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ABSTRACT
Oropharyngeal candidiasis (OPC) is the most prevalent opportunistic fungal infection in
people living with HIV/AIDS (PLWHA). In recent times, there have been concerns about the
rising incidence of non albicans Candida (NAC) causing this infection. These species also
tend to have reduced susceptibility to fluconazole compared with C.albicans. This study
investigated the distribution of Candida species in the oral cavities of PLWHA as well as
their fluconazole susceptibility profiles.
Three hundred and fifty adults with confirmed HIV infection attending the antiretroviral
treatment clinic at the University of Benin Teaching Hospital were recruited to participate in
the study. Three hundred and fifty HIV-negative voluntary blood donors were recruited as
controls. Their oral cavities were sampled using swab sticks and the presence or absence of
OPC lesions was noted. Socio-demographic and clinical data were obtained using a
structured researcher-administered questionnaire. Isolates of Candida were identified using
germ tube test, CHROMagar Candida (CHROMagar, France) and API Candida yeast
identification system (Biomérieux, France). In vitro fluconazole susceptibility was
determined using the disc diffusion method according to the M44-A2 document of the
Clinical and Laboratory Standards Institute (CLSI). Data were analysed using SPSS version
21 and significance level was set at P ≤ 0.05.
The isolation rates for Candida amongst HIV-infected subjects and HIV-negative controls
were 20.6% and 3.4%, respectively. The prevalence of OPC was 4.9%. In PLWHA, Candida
albicans was the most frequently isolated species (81.3%). Non-albicans Candida isolated
included C.parapsilosis (6.7%), C.glabrata (5.3%), C.tropicalis

xii

(2.7%), C.krusei (2.7%) and C.famata (1.3%). Ninety four per cent of OPC cases were
caused by C.albicans. CD4+ cell counts< 200cells/µL and absence of HAART were
associated with OPC. 24% of all Candida isolates from PLWHA showed resistance to
fluconazole with NAC demonstrating 50% resistance rate.
Candida albicans is the most frequently isolated species but non albicans species also
colonise the mouths of some HIV-infected adults. The fluconazole resistance rate is quite
high even among C.albicans isolates. It is recommended that identification and susceptibility
testing be routinely carried out for all cases of OPC, especially in PLWHA. Future research
should substantiate the role of non-albicans Candida in OPC and determine susceptibility
profile of Candida species to a variety of alternative antifungal agents.
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CHAPTER ONE
INTRODUCTION
1.1 Background
Oropharyngeal candidiasis (OPC) is the most prevalent opportunistic fungal infection in
HIV-infected individuals1-3. It is a clinical predictor for progression to AIDS1, 4-6. Up to 90%
of HIV-infected individuals experience at least one episode of OPC during the course of the
disease and, in the setting of immunosuppression, recurrence is common7,8. A review of
reports on oral lesions from developing countries over a period of 14 years (1990- 2004)
revealed that OPC was the most commonly reported oral lesion in HIV infected adults and
children in India, Thailand, Africa and Latin America9. Adedigba et al reported OPC to be
the commonest oral manifestation of HIV infection in Nigerian patients10.
Traditionally, the most frequently adopted classification of oropharyngeal candidiasis has
been the one proposed by Lehner in 196711,12. He classified OPC as acute
pseudomembraneous candidiasis, acute atrophic candidiasis, chronic hyperplastic candidiasis
and chronic atrophic candidiasis. More recently, a dichotomous classification was proposed
by Samaranayake et al to delineate primary oral candidiasis, i.e infections confined
exclusively to oral and perioral tissues, from secondary oral candidiasis, where there is
involvement of other parts of the body as a result of systemic mucocutaneous disorders12. The
primary

type,

known

as

group

1

lesions

encompasses

the

clinical

variants-

pseudomembranous, erythematous and hyperplastic (nodular and plaque-like). It also
includes Candida-associated lesions such as angular cheilitis, denture associated stomatitis,
median rhomboid glossitis and linear gingival erythema which are assumed to have multiple
causes. In addition, Axell and Samaranayake proposed the addition of keratinized primary
lesions superinfected with Candida12. These keratinized lesions include leukoplakia, lichen
planus and lupus erythematosus. The secondary oral candidiasis lesions are found in
1

conditions such as familial chronic mucocutaneous candidiasis, candidiasis endocrinopathy
syndrome, severe combined immunodeficiency, Di George syndrome and chronic
granulomatous disease and are referred to as group 2 lesions11,12.
Although the overall prevalence of oral manifestations in HIV infection has dropped since the
advent of highly active antiretroviral therapy (HAART), OPC remains a common cause of
morbidity in this population13,14. This is especially true for developing countries where access
to HAART remains limited and the full potential impact of antiretroviral therapy is hampered
by issues such as delayed diagnosis and treatment, suboptimal adherence, toxicity and
resistance to therapy15. On a global scale, 50% of HIV- infected individuals and 90% of those
with AIDS suffer from OPC. With approximately 4 million cases of HIV per year, this
equates to about 2 million cases of OPC annually16. The exact rates vary in different
geographical regions. A point prevalence study conducted in Mexico by Sanchez-Vargas et al
showed a prevalence of 31.6%17. In India, prevalence rates recorded range from 39.3% in the
study by Bodhade et al to 71.25% in the study by Anwar et al18,19. Agwu et al recorded a
prevalence of 52% in Southwest Uganda while a prevalence of 12% was recorded in
Tanzania by Matee et al20,21. In West Africa, prevalence ranges from 9.68% in Dakar,
Senegal to 75.3% in Accra, Ghana22,23. In Nigeria, prevalence rates ranging from 9.68% to
34.3% have been recorded in Jos, Abakiliki and
Lagos24-26. Lack of uniformity in study group selection, case definition and method of
identification, however, makes it difficult to compare available data23.
There are over 150 species of Candida, a small percentage of which are human
pathogens27,

28, 29

.They cause diseases ranging from superficial mucosal infections such as

OPC and vulvovaginal candidiasis to disseminated disease. While Candida albicans remains
the most frequently implicated pathogen, non-albicans Candida species have gained
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prominence in recent times as emerging opportunistic pathogens and are increasingly being
isolated from HIV-infected patients with OPC8,13. Non-albicans Candida species accounted
for 3.4% of oral isolates from HIV-infected patients in the 1980’s but had risen to 16.8% by
the 1990’s30. Among non-albicans Candida, the species most frequently isolated from the
oral cavity of HIV-infected patients include C. tropicalis, C.glabrata, C.parapsilosis,
C.krusei, C.lusitaniae, C.guilliermondii, C.kefyr and C.dubliniensis31. C.dubliniensis was
first isolated from oropharyngeal lesions in HIV patients in Dublin32. Since its original
description in 1995, it has been recovered from 25% of HIV-positive Irish patients and
reports suggest distribution over a wide geographical range including Europe, North and
South America as well as Australia31,32. Less frequently isolated species include
C.norvegensis, C.inconspicua and C.rugosa31. The shift to non- albicans Candida species
may be the result of repeated exposure to antifungal agents33. Studies have shown the
replacement of C.albicans with C.dubliniensis in HIV-infected patients with prior exposure
to fluconazole34. The upward trend in the diagnosis of non-albicans Candida may also
reflect increasing awareness and better laboratory identification techniques. For instance, in a
retrospective evaluation of isolates originally identified as Candida albicans in a laboratory
in Maryland, USA, 1.2% were discovered to be C.dubliniensis35. Similarly, using molecular
typing, Odds et al found that 2.1% of isolates from stock cultures of yeasts originally
identified as C.albicans were actually C.dubliniensis36. The relevance of non-albicans species
lies in their frequent association with drug resistance as well as recurrent and refractory
infections37.
Despite the extensive research dedicated to the development of new therapeutic strategies,
there remain a limited number of drugs available for the treatment of fungal infections38.
Most antifungal agents fall under any of five major groups based on their mode of action;
group 1: inhibition of RNA and/or DNA synthesis (fluorinated pyrimidine analogues- 5FC);
3

group 2: alteration of membrane function (polyenes: nystatin, natamycin, amphotericin B);
group 3:alteration of cell wall biosynthesis by inhibition of β(1,3) glucan synthase
(ehinocandins: caspofungin, micafungin,anidulafungin); group 4: inhibition of ergosterol
biosynthesis by inhibition of squalene epoxidase and/or accumulation of toxic sterol
intermediates (allylamines: terbinafine and naftifine); and group 5 : inhibition of lanosterol
demethylase in ergosterol biosynthesis (azoles)38,39.The drug of choice for treatment of OPC
in HIV/AIDS patients is fluconazole37,40. It is an azole which became available for use by
clinicians in 199037. It is suitable for the treatment of superficial candidiasis (oropharyngeal,
oesophageal or vaginal) as well as disseminated candidiasis, cryptococal meningitis,
coccidiodomycosis and cutaneous candidiasis but is ineffective against most infections
caused by moulds41. Its excellent pharmacokinetic profile, low toxicity and broad spectrum of
activity made this triazole the gold standard treatment of fungal infections during the 1990s.
However, widespread use of fluconazole in the treatment of HIV-infected persons with
recurrent OPC has resulted in selection of Candida species intrinsically less susceptible to
azoles and in the emergence of azole drug resistant strains in these patients due to acquisition
of resistance by previously susceptible strains of C.albicans41,42. Several studies have
estimated the incidence of fluconazole resistance to be between 6 and 36% depending on the
patient group studied and the case definition used43. Rates of 9.5% and 11.7% were recorded
in two independent studies conducted on isolates from HIV patients with OPC in Nigeria26, 44.
Another study conducted on vaginal Candida isolates revealed a fluconazole resistance rate
of 7.14%45. While primary fluconazole resistance was hitherto uncommon among Candida
albicans, the widespread use of long term low dose fluconazole in the HIV-infected
population has resulted in triazole resistant C.albicans

isolates3, 46. On the other hand,

certain non-albicans species, such as C.krusei, are intrinsically resistant while others like
C.glabrata and C.dublinensis can rapidly develop resistance13,47. A shift in the epidemiology

4

of oropharyngeal candidiasis from Candida albicans to any of these species would, therefore,
significantly impact the utility of fluconazole as empiric treatment for oropharyngeal
candidiasis3.

