.8%), and C. krusei (3.4%). Of all the isolates 5% were resistant

to antifungal drugs.

Another study carried out by Hamza et al. [36] involving 532 HIV infected patients of which
23.5% of the patients showed oral candidiasis. According to the study, adult patients receiving
HAART had significantly lower prevalence of oral lesions.

There is limited number of studies conducted in relation to the distribution of yeasts and drug
susceptibility pattern of fungal isolates from oral cavities of HIV patients in Ethiopia. Wabe et al.

[17] conducted In vitro antifungal susceptibility of Candida albicans isolates from oral cavities



of patients infected with human immunodeficiency virus in Jimma University Specialized
Hospital and isolation and experimentation were conducted in the Laboratory of Medical
Microbiology of Jimma University. The overall objective of the study was to isolate C. albicans
from HIV patients with OPC and to study its drug susceptibility profiles. The isolates were tested
against Fluconazole, Amphotericin B, Nystatin, Miconazole and ketoconazole employing broth
dilution method. Among the isolates of C. albicans 97.7% were found out to be susceptible to
amphotericin B, 95.3% to Nystatin, 92.9% to ketoconazole and Miconazole and 88.1% to
Fluconazole. The study shows a relative highest rate of resistance to fluconazole (11.9%) and a
significant cross resistance among azoles.

Another study undertaken by Mulu et al, [25] to determine the species diversity and in vitro
susceptibility of Candida isolates from late presenting AIDS patients in northwest Ethiopia in
University of Gondar teaching Hospital; collected oral rinse samples from 215 HIV patients and
cultured on CHROMagar plates at 37°C for 48 hours. Candida species identification was made
following standard microbiological techniques and In vitro drug susceptibility tests were made
using broth micro dilution method. The colonization rate of Candida species was found to be
82.3%. C. albicans was the predominant species isolated from 81% of patients but there was a
diversity of other species. The most frequent non-albicans species was C. glabrata isolated in
22.5% of the patients followed by C. tropicalis in 14.1%, C. krusei in 5.6% and other
unidentifiable Candida species in 4% of HIV patients. The Candida species identified were

12.2%, 7.7%, and 4.7% resistant to fluconazole, ketoconazole and itraconazole, respectively.



3. Objective

3.1. General Objective

e To determine the spectrum of Oropharyngeal yeast isolates from Zewditu Memorial
Hospital HIV patients and to evaluate antifungal drug susceptibility profile of yeast

isolates to commonly used antifungal drugs.

3.2. Specific Objectives
e To determine the species distribution of yeasts from HIV patients.

e To determine the antifungal susceptibility profile of the isolates to commonly used

antifungal agents.

10



4. Materials and Methods

4.1. Study Area and Period

The study was carried out in the Zewditu Memorial Hospital, Addis Ababa, Ethiopia from
February, 2014 to May, 2014. The hospital as a teaching referral hospital has a referral status and
is located in the Addis Ababa, Ethiopia. The hospital provides HIV/AIDS interventions including
free diagnosis, treatment and monitoring. The center diagnoses new cases and monitors those on
therapy. The hospital possesses high patient flow and is a multiple service center. The hospital
provides services including Condom/Female Condom/Dental Dam Distribution, family Planning,
STD Prevention, TB Prevention, Care of Orphans, Health-facility based medical care, Prevention
of mother-to-child transmission, Universal precautions, Psycho-Social counseling and support
and HIV/AIDS Research.

The VCT center provides screening of volunteer individuals directly come to get the service or
referred from other departments and establish link to the ART clinic to those who have positive
results. Adherence team facilitates the link and strengthens the physician-client relation and

follows up.

4.2. Study Design
A single institutional hospital based cross-sectional study was conducted to determine the
species distribution and in vitro antifungal susceptibility of Oropharyngeal yeast isolated from

HIV patients in Zewditu Memorial Hospital.

11



4.3. Population
Source of population:
Source of population of the present study were HIV seropositive patient attending the ART clinic
of the Hospital.

Study population: Patients from which clinical samples were taken within the study period

4.4. Sample Size and Sampling Technique
The worldwide prevalence of OPC among HIV patients ranges from 80-95%. About 90% of
HIV patients were found to suffer from Oropharyngeal or esophageal candidiasis in various
stages of AIDS [32, 37]. The colonization rate of Candida species among AIDS patients of
0.University of Gondar teaching Hospital was found to be 82.3% [25].
So by taking the prevalence of 82.3% (p=0.823), a confidence interval of 95% (Z ., =1.96,
where z is a statistic for a level of confidence) and a sampling error of 5% (d=0.05), the total

(Z «/2)* P(1—P)

sample size (n) was calculated using the formula; n = d® . Therefore a total of

224 participants were enrolled using consecutive sampling technique [38] and HAART initiated

and Non HAART initiated patients were balanced conveniently.

4.5. Measurement
4.5.1. Dependent variables and Independent variables
Dependent variables: Yeast species isolates, Susceptibility pattern.
Independent variables: Socio-demographic factors (age, sex), HAART status (HAART

initiated and Non HAART).

12



4.5.2. Inclusion criteria and Exclusion criteria

Inclusion criteria: All HIV seropositive patients came to the hospital during the study
period provide consent for participation.
Exclusion criteria: Patients with antifungal treatment history with in two weeks before

sample collection and who didn’t give consent to participate were excluded.

4.6. Data Collection and Processing
Specimen Collection

Oropharyngeal swabs were taken by the principal investigator after a written informed
consent obtained from adult participants and for the participants less than the age of 18
years; consent from the guardian and assent the children obtained. The specimens were
collected from oral lesions when present, the oral cavity mucosa, the dorsal surface of the
tongue, and the floor of the mouth as this has been found to be the most colonized site in
the oral cavity by firmly swabbing using sterile rayon tipped applicator stick swabs and
placed to Amie’s transport medium (Oxoid Transystem Amie’s, Copan, Italy) as performed
elsewhere [39-41] and transported at a temperature of 2-8°c with a minimum of delay.
Microbiological investigations were performed in the Microbiology Laboratory of the
Food, Medicine and Health Care Administration and Control Authority of Ethiopia.
Identification of Isolates

Clinical specimens were inoculated on Sabouraud Dextrose Agar (SDA) supplemented
with chloramphenicol (Fluka Analytical, India) plates by using streaking method. SDA was
prepared according to manufacturer’s instructions and specification.

Inoculated plates were incubated at 35-37°c for 24-48hrs. Plates with no growth after 48

hours were re incubated for a further one week. Color, shape, and texture of each colonies

13



were studied as preliminary identification. Each colony was then sub- cultured onto Potato
Dextrose Agar (Lab M limited, Lancashire, UK) to obtain pure culture.

