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ABSTRACT
Candida species are ubiquitous, ranging from pure saprobes through endo-symbionts of animals,
to pathogens in many animals including humans. Some of the pathogenic species are of medical
importance, especially Candida albicans. However, the prevalence of other non-albicans
Candida species as human pathogens has been increasing worldwide.
The aim of this study was to use conventional phenotypic tests and molecular methods to isolate,
identify and characterise 600 Candida isolates from three teaching hospitals in Ghana, namely
Korle Bu, Komfo Anokye and Tamale from mid-January to April, 2012. The prevalence of these
species in cases of genitourinary candidiasis and pelvic inflammatory disease was investigated.
Preliminary identification and characterisation of Candida isolates using four conventional
phenotypic tests showed that C. albicans was the most common species, which constituted 41%
of the isolates whereas non-albicans Candida species constituted 59% of the total number of
Candida isolates.
In patients presenting with vulvovaginal candidiasis (VVC) for at least two or more times, chisquare analysis indicates that the frequency of Candida species isolated were not statistically
different from patients presenting for the first time with VVC. Candida albicans was the most
common species in vaginal swabs from patients presenting with vulvovaginal candidiasis (VVC)
for the first time in each of the three locations, present in 53.4% of the total swabs. The other
species that were present were C. glabrata (21.6%), C. parapsilosis (15.5%), C. tropicalis
(4.7%) and C. krusei (4.7%). Similar Candida species distributions were found in swabs taken
from patients presenting with suspected pelvic inflammatory disease (PID). Across the three
locations, however, there was a significant difference in the frequency of C. albicans, which was
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present in 68 and 69.6% of patients from Komfo Anokye and Tamale, but only 26.7% of patients
from Korle Bu. Urine samples were taken in two of the locations, Korle Bu and Tamale, from
female patients presenting with candiduria. Statistical analysis indicated a significant difference
in the frequency of Candida isolates in cases of candiduria between the two locations. In Korle
Bu, C. glabrata was the most prominent species (37.8%) followed by C. albicans (22.4%), C.
parapsilosis (21.7%), C. tropicalis (10.5%), C. krusei (7%) and C. lusitaniae (0.7%). In Tamale,
the species distribution was C. albicans (60.9%), C. glabrata (21.7%), C. parapsilosis (13%) and
C. krusei (4.3%). The data highlight the prevalence of species other than C. albicans in case of
candidiasis in Ghana.
Delineation of C. albicans strains using the 25S rDNA to investigate the genotypic variation
among C. albicans isolates showed that genotype A constituted about 95% of the Ghanaian C.
albicans isolates, genotypes B and C constituted 2.5% each respectively. The general-purpose
genotype (GPG) which corresponds to clade 1 among C. albicans was also investigated to know
the prevalence of clade 1 among the C. albicans isolates investigated. The presence or absence of
general-purpose genotype (GPG) gene was used to categorise the 240 C. albicans to clade 1 or
other clade. The test revealed that 64.2% had the GPG genotype which corresponds to clade 1
and the remaining 35.8% were of non-GPG genotype; thus belongs to other clades.
The population structure of C. albicans from the three teaching hospitals indicates a mainly
clonal and homogeneous population across the three sampling locations from Ghana. Molecular
analyses of the transposable group 1 intron in the ITS1-5.8S-ITS2 region using universal primer
pair ITS1 and ITS4 revealed the presence of two rare Candida species; Candida rugosa and
Candida mesorugosa. To the best of my knowledge this is the first report of either of these in
Africa.
4

Antifungal susceptibility tests among Candida isolates recovered from patients presenting with
clinically suspected or symptomatic candidal vaginitis for the first time and patients presenting
with candidal vaginitis on two or more occasions revealed a high percentage of Fluconazoleresistant C. albicans.
This study highlights the prevalence of species other than C. albicans in cases of candidiasis in
Ghana. Furthermore, this study has also demonstrated that no single conventional phenotypic test
has been highly efficient to delineate Candida species into their respective species type. Thus,
development of an identification scheme, which can discriminate between Candida isolates both
at species and strain levels, will have prognostic and therapeutic significance for effective patient
management.
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CHAPTER 1
INTRODUCTION
The fungal kingdom
Fungi are diverse microorganisms in nature (Daniel et al., 2014; Anaissie et al., 2003). The
fungal kingdom consists of yeasts and filamentous eukaryotic organisms, and is divided into
eight phyla comprising the Chytridiomycota, Zygomycota, Ascomycota, Basiodiomycota,
Urediomycota, Ustilaginomycota, Glomeromycota and Microsporidia (Hao et al., 2009;
Kurtzman et al., 2011). Fungi are typically saprophytic and live on dead or decaying organic
matter. The cell wall of these eukaryotic fungi is rigid and mainly made up of Nacetylgiucosamine (chitin), complex polymers of glucose (β 1, 3 and β 1, 6-glucan) and cell wall
mannoproteins (Lowman et al., 2011). Their mode of reproduction is either by budding off cells
or by dissemination of spores. The spores produced can either be asexual or sexual depending on
the species type ( Kurtzman et al., 2011; Hawksworth, 2001).
Fungi have a great influence on humans in both beneficial and harmful ways and are useful
and/or problematic in the agricultural, industrial and pharmaceutical sectors (Sunesen & Stahnke,
2003; Lange, 2014). Most vascular plants could not grow without the symbiotic fungi or
mycorrhizae, which inhabit their roots and supply them with vital nutrients. Furthermore, fungi
play an essential role in maintaining the ecosystem by breaking down dead organic materials and
releasing energy and minerals back into the environment (Hawksworth, 2001). Some fungi are
the source of drugs including Penicillin, Cephalosporin and other antibiotics. They also serve as
food like mushrooms, truffles and morels. Some fungi are used as model systems in scientific
research for various studies including genetics, biochemistry and molecular biology, for example
Saccharomyces cerevisae (Daniel et al., 2014). Of the estimated 1.5 million fungi, approximately
7

100,000 have thus far been identified. Of these, about 0.5% of species are pathogenic in humans
and can cause life-threatening infections (Abu-Elteen & Hamad, 2012; Hawksworth, 2001;
Sunesen & Stahnke, 2003). In contrast, an estimated 32% of fungi are plant pathogens that cause
periodic devastating diseases and are also responsible for crop spoilage worth billions of dollars
annually (Knechtges, 2012; Sunesen & Stahnke, 2003). Fungi produce toxins, which include
aflatoxin, a known carcinogen that is associated with hepatomas in the humans. In addition,
fungi utilise several virulence traits, which help them to cause infection in their hosts (Brown et
al., 2012b; Sunesen & Stahnke, 2003).
Members of Ascomycota are biologically diverse and contain the most pathogenic fungi that
cause life-threatening infections in the human host, although a few pathogenic fungi are
members of Basidiomycota or Zygomycota. Within the phylum Ascomycota, the class Eumycota
and Basidiomycota are of particular interest since its members contain the most pathogenic fungi
(Kurtzman et al., 2011; Hao et al., 2009; Hawksworth, 2001). The class Eumycota includes
genera such as Saccharomyces, Pichia, Endomycopsis, Nematospora, and Candida whereas the
genus Cryptococcus belongs to the class Basidiomycota. Candida and Cryptococcus are the most
frequent genera implicated in human infections and about 60 − 70% of patients admitted into
Intensive Care Units (ICUs) have symptoms caused by Candida species (Pfaller et al., 2012;
Walsh, 2005). Other fungal pathogens implicated in human infections include Trichosporon,
Fusarium, Histoplasma, Penicillium, Coccidioides, Rhizomucor, Trichophyton and Aspergillus
species are rising with increasing frequency (Chakrabarti &Singh, 2011; Singh, 2001).
Infections caused by fungi are termed mycoses and there are two types of mycoses; primary and
secondary (Gow, 2002). Primary mycosis or fungal infection affects both immunocompetent and
immunocompromised human hosts. The species mainly implicated in this type of infection
8

include Histoplasm capsulatum, Blastomyces dermatitidis, and Paracoccidoides brasiliensis
(Brown et al., 2012 a,b; Kurtzman et al., 2011; Gow, 2002). Secondary fungal infections include
the opportunistic fungal infections caused by other fungi species, which include Candida,
Aspergillus, Fusarium and Zygomycetes species in the immunocompromised and highly
debilitated hosts. The secondary fungal infections present as acute systemic infections in these
susceptible hosts (Brown et al., 2012b; Gow, 2002; Lass-Florl, , 2009).
In the past three decades, the population base of at-risk patients susceptible to severe fungal
infections has broadened mainly due to the advances made in immunosuppressive therapy for
highly immunocompromised hosts, which has prolonged their life span (Alexander & Pfaller,
2006; Pfaller et al., 2014). The single most common genus to cause opportunistic fungal
infection among immunocompromised hosts worldwide however is Candida, although the list of
opportunistic fungi causing life-threatening infections among the immunocompromised increases
periodically ( Pfaller et al., 2012; Richardson & Varnock, 2012 ).

Candida species
Candida species are ubiquitous, ranging from pure saprobes through endo-symbionts of animals,
to pathogens in many animals including humans (Arthington-Skaggs et al., 2002; Bader et al.,
2004; Hao et al., 2009). Candida is a member of the phylum Ascomycota, while it predominately
forms unicellular yeast-like cells, most members of the genus can undergo a reversible
morphological switch from yeast to hypha. This switch occurs under adverse environmental
conditions or during pathogenic infection in the human host (Geiger et al., 2004; Inglis et al.
2013). Currently, the genus Candida includes more than 350 species (Daniel et al., 2014).
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However, only a few pathogenic species are of medical importance. These include Candida
albicans, Candida krusei, Candida guilliermondii, Candida lusitaniae, Candida kefyr
(pseudotropicalis), Candida rugosa, Candida famata, Candida inconspicua, Candida
norvegensis, Candida dubliniensis, Candida lipolytica, Candida zeylanoides, Candida
pelliculosa, Candida nivariensis, Candida bracarensis, Candida albicans var Africana, Candida
glabrata and Candida tropicalis (Brown et al., 2012a; Kurtzman et al., 2011; Sardi et al., 2013).
Several candidal infections appear to originate from an endogenous source, even though
exogenous spread of the infection among patients is possible usually during nosocomial infection
(Pfaller, et al., 2014; Criseo et al., 2015). Candida species such as C. albicans, C. tropicalis and
C. glabrata constitute part of the common mammalian flora and are found mainly on the
mucosal surfaces of the oral cavity, gastrointestinal tract (GI), and female genitourinary tract
(Sobel, 2007; Vazquez & Sobel, 2011). These species cause endogenous candidal infection.
However, the frequency of isolation of C. tropicalis and C. glabrata is low in comparison with
C. albicans (Anaissie et al., 2003; Sobel, 2006). Other non-albicans Candida species such as C.
krusei, C. guilliermondii, C. lusitaniae and C. parapsilosis are frequently isolated as part of the
skin flora. These Candida species colonise patients and medical devices and their mode of
infection in the human host is through exogenous means (Anaissie et al., 2003; Sobel, 2006).
Candida albicans is by far the most common cause of candidal infection and has been recovered
from up to 70 − 90% of candidal infected hosts (Kurtzman et al., 2011; Richardson & Varnock,
2012; Sobel, 2007). However, recently, the frequency of isolation and distribution of other nonalbicans Candida species as human pathogens in clinical samples, has increased significantly
worldwide (Bassetti et al., 2009; Pfaller et al., 2014).
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Virulence traits used by Candida species
The opportunistic Candida pathogens have several virulence traits, which provide selective
advantage to these microorganisms during the infection process. These virulence traits include
adhension to epithelial cells, lytic enzyme secretion, hyphal formation and phenotypic switching.
These virulence traits, often exhibited by C. albicans during an infection, have homologenes in
other non-albicans Candida species (Inglis et al. 2013; Richardson & Varnock, 2012; Yang,
2000).

Pathogenesis of candidal infection
The progression of infection starts with colonisation and adhesion to epithelial cells and then a
complex series of events heralds the invasive form of the infection process, which includes
modulations of gene expression, and phenotypic morphology switches (Antoni & Roberta, 2012;
Gow & Hube, 2012; Justin et al., 2014). There is proliferation of candidal cells on the mucosal
surfaces, which may finally get into the bloodstream through penetration of the epithelial and
endothelial layers ((Antoni & Roberta, 2012; Gow & Hube, 2012; Justin et al., 2014). In
addition, formation of hyphae and the excretion of lytic enzymes such as proteinases,
phospholipase, catalase, coagulase, keratinases, acid and alkaline phosphatases, and secretory
aspartate proteases (SAPS) aid in the spread of candidal infection by destroying the mucosal
lining in the gastrointestinal tract (Antoni & Roberta, 2012; Gow & Hube, 2012; Justin et al.,
2014; Spellberg et al., 2006). In addition to destroying the intestinal lining, SAPS can also digest
the IgA and IgM antibodies produced by the body to attack Candida cells (Antoni & Roberta,
2012; Gow & Hube, 2012; Justin et al., 2014). As described below, candidiasis may vary in
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severity from superficial to disseminated or life-threatening forms (Anaissie et al., 2003; Dabas,
2013; Gow & Hube, 2012;Justin et al. 2014).

Types of Candidiasis
Candidiasis can be grouped under three main types; superficial, mucocutaneous and invasive.
Superficial and mucocutaneous candidiasis are the two most common type of candidiasis that
generally affect the immunocompetent or the healthy host (Dabas, 2013; Pfaller et al., 2006;
Vazques & Sobel, 2011). Invasive or life-threatening candidiasis is typically associated with
immunocompromised and debilitated hosts (Arora et al., 2011; Pfaller et al., 2006). Among the
different forms of candidiasis, the most frequently discussed types are superficial candidiasis
(cutaneous candidiasis); mucocutaneous candidiasis (oropharyngeal

and vulvovaginal,

gastrointestinal [GT] candidiasis); and invasive candidiasis (candiduria [candidiasis of the
urinary tract], candidaemia [candidiasis of the bloodstream]) ( Pfaller et al., 2006; Vazquez &
Sobel, 2011; Arora et al., 2011, Akpan & Morgan, 2010).
Cutaneous candidiasis is a type of candidal infection, which occurs due to maceration and trauma
to the skin. It generally occurs in the warm, moist and creased area of the skin such as auxiliary
folds, inguinal or intergluteal areas and sometimes resolves on its own without any antifungal
intervention (Xiao-dong et al., 2008).
Mucocutaneous candidiasis is the most common form of infection, afflicting a generally large
number of healthy or immunocompetent hosts (Vazquez & Sobel, 2011; Sobel, 2006).
Vulvovaginal candidiasis (VVC) and oropharyngeal candidiasis (OPC) are the two main types of
mucocutaneous candidiasis encountered in clinics worldwide (Akpan & Morgan, 2010;
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Calderone, 2002; Dangi et al., 2010). OPC is common among people wearing dentures, the aged
and neonates (Akpan & Morgan, 2010; Dangi et al., 2010; Terezhalmy & Huble, 2011).
Oropharyngeal and oesophageal candidiasis also features prominently as a common fungal
infection in HIV-AIDS patients (Dangi et al., 2010; Vazquez & Sobel, 2011). OPC presents as
several clinical lesion forms, these includes: pseudomembranous candidiasis (oral thrush),
erythematous and hyperplastic candidiasis, and angular chelitis (Dangi et al., 2010; Akpan &
Morgan, 2010, Terezhalmy & Huble, 2011)
Candida related stomatitis among denture wearers is high (Figueiral et al., 2007). The carriage
rates in the general asymptomatic and symptomatic population range from about 15 − 75%. Oral
candidiasis is present in 7.2% to 52% of all cancer patients yet to commence therapy (Schelenz
et al., 2011). Prevalence may be as low as 15.2% or as high as 75% in seemingly healthy
population (Yang et al., 2011). The carriage rates in the general asymptomatic and symptomatic
population thus range from 20 − 75% (Fidel, 2006; Thompson et al., 2010). The occurrence and
prevalence of oral candidiasis varies with age, geographic location, denture wearers, and the
systemic health of the individuals. Colonisation rates are higher in individuals whose immune
system is compromised due to diabetes mellitus, cancer, cancer chemotherapy, organ
transplantation and HIV infection (Schelenz et al., 2011; Akpan & Morgan, 2010)
Vulvovaginal candidiasis (VVC) is the second most common cause of vaginal infections, after
bacterial vaginosis that is reported at gynaecological clinics (Gonzalez et al., 2011; Paulitsch et
al., 2006; Vazquez & Sobel, 2011). Among male partners of infected women, the infection
presents as balanitis or balanoposthitis (Sobel, 2006). Sobel, (2006) has estimated that
approximately 75% of women of childbearing age worldwide will suffer at least one bout of
VVC, and about 50% of infected women will suffer recurrent VVC. An estimated cost of
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diagnosis and treatment of VVC including loss of productivity and absenteeism in the U.S. is
about $1 billion per annum (Gonzalez et al., 2011). Candida albicans is the most frequent
aetiological agent implicated in about 80 − 90% of VVC infections even though other nonalbicans Candida species are implicated with increasing frequency (Vazquez & Sobel, 2011).
Oropharyngeal candidiasis is a common occurrence among debilitated hosts, which include HIVAIDS and immunocompromised patients, babies less than one month old, the aged, diabetic
patients, denture wearers among others. The prevalence rate among babies under one month and
HIV-AIDS patients is estimated between 5 – 7% and 9 – 31% respectively, and among cancer
patients is about 20% (CDC, 2014; Akpan & Morgan 2010). The common clinical presentation
of this type of candidiasis is characteristic white plagues on the surfaces of the tongue and other
mucosal membranes of the buccal cavity. Oropharyngeal candidiasis can also present as redness
or soreness in the affected areas or cracking at the corners of the mouth (angular cheilitis).
Treatment of this type of candidiasis is patient-specific and varies depending on the gravity of
the infection (Dangi et al., 2010; Akpan & Morgan 2010).
With respect to invasive candidiasis, candidal colonisation of the GT is typically a prerequisite or
most probably portal of entry into the bloodstream (Arora et al., 2011)). This type of infection in
the human host can involve practically any site of the alimentary tract (Arora et al., 2011).
Ulceration and pseudo-membrane formation are the most frequent presentations of this type of
infection.
Invasive candidiasis is the common type of candidiasis among the immunocompromised (Pfaller
et al., 2014; Arora et al., 2011). This type of candidiasis can present as septicaemia, meningitis,
endocarditis and granulomatous in viscera or deep tissues in the infected hosts (Perlroth & Choi,
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2007; Arora et al., 2011). Candidaemia can be transmitted either through endogenous means by
the hosts own Candida flora or exogenous transmission by iatrogenic means through surgery,
intubation, catheterisation or through exposed blood vessels after severe burns ( Pfaller et al.,
2014; Pfaller & Diekema, 2007). This type of candidiasis is associated with significant morbidity
and mortality; the estimated mortality rate ranges from 30 − 90% in the immunocompromised,
typically due to the late diagnosis of the infection (Arora et al., 2011; Perlroth & Choi, 2007;
Singhi & Deep, 2009). Candida species rate as the fourth most common cause of bloodstream
infection in the immunocompromised host (Pfaller & Diekema, 2007a; Wisplinghoff et al.,
2004). The mortality rate from severe sepsis caused by Candida species is thus higher than the
mortality rate due to bacteria sepsis, especially from Pseudomonas aeruginosa (Perlroth & Choi,
2007). High incidences of candidaemia have been reported in countries such as Brazil (Almirante
et al, 2005), Taiwan, (Hsueh et al., 2002) Spain (Almirante et al., 2005) and in the U. S. (Pfaller
et al., 2014). Average medi-care costs per every candidaemia infection have been estimated
between the range of $34,123 and $44,536 with a yearly attributable medi-care costs in the U.S.
approximated as $1 billion as detailed earlier (Pfaller et al., 2009b; Rex & Pfaller, 2002).
Predisposing factors frequently associated with candiduria are urinary tract catheterisation, prior
or prolonged antibiotic use, diabetes mellitus, and patients with structural abnormalities of the
kidney and collecting system (Bougnoux et al., 2008; Weinberger et al., 2003). Candiduria is
commonly diagnosed in hospitalised patients especially the elderly and the neonates (AlvarezLerma et al., 2003; Kauffman, 2005). About 11 − 30% of nosocomial urinary tract infections
(UTIs) are caused by Candida species (Achkar & Fries, 2010; Lundstrom & Sobel, 2001). The
prevalence of candiduria and the type of species implicated differ between institutions and also
depends on the underlying predisposing factors among the infecting hosts (Bougnoux et al.,
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2008; Pfaller et al., 2014; Quindos, 2014). Candiduria carries a relatively high mortality rate,
especially among the immunocompromised hosts if not detected and treated (Achkar & Fries,
2010).

Statement of the problem
In the last three decades, the increasing number of infected hosts and diversity of infections
caused by fungi have increased immensely (Pfaller et al., 2014; Moyes & Naglik, 2011).
Conventional phenotypic tests based on direct microscopy examination and cultures of fungal
elements on nutrient media have been the “gold standard” method for fungal identification in
Ghana. However, there are challenges associated with these conventional phenotypic tests.
Conventional phenotypic tests used in identifying these fungi are sometimes laborious and
protracted, and misidentification of emerging species may occur in some instances (Li et al.,
2014; Pfaller et al., 2014). Some of the tests may have low discriminating power and
reproducibility of results may be lacking (Bhally et al., 2006; Borman & Johnson, 2013).
Although conventional phenotypic tests are relatively inexpensive, these tests fail to identify
some emerging fungi with ambiguous phenotypic profiles in clinical mycological analyses. Some
emerging fungi that were not common human pathogens in the past have emerged with complex
overlapping phenotypic traits; using conventional phenotypic tests may hamper their definitive
identification. Morphologically, some of these emerging fungi are fastidious and have slow
growth characteristics and culture of some pathogenic yeast takes at least 48 hours for any
meaningful analysis. In most common pathogenic filamentous fungi, which include
dermatophytes, Aspergillus, Zygomycetes species, cultures may take four to seven days to see
any visible sign of growth (Criseo et al., 2015; Odds & Bernaerts, 1994). Identification of
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dematiaceous fungi such as P. brasiliensis may be a challenge because this fungus may take 10 −
14 days and three or more weeks to show morphological signs or grow on some culture media
(Kurtzman et al., 2011; Alexander & Pfaller, 2006). Cultures of deep or invasive specimens
containing fungi on some agar media may be impracticable since some species are simply
uncultivable or require specialised media (Kurtzman et al., 2011; Li et al., 2014; Pfaller et al.,
2014). However, accurate identification sometimes depends on availability of growth characters
and pure cultures (Kurtzmanet al., 2011; Daniel et al., 2014). The long incubation or generation
time exhibited by some of these fungi present incubation and identification challenges, which
may delay initiation of effective therapy. In addition, the inherent pleomorphic nature, which
sometimes involves reversible switching of yeast to hyphal form among C. albicans isolates,
may hamper identification especially when the conventional phenotypic test is the exclusive
means of identification (Jamal et al., 2014; Pfaller et al., 2014; Yazdanpanah et al., 2014).
Homoplasy may occur even though they are genetically different (Kurtzman et al., 2011; Daniel
et al., 2014). Radiology and histo-pathological techniques, although providing clues about the
fungal elements present in tissues, cannot identify the exact fungal species. In terms of
biochemical identification, some fungi are non-reactive to the biochemical agents and most of
the biochemical reagents have not been designed to incorporate the identification of these
emerging fungal pathogens (Jamal et al., 2014; Richardson and Varnock, 2011. This
development may hinder the identification of emerging fungal species and some species might
have passed unidentified or have been misidentified over the years.
In most parts of Africa, ill-equipped laboratories may hamper the effort to arrive at definitive
identification of some emerging and existing fungi in clinical specimens (Attigah et al., 2008;
Ram et al., 2008). The challenges associated with ill-equipped laboratories in most parts of the
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African continent might have partly accounted for the alleged misidentification, under-diagnosis
and under-reporting of clinically important fungal pathogens (Andres et al., 2007; Attigah et al.,
2008). Furthermore, laboratory facilities are in place to identify other microorganisms without
any adequate provision or expertise for mycological identification in most hospitals. This
practise has led to empirical treatment of fungal infections in most cases (Attigah et al., 2008;
Ram et al., 2008). However, with the increasing number of susceptible immunocompromised
patients to a number of emerging fungal infections in recent times, the practise of empirical
treatment may hinder effective patient management since fungal infections may differ in relation
to virulence traits and susceptibility to the different antifungal agents (Pfaller et al., 2014; Criseo
et al., 2015). Consequently, for efficient patient management and timely institution of antifungal
therapy, accurate identification of the aetiological agents involved is of paramount importance.
In addition, definitive identification might reduce the pressure and gratuitous use of toxic
antifungal agents, minimise the formation of resistant strains and decrease the duration of
hospital stays.
In spite of the growing number of immunocompromised hosts and the high incidence of fungal
infections in our hospitals, and the associated challenges pose by the conventional phenotypic
tests of identification (Feglo & Narkwa et al., 2012; Adjapong et al., 2014), there is no clear
evidence that the hospitals in Ghana are putting stringent measures in place to facilitate rapid
isolation of fungal species. In addition, physicians in Ghana in their daily practises seldom
request culture and antifungal sensitivity tests be conducted on suspected cases of fungal
infection except in extreme life-threatening cases. Some other quick identification procedures
such as serological, histo-pathological and radiology are attainable only at some reference
laboratories that are physically separated from the hospitals. Detailed molecular based analysis is
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only performed on donor-funded research and the equipment used for this is not readily available
in most of the clinical set ups (Mills-Robertson & Hlortsi-Akakpo “personal communication”).
Some laboratories in Ghana cannot keep specimen culture plates for more than a week in an
incubator due to logistic constraints, space, lack of basic culturing materials and equipment.
Therefore, there might be a backlog of fungal species yet to be identified in Ghana.
In other parts of the world the challenges associated with the conventional phenotypic tests of
identification (which are considered in more detail in Chapter 2) of fungi have led to the
emergence of many non-culture based methods, including nucleic acid based/molecular methods
to complement the conceded limitations associated with the conventional phenotypic tests.
Nucleic acid based methods are fast, sensitive and specific (Li et al., 2015; Niemz et al., 2011;
Rex et al., 2000; Yazdanpanah & Khaithir, 2014). Recently, molecular techniques have been
used to distinguish and characterise a wide range of pathogenic fungi including Candida species
where the conventional phenotypic test has failed to detect and identify the fungal species
involved (Li et al., 2014; Yazdanpanah & Khaithir, 2014) .

Molecular identification of fungi
Molecular methods rely on the comparison of a specific gene sequence or molecular components
of the fungal cell (Bhally et al., 2006; Daniel et al., 2014; Glenn, 2011). A wide range of
molecular methods have been used to differentiate between Candida species, which includes
restriction endonuclease enzyme analysis (REA) (Magee et al, 1992; Pujol et al., 1997; Ouinn &
White, 2013), CA3 or 27A probes, electrophoretic karyotyping (Barchiesi et al., 1997; Schmid et
al., 2004; Pfaller, 2012; Bader et al., 2012), tandem repeat motifs or microsatellite length
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polymorphism (Chaves-Galarza et al., 2010; Li et al., 2015; Sampaio et al., 2005), pulsed field
gel electrophoresis (PFGE) (Abdeljelil et al., 2012; Soll, 2000), restriction fragment length
polymorphism (RFLP) (Verrier et al., 2012; Noha et al., 2013; Mirhendi et al., 2011), multilocus
sequence typing (MLST) (Bougnoux et al. 2003; Tavanti, 2003; Afsarian et al., 2015; AlastrueyIzquierdo et al. 2013), and multilocus enzyme electrophoresis (MLEE) (Soll, 2000; Saghrouni et
al., 2013). These molecular techniques typically have a high discriminatory potential for
Candida strains in comparison to the conventional phenotypic tests (Bougnoux et al., 2003;
Tavanti et al., 2003; Saghrouni et al., 2013), although it should be noted that these molecular
techniques have their own associated challenges.

MLEE involves electrophoresis of the entire protein of a specific region under investigation. This
procedure involves staining of extracted enzymes, which are separated and visualised using gel
electrophoresis. This technique indirectly analyses DNA via enzyme analysis, but only the
coding regions of the genome are investigated (Soll, 2000; Saghrouni et al., 2013). Thus, DNA
sequences that code for the same protein are difficult to distinguish. In addition, mobility of
proteins in the gel electrophoresis with slight variations in the amino acid sequence may not
show up. MLEE is laborious because data from at least ten enzymes need to be combined to
show differences among isolates (Pujol, et al., 1997; Soll, 2000).

The PFGE technique focuses on the differential migration of whole chromosomes with different
fragment sizes in an agarose gel matrix under the control of an electric field. The different DNA
fragment sizes are visualised using a stained gel under a UV illuminator (Cheng et al., 2005).
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The PFGE technique is effective for population studies in pathogenic yeasts, especially C.
albicans because of the high intra-specific karyotype variables generated among C. albicans by
this technique. However, the stability and reproducibility of this method is arguable because of
high chromosome instability among species (Soll, 2000).

REA is related to the PFGE technique, which involves the use of restriction fragments of
genomic DNA (Shin et al., 2003). Fragments generated by rare-cutting restriction endonucleases,
such as BssHII and SfiI, are electrophoresed and the genetic profiles that are generated are
analysed. This technique is effective for investigating micro-variation in clinical C. albicans
strains (Shin et al., 2003). However, more than one restriction enzyme is required for optimal
strain discrimination, which tends to discourage the use of this technique despite its relatively
high sensitivity to karyotyping techniques (Voss et al., 1995).

RFLP fingerprinting has been used extensively to assess strain relatedness in a range of
infectious fungi, including C. albicans (Verrier et al., 2012; Voss et al., 1995). RFLP with or
without specific probe hybridisations are the two forms of this technique (Vazquez et al., 1991;
Voss et al., 1995). In this technique, exact DNA sequences from ribosomal and mitochondrial
DNA are identified and then restriction endonucleases are used to cut the DNA. Electrophoresis
is used to separate endonuclease-digested DNA fragments on a stained gel. Variations in the
specific cut of DNA sequences are used to differentiate among species (Vazquez et al., 1991;
Voss et al., 1995). Although RFLP has been used in identifying strains of C. albicans, results
from RFLP analysis can be poorly resolved because comparison between strains rely on
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differences between intense bands; low-intensity bands are not considered (Vazquez et al., 1991;
Voss et al., 1995). In addition, the fragments generated by RFLP provide little information to
evaluate the relatedness of moderately close isolates. Though the RFLP C. albicans-specific
probe with hybridisation is very informative, the time for analysis is protracted because of the
use of Southern blots (Vazquez et al., 1991; Voss et al., 1995).

Candida albicans 27A and Ca3 hybridisation probes have been used in a number of clinical
studies. On average, the Ca3 probe generates a pattern that is more complex than the pattern
generated by 27A (Ruiz-Diez et al., 1997; Schmid et al., 1993; Taylor et al., 2003). While Ca3 is
reproducible, this protocol is technically challenging and unsuitable for high-throughput sample
processing (Soll, 2000).

PCR and automated DNA-sequencing make sequence based fingerprinting strategies amenable
for large epidemiological studies and they are relatively inexpensive, sensitive and specific,
enabling a high throughput (Li et al., 2015; Yazdanpanah & Khaithir, 2014). PCR based methods
have demonstrated considerable variation at the DNA level in most species, including C.
albicans (Li et al., 2015; Yazdanpanah & Khaithir, 2014). Currently, several PCR techniques
used for genotyping C. albicans include the following:
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The Randomly Amplified Polymorphic DNA (RAPD) method has shown much potential for
discriminating species and strains of Candida (Li et al., 2015; Yazdanpanah & Khaithir, 2014).
This technique is simple and often detects variation among isolates that appear invariant with
RFLP analysis. The RAPD technique is one of the methods historically used for DNA
fingerprinting or strain typing of medically infectious fungi (Li et al., 2015; Yazdanpanah &
Khaithir, 2014; Metzgar et al., 1998). This method involves separation of PCR products on a
stained agarose gel after amplification of the genomic DNA with a unique short base primer.
RAPDs usually produce one to three intense bands among isolates because RAPDs amplify
many sections of the genome at once. RAPD dendrograms can be used to assess genetic
relatedness among infectious and colonised C. albicans isolates (Samaranayake et al., 2003).
RAPD is relatively cheap, and the results compare favourably with PFGE karyotyping, Ca3
complex probes and MLEE. However, the drawbacks of this technique are: It is laborious
because a number of primers are picked and analysed independently, and information from these
primers is coalesced for each test isolate (Pujol et al., 1997; Soll, 2000). The low annealing
temperatures used in the PCR make the RAPD technique poorly reproducible. Reproducibility
issues also persist within and between laboratories, resulting in varying databases (Pujol et al.,
1997; Soll, 2000). The profiles obtained from RAPD techniques are sometimes complicated and
often difficult to interpret due to variability among strains, and also due to artefacts (BartDelabesse et al., 1993). DNA polymorphisms generated by the RAPD method are dominant and
are used with caution in population studies because null alleles are not detected in heterozygous
strains (Lewis & Zaykin, 2001). Comparatively, MLEE and RAPDs are commonly used markers
that are quite good in analysis at the intermediate divergence level. They both lack resolution at
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both upper and lower levels of divergence and are unable to mark all genetic variability at those
levels (Bart-Delabesse et al., 1993).

AFLP fingerprinting is used for strain delineation of genetically related species. The first step
involves digestion of the total genome with two restriction enzymes (Wassenaar & Newell,
2000). The AFLP technique selectively amplifies restriction fragments of genomic DNA by
using stringent reaction conditions for primer annealing. This technique is reliable and more
advanced than the RAPD technique (Wassenaar & Newell, 2000). This technique can be
standardised to allow inter-laboratory data comparisons. Fragment selection in AFLP is attained
by adding selective bases to the 3' end of the primers and PCR amplification is accomplished by
using linkers ligated to the restriction sites for annealing of primers, thus leading to a large
number of bands being generated depending on the number of selective bases used. As a result,
complex AFLP profiles are usually generated and are sometimes difficult to interpret (Soll,
2000). The high number of small fragments produced by AFLP amplification makes this
technique more likely to be susceptible to genomic instability (Wassenaar & Newell, 2000).

The sequencing and cloning of genes for identification purposes is technically demanding and
slow. Undertaking these techniques is expensive and beyond the technical capacity of most
medical mycologists interested in using the method for DNA identification of large collections of
clinical isolates during an epidemiological survey (Sampaio et al., 2005).
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Multilocus sequence typing (MLST) is a sequence-based technique that evaluates nucleotide
polymorphisms of internal fragments of housekeeping genes (Afsarian et al., 2015; AlastrueyIzquierdo et al., 2013; Odds et al., 2006). This technique is used for epidemiological purposes
because of its high discriminatory potential among strains within a particular species. Typing of
C. albicans isolates by MLST comprises of PCR amplification and DNA sequence analysis of
300–400 bp regions from seven housekeeping genes that are under stabilising selection pressure
(Odds et al., 2006; Bougnoux et al., 2003; Alastruey-Izquierdo et al., 2013). For each locus,
sequence differences caused by SNPs are assigned as different alleles. Each unique allele is
given a corresponding integer, and each unique combined set of integers per isolate (an allelic
profile) is designated another corresponding integer, termed as a sequence type (ST). The level
of sequence variation increases with C. albicans due to the diploid nature and the presence of
heterozygous nucleotide sites, which provide additional genotypes. In C. albicans, the ST is
termed as a diploid sequence type (DST) as it is based on direct DNA sequence assessments.
Typing of most fungi with the MLST technique is well developed and data are readily accessible
(Afsarian et al., 2015; Bougnoux et al., 2003; Wu et al., 2012). Results from MLST are
comparable with DNA fingerprinting from the moderately repetitive sequence Ca3 because both
typing techniques designate highly related strains to the same clusters of isolates (Chowdhary et
al., 2006; Odds et al., 2006). Comparatively, in assigning the genetic relatedness among clinical
C. albicans isolates, MLST has a higher discriminatory power than Ca3 fingerprinting and other
typing methods (Alastruey-Izquierdo et al., 2013; Bougnoux et al., 2003). MLST is highly
reproducible and has a discriminatory power of 0.999 that is comparable to the discriminatory
power (0.993) of Ca3-based fingerprinting (Odds & Jacobsen, 2008; Afsarian et al., 2015; Mc
Manus et al., 2012). The technique is relatively fast and data can be exchanged between
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laboratories during epidemiological studies (Alastruey-Izquierdo et al., 2013; Wu et al., 2012).
However, this technique is unsuitable for typing large set of isolates because the complicated
data from at least six housekeeping genes are pooled and analysed to infer genetic relatedness.
The technique is also laborious and expensive; intricate analyses of the data generated by MLST
may keep such a technique out of reach for many routine clinical laboratories, even though it
shows a high degree of discriminatory potential at the strain level of analysis (Afsarian et al.,
2015; Odds & Jacobsen, 2008) .

The electrophoretic karyotyping and fingerprinting methods described above are employed for
clone differentiation because adequate data needed for the study of population genetic structure
may be limited (Pfaller, 2012; Bader et al., 2012; Taylor et al., 1999). Any improved molecular
technique that accurately distinguished between clinical strains is essential for epidemiological
studies. For this study, the 25S rDNA (McCullough et al., 1999), general purpose genotyping
(Schmid et al., 2011) and microsatellite technique (Sampaio et al. 2005) were used to delineate,
assign the C. albicans isolates into clades and study the population genetic structure of C.
albicans from Ghana as detailed in Chapters 4 & 5 of this thesis. These molecular methods were
selected because of the low operational cost and the ability to standardise the methods between
laboratories, which allows for inter-laboratory comparisons.
A combination of conventional phenotypic and molecular techniques for identification of the
aetiological agent involved in any fungal infection is imperative for definitive diagnosis and
effective treatment, since the susceptibility pattern for antifungal agents as well as virulence
traits often varies among species (Garey et al., 2006; Labelle et al., 2008; Parkins et al., 2007).
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This will guide in the selection and rapid initiation of appropriate antifungal agents for efficient
patient management, reduce pressure on the limited antifungal agents in used and minimise
mortality associated with disseminated candidiasis. Accurate identification will also help
maintain a good epidemiological record.

Aim
The aim of this study was to use four conventional phenotypic tests and molecular techniques to
isolate, identify and characterise Candida species from different patient groups presenting with
various forms of candidal infections, determine the various biological types of C. albicans
present, assign clades to the C. albicans isolates assayed for this study based on the presence or
absence of general-purpose genotypes, study the population genetic structure of C. albicans and
antifungal susceptibility trend among the Candida isolates from three teaching hospitals in
Ghana, namely Korle Bu, Komfo Anokye and Tamale.
These teaching hospitals are located in the Coastal, Southern and Northern parts of Ghana
respectively, as shown in Figure 1. There are climatic and cultural differences among the three
teaching hospitals; Korle Bu is located in Accra, the capital city of Ghana, an industrialised and
cosmopolitan city with a largely Christian population. Komfo Anokye is located in Kumasi, the
second largest city in Ghana, which is about 200km away from the capital, Accra. Kumasi is
relatively humid compared to the other two regions. It is also a cosmopolitan and industrialised
city with a largely Christian population. Tamale is located in northern Ghana about 430km north
of the capital, it has a much hotter and drier climate and is prone to Harmattan winds; it is
inhabited by predominantly Islamic communities.
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Figure 1: Location of Korle Bu, Komfo Anokye and Tamale teaching Hospitals
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Objectives
•

To compare and evaluate the outcomes of the four phenotypic tests used to isolate and
identify Candida species recovered from clinical specimens and also highlight the
challenges associated with these four phenotypic tests in the identification process.

•

To determine the prevalence and distribution of Candida species from the three teaching
hospitals in Ghana.

•

To determine the genotypes of C. albicans isolates recovered from the clinical specimens
by amplifying the site of the transposable group one intron in the 25S rDNA gene, using
the method previously described by McCoullough et al. (1999).

•

To assign C. albicans into clades based on the presence and absence of the general
purpose genotype (Schmid et al., 20111).

•

To determine the population structure of C. albicans isolates using three microsatellite
markers, CAI, CAIII and CAVI, located in the non-coding regions of the C. albicans
genome.

•

To determine the antifungal sensitivity of the Candida isolates using the epsilometer test
(Etest).

Research Questions
1. Is the conventional phenotypic approach more effective than molecular approach in
isolating and differentiating Candida species recovered from the clinical specimens
from the three teaching hospitals?
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2. What is the percentage prevalence of C. albicans to that of non-albicans Candida
species in patients presenting with genitourinary candidiasis, suspected pelvic
inflammatory disease and other disease conditions?
3. Are there different strains of C. albicans recovered from the clinical specimens? What
are their prevalence rates among the Candida isolates assayed for the analysis?
4. Is there any infection caused by a single strain of C. albicans species across the three
teaching hospitals?
5. Is clade 1 the most populous clade among the C. albicans isolates assayed for this
study?
6. What is the population structure of C. albicans across the three geographical locations?
7. Is there any difference in the antifungal susceptibility pattern among Candida species
isolated from different anatomical sites?
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CHAPTER 2
PRELIMINARY IDENTIFICATION AND CHARACTERISATION OF CANDIDA
SPECIES FROM GHANA USING FOUR CONVENTIONAL PHENOTYPIC TESTS
Abstract
Candida species constitute a heterogeneous group of fungi that superficially seem to be
morphologically homogeneous. This similarity in morphology poses a challenge to differentiate
between them visually. However, diagnosis and treatment of candidal infections remain difficult
without proper identification. Distinguishing between these species is also essential for
prognostic and therapeutic purposes, in that strain delineation allows for accurate and prompt
antifungal intervention.
The aim of this study was to employ four conventional phenotypic tests to identify and
characterise Candida species from three major teaching hospitals: Korle Bu, Komfo Anokye and
Tamale sited at different geographical locations in Ghana.
Six hundred Candida isolates were recovered from clinical specimens brought into the diagnostic
laboratories from the three teaching hospitals from mid-January to April 2012. These were taken
from different anatomical sites of patients presenting with various disease conditions. The
Candida isolates were screened and identified to their respective species type based on their
colony morphology, their physiological and biochemical characteristics using four conventional
phenotypic tests. These were germ-tube and chlamydospore formation, whether or not growth
occurred at 45o C and colony colour on chromogenic medium. Based on the chromogenic test, C.
albicans accounted for 41% of the total number of isolates, and the remaining 59% was
accounted for by non-albicans Candida species. In addition, for germ tube formation test in
human serum, 38.3% of the Candida isolates formed germ-tubes and 16.5% of the germ-tube
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positive isolates formed chlamydospores. Of the non-albicans Candida species, Candida
glabrata accounted for 26.5% of the total species, 19% for Candida parapsilosis, Candida
tropicalis for 8.5%, Candida krusei for 4.8% and Candida kefyr and Candida lusitaniae for 0.2%
each.
Chi square test of independence used to determine the relationship or association between the
methods used and the results obtained indicated that there is a strong evidence of a relationship,
and also the strength of the correlation between the four conventional phenotypic methods used
in this study was significant.
Thus, development of an identification scheme, which can discriminate between Candida
species, will have prognostic and therapeutic significance, allowing early initiation of
appropriate antifungal treatment.

Introduction
In spite of the growing number of immunocompromised hosts and the high incidence of fungal
infections in our hospitals (Feglo & Narkwa, 2012; Adjapong et al., 2014; Pfaller et al., 2014),
there is no clear evidence that the hospitals in Ghana are putting stringent measures in place to
facilitate rapid isolation and identification of fungal species. For efficient patient management
and timely institution of antifungal therapy, accurate identification of the aetiological agents
involved is paramount. In addition, exact identification might reduce the pressure and gratuitous
use of toxic antifungal agents and thus minimise the formation of resistant strains and decrease
the length of hospital stays (Bhally et al., 2006; Pfaller & McGinnis, 2009; Pfaller et al., 2014).
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Aim
The aim of this study was to apply four conventional phenotypic tests to identify Candida
species recovered from clinical specimens brought into the diagnostic laboratories of the three
teaching hospitals in Ghana, namely Korle Bu, Komfo Anokye and Tamale respectively to
establish if there is any association or correlation between the methods used and the results
obtained, in order to ascertain which of the four tests best suits or should be recommended for
routine analysis in the three teaching hospitals.
The tests included the formation of a germ-tube in human serum when incubated at 37o C
(Coleman et al., 1997; Odds & Bernaerts, 1994; Pincus et al., 1999), the formation of
chlamydospores on corn meal–Tween 80 agar (Odds & Bernaerts, 1994), growth characteristics
at 45o C (temperature sensivity test) ( Kanno et al., 2014; Pinjon et al., 1998) and colony colour
on chromogenic medium (Brillance Candida agar) (Jamal et al., 2014; Schoofs et al., 1997).

Characterisation of Candida species by a chromogenic test
Brilliance Candida agar (BCA) is a selective and differential chromogenic medium which is used
as a primary culture agar to detect different clinical Candida species encountered during
infection or co-infection (Dassanayake & Samaranayake, 2003; Ellepola et al., 2003). This
medium consists of a mixture of chromogenic substrates and chloramphenicol ( Adam et al.,
2010; Ha et al., 2011; Bernal et al., 1996). The chromogenic substrate consists of two
chromogens, which are used to detect the presence of two target enzymes, β-hexosaminidase and
alkaline phosphatase, normally present in certain Candida species. Differentiation of Candida
species by BCA is based on the different colony pigments or chlorophores produced after
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enzymatic reaction with the two chromogenic substrates incorporated in the medium. The two
chromogenic substrates used in BCA medium are:
• X-NAG (5-bromo-4-chloro-3-indolyl N acetyl ß-D-glucosaminide), which detects the activity
of hexosaminidase.
• BCIP (5-bromo-6-chloro-3-indolyl phosphate p-toluidine salt), which detects alkaline
phosphatase activity (Adam et al., 2010; Ha et al., 2011).
The chromogenic test was selected over other standard mycological biochemical tests for
identification of Candida species since the time needed for this test to produce a result is
relatively short (72 hours) ( Adam et al., 2010; Ha et al., 2011; Dassanayake & Samaranayake,
2003). The matrix-assisted laser desorption/ionisation test (MALDI-TOF) is relatively expensive
to be used for routine laboratory analysis and also the precision of various MALDI-TOF
instruments in distinguishing yeasts was frequently found to lack reference spectra of cryptic
Candida species in their databases and also differ considerably when compared to the
conventional techniques (Jamal et al., 2014; Oliveira et al., 2015). The VITEK yeast biochemical
card test, which takes between two to three days to produce results, is also relatively expensive
(Pfaller & Diekema, 2007; Pfaller et al., 1996; Szabo et al., 2008). Other biochemical tests, such
as assimilation assay analysis, take approximately a week for species to be identified ( Szabo et
al., 2008). In addition, some other new commercial biochemical yeast kits may sometimes fail to
identify emerging fungi. Furthermore, some biochemical non-reactive fungal strains may pose a
challenge during the identification process (Coignard et al., 2004; Massonet et al., 2004).
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Characterisation of Candida species by a germ-tube formation test
Candida species can all grow as budding yeast cells (blastospore). These budding yeast cells are
spherical or oval in shape and are approximately 2.5 x 3.7 µm in size (Larone, 2002). However,
some Candida species are innately pleomorphic and can grow in different growth forms during
pathogenesis in humans or in other stress-induced media as a means to compensate for the
changing conditions in the new environment.
Morphological switching from yeast to hyphal or filamentous form is a prerequisite for initiation
of infection at different stages of candidal colonisation/infection (Finkel et al., 2012; Thompson
et al., 2011 Saville et al., 2003) and also connotes virulence in Candida species ((Finkel et al.,
2012; Fitzpatrick & Sheppard 2010; Thompson et al., 2011 ). Typically, both budding and
filamentous forms play a role in the progression of infection in humans (Feldmann, 2010;
Fitzpatrick & Sheppard 2010; Calderone, 2002) and cells restricted to either phase of growth
morphology exhibit decreased virulence ( Fitzpatrick & Sheppard 2010; Thompson et al., 2011;
Saville et al., 2003). During candidal infection, the constant formation and detachment of
unicellular budding yeast cells (blastospores) is important for initial colonisation and promotion
of local haematogenous dissemination of candidiasis within the host tissues (Finkel & Mitchell,
2010; Fitzpatrick & Sheppard 2010; Feldmann, 2010). The blastospore form is predominant and
mostly implicated in asymptomatic hosts (Chaffin et al., 1998; Finkel & Mitchell, 2010).
Filamentous growth forms facilitate the ability of Candida species to invade and penetrate solid
tissue during pathogenesis in symptomatic hosts (Finkel & Mitchell, 2010; Wang et al., 2009).
Sometimes in a single infection state, all the pleomorphic forms can be present, but often one
morphological form may predominate (Berman & Sudbery, 2002; Fitzpatrick & Sheppard 2010;
Feldmann, 2010).
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The importance of morphogenesis was demonstrated in an in-vitro study carried out by Dalle et
al. (2010) on cellular interactions of C. albicans with human oral epithelial cells and enterocytes.
In their study, hyphal forms were exclusively implicated in both invasive reconstituted epithelial
and endothelial cells. Adherence of Candida species to the epithelial cells is linked to their
ability to form germ-tube or hyphal growth (Finkel et al., 2012; Fitzpatrick & Sheppard 2010).
This finding was similarly reported by previously by Scherwitz (1982) when only hyphal forms
were found in epithelial cells when biopsy samples from patients with mucosal infection were
analysed.
Cell morphology, particularly in fungal species including C. albicans, C. dubliniensis, C.
africana that have similar dimorphic transitions. Cell morphology is a useful criterion for
identification since it is less sensitive to mutation when compared with a nutritional spectrum of
identification (Feldmann, 2010; Larone, 2002; Trofa et al., 2008). A germ-tube is the protruding
of a hypha directly from the yeast cell wall, and it is the most rapid, simple and valuable
identification tool used over the years for the presumptive identification of truly polymorphic
Candida species from Cryptococcus neoformans, which is a human pathogenic yeast (Kurtzman
et al., 2011; Odds & Bernaerts, 1994). Though the test is fast, sufficient growth or colonies on
agar may require 24 ̶ 72 hours before identification can be done (Sheppard et al., 2008).
Furthermore, germ-tube formation is a characteristic of certain Candida species when the yeasts
are cultured in serum or other germ-tube inducing agents (Kurtzman et al., 2011; Larone, 2002;
Trofa et al., 2008). Growth of a germ-tube occurs optimally at pH less than 5.5 and a temperature
greater than 33o C (Nadeem et al., 2013). Based on the formation of germ-tubes, Candida species
can either be grouped as germ-tube positive or negative isolates. Candida dubliniensis for
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example rarely forms germ-tubes in these commercial synthetic growth media (Sullivan et al.,
1995).
While some Candida species display dimorphic forms others can exhibit pleomorphic forms
during an infection (Kurtzman et al., 2011; Feldmann, 2010). For instance, some C. albicans and
C. tropicalis strains are pleomorphic since these species can exist in a third growth form, the
pseudohypha, which is in addition to the true hyphae and bastospore growth forms. Conversely,
some C. krusei and C. parapsilosis exhibit dimorphism and can only exist in blastospore and
hyphal/pseudohyphal growth forms ( Hube et al., 2001; Kurtzman et al., 2011; Daniel et al.,
2014). Morphological transition can be affected by an interplay of several factors including
changes in ambient pH (Nadeem et al., 2013; Cornet et al., 2005), nutritional status (Kabli, 2006)
and temperature (Enjalbert & Whiteway, 2005; Kabli, 2006).
In most laboratory studies, bovine or human serum is a medium of choice used to induce germtube formation, although Nakamoto (1998) and Nadeem et al. (2013) has reviewed several other
nutritional growth media useful to induce germ-tube formation. The other germ-tube inducers
include egg white (Buckley & Van Uden, 1963), N-acetylglucosamine (Simonetti et al., 1974,
Ernst, 2008), fermentation and assimilation substrates such as proline and glucose (Holmes et al.,
1994), ethanolic substances such as phenylethyl alcohol and tryptophol (Pollack & Hashimoto,
1987), sulphydryl groups and peptone (Joshi et al., 1993). Occasionally, nutritional variation
may occur among species through mutation and can affect the morphological continuum from
yeast cells to pseudohyphae or true hyphae (Kabli, 2006; Trofa et al., 2008).
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Characterisation of Candida species by a chlamydospore test
Chlamydospore formation is an additional morphological diagnostic tool routinely used in the
medical mycology laboratory to distinguish between two closely related candidal pathogens, C.
albicans and C. dubliniensis, whose natural habitat is the human host (Wahab et al., 2014; Pfaller
et al., 2014 . Chlamydospores are rarely detected in vivo, however, induction in vitro is possible
(Cole et al., 1991; Albaina et al., 2014; Hamad et al., 2014). Cole et al. (1991) observed
abundant chlamydospores in a slightly alkaline medium (pH 5) at a temperature range of 22 −
25o C in a test they conducted on Candida isolates to determine the presence of chlamydospore
formation. Cultures carried out on C. albicans and C. dubliniensis in vitro by other authors on
certain nutrient deficient media in the dark at 25o C under microaerophilic conditions also
yielded chlamydospores (Gumral et al., 2011; Hamad et al., 2014; Shan et al., 2014).
Chlamydospores are inter-calary, terminal spores that are formed by the rounding-off of cells in
growing hyphae. They are asexual spores that are three to four times bigger than the typical
blastospore or yeast cell and have characteristically large, spherical, thick-walled cells, which are
usually produced at the tips of hypha or suspensor cells (Joshi et al., 1993; Albaina et al., 2014).
Chlamydospores sometime represent a response of the yeast cell to changing environmental
conditions or different biological niches and are considered dormant cellular spores. These
spores quickly lose their viability over a short period (Chaffin et al., 1998; Eddouzi et al., 2013;
Albaina et al., 2014).
Chlamydospore-like cells, in contrast to hyphae, are rarely observed during an infection. Thus,
the role of chlamydospores in virulence and pathogenicity if any is not known. Furthermore, the
difference in mechanisms leading to the formation of this cellular distinction between C.
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albicans and C. dubliniensis chlamydospores is yet to be elucidated (Shan et al., 2014; Hamad et
al., 2014).