1.2

Rationale for the study

Although OPC is not a life threatening infection, it significantly lowers the quality of life of
HIV-infected patients. Consequently, the treatment of oropharyngeal candidiasis is an
integral aspect of the management of this group of individuals. Diagnosis is often clinical and
empirical treatment is usually given without a perceived need for laboratory characterization
by the managing physician.
The utility of fluconazole as empirical treatment in this group of patients could be
significantly impacted by changes in species distribution as well as drive development of
resistance to the drug. Accurate identification of the infecting organism to species level and
determination of its susceptibility profile, therefore become crucial for successful
management.
In Nigeria, there is paucity of epidemiological data pertaining to OPC when compared to the
extensive research conducted in the developed world. A literature search for previously
published local data yielded only a handful that analyzed species and antifungal susceptibility
profiles; none of these was conducted in the study area24-26,44.
The recorded global increase in resistance of Candida species to antifungal agents and the
emergence of species capable of causing disease entities previously the domain of Candida
albicans warrants identification to species level in virtually every situation. This study will
help to establish baseline epidemiological data on Candida colonization and infection in the
oral cavity of adult HIV patients as well as the in vitro fluconazole susceptibility pattern in
5

the study area. Such data will be helpful in making useful decisions regarding the
management of these patients.

1.3

Aims and Objectives

1.3.1 General Objective
The goal of this study is to determine the distribution of different species of Candida that
cause oropharyngeal candidiasis in adult HIV patients in UBTH.
1.3.2 Specific Aims and Objectives
1. To identify the species of Candida involved in asymptomatic colonization in adult
HIV patients in UBTH.
2. To detect the species of Candida causing oropharyngeal candidiasis in adult HIV
patients in UBTH.
3. To ascertain the factors associated with oropharyngeal candidiasis in adult HIV
patients.
4. To establish the in-vitro sensitivity pattern of the Candida isolates to fluconazole.
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CHAPTER TWO
LITERATURE REVIEW
2.1

General overview of oropharyngeal candidiasis

Known since the era of Hippocrates, oropharyngeal candidiasis (OPC) is the most common
manifestation of candidiasis in humans27,48. It is an opportunistic yeast infection of the soft
and hard palates, pharynx, tongue and buccal mucosa13. The causative agent, Candida, is a
normal component of the human gastrointestinal microflora. Carriage rates of Candida
species in the general population have been reported to range from 20-75% without causing
symptoms49.The frequency of oral yeast carriage in the competent host was found to vary as a
function of age50.The colonisation rates increase from 24% in persons aged 5-7 years to 59%
in persons above the age of sixty8. The incidence of carriage may increase under conditions
of immunocompromise.
OPC usually occurs as a result of overgrowth of colonising Candida species. It is manifested
by symptoms such as local discomfort and altered taste sensation as well as characteristic
lesions. Severe OPC can interfere with administration of medication and adequate nutritional
intake51. The most serious complication of OPC is extension into the oesophagus resulting in
oesophagitis which manifests with dysphagia and retrosternal pain8.
The factors which predispose to overgrowth of Candida, and hence OPC, include alteration
of the normal flora after prolonged antibiotic therapy, low pH of the salivary glands in
newborns, hypertrophy of the papillae of the tongue, chronic glossitis and wearing of
dentures48. It is also particularly common among the immunocompromised including patients
with diabetes mellitus, leukaemia, HIV infection and AIDS.
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2.2

Aetiology

Candida albicans is the commonest species encountered as well as the most frequent cause of
OPC in both immunocompetent and immunocompromised patients. It is also the most
virulent species. Its ability to form germ tubes and chlamydospores on cornmeal agar
distinguishes it from most of the other species of Candida. There are 2 serotypes of
C.albicans, A and B, based on agglutination reactions with antiserum against Candida
antigenic factor 652.It ferments glucose, maltose, galactose and trehalose but not sucrose and
lactose.
Candida dublinensis is phenotypically similar to, but genetically distinct from C.albicans52.
Both are known to produce germ tubes and chlamydospores. Features which distinguish
C.dublinensis from C.albicans include production of dark green colonies on CHROMagar
candida, failure to grow or poor growth at 42°C, lack of glucosidase activity and lack of
fluorescence under UV light when grown on methyl blue-Sabouraud agar. This organism has
been recovered with increasing frequency from the oral cavities of HIV-infected and AIDS
patients as well as non infected subjects53. It has been implicated as a causative agent of OPC
particularly in patients with recurrent infections32.
Candida tropicalis is, perhaps, the most virulent of the non-albicans Candida species31.
The advent of HIV infection and the widespread use of fluconazole to suppress fungal
infections in these patients have contributed to a significant increase in C.krusei infections
particularly because of the high incidence of resistance of the yeast to this drug54.In contrast
to a majority of the other Candida species which are ovoid in shape, the cells of C.krusei
have the appearance of long grain rice54. It is the only species of the medically important
Candida which grows on Sabouraud’s dextrose agar as spreading colonies with a matt or
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rough whitish yellow surface, in contrast to the convex colonies of other Candida species.
Out of a large panel of carbohydrates, it assimilates and ferments only glucose54.
Earlier, C.glabrata was considered a pathogen that causes infection only when detected with
C.albicans. However, it is now emerging as an important pathogen in both mucosal and
bloodstream infections55. C.glabrata associated OPC in HIV-infected and cancer patients are
considered more severe and more difficult to treat55. This is as a result of its ability to quickly
develop resistance to fluconazole. Cross resistance to the newer azoles has also been noted. A
unique feature of C.glabrata is its inability to form pseudohyphae, both in infected tissues
and in culture56.
Other medically important species include C.guilliermondii, C.kefyr, C.parapsilosis and
C.lusitaniae and these have been implicated in OPC as well31.

2.3

Epidemiology of OPC in HIV infection

Oropharyngeal candidiasis is the commonest opportunistic infection in HIV-infected
individuals. As documented in a variety of local and international studies, it is the commonest
oral manifestation in HIV infection18,57-59. In a prospective study conducted in Lagos, it
accounted for about 47% of the oral lesions seen in a cohort of newly diagnosed adult HIV
patients57. OPC accounted for 71.9% of the oral lesions seen in paediatric HIV patients in
Kano during the course of a cross sectional study59.
Worldwide, 50% of HIV-infected individuals and 90% of those with AIDS suffer from oral
candidiasis. With about 4 million cases of HIV per year, this equates to about 2 million oral
candidiasis cases every year16.

Prevalence rates vary in different geographical regions.

According to results of the study conducted by Enwuru et al, the prevalence in Nigeria is
34.3%26. One study noted a prevalence of 31.6% in Mexico and a point prevalence study
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carried out in Texas, USA noted a rate of 31%17,60. It can occur at anytime during the course
of HIV infection, irrespective of the stage, including primary HIV infection, the chronic
asymptomatic phase and overt AIDS61. However it is more prevalent in the later stages of
severe immunosuppression when relapse rates are as high as 30-50%62.
The majority of cases of OPC are caused by Candida albicans both in HIV-infected and HIV
negative cases. In Africa, it accounts for 40-80% of cases of OPC in HIV-infected
subjects23,26,33. However, the emergence of non albicans species of Candida as causative
agents amongst HIV-infected individuals has been noted. Barchiesi et al observed that nonalbicans strains accounted for 3.4% of cases during the late 1980’s compared to 16.8%
during the 1990’s30. The more commonly isolated non-albicans Candida species include
C.tropicalis, C.glabrata, C.krusei, C.parapsilosis and C.dublinensis8. In Nigeria, C.tropicalis
was the commonest non albicans species isolated, followed by C.krusei and C.glabrata26.
The order of frequency was similar in the study by Kwamin et al in Ghana23. In Tanzania,
C.glabrata was the commonest species other than C.albicans33. Multiple Candida species are
recovered from a single specimen in 5-10% of cases8. Mixed infections usually involve
Candida albicans in combination with any of the other species commonly C.glabrata,
C.krusei, C.dublinensis or C.tropicalis8. In the study by Martins et al, all cases of OPC were
caused by C.albicans alone or in combination with C.glabrata60.
CD4+ cell counts < 200/µL and high HIV RNA burdens (>10,000 copies/ml) are associated
with an enhanced risk of OPC in HIV-infected patients61. Gottfredson et al found
oropharyngeal Candida colonization to be more strongly associated with plasma HIV-1 RNA
than with peripheral CD4 cell counts63. The use of highly active antiretroviral therapy has
been found to decrease the frequency of OPC. Researchers have noted a significant decrease
in prevalence of OPC following the use of protease inhibitor containing regimens64.
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2.4

