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ABSTRACT

The Avian family has been a significant source of human epidemic. Over the last three
decades, reports on yeast infections in humans have increased especially with respect to
immunocompromised individuals. This is associated with increased morbidity and
mortality especially in HIV/AIDS immunocompromised individuals. The purpose of this
study was to isolate and characterize pathogenic yeasts from domestic Chicken (Gallus
gallus) dropping. The droppings were collected from Kabigeriet Villages, Olenguruone
Division, Kuresoi District and Nakuru County. The samples were collected from cages,
houses and roosting sites. The samples (droppings and soil) were collected by swabbing
or scooping fresh dropping from Chicken houses, grass, soil and trees using sterile plastic
spoons, labeled and inserted in a zip lock safety bag. A total of Eighty four samples
(dropping and soil enriched with chicken droppings) were sampled during the study. The
samples were transported to the lab using a cool box. Processing of the samples was done
at the Mycology laboratory, Centre for Microbiology Research, Kenya medical Research
Institute. The samples were plated onto Typan blue agar and incubated at 37°C for two
weeks checking was done daily. The isolates were identified according to morphological
and biochemical characteristics. The droppings were tested for Cryptococcus by direct
plating on Niger seed while Candida and Saccharomyces species by direct plating on
Typan blue agar. Candida and Saccharomyces species were sub cultured on CHROM
agar and Corn meal agar for presumptive identification of various Candida species.
Cryptococcus neoformans were sub cultured onto Christensen’s urease agar. Geotrichum
species were presumptively identified by lactophenol cotton blue. Analytical profile
index test (AP1 20C AUX) was used for confirmation. Four types of yeasts were isolates;
35(57.4%) Candida species (9 Candida lusitanie, 7 Candida glabrata, 5 Candida
albicans, 5 Candida tropicalis, 3 Candida parapsilosis, 2 Candida lipolytica and 2
Candida krusei), 23(37.7%) Geotrichum candidum, 2(3.3%) Cryptococcus species
(Cryptococcus neoformans and Cryptococcus laurenti) and 1(1.6%) Saccharomyces
cerevisiae were isolated from Chickens dropping sampled. The results of this work
demonstrated that domestic chicken (Gallus gallus) harbor Cryptococcus in their
dropping and their close proximity to human habitation poses a risk of cryptococcal
infection in HIV/AIDS immunocompromised persons. This could partly explain the high
incidence of cryptococcosis in HIV/AIDS patients in Kenya.



CHAPTER ONE

1. INTRODUCTION

1.1 Background

The Chicken (Gallus gallus) is a domesticated fowl, which is a subspecies of the Red
Jungle fowl. It is one of the most widespread and the most common domesticated birds.
In 2003 the total population was more than 24 billion worldwide (Perrins and
Christopher, 2003) and out of this population, Chickens were the majority compared to
any other species of birds. Chicken is kept by humans primarily as a source of food i.e.
meat and eggs. Human beings can acquire diseases from domestic Chickens in two ways.
The first is getting in contact with sick Chicken or faeces of the sick Chicken, usually by
a veterinarian or a caretaker. The other way is for disease causing pathogens to reside in
sick Chicken/eggs. When an individual eats these eggs, then she/he can also get infected.
In particular pathogen like fungi, bacteria, protozoa, chlamydial or viral agents are of
great concern to human health (htt://www.ehow.com/recipes). This study was designed to
identify pathogenic yeasts harbored by Domestic Chicken dropping such as Candida

albicans, Cryptococcus, Blastomyces, Histoplasma etc.

1.2 Candida species

In the genus Candida, most species exist as commensals in most healthy individuals
(Ramage et al., 20014, Sullivan et al., 2004). Pathogenic Candida species is a growing

problem in medical Science (Calderonne, 2002). Candida albicans is the most common



species causing human infections (Vazquez et al., 2002), however emergence of non-
albicans species such as C. krusei, C. parapsilosis, C. tropicalis and C. glabrata has been
reported in the last decade as human pathogens, mainly among immuno-suppressed
individuals and hospitalized patients (Brawner et al., 2002, Fleming et al., 2002, Sanchez
et al., 2005a, Resende et al., 2004). In United States the proportion of fungal infection in
comparisons to all nasocomial infections doubled over a period of ten years (Calderonne,
2002). The increased reporting of non-albican Candida species could be due to increased
recognition in the laboratory (Sanchez et al., 2005b). Candidiasis presents a growing
challenge for patients who are immunocompromised due to HIV/AIDS, organ transplant,
cancer and other risk factors. This has increased the emergence of other Candida species
as opportunistic pathogens (Calderonne, 2002, Gutierrez et al., 2002, Vazquez et al.,
2002). C. dubliniensis has been associated mainly with oral candidiasis in HIV positive
individuals worldwide. However in HIV negative individuals it has been reported to
cause systemic and superficial diseases with prevalence rate of less than 5% (Gutierrez et
al., 2002, Jewtuchowicz et al., 2008). Over the last decade C. dubliniensis has been
misidentified as C. albicans due to phenotypic similarity between the two species of

Candida (Ramage et al., 2001b).

Mainly the mode of transmission and the reservoir for Candida species are important in
development of prevention and control measures of resistant strains (Ptailer et al., 2001).
In immunocopromised individuals, large proportions of fungal infections are caused by
Candida species: Candida species are found in 40-65% of feaces from healthy
individuals as normal flora, and oropharyngeal colonization in approximately 30-55% of

healthy adults (Colombo et al., 2006), causing different infections, such as candiduria



(Da Silva et al., 2007) candidemia (Colombo et al., 2006) and Oropharyngeal candidiasis
(Costa et al., 2006). Oropharyngeal candidiasis is developed by more than 90% of
individual infected with HIV and is not on HAART (highly active antiretroviral therapy)
(Repentigny et al., 2004). Isolation of Candida species in oral cavity does not indicate
infection in the absence of clinical correlation. Dorsal tongue and buccal mucosa are the
areas heavily colonizer by Candida species (Vazquez and Sobel, 2002). Candida carriage
occurs in up to 78% of hospitalized elderly, 65% of denture wearers and more than 90%
of patients with HIV receiving antibiotic therapy (Vazquez and Sobel, 2002, Akpan and

Morgan, 2002).

1.3 Cryptococcus species

Cryptococcosis is an opportunistic disease mainly caused by an encapsulated fungus;
Cryptococcus neoformans (Burker, 2001). Cryptococcus neoformans is a basidiomycete.
In Sub-Saharan Africa, adult meningitis is the most common complication of
cryptococcossis, mainly caused by Cryptococcus neoformans due to high prevalence of
HIV. C. neoformans has been reported to cause infections in persons infected with human
immunodeficiency virus worldwide, while C. gattii causes infection primarily in HIV-

uninfected persons both in tropical and subtropical countries (Dixit et al., 2009).

Biochemical and genetic studies have established the existence of the two main varieties
of C. neoformans. Cryptococcus neoformans var. neoformans includes serotypes A and
D, while C. neoformans var. gatti includes serotypes B and C (Monica, 2004) and the

new species Cryptococcus bacillispora var. gatti (Barreto et al., 2004). Due to AIDS



pandemic Cryptococcossis has emerged as the major cause of death in HIV/AIDS
infected individual (Grusse et al., 2001). Cryptococcus neoformans causes cryptococcal
meningitis in patients with AIDS which is lethal. In Thailand the incidence of
cryptococcal meningitis has been reported to be at 18.5% in individuals suffering from
HIV AIDS (Suwat et al., 2001), while in USA the annual incidence is 2-4 cases per 1,000
persons (http://.rightdiagnosis.com/artic/cryptococcossis_dbmd.htm). C. neoformans var.
gattii was first isolated from Guettarda aereana tree in Brazilian Amazon rainforest
(Fortes et al., 2001). Cryptococcosis is one of the most common lethal infections in
patients with AIDS worldwide (Lakshimi et al., 2007). The habitats of this yeast remain
unknown and the present study is aimed at investigating the occurrence of this yeast in
domestic Chicken droppings. Kenya being one of the countries affected by AIDS it’s

important to investigate the habitat of Cryptococcus.

1.4 Blastomyces dermatitidis

Blastomyces dermatitidis is a dimorphic fungus that is pathogenic to humans and other
mammals, causing Blastomycosis a chronic granulomatous mycosis. Blastomyces
dermatitis causes severe infection and substantial mortality in immunosuppresed
individual by acquired malignancy and immunodeficiency (Gauthier et al., 2007,
Bradsher et al., 2003). The cumulative incidence of post transplant blastomycosis in USA
has been reported to be 0.14% in the year 2000 to 2004 (Gauthier et al., 2007). In the
environment, B. dermatitidis is a mould and produces conidia (microscopic spores).