Each isolate was then identified to a species level by performing Germ tube test,
carbohydrate assimilation test and temperature tolerance test described by Kangogo et al.

[42], Marinho et al. [43], kim et al. [44], Kurtzman et al. [45] and other studies [46-47].

Antifungal Susceptibility Test

Antifungal susceptibility test were done by agar diffusion method following Clinical
Laboratory Standards Institute (CLSI) guidelines, the Neo-sensitabs guidelines of the
Rosco Diagnostica and other previously studied methods [48-51] against 6 drugs
(Clotrimazole, Fluconazole, Ketoconazole, Miconazole, Nystatin and Amphotericin B).

Impregnation of Antifungal Disks

Six mm blank antibiotic assay discs ( Sigma Aldrich, Germany) were impregnated with
each drug (reference standards of the United States Pharmacopeia (USP), and supplied by
EFMHACA) following the procedures implemented elsewhere [49-50]. Briefly, 20 mg of
each antifungal drug was dissolved in 20ml of DMSO and a known concentration of each
drug (Clotrimazole (10pg/disk), Fluconazole (25ug/disk), Ketoconazole (10ug/disk),
Miconazole (10pg/disk), Nystatin (50ug/disk), and Amphotericin B (10pg/disk)) was
adsorbed on to blank antibiotic discs and air dried.

Susceptibility Testing

A suspension of the yeasts was prepared by emulsifying 3-5 colonies in a SmL NaCl
(0.85% saline) and the turbidity of the suspension was adjusted to a 0.5 McFarland
standard by adding sufficient sterile saline or more colonies. The suspensions were evenly
streaked over the entire agar surface of SDA (Lab M limited, Lancashire, UK) as

performed elsewhere [4, 16].

14



The antifungal disks prepared as described above were placed on SDA plates seeded with
yeast isolates and incubated at 35 °C (£2 °C) for 24-48hrs. The zone diameter was
measured and categorized to susceptible (S), susceptible dose dependent(SDD) and
resistant (R) according to the M44 guidelines of the Clinical Laboratory Standards Institute

and Rosco Diagnostica Company (Neosensitabs, Denmark) instructions.
4.7. Operational Definitions of Terms

Oropharyngeal candidiasis: an opportunistic fungal infection in immune compromised
individuals caused by yeast like fungi Candida species [7].

Resistance: Resistant strains are those that are not inhibited by the usually achievable
concentrations of the agent with normal dosage schedules or when zone diameters have
been in a range where clinical efficacy has not been reliable in treatment studies [48].
Susceptible-Dose Dependent (SDD): isolates with antimicrobial agent MICs that
approach usually attainable blood and tissue levels and for which response rates may be
lower than for susceptible isolates [48].

Susceptible: The susceptible category implies that an infection due to the strain may be
appropriately treated with the dose of antimicrobial agent recommended for that type of
infection and infecting species, unless otherwise contraindicated [48].

Opportunistic infections (OIS):- Opportunistic infections are late complications of
HIV infection for the most part in patients with reduced CD4+ T-cells in the blood
of the patients.

Sugar assimilation test: The assessment of the ability of yeast to utilize carbohydrates is
based on the use of carbohydrate- free yeast nitrogen base agar and observing for the
presence of growth around carbohydrate impregnated filter paper disks after an

appropriate period of incubation [52].
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4.8. Data Quality Control

To enhance the quality of the data, site assessment and pretest were done. Follow up of
performance of autoclaves, incubator, and refrigerator were done regularly. ATCC species
of C. albicans ATCC 90028 was used and run as a control at each level of processing of

test. Inoculum size was monitored by using 0.5 McFarland standards visually.
4.9. Statistical Analysis

Data were collected, summarized, tabulated and analyzed using SPSS software 20.
Categorical variables were summarized by proportions and percentages. Patients were
categorized into age groups and into those on HAART and those not receiving HAART.
Comparisons of proportions between groups were done by chi-square test, and the
significant level set at p < 0.05.
4.10. Ethical Considerations

Research and Ethical Review Committee of Department of MLS, College of Health
Sciences of AAU reviewed and approved prior to patient participation. Ethical clearance
was obtained from Addis Ababa Health Bureau. Then a letter informing the hospital was
written and permission was obtained from ZMH. Informed written consents were obtained
from participants before data collection. The respondents were given the right to refuse to
take part in the study as well as to withdraw at any time during the study period. All the
information obtained from the study subjects was coded to maintain confidentially.

4.11. Dissemination of Results

After conducting the research, the results of the study was submitted to Department of
Medical Laboratory Sciences, Addis Ababa University. Oral presentation of the thesis was
made. Reports were also be submitted to ZMH, annual conferences of professional

societies and other concerned bodies. The manuscript will be submitted to peer reviewed
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5. Result

Demographic Characteristics

Study subjects enrolled in the present study were 224 HIV-seropositive individuals of which 155
(69.2%) were females and 69 (30.8%) were males. The median age of the study participants was
34.5 years with age ranged from 3 to 78 years (Table 1). As one can depict from the table,
majority of the participants were in the age group of 30-39 years (37.5%) followed by 40-49

(21%) and 0-19 years (19.2%).

Tablel: Age and Sex distribution of HIV positive patients Participated in the study at

Zewditu Memorial Hospital, Addis Ababa, Ethiopia, February - May 2014 (n=224)

Age group Number of Male Number of female  Total

(in years) screened screened

0-19 14 (32.6%) 29 (67.4) 43 (19.2%)
20-29 4 (12.1%) 29 (87.9%) 33 (14.3%)
30-39 26 (31.0%) 58 (69.0%) 84 (37.5%)
40-49 21 (44.7%) 26 (55.3%) 47 (21.0%)
>50 4 (23.5%) 13 (76.5%) 17 (7.6%)
Total 69 (30.8%) 155 (69.2) 224 (100%)

* Age group adopted from (Mulu et al., 2013)
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Among the study participants 112 (50%) were under Highly Active Antiretroviral Therapy
(HAART) while the remaining 112 (50%) were not under Highly Active Antiretroviral Therapy.
Out of 155 female participants 76 (49%) were under antiretroviral therapy. Similarly among 69

male study participants 36 (52.2%) under antiretroviral therapy.

Out of 224 cases (one specimen per patient) yeast growth was observed in 139 (62.1%) cases or
clinical samples. No fungal growth was found in 85 (37.9%) of the samples. Among 139
positive culture patients 93 (66.9%) were females and 46 (33.1%) were males indicating females
had a higher frequency of colonization than males. However, the frequency of yeast colonization
was not significantly associated with sex [x’=0.640, df =1, P = 0.342]. The colonization rate of
yeast were higher in study subjects that were not under antiretroviral therapy 81 (72.3%) than
patients that were HAART initiated 58 (51.8%) indicating that patients that were not under drug
treatment were more colonized, and affected. Isolation rate of yeasts from patients under drug
treatment and those that were not under treatment was statistically significant [x*=9.176, df=1 P
= 0.002]. The higher the frequency of colonization of yeasts in immunocompromised patients

implied that the occurrence of subsequent infection unless interventions have been made.