Pathogenesis of OPC

Candida species represent part of the normal skin, genitourinary and gastrointestinal
microflora47. After colonization, effective host defence mechanisms in the oral cavity keep
the organisms in low numbers for months or years in the absence of inflammation. The onset
of lesions depends on imbalances between Candida virulence attributes and progressively
impaired host mucosal defences as is seen in the sequential development of HIV infection61.
In a study carried out on oral Candida isolates obtained from HIV infected patients, the
genotype distribution frequency was similar to that seen in non HIV-infected subjects65. This
proves that rather than HIV-associated OPC being caused by a unique or particularly virulent
strain of Candida, defects in host defence mechanisms play a more important role8.
In the mouth, epithelial physical barrier, saliva, salivary IgA, lysozyme, histidine-rich
polypeptides and lactoferrin seem to play a role in keeping Candida under control. Cell
mediated immunity is also predominant in the host defence against Candida infection.
No single primary virulence factor has been identified with Candida species28. The transition
from commensal to pathogen can be attributed to an extensive repertoire of virulence
determinants selectively expressed under suitable predisposing conditions66. Naglik et al
summarized the principal virulence attributes as well as their putative roles66. These attributes
include adhesins, hyphal production, phenotypic switching and extracellular hydrolytic
enzyme production which among many other factors suggested have been the most widely
studied in recent years67. These factors play various roles of adhesion, colonisation, nutrient
acquisition, invasion, tissue damage and evasion of host response that aid in pathogenesis66.
Adhesion of Candida species to the epithelium of the gastrointestinal or genitourinary tract is
a critical first step in the pathogenesis of mucosal infections68. Specific adhesion between
Candida and receptors on host cell tissue result in stronger covalent attachments than the
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weak initial adherence attributable to cell hydrophobicity28. Important adhesins of Candida
albicans and C.glabrata that aid binding to receptors on human buccal epithelial cells have
been identified including Als1p, Hwp1p and Mnt1p69-71.
Morphogenesis, which refers to transition between unicellular yeast cells and a filamentous
growth form, is another well documented virulence factor of Candida species67. C.albicans
and C.dubliniensis are known to form both pseudohyphae and hyphae. Hyphae have greater
resistance to phagocytosis compared with yeasts, have enhanced adherence to host surfaces
and are better able to invade epithelial layers resulting in tissue damage28.The production of
hyphae is also linked with enhanced expression of several putative virulence genes72.
Phenotypic switching has been demonstrated in vitro in Candida species. High frequency
switching strains have been proposed to have greater virulence, as replication of this property
in vivo might aid in evading recognition by adaptive immune responses as well as promoting
biofilm formation28.
The possession of certain extracellular hydrolytic enzymes which contribute to invasiveness
plays a critical role in pathogenesis of Candida infections73. Secreted aspartyl proteinases, in
particular, have been linked to Candida virulence in OPC28,66. At least 10 different genes
encode SAPs in Candida albicans and the resulting proteins are designated SAPs 1-1028. The
presence of SAPs is not limited to Candida albicans but has also been demonstrated in
C.tropicalis, C.parapsilosis and C.guilliermondii74. In vitro models of human oral candidiasis
showed expression of SAP 1-3 within 42 hours post infection of tissue, followed by SAP 6 at
48 hours and SAPs 2-8 at 60 hours67. The expression of these genes was correlated with
tissue invasion and it was concluded that SAPs 1and 2 were needed for early invasion, SAP 8
for extensive penetration while SAP 6 was needed for extensive hyphal growth67. Evidence
for the putative virulence conferred by SAPs is also shown by the observations that less
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pathogenic or non pathogenic Candida species do not appear to produce significant amount
of proteinase even though they may possess aspartyl proteinase genes66. In addition, the
aspartyl proteinase inhibitor, Pepstatin, has been used to demonstrate the contributions of
these proteinases to C.albicans adherence, invasion and infection66. The contribution of SAPs
to pathogenesis of OPC in HIV infection is of particular interest and has been the focus of
extensive research75-80. Studies have shown that increased SAP activity occurred in
C.albicans strains isolated from HIV positive patients with oropharyngeal candidiasis
compared with HIV negative C.albicans carriers or even HIV negative subjects with oral
candidiasis66,75-77. Candida proteinases and HIV proteinase are members of the same aspartyl
proteinase family and this finding led to the hypothesis that HIV protease inhibitors may also
act against Candida aspartyl proteinases in vivo and consequently prevent or reduce Candida
infections directly28,78-80. The result was a gamut of studies to determine the potential of this
class of drugs as therapeutic agents in the treatment of C.albicans infections. Ritonavir was
found to potently inhibit C.albicans SAP 2 activity consistently while saquinavir, indinavir
and nelfinavir inhibit it to various degrees81-83. Only ritonavir and saquinavir were able to
inhibit the activity of secreted proteinases purified from C.tropicalis, C.parapsilosis and
C.lusitaniae83.
As previously noted, the presence of HIV infection has a direct impact on the pathogenesis of
OPC outside the decline in immune function. There is obviously an HIV-related
susceptibility to OPC since it has been found to occur in HIV positive individuals with
normal CD4 cell numbers and no obvious systemic immunosuppression84. The envelope
proteins have been noted in vitro to enhance Candida infections in several ways. Gp120 is
able to impair the fungicidal ability of monocytes by influencing mechanisms such as the
generation of reactive oxygen intermediates. Thus, HIV could promote the intracellular
survival of C.albicans and replication of the fungus and consequent destruction of phagocytic
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cells85. HIV has also been postulated to alter virulence of Candida albicans by direct
interaction. Gruber et al noted enhanced secretion of aspartate proteinases by Candida
albicans in vitro after treatment with gp160 and gp4182.

2.5

Clinical Presentation of OPC

Oropharyngeal candidiasis may present in a variety of clinical forms27,28. There are four
typical presentations.
Pseudomembranous candidiasis, also known as thrush, presents as white patches or plaques
on the oropharyngeal tissues
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. These creamy white lesions may be scraped away leaving

behind an erythematous mucosal surface. It occurs in immunocompetent persons in the
setting of extended broad spectrum antibiotic use. It may also occur in situations of local
immunosuppression such as steroid inhaler administration for the treatment of asthma, in
newborns

with

an

immature

immune

system

and

in

acquired

or

therapeutic

immunosuppression. In HIV infected individuals, it most commonly occurs when the CD4+
cell count drops below 200/µL47. This is the commonest presentation of OPC among HIVinfected adults in Nigeria10,

57-59,86,87

. Chronic forms of this presentation may progress to

involve the oesophagus28.
Erythematous candidiasis presents as red, flat, subtle lesions on the dorsum of the tongue
and/or the soft and hard palates14. This form is often consistently painful. It is often
underdiagnosed and misdiagnosed88. Most studies carried out in Nigeria identify this as the
commonest manifestation of OPC in HIV infected patients after the pseudomembranous
variant57-59. Taiwo et al, however, reported angular cheilitis, another variant of OPC to be the
second most frequently encountered form in Plateau state86. Erythematous OPC appears to be
the commonest form of OPC in the Indian sub-continent13,18.
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Angular cheilitis typically presents as cracks, ulcers or crusted fissures radiating from the
corners of the mouth. Candida is rarely the sole cause and sampling of affected sites
frequently reveals the presence of C.albicans often in combination with Staphylococcus
aureus. Angular cheilitis often occurs in patients with coexisting intraoral candidiasis.
Adebola et al found this to be the commonest oral manifestation of HIV/AIDS in paediatric
Nigerian patients59.
Hyperplastic candidiasis, also known as Candida leukoplakia can present on any oral
mucosal surface. It can appear as smooth or nodular white lesions. In contrast to
pseudomembranous candidiasis, the lesions of hyperplastic candidiasis cannot be removed by
gentle scraping. It commonly occurs bilaterally in the commissural regions of the buccal
mucosa. The highest prevalence is in middle aged male smokers. Chronic hyperplastic
candidiasis has a possible association with malignant transformation28.
The symptoms of OPC can be extremely variable and range from asymptomatic oral lesions
to a painful mouth, a burning sensation in the tongue and dysphagia. Severe OPC may
ultimately impair the quality of life and result in a reduction in fluid or food intake. The most
serious complication in untreated cases is extension of the infection into the oesophagus
leading to dysphagia, retrosternal pain and reduced nutritional intake8.

2.6

Laboratory Diagnosis of Oropharyngeal Candidiasis

The diagnosis of OPC is clinical47. Laboratory diagnosis, however, is required for speciation
and susceptibility testing which may be required in recurrent cases or when the patient fails to
respond to empirical therapy.
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2.6.1 Specimen collection
Specimens for laboratory diagnosis may be collected using various techniques. These include
use of smears, swabs, imprint culture technique, impression culture, collection of whole
saliva and oral rinse11,89,90. The choice of sampling technique is governed by the nature of
lesion to be investigated90. A smear is a simple and quick specimen collection method that
involves scraping with a spatula and smearing directly onto a slide. The swab method
involves rubbing cotton-tipped swabs over lesional tissue and selection of sampling sites is
critical. Imprint culture is done by placing a sterile plastic foam pad that has been dipped into
Sabouraud’s broth on the lesion for about 60 seconds and then pressing it unto Sabouraud
agar plate. The impression culture is used mostly as a research tool and involves maxillary
and mandibular alginate impressions cast in agar fortified with Sabouraud broth. Oral rinse
specimens involve the subject rinsing the oral mouth for 60 seconds with phosphate buffered
saline and returning the rinse into a universal container. This specimen is concentrated by
centrifugation before culturing.
Mucosal biopsy specimens may be required in cases of chronic hyperplastic candidiasis11.
2.6.2 Microscopy
Confirmation of a diagnosis of OPC may be accomplished using a 10% potassium hydroxide
slide preparation of a mucosal scraping or swab from suggestive oral lesions i.e exfoliative
cytology. Microscopy reveals the presence of blastoconidia and pseudohyphae.
Biopsy is rarely indicated but may be useful in cases of erythematous and hyperplastic
candidiasis. In such cases, specific stains which can demonstrate fungal elements such as
Periodic Acid Schiff stain (PAS), Grocott- Gomori’s Methenamine Silver and Gridley stains
should be used rather than the routine Haematoxylin and Eosin stain which stains Candida
species poorly90.
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2.6.3 Culture
Culture is needed for purposes of speciation and susceptibility testing. These are
recommended in recurrent cases of OPC and for patients who have been repeatedly exposed
to fluconazole and /or other triazoles91.
Culture should be done on fungal selective media such as Sabouraud’s dextrose agar with
added antibiotics to avoid overgrowth by colonizing bacteria. This medium is the routine
medium used in University of Benin Teaching Hospital, Benin. Candida species usually grow
within 24-48 hours producing creamy colonies with a yeasty odour. Yeast morphology can be
confirmed by performing a Gram stain of representative colonies.
After isolation, identification tests have to be done to identify the organism to species level.
This may take several days to complete, depending on the method used. Chromogenic media
have been developed which reduce the time for isolation and identification. These are based
on different enzyme activities among Candida species resulting in pigmentation of growing
colonies and thus providing identification92.
CHROMagar Candida is a differential chromogenic medium used for the recovery, isolation
of colonies and differentiation of species of Candida found in clinical specimens93. Different
yeast species react with the chromogenic substrates in the medium to yield colonies with a
characteristic colour which can provide a presumptive identification93-95. The medium also
facilitates the detection of mixed culture of Candida species as can occur in OPC. Candida
albicans typically gives green colonies; C.tropicalis gives metallic blue colonies with a pink
halo while C.krusei produces rough spreading colonies with pale pink centres and a white
edge92,94. In an evaluation by Pfaller et al, more than 95% of stock and clinical isolates of
C.albicans, C.tropicalis and C.krusei were correctly identified95. CHROMagar candida is
also useful in differentiating C.dublinensis from C.albicans following plating from clinical
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specimens. The colonies of C.dublinensis appear dark green in contrast to C.albicans which
gives a much lighter blue-green colour32.
Other commercially available chromogenic media include Candida ID 2, which compares
well to CHROMagar candida, and Albicans ID 2 which is only useful in the identification of
C.albicans92.