Humans can inhale the conidia into the lungs. When temperatures are high conidia turn



into budding yeasts cells. Blastomycosis is a self-resolving pulmonary disease, but in
immunosupressed conditions may disseminate to other organs of the body, which is fatal
(Kurt et al., 2008). The annual incidence rate for Blastomycosis is approximately 1 in
100,000 of the reported cases in USA (Census Bureau’s, 2004, Tracy et al., 2002).
Ecological niche of B. dermatitidis in Wisconsin has been reported to be in association
with waterways in northeastern, northern and southeastern regions of the states in urban
and rural environments (Reed et al., 2008, Baumgardner et al., 2006) and also the fungus
has been isolated in soil enriched with compost piles and nasal cavities of dogs infected

with Blastomycosis (John et al., 2011, Varan et al., 2009).

1.5 Histoplasma Capsulatum

Histoplasma capsulatum causes histoplasmosis which is one of the most common
mycoses (endemic) in patients living with HIV/AIDS (Wheat et al., 2000). The mode of
infection for histoplasmosis is inhalation of conidia and spores (Richardson and
Warnock, 2002). In the HIV AIDS era Histoplasmosis has emerged as the most important
opportunistic infection among HIV/AIDS patients with CD4 <75 cells/pl. Clinical
manifestations of histoplasmosis ranges from asymptomatic mild illness in
immunocompetent individuals to disseminated infection in immunocompromised
individuals (Richardson and Warnock, 2002). Dissemination of histoplasmosis from
pulmonary infection to other organs in the body, occur mainly in advanced stages of
HIV/AIDS which is common also in non-immunosupressed individuals. Singhi et al.,

(2003) reported a case of immunocompetent female from North-West Rajastain, India



with disseminated cutaneous histoplasmosis successfully treated with intraconazole. In
United States Histoplasma capsulatum var. capsulatum have been reported to affect
primarily citizens living in Latin America and those living in Ohio valley and Mississippi
river while H. capsulatum var. duboisii has been reported only in Africa (Wheat et al.,
2000). Population studies conducted in Ohio Valley and Mississippi valley showed >80%
of young adults from the two regions have been infected previously with H. capsulatum
(Kauffman, 2007). In the USA, almost all citizens living in Midwest are infected with
histoplasmosis. Data shows that each year 500,000 people in US are infected with
histoplasmosis, however only 5 out of 100 infected individuals developed symptoms of

the diseases (http://wwwrightdiagnosis.com/artic.histoplasmosis dbmd.htm). Endemic

distribution of Histoplasma variants has be studied and founded out to be due to the
difference in environmental conditions from one location to the other such as soil,
humidity and climate characteristics (Wheat et al., 2000). Activities like farming that
disturb soil are associated with H. capsulatum exposure. Spores can be carried in the air
for several miles, exposing individuals without contact with soil at risk (Wheat et al.,

2000).


http://wwwrightdiagnosis.com/artic.histoplasmosis_dbmd.htm

1.6 Problem statement and justification

The study was carried out in Kabigeriet village, Olenguruone because it represents a
typical rural setting where domestic Chickens are reared in close proximity with human.
In some homesteads human beings share the same house with Chicken hence they are at a
risk of contracting infections from Chicken. The Avian family has been a significant
source of human epidemics including the recent deadly avian flu. Gallus gallus also has
been the source or reservoir of some enteric pathogens including drug resistant E. coli
(Adelaide et al., 2009). This raises the question of whether other potentially pathogenic
strains are harbored by the birds. The close proximity to human habitation is a significant
risk factor for acquisition of potential pathogens. Due to economic hardships and security
concerns, humans and Chicken sometimes share the same room. The close contact with
humans is a significant risk factor especially in those with debilitating conditions such as
HIV/AIDS, cancer. In Western countries pathogenic yeasts such as Cryptococcus
neoformans, Histoplasma capsulatum, Blastomyces dermatitidis, Saccharomyces
cerevisiae, Geotrichum candidum and Candida species have been isolated in different
birds’ species droppings such as pigeons. In Thailand, Phayao province, isolation of
Cryptococcus neoformans was done on Chicken dropping (Kuroki et al., 2004) hence
there is need to study domestic Chicken droppings in Kenya if they also harbor

pathogenic yeasts, because Chicken is largely kept in Kenyan homesteads.



1.7 Hypothesis

Null hypothesis: Gallus gallus do not harbor Cryptococcus spp. and other potentially

pathogenic yeasts in their droppings.

Alternative hypothesis: Gallus gallus harbors Cryptococcus spp. and other potentially

pathogenic yeasts in their droppings.

1.8.1 General objectives:

To isolate, characterize and determine the spectrum of potentially pathogenic yeasts
from domestic Chicken droppings in Kabigeriet village, Olenguruone Division, Kuresoi

District.

1.8.2 Specific objectives:

1. To isolate, identify and characterize Cryptococcus and Candida species from
domestic Chicken dropping.

2. To isolate and identify the spectrum of other yeasts from domestic Chicken
dropping.

3. To determine the relation between the occurrence of yeasts and humidity.

4.  To determine the relation between the occurrence of yeasts and temperature.

5.  To determine the relation between the occurrence of yeasts and elevation.



CHAPTER TWO

2. LITERATURE REVIEW

2.1 Infections associated with Chicken

Bird-keepers (pet bird and poultry owners) should be aware that some avian diseases can

be transmitted to humans (http://www.idph.state.il.us/public/hb/hbb&bdrp.htm). The

infectious agents can be protozoal, fungal, bacterial, chlamydial or viral. Individual
susceptibility and the seriousness of these various microbial infections vary with age,
health status, immune status (immunodeficient or immunosupressed), and whether early
therapeutic intervention is sought. The ability of a micro-organism to make a person sick
varies with the virulence of the organism, the dose to which the person is exposed, as
well as route of infection. Chlamydiosis, Salmonellosis, Arizonosis, Histoplasmosis,
Blastomycosis, Candidiasis, Cryptococcosis and Colibacillosis are the most common of
these infections (Valerie and Demel, 2010, htt://www.bird-x.com). Avian influenza a
viral disease of birds, which is also transmitted to humans, is a highly pathogenic virus
whose death rate can be as high as 100% in some birds. Human infections can be
acquired through direct or indirect contact with live or dead birds and also from
contaminated environments. The H5N1 influenza virus is the most pandemic and is
spread widely in birds and humans. Most human beings have no immunity to H5N1
(WHO, 2005, Peiris et al., 2004). It has been reported that birds’ droppings, the sources
of cryptococcosis diseases (Reimao et al., 2007) and up to 84% of samples from old roost
sites, are a significant source of infection (CDC, 2010). Histoplasmosis is also an

infection associated with bats/birds droppings. National Institute of Health (NIH)


http://www.idph.state.il.us/public/hb/hbb&bdrp.htm
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reported a blinding eye condition (Ocular histoplasmosis syndrome). It is estimated that

up to 4% of histoplasmosis patients develop this serious condition (CDC, 2010).

2.2 Cryptococcus neoformans

Cryptococcus species (Cryptococcus adeliensis and Cryptococcus neoformans var.
neoformans) has been isolated from various environmental and non environmental
sources: hollow of living trees, soil, oral cavity, brain, lung, liver and intestinal of striped
grass mouse and its association with avian guano have been reported (Montenegro and
Paula, 2000, Filiu et al., 2002, Bauwens et al., 2004, Kartrin and Heidemarie, 2005,
Reimao et al., 2007, Kidd et al., 2007). High numbers of yeasts have been isolated from
pigeon weathered droppings and the environment favors the growth of most bacteria and
fungi (micro-organism). There have been isolations of Cryptococcus species in pigeon
excreta in Western countries where pigeon and pet/captive birds are kept in homesteads

(Kielstein et al., 2000, Ferreira-Paim et al., 2010).