Distribution of Yeasts

One hundred and fifty five (155) yeast isolates belonging to three genera (Candida, Rhodotorula
and Cryptococcus) were isolated from 139 culture positive patients. Out of a total 155 yeast
isolates 91(58.7%) were recovered from patients who were not under HAART while 64 (41.3%)
isolates were obtained from patients who were under HAART. As shown in table 2, species of
yeast recovered in their descending order were C. albicans (106), C. glabrata (24), C. tropicalis

(17), C. krusei (4), C. kefyr (2), Rhodotorula species (1) and Cryptococcus laurentii(1).
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Candida albicans was isolated from 106 (47.3%) of the 224 patients examined followed by
C. glabrata 24 (10.7%), C. tropicalis 17 (7.6%) and C. krusei 4(1.8) (Table 2).
Table 2: Species of yeasts isolated from Oropharyngeal swab samples of 139 HIV positive

patients at Zewditu Memorial Hospital, Addis Ababa, Ethiopia, February - May 2014

(n=224).
Species of yeast isolates (n) Patients’ positive (%)
C. albicans 106 47.3
C. glabrata 24 10.7
C. tropicalis 17 7.6
C. krusei 4 1.8
C. kefyr 2 0.9
Rhodotorula species 1 0.45
Cryptococcus laurentii 1 0.45
Total 155 Patients, n=224

Furthermore; out of 139 culture positive samples, mixed cultures were recovered from 16
samples. C. albicans was isolated in all mixed cultures in combination of C. glabrata, appeared
7 times, C. tropicalis appeared 5 time, and C. krusei, C. kefyr, Cryptococcus laurentii and
Rhodotorula species appeared once with C. albicans. The mixed cultures were harbored from 6
samples collected from HAART initiated and 10 pre HAART patients. Similarly, 9 of the mixed
cultures were recovered from samples collected from Females and 7 were from samples collected
from male participants.
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Among the total of 155 isolates the most common yeast species was C. albicans, comprising

68.4% followed by C. glabrata (15.5%), C. tropicalis (11%), C. krusei (2.6%) and C. kefyr (1.3%)

(Figurel).
C.kefyr Rhodotorula
C.krusei 1.3% / species
2.6% 0.6%
Cryptococcus
laurentii
C.tropicalis 0.6%
11%

C.albicans
68.4%

Figure 1: Distribution of yeast species among 155 isolates recovered from HIV patients.

The distribution of the yeast isolates in relation to sex is showed in table 3. From the three
predominant Candida isolates (C. albicans, C. glabrata and C. tropicalis) the two common yeasts
from the 105 yeasts isolated from female patients were C. albicans and C. glabrata accounting
69.5 % and 17.1% respectively. Similarly the two common yeasts out of 50 yeasts isolated from
male patients were C. albicans and C. tropicalis amounting 66.0% and 16.0 % respectively. No

significant association observed between sex and the type of yeast isolated (P=0.655).
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Table 3: Distribution of yeast species in relation to sex among patients at Zewditu Memorial

Hospital, Addis Ababa, Ethiopia; February - May 2014 (n=155).

Isolates Female Male Total
N (%) N (%)
C. albicans 73 (68.9) 33 (31.1) 106
C. glabrata 18 (75.0) 6 (25.0) 24
C. tropicalis 9 (52.9) 8 (47.1) 17
C. krusei 2 (50) 2 (50) 4
C. kefyr 1 (50) 1 (50) 2
Rhodotorula species 1 (100) 0 1
Cryptococcus laurentii 1 (100) 0 1
Total 105 (67.7) 50 (32.3) 155

The distribution of yeast isolates in patients under antiretroviral drug treatment and those that
were not under HAART is shown in table 4. As can be seen in the table C. albicans was
isolated in 63 (59.4%) patients that were not under antiretroviral drug treatment while in
patients under antiretroviral drug treatment (HAART) was 43 (40.6%). Similarly, C. glabrata
was isolated in 13 (54.2%) patients that were not under HAART and 11(45.8%) patients were
under antiretroviral drug treatment. Nine (52.9%) and 8(47.1%) C. tropicalis were isolated
from patients not under HAART and under HAART respectively. Both the non-Candida
yeasts isolates Rhodotorula species and Cryptococcus laurentii were isolated from patients
not under antiretroviral drug treatment (non HAART initiated patients (Table 4). But the

species of yeasts isolated were no significantly associated to the HAART status (P=0.883).
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Table 4: Distribution of oral yeast isolates among HIV-infected patients based on HAART status

at Zewditu Memorial Hospital, Addis Ababa, Ethiopia; February - May 2014 (n=155).

Isolates Not on HAART HAART Initiated Total
N (%) N (%)
C. albicans 63 (59.4) 43 (40.6) 106
C. glabrata 13 (54.2) 11 (45.8) 24
C. tropicalis 9 (52.9) 8 (47.1) 17
C. krusei 3 (75.0) 1 (25.0) 4
C. kefyr 1 (50) 1 (50) 2
Rhodotorula species 1(100) 0 1
Cryptococcus laurentii 1 (100) 0 1
Total 91 (58.7) 64 (41.3) 155

In Vitro Antifungal Susceptibility

The results of antifungal susceptibility, as summarized in table 5 showed that out of the total 155

yeast isolates the highest resistance rates observed were against the action of fluconazole with

12.3% resistant and to the activities of Ketoconazole with a resistant of 8.4% from the total

isolates. Similarly, 9 (5.8%) of isolates were resistant to Amphotericin B, and 2.6%) of isolates

were resistant to Clotrimazole. The least rate of resistance from all isolates was against Miconazole

(1 (0.6%)) and, 2 (1.3%) were resistant to Nystatin. According to the data in table 5, it was revealed

that Nystatin and Miconazole were the most effective antifungal drugs and fluconazole had the

poorest activity against all species of yeast to inhibit the in vitro growth of yeasts isolated in this

study.
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Table 5: Antifungal Susceptibility of yeast isolates as determined by CLSI M44 and Neo-sensitabs

guidelines breakpoints, ZMH, Addis Ababa, 2014 (n=155).