Characterisation of Candida species by temperature sensitivity test
The ability of a dimorphic C. albicans to cause infection depends on a number of physiological
and virulence traits (Brawner & Cutler, 1987; Kanno et al., 2014). Notably among these
virulence traits are the production of exoenzymes, the release of toxins, the degree of cell-surface
hydrophobicity, the formation of germ-tubes, growth at varying pH and temperatures, and
antigenic variations. However, the level of expression of these traits depends solely on the C.
albicans strain involved (Kanno et al., 2014). Growth temperature has been noted to affect the
expression of some of these virulent traits, and has become a vital tool for identification of
several microorganisms, including Candida species ((Mahnβ et al., 2005; Rocha, 2007). The
ability to grow at 45o C has been used for the presumptive identification of C. albicans from
other medically important germ-tube positive Candida species, mainly because some C. albicans
could maintain optimum growth even after exposure to a temperature of about 45o C, which is
slightly above the optimum growth temperature of approximately 37 o C (Mahnβ et al., 2005;
Brito et al., 2007; Pinjon et al., 1998).
As an identification tool, a test of temperature sensitivity is relatively cheaper and less laborious
compared to other physiological tests, and the time needed to distinguish between C. albicans
and the other germ-tube positive Candida isolates is relatively shorter (48 hours) (Mahnβ et al.,
2005; Brito et al., 2007; Pinjon et al., 1998). The test is easy to perform as a single test or in
combination with other conventional phenotypic tests such as germ-tube and chlamydospore
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formation tests, and different colony colour production on a chromogenic medium (Larone,
2002; Mahnβ et al., 2005; Brito et al., 2007). However, identification of Candida species by one
conventional phenotypic test may also pose a great challenge due to seeming overlapping traits
and the complex, polymorphic nature of some strains of Candida species (Pfaller et al., 2014;
Quindos, 2014), therefore, several tests might often need to be employed to achieve the
definitive identification of species involve during candidal infection.

Objective
•

To determine the spectrum of Candida species present in the clinical specimens collected
across the three teaching hospitals using the four conventional phenotypic tests as
detailed above.

Hypotheses
This study was based on these hypotheses:
1. The four conventional phenotypic tests will efficiently identify all the Candida isolates
to their respective species type.
2. There are other types of Candida species than currently known to be present in the
hospitals in Ghana.
3. There is a no relationship or association between the test and the result obtained.
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Research Questions
1. Are the four conventional phenotypic tests effective in differentiating between the
Candida species present in all the clinical specimens?
2. Are there strain variations among the three geographical locations and if any, could this
be identified by the four conventional phenotypic tests selected?
3. Is there any relationship or correlation between the methods used and the results
obtained?

Methods
Study sites and sampling population
The study sites were the teaching hospitals at Korle Bu, Komfo Anokye and Tamale, which are
located in the Coastal, Southern and Northern parts of Ghana respectively. Laboratory specimens
brought into the diagnostic laboratories from mid-January to April 2012 were included in the
analyses. Most isolates were recovered from clinical specimens brought from patients upon
admission at the five (5) different wards within the hospitals; these were the medical, surgical
wards, the neonatal and intensive care units (NICU), the gynaecological and maternal healthcare
units and the out-patient department (OPD).

Sample collection
Clinical samples used in this study included urine, endo-cervical and vaginal swabs (VS),
urethra, wound and eye swabs, sputa, and aspirates recovered from both out-patients and from
patients upon admission (see Appendix 2 for details). The number of samples were 337 from VS,
41

238 from urine, seven from sputa, six from blood, four from urethra smears, three from
endocervical swabs, three from aspirates, one each from a wound and an eye swab respectively.
Of the total number of 600 patients, 87% were females and 13% were males.

Demographic Data
Basic demographic data such as age and gender as well as information on the clinical condition
such as underlying disease or predisposing factors were recorded from the patient’s laboratory
requisition form. The mean age of the patients was 29.5 years (range from 21 − 85years).

Inclusion criteria
Patients who presented with all forms of discharge, suspected urinary tract infection associated
with pyuria and high temperatures, aspirates from bronchoalveolar and swabs from different
anatomical sites, ascetic fluid, sputum from respiratory tract infections were included in this
study. Moreover, Candida isolates recovered from any other sterile sites simultaneously with
bacterial isolates were included. In addition, other cultured specimen plates that yielded (threequarters full) of Candida colonies but were not part of the mycological request by the physician
were also included in the study.
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Source and preparation of media
All media used for yeast analyses were obtained from Oxoid Limited (Hampshire-Basingstoke,
UK) unless otherwise specified. Media used included Sabouraud dextrose agar (SDA), Corn
meal agar, Potato dextrose agar (PDA) and Potato dextrose broth (PDB), Peptone yeast extract
glucose medium (PYG), and Brilliance Candida agar (BCA) (See Appendix 1 for recipes for
media preparation) for fungal identification. Media for bacteria identification were obtained from
Sigma Aldrich (Life Technology, Australia) unless otherwise specified. The media included
Blood agar base, Cysteine, lactose, and electrolyte-deficient agar (CLED), Mc Conkey agar,
Brain heart infusion (BHI), and Kligler iron agar.

Preparation of media
All the media used for the study were prepared according to the manufacturer’s
recommendations.

Sabouraud Dextrose Agar (SDA): CM 0041
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Mycological peptone

10

Glucose
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Bacteriological agar

15
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65 g of the dehydrated culture powder was weighed into a media bottle. All ingredients were mix
up in 900 ml deionised water to form a suspension. The final pH of the medium was adjusted to
5.6 ± 0.2 with hydrochloric acid to a final volume to 1 litre. Then the medium was autoclaved for
20 minutes at 121° C 15 lb/in2 to sterilise. The autoclaved medium was supplemented with 0.5
mg/l chloramphenicol and gentamicin each and then mixed thoroughly for 2 minutes. Then 25
ml of supplemented autoclaved medium was dispensed into 90 mm Petri dish to set.

Corn Meal Agar: Code CM0103
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Corn meal extracts

2

Bacteriological agar

15

Tween 80

1%

17 g of the dehydrated culture powder was weighed into the 1L media bottle. All ingredients
were mix up in 900 ml deionised water to form a suspension. One percent Tween 80 was added
to the suspension and then was mixed thoroughly to solubilise. The final pH was adjusted to 6.0
± 0.2 with hydrochloric acid, and the final volume was adjusted to 1 litre. Then it was autoclaved
for 20 minutes at 121°C, 15 lb/in2 to sterilise. The autoclaved medium was cooled down to about
50 − 60° C. Then 25 ml of the autoclaved medium was dispensed into 90 mm Petri dishes to set.
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Brilliance Candida agar (BCA): Code CM 1002
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Mycological peptone

4

Chromogenic mix

13.6

Bacteriological agar

13.6

Chloramphenicol

0.5

15. 6 g of the dehydrated culture powder was weighed into 500 ml of distilled water in a media
bottle to form a suspension. The final pH was adjusted to 6.0 ± 0.2 with hydrochloric acid. The
suspension was brought to boil by repeated agitation until agar particles in the distilled water
were completely dissolved. The medium was cooled down to about 45 − 50° C in a water bath
with gentle agitation and then 0.5 g of chloramphenicol (Brilliance Candida selective
supplement) was added and swirled to mix completely as directed. Then 25 ml of the molten
agar was poured into 90 mm Petri dishes to set.

Potato dextrose agar code: CM 0139
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Potato extracts

4
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Glucose

20

Bacteriological agar

15 g

39 g of the dehydrated culture powder was weighed into a media bottle. All ingredients were
mixed up in 900 ml deionised water to form a suspension. Then the final pH was adjusted to 5.6
± 0.2 with hydrochloric acid and then the final volume adjusted to 1 litre. The medium was
autoclaved for 20 minutes at 121° C, 15 lb/in2 to sterilise. Then 25 ml of the medium was
dispensed into 90 mm Petri dishes to set.

Peptone yeast extract glucose (PYG) medium: Code CM 79883
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Yeast extract

1.25

Bacteriological agar

20

Peptone

1.25

D (+)- Glucose

3

Deionised water

1litre

25.5 g of the dehydrated CLED powder was weighed and suspended into 1litre of deionised
water and the final pH adjusted to 7.3 ± 0.2. The suspension was heated to dissolve the agar with
frequent agitation to completely dissolve the medium and then autoclaved at 121o C for 15
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minutes, 15 lb/in2 to sterilise medium. The molten agar was dispensed into 90 mm Petri dish and
allowed to set. It was then stored at 4o C.

Blood agar base: Code CM 70133
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Pancreatic digest of casein

15

Papaic digest of soy meal

4

Sodium chloride

5

Corn starch

1

Bacteriological agar

14

Chloramphenicol

0.5

Yeast extract

2

Deionised water

1litre

The dehydrated blood agar base powder was weighed into media bottle and the final pH of the
medium was adjusted to 7.3 ± 0.2. The suspension was heated to dissolve the agar with frequent
agitation and boiled for one minute to completely dissolve the medium and then autoclaved at
121o C for 15 minutes, 15 lb/in2 to sterilise medium. The molten blood agar base was transferred
to 50o C water bath to cool the agar to 50o C. The sterile defibrinated sheep blood was warmed to
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room temperature and then appropriate volume (6%) of sterile defribrinated blood was
aseptically added to the molten sterile blood agar base in a bio-safety hood. The bottle was
gently rotated to avoid formation of air bubble. The mixture was dispensed into a 90 mm Petri
dish and allowed to set at room temperature. The plates were stored at 2 ̶ 4o C. Growth
characteristic of Streptococcus pyogenes, Streptococcus pneumonia, Haemophilus influenza was
streaked with Staphylococcus aureus on a few selected plates to check the sterility of the
medium and also this procedure served as quality control checked.

Cysteine, lactose, and electrolyte-deficient agar (CLED) base: Code CM 55420
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Lactose

10

Pancreatic digest of gelatin

4

Pancreatic digest of casein

4

Beef extract

3

L-Cystine

0.128

Bromothymol Blue

0.02

Bacteriological agar

2

Deionised water

1litre
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36.15 g of the dehydrated CLED powder was weighed and suspended into 1litre of deionised
water and the final pH adjusted to 7.3 ± 0.2 with hydrochloric acid. The suspension was heated
to dissolve the agar with frequent agitation and boiled to completely dissolve the medium and
then autoclaved at 121o C for 15 minutes to sterilise medium. The molten agar was dispensed
into 90 mm Petri dish and allowed to set. It was then stored at 4o C.

Mac Conkey agar base code CM 94216
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Lactose

10

Preteose peptone

3

Peptone

17

Bile salts N0_3

1.5

L-Cystine

0.128

Sodium chloride

5

Bacteriological agar

13.5

Neutral red

0.03

Crytal violet

0.001
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Deionised water

1litre

50 g of the dehydrated Mac Conkey powder was weighed and suspended into 1litre of deionised
water and the final pH adjusted with hydrochloric acid to 7.1 ± 0.2 at room temperature. The
suspension was heated with frequent agitation to completely dissolve the medium and then
autoclaved at 121o C for 15 minutes to sterilise medium. The molten agar was dispensed into 90
mm Petri dish and allowed to set. It was then stored at 4o C.

Brain heart broth code CM 53286
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Calf brains (infusion from 200g)

12.5

Beef heart (infusion from 250g)

5

Peptone

10

Sodium chloride

5

D(+)- Glucose

2

Disodium hydrogen phosphate

2.5

Deionised water

1litre

37 g of the dehydrated Brain heart broth powder was weighed and suspended into 1litre of
deionised water and then the final pH was adjusted with hydrochloric acid to 7.4 ± 0.2. The
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suspension was heated with frequent agitation to completely dissolve the medium. The medium
was then autoclaved at 121o C for 15 minutes to sterilise medium. Then 15 ml of the broth was
dispensed into universal bottle and then stored at 4o C.

Kligler iron agar (KIA) medium code CM 60787
Recipes and protocol for preparation
Constituents per litre of medium

quantity g/l

Enzymatic digest of Casein

10

Enzymatic digest of animal tissue

10

Lactose

10

Dextrose

1

Ferric Ammonium Citrate

0.5g

Sodium chloride

5

Sodium Thiosulphate

0.5

Phenol red

0.025

Bacteriological agar

15

Deionised water

1litre
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52 g of the dehydrated KIA medium powder was weighed and suspended into 1litre of deionised
water and then the final pH was adjusted to 7.4 ± 0.2 using hydrochloric acid. The suspension
was heated with frequent agitation to completely dissolve the agar and then the medium was
brought to boil. 15 ml of the medium was dispensed into sterile test tubes with lids. The test
tubes were autoclaved at 121o C for 15 minutes to sterilise the medium. The test tubes were
slanted and the agar was allowed to set at room temperature. The test tubes were stored at 4o C.

Standard strains
Candida albicans 10231 and 28366, C. parapsilosis 90018, C. tropicalis 13803, C. krusei 6258,
C. glabrata 2001, C. kefyr 4135 and C. lusitinae 34449 from the American Type Culture
Collection (ATCC), Rockville, MD, were used as controls. These strains were kindly gifted by
the Canterbury District Health Board.

Preliminary screening of clinical specimens: Wet mount preparation (Cheesbrough, 2006)
Microscopic screening was performed on all the specimens on the basis of their motility,
morphology and staining reaction (Cheesbrough, 2006) using a direct wet mount preparation
made up of a drop of 10% potassium hydroxide (KOH) and 1% w/v lactophenol cotton blue.
This was then visualised under 10x and 40x objective lenses. The presence of typical colonial
oval or ellipsoidal yeast-like morphology was used as an indicator for the presence of yeast.
Isolation of yeasts from clinical spcimens is detailed in (Appendix 1).
All yeast-like positive isolates recovered from the different clinical specimens were inoculated
and cultured separately on an SDA plate supplemented with 50 mg/l gentamicin and
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chloramphenicol using the typical streak-out plate method. Subsequently, the inoculated SDA
plates were incubated aerobically at 30o C for 48 hours. Raised colonies, with an opaque and
creamy colour with characteristic yeast-like odour were preliminary tagged as Candida species.
The presence of typical colonial oval or ellipsoidal yeast-like morphology was used as a further
indicator for the presence of yeast (Odds & Bernaerts, 1994, Kurtzman et al. 2011). The plates
were examined for the presence of growth after 48 hours of incubation. Detailed isolation
procedures of the Candida species from all the anatomical sites used for this study are described
in Appendix (1).
Bacterial species present in the clinical specimens were isolated, identified and enumerated using
standard bacteriological media such as Cystine lactose electrolyte deficient agar (CLED),
MacConkey agar, Brain hearts infusion (BHI) broth, Blood agar (BA) and kligler iron agar
(KIA). Following culture of the bacteria species on these media, biochemical tests were
conducted to identify the various species present based on their enzymatic and fermentation
reactions using catalase, oxidase, coagulase fermentation and indole tests. Procedures for
isolation and identification of bacteria species were done as described previously by
(Cheesbrough, 2006) with some modifications (Appendix1). Their prevalence was then
compared with the Candida species isolated during the period of study.

Quantification of colonies in urine samples was achieved by plating a loopful of urine sediment
using 0.01 ml sterile inoculating wire loop on SDA, CLED and BA agar as described by
Cheesbrough (2006) and Passos et al. (2005). The inclusion criteria used in this study are: All
swab specimen plates that were (three quarters full) of Candida or bacteria colonies and urine
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specimens with Candida or bacteria at a concentration of more than 100 CFU/ml after culture
were used for this study.
Colonies were purified by a repeated streaking method on the same medium to obtain pure
discrete colonies, which were subsequently grown and maintained on SDA slants at 4o C. The
inoculated slants were later transported to the School of Biological Sciences, University of
Canterbury, Christchurch, New Zealand for further standard identification. Isolates were named
after their institution of origin followed by a number in order to preserve the anonymity of the
patients.

Preparation of stock and working cultures
Stock cultures were prepared and stored in 50% v/v glycerol and potato dextrose broth (PDB) in
cryo-vials (Laboratoire AES, Combourg, France) whereas working cultures for identification and
experimental purposes were prepared for each isolate on SDA plates and incubated at 30o C for
48 hours. Both stock and working cultures were kept at −80o C and 4o C respectively. Briefly, for
stock cultures, a pool of discrete colonies were inoculated into PDB and incubated aerobically at
37o C for 48 hours for each of the Candida isolates (Cheesbrough, 2006). A 1:1(v/v) suspension
was prepared by mixing 50 µl of inoculated PDB and 50 µl of glycerol together in a cryo-vial
and vortexing for 15 seconds for each of the Candida isolates. The cryo-vials were allowed to
stand for 20 minutes at room temperature then transferred into a −20o C for two hours and finally
transferred into a −80o C for storage until needed. The viability and purity of the stock cultures
were ensured by periodic sub-culture on an SDA plate. The working culture plates were
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occasionally sub-cultured and maintained on fresh SDA plates throughout the experimental
period.

Phenotypic characterisation of Candida isolates
The identification of each Candida isolate was done using four standard conventional phenotypic
tests; these were based on the isolates’ microscopic morphological characteristics, reproductive
structures, and then physiological and biochemical activities (Atkins & Clark, 2004).

Chromogenic test on Brilliant Candida agar
All positive yeast-like clinical specimens were cultured on BCA after the initial wet mount
screening. Isolates were identified based on their biochemical activities on BCA after 72 hours of
aerobic incubation at 37o C (Mahnβ et al., 2005). Briefly, for uniformity and reproducibility of
results, the cell concentration was adjusted spectrophotometrically (Spectrophotometer, BioLAB,
Contherm Scientific, New Zealand) to 106 cells/ml. Then 10 µl of each suspension was
inoculated at one side of the culture agar plate. The inoculum was streaked-out on the entire
surface of BCA agar plate with a sterile inoculating loop for each of the isolates. Then the
inoculated plates were incubated aerobically at 37o C for 72 hours. Development of the colony
colour intensified within 72 hours of incubation. Identification of the various yeasts was done
based on the colony colour or pigment produced on the BCA medium using the manufacturer's
colour code chart provided. ATCC control strains were inoculated and incubated simultaneously
on the same medium.
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Germ-tube test
Induction of germ-tube formation in human serum by Calderone (2002)
The germ-tube test was conducted as previously described by Calderone (2002), except for the
cell concentration used. Briefly, a 24−48 hour old pure discrete colony of the test organism was
picked from an SDA plate, placed into sterile distilled water and then vortexed to form a
homogenous suspension. For uniformity and reproducibility of test results, the cell density in the
suspension was measured using a spectrophotometer and adjusted via dilution to a turbidity of
1.5 ҳ 103 cells/ml equivalent to 0.5 McFarland standard scales. Aliquots of fresh human serum
were dispensed into 2 ml Eppendorf tubes. Each tube was inoculated with 50 µl of the
suspension and then incubated aerobically at 37o C for three hours. The tubes were vortexed and
then a drop of the inoculated human serum was placed on a sterile glass slide using a Pasteur
pipette and overlaid with a sterile cover-slip. The slides were observed under the microscope
with a ҳ10 and ҳ40 objective lens.
Formation of germ-tubes was indicated when a long tube-like protrusion emerged from the yeast
cell wall without constrictions or septa from the point of attachment of the yeast cell wall, or they
were typically seen as numerous ‘hand mirror’ cells under the microscope. Averages of 10 fields
of view through the microscope were used to calculate the percentage of cells that formed germtubes. Each microscopic field of view with more than 70% of the cells transformed into filaments
or a ‘hand mirror’ shape was considered and subsequently scored as a germ-tube positive isolate.
ATCC C. albicans 10231 and 28366 and C. glabrata 2001 were used as controls.
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Chlamydospore test
Induction of chlamydospore formation on corn meal-Tween 80 agar
The presence or absence of chlamydospores in the germ-tube positive isolates when grown on
corn meal agar supplemented with 1% (v/v) Tween 80 (CMA-Tween 80) was determined using
the Dalmau technique, as previously described by Isenberg et al. (1989) and Mc Ginnis (2012),
except for differences in the cell concentration and incubation time used. The germ-tube positive
isolates, which produced green colonies on BCA were streaked separately on CMA-Tween 80
agar. In the laboratory, a number of factors such as a slightly alkaline medium, a temperature
range of 22 − 25o C, and micro-aerophilic conditions effectively enhance the production of
spores in vitro (Odds & Bernaerts, 1994; Sullivan & Coleman, 1998; Pfaller et al. 2014; Wahab
et al., 2014). A pure discrete colony of each test organism was taken from a 48-hour culture plate
and was subsequently inoculated into sterile distilled water in a 2 ml Eppendorf tube and then
vortexed to form a homogenous suspension. For uniform and reproducible results, the cell
concentration in the suspension was adjusted to 106 cells/ml using a spectrophotometer and
appropriate dilution. A sterile inoculating straight rod was used to inoculate CMA-Tween 80
agar plates. A deep streak inoculation line or horizontal furrow approximately 1.5 cm long was
created on the mid-section of the agar. The line of inoculum was subsequently overlaid with a
sterile cover slip (22 x 22 mm) to create the micro-aerophilic conditions needed for
chlamydospore formation. Standard strains of C. albicans (ATCC 10231 and 28366) and C.
glabrata (ATCC 2001) were used as controls.
Observation of Chlamydospores
The horizontal furrows were examined microscopically using a low power objective for the
presence or absence of chlamydospores after 72 hours of incubation on CMA-Tween 80 at 25o C.
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Positive testing isolates had feathery or spidery outgrowths with spores. Negative culture plates
showed no visible sign of morphological change upon examination, but rather maintained their
typical blastospore stage. The negative plates were kept in the incubator after the third day. The
plates were subsequently examined every other day for about 18 days before being classed as
negative isolates and discarded (Pfaller et al., 2014; Kurtzman et al., 2011) . A drop of 1% w/v
lactophenol cotton blue stain was spotted directly under the cover slip of a positive inoculated
CMA-Tween 80 plate (Pfaller et al., 2014; Kurtzman et al., 2011; Larone, 1993). Lactophenol
cotton blue preferentially stained the chlamydospore intensely, distinguishing it from a host of
cells, including the suspensor cells, pseudo-mycelium and blastospores. Microscopic
identification was carried out on each of the plates after 30 minutes of staining along the edge of
the cover slip and the horizontal furrow (Kurtzman et al., 2011).

Temperature sensitivity test
All the germ-tube positive isolates, which produced light green colonies on BCA were subjected
to a 45o C growth test as previously described by Pinjon et al. (1998), except for the cell
concentration that was used. All germ-tube positive Candida isolates were sub-cultured
separately over the entire surface of two 90 mm Petri dishes containing 25 ml of SDA and then
incubated simultaneously at 37o C and 45o C aerobically for 48 hours to investigate growth at
these temperatures. Briefly, for uniformity and reproducibility of results, cell density within
individual suspensions was adjusted to 106 cells/ml using a spectrophotometer. Then, 2 µl of
each suspension was dispensed separately onto two SDA culture plates and spread uniformly on
the surface of the agar using the typical streak-out method. Growth of isolates at 45o C was
described as “good growth” when the colonies grew on three quadrants from the seeded area on
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the agar plate. “No growth” or highly restricted growth was defined as no visible growth from
the seeded area when compared with growth characteristics on the 37o C agar plate (Us &
Cengiz, 2006; Mahnβ et al., 2005; Gales et al., 1999; Pinjon et al., 1998). Candida isolates with
optimum growth at 45o C were considered as C. albicans. Candida albicans ATCC 10231 and C.
dubliniensis ATCC MYA-646TM type strains were used as controls.

Data analyses
All statistical analyses were performed using the statistical package for the social sciences
(SPSS) version 17.0 for windows (SPSS Inc., Chicago, Il, USA). Any relationship between the
observed and expected frequency of the various Candida species was subjected to Pearson’s chisquare test, and the level of significance was set at P < 0.05.

Ethical clearance
Ethical clearance approved by the ethical committee of Committee on Human Research and
Publication Ethics of Kwame Nkrumah University of Science and Technology (CHPREKNUST) Kumasi-Ghana in accordance with the defined guidelines for medical research based
on patient information and materials was obtained for this research.
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Results and Discussion
Chromogenic test
Based on the chromogenic test, C. albicans comprised of 41% of the Candida isolates, C.
glabrata 26.5%, C. parapsilosis 19%, C. tropicalis 8.5%, C. krusei 4.8%, C. kefyr 0.2% and C.
lusitaniae 0.2%. Colonial morphological features and the different colours produced by the
isolates were used to describe the Candida species type: Candida glabrata produced wet light
pink colonies on the chromogenic agar whereas C. tropicalis produced diffusing steel blue
colonies surrounded by purple pigment on the agar. Candida krusei developed distinct
characteristic colonies on chromogenic medium; it produced rough, spreading colonies with pale
pink centres bordered by a dry white edge. Candida albicans produced distinct wet green
colonies, and C. parapsilosis produced wet golden-brown colonies. Representative colonies are
shown in Figure 2. Candida dubliensis which produces typical dark gree colonies on BCA was
not observed in this study.
The characteristic dark-green colonies typically used to distinguish between C. albicans, and C.
dubliniensis was a challenge because different shades of green colonies were produced by C.
albicans isolates in this study. The observation made on the different shades of green colour was
similarly reported by several other groups (Alvarez et al., 2009; Kurzai et al., 2000; Odds &
Davidson, 2000; Sullivan et al., 1999). The different shades of green colonies produced may be
attributed partly to the differences or alterations that may have occurred during enzymatic
reaction with the two chromogenic substrates (Alvarez et al., 2009; Kurzai et al., 2000).
Similarly, slight variations in temperature during the incubation period may have caused the
colour variation unknowingly because inconsistent use of different incubators can sometimes
contribute to the colour variation (Alvarez et al., 2009; Kurzai et al., 2000). However, variations
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in colony colour persisted in this study even though one incubator was used for the entire
experimental period. This confirms the interplay of several other factors, which could be genetic
or physiological in the pigment formation rather than mere temperature (Alvarez et al., 2009;
Kurzai et al., 2000). This test failed to definitively identify any C. dubliniensis among the
isolates tested. This could be attributed somewhat to the fact that primary culture plates from the
original clinical specimens were not used for this chromogenic test (Adam et al., 2010; Ha et al.,
2011; Sullivan & Coleman, 1998). Figure 2 shows the prevalence and order of Candida species
isolated in this study.

C. albicans

C. tropicalis

C. glabrata

C. krusei

C. parapsilosis

C. lusitaniae

Figure 2: The colony colours produced by the different Candida species on chromogenic
medium.
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Historically, this medium has effectively been used to identify C. albicans, C krusei, and C.
tropicalis in more than 95% of stock and clinical Candida isolates in a series of studies (Bernal
et al., 1996; Mahnβ et al., 2005; Us & Cengiz, 2006, Pfaller et al., 2014). A specificity of 99%
and 100% respectively for C. tropicalis and C. krusei was reported by Bernal et al. (1996).
Similarly, Odds & Bernaerts (1994) found sensitivities exceeding 99% for C. krusei and C.
tropicalis. Furthermore, San-Millan et al. (1996) reported 100% specificity and sensitivity for C.
krusei and 93.8% and 99.1% for C. albicans, and C. tropicalis respectively. In this study, over
99.9% of the Candida isolates used were able to be identified using the chromogenic test.

Challenges of BCA medium
The accuracy of BCA medium may be limited to screening primary culture plates in C. albicans
and C. dubliniensis (Neppelenbroek et al., 2014; Abrantes et al., 2012; Pincus et al., 1999) since
the deep green colonies produced by C. dubliniensis tends to fade to pale green colonies; a
characteristic of C. albicans species upon a number of subcultures or during long storage of C.
dubliniensis (Neppelenbroek et al., 2014; Abrantes et al., 2012; Mahnβ et al., 2005; Pincus et al.,
1999). This phenomenon may lead to under or over estimation of these two species. In addition,
differentiating between C. albicans and C. tropicalis on BCA may give false-positive results if
the 72 hour period specified by the manufacturer is not adhered to (Merlino, 1998; Criseo et al.,
2015).
Furthermore, there are a limited range of colours for all Candida species by this differential
medium, therefore widening the colour base for this chromogenic/differential medium to cover
several yeast genera or species may be helpful (Pfaller et al., 2014; Abrantes et al., 2012; Mahnβ
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et al., 2005 Pfaller et al., 1996). BCA can presumably or definitely identify a few out of the
approximately 17 Candida species known to cause infection in human hosts (Abrantes et al.,
2012; Pfaller et al., 1996). Also, there is the tendency of over estimating a particular Candida
isolate present during an epidemiological screening, especially if the two species have a range of
beneficial compatibility/congruent traits (Neppelenbroek et al., 2014; Abrantes et al., 2012;
Pfaller et al., 2014; Quindos, 2014). Regardless of these notable drawbacks of BCA, multiple
yeast infections can be detected from clinical specimens due to the different colony colours
produced by each Candida species on this medium.

Germ-tube formation test
In this study, of the total number of 600 Candida isolates used, germ-tube production was
observed in 37.7%. These germ-tube positive isolates include four C. tropicalis isolates that were
identified based on the chromogenic media test results, 13% generated pseudohyphae whereas
49.3% of the total number of isolates constituted germ-tube negative. Comparatively, the germtube formation ratio in this study is markedly lower than what was reported by Kangogo et al.
(2011) in a germ-tube test carried out on 130 Candida isolates. Of the 130 Candida isolates they
tested, 86% produced germ-tubes which they subsequently classified as C. albicans. In this
study, about 6.1% C. albicans isolates identified based on the chromogenic media test results
failed to produce germ-tubes or the failure of these atypical C. albicans isolates to form a germtube in controlled experimental conditions does not exclude these isolates as C. albicans
(Neppelenbroek et al., 2014; Mc Ginnis, 2012). In nature, about 5% of C. albicans are known to
be germ-tube negative (Peltroche-Llacsahuanga et al., 1999; Sullivan et al., 1995) and these
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atypical C. albicans isolates may constitute part of the 5% C. albicans germ-tube negative
isolates (Dassanayake & Samaranayake, 2003; Graser et al., 1996).
Notably in this study, the 13% of the total number of Candida isolates that generated
pseudohyphae were formed by four different Candida species based on their identification using
the chromogenic test. Of these 5.1% were C. albicans, 52.6% C. tropicalis, 15.4% C.
parapsilosis and 26.9% C. krusei. This result was expected since some strains of C. tropicalis C.
krusei and C. parapsilosis are known to exhibit dimorphic growth forms in serum. The various
morphological forms of C. albicans in serum is shown in Figure 3.

Germ-tube

Pseudohyphae

blastospores

Figure 3: The three pleomorphic growth forms exhibited by some C. albicans

Candida albicans was the only species that exhibited the pleomorphic form in this study based
on chromogenic agar test. Dimorphic fungi regulate their cellular morphology and sometimes
their nutritional needs in response to certain environmental conditions, which include variations
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in temperature and pH (Brown et al., 2012a; Li et al., 2014 Yazdanpanah & Khaithir, 2014).
Furthermore, a shift in cellular metabolism from an aerobic to a fermentative form, and growth
on compounds such as N-acetyl glucosamine (Tietz et al., 1995; Tietz et al., 2001), may impact
positively or negatively on morphological transformation of some species of Candida from
blastoconidia to the filamentous growth form (Hammer et al., 2000; Hube & Naglik, 2001). In
addition, the blastospore growth form dominates in nutrient-rich media, whereas dominance of
the filamentous growth form is observed during starvation, during a stress response or due to
other environmental conditions (Hammer et al., 2000; Hube & Naglik, 2001). Thus, failure of
some strains of C. albicans to produce germ-tubes in this study could be due to the medium these
Candida isolates were growing in being rich in nutrients.
Most of the pseudohyphae positive Candida isolates could have been identified as C. albicans
without the use of other phenotypic tests in this study. This observation validates similar results
reported by others (Odds & Bernaerts, 1994; Okungbowa et al., 2003; Perry & Freydiere, 2002)
in their respective studies to distinguish between Candida species based on germ-tube formation.
They also observed formation of a germ-tube and pseudohyphae in Candida species other than
C. albicans. Thus, discerning C. albicans from other Candida species based on the germ-tube
formation test alone often presents a challenge. The morphological characteristics of germ-tubes
formed by C. tropicalis are reported to differ from those of C. albicans in terms of hyphal width
(Criseo et al., 2015; Yoshio & Kouji, 2006; Calderone, 2002). However, I was unable to
distinguish between the germ-tube structure formed by the four C. tropicalis and that of C.
albicans microscopically in this study. Thus, over reliance on this morphological form as a sole
means of classification may be inadequate as a definite identification test.
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In addition, germ-tube tests over the years did not include C. glabrata since they rarely undergo
any morphological transformation between the three pleomorphic growth forms but only existed
in the blastospore form (Guzel et al., 2011; Lachke et al., 2002). However, germ-tube like
structures have been observed in some strains of C. glabrata in response to nitrogen starvation
(Csank & Haynes, 2000).

Challenges of the Germ-tube test
A heavy inoculum, variations in temperature and pH could reduce the percentage of cells that
can produce germ-tubes (Hazen & Hazen, 1987; Yazdanpanah & Khaithir, 2014; Kiehn et al.,
2001). Similarly, bacterial contamination may hinder germ-tube production. Thus, identification
based solely on this test may be prejudiced (Li et al., 2014; Yazdanpanah & Khaithir, 2014;
Neppelenbroek et al., 2014).
Furthermore, though the germ-tube test offers a single, rapid and easy test for identification of C.
albicans species, false-positive results may occur since other Candida species, including C. sake,
C. dubliniensis, C. stellatoidea, C. parapsilosis, C. rugosa and C. tropicalis among others can
also produce germ-tube and pseudohyphae in serum (Criseo et al., 2015; Nnadi et al., 2012b;
Kim et al., 2010). False-negative results may occur since some C. albicans may fail to produce
germ-tubes due to mutation or shorter incubation time (Criseo et al., 2015; Kurtzman et al.,
2011; Odds & Bernaerts, 1994). In addition, the time needed for detailed microscopic
examination, may make this test liable to error in a busy laboratory despite well-trained staff.
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Chlamydospore Test
The C. albicans isolates used in this study, exhibited different pleomorphic traits on cornmealTween 80 agar at 25° C in this study. Some C. albicans isolates maintained their typical
blastospore form whereas several isolates showed extensive filamentation and only a few formed
chlamydospores on CMA-Tween 80 agar. Of the 226 germ-tube forming isolates tested, 16.8%
formed chlamydospores readily on CMA-Tween 80 based on the Dalmau technique. The
Candida isolates produced typical chlamydospores in singles at the tip of the long suspensor cell
which is suggestive of C. albicans. 82.3% of C. albicans isolates from the rest of the 226 germtube positive isolates formed extensive filamentous or hyphal forms, whereas 0.9% of the germtube positive isolates remained in their typical blastospore stage for the entire period of
incubation (Figure 4, Figure 5A & 5B). The germ-tube positive isolates from Tamale formed the
highest number of Candida isolates that chlamydosporulated; 63.2% whereas 28.9% and 7.9%
germ-tube positive Candida isolates chlamydosporulated from Korle Bu and Komfo Anokye
respectively. No filamentous growth form was observed on the controlled culture plates which
were not supplemented with Tween 80. This finding was similarly observed by Larone (1993).

Chlamydospore

Figure 4: Chlamydospores formation after 18 days of incubation on CMA-Tween 80 agar
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Hyphae

A

Blastospore

B

Figure 5: A) extensive filamentation and B) blastospore formation after 18 days of incubation on
CMA-Tween 80 agar

In nature, about 5% of C. albicans strains are known not to produce chlamydospores (Odds,
1988). Similarly, strains of chlamydospore negative C. albicans were encountered in this study.
About 0.9% of the C. albicans isolates used in this test failed to produce any chlamydospores
over an extensive period of incubation. This result is in line with the chlamydospore negative C.
albicans observed by Ginter et al. (1992) in a study conducted to investigate vaginal yeast
colonisation among prostitutes in Austria. Furthermore, elsewhere in Germany, Spain, Italy and
other parts of Europe, chlamydospore negative C. albicans have also been observed (AlonsoVargas et al., 2008; Tietz et al., 2001). Repeated sub culturing of the Candida isolates in a bid to
obtain pure cultures may have resulted in loss of ability to produce chlamydospores in some C.
albicans isolates. The absence of this morphological transition in some of the C. albicans strains
could argue for the fact that they are simply mutant strains or may be other germ-tube forming
Candida species (Dassanayake & Samaranayake, 2003; Graser et al., 1996). Similarly, Tietz et

68

al. (1995) in their study carried out on some isolates of C. albicans from the reproductive tract of
patients presenting with vaginal candidiasis in North Africa countries, Madagascar and Angola,
observed some chlamydospore negative C. albicans among their isolates. They concluded that
these C. albicans isolates were N-acetylglucosamine and glucosamine negative and hence failed
to produce chlamydospores. Their tests suggest that modifications in biochemical or nutritional
requirements can affect chlamydospore production. However, no test was carried out to ascertain
the presence or absence of N-acetylglucosamine and glucosamine in the chlamydospore negative
C. albicans isolates observed in this study.
Furthermore, failure of some of the C. albicans to produce chlamydospores could also mean that
these isolates are undergoing some form of pleomorphism probably due to exposure to antifungal
therapy or in response to some changes in their microhabitat prior to their recovery from the
human hosts (Tietz et al., 1995). Pleomorphic processes could also generate auxotrophs of C.
albicans in the gastrointestinal tract of humans where they inhabit and constitute part of the
microbial flora (Kurtzman & Robnett, 1997; Odds, 2004; Sullivan & Coleman, 1998; Tietz et al.,
1995). These C. albicans auxotrophs may have distinct nutritional requirements (Kurtzman &
Robnett, 1997; Sullivan et al., 1996; Tietz et al., 1995), other than the nutrients in the CMATween 80 agar that was used. This could account for the failure of these Candida isolates to
produce chlamydospores in the CMA-Tween 80 agar. Alternatively, the frequent sub culturing
on different media in this study might have changed the nutritional requirements (Kurtzman &
Robnett, 1997; Odds, 2004; Sullivan et al., 1996; Tietz et al., 1995) and subsequently lead to the
selection of the mutant strains unknowingly.
Chlamydospore formation can only be used for presumptive identification of C. albicans and C.
dubliniensis since other emerging Candida pathogens, including C. stellatoidea, C. sake and C.
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tropicalis also produce some chlamydospore-like spores, which sometimes hamper identification
of true chlamydospores (Nnadi et al., 2012; Criseo et al., 2015; Odds & Bernaerts, 1994; Yoshio
& Kouji, 2006). In addition, some strains of C. tropicalis produce pseudohyphae, true hyphae
and large oval blastospores on CMA-Tween 80, making the specificity of this test unreliable
(Calderone, 2002; Kurtzman & Robnett, 1997; Larone, 2002). There is no evidence to suggest
that the various documented chlamydospore-like growth forms produced by these emerging
Candida species share the same biological function with those of C. albicans and C. dubliniensis
(Criseo et al., 2015; Lin & Heitman, 2005). Incidentally, no chlamydospore-like structures were
observed in the other non- albicans Candida species that generated either hyphae or
pseudohyphae in this study.
Chlamydospores generally arranged in contiguous pairs or triplets on short pseudohyphae are
usually characteristic of C. dubliniensis whereas chlamydospores produced in a singlet at the tips
of suspensor cells are typical of C. albicans (Mahnβ et al., 2005; Sullivan & Coleman, 1997).
However, the chlamydospore arrangement criterion may not be discriminating enough to
distinguish between C. albicans and C. dubliniensis in some instances (Coleman et al., 1997;
Dassanayake & Samaranayake, 2003; Mahnβ et al., 2005). Production of clusters of
chlamydospores at the end of a suspensor cell was identified in some strains of C. albicans
(Idrissi et al., 2007; Kirkpatrick et al., 1998) which is consistent with the observation made in
this study (Figure 4). The chlamydospores produced by some Candida isolates used in this study
were, however, arranged singly at the tip of a long suspensor cell typical of C. albicans.
Filamentous growth is said to be a prerequisite for chlamydospore formation in some Candida
species (Kline et al., 2009; Nobile & Mitchell, 2006). However, most of the germ-tube positive
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isolates that produced an extensive filamentous growth form failed to produce chlamydospores
after a long period of incubation in this study.
Most authors have reported chlamydospore formation between 3 − 7 days of incubation on
CMA-Tween 80 agar (Mosca et al., 2003; Sullivan et al., 1995). Interestingly, no
chlamydospores were observed among some of the germ-tube positive isolates used in this study
after 3 − 7 days of incubation even though the criteria for chlamydospore induction were duly
followed. Noticeably, chlamydospores were observed after an extensive period of incubation
(approximately 18 days). Sullivan & Coleman (1998) also report a longer time frame than the 3
− 7 days in that they observed chlamydospore production after 2 − 18 days of incubation. The
extended time for chlamydospore formation in some studies could be attributed partly to the
slow-growing nature of some C. albicans isolates (Calderone, 2002; Larone, 2002).
In addition, changing the type of cultures used from 24 to 48-hours old, as suggested by some
authors seems not to be a factor in the failure of isolates to produce chlamydospore in this study.
The same results were obtained after using the 48-hour culture plates for the analysis. This
observation was similarly reported by Tietz et al. (1995); some of the Candida isolates used in
their study failed to produce chlamydospores after an extensive period of incubation with a 48hour culture of C. albicans. A characteristic mixture of yeast and filamentous growth forms was
observed in some of the C. albicans isolates after 18 days of incubation, which is consistent with
observation made by Tietz et al. (1995).
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Challenges of the Chlamydospore test
Chlamydospore formation is temperature dependent, thus variation from the optimal temperature
range of 22 − 25o C may result in the failure or significant reduction in chlamydospore
production in some C. albicans and C. dubliniensis isolates (Albaina et al., 2015; Wahab et al.,
2014; Torosantucaci & Cassonea, 1983). Also glucose-rich media and abundant light may inhibit
chlamydospore formation (Dujardin et al., 1980). Some mature blastospores have superficial
resemblance to chlamydospores, which sometimes pose a challenge when scanning for
chlamydospores. However, this test helped somewhat to distinguish C. albicans from other
germ-tube formers.

Temperature sensitivity test
Viability of isolates after 45o C incubation
The viability of the colonies was determined after incubation at 45o C by growing colonies on
fresh separate SDA plates at 37o C and 45o C simultaneously for 48 hours as shown in Figure 6.
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Good growth 37o C

Restricted
growth at 45o C

Good growth at 45o C

Figure 6: Differential growth characteristic on SDA at 37º C and 45º C

Candida isolates that had optimum growth at 45o C were presumptively tagged as C. albicans.
About 1.3% of the germ-tube positive Candida isolates failed to grow at 45o C and they were
subsequently tagged as probably mutants of C. albicans or other Candida species. Candida
albicans showed varying growth patterns on the SDA agar. Of the 226 germ-tube positive
Candida isolates, 69% showed growth in all quadrants, 8.9% showed growth in two quadrants
and 20.8% showed growth in only one quadrant on the SDA agar plate at 45 o C.
The ability of C. albicans to thrive at high temperatures within the fever range of 38 − 42o C is
evidence for this species’ ability to cause systemic infection in the human host (Pfaller, 2012a;
Pfaller et al., 2014; Pinjon et al., 1998). Hazen & Hazen (1987) reported that cells grown at room
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temperature readily form germ-tubes and are less sensitive to toxic substances, such as
morphogenic auto-regulatory substances. However, they observed a reduction in germ-tube
formation in cells that were grown at a higher temperature (Hazen & Hazen, 1987;). Germ-tube
formation after exposure of C. albicans to 45o C was not determined to confirm this observation
in this study.
Adherence to epithelial cells is one of the virulence factors, which is vital in initiating infection
in human tissue (Inglis et al., 2013; Sardi et al., 2013). However, adherence to epithelial cells is
known to be significantly influenced by temperature (Inglis et al., 2013; Sardi et al., 2013;
Kanno et al., 2014; Lee & King, 1983). This indicates that cells grown above 45o C may have
reduced virulence in terms of cell-surface hydrophobicity, germ-tube formation and adherence to
epithelial cells (Inglis et al., 2013; Sardi et al., 2013; Kanno et al., 2014; Hazen & Hazen, 1987).
However, in this study, though growth viability was restored in C. albicans isolates after
exposure to 45o C, further investigations were not carried out to corroborate whether the cellsurface hydrophobicity, germ-tube formation and adherence to epithelial cells were affected by
the high temperature.
Furthermore, identification of C. albicans based on its ability to grow at 45o C may be mistaken
for some other Candida species because restricted growth was observed at 45o C among some C.
albicans isolates in this study, which is consistent with observation made by some previous
authors (Jabra-Rizk et al., 1999; Pinjon et al., 1998; Polacheck et al., 2000).
The 1.3% of C. albicans that failed to grow at 45o C on SDA in this study is comparable to the
1% growth failure reported by Pinjon et al. (1998) but contrasts with the 36% reported by
Kirkpatrick et al. (2000). Inconsistency in the temperature sensitivity test has been reported since
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there are no generally accepted guidelines endorsed for this growth test (Pinjon et al., 1998; Tietz
et al., 1995). In addition, the inconsistencies in results have been attributed partly to the
erroneous temperature fluctuation and heat supply in incubators mainly used in most laboratories
(Sullivan et al., 1999). Different growth patterns were observed in this study even though the
same incubator was used throughout the experimental period. However, it could also be that the
incubator did not maintain a constant temperature. Interplay of some other genetic or nutritional
factors may be contributing inadvertently to the observed growth variation rather than simply the
heat distribution as suggested by other previous studies (Pinjon et al., 1998; Sullivan et al., 1999;
Tietz et al., 1995).

Conclusion
Chromogenic test
The time needed for differentiating Candida isolates into their respective species type is essential
for any mycological analysis for quick therapeutic intervention and effective patient
management. This test could be useful for clinical and epidemiological identification of Candida
species.

Germ-tube test
Candida species with a similar assimilation pattern to C. albicans generated hyphal forms in
serum in this study. Thus, identification of C. albicans species with the germ-tube test may not
be sufficiently sensitive and/or specific. Thus, the continuous use of this test as the “gold
standard” identification tool for C. albicans in routine analysis in most laboratories in Ghana
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should be reviewed based on the seeming drawbacks even though the germ-tube formation test is
simple and fast.

Chlamydospore test
Although the chlamydospore test provides a cheap and easy alternative for identification of C.
albicans and C. dubliniensis, this did not contribute effectively in the identification process in
this study. Only 16.8% germ-tube positive Candida isolates chlamydosporulated after a long
period of incubation. In addition, mutant strains of C. albicans, which do not produce
chlamydospores can be misidentified in laboratories that rely solely on chlamydospore formation
for identification purposes.

Temperature sensitivity test
In this study, atypical or mutant strains of C. albicans isolates, which share the same
characteristics as C. dubliniensis, failed to grow at 45o C. Thus, over reliance on this test may
lead to under or over estimation of C. dubliniensis. However, the temperature sensitivity test may
be functional for presumptive rather than definitive identification of C. albicans and C.
dubliniensis as confirmed in this study.
Chi square test of independence was performed to determine the relationship between the four
conventional tests or methods used and the results obtained in order to recommend a suitable
test(s) to be used in the daily routine analysis of Candida species in the diagnostic laboratories in
Ghana (Table 1).
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Table 1: Chi square test of independence between the tests used and the results obtained using 600 Candida isolates

METHODS
Germ
test
Results
POSITIVE

Results
NEGATIVE

Results

Count

tube Growth at 45o C

Chromogenic test

Chlamydospore
test

Total counts

224

236

596

45

1101

% within Results

20.3%

21.4%

54.1%

4.1%

100.0%

% within Method

37.5%

39.3%

99.7%

7.5%

46.0%

% of Total

9.4%

9.9%

24.9%

1.9%

46.0%

Count

280

364

2

200

846

% within Results

33.1%

43.0%

0.2%

23.6%

100%

% within Method

46.8%

60.7%

0.3%

3.4%

35.3%

% of Total

11.7%

15.2%

0.1%

8.4%

35.3%

73

0

0

353

426

BORDERLINE % within Results

17.1%

0.0%

0.0%

82.9%

100%

% within Method

12.2%

0.0%

0.0%

59.0%

17.8%

% of Total

3.0%

0.0%

0.0%

14.7%

17.8%

21

0

0

0

21

% within Results

100%

0.0%

0.0%

0.0%

100%

% within Method

3.5%

0.0%

0.0%

0.0%

0.9%

% of Total

0.9%

0.0%

0.0%

0.0%

0.9%

Results
FALSE

Count

Count

77

Total

Count

598

% within Results

25.0%

% within Method

100%

% of Total

25.0%

600

598

598

2394

25.1%

25.0%

25.0%

100%

100.0%

100%

100%

100%

25.1%

25.0%

25.0%

100%
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Table 2: Chi-square tests of relationship between the tests used and the results obtained as
indicated by the significant P value (P ≤ .0001*)

Value

df

Asymp. Sig. (2-sided)

Pearson Chi-Square

1779.605a

9

.000*

Likelihood Ratio

1953.436

9

.000*

Linear-by-Linear Association

109.881

1

.000*

N of Valid Cases

2394

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 5.25.
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Table 3: Showing the strength of correlation between the tests using non-parametric correlation
test at 99% confident level.

Germ tube
test

o

Growth at 45 C

Chromogenic
test

Chlamydospore

1.000

.789**

.

.760**

.

.000

.

.000

601

601

601

601

.789**

1.000

.

.940**

.000

.

.

.000

601

603

601

601

Spearman’s rho CHROMOGENIC_TEST

.

.

.

.

Correlation coefficient

.

.

.

.

601

601

601

601

.760**

.940**

.

1.000

Correlation coefficient

.000

.000

.

.

Sig. (2-tailed)
N

601

601

601

601

Spearman’s rho GERM_TUBE_TEST
Correlation coefficient
Sig. (2-tailed)
N
O

GROWTH_AT_45 C
Correlation coefficient
Sig. (2-tailed)
N

Sig. (2-tailed)
N
CHLAMYDOSPORE

** Correlation is significant at the 0.01 level (2-tailed).

There was a significant correlation between the tests as shown in the Table 3. Chromogenic test
was distinct and did not correlate wth any of the tests used in this study. This was expected as the
chromogenic test isolated almost 99% of the total number of Candida isolates assayed for this
study. The rest of the tests correlated well with each other tests as shown in Table 3. Thus
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ranking of the tests is important as it will serve as a guide in selecting which test to combine to
yield good results. The rating of the test is shown below based on this study.
Chromogenic test > Germ tube formation test > Growth test > Chlamydospore formation test.
The results from the four conventional phenotypic tests used confirm that no single phenotypic
trait has been demonstrated to be highly efficient to delineate Candida species into their
respective species type, simply because of the complex polymorphic nature of some traits and
significant overlapping characters among some Candida species. However, these conventional
phenotypic tests provide relevant characteristics if combined, and thus combined might be useful
for identification of Candida species.

Recommendation for the conventional phenotypic tests
The four conventional phenotypic tests selected: germ-tube, chlamydospore, growth
characteristic at 45o C and chromogenic test, are relatively cost-effective and these tests could be
incorporated into the routine microbiological diagnostic analyses for presumptive detection and
identification of Candida species during candidal infection. The chromogenic test appears to be a
useful test for determining Candida species (Tables 1 & 3). In addition, antifungal susceptibility
varies among clinical Candida species (Pfaller, 2012b, Brito et al., 2007; Anderson et al., 2004).
Thus, correct identification will help contribute immensely in early initiation of antifungal
therapy to efficiently manage patients presenting with candidal infections and alleviate the
pressure on the limited range of antifungal agents in use. In addition, definitive identification will
present the true epidemiological picture of candidal infection in Ghana.
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CMA-Tween 80 has remained the most commonly used medium for the production of
chlamydospores in C. albicans and C. dubliniensis. However, some studies have revealed that
some germ-tube Candida isolates that failed to produce chlamydospores on CMA-Tween 80 agar
may chlamydosporulate on an alternate media, including tobacco agar, V8 and rice meal-Tween
80 agars. Thus, parallel tests on these media alongside CMA-Tween 80 agar could serve as a
confirmatory test if Candida isolates also fail to produce chlamydospores on CMA-Tween 80
agars.