Isolation of C. neoformans var. grubii and C. neoformans var. gatti from a number of
tree species in Havana, Cuban and Amazon rainforests, Brazil suburban respectively was
of great importance, since it confirms the existence of these variants in plants (llinait et
al., 2012, Fortes et al., 2001, Lazera et al., 2000). Restrepo et al., (2000) showed that C.
neoformans has been isolated from 22 different species of trees. The ability of the
Cryptococcus species to produce enzyme laccase (used to degrade lignin) may be an

important feature for yeasts to colonized decayed wood (Fortes et al., 2001), and the
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ability of Cryptococcus to use substrate presence in decaying wood and tree trunk,
explains why it grows in trunk hollow (Randawa et al., 2000). C. laurentii has been
isolated from trachea of broiler Chicken (Laubscher et al., 2000) and Cryptococcus
neoformans var. grubii have been isolated in honeybee (Apis mellifera) colonies (Ergin et
al., 2004). Cryptococcus genus consists of about 19 species, usually characterized as
yeast. Cryptococcus neoformans is a spherical encapsulated yeast and major pathogenic
species in the genus. Cryptococcus neoformans var. neoformans and Cryptococcus
neoformans var. gatti are two recognized varieties that can be differentiated according to
their genomic sequences. The two species have 5 serotypes based on antigenic specificity
present on capsular polysaccharides i.e. serotypes A, D and AD of Cryptococcus
neoformans which have been indentified and serotypes B and C of Cryptococcus gattii

(Buekhout et al., 2001, Sorell, 2001, Kwon-chung and Varma, 2006, WHO, 2009).

Cryptococcus species in culture, after 24h of incubation showed a high pigmentation in
91.3% of isolates in Pinus halepensis seed agar medium, 100% in Blackberry agar and
34.8% in Niger agar; however after 48h all strains showed brown colouration in Pinus
halepensis agar medium and 95.6% of them in Niger seed (Mseddi et al., 2010). In
Sabouraud glucose agar — Emmon’s modification Cryptococcus develop creamy-White
colonies after 7 days whereas in ground red hot pepper agar and Guizotia abyssinica
creatinine agar it produces creamy-White colonies in the first 2 days and turns to brown-

pigmented colonies after 5 days (Stepanovic et al., 2002).
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2.2.1 Cryptococcosis

Cryptococcosis is a fungal infection caused by Cryptococcus neoformans and
Cryptococcus gattii, infecting human and animals e.g. dogs and Cats (Syket et al., 2010).
Cryptococcosis is acquired mainly by inhalation of Cryptococcus spores into the lungs,
where it will disseminate to other parts of the body e.g. central nervous system, causing
pneumonia, meningitis and development of cryptococcomas in lung, muscle and brain
(Uicker et al., 2005, Sorell, 2001). However the infection caused by the two species (C.
neoformans and C. gattii) differ in that Cryptococcus gattii infection is less responsive to
antifungal drugs and most likely to cause cryptococcomas, a tumor-like lesion.
Cryptococcus neoformans infection on the other hand is sensitive to antifungal drugs and
rarely causes cryptococcomas (Datta et al., 2009, Sorell, 2001). The increasing numbers
of immunocompromised individuals due to HIV pandemic have raised populations
susceptible to cryptococcosis (Tintelnot et al., 2004). Cryptococcus neoformans have
been reported to cause meningitis and meningoencephalitis in case of Central nervous
involvement and pneumonia in HIV/AIDS patients (Brol et al., 2002, Klock et al., 2009)

and also in patients with systemic lupus erythematous (Ramos et al. 2001).

The prevalence of cryptococcosis has declined in HIV/AIDS patients who are on active
anti-retroviral therapy, however in Southeast Asia and Africa it is still an epidemic
affecting approximately 30% of AIDS infected individuals (Steenbergen and Casadevall,
2003). Invasive mycoses have been reported to be the major cause of opportunistic
infections in individuals with immunosupressed conditions like HIV/AIDS. Mortality

rate remains high despite availability of drugs (antifungal) for treatment of this infection
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(Sing, 2003). It has been reported that AIDS is currently a predisposing factor in

approximately 90% of all cryptococcal infection (Kachoko et al., 2002).

Cryptococcosis is the indication of HIV patients transforming to AIDS, and
Cryptococcosis is ranked the second most common fungal infection in AIDS patients.
The Centre for diseases control and prevention in US (CDC) reported that out of 274,150
patients with AIDS, 6% develop cryptococcal diseases. In Zimbabwe, 88% of AIDS

patients developed cryptococcal infection (Brol et al., 2002, John and Meredith, 2010).

Patients’ receiving organ transplant are at risk of contracting cryptococcosis (Husain et
al., 2001) and solid organ recipients contract invasive forms of Cryptococcosis within 30
days (Sun et al.,, 2010). Approximately 55% of organ transplant recipients with
Cryptococcosis develop central nervous system infections (Singh et al., 2003).
Cryptococcosis mortality rate in solid organ transplant patients is higher than in HIV

patients, approximately five times higher (Kretschmar et al., 2001).

2.3 Histoplasma species

Isolation of Histoplasma species from the environment has been done mainly in soil
enriched with birds and bats guano (Ruchel, 2008) Genus, Histoplasma consists of three
variants namely; Histoplasma capsulatum var. duboissii and Histoplasma capsulatum
var. capsulatum and Histoplasma capsulatum var. farciminosum. Variants duboissii and
capsulatum infect mammals (Human being included) and variant farciminosum cause

infection in mice and horses (WHO, 2009). Early strain typing techniques of Histoplasma
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capsulatum were by chemotyping and serotyping (Jessica et al., 2010). Currently, strain
typing is based on restriction fragment length polymorphism in ribosomal DNA, nuclear
genes or in mitochondrial DNA, including ribosomal DNA (Soll, 2000, Jiang et al., 2000,
Bertha et al., 2010, Lindsley et al., 2001). Further studies on fragment length
polymorphism based on single stranded conformational polymorphism and multi allelic
loci have been done (Taylor et al., 2005, Bertha et al., 2010)). Such studies show that
there some genetic recombination and some degree of clonality among the strain of
Histoplasma, The studies show that Histoplasma can be further classified into at least

seven phylogenetic separate species (David et al., 2010).

Genetic diversity of Histoplasma capsulatum strains can be demonstrated by use of flow
cytometric and pulsed field electrophoresis of an intact chromosome classes, with class 1
down strain showing seven chromosomes, class 3 G186B four and Class 2G217B three
(Gil-lamaignere et al., 2003). Histoplasma capsulatum in culture produce conidiophores
that are hyphae-like which are at right angles to the mother hyphae. In corn meal agar at
25°C Histoplasma capsulatum produce both macro- and micro conidia; however at 37°C
they form ovoid, narrow- budding cells. Var. capsulatum yeasts are smaller than 2-4pum
and those of var. duboissii are (12-15um). On SDA at 25°C H. capsulatum produce slow-
growing colonies, which are glabrous or verrucose, white to brown and cottony in
appearance with transverse folds (pale brown) (WHO, 2009). Histoplasma species cause

histoplasmosis infection in humans.



15

2.3.1 Histoplasmosis

Histoplasmosis is classified into different forms based on the organ they infect in the

human body:

2.3.2 Acute pulmonary histoplasmosis

Approximately 90% of individuals infected with acute pulmonary histoplasmosis do not
show symptoms of the diseases (Hage et al., 2008). However if symptoms develop, it
occurs within 3-14 days after exposure. Acute pulmonary histoplasmosis patients present
themselves with complaints of weight loss, malaise, fever, abdominal pain, chills and
some patients may develop dyspnea resulting from diffuse pulmonary involvement.
Approximately 5-6% of patients develop skin, joint lesion rheumatologic manifestation
of erythema nodusum arthritis and erythema multiforme, while enlarged lymph nodes
(mediastinal) and hilar occurs in 5-10% of them (Kauffman, 2007b). Compression of
circulation and pulmonary airways can occur, characterized by dyspnea, chest pain,

hemoptysis and cough, rarely esophagus compression occur, which causes dysphagia.

2.3.3 Progressive disseminated histoplasmosis

This form of histoplasmosis affects mainly immunocompromised subjects. Major pre-
disposing factors include, AIDS patients with CD4 counts <150/ul, hematologic

malignancy, solid organ transplantation, cancer patients, use of corticosteroids and
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infants exposure to fungus (Kauffman, 2009). Patients suffering from this form of
histoplasmosis present the following symptoms, worsening cough, fever, malaise,
dyspnea and weight loss. Central nervous system involvement occurs in 5-20% of
patients. The patient presents the following symptoms; seizures, confusion, headache,
visual and giat disturbances, neck stiffness or pain and altered consciousness (Kauffman,

2007).

In USA skin involvement occurs in 10% of the cases and gastrointestinal involvement
occur in 10% of the cases, characterized by diarrhea, fever, abdominal pain and intestinal
obstruction and also perforation have been reported. In severe cases lesion occur in colon
and small intestine (Karimi et al. 2002, Kauffman, 2007), skin infection manifestation
range from erythema multiforme to ulcer and vary from location to location.
Approximately 66% of HIV positive patients in Brazil have skin infection, compared to
those in USA, where skin lesion manifestations are at 1-7% of the reported cases (Karimi
et al., 2002, Kauffman, 2007). Histoplasma isolated from Brazil and USA, show genetic
differences based on gene typing and account for the differences in clinical manifestation

earlier observed (Karimi et al., 2002).