2.6.4 Identification tests
After isolation on culture media, steps are taken to identify the yeast grown. Identification
protocols include performing germ tube test, plating on cornmeal agar, carbohydrate
fermentation tests, carbohydrate assimilation tests, nitrate assimilation tests, tests to detect
enzyme activity etc.
Germ tubes are early hyphal-like extensions of yeast cells that are produced without a
constriction at the point of origin from the yeast cell93. The germ tube test is often the first
step in screening a large number of isolates. After incubation in serum for about 90 minutes
at 37°C, yeast cells of C.albicans begin to form true hyphae or germ tubes96,97. C.tropicalis
produces what has been termed “pseudo-germ tubes”, which are constricted at the base or
point of germ tube origin from the yeast cell93. C.dublinensis also produces germ tubes hence
its frequent misidentification as C.albicans.
Another step in identification is the use of corn meal agar morphology. C.albicans produces
characteristic chlamydoconidia on cornmeal agar and this method is satisfactory for definitive
identification of this species when the germ tube test is negative93. C.dublinensis also
produces chlamydoconidia, but they are usually more abundant in number and they occur in
clusters or contiguous pairs as opposed to those of C.albicans which occur singly32.
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Enzymatic reactions of the various Candida species are also useful in their identification.
C.albicans produces β-galactose aminidase and L-proloine aminopeptidase while other
species may produce one but not both. This principle is the basis of commercial assays that
include

BactiCard

Candida

(REMEL

Laboratories),

Murex

C.albicans-50(Murex

Diagnostics) and Albicans-sure (Clinical Standards Laboratories)93. When compared with
germ tube test, these rapid enzymatic screening methods were sensitive and specific for
C.albicans81. They also required less time but were more expensive 97. Commercially
available yeast identification systems based on enzyme activity include MicroScan Yeast
Identification Panel (Baxter-MicroScan)93.
Carbohydrate assimilation or utilization tests are the most commonly used conventional
methods for definitive identification of yeasts after culture. Once the carbohydrate utilization
profile is obtained, reactions may be compared with those listed in tables in mycology
laboratory manuals. Commercially available yeast identification kits based on these tests
include API ID 32C, API 20C AUX (bio-Merieux, Durham) systems. The profile of
assimilation reactions generated by these kits yields a numerical code which suggests a list of
species in order of probability by comparison of the profile with profiles in a database93.
Other supplemental tests that may be useful in identification include nitrate assimilation and
carbohydrate fermentation tests.
2.6.5 Antifungal susceptibility testing.
Susceptibility testing is not routinely performed in cases of OPC but may become mandatory
in refractory cases or in cases where the patient has had prior exposure to azoles. In vitro
susceptibility has been observed to correlate with in vivo response in mucosal candidiasis
infections involving HIV-infected patients46,98-102. This is especially true for fluconazole. In a
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prospective interventional study, Zemocov et al clearly demonstrated a correlation between
clinical response and in vitro susceptibility for fluconazole but not for itraconazole103.
Antifungal susceptibility may be carried out according to standard testing methods outlined
by the Clinical Laboratory Standards Institute (CLSI)104. The M27-A3 document is used for
macrobroth and microtiter yeast testing while M44-A is useful for yeast disc diffusion
testing105,106. Susceptible dose dependent is an interpretive category unique to antifungal
testing. This category indicates that a given drug may be effective in patients that can be
treated with higher than normal doses and where maximum blood and tissue levels can be
achieved104. This category is applicable in testing against the azoles. Cases of OPC caused by
Candida isolates that fall into this category may respond to higher doses of fluconazole.

2.7

Treatment of OPC

Initial episodes of oropharyngeal candidiasis can be adequately treated with topical therapy
and these include clotrimazole troches, nystatin suspension or pastilles, or once daily
miconazole mucoadhesive tablets107. Some authorities discourage the use of nystatin and
amphotericin B lozenges because of their suboptimal tolerability profile (bitter taste,
gastrointestinal side effects, frequent dosing) and lower efficacy91. The Infectious Disease
Society of America (IDSA), in its practice guidelines for management of candidiasis,
recommends topical therapy with clotrimazole or nystatin for mild disease40. In HIV-infected
individuals, symptomatic relapses may occur sooner with topical therapy than with
fluconazole108. Recurrent infections are especially common in those who have AIDS.
Oral fluconazole is as effective and, in certain studies, has been found to be superior to
topical therapy for OPC37. Moreover, because it is better tolerated and more convenient to
administer, it is considered the drug of choice for first line treatment of OPC, especially in
HIV infection37,40,91,109. Itraconazole solution and posaconazole oral suspension are effective
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alternatives to fluconazole but only few situations warrant their use in preference to
fluconazole solely for the purpose of treating OPC37,110. The use of ketoconazole and
itraconazole capsules has been discouraged because absorption is unpredictable37,111.
Refractory OPC is defined by symptoms that persist after more than 14 days of fluconazole
≥200mg/day91. Approximately 5% of HIV-infected patients are reported to have this
syndrome. Typically, it occurs in those with CD4+ counts˂ 50 cells/µL who have received
multiple and prolonged courses of triazole antifungals37,91. Treatment with a higher daily
dosage of fluconazole may be beneficial, at least transiently, particularly with fluconazole
suspension which provides increased salivary concentration112,113. Patients with fluconazole
refractory infection respond to treatment with itraconazole solution in 64-80% of cases and
this is the recommended initial treatment in such cases40,103,114. Posaconazole suspension is
efficacious with a response rate ranging from74%-86% depending on the guidelines
consulted8,37,91. Other useful antifungal agents include voriconazole and oral or intravenous
amphotericin B deoxycholate. The echinocandins are also reasonable alternatives37.
Adjunctive

immunomodulation

using

recombinant

granulocyte-macrophage

colony

stimulating factor and IFN-γ have been used for refractory cases with promising results115-117.

2.8

Prevention of OPC in HIV infection

The use of fluconazole as primary prophylaxis has been demonstrated to be effective in a
number of studies118,119. Despite this proven efficacy, primary prophylaxis for prevention of
OPC is not recommended in Europe and the Infectious Disease Society of America (IDSA)
guidelines state that it is usually unnecessary40,91,109. The disadvantages of primary
prophylaxis include potential for dug-drug interactions between triazoles and HAART for
patients on therapy, the development of fluconazole resistance and/ or cross-resistance to
azoles and the cost and potential toxicity of triazole antifungal agents47,91.
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As with other opportunistic infections, effective antiretroviral therapy prevents relapses of
symptomatic OPC91,109.

2.9

Mechanisms of Fluconazole resistance in OPC

The prevalence of azole resistance in HIV patients was estimated to be 21-32% in
symptomatic patients and up to 14 % in asymptomatic patients in several studies3,60,120. In
Nigeria, Enwuru et al reported a fluconazole resistance rate of 9.5% in HIV patients with
symptomatic infection26. Nweze et al found a rate of 11.7% but did not discriminate between
symptomatic infection and asymptomatic carriage44.
In a review by White et al, the factors that contribute to the resistance of Candida species to
azole antifungal agents, most especially fluconazole, were considered at three different levels
namely clinical, cellular and molecular46. There is a complex interplay among these factors.
Various clinical factors may lead to azole resistance in OPC in HIV infection. Advanced
immunosuppression and previous exposure to azoles were found to be risk factors for
development of resistance in a case control study113. Long duration of therapy and high total
cumulative doses of fluconazole ≥10g have been reported to be associated with azole
resistance121. Dosing schedule may also have an effect. In a large clinical trial of the AIDS
Clinical Trial Group/ Mycoses Study Group (ACTG/MSG), continuous suppressive therapy
reduced relapse rates more effectively than intermittent therapy but was associated with
increased mycological resistance, although the frequency of refractory disease was the same
in each group118.
At the cellular level, development of fluconazole resistance may emerge as a result of
replacement of a susceptible strain by another intrinsically resistant strain or species42. The
intrinsic resistance of C.krusei and some strains of C.glabrata to azole drugs has resulted in
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an increased frequency of these species in patient populations that depend on these drugs for
prophylaxis and treatment46. In addition, intrinsically resistant C.albicans can form part of
normal commensal growth or can be acquired from the environment or other individuals46.
Other cellular factors include alteration in cell type (so called ‘switch phenotypes’) and
alteration in fungal populations. Epigenetic resistance, a phenomenon in which transient gene
expression renders a cell temporarily resistant in the presence of the drug, has also been
described46. Such resistant phenotypes can revert quickly to a susceptible phenotype once the
drug pressure is eliminated.
The molecular mechanisms for resistance to fluconazole have been elucidated mostly in
Candida albicans46. Such mechanisms include alterations in the target enzyme lanosterol14α-demethylase leading to decreased azole binding affinity or overproduction thus
competitively overcoming the azole effect. This target enzyme is coded for by ERG11 gene.
Pam et al were able to demonstrate overexpression of this gene in resistant and susceptible
dose dependent vaginal isolates of Candida in a Lagos study45. Drug efflux from cells is
another potential mechanism of resistance and overexpression of efflux pumps CDR1, CDR2
or MDR1 has been correlated with triazole resistance122. More recently, mutations in
transcription factors coded for by various genes such as TAC1, PDR1 and MRR1 have been
described123-127.

2.10

Effect of Highly Active Antiretroviral Therapy (HAART) on manifestations of
OPC in HIV

The prevalence of most opportunistic infections including OPC has recorded a decline
following the introduction of HAART. The effect of HAART on the prevalence of OPC has
been the subject of intense research. In Nigeria, Taiwo et al and Eweka et al have noted
complete resolution of OPC lesions, notably the pseudomembranous type, a month after
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commencement of HAART in two separate cohorts of HIV-infected patients57,128. Martins et
al reported declining rates of both asymptomatic carriage and symptomatic disease one year
after introduction of HAART in a group of patients in USA60,129. Another study carried out by
Dios et al over a period of eight years showed that while carriage rates of C.albicans
remained similar, the prevalence of OPC declined from 51.4% to 17.1% following the
introduction of HAART65. Thus it appeared that while HAART reduced the occurrence of
OPC, it did not significantly affect oral carriage of Candida. Similar conclusions were
reached by Yang et al130. In another study conducted retrospectively involving a Spanish
cohort, the overall prevalence of OPC did not decrease but there was a significant reduction
in the pseudomembranous variant with a compensatory increase in erythematous
candidiasis131.
Recovery of immune function following the use of HAART is believed to be the most
important factor but other mechanisms play documented roles7. Low plasma HIV RNA levels
significantly correlate with lower oropharyngeal carriage of Candida and this reduces the risk
of developing symptomatic infections64. Some experimental data have, in addition, shown the
interference of Candida infections by some antiretroviral protease inhibitors132. This is
achieved by inhibition of fungal secretory aspartyl proteinases (SAPs) which play a
pathogenic role in mucosal invasion.
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CHAPTER THREE
SUBJECTS, MATERIALS AND METHODS
3.1

Study Area

This research work was conducted in the President’s Emergency Plan for AIDS Relief
(PEPFAR) clinic of the University of Benin Teaching Hospital (UBTH). UBTH is a 650 bed
tertiary hospital located in Benin City, the capital of Edo State, Nigeria. Edo state has a
landmass of 19187 square kilometres and an estimated total population of 3,218,332
comprised of 1,640,461 males and 1,577,871 females133. The hospital serves as a referral
centre to Edo and neighbouring states including Delta and Ondo states. On the average, 500
HIV patients attend the PEPFAR clinic every week.

3.2

Study Design

This study was a descriptive, cross-sectional study.