82

CHAPTER 3
PREVALENCE OF CANDIDA SPECIES IN THE GENITOURINARY TRACT OF
PATIENTS FROM THREE TEACHING HOSPITALS IN GHANA

Abstract
Candida species have become important pathogens, and the incidence of infection over the past
three decades in the human host has increased significantly mainly due to the rising number of
immunocompromised patients worldwide.
Over a period of three months, 600 Candida isolates were recovered from clinical specimens
brought into the diagnostic laboratories. These clinical specimens were taken from different
anatomical sites of patients presenting with various disease conditions. The Candida isolates
were identified to their respective species type based on four conventional phenotypic tests.
Based on the chromogenic test, C. albicans accounted for 40.5% of the total number of isolates,
and the remaining 59.5% was accounted for by the non-albicans Candida species. Of the nonalbicans Candida species, Candida glabrata accounted for 26.5% of the total species, Candida
parapsilosis for 19%, Candida tropicalis for 8.5%, Candida krusei for 4.8%, Candida kefyr and
Candida lusitaniae for 0.2% each.
In terms of disease categorisation and the aetiological agents involved, C. albicans was the most
common species in vaginal swabs from patients presenting with vulvovaginal candidiasis (VVC)
for the first time in each of the three geographic locations, present in 53.4% of the total swabs.
The other species that were present were C. glabrata (21.6%), C. parapsilosis (15.5%), C.
tropicalis (4.7%) and C. krusei (4.7%). Only single species were found in these swabs. In
patients presenting with VVC for at least two or more times, chi-square analysis indicated that
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the frequency of each of these species were not statistically different from those presenting for
the first time, although 15% of the swabs from these patients contained more than one species.
For all patients presenting with VVC no significant differences were observed in the frequencies
of the species across the three geographic locations.
Similar distributions were found in swabs taken from patients presenting with suspected pelvic
inflammatory disease (PID). Across the three locations, however, there was a significant
difference in the frequency of C. albicans, which was present in 68 and 69.6% of patients from
Komfo Anokye and Tamale, but only 26.7% of patients from Korle Bu. Twenty-one percent of
swabs from patients with suspected PID contained more than one species.
Urine samples were taken in two of the locations, Korle Bu and Tamale, from female patients
presenting with candiduria. In Korle Bu, C. glabrata was the most prominent species (37.8%)
followed by C. albicans (22.4%), C. parapsilosis (21.7%), C. tropicalis (10.5%), C. krusei (7%)
and C. lusitaniae (0.7%). In Tamale, the species distribution was C. albicans (60.9%), C.
glabrata (21.7%), C. parapsilosis (13%) and C. krusei (4.3%). Statistical analysis indicated a
significant difference in the frequency of C. albicans between the two locations. Fourteen
percent of the urine samples contained more than one species. These data highlight the
prevalence of species other than C. albicans in case of candidiasis in Ghana. Patients who
presented with bacterial infections during the sample collection at the three teaching hospitals
were also identified and enumerated for comparative studies.
The results for urine and vaginal swab samples in terms of ranking and order showed that the
prevalence of Candida species ranked fourth among the bacteria isolates recovered from clinical
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samples at the same time, though no statistical test was performed to test for the relationship or
correlation between the Candida and bacteria species isolated across the three teaching hospitals.

Introduction
The incidence of candidiasis over the past three decades has increased significantly mainly due
to increasing numbers of immunocompromised hosts with certain predisposing factors such as
diabetes, immunosuppressive drug therapy especially in persons undergoing organ and stem-cell
transplants, and in cancer, and AIDS patients (Criseo et al., 2015; Hamad et al., 2014; Pfaller et
al., 2014). Other risk factors include an aged population, the use of broad-spectrum antibacterial
agents, iatrogenic disorders due to invasive surgical procedures and the presence of indwelling
prosthetic devices such as shunts and catheters (Achkar & Fries, 2010; Kojic & Darouiche, 2004;
Sardi et al., 2013; Inglis et al., 2013). In addition, many other factors such as frequent
intercourse, oro-genital sex, douching, use of condoms, sponges, intrauterine devices (IUDS),
diaphragms and high glucose diets have been linked with candidal infection (de Leon et al.,
2002; Mardh et al., 2003; Reed et al., 2003).
Candidiasis can vary significantly in the presentation of the disease, and almost any organ in the
body can be affected. The gastrointestinal tract (GT) is the ultimate source of most forms of
candidiasis (Dangi et al., 2010; Yang et al., 2011; Vazquez and Sobel, 2011) as detailed in
Chapter 1. However, a few cases with more virulent infecting yeast strains indicating an
environmental or exogenous origin during an outbreak or in nosocomial settings have been
reported by several groups (Ruiz-Diez et al., 1997; Sullivan & Coleman, 2002). The prognosis
and pathogenesis of candidiasis are affected by the interplay of several factors such as the host
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immune system and the infecting population group (Richardson & Varnock, 2012; Pfaller et al.,
2014; Fichtenbaum et al., 2000; Ohmit et al., 2003). Superficial or localised mucocutaneous
candidiasis may be self-limiting in some instances (Vazquez & Sobel, 2011). However, systemic
candidiasis requires significant treatment with antifungal agents (Arora et al., 2011; Singhi &
Deep, 2009; Pfaller et al., 2014) since the mortality rate from systemic candidiasis can be high
among the immunocompromised hosts even with the use of antifungal agents (Arora et al., 2011;
Singhi & Deep, 2009; Pfaller et al., 2012b). It has been reported that the progression of systemic
fungal infection from the time of discovery to death can be less than 14 days (Arora et al., 2011;
Denning, 1998; Pfaller et al., 2007a).
The above illustrates that infections due to Candida species are a major challenge in most
hospital settings worldwide, and it is troubling to note that the aetiological agent involved in the
infection is not limited to C. albicans. Increasing numbers of Candida species other than C.
albicans have been implicated, even though C. albicans remains the most frequently isolated
species in human infection (Zaoutis, 2010; Pfaller & Diekema, 2007; Safdar et al., 2005).
Notably, among the non-albicans Candida species, C. glabrata, C. parapsilosis and C. tropicalis
are most frequently implicated and usually cause more than a third of all candidiasis in humans
globally (Pfaller et al., 2012a; Quindos, 2014; Zaoutis, 2010; Pfaller & Diekema, 2004).
With respect to genitourinary candidiasis, an increased number of reported cases of vaginitis due
to Candida species, especially C. glabrata have also been reported (Goswami et al., 2000;
Richardson & Varnock, 2012; Sobel, 2007). Approximately, 75% of women in their reproductive
age are affected by vulvovaginal candidiasis at some stage (Sobel, 2007). Complicated recurrent
infection is possible in 50% of the women who suffer from vulvovaginal candidiasis and most
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often non-albicans Candida species are implicated in this condition (Vazquez & Sobel, 2011;
Sobel, 2007).
Urinary tract infections due to Candida species have also markedly increased in the last three
decades in hospitalised patients, and about 10% of urinary tract isolates from infected individuals
are of Candida species (Jain et al., 2011; Colodner et al., 2008; Sobel, 2006). Approximately,
50% of urinary Candida isolates are non-albicans Candida species among which C. glabrata is
most frequently implicated (Ghiasian et al., 2014; Colodner et al., 2008; Paul et al., 2004).
Pelvic inflammatory disease (PID) is an acute infection of the upper genital tract structures in
women. The condition results from the transcending of microorganisms from the cervix and
vagina to the upper genital tract, which may result from untreated sexually transmitted diseases
(STDs) (Haggert & Ness, 2006; Ness et al. 2002). This disease occurs among women in their
reproductive age and may involve the surrounding pelvic organs. Approximately one in four
women with PID suffers recurrent infection (Haggert & Ness, 2006; Ness et al. 2002). In the
U.S., 4.2% women have reported being treated for PID in their lifetime based on a national
survey from 2006-2010, in spite of the reported decreasing trends (Modi et al., 2012; Trent et al.,
2011). It is the most common gynaecological cause for emergency department visits, which cost
an annual total expenditure of almost $2 billion worldwide (Haggerty & Ness, 2006). Although
in many cases the causative agent for PID is indetermined, PID is normally caused by some
enterobacteriaceae and variety of anaerobic pathogens, which include Neisseria gonorrhoeae and
Chlamydia trachomatis. Candida and Trichomonas species do not usually cause PID but may
cause opportunistic infection in PID patients; producing prolific discharge whereas gonococci
and Chlamydia species that are the main aetiological agents for PID cause a less obvious
mucopurulent discharge (Haggerty& Ness, 2006).
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Diagnosis and treatment of candidiasis caused by the other Candida species remains arduous
without proper identification, since susceptibility to antifungal agents differs among Candida
species (Pfaller, 2012b; Rex et al., 2001). In addition, the clinical manifestation of candidal
infections caused by other Candida species may be difficult to differentiate, thus posing a
challenge in assessing the role of an individual Candida species during the course of infection
(Li et al., 2014; Yazdanpanah & Khaithir, 2014; Odds et al., 2007a; Sullivan & Coleman, 2002 ).
Notably, infections due to C. glabrata and C. krusei carry high mortality rates due to their
reduced susceptibility to some antifungal agents (Pfaller et al., 2010, Pfaller et al., 2008; Pfaller
2012b; Laboria & Vargas, 2009) . Consequently, early detection and accurate identification of
the species causing the candidiasis is essential for prompt administration of appropriate
antifungal therapy for effective patient management (Pfaller, 2012b; Arora et al., 2011; Singhi &
Deep 2009).

Aim
The aim of this study was to identify Candida species in patients with infections of the lower and
upper reproductive tract presenting with vulvovaginal candidiasis (VVC) or suspected pelvic
inflammatory disease (PID) and urinary tract infections (UTI) from three major teaching
hospitals in different parts of Ghana.
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Objectives
•

To determine the prevalence of candidal infection among the different age groups in the
samples collected.

•

To enumerate the Candida species implicated in patients presenting with first time and
two or more occasions with VVC, patients presenting with suspected PID and patients
presenting with UTI.

Research Question
1. Which Candida species will be the leading aetiological Candida agent in patients
presenting with first time or two or more occasions with VVC, UTI and suspected
PID?
Hypothesis
1. There is no difference in the type ofCandida species recovered from patients across the
three teaching hospitals irrespective of the anatomical sites, disease conditions or age.

Methods
Study sites and sampling population
The study sites were the teaching hospitals at Korle Bu, Komfo Anokye and Tamale as detailed
in Chapter 2 of this thesis. Laboratory specimens that were brought into the diagnostic
laboratories over a period of three months, from mid-January to April 2012, were included in the
analyses.
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Demographic data
The patients’ ages ranged from 1 − 85 years with an average age of 29.5 years as detailed in
Chapter 2.

Sample collection
Clinical specimens used in this study included clinical specimens recovered from both
outpatients and from patients upon admission as described in Chapter 2. Of the 6010 clinical
specimens received in the microbiology laboratories of the three teaching hospitals, 600 yielded
yeast cells that were selected for further study (see Appendix 2 for details). Patients who
presented with bacterial infections during the sample collection at the three teaching hospitals
were also identified and enumerated for comparative studies.

Inclusion criteria
Inclusion criteria are as described earlier in Chapter 2.

Identification of Candida species
Preliminary screening, isolation of yeasts from clinical specimens, and preparation of stock and
working cultures are as described in Chapter 2 and Appendix 1. The identification of each
Candida isolate was done using the four standard conventional phenotypic tests as previously
described in Chapter 2.
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Data analyses
All statistical analyses were performed using the statistical package for the social sciences
(SPSS) version 17.0 for windows (SPSS Inc., Chicago, Il, USA). Relationship between the
observed and expected frequency of the various Candida species was subjected to Pearson’s chisquare test, and the level of significance was set at P < 0.05.

Results
Among host groups and body sites, the frequency of Candida recovery varied as shown in Table
4.
Table 4: Showing the age categorisation of patients included in this study
Age groups (years)

Frequency

Percentage (%)

1−20

85

14.2

20−35

358

59.7

36−50

103

17.2

51−85

54

9.0

Total

600

100
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Table 5: Showing detailed Chi square analysis of all the Candida isolates recovered from patients presenting with PID, VVC and UTI
infections among the different age groups from the three teaching hospitals
PID KOR
SPP
AGE
C. albicans
11-201
21-30
7
31-40
4
41-50
0
TOTALS COLUMN
12

0.533
5.067
5.333
1.067

CHI SQUARE CHI SQUARE PV C. glabrata
0.409
1.409
0.522
1
0.737
1.737
0.39
5
0.333
1.333
0.564
9
0.302
1.067
2.067
0
15
2.546
3.546

0.667
6.333
6.667
1.333

CHI SQUARE
0.166
0.281
0.816
1.333
2.596

PV
0.68
0.6
0.37
0.25

C. krusei
0
2
1
0
3

0.13
1.27
1.33
0.27

CHI SQUARE
0.133
0.424
0.083
0.267
0.907

PV
0.715
0.515
0.773
0.605

C. parapsilosis
0
4
4
3
11

0.489
4.644
4.889
0.978

CHI SQUARE
0.489
0.089
0.162
4.18
4.92

PV
0.484
0.765
0.687
0.041

C. tropicalis
0
1
2
1
4

0.178
1.689
1.778
0.356

CHI SQUARE
0.178
0.281
0.028
1.165
1.652

PV
0.673
0.596
0.867
0.28

CHI SQUARE
0.75
1.136
2.25
0.5
0.25
4.886

PV
0.39
0.29
0.13
0.48
0.62

C. krusei
0
1
0
0
0
1

0.07
0.5
0.36
0.05
0.02

CHI SQUARE
0.068
0.5
0.364
0.045
0.023
1

PV
0.794
0.48
0.546
0.832
0.879

C. parapsilosis
3
6
3
0
0
12

0.818
6
4.364
0.545
0.272

CHI SQUARE
5.82
0
0.426
0.545
0.272
7.063

PV
0.02
0.992
0.514
0.46
0.602

C. tropicalis
0
2
2
0
0
4

0.273
2
1.455
0.182
0.091

CHI SQUARE
0.273
0
0.204
0.182
0.091
0.75

PV
0.412
0.992
0.652
0.67
0.763

CHI SQUARE
0.021
0.001
0.144
0.552
0.276
0.994

PV
0.89
0.98
0.7
0.46
0.6

C. krusei
1
2
1
0
0
4

0.69
2.28
0.83
0.14
0.07

CHI SQUARE
0.139
0.033
0.036
0.138
0.069
0.415

PV
0.709
0.856
0.85
0.71
0.793

C. parapsilosis
1
7
0
0
0
8

1.379
4.552
1.655
0.276
0.138

CHI SQUARE
0.104
1.316
1.655
0.276
0.138
3.489

PV
0.747
0.251
0.198
0.599
0.71

C. tropicalis
1
2
1
0
0
4

0.69
2.276
0.828
0.138
0.069

CHI SQUARE
0.139
0.033
0.172
0.138
0.069
0.551

PV
0.709
0.856
0.678
0.71
0.793

CHI SQUARE
0.18
0.023
0.308
1.392
0.242
0.576
1.024
0.378
4.123

PV
0.67
0.88
0.58
0.24
0.62
0.45
0.31
0.54

C. krusei
2
5
1
1
1
0
0
0
10

1.12
3.22
3.01
0.98
0.91
0.63
0.07
0.07

CHI SQUARE
0.694
0.988
1.34
0.005
0.009
0.629
0.07
0.07
3.805

PV
0.405
0.32
0.247
0.944
0.924
0.428
0.791
0.791

C. lusitaniae
0
1
0
0
0
0
0
0
1

0.112
0.322
0.301
0.098
0.091
0.063
0.007
0.007

CHI SQUARE
0.112
1.428
0.301
0.098
0.091
0.063
0.007
0.007
2.107

PV
0.738
0.232
0.583
0.754
0.763
0.802
0.933
0.933

. parapsilosis
4
6
13
4
1
3
0
0
31

CHI SQUARE
3.469
0.081
9.972
1.582
9.322
1.451
3.035
0.307
2.818
1.173
1.951
0.564
0.217
0.217
0.217
0.217
5.592

PV
0.776
0.208
0.228
0.58
0.279
0.453
0.641
0.641

CHI SQUARE
0.5
0
0.083
0.167
0.75

PV
0.48
1
0.77
0.68

C. krusei
0
0
1
0
1

0.125
0.5
0.333
0.042

CHI SQUARE
0.125
0.5
1.336
0.042
2.003

PV
0.724
0.48
0.248
0.838

C. parapsilosis
0
0
1
0
1

0.125
0.5
0.333
0.042

CHI SQUARE
0.125
0.5
1.336
0.042
2.003

PV
0.724
0.48
0.248
0.838

CHI SQUARE
0.174
0.017
0.002
0.193

PV
0.68
0.9
0.96

C. krusei
0
0
1
1

0.043
0.696
0.261

CHI SQUARE
0.043
0.696
2.092
2.831

PV
0.836
0.404
0.148

C. parapsilosis
1
2
1
4

0.174
2.783
1.043

CHI SQUARE
3.921
0.22
0.002
4.143

PV
0.047
0.639
0.964

CHI SQUARE
0.499
0.378
0.08
0.074
1.584
2.615

PV
0.48
0.54
0.78
0.79
0.21

C. krusei
1
1
1
0
0
3

0.407
1.424
0.814
0.254
0.102

CHI SQUARE
0.864
0.126
0.043
0.254
0.102
1.389

PV
0.353
0.723
0.836
0.614
0.749

C. parapsilosis
1
4
4
0
1
10

1.356
4.746
2.712
0.847
0.339

CHI SQUARE
0.093
0.117
0.612
0.847
1.29
2.959

PV
0.76
0.732
0.434
0.357
0.256

ROW TOTALS
2
19
20
4
45
GRAND TOTALS= 45

df=12
VVC
C. albicans
11-200
21-30
10
31-40
4
41-50
1
51-60
1
TOTALS COLUMN
16

1.091
8
5.818
0.727
0.364

CHI SQUARE CHI SQUARE
1.091
2.091
0.5
1.5
0.568
1.568
0.103
1.103
1.11
2.11
3.372
4.372

PV C. glabrata
0.296
0
0.48
3
0.451
7
0.748
1
0.292
0
11

0.75
5.5
4
0.5
0.25

3
22
16
2
1
GRAND TOTALS=44

TOTAL CHI=12.621
P value=0.397
df=12

TOTAL CHI=17.071
Pvalue= 0.381
df=16

df=16
VAG. DISCHARGE C. albicans
11-204
4.483
21-30
14.793
13
31-40
6
5.379
41-50
2
0.897
51-60
1
0.448
TOTALS COLUMN
26

CHI SQUARE CHI SQUARE PV C. glabrata
0.052
1.052
0.82
3
0.217
1.217
0.641
9
0.386
1.386
0.534
4
1.356
2.356
0.244
0
0.68
1.68
0.41
0
3.691
16
2.691

C. albicans
UTI
11-203
3.58
21-30
11
10.293
31-40
10
9.622
41-50
0
3.132
51-60
4
2.909
61-70
3
2.014
71-80
0
0.224
81-90
0.224
1
TOTALS COLUMN
32

CHI SQUARE CHI SQUARE
0.093
1.093
0.049
1.049
0.015
1.015
3.132
4.132
0.409
1.409
0.483
1.483
0.224
1.224
2.688
3.688
7.093
8.093

PV C. glabrata
0.76
5
0.825
18
0.903
14
0.077
8
0.522
6
0.487
2
1
0.636
0.101
0
54

C. albicans
PID KOM
11-202
21-30
9
31-40
5
41-50
1
TOTALS COLUMN
17

2.125
8.5
5.667
0.708

CHI SQUARE CHI SQUARE
0.007
1.007
0.029
1.029
0.079
1.079
0.12
1.12
0.235
1.235

PV C. glabrata
0.933
1
0.864
2
0.779
1
0.729
0
4

0.565
9.043
3.391

CHI SQUARE CHI SQUARE PV C. glabrata
0.565
1.565
0.452
0
0.101
1.101
0.751
3
0.832
1
0.045
1.045
0.711
1.711
4

2.759
9.103
3.31
0.552
0.276

10
33
12
2
1
GRAND TOTALS=58

TOTAL CHI=8.14
P value=0.944
df=16

df=16

6.042
17.371
16.238
5.287
4.909
3.399
0.378
0.378

C. tropicalis
2
5
5
1
1
1
0
0
15

1.678
4.825
4.51
1.469
1.364
0.944
0.105
0.105

CHI SQUARE
0.062
0.006
0.053
0.15
0.097
0.003
0.105
0.105
0.581

PV
0.8
0.94
0.82
0.7
0.76
0.96
0.75
0.75

16
46
43
14
13
TOTAL CHI=23.3
9
P value=0.934
1
df=35
1
GRAND TOTALS=143

df=35

0.5
2
1.333
0.167

C. tropicalis
0
1
0
0
1

0.125
0.5
0.333
0.042

CHI SQUARE
0.125
0.5
0.333
0.042
2.003

C. tropicalis
0
1
0
1

0.043
0.696
0.261

PV
0.724
0.48
0.564
0.838
0.157

3
TOTAL CHI=6.994
12
P value= 0.858
8
df= 12
1
GRAND TOTALS=24

df=12
VVC
C. albicans
11-200
21-30
10
31-40
3
TOTALS COLUMN
13

0.174
2.783
1.043

CHI SQUARE
0.043
0.133
0.261
0.437

PV
0.836
0.715
0.609

TOTAL CHI=8.315
1
P value=0.403
16
df=8
6
GRAND TOTALS=23

df=8
VAG DISCHARGE C. albicans
4
4.61
11-2021-30
18
16.136
31-40
9
9.22
41-50
3
2.881
0
51-60
1.153
TOTALS COLUMN
34

CHI SQUARE CHI SQUARE
0.081
1.081
0.215
1.215
0.005
1.005
0.005
1.005
1.153
2.153
1.459
2.459

PV C. glabrata
0.776
2
0.643
3
0.944
2
0.944
1
0.283
1
9

PID TAMALE
C. albicans
11-201
0.696
21-30
8
10.434
31-40
4
2.783
41-50
3
2.087
TOTALS COLUMN
16

CHI SQUARE CHI SQUARE
1.132
0.132
0.568
1.568
0.532
1.532
0.399
1.399
1.631
2.631

PV
0.716
0.451
0.466
0.528

C. glabrata
0
6
0
0
6
df=6

VVC
C. albicans
11-202
21-30
8
31-40
3
TOTALS COLUMN
13

CHI SQUARE CHI SQUARE PV
0.001
1.001
0.975
0.024
1.024
0.877
0.062
1.062
0.803
0.087
1.087

C. glabrata
1
4
1
6
df=4

1.22
4.271
2.441
0.763
0.305
df=16

1.95
8.45
2.6

VAG DISCHARGE C. albicans
11-201
1.839
21-30
14
12.258
31-40
2
3.065
41-50
2
1.839
TOTALS COLUMN
19

CHI SUARE
0.383
0.248
0.37
0.014
1.015

CHI SUARE
1.383
1.248
1.37
1.014
2.015

PV
0.536
0.618
0.543
0.906

C. glabrata
1
3
2
1
7
df=6

0.261
3.913
1.043
0.783

CHI SQUARE
0.261
1.113
1.043
0.783
3.2

PV
0.609
0.291
0.307
0.376

C. parapsilosis
0
1
0
0
1

0.043
0.652
0.174
0.13

CHI SQUARE
0.043
0.186
0.174
0.13
0.533

PV
0.836
1
0.666
15
0.677
4
0.718
3
GRAND TOTALS=23

P value=0.498
df=6
TOTAL CHI=5.364

0.9
3.9
1.2

CHI SQUARE
0.011
0.003
0.033
0.047

PV
0.916
0.956
0.856

C. tropicalis
0
1
0
1

0.15
0.65
0.2

CHI SQUARE
0.15
0.188
0.2
0.538

PV
0.698
3
0.665
13
0.655
4
GRAND TOTALS=20

P value=0.955
df=4
TOTAL CHI=0.672

0.677
4.516
1.129
0.677

CHI SUARE
0.154
0.509
0.672
0.154
1.489

PV
0.695
0.476
0.412
0.695

C. parapsilosis
1
3
1
0
5

0.484
3.226
0.806
0.484

CHI SUARE
0.55
0.016
0.047
0.484
1.097

PV
0.458
3
0.899
20
0.828
5
0.487
3
GRAND TOTALS=31

P value= 0.730
df=6
TOTAL CHI=3.601
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C. tropicalis
0
2
0
1
0
3

0.407
1.424
0.814
0.254
0.102

CHI SQUARE
0.407
0.233
0.814
2.191
0.102
3.747

PV
0.523
0.629
0.367
0.139
0.749

8
28
16
5
2
GRAND TOTALS=59
TOTAL CHI=12.169

Table 6: Showing summary of chi square tests in Table 5 for the disease conditions among the
different age groups across the three teaching hospitals and their corresponding P values. P
values are for a χ2 test within each disease type to assess whether the Candida species
distribution across age groups is significantly different

Disease conditions

χ2

df

P values

UTI

23.301

35

0.40

VVC

17.071

16

0.38

VD

8.141

16

0.94

PID

12.621

12

0.93

There was no significant difference between Candida species distribution among the age groups
presenting with the various disease conditions; UTI, VVC, vaginal discharge (VD) and suspected
PID as detailed in (Table 5).

Candida species isolated from UTI, VVC, VD and suspected PID
The tests identified seven Candida species in total, which were C. albicans, C. glabrata, C.
parapsilosis, C. tropicalis, C. krusei, C. kefyr and C. lusitaniae. Candida albicans accounted for
approximately 41.0% of the total 600 Candida isolates recovered from the three teaching
hospitals on the basis of one conventional phenotypic test, the chromogenic test. Candida
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glabrata accounted for 26.5%, C. parapsilosis for 19%, C. tropicalis for 8.5%, C. krusei for
4.8%, C. kefyr and C. lusitaniae for 0.2% of the total isolates respectively. The single isolates for
C. kefyr and C. lusitaniae were both found in a urine sample.

Distribution of Candida species in vulvovaginal candidiasis
The species distribution in vaginal swabs taken from patients presenting with VVC for the first
time showed that C. albicans was most common in each of the three locations, present in over
half of the total swabs (53.4%). The next most common species were C. glabrata (21.6%), C.
parapsilosis (15.5%), C. tropicalis (4.7%) and C. krusei (4.7%) (Table 7). A chi-square test
showed no significant difference (χ2 = 7.76, df = 8, P = 0.46) between the species frequencies in
the three locations. Similarly, there was no significant difference (χ2 = 11.16, df = 8, P = 0.19)
between the species frequencies in the three locations for patients who were presenting with
VVC at least two or more times (Table 8), nor when comparisons were made between the
frequency of each species in patients presenting for the first time and for two or more times with
VVC (χ2 = 7.71, df = 8, P = 0.46). Some patients were colonised by more than one Candida
species at the same time. However, most people usually carry a single species of Candida at
different body sites for a long time but ocassionally may carry more than one species (Brunke &
Hube, 2013; Li et al., 2014). In 15% of the patients presenting with VVC two or more times,
more than one species was present, the most common combinations being patients with
combinations of C. albicans and C. parapsilosis (4%), C. albicans and C. glabrata (3%), and C.
glabrata and C. parapsilosis (3%). In Korle Bu 24% of patients had more than one species, this
compares with figures of 13% and 4% respectively for Komfo Anokye and Tamale. A sample
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from one patient in Korle Bu contained three species (C. albicans, C. glabrata and C.
parapsilosis).

Table 7: Distribution of Candida species in vaginal swabs from patients presenting for the first
time with a vaginal discharge in three locations in Ghana
% of each species in VS
Species

Korle Bu (n=58) Komfo Anokye Tamale (n=31)

Total (n=148)

(n=59)
C. albicans

26 (44.8%)

34 (57.6%)

19 (61.3%)

79 (53.4%)

C. glabrata

16 (27.6%)

9 (15.3%)

7 (22.6%)

32 (21.6%)

C. parapsilosis

8 (13.8%)

10 (16.9%)

5 (16.1%)

23 (15.5%)

C. tropicalis

4 (6.9%)

3 (5.1%)

0

7 (4.7%)

C. krusei

4 (6.9%)

3 (5.1%)

0

7 (4.7%)

Data are presented as the number of swabs containing a particular species and the % of the total
swabs in which each species was present.
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Table 8: Distribution of Candida species in vaginal swabs from patients that have presented on
at least two previous occasions with vaginal discharge in three locations in Ghana
% of each species in VS
Species

Korle Bu (n=43)

Komfo Anokye Tamale (n=20)

Total (n=86)

(n=23)
C. albicans

15 (34.9%)

13 (56.5%)

13 (65%)

41 (47.7%)

C. glabrata

11 (25.6%)

4 (17.4%)

6 (30%)

21 (24.4%)

C. parapsilosis

12 (27.9%)

4 (17.4%)

0

16 (18.6%)

C. tropicalis

4 (9.3%)

1 (4.3%)

1 (5%)

6 (7%)

C. krusei

1 (2.3%)

1 (4.3%)

0

2 (2.3%)

Data are presented as the number of swabs containing a particular species and the % of the total
swabs in which each species was present.

Distribution of Candida species in suspected PID
Swabs taken from patients presenting with suspected PID in the three locations showed a
significant difference (χ2 = 19.95, df = 8, P < 0.01) with respect to the frequency of C. albicans,
which was present at a lower frequency in Korle Bu compared to Komfo Anokye and Tamale
(Table 9). Typically, a single species was identified in most patients, but on occasion two or
more species were observed. Twenty-one percent of patients with suspected PID had more than
one species present, the most common combinations being C. albicans and C. parapsilosis, C
albicans and C. glabrata, and C. parapsilosis and C. tropicalis (each combination present in 3%
of patients).
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Table 9: Distribution of Candida species in endocervical swabs from patients presenting with
suspected pelvic inflammatory disease in three locations in Ghana
% of each species in endocervical swab
Species

Korle Bu (n=45)

Komfo Anokye (n=25)

Tamale (n=23)

Total (n=93)

C. albicans

12 (26.7%)

17 (68%)

16 (69.6%)

45 (48.4%)

C. glabrata

15 (33.3%)

4 (16%)

6 (26.1%)

25 (26.9%)

C. parapsilosis

11 (24.4%)

2 (8%)

1 (4.3%)

14 (15.1%)

C. tropicalis

4 (8.9%)

1 (4%)

0

5 (5.4%)

C. krusei

3 (6.7%)

1 (4%)

0

4 (4.3%)

Data are presented as the number of swabs containing a particular species and the the number of
swabs containing a particular species and the % of the total swabs in which each species was
present.

Distribution of Candida species in UTI
In addition to the swabs taken from the reproductive tracts, urine samples from female patients
who presented with urinary tract infections were tested. I was only able to collect and test urine
samples from two of the locations, Korle Bu and Tamale (Table 10). As was the case for patients
with suspected PID, there was a significant difference (χ2 = 15.54, df = 5, P < 0.01) in the
frequency of Candida species in samples from the two locations (Table 10) and indeed in Korle
Bu, C. glabrata was actually the most prominent species (37.8%) followed by C. albicans
(22.4%). Fourteen percent of the urine samples contained more than one species as shown in
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(Table 11). No Candida isolates were recovered from female patients from ages one to 10 years
who reported with genitourinary infections at the three teaching hospitals in this study.

Table 10: Distribution of Candida species in “mid-stream” urine of female patients presenting
with a urinal tract infection in Korle Bu and Tamale
% of each species in urine
Species

Korle Bu (n=143)

Tamale (n=23)

Total (n=166)

C. albicans

32 (22.4%)

14 (60.9%)

46 (27.7%)

C. glabrata

54 (37.8%)

5 (21.7%)

59 (35.5%)

C. parapsilosis

31 (21.7%)

3 (13%)

34(20.5%)

C. tropicalis

15 (10.5%)

0

15 (9%)

C. krusei

10 (7%)

1 (4.3%)

11 (6.6%)

C. lusitaniae

1 (0.7%)

0

1 (0.6%)

Data are presented as the number of swabs containing a particular species and the % of the total
urine samples in which each species was present.
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Table 11: Showing mix candidal infections among patients presenting with VVC, UTI and
suspected PID across the three teaching hospitals in Ghana

Patients type

Percentage mix candidal infection

VVC

15%

UTI

14%

Suspected PID

21%

Prevalence of Candida species relative to bacterial species
The symptoms and clinical presentation of candidal infections are at times difficult to
differentiate from bacterial infection. Patients who presented with bacterial infections during the
sample collection at the three teaching hospitals were also identified and enumerated for
comparative studies. The results for urine and vaginal swab samples in terms of species ranking
and prevalence of Candida species among the bacteria isolates recovered from clinical samples
at the same time in urine and vaginal swabs across the three teaching hospitals is summarised in
Figure 7A & 7B, and Figure 8A, 8B & 8C. Clinical isolates categorised as commensals by the
laboratory technicians at the three teaching hospitals in the Figure 7A & 7B, and Figure 8A, 8B
& 8C below refer to isolates which pose identification challenges with the conventional tests
used in the laboratories.
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Organisms

Figure 7A: The most frequently isolated pathogens from urine specimens in Korle-Bu teaching
hospitals in Ghana from mid-January to April 2012. Y-axis is showing the total number of
isolates recovered from patient cases and X-axis is showing the total number of isolates
recovered from patients who presented with UTI from mid-Janurary to April, 2012.
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Figure 7B: The most frequently isolated pathogens from urine specimens in Tamale teaching
hospitals in Ghana from mid-January to April 2012. Y-axis is showing the total number of
isolates recovered from patient cases and X-axis is showing the total number of isolates
recovered from patients who presented with UTI from mid-Janurary to April, 2012.
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Figure 8A: The most frequently isolated pathogens from vaginal swab specimens in Korle Bu
teaching hospitals in Ghana from mid-January to April 2012. Y-axis is showing the total number
of isolates recovered from patient cases and X-axis is showing the total number of isolates
recovered from patients who presented with vaginal discharge from mid-Janurary to April, 2012.
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Figure 8B: The most frequently isolated pathogens from vaginal swab specimens in Komfo
Anokye teaching hospitals in Ghana from mid-January to April 2012. Y-axis is showing the total
number of isolates recovered from patient cases and X-axis is showing the total number of
isolates recovered from patients who presented with vaginal discharge from mid-Janurary to
April, 2012.
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Figure 8C: The most frequently isolated pathogens from vaginal swab specimens in Tamale
teaching hospitals in Ghana from mid-January to April 2012. Y-axis is showing the total number
of isolates recovered from patient cases and X-axis is showing the total number of isolates
recovered from patients who presented with vaginal discharge from mid-Janurary to April, 2012.
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DISCUSSION

In this study, overall prevalence of 41% was recorded for C. albicans, which is consistent with
the approximately 50% prevalence reported by Hajjeh et al., (2004). The other non-albicans
Candida species accounted for 59% of the total number of isolates used in this study.

Genitourinary candidiasis and species distribution
The data indicate that C. albicans is, in most instances, the most prevalent species in cases of
genitourinary candidiasis in the three locations that samples were taken from. However, it should
be noted that other Candida species were responsible for a significant number of cases, in
particular, C. glabrata and C. parapsilosis. This is consistent with the findings of other studies in
North West Africa (Okungbowa et al., 2003), India (Ahmad & Khan, 2009; Singh et al., 2011)
and Turkey (Cetin et al., 2007).

Vulvovaginal candidiasis and species distribution
Candida albicans, is the most frequent aetiological agent and known to be responsible for about
70 to 90% of vulvovaginitis candidiasis (VVC) with the rest of the infection caused by nonalbicans Candida species, especially C. glabrata (Sobel, 2006). Candida glabrata has been
reported to account for 37% of cases of VVC in India (Ahmad & Khan, 2009) 34% of cases in
Nigeria (Okungbowa et al., 2003), 30% of cases in Turkey (Cetin et al., 2007) and 18% of cases
in a previous study at Komfo Anokye (Feglo & Narkwa, 2012). In this study values between
15.3% and 27.6% with an overall prevalence in 21.6% among patients presenting for the first
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time, and values of between 17.4% and 30% with an overall prevalence of 24.4% for patients
who have presented on at least two or more previous occasions. These contrast with values of
between 3 and 16% in the U.S., Australia and China (Achkar & Fries, 2010). Similarly, C.
tropicalis has previously been shown to account for 18% of cases of VVC in Nigeria
(Okungbowa et al., 2003) and C. parapsilosis for 10% of cases in India (Ahmad & Khan, 2009).
These values are comparable to those of this present study, and that of Feglo & Narkwa (2012),
and again these were higher than the reports of 1 − 2% for C. tropicalis and 1 − 4% for C.
parapsilosis elsewhere in the world (Achkar & Fries, 2010). The apparent emergence of nonalbicans Candida species, particularly C. glabrata and C. parapsilosis in two or more time
vaginal discharge in this study confirms that the pattern of the mycological shift from C. albicans
to non albicans Candida species may be a common occurrence.
In terms of spectra of Candida species, there was no significant difference between Candida
species distribution with patients presenting for either the first or two or more times VVC. I am
unaware of any previous studies that make this comparison. Given that the emergence of nonalbicans Candida species has been attributed to their greater tolerance of azole-based treatments,
it might have been expected that there would be an increase in these species in the patients who
had presented previously. Unfortunately, I am unsure what, if any, treatments were given with
their earlier presentations, as I was not able to attain their previous clinical data. Even with that
data, however, there is no guarantee that the patient took/completed their course of treatment.
Clearly, this is an area where further research is warranted, and it is note-worthy that there were
multiple species present in patients that had presented previously while in those presenting for
the first time, there was only a single species present. This suggests that previous
infections/treatment regimens may make patients more susceptible to a mixed flora. Mixed
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cultures containing these organisms might pose challenges with treatment (Pfaller et al., 2014;
Quindos, 2014). Therefore, identification of all the species involved has important therapeutic
implications. This observation showed that wider spectrums of Candida species were involved in
causing one-episode or recurrent infection.

Candidal infection among the age group
The highest candidal carriage was observed in the 20 − 35 years (average 27.5 years) age group.
Of the 600 isolates, 59.7% were within this age group. This may simply just reflect the fact that
more people in this age group are presenting with the infection. Considering the population
structure of Ghana as of 2014 from CIA world factbook (www.indexmundi.com/ghana), the
population structure stands as: 0-14 years = 38.6%, 15-54 years = 52.5%, 55-64 years = 4.8%
and 65 years and above = 4.1%. Thus the high percentage of candidal infections among this age
group is expected by virtue of the population structure. The high incidence among the
reproductive age group is consistent with the study conducted by Chalmilla et al. (2006) in Dar
Es Salaam, Tanzania where they observed a high rate of candidiasis among HIV youth and
adolescents between the ages of 20 − 25 years. Similarly, a study conducted among women
presenting with STD, including candidiasis in Moshi, also in Tanzania by Msuya et al. (2002)
reported that the age groups with the highest incidence of candidiasis were a little above 30
years. Similarly, a study conducted among different age groups by Adesiji et al. (2011) revealed
a high prevalence of candidal infections among the 23 − 27 year group. Furthermore, in Northern
Nigeria, Sehgal (1990) reported 54% prevalence among the age group 20 − 30 years presenting
with candidal infection. Likewise, in Benin City also in Nigeria, Okungbowa et al. (2003)
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reported 35% prevalence among the 26 − 36 year group (though the population/demographic
structure from the countries mentioned above where the individual studies was conducted was
not made known). This suggests that adolescence females in their reproductive age have a high
significant incidence of genitourinary candidiasis. However, no urogenital colonisation in
females less than 10 years was observed by (Sobel, 2006). In a similar study, Anderson et al.
(2004) also did not observed genitourinary candidiasis among female patients less than 10 years.
This trend of absence of genitourinary candidiasis among female patients less than 10 years was
also observed in this study. However, its near absence in the sexually naive age groups
buttressed the assumption that sexual activity may contribute partly to the spread of candidiasis
among the sexually active age group even though transmission of the candidal infection through
sexual activity is inconclusive (Hart, 1993; Ononge et al., 2005; Vazquez & Sobel, 2011).

Vulvovaginal candidiasis complications in obstetric and gynaecological patients
Approximately, 56% of pregnant women in their 3rd trimester have vaginal VVC worldwide,
which poses serious problems in obstetrical, gynaecological and neonatological practises (Butler
et al., 1990; Faix, 1984; Reef et al., 1998). Also nosocomial or vertical transmission of
candidiasis during gestation/time of delivery can contribute to low birth weight, obstetric
disorders and neonatal candidaemia (Anderson et al., 2004; Chervenkova et al., 1999; Oleszczuk
& Keith, 2000; Waggnoner-Fountain et al., 1996). The high prevalence of VVC in the
reproductive age group reported in this study has high clinical implications considering the
gynaecological health risk associated with VVC infection.
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Candidiasis among suspected PID patients
In addition to infections of the lower reproductive tract, microorganisms may also infect areas
above the cervix, giving rise to a variety of conditions that are described under the generic term
PID. Such infections affect around one million women in the U.S. annually, around a quarter of
who may suffer some form of serious long term complications such as infertility (Pletcher,
1998). While bacteria such as Chlamydia trachomatis and Neisseria gonorrhoea appear to be the
primary species responsible for these infections, there have been reports of C. albicans in 23% of
endocervical swabs in a study in Nigeria (Audu & Kudi, 2004). The data in this study suggests
that other Candida species may also be present and indeed, the frequency of C. albicans may
differ depending on the location. It should be noted, however, given that the Candida species are
much more commonly associated with VVC rather than PID, that there is the potential for
contamination of the endocervical swabs by organisms in the vagina.

Candiduria among patients presenting with UTI
Candiduria or presence of Candida species in urine is rarely encountered in the healthy host with
a structurally normal urinary tract. However, it is a frequent occurrence in hospitalised patients
and catheterised patients and accounts for about 10 − 15% of nosocomial UTIs (Bukhary, 2008;
Kauffman, 2005; Sobel et al., 2000; Wise & Silver, 1993). UTIs due to Candida species have
markedly increased in the last three decades and approximately 50% of candiduria isolates are
caused by non-albicans Candida species of which the most common species often implicated is
C. glabrata (Sobel, 2006; Sobel et al., 2000). In the U.S., a surveillance study conducted by Shay
& Miller (2004) estimated that there were 25,000 cases of candiduria per annum. Similar
observations were made in studies reporting about 90% of bladder catheter UTIs to be caused by
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Candida species in a large tertiary care centres in the U.S. (Banerjee et al., 1991; Berrouane et
al., 1999; Jarvis et al., 1999). Similarly, Sobel et al. (2000) reported that C. glabrata was the
cause of 20% of cases of candiduria in patients presenting with UTI. The prevalence of nonalbicans Candida species in cases of candiduria is consistent with reports in Africa and other
places around the world with C. glabrata, for example, accounting for 53% of cases in renal
transplant patients in parts of the U.S. (Safdar et al., 2005). This is similar to the situation in
Korle Bu where C. glabrata was prevalent in urine samples than C. albicans. In contrast, C.
albicans was the most prevalent species in urine samples taken from patients in Tamale. An
equally high percentage of 86.7% of C. albicans was reported in Africa by Kangogo et al.
(2011). Differences in underlying diseases, antimicrobial and chemotherapeutic practises may
have contributed partially to the observed variation in percentage prevalence from institution to
institution (Pfaller et al., 2012b; Poikonen, 2011; Ma et al., 2013; Ortega et al., 2013). Prior
exposure to antifungal agents may have caused the selection of high resistance species other than
C. albicans (Pfaller et al., 2012b). There may also be climatic and cultural differences between
Korle Bu and Tamale contributing to the different species distributions. As indicated in the
Introduction (Chapter 1) Korle Bu is located in Accra, the capital of Ghana, which is an
industrialised and cosmopolitan city with a largely Christian population. Tamale by contrast is
located in northern Ghana about 430 km north of Accra; it has a hotter and drier climate and
during certain times of the year is prone to Harmattan winds. Tamale is inhabited predominantly
by Islamic communities.
In this study, no Candida dubliniensis isolates were recovered among our clinical samples. This
species had previously been reported in South Africa, Egypt, and Tunisia as well as Ghana (AlMosaid et al., 2001; Bii et al., 2009; Kangogo et al., 2011; Jabra-Rizk et al., 2001; Kwamin et al.,
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2010). This may be due to, in part, the type of samples used in the study; urine and vaginal
specimens have been reported to have a low incidence of C. dubliniensis (Loreto et al., 2006).

Mixed candidal infections
Candida albicans can be isolated singly or co-isolated with other Candida species from sites of
mucosal infection (Coleman et al., 1998). In this study, 15% of patients presenting with at least
two or more occasions of vaginal discharge, 14% of patients presenting with UTI and 21% of
patients presenting with PID were identified as having two or more Candida species. These
values are similar to the 20% of the patients showing mixed candidal infections reported by
Nartey et al. (2006) a study that was also carried out in Korle Bu, Ghana. However, the high
prevalence of mixed candidal infection recorded in this study contrasts with the 2.2% mixed
candidal infection reported by Fan et al. (2008) in China, 4.6% Candida isolates containing two
or more Candida species reported by Richter et al. (2005) and also the isolation of C. albicans in
combination with C. tropicalis and C. krusei in 0.6% patients reported by Abu-Elteen (2001) in
Jordan. The data presented on mixed candidal infection in this study and the high mixed candidal
infection also observed by Nartey et al. (2006) in Ghana could argue for the fact that prevalence
of mixed candidal infection among patients presenting with VVC, suspected PID and UTI in
Ghana is very high.
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Prevalence of Candida species in clinical specimens
Candida albicans was the most predominant yeast species implicated, accounting for about 41%
of the total Candida isolates used for this study. However, the 41% value obtained in this study
contrasts with values quoted by previous work done on Candida species in Ghana. Other
researchers have reported prevalences of C. albicans as follows: 84% by Feglo & Narkwa
(2012), 57.1% by Nartey et al. (2006) and 68.5% by Kwamin et al. (2010). The marked variation
could be attributed partly to the population of patients sampled, the sample size, the type and site
of infection. Higher prevalences of C. albicans were similarly reported by other researchers
(Pfaller et al., 2012b; Vazquez & Sobel, 2011; Sobel, 2007; Pappas, 2003). The 41% prevalence
of C. albicans obtained in this study also contrasts with the 55% of isolates that identifies as C.
albicans in blood stream infections in the U.S. by Pfaller et al. (2001).
In India, high prevalence 39% of C. tropicalis was reported by Singh et al. (2011) in a study
conducted on Candida species, whereas a high prevalence of 68% C. albicans was reported in a
large multicenter study from Spain (Alvarez-Lerma et al., 2003). In Lagos Nigeria, Anorlu
(2004) reported a high incidence 22% of C. albicans as the cause of vaginal candidiasis among
HIV-seropositive women. Again, in India and Nigeria, C. glabrata was the most prominent
among 30 to 37% cases of VVC (Okungbowa et al., 2003; Singh et al., 2011; Ahmad & Khan,
2009). Against such a highly inconsistent backdrop of species prevalence worldwide, variation in
species prevalence is inevitable. Thus, evaluating the prevalence of Candida species could be
challenging (Ma et al., 2013; Pfaller et al., 2012; Poikonen, 2011).
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Increasing prevalence of non- albicans Candida species
Non-albicans Candida species are said to be less virulent compared to C. albicans during
candidal infection. However, clinical evidence for this is yet to be proven as several studies,
including this study, have revealed the high prevalence of non-albicans Candida species among
clinical samples. In Africa, a study conducted to estimate the distribution of Candida species in
genitourinary infection in Nigeria also showed a high prevalence of 79.9% of non-albicans
Candida species as the cause of candidiasis in a total of 517 Candida isolates recovered from
VS, urine, endocervical swabs and urine (Okungbowa et al., 2003).
A high prevalence of C. tropicalis has been reported by some researchers. Singh et al. (2011) and
Komshian et al. (1989) reported a prevalence of 39% and 57% of C. tropicalis respectively.
Wingard et al. (1991) reported a 50% prevalence of C. krusei. Similarly, a high prevalence of
68% C. krusei was reported by Goldman et al. (1993) and a high incidence of C. parapsilosis
among highly debilitated patients was reported by Weems (1992). In addition, a high incidence
of candidaemia caused by non-albicans Candida species was reported by Price et al. (1994).
Their results showed that C. albicans constituted only 31% of the total number of Candida
isolates implicated in candidaemia in 1992 contrarily to 87% C. albicans that caused
candidaemia in 1987 in the U.S. They observed a significant increase notably among the
frequency of C. glabrata from 2 to 26%, C. parapsilosis 9 to 20% and C. tropicalis 2 to 24%
within the five-year study period. The spectrum, order and rank of non-albicans Candida species
isolated from this study was C. glabrata (26.5%), C. parapsilosis (19%), C. tropicalis (8.5%), C.
krusei (4.8%) and 0.2% for C. kefyr and C. lusitaniae and this compares favourably with the data
obtained by Pfaller et al., 2007a and Price et al. (1994) , although, the percentage distribution of
species varies. In addition, this finding was similarly reported in a related study in San Antonio113

Texas carried out on colonising and infecting Candida species in five surgical intensive care
units (Dibb et al., 1994). The trend and Candida species distribution was consistent with the
result obtained in this study. They reported that, 52% of Candida species which colonised urine
and/or stools of patients were non-albicans Candida species of which C. glabrata was the most
prominent and it constituted about 30 − 40% of the total number of Candida isolates. In one of
the intensive care centres included in their study, C. glabrata accounted for 73% of the total
number of Candida isolates recovered. Similarly in European and American studies, C. glabrata
ranks second to C. albicans in most candidal infections (Peman & Salavert, 2012). Furthermore,
candidaemia reported in non-neutropenic patients from a multicentre unit in the U.S. revealed
approximately 44% of non-albicans Candida species as the cause of blood-stream infections
(Rex et al., 1994; Pfaller et al., 2012a).
This ranking of C. glabrata being second to C. albicans in most candidal infections was also
observed in this study. However, C. glabrata ranked first in patients presenting with UTI in
Korle Bu in this study. Evaluating the epidemiological changing trends in the prevalence of
Candida species in opportunistic candidal infections is a challenge since the dominance of a
particular species type isolated from clinical specimens may differ between countries,
institutions, patient population, behavioural, and nutritional states of the study group (Achkar &
Fries, 2010; Ma et al., 2013; Poikonen, 2011). For instance, C. tropicalis and C. krusei have a
significantly higher prevalence among isolates from patients with haematological malignancies
whereas C. albicans and C. glabrata have a high prevalence among blood-stream Candida
isolates and patients with solid tumors ( Poikonen, 2011; Meunier et al., 1992).
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Conclusion
In summary, I present data that indicates a relatively high prevalence of species other than C.
albicans in cases of genitourinary candidiasis and suspected PID from three locations in Ghana.
This is consistent with a reported trend towards the emergence of other Candida species,
especially C. glabrata and C. parapsilosis. This has implications for diagnostic laboratories,
which are reliant on tests that are specific for C. albicans.

Challenges
The study did not include sentinel screening sites, but samples were obtained mainly from
patients visiting the three teaching hospitals. Demographic data and the diagnoses recorded for
this study were based mainly on patient’s laboratory requisition form, which does not include
their immunocompromised status. Thus, makes interpretation of the prevalence of Candida
species between the immunocompromised and the immunocompetent hosts in this study a
challenge.

Recommendation
In the advent of increasing cases of candidiasis reported worldwide and its associated mortality
among immunocompromised hosts, it is therefore, vital to establish an identification scheme in
the various hospitals in Ghana to distinguish any single Candida isolate during candidal infection
to the species type for good epidemiological records and also for a better course of treatment.

115

CHAPTER 4
DELINEATION OF CANDIDA ALBICANS STRAINS USING THE 25S rDNA GENE
Abstract
Accurate species identification is often relevant for effective therapeutic management. This study
was carried out to investigate the genotypic variation among 244 C. albicans isolates from
Ghana using the 25S rDNA gene of the ribosomal operon for typing (ABC typing). These
isolates were recovered from multiple anatomical sites from patients with different disease
conditions visiting the three teaching hospitals sited at different geographical locations within the
country. A specific primer pair, CA-INT- L and CA-INT- R, was used to amplify the crude DNA
extracted from the transposable group 1 intron region of the 25S rDNA gene for all 244 C.
albicans isolates.
The fragment size generated by the ABC typing was subsequently used to delineate C. albicans
into three genotypes: A, B and C. A high prevalence (about 95%) of genotype A was found
among all the C. albicans isolates tested from Ghana, genotypes B and C constituted 2.5% each
respectively.
The presence or absence of general-purpose genotype (GPG) gene was used to categorise the 240
C. albicans into clades based on the presence or absence of GPG. The test revealed that 64.2%
had the GPG genotype which corresponds to clade 1 and the remaining 35.8% were of non-GPG
genotype; thus belongs to other clades. Also no significant correlation was found between the
different genotypes and the length of hypha generated by each of the C. albicans isolates.
An epsilometer test (Etest) was used to assess antifungal susceptibility trend among the C.
albicans isolates using three triazoles: Fluconazole, Itraconazole and Voriconazole. The Clinical
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and Laboratory Standards Institute (CLSI) minimum inhibition concentrations (MICs)
interpretive breakpoint was used to categorise 110 C. albicans strains into either susceptible,
susceptible due to dose dependant and resistance. The 110 C. albicans isolates revealed varying
susceptibility trends to Fluconazole, Itraconazole and Voriconazole with MICs ranging from
0.25 − 256 μg/ml, 0.004 − 32 μg/ml and 0.016 − 32 μg/ml for Fluconazole, Itraconazole and
Voriconazole respectively. This study represents the first molecular study on C. albicans isolates
from the three teaching hospitals in Ghana.