Studies reviewing factors related to severity of histoplasmosis disease and death, found
out that neurologic involvement is not a major factor (Wheat et al., 2000, Couppie et al.,
2004). Factors such as serum creatinine >2.1 mg/dl, alkaline phoshatase >2.5 times
normal, thrombocytopenia < 100,000 platelets/ul and elevated lactate dehydrogenase are
associated with severe disseminated histoplasmosis (Couppie et al., 2004, Wheat et al.,
2000,). AIDS patients who developed immunological improvements during ART

treatment, develop histoplasmosis — associated immune reconstitution inflammatory
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syndromes, accompanied by arthritis, uveitis, intestinal obstruction and elevation of

hepatic enzymes (Breton et al., 2006, Shelborne et al., 2005).

2.3.4 Ocular histoplasmosis syndrome

Ocular involvements occur in approximately 1-10% of individual living in histoplasma
capsulatum endemic area. In most cases patients suffering from this form of
histoplasmosis are asymptomatic (Hage et al., 2008). Macula involvements lead in

blindness (CDC, 2010).

2.4 Candida species

There are several reports of Candida isolates recovered from dorsal tongue and buccal
mucosa (Vazquez and Sobel, 2002, Pappas et al., 2003). It has also been reported by
some authors to have been isolated from human stool (Khatib et al., 2001, Repentigny et
al., 2004). In birds’ isolation has been done in Chicken comb, lungs and spleen specimen
(Grundet et al., 2005, Botello et al., 2012) and in turkeys that died after therapeutic
treatment of coccidiosis (Moretti et al., 2000). This increases the need for more
environmental niches to be investigated to be discovered. Characterization of Candida

species is done using various methods:
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2.4.1 Candida characteristics on CHROM and Cornmeal media

CHROM agar Candida, which contains [-hexosaminidase substrate and other
chromogenic substrates, is widely used in differentiation of Candida species mainly in
mixed samples (Cookie et al., 2002, Perry and Freydiere, 2002). Chromogenic Candida
agar also has the white opaque background; this allows good discrimination among
colonies of different species with similar hues (Ghelardi et al., 2008). Differentiation of
Candida species on CHROM agar Candida is based on differences in colour produced by
different Candida species due to presence of species-specific enzymes, incubated at 37°C
for 48h. Candida albicans and Candida dubliniensis colonies appear light green and dark
green respectively after incubation at 37°C for 48h, however it has been reported that
more prominent colour develop after 72h of incubation (Fotedar and Al-hedaithy, 2003).
Some authors have examined the influence of temperature on colour development by
some species precisely; C. albicans and C. dubliniensis and that incubation at 37°C must
be adhered to (Odds and Davison, 2000). 30% C. dubliniensis isolates produced colonies
with different shades of green colour (Aivarez et al., 2009 ) some C. albicans also
produced the same dark green colonies (Kurzai et al., 2000, Manh et al., 2005). Other
chromogenic media containing substrates like Candida 1D2 and Albicans ID2 are used to
differentiate the two Candida species (C. albicans and C. dubliniensis) (Likit et al.,
2007). However C. albicans don’t reduce 2, 3, 5- triphenyltetra-zolium chloride and
produce pink to white colonies (Giammanco et al., 2002). The sensitivity of
Chromogenic Candida agar for the identification of Candida species; C. albicans is at
88% and 100% after incubation for 24 to 48h respectively, C. krusei and C. tropicalis at

100% while C. guilliermondii is at 99.8% after 48hrs incubation. The sensitivity of
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Chromogenic Candida agar at 24h is 95.0%, 87.5% and 70.8% for C. tropicalis, C.
krusei, and C. guilliermondii respectively, and reaches 100% after 48h for all species

(Ghelardi et al., 2008).

In cornmeal agar, Candida albicans is known to form single chlamydospores mainly at
the tip of suspensor cell and grape-like blastoconidia are formed along the hyphae, while
Candida dubliniensis is known to form more than one chlamydiospore at the end of each
hyphae (Peter and Joachim, 2006). Candida guilliermondii produce blastospores in
cluster along the pseudohyphae (pseudohyphae are usually few in number) and mainly at
septal points (WHO, 2009, Sayyada et al., 2010). Candida glabrata when incubated at
25°C for 72h forms blastoconidia (Kurtman and Fell, 2000). It has been reported that
differentiation of Candida species, based on chlamydiospore production is not reliable,
since some species of Candida like C. dubliniensis do not show a consistent pattern in
formation of chlamydospores (Ellepola et al., 2003). Niger seed agar, which was develop
mainly for identification of Cryptococcus neoformans has been found to be useful in the
differentiation of Candida dubliniensis and Candida albicans based on absence and
presence of chlamydiospore formation in Niger seed (Eileen and Richard, 2003).
Candida albicans does not produce chlamydospores but produces pseudohyphae after
prolonged period of growth while Candida dubliniensis produces chlamydospores,

pseudohyphae and rough colonies.
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2.4.2 Protein fingerprinting

The identification of bacteria strains has been known to be achieved by analysis of a
microorganism’s cellular protein (Neppelenbroek et al., 2006). SDS-PAGE is one of the
most used techniques, where microorganism proteins are extracted then denatured and
finally separated by use of polyacrylamide gel, however this technique has been found
not to be useful for identification of Candida species, specifically Candida albicans and
C. dubliniensis (Cunningham and Noble, 1989). Some authors’ have disagreed with
Cunnigham and Noble’s findings and have found out that SDS-PAGE technique is useful
in Candida species identification (Rosa et al., 2000, Sahand et al., 2006). Multilocus
enzymes electrophoresis (MLEE) is a protein based technique used to identify Isolates
based on polymorphism of enzymes i.e. alloenzymes and isoenzymes (Neppelenbroek et
al., 2006). In MLEE the microorganisms’ cellular protein is extracted and then separated
by means of polyacrylamide gel, finally enzymes activity is revealed by use of specific
staining protocols and enzymes examined, assuming these enzymes are not or are less
prone to pressure (Gil-lamalghere et al., 2003), and data obtained are considered
indirectly representative of organism genome (Gil-Lamalghere et al., 2003). MLEE have
been widely used in the study of Candida species. Few studies however have been
carried out to differentiate Candida albicans and C. dubliniensis by use of MLEE
(Neppelenbroek et al., 2006, Rosa et al., 2000). Candida species has been documented
by many authors to cause different forms of candidiasis infection in humans as discussed

below.
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2.4.1 Candidiasis infection

This infection is caused by Candida species in most cases, Candida albicans. It’s divided

in two broad categories: oral candidiasis and systemic candidiasis.

2.4.2 Oral candidiasis

There is increasing fungal infection; cutaneous and mucosal worldwide, mainly due to
oral candidiasis due to HIV/AIDS pandemic (Samaranayake, 2002). Oral candidiasis
ranges from pseudomembranous and erythematous to gingival erythema and to rhomboid
glossitis (Ellepola and Samaranayake, 2000). Increasing incidences of this form of
candidiasis is due to presence of predisposing factors, aiding in conversion of Candida
from a commensal to a parasitic organism. Some authors have reported that 84-100% of
HIV/AIDS infected individuals get infected with at least one episode of Candida species

(Samaranayake, 2002, Ellepola and Samaranayake, 2000).

Primary oral candidiasis is further classified into three variants: erythematous, pseudo-
membranous and hyperplastic. Hyperplastic candidiasis present as a chronic lesion while
erythematous and pseudomembranous manifest as acute lesions. Apart from these well
defined lesions (candidal), a group of Candida diseases known as “Candida associated
lesions” has been reported as their cause is multifactorial with or without Candida
infection such as median rhomboid glossitis, linear gingival erythema, and denture

stomatitis common in denture wearers.
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2.4.3 Pseudomembranous and Erythematous candidiasis

Pseudomembranous candidiasis is common in immunocompromised individuals e.g.
cancer, newborns, Leukemia patients, HIV infection/AIDS and long term use of broad-
spectrum antibiotic therapy (Sherman et al., 2002, Akpan and Morgan, 2002).
Characterized by White plaque on tongue that “look like milk curd” that can be wiped off
with gauze revealing erosive base that bleed easily (Reichat et al., 2010, de Almeida and
Scully, 2002). The plaque consists of bacteria, food debris, hyphae, yeast cells and

necrotic material.