Antifungal Disk S SDD R Zone diameter in mm

Potency N % N % N % R SDD S

Amphotericin B 10pg/disk | 130 (83.9) 16 (103) 9 (58) |<10  10-14 =15
Clotrimazole  10pg/disk | 148 (95.5) 3 (1.9) 4 (2.6) |<Il  12-19 >20
Fluconazole 25ug/disk | 123 (79.4) 13 (84)  19(12.3) (<14  15-18 =19
Ketoconazole  15pg/disk | 134 (86.5) 8 (5.2) 13 84) | <20 2127 >28
Miconazole lopg/disk | 133 (85.8) 21(13.5) 1 (0.6) |<I1  12-19 20

Nystatin 50pg/disk | 150 (96.8) 3 (1.9) 2 (1.3) | No 10-14  >15

[S, susceptible; SDD, susceptible dose dependent; R, resistant]

Results of antifungal susceptibility profile of each of the 153 Candida isolates based on their in vitro
susceptibility to the studied 6 antifungal drugs are shown in Table 6. Two of the non-candida isolates
were found to be susceptible to the six antifungal drugs assessed and not shown in table 6.

The highest rates of resistance to Amphotericin B were seen in C. tropicalis (17.6%) and C. glabrata
(8.3%). The two Nystatin resistant species were C. glabrata and C. kefyr while a single species of C.
albicans, C. glabrata and C. tropicalis were SDD against the anti-fungi. Only one isolate of C.
albicans was observed to be resistant to Miconazole. No susceptible isolates of C. krusei and C. kefyr

to Amphotericin B were found.

Clotrimazole showed greater activity against C. albicans; 105 (99.1%) were susceptible. Only 4
candida species consisting one isolate from each of C. albicans, C. glabrata, C. tropicalis and C.
krusei were resistant to Clotrimazole. All the evaluated C. krusei (4) were susceptible to Nystatin and

both isolates of C. kefyr were susceptible to Clotrimazole.
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Table 6: In vitro antifungal susceptibility of Candida species to

determined by CLSI Disk diffusion Method

Antifungal Agents as

Species Antifungal agent Susceptible SDD Resistant
Number (%) Number (%) Number (%)
C. albicans Amphotericin B 98 (92.4) 6 (5.7) 2(1.9)
(106) Clotrimazole 105 (99.1) 0(0) 1 (0.9)
Fluconazole 92 (86.8) 7 (6.6) 7 (6.6)
Ketoconazole 95 (89.6) 54.7) 6 (5.7)
Miconazole 101 (95.3) 4 (3.8) 1(0.9)
Nystatin 105 (99.1) 1 (0.9) 0(0)
C. glabrata Amphotericin B 21 (87.5) 1(4.2) 2(8.3)
(24) Clotrimazole 21 (87.5) 2 (8.3) 1(4.2)
Fluconazole 19 (79.2) 1(4.2) 4 (16.6)
Ketoconazole 20 (83.3) 1(4.2) 3(12.5)
Miconazole 19 (79.2) 5(20.8) 0(0)
Nystatin 22 (91.6) 1(4.2) 1(4.2)
C. tropicalis Amphotericin B 9 (53.0) 5(29.4) 3(17.6)
(17) Clotrimazole 15 (88.2) 1(5.9) 1(5.9)
Fluconazole 10 (58.8) 1(5.9) 6 (35.3)
Ketoconazole 13 (76.5) 1(5.9) 3(17.6)
Miconazole 11 (64.7) 6 (35.3) 0 (0)
Nystatin 16 (94.1) 1(5.9) 0 (0)
C. krusei Ampbhotericin B 0(0) 3(75.0) 1(25.0)
Clotrimazole 3 (75.0) 0 (0) 1 (25.0)
4)
Fluconazole 0(0) 2 (50.0) 2 (50.0)
Ketoconazole 3(75.0) 1(25.0) 0 (0)
Miconazole 0(0) 4 (100) 0(0)
Nystatin 4 (100) 0(0) 0 (0)
C. kefyr Ampbhotericin B 0(0) 1 (50) 1 (50)
) Clotrimazole 2 (100) 0(0) 0 (0)
Fluconazole 0 (0) 2 (100) 0 (0)
Ketoconazole 1 (50) 0(0) 1 (50)
Miconazole 0(0) 2 (100) 0(0)
Nystatin 1 (50.0) 0(0) 1 (50.0)
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Fluconazole showed the poorest activity by which 7 (6.6%) C. albicans 4 (16%) C. glabrata, 6
(35.3%) C. tropicalis, and 2 (50%) C. krusei were resistant. Similarly, 6 (5.7%) C. albicans, 3
(12.5%) C. glabrata, 3 (17.6%) C. tropicalis and one C. kefyr were resistant to ketoconazole. In
contrast to fluconazole and ketoconazole 4 (3.8%) C. albicans, 5 (20.8%) C. glabrata, 6 (35.3%)
C. tropicalis, 4 (100%) C. krusei and both of C. kefyr were found to be SDD to Miconazole.
Nystatin exhibited greatest activity against C. albicans, C. tropicalis, and C. krusei with no
resistant strain found; only one species of each of C. albicans (0.9%), C. glabrata (4.2%), C.
tropicalis (5.9%) and C. kefyr (50%) were found to be SDD.

In the present study, from 19 fluconazole resistant isolates 6 (31.6%) were resistant to
Amphotericin B, 3 (15.8%) were resistant to Clotrimazole, 9 (47.4%) were resistant and 4
(21.1%) were SDD to ketoconazole and one resistant to Nystatin. Among the 123 Fluconazole
susceptible isolates, no (0%) resistant isolate to amphotericin B as well as ketoconazole and only
1 (0.8%) resistant to Clotrimazole were isolated. There was a significant difference in frequency
of resistance to ketoconazole, Clotrimazole and Amphotericin B between fluconazole resistant
and susceptible Candida isolates (p < 0.05). All 9 Amphotericin B resistant isolates were

susceptible to Clotrimazole and 4 susceptible and 5 resistant to ketoconazole.
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6. Discussion

The present study was undertaken to determine the spectrum of yeasts isolated from oral
swabs collected from HIV patients and find out the drug susceptibility profile of yeast
isolates. A total of 224, study participants were enrolled in the present study of which 155
(69.2%) were females and 69 (30.8%) were males. The highest number of women screened is
probably because most men rarely go for routine checkup, before the disease has reached
symptomatic stage and the highest health seeking by females. The ages of study subjects
ranged from 3 to 78 years. Out of the 224 study subjects 139 (62.1%) were culture positive
indicating Oropharyngeal carriage of yeasts is a common finding in HIV positive patients.
The findings of this study was similar to that reported by Junqueira et al. [53], Costa et al.
[54], Nweze et al.[34] and Gugnani et al. [55] where a prevalence rate of positive culture
(oral carriage) documented were 62%, 62.6 %, 60% and 65.3% respectively. However, the
result obtained in this study (62.1 %) was higher when compared with those of Kantheti et
al. [6], Okonkwo et al. [33], Manikandan et al. [56] and Hamza et al. [36] and these authors
documented 35.3%, 12.5%, 43% and 23.5% respectively. On the other hand a positive
culture of yeasts obtained in this study was much less than those reported by Patel et al. [3],
Mulu et al [25] and Erkose et al. [57] which were 82%, 82.3% and 82.8% respectively. The
difference in frequencies of isolations may be from differences in the characteristics of
sample population and sampling methods used.