Introduction
Candida albicans has the ability to become invasive resulting in haematogenous spread which
could lead to severe or disseminated opportunistic candidal infection referred to as candidaemia
(Poikonen et al., 2010; Pfaller e al., 2014). Disseminated candidiasis carries very high morbidity
and mortality rates in human hosts whose immune system is undermined and the mortality
numbers appear to be increasing significantly worldwide (Pfaller et al. 2014; Colodner et al.,
2008; Arendrup, 2010) ).
Attributed mortality to the life threatening forms of candidiasis is about 70 − 90% (Pfaller et al.,
2014; Pfaller et al., 2012b). However, with the intervention of antifungal agents, mortality could
reduce to 30 − 50% in relation to the immune status and the extent of spread of the infections
(Pfaller et al., 2012b). It has also been reported that progression of invasive fungal infection from
the time of detection to death is typically less than 14 days in the immunosuppressed (Andes et
al., 2012; Denning et al., 1991; Pfaller et al., 2001).
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Notably among Candida species, C. albicans’ ability to adjust to different micro-niches within
the human host reveals its potential to cause an extremely wide range of infections (Poikonen et
al., 2010; Pfaller et al., 2012; Klevay et al., 2008). The severity of candidiasis often increases
considerably among patients undergoing immunosuppressive therapies such as radiation and
chemotherapy (Zilberberg et al., 2008; Samonis et al., 2008; Pfaller et al., 2012b). Certain groups
of people undergoing major surgical interventions involving multiple organ transplants may also
succumb to high candidal infections (Andes et al., 2012; Zilberberg et al., 2008; Pfaller et al.,
2012b). In addition, certain predisposing factors such as physiological and endocrine disorders,
including diabetes mellitus and corticosteroid therapy could also contribute to one acquiring
candidal infections (Bassetti et al., 2011; Pfaller et al., 2012b). Similarly, certain iatrogenic
medical interventions such as parenteral hyper-alimentation administration in debilitated patients
and wide application of indwelling catheters, central valves and shunts could also contribute
effectively to opportunistic candidal infections (Bassetti et al., 2011; Andes et al., 2012).
Strain delineation of Candida is desirable due to the seemingly high resistance of some strains to
antimicrobial agents and also their inherently variable antifungal susceptibility profiles (Pfaller et
al., 2001; Poikonen et al., 2010; Klevay et al., 2008). Any techniques or strategies that can
accurately distinguish between clinical strains are considered good epidemiological tools and are
essential for effective therapeutic measures and efficient patient management. It also effectively
reduces the pressure on the few antifungal drugs available (McCullough et al., 1999; Pfaller et
al., 2012b; Li et al., 2015). Molecular based identification should help to control the spread of
resistant strains, reduce morbidity and mortality (Li et al., 2015; Yazdanpanah & Khaithir, 2014;
Kontoyiannis & Lewis, 2002) and also help to distinguish nosocomial infection, or de novo
infection caused by new strains of Candida species or strains from recurrent candidal infection
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(Li et al., 2015; Fridkin & Jarvis, 1996). Another advantage of these molecular methods is the
ability to differentiate between closely related species or yeasts that were previously not
identified by the conventional methods (Li et al., 2015; Yazdanpanah & Khaithir, 2014;
Kurtzman et al., 2011).
Traditionally, identification and typing of C. albicans strains has been based on phenotypic
features such as micro and macro-morphology along with tables and keys. It can be hampered by
database limitations and ambiguity due to strain variability; these techniques are technically both
laborious and protracted (Botterel et al., 2001; Kurtzman et al., 2011; Hao et al., 2009). Other
methods for identification include typing methods such as bio-typing, sero-typing, resisto-typing
and morpho-typing. The bio-typing technique involves growth of the clinical specimens on
appropriate media and further identification is made based on colony growth (Giammanco et al.,
2005; Yeo & Wong, 2002). Morpho-typing however, involves the use of a microscope and
staining procedures such as Gram stain, Indian ink, lactophenol cotton blue solution, calcoflour
and others to stain freshly acquired body fluids or colonies on growth media to identify
morphological characteristics or fungal elements present. Sero-typing analysis involves antibody
detection (Shibata et al., 2012; Kobayashi et al., 2013) of surface proteins such as glucomannan
or β-(1, 3) -glucan, mannan and other antigen-antibody tests such as fungal metabolites Darabinitol, and western blot techniques (Alam et al. 2007; Shibata et al., 2012; Kobayashi et al.,
2013; Rossoni et al., 2014). Resisto-typing consists of testing strains against a set of randomly
selected chemicals that exhibit selective toxicity at a critical concentration. The pattern of
resistances, which defines the resisto-type, can be used to describe isolates for epidemiological
surveillance (Prasobh et al., 2009). These methods are considered to have relatively low
sensitivity and specificity for several reasons: For sero-typing, antibodies may be absent, reduced
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or delayed in immunosuppressed patients, which could hamper diagnosis. In addition, antibody
titre levels could be high in colonised or healthy hosts (Criseo et al., 2015; De Repentigny et al.,
1992). There is also a possibility of changes in the enzyme constitution after long storage which
could affect the conventional methods (Li et al., 2014; Buckley et al., 1992). Although radiology
and histo-pathological techniques can provide a clue about fungal elements present in tissues,
they cannot identify the exact fungal species (Kurtzman & Robnett 1997; Kurtzman et al., 2011;
Daniel et al., 2014). Conventional methods also lack reproducibility in some instances because in
bio and morpho-typing protocols, identification is dependent on sufficient growth and other
characteristics, which might be influenced by environmental factors. Ambiguity due to strain
variability may also have serious consequences in bio or morpho-typing. In addition, yeasts
constitute a heterogeneous group of fungi that superficially appear to be homogeneous and are
quite similar in shape, and grow in a conspicuous unicellular form, which makes it difficult to
differentiate between them visually (Kurtzman et al., 2011; Daniel et al., 2014; Botterel et al.,
2001). Homoplasy is also very common with phenotypic traits even though they are genetically
different (Kurtzman et al., 2011; Daniel et al., 2014; Kurtzman & Robnett, 1997). Growth of
some fastidious or saprophytic species may take several days. In addition, related species may
not be differentiated adequately and rare species may also persist unidentified; interpretations of
results can be subjective (Criseo et al., 2015; Li et al., 2014; deHoog, 2000).
In addition, recent reports indicate that there has been a resurgence of several atypical isolates of
C. albicans from hospital samples (Graser et al., 1996; Pfaller et al., 2006; Schonian et al., 1996;
Tietz et al., 2001; Nnadi et al., 2012b). These atypical isolates vary from most typical C. albicans
strains because of one or more phenotypic characteristics and thus may be difficult to identify
using just routine conventional methods (Criseo et al., 2015; Nnadi et al., 2012b; Pujol et al.,
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1997; Tietz et al., 2001). Identification results can be debatable to a certain degree because these
identification methods were originally designed for clinical purposes and databases may
therefore not make adequate provision for a number of common environmental yeast species
(Criseo et al., 2015; deHoog et al., 2000; Li et al., 2014). Their discriminatory potential (ability
to distinguish between two closely related species) may also fall short of the acceptable figure (≥
0.90 discriminatory potential) to be considered useful as an epidemiological tool (Botterel et al.,
2001; Sampaio et al., 2005). Hence, these obvious shortcomings exhibited by these conventional
phenotypic methods make it preferable to use molecular methods to complement identification of
any microorganism.
Genotyping includes the direct analysis of chromosomal or extra chromosomal DNA. It has
many advantages over the conventional typing methods in which identification criteria are based
on phenotypic attributes (Li et al., 2014; Yazdanpanah & Khaithir, 2014; Faber et al., 2009).
Genotyping identifies variations in genetic information directly and, therefore, is less responsive
to variations in growth conditions. Although genotypic identification can be influenced by
sudden mutations that may create or eliminate restriction endonuclease sites, insertions or
deletions of DNA into the chromosome, or the gain or loss of extra chromosomal DNA, the
benefits of genotypic delineation far outweigh its disadvantages (Daniel et al., 2014; Kurtzman et
al., 2011; Pujol et al., 2002).
Molecular biology-based testing has increasingly been used in laboratories for identification of
several fungal species (Li et al., 2014; Yazdanpanah & Khaithir, 2014; Faber et al., 2009;
McCullough et al., 1999). These methods are reproducible, highly sensitive and specific,
relatively rapid and often depend on the nucleotide sequence of the genes that are under
relatively strong selective pressure to provide good discriminatory genetic evaluation of strain
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relatedness (Li et al., 2014; Yazdanpanah & Khaithir, 2014; Faber et al., 2009, Sampaio et al.,
2005). Some of the molecular markers employed exhibit higher levels of polymorphism
compared to others ( Daniel et al., 2014; Bougnoux et al., 2003; Tavanti et al., 2003), and may be
able to identify up to 40 different fungal species, including all clinically important fungal
pathogens (Kurtzman et al., 2011; Daniel et al., 2014; Kurtzman & Robnett, 1997).

Selection of molecular methods
Several molecular methods including polymerase chain reaction (PCR) based amplification
methods (Ergon & Gulay, 2005; Lian et al., 2004) and restriction enzyme digestion based
methods (Li et al., 2014; Yazdanpanah & Khaithir, 2014; Faber et al., 2009; Lian et al., 2004;
Pujol et al., 2002) have been employed to genotype C. albicans. The ultimate criteria for
selection of these methods are that the method should be highly reproducible, both within and
between laboratories, should be rapid and involve simple equipment and be relatively cheap to
use. The technique should also be able to screen a large number of isolates and to differentiate
strains at species level, and also distinguished between strains that are epidemiologically
unrelated, possibly related, probably related (identifying micro evolutionary changes in a strain)
and very probably related strains (Kurtzman et al., 2011; Daniel et al., 2014; McCullough et al.,
1996). Some PCR methods show varying sensitivity with a detection limit of 10 ng of fungal
DNA, equivalent to 1−10 fungal cells per ml of blood (Mirhendi et al., 2011; Kurtzman et al.,
2011).
PCR typing techniques that use DNA sequence size variations and nucleotide polymorphisms
have been used extensively in distinguishing Candida species effectively (Li et al., 2014;
Yazdanpanah & Khaithir, 2014; Faber et al., 2009; Yokoyama et al., 2004). These include:
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multi-locus enzyme electrophoresis (MLEE) (Gil-Lamaignere et al., 2003), CA3 southern
hybridisation technique (Pujol et al., 1997), multi-locus sequence typing (MLST) (Odds et al.,
2008), random amplified polymorphic DNA (RAPD) (Xu et al., 2012; Hamal et al., 2011;
Noumi et al., 2009), pulsed field gel electrophoresis techniques (Birren & Lai, 2012),
electrophoretic karyotyping (Gil-Lamaignere et al., 2003), temperature gradient gel
electrophoresis (TGGE) (Weerasekera et al., 2012), microsatellite length polymorphism
(Chaves-Galarza et al., 2010; Sampaio et al., 2005), and ribosomal DNA (rDNA) restriction
profiles and partial rDNA sequencing (Li et al., 2014; Yazdanpanah & Khaithir, 2014; Kurtzman
et al., 2011; Hernán-Gómez et al., 2000). Each of these methods has its own drawbacks based on
the ease of application, reproducibility, availability of equipment, and resolution level (Sabat et
al., 2013; Kurtzman et al., 2011; McCullough et al., 1999).

Ribosomal DNA genes (rDNA) have been the most extensively used molecular marker in
nucleic acid sequence in evolutionary analyses in Candida species (Merseguel et al., 2015; Alam
et al., 2014; Mirhendi et al., 2011). Ribosomal rDNA genes have a common origin, and are
conserved in all cellular organisms including C. albicans. In addition, joint evolution occurs
among its repetitive copies (Merseguel et al., 2015; Alam et al., 2014; Mirhendi et al., 2011).
Ribosomal transcription regions comprise the large subunits 18S rDNA and 28S rDNA; the
small subunit 5.8S rDNA; and intra and internal transcribed spacer regions (ITS) (Merseguel et
al., 2015; Alam et al., 2014; Mirhendi et al., 2011; Kurtzman et al. 2011). Different regions of
ribosomal genes have been targeted in molecular based identifications of fungi because they are
highly variable and can be assayed from minute quantities of DNA using PCR. Universal
primers are available which speeds up the identification of the target agent by PCR (Kurtzman et
al., 2011; Alam et al., 2014; Mirhendi et al., 2011). Simpler identification methods had been
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developed based on the amplification of specific regions of rDNA, followed by restriction of the
amplified fragment. These genes are of enormous advantage as a target gene in molecular based
identification and have proved to be sufficient to establish taxonomic relationships for a broad
range of fungal species (Merseguel et al., 2015; Kurtzman et al., 2011; Mirhendi et al., 2011;
McCullough et al., 1999). Though numerous molecular techniques have been developed to offer
fast and definitive identification of Candida species as compared to conventional phenotypic
methods, however, the internal transcribed spacer 1 and 2 (ITS1 and ITS2) regions of the rRNA
gene are most often used for typing Candida species in several studies. Some of the studies
include PCR amplification of the rDNA gene (Li et al. 2003; Luo & Mitchell, 2002), ITS
fragment length polymorphism (Chen et al., 2001), restriction fragment length polymorphism of
the ITS (Frutos et al., 2004; Majoros et al., 2003; Trost et al., 2004), DNA probe hybridisation
and DNA sequencing of the ITS (Coignard et al., 2004; Lindsley et al., 2001; Martin et al.,
2000). Distinction among Candida glabrata, C. nivariensis and C. bracarensis based on of
fragment length polymorphism of ITS1 and ITS2 was reported by (Mirhendi et al., 2011). Exact
identification of Candida species by restriction analysis of the ribosomal region from ITS1, ITS2
and the 5.8S rRNA gene was reported previously by (Frutos et al., 2004). Park et al. (2000)
developed a molecular probe for fast delineation of C. dubliniensis and C. albicans by analysing
ITS2 region of rDNA genes from a reference Candida strains. Similarly, White et al., (1990)
amplified the ribosomal gene 5.8S and the adjacent ITS regions: ITS1 and ITS2 of C. albicans
and then further digested the PCR product with restriction enzymes for identification of this
species. Another ribosomal region that is considered to be very useful to differentiate at the
species level is the 18S gene and the intergenic region ITS1 (Dlauchy et al., 1999). This
approach has been used to identify yeast species mainly associated with alcoholic beverages and
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soft drinks (Esteve-Zarzoso et al., 1999; Ferreira et al., 2009). Subsequently, Baleiras Couto et
al. (1996; 2005) used the large subunit of rDNA (26S rDNA) which is made up of D1/D2 regions
to evaluate the restriction profiles of PCR products, as a routine method to examine yeast species
from wine. However, a promising technique which has emerged for genotypic studies is the
analysis of the 25S rDNA gene. A PCR primer pair, CA-INT-L and CA-INT-R, has been
developed to amplify the transposable intron region within this 25S rDNA gene (McCullough et
al., 1999) and the presence or absence of this intron has been used to subdivide C. albicans into
its distinctive biological groups. Candida albicans has since been grouped into five different
genotypes/subtypes: A, B, C, D and E, based on their fragment sizes (McCullough et al. 1999;
Tamura, 2001). This method has been used extensively for species identification because it is
easy to perform and interpretation of results is very simple. The method described by
McCullough et al. (1999) was used to study C. albicans from the three teaching hospitals in this
study.

Many of the numerous molecular tests available are not practicable simply because they may
require considerable technical effort or are not feasible from an economic perspective. As such,
studies on strain delineation/typing and comprehensive population structure studies on fungi
including C. albicans from a clinical perspective are yet to materialise. Similarly, in Africa, very
extensive studies have been carried out on the prevalence and antimicrobial susceptibility of
several microorganisms including Candida species, but incidentally, only a few studies have
been conducted in relation to molecular research (Bii et al., 2009; Nebavi et al., 2006; Nnadi et
al., 2012a).
Previous work by (Schmid et al., 2011) has demonstrated the existence of a general-purpose
genotype (GPG), which corresponds to clade 1 as defined by Odds et al., 2007a from a global
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typing using multi-locus sequence typing. This clade 1 C. albicans isolates are universally
known as commensal coloniser, which frequently cause superficial candidal infections in human
than other clades. Investigation was carried out on all the 244 isolates using a duplex PCR assay
specifically designed to group the C. albicans isolates into clades based on the presence or
absence of GPG.

The production of hypha constitutes one of the pre-requisite for any successful commensal or
pathogen. It is also one of the virulence factors which has been linked with the spread of
infection by some Candida species especially C. albicans (Abu-Elteen et al., 2001; Ghannoum,
2000; Kline et al., 2009, Nobile & Mitchell, 2006). The hypha is used to adhere to the host
epithelial cells during initiation of infection or during colonisation. Adhension is also critical for
the formation of biofilm, which is one of the several pre-requisites for drug resistance in an
organism in several instances (Nobile & Mitchell, 2006). An investigation was thus carried out to
evaluate the correlation between hyphal length and the genotypes, if any in the different C.
albicans strains studied.

Candida species have inherent variable antifungal susceptibilities, thus differentiating Candida
isolates into their respective species and strain types plays a key role in the treatment and
management of the infection caused by these species and also effectively reduces the pressure on
the few antifungal drugs available (Millar et al., 2002; Odds et al., 2007b; Pfaller & Diekema,
2007). An antifungal susceptibility strip test was performed on all the 108 C. albicans isolates
using the Etest stable gradient agar test.
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Accurate identification has relevant clinically inferences, in that it will guide in the selection of
appropriate antifungal agents for effective patient management in order to minimise mortality
(Eggimann et al., 2003; Pfaller et al., 2014; Sanglard & Odds, 2002). However, the increasing
use of azole antifungals for therapeutic purposes during mucosal and systemic candidiasis has
led to the selection and emergence of resistant Candida isolates. The varying susceptibility
trends exhibited by these Candida isolates mainly towards azole antifungal agents (Eggimann et
al., 2003; Pfaller et al., 2014) have emphasise the need to identify the species involve and
investigate their antimicrobial resistance trend to establish any possible emergence of resistance
among the C. albicans isolates.

Aim

This study aims to characterise C. albicans from the three teaching hospitals to their respective
strain types, and also to investigate the presence or absence of the general purpose genotype
among the C. albicans isolates studied in order to categorise these C. albicans into clades based
on the presence or absence of the general purpose genotype since no previous study on the
molecular typing and designation of clinical C. albicans isolates clade from Ghana has been
reported.
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Objectives
•

To determine the frequency and distribution of the genotypes of C. albicans.

•

To investigate the presence or absence of the general purpose genotype among the C.
albicans isolates studied and also to categorise the C. albicans isolates into clades based
on the presence or absence of the general purpose genotype.

•

To establish whether a significant association exists between the genotypes and the
predisposing factors or a particular disease condition.

•

To investigate if there is any correlation between the genotypes and hyphal length.

Research questions
These research questions were asked to estimate the genotypes of C. albicans:
•

Are there different genotypes specific to a particular hospital?

•

What is the strain type variation among C. albicans isolates recovered from different
human hosts and disease conditions?

•

What percentage of the C. albicans analysed have the general purpose genotypes?

•

Is there any correlation between hyphal length and a particular genotype?
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Methods
Study site
The study sites were the teaching hospitals at Korle Bu, Komfo Anokye and Tamale, which are
sited in different geographic locations in Ghana. Laboratory specimens brought into the
diagnostic laboratories from mid-January to April 2012 were included in the analyses, as detailed
in Chapter 3. Most specimens were derived from outpatients and the rest from patients upon
admission in the various wards at the respective teaching hospitals. Isolates contribution from
various sites is indicated in Table 12.
Table 12: Contribution of C. albicans isolates from the three sites
Population

Total number of isolates (% of total)

Korle Bu

114 (46.7%)

Komfo Anokye

72 (29.5%)

Tamale

58 (23.8%)

The Candida isolates were grown and maintained on Sabouraud dextrose agar (SDA) containing
0.05 mg/l chloramphenicol, gentamicin and cyclohexamine, and then the samples were
transported into the research laboratory at the School of Biological Sciences, University of
Canterbury, New Zealand for subsequent genotyping.
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Demographic data
Basic demographic data such as age, gender, as well as information on clinical condition and
diagnosis is as detailed in Chapter 3 of this study. The patients’ ages ranged from 1 − 85 years
with an average age of 29.5 years (Table 13).

Sample size
Two hundred and forty four of the 600 isolates (41%) were positive for C. albicans based on
colony colour on chromogenic agar. These samples were recovered from multiple anatomical
regions of the body such as the endocervical tract, the urethral tract, pleural, peritoneal, urinary
and respiratory tracts (Table 14). Two hundred and twenty one 90.6% of the C. albicans isolates
were recovered from females and 9.4% from males. The majority of the isolates were from
vaginal swabs (63.5% of the total) and urine (32.4%) with only a few isolates recovered from
sputum, endocervical swab, urethra swab and aspirate (yielding 1.2%, 1.2%, 0.4% and 0.4%
isolates respectively as shown in Table 14.

Standard strains
Candida albicans from the American type culture collection (ATCC), specifically ATCC 10231
and ATCC 90028 for C. albicans, C. krusei 6258, C. parapsilosis 22019 were used as controls.
These were kindly gifted by the Canterbury District Health Board.
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Culture, isolation and identification of C. albicans
All Candida isolates were cultured in the laboratory on Sabouraud dextrose agar (SDA)
containing 0.05 mg/l chloramphenicol, gentamicin and cyclohexamine on two different culture
plates for 24 and 48 hours, at 37° C respectively. Initial identification of each isolate was
confirmed by the colony characteristics, physiological and biochemical tests. The tests included:
1) Chlamydospore formation on corn meal-Tween 80 agar, 2) a germ tube formation test in
human serum and 3) whether or not growth will occurred at 45o C as previously described by
(Adjapong et al., 2014; Chapter 2 of this study). Crude DNA extracts from these isolates were
then used for the PCR amplification. Stock cultures of C. albicans isolates were kept in 50%
glycerol-potato dextrose broth at −80o C. Subcultures were made on PYG (Ronald, 2010) (Yeast
1%, Peptone 2% Dextrose 2%, and Bacteriological agar, 2%) plates and incubated at 37o C for
approximately 48 hours prior to genotyping analysis. All media used were from Oxoid, Limited,
Hampshire-Basingstoke, UK, unless otherwise specified.

Extraction of DNA
DNA preparations for the 244 C. albicans isolates was set up in a class II biological safety hood
(BH 2000 Series, Gelman Sciences Australia) in a separate room with the equipment solely
meant for DNA extraction and this was physically distant from the amplification and post-PCR
room. The total genomic DNA of each isolate was extracted with a simplified crude extraction
protocol described previously (Botterel et al., 2001; Mirhendi et al., 2006; 2011) with a slight
variation in the DNA extraction. For direct yeast colony amplification, pools of 4 discrete
colonies approximately 1 mm in diameter were picked with a sterile inoculating straight rod and
suspended in 1ml of sterile distilled water in a 1.5 ml Eppendorf tube (Eppendorf AG tubes,
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Hamburg, Germany). The cell concentrations were adjusted with the addition of sterile distilled
water to obtain a suspension turbidity that was equivalent to 0.5 on the McFarland standard
scales. The cell concentrations were confirmed using a spectrophotometer (NanoDrop ND-1000
Spectrophotometer, BioLAB, Contherm Scientific Ltd, Wellington, New Zealand). Then the
tubes were vortexed and microwaved for five minutes at 20o C low heat to lyse the cells. An
aliquot of 2 µl of this suspension was used as a template for the PCR amplification.

DNA extraction using chelex method
DNA from 20 isolates of C. albicans picked at random from the 244 original isolates were
extracted using the chelex protocol described previously by Walsh et al. (2013) with slight
modification. One hundred (100) μl of chelex solution was prepared using (10% [wt/vol] chelex100, Bio-Rad, Hercules, California) with 0.1% [wt/vol] sodium dodecyl sulphate sodium salt
(Sigma, St. Louis, Mo.) in an aqueous solution, 1% [vol/vol] Nonidet P-40 (Sigma), and 1%
[vol/vol] Tween 80 (Sigma) was added. Briefly, about 10 − 15 colonies of C. albicans isolate
were inoculated into 1 ml of sterile distilled water in a 1.5 ml Eppendorf tube to form a
homogenous suspension after vortexing. To each suspension, 200 µl of 5% chelex solution
containing resin (chelex-100 BioRad) and 5 µl of proteinase K (20 mg/ml) were added and
vortexed. The reaction mixture for each isolate was incubated at 56o C in a heat block for 2 hours
with occasional agitation. The temperature of the heat block was increased to 100o C after 2
hours. Again, the tubes containing the reaction mixture were allowed to sit in the heat block for 8
minutes. Subsequently, the reaction mixture was spun for 1 minute in a centrifuge (Eppendorf
Centrifuge 5810R Hamburg-Germany) at 3220 x g. The supernatant from each individual tube
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was decanted into a new 1.5 ml Eppendorf tube and then 50 µl of TE buffer was added to the
tube for storage at −20o C.

Determination and Quantification of DNA

A spectrophotometer (Nano Drop ND-1000 Spectrophotometer, BioLAB, Contherm Scientific
Limited, Wellington, New Zealand) was used to measure absorbance at (A260) and also to
quantify the DNA present in the crude extract of each of the C. albicans isolates. The DNA
extracted for the total number of isolates averaged 80 ng/µl but the optimal DNA concentration
needed for genotyping was about 20 ng/µl. The quantity of crude genomic DNA obtained was
less compared to the conventional methods for extraction of DNA; however, adequate DNA
template was still available to yield positive PCR tests (Botterel et al., 2001). The DNA extracts
were transferred into sterile Eppendorf tubes and stored at −20o C prior to PCR analysis.
An aliquot of 2.5 µl of each extract was used as a genomic DNA template for amplification in
the PCR thermo cycler (Mastercycler Gradient, Eppendorf-Netheler-Hinz GmbH, Hamburg,
Germany). The genotype of the C. albicans isolate was determined by amplifying the site of the
transposable group 1 intron in the 25S rDNA gene, according to the method previously described
by McCullough et al. (1999). The same amplification and genotyping protocols were used for the
20 chelex purified DNA samples. For a given isolate, PCR was performed at least two different
times for the DNA extracted with the two different extraction methods.
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PCR primers
For determination of C. albicans genotypes based on 25S rDNA gene, the primer pair CA-INT-L
and CA-INT-R (Invitrogen life technologies, Australia) was used (McCullough et al. 1999;
Tamura et al., 2001). Primer sequences for the 25S rDNA gene primer pair from 5' to 3' were as
follows:
Forward primer CA-INT-L 5' ATAAGGGAAGTCGGCAAAATAGATCCGTAA 3'
Reverse primer CA-INT-R 5' CCTTGGCTGTGGTTTCGCTAGATAGTAGAT 3'

Preparation of PCR reaction mix
The concentration of various PCR reagent components in a total reaction volume of 25 μl were
as follows: 1x buffer, 2.5 mM MgCl2, 0.08 mM dNTPs, 1 μM each of Primer CA-INT-L
(forward primer) and Primer CA-INT-R (reverse primer), 0.12 μl (1U) BioTaq polymerase
(Bioline), 12.55 µl of PCR grade water and then 2.5 µl of crude genomic DNA for each isolate.
DNA fragments were obtained with different heating steps in the process as follows: Initial
denaturing temperature at 94° C for 3 minutes followed by 35 cycles at 94° C for 1 minute,
annealing temperature of 65° C for 1 minute, 72° C for 2.5 minutes and then a final extension of
72° C for 10 minutes. It was held at 4° C until ready to use.
DNA-free PCR-grade water (Sigma, Aldrich Company Ltd, Ayrshire, KA 12, UK) and ATCC
10231 C. albicans were used as controls. All reagents were from Invitrogen (Invitrogen life
Technologies, Australia) unless otherwise specified.
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Gel electrophoresis and determination of PCR products by Cowman et al. (2011)
Gel electrophoresis was carried out to determine the fragment sizes of the PCR products as
described by Cowman et al (2011) with some modification. The presence or absence of an intron
in the 25S rDNA gene was determined by the size of PCR products. PCR products were
visualised on a SYBR safe stained 1.5% w/v agarose gel. Briefly, the gel was placed in the
horizontal gel chamber (Electrophoresis-Midi-horizontal, sub-cell GT Agarose Gel systems-BioRAD Laboratories Inc, Hercules, California) filled with 0.5xTBE running buffer, an aliquot of 5
µl of two molecular size markers; Easy ladder 1 and Hyper ladder 1 markers of known molecular
weights of DNA ( BIOLINE [Aust] Pty Ltd, Alexandra, Australia) were spotted in the first and
the last well as size standards and the gel was run for 60 minutes at 80V. The DNA bands were
visualised and measured under a UV trans-illuminator (Sony Gel Doc, Japan) and images were
captured using a Paloroid MP4 camera. Candida albicans isolates were then categorised into
three types on the basis of fragment size of the PCR products. The primer pair established a high
degree of specificity of the sequence target in the PCR assay as it failed to amplify the other
Candida species.

Confirmation of C. albicans Genotype C
To assess if the C. albicans genotype C strains were real and not a mixed culture of strains A and
B, the methods previously described by McCullough et al. (1999) were employed with a slight
modification. Briefly, two randomly chosen isolates from genotype C were sub-cultured on
Potato dextrose agar (PDA) for 48 hours. Twenty-five different individual colonies were selected
and grown separately on PYG agar for 24 hours, and then their DNA was extracted using the
same protocol for crude DNA extraction as described earlier. Then the DNA were amplified for
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the presence or absence of the transposable intron in the 25S rDNA gene. All 25 colonies gave
identical results, exhibiting DNA bands typical of genotype C; 450 and 840 bp (McCullough et
al., 1999).

Determination of the general purpose genotype as described by Schmid et al. (2011)
Delineation of the 240 C. albicans into GPG and non-GPG strains was conducted based on the
method described by (Schmid et al. 2011) with some modifications. Briefly, 2 µl of the crude
DNA extraction as previously described in the method was picked and mixed with 20 µl PCR
reaction mixture which consist of 1.69 mM MgCl2, 0.07mM of dNTPs, 2 µl 10× buffer, 0.4 µM
each

of

primers

MG1pf

(AACAGGAGAGGTTAAGAG),

(CCTCCCTTCTCTTAAGAG)
0.05

µM

each

of

and

MG1pr

primers

YW1pf

(TCAAGTTCTGCTTCCCCATCG) and YW1pr (CGTGGACCGTAGTGACACCAATAC), 0.2
µl (1U) BioTaq polymerase (Bioline) and 12.73 µl of PCR grade water. PCR products were
visualised on a SYBR safe stained 2% w/v 1× Sodium borate agarose gel and run at 80V for 2 h.
Scoring of fragment sizes generated by the duplex PCR and delineation of the C. albicans
isolates into GPG and non-GPG is as described by (Schmid et al. 2011).

Correlation of hyphal growth length with genotypes
A single colony from a 24 − 48 hour culture was inoculated into sterile distilled water to form a
suspension. The concentration of the suspension was adjusted and approximated using a
spectrophotometer (OD 600) to a suspension turbidity equivalent to 0.5 McFarland standard
scales. An aliquot of 2 µl of the suspension was inoculated into 1.5 ml of human serum in a
sterile Eppendorf tube and incubated for 3 hours at 37o C. The experiment was conducted for all
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244 isolates, though some of the isolates did not produce any hypha. A drop of 6% formaldehyde
was added to each inoculated Eppendorf tube to fix the growing hyphae after 3 hours and then
was allowed to stand for about an hour. Microscopy was carried out using x40 objective lens
(Olympus BH-2 microscope, Japan) and the readings were recorded using three different fields
of view under the microscope for each isolate. The average hyphal length was calculated.

Antifungal susceptibility test
The epsilometer test (Etest) stable gradient agar test was used to determine the in vitro antifungal
susceptibilities for all the C. albicans isolates using three different triazole antifungal agents;
Fluconazole, Itraconazole and Voriconazole (bioMe´rieux SA 69280, Marcy I’Etoile, France).
Test strips for Itraconazole and Voriconazole contain increasing concentration gradients of the
antifungals from 0.002 − 32 µg/ml, while for Fluconazole, the concentration gradient on the strip
ranged from 0.016 − 256 µg/ml.
The Etest was performed in duplicate according to the manufacturer’s instructions. Briefly, a
pool of fresh overnight culture of Candida cells were suspended in sterile 0.85% NaCl aqueous
solution and cells were adjusted using a spectrophotometer to a turbidity equivalent to that of a
0.5 McFarland standard scale to provide starting inocula of 1 x 104 − 5 x 104 cell/ml. The culture
medium for the antifungal test was RPMI 1640 (Sigma, USA) supplemented with 2% (w/v)
glucose, buffered to pH of 7.0 with 0.165M morpholinepropanesulfonic acid (MOPS) (Sigma,
USA) and solidified with 2% (w/v) agar. The RPMI 1640 agar plates were inoculated by dipping
a sterile cotton swab dipped into the inoculums and evenly streaking the entire surface of the 90
mm Petri dishes in three directions. The moisture on the surface of the agar was air-dried for 15
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minutes in bio-safety hood and then the Etest strips were applied onto the surfaces of the
inoculated plates. The plates were incubated in ambient air at 35o C with readings taken after 24
to 48 hours. The plates were visually examined and minimum inhibition concentration (MIC)
endpoint was measured as the point where the inhibition ellipse intersected the Etest strip
gradient scale.

Data analyses
All statistical analyses were conducted using Pearson’s chi-squared test in SPSS version 22
statistical software. A significant level for chi (χ2) is given by a probability (P < 0.05).

Results
Of the 244 C. albicans isolates, 240 had DNA that amplified with the primer pair. Candida
albicans isolates were categorised into three different genotypes (A, B and C) based on the
presence or absence of group 1 transposable intron in the 25S rDNA gene. The sizes of the PCR
products were approximately 450 bp for genotype A and 840 bp for genotype B. Candida
albicans genotype C strains appear to have two transposable introns partially embedded
throughout the ribosomal repeats in their genomes; these are 450 and 840 bp in size (Figure 9).
Taken as a whole, of the 240 isolates that amplified, 95% were of genotype A, 2.5% were
genotype B and 2.5% were genotype C. None of the isolates were characterised as genotype D
which corresponds to C. dubliniensis with a fragment size of approximately 1040 bp
(McCullough et al., 1999). This was not surprising since this yeast species is usually isolated
from the oral cavity, mainly among human immunodeficiency virus-infected individuals
(Sullivan & Coleman, 1997). The immune statuses of the patients were not stated on the
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laboratory requisition form, so I was unsure if any specimens were from such individuals,
however, certainly none of the specimens were from the oral cavity. Genotype, E, expected to
give a fragment size of approximately 1080 bp (Tamura et al., 2001) was also not observed in
this study.

B

C

A

Figure 9: A representative agarose gel showing the various fragment sizes of the three C.
albicans genotypes (A, B and C). The hyper ladder (right) and easy ladder (left) molecular size
markers are shown on the sides of the panels.

Comparison of genotypes from the two different DNA extraction methods
Whether fragment sizes will vary between chelex and crude DNA extraction methods was
corroborated. In all 20 C. albicans isolates were selected at random for the analyses. PCR
fragment sizes from chelex and crude DNA extraction methods were compared. Results
evaluated for the different strain types for the two extraction methods were identical (Figure 10A
and B). Thus, the crude DNA extraction could be employed for future strain typing for
epidemiological purposes.
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A

B

Figure 10: showing DNA fragment sizes from A) A crude DNA extraction and B) chelex DNA
extraction.
The primer pair used was selected on the basis of its reported specificity, sensitivity and
polymorphic nature. To confirm these attributes the primer pair was used on DNA from nonalbicans Candida species (isolates of 5 Candida glabrata, 5 Candida parapsilosis and 5 Candida
tropicalis). In all cases, the primer pair amplified only C. albicans strains by generating varying
PCR products corresponding to a specific strain of C. albicans.
Of the 110 C. albicans isolates from Korle Bu 96.4% were of genotype A, 2.7% were genotype
C and 0.9% was genotype B. The 72 isolates from Komfo Anokye, consisted of 98.6% genotype
A and 1.4% genotype C, there was no genotype B from this site. The 58 isolates from Tamale
comprised 87.9% genotype A, 8.6% genotype B and 3.4% genotype C. There was a statistical
significant difference between the genotypes from the three sampling sites (χ2 = 12.619, df = 4, P
= 0.013).
The isolates from candidal infections from the age group 21 − 40 years (defined as reproductive
age group as per our classification) contributed the highest number of isolates; 72.5% were from
this age group compared to 15.2% for 1 − 20 years, 9.4% for 41 − 60 years and 2.9% for above
60 years (Table 13). Again this may simply reflect the fact that more people from this age group
140

were presenting at the hospitals as already mention in the Chapter 3. The population structure of
Ghana as already detailed in Chapter 3 could also be a factor to the high prevalence of candidal
infection in this age bracket.
Table 13: The age groupings, the genotypes and the total number of isolates
Age groups

Genotype A

Genotype B

Genotype C

Total number of isolates

1 − 20

35 (97.2%)

1 (2.8%)

0

n = 36

21 − 40

167 (95.4%)

4 (2.3%)

4 (2.3%)

n = 175

41 − 60

20 (90.9%)

0

2 (9.1%)

n = 22

61 − 85

6 (85.7%)

1 (14.3%)

0

n=7

(years)

Of the 221 isolates from female patients 95% were of genotype A, 2.3% were genotypes B and
2.7% were genotype C. The 23 isolates from male patients comprised 95.7% genotype A and
4.3% genotype B. All the genotype C isolates were from high vaginal swabs and the disease
conditions patients were presenting with are as follows: Two patients had presented with at least
three previous occasions with vaginal discharge and four were presenting for the first time with a
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vaginal discharge. Genotype B isolates came from two patients with urinary tract infections, two
patients who were presenting for the first time with vaginal discharge, one patient with suspected
pelvic inflammatory disease, and one patient who had presented on at least three previous
occasions of vaginal discharge (Table 14).
Table 14: Numbers of genotypes present in patients presenting with different disease conditions

Genotype A

Genotype B

Genotype C

Abortion sepsis (1)
Bronchopneumonia (1)
Diabetes (1)
PID (49)

PID (1)

Pyelonephritis (1)
RTI (2)
Sepsis (3)
Urethra discharge (1)
UTI (70)

UTI (2)

VVC (50)

VVC (1)

VVC (2)

VD (49)

VD (2)

VD(4)

Pelvic inflammatory disease (PID), respiratory tract infection (RTI), urinary tract infection
(UTI), vaginal discharge for two or more occasions (VVC), vaginal discharge for the first time
(VD).
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Noticeably among the isolates, 95% genotype A was present in all the samples collected from the
multiple anatomical sites from the different age groups (Table 13).
For the general purpose genotype test carried out, categorisation of the C. albicans into GPG or
non-GPG was based on the fragment size generated by the duplex primer pair for each C.
albicans isolate after amplifying the MG1 and YWP1 regions which are highly specific to GPG
C. albicans isolates. The GPG C. albicans isolates generated two different fragment sizes on an
agarose gel; a 767 bp GPG specific fragment caused by a specific point mutation upstream of
YHB4 was amplified by the first of primer pair (MG1pf and MG1pr) and 276 bp was produced
by the microsatellite-containing region within the YWP1 gene amplified by the second primer
pair (YWP1pf and YWP1pr). Of the 240 C. albicans isolates, 64.2% were of GPG genotype and
35.8% were of non-GPG genotype. The GPG and non-GPG genotypes were highly prevalent in
all patient types assayed for this study (Table 15).

Table 15: Showing the ABC typing and General-purpose genotype results of the 240 C. albicans
used for the analysis
BACC NO
GHA 005
GHA 006
GHA 007
GHA 008
GHA 009
GHA 010
GHA 025
GHA 031
GHA 051
GHA 065
GHA 078
GHA 082
GHA 083

AGE
32
32
17
18
20
15
32
42
29
59
25
25
1

SEX
F
F
F
F
F
F
F
F
F
F
F
F
M

GENOTYPE
A
A
A
A
A
A
A
A
A
A
A
A
A

CLINICAL SOURCE
VS
VS
VS
VS
VS
U
U
EN
U
U
VS
U
U
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G-PG
N
G
G
G
G
G
G
N
G
G
N
N
G

SITE
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor

GHA 084
GHA 086
GHA 087
GHA 091
GHA 092
GHA 093
GHA 094
GHA 095
GHA 096
GHA 097
GHA 098
GHA 099
GHA 104
GHA 105
GHA 106
GHA 107
GHA 162
GHA 164
GHA 169
GHA 173
GHA 176
GHA 177
GHA 179
GHA 182
GHA 189
GHA 191
GHA 198
GHA 199
GHA 200
GHA 201
GHA 202
GHA 203
GHA 204
GHA 205
GHA 206
GHA 207
GHA 208
GHA 209
GHA 210
GHA 211
GHA 212
GHA 213
GHA 214

24
26
32
58
33
83
35
14
25
26
20
33
22
30
1
22
65
34
51
51
29
85
30
28
35
14
27
30
61
34
35
25
17
74
42
35
59
2
25
31
29
30
38

F
F
F
F
F
M
F
F
F
F
F
F
F
F
M
F
F
F
F
F
F
F
F
F
F
F
M
F
F
F
F
F
M
M
M
F
F
F
F
F
F
F
F

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
B
A
A
A
A
A
A
A
A
A

U
U
VS
U
VS
S
VS
VS
VS
VS
VS
U
U
EN
U
U
U
U
VS
U
U
U
U
U
U
VS
U
U
U
U
VS
VS
USW
U
U
U
U
U
VS
VS
EN
U
U
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N
G
N
G
G
G
N
G
N
G
N
G
G
G
N
N
G
N
N
N
G
G
G
G
G
N
N
G
G
G
G
N
G
G
G
G
N
G
N
G
G
G
G

kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor

GHA 215
GHA 216
GHA 217
GHA 218
GHA 219
GHA 220
GHA 221
GHA 222
GHA 223
GHA 224
GHA 225
GHA 226
GHA 227
GHA 228
GHA 229
GHA 230
GHA 231
GHA 232
GHA 233
GHA 238
GHA 240
GHA 247
GHA 252
GHA 254
GHA 261
GHA 263
GHA 269
GHA 273
GHA 275
GHA 278
GHA 288
GHA 291
GHA 295
GHA 308
GHA 311
GHA 314
GHA 319
GHA 324
GHA 344
GHA 346
GHA 347
GHA 348
GHA 349

33
33
29
19
25
22
19
36
35
26
23
23
28
23
25
31
26
34
45
42
32
47
65
24
51
24
28
11
26
19
30
24
31
23
28
66
28
32
47
32
24
24
15

F
F
F
F
F
M
M
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
M
F
F
M
F
F
F
F
M
M
F
F
F
F
F
F

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
C
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

U
VS
VS
U
VS
U
ASP
VS
VS
VS
VS
VS
U
VS
VS
VS
U
U
VS
VS
VS
VS
U
U
U
VS
U
U
VS
VS
U
VS
VS
VS
VS
U
U
VS
VS
VS
VS
VS
VS

145

G
N
G
G
G
G
G
N
N
G
G
G
G
G
G
G
G
N
N
G
G
N
G
N
G
N
G
G
G
G
G
G
G
G
G
G
G
N
G
G
G
G
G

kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kor
kom
kom
kom
kom
kom

GHA 350
GHA 356
GHA 357
GHA 361
GHA 362
GHA 363
GHA 365
GHA 366
GHA 368
GHA 372
GHA 373
GHA 376
GHA 377
GHA 378
GHA 379
GHA 380
GHA 382
GHA 383
GHA 384
GHA 388
GHA 390
GHA 397
GHA 398
GHA 399
GHA 400
GHA 401
GHA 402
GHA 403
GHA 405
GHA 407
GHA 408
GHA 409
GHA 410
GHA 411
GHA 412
GHA 413
GHA 414
GHA 415
GHA 416
GHA 418
GHA 419
GHA 423
GHA 424

33
22
30
29
36
29
40
19
23
25
12
40
24
21
29
20
21
23
39
18
22
24
31
22
25
26
37
24
35
20
22
29
40
27
22
20
15
31
43
38
29
26
30

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
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A
A
A
A
A
A
A
A
A
C
A
A
A
A
A
A
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VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
U
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
VS
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GHA 426
GHA 428
GHA 429
GHA 432
GHA 434
GHA 438
GHA 439
GHA 441
GHA 442
GHA 443
GHA 445
GHA 447
GHA 449
GHA 450
GHA 451
GHA 452
GHA 453
GHA 454
GHA 455
GHA 456
GHA 460
GHA 461
GHA 462
GHA 463
GHA 464
GHA 465
GHA 466
GHA 467
GHA 469
GHA 470
GHA 472
GHA 476
GHA 477
GHA 479
GHA 480
GHA 483
GHA 484
GHA 486
GHA 487
GHA 491
GHA 492
GHA 493
GHA 497

22
24
32
37
38
32
31
30
27
41
26
16
19
27
23
43
1
26
28
51
29
41
21
20
22
16
19
21
27
40
29
70
26
20
30
24
20
27
18
41
32
31
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F
F
F
F
F
F
F
F
F
F
M
F
F
F
F
F
F
M
F
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F
F
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F
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A
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GHA 499
GHA 500
GHA 501
GHA 502
GHA 503
GHA 504
GHA 506
GHA 507
GHA 509
GHA 514
GHA 515
GHA 516
GHA 517
GHA 518
GHA 519
GHA 520
GHA 521
GHA 523
GHA 524
GHA 528
GHA 529
GHA 531
GHA 532
GHA 533
GHA 534
GHA 535
GHA 536
GHA 541
GHA 542
GHA 543
GHA 544
GHA 547
GHA 548
GHA 549
GHA 553
GHA 559
GHA 560
GHA 564
GHA 566
GHA 567
GHA 568
GHA 569
GHA 570

20
37
31
23
27
47
22
27
26
48
24
28
19
40
28
19
20
25
37
36
22
38
26
25
34
20
20
41
36
50
23
29
32
40
24
31
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28
30
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32
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M
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A
A
B
A
A
A
A
A
A
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A
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G
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N
G
G
N
G
N
G
G
G
G
N
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N
G
N
G
G
G
N
N
G

tam
tam
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tam
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tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
tam
kor
kor
kor
kom
tam
tam
tam
kom
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GHA 573
GHA 575
GHA 577
GHA 590
GHA 592
GHA 594
GHA 596
GHA 597
GHA 601
GHA 602
GHA 436
GHA 598

22
40
22
35
23
27
42
21
26
28
40
36

F
F
F
F
F
F
F
F
F
F
F
F

A
A
A
A
A
A
A
A
A
A
A
A

U
VS
VS
U
VS
VS
VS
VS
VS
VS
VS
VS

N
G
G
N
G
G
G
N
G
G
N
N

kor
kor
kor
kor
kom
kom
kom
tam
tam
tam
kom
tam

BACC number =Candida isolates identification number, G-PG =General purpose genotype, G =
General purpose genotype positive isolate, N = non- General purpose genotype positive isolate, F
= female, M = Male, A = C. albicans strain A, B = C. albicans strain B, C = C. albicans strain C,
kor = Korle Bu, kor = Komfo Anokye, tam = Tamale, VS = vaginal swab, U = urine, S =
sputum, USW = urethra swab, ASP = aspirate, EN = endocervical swab.

The production of hyphae, constitutes one of the virulence factors which has been linked with the
spread of infection in Candida species (Abu-Elteen et al., 2001; Ghannoum, 2000). An
investigation was thus carried out to evaluate if there was any correlation between hyphal length
and the genotypes. The average hyphal lengths were measured for each C. albicans isolates and
compared among the three different genotypes (average hyphal lengths of 21.0, 21.0 and 20.7
µm with corresponding standard deviation of 13.1, 13.1 and 13.1) for genotypes A, B and C
respectively. There was no significant correlation between the genotype and the length of hypha
(χ2 = 256.03, df = 2, P = 0.219).
All the 15 atypical/ germ-tube negative C. albicans as reported in Chapter 2 and also that did not
produce germ tubes in human serum were of genotype A. All the four isolates of C. albicans that
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grew pseudohyphae in human serum as reported earlier in Chapter 2 were of genotype A except
one, which was genotype C.

Antifungal test
The CLSI interpretive breakpoints for the three triazole antifungal agents; Fluconazole,
Itraconazole and Voriconazole, were used to determine the antifungal susceptibility profile for
all C. albicans strains using Etest. Susceptibility test results for the 103 C. albicans isolates
revealed varying susceptibility to Fluconazole, Itraconazole and Voriconazole with MICs
ranging from 0.25 − 256 μg/ml, 0.004 − 32 μg/ml and 0.016 − 32 μg/ml respectively (Table 16).
All the genotype A isolates tested had varying susceptibility patterns. Of the 103 isolates tested,
51.5% were susceptible with MICs ≤ 8 µg/ml, 16.5% showed dose dependant susceptibility with
MICs ranging from16 − 32 µg/ml and 32% were resistant with MICs of ≥ 64 µg/ml. The overall
MIC range for genotype A was from 0.25 − 256 µg/ml. Of the 33 Fluconazole-resistant C.
albicans genotype A isolates subjected to Itraconazole and Voriconazole, 54.5% of the isolates
were susceptible to Itraconazole with MICs ≤ 0.125 µg/ml. Four showed dose-dependent
susceptibility with MICs between > 1 − 2 µg/ml and 33.3% of the isolates were resistant to
Itraconazole with MICs ≥ 4 µg/ml. For Voriconazole, 39.4% of the Fluconazole-resistant C.
albicans genotype A were susceptible with MICs ≤ 1 µg/ml. 9.1% showed dose dependent
susceptibility with MICs range from > 1 − 2 µg/ml and 51.5% were resistant to Voriconazole
with MICs ≥ 4 µg/ml. Four C. albicans genotype A isolates were resistant to all the three
triazoles used. In addition, of the 103 genotype A C. albicans isolates, 58.3% possess GPG of
which 21.7% of the 58.3% GPG were resistant to Fluconazole and 15% of the 58.3% GPG
isolates were susceptible due to dose-dependant to Fluconazole.
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The four C. albicans genotype B isolates tested for the three triazoles also had varying
susceptibilities. One was susceptible to all the three triazoles with MICs of 1.5, 0.025 and 0.125
µg/ml for Fluconazole, Itraconazole and Voriconazole respectively. For Fluconazole, one
isolates was susceptible with an MIC of ≤ 8 µg/ml, one showed dose dependant susceptibility
with an MIC range of 16 − 32 µg/ml and two were resistant with MICs of ≥ 256 µg/ml. For
Itraconazole, three of the isolates were susceptible with MICs ≤ 125 µg/ml and one was resistant
with an MIC of ≥ 32 µg/ml. Three isolates were resistant to Voriconazole with MICs ≥ 32 µg/ml
and one was susceptible with MIC of ≤ 1 µg/ml. There was no dose-dependent susceptible C.
albicans genotype B isolates for both Itraconazole and Voriconazole. None of the genotype B
subjected to Flucoazole possess the GPG.
The three genotype C isolates tested for the three triazoles antifungal agents were all susceptible
to Fluconazole and Voriconazole. Two were susceptible to Itraconazole with MIC of ≤ 0.125
µg/ml and one was resistant with MIC of ≥ 32 µg/ml. However, there was no dose-dependent
susceptible C. albicans genotype C isolates to the three triazoles (Table 16). Two of the three
genotype C that have the GPG were all susceptible to Fluconazole.
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Table 16: Susceptibility endpoints for the Candida isolates (µg/ml) in the presence of the three triazoles: Fluconazole, Itraconazole
and Voriconazole

Fluconazole

C.
albicans
strains

Voricanazole

S-DD

R

S

S-DD

R

(<8 µg/ml)

(16−32µg/ml)

(>64µg/ml)

(≤1µg/ml)

(>1−2 µg/ml)

(> 4µg/ml) (≤ 1 µg/ml)

53

17

33

18

4

11

B

1

1

2

3

0

C

3

0

0

2

0

A

S

Itraconazole

Susceptible

=

S,

Susceptible

dose

dependent

152

=

S

S-DD

R

(>1−2µg/ml)

(> 4µg/ml)

13

3

17

1

1

0

3

1

3

0

0

S-DD

and

Resistant

=

R

Discussion
Candida albicans is the leading cause of nosocomial bloodstream infections in most part of the
world. In the United States, C. albicans affects as many as 10,000 to 40,000 patients annually
(Pfaller & Diekema, 2007). This organism has also been implicated most often in a number of
candidal infections which include vulvovaginal candidiasis, an infection which affects
approximately two-thirds of women globally with nearly 50% of the affected women
experiencing multiple episodes (Richter et al., 2005; Vasquez & Sobel, 2011).
The results in this study revealed similar genotypic profiles to that of other C. albicans isolates
that were studied by several other studies carried out on C. albicans using the same molecular
marker (Lott et al., 2010; McCullough et al., 1999). Also consistent with similar studies
described previously in Kenya, Japan, China (Bii et al., 2009; She et al., 2008; Tamura et al.,
2001).
The genotypic analysis of C. albicans isolates in this study revealed that about 95% of the total
isolates belong to genotype A with only 2.5% genotypes B and C respectivelyThis trend is
consistent with that reported in other studies (Nawrot et al., 2010; Nebavi et al., 2006; Nnadi et
al., 2012a; She et al., 2008). Specifically in Africa, there appears to be a prevalence of genotype
A as also observed by Bii et al. (2009) and Nnadi et al. (2012a). . No C. dubliniensis was
recovered from the sample analysed because this species are rarely implicated in genitourinary
tract or vaginal infections (Gumral et al., 2011; Hamad et al., 2014; Shan et al., 2014) and almost
all the Candida isolates used were from the genitourinary tract.
In Africa, Nnadi et al. (2012a), carried out a study on C. albicans isolates from VVC patients in a
hospital in Jos, Nigeria. They reported the prevalence of genotype A, which is consistence with
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the high prevalence of genotype A observed in this study. However, the all genotype A reported
by Nnadi et al. (2012a) contrasts with the three genotypes; A, B and C reported in this study. The
observed differences in genotype distribution between our results and other reported results may
be partly attributed to differences in the study populations, demographic characteristics and
geographical locations (Jain et al., 2011; McCullough et al., 1999).
Furthermore, some authors reported that C. albicans genotype B is common in the oropharynx of
HIV patients and also this genotype B is reported to be more prevalent in cases of genitourinary
infection (Gazzard et al., 1991). Of the six genotype B isolates in this study only two (33.3%)
were isolated from urine. The other four (66.7%) were from vaginal discharges. However,
genotype A was predominant in C. albicans isolates recovered from urinary tract or
genitourinary infection in this study. The prevalence of genotype A is thought to be partly
associated with its reduced susceptibility to most antifungal agents coupled with their ability to
tolerate environmental xenobiotics as compared to genotypes B or C (Cheong & McCormack,
2013). This pattern was observed in the Fluconazole antifungal susceptibility test conducted in
this study. Of the 103 genotype A isolates tested, 32% of them were resistant and 16.5% showed
dose-dependent susceptible. A higher proportion of Flucytosine-resistant isolates among type A
strains were observed by McCullough et al. (1999) though different antifungal agents. Resistance
to antimycotic agents such as Terbinafine is common among its members in the cluster (Boucher
et al., 2004; Jayaguru & Raghunathan, 2007; McCullough et al., 1999; Mercure et al., 1993)
though Terbinafine susceptibility test was not carried out in this study.
Another possible reason assigned to the prevalence of genotype A is that they could be under
strong positive selection (Boucher et al., 2004; Jayaguru & Raghunathan, 2007; McCullough et
al., 1999). In addition, the predominance of genotype A could also imply that its members
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acquire qualities that give them the ability to cause infections in a variety of patient types more
frequently than other genotypes and that this might have contributed to their prevalence in
candidal infections. Their predominance could also be accounted for by the disease-related traits,
which they acquire including the ability to infect once a host immune system is reduced (Giblin
et al. 1998; Schmid et al., 1995; 2011). Genotype A strains that possess the GPG (which
correspond to clade 1 by Odds et al., 2007a) may have better capability to infect
epidemiologically naive hosts and they may be capable of replacing, proliferating and overtaking
the other types of C. albicans or C. albicans colonisers (Giblin et al. 1998; Schmid et al. 2011).
Furthermore, it has been demonstrated that their prominence as pathogens is significantly higher
than been commensal colonisers (Schmid et al., 2011; Odds et al., 2007a).
The presence of the group 1 intron in the 25S rDNA gene of genotype B C. albicans isolates has
been hypothesised to have some correlation with the levels of resistance to Flucytosine (Boucher
et al., 2004). The susceptibility test for the four genotype B C. albicans isolates conducted in this
study is consistent with the observation made by Boucher et al. (2004) although, the result is
based on Fluconazole and a very small sample size (Table 16). In addition, self-splicing in the
25S rDNA gene process had been reported to be hampered by some drugs such as Fluconazole,
Bleomycin and Pentadine leading to the increased susceptibility of genotypes that possess the
intron. Thus, it is possible that genotypes possessing the intron may be eliminated because of
their high susceptibility to some of the antifungal agents described above (Jayaguru &
Raghunathan, 2007; Mercure et al., 1993; Zhang et al., 2002). This may account for the low
prevalence of genotypes B and C because Fluconazole is used as monotherapy to treat patients
presenting with candidal infections in Ghana.
It has been postulated that C. albicans genotype C are partially present throughout the rDNA
repeats in the genome and probably C. albicans genotype C could be the group 1 intron
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metamorphosing from a genotype A strain to a genotype B strain (McCoullough et al., 1995;
1999). This transformation is reported to confer significant levels of resistance to these Candida
isolates to some antifungal agents, especially Flucytosine. This may partly explain why in certain
areas, particularly outside the U.S. and the other part of the world, where Flucytosine usage is
high, there is a reciprocal prevalence of genotype C strains (McCullough et al., 1999). In the
present study, the three genotype C isolates tested with the three triazoles antifungal agents were
all susceptible to both Fluconazole and Voriconazole (Table 16).
Although crude DNA was used in this study, the results obtained compare favourably with
previous studies that estimated the genotypes of C. albicans using purified DNA as template
material but the same primer pair as used in this study. Reproducible results were also observed
with the crude extract to confirm work done by Botterel et al. (2001) . In addition, when PCR
amplification was carried out on purified DNA extracted by the chelex protocol on the selected
Candida isolates in this study, the DNA fragment sizes generated were similar to the DNA
fragment sizes obtained from the crude DNA analysed. Similarly, Luo (2002) have also indicated
that colony PCR would be the most suitable and quick method for amplification of template
DNA. Regardless of their established consistency, molecular methods have not been routinely
used to identify Candida species in most parts of the world (Liguori et al., 2010) including
Ghana because of the logistics involved. Simplification of the DNA extraction protocol for
genotyping analysis could be a move towards decreasing the DNA template preparation time and
cost of molecular analysis for an accurate identification of microorganisms thus enabling quicker
and more accurate medical intervention (Botterel et al., 2001; Makimura et al., 1994; Mirhendi et
al., 2011).
The primer pairs exclusively amplified and yielded DNA fragments of various sizes
corresponding to a particular C. albicans strain type as expected even without the nucleotide
sequence profile (McCullough et al., 1999; Tamura et al., 2001). This gave an additional level of
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strain delineation among the C. albicans isolates from Ghana and may be well suited for
epidemiological studies of C. albicans where sequencing equipment is not readily available.
Species delineation will also help in the selection of appropriate antifungal agent for effective
patient management and control of the candidal infection among the rising number of
immunocompromised patients. A summary of previous research conducted detailing genotypes
of C. albicans from different anatomical sites is shown in Table 17.
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Table 17: Summary of research carried out using the 25S rDNA gene

Researchers

Type of research

Bii et al., 2009

Genotypes of Candida albicans from 25S rDNA

A (60%) B (8%) C (16%), CD

clinical sources in Nairobi, Kenya

(4%), 12% (No genotypes).