Erythematous candidiasis is one of the most common variant in HIV infection; it is
associated with a prolonged use of broad-spectrum antibiotics, corticosteroid and HIV
infection. The infection commonly occurs in the palate, dorsum of the tongue and in
cheek mucosa and is characterized by red to pink colour, red patches, blisters on the soles
of feet, palm of hands and joint pain, itching, fatigue and fever (Fraser and Kimberly,

2011, http://www.softdental.com/diseases/oral candidiasis moniliasis thrush.html).

2.4.4 Atrophic and Hyperplastic candidiasis

Atrophic candidiasis is characterized by marked pebbled patches on dorsal surface of the
tongue, buccal mucosa, palate (hard or soft) and erythematous. Diabetes mellitus, vitamin
deficiency or poorly fitting dentures are some of the predisposing factors associated with

this infection (Miller, 2003).


http://www.softdental.com/diseases/oral_candidiasis_moniliasis_thrush.html
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Up to 15% of reports have associated hyperplastic candidiasis with malignance
(Sitheeque and Samaranayake, 2003). This form of candidiasis appears as a chronic
discrete raised lesion and varies from small, palpable, translucent, whitish areas to large,
dense plaques that are hard and rough areas on palpation (de Ameida and Scully, 2002,
Scardina et al., 2009, Sitheeque and Samaranayake, 2003). Histology of hyperplastic
candidiasis lesion is characterized by Candida hyphae. Biopsy is taken when the lesion
does not respond to antifungal drugs (Sitheeque and Samaranayake, 2003, Sherman et al.,
2002). Most patients suffering from Hyperplastic candidiasis are smokers; and this

condition has been associated also with malignancy and dysplasia (Muzyka, 2005).

2.4.5 Candida- associated lesion

Candida associated lesions are mainly associated with Candida species, however yeasts

are not the sole causative agents (Golecka et al., 2006). These are;

Candida- associated denture stomatitis are characterized by chronic erythema and
edema. Candida associated denture stomatitis occur when there is overgrowth of Candida
between palate and denture surface (Golecka et al., 2006,). It has been reported by
authors that denture stomatitis in HIV individuals is caused by Candida in conjunction

with other factors like; allergic reaction and bacterial infection (Golecka et al., 2006).
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Angular cheilitis is a Candida infection that forms ulcers and fissures radiating from
commissures (oral cavity), accompanied by white plaques and is associated with
cutaneous infections of both Staphylococcus and Streptococcus bacteria, yeasts and
deficiencies of iron and vitamin B;, are some of the predisposing factors. In young men,
angular cheilitis could be the first sign of HIV infection, while in the elderly; it may be
due to vitamin deficiency (Reichat et al., 2000, Miller, 2003, Akpan and Morgan, 2002,
Sauders, 2000,). It is seen in children as it is associated with sucking of the thumb and
due to immunosuppression where as in adults it is due to wrinkles or fold of skin at oral

commissures (Neville et al., 2002, Akpan and Morgan, 2002, Sherman et al., 2002).

Median rhomboid glossitis is characterized by an elliptical, erythematous or rhomboid
area representing papillary atrophy of filiform on the tongue (Reichat et al., 2000).
Candida linked to median rhomboid glossitis has been under a lot of debate, some
authors have reported that it may be an acquired chronic oral candidiasis or a mixture of

fungal and bacterial infection (Reichat et al., 2000).

Linear gingival erythema candidiasis is commonly referred to as “red band gingivitis”
because of its red band appearance (Mark, 2009). However it has been reported that
linear gingival erythema occurs also in HIV negative, immunocompromised individuals
(Oral health care, 2001). Linear gingival erythema is limited to periodontium and
manifests as a red line measuring at least 2mm in width (Oral health care, 2001). Linear
gingival erythema can be localized or generalized mainly in gingival margins of teeth.
Some authors consider it to be a progressive infection in individuals suffering from HIV/

AIDS leading to necrotizing periodontitis when the CD+4 cells counts is low, However
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the disease can be prevented from progressing to necrosis by treating linear gingival

erythema (http://www.softdental/com/diseases/oral_candidiasis_moniliasis_thrush.html).

2.4.6 Chronic mucocutaneous candidiasis syndromes (CMC)

This form of candidiasis is characterized by recurrent superficial candidosis of the nails,
vagina, skin and mucous membrane of the mouth (de Almeida and Scully, 2002). This
infection may be diffuse or chronic, and often associated with endocrine and immune
systems disorders, Addison’s diseases, myeloperoxidase deficiency, Nezelof sydrome
and defect in cell-mediated immunity (Williams et al., 2011, Miller, 2003, Saunder’s,
2007). Patients suffering from this form of candidiasis do not respond to topical
application of antifungal agents such as polyenes but may respond to Azole administered

systemically.

2.4.7 Systemic candidiasis

Systemic candidiasis is divided into two categories: disseminated and candidemia
candidiasis. When Candida species spread to deep organ in the body it is usually referred

to as dissemination form of candidiasis.
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Candidemia is commonly caused by Candida species which is ranked the fourth most
common organism recovered in blood cultures and nasocomial infection and are
generally considered the causes of most Candida infections (Guery et al., 2009). The
history of the patient’s often reveals: Fever not responding to broad-spectrum antibiotic,
skin lesion, Candidal endophthalmitis and septic shock (Picozo et al., 2008). Other causes
of candidemia infections: include Endocarditis and it has been reported that C. albicans
and C. parapsilosis account for about 60% of fungal endocarditis cases (Falcone et al.,
2009). Endocarditis is mainly acquired through direct inoculation during surgery or due
to hematogenous dissemination during bloodstream invasion. Candida endocarditis has
been associated with some risk factors, including chemotherapy, intravenous heroin use,
prolonged use of central venous catheters and prosthetic valves. Physical examination of
the patient reveal new or changing murmurs, hypotension, and fever not responding to
antimicrobials, shock and large septic emboli organs is the characteristic of fungal

endocarditis.

Disseminated candidiasis is associated with multiple or single deep organs. However
blood cultures from patients suffering from this infection are negative in up to 40-60% of
the cases (Shah et al., 2008). Risk factors associated with this form of candidiasis
include: burns, severe trauma, prolonged hospitalization, bone marrow transplantation,
recent chemotherapy or radiation therapy, Foley catheters, premature birth (Pappas,

2006).
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Renal candidiasis occur frequently occurs due to disseminated candidiasis or candidemia.
Individuals suffering from candidiasis have of fever that doesn’t respond to treatment by
use of broad spectrum antimicrobials. In most cases, patients are asymptomatic and may
lack symptoms showing kidney infection. Diagnosis is mainly done by renal biopsy and

urinalysis. Renal candidiasis is diagnosed commonly by autopsy (Malani et al., 2007).

Candida peritonitis in most cases tends to be localized and in 15% of the cases it is
disseminated into the bloodstream. The individual history reveals the association of the
disease with peritoneal dialysis, viscous perforation or gastrointestinal tract surgery. The
manifestation of the disease includes vomiting, nausea, fever and chills abdominal pain
and at times constipation. Isolation of the etiological agents (Candida species) from
peritoneal fluid (in surgical cases) needs to be evaluated carefully (Blot et al., 2007).
Physical examination of the patients may reveal; abdominal pain, absent bowel sounds,

fever, localized mass, abdominal distention, and rebound tenderness (Blot et al., 2007).

Nearly 200 Candida species exist in nature, but only a few species have been
documented to cause humans diseases (Vazquel et al., 2003). The medically significant
Candida species are: C. albicans (the most common Candida species) accounting for 50-
60% of isolated cases, C. parapsilosis (10-20%), C. tropicalis (6-12%), C. glabrata (15-
20%), Candida krusei (1-3%), C. guilliermondi (<5%), C. kefyr (<5%), C. lusitaniae
(<5%) and Candida dubliniensis, that is mainly recovered from individuals infected with

HIV/AIDS (Vazquel et al., 2003).

In individuals suffering from candidemia or invasive candidiasis 70-80%, of Candida

species isolated are C. glabrata and C. albicans. It has been reported that incidence of C.
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glabrata has been increasing worldwide due to its resistance to fluconazole in up to 20%
of hospital cases (Vazquel et al., 2003). C. krusei has been shown to be resistance to
fluconazole and ketoconazole; it is less susceptible to amphotericin B and itraconazole
(Vazquel et al., 2003). C. lusitaniae is not as common as other candida species; however
it is of medical importance since it is resistant to amphotericin intrinsically and
susceptible to echinocandins and azoles (Vazquel et al., 2003). C. parapsilosis is also
Candida species of medical importance mainly in hospitalized patients. It is associated
with infections acquired through the use of vascular catheter devices. In vitro analysis
have shown that echinocandins is more effective on C. parapsilosis than in other species
of Candida. However the relevance of this in vitro finding is yet to be determined (Eiland
et. al., 2008) and C. tropicalis is considered to be causing candidemia in cancer patients

and those that have undergone bone marrow transplantation (Vazquel et al., 2003).