One hundred fifty five yeast isolates were recovered from this study. They were C. albicans,
C. glabrata, C. tropicalis, C. krusei, C. kefyr, Cryptococcus laurentii and Rhodotorula
specie. The pattern of isolation of Candida species from Oropharyngeal swabs of HIV
patients was similar with earlier study conducted in Ethiopia [25]. However, in the present

study Cryptococcus laurentii and Rhodotorula species were isolated.
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These species were isolated by Gugnani et al [55], Kwamin et al [33], Badiee et al. [31] and
Junqueira et al. [53]. Of these, C. albicans was the most common yeast isolate accounting
106 (68.4%) of the total isolates followed by C. glabrata 24 (15.5%), C. tropicalis 17 (11%),
C. krusei 4 (2.6%), C. kefyr 2 (1.3%), Cryptococcus laurentii and Rhodotorula species 1
(0.6%) each.

Of the total yeast isolates the three dominant yeasts were C. albicans, C. glabrata and C.
tropicalis, accounting 147 (94.8%) out of the total isolates. Our finding in this regard was
consistent with many earlier studies [29, 35]. Among yeast isolates, other Candida species
accounted 23 (14.8%) of the total isolates indicating other candida species are becoming
increased. Out of the 153 Candida isolates C. albicans accounted 69.3% and the non albicans
Candida species covered 30.7% potion of the Candida species isolated.

In the present study the distribution of yeast isolates in patients under antiretroviral therapy
(HAART) and those were not under HAART was studied. The results of this study revealed
that of the total yeast isolates 91 (58.7%) isolates were recovered from samples collected
from patients that were not under HAART while 64 (41.2 %) were from study subjects
receiving HAART. A reduction in yeast isolates in patients under HAART was observed in
many earlier studies [21, 30, 36]. C. albicans was isolated in 63 (59.45%) cases in patients
that were not under antiretroviral therapy while in patients under antiretroviral therapy was
43 (40.6%). Similarly, C. glabrata was isolated in 13 (54.2%) cases of patient that were not
under drug treatment and 11(45.8%) in patient were receiving HAART. Rhodotorula and
Cryptococcus laurentii were the isolated from patients not receiving HAART.

Variable antifungal susceptibility profile of yeasts tested against the six drugs was observed
in the present study. In this study we found that irrespective of the species of yeasts assessed

12.3% were resistant to fluconazole and 8.3% were resistant to ketoconazole which is similar
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to a recent study in Ethiopia [25] that reported 12.2% and 7.7% of the isolates were resistant
to fluconazole and ketoconazole respectively. The increase in the resistance of the isolates
against the action of fluconazole may be associated with the accessibility of the drug with
free of charge and the frequent usage of the drugs as drug of choice.

The resistance of the isolates to the effect of fluconazole obtained in this study was similar
with previous studies conducted in Taiwan [58], in Nigeria [34], in Bangalore, India [19]
which reported a frequency of resistance 11.7%, 11.7% and12.5% respectively.

In contrast to the highest frequency of resistance to fluconazole and amphotericin B (12.3%
and 5.8% respectively) in this study, previous investigations conducted by Gugnani et al. [55]
and Zomorodian et al. [59] documented that no resistant yeast was reported in their studies.
But a recent worrisome result of resistance to fluconazole, ketoconazole and amphotericin B
reported by Aher [60]. The author reported that from all 148 candida species isolates 14.9%
were resistant to amphotericin B, 39.1% were resistant to fluconazole and 37.2% resistant to
ketoconazole.

The susceptibility of the isolates to the action of Miconazole and Nystatin were 85.8% and
96.8%, demonstrating activity against all isolates respectively. However, one C. kefyr and
one C. glabrata were resistant to Nystatin and only one isolate of C. albicans was resistant to
Miconazole. The remaining isolates were intermediately susceptible to the two drugs. The
frequency of non-albicans candida species isolated in HIV patients is increasing [6, 30]. The
highest resistant to fluconazole of non albicans Candida isolates (26.5%) than C. albicans
(6.6%) 1n this study and many others [25, 61] is suggestive of species identification and

antifungal susceptibility testing for successful treatment.
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7. Conclusion and Recommendations

This study showed C. albicans was the most frequently isolated species (68.4%) followed by
(30.3%) non albicans Candida isolates and (1.3%) non-Candida yeasts. The antifungal
susceptibility profiles of all isolates were from 79.4-96.8% susceptible, 1.9-13.5% intermediate,

and 0.6-12.3% resistant depending of variation in yeast and the six antifungal drugs assessed.

The distribution of oral yeasts including Candida species is changing and the resistance to
antifungal drugs is increasing. A national surveillance to study the epidemiology and the
susceptibility pattern of Oropharyngeal yeast isolates to antifungal drugs is recommended.
Simple and accessible technologies to identify and examine the susceptibility pattern of yeasts
are recommended to accessible in Ethiopia, so that early isolation, speciation and antifungal
susceptibility will aid  the clinicians to institute proper antifungal therapy thus decreasing

morbidity and mortality.

A combination of phenotypic methods can be useful for the presumptive identification of yeasts.
It is recommended to investigate different samples from HIV patients and control health
individuals for the spectrum of yeasts and the susceptibility pattern of candida species to
different antifungal agents employing simple and rapid emerging identification and susceptibility
testing methods. As shown in this study and many others, the use of HAART decreases the
colonization by yeasts and incidence of OPC. As a result, early initiation of HAART is

encouraged.
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Annexes

Annex 1. English Versions of Participant Information Sheet
My name is BIRHAN MOGES. I am a laboratory technologist postgraduate student at
Addis Ababa University. Now I am conducting a study entitled Species distribution and in
vitro antifungal susceptibility of Oropharyngeal yeast isolates from HIV patients in
Zewditu Memorial Hospital, Addis Ababa, Ethiopia.
You are invited to participate in this study. Please read the following statements and ask
any unclear points before you agree to participate. If you agree to be included in this study,
I would like to ask you to sign on a document to show your agreement; participate
accordingly, and give clinical specimen.