3.3

Ethical Considerations

(a) Ethical Clearance and Informed Consent
Ethical clearance was sought and obtained from the Institutional Ethics Committee prior to
commencement of patient recruitment. Informed written consent was obtained from each
patient after adequate explanation of the study and its objectives. They were made to
understand that participation was voluntary at no extra cost to them and non consent would
not result in any compromise to the standard of medical care received. Each recruit was
identified using a unique serial number rather than names to ensure confidentiality. Data were
entered into a computer with secured password. Results and interpretation of all
investigations carried out during the course of the study were communicated to the managing
physician and the patients.
(b) Benefits of study to patients and institution
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Results aided the managing physician in making evidence based decisions on which patients
with OPC would benefit from fluconazole therapy. It is also expected that the findings will
impact institutional budget and planning by determining whether or not to invest more in
mycology testing, such as the use of commercial yeast identification systems, currently not
routinely performed in the medical microbiology laboratory.

3.4

Study Population

Study population consisted of all confirmed adults living with HIV/AIDS attending PEPFAR
out-patient clinic in University of Benin Teaching Hospital, Benin, Edo state.

3.5

Inclusion criteria

i.

Consenting adults aged 18 years and above who are HIV positive irrespective of
whether or not they are on highly active antiretroviral therapy (HAART)

ii.

Patients with documented CD4 count and HIV viral load

iii.

Patients with obvious oral thrush

iv.

Patients on prophylactic antifungal therapy, to detect resistant species that may arise

3.6

Exclusion Criteria

i.

Patients who declined or were unwilling to comply with study protocol

ii.

Patients under 18 years of age

iii.

Patients with diabetes mellitus

iv.

Patients who smoke cigarettes

v.

Patients who use dentures
N.B Diabetes mellitus, smoking and dentures are confounding variables hence their use as
exclusion criteria28,134.
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3.7

Sample Size Determination

The sample size was determined using the formula stated below135,136.
n=z2pq
d2
Where:
n= the desired sample size
z= the standard normal deviate, usually set at 1.96, which corresponds to the 95%
confidence level.
p= the proportion in the targeted population estimated to have a particular characteristic
In a previous study conducted on subjects from antiretroviral clinics in Lagos, the prevalence
of OPC was 34.3%26. Thus p= 0.343
q= 1.0- p
d= degree of precision desired, set at 5% (0.05)

Therefore n= 1.962 x 0.343 x (1- 0.343) =346
0.052
A minimum sample size of 346 was the target. The actual number of participants recruited
was 350.
Three hundred and fifty apparently healthy HIV-negative adults were recruited as controls to
compare the rate of isolation of Candida from the oral cavity. These were comprised of
screened voluntary blood donors.
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3.8

Sampling Technique

A systematic random sampling technique was used. There are 4 clinic days in the week and
the average number of patients seen each day was 125. It was estimated that to achieve the
sample size in a space of 3 months, the target number of recruits each clinic day should be 7.
The sampling interval was calculated using the formula N/n
Where N= Number of patients seen each clinic day
n= Target number of patients to be sampled
The sampling interval was thus 18.
The sampling frame consisted of a list of patients who presented at the records department.
The first patient was randomly selected. Thereafter, every 18th patient who met the selection
criteria was recruited as a subject. Whenever a patient did not meet the selection criteria, the
next patient on the list was recruited.
The control subjects were conveniently sampled.

3.9

Study Duration

The study was conducted over a period of six months from April, 2014 to September, 2014.
Recruitment of subjects, culture and preliminary identification of isolates was done over a
period of three months while complete identification, susceptibility testing and analysis of
data were carried out in the last three months.

3.10

Data Collection

The following methods of data collection were employed in this study
i.

Questionnaire administration

ii.

Review of case notes

iii.

Clinical examination
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iv.

Specimen collection and laboratory analysis

A structured researcher administered questionnaire was used to obtain the following
information
I.
II.

Biodata: Age, sex,
Medical History in relation to HIV/AIDS: History of previous OPC, details of
antiretroviral therapy and prior antifungal therapy, co-morbidities

III.

Social habits: alcohol intake, cigarette smoking

IV.

Oral hygiene practices: frequency of brushing, flossing, and use of mouthwash, use
and care of dentures

V.

Sexual history: sexual practices including frequency of oral, anal, or vaginal sexual
intercourse, use of condoms, and number of partners.

Review of case notes was use to extract information pertaining to CD4+ cell count, viral load,
history of previous OPC, details of antiretroviral therapy and prior antifungal therapy.
Clinical examination of the oral cavity was conducted to determine those who had OPC
lesions.
Specimens were taken from the oral cavity of each participant using sterile cotton tipped
swab sticks.

3.11

Case Definitions

OPC, for the purpose of this study, was defined as the presence of adherent white plaques on
oral mucosal surfaces and the growth of yeasts on cultures obtained from the oral cavity.
Colonisation refers to the growth of yeasts on culture in the absence of symptomatic oral
lesions.
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3.12

Specimen Collection and Transport

A thorough examination of the oral cavity was conducted using a spatula and light source.
The buccal mucosa, tongue, palate and oropharynx were swabbed with sterile cotton-tipped
swab sticks. OPC lesions, as described in the preceding section, were also swabbed. The
specimens were transported to the laboratory in a Ziploc plastic bag without delay.

3.13

Processing of Specimens

3.13.1 Culture
On arrival in the laboratory, swab specimens were inoculated immediately onto Sabouraud
dextrose agar containing chloramphenicol (0.05g/L) and CHROMagar Candida (Chromagar,
France). The culture plates were incubated at 37°C for 48 hours. Colony morphology and
colour on CHROMagar Candida were noted.
Mixed cultures were identified aided by differential colour on CHROMagar Candida and
separated by subculturing each representative colony type unto individual Sabouraud
dextrose agar slants.
Prior to use, the performance of each batch of CHROMagar Candida was tested using quality
control strains Candida albicans American Type Culture Collection (ATCC) 90028 and
C.parapsilosis ATCC 22019.

3.13.2 Identification of isolates
(a) Microscopy
Typical yeast colonies which appeared convex, cream-coloured and glistening on Sabouraud
dextrose agar were Gram stained and examined under a light microscope for Gram positive
yeast cells. Care was taken not to miss the matt, spreading colonies that are characteristic of
C.krusei. Mixed colonies were separated and identified independently.
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(b) Germ tube test
All isolates were subjected to a germ tube test. Single colonies from subculture were
suspended in human serum and incubated for 90minutes at 37°C. Wet mounts were prepared
from the suspension and examined under the microscope for germ tube formation. Isolates
which were germ tube-positive were presumed to be Candida albicans. Quality control
strains Candida albicans ATCC 90028 and C.parapsilosis ATCC 22019 were tested
simultaneously as positive and negative controls respectively.
(c) Colour of colonies on CHROMagar Candida (CHROMagar, France)
The colour of the various colonies on Chromagar Candida were noted and used in the
presumptive identification of isolates. It was also used to identify mixed growth.
Bluish green colonies were presumptively identified as Candida albicans
Metallic blue colonies were presumptively identified as Candida tropicalis
Pink, matt colonies were presumptively identified as Candida krusei
The final identities of isolates were subject to confirmation using API Candida yeast
identification system (bioMérieux, France).
(d) API Candida Yeast Identification System.
All isolates were identified using metabolic characterization with the API Candida yeast
identification panel.
(i) Principle of Test
The API Candida strip consists of ten tubes containing dehydrated substrates, which enable
the performance of 12 identification tests (sugar acidification or enzymatic reactions). The
reactions produced during incubation are revealed by spontaneous colour changes. These
reactions are read visually according to the reading table to generate a 4-digit code and
identification is obtained by consulting the list of profiles in the package insert or using
identification software.
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(ii) Procedure
Identification procedure was conducted in accordance with manufacturer’s instructions.
Portions of 18-24 hour growth of the isolate on Saboraud dextrose agar were aseptically
transferred from subculture to an ampoule of API NaCl 0.85% medium to prepare a
suspension with turbidity equivalent to 3McFarland. Each tube of the API Candida strip was
inoculated with the yeast suspension. The first 5 tests and the last test were covered with
mineral oil immediately after inoculation. Thereafter the strip was placed in the incubation
tray provided by the manufacturer, covered loosely with a lid and incubated at 36°C for 18-24
hours in ambient air. Reactions were visually examined at 18-24 hours and determined to be
positive or negative based on the colour change as stipulated by the manufacturers. A four
digit numerical profile was generated on the basis of these observations by assigning a
weighted score to positive reactions. These codes were then manually compared to those
listed in the API analytical profile index provided in the package insert to identify the isolate
(see Appendix III).

3.13.3 Susceptibility testing
Antifungal susceptibility to fluconazole was performed on identified isolates as outlined in
the CLSI M44-A2 document for disc diffusion susceptibility testing in yeasts106.
(i)

Five distinct colonies from a pure culture on Sabouraud’s dextrose agar were
suspended in 5ml of sterile saline in a tube and vortexed to ensure a thoroughly
mixed suspension. The turbidity of this suspension was adjusted to match that of a
McFarland 0.5 turbidity standard.

(ii)

A sterile cotton swab stick was dipped into the inoculum suspension and rotated
several times then pressed firmly against the inner wall of the tube to get rid of
excess fluid.
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(iii)

The swab was used to inoculate the dried surface of a sterile Mueller Hinton +
2%Glucose + 0.5µg/ml methylene blue dye (GMB) agar plate by evenly streaking
the swab over the entire agar surface. The procedure was repeated twice, rotating
the plate approximately 60° each time to ensure an even distribution of the
inoculum. The rim of the agar was swabbed as a final step.

(iv)

The lid of the plate was left ajar for 3 to 5 minutes to allow the absorption of any
excess surface moisture before application of fluconazole-impregnated discs
(Oxoid, England).

(v)

Using sterile forceps, a 25µg fluconazole impregnated disc was applied to the
surface of the inoculated agar plate and pressed down firmly to ensure complete
contact.

(vi)

The agar plate was incubated in ambient air at 35°c for 24 hours. Reference strains
were tested simultaneously to achieve quality control.

After incubation, the zones of inhibition were measured in millimeters and recorded. Results
were interpreted as susceptible, susceptible-dose dependent or resistant according to CLSI
interpretive breakpoints as stated below106.
≤ 14mm- Resistant (R)
15-18mm- Susceptible dose-dependent (S-DD)
≥ 19mm- Susceptible (S)
3.13.4 Quality Control
Quality control measures were taken using reference strains of Candida parapsilosis ATCC
22019 and Candida albicans ATCC 90028 at every step of the analytical process.
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(i)

The reference strains were cultured on CHROMagar Candida to test the
performance of the medium. Candida albicans ATCC 90028 appeared bluish
green.

(ii)

They were also used as positive and negative control for each germ tube
experiment. Candida albicans ATCC 90028 gave a positive germ tube test and
Candida parapsilosis ATCC 22019 gave a negative germ tube test.