Abu-Baker
(Thesis)

Method used

2012 Genotypic comparisons of strains of 25S rDNA

Type of strains isolated

A (62.5%) B (26%), C (11.5%)

Candida albicans from patients with
vaginal candidiasis

Iwata et al. 2006

C. albicans from patients with 25S rDNA

A (51.4), B (27%) C (11.5%)

mucocutaneous candidiasis
Hattori et al 2006

Candida albicans from patients with 25S rDNA

A (75.6%), B (14.6%) C

surperfical candidiasis

(9.8%)

Girish Kumar et al Molecular analysis and susceptibility 25S rDNA
2006

profiling

of

isolates

from

Candida

albicans

immunocomproised

158

A (70.9%) B (7.3%) C (21.8%)

patients in South India
Gurbuz

and

Kaleli Molecular
albicans

2010

analysis
isolates

of
from

Candida 25S rDNA gene
clinical

A (51.0%) B (29.4%), C
(19.1%), D (0.5%)

species
Nawrot et al. 2010

Karahan

and

rDNA-based genotyping of clinical 25S rDNA gene

A (65.3%), B (29.5%) C

isolates of Candida albicans

(5.3%)

Akar Genotyping distribution of Candida 25S rDNA
albicans isolates by 25S intron

2005

Invasive A (65.4%) B (9.9%)
C (24.7%)

analysis with regard to invasiness

Non-invasive A (44.6%) B
(46%) C (34.5%)

McCullough

et

1999

al Molecular

epidemiology

of

the EcoR1enzeyme

global and temporal diversity of

A

(65.8%)

B

(21.6%)

C

(12.8%), D (2.1%)

Candida albicans
Millar et al. 2002

Genotypic sub-grouping of clinical 25S
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rDNA

and Invasive A (71.5%), B (9.5%),

isolates of Candida albicans and ITS2 region
Candida dubliniensis by 25S intron

Non-invasive A (66.7%) B

analysis

Nebavi et al 2006

C (9.5%), D (9.5%)

(16.7%) C (11.1%) D (5.5%)

Clonal

population

genetic

diversity

structure
of

and Serotyping

A (75.4%), B (24.6%)

Candida technique

albicans in AIDS patients from
Abidjan (Cote d’ Ivoire)
Nnadi et al. 2012a

Genotyping

and

Fluconazole 25S rDNA

susceptibility of Candida albicans
strains

from

vulvovaginal

patients

candidiasis

All

genotype

A

Candida

albicans strains

with
in

Jos,

Nigeria
Tamura et al. 2001

Molecular characterisation of new 25S rDNA

A (57.1%), B (21.9%), C

clinical isolates of Candida albicans

(18.6%), D (1.7%), E (0.7%)

and Candida dubliniensis in Japan:
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Analysis reveals a new genotype of
C. albicans with group 1 intron
She et al. 2008

Genotype comparisons of strains of 25S

rDNA

and A (67.6%), B (29.1%), C

Candida albicans from patients with PCR-restriction
cutaneous candidiasis and vaginal fragment
candidiasis

(3.3%)

length

polymorphism
(RFLP)
repeats
with
Cla1
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of

ALT

digested
EcoR1

and

Surprisingly, four of the Candida isolates did not amplify with the CA-INT-L and CA-INT-R
primer pair used in this study and this could be due to misidentification by the phenotypic
methods employed in identification of C. albicans. The chromogenic test could have
misidentified some Candida species as C. albicans based on their similar colony colour.
Subsequently, their identities were confirmed by amplification and sequencing of the ITS1-5.8SITS2 region and subsequent blasting of the sequenced results. One isolate exhibited a 99%
similarity threshold with the respective type strain C. rugosa (accession number JQ974952) and
two other isolates grouped with the C. mesorugosa clade with type strains sequence deposited at
the GenBank database (National Centre of Biotechnology Information, National Library of
Medicine, Bethesda, MD). Details of this work (PCR conditions, concentrations, sequencing) are
discussed further in Chapter 6 of this thesis.

In addition, the GPG test conducted on all the C. albicans isolates indicated that most the C.
albicans belongs to clade 1 according to the study conducted on C. albicans isolates to
distinguish them into clades by (Odds et al., 2007a) based on global typing of C. albicans using
MLST. The MLST suggests worldwide prevalence of clade 1. Comparative studies have
identified numerous differences between GPG (clade 1) strains and non-GPG strains from other
clades based on their prevalence and virulence nature (Giblin et al. 2001; Lott et al. 1999;
MacCallum et al. 2009; Odds et al. 2007a; Oh et al. 2005; Schmid et al. 2011; Zhao et al. 2007).
General purpose genotype C. albicans are know to cause frequent superficial candidiasis and
candidaemia though their prevalence as an agent of candidaemia is very low. The greater success
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of the GPG strains and their increased virulence in the general population globally may be due to
partly by several epistatically interacting DNA polymorphisms, rather than a few key mutations.
The high prevalence of GPG C. albicans isolates could also include their pliability to chemicals,
increased adhension among others (Zhang et al. 2009; Szabo & MacCallum, 2011; Odds et al.,
2007a). In this study, most of the genotype A C. albicans isolates, studied possess the GPG. Of
the 223 genotype A C. albicans isolates, (about 65%) possess the GPG. Of the five genotype B
C. albicans isolates, only 20% possesses GPG while 40% of the 5 genotype C C. albicans
possess the GPG.
Comparison were made between the possession of GPG and the physiological features and
growth characteristics observed during the conventional phenotypic tests by the different strain
of C. albicans; A, B and C as described by the ABC typing method. Of the 39 C. albicans
isolates that chlamydosporulated (consist of: one aspirate, seven vulvovaginal candidiasis, eight
vaginal discharge, nine pelvic inflammatory disease and 13 urinary tract infection), 66.7%
possess the GPG which is made up of: four pelvic inflammatory disease, seven of vulvovaginal
candidiasis, nine vaginal discharge, and 14 urinary tract infection. Both the GPG and non-GPG
isolates had good growth at 45o C and also formed germ tube in human serum.

Further to the genotyping efforts, investigation into the outgrowth of hyphae which is a
prerequisite for pathological spread of candidal infection in the immunocompromised host
possess by some Candida species (Albaina et al. 2015; Nnadi et al. 2012b; Pfaller et al., 2014)
was measured in all the C. albicans used. There was no significant association or correlation
between the type of genotype and the length of hypha regardless of the strain.
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Challenges may be involved in scoring fragment lengths that had faint bands, which were
probably due to less DNA rather than true absence. However, the 25S rDNA gene was used to
delineate all the Candida isolates.

In conclusion, genotype A is very prevalent relative to genotype B, and C and most of the
genotype A C. albicans belongs to clade 1. This is the first report on the genotype distribution of
C. albicans from clinical sources in the three major teaching hospitals in Ghana.
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CHAPTER 5
POPULATION STRUCTURE OF CANDIDA ALBICANS FROM THREE TEACHING
HOSPITALS IN GHANA
Abstract
The increasing prevalence of fungal infections has heightened the need for new and effective
techniques for identification, and the study of the population genetic structure of fungal
pathogens in order to improve on the outcome of antifungal therapeutic approaches. Many
emerging fungi have developed resistance against antifungal agents. This study was carried out
to investigate the population genetic structure and the pattern of strain relatedness of Candida
albicans, which constitute part of the normal mammalian flora. Knowledge of population
genetics, which includes the organism’s virulence and pathogenic mechanisms, mating system
and the population structure also influence the development of more effective antifungal agents.
Three microsatellite loci, CAI, CAIII and CAVI, located in the non-coding regions of the C.
albicans genome, were selected and used to infer the population genetic structure of C. albicans
from Ghana. In all, 240 C. albicans isolates from clinically unrelated sources were recovered
from multiple anatomical sites from patients admitted to various wards and from patients visiting
the three teaching hospitals sited at different geographical locations within the country. Korle Bu
contributed 45.8%, Komfo Anokye 30% and Tamale contributed 24.2% of the C. albicans
isolates. Preliminary identification and strain delineation of C. albicans isolates were confirmed
using morphological, biochemical and molecular markers (as detailed in Chapters 2 and 4). The
presence of general purpose genotype analysis was conducted on all the C. albicans isolates to
confirm the true identities as C. albicans isolates. Subsequently, microsatellite genotyping was
performed using fluorescently labelled forward primers for the analysis.
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Results obtained showed that the general-purpose genotype (GPG) was present in 64.8% of the
C. albicans which corresponds to clade 1 and the remaining 35.2% were of non-GPG genotype;
thus belongs to other clades. All microsatellite loci were species-specific, as no amplification
products were obtained when the DNA of other pathogenic Candida species was used.
Furthermore, similar allele sizes and genotypes were obtained when DNA from two different
extraction methods was tested. All the 240 independent C. albicans isolates were heterozygous
for at least one or more of the three loci except for one isolate, which was homozygous for all
three loci. Sixty-seven unique alleles and 240 different genotypes were generated by the three
polymorphic microsatellite loci, resulting in a very high discriminatory potential of
approximately 0.98. There was no single widespread genotype across the three populations or
assigned to any particular diagnosis rather high genotypic diversities were observed among C.
albicans isolates. Also genetically similar Candida isolates clustered regardless of host
conditions, geographic locations, different anatomical sites, disease conditions, sex, or the
absence or presence of general-purpose genotype. There was evidence for clonal reproduction,
including the over-expression of observed heterozygotes across the three populations. The three
populations deviated significantly from Hardy-Weinberg equilibrium and pair-wise genotypic
linkage disequilibria comparisons across the three loci were all significant, also suggesting a
clonal population. The overall Wright FIS for the three loci was negative and the overall FST
value was not significantly different from zero for the three loci analysed, indicating a strong
clonal and homogeneous population across the three sampling locations from Ghana.
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Introduction
Candida albicans is a diploid yeast and belongs to the family Ascomycete. It usually forms part
of the normal mammalian microflora (Kurtzman et al., 2011). As a commensal, C. albicans is
non-virulent, however, when the host immune defenses are compromised, the yeast can then
proliferate on the mucosal surfaces resulting in an opportunistic infection: candidiasis (Pfaller et
al., 2012). Candidiasis associated mortality in the immunocompromised may be approximately
twice that of bacterial septicaemia (Wenzel, 2001).

Selection of C. albicans for the study
Candida albicans is the most prominent species among Candida species and other yeasts that
have emerged as major fungal pathogens in recent times (Pfaller et al. 2014). It has a global
distribution and it is the most widespread among pathogenic fungi that cause infection in human
hosts (Pfaller et al. 2014). Currently, the prevalence of C. albicans infection rate has led to a
revived interest in the study of this microorganism in terms of the population genetic structure
and its epidemiological infecting traits (Chavez-Galarza et al., 2010; Lott et al., 2003). Typing
and population genetic studies of C. albicans at the strain level have become crucial for medical
mycology because of the reported increasing resistance to the limited range of antifungal agents
in use, which have associated toxicity, especially among the immunocompromised (Lott, et al.,
2010; Odds, et al., 2006 ).
Medically, the mode of reproduction can influence the strategies for development of therapeutic
agents and effective control measures of pathogenic strains within the population, and also help
in tracing of epidemiologically important traits (Tibayrenc, et al., 1991). In addition, to develop
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effective control strategies, information governing the population structure is essential to know
how genotypic diversities are formed and sustained within the population (Fundyga & Lott,
2002; Soll & Pujol, 2003). Furthermore, understanding the mode of reproduction will help in
identifying how genes for drug susceptibility, pathogenicity and virulence are formed and
maintained within the population (Fundyga & Lott, 2002; Lott & Effat, 2001; Soll & Pujol,
2003). Similarly, knowledge about how the mating system evolves will determine whether
pathogenic genes need to be monitored in the infected host (Milgroom, 1996; Taylor, et al.,
1999).

Types of mating system in fungi
Fungi can exhibit intricate life histories, with the ability to exist as haploids and/or diploids.
Modes of reproduction can either be sexual, parasexual or asexual (clonal). Specialised sexual
cycles or recombination and clonality are a means for survival and adaptation of pathogenic
fungi (Kurtzman et al., 2011; Alexopoulos et al. 1996; Taylor et al. 1999; Tibayrenc et al. 1991).
Through these mating types, these fungi are likely to produce numerous mating incongruity
clusters with unique genotypes ( Kurtzman et al., 2011; Alexopoulos, et al., 1996; Taylor et al.,
1999).
Evidence for both sexual recombination and clonality may exist within a single population
(Alexopoulos et al., 1996). Studies of fungi have revealed that some species such as
Mycosphaerella graminicola (Chen, et al., 1994), Cryphonectria parasitica (Milgroom, et al.,
1992), Saccharomyces cerevisiae (Magwene et al., 2010) and Sclerotinia sclerotiorum (Kohn, et
al., 1995) have dual life cycles that involve both clonal and sexual reproduction. Some fungi
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have predominantly clonal rather than sexual reproductive structures (Tibayrenc et al., 1991).
Studies have shown that C. albicans, Cryptococcus neoformans and Aspergillus fumigatus; three
common systemic human fungal pathogens, have mechanisms for sexual reproduction. However,
in these species, the mode of reproduction is mainly clonal with limited recombination. The
study of population genetic relatedness in Coccidioides immitis, another medically important
fungal species which lacks a known sexual phase, revealed varying genetic relatedness which
suggests that some form of mechanism for genetic recombination may be present in natural
populations ( Kurtzman et al., 2011; Burt et al., 1997). Maintaining mechanisms for limiting
sexual or parasexual reproduction may help the population respond to selective pressure during
an infection as a switch in reproductive mode may be a common adaptive strategy among
pathogenic fungi (Kurtzman et al., 2011; Tibayrenc et al., 1991). However, the sexual states of
many fungi are yet to be established even though the sexuality is known for most groups of fungi
(Kurtzman et al., 2011; Forche, et al., 1999).
Seasonal changes may affect the mode of reproduction for species which have both clonal and
sexual reproduction (Kurtzman et al., 2011; McDonald & McDermott, 1993). There may be
alternation of distinct levels of clonality and recombination occurring within some species due to
variation in geographic sampling and this may vary periodically. Thus, data analysis for
population genetic structure may have a positive correlation with the period sampled (Kurtzman
et al., 2011; Maynard-Smith, et al., 1993). In addition, the approach for diagnosis, identifying
and treating fungal infections varies from clonal to sexually reproducing organisms (Daniel et
al., 2014; Kurtzman et al., 2011; Tibayrenc et al., 1991).
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Clonal mating type
Clonal reproduction among diploids involves cells budding off by binary fission (Kavanagh,
2011; Deacon, 2005). This mode of reproduction keeps associated traits intact among strains
from that lineage (Dalle et al., 2003; Gil-Lamaignere, et al., 2003; Lott, et al., 1999). Differences
in biological traits, including pathogenicity, host adaptation, and antifungal susceptibility are
transferred from progenitor to progeny through the clonal lineage. This creates a strong
correlation between individual alleles at different loci, as they share a common clonal lineage
(Alexopoulos et al., 1996; Gil-Lamaignere et al., 2003; Kurtzman et al., 2011). Clonality also
maintains differences between alleles within loci when it remains preponderant on an
evolutionary scale, as the alleles will accrue divergent mutations over a period. These mutations
include those which govern medically relevant traits such as virulence and drug resistance (GilLamaignere et al., 2003; Tibayrenc et al., 1991).

Parasexual mating type
Diploid organisms can undergo random fusion of mitotic parent cells to create a tetraploid which
is subsequently followed by chromosome loss to re-establish diploidy. This type of mating is
referred to as parasexual reproduction. Progenies generated through parasexual reproduction are
highly variable; this may eliminate detrimental mutants and create new combinations of alleles
on which natural selection can act to form several clades (Kurtzman et al., 2011; Kurtzman &
Robnett, 1997; Gu, 1998). These discrete clades can reproduce by any of the three reproductive
mechanisms; clonal, parasexual and sexual (Kurtzman et al., 2011; Gu, 1998).

170

In many fungi recombination can also occur in somatic cells during parasexual reproduction.
During somatic karyogamy, diploid nuclei can arise in a heterokaryon at low frequency. Mitosis
occurs resulting in the diploid nuclei losing chromosomes to form new haploid sets of
chromosomes though in other fungi, somatic karyogamy can give rise to new diploids. Somatic
recombination turned out to be a real alternative to sexual reproduction (Kurtzman et al., 2011;
Bos, 1996). Somatic recombination can lead to the formation and segregation of heterokaryons
which are genetically different from the parent. Also mitotic crossing-over can occur in diploid
nuclei (Kurtzman et al., 2011; Bos, 1996). The DNA segregates and reassembled in distinctive
sequences during mitotic crossing-over, which results in different variants or unidentical
characters from the parent. This provides a useful basis for genetic variation (Kurtzman et al.,
2011; Bos, 1996). A single parent may contribute both alleles at a given locus, contrary to
meiotic reproduction where bi-parental contribution of traits among offspring is equally shared
(Kurtzman et al., 2011; Kurtzman & Robnett, 1997; Tibayrenc et al., 1991).

Sexual mating type
Sexual mating in the fungal kingdom can either be homothallic or heterothallic. The “a” and “o”
haploid mating types differ at only a single genetic locus; MAT gene. BAR 1, which is an
enzyme involved in sexual reproduction, is known to play a significant role in predicting the
homothallic or heterothallic mating type. This BAR 1 gene encodes a protease specific for the
degradation of “o” factor. Homothallic yeast strains have the wild type Ho allele, whereas
heterothallic yeast strains contain the non-functional ho allele (Lockhart, et al., 2003; Kurjan &
Taylor, 1993). Homothallic strains carrying mutants in either of these genes mate poorly.
However, crosses to heterothallic tester strains show that the mating paucity is mating type
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specific (Kurjan & Taylor, 1993). Heterothallic mating involves mating between two compatible
partners to produce sexual spores, which therefore facilitate the exchange of genes between the
two different strains. In contrast, in homothallic mating, sexual reproduction is within a single
organism, which has both mating cells. Thus, homothallic mating plays a significant role in
promoting allele shuffling and recombination within the unisexual diploid genome, resulting in
karyotypic variation within the population (Bennett & Johnson, 2003; Lockhart et al., 2003).
Candida albicans was thought to reproduce solely by heterothallic means until Bennett et al.
(2003) reported the existence of the homothallic mating type. This suggests that there could be
the possibility of genetic exchange even within unisexual organisms, including C. albicans
within a population (Bennett & Johnson, 2003; Magee, 1998). There may be chromosomal loss
and dissociation of linkage after fusion of parent cells in both sexual mating types to restore
diploidy (Bennett & Johnson, 2003; Lockhart et al., 2003). This chromosomal loss and
dissociation of linkage mechanisms allows a wide range of potential genetic combinations,
leading to excessive genetic diversity; this is usually termed the “Meselson effect” (Bennett &
Johnson, 2003).
The continuous gene exchange through recombination is significant and can be assessed in the
genera having a well-known sexual cycle with careful population genetic analysis (Graser et al.,
1996; Schonian, et al., 2000). Also, important gene associations may not be interrupted by
recombination under stable environmental conditions if selection is strong for these important
genes. In addition, selection is usually most effective when alleles are equally represented and
diversity is highest (Alexopoulos et al., 1996; Bennett & Johnson, 2003; Lockhart et al., 2003).
Recombination also favours association of advantageous genes by breaking down negative
associations between favourable variants at distinct genetic loci that increases the effectiveness
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of natural selection, thereby enhancing their adaptation to new environments (Otto et al., 2011;
Otto, 2009; Lenormand, 2003; Bachtrog, 2006; Barton & Charlesworth, 1998). Similarly, this
recombination phenomenon may result in acquisition of some virulent traits such as resistant to
some antifungal agents (Daniel et al., 2014; Milgroom, 1996).

Reproduction in C. albicans
Primarily, the genetic mode of inheritance in C. albicans is clonal even though the degree of
genotypic differences exhibited among C. albicans isolates is high (Kavanagh, 2011; Deacon,
2005; Pujol, et al, 2002). Inconclusive report suggest that about 5 − 7% of fungi are belief to
reproduce sexually (Tibayrenc et al., 1991). The high genetic variability observed in C. albicans
whether it occur through sexual reproduction in nature or under induced laboratory conditions is
still under debate (Daniel et al., 2014; Hull, et al., 2000; Pujol et al., 2005; Tibayrenc, 1999).
Numerous studies on C. albicans from different continents, hospitals and hosts have revealed
varying states of sexuality (Magee & Magee, 1987; Perlroth & Choi, 2007). Some authors have
reported that genetic recombination seldom occurs in C. albicans in its natural environment
(Forche et al., 1999; Graser et al., 1996; Tavanti, et al, 2004) and sometimes in the laboratory
(Magee & Magee, 2000). Conversely, others reported a predominantly clonal mode of
reproduction (Lott et al., 2010; Pujol et al., 2002; Sampaio et al., 2005).
Despite progress made in molecular genetic studies of C. albicans, several features of this yeast
have presented challenges for researchers carrying out studies on its population genetics and
epidemiology. Some C. albicans isolates from an individual host are said to undergo minor
variation, referred to as “micro-variation” (Premkumar et al., 2014; Pujol, et al., 1997) or
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genotypic shuffling (Bougnoux et al., 2008; Forche et al., 1999; Pujol et al., 2002) to create
genetic variation in the absence of sexual reproduction. However, the lack of statistically
significant evidence for all potential allele combinations in segregation and recombination
between pairs of loci has thus far made these findings inconclusive (Odds et al., 2007a;
Tibayrenc et al., 1991). Therefore, sexual mating in C. albicans could either be termed as a
cryptic sexual cycle or one that has been active in the evolutionary history of the species (Hull et
al., 2000; Magee, 1998). Population genetic characteristics of C. albicans, which includes mating
strategy, population structure, and the creation and maintenance of virulent traits that are of
considerable epidemiological and medical significance remain largely unresolved (Richardson,
2005; Taylor et al., 1999; Tibayrenc & Ayala, 2002).

Creation of genotypic variation in C. albicans
Candida albicans exhibits significant levels of natural genetic variability among its variants
(Sampaio et al., 2005; Schmid et al., 2011). However, there is no proof of horizontal
transmission of genes from other natural hosts to account for the observed variations among C.
albicans isolates since this species is primarily endogenous and forms part of the human
microflora (Lott et al., 2010; Odds et al., 2006). The inherent genetic variability has been
observed from chromosomal length polymorphism (Schmid et al., 2004; Pfaller, 2012a),
different isoenzyme profiles (Saghrouni et al., 2013), restriction fragment length polymorphisms
(Pujol et al., 1997; Quinn & White, 2013), and different patterns of DNA fingerprinting
(Afsarian et al., 2015; Chaves-Galarza et al., 2010). Furthermore, C. albicans can re-assort its
genome via chromosomal translocation and deletion to create more genotypic variability
(Larriba, 2004). Similarly, C. albicans can duplicate its chromosomes by undergoing detectable
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partial ploidy changes (Kurtzman et al., 2012; Larriba, 2004). This chromosomal rearrangement
by C. albicans takes place in its unstable chromosome R. The chromosome R has a total number
of eight genes (Larriba, 2004; Magee, 1987). Gene shuffling within this chromosome R is also
known to give rise to a realistic measure of genetic diversity (Larriba, 2004; Magee, 1987). The
C. albicans genome can accommodate and maintain alterations in chromosome copy numbers
and a widespread multiplicity of different chromosomal aneuploides, which frequently occur as a
response to stress (Arbour et al., 2009). Finally, it has been reported that various stocks of the
same C. albicans laboratory strain may embrace different kinds of chromosomal abnormalities
resulting in the high genetic variability observed during laboratory analyses (Ahmad et al.,
2008). However, chromosomal polymorphism could also occur naturally, though at low
frequency (Costa, et al., 2005; Selmecki, et al., 2006; 2010). Similarly, high genetic variability
has been reported in C. albicans auxotrophic mutant types after losing their heterozygous state
through some genetic and physiological mechanisms to adapt to their nutritional needs (kurtzman
et al., 2012; Kurtzman & Robnett, 1997).
Several mechanisms for rapid adaptation of C. albicans to create and sustain diversity in the
absence of meiosis or a complete sexual cycle have also been reported (kurtzman et al., 2011;
Larriba, 2004; Selmecki et al., 2010). These mechanisms occur mostly under laboratory-applied
stresses, which include growth in media containing sorbose and arabinose (Janbon et al., 1998;
Rustchenko et al., 1994), after antifungal therapy (Costa et al., 2006; Pfaller et al., 2012b;
Selmecki et al., 2010) and after manipulation of genes through gene-transformation procedures
(Selmecki et al., 2010). Understanding the dynamics of genetic microevolution and chromosomal
reshuffling in C. albicans strains, population structure and their subsequent implications toward
human infection are essential for medical and epidemiological monitoring (Premkumar et al.,
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2014; Sampaio et al., 2005; Taylor et al., 1999). Information available on the evolutionary
genetics and population structure of fungal organisms is limited compared to that of parasitic
protozoa, despite the advances made on their molecular characterisation (Pujol et al., 2002;
Tibayrenc et al., 1991).

Population structure in C. albicans
Currently, the major types of population structure in microbial populations are: species that are
strongly categorised into either clonal population structure or sexual species with intermittent
periods of short-term clonality and cryptic species that are difficult to categorise into distinct
phylogenetic lineages (Daniel et al., 2014; Tibayrenc et al., 1991).
Population structure considers the structural hierarchy of individuals and also investigates the
genes responsible for the class structure (Sampaio et al., 2005; Fundyga & Lott, 2002; Weir,
1996). Knowledge about the observations made on the organism analytically in the laboratory in
relation to the population genetic structure can be extrapolated to those in the human host during
epidemiological studies to infer the outcome of any therapeutic strategies and effective control
measures (Daniel et al., 2014; Kurtzman et al., 2011; Tibayrenc et al., 1991).
The fundamental unit of population structure is the individual. Subpopulations are made up of
several individuals within a clade with the same common traits whereas a population consists of
a group of subpopulations (Weir, 1996; Wright, 1969). Population structure also shows the
spatial composition of a species which correlates with the mating system (Hedrick, 1985; Weir,
1996).
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Typically, estimation of population structure is by Wright's F statistics, which involves the
comparison between the proportions of observed and expected heterozygosity within and
between subpopulations (Sampaio et al., 2005; Fundyga & Lott, 2002; Weir, 1996; Wright,
1969). Deviations from an F statistic of zero occur with non-random mating, asexual
reproduction, or when there is little or no migration between sub-populations. The distribution of
genetic variation within and between populations is influenced by the amount of gene flow
(Sampaio et al., 2005; Fundyga & Lott, 2002; Weir, 1996; Wright, 1969).
Genetic variation due to differences between individuals is measured by FIS. The value ranges
from -1 to +1. FIS measures deviation from Hardy-Weinberg equilibrium (HWE) or from random
mating with positive values representing a heterozygote deficit, as with inbreeding and selfing.
However, negative values represent heterozygote excess, as expected with clonality (Excoffier et
al. 2005; Tibayrenc et al., 1991).

Choice of molecular marker
Procedures for quantifying the population structure are vital to explain the source of variation
and the type of mating system operating within the population (Excoffier et al. 2005; Milgroom,
1996; Taylor et al., 1999). The population structure detected could be influenced by geographic
sampling scale and the choice of molecular marker. More variable molecular markers will
improve differentiation of individuals within a population whilst molecular markers with little
variation may present a population as homogeneous (Daniel et al., 2014; Avise, 1994; Soll, 2000;
Kurtzman et al., 2011). Choice of markers is also influenced by the scale of questions being
asked (Lott & Scarborough, 2008; Fundyga & Lott, 2002; Tibayrenc et al., 1991).
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Currently, most techniques used for typing individual isolates of C. albicans to infer population
genetic structure employ several markers such as allozyme variation (Boriollo et al., 2010),
immunological markers (Paulovicova et al., 2015; Brawner, 1987), and DNA markers (Selmecki
et al., 2010; Bougnoux et al., 2007). With DNA markers, the genetic constitution of most
microorganisms remains stable and intact, this in contrast to allozyme and immunologic markers
where some changes may occur after a long period of storage (Selmecki et al., 2010; Bougnoux
et al., 2007). Changes in allozyme markers may include changes in the enzymatic component
among some strains within a species often after an extended period of storage. Furthermore,
some traits may vary from one cluster to another making distinction between groups unattainable
(Boriollo et al., 2010; Kurtzman et al., 2011). In addition, results may not be directly comparable
between laboratories, even though similar allozyme and immunological markers are used
(Kurtzman et al., 2011; Saghrouni et al., 2013). Similarly, strain identification based on
morphological and biochemical markers may also show extensive phenotypic variation.
Phenotypic plasticity may sometimes mask the effect of actual genetic differentiation among
strains (Li et al., 2015; Bretagne et al., 1997; Pujol, et al. 2005). All the above approaches are
useful for genetic analysis in Candida (Kurtzman et al., 2011; Saghrouni et al., 2013). DNA
markers were selected for the purposes of this study because DNA-based techniques are fast and
appear more suitable and stable than allozyme and immunological techniques (Kurtzman et al.,
2011; Saghrouni et al., 2013; Pujol et al., 2002).
Studies to find variant traits among strains using DNA require markers spread throughout the
genome of the organisms to identify any slight variation in single base-pair nucleotides (Odds et
al., 2007a; Avise, 1994). DNA targets used so far in population genetics analysis include both
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single and multi-copy genes of nuclear and mitochondrial origin (Kurtzman, 2006; Kurtzman et
al., 2011; Lott et al., 2010).
Sexual organisms could be traced and differentiated by more advance diagnostic PCR
fingerprinting techniques to trace genetic traits because genes for any traits, including virulence,
pathogenesis and susceptibility to any antifungal agents are expressed relatively independently
within different genetic loci (Odds et al., 2007a; Kurtzman, 2006; Kurtzman et al., 2011).
However, in clonal organisms because of the linked nature of genes, a single specific locus can
be employed (Daniel et al., 2014; Kurtzman, 2006; Kurtzman et al., 2011). In addition,
polymorphic markers with high discriminatory power are needed to discriminate between very
similar individuals as expected with clonal reproduction (Odds et al., 2007a; Kurtzman et al.,
2011; Lott et al., 2010).

Criteria for selection of molecular markers for typing
Strain typing is essential to evaluate the key features of fungal populations. Numerous DNAbased protocols have been used to improve the diagnosis and categorisation of Candida species
and other pathogenic organisms (Kurtzman et al., 2011; Saghrouni et al., 2013; Reiss, et al.,
1998). The typing method may have to fulfil certain biological and technical criteria before its
application in any molecular analysis (Kurtzman et al., 2011; Saghrouni et al., 2013; Kurtzman
& Fell, 1998). The method employed must be highly polymorphic to determine the strain
undergoing any form of microevolution; it must be efficient; data should be exchangeable
between laboratories without much variation; it must be discriminatory, feasible and
reproducible; data must be easy to analyse and manage without any expert knowledge. For large-
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scale epidemiological and population genetic studies, genetic markers also need to address the
ploidy nature of the organism (Kurtzman et al., 2011; Saghrouni et al., 2013).
Currently, several molecular protocols with high levels of consistency and discrimination
potential for epidemiological surveillance of various pathogenic yeast strains are available
(Kurtzman et al., 2011; Saghrouni et al., 2013; Lott et al., 2010). Modern molecular strain typing
techniques aim to distinguish specific strains or clones within clinical isolates or clones within a
natural population compared to other molecular detection techniques, which only target universal
or species-specific sequences (Kurtzman et al., 2011; Saghrouni et al., 2013).
Molecular based typing techniques are aimed at complementing conventional phenotypic
techniques to delineate most species, including Candida isolates into their distinctive strain type
(Li et al., 2015; Kurtzman et al., 2011; Saghrouni et al., 2013). Most molecular typing techniques
used to delineate Candida species include: Restriction fragment length polymorphisms (RFLPs)
with EcoRI, HinfI and MspI restriction enzymes (Li et al., 2014; Verrier et al., 2012; Poikonen et
al., 2001), or RFLP followed by probe hybridisation (Yazdanpanah & Khaithir, 2014; Taylor &
Fisher, 2003), PFGE karyotyping, which involves fragments generated by rare-cutting restriction
endonucleases such as SfiI (Birren & Lai, 2012; Fujita & Hashimoto, 2000; Kanellopoulou et al.,
2001), amplified fragment length polymorphism (AFLP) analysis (Wassenaar & Newell, 2000;
Ball et al., 2004), repetitive-sequence-based PCR fingerprinting (rep-PCR) (Magee & Magee,
1987; Redkar, et al., 1996), electrophoretic karyotyping (Gil-Lamaignere et al., 2003; Barchiesi
et al., 1997), Ca3 or 27A in a restriction enzyme analysis (Pujol et al., 1997; McCoullough, et al.,
1995) and random amplified polymorphic DNA (RAPD) analysis (Xu et al., 2012; Hamal et al.,
2011; Noumi et al., 2009). These techniques are frequently used to investigate the population
genetic structure of C. albicans and other species of Candida. However, these protocols have
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both advantages and some associated drawbacks in terms of cost, data analysis and/or the
complexity of the techniques involved (Daniel et al., 2014; Li et al., 2014).
All the molecular methods described above do not allow the definite designation of composite
diploid genotypes to strains of C. albicans to determine genetic diversity among isolates, even
though they show much promise for discriminating strains within a species (Kurtzman et al.,
2011; Saghrouni et al., 2013; Hartl & Clark, 1997; Sampaio et al., 2005). In order to avoid the
challenges associated with dominant markers, such as homoplasy, an inability to measure
heterozygosity accurately, and potentially invalid assumptions required for analysis, mendelian
co-dominant markers were used in this population genetic analysis. The most advanced codominant markers for genotyping other clinically important yeasts and Candida species are
microsatellite markers. Microsatellite markers have more importantly have potential for
individual discrimination; to provide both species identification and strain-level differentiation
(Botterel, et al, 2001; Pujol et al., 2002; Sampaio et al., 2005).
The microsatellite technique requires very little DNA starting material, and the PCR products are
assessed based on different length polymorphisms or the number of repetitive motifs after
electrophoresis and genotyping (Chavez-Galarza et al., 2010; Christensen, et al., 1999). Contrary
to the RFLP and RAPD techniques, the microsatellite technique is highly reproducible and has a
high discriminatory potential. Data generated by these co-dominant markers can be used to
evaluate the mating system and population genetic structure (Lott et al., 2010; Chavez-Galarza et
al., 2010; Botterel et al., 2001; Field, et al., 1998).
The microsatellite technique is relatively cheap and is stable enough to be used as a typing
method to investigate the population genetics of clinical isolates because of its typing simplicity.
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It has a high throughput when fluorescently labelled primers and an automated sequencer are
used for the analysis (Lott et al., 2010; Chavez-Galarza et al., 2010; Dalle et al., 2003; Sampaio
et al., 2005).
This co-dominant marker reveals the presence of different alleles at a given locus, distinguishing
heterozygotes in diploid organisms. It also provides clues about which alleles are more closely
related and permits definite assignment of multiple genotypes to diploid individual strains within
a population. Furthermore, co-dominant microsatellite markers can directly assess polymorphism
within organisms with a high level of clonality (Lott et al., 2010; Chavez-Galarza et al., 2010;
Goldstein & Schlotterer, 1999; Schuller, 2007; Soll, 2000).
Several other factors, including environmental conditions, repeated motif, chromosome position,
GC content in flanking DNA, allele size, interruption in the microsatellite motif, recombination
rate, transcription rate, repeat type and genotype affect the mutation rate at any microsatellite
locus. Thus, mutation rate correlates with the type of repeats (Becher, 1998; Eisen, 1999;
Oliveira et al., 1998). Mutation rate is lower for tri or tetra nucleotide repeats than in dinucleotide repeats since there are usually fewer repeats and so fewer opportunities for enzyme
slippage hence di-nucleotides have more stutter peaks (a by-product or artefact of short tandem
repeat loci amplification, which is one repeat smaller than the actual allele produced). The
mutation rate has been approximated to vary between 3.33 x10-3 (Rubinsztein, et al., 1995).
The most common choices for molecular genetic studies are usually the di-nucleotide, trinucleotide and tetra-nucleotide repeats (Li et al., 2004). Tri-nucleotide repeats are often found in
coding sequences (Dieringer & Schlötterer, 2003). Di-nucleotide repeats were not selected, since
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they are considered more susceptible to stutter bands, due to DNA polymerase slippage during
PCR amplification (Gendrel & Dutreix, 2001).
The microsatellite technique has been used for determining paternity, parentage, kinships,
conservation management of biological resources, ancient and forensic DNA studies and
recombination mapping (Sampaio et al., 2005; Goldstein & Schlotterer, 1999; Jarne & Lagoda,
1996). It has proven its usefulness in genotyping large samples set in epidemiological
investigations and population structure analysis (Bretagne et al., 1997; Sampaio et al., 2005;
Fundyga & Lott, 2002; Lott et al., 2003) in yeasts and Candida species such as C. albicans
(Botterel et al., 2001; Costa et al., 2005; Sampaio, et al., 2005), Candida glabrata (Foulet et al.,
2005; Grenouillet et al., 2007), Candida tropicalis (Desnos-Ollivier, 2008) and filamentous fungi
such as Aspergillus fumigatus and Penicilium marneffei (Bart-Delabesse, et al., 1993; de Valk, et
al., 2008).

Candida albicans microsatellite markers
Several microsatellite markers (loci) have been evaluated for molecular typing of C. albicans
strains. These microsatellite markers are a valuable tool for discriminating among C. albicans
strains (Kurtzman et al., 2011; Botterel et al., 2001; Sampaio et al., 2005). The degree of
polymorphism is much higher in microsatellite loci located in the non-coding regions than the
coding regions (Botterel et al., 2001; Sampaio et al., 2003, 2005). Microsatellite loci in the
coding regions of C. albicans include: translation elongation factor 3 (CEF3) located in the
promoter sequence (Bretagne et al., 1997), extracellular-signal-regulated kinase gene (ERK1)
(Field et al., 1996; Metzgar, et al., 1998), cell division cycle protein (CDC3) (Botterel et al.,
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2001; Dalle et al., 2003) and imidazole glycerol phosphate dehydratase genes (HIS3) (Botterel et
al., 2001). Microsatellites in the non-coding regions of C. albicans include CARABEME, CAI,
CAIII, CAV, CAVI, and CAVII. These markers are highly polymorphic and less subjective to
selective forces since they are located outside known coding regions (Lunel et al., 1998; Sampaio
et al., 2003; Sampaio et al., 2005). CAI to CAVII microsatellites loci are specific for C. albicans
(Sampaio et al., 2003; Sampaio et al., 2005). These microsatellites are made up of CAA repeats
and the high degree of length polymorphism is as a result of variation in the number of trinucleotide repeats (Sampaio et al., 2003; Sampaio et al., 2005).
The discriminatory power (DP) for microsatellite loci located in both coding and non-coding
regions in the C. albicans genome ranges between 0.77 and 0.99 for the above microsatellite loci
(Botterel et al., 2001; Dalle et al., 2000; Sampaio et al., 2005). The DP estimates the capability of
any typing method to distinguish between two unrelated strains. A high DP value (close to 1)
denotes that the typing method could differentiate between an individual strain and all other
members of that population (Sampaio et al., 2005). The DP reported so far for C. albicans
microsatellite loci include 0.99 for loci CAI, CAIII, and CAVI combined (Sampaio et al., 2005),
0.99 for EF3, CAREBEME, CDC3, HIS3, KRE6, LOC4 (MRE11), ZNF1 combined (Kelly &
Kwon-Chung, 1992), and 0.99 for CAI, CAIII, CAV, and CAVII combined (Sampaio et al.,
2005). The discriminatory power of 0.97 for the CAI locus is the highest for any single locus
analysed (Sampaio et al., 2003; Sampaio et al., 2005). Thus, the reason for the selection of the
three microsatellite loci CAI, CAIII and CAVI to study the population genetics of C. albicans
from Ghana was based on the high polymorphism and discriminatory power exhibited by these
loci described previously (Sampaio et al. 2005).
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Aim
The aim of this study was to employ three microsatellite loci located in the non-coding region of
the C. albicans genome to determine the mating system, quantify the genetic diversity and assess
the population structure of C. albicans isolates from the three teaching hospitals in Ghana. As
per the current literature available, this study is the first to investigate the genetic diversity and
population structure of C. albicans isolates recovered from clinical sources in Ghana.

Objectives
•

To assess the amount of genetic variability

•

To determine the strain relatedness

•

To determine any significant geographic population structure

Significance and impact of population genetics studies
Opportunistic fungal infection seems to be the major medical problem associated with the
increasing number of immunocompromised hosts. This problem is also compounded by the
increasing resistance of some strains of Candida species to the limited range of antifungal agents
in use (Pfaller et al., 2012b; Pfaller et al., 2014). However, despite the seeming increase in the
number of candidal infections in immunocompromised hosts in Ghana, much less is known
about the various strain types and population genetic structure of C. albicans from a clinical
perspective. Knowledge about the population structure of C. albicans is vital to understand how
genetic diversity is created and maintained within this organism. Knowledge about the
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population structure will help to trace important epidemiological characters in resistant strains
and also know the correlation between genotypes and the route of infection if any, in order to
control potential epidemics during an outbreak of infection by related strains.
Knowledge about the genes responsible for drug susceptibility, pathogenesis and virulence are
also essential. Understanding C. albicans population structure will help in the development of
effective sampling and control strategies for epidemiological studies.

Hypotheses
This population genetic study was based on these hypothses:
1) There is no genetic differentiation among isolates from the three teaching hospitals.
2) There is no genetic differentiation among isolates from different body sites or host
groups.
3) There is no deviation from HWE within samples from the three teaching hospitals and
therefore, the population is randomly mating.

Research questions
These research questions were asked to estimate the population structure of C. albicans from
Ghana:
•

Do strain types differ between geographic locations?

•

Are there discrete subpopulations that are genetically isolated?

•

Are there different genotypes specific to a particular population?
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•

Are isolates from a specific body site or host group more genetically similar to each other
than isolates from a different body site or host group?

•

Do C. albicans from Ghana form one large clonal population or reproduce sexually?

Methods
Selection of C. albicans isolates for the study
Patients with different pathological conditions were included in this analysis to give a good
representation of the overall population structure of C. albicans from Ghana, as summarised in
Table 18. Two hundred and forty C. albicans isolates recovered from multiple anatomical sites
from patients (one isolate per patient) were used for the analysis. Preliminary identification of all
the C. albicans isolates was done using four conventional tests as described earlier in Chapter 2
of this thesis. A specific primer pair amplifying 25 rDNA (McCoullough et al., 1999) and a
specific primer pair to determine the presence or absence of general purpose genotype (GPG), as
described in Chapter 4 was used to type and categorised C. albicans isolates into their respective
strains; A, B and C, and also to clade 1 or other clades based on the presence or absence of GPG
gene. The isolates were maintained on Sabouraud dextrose agar (SDA) at 4o C for all the
analyses. More than half of the total number of the isolates used for the analysis was isolated
from vaginal swab samples.
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Table 18: A summary of the clinical source of the C. albicans isolates used in this study
Source of isolates

Total number of isolates

Percentage (%)

(n = 240)
vaginal swab (VS)

154

64.2

Urine

78

32.5

Sputum

3

1.25

Endocervical smear

3

1.25

Urethra swab

1

0.4

Aspirate

1

0.4

The teaching hospitals at Korle Bu contributed approximately half (45.8%) of the total number
of isolates for the study followed by Komfo Anokye (30%) and Tamale (24.2%) teaching
hospitals respectively.

Standard strains
Species from the American type culture collections (ATCC), namely C. albicans 10231, C.
parapsilosis 90018, C. tropicalis 13803, C. krusei 6258, C. glabrata 2001, C. kefyr 4135 and C.
lusitinae 34449 were used as controls. These standard strains were kindly gifted by the
Canterbury District Health Board (CDHB).

188

DNA extraction
The genotyping protocol was shortened by performing the PCR directly from crude DNA
extracts, rather than the traditional complex DNA extraction procedures (Botterel et al., 2001;
Luo, 2002; Mirhendi et al., 2006). The crude genomic DNA was extracted from pure C. albicans
colonies as described earlier in Chapter 4. Briefly, a suspension was prepared from C. albicans
colonies in an Eppendorf tube. Heating of the suspension for three minutes liberated sufficient
crude DNA for the whole analysis. The average DNA concentration obtained from the Candida
isolates was approximately 80 ng/µl but the optimal DNA concentration needed for amplification
using the three loci was about 20 ng/µl (Sampaio et al., 2005).

Molecular markers
The three highly polymorphism microsatellite loci, CAI, CAIII and CAVI, located in the noncoding region of the C. albicans genome Sampaio et al. (2005), were genotyped for the C.
albicans isolates. Detailed information about the primers and repetitive sequences are provided
in Table 19 below.

189

Table 19: Summarises the types of microsatellite loci, the primer sequences, repeat units and the allele size ranges used in the present
study (Sampaio et al., 1995)

Locus/chromosome

CAI

chromosome 4

Primer sequence

Repeat

F-5'-ATGCCATTGAGTGGAATTGG-3'

Allele size (base pairs)

(CAA)2CTG (CAA)

189 − 303

(GAA)

95 − 110

(TAAA)

224 − 388

R-5'AGTGGCTTGTGTTGGGTTTT-3'
CAIII chromosome 5

F-5'-TTGGAATCACTTCACCAGGA-3'
R-5'-TTTCCGTGGCATCAGTATCA-3'

CAVI chromosome 2

F-5'ACAATTAAAGAAATGGATTTTAGTCAG
R-5'TGCTGGTGCTGCTGGTATTA
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Optimising PCR master mix preparations
The three primer pairs were tested and conditions were optimised through a number of
amplification trials with the standard C. albicans strain (ATCC 10231). This was done in an
attempt to minimise the appearance of PCR artifacts and mismatch extension of primer template
duplexes (Sampaio et al., 2005; Cobb & Clarkson, 1994).

Multiplexing
Multiplex PCR provides a rapid, simple, and reliable alternative to conventional or simplex PCR
amplification of samples when different dyes are used to label each locus. It was utilised in this
analysis for only two of the loci, CAI and CAIII, because CAI amplified preferentially over
CAVI in the multiplex analysis. CAVI amplification was, therefore, carried out in a separate
PCR. After amplification, the PCR products were pooled together in a single tube for genotyping
analysis.

Amplification of the microsatellite loci using the three primers
For automatic allele size determination, the forward primers were fluorescently labelled with
different fluorophores. These were 6-FAM (blue) for CAI, VIC (green) for CAIII and PET (red)
for CAVI (Applied Biosystems, USA) described previously by (Sampaio et al., 2005) with slight
modification. Briefly, PCR amplification of the CAVI locus was performed separately in a
simplex PCR in a total reaction volume of 20 μl, composed of 11.8 μl of PCR water, 1.5 μl of
extracted DNA, 1U BioTaq polymerase (Bioline), 1x PCR Buffer, 0.25 mM

MgCl2, 0.2 mM

dNTPs, and 0.25 μM each of forward and reverse primers. Multiplex was performed for the two
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remaining primers, CAI and CAIII in a total reaction volume of 15 μl composed of 5.3 μl of PCR
water, 2.5 μl of extracted DNA, 1U BioTaq polymerase (Bioline), 1x PCR buffer, 0.25 mM
MgCl2, 0.2 mM of dNTPs, and 0.125 μM each of forward and reverse primers. PCR was
performed in an Eppendorf thermo cycler using the following reaction conditions: initial
denaturation at 95° C for 5 minutes followed by 35 cycles of 95° C for 30 seconds, annealing
temperature at 55° C for 30 seconds, extension at 72° C for 1 minute, and a final extension step
of 5 minutes at 72° C for both simplex and multiplex PCR reactions.

Fragment size determination (genotyping)
After amplification, the PCR products from the three loci were pooled into a single Eppendorf
tube for each of the DNA samples used. Then 2 μl of PCR product was added to 12.5 µl of Hi Di
TM

formamide (Applied Biosystems, Inc., Foster City, Calif.) and 0.3 µl internal size standard

(GenescanTM, 500LizTM size standard, Applied Biosystems), and spun at 3220 x g for a minute in
a centrifuge (Eppendorf Centrifuge 5810R, Hamburg-Germany). The samples were denatured for
5 minutes at 95° C and then cooled down rapidly in the freezer prior to analysis. For allele size
estimation, the denatured PCR products were automatically loaded and run on an ABI PRISMTM
3170 Genetic Analyzer (Applied Biosystems). To ensure reproducibility of the results,
amplification of the three loci for the reference strain (ATCC 10231) was systematically run as a
control. Consistent results were obtained from repeat PCRs for a few samples across all the three
loci.
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Scoring of microsatellite allele data
Allele sizes were determined manually using the software GeneMarker version 2.4.0
(SoftGenetics). Briefly, all the chromatograms were aligned together with that of the reference
strain to check their similarity. Candida albicans is a diploid microorganism, so for a given
isolate, one or two peaks were observed for each locus. Each of the peaks was subsequently
assigned to an allele. Heterozygosity is defined by the presence of two concurrent regularly sized
peaks in the chromatogram at a single locus, whereas homozygosity is defined as the presence of
one regularly sized peak per locus (Costa et al., 2005). Therefore, each isolate was distinguished
by a profile of three to six alleles. For each locus, the allele sizes were standardised between
genotype runs by adding to or deducting the size disparity from the positive control. Normally
allele size of less than one nucleotide from the control was designated the same allele size as that
of the control. The data obtained was re-adjusted and cleaned up by re-grouping the allele sizes
that were less than three nucleotides apart to minimise the artificial creation of new alleles due to
slight DNA migration differences between runs and any error introduced during scoring. PCR
amplifications and genotyping were repeated where peaks on the chromatograms were not
distinct.