Introduction
The topic of this study is Species distribution and in vitro antifungal susceptibility of
Oropharyngeal yeast isolates from HIV patients in Zewditu Memorial Hospital, Ethiopia.
Since Oropharyngeal yeasts are the major opportunistic health problems in the world, the
result of the study can be helpful in planning and intervention to solve the problem in our
country. Participation in this study is exclusively voluntarily. If you are not interested to
participate or if you once decide to participate and withdraw yourself at any time, there will
be no consequences and you will get all the services provided in the hospital with no
problem. If you decide to participate, you have to sign on the assent/ permission template

form and you may obtain a copy of this information sheet.

Expected from participants
As a participant of this study, you are expected to give Oropharyngeal swab or oral rinse.
Being asked to give sample does not neccessarly mean that you have the disease.When you
are found to be positive for the micro-organisms, you will be informed by the health
worker and receive proper treatment. You need to know that your results might be
discussed with other appropriate individual out of this hospital. But your name, address will
not be disclosed rather an identification code will be used in such conditions.

Time required for participation

You will spend 2-5 minutes until the specimen is collected and permission form is signed.
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Risks of participant
Specimen collection will be done using sterile swabs that will have no effect and you will
not get any risk as the sample will be collected by well trained professionals.

Confidentiality
The information in your records is strictly confidential. All information that you give and
the results from your specimen will be used for this study only. Only limited numbers of
professional will have access the information. The information will be encoded in a
computer and saved with password protection.

Benefits of participation
By participating, you will get no financial benefits. Even though there is no direct benefit
due to participation in this study, the findings of the study is useful for better understanding
of the problems Oropharyngeal yeast infections. You will also obtain all the results of the
analysis for free and communicated to your physician for the appropriate management.

Rights of participants
Your participation is completely voluntary, and you can refuse to participate or withdraw
from the study at any time. Refusal to participate will not result in loss of medical care
provided or any other benefits. You can get your results of the analysis.

Communication
In case if you have any questions, unclear ideas and doubt about the project, contact
addresses are: Investigator: Birhan Moges (BSc), DMLS; AAU, +251913695895, Email-
ebmoges@gmail.com

Advisor: Adane Bitew (PhD), DMLT, AAU, +251911039162
For additional information, please contact Addis Ababa University, College of Health
Sciences; Department of Medical Laboratory Sciences at: Telephone +251112755170.
Your signature below indicates that you have read /or listened, and understand the
information provided for you about the study. Before you sign,please understand 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 question. 1 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: Amharic Versions of Participant Information Sheet

Arx OCY7T P10 AOAAU-:: (A%0 ANO LLOCALE mS 4870 hAS:E fvhd®e ANG-R4 ALTN
FUCT hEA CUNTT 8.4 914 AP7 PIPCIPC (427 Navhid-t AL AT1TAU~:: ACALI® OHY 74T
AL A19.40T¢ TINHPA:: OTGT APA+§ 49T 1@ htolav: av(\999+Py 001048, 2hav ¥yt
AR A749.4.L07 h@PAU-::

a(L: PTGE CON “NAG @AT P9UTF &710F PHCP ACT TS NAL-4710 av@yYitF  oC
PAFAQY oG (HOSE aFae PATFA holdhae et he O, FholPF: Adeie
090 CON APMGU- AIGAU:: LU TGH® (hAFd avte LPLYIE AL +apaCt NAE O(OT
PILTE &M0TF PHCP ACTTE NAZL-470 YT IC PAF@T +APRL ATIOP hG ATicom
avP12F7 AaPmBI® POFAA::

hrek e P9lm0e: (LY TGF  APAte P09 Yt hag @-AT GG +mC?
AT00L AT ATGE ATSOA o091 emOPNFA:: PmS QAP hACAP  GavGaLy
LAaNNNA::  ntOALMY® Gav¢ AL PUITF  aolBPTF RACAT  TIYYE PUIR1AA TINLEPTY
TINEIC AP ALCAT PaPAaAT aPlEPTF ALMIPCS AHY TGT AIAINT F PTl@4H avAg
®PC  Qeome9® hHY  PATIA @ ATTFR A0 A00rE ANFa. AP+ (L1C
Pa9e,Pmav-  avPry  avOIE eMOPNFA:: GG Am- TNt (3@ RTINPIA TNt
ALLAPP:: NACAL Gav§ @Ot PNAF AJPR +UPH (LT7 nG OAGPPD. ANLA LD VNI
P15

TAFL@. P99 0M4@. LH: CTHOE AT YOIt PR AGPLLIPG GTavG AaPAM T 2-5 LbP PALAIA::

0TSk NevAte: P9 PO AT FaCT: Goo¢ PO G2.9° 73U (P! 695 OAAMT OAgo-f
AALT N7LANANNT OPF 9°99° ARYTE TeIC ALANTANPTIP::

PaolB @ TATELEYE: T OIC Pam<t avlF WG NFOALD. Gavg AL FTT@.  PANLAS
Q.mt PTLOAD. ATGE AATT OF 1@ QUT TWEC ALTT ULt etOAr PSR 004
weAtETF  F  CF@:: hHUP AL A ACAL  LAALT T1IEDIC avlE PRAG-PA A
PhIPTOAC PaPLE TILC DOT AT9PIOT LLLIN::

0Tk (vAte PoLPaNTATA. PPF: (HY TT (PAteP 099077  PTYHA PPIIPPI° PAIP::
ADLLT (FardAL vt AT A NHFET NevlE AL P1avlA4 vh9PS AgPAMT PoHA:: PANG-FS
O.MAT7 019 L150E AT9.0-9° QA ANLALA. YRIPS hULIPP IC 1014
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PGk FA4FLPF eVt FONCP avie (oo NEPLTVE AL Ptaowlts HAtEPT avto-S
N9TED-9° A%t TGEY 989 e FAN:: TSR @AT LAY HATE N95 DI 1H, e99PLT v
(1P om0 haetPrg® NAL &-0PT TSR N999AAP N2t LULPCNPT TOI9° 40t RPATIA
RNt ARSCIP:: NHYP (ten 146 TGET (FavdAnt a17F @9 4t 7PE aomedbs 109
PTIT T Ao F AAPT:: PANLAFS PPCIPL DRI (119 TIT T FAA::

AT 79%
LV7T TG (havAlrt @9 hHY D¢- (FHarL avph AATD.L TP S7Hg Foc 9 1Pe haet
N7LntA@. ALCA Gmpar::

F002.5945 1CYT 10 ((LAL0L)

eaeh: +251913695895

echhig°S ANGP6 AL FPUCT hed! Pms A0 DAL AG.0 ANA RZOCAE
A-"3£0: ebmoges@gmail.com