(iii)

Finally, they were tested simultaneously during each run of antifungal
susceptibility testing. It was ensured that Candida albicans ATCC 90028 gave a
zone diameter in the range of 28-39mm and Candida parapsilosis ATCC 22019
gave a zone diameter of 22-33mm.

3.13.5

Preservation of isolates

All isolates were preserved in sterile water at room temperature.

3.14

Data Analysis

The clinical and laboratory data were analysed using the SPSS version 21 computer software.
Frequency tables were used to present data. Chi square test was used to test the association
between categorical variables. For variables with frequencies less than 5 in any category,
Fisher’s exact test was used. The confidence intervals and odd ratios were obtained as
applicable. Significant association was presumed if p <0.05.

3.15

Study Limitations

1. Although listed as an inclusion criterion, viral load was not readily available for all
patients. This was due to the fact that the investigation was only done for patients in whom
there was a strong suspicion of treatment failure. This was a new institutional policy not
present at the time of designing the study proposal.
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2. There were issues encountered with the supply of API kit. Apart from delays in supply
from dealers, API Candida, a product with a narrower spectrum than the type earlier proposed
(API 20C) was the only type available and inevitably used. However a study showed that the
API Candida performs better (identifying 78.8% of isolates correctly versus 59.6% in API
20C) and is easier to read137.
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CHAPTER FOUR
RESULTS
4.1 Socio-demographic Characteristics
A total of 350 adult patients comprising 262 females (74.9%) and 88 males (25.1%) with
HIV infection participated in the study. Participants ranged in age from 18 to 75 years (Mean
41.6±10.0 years). Two hundred and sixty nine resided in Edo state (76.9%) while 70 were
domiciled in the neighbouring Delta state (20%). The remaining participants resided in
Lagos, Ondo, Rivers, Osun, Anambra and Bayelsa states (3.1%). The most predominant
ethnic group was the Binis (36.9%).
A hundred and ninety-eight participants were married (56.6%), 37 were either separated or
divorced (10.6%), 47 were single (13.4%) and 68 were widowed (19.4%).
Two hundred and thirty subjects had either primary or secondary level of education (32.9%
each). Eighty-nine (25.4%) had tertiary level of education while 31 (8.9%) had no formal
education.
Details of demographic parameters of the participants are shown in table 4.1.
Alcohol use was reported in 29 participants (8.3%). All study participants claimed they were
non-smokers.
Three hundred and forty five participants (98.6%) cleaned their mouths by brushing. Two
hundred and one (57.4%) cleaned their mouths once daily while the rest did so more than
once a day.
Two hundred and two were sexually active (57.7%); 198 (56.6%) had a single sexual partner
and 4 (1.1%) had multiple partners. One hundred and ten (31.4%) of the sexually active
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participants were consistent with condom use. There were no reports of homosexuality or
bisexuality. None of the sexually active participants engaged in oral or anal sex.

4.2

Clinical parameters

The mean duration of time from diagnosis of HIV infection in test subjects was 5.1±3.5yrs
with a range of 0-20 years.
4.2.1 CD4 Cell count and Viral load
The CD4 counts of study participants ranged from 4 to 1523 cells per microlitre. The mean
cell count was 442.7± 285cells/µL and the median was 401.5cells/µL. A CD4 cell count
below 200cells/µL was found in 73 participants (20.9%).
Viral load was only available for 4 patients being managed for treatment failure; these were
48,452 copies/ml, 99,466 copies/ml, 60,833 copies/ml and 68,369 copies/ml. CD4 count in
these individuals ranged from 11-74 cells/ µL.
4.2.2 Highly Active Antiretroviral Therapy (HAART) use.
Three hundred and twenty six test subjects were on HAART (93.1%); 292 were on a
combination of two nucleoside reverse transcriptase inhibitors and a non-nucleoside reverse
transcriptase inhibitor (83.4%) while 34 were receiving a protease inhibitor (PI) containing
regimen (9.7%). The antiretroviral naïve participants were either newly diagnosed or had a
CD4 count above 350 cells/µL which is the institutional threshold for commencement of
HAART.
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4.2.3 Past History of Fluconazole use and OPC
Forty seven participants had previous exposure to fluconazole therapy (13.4%). None of them
was on prophylactic antifungal agents as at the time of recruitment and none had used
fluconazole in the preceding six weeks.
Based on subject recall (aided by visual prompt) and information retrieved from case files, 53
participants had a past history of oropharyngeal candidiasis (15.1%).

4.2.4 Clinical Examination of the Oral Cavity
Seventeen study subjects (4.9%) had adherent white plaques on the tongue, buccal mucosa
and/or pharynx consistent with a clinical diagnosis of oropharyngeal candidiasis.

4.3

Laboratory Results

4.3.1 Candida Isolation, Colonisation and OPC: Species Distribution of Candida.
The oral swabs from 72 test subjects were positive on culture giving an isolation rate for
Candida species of 20.6%.
Of the 72 test subjects with oral carriage of Candida, 55 had asymptomatic colonisation
(76.4%), while 17 were overt cases of OPC (23.6%). Candida species were isolated from all
the patients with clinical lesions. The point prevalence of OPC in the entire population of
PLWHA sampled was thus 4.9%.
A total of 75 Candida isolates were recovered from the test subjects. All were identified to
species level using CHROMagar and API Candida. The most frequently isolated species was
Candida albicans numbering 61 in total (81.3%). Among the non-albicans Candida,
C.parapsilosis was the commonest (five isolates) and was closely followed by C.glabrata
(four isolates). Two isolates each of C.tropicalis and C.krusei, and one of C.famata, were
recovered. There were three participants with mixed population of Candida (4.2%): each had
C.albicans in addition to a NAC species. Saccharomyces cerevisiae was isolated in addition
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to C.albicans from one participant. Mixed populations were only present in patients with
asymptomatic colonization. Table 4.2 shows the distribution of Candida species isolated
from test subjects with asymptomatic colonisation and OPC.
Three hundred and fifty apparently healthy HIV-negative voluntary blood donors were
sampled as control subjects and 12 of these yielded growths of Candida (3.4%). None of the
control subjects had OPC. All 12 isolates from the control subjects were Candida albicans
(100%). There were no cases of mixed colonisation.
Isolation of Candida was significantly higher among PLWHA when compared to the HIVnegative controls (Chi square = 48.701, N=700, d.f =1, p < 0.001).
There was no significant difference in the isolation of NAC species amongst test and control
subjects (Fisher’s Exact test, p= 0.201)

4.3.2 In-vitro Fluconazole susceptibility of Candida isolates
Of the 75 isolates from the test group, 18 were resistant to fluconazole by disc diffusion
testing (24%), 4 were susceptible-dose dependent (5.3%) and 53 were susceptible (70.7%).
All isolates from the control group were susceptible to fluconazole (100%). Table 4.3 shows
the fluconazole sensitivity pattern among the different species of Candida isolated from
PLWHA.
As shown in Fig. 4.1, 18.0% of all C.albicans isolates from PLWHA were resistant to
fluconazole compared with 50% among the non-albicans Candida species and this difference
was statistically significant (p = 0.032, Table 4.4). Other factors found to be significantly
associated with fluconazole resistant isolates in the test subjects were past history of exposure
to fluconazole (p< 0.001) and past history of OPC (p = 0.002).
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There was no significant difference in isolation of fluconazole resistant isolates between test
and control groups (Fisher’s Exact test, p= 0.064)

4.4

Comparison of variables amongst test subjects

In order to elucidate possible associations, the test subjects were assigned to two groups
based on isolation of Candida from the culture of their oral swabs: Group 1 had positive
culture for Candida species while Group 2 cultures were negative. Table 4.5 compares
variables between patients in Group 1 and Group 2.
There was a negative correlation between CD4 cell count and isolation of Candida species on
culture (r = -0.241, p < 0.001). Subjects in Group 1 had a lower mean CD4 count compared
to those in Group 2 (t-test, p =0.012, Table 4.5). A CD4 count less than 200/µL was more
associated with Group 1 participants (Chi-square, p < 0.001, Table 4.5).
History of previous OPC and past history of fluconazole use were associated more with
participants in Group 1 (Chi-square, p < 0.001 each, Table 4.5). However there was no
significant association between HAART use and absence of Candida in the mouth
(Chi-square, p = 0.109, Table 4.5).
Of the 72 participants in Group 1, 17 were symptomatic while 55 had asymptomatic
colonisation. Table 4.6 compares variables between the asymptomatic and symptomatic
participants.
Mean CD4 counts in the symptomatic and asymptomatic categories were 85 cells/µL and
419.2 cells/µL respectively (t-test, p <0.001). Proportion of subjects with a CD4 count < 200
cells/µL was significantly higher in the symptomatic category (Chi-square, p<0.001)
There was a significantly higher proportion of subjects on HAART in the asymptomatic
category compared to symptomatic subjects (Chi-square, p = 0.002, Table.4.6).
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Subjects with OPC had a higher yield of Candida albicans than NAC on culture compared to
the asymptomatic subjects but the difference was not statistically significant (Fisher’s exact
test, p = 0.168, Table 4.6).
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Table 4.1 Socio-demographic Variables of Study Participants

Variable
Age (years)
Time from HIV diagnosis ( years)
Variable
Sex
Female
Male
Ethnicity
Bini
Ibo
Esan
Yoruba
Others*
Religion
Christians
Moslems
African Traditional Religion
Residence
Edo
Delta
Others
Level of Education
None
Primary
Secondary
Tertiary
Marital status
Single
Married
Separated
Widowed
Divorced

(Mean ± SD)
41.6 ± 10.0
5.1 ± 3.5
Frequency (%)
262 (74.9)
88 (25.1)
129 (36.9)
55 (15.7)
51 (14.6)
10 (2.9)
105 (30.0)
341 (97.4)
5 (1.4)
4 (1.1)
269 (76.9)
70 (20.0)
11 (3.1)
31 (8.9)
115 (32.9)
115 (32.9)
89 (25.4)
47 (13.4)
198 (56.6)
35 (10.0)
68 (19.4)
2 (0.6)

*Others include Urhobo, Itsekiri, Ijaw, Efik, Igala, Ibibio

42

Table 4.2 Distribution of Candida species among PLWHA with Asymptomatic
Colonisation and OPC
Total
Candida Species

Asymptomatic

OPC

Colonisation
Frequency (%)

Frequency (%)

Frequency (%)

n= 75

n= 58

n= 17

C.albicans

61 (81.3)

45 (77.6)

16 (94.1)

C.glabrata

4 (5.3)

4 (6.9)

0 (0.0)

C.krusei

2 (2.7)

2 (3.4)