2.4.8 Vaginal candidiasis

This is a Candidal infection of the vulva and vagina. In United States approximately one
million women, each year develop this form of candidiasis (Miller, 2003). It is not a
serious infection but can be frustrating and uncomfortable to the patients. It is
characterized by severe vaginal itching, cottage-cheese like discharge and has bread or

sweet-like odor. Vagina can be red, painful and swollen (Sauder’s, 2007, Miller, 2003).
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2.5 Blastomyces dermatitidis

Blastomyces dermatitidis has been isolated in clinical specimen (Tracy et al., 2002),
culture being the most reliable method for the identification of Blastomyces dermatitidis.
In Sabouraud dextrose agar at 25°C after 2 - 4weeks period of growth, Blastomyces
dermatitidis produce white fluffy colonies (Bradsher et al., 2003, Koneman et al., 2007).
Microscopy also provides an equally firm method to identify budding of Blastomyces
dermatitidis in sputum, exudates and in tissue following potassium hydroxide preparation
(Lemos et al.,, 2002). Blastomyces dermatitidis is known to cause Blastomycosis

infection.

2.5.1 Blastomycosis

Blastomyces dermatitidis causes blastomycosis infection in humans and is classified into:
cutaneous, pulmonary, primary and disseminated blastomycosis (Kauffman, 2007, Tracy

et al., 2002).

2.5.2 Cutaneous blastomycosis

Cutaneous primary blastomycosis is a manifestation of disseminated pulmonary
blastomycosis and has been reported in 80% of infected individuals. The skin becomes

infected as the causative agent disseminates to other areas of the body, characterized by
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papules, pustules or nodules that are found on the exposed body areas, leading to loss of

skin pigment and scarring (Kauffman, 2007, Garvey et al., 2006, Kisso et al., 2006).

Chest radiograph shows diffuse parenchyma and the patient develops verrous plague on
buttocks, torso and hilar mass (Mason et al., 2008). Center of the lesion is crusted and
atrophic and fails to show the organisms if biopsy is taken from this region. Biopsy
specimen from periphery of the lesion contains micro-abscesses and it is used for
diagnosis since it yields better results (Mason et al., 2008). Primary cutaneous
blastomycosis has been reported in an immunosupressed child, characterized by
development of chancriform ulcer at the site of inoculation with lymphadenitis and

lymphangitis (Zampogna et al., 2003, Garvey et al., 2006).

2.5.3 Pulmonary blastomycosis

Pulmonary blastomycosis is the most common form of blastomycosis infection. Acute
infection of primary pulmonary blastomycosis has an incubation period of between 3
weeks to 3 months after exposure and resembles pneumonia or could be asymptomatic. In
symptomatic patients, they present the following symptoms; chest pain, dyspnea, cough,
sputum production and hemoptysis. The most common systemic manifestation; weight

loss, fever and night sweats (Kauffman, 2007a, Baumgarder et al., 2004).

Solid organ transplant have been reported to transmit blastomycosis and the patients
develops blastomycosis approximately 26 months after transplantation (Gauthier et al.,

2007), with an incidence rate of between 0.14% to 64% of the reported cases between
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2000 and 2004 in USA. Tran-placental infection of newborn can occur during pregnancy,

from an infected mother (Lemos et al., 2002).

2.6 Saccharomyces species

Environmental isolation of Saccharomyces species has been done from fruits, soil, grain
and other materials with high carbohydrates content like in vineyard environments and in
clinical specimens (Salomen et al., 2000, Smith et al., 2002, Sniegowki et al., 2002,
Erdem et al., 2003, Reuter et al., 2007, Schulled et al., 2007, Valero et al., 2007, Murphy
and Zeyl, 2011). S. cerevisiae is differentiated from other yeasts mainly based on its
ability to ferment individual sugars and growth characteristics. Clinical identification of
yeasts is done by use of diagnostic kits commercially available and principally classified
yeasts according to their ability to utilize distinct types of carbohydrates as sole carbon
sources (Torija et al., 2001, Amendola and Rees, 2002, Sun et al., 2009). More
sophisticated techniques for yeasts classification have been developed e.g. DNA
sequence, polymorphism (Liti et al., 2009, Schacherer et al., 2009). Saccharomyces

species cause infection in humans.

2.6.1 Saccharomyces infection

Saccharomyces species has been reported to be an emerging agent causing opportunistic

mycoses in immunocompromised individuals (Salonen et al., 2000). Prolonged use of
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antibiotics a is major risk factor for Saccharomyces infection development (Adela and
Christopher, 2005). Aortic graft and fungemia infections as well have been observed in
immunocompetent individuals (Smith et al., 2002). Critically ill patients develop
fungemia due to overload during therapeutic treatment of Saccharomyces boullardii,
approximately 51.3% of fungemia is caused by Saccharomyces boullardii (Lherm et al.,
2002, Adela and Christopher, 2005). Also, Saccharomyces cerevisiae causes vaginitis,

and periodontal lesion (Erdem et al., 2003, Jabra et al., 2001).

2.7 Geotrichum species

Geotrichum species have been isolated from soil, water, air, cheese and from clinical
specimen; sputum, faeces, skin, genital and gastrointestinal tracts of humans and other
mammalians (Bouakline et al., 2000, Larpin et al., 2006, Hojjatollah et al., 2010). In
Northeastern Thailand Geotrichum phurueaesis was isolated from forest soil, while
Geotrichum siamensis was isolated in water from mangrove forest in southern part of
Thailand (Kaewwichian et al., 2010). In MEYE agar at 20°C Geotrichum strain colonies
are 25- 30mm in diameter and form white, dry, centrally powdery colonies with hairy
margins. Hyphae are wide approx. 3-5um, with lateral braches and round apices.
Abundant arthroconidia measuring approximately 2.5 - 4.0 x 5.0 - 36.0um and mycelia
are formed (Takahiko et al., 2008), while on ME agar, hyphae and arthroconidia
(measuring 6-12 x 3-6 um) produce clusters of blastospores which are globose or

subglobose, 4.0 — 6.0um in diameter. Gematangia are formed on the opposite sides of
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hyphae or septa, and asci contain one to four ascospores (Takahiko et al., 2008).

Geotrichum species cause geotrichosis infection in human.

2.7.1 Geotrichosis

In nature Geotrichum candidum is saprophytic; however, it causes opportunistic infection
in humans (Herich et al., 2009). Dissemination of geotrichosis occurs in conditions such
as in patients with leukemia diseases. Oral lesions caused by Geotrichum species are
clinically indistinguishable from candidiasis thrush, due to misdiagnosis and low
incidence (0.5% in leukemia patients) of geotrichosis. Some reports indicate its clinical
appearance is as erythematous gingivae, ulceration and edematous (Fanci and Pecise,
2003, Corrado et al., 2005). Pulmonary involvements have been documented in 9-26%
cases of patients with hematological malignancies (Corrado et al., 2005). Diagnosis
confirmation of Geotrichum species in clinical setting is done by culture (Takahiko et al.,

2008).
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CHAPTER THREE

3. MATERIALS AND METHODS

3.1 Study area

The study area comprised of Kabigeriet Village situated in South Western Kenya in the
Rift Valley Province, Nakuru county, Kuresoi District, and Olenguruone Division.
Olenguruone is Approximately 282 KM from Nairobi, Kenya. The area lies at about 35°
41’E and 0.1° 35’S. The climate is sub-humid consisting of one rainy season (April to
December) and dry season (January — March). The average annual rainfall is 1200 mm
and the average temperature is 28°C with small variations (+5°C) throughout the year
(Meteorological Kenya, 2009). Here the soil comprises a complex of well drained
shallow to moderated deep dark loam soil to clay loam soil. These soils are mostly good
for agriculture mainly Maize, Tea, wheat, potatoes as well as animal keeping; Cattle,
goats and sheep, it is also good for Chicken rearing. Cypress, Bamboo and Eucalyptus
trees dominate the vegetation of the area (Olenguruone village). The study area was
chosen since it is atypical rural setting where domestic Chicken are reared in close
proximity with people. Unlike in other Divisions of Olenguruone, in Kabigeriet village
most farmers rear only domestic chicken. In domestic way (out door rearing) without

feeding them with commercial feeds.
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3.2 Research design

The study was a cross sectional laboratory based study carried out for a period of five
months, (April 2010 to August 2010). Sampling of the homesteads; complete random
design was done. Where the homes were chosen at random and the owner’s consent was
sort. Stratified sampling was carried out within the selected homesteads for domestic

Chicken dropping. These were therefore taken to the laboratory for analysis.