Specificity of molecular markers
The specificity of the molecular markers was evaluated by amplifying all the three microsatellite
loci for DNA extracted from each of the following reference strains: C. glabrata (ATCC 2001),
C. krusei (ATCC 6258), C. parapsilosis (ATCC 90018), C. tropicalis (ATCC 13803), C.
lusitaniae (ATCC 34449). No amplification products were obtained for these Candida species
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after PCR and electrophoresis. Thus, to the best of my ability the possibility of crosscontamination by non-target organisms was able to be discounted.
To ascertain whether different DNA extraction methods could affect allele size determination
and reproducibility of the primers, chelex and crude DNA extraction methods were compared
and the results evaluated.

Comparison of allele sizes from two different extraction methods
Allele size results were compared from two different DNA extraction methods used in this study.
DNA from 20 isolates of C. albicans that were picked at random from the 240 isolates was
extracted using the following chelex protocol (Walsh et al., 2013) with slight modification.
Briefly, about 2 − 5 colonies of C. albicans isolate were inoculated into 1ml of sterile distilled
water in a 1.5 ml Eppendorf tube to form a homogenous suspension after vortexing. To each
suspension, 200 µl of 5% chelex solution containing resin (chelex-100 BioRad) and 5 µl of
proteinase K [20mg/ml]) were added and vortexed. The reaction mixture for each isolate was
incubated at 56o C in a heat block for 2 hours with occasional agitation. After two hours, the
temperature of the heat block was increased to 100o C. The reaction mixture was allowed to sit in
the heat block at 100o C for 8 minutes. Subsequently, the reaction mixture was spun for 1 minute
in a centrifuge (Eppendorf Centrifuge 5810R Hamburg-Germany) at 3,220 x g. The supernatant
from each individual tube was decanted into a new 1.5 ml Eppendorf tube and then 50 µl of TE
buffer was added to the tube for storage at −20o C. The same amplification and genotyping
protocols were used for the 20 chelex purified DNA samples as from the crude extraction
method described previously (see Chapter 4). For a given isolate, PCR was performed at least
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three more times for each DNA extracted with the two distinct extraction methods. Allele size
results were compared from two different DNA extraction methods used in this study.

Reproducibility and Stability of the microsatellite primers
Reproducibility of the method was assessed by genotyping a reference strain ATCC 10231 C.
albicans plus 10 C. albicans isolates chosen at random, three times. The 10 isolates and the
reference strain were sub-cultured daily for 25 times (approximately 300 generations) on SDA as
previously described (Bretagne et al., 1997; Sampaio et al., 2005), then genotyped using the
same protocol for crude DNA extraction, amplification and genotyping methods already
described in this study. To ascertain whether different DNA extraction methods could
significantly affect allele size determination and reproducibility of the PCR, chelex and crude
DNA extraction methods, genotypes for each of the 10 C. albicans isolates were compared
across the three genotyping replicates to check for consistency.

Data analyses
Statistical analysis of genetic diversity within and across the three populations
The genetic variation and geographic population structure for all C. albicans isolates from the
three different geographic locations within Ghana were investigated with the three highly
polymorphic co-dominant markers CAI, CAIII and CAVI. The clinical isolates were separated
into three ‘populations’ based on the sampling site (Korle Bu, Komfo Anokye or Tamale), and
genetic differentiation among the three sampling locations assessed via FST calculated from
Analysis of Molecular Variance (AMOVA) using Arlequin version 3.5. Allele frequencies,
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genotypic diversity (Nei, 1987), observed and expected homozygosity and heterozygosity (Guo,
1992), linkage disequilibrium and the inbreeding coefficient (FIS) were calculated within
sampling locations using Arlequin version 3.5 (Excoffier & Lischer, 2010) and GenAlEx version
6.5 (Peakall & Smouse, 2012), which estimate the proportion of the total genetic variation within
the intra population level grouping and the proportion due to each inter- population level
grouping (population structure) (Excoffier, et al., 2005; Wright, 1969). Genetic variation due to
differences between individuals within a subpopulation was measured by FIS. The FIS measures
the deviation from random mating (panmixia) within each subpopulation. The value ranges from
-1 to +1. A positive value denotes heterozygote deficiency associated with inbreeding or selfing
(Tibayrenc et al., 1991), whereas negative values denote over-expression of heterozygotes, as
expected in clonal reproduction or outbreeding/outcrossing (Excoffier et al., 2005; Excoffier, et
al., 1992). An FIS of zero indicates random mating within subpopulations. FIS was estimated for
the overall FIS for all C. albicans isolates used for the analysis. All statistical significance levels
were evaluated at P < 0.05. Bonferroni correction for multiple tests (Rice, 1989) was performed
for tests of Hardy-Weinberg Equilibrium (HWE) and linkage disequilibrium.

Cluster analysis
These cluster analyses were performed on the genotype data generated by the 240 C. albicans
isolates to explain how many genetic clusters exist among the C. albicans isolates in this study
based on their genetic similarities. Ward’s methods and Principal component analysis as
described in SPSS version 22 was used to determine the clusters and to group the C. albicans
isolates based on their genetic similarities.
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The genotype data was normalised using Ward’s methods of linkage with squared Euclidean
distance as a measure of similarity (Vega et al 1998; Zhang et al. 2008; Anicic et al. 2009).
Cluster analysis used all the variance or information contained in the original genotype data set.
Ward’s method was selected for all the genotypes because it possess a small space distortion
effect, and uses more information on the cluster contents than the other methods (Anicic et al.
2009; Vega et al 1998).
Principal component analysis (PCA) technique attempts to explain the variance of a data set of
intercorrelated variables with a smaller set of independent variables (principal component)
(Hussain et al. 2008; Simeonov et al. 2003). PCA in both Q- and R-modes were performed on
the logarithmic form of the genotype data set. Varimax rotation was used to maximize the sum of
the variance of the factor coefficients.
In addition, genetic clustering via the MCMC genotype assignment methods implemented in
Structure v 2.3.4 (Falush et al., 2003) was conducted to determine how many genetic clusters
exist within the genotype data across all three sampling locations. The simulation parameters
were: 10,000 burn-in period, 100,000 MCMC reps after burn-in, admixture model and correlated
allele frequencies. The probabilities of the number of clusters (K) from K = 1 through to K = 6
were assessed, five times for each scenario. K = 6 was chosen as the largest K tested given there
were three sampling locations and most samples within each location came from one of two
anatomical sites (vaginal swab or urine), resulting in six location x site combinations. Results
from the replicate Structure runs were combined and visualized, and ΔK calculated (Evanno et
al., 2005) using the web version of Structure Harvester (Earl & vonHoldt, 2012).
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Discriminatory power
The discriminatory power was estimated using Simpson index (Hunter & Gaston, 1988), using
the following expression:

𝐷𝐷 =

1−1𝑁
𝑁−1

∑𝑆𝐽−1 𝑛𝑛 (𝑛𝑛−1)

Where N is the strain number, s is the total number of distinct genotypes, and nj is number of
strains with j genotype.

Results
Estimation of alleles from the two different DNA extraction methods
Allele sizes obtained for the two DNA extraction methods gave identical results upon
amplification of the respective DNA samples. Thus, the crude DNA extraction method could be
employed in future population genetic and epidemiological studies to reduce the cost of analyses
(Botterel et al., 2001; Luo, 2002; Mirhendi et al., 2006).
Reproducibility and stability of the three loci
This study confirmed the stability of the three microsatellite markers CAI, CAIII and CAVI after
10 C. albicans isolates were sub-cultured over 25 times (approximately 300 generations). The
same allele sizes were obtained after several generations of subculture from some selected C.
albicans isolates and their genotypes also remained identical after the 300 generations. However,
individual colonies or serial propagated colonies were not analysed to ascertain whether the
colonies from the same individual are from the same strain or might be undergoing through a
process known as microevolution as reported by (Sampiao et al. 2005).

198

Discriminatory power
The discriminatory power of the three microsatellite markers CAI, CAIII and CAVI estimated in
this study using Simpson index was 0.98 confirming the value obtained by Samapio et al. (2005).

Allelic variation among strains A, B and C and genotypic frequencies
Sixty seven unique alleles and 240 multilocus genotypes were observed using the three
polymorphic microsatellite loci. The average numbers of alleles generated by the three loci
across the three populations were 38, 6 and 23 for CAI, CAIII and CAVI respectively.

Allelic range and frequency
Allelic size ranges obtained for the three loci were 200 − 337, 94 − 111 and 239 − 379 bp for
CAI, CAIII and CAVI respectively. The allele frequencies by locus for the three populations are
shown in Table 20 below:
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Table 20: Allele frequencies by locus in the three sampling locations for microsatellite loci, N is
the number of isolates per population

CAIII

Alleles
94
97
100
106
109
111

Korle Bu
N 110
0
0.459
0.055
0.009
0.005
0.473

CAI

200
203
206
209
212
215
218
222
225
228
231
234
237
240
243
246
249
252
255
257
260
263
268
270
274
279
282

0.005
0.009
0.009
0.009
0.005
0.005
0.018
0.014
0
0.009
0.018
0.091
0.032
0.082
0.091
0.036
0.077
0.027
0.009
0.005
0.014
0.023
0.014
0.018
0
0.014
0.05

Komfo
Anokye
N 72
0
0.493
0.069
0
0
0.438

Tamale
N 58
0.009
0.457
0.026
0.009
0
0.5

0
0.014
0.056
0
0
0
0.021
0.014
0.007
0.035
0.007
0.083
0.049
0.028
0.056
0.014
0.083
0.035
0.021
0.007
0.007
0.021
0
0.014
0
0.035
0.042

0.026
0.043
0.026
0.017
0.026
0.009
0.009
0.034
0
0.043
0.034
0.06
0.043
0.052
0.078
0.06
0.034
0.034
0.052
0.017
0.009
0.026
0.026
0.009
0.009
0.009
0.009
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CAVI

285
288
290
293
296
298
301
304
307
310
337

0.086
0.082
0.055
0.045
0.018
0.005
0.014
0
0
0
0.014

0.083
0.076
0.076
0.028
0.021
0.014
0.028
0.014
0.007
0.007
0

0.034
0.06
0.017
0.009
0.034
0.017
0.026
0
0.009
0
0

239
242
246
250
253
257
260
265
268
276
280
283
287
290
294
297
300
306
309
313
317
357
379

0.005
0.045
0.023
0.473
0
0.018
0.005
0
0
0.009
0.018
0.009
0.2
0.105
0.023
0.036
0.018
0.005
0.005
0
0
0
0

0
0.049
0.042
0.458
0.007
0.035
0.007
0.007
0
0
0.028
0.021
0.16
0.097
0.042
0
0.014
0.007
0.007
0.007
0
0.007
0.007

0
0.095
0
0.474
0.017
0.009
0
0.034
0.017
0.017
0
0.034
0.155
0.069
0.017
0.017
0
0
0
0
0.009
0.017
0.017
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Homozygosity of the three loci
One isolate (GHA 442) was homozygous across the three loci with the allelic profile: 206 206,
97 97 and 250 250 for CAI, CAIII and CAVI respectively. Although there was a high degree of
variability among isolates, some clinically unrelated isolates had identical genotypes across one
or two loci.
Expected heterozygosity under Hardy-Weinberg equilibrium (total gene diversity)
Candida albicans exhibited a significant excess of heterozygotes and notable genetic diversity
among isolates across the three populations (Tables 21, 22, & 23).
Table 21: Observed and expected heterozygosity, allelic size range and P-value for HWE tests
for the three loci for isolates from Korle Bu. N = number of isolates, NA = number of alleles, HO
= observed heterozygosity, HE = heterozygosity expected under HWE, size = allelic size range
(base pairs), SD = standard deviation. * = test significant after Bonferroni correction for multiple
tests.
Locus

N

NA

HO

HE

size

P-value

CAI

110

33

0.945

0.947

200 − 337

< 0.0001*

CAIII

110

5

0.936

0.565

97 − 111

< 0.0001*

CAVI

110

18

0.782

0.723

239 − 309

< 0.0001*

Mean

110

18.667

0.888

0.745

SD

0

14.012

0.092

0.192
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Table 22: Observed and expected heterozygosity, allelic size range and P-value for HWE tests
for the three loci for isolates from Komfo Anokye N = number of isolates, NA = number of
alleles, HO = observed heterozygosity, HE = heterozygosity expected under HWE, size = allelic
size range (base pairs), SD = standard deviation. * = test significant after Bonferroni correction
for multiple tests.
Locus

N

NA

HO

HE

size

P-value

CAI

72

31

0.972

0.955

203 − 310

< 0.0001*

CAIII

72

3

0.847

0.565

97 − 111

< 0.0001*

CAVI

72

18

0.819

0.751

242 − 379

< 0.0001*

Mean

72

17.333

0.880

0.757

SD

0

14.012

0.081

0.195
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Table 23: Observed and expected heterozygosity, allelic size range and P-value for HWE tests
for the three loci for isolates fromTamale. N = number of isolates, NA = number of alleles, HO =
observed heterozygosity, HE = heterozygosity expected under HWE, size = allelic size range
(base pairs), SD = standard deviation. * = test significant after Bonferroni correction for multiple
tests.
Locus

N

NA

HO

HE

size

P-value

CAI

58

34

0.948

0.967

200 − 307

0.0002*

CAIII

58

5

0.897

0.545

94 − 111

< 0.0001*

CAVI

58

15

0.741

0.739

242 − 379

< 0.0001*

Mean

58

18.000

0.862

0.751

SD

0

14.731

0.108

0.211

Table 24: Estimation of inbreeding coefficient (FIS) within the sampling locations
Isolation site

FIS

P-values

Korle Bu

-0.19266

< 0.0001

Komfo Anokye

-0.16348

< 0.0001

Tamale

-0.15004

< 0.0001
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In all, there was considerable heterozygote excess in all the samples analysed, as shown in
Tables 21−23, and indicated by the negative inbreeding coefficients FIS values summarised in
Table 24. The overall average FIS value across all three sample locations analysed was also
significant (FIS -0.17356, P < 0.0001).

Genotypic linkage disequilibrium association between loci
To test for random association of alleles between loci, a maximum likelihood ratio test (Sampaio
et al., 2005; Slatkin, 1995) was performed. Several pair-wise comparisons of the three loci
showed significant linkage disequilibrium after Bonferroni correction for multiple tests (Tables
25, 26 & 27).
Table 25: Linkage disequilibrium among the three loci for isolates from Korle Bu. Values
represent exact P values from a maximum likelihood ratio test. * = test significant after
Bonferroni correction for multiple tests.
Pair-wise comparisons of the three loci

Exact P-value

(CAI, CAIII)

P (0.00248 + 0.00045) = 0.0020*

(CAI, CAVI)

P (0.01535 + 0.00122) = 0.0141

(CAIII, CAVI)

P (0.00000 + 0.00000) = ≤ 0.0001*
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Table 26: Linkage disequilibrium among the three loci for isolates from Komfo Anokye. Values
represent exact P values from a maximum likelihood ratio test. * = test significant after
Bonferroni correction for multiple tests.
(CAI, CAIII)

P (0.05198 + -0.00224) = 0.0497

(CAI, CAVI)

P (0.09772 + -0.00286) = 0.0949

(CAIII, CAVI)

P (0.00931 + -0.00095) = 0.0084

Table 27: Linkage disequilibrium among the three loci for isolates from Tamale. Values
represent exact P values from a maximum likelihood ratio test. * = test significant after
Bonferroni correction for multiple tests.
(CAI, CAIII)

P (0.10099 + - 0.00267) = 0.0983

(CAI, CAVI)

P (0.00030 + - 0.00017) = 0.0001

(CAIII, CAVI)

P (0.02059 + - 0.00124) = 0.0194

Population genetic structure-Wright F statistics
Candida albicans isolates from all three populations were highly variable. The highest amount of
genetic variation (approximately 100%) dwells among isolates within populations rather than
between populations. The overall FST value across the three populations was not significantly
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different from zero (FST = 0.0008, P = 0.9799). Thus, the three populations from Ghana were
genetically homogenous. Also, there was no genetic differentiation among isolates from the three
teachings or among isolates from different body sites or host groups (FST = 0.003, P = 0.8374).

The cluster analysis
No individuals within the three strain types of C. albicans (A, B and C) had an identical
genotype across the three microsatellite loci. Genetically, the 240 C. albicans were highly
variable but they clustered into three distinctive (groups) clusters regardless of the disease
condition, sex, location, anatomical site and the strain type (Fig 11). The GPG and non-GPG
genotypes were highly prevalent in all patient types in clusters 1 and 2. Of the 240 C. albicans
isolates, 64.2% were of GPG genotype and 35.8% were of non-GPG genotype as detailed in
Chapter 4. The cluster 3 had three C. albicans that were all of non-GPG genotype (Fig 11) while
Cluster 1 and 2 consist of both GPG (correspond to clade 1 as designated by Odds et al. 2007a)
and non-GPG genotypes respectively (Fig 11).
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Fig 11: Showing the highly variable C. albicans isolates clustering into three distinct clusters
(groups) regardless of sex, location, anatomical site, strain type and the type of general purpose
genotype that the C. albicans isolate possesses.
The second cluster analysis of genotypes, ignoring sampling location as prior information, also
demonstrated a lack of population structure among the genotypes, as similar, high probabilities
were obtained for K = 1 through to K = 4 (Fig 12). In such situations the smallest K (in this case
K = 1) is the most likely to represent the true number of populations (Pritchard et al., 2000). The
most likely K according to the Evanno method (ΔK) was two (Fig13), however, this method
cannot evaluate K = 1 so cannot distinguish between K = 2 and K = 1 (Evanno et al., 2005).

Fig 12: Mean probability of the genotype data for K = 1 through to K = 6.
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Fig 13: ΔK calculated following the Evanno method (2005).
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Principal component analysis
The results of the R-mode PCA are presented in Table 27B with significant factor loadings in
bold typed face. Three principal components were obtained with Eigenvalues > 1, explaining
99.6% of the total variance in the genotype data set. The first principal component (PC1) was
correlated with cluster 1, the second principal component (PC2) was correlated with cluster 2
whereas the third principal component (PC3) was weighted on cluster 3.
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Table 27B: Showing three principal components obtained with Eigenvalues > 1, explaining 99.6% of the total variance in the
genotype data set.

Initial Eigenvalues
Total
% of
Cumulative %
variance

Total

233.913 97.464

97.464

233.913 97.464

97.464

107.090

44.621

44.621

3.799

1.583

99.047

3.799

1.583

99.047

92.340

38.475

83.096

3

1.393

.581

99.627

1.393

.581

99.627

39.675

16.531

99.627

4

.830

.346

99.973

Principal
component
(PC)
1

Loadings
% of
variance

Rotation sums of squared loadings
Cumulative Total
% of
Cumulative
%
variance
%

2
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Fig 14: Showing clusters 1 and 2 C. albicans. Individuals within these two clusters aggregating
based on their genetic similarities.
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Discussion
A summary of all the results suggest that clonal reproduction appears to have accounted for the
observed results. Candida albicans exhibited all the typical benchmark for clonality (Avise,
1994; Tibayrenc et al., 1991) as follows:
•

There was a departure from Hardy-Weinberg equilibrium for all the three
populations.

•

There was an excess of heterozygotes compared to that expected under HardyWeinberg equilibrium.

•

There was significant linkage disequilibrium.

•

The average FIS was negative.

•

FST values were not significantly different from zero.

Population structure
The successful development of vaccines and antifungal drugs, and effective control strategies
among pathogens is strongly influenced by the population genetic structure (Tibayrenc et al.,
1991). Most studies conducted so far on the population structure of C. albicans isolated from
patients have revealed that C. albicans reproduces primarily by clonal means (Field, et al., 1998;
Graser et al., 1996; Lott et al., 2003; Pujol et al., 2002). Forche et al., (1999) for example,
reported that there was little evidence of recombination among atypical C. albicans populations
from both Angola and Madagascar; this was supported by population genetic analysis. The high
similarity of PCR fingerprint patterns generated indicated initial clonal population structure.
Homogeneity across the three populations in this study was observed, which is consistent with
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the mode of reproduction of C. albicans from Ghana being mainly clonal. Homogeneity across
sampling locations could also be ascribed to migration of the host population carrying the C.
albicans isolates. As migration increases among the host population, pathogen populations may
become more genetically related and only a migrant per generation is enough to prevent
population divergence (Wright, 1969). Furthermore, selection of genotypes suited to the human
environment may in addition contribute to population homogeneity (Lott, et al., 2001; Lott et al.,
2003; Tibayrenc et al., 1991).
Several other explanations could be assigned to the observed genetic similarities of the C.
albicans populations in this study. Nosocomial infection could contribute to the similarity of
Candida populations (Dassanayake & Samaranayake, 2003; Pfaller, 1995). However,
nosocomial infection is unlikely to be a factor in the genetic homogeneity observed in this study,
because the strains used were epidemiologically unrelated and also had varying genotypes,
irrespective of the ward or hospital where they were isolated. A similar physical environment
shared by clinics and medical facilities may enrich a particular strain of C. albicans to be
recovered from a variety of medical sites in the hospitals and clinics (Odds et al., 2006).
However, the three hospitals were physically not situated at the same location.
Despite genetic homogeneity among the C. albicans populations analysed, the high genetic
diversity amongst individuals however, may have evolved because of micro-variation accruing
over an extended period. Genetically, differentiating and establishing whether micro-variation
has occurred could be a challenge since slight variations could also be observed in both
colonising and infecting strain types in some patients (Odds et al., 2006).
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A number of authors have also shown a lack of population structure among C. albicans from
different geographic regions, using a range of co-dominant markers (Schmid et al 1993; Luu et
al., 2001; Lischewski et al., 1997; Dalle et al. 2003; Pfaller et al. 1998; Xu et al. 1999). Some of
these authors concluded that, given similar opportunity in the human host, commensal strains
could progress to become pathogenic strains after they found no population structure between
healthy and non-healthy hosts (Dalle et al., 2003). However, no study was carried out on healthy
hosts from Ghana to compare the population genetic trend between non-healthy and healthy
hosts or degree of genetic relatedness.
Other studies have found genetic variation among C. albicans isolated from different anatomical
sites and regional or geographic locations (Clemons, et al., 1997; Pfaller, et al., 1998; Soll et al.,
1991; Schmid et al 1993; Stevens et al., 1990). These concluded that C. albicans isolates either
cluster to a specific anatomical site, or demonstrate both hospital and regional specificity.
However, in this study there was no genetic differentiation among isolates from the three
teaching hospitals or among isolates from different body sites or host groups, and there were no
genotypes specific to a particular population. Furthermore, population genetic studies of other
human pathogens have also revealed evidence for widespread distribution of certain genotypes
(Maynard-Smith et al., 1993; Tibayrenc et al., 1991).
Several studies have shown genetic differentiation among C. albicans population from HIV
patients compared to healthy populations using different co-dominant molecular markers
(Brawner, 1989; Coleman et al., 1993; Xu et al., 1999; Schmid et al. 1992; Schonian et al.,
1996). Candida albicans from HIV-infected hosts showed evidence of reduced genetic diversity,
which indicates the possibility that commensal strains were replaced once by genetically more
homogenous strains before the initiation of candidal infection in immunocompromised hosts
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(Brawner, 1989; Coleman et al., 1993; Xu, et al.,, 1999). However, the HIV status of the patients
was not made available so I was unable to compare and confirm this fact in this study.
Information about the yeast microflora of immunocompromised hosts during the onset of
candidiasis, whether strains are replaced before or after (Schmid, et al., 1992), has a significant
implication for treatment and preventive strategies, including susceptibility to different
antifungal drugs and pathogenesis. Most tests conducted in this study demonstrated the clonality
of the C. albicans isolates.

Hardy-Weinberg equilibrium
The observed and expected heterozygosity in this study revealed significant departures from
HWE suggesting clonal reproduction. Similarly, considerable deviations from HWE were also
observed in other previous population genetics analyses where different microsatellite markers
were used to estimate population structure of C. albicans (Boerlin et al., 1995; Field et al., 1996;
Graser et al., 1996; Sampaio et al., 2005; Schonian, et al., 1996; Xu et al., 1999). The excess
heterozygotes could also be a result of outcrossing reproduction. However, that is unlikely to be
the case in this study because of the significant linkage disequilibria among loci.
A number of studies have proposed that, under certain extreme conditions, the heterozygous
nature of an organism is significantly associated with fungal adaptation and virulence (Field et
al., 1996; Pujol et al., 2002; Tibayrenc et al., 1991). This may account partially for C. albicans
worldwide spread and prominence among the other Candida species. Hence, heterozygosity of
C. albicans may be advantageous for its spread (Muller, 2009; Wu, et al., 2007). However, to
establish this fact, it has been proposed that statistical analysis is necessary to assess the
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correlation between genetic and biological variations to adaptation and virulence among strains
(Field et al., 1996; Pujol et al., 2002; Tibayrenc et al., 1991).

Linkage disequilibrium
In clonal populations, most pair-wise comparisons of loci will exhibit significant linkage
disequilibrium, though in randomly mating populations, inter-locus associations are expected to
be in linkage equilibrium. Strong linkage disequilibrium has become the key evidence for
clonality (Avise, 1994; Lott & Effat, 2001; Tibayrenc et al., 1991). When all pair-wise
combinations of the three loci were analysed for linkage disequilibrium, several comparisons
showed highly significant linkage disequilibrium even after correction for multiple comparisons.
This result confirms the linkage disequilibrium data obtained by other authors using
microsatellite markers on C. albicans populations (Sampaio et al., 2003; Sampaio et al., 2005)
and is consistent with the strong linkage disequilibria estimated elsewhere in other previous
studies using MLST markers (Graser et al., 1996; Lott et al., 2010; Lott et al., 2003; Pujol et al.,
2002). Similarly, Forche et al., (1996) reported 93% and 91% significant linkage disequilibrium
with a single-strand conformation polymorphism (SSCP) technique.

Selection of multiple loci
Most C. albicans isolates had one or two alleles per locus consistent with the diploid nature of
the organism. Other molecular typing methods used in previous studies confirmed this (Field et
al., 1998; Graser et al., 1996; Pujol, et al., 1997). No tetraploidy or polyploidy was observed in
any of the C. albicans isolates used eventhough there had been reported cases of recombination
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or cryptic sexual reproduction in C. albicans elsewhere (Graser et al., 1996; Magee & Magee,
1987; Pujol, et al., 1997; Pujol et al., 2002). However, several allelic combinations were
observed among the C. albicans isolates analysed in this study using the three highly
polymorphic microsatellite loci as was also observed in a previous study conducted (Graser et
al., 1996; Magee & Magee, 1987; Pujol, et al., 1997; Pujol et al., 2002). In order to reliably
establish genetic relatedness between strains of any organism, multiple microsatellite loci have
been proposed to facilitate accurate typing analysis in either a single or multiplex PCR reaction
(Bretagne et al., 1997; Lott et al., 2010; Lott et al., 2003; Sampaio et al., 2005) because strains
that are epidemiologically not related may still be indistinguishable for about 40% of their
repetitive sequence when a single locus is used (Lunel et al., 1998). This phenomenon was
observed in this study. Candida isolates recovered from different body sites at different times
from patients had identical genotypes at one or two loci but often a distinct genotype at a third
locus within the same genome. Of the 240 C. albicans isolates evaluated, about 8% of the
epidemiologically unrelated strains were of a common genotype or allelic combination at two
different loci. This observation confirms the importance of evaluating multiple loci to reflect
genetic diversity within a population. Similarly, several allelic combinations were observed
among the C. albicans isolates analysed in this study using the three highly polymorphic
microsatellite loci as was also observed in a previous study (Dalle et al., 2003).
Genetic diversity can be expressed as allelic diversity, which defines the number of alleles per
locus. It can also be defined as the total number of unique genotypes in a sample or expected
heterozygosity under HWE (Excoffier et al. 2005). In clonal reproduction, the degree of
genotypic diversity and genetic or allelic diversity are generally low (James et al., 2009).
Genotypic diversity is expected to decline gradually with increasing rates of clonality (Field et

219

al., 1998; Lott et al., 2003; Tibayrenc et al., 1991). However, C. albicans displayed a high level
of genetic diversity among isolates in this study. The high genetic diversity has been linked to
unusual mechanisms, including mitotic recombination events, which may lead to chromosomal
polymorphism to preserve a high degree of heterogeneity in the absence of a complete sexual
cycle (Field, et al.1998; Graser et al., 1996; Lott et al., 2003; Pujol et al., 2002). Estimation of
the genetic diversity and population structure of C. albicans is principally based either on a large
number of genotypes sampled within different sites in a particular location, over geographic
regions or among patients attending the various hospitals (Bougnoux et al., 2008; Clemons et al.,
1997; Pujol et al., 2002).

Loss of heterozygosity (LOH)
LOH in diploid pathogens had been linked with decreasing virulence and acquisition of drug
resistance (Holmes, et al., 1994; Ibrahim et al., 2005; Shepherd et al., 1985). LOH has been
previously reported in other studies, but no evidence was found in this study given the high
observed heterozygosity. Only a single isolate (GHA 442) recovered from a patient presenting
with pelvic inflammatory disease (PID) was homozygous at all three loci.
The estimated mutation rate for microsatellite loci is said to be less than 3.33 x 10-3 (Bretagne et
al., 1997; Sampaio et al., 2003; Sampaio et al., 2005). The observed stability of the three loci
used in this study may be partially accounted for by this mutation rate to the magnitude 10-3
which is actually a high mutation rate, but low enough that new alleles are rare within 300
generations.
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Strains of C. albicans which possess the general purpose genotype and belong to clade 1
(according to MLST typing, Odds et al. 2007a) cause candidaemia more frequently in human
host than any other type of C. albicans strains though the frequency of isolation is comparatively
lower to other clades (Odds et al. 2007a; Schmid et al. 2011). However, GPG strains are more
frequently implicated as aetiological agents of superficial disease (Odds et al. 2007a; Schmid et
al. 2011).

Cluster analysis
All the cluster analyses indicate that although the 240 C. albicans isolates assayed for the
analyses were highly variable or have varying genotypes, genetically similar C. albicans isolates
group into distinct clusters as observed in this study and also reported elsewhere (Odds et al.,
2007a).

Challenges associated with microsatellite technique
Three error sources, namely stuttering patterns, large-allele dropout and null alleles are important
in microsatellite analysis. Unlike the error generated by stochastic amplifications, these errors are
most likely to create inconsistent alleles and genotypes leading to bias in scoring and data
interpretation. This scoring bias may cause a heterozygote to be typed as a homozygote (Bonin et
al., 2004; Hoffman & Amos, 2005; Taberlet & Luikart, 1999).
Stutter peaks and a single sharp PCR product usually characterise microsatellite peaks. Stutter
peaks result from enzyme slippage during PCR and the pattern of stutter peaks depends on the
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type locus. Amplification of loci with large repetitive numbers can result in a ladder of peaks,
with no noticeably sharp peak, or result in a “bell-shaped” distribution of peak sizes. A number
of the isolates resulted in a “bell-shaped” distribution of peaks, thus posing a challenge in scoring
of the allele size.
In addition, different allele size fragments that migrate together or have the same fragment sizes
may not be similar by descent or in DNA sequence among the other strains. This may lead to the
production of allelic homoplasy. Furthermore, while microsatellite analyses detect structure at a
fine scale they are less informative at a larger scale of divergence (Becher, 1998; Devlin et al.,
1990; Oliveira et al., 1998). Aneuploidy (a situation in which the chromosome number is not an
exact multiple of the number typical of a particular species) is also common as a result of length
polymorphisms (Cardon et al., 1994).
The main disadvantage of genotyping microsatellites in non-coding regions is that they typically
need to be isolated fresh from species being examined for the first time, because microsatellites
found in non-coding regions have a higher nucleotide substitution rate in the flanking region than
those in coding regions. Development of primers that perform efficiently for the microsatellite
technique is normally a laborious and expensive process (Selkoe & Toonen, 2006). Information
may also be lost through mutation of marker flanking regions as most microorganisms have
limited generation times (Bretagne et al., 1997). However, the associated problems with
microsatellite analysis can be minimised when fluorescently-labelled primers, automated DNA
genotyping coupled with a computer-assisted software package are used for the analyses
(Cummings & Relman, 2000).
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Conclusion
In this study, the first to investigate the genetic diversity and population structure of C. albicans
isolates recovered from clinical sources in Ghana, C. albicans strains were not genetically
differentiated across the three hospitals. In addition, significant excess of heterozygosity and
linkage disequilibrium were found, suggesting clonal reproduction. This medically important
yeast has evolved to turn asexuality into sustainably high levels of genetic diversity to its
advantage and spread. The genetic differences of C. albicans, based on morphological
polymorphism and genetic variability observed in this study, confirmed that their genetic
diversity could be maintained even though a meiotic sexual cycle may be lacking.
This study has also confirmed that the three polymorphic microsatellite markers could be used as
a tool for describing the population structures of C. albicans strains in large-scale
epidemiological research. The three markers CAI, CAIII and CAVI proved to be highly efficient
and reproducible; comparable data on population genetic structure was produced even though
low quantity crude DNA was used throughout the whole analysis.
A study of population structure could be used as a tool to guide in the selection of antifungal
agents for both prophylaxis and therapeutic purposes. Knowledge about the population structure
will provide additional information needed to know which antifungal agents to import and use in
the treatment of candidiasis in Ghana. The study of population genetic structure is also important
to differentiate among strains during any epidemiological survey, which will help to trace the
source of infection and the mode of spread in order to improve upon the outcome of survival
rates among the infected hosts.
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Recommendation
Future directions of research should involve additional sampling strategies, large geographic
population samples and the sampling sites should include both the infected and colonised hosts.
This will provide more information and will give a better insight of the true genetic diversity
among the pathogen C. albicans.
Additional demographic and clinical information about the patients, including their immune
status is highly recommended, as the risk factors of the patients samples used were not well
documented.
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CHAPTER 6
CHARACTERISATION OF RARE CANDIDA SPECIES; CANDIDA RUGOSA AND
CANDIDA MESORUGOSA FROM CLINICAL SPECIMENS FROM GHANA

Abstract
The Candida rugosa species complex has emerged as human pathogen and has been implicated
in human infections although it is quite unusual as a causative pathogen of candidal infections. In
this study Candida rugosa and C. mesorugosa, were recovered among a large number of
Candida isolates taken from patients presenting with various forms of candidiasis at a teaching
hospitals in Ghana. During the molecular screening of 244 C. albicans isolates identified based
on chromogenic test with the 25S rDNA gene, four of the Candida isolates that were mistakenly
grouped with C. albicans on the basis of their similarity in colony colour on chromogenic agar
failed to amplify despite repeated attempts with the primer pair; their identities as atypical C.
albicans were revealed during the genotyping analysis. Alternatively, the ITS1-ITS4 primer pair
was used to identify all the four discrepant Candida species in a separate PCR and sequence
analyses, using the BLASTN programme. Phylogenetic analysis using MEGA 6.06 showed that
these isolates belong to two distinct clades. One isolate exhibited a 99% similarity threshold with
the type strain C. rugosa (accession number JQ974952) and two other isolates grouped with the
C. mesorugosa clade.
Morphologically, C. rugosa formed white, wrinkled and flat colonies on Sabouraud Dextrose
Agar (SDA), whereas C. mesorugosa formed white, smooth colonies. On Brilliance Candida
Agar (BCA) (chromogenic medium) the isolates formed small, dry greenish-blue colonies with a
pale or white border that were indistinguishable from C. albicans colonies on the same medium.
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The C. rugosa isolate produced pseudohyphae in human serum and on CMA-Tween 80 agar. In
contrast, the two C. mesorugosa isolates did not generate pseudohyphae in human serum
although they did generate a few pseudohyphae with abundant blastoconidia on CMA-Tween 80
agar. Physiologically, the profile of C. rugosa complex was identical to that of C. albicans and
other non-albicans Candida species after 48 hours of incubation at varying temperatures.
Antifungal susceptibility tests on the C. rugosa complex isolates using three triazoles revealed
varying susceptibility profiles. In the presence of Fluconazole, the two C. mesorugosa isolates
had minimum inhibitory concentrations (MICs) of 6 and 48 µg/ml and hence can be classified as
susceptible and resistant respectively. The C. rugosa isolate had an MIC of 24 µg/ml indicative
of dose-dependent susceptibility. All isolates were susceptible to Itraconazole and Voriconazole
(all had MICs < 0.125 µg/ml).
Given that these species are morphologically similar to C. albicans, this may lead to difficulties
for clinicians both in terms of accurate identification of the species causing an infection but also
in providing an effective treatment when phenotypic traits are the sole means of identication.
Thus, distinct identification and antifungal susceptibility testing of this and any other yeasts will
probably have a significant impact on the selection of antifungal therapy for effective patient
management.
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Introduction
Candida rugosa was originally isolated from human faeces in 1917 by Anderson and was named
Mycoderma rugosa (Vijgen, 2011). It has at various times been described as Azymocandida
rugosa, Mycotorula rugosa and Torula rugosa (Meyer et al., 1998) and eventually was
reclassified as C. rugosa by Diddens and Lodder in 1942 (Meyer et al., 1998). It is now regarded
as a species complex, which comprises four taxa, C. rugosa, C. pseudorugosa, C. neorugosa and
C. mesorugosa (Chaves et al., 2013).
This species is an anamorph yeast without a known sexual cycle and the source of this yeast is
also not known, however, its frequent isolation from contaminated milk from mastitis cows, or
contaminated milk products including stale margarine and butter have been speculated as a
source of infection (Barton, 2011; Richard et al., 1980). Candida rugosa had also been isolated
in bovine droppings and sea water (Crashaw et al., 2005). This microorganism was the second
most frequently implicated Candida species in bovine mastitis in a study conducted in New York
and Iowa in the United States of America (U.S.) (Richard et al., 1980). It has rarely been
recovered from clinical samples from humans until recent times. Subsequent studies conducted
on atypical candidal infections have implicated this as an emerging species (Dube et al., 1994).
Candidaemia due to this species of Candida was not known prior to 1985 when catheter-related
candidaemia was reported in two different institutions in the U.S. (Dube et al., 1994).
Subsequently, candidaemia due to this species has been reported in several locations. The
infection caused by C. rugosa is noticeable especially among patients in intensive care units
(ICUs) and highly debilitated immunosuppressed hosts (Dube et al., 1994; Minces et al., 2009).
Similarly, certain distinctive predisposing factors such as urinary tract infections, the presence of
indwelling central vascular catheters in hospitalised patients, the use of broad-spectrum
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antibiotics and previous surgical history are known to contribute to C. rugosa infection (Minces
et al., 2009). It appears to be most prevalent in Latin America and India accounting for 2.7% of
Candida isolates in Latin America and 20% in India from blood cultures of trauma patients in a
hospital based surveillance study (Behera et al., 2010; Singh, 2011).
In a U.S. hospital, Dube et al. (1994) reported 15 incidents of candidaemia due to C. rugosa in
burn patients that had been treated with topical Nystatin in the intensive care unit. Similarly, two
separate studies carried out on blood-related infections in immunosuppressed patients in the
U.S.; one with an acute myelocytic leukaemia (cancer of the blood and bone marrow) with
disseminated infection with cutaneous lesions. The culture of the lesion yielded C. rugosa (Tay
et al., 2011). In the second study, an alcoholic patient with cirrhosis of the liver had C. rugosa
associated candidaemia due to in-situ intravenous catheterisation (Pfaller et al., 2012b). Similar
research by Colombo et al. (2003) and Rosas et al. (2004) also revealed that C. rugosa was a
common coloniser of high-risk patients and resulted in 44% of incidents of candidaemia in an
epidemiological survey in a Brazilian tertiary care centre. Candida rugosa was reported to cause
a breakthrough infection in patients undergoing antifungal therapy in Brazil but is rarely
implicated in recurrent candidal infections (Colombo et al., 2003). It ranked the 9th most
common out of 16 Candida species isolated from clinical specimens as documented in the
ARTEMIS DISK antifungal susceptibility programme over the period 1997 − 2005, increasing in
frequency from 0.03 to 0.6% of total specimens (Pfaller et al., 2012b).
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Drug susceptibility
Candida rugosa appears to fill the same clinical niche as other common species of Candida and
its incidence is thought to be increasing due to resistance to the azole group of antifungal agents,
specifically to Fluconazole (Pfaller et al., 2007b), Amphotericin B, Nystatin (Pfaller et al.,
2012b; Seker, 2010) and the Echinocandins (Colombo, 2006). This antifungal susceptibility
profile differs in terms of geographic region (Nucci & Marr, 2005).
Previous studies carried out on C. rugosa reported a high resistance to both Polyenes and
Fluconazole, although this data were based on testing a comparatively small number of isolates
(Colombo et al., 1999; Dube et al., 1994; Pfaller & Diekema, 2004). A sixteen percent (16%)
resistance to Fluconazole was reported for C. rugosa, 12.5% of C. glabrata isolates and less than
10% resistance in C. tropicalis and C. parapsilosis isolates respectively (Pfaller et al., 2006;
Pfaller et al., 2009b; Singh, 2011).
There have been few reports detailing the prevalence of C. rugosa species complex in African
countries. This is problematic given its increasing prevalence and its seeming resistance to some
antifungals. We have recently described the frequency of Candida species in patients presenting
with genitourinary candidiasis at three teaching hospitals in Ghana (Chapter 3; Adjapong et al.,
2014) and found a relatively high prevalence of non-albicans Candida species in cases of
genitourinary candidiasis. This is consistent with a trend towards the emergence of species that
may be more resistant to first line antifungal treatments. In this chapter, I describe the presence
of isolates that identify as C. rugosa and C. mesorugosa and describe their respective drug
susceptibilities to three different triazoles.
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The biochemical systems of classification presently employed for yeast identification in clinical
laboratories usually fail to isolate the less frequent Candida species including these species
(Vijgen, 2011). Considering its increasing pathogenic role and the high ability to develop
resistance to antifungal agents, a consistent identification protocol is thus essential for C. rugosa.

Choice of molecular marker
Molecular methods are useful tools for fast and definite identification of microorganisms in
medical microbiology laboratories especially when atypical species encountered continue to be
unidentified by the classical methods employed in the laboratory. The sequence analysis of the
internal transcribed spacer (ITS) region was employed in this study for the identification of the
four discrepant Candida isolates that did not amplify with the CA-INT L and CA-INT R primer
pair (see Chapter 4).
The ITS regions of the rRNA gene operon have been employed at length for classification
purposes in fungal species (Chaves et al., 2013; Hinrikson et al., 2005; Iwen et al., 2002;
Kurtzman et al., 2011). The main advantage of the ITS region is that it generates reliable and
reproducible results (Mirhendi et al., 2011; Chen et al., 2001). The other reasons for the selection
of this region include availability of large sequence databases in GenBank and its high
polymorphic nature permits distinction between closely related species (Kurtzman et al., 2011;
Hinrikson et al., 2005). Protocols for identification base on ITS regions are readily accessible
(Merseguel et al., 2015; Mirhendi et al., 2011; Iwen et al., 2002). ITS regions have a fast rate of
evolution and are present in large numbers in eukaryotes (Kurtzman et al., 2011; Mirhendi et al.,
2011; Chen et al., 2001). The existence of more than 100 copies of ITS per genome contributes
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effectively to its increased sensitivity and variability between species (Merseguel et al., 2015;
Kurtzman et al., 2011; Mirhendi et al., 2011; Reiss et al., 1998). The transcriptional unit of the
RNA operon is made up of 18S, 5.8S and 28S rRNA genes. The rRNA regions are different,
unique and its nucleotide sequence is made up of conserved sequences that are common to all
fungi and also divided by highly variable species-specific regions/domain (ITS regions)
(Kurtzman et al., 2011; Mirhendi et al., 2011; Chen et al., 2001; 2000). Between the nuclear
small and large subunits of ribosomal RNA (rRNA) gene are ITS regions (ITS1 and ITS2) thus,
the intervening small subunit 5.8S rRNA separates the two ITS regions (Merseguel et al., 2015;
Mahmoudi Rad et al., 2012; Chen et al., 2001) as shown in Figure 15. Whereas the variable
regions could be screened for species identification, the conserved regions sequenced could only
be utilised for the presence of fungal infection (Chaves et al., 2013; Merseguel et al., 2015;
Mirhendi et al., 2011; Kurtzman et al., 2011). Furthermore, these regions have been used by
phylo-geographical and other population genetic studies for cryptic species identification, but the
sequences generated can only be aligned with certainty between closely related taxa (Kurtzman
et al., 2011; Kurtzman & Robnett, 1997; Wörheide et al., 2002).

18S rRNA
gene

ITS1

5.8S rRNA
gene

ITS2

Figure 15: The transcription unit of Ribosomal RNA
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28S rRNA
gene

Aim
The aim was to identify all the four discrepant Candida isolates to their respective species level
using a universal primer pair ITS1-ITS4 and also determine the antifungal susceptibility trend
among these isolates.

Hypothesis
The ITS1 and ITS4 sequence profiles will not vary among the four discrepant Candida isolates.

Research Questions
These research questions were asked to help categorised all C. rugosa isolates into their
respective taxon and to know their antifungal profile:
1. Are the C. rugosa isolates in this study aligning with one particular taxon or belong to
different taxa within the C. rugosa species complex?
2. Is there any variation in the antifungal susceptibility profile for the three C. rugosa
isolates?

Methods
Isolation of C. rugosa
The four isolates were isolated from screening of 3010 clinical specimens from the teaching
hospital at Korle Bu, Accra, Ghana and formed part of a larger study on the frequency of
Candida species from various locations in Ghana. Collection and identification methods were as
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described previously (Chapter 2, Adjapong et al., 2014). Of the four isolates, two were from
urine samples from patients with urinary tract infections (designated GHA 044 and GHA 139),
one was from a vaginal swab from a patient presenting with a vaginal discharge (GHA 163) and
one from sputum taken from a patient presenting with a respiratory tract infection (GHA 245).
They were cultured and maintained on Sabouraud dextrose agar (SDA) plates and then
transported to the University of Canterbury for subsequent identification.

Preliminary identification of C. rugosa isolates
Primary identification of all the Candida isolates was done using several standard conventional
phenotypic tests. The colony morphology was determined on SDA and Potato dextrose agar
(PDA) after 48 hours of incubation at 30o C. Additional tests used were 1) chlamydospore
formation on Corn Meal-Tween 80 agar, 2) germ-tube formation, and 3) growth at 45o C (all as
described previously in Adjapong et al., 2014 and as detailed in Chapter 2).

Crude DNA Extraction
DNA extraction of the four (4) C. rugosa isolates were performed under a bio-safety hood in a
room physically separated from other room with the equipment solely used for DNA extraction
as described earlier in the previous Chapter 4.
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Primers for ITS amplification protocol and gel electrophoresis
The primer pair used for amplification of the ITS1-5.8S-ITS2 regions was: ITS1 (5'-TCC GTA
GGT GAA CCT GCGG-3') and ITS4 (5'-TCC TCC GGT TAT TGA TAT GC-3') (Invitrogen
Life Technologies, Australia). DNA amplification was performed in a total volume of 30 µl
containing 2 µl template DNA, 0.33 µM of each primer, 2 mM MgCl2, 0.08 mM dNTPs, 0.12 µl
(1U) Bio Taq polymerase, 1x PCR buffer and 20.48 µl PCR grade water. The PCR reactions
were performed in a mastercycler EP (Eppendorf) thermo cycler using the method described
previously (Mirhendi et al., 2006). After initial DNA denaturation at 94° C for 7 minutes, 30
amplification cycles were performed consisting of 94° C for 45 seconds, 56° C for 1 minute, 72°
C for 1 minute, followed by a final extension at 72° C for 7 minutes. Molecular grade water was
included as a negative control. Gel electrophoresis was performed on the PCR products on a
1.5% SYBR safe stained agarose gel in a horizontal electrophoresis chamber containing 0.5x
TBE buffer and electrophorised for 60 minutes at 80V. Products were visualised using a Gel Doc
UV trans-illuminator and photographed using a Polaroid MP4 camera. The four isolates
generated the same fragment size after amplification. PCR products yielded fragment that had a
size of approximately 419 bp (Figure 16).

234

Figure 16: Amplification profiles of DNA fragments produced using the ITS primer pair. The C.
albicans type strain is show on the left with the band of 535 bp. The other four lanes from left to
right represent isolates GHA 044, GHA 163, GHA 139 and GHA 245 respectively. Each gave a
band of 419 bp.

The PCR products were purified using the sodium acetate-EDTA/ ethanol PCR products
purification kit (QIA quick PCR Purification Kits (QIAGEN: 50 reactions; 28106, 250 reactions)
based on the intensity and the length of PCR bands produced. All PCR reagents were from
Invitrogen (Invitrogen Life Technologies, Australia) unless otherwise specified.

Cycle sequencing protocol
The cycle sequencing was performed using the Big Dye terminator cycle sequencing kit (version
3.1; Applied Biosystems). The reaction was performed in a total volume of 10 µl which
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consisted of: 6.25 µl of PCR grade water dispensed into a 0.2 ml PCR tube, then 1.75 µl of 5x
sequencing buffer, 0.5 µl Big Dye Terminator, 10 µM each primer and then 1 µl of purified PCR
product from the previous PCR was added as template DNA. PCR amplification was carried
with the following parameters: 96° C for 10 seconds, 50° C for 10 seconds, 60° C for 1minute
for 25 cycles and the reaction was held at 15° C until ready to use.

Purification of PCR products
Clean-up using Sodium Acetate-EDTA / Ethanol
The cycle sequencing PCR products were purified using sodium acetate-EDTA / ethanol
precipitation (ABI, 2002). Briefly, 10 µl of PCR product for each isolate was dispensed into a
separate well in a micro plate. Then 5 ml of sodium acetate-EDTA buffer was poured into a
trough. A multichannel pipette was used to dispense 1 µl of sodium acetate-EDTA into all the
wells that contained samples. Again, 10 ml of 95% ETOH was poured into another trough and
then 40 µl of the 95% ETOH was dispensed into the same wells containing the sodium acetateEDTA. It was then vortexed for 15 seconds. The plate was left at room temperature for about 10
minutes to allow the DNA to precipitate and then the plate was transferred into a centrifuge
(Eppendorf Centrifuge 5810R Hamburg-Germany) and then spun for 30 minutes at 3220 x g.
The plate was uncovered and the supernatant/ contents poured out (by turning the plate upside
down). The wells with the samples were covered with Kim wipes and spun for 1 minute at 300 x
g. The supernatant was removed, and then 175 µl of 70% ETOH was added by using the
multichannel and the trough. The plate was then spun at 3220 x g for 5 minutes, then the ethanol
was removed and the DNA pellet left to air dry. Then 15 µl HiDi Formamide was added to each
well and then spun at 300 x g for 1minute. Samples were then transferred to an ABI sequencer
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(ABI 3130XL Genetic Analyzer, CA, USA). All DNA fragments generated were sequenced
from both ends using the same universal primers ITS1 and ITS4, resulting in 419 bp of the ITS15.8S rRNA-ITS2 region ( Kurtzman et al., 2011; Kurtzman & Fell, 1998).
Among the four clinical isolates, interspecies sequence variability was observed after sequence
clean-up. Sequence information of the isolates was submitted for BLAST analysis to evaluate the
sequence homology with referral sequences available with NCBI GenBank. GHA 163 was
excluded in the subsequent analysis since the threshold for percentage purity of ≥ 80% after
sequence clean-up was not met. Sequence information of the other three isolates was submitted
for BLAST analysis to evaluate the sequence homology with referral sequences available with
National Centre of Biotechnology Information (NCBI) GenBank.

Sequence homology analysis
For sequence homology analysis, sequences were pooled together and shortened using the
BLAST alignment software (http://www.blast.genome.ad.jp/). Database searches were conducted
for the trimmed sequences using BLASTN and sequence homology identity determined based on
the sequence profile of the ITS regions generated by the three Candida isolates.
To perform the phylogenetic analysis, ITS sequences were downloaded from GenBank
(http://www.ncbi.nlm.nih.gov/genbank/)

after

BLASTN

searches

(http://www.ncbi.nlm.nih.gov/Blast.cgi) using the sequences obtained from samples GHA 044,
GHA 139 and GHA 245. Only sequences that had identity and coverage of ≥ 85% with query
sequences were included in the phylogenetic analysis. Additionally, representative ITS
sequences for the C. pseudorugosa, C. neorugosa, C. pararugosa clades based on the phylogeny
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presented by Padovan et al. (2013) and ITS sequences of C. albicans (FJ662406), C. dubliniensis
(AB369916), C. parapsilosis (EU564205), C. metapsilosis (EU484054) and C. orthopsilosis
(EU557373) were added for comparison (see Table 28). All sequences were aligned using the
muscle algorithm implemented by MEGA 6.06 (Tamura et al., 2013) and adjusted by eye before
phylogenetic analysis. A phylogeny was inferred with MEGA 6.06 by using the Maximum
Likelihood method. A test was implemented by MEGA 6.06 to determine the most appropriate
substitution model for the phylogenetic analysis, and the model with the lowest BIC score, the
Kimura-2 model (Kimura, 1980) with the Gamma distributed and Invariant sites option, was
chosen. Initial tree(s) for the heuristic search were obtained by applying the Neighbour-Joining
method to a matrix of pairwise distances estimated using the Maximum Composite Likelihood
(MCL) approach. Gaps/Missing data were treated as partial deletions with a cut off of 95% as
this option retains more information (Hall et al., 2004). The robustness of the phylogeny was
evaluated using 1000 bootstrap replications.