ATMNGE A% (L. (T hT.4)
P0eA +251911039162

Phh9°G AR 4270 TIPUCH hEAT PG A2 hAL A% ANO RLOCAT
Aten T4 avl s

A%.0 ANA RZACATE

£hh9°q A4 4870 TPUCT hed

adh: +251112755170 emet::

NHY OFF P9LTT@- 40P AWCAP STHAM@T aolF TAPT: aPNITPT AS aPTIHAPLT 271.eAL
10 NovgLPPP N4t AONPAT 0TGET GATDE RTATE TG PPavi Pavf@-i IR E a1
1t APRAPT R4S FATIEPA? PTGET avilneR, ATNLAUY AFPFAU- AGTP HL&FAU-::
avavd, 0@+ 97 WILWPIS ks 9°7 Anat A8 TFA +L&FAv-::

NTGE AL ATPATG]

AT~ - S U
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Annex III: English Versions of Consent form
This page contains an agreement signature to participate in the study entitled with “Species
distribution and in vitro antifungal susceptibility of Oropharyngeal yeast isolates
from HIV patients in Zewditu Memorial Hospital, Ethiopia”. So please read the
following points and sign your signature at the end in the space provided.

1. I understand the objective of the study “Species distribution and in vitro antifungal
susceptibility of Oropharyngeal yeast isolates from HIV patients in Zewditu Memorial
Hospital, Ethiopia” and I can communicate with the investigators when I want them.

I know that the information/ specimen that I will give used for this study only.
I understand that, all the information given for the study and the results are confidential.
I understand that I will not get any money for my participation.

I understand that I have a right to stop from participation any time in the study.

A

I understand all the information which is explained by specimen collector.

Signature of the participant:

Address of the participant:

Date:

Evidences of the agreement

Please direct any questions or problems you may encounter during this study to:
Birhan Moges
Department of Medical Laboratory Sciences, College of Health Sciences

Addis Ababa University
Mobile: +251913695895
Email:ebmoges@gmail.com

For additional information, please contact Addis Ababa University, College of Health
Sciences,

Department of Medical Laboratory Sciences at: Telephone +251112755170
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Annex I'V: Amharic Versions of Consent form

etade arrrt PR

2v 12 “Species distribution and in vitro antifungal susceptibility of Oropharyngeal yeast

isolates from HIV patients in Zewditu Memorial Hospital, Ethiopia” 99A+9> A& @O

POLTE &7I0T PHCE OCHT ThRl-470 Yt OC PAFQT aofrh)(0C HOS A avFA(L

POTHA hThoe 0ATARA FNTIPTE AdeLe” 191N Con PTAFd APt P& 102 (0P rgP

AONPT (HY OFF CTFHEHGTT 1TOT 245 APAte &5 PI@. rFdolav: ao\a1op Py 907,00,

&CTIPT NFT O HAM@- 03 AR KW18.4.L97 hMBPAU-::

1L AL “0A% @AT PTLTF 47T PHCE ACTTT NAL-47I0 av@YfF DC PAFAT avaoC
MH@QEA4 aoFA(Le POTHA hoLrhov: ChThen. TP T ATeRe” 09100 TGF AATT NL7
TTTHLANY-::

2. WAl PTLOALA. GG APGE AATT NF AT TL&FAU-::

3.0-c9° a0 EPF K 060G Mmyk: PPAMLEP aPPET HTTHLAAD-:

4.07GF AL 1avAtd, 9°79° RT7HA NGP AILTIATY +LE&FAu-::

5.0 PATPATG ATGU-I° (9775 D.9° LH, PTIRLT av(VF A F8ATT AD.BhAU-::

6. U-(v9° aolBPTF NANTFANZQ/PTF HIARAT 17 L& FAv-::

eratd, 4CT: —

PtAFd h&ea: ---

7

QAgPrE 0Pt 104 FPanCT

1.

2.

VT Tt (tavAt TPE (LTCPT @RI° HY D¢ (HHaPL avphe AATLLOTaPPT L7 T

ML FA@ ALCA @mepar-::

NC77 ™10

0LHN: +251913695895

PhhgPs ANgP6 AR TIPUCT hed

MG 4270 hAEE

A0 ANO RLOCACT

A-"1L0iebmoges@gmail.com
ATen16 LBz h40 ANA RLACAEE 2MhIPT Ale-RS AR H/heh emed::
aah: +251112755170
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Annex V: English Version of Assent form for Under 18 Years Participants

This page contains an agreement signature for family members or other adult guard for
participants under the age of 18 years to participate in the study entitled with “Species
distribution and in vitro antifungal susceptibility of Oropharyngeal yeast isolates from
HIV patients in Zewditu Memorial Hospital, Addis Ababa, Ethiopia”.
For this study oral swab samples will be collected using sterile swab. The sample collection
procedure does not induce pain or does not have any danger.
The sample collected will be used only for the study purpose and the result is strictly kept
confidential and if the disease causing agent is found in your sample the results will be
communicated to your physician for the appropriate management.
You will get no financial benefits. Participation in the study is completely voluntarily. You
can refuse to participate or withdraw from the study at any time. Refusal to participate will
not result in loss of medical care provided or any other benefits.

Do you allow the (name) to participate in the study?

Allow Participation

Signature of the participant:

Signature of the Guardian:

Address of the participant:

Date:

Evidences of the agreement
1.
2.

Please direct any questions or problems you may encounter during this study to:

Birhan Moges

Department of Medical Laboratory Sciences, College of Health Sciences

Addis Ababa University

Mobile: +251913695895

Email:ebmoges@gmail.com

For additional information, please contact Addis Ababa University, College of Health
Sciences,

Department of Medical Laboratory Sciences: Telephone +251112755170
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Annex VI: Amharic Version Assent form for Under 18 Years Participants

2 1& “Species Distribution and In vitro Antifungal Susceptibility of Oropharyngeal Yeast
Isolates from HIV patients in Zewditu Memorial Hospital, Addis Ababa, Ethiopia” 99A+9°
“0AF OQT PILTT 04710 HCLPT OCT TS NRAL-4.7I0 Y LtT IC PAFQT avp+o0C (HOSE
@A POTHA holrhov: T AL O FWTLPT” 0914 Con ATLNLLD- TGT Gav-G Adv@.NL
NN ORI° A APE AD- ALILPFD- N1] Aot (T APTF@ FAFELPT AP ParmeEf 1%
bl

ALY TG hAG OO (0PPL9 oG RTONAAT:: Ga0-G PPPIOOL (T aPAsP TRYTD- av-(r (100
ANTTI9TES DHY &7 TPI° AL PAPA 1@-:: Gav-G (FIONLNT LH P9LLCA YO LTLTC AL
U1 ALD UL LT PAD-gP::

ATGT PTLOALD Gav¢ ATGT AAT] IF R@-AA:: PGa0GD- @At POATEErE PP LY
Ng-G@m- @OT 00K AP HVPA  (LTINMS QAP-P@. ANLALD<T VIS L1504 :0T5E AL
oA +&P Jo39° e1IHN NG ALTFIP:: (TG E ATPAFG Pavgid 9P (P1 PATPGPL: K79.U-9° 977G M.I°

LH 099K a1t AAP T (O9°) N TG E AP0 TE/ W2 TG LEAPAN?