3.3 Sample size

The study was carried out in thirty two homesteads that reared domestic Chicken (Gallus
gallus) in Kabigeriet village, Olenguruone Division, Kuresoi District. Kabigeriet village
has a total of forty five homesteads but only thirty two were sampled because some
homesteads had no Chicken while others did not consent to participate in the study.
However the study managed to Sample 84 domestic Chickens droppings from different
homes/houses which were more than the minimum sample size (64) required for the
study. The number of Chicken that were sampled in this study was sufficient according to
Mugenda and Mugenda, (1999) formula which states that 13% of the population is
sufficient to be sample size, with an estimated population of domestic Chicken in
Kabigeriet village being 495. Mugenda and Mugenda formula was used due to the
following factors; the research design of the study (it was carried out in a village, with a
total of 45 homesteads only) and the size of the accessible population. Farmer’s consent
was obtained before sampling. Majority consented to the study (by limiting the numbers

of Chickens to be sampled) while others didn’t.
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Therefore 495=100%
?7=13%

13% x 495 =64.35
100%
Number of Chicken droppings sampled = 64

3.4 Sample collection

A semi-structured questionnaire was administered to collect basic household information.
Environmental conditions for the area where the samples were collected including time,
humidity, temperature, elevation (using Garmin GPSMAP ® 60csx, Garmin
international, inc. Kansas USA) (Appendix 1) and groundcover were recorded. The
following specimens were collected: Domestic Chicken dropping and soil enriched with
domestic Chicken dropping. Environmental collection of domestic Chicken dropping was
done by scooping fresh dropping from Chicken houses, grass, soil and trees
(contaminated with Chicken dropping in homestead where Chicken sleep on trees) using
sterile plastic spoons. Each spoon was used once and discarded into ziplock bags.
Droppings which could not be collected using a spoon were swabbed by passing a sterile
swab over each sample until it turned “dirty”. A total of 84 specimens were collected and

some of the sample collection sites are shown in Plates 1-6
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Plate 3:Chicken droppings on top of timber Plate~4 Chlckendropplngs |nS|de apoulfry
inside an abandoned house. house.

L e L

Plate 5: A typical poultry house Plate 6: Chlcken dropplngs under '
maize Store.
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3.5 Specimen transportation, storage and bio safety measures

The samples were labeled by giving non random (NR) numbers which were inserted in a
zip lock safety bag and transported to the laboratory using a cool box soon after
collection and stored at 4°C. All cultures were handled inside a level 2 containment

biosafety cabinet.

3.6 Processing of samples, isolation and characterization of isolated yeasts
Two procedures were used in isolation and characterization of yeasts, one for Candida

species and other yeasts and the other procedures for Cryptococcus species.

3.7 Candida species isolation and characterization procedure

3.7.1 Specimen preparation

One gram of domestic Chicken dropping was weighed using a scale balance and then
transferred to a 10 ml sterile round bottom tube containing 5 ml distilled water then
incubated for 1h with agitation (mix every 15 min). Two 1.7ml appendoff tubes were
each filled with 900 pl sterile distilled water and 100 pl of the original sample added to
the first tube (dilution factor 1:10) then 100 ul of the 1:10 dilution added to the last tube
containing 900 pl sterile distilled water, giving a final dilution factor of 1:100. For swabs,
100 pl of sterile distilled water were added to round bottomed tubes and the tip of the
swab containing the sample dipped into distilled water with agitation to make a

suspension.
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3.7.2 Primary isolation

Trypan blue agar (Oxoid) was used for primary isolation and cultivation of yeast (John et
al., 2009). Media were prepared aseptically according to the manufacturer’s instructions
(Appendix 2) and dispensed in 25 ml amounts into 90 mm-diameter sterile Petri dishes.
The procedure was done inside a Laminar Airflow Biosafety cabinet which was sterilized
by wiping with 70% Alcohol to decontaminate. After agar had solidified in Petri dishes,
each Petri dish was labeled with the same Non random number given to respective
samples. Approximately100 pl of the second dilution and similar amounts for swabs
suspension, were inoculated onto the centre of Trypan blue agar and spread using glass
rods which were sterilized by autoclaving and incubated at 30°C for 3 days (it was

checked daily for any growth before colony purification).

3.7.3 Purification

Yeasts colonies from Trypan blue Agar were sub-cultured onto Sabouraud agar (Oxoid)
to purify cultures (Isenberg and Henry, 2004). The procedures were done according to the
manufacturer instructions using aseptic techniques then 25 ml amounts were dispensed
into 90 mm-diameter Petri dishes (Appendix 2). Each Sabouraud agar plate was equally
labeled with the same Non random number which was given to Typan blue agar on
samples from the field. Suspected colonies were transferred from Typan blue agar to
Sabouraud agar by using a wire loop sterilized by heating over a Bunsen burner until it
was red hot then cooled. Using a cooled wire loop, suspected colonies from Typan blue

agar were picked and inoculated onto Sabouraud agar and then labeled as earlier
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described. The procedure was done inside a level 2 Biosafety cabinet for Biosafety
reasons. The sub-cultures were incubated for 48h at 30°C to purify yeast before
biochemical tests (yeasts identifications) were done. However, colonies that appeared to

be mould were subjected to Lactophenol cotton blue stain.

3.7.4 Lactophenol cotton blue stain test

Lactophenol cotton blue stain was used for staining and microscopic identification of
fungi mainly moulds (Forbes et al., 2002). Briefly a drop of lactophenol cotton blue stain
was placed in the center of a clean slide and a fragment of the moulds picked from
colonies that looked like moulds in Sabouraud agar. Colonies 2-3 mm in diameter which
were removed from a sporulating culture using an inoculating or teasing needle were
emulsified in lactophenol cotton blue stain at the center of a slide and covered using a
sterile clean cover slip. The cover slip was sterilized by holding with forceps over a
burning Bunsen burner, cooled then put on top of the suspension and then gently pressed.
The fragment in the preparation was squashed with the butt of the inoculation needle and
excess fluid blotted off. All the procedures were done inside the Biosafety cabinet. The
preparation was examined under low (x10) and high (x40) magnifications, for the
presence of characteristic mycelia and fruiting structures. Identification of the moulds
was done morphologically using macro and micro-morphological features (Forbes et al.,

2002).
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3.7.5 Identification of yeasts

Purified yeast colonies from Sabouraud agar were sub- cultured onto CHROM agar
(CHROM agar Company, Paris, France) for preliminary identification of yeasts and to
detect mixed cultures as described by Sivakumar et al., (2008). Media was prepared
according to the manufacturer’s instruction under sterile conditions (Appendix 2) and
then dispensed in 25 ml amounts into 90 mm-diameters Petri dishes. Suspected colonies
were transferred from Sabouraud agar by using a sterile wire loop and inoculated onto
CHROM agar. It was incubated at 30°C for 48h for preliminary identification: C.
albicans appeared green, C. tropicalis appeared blue, C. parapsilosis appeared pink fizzy
and other species appeared white pink (Ghelardi et al., 2008). However colonies that
could not be identified using CHROM agar were further sub- cultured onto Cornmeal
agar (Oxoid) for identification of yeast that produces pseudohyphae, true hyphae,
arthrospores and chlamydospores (Peter and Joachim, 2006, WHO, 2009, Kurtman and

Fell, 2000).

Colonies from CHROM agar were transferred, inside a lamina airflow Biosafety cabinet
using a sterile wire onto cornmeal agar by making a parallel cut of approximately % inch
into the agar and inoculating by holding the wire at an angle of 45°C and a cover slip put
onto the agar, covering a portion of the inoculation streaks. The incubation of the
inoculated plates was done at 30°C for 24 to 48 h. The cultures were examined
microscopically, through the cover slip to prevent inadvertent contamination of the
microscope objective with the agar and dislodging of the conidia. The preparation was

examined under low (x10) and high (x40) magnification, for the presence of
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characteristic pseudohyphae, true hyphae, arthrospores and chlamydospores. However
not all yeasts were identifiable using CHROM agar and cornmeal agar those that gave

contradicting result were subjected to confirmation tests (APl 20 AUX).