Antifungal susceptibility test
In order to test for the antifungal susceptibility of the three Candida isolates, the epsilometer test
(Etest) stable gradient agar test was used (bioMe´rieux SA, Marcy I’Etoile, France). Three
different triazole antifungal agents were tested; Fluconazole, Itraconazole and Voriconazole. The
Etest was performed in duplicates according to the manufacturer’s instructions for agar diffusion
using RPMI 1640 medium. Briefly, a pool of fresh overnight culture of Candida cells were
suspended in sterile 0.85% NaCl aqueous solution and cells adjusted using a spectrophotometer
and appropriate dilution to a turbidity equivalent to that of a 0.5 McFarland standard to provide
starting inocula of 1 x 104 – 5 x 104 cell/ml. The culture medium for the antifungal test was
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RPMI 1640 (Sigma, USA) supplemented with 2% (w/v) glucose, buffered to pH of 7.0 with
0.165M morpholinepropanesulfonic acid (MOPS) (Sigma, USA) with 2% (w/v) agar. The RPMI
1640 agar plates were inoculated by dipping a non toxic sterile cotton swab into the inoculum,
and then evenly streaking the entire surface of the plate with the swab, in three directions. The
excess moisture on the surface of the agar was air-dried for 15 minutes in a bio-safety hood and
then the Etest strips were applied onto the surface of the inoculated plates. The plates were
incubated in ambient air at 35o C with readings taken after 24 and 48 hours. The plates were
visually examined and minimum inhibition concentration (MIC) endpoint was measured as the
point where the inhibition ellipse intersected the Etest strip gradient scale.

Standard strains used
As a standard strain, C. albicans ATCC 90028 from the American Type Culture Collection was
used.

Results
The phylogenetic analysis showed that the isolates belong to two distinct clades (Figure 17).
Sequences profile information were deposited in GenBank with accession numbers KM260364
(GHA 044), KM260365 (GHA 139) and KM260366 (GHA 245). The ITS sequence for isolate
GHA 245 (from sputum) grouped well with C. rugosa from both human and animal sources (Tay
et al., 2011) from India, China, Pakistan, Thailand and the U.S. (including ATCC 10571).
Isolates GHA 044 and GHA 139 (both from urine) grouped with C. mesorugosa.
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Figure 17: Phylogenetic tree of the C. rugosa species complex and other Candida species
inferred by using the Maximum Likelihood method based on aligned ITS rDNA sequences
(Table 28). The tree with the highest log likelihood (-1208.9424) is shown. The percentage of
trees in which the associated taxa clustered together is shown next to the branches. A discrete
Gamma distribution was used to model evolutionary rate differences among sites 5 categories
(+G, parameter = 0.9087). The rate variation model allowed for some sites to be evolutionarily
invariable ([+I], 0.0000% sites). All positions with less than 95% site coverage were eliminated.
That is, fewer than 5% alignment gaps, missing data, and ambiguous bases were allowed at any
position. There were a total of 211 positions in the final dataset. Analyses were conducted in
MEGA 6.06.

Table 28: Isolates that were used in the phylogenetic analysis. a Country assigned by the location
of the university or research centre from which the isolate was generated.
Country

GenBank
no.

GHA 044 Banklt Human urine
1747864

Ghanaa

KM260364 This study

GHA 139 Banklt Human urine
1747864

Ghanaa

KM260365 This study

GHA 245 Banklt Human
1747864
sputum

Ghanaa

KM260366 This study

C. rugosa ATCC Human faeces
10571

-

GU144663

Strain

Source

C. rugosa WM 234
C. rugosa UTHSC Human ear

U.S.a
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Reference

Mota
et
(unpublished),

al.

EF568037

Kong
et
(unpublished)

al.

HE716760

(Paredes et al., 2012)

06-3729
C. rugosa
2016

CBS Cow dung

U.K.a

GU246265

(Groenewald
Smith, 2010)

and

C. rugosa NRRL 95

-

U.S.a

AY533551

Ren and Chaturvedi
(unpublished)

C. rugosa Z-HS5

Soil

Pakistana

JF896570

Latif
and
(unpublished)

Amin

C. rugosa Z-HS13

Soil

Pakistana

JF896571

Latif
and
(unpublished)

Amin

Candida sp. 10-1

Elephant
faeces

Thailanda

AB727605

Lorliam
et
(unpublished)

Malaysiaa

HM641831 (Tay et al., 2011)

C. rugosa
subgroup A

STC1 Human blood

al.

C. rugosa Zhuan 8

Marine yeast

Chinaa

EF197805

Guo
and
(unpublished)

Chi

C. rugosa strain 8

Marine yeast

Chinaa

EF198009

Liu
and
(unpublished)

Chi

C. rugosa strain UY

Contaminated
soil

Indiaa

JQ974952

Dandi
et
(unpublished)

al.

C. rugosa UTHSC R-3412

-

HE716759

(Paredes et al., 2012)

C.
L69D

mesorugosa Human blood

Brazila

FJ768909

(Chaves et al., 2013)

C.
L154

mesorugosa Human blood

Brazila

FJ768910

(Chaves et al., 2013)

C.
mesorugosa Human rectal Brazila
L387A
swab

FJ768911

(Chaves et al., 2013)

C.
mesorugosa Human
pericatheter
L412D
swab

Brazila

FJ768912

(Chaves et al., 2013)

C.
mesorugosa Human blood
L2683B

Brazila

FJ768913

(Chaves et al., 2013)

C.
mesorugosa Human blood
UOA/HCPF2

Greecea

GQ376074

Mayer
et
(unpublished)
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al.

Candida sp. 2-1

Elephant
faeces

Thailanda

AB727593

Lorliam
et
(unpublished)

al.

Candida sp. 3-2

Elephant
faeces

Thailanda

AB727594

Lorliam
et
(unpublished)

al.

Candida sp. 5-1

Elephant
faeces

Thailanda

AB727595

Lorliam
et
(unpublished)

al.

Candida sp. 5-2

Elephant
faeces

Thailanda

AB727598

Lorliam
et
(unpublished)

al.

Candida sp. 5-3

Elephant
faeces

Thailanda

AB727597

Lorliam
et
(unpublished)

al.

Candida sp. 7-8

Elephant
faeces

Thailanda

AB727600

Lorliam
et
(unpublished)

al.

Candida sp. 9-1

Elephant
faeces

Thailanda

AB727601

Lorliam
et
(unpublished)

al.

Candida sp. 9-2

Elephant
faeces

Thailanda

AB727602

Lorliam
et
(unpublished)

al.

Candida sp. 9-3

Elephant
faeces

Thailanda

AB727603

Lorliam
et
(unpublished)

al.

Candida sp. 9-4

Elephant
faeces

Thailanda

AB727604

Lorliam
et
(unpublished)

al.

Candida sp. 10-2

Elephant
faeces

Thailanda

AB727606

Lorliam
et
(unpublished)

al.

Candida sp. 10-4

Elephant
faeces

Thailanda

AB727608

Lorliam
et
(unpublished)

al.

Candida sp. 10-5

Elephant
faeces

Thailanda

AB727609

Lorliam
et
(unpublished)

al.

Candida sp. 10-8

Elephant
faeces

Thailanda

AB727610

Lorliam
et
(unpublished)

al.

Candida
VITGBN1

sp. Industrial
wastewater

Indiaa

KC135883

Basak
and
(unpublished)

Das

Candida
VITJzN04

sp. Soil

Indiaa

JX454449

Salam
and
(unpublished)

Das

Bulgariaa

HM627153 Gouliamova et
(unpublished)

Candida sp. D15

Insect
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al.

Candida sp. Envir- Environmental Brazila
L230

JX245057

(Chaves et al., 2013)

Candida sp. Envir- Environmental Brazila
L231

JX245058

(Chaves et al., 2013)

Candida sp. DMic Catheter
103837

Argentinaa JF345209

(Taverna et al., 2012)

Candida sp. DMic Catheter
103838

Argentinaa JF345210

(Taverna et al., 2012)

Candida sp. DMic Human blood
103839

Argentinaa JF345211

(Taverna et al., 2012)

Candida sp. DMic Human blood
103840

Argentinaa JF345212

(Taverna et al., 2012)

Candida sp. DMic Human blood
103841

Argentinaa JF345213

(Taverna et al., 2012)

Candida sp. DMic Human blood
103842

Argentinaa JF345214

(Taverna et al., 2012)

C.
pseudorugosa Human Knee
UTHSC 08-707

U.S.a

HE716756

(Paredes et al., 2012)

C.
neorugosa Human
UTHSC 10-2054
wound

leg U.S.a

HE716762

(Paredes et al., 2012)

C.
neorugosa Horse
UTHSC 10-121
wound

leg U.S.a

HE716761

(Paredes et al., 2012)

U.S.a

HE716757

(Paredes et al., 2012)

C.
pararugosa Human vagina U.S.a
UTHSC 09-2953

HE716758

(Paredes et al., 2012)

C.
pararugosa Human urine
UTHSC 08-442

C.
pararugosa Human
KKA Seq 1226

Germanya

EF519702

Forster
et
(unpublished)

C.
pararugosa Human faeces
ATCC 38774

-

AF421856

(Chen et al., 2001)

C.
parapsilosis Human blood
L6492

Brazila

EU564205

Gonçalves
et
(unpublished)

al.

C.
metapsilosis Human blood
L7685

Brazila

EU484054

Gonçalves
et
(unpublished)

al.
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al.

C.
orthopsilosis Human blood
L7956

Brazila

EU557373

Gonçalves
et
(unpublished)

al.

C.
dubliniensis Human
IFM53163
sputum

Japana

AB369916

Sano
et
(unpublished)

al.

C. albicans ZAO46

Chinaa

FJ662406

Zheng
et
(unpublished)

al.

Human oral

Morphologically the C. rugosa isolate (GHA 245) presented white, wrinkled and flat colonies on
SDA plates, in accordance with a previous description by (Meyer et al., 1998) whereas the two
C. mesorugosa isolates (GHA 044 and GHA 139) showed white, smooth colonies on SDA. As
detailed above both species gave greenish blue colonies on Brilliance Candida Agar which were
indistinguishable from those of C. albicans. The C. rugosa isolate exhibited abundant
pseudohyphae both in human serum and on CMA-Tween 80 agar. In contrast the two C.
mesorugosa isolates did not generate pseudohyphae in human serum but did generate a few
pseudohyphae with abundant blastoconidia on CMA-Tween 80 agar. All three isolates showed
growth at 25, 37 and 42o C but failed to grow at 45o C.

Antifungal test
Antifungal susceptibility tests were carried out using the Etest stable gradient agar test to
determine the antifungal susceptibility of the C. rugosa and C. mesorugosa isolates (Table 29).
For each isolate, the variation between readings at 24 and 48 hours was marginal and did not
affect the interpretative category. Using the Clinical and Laboratory Standards Institute (CLSI,
2008) interpretive breakpoints for the three antifungal agents, all three isolates were susceptible
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to Itraconazole and Voriconazole with MICs below 0.125 µg/ml. Candida mesorugosa (GHA
044) was resistant to Fluconazole with an MIC of 48 µg/ml. Candida rugosa (GHA 245) showed
dose-dependent susceptibility with an MIC of 24 µg/ml. This confirms the reported resistance of
members of the C. rugosa complex to Fluconazole.
Table 29: Minimum inhibition concentration breakpoints for the Candida isolates (µg/ml) in the
presence of the three triazoles: Fluconazole, Itraconazole and Voriconazole
Fluconazole

Itraconazole

Voricanazole

Resistant

Susceptible

Susceptible

(>64 µg/ml)

(<0.125 µg/ml)

(<0.125 µg/ml)

48

0.023

0.006

0.02

0.012

0.016

0.012

Susceptible dose
Candida isolate

Susceptible
dependent
(<8 µg/ml)
(16-32 µg/ml)

GHA 044:
C. mesorugosa
GHA 139:
6
C. mesorugosa
GHA 245:
24
C. rugosa

Discussion
Disseminated candidiasis is caused mainly by C. albicans but with the emergence of nonalbicans Candida species implicated in recent times both from literature and from earlier work
(Adjapong et al., 2014), emergence of these atypical C. albicans species over the years appears
to be increasing (Calderone & Clancy, 2012; Pfaller et al., 2007a; Nguyen et al., 1995). The
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unique aspect of this study is the isolation of rare species, C. rugosa and C. mesorugosa, from a
large number of Candida isolates from Ghana. Candida rugosa ranked sixth among the eight
species of Candida isolates identified in this study. It accounted for approximately 0.7% of the
total number of 600 Candida isolates used in this study.
During the molecular screening of 244 C. albicans isolates with the primer pair CA-INT L
forward primer and CA-INT R reverse primer, four C. rugosa species were mistakenly grouped
with C. albicans on the basis of their similarity in colony colour on chromogenic agar. Their
identities as atypical C. albicans were revealed during the genotyping analysis when they failed
to amplify despite repeated attempts with the primer pair. They were subsequently identified as
C. rugosa and C. mesorugosa using sequence analysis of their ITS1 and ITS4 regions, which
confirms the superiority of molecular identification over phenotypic methods.
Candida rugosa is a well-known cause of mastitis and other infections in dairy herds and it is a
rare candidal pathogen in the human host, with frequency of isolation ranging from 0.03 to 0.4%
between 1997 and 2003 in a large international repository of clinical isolates (Pfaller et al.,
2007b; Seker, 2010) though the current frequency stands as 0.6% (Pfaller et al., 2014). Although
identified periodically, a significant number of C. rugosa cases were reported by Singh, (2011)
from India. Candida rugosa has since then been named as a definite emerging cause of
candidiasis in India and some other countries including the U.S. and Brazil. Most of these
emerging species appear to be more prominent in certain geographic locations than in others.
Candida guilliermondii and C. rugosa seem to be isolated mainly in Latin America (Pfaller et al.,
2009b; Pfaller et al., 2006), whereas Candida inconspicua and Candida norvegensis seem to be
isolated mainly in Europe (Pfaller et al., 2009b). In addition, 50% of two national surveillance
studies on yeast-related candidaemia infections in Argentina, revealed other species of Candida
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apart from C. albicans (Cordoba, 2011; Rodero, 2005). Some of these emerging Candida species
have become important on the basis of their increased resistance to azoles and other antifungal
agents in use (Odds, 2004; Pfaller et al., 2009a). Candida rugosa is known to have reduced
susceptibility to Fluconazole in vitro, and more treatment failures with polygene agents have
been reported in recent times. A 41% decreased susceptibility to Fluconazole was reported by
Pfaller et al. (2007) particularly among Asian-Pacific and Latin American isolates. In addition,
Singh (2011) also reported that 16% of their C. rugosa isolates were resistant to Fluconazole
compared to 12.5% of C. glabrata, and 10% of C. tropicalis and C. parapsilosis isolates
respectively (Pfaller et al., 2009a; Pfaller et al., 2007b). Furthermore, Pfaller et al. (2009)
reported a 40% resistance to Fluconazole and 20% resistance to Voriconazole among C. rugosa
isolates in a worldwide surveillance on azole susceptibility. Similarly, antifungal susceptibility
tests conducted by Behera (2010) on 19 C. rugosa reported a 21% resistance to Fluconazole, of
which 17 of the isolates had same genotypic profile. Conversely, some strains showed 100%
susceptibility to Amphotericin B (Behera et al., 2010; Colombo et al., 2003). Thus, distinctive
identification and antifungal susceptibility testing of this and any other yeasts will probably have
a significant impact on the selection of antifungal therapy for candidal infections, since C.
rugosa has joined the established list of resistant pathogens of Candida species (C. glabrata and
C. krusei) to the antifungal agents in use (Pfaller et al., 2007b).
Furthermore, C. rugosa is most often detected in the bloodstream and urinary tract infections.
However, bloodstream isolates are reported to be the least susceptible to both Fluconazole and
Amphotercin B antifungal agents (Pappas et al., 2003; Pfaller et al., 2003, 2012b). This study
supports earlier published reports that suggest the identification of Candida isolates obtained
from blood and any other sterile-sites of infections to the species level (Pappas et al., 2003;
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Pfaller et al., 2003, 2014) because of the seeming variation of the antifungal susceptibilities
profile to the three triazoles observed in the C. rugosa and the C. mesorugosa isolates evaluated
in this study. Incidentally, the samples that yielded C. rugosa and C. mesorugosa in this study
were isolated from three different anatomical sites. The species contribution was: two from
urinary tract; and one species each from the respiratory tract (sputum) and reproductive tract
(vaginal swab).
Candida rugosa isolates subcultured on chromogenic medium produced greenish blue colonies
and when subsequently subcultured on the same medium at 37o C for 72 hours, green discrete
colonies were observed. Similarly, Lee (2007) observed features of colour change in Kodamaea
ohmeri, a yeast species during a period of incubation in the laboratory. In addition, Horvath
(2003) and Hospenthal (2002) described different colonial morphologies resembling C. krusei or
C. albicans for C. rugosa on CHROMagar. However, the four C. rugosa isolates in this study
maintained their characteristic dry colonies of a brilliant greenish blue colour with a pale or
white border throughout the three subsequent subcultures during the laboratory investigation.
These observations highlight the possible shortfalls of chromogenic medium in identifying a
specific emerging Candida species. Several molecular studies have shown that phenotypic
characteristics may vary among strains of a single species and that different species may share
phenotypic profiles (Kurtzman et al., 2011; Suh et al., 2006). In addition, new species cannot be
accurately described without sequence analysis since this analysis provides a more objective
separation of species than the standard phenotypic methods (Desnos-Ollivier, 2008; Tavanti et
al., 2005). DNA based identification methods involving gene sequencing analysis offer
practically a universal method for identification of species (Kurtzman et al., 2011).
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Generally, for phylogenetic analysis, species-specific polymorphisms in the non-coding region of
the RNA operon (ITS) offer exact classification of clinically significant yeast. However, the ITS
regions may be limited for definitive identification of some main genera because of possible
blind spots within the ITS regions (Kawamura et al. 1995; Facklam, 2002; Harris & Hartley,
2003). In addition, assigning a particular species or genus to a fungal isolates is debatable due to
the lack of universal agreement about the percentage similarity necessary to assign a specific
sequence (Harris & Hartley, 2003). In addition, misidentified strains put on GenBank can
hamper the interpretation of sequence data (Kawamura et al. 1995; Facklam, 2002; Harris &
Hartley, 2003). However, the ITS region was selected over the other known molecular methods
for the identification of the four (4) discrepant Candida species, even though, ITS regions have
low discriminatory potential within strains of the same species however, this region displays high
sequence variation between species of the same genus (Kurtzman et al., 2011; Mirhendi et al.,
2011).
In summary, I report the isolation and identification of C. rugosa and C. mesorugosa from
clinical samples from a teaching hospital in Ghana. I have also demonstrated that these species
show some resistance to azole drugs especially Fluconazole. To the best of my knowledge this is
the first report of these species from Ghana, or indeed Africa, and these can now be added to the
list of species that can cause candidiasis in this part of the world. Given that these are
morphologically similar to C. albicans, this may lead to difficulties for clinicians both in terms
of accurate identification of the species causing an infection but also in providing an effective
treatment.

250

CHAPTER 7
CANDIDAL VAGINITIS AMONG FEMALE PATIENTS FROM GHANA: THE
PREVALENCE AND ANTIFUNGAL SUSCEPTIBILITY TO THREE DIFFERENT
TRIAZOLES
Abstract
Candidal vaginitis is a type of mucosal candidiasis that affects women in their reproductive age
and causes inflammation of the vagina and the vulva. However, data regarding the antifungal
susceptibility of yeasts causing candidal vaginitis is limited in Ghana.
In this study I evaluate an in vitro antifungal susceptibility of 200 Candida isolates recovered
from female patients presenting for the first time or presenting on two or more occasions with
clinically symptomatic candidal vaginitis at the diagnostic laboratories of Korle Bu, Komfo
Anokye and Tamale teaching hospitals from mid January to April 2012 using epsilometer test
(Etest) for three triazoles: Fluconazole, Itraconazole and Voriconazole antifungal agents. The
minimal inhibitory concentrations (MICs) were determined by the Clinical and Laboratory
Standards Institute (CLSI) interpretive breakpoint for the three triazoles.
Candida species other than Candida albicans were isolated from the vaginal swab (VS)
specimens from both patient groups. Multiple Candida species were isolated from as high as
15% of the VS cultures suggesting mixed infection. The Candida species demonstrated varying
degrees of susceptibility to the three triazoles in both patient groups. However, Itraconazole and
Voriconazole could represent useful substitutes for refractory strains when a particular Candida
isolates fails to respond to Fluconazole. Further analysis conducted with Odd’s ratio suggests
that patients presenting for two or more times are 2.7 times less likely to show susceptibility than
patients presenting for the first time. This study, therefore, highlights the significance of
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definitive species identification and antifungal susceptibility testing in all cases of candidal
vaginitis in our hospitals due to seemingly high resistance isolates found in both patients groups
studied.

Introduction
Candidal vaginitis is one of the most common infections of the lower genital tract of women in
their reproductive age. The infection presents as overgrowth of Candida species in the vaginal
mucosal surfaces (Vazquez & Sobel, 2011; Sobel, 2006). The limited data available suggests that
about 75% of women in their reproductive age suffer at least a single episode of candidal
vaginitis during their lifetime, and in about 50% of these symptomatic women, multiple episodes
of the infection are likely (Vazquez & Sobel, 2011). Worldwide, the incidence of candidal
vaginitis among women in their reproductive age is estimated as 5 − 20% (Vazquez & Sobel,
2011; Achkar & Fries, 2010). However, the infection is yet to be classified as a typical sexually
transmitted infection, even though it affects most women in their reproductive age (Vazquez &
Sobel, 2011; Sobel, 2011). Conversely, candidal vaginitis is an unusual occurrence in
postmenopausal women and young girls, which suggests a positive correlation between hormone
dependence and the infection (Achkar & Fries, 2010; Sobel, 2006; Howard & Kent, 1991).

Candidal vaginitis affects both immunosuppressed and immunocompetent women of all races
worldwide, but predominantly affects women from developing countries, and accounts for about
a third of the vaginitis cases reported at obstetric and gynaecological units of most hospitals
(Achkar & Fries, 2010; Sobel, 2011). These women have great suffering in relation to cost of
treatment and markedly, a negative effect on their sexual relationships (Achkar & Fries, 2010;
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Sobel, 2006; Foxman, 1990). Penile colonisation is four times more common among male
partners of women suffering from candidal vaginitis even though Corsello et al. (2003) reported
a low prevalence rate among the sexual partner of patients presenting with recurrent candidal
vaginitis. Infected partners mostly carry similar Candida strains suggesting a sexual spread
(Achkar & Fries, 2010; McClelland et al., 2009).

Predisposing risk factors of candidal vaginitis infection in most instances are not known and a
majority of women who present with recurrent candidal vaginitis infection have no specific
identifiable risk factors (Achkar & Fries, 2010; Sobel, 2011; Vazquez &Sobel, 2011). However,
the likelihood of developing infection increases with pregnancy (Achkar & Fries, 2010; Vazquez
& Sobel, 2011; Cotch et al., 1998), the use of oral contraceptives (McClelland et al., 2009;
Camacho et al., 2007), antibiotics (Sobel, 2011) and immune disorders, and suppression therapy
(McClelland et al., 2009; Sobel, 2006). In addition, other authors have reported that poorly
controlled diabetes in women (Nyirjesy & Sobel, 2013; Nyirjesy et al., 2014; de Leon et al.,
2002), douching, thyroid disorders, corticosteroid effects, vaginal glycogen concentration,
receptor status of vaginal epithelia, sexual behaviour (Rimoin et al., 2015; Reed et al., 2003) and
HIV infection (Brown et al., 2012a; Duerr et al., 2003) are also possible contributors to an
infection and indeed candidal vaginitis (Vazquez & Sobel, 2011). These predisposing factors
may affect hormonal influences and alter the vaginal pH in the host patient, thus enhancing the
growth of Candida species (Rimoin et al., 2015; McClelland et al., 2009; Vazquez & Sobel,
2011; Tatfeng et al., 2004). Clinically, the foremost symptoms are characterised by discharge,
which is typically described as thick, adherent, and “cottage cheese-like” associated with vulva
pruritis. Some patients may present other symptoms such as vulvovaginal burning, suprapubic
pain, external dysuria, soreness, irritation, dyspareunia, or vulva eodema (Sobel, 2011; Vazquez
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& Sobel, 2011; Achkar & Fries, 2010). Conversely, vaginal discharge, which is a foremost
characteristic symptom experienced by most patients presenting with candidal vaginitis can also
be linked with several other infections, such as bacterial vaginosis, trichomoniasis, Chlamydia
and gonococcal infections (Achkar & Fries, 2010; Anderson et al., 2004; Sobel, 2011).
Most cases of candidal vaginitis are caused predominantly by C. albicans but sometimes by
other non-albicans Candida species (Sobel, 2011). However, recurrent candidal vaginitis is
either caused by similar C. albicans strains or wholly a new Candida species; thus the treatment
of women with recurrent infections can be a challenge (Vazquez & Sobel, 2011; Sobel, 2006).
The incidence of candidal vaginitis caused by non- albicans Candida species is increasing
worldwide (Nyirjesy & Sobel, 2013; Vazquez & Sobel, 2011; Sobel, 2011; Landers et al., 2004).
Candida glabrata is the most predominant among the non-albicans Candida species that have
been implicated in candidal vaginitis (Vazquez & Sobel, 2011; Sobel, 2006; Nyirjesy et al.,
1995. The increasing cause of candidal vaginitis particularly by non-albicans Candida species is
attributed to several factors, which include the growing use of over-the-counter antifungal
agents, and an increasing number of high-risk patients such as diabetic patients. Certain types of
patient may experience higher risks of the infection caused by these non-albicans Candida
species (McClelland et al., 2009; Nyirjesy & Sobel, 2013; Sobel, 2011). Candida glabrata was
found to be the main aetiological agent isolated in diabetics and the aged presenting with
candidal vaginitis, accounting for about 61.3% and 51.2% of infections respectively (Bader et al.,
2004; Goswami et al., 2006; Sobel, 2011).
Furthermore, distinguishing between candidal vaginitis caused by C. albicans and other Candida
species is an arduous task, because the clinical presentation of candidal vaginitis caused by these
different species is indistinguishable from each other (Vazquez & Sobel, 2011; Sobel, 2011;
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Sobel, 2006). The only distinction between C. albicans and other non-albicans Candida species
could sometimes be seen in their varying antifungal susceptibility profiles, in which C. albicans
is expected to be highly susceptible (Sobel, 2006) whereas the non-albicans Candida species
sometime pose a challenge due to their seemingly high resistance and elevated MICs to some
antifungal agents (Pfaller et al., 2012b; Richter et al., 2005). The varying susceptibility trend
exhibited by these species towards some antifungal agents has emphasised the need to identify
the species involved and examine their antifungal susceptibility trend to establish the possible
emergence of resistant strains among Candida species, if any (Sobel, 2011; Eggimann et al.,
2003; Sanglard & Bille, 2002).
Accurate identification of aetiological agent in this infection has relevant clinical inferences, in
that it will help in selection of appropriate or alternative antifungal agents for effective patient
management to avert complication and the emergence of resistance strains (Vazquez & Sobel,
2011; Pfaller et al., 2009b; Sanglard & Bille, 2002).
Treatment of fungal infections with antifungal agents presents a challenge because such
antifungal agents are toxic to both the fungi and humans due to the similarities in these two types
of eukaryotic cell (Walsh et al., 2000). Thus, antifungal susceptibility testing is essential.
However, the threshold of useful licensed antifungal agents remains limited, regardless of the
resistance among the increasing number of opportunistic fungal pathogens caused by nonalbicans Candida species, Candida resistance isolates and other emerging fungal species. The
efficacies of these limited antifungal agents are lessened by the high resistance exhibited by these
fungal pathogens (Pfaller et al., 2014; Walsh et al., 2000; Georgopapadakou, 1998; White et al.,
1998).

255

Types of antifungal agents
There are four classes of systemic antifungal compounds currently in clinical use and a fifth
emerging/novel antifungal agent (Georgopapadakou, 1998; Pasqualotto et al., 2010; Smita &
Falguni, 2012). Classical examples of these antifungal agents are the polyene antifungal agents
(Amphotericin B and its three lipid formulations); the azole derivatives (Imidazoles and
Triazoles); the allylamines/thiocarbamide (Terbinafine); the fluoropyrimidine (5-Fluorocytosine)
and the Echinocandins (Caspofungin, Micafungin, and Anidulafungin). The current antifungal
agents available have a small number of binding targets and mechanisms of action which
include: ergosterol biosynthesis, nucleic acid synthesis, and cell wall synthesis (Pasqualotto et
al., 2010; Smita & Falguni, 2012; Georgopapadakou, 1998; Walsh et al., 2000).

Mechanism of action for the antifungal agents
The polyene, the azole, and the allylamine antifungal agents target ergosterol the major sterol in
the fungal cell plasma membrane. Sometimes these three systemic antifungal agents also affect
other biological functions (polyenes) or biosynthesis of mammalian sterols (azole, allylamines)
thus affecting the host’s immune response (Roilides et al., 2002). However, the Fluoropyrimidine
and the novel antifungal agent, Echinocandin and the Pneumocandins have other targets
(Georgopapadakou, 1998; Pasqualotto et al., 2010; Smita & Falguni, 2012). Fluoropyrimidine
achieves its specificity by selective conversion to toxic intermediate through a converting
enzyme, which is not present in mammalian cells (DiDomenico, 1999). The Echinocandin and
the Pneumocandins target the β-(1, 3)-glucan synthase in the fungal cell wall (Rogers, 2006).
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The polyenes increase the aggregation, adherence and fungicidal actions of polymorphonuclear
leukocytes (PMN’s) (Pasqualotto et al., 2010; Smita & Falguni, 2012; Georgopapadakou, 1998 ).
Polyene antifungal agents are fungicidal and have a wide spectrum of activity expected of any
clinically effective antifungal agent (Pasqualotto et al., 2010; Smita & Falguni, 2012;
Georgopapadakou, 1998). Amphotericin B is the only systemic polyene in clinical use, which
has both acute and chronic hepato-toxicity (Pasqualotto et al., 2010; Smita & Falguni, 2012;
DiDomenico, 1999; White et al., 1998). Over the years, Amphotericin B was the first choice of
antifungal agent for therapy. However, its use as a therapeutic agent in recent times is limited by
its well-known hepato-toxic effects and the possible emergence of Amphotericin B resistance in
some fungal isolates including C. lusitaniae, which has primary and secondary resistance against
Amphotericin B (Pfaller et al., 2012d; Tiraboschi et al., 2000), C. guilliermondii (Pfaller et al.,
2006), C. krusei (Pfaller et al., 2007b) C. rugosa (Pfaller et al., 2014) and Trichosporon species
(Iturrieta-Gonzalez, et al., 2014; Colombo et al., 2011).
The ergosterol biosynthetic pathway is disrupted by the enzyme squalene epoxidase because of
the allylamine antifungal agent therapy. This class of antifungal agents is fungicidal in nature
and has a wide spectrum of in-vitro activity (Pfaller et al., 2012b; Georgopapadakou, 1998). The
only systemic antifungal agent in clinical use is the Terbinafine. However, it has limited clinical
effectiveness, due to its lessened pharmacokinetics hence Terbinafine is infrequently use in
hospitals (Pasqualotto et al., 2010; Smita & Falguni, 2012; Pfaller et al., 2012b ).
A classical example of the fluoropyrimidine antifungal agent in clinical use is 5-Fluorocytosine
(5-FC). It is fungicidal and inhibits nucleic acid synthesis but has a limited spectrum of activity
against fungi (Dismukes, 2000).
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The Echinocandin, Pneumocadin and Papulacandin are the latest novel class of antifungal agents.
They are natural products and derivatives of fatty acid, cyclic hexapeptides. They disrupt β-(1,
3)- glucan synthesis resulting in disturbance of the fungal cell wall (Georgopapadakou, 2001;
Chen et al., 2011; Pfaller, 2012b). The current approved systemic agent in use at the clinic are
Caspofungin, Micafungin and Anidulafungin; these antifungal agents are fungicidal, which have
minimal toxicity to the host (Georgopapadakou, 2001; Chen et al., 2011; Pfaller, 2012b).
The azoles inhibit cytochrome P450 and lanosterol demethylase in the ergosterol biosynthesis
pathway (Pfaller, 2012b; Pasqualotto et al., 2010; Smita & Falguni, 2012) . The azoles decrease
ergosterol formation but build-up intermediate products in the ergosterol biosynthesis pathway,
which interrupt the structure of the cell membrane and modify the activity of some membranebound enzymes (Pfaller at al., 2012b; Pasqualotto et al., 2010; Smita & Falguni, 2012). These
alterations may disturb the hormone-like processes in the cell cycle (Pasqualotto et al., 2010;
Smita & Falguni, 2012; White et al., 1998). The azoles also hamper chemotaxis and superoxide
production in the fungal cell (Pasqualotto et al., 2010; Smita & Falguni, 2012; Johnson et al.,
1995). The azoles are totally synthetic and are the most rapidly expanding group of antifungal
agents in use (Smita & Falguni, 2012; Pfaller et al., 2012b, 2007; Georgopapadakou, 1998).
They are categorised into imidazoles and triazoles, based on whether these azoles have three
nitrogens in the 5-membered azole ring (Smita & Falguni, 2012; Georgopapadakou, 1998). The
imidazoles include: Econazole, Clotrimazole, Miconazole, Ketoconazole and Butaconazole. The
imidazoles are approved for topical use whereas the triazoles are for systemic use. The triazoles
include: Fluconazole, Itraconazole, Posaconazole and Voriconazole (Pfaller at al., 2012b;
Pasqualotto et al., 2010; Smita & Falguni, 2012).
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The triazoles are water-soluble and have about 90% bio-availability after oral dispensation
(Pfaller at al., 2007; 2012b; Smita & Falguni, 2012; Georgopapadakou, 1998). However, these
systemic azoles may cause transient endocrine side effects such as visual disturbances, liver
enzyme abnormalities, skin rashes, decrease in testosterone and glucocorticoid levels due to the
ability of the azoles to interact with mammalian cytochrome P450 (Pfaller et al., 2012b; Smita &
Falguni, 2012; DiDomenico, 1999). Systemic triazoles were selected for this study over topical
imidazole antifungal agents because they are easy to dispense.
Fluconazole, Itraconazole and Voriconazole are certified for the short-term oral treatment of
candidal vaginitis (Pfaller et al., 2012b; Smita & Falguni, 2012). In addition, Voriconazole has
been approved by FDA to treat serious infections caused by unusual rare fungi, and has broad
spectrum pharmacokinetic activity against opportunistic fungal pathogens including yeast
(Candida species, Cryptococcus neoformans) and moulds (Aspergillus Fusarium, Zygomycetes
and Scedosporium species) (Barchiesi et al., 2000; Espinel-Ingroff et al., 2010). These three
triazoles have good safety and efficacy data (Pfaller et al., 2012b; Smita & Falguni, 2012),
therefore these were selected for this study.

Pharmacological half-life of the three triazoles
Fluconazole is a bistriazole antifungal with a half-life of 30 hours in adults and 15 hours in
children (David & Stevens, 2012; Karonen et al., 2011; Rex et al., 2001). This antifungal agent is
the first choice of antifungal agent for most patients presenting with candidal vaginitis (David &
Stevens, 2012; Karonen et al., 2011; Rex et al., 2001).
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Itraconazole has a complex, nonlinear pharmacological behaviour and a terminal half-life of 60
hours (Karonen et al., 2011; Moriyama et al., 2011; Pfaller et al., 2007b). For Voriconazole the
major benefit is the concentration-dependent fungicidal activity exhibited against the most
susceptible fungi. For intra-veinous and oral administration it has a half-life of 5.29 − 8.15 hours
and 4.71 − 7.21 hours respectively (Karonen et al., 2011; Moriyama et al., 2011; Pfaller et al.,
2007b).
The clinical effect of antifungal therapy depends on the susceptibility of the pathogen to a given
agent (Pasqualotto et al., 2010; Smita & Falguni, 2012; Pfaller et al., 2007b; Georgopapadakou,
1998). The drug susceptibility has to be measurable and reproducible in vitro in order to
ascertain the outcome of the susceptibility trend of the drug when directed against a particular
pathogen (Pfaller et al., 2007b; Reyes & Ghannoum, 2000). Drug susceptibility/resistance can be
calculated as the MIC (minimal inhibitory concentration) that inhibits the growth of the organism
under consistent in vitro test conditions (CLSI, 2008; Reyes & Ghannoum, 2000). Among the
available antifungal agents in use, most of the systemic antifungals do not readily satisfy the
medical need wholly. There are drawbacks in terms of spectrum, potency, safety and
pharmacokinetic properties (Pfaller et al., 2012b; Pasqualotto et al., 2010; Smita & Falguni,
2012; Georgopapadakou, 1998). Furthermore, there are reports of increasing resistance to the
Echinocandin, the azoles and the polyene antifungal agents among some Candida species.
Resistance to azoles, particularly Fluconazole is emerging in C. albicans after long term
suppressive therapy in the immunocompromised and also in HIV-infected patients for long-term
oropharyngeal candidiasis therapy (Pfaller et al., 2012b; Smita & Falguni, 2012).
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Resistance to antifungal agents
From a clinical perspective the progression of an infection regardless of appropriate drug therapy
is referred to as drug resistance (Pfaller et al., 2007a). Development of resistance through natural
selection is a known evolutionary process which depends on genetic variability (Pfaller et al.,
2012b; Smita & Falguni, 2012). The evolutionary process of gene flow helps in the spread of
resistant strains among hosts (Pfaller et al., 2012a; Levin et al., 1999;Pasqualotto et al., 2010;
Smita & Falguni, 2012). Exposure to antimicrobial agents typically promotes the development of
drug resistance in all pathogenic microorganisms, including fungi.
Display of drug resistance in both host and pathogen is intricate, in that it involves the interplay
of several factors, which affect the clinical outcome of antifungal therapy (Pfaller et al., 2012b;
Smita & Falguni, 2012; Rossoni et al., 2014). Some of the factors include: patient compliance,
immune status, host adherence to the antifungal agents and drug-drug interactions; whereas
factors inherent to the organism include pharmacokinetics and biofilm formation that partly
contribute to resistance (Smita & Falguni, 2012; Rossoni et al., 2014).
Antifungal drug resistance is either innate or acquired, and is classified as either primary or
secondary microbial resistance (Pfaller et al., 2012b; Silva et al., 2012). Inherent or primary
resistance is found among microorganisms without previous exposure to the drug in use whereas
acquired or secondary resistance depends on alteration in the gene expression in the isolate,
which was previously susceptible but has developed resistance after exposure to an antifungal
agent (Pfaller et al., 2012a; Pfaller et al., 2012b; Silva et al., 2012).
There are reports of emerging or increasing resistance notably among C. albicans, C. glabrata,
C. tropicalis and C. parapsilosis to the systemic triazole antifungal agents (Silva et al., 2012;

261

Pfaller et al.,2012b). Among Candida species, C. krusei is primarily or innately resistant to
Fluconazole (Pfaller et al., 2012b) whereas secondary resistance may be acquired in other
Candida species, particularly C. glabrata, which can develop secondary resistant to Fluconazole
(Silva et al., 2012; Pfaller et al., 2007a; Pasqualotto et al., 2010; Smita & Falguni, 2012). Some
C. tropicalis strains are innately resistant to the newer version of azole drugs especially
Voriconazole and the Echinocandins (Pfaller et al., 2012b; Silva et al., 2012). Therapeutically,
0.6% of C. albicans are known to be resistant to common antifungal agents compared to the high
percentage of 30.7% of C. glabrata isolates that are known to be resistant (Silva et al., 2012;
Hazen et al., 2003). The high resistance exhibited among the Candida isolates of these two
species that are considered as true vaginopathic agents is of clinical significance.
Furthermore, resistance to azoles may occur due to alteration in drug target 14α-demethylase.
This change may result in mutants that affect the drug binding site even though do not affect
binding of the endogenous substrate though decreased affinity towards azoles may be oserved.
Changes in sterol biosynthesis may occur as a result of abrasions in the Δ5,6 desaturase and may
lead to accumulation of 14 α-methyl fecosterol instead of ergosterol (Strzelczyk et al., 2013; Xu
et al., 2008). Reduction in the intercellular concentration of the target enzyme may also occur as
a result of alterations in membrane lipid and sterols, and overexpression of exact drug efflux
pumps (CDR1, PDR5 AND BEN1). Poor penetration throughout the fungal membrane may
results from active drug efflux pumps (Pfaller et al., 2012b; Xie et al., 2014; Nigam, 2015).
Overexpression of antifungal drug target influencing cross-resistance between Fluconazole and
Itraconazole occurs as a result of increased number of the target enzyme, which may results in
increased ergosterol synthesis (Strzelczyk et al., 2013; Xu et al., 2008; Smita & Falguni, 2012;
Xie et al., 2014).
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Heteroresistance is defined as the capacity of a sub-population to adjust to higher concentrations
of the drug in a continuous concentration gradient, resulting in a homogeneous resistant subpopulation within the population (Varma & Kwon-Chung, 2010). This adaptive reaction is
inducible and may be reversed with reduction in the concentration of drug in contact with the
isolate or could be stable (Plipat et al., 2005; Sionov et al., 2009). It is possible to attain a pure
culture of resistant cells by selective pressure. However, a totally susceptible population is
unattainable (Sionov et al., 2009). Demonstration of heteroresistance with Fluconazole levels
ranging from 16 – 128 μg/ml was reported in 16 clinical strains of C. neoformans obtained from
AIDS patients with the presence of resistant subpopulations at a frequency of 0.3 − 10% at each
specified drug concentration (Sionov et al., 2009). The increased resistance among Candida
isolates may lead to early empirical use of Amphotericin B or newer antifungal agents, thereby
exposing patients to significant toxicity or increased medical costs (Espinel-Ingroff et al., 2010;
Pfaller et al., 2012b). Thus, adequate identification of all Candida species during an infection is
essential.

Antifungal susceptibility testing techniques
In spite of a well-defined testing protocol established in the CLSI document (CLSI, 2008), in
vitro susceptibility tests have fundamental short-comings in predicting the clinical therapeutic
outcome in patients, even though the test guides against the selection of antifungal agents
(Pfaller et al., 2012b; Pasqualotto et al., 2010; Smita & Falguni, 2012). Treatment failures and
successes in patients have been seen with isolates for which MICs were low or high (Pfaller et
al., 2012b; Pasqualotto et al., 2010; Silva et al., 2012; Smita & Falguni, 2012).
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Several commercial antifungal testing systems are now easily accessible. However, their
performances differ (Pfaller et al., 2006). The Sensititre Yeast-One system for the in vitro
susceptibility testing of Candida species against Fluconazole, Itraconazole, and Flucytosine is a
typical example of antifungal susceptibility tests (Pfaller et al., 2003; Pfaller et al., 2006). The
Yeast-One system is a colorimetric BMD panel test that contains Amphotericin B and
Voriconazole for antifungal susceptibility testing (Pfaller et al., 2006). Other approved antifungal
susceptibility tests comprise macro and micro broth dilution tests, disc diffusion and agar
dilution (CLSI, 2008; Pfaller et al., 2006, Pfaller et al., 2003). These methods continue to be the
standard techniques for antifungal susceptibility testing and they give inter-laboratory
reproducibility of results (Rex et al., 2001). In addition, performing antifungal susceptibility
testing is more effective than before the publication of the MIC interpretive breakpoint criteria
by CLSI for some triazoles and imidazoles (CLSI, 2008). Most of the antifungal susceptibility
tests give an estimation of the MIC value within a two-fold dilution gradient (Barry et al., 2000).
However, several factors such as media, buffer, inoculum, incubation time and end point
determination can affect results considerably (Espinel-Ingroff et al., 2010; Pfaller et al., 2007b).

Epsilometer test (Etest) antifungal susceptibility test
The Etest was selected for this study because of the drawbacks of the other reference methods for
yeast susceptibility testing. One potential drawback of the Etest is systematic bias toward higher
or lower MICs when certain antimicrobial agents are tested against a number of microorganisms
(Gupta et al., 2015; Deburgogne et al., 2012; Jorgensen & Turnidge, 2007; Prakash et al., 2008).
In the present study, the Etest stable gradient agar test was selected because it is simpler to
perform and provides outstanding performance for testing Candida species against a several

264

antifungal agents than the micro and macro-dilution methods. Furthermore, the Etest is suitable
for routine laboratory analyses and ideal for quantitative antifungal susceptibility test using
selected antifungal agents during an epidemiological study. In addition, the test has the
advantage of inter-laboratory reproducibility and specialised equipment or training is not needed
(Barry et al., 2000; Fleck et al., 2007; Pfaller et al., 2012b).
The Etest is a quantitative variant of the disk diffusion method and preserves the principle of the
agar diffusion method (Arendrup et al., 21012; Tewari et al., 2012; Pinto et al., 2014). This
technique has demonstrated exceptional flexibility in testing several fastidious and non-fastidious
organisms, including bacteria, yeasts, and moulds (Arendrup et al., 21012; Pinto et al., 2014;
Bourgeois et al., 2014). The quantitative MIC readings are accurate since the Etest strip contains
a predefined continuous and exponential antifungal gradient on one side and a graded continuous
MIC scale that covers 15 two-fold dilutions on the opposite side of the strip to estimate the MIC.
The results generated by the Etest have positively correlated with those of the more taxing
reference methods (Arendrup et al., 21012; Pinto et al., 2014; Bourgeois et al., 2014). However,
with these standardised susceptibility-testing approaches, MIC is occasionally not predictive of
clinical outcome (Pfaller et al., 2010).

Significance and impact of the study
Candidal vaginitis effective therapeutic control measures depend on precise diagnosis,
administration of species-specific therapy and patients’ compliance. The prevalence of C.
albicans as the most common implicated aetiological agent in candidal vaginitis symptomatic
patients is being replaced by more innately azole-resistant species (Sobel 2011; Vazquez &
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Sobel, 2011), which differ in their susceptibility to the antifungal agents in use. In addition,
concerns for growing resistance to the first-line antifungal agents may result in empirical
treatment of patients with advanced or newer antifungal agents in clinical practise, thus exposing
patients to significant hepatotoxic effect from the antifungal agents or increased hospital costs
(Pfaller et al., 2012b; Pasqualotto et al., 2010; Silva et al., 2012; Smita & Falguni, 2012). In
addition, recurrent candidal vaginitis in most instances is due to relapse and inadequate treatment
of the aetiological agent involved as a result of it being misidentified. Thus, definitive diagnosis,
isolation and identification of the aetiological agent involved in candidal vaginitis is not only
important from an epidemiological perspective, but will guide the choice of antifungal agents for
effective therapeutic purposes and also help to track the emergence of antifungal resistant strains
during epidemiological surveillance (Sobel, 2011; Ellepola & Morrison, 2005; MacGowan &
Wise, 2001). Furthermore, antifungal susceptibility testing of vaginal Candida isolates had been
conducted in several studies but only a few studies have focused on the distinction of patients
presenting for the first time and patients presenting for two or more occasions with candidal
vaginitis within a year.

Aim
The purpose of this study was to determine the prevalence, species distribution and the
quantitative in vitro antifungal susceptibility trends of Candida isolates from patients presenting
for the first time compare to patients presenting for two or more occasions with vaginal
discharge at three teaching hospitals in Ghana using the Etest stable gradient agar test approved
by CLSI for the three triazoles antifungal agents: Fluconazole, Itraconazole and Voriconazole.
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Objectives
1.

To determine the spectrum of Candida species distribution between patients presenting
with candidal vaginitis for the first time and patients presenting with candidal vaginitis
for two or more occasions.

2.

To determine the in vitro antifungal susceptibility trend for the 200 vaginal Candida
isolates recovered from both patient groups from three teaching hospitals in Ghana.

Hypotheses
1. The species type will not vary between patients presenting with candidal vaginitis for two
or more occasions and patients presenting with candidal vaginitis for the first time.
2. The susceptibility trend will not vary between the two patients groups.

Research questions
•

Is there a significant difference in the MIC readings between a 24-hour and a 48-hour
incubation period?

•

What is the species type variation between patients presenting with candidal vaginitis for
the first time and patients presenting for more than one occasion?

•

What is the percentage susceptibility trend or variation between the two patient groups?

•

What factor does the host play in the antifungal susceptibility trend?
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Methods
Study site
Isolates were collected from Korle Bu, Komfo Anokye and Tamale teaching hospitals in Ghana
between mid-January and April 2012.

Inclusion criteria
Isolates were taken from patients presenting with vaginal discharge with symptoms like cheesy
discharge, irritant dermatitis along labia majora, vulvar vestibulitis or itching.

Demographic data
Demographic and clinical data were recorded on a laboratory form as described earlier in
Chapter 2.

Sample collection
Sterilised speculum and a plain cotton tipped swab were used to collect the vaginal swab (VS)
specimens from symptomatic patients reporting at the various hospitals. A sample from the
lateral vaginal wall from each patient was obtained and examined microscopically by wet mount
preparation. The samples were subsequently cultured on SDA within 24 hours of collection and
identified as described earlier in Chapter 2.
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Sample size
A total of 200 vaginal Candida isolates were assayed for in vitro antifungal susceptibility using
the Etest stable gradient agar test. 57.5% of these were from patients presenting with vaginal
discharge for the first time and 42.5% were from patients who had presented on two or more
previous occasions with vaginal discharge. These were categorised as having recurrent candidial
vaginitis from the diagnostic laboratories of three teaching hospitals.

Screening and identification of Candida isolates
All the VS Candida isolates were first identified at the participating institutions with the routine
method used in their respective laboratories. However, further species identification was done in
University of Canterbury, Christchurch, New Zealand as described earlier in Chapter 2. Candida
isolates were maintained in 1:1w/v Potato dextrose and glycerine broth and then stored at –80° C
in cryo vials (Pro-Lab Diagnostic, Toronto, Canada) until needed. The Candida isolates
comprised of 108 C. albicans, 43 C. glabrata, 34 C. parapsilopsis, eight C. tropicalis and seven
C. krusei. Fifteen percent of the Candida isolates originated from mixed infection as previously
described (Adjapong et al., 2014).

Purity and viability of Candida isolates
All the Candida isolates were retrieved from –80° C prior to the test. Each isolate was
subcultured onto SDA to ensure its viability and purity before the antifungal susceptibility test
was conducted.
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Standard strains
Candida albicans ATCC 90028, 10231, C. parapsilosis ATCC 22019 and C. krusei ATCC 6258
from the American Type Culture Collection were used as controls as per recommendation (CSLI,
2008; Barry et al. 2000). All media used were from Oxoid Limited, Basingstoke, UK unless
otherwise specified and reagents were from Invitrogen life technologies, Australia.

The epsilometer test antifungal test strips
Fluconazole, Itraconazole and Voriconazole antifungal test strips were purchased from
bioMe´rieux SA 69280 (Marcy I’Etoile, France). The concentration gradient for Itraconazole and
Voriconazole ranged from 0.002 − 32 µg/ml. For Fluconazole the concentration gradient ranged
from 0.016 − 256 µg/ml. These ready to use test strips were stored at 4o C until used, but once
the strip kit was openedit was kept in a dessicator following to the manufacturer’s instructions.

Antifungal susceptibility testing
Inoculum suspension preparation
Yeast inoculum suspensions were prepared as described in the CLSI M27-A3 document (CLSI,
2008). The initial inoculum suspension was prepared by aseptically collecting discrete colonies
from an overnight culture on an SDA plate for each Candida isolate with a sterile loop. Briefly, a
pool of fresh overnight culture of Candida cells was homogenised in 5 ml of sterile saline
solution (0.85% NaCl) and cells were adjusted using a spectrophotometer to provide a starting
inoculum of 1 x 104 – 5 x 104 cells/ml to give a turbidity equivalent to that of a 0.5 McFarland
standard scales.
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Inoculation of agar plates
Fluconazole, Itraconazole and Voriconazole were used against Candida isolates in order to test
the antifungal susceptibility of the three triazoles. The Etest stable gradient agar test was
performed in duplicates according to the manufacturer’s instructions. The culture medium for the
antifungal test was RPMI 1640 (Sigma, USA) supplemented with 2% (w/v) glucose, buffered to
pH of 7.0 with 0.165M morpholinepropanesulfonic acid (MOPS) (Sigma, USA) with 2% (w/v)
agar (Appendix 3). The RPMI agar plate was inoculated by dipping a non-toxic sterile cotton
swab into the inoculum adjusted spectrometrically to the turbidity of 0.5 Mc Farland standard,
and subsequently streaking the entire surface of the plate with a non-toxic swab, in three
directions. The excess moisture on the surface of the agar was air-dried for 15 minutes in a biosafety hood and then the Etest strips were firmly applied onto the surface of the inoculated
plates. The plates were incubated at 35o C with readings taken after 24 and 48 hours. All the
inoculated plates yielded greater than 1000 colony forming units or semi-confluent growth. Then
the plates were visually examined and MIC endpoint was measured as the point where the
inhibition ellipse intersected the Etest strip gradient scale and they were estimated using the
CLSI interpretive breakpoint for antifungal susceptibility for the three triazoles. Slight trailing
growths around the inhibition zone were ignored.