0 (0.0)

C.parapsilosis

5 (6.7)

5 (8.6)

0 (0.0)

C.tropicalis

2 (2.7)

1 (1.7)

1 (5.9)

C.famata

1 (1.3)

1 (1.7)

0 (0.0)
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Table 4.3 In vitro Fluconazole Sensitivity Profile of Candida Isolates in PLWHA
Sensitivity to Fluconazole
Frequency (%)
Sensitive

S-DD

Resistant

n= 53

n= 4

n= 18

C.albicans

47 (90.4)

3 (75.0)

11 (61.1)

C.glabrata

1 (1.9)

0 (0.0)

3 (16.7)

C.krusei

0 (0.0)

0 (0.0)

2 (11.1)

C.parapsilosis

3 (5.7)

1 (25.0)

1 (5.6)

C.tropicalis

1 (1.9)

0 (0.0)

1 (5.6)

C.famata

1 (1.9)

0 (0.0)

0 (0.0)

Candida species isolated

S-DD = Susceptible Dose Dependent

44

Fluconazole Sensitivity in Candida albicans
isolates
S-DD, 3, 5%
Resistant, 11, 18%
Resistant
Sensitive
Sensitive, 47, 77%

S-DD

Fluconazole Sensitivity in NAC Isolates
S-DD, 1,
7%
Resistant, 7, 50%
Resistant

Sensitive, 6, 43%

Sensitive
S-DD

Figure 4.1 Pie Charts showing Fluconazole Sensitivity profiles of C.albicans and NAC
isolated from PLWHA.
S-DD= Susceptible Dose Dependent
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Table 4.4 Factors Associated with Fluconazole Resistant Isolates in PLWHA

Resistant

Sensitive/S-DD

Isolate

Isolate

n= 18

n= 57

Present

16 (48.5)

17 (51.5)

Absent

2 (4.8)

40 (95.2)

Present

13 (41.9)

18 (58.1)

Absent

5 (11.4)

39 (88.6)

11 (18.0)

50 (82.0)

7 (50.0)

7 (50.0)

Variable

χ²

P-value

Past Hx of Fluconazole
Use
19.368

<0.001

9.319

0.002

NA

0.032

Past History of OPC

Species
C.albicans
NAC

S-DD = Susceptible Dose-Dependent; NA = Not Applicable, Fisher’s Exact Test used.
Percentages in parentheses represent row variable
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Table 4.5 Factors Associated with Isolation of Candida in PLWHA
Group 1*

Group 2*

(n=72)

(n=278)

Variable

Age (mean ± SD)

39.0 ± 8.6

42.3 ± 10.2

t test
2.517
χ2

P value
0.012
P value

OR

95% CI

Male sex

20 (22.7)

68 (77.3)

0.334

0.563

1.19

0.64-2.21

Previous OPC

29 (54.7)

24 (45.3)

44.567

<0.001

7.14

3.63-14.08

Fluconazole use

31 (66.0)

16 (34.0)

68.443

<0.001

12.38

5.92-26.14

Alcohol intake

8 (27.6)

21 (72.4)

0.952

0.329

1.53

0.59-3.85

Brushing (>1/day)

30 (20.1)

119 (79.9)

0.030

0.862

0.95

0.55-1.67

HAART

64 (19.6)

262 (80.4)

NA

0.119

0.49

0.19-1.31

PI based HAART

13 (38.2)

21 (61.8)

7.191

0.007

2.70

1.20-6.03

CD4 <200

33 (45.2)

40 (54.8)

34.256

<0.001

5.03

2.73-9.29

*Group 1- Positive Candida culture
*Group 2- Negative Candida culture
OR= Odds Ratio; CI= Confidence Intervals
Percentages in parentheses represent row variable
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Table 4.6 Factors Associated with OPC in PLWHA

Variables

OPC

Colonisation

(n=17)

(n=55)

t test

P value

CD4 count
85 ± 24.5

419.2 ± 47.8

3.821 <0.001

(mean ± SEM)
χ2

P value

OR

NA

0.168

4.62

0.55-102.13

95% CI

Species
C.albicans

16 (26.2)

45 (73.7)

1 (7.1)

13 (92.9)

8 (25.8)

23 (74.2)

0.145

0.703

1.24

0.36- 4.20

9 (31.0)

20 (69.0)

1.484

0.223

1.97

0.58- 6.79

CD4 <200

15 (45.5)

18 (54.5)

16.117

<0.001

15.42

2.86-109.94

HAART

11 (17.1)

53 (82.8)

13.178

0.002

0.07

0.01- 0.46

2 (15.4)

11 (84.6)

NA

0.720

0.53

0.07-3.05

NAC
Past Fluconazole
use
Previous OPC

PI based HAART

NA- Not applicable, Fisher’s exact test used; OR= Odds Ratio; CI = Confidence Intervals
Percentages in parentheses represent row variable
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CHAPTER FIVE
DISCUSSION
5.1

Discussion

The isolation rate of Candida species in PLWHA in this study was 20.6% compared to 3.4%
in HIV-negative controls. The difference was statistically significant (p< 0.001). These
observations are consistent with the widely held postulate that immunosuppressed individuals
are more commonly colonised and infected with Candida species48.
The Candida isolation rate of 20.6% in PLWHA observed in this study is lower than the
60.0% recorded by Nweze et al in Abakiliki but higher than 9.6% reported by Lar et al in
Jos24,44. The lower rate observed in the Jos study may be related to the methodology
employed as it was stated in the specimen collection section that the tongue was avoided.
Ironically, the dorsum of the tongue is one of the sites of maximum colonization with
Candida50,138. It is also possible that these isolation rates are related to the CD4 counts of the
sampled populations. There was a significant association between CD4 count ≥ 200 and noncarriage of Candida species (p<0.001) in the present study. Unfortunately the other studies
did not give information about CD4 count in the sample populations and so it is difficult to
comment on the effect this may have had on the isolation rates observed.
The rates from similar studies in other African countries vary from 54.1% in Cameroon to
82.3% in Ethiopia139,140. Njunda et al in the Cameroonian study included a significant number
of paediatric patients while the index study excluded children and it has been established that
oral colonization with Candida is higher in the paediatric age group50. In Ethiopia, Mulu et al
studied an ARV-naïve population in whom 55.3% of participants had CD4 counts <
200cells/µL as compared to 20.9% in the present study; these factors (ARV naivety and low
CD4 counts) may have accounted for the very high colonisation rate observed in that
study140.
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Overall, the most frequently isolated species was C.albicans. Although C.albicans has been
reported as the commonest species isolated from PLWHA in most studies, the frequency
varies from study to study. The isolation rate of C.albicans from PLWHA in different
African studies has ranged from 40.5 -82.4% and the result from the present study falls
within this bracket (81.3%)23-26,33,44,139-141.
The distribution of Candida species isolated from PLWHA in the present study varied
according to the presence or absence of symptoms. In asymptomatic carriers, C.albicans
accounted for 77.6% of isolates. However in symptomatic participants with OPC lesions,
94.1% of isolates were C.albicans with only one participant having an isolate of non-albicans
Candida (NAC), C.tropicalis. This is comparable to a recent study conducted by Kamikawa
et al in Japan where C.albicans accounted for 98.2% of isolates from patients with OPC142.
However, this observation is at variance with findings of Enwuru et al in Lagos where NAC
species accounted for over 50% of yeasts isolated from HIV patients with OPC26. Although it
appears that C.albicans accounts for most cases of symptomatic OPC in the study
environment, the association was not significant, statistically. A larger cohort composed
exclusively of OPC patients may be required to confirm or refute this assumption as the
observed low frequency of NAC may be due to the small number of participants who had
OPC (17 in this study versus 70 in the Lagos study).
Amongst the NAC isolated, C.parapsilosis was the commonest (6.7%). This differs from
previous published findings both from Nigeria and other parts of Africa where C.tropicalis
tends to be the most frequently isolated NAC23,26,44,139. In Lagos, Nigeria, 17.6% of isolates
recovered by Enwuru et al from PLWHA were identified as C.tropicalis compared to
C.parapsilosis which accounted for just 4%. In Abakiliki, Nweze et al isolated C.tropicalis
more frequently than C. parapsilosis (18.3% versus 15%). Kwamin et al observed
C.tropicalis at afrequency of 7.4% compared to C.parapsilosis at 3% in Accra, Ghana.
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Similarly, in Cameroon, Njunda et al recovered more C.tropicalis isolates than
C.parapsilosis (17%versus 0.9%). In contrast, C.tropicalis accounted for only 2.7% of
isolates in the present study. This finding is consistent with the observations by Abrantes et al
where C.tropicalis accounted for 3.2% of isolates in Cameroon141. These differences may be
present on account of geographic variability.
A significant negative correlation between CD4 count and isolation of Candida species in
the oral cavity was found in this study and CD4 count < 200 cells/µl was associated with
isolation of Candida species. Interestingly, the proportion of subjects with CD4 count <
200/uL (20.9%) virtually approximates the isolation rate of Candida (20.6%). The findings of
Fong et al, Schoofs et al and Maurya et al support this observation, but in a cross-sectional
study by Gottfredsson et al, there was a poor correlation between Candida colonization and
CD4 count 63,143-145.
The use of HAART has been documented to reduce the risk of HIV-related opportunistic
infections. While there was no significant difference in HAART use among subjects from
whom Candida species were isolated and those with a negative culture in this study, there
was an obvious association between HAART use and protection from OPC. Thus it can be
inferred that HAART use does not decrease oral colonisation with Candida species but it
protects against symptomatic infection; similar conclusions were reached in a longitudinal
follow-up study conducted by Yang et al in Taiwan130. Maurya et al and Sanchez-Vargas et
al also concluded that antiretroviral therapy did not influence colonisation status17, 143.
Protease inhibitor (PI) use was significantly associated with positive culture for Candida in
the index study. This is consistent with the findings of Lin et al146. Paradoxically, PIs have
been postulated to be particularly useful in reducing the risk of Candida colonisation and
infection. This is due to their inhibitory effect on secreted aspartyl proteinases (SAPS) which
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play a major role in the virulence of Candida species and this has been substantiated by in
vitro studies78-80,132. Few studies have compared the clinical effects of antiretroviral regimens
on the prevalence of oropharyngeal yeast colonisation in HIV-infected patients64,79.
According to the findings of Cassone et al, PI-containing regimens exert an attenuating effect
independent of immune reconstitution on oral candidiasis compared to non nucleoside
reverse transcriptase inhibitor ( NNRTI) based therapy79. However, Delgado et al reported
no significant difference between the two regimens147. The present study may not be able to
resolve these conflicting results for a number of reasons. First, PI use was very low compared
to NNRTI based triple therapy (9.7% versus 83.4%). Secondly, and perhaps more
importantly, is the fact that as an institutional policy, PI-based therapy is exclusively reserved
for patients who are suspected to have failed treatment using the NNRTI based regimen. This
unavoidable bias resulted in patients on PI based regimen having low CD4 counts and high
viral loads, factors which have been reported to be associated with colonisation and infection.
A randomized, double-blind study design is needed to better understand the influence of
different antiretroviral regimens on oropharyngeal Candida colonisation and infection.
Resistance to fluconazole was observed in 24.0% of isolated Candida species from HIVinfected subjects. This probably represents the highest prevalence recorded in Nigeria till
date. Rates of 9.5% and 11.7% have been previously observed by Enwuru et al (2008) and
Nweze et al (2011), respectively26,44. It is pertinent to note that these studies lacked
information on some possible contributory factors such as past history of fluconazole use and
previous history of OPC among subjects. These were variables found to be significantly
associated with fluconazole resistance in isolates in the present study. It is possible that
differences in study population with respect to the said variables played a part in the observed
disparity in rates. It is also important to note the differences in methodology for antifungal
susceptibility employed by the different studies. The disc diffusion protocol as outlined in
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CLSI M44-A2 was utilized in the present study while previous studies used the broth
macrodilution method. The disc diffusion protocol is cheap, quick, has good reproducibility
and has been found to correlate well with results obtained by the reference microbroth
dilution method148,149. One must, however, acknowledge the school of thought that argues
that the disc diffusion method while able to screen for susceptible isolates, does not
sufficiently discriminate between resistant and susceptible dose- dependent strains150,151.
These researchers have recommended that isolates found to be resistant by disc diffusion
testing be subjected to further testing by another method. Interestingly, Enwuru et al also
compared disc diffusion to broth dilution and found good correlation between the two
methods152. Bearing this in mind, it is more likely that the disparity between rates of
resistance in this study compared with others done in Nigeria represents regional diversity.
Another plausible explanation is that there has been an actual rise in the rate of fluconazole
resistance and further studies will be needed to substantiate this.
Recent data from other African countries suggest that resistance to fluconazole varies from as
little as 5.0% to as much as 50.0%33,141,153. In Ethiopia, Wabe et al observes a resistance rate
of 11.9% but only C.albicans isolates were included in that study153. It is well documented
that a higher rate of resistance occurs among NAC species when compared to C.albicans,
thus including NAC species would probably have increased the fluconazole resistance rate. In
the present study, a significantly higher rate of resistance was found among NAC. However,
there appeared to be no difference in fluconazole resistance between C.albicans and NAC
species in the study by Abrantes et al141. The study combined isolates from Cameroon and
South Africa and the overall resistance to fluconazole was over 50.0%. Recent data from
other continents put resistance to fluconazole among oral Candida isolates at 0% in Turkey,
3.4% in Texas, USA, 5.6% in China, 7.5% in Taiwan and 39.1% in India13,146,154-156. This
variability within and between regions further highlights the need for local surveillance data.
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5.2