4.PL5 NPk
erATE LCTTE- - PPLO- AN &CE
N YAH ¢7: —-
Nagerk oPt 2104 PaheT
1. 2.

eUT TGt (tevAt TPE (LSCPT @EI® NHY D¢ (FHavL avpe AALL TavPt  S1HE
FOC NN FAQRAL A empar::

NCY7 10 P02 : +2519136958957 A.-72L240: ebmoges@gmail.com

echh9°q Ae-F6 AN FIPUCT h&AT Pm.T 4270 PASE A%0 AN LOCA

AFen996 avl B WSO ANA RZACA E Pchh9PT ANE-Fé 4270 T/h&A emed::
adh: +251112755170
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Annex VII: Laboratory test Procedure for Specimen Collection and Processing

Sample collection, processing, inoculation, biochemical and drug susceptibility testing will

carried out using different microbiological methods described by different researchers [62].

A. Collection and processing of Oropharyngeal Swabs

1.

Firmly swab the oral lesions when present, the oral cavity mucosa using sterile cotton
swab, the dorsal surface of the tongue, and the floor of the mouth [14, 18].

The collected swab samples were placed in Amie’s transport medium aseptically
immediately after collection.

Transport the samples with appropriate temperature and minimum of delay to the
Microbiology laboratory.

Inoculate the swabs on to Sabouraud Dextrose Agar media supplemented with

chloramphenicol.

. Incubate at 35°c for 24-48hrs [32]. Plates with no growth after 48 hours will be re-

incubated for a further one week [29].
Use a pure colony for the identification of the species using standard conventional

mycological methods. Morphological and biochemical properties.

B. Identification Tests for Yeasts

1. Germ Tube Test:

The germ tube test provides a simple, reliable and economical procedure for the presumptive

identification of Candida albicans. About 95% of the clinical isolates produce germ tubes

when incubated in serum at 35°C for 2.5-3 hours.

Procedure:

1.1. Two to three fresh colonies of yeast were inoculated into 0.5 ml of human serum.

1.2. Incubate at 37° C for 2-3hrs.
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1.3. After desired period of incubation, place a loop-full of culture on a glass slide and
overlaid with a cover-slip and observe under microscope for germ tube formation [43].

1.4. The appearance of small filaments projecting from the cell surface confirmed formation
of germ tubes [4].

2. Growth at 45°C /Temperature tolerance/:

1. Identify isolates with positive Germ tube test.
ii. Inoculate into SDA plates.
iii. Incubate at 45°C in aerobically.
iv. Observe for any growth daily for 10 days.
Unlike C. albicans, C. dubliniensis lacks the ability to grow at 45°C [43].
3. Carbohydrate Assimilation Test:
The ability of yeasts to use a particular carbohydrate as a sole source of carbon in a
medium can be used to isolate the species. Yeast Nitrogen Base contains all essential
nutrients and vitamins necessary for the cultivation of yeasts except a source of
carbohydrate.
1. Prepare Yeast Nitrogen Base (YNB) (Difco Laboratories, USA) as manufacturer’s
specification.
i1i. Using a sterile cotton swab, remove the growth from the subculture and suspend in 9 mL
sterile normal saline.
1ii. Using a new sterile swab, uniformly inoculate the medium with the yeast suspension.
iv. Following inoculation, paper disks soaked in 1% w/v solution of different carbohydrates
including Glucose, Maltose, Sucrose, Lactose, Raffinose, Mellibiose, Xylose, Galactose,
Inositol, Dulicitol, Cellobiose and Trehalose were placed onto the surface of the medium.
v. Press each disc with sterile forceps to make good contact with the agar surface.

vi. Incubate the plates in an inverted position (agar side up) at 25°C for 48—72 hours.
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vii. The carbohydrate assimilation was observed with a presence of a halo of growth
around each carbohydrate.
C. Antifungal Disk preparation
The powder of the disks were dissolved using dimethyl sulfoxide (DMSO) (Sigma Aldrich,
Germany). Manufacturer’s recommended concentrations, other previous researches and the
CLSI guidelines were used for the preparation process, storage and use of antifungal
susceptibility disks.

Procedure:

i. Dissolve the antifungal powders in their specific solvents (Fluconazole, Clotrimazole,
Nystatin, Miconazole, ketoconazole and Amphotericin B with DMSO).

ii. Twenty mg of the antifungal drug powder was soaked in 20ml of DMSO in six different
test tubes (1mg/ml antifungal agent solution).

iii. Load 10ul Clotrimazole (10png/disk), 25 ul Fluconazole (25pug/disk), 10 ul Ketoconazole
(10pg/disk), 10 ul Miconazole (10ug/disk), 50 pl Nystatin (50pg/disk), and 10 ul
Amphotericin B (10pg/disk) according to the Rosco Diagnostica Company
(Neosensitabs, Denmark), (Hi-media, India), and CLSI.

iv. Dry the disks and store at 4°C until use within 1 to 2 weeks [4, 16, 50, 59].

D. Antifungal susceptibility Testing

Procedure
1. Prepare a suspension of the yeast by emulsifying 3-5 colonies in a SmL normal saline.
il. Adjust the turbidity of the suspension to a 0.5 McFarland standard by adding

sufficient sterile saline or more colonies [12, 31, 41].
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1il.

1v.

Vi.

Vii.

Viii.

1X.

E.

Dip a sterile cotton swab in to the suspension and rotate several times and press
firmly against the inside wall of the tube above the fluid level to remove excess fluid
from the swab.

Evenly streak the swab over the entire agar surface SDA (Lab M limited, Lancashire,
UK) and exposed to air dry [4].

Dispense the antifungal disks onto the surface of the inoculated agar plate and press
down to ensure its complete contact with the agar surface.

Place the plates in an incubator set to 35 °C (+2 °C) within 15 minutes after the disks
are applied.

After 24-48hrs measure zone diameter.

Inhibitory zone diameters were measured at the transitional point where growth
abruptly decreased, as determined by a marked reduction in colony sizes.

Interpret the reaction of the test to each antifungal agent used as susceptible,

susceptible dose dependent, or resistance as per the CLSI standard.

Criteria of specimen rejection

v" Inappropriate specimen transport device,

v Mislabeled specimen and unlabeled specimen.
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