Data analyses
All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS)
version 17.0 for windows (SPSS Inc., Chicago, Il, USA). The Pearson’s chi-square test was used
for analyses. The threshold for statistical significance was set at P < 0.05.
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Results
The reference medium RPMI 1640 supported significant growth after a 24-hour incubation
period and MICs for about 95% of isolates were obtained. However, a 48-hour incubation period
was needed for a few of the Candida species, in which the growth rate was slow. MIC readings
were taken at the 24-hour period of incubation since the test showed no statistically significant
difference between 24 and 48-hour MIC values (χ2 = 3.082, df = 1, P = 0.079) and the difference
did not affect the categorisation of the CLSI antifungal interpretive breakpoint in this study.
The susceptibility test results for each of the five species tested are presented in Table 30.
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Table 30: CLSI antifungal susceptibility interpretive MIC breakpoints (µg/ml) for Fluconazole, Itraconazole and Voriconazole, S =
susceptible, S-DD = susceptible dose-dependent, R = resistant
Fluconazole
24 Hours
Species type
C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Total

24 Hours
Species type
C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Total

First time
Total
number
isolates
67
22
18
3
5
115

MICs
of S
(≤ 8µg/ml)
47
13
15
3
0
78

Two or more times
MICs
Total
number
of S
isolates
(≤8µg /ml)
41
13
21
7
16
7
5
1
2
0
85
28

% MICs
S-DD
(16-32 µg/ml)
6
1
1
0
0
8

R
(≥ 64µg/ml)
14
8
2
0
5
29

%S
70.1
59.1
83.3
100
0
67.8

% S-DD
9
4.5
5.6
0
0
7.0

%R
20.9
36.4
11.1
0
100
25.2

% S-DD
14.6
14.3
18.8
20
50
16.5

%R
53.7
52.4
37.5
60
50
50.6

% MICs
S-DD
(16-32 µg/ml)
6
3
3
1
1
14
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R
(≥ 64µg/ml)
22
11
6
3
1
43

%S
31.7
33.3
43.8
20
0
32.9

Itraconazole
24 Hours
Species type
C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Total

24 Hours
Species type
C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Total

First time
Total
number
isolates
16
9
2
0
5
32

MICs
of S
(≤ 1 µg/ml)
12
4
0
0
1
17

Two or more times
MICs
Total
number
of S
isolates
(≤ 1µg/ml)
20
9
10
6
6
2
3
2
1
1
40
20

% MICs
S-DD
(>1-2 µg/ml)
0
0
0
0
0
0

R
(≥ 4 µg/ml)
4
5
2
0
4
15

%S
75
44.4
0
0
20
53.1

% S-DD
0
0
0
0
0
0

%R
25
55.6
100
0
80
46.9

% S-DD
20
0
0
0
0
10

%R
35
40
66.7
33.3
0
40

% MICs
S-DD
(>1-2 µg/ml)
4
0
0
0
0
4

274

R
(≥ 4µg/ml)
7
4
4
1
0
16

%S
45
60
33.3
66.7
100
50

Voriconazole
24 Hours
Species type
C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Total
24 Hours
Species type
C. albicans
C. glabrata
C. parapsilosis
C. tropicalis
C. krusei
Total

First time
Total
number
isolates
16
9
2
0
5
32

MICs
of S
(≤ 1µg/ml)
9
5
0
0
3
17

Two or more times
MICs
Total
number
of S
isolates
(≤ 1µg/ml)
20
6
10
3
6
5
3
3
1
1
40
18

% MICs
S-DD
(>1-2µg/ml)
0
0
1
0
0
1

R
(≥ 4µg/ml)
7
4
1
0
2
14

%S
56.2
55.6
50
0
60
53.1

% S-DD
0
0
0
0
0
3.1

%R
43.8
44.4
50
0
40
43.8

% S-DD
20
50
0
0
0
22.5

%R
50
20
16.7
0
0
32.5

% MICs
S-DD
(>1-2µg/ml)
4
5
0
0
0
9
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R
(≥ 4µg/ml)
10
2
1
0
0
13

%S
30
30
83.3
100
100
45

Overview of Fluconazole susceptibility
A varying susceptibility trend to Fluconazole was observed among all the Candida species
recovered from patients presenting with candidal vaginitis on two or more occasions (Table 30).
There was a statistically significant difference in the susceptibility trend between Candida
isolates recovered from patients presenting for the first time and Candida isolates recovered from
patients presenting with candidal vaginitis on two or more occasions (χ2 = 45.019, df = 1, P
<0.001). The overall Fluconazole MICs for the Candida isolates for the two patient groups
ranged from 0.125 − 256 µg/ml for patients presenting for the first time and 0.19 – 256 µg/ml for
patients presenting with candidal vaginitis on two or more occasions.
Across all of the 200 Candida isolates, 53% were susceptible to Fluconazole with MICs of ≤ 8
µg/ml, 11% showed S-DD with MICs range of 16 − 32 µg/ml and resistance to Fluconazole was
observed in 36% of the isolates with MICs of ≥ 64 µg/ml according to the CLSI standard.
All C. tropicalis isolates from patients presenting for the first time were highly susceptible to
Fluconazole with MICs ranging from 0.5 − 1.5 µg/ml. The susceptibility pattern therefore
contrasts with the susceptibility trend of C. krusei where all the C. krusei isolates from patients
presenting for the first time were resistant to Fluconazole with MICs ranging from 64 − 256
µg/ml) (Table 30).
For patients presenting on two or more occasions with candidal vaginitis, there was a sharp
contrast in terms of the susceptibility trend observed in C. tropicalis to that observed in patients
presenting for the first time to Fluconazole; resistance to Fluconazole was greater in patients
presenting on two or more occasions with candidal vaginitis.
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Overall Itraconazole and Voriconazole susceptibility trend observed among the 72
Fluconazole-resistant Candida species from the two patient groups
The 72 Fluconazole-resistant Candida isolates were subjected to Itraconazole and Voriconazole.
Overall, Itraconazole and Voriconazole demonstrated a comparable spectrum of activity among
the Fluconazole-resistant Candida isolates. The Candida isolates comprise of 36 C. albicans, 19
C. glabrata, eight C. parapsilosis, six C. krusei, and three C. tropicalis.

Overall Itraconazole susceptibility pattern for 72 Fluconazole-resistant Candida isolates
Varying susceptibility was observed with Itraconazole with the Fluconazole-resistant Candida
isolates. The overall isolate susceptibility was 51.3%. Resistance to Itraconazole was observed in
43.1% whereas 5.6% showed dose-dependent susceptibility. Candida albicans was highly
susceptible to Itraconazole (Table 30). Notably, the one Fluconazole-resistant C. krusei isolate
recovered from a patient presenting for two or more occasions with candidal vaginitis was
susceptible to Itraconazole. Furthermore, resistance to Itraconazole was observed in all
Fluconazole-resistant C. parapsilosis isolates, which happens to be the most resistant to
Itraconazole among the Candida species from both patient groups (Table 30). Resistance to
Itraconazole was high among Fluconazole-resistant Candida isolates recovered from patients
presenting for the first time with candidal vaginitis. Interestingly, no Fluconazole-resistant
isolates showed S-DD in patients presenting for the first time with candidal vaginitis. There was
no significant difference between the two patients groups in terms of their susceptibility to
Itraconazole (χ2 = 3.4351, df = 4, P = 0.5).
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Overall Voriconazole susceptibility pattern for 72 Fluconazole-resistant Candida isolates
Overall, the 72 Fluconazole-resistant Candida isolates showed varying susceptibility to
Voriconazole. Susceptibility was observed in 48.6% of the Fluconazole-resistant Candida
isolates. Resistance to Voriconazole was observed in 37.5% and 13.9% of the Fluconazoleresistant Candida isolates showed S-DD. Candida krusei was the most susceptible among the
Candida species. Candida parapsilosis was the most resistant among the Candida species, as
shown in Table 30. However, in patients presenting on two or more occasions with candidal
vaginitis, the MICs for C. tropicalis and C. krusei were comparable. All the Fluconazoleresistant Candida isolates from C. tropicalis and C. krusei species were susceptible to
Voriconazole. The one Fluconazole-resistant C. krusei isolate from patients presenting for two or
more occasions with candidal vaginitis was susceptible to Voriconazole and Itraconazole
respectively. However, high resistance to Voriconazole was observed in Fluconazole-resistant C.
albicans (Table 30). Statistically, there was no significant difference between patients presenting
for the first time with candidal vaginitis and patients presenting for two or more occasions with
candidal vaginitis in terms of their susceptibility trend to Voriconazole (χ2 = 5.685, df = 4, P =
0.2). Voriconazole and Itraconazole could be active in Fluconazole-resistant Candida species.

Comparison of individual species between the two patient groups
Candida albicans
There was no statistically significant difference between Fluconazole-resistant C. albicans
isolates from patients presenting with candidal vaginitis for two or more occasions compared to
Fluconazole-resistant isolates recorded in patients presenting for the first time with candidal
vaginitis (χ2 =2.722, df = 1, P = 0.1). The 16 Fluconazole-resistant C. albicans isolates recovered
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from patients presenting for the first time with candidal vaginitis, which were subjected to
Itraconazole and Voriconazole showed 75% and 56.2% susceptibility to the two triazoles
respectively, whereas 25% and 43.8% were resistant to Itraconazole and Voriconazole
respectively. No isolates were S-DD to both Itraconazole and Voriconazole triazoles (Table 30).
The susceptibility trend among the 20 Fluconazole-resistant C. albicans recovered from patients
presenting with candidal vaginitis for two or more occasions, which were subjected to
Itraconazole and Voriconazole, showed varying susceptibility trends to Itraconazole and
Voriconazole respectively (Table 30). Overall, relatively high resistance was recorded in
Fluconazole- resistant C. albicans isolates for the two antifungal agents in patients presenting on
two or more occasions with candidal vaginitis. Itraconazole showed higher activity than
Voriconazole against Fluconazole-resistant C. albicans isolates. Thus, the data demonstrates that
some Fluconazole-resistant C. albicans also have decreased susceptibility to Itraconazole and
Voriconazole. Notwithstanding this, the overall susceptibility of C. albicans isolates among the
other Candida species was high.

Candida glabrata
Of the 43 C. glabrata isolates recovered from both patient groups, susceptibility appeared to be
greater in patients presenting for the first time with candidal vaginitis compared to patients
presenting for two or more occasions with candidal vaginitis because the number of C. glabrata
isolates was too low to do a robust statistical test. Resistance to Fluconazole, and dose-dependent
susceptibility among C. glabrata isolates in patients presenting for two or more occasions with
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candidal vaginitis appeared to be greater compared to C. glabrata isolates in patients presenting
with candidal vaginitis for the first time (Table 30).
The 19 Fluconazole-resistant C. glabrata isolates, which were subjected to Itraconazole and
Voriconazole showed varying susceptibilities (Table 30). There were no S-DD C. glabrata
isolates from patients presenting with candidal vaginitis for the first time. However, for the 10
Fluconazole-resistant C. glabrata isolates from patient presenting with candidal vaginitis on two
or more occasions subjected to Itraconazole and Voriconazole respectively; susceptibility was
greater in Itraconazole compared to Voriconazole. Dose-dependent susceptibility was observed
in 50% of the isolates to Voriconazole. Resistance to Itraconazole and Voriconazole among C.
glabrata isolates from patients presenting with candidal vaginitis for two or more occasions
appeared to be greater compared to resistance among C. glabrata isolates from patients
presenting with candidal vaginitis for the first time (Table 30).

Candida parapsilosis
About 83.3% and 43.8% of the C. parapsilosis isolates recovered from patients presenting for
first time and patients presenting on two or more occasions respectively were susceptible to
Fluconazole. Susceptibility appeared to be greater in patients presenting for the first time with
candidal vaginitis compared to the low susceptibility recorded in patient presenting for two or
more occasions with candidal vaginitis. There was a relatively higher percentage of S-DD
isolates in patients presenting for two or more occasions with candidal vaginitis (Table 30). Of
the two Fluconazole-resistant isolates from patients presenting for the first time with candidal
vaginitis when they were subjected to Itraconazole and Voriconazole, both were resistant to
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Itraconazole while one isolate was resistant to Voriconazole according to the CLSI standard
(Table 30). However, for the six Fluconazole-resistant C. parapsilosis isolates recovered from
patients presenting on two or more occasions with candidal vaginitis, susceptibility appeared to
be greater in C. parapsilosis subjected to Voriconazole compared to Itraconazole. Again, there
was no dose-dependance for the C. parapsilosis isolates in the two patient groups.

Candida tropicalis
All the C. tropicalis isolates recovered from patients presenting for the first time with candidal
vaginitis were susceptible. However, a varying susceptibility trend to Fluconazole was observed
in patients presenting with candidal vaginitis on two or more occasions (Table 30). The three
Fluconazole-resistant C. tropicalis isolates from patients presenting on two or more occasions
with candidal vaginitis were susceptible to Voriconazole compared to the varying susceptibility
to Itraconazole exhibited by the C. tropicalis isolates.

Candida krusei
All the five C. krusei isolates recovered from patients presenting for the first time with candidal
vaginitis were resistant to Fluconazole as expected, with MICs ranging from 64 − 256 µg/ml
according to CLSI standards. However, 50% resistant and 50% S-DD C. krusei isolates to
Fluconazole were observed in patients presenting for two or more occasions with candidal
vaginitis. All Fluconazole-resistant Candida krusei were susceptible to Voriconazole;
Itraconazole and Voriconazole were more active than Fluconazole against C. krusei isolates and
concentrations of ≤ 0.125 and ≤ 1 µg/ml for Itraconazole and voriconazole respectively were
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fungicidal to the Fluconazole-resistant C. krusei isolate from a patient presenting for two or more
occasions with candidal vaginitis (Table 30).
The five Fluconazole-resistant C. krusei isolates recovered from patients presenting with
candidal vaginitis for the first time demonstrated varying susceptibility to Itraconazole and
Voriconazole respectively. Susceptibility appeared to be greater in Itraconazole compared to
Voriconazole. There was no dose-dependence shown by isolates for Itraconazole and
Voriconazole recovered from patients presenting for the first time with candidal vaginitis.

Cross resistance among some Candida isolates to the three triazoles
Potential cross-resistance within the three triazoles was noted among some Candida isolates,
which exhibited high MIC values for Fluconazole. Eight Candida isolates demonstrated crossresistance to all the three triazoles used in this study. These isolates comprise of three C.
albicans, two C. glabrata, two C. parasilopsis and one C. krusei.

Odd’s Ratio
The Odd’s ratio revealed that isolates recovered from patients presenting with candidal vaginitis
for two or more occasions were 2.7 times less likely to show susceptibility to Fluconazole
clinically than patients presenting with candidal vaginitis for first time.
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Discernible ellipse
Of the 72 Fluconazole-resistant Candida isolates recorded, 50% of the test culture plates
produced a discernible ellipse. The zone showing the discernible ellipse was covered with heavy
persistent colonies (well diffuse but without any clear zone of inhibition). Similarly, of the 27
Voriconazole-resistant Candida isolates, 63% of the test culture plates produced a discernible
ellipse. Interestingly, there was no discernible ellipse in any Itraconazole test culture plates. All
Candida isolates that exhibited a discernible ellipse after 24 hours of incubation were classified
as resistant in this study.

Trailing growth
Of the 200 Candida isolates which were subjected to Fluconazole, trailing (residual) growth was
observed in 9.5% of the isolates. Of the 72 Fluconazole-resistant Candida isolates that were
subjected to Itraconazole and Voriconazole respectively, trailing growth was observed in 2.8%,
suggesting an in vitro fungistatic activity of these triazoles. Interestingly, there was no trailing
growth in Candida isolates subjected to Voriconazole in this study.

Discussion
Susceptibility trend among the Candida species
On the basis of previous research, Candida glabrata and C. krusei were the two species most
likely to show resistance to Fluconazole and Itraconazole (Pfaller et al., 2012b). Similarly, in this
study, C. glabrata and C. krusei were resistant to Fluconazole. However, C. parapsilosis was
most resistant to Itraconazole in both groups of patients. The spectra of species susceptibility to
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Fluconazole observed in this study is consistent with observations made in previous studies
(Pfaller et al., 2012b; 2007; Price et al., 1994; Rex, 1995) though the Candida isolates evaluated
were from different anatomical sites.
The high percentage of Fluconazole-resistant C. albicans among the isolates observed in this
study is consistent with the 21.1% Fluconazole-resistant C. albicans isolates reported by Bauters
et al. (2002) in Belgium, 15.5% Fluconazole-resistant C. albicans isolates reported by Nnadi et
al. (2012a) in Jos, Nigeria, and 13.5% resistance reported in Argentina by Saporiti et al. (2001)
in vulvovaginal candidiasis isolates. However, the percentage of Fluconazole-resistant C.
albicans isolates obtained in this study contrasts with the 2.1% reported in New York (Mathema
et al., 2001), 3.7% reported by Richter et al. (2005) and a single Fluconazole-resistant C.
albicans isolate reported in the United Kingdom (Dorrell & Edwards, 2002).
A number of studies conducted on yeast isolates from vulvovaginitis patients concluded that
Fluconazole-resistant C. albicans isolates are a rare episode in short-term Fluconazole treatment
and also extremely rare in non-immunocompromised HIV seronegative women (Arzeni et al.,
1997; El-Din et al., 2001; Ribeiro et al., 2000; Sobel, 2006). A number of studies reported a
100% susceptibility to Fluconazole among their C. albicans isolates recovered from nonimmunocompromised HIV seronegative women in the U.S. to confirm the high Fluconazolesusceptible C. albicans their respective studies (Lynch & Sobel, 1994; Sobel et al., 2003).
Similarly, 100% Fluconazole susceptibility was reported in England among C. albicans isolates
(El-Din et al., 2001), and also in Brazil and Italy, (Arzeni et al., 1997; Ribeiro et al., 2000).
Furthermore, similar studies on blood-stream C. albicans isolates also reported no Fluconazole
resistance among C. albicans isolates except the small percentage of ≤ 1% Fluconazole-resistant
blood-stream C. albicans isolates reported by (Pfaller et al., 2002) in their ARTEMIS
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surveillance programmes on blood-stream C. albicans isolates. However, the high resistance
among the C. albicans isolates in this study contrasts with the 100% Fluconazole-susceptible C.
albicans cited in literature even though the HIV status among the patient groups was not known.
The high discrepancies among the percentage of isolates that are susceptible could be accounted
for partly by the differences in the testing methods or the varying standardisation among the
methods used before the advent of the standard protocol by CSLI (document M27-A3) (Rex et
al., 1997). Comparison of the percentage of isolates that were susceptible in studies prior to 1997
must be treated with some caution, since variations up to 50,000-fold were observed between
susceptibility data caused by lack of standardisation of antifungal susceptibility techniques and
incorrect MICs interpretative breakpoints for the antifungal agents used in their respective
studies (Rex et al., 1997).
Similarly, a higher percentage resistance of isolates was observed with Itraconazole and
Voriconazole respectively in this study. Resistance was observed in 43.1% of the Fluconazoleresistant Candida isolates, which were subjected to Itraconazole. This result contrasts with the
16.2% Itraconazole-resistant Candida isolates reported by Richter et al. (2005). In addition,
resistance to Voriconazole was observed in 37.5% of the Fluconazole-resistant Candida isolates
in this study, which also contrasts with the 99% and 100% susceptibility reported in other studies
(Enache-Angoulvant & Hennequin, 2005; Pfaller & Diekema, 2004).
Strains of Candida species that do not have prior Fluconazole exposure are expected to display
significantly higher susceptibility to Fluconazole (Pfaller et al., 2003) in patients presenting with
vaginal discharge for the first time, yet the results obtained in this study do not support this
ascertion. However, personal communication with the technicians who initially took the isolates
suggested that most of the patients had confessed to the use of several local herbal remedies (self
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medication) before reporting to the hospital. In addition, the high percentage of Fluconazoleresistant C. albicans in patients presenting for the first time may be as a result of wrong
categorisation of the patients involved in the study since the incidence of vaginitis and the
number of times of the infections were self-diagnosed during the demographic data collection;
either first time hospital visit or first time of the infection. However, self-diagnosis or
misdiagnosis is quite logical in a population with a high illiteracy rate.
In a resource-poor country such as Ghana, where Fluconazole monotherapy is used primarily for
prophylactic or therapeutic purposes for patients presenting with candidal vaginitis, this practise
often leads to suboptimal treatment or may lead to an incidence of reduced Fluconazole
susceptibility among some Candida species, to clinical relapses or therapeutic failure (Bicanic et
al., 2005). Furthermore, the high Fluconazole resistance could partly be attributed to
heteroresistance, which seems to represent an inherent but reversible and adaptive response for
survival under Fluconazole stress when species are exposed to increased doses of the drug. This
phenomenon often leads to the selection of resistant subpopulations (Sionov et al., 2009). The
Candida isolates used in this study may be exhibiting heteroresistance.
Fluconazole-resistant Candida isolates linked with long-term prophylaxis or maintenance
therapy cannot be attributed solely to the high Fluconazole resistance observed in this study since
Fluconazole resistance had been observed in patients who have had no prior exposure to
Fluconazole therapy (Richter et al., 2005; Sionov et al., 2009; Varma & Kwon-Chung, 2010).
Also, the Candida isolates recovered from the two patient groups used in this study could either
be a subtype of resistant strains already persisting in the population or could be intrinsically
resistant and not necessary been exposed to any antifungal agents (Richter et al., 2005; Sionov et
al., 2009; Varma & Kwon-Chung, 2010). Similarly, reduced Fluconazole susceptibility among
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environmental and clinical isolates was observed and reported two decades ago before the
widespread use of Fluconazole (Sionov et al., 2009; Varma & Kwon-Chung, 2010). Thus, the
reduced susceptibility observed among the Candida isolates used in this study could be argued
for in this perspective.
Most patients have access to over the counter antifungal agents and only report to hospitals with
recurrent or intricate cases of candidal vaginitis (Richter et al., 2005). Consequently, patients
involved in this study might have had a prior exposure to over-the-counter antifungal agents.
However, because of low availability in Ghana they may have had incomplete treatment or
indeed might have been exposed to some local concoction, which is the usual practise in Ghana.
These locally made concoctions may contain some constituents, which may be similar to azole.
The over expression of three genes; Candida drug resistance genes (CDR), multidrug resistance
genes (MDR) and ergosterol biosynthetic enzymes (ERG) confers resistance in Candida species
to some antifungal agents, especially azoles (Strzelczyk et al., 2013; Xu et al., 2008; Xie et al.,
2014). Development of rapid resistance through the CDR and MDR efflux pumps in some
Candida species has been demonstrated in the presence of sub-therapeutic concentrations of
Fluconazole. Thus, the high Fluconazole resistance observed among C. albicans between the two
patient groups may be accounted for partly by over expression of these genes in some of the
Candida isolates though this was not determined in this study. However, there was no significant
difference between patients presenting with candidal vaginitis for the first time and patients
presenting with candidal vaginitis for two or more occasions subjected to Itraconazole and
Voriconazole simply because they are not used as first-line or monotherapy to treat this infection
in our hospitals in Ghana.
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Trailing growth
The incidence of trailing growth can make interpretation of antifungal susceptibility tests
difficult depending on whether the reading of the plates was taken after a 24 or 48-hour
incubation period (Dodgson et al., 2003; Kuper et al., 2012). About 5 − 18% of Candida isolates
are estimated to exhibit trailing growth or continuous growth after exposure to a wide range of
drug concentrations (Dodgson et al., 2003; Kuper et al., 2012). However, the frequency is even
higher among non-albicans Candida species (Takakura et al., 2008). The isolates that displayed
the incidence of trailing growth after 24 hours of incubation in this study were categorised as
susceptible rather than resistant based on the criterion by Arthington-Skaggs et al. (2002). The
prevalence of trailing growth was high among Candida isolates, which were subjected to
Fluconazole tests in this study, whereas Itraconazole recorded the lowest number of Candida
isolates with trailing growth. However, there was no trailing growth form among the Candida
isolates, which were subjected to Voriconazole. The 9.5% and 2.8% results recorded for
Fluconazole and Itraconazole respectively in this study are consistent with data from previous
studies (Revankar et al., 1998; Rex et al., 1998; Tornatore et al., 1997). However, the percentage
trailing growth contrasts with the 18.2% for Fluconazole and 16.3% for Itraconazole trailing
growth reported by Arthington-Skaggs et al. (2002). The results in this study also contrast with
the 45.4% Fluconazole trailing growth observed in diabetic patients and 21.5% Fluconazole
trailing growth observed in control subjects reported by Goswami et al. (2000). However, fungal
isolates that display a trailing growth from in vitro antifungal susceptibility tests are known to
maintain their susceptibility trend to the particular antifungal agent in vivo (Pasqualotto et al.,
2010; Smita & Falguni, 2012; Rex et al., 1998). The term trailing growth conversely, has been
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criticised as subjective and relies wholly on methodology and the percentage of isolates that
show it could vary depending on the method used (Barry et al., 2002; Fleischhacker et al., 2008).
There is varying data as to whether it is better to use 24 or 48-hour MIC readings as reported in
previous studies (Dodgson et al., 2003; Pinner et al., 1996; St-Germain et al., 2001). Some data
suggest that a 48-hour incubation period may occasionally lead to an overestimation of MICs
whereas 24-hour MICs correlate better with the clinical therapeutic results (Revankar et al.,
1998; Rex et al., 1998; Tornatore et al., 1997), even though most antifungal susceptibility tests
currently suggests a 48-hour incubation period. Incidentally, no in vivo clinical study was
conducted in this study to confirm this claim. However, the 99% MICs result recorded among
the Candida isolates used in this study is consistent with 92 to 100% MICs obtained by Nguyen
& Yu (1999) after a 24-hour incubation among their Candida isolates.

DNA confirmation
The susceptibility trend to any antimicrobials varies considerably from species to species within
a population and cannot be predicted or associated with neutral markers in the overall
population. Therefore, antifungal susceptibility testing can only serve as a guide for either
selection of antifungal agents or future epidemiological work (Pasqualotto et al., 2010; Smita &
Falguni, 2012; Pfaller et al., 2012b). This hypothesis was confirmed by the divergent DNA
fingerprint profiles obtained by the analyses of Fluconazole-resistant C. albicans isolates
recovered from blood-stream and HIV patients respectively (Cowen et al., 1999; Pfaller et al.,
1998). However, the results contrast with similar fingerprint profiles results generated by
Fluconazole-resistant C. albicans reported by Xu et al. (2000) using five oligonucleotides such
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as: the M13 phage core sequence, the intergenic spacer repeat of tRNA and T3B, the simple
repeat sequences, the telomeric coresequences and the oligonucleotide 5'−AGTCAGCCAC−3'.
Although DNA fingerprinting was not employed in this study, the 25S rDNA technique and
microsatellite analysis used to analyse all the Fluconazole-resistant C. albicans isolates used in
this study revealed varying genotypes among the C. albicans isolates (Chapters 4 & 5), which is
consistent with the observation made by previous authors (Cowen et al., 1999; Pfaller et al.,
1998). This observation confirms the fact that, indeed, prediction of Fluconazole resistance may
be made over a short period of time and cannot be extrapolated into any future epidemiological
study because of the high level of genetic variability.
The new triazole antifungal agents, such as Posaconazole and Voriconazole are more potent and
have a broader spectrum of activity than Fluconazole and Itraconazole, and could represent
potential substitutes for the treatment of recurrent and recalcitrant Candida species (Cross et al.,
2000). However, the 30 Fluconazole-susceptible C. albicans selected from the two patient
groups which were subjected to Voriconazole seem to argue against the potency of this
antifungal agent. This result suggests that antifungal susceptibility testing of all clinical Candida
isolates is required for all the antifungal agents because of the possible risk of cross-resistance
among the azoles antifungal agents (Pfaller et al., 2009a).

Challenges
The presence of trailing growth sometimes causes debatable endpoint readings during antifungal
susceptibility tests because of the subjective interpretation of the MIC endpoint, since about 5%
of some isolates are only partially inhibited by antifungals over a wide range of concentrations
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(Rex et al., 2001). This estimation can often pose a challenge during visual examination of the
plate after 24 and 48 hours of incubation (Figuiredo et al. 2007).

Conclusion
Knowledge about the susceptibility trends among the Candida species will guide the selection of
specific antifungal agents for effective therapy and efficient patient management. The high
number of Fluconazole-resistant C. albicans observed among the vaginal Candida isolates in this
study and other previous studies supports the fact that there is growing resistance to azole
antifungal agents among genital tract isolates. Similarly, increased Fluconazole resistance has
been reported in oral, oesophageal and urinary C. albicans isolates. The high azole resistance
among Candida species remains a challenge, especially in patients presenting with mucosal
candidiasis and has clinical importance for managing candidal vaginitis infections. This is
particularly so in Ghana where Fluconazole monotherapy is used for the treatment and
management of candidal vaginitis. The results in this study also suggest the need for routine in
vitro susceptibility testing in both complicated and uncomplicated candidal vaginitis before the
use of any antifungal agents for therapy because of the seemingly high resistance observed
among the Candida isolates recovered from patients presenting for the first time with candidal
vaginitis, though it has been suggested that antifungal susceptibility tests should be performed on
patients who have poor clinical responses to a range of antifungal agents or in patients receiving
maintenance suppressive azole treatments (Richter et al., 2005; Sobel, 2006; Sobel, 2011).
Candida albicans remains the most prominent Candida species; even though there are growing
rates of non-albicans Candida species causing vaginal discharge infections as confirmed in this
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study. Hence, empirical therapy should not remain the sole means for treating candidal infection
but rather treatment and selection of antifungal agents should be supported with definitive
identification, independent and accurate in vitro antifungal susceptibility.

Recommendation
Further investigation should be conducted to establish the reason for the high Fluconazole
resistance among the Candida isolates recovered from the two patient groups. Furthermore, it is
recommended that the history of prior exposure to any antifungal agents should be noted during
documentation of their demographic data.
Prospective studies should include large-scale sample size, sentinel groups alongside control
groups in the country to establish optimal or baseline therapy for patients presenting with
candidal vaginitis caused by Candida species whether for the first or recurrent times to verify the
findings in this study. In addition, further studies should be carried out to understand the
correlation between in vitro azole susceptibility trends among the Candida species isolated from
candidal vaginitis and clinical outcome in Ghana.
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CHAPTER 8
Conclusions
In summary, differentiating Candida isolates into their respective species type is paramount for
any mycological analysis for quick therapeutic intervention and effective patient management. In
addition, exact identification might reduce the pressure and gratuitous use of toxic antifungal
agents and thus minimise the formation of resistant strains and long hospital stays.
The results from the four conventional phenotypic tests used confirm that no single phenotypic
test was highly efficient to delineate Candida species into their respective species type, simply
because of the complex polymorphic nature of some traits and significant overlapping characters
among some Candida species. There is therefore the tendency of over estimating or under
estimating a particular Candida isolate present during an epidemiological screening, especially if
the two species have a range of beneficial compatibility/congruent traits. Different C. albicans
isolates, although members of the same species, exhibited unique microscopic pleomorphic traits
on cornmeal-Tween 80 agar at 25° C during the study and most C. albicans did not
chlamydosporulate. Thus, over reliance on this morphological form as a sole means of
classification may be inadequate as a definite identification test. However, these conventional
phenotypic tests provide relevant characteristics if combined, will help in the identification of
Candida species.
The data indicate that C. albicans is, in most instances, the most prevalent species in cases of
genitourinary candidiasis in the three locations that were sampled in this study. However, it
should be noted that other Candida species were responsible for a significant number of cases, in
particular, C. glabrata and C. parapsilosis. However, this study confirms that the pattern of the
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mycological shift from C. albicans to non-albicans Candida species may be a universal
occurrence.
In most samples used for the study, C. albicans was isolated singly or co-isolated with other
Candida species from sites of mucosa candidal infection and these mixed cultures containing
these organisms might pose challenges with treatment. Therefore, identification of all the species
involved has important therapeutic implications. The data presented on mixed candidal infection
in this study and that reported by previous studies in Ghana could argue for the fact that
prevalence of mixed candidal infection among patients presenting with VVC, suspected PID and
UTI in Ghana is very high. The high prevalence of VVC in the reproductive age group reported
in this study has high clinical implications considering the gynaecological health risk associated
with VVC infection.
The primer pair CA-INT-L and CA-INT-R exclusively amplified and yielded DNA fragments of
various sizes corresponding to a particular C. albicans strain type as expected even without a
nucleotide sequence profile. This gave an additional level of strain delineation among the C.
albicans isolates and may be well suited for phylogenetic and epidemiological studies of C.
albicans where sequencing equipment is not readily available. Genotyping of all the C. albicans
in the clinical samples suggests that Genotype A is the most prominent in Ghana and was present
in all the samples collected from the multiple anatomical sites from the different age groups
relative to genotype B and C. Furthermore, no significant correlation was found between types of
C. albicans and the length of hypha. Susceptibility test results for the different C. albicans
genotypes revealed varying susceptibility trends to Fluconazole, Itraconazole and Voriconazole
among the isolates.
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The population genetics study indicates that there is no single widespread genotype across the
three populations or assigned to any particular diagnosis, or genotypes specific to a particular
population. In addition, there was no significant difference in strain relatedness from different
anatomical sites, regardless of the host conditions, rather high genotypic diversities were
observed among C. albicans isolates. Interestingly, the genetic differences of C. albicans based
on morphological polymorphism and genetic variability observed in this study confirmed that
their genetic diversity could be maintained even though a meiotic sexual cycle may be lacking.
Notably, no incident of tetraploids or polyploidy were observed among the clinical isolates in
spite of the ongoing debate suggesting the presence of mating among some strains of C.
albicans. The population structure of C. albicans strains from Ghana is homogenous across the
three hospitals.
I also report the isolation and identification of C. rugosa and C. mesorugosa from clinical
samples from a teaching hospital in Ghana. Morphologically, these species were similar to C.
albicans and also show varying resistance to azole antifungal agents. To the best of our
knowledge this is the first report of these species from Ghana, or indeed Africa, and these can
now be added to the list of species that can cause candidiasis in this part of the world. Given that
these are morphologically similar to C. albicans, yet more resistant to first line antifungal
treatments this may lead to difficulties for clinicians both in terms of accurate identification of
the species causing an infection but also in providing an effective treatment.
Antifungal susceptibility tests on Candida species recovered from female patients presenting
with candidal vaginitis for the first time and those presenting for two or more occasions with
candidal vaginitis demonstrated varying degrees of susceptibility to the three triazoles in both
patient groups. Eight isolates showed cross-resistance for all the three triazoles. Itraconazole and
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Voriconazole could however, represent useful substitutes for refractory or resistant strains when
a particular Candida isolates fails to respond to Fluconazole. In addition, the high number of
Fluconazole-resistant C. albicans observed among the vaginal Candida isolates in this study and
other previous studies supports the fact that there is growing resistant to azole antifungal agents
among genital tract isolates. Therefore, routine in vitro susceptibility testing in both complicated
and uncomplicated candidal vaginitis before the use of any antifungal agents for therapy because
of the seemingly high resistance observed among the Candida isolates recovered from patients
presenting for the first time with candidal vaginitis. Hence, empirical therapy should not remain
the sole means for treating candidal infection but rather treatment and selection of antifungal
agents should be supported with definitive identification, independent and accurate in vitro
antifungal susceptibility.
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APPENDICES
Appendix 1
Isolation of yeasts and bacteria from clinical specimens
Vaginal and endocervical swabs
Two vaginal or endo-cervical swabs were taken from patients presenting for the first time or on
two or more occasions with vulvovaginal candidiasis (VVC) and from patients with suspected
pelvic inflammatory disease (PID), after the procedure had been explained to the patients by a
trained clinical technician, using sterile cotton tipped wooden swab sticks (Evepon industries
limited, NAFDAC). The two vaginal samples were processed as previously described
(Cheesbrough, 2006; Feglo & Narkwa, 2012). Briefly, a few drops of normal saline were added
to one swab in the tube and then vortexed to form a homogeneous suspension. Then a drop of the
suspension was transferred onto a sterile glass slide for direct wet mount examination for the
presence of yeast-like cells and bacteria cells. This was performed within five minutes after the
vaginal swab samples were taken to preserve the cellular morphology of Neisseria species
(Cheesbrough, 2006). Fresh endocervical samples were rolled carefully onto the sterile slide to
preserve the cellular morphology over an area less than 1cm2 (Cheesbrough, 2006). The
inoculated slide was Gram’s stained and was observed under oil immersion (1000×
magnification). Smears from symptomatic patients usually have intracellular Gram-negative
kidney-shaped diplococcic in polymorphonuclear leukocytes, which is a positive indication for
presumptive diagnosis of gonorrhoea. However, endocervical from females are more challenging
to interpret due to the presence of other Gram-negative coccobacilli including Acinetobacter
species, Kingella denitrifican, Moraxella phenylpyruvica, Moraxella osloensis. The other vaginal
swab sample was homogenised in sterile normal saline solution from which a loopful of the
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suspension was used for culture on SDA, Mac Conkey, and Blood agar (BA) plates. The Mac
Conkey and SDA plates were incubated aerobically at 37o C for 24 and 48 hours respectively.
The BA plates were incubated in an anaerobic jar to maintain as low an oxygen concentration as
possible for anaerobic isolates including Neisseria gonorrhoea, Haemophilus ducryei,
Peptostreptococcus species, Bacteroides, Fusabacterium species, Prevotella species at 35 ̶ 37o
C for 18 ̶ 24 hours for fast growing anaerobes and about 5 ̶ 7 days for slow growing anaerobes.
However, some inoculated BA plates were kept aerobically for aerotolerance microorganisms
including Haemophilus species to grow. Then a direct wet mount preparation and staining
procedures using lactophenol cotton blue and Gram’s stains were carried out on visible colonies
to look for the presence of yeast-like cells and also for the presence of bacteria cells (cocci or rod
shaped cells). Then further biochemical and microbiology analyses were carried out on the
positive for definitive species identification.

Urethra smear and semen samples
A moistened sterile cotton-wool swab was inserted approximately 25 mm into the urethra canal
and rotated gently against the urethra wall by trained staff to obtain the specimen (Cheesbrough,
2006). A few drops of sterile physiological saline were added to the cotton-wool swab stick in a
tube and then vortexed to form a homogeneous suspension whereas a drop of the semen was
transferred directly onto the sterile glass slide. Direct wet mount examination was carried out for
the presence of yeast-like cells and also for the presence of bacteria cells. This procedure was
performed within five minutes after the urethra swab samples were taken to preserve the cellular
morphology of Neisseria species (Cheesbrough, 2006). Fresh samples were rolled carefully onto
the sterile slide to preserve the cellular morphology over an area less than 1cm2 (Cheesbrough,
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2006). The inoculated slide was Gram’s stained and then was observed under oil immersion
(1000× magnification). Smears from symptomatic patients usually have intracellular Gramnegative kidney-shaped diplococcic in polymorphonuclear leukocytes, which is a positive
indication for presumptive diagnosis of gonorrhoea. Urethra smears from male symptomatic
patients is easy to identify without any challenge. However, endocervical smears from females
are more challenging to interpret due to the presence of other Gram-negative coccobacilli
including Acinetobacter species, Kingella denitrifican, Moraxella phenylpyruvica, Moraxella
osloensis. Subcultures were made by streaking out a loopful of the homogeneous suspension
urethra and a loopful of semen samples with a sterile inoculating loop on SDA, Mac Conkey and
(BA) plates respectively for microorganisms including Candida species, Enterobacteriaceae and
other clinically important pathogens. The Mac Conkey and SDA plates were incubated
aerobically at 37o C for 24 and 48 hours respectively. The BA plates were incubated in an
anaerobic jar to maintain as low an oxygen concentration as possible for anaerobic isolates
including Neisseria gonorrhoea, Haemophilus ducryei, Peptostreptococcus species, Bacteroides,
Fusabacterium species, Prevotella species at 35 ̶ 37o C for 18 ̶ 24 hours for fast growing
anaerobes and about 5 ̶ 7 days for slow growing anaerobes. However, some inoculated BA
plates are kept aerobically for aerotolerance microorganisms including Haemophilus species to
grow. Then a direct wet mount preparation and staining procedures using lactophenol cotton blue
and Gram’s stains were carried out on visible colonies to look for the presence of yeas-like cells
and bacteria cells. Then further biochemical and microbiology analyses were carried out for
species identification.
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Blood specimens
Blood specimens were collected by an aseptic procedure in the hospital’s phlebotomy unit. Five
millilitres of blood were collected from a patient and dispensed into a biphasic blood culture
bottle containing tryptic soy broth and a nutrient agar phase. The tryptic soy broth dilutes any
antibiotic present in the blood and also reduces the bacteriocidal effect of human serum
(Cheesbrough, 2006). Caps of all the culture bottles were carefully disinfected before incubating
aerobically at 37o C for five days. The blood culture bottles were inspected twice a day for a
minimum of three days for signs of any microbial growth. Then subcultures were made after the
fifth day by streaking out a loopful of blood with an inoculating sterile loop on SDA, Mac
Conkey,and Blood agar (BA) plates for microorganisms including Candida species,
Enterobacteriaceae and other clinically important pathogens. The Mac Conkey and SDA plates
were incubated aerobically at 37o C for 24 and 48 hours respectively. The BA plates were
incubated in an anaerobic jar to maintain as low an oxygen concentration as possible at 35 ̶ 37o
C for anaerobic isolates including Peptostreptococcus species, Bacteroides, Fusabacterium
species, Prevotella species. Then a direct wet mount preparation and staining procedure using
lactophenol cotton blue and Gram’s stains were carried out on visible colonies to look for the
presence of yeast-like cells and bacteria cells. Then further biochemical and microbiology
analyses were carried out for definitive species identification.

Sputum and throat swab specimens
Fresh sputa collected within two hours in a sterile ‘wide mouth’ leak-proof container and throat
swabs were included for analysis (Cheesbrough, 2006). The purulent part of the sputum was
washed in five ml of sterile physiological saline and then a small portion of the mucoid purulent
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part was smeared on a glass slide and then stained using lactophenol cotton blue and Gram’s
stains. Microscopy was carried out for the presence of yeast-like cells and also for the presence
of bacteria cells. A drop of the specimen was then inoculated on Mac Conkey, SDA and BA
plates. The inoculated Mac Conkey and SDA plates were incubated aerobically at 37o C for 24
and 48 hours respectively. The BA plates were incubated in an anaerobic jar to maintain as low
an oxygen concentration as possible at 35 ̶ 37o C for anaerobic isolates including Streptococcus
species, Staphylococcus species, Peptostreptococcus species, Bacteroides, Fusabacterium
species, Prevotella species. Then a direct wet mount preparation and staining procedures using
lactophenol cotton blue and Gram’s stains were carried out on visible colonies to look for the
presence of yeast-like cells and bacteria cells. Then further biochemical and microbiology
analyses were carried out for definitive species identification.

Urine
Urine specimens were processed as described by Cheesbrough (2006) and Feglo & Narkwa
(2012). Mid-stream urine specimens were taken from patients presenting with suspected urinary
tract infections after explaining the urine collection procedure to them. Upon receipt of the urine
specimens, they were transferred into a sterile centrifuge tube and spun for 5 minutes at 3,220 g
in an Eppendorf centrifuge (Eppendorf Centrifuge 5810R Hamburg-Germany). The supernatant
was decanted, and a loopful of the sediment was transferred onto a glass slide for direct wet
mount examination for the presence of yeast-like cells and bacteria cells. Subcultures were made
from on SDA, BA, Mac Conkey and cysteine, lactose, and electrolyte deficient agar (CLED)
with a loopful of the sediment. The SDA, Mac Conkey, CLED and BA were incubated
respectively as already described in vaginal/endocervical, urethra, blood and sputum samples.
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Wound, cord, conjunctiva, eye, nasal and ear swabs samples
The surface and the area around the wound, cord, conjunctiva, eye, nasal and ear were sterilised
with 70% ethanol. Then, these anatomicals sites were swabbed using a sterile cotton-wool swab
stick (Cheesbrough, 2006). A few drops of sterile physiological saline were added to the cottonwool swab sticks in each tube and then vortexed to form a homogeneous suspension. Direct wet
mount examination was performed to determine the presence of yeast-like cells and bacteria
cells. A drop of the each sample was then inoculated on Mac Conkey, SDA and BA plates. The
inoculated Mac Conkey and SDA plates were incubated aerobically at 37o C for 24 and 48 hours
respectively for the presence of yeast cells, enterobacteriaceae other microorganisms present.
The BA plates were incubated in an anaerobic jar to maintain as low an oxygen concentration as
possible at 35 ̶ 37o C for anaerobic isolates including Streptococcus species, Staphylococcus
species, Peptostreptococcus species, Bacteroides, Fusabacterium species, Prevotella species.
Then a direct wet mount preparation and staining procedures using lactophenol cotton blue and
Gram’s stains were carried out on visible colonies to look for the presence of yeast-like cells and
bacteria cells. Then further biochemical and microbiology analyses were carried out for
definitive species identification.

Aspirates and serous fluids
About 5 ml of aspirates and serous fluids (abscess, ascitic, synovial, pericardial, pleural and
hydrocele fluids) were taken from the affected site of the patient by a physician and a portion of
each sample is transferred into a sterile tube containing Brain heart infusion (BHI) (an
enrichment nutrient to enhance the growth of medically important pathogens which may be
present in small numbers) and incubated at 35 ̶ 37o C for 18 ̶ 24 hours as described by
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Cheesbrough (2006). The remaining portions of the samples were centrifuged for direct wet
mount examination. Briefly, the tube was centrifuged at 2000 g for 5 minutes, and then the
supernatant was decanted. A loopful of the sediment was transferred onto a glass slide, and direct
wet mount examination was carried out for the presence of yeast-like cells and bacteria cells. A
drop of the each sample from the inoculated BHI was then inoculated on Mac Conkey, SDA and
BA plates. The inoculated Mac Conkey and SDA plates were incubated aerobically at 37o C for
24 and 48 hours respectively for the presence of yeast cells, enterobacteriaceae other medically
important microorganisms present. The BA plates were incubated in an anaerobic jar to maintain
as low an oxygen concentration as possible at 35 ̶ 37o C for anaerobic isolates including
Streptococcus species, Staphylococcus species, Peptostreptococcus species, Bacteroides,
Fusabacterium species, Prevotella species. Again, direct wet mount preparation and staining
procedures using lactophenol cotton blue and Gram’s stains were carried out on 24 hour
inoculated BHI culture bottles and visible colonies on the inoculated plates to look for the
presence of yeast-like cells and bacteria cells. Then further biochemical and microbiology
analyses were carried out for definitive species identification.
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Appendix 2
Microorganisms recovered from all the clinical specimens brought into the three diagnostic
laboratories are shown in Tables 31-39.
Table 31: Total number of laboratory specimens received at Korle Bu from mid-January to April
2012
Cord swab

83 (2.4%)

Conjunctiva swab

21 (0.6%)

Eye swab

87 (2.6%)

Abscess

26 (0.8%)

Respiratory tract infection

125 (3.7%)

Skin scraping

24 (0.7%)

Nasal swab

48 (1.4%)

Throat swab

11 (0.3%)

Semen analysis

85 (2.5%)

Sputum

367 (10.8%)

Catheter tip

21 (0.6%)
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Ear swab

83 (2.4%)

Blood

349 (10.3%)

Aspirate (Ascitis and pleural fluid)

256 (7.5%)

Urethra swab

108 (3.2%)

Urine

972 (28.6%)

Vaginal swab

734 (21.6%)

Total

3,400

Table 32: Total number of urine specimens and microorganisms isolated in Korle Bu from midJanuary to April 2012
Escherichia coli

217 (22.3%)

Pseudomonas aeruginosas

66 (6.8%)

Proteus mirabilis

37(3.8%)

Proteus vulgaris

18 (1.9%)

Citrobacter species

143 (14.7%)

Staphylococcus aureus

26 (2.7%)
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Staphylococcus saprophyticus

10 (1.0%)

Staphylococcus epidermis

12 (1.2%)

Acinetobacter species

18 (1.9%)

Morganella morgani

2 (0.2%)

Salmonella species

1 (0.1%)

Klebsiella species

42(4.3%)

Candida species

199 (20.5%)

Mixed growth

53 (5.5%)

Enterococcus species

28 (2.9%)

Providencia species

4 (0.4%)

Bacillus species

11 (1.1%)

Enterobacter species

56 (5.8%)

Coliforms

29 (3.0%)

Total

972
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Table 33: Total number of vaginal swab specimens and microorganisms isolated in Korle Bu
from mid-January to April 2012
Escherichia coli

40 (5.45%)

Pseudomonas aeruginosas

20 (2.72%)

Proteus species

38 (5.2%)

Citrobacter species

40 (5.5%)

Staphylococcus aureus

112(15.3%)

Staphylococcus saprophyticus

45 (6.1%)

Klebsiella species

25(3.4%)

Candida species

157 (21.4%)

Enterobacter species

10 (1.4%)

Entercoccus species

7 (1.0%)

Commensals

50 (6.8%)

No Bacteria growth

190 (25.9%)

Total

734

371

Table 34: Total number of other specimens (miscellaneous specimens) and microorganisms
isolated in Korle Bu from mid-January to April 2012
Escherichia coli

35(2.1%)

Pseudomonas aeruginosas

179 (10.6%)

Proteus mirabilis

26 (1.5%)

Proteus vulgaris

6(0.5%)

Citrobacter species

26 (1.5%)

Staphylococcus aureus

27(1.6%)

Staphylococcus epidermis

32 (1.9%)

Methicillin-resistant-Staphyloccus

5 (0.2%)

aureus
Acinetobacter species

20 (1.2%)

Morganella morgani

10 (0.6%)

Salmonella species

5 (0.2%)

Bacillus species

5 (0.2%)

Fusarium species

3 (0.2%)

Aspergillus species

4 (0.2%)
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Candida species

18 (1.1%)

Klebsiella species

23(1.4%)

Klebsiella pneumonia

6(0.5%)

Neisseria gonorrhoea

1 (0.1%)

Providencia species

11 (0.6%)

Enterobacter species

35 (2.1%)

Streptococcus pneumonia

30 (1.8%)

Streptococcus pyogenes

11(0.6%)

Streptococcus viridians

15 (0.9%)

Beta haemolytic Streptococcus species

2 (0.1%)

Streptococcus agalatiae

7(0.4%)

Acid Fast Bacillus

5 (0.2%)

Kluyuera ascorbacta

1 (0.1%)

Moraxella catarhalis

13 (0.8%)

Commensals

522 (30.8%)

No Bacteria growth

611 (36.0%)

Total =

1694
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Table 35: Total number of vaginal swab specimens and microorganisms isolated in Komfo
Anokye from mid-January to April 2012
Escherichia coli

1 (0.2%)

Proteus species

2 (0.41%)

Citrobacter species

2 (0.41%)

Staphylococcus aureus

7 (1.45%)

Staphylococcus saprophyticus

2 (0.41%)

Coagulase negative Staphyloccus

6 (1.24%)

Klebsiella species

3 (0.62%)

Candida species

111 (22.93%)

Mixed growth

21 (4.34%)

Coliforms

17 (3.51%)

Commensals

179 (36.98%)

No Bacteria growth

133 (27.48%)

Total

484

374

Table 36: Total number of laboratory specimens received at Tamale from mid-January to April
2012
Urine

675 (31.7%)

Stool

111 (0.5%)

Semen

50 (2.4%)

Vaginal swab

442 (20.8%)

Sputum

246 (11.6%)

Blood

448 (21.1%)

Cerebrospinal fluid

6 (0.3%)

Aspirates

34 (1.6%)

Pus

17 (0.8%)

Wound swab

40 (1.9%)

Eye swab

2 (0.1%)

Throat swab

9 (0.4%)

Ascitic fluid

22 (1.0%)

Skin scrap

12 (0.6%)

Ear swab

7 (0.3%)
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Urethral swab

5 (0.2%)

Total

2126

Table 37: Total number of vaginal swab specimens and microorganisms isolated from clinical
specimens recieved at Tamale from mid-January to April 2012
Escherichia coli

98 (4.6%)

Pseudomonas aeruginosas

18 (0.8%)

Proteus species

11(0.5%)

Citrobacter species

5 (0.2%)

Staphylococcus aureus

120 (5.6%)

Acinetobacter species

1(0.1%)

Salmonella species

5 (0.2%)

Klebsiella species

106 (5.0%)

Klebsiella pneumonia

46 (2.2%)

Candida species

116 (5.5%)

Enterococcus species

10 (0.5%)
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Bacillus species

16 (0.8%)

Enterobacter species

12 (0.6%)

Coagulase

negative

Staphylococcus 108 (5.1%)

aureus
Shigella species

4 (0.2%)

Streptococcus pyogenes

11 (0.5%)

Streptococcus pneumonia

4 (0.2%)

Neisseria gonorrhoea

3 (0.1%)

Cryptococcus neoformes

1 (0.1%)

Commensals

443 (20.8%)

No Bacteria Growth

988 (46.5%)

Total

2126

377

Table 38: Total number of urine specimens and microorganisms isolated in Tamale from midJanuary to April 2012
Escherichia coli

64 (9.5%)

Pseudomonas aeruginosas

3 (0.4%)

Citrobacter species

1 (0.2%)

Staphylococcus aureus

41 (6.1%)

Klebsiella species

47 (7%)

Candida species

38 (5.6%)

Enterococcus species

7 (1.0%)

Enterobacter species

4 (0.6%)

Neisseria gonorrhoea

1 (0.2%)

Coagulase negative Staphylococcus 44 (6.5%)
aureus
No Bacteria growth

425 (63%)

Total

675

378

Table 39: Total number of vaginal swab specimens and microorganisms isolated in Tamale from
mid-January to April 2012
Escherichia coli

26 (5.9%)

Citrobacter species

1 (0.2%)

Staphylococcus aureus

11 (2.5%)

Klebsiella species

14 (3.2%)

Candida species

76 (17.2%)

Coagulase negative Staphylococcus aureus

5 (1.1%)

Commensals

143 (32.4%)

No Bacteria growth

164 (37.1%)

Total

442

379

Appendix 3
Etest antifungal strips (bio Merieux, SA, France)
Agent Code MIC range (µg/ml)
Fluconazole FL 0.016 – 256
Itraconazole IT 0.002 – 32
Voriconazole VR 0.002 – 32

Preparation of antifungal susceptibility Medium (RPMI 1640 agar)
RPMI 1640 broth + MOPS + 2% Glucose + 1.5% agar was prepared according to the
manufacturer’s instructions.

Media preparation per 1 litre
Reagent

Quantity used (g)

RPMI 1640

8.41

0.165M MOPS
Bacto agar

15

Glucose

20
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RPMI and MOPs powders were dissolved in 450 ml deionised water and filtered with a 0.2 µm
filter to sterilise the suspension. Subsequently, the glucose and Bacto agar were dissolved in 450
ml deionised water. Autoclave for 15 minutes at 15 psi pressure (approx. 121°C) and then cool to
approximately 50°C. The sterile RPMI + MOPS solution was gently warmed to approximately
50°C in a water bath and was mixed with the glucose-agar solution and the pH of the medium
adjusted to 7.0 with 10 mM NaOH. Appropriate volume was poured into sterile petri dishes to
achieve an agar depth of 4 ± 0.5mm.
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