Conclusion

In conclusion, C.albicans is the most frequently isolated species but a variety of NAC
colonise the oral cavities of adults living with HIV/AIDS irrespective of the use of
antiretroviral treatment.
Isolation of Candida species from the mouth in PLWHA was higher among those with CD4
count below 200 cell/µL, previous history of OPC and past history of fluconazole use.
However, it appears that C.albicans remains largely responsible for the majority of
symptomatic infections. Absence of HAART and CD4 counts< 200 cells/µL are associated
with development of OPC.
Of paramount concern when dealing with PLWHA is the high rate of fluconazole resistance
amongst C.albicans and NAC species alike, although this was significantly higher among
NAC species. This has implications as to the utility of this triazole antifungal agent as
empiric treatment for cases of OPC and indeed any Candida infection in PLWHA in the
study area.

5.3

Recommendations

1. Larger studies focusing on OPC alone are recommended to firmly conclude on the role or
lack thereof of NAC in infection in the study area.
2. It is clear from the results of this study and review of previous works that the distribution
of Candida species varies greatly from region to region. It is therefore important for local
surveillance data to be gathered periodically in order to detect changes in the epidemiology of
Candida infections especially among high-risk populations with particular emphasis placed
on resistance patterns.
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3. In view of the high rate of resistance, it is also recommended that there should be routine
sampling and laboratory investigation of OPC lesions in HIV patients to determine the
susceptibility profile to fluconazole and other useful antifungal agents. Where facilities are
not available, empiric management of OPC in PLWHA in any region should be based on
local sensitivity data.
4. Future studies should test the susceptibility of Candida isolates to alternative antifungal
agents as substitutes for fluconazole.
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APPENDIX I
INFORMED CONSENT FORM
TITLE OF STUDY: SPECIATION OF CANDIDA ISOLATES AND IN VITRO
FLUCONAZOLE SUSCEPTIBILITY PROFILE OF OROPHARYNGEAL CANDIDIASIS
IN PEOPLE LIVING WITH HIV/AIDS IN UNIVERSITY OF BENIN TEACHING
HOSPITAL, BENIN.
INVESTIGATOR: DR. IRIAGBONSE IYABO OSAIGBOVO (Snr. Reg, Dept. of Medical
Microbiology, UBTH)
SUPERVISORS: DR. P.V.O LOFOR (Dept. of Medical Microbiology, UBTH);

DR. R.

OLADELE (Dept. of Medical Microbiology, CMUL/LUTH)
FINANCIAL SPONSORSHIP: This research is self sponsored

A. INFORMATION SHEET
Introduction
I am Dr. Iriagbonse Osaigbovo of the Department of Medical Microbiology, University of
Benin Teaching Hospital. I wish to carry out a research work entitled “Speciation of Candida
isolates and in vitro fluconazole sensitivity profile of oropharyngeal candidiasis in PLWHA
in UBTH”.
Participation is voluntary but before you decide to participate or not, it is important that you
understand the purpose of this research, what it entails and the possible benefits and
inconveniences. Please take time to read through the information I have provided.
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What is the study about?
Oropharyngeal candidiasis (OPC) is one of the infections that plague people who have HIV
and /or AIDS. It is caused by a microorganism called Candida. There are different species of
this microorganism and they differ in their behavior, especially in their response to antifungal
drugs. This study is aimed at determining the different species of Candida causing OPC and
the way they respond to fluconazole, a commonly used antifungal drug.
What will be done if you participate in the study?
You will be subjected to a physical examination of your oral cavity and specimens will be
collected using a sterile swab stick for laboratory testing. This will be at no extra cost to you.
You will also be administered a questionnaire to obtain information pertinent to the study. If
you decide not to participate, it will not affect the way you are treated by your doctor.
However, if you do decide to participate, you will be expected to sign the consent form
provided. You are also free to exit the study at any point even after consenting.
Confidentiality
Data generated in the course of this study will be stored and analysed but your name will not
be used. The results will be communicated to your managing physician in case it can impact
your care. The results may also be published in Medical journals but your identity will not be
revealed.
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Benefits of participation
The findings of this study may influence the kind of drugs your doctor will prescribe for you.
Even if the findings are not directly beneficial to you, the information may help others with
similar problems in future.
CONTACT INFORMATION:
Dr. Iriagbonse Iyabo Osaigbovo
Department of Medical Microbiology,
University of Benin Teaching Hospital,
Benin City.
Email: zephyreternal@yahoo.com
Tel: +2348035778626
Ethics and Research Committee
University of Benin Teaching Hospital
Benin City
Tel: +2348074387292
Telegram: UNITECHOS, BENIN
Telex: 41120 NG
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B. WRITTEN CONSENT FORM
I ………………………… have read and understood all the information given to me about
my participation in this study and I have been given the opportunity to discuss it and ask
questions. All my questions have been answered to my satisfaction and I voluntarily agree to
take part in this study.
Signature/ Thumbprint of participant ………… Date………….
Name of Participant………………………………………….
I have explained the nature and purpose of the study to the participant named above.
Signature of investigator…………………………..

Name of investigator……………………………….
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APPENDIX II
QUESTIONNAIRE
SECTION 1
BIODATA
1. Age:
2. Sex: Male [ ] Female [ ]
3. Ethnic group: (a) Bini[ ] (b) Esan[ ] (c) Afemai[ ] (d) Hausa[ ] (e) Yoruba[ ] (f) Ibo[ ]
(g) Other[ ]
4. Religion: (a) Christianity[ ] (b) Islam[ ] (c) African traditional religion[ ] (d) Other[ ]
5. State of residence/locality:
6. Level of education: (a) None[ ] (b) Primary[ ] (c) Secondary[ ] (d) Tertiary[ ]
7. Occupation:
8. Marital status:
SECTION 2
SOCIAL HABITS
1. Do you smoke? Yes[ ] No[ ]
2. If yes, how many sticks per day?
3. Do you take alcohol? Yes[ ] No[ ]
4. If yes, are you (a) A heavy drinker [ ] (b) A moderate drinker [ ] (c) A social/
occasional drinker [ ]
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SECTION 3
ORAL HYGIENE
1. Which of the following do you practice? (a) Brushing [ ] (b) Flossing [ ] (c) Use of
mouthwash [ ]
2. How many times a day do you practice each of the activities in (1) above? (a) Brushing (b)
Flossing (c) Use of mouthwash
3. Do you have denture (artificial teeth)? Yes [ ] No [ ]
4. If yes to (2) above, how often do you clean it?
5. If yes to (2) above, do you take it out at night? Yes [ ] No [ ]

SECTION 4
SEXUAL PRACTICES
1. Are you sexually active? Yes[ ] No[ ]
2. How many sexual partners do you have currently?
3. Which of the following have you/do you engage in and how frequently? (Hardly ever,
Occasionally, Often) (a) Anal intercourse (b) Oral sex(c) Vaginal sex
4. Do you use condoms? Yes [ ] No [ ]
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SECTION 5
MEDICAL HISTORY/DATA PERTAINING TO HIV DIAGNOSIS
1. Are you on HAART, and which combination? Yes [ ] No [ ]
2. Have you ever been prescribed the drug, fluconazole? Yes [ ] No [ ]
3. If yes to (2) above, how long?
4. Previous episode of oral thrush
5. CD4+ count
6. Viral load
7. Date of HIV diagnosis
8. Presence of co morbidities
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APPENDIX III
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APPENDIX IV

Plate 1. Growth of bluish green Candida albicans colonies on CHROMagar Candida.
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Plate 2 Growth of pink, matt Candida krusei colonies on CHROMagar Candida
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Plate 3 API Candida test strip after incubation

85

Plate 4 Sample of API test results
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Plate 5 Disc diffusion susceptibility testing against fluconazole
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