3.7.6 Confirmation test of Candida species

Confirmation of yeasts was done using APl 20C AUX (Bio Merieux SA) for non-
chlamydiospore, pseudohyphae and arthrospores producing Candida species and those
species that gave contradicting results when subjected to CHROM agar and Cornmeal
agar. The basal medium in the ampoules was melted by placing in a boiling water bath
for two minutes and allowed to cool. 20 mls of distilled water was dispensed into
incubation tray and strip placed with the open ampoules open (2 mm diameter).
Suspension of the test yeast was prepared and the density adjusted just below 1+ on a
wickerham card. The strip was inoculated (20 cupules; approximately 0.2 ml each)
following the manufacturer’s instructions, and incubated at 30°C for 72 h as described in
the manufacturer’s manual (Appendix 5). The results were read and recorded after 72 h

using the API index Chart provided in the KIT.
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3.8 Cryptococcus species isolation and characterization procedure

3.8.1 Specimen preparation

One gram of domestic Chicken dropping was weighed using a scale balance and then
transferred to a 10 ml sterile round bottomed tube containing 5 mis distilled water then
incubated for 1h with agitation (mix every 15 min). Two 1.7 ml appendoff tubes were
filled with 900 pl distilled water and 100 ul of the original sample added to the first tube,
(dilution factor 1:10) then 100 pl of the 1:10 dilution added to the last tube containing
900 pl distilled water, giving a dilution factor of 1:100 in the second dilution. For swabs,
100 pl of distilled water was added into a round bottomed tubes and the tip of each swab

containing sample dipped into distilled water with agitation to make a suspension.

3.8.2 Primary isolation

The Niger seed agar and biphenyl media (Teknova, France) were used in detecting,
isolation and identification of Cryptococcus species (Mseddi et al., 2010). The media was
prepared according to the manufacturer’s instructions under aseptic condition (Appendix
2). After autoclaving, the media was supplemented with 10 mls biphenyl stock solution,
400 pl Chloramphenical stock solutions and 500 pl ampicillin stock solution. The media
was cooled to 50°C and dispensed in 25 ml amounts into 90 mm-diameter Petri dishes.
The Petri dishes were labeled with Non random sample numbers. Approximately 100 pl
of the sample’s second dilution and similar amounts for swabs suspension, were

inoculated onto the centre of Niger seed agar and spread using glass rods sterilized by
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autoclaving and incubated at 30°C for 72h. The inoculums were checked daily for signs

of growth.

3.8.3 Purification

Yeasts colonies from Niger seed agar were sub-cultured onto Sabouraud agar to purify
cultures (Isenberg and Henry, 2004). The procedures were done according to the
manufacturer’s instructions using aseptic techniques. Approximately 25 mls of the media
was dispensed into 90 mm-diameter Petri dishes (Appendix 2). Each Sabouraud agar
plate was labeled with the same non random sample numbers. Suspected colonies were
transferred from Niger seed agar to Sabouraud agar by using wire loops and incubated for

24h at 30°C to purify yeast before biochemical tests were done.

3.8.4 Urease test

Yeasts colonies from Sabouraud agar were further sub-cultured onto Christensen’s urea
agar to detect their ability to hydrolyze urea (urease positive) and incubated at 30°C for
24h. Urease positive yeasts turned the colour of media to pinkish. Cryptococcus
suspected colonies were subjected to APl 20C AUX (Bio Merieux, SA) for confirmation

purposes.
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3.8.5 Confirmation test of Cryptococcus species

Confirmation of Cryptococcus species was done using APl 20C AUX (Bio Merieux SA).
The basal medium in the ampoules was melted by placing in a boiling water bath for two
minutes and allowed to cool. 20 mls of distilled water was dispensed into incubation trays
and strip placed with the ampoules open (2 mm diameter). Suspension of the yeast was
prepared and the density adjusted just below 1+ on a wickerham card, the strip was
inoculated (20 cupules; approximately 0.2 ml each) following the manufacturer’s
instruction, and incubated at 30°C for 72h (Appendix 5). The results were read and

recorded after 72h using the APl index Chart provided in the KIT.
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CHAPTER FOUR

4. RESULTS

4.1 Yeasts isolated from Chicken droppings

The occurrence of yeasts in Kabigeriet village, were either as single or multiple
infestations in all the samples analyzed. Out of all the samples analyzed 72.62% were

positive for yeasts while 27.38% were negative (Fig. 3).

Occurrence of yeasts in Olenguruone

M Positive

B Negative

Figure 3: Occurrence of yeasts in Chicken droppings in Kabigeriet village, Olenguruone

4.2 Prevalence of yeasts in Kabigeriet village, Olenguruone

Four types of yeasts species were isolated in the study; Candida species 35/61(57.38%),
Geotrichum candidum 23/61(37.70%), Cryptococcus species 2/61(3.28%) and

Saccharomyces cerevisiae 1/61(1.64%) (Fig.4).
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3.28%1.64%

® Candida species
B Geotrichum candidum

= Cryptococcus species

® Saccharomyces cerevisiae

Figure 4: Percentage distribution of yeasts from samples collected from Gallus gallus
droppings.

4.2.1 Yeasts species isolated from domestic Chicken droppings

During the study a total of 84 samples (58 guanos and 26 soils enriched with Chicken
dropping), were collected from 32 homesteads out of which a total of 61 different yeasts
species were isolated and identified (Table 1). The dominant yeast species was found to
be Geotrichum candidum which was 37.70% of the total isolated species of yeast. This
was followed by Candida lusitanie (14.75%); other species were Saccharomyces
cerevisiae, Candida ciferri, Candida guilliermondii, Cryptococcus neoformans, and

Cryptococcus laurenti which were 1.63% each.
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Table 1: Species of yeasts isolated from the samples

Yeasts n % Dominants
Geotrichum candidum 23 37.70 1
Candida lusitanie 9 14.75 2
Candida glabrata 7 11.47 3
Candida tropicalis 5 8.19 4
Candida albicans 5 8.19 4
Candida parapsilosis 3 491 5
Candida lipolytica 2 3.27 6
Candida krusei 2 3.27 6
Cryptococcus laurenti 1 1.63 7
Cryptococcus neoformans 1 1.63 7
Candida guilliermondii 1 1.63 7
Candida ciferri 1 1.63 7
Saccharomyces cerevisiae 1 1.63 7
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4.3 Characterization and identification of the isolated Candida species
4.3.1Trypan blue agar

All samples collected were plated onto Trypan blue agar for primary isolation and

purification purposes (Plate 7).

-

Growth of yeasts: suspected to
be Candida, Cryptococcus,
Geotrichum and Saccharomyces
species

Plate 7: Trypan Blue agar, read after 3days incubation at 30°C. Only whitish coloured
colonies with smooth edged were seen. It was not possible to determine whether there
was a pure or mixed culture of yeasts based on the appearance.

4.3.2 CHROM agar

The CHROM agar supported the growth of all environmental yeasts isolates and its
opaque to white background allows good discrimination among of colonies of different
species with almost similar hues. A wide variety of colony colours were seen some which
were species specific. Three Candida species, Candida tropicalis (Plate 8), Candida
krusei (Plate 9) and Candida albicans (Plate 11), were presumptively identified. For

conformations purposes the above Candida species were sub cultured to cornmeal agar.
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The identification of 12 isolates based on CHROM agar was specific due to the presence
of pB-hexosaminidase substrate and other chromogenic substrates in the media.
Differentiation of Candida species is due to presence of species-specific enzymes.
Candida tropicalis colonies appeared smooth, mucoid, wide and blue in colour. These
were differentiated from Candida albicans and Candida krusei which presented with
greenish, smooth convex colonies and dry flat, rough pink colonies with pale borders
with dark centre respectively and Cryptococcus species colonies appeared white, mucoid

and raised (Plate 10).

Pinkish colour

Bluish
colour

Plate 8: C. tropicalis showing bluish colouration Plate 9: C. krusei showing pinkish
of colonies on CHROM agar read after 48h colouration of colonies on CHROM agar
at 30°C. read after 48h at 30°C.
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Whitish

Greenish colour

i

Plate 10: Cryptococcus species note whitish Plate 11: Candida albican note greenish
Colouration of colonies on CHROM agar read colouration of colonies on CHROM agar
after 48h at 30°C. read after 48h at 30°C.

Candida spp. identified on CHROM
agar.

m C. albicans
H C. tropicalis
m C. krusei

B Other Candida species

Figure 5: Types of Candida species Identified using CHROM agar.
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The following types of yeasts after plating in CHROM agar were not presumptively
indentified, since the colonies colour were not species specific (Table 2). They were

subjected to further supplementary tests i.e. plated on cornmeal agar and APl 20 AUX.

Table 2: Appearances of yeasts on CHROM agar after incubation at 37°C for 48h

Yeasts n Colour
Geotrichum candidum 23 Dark pink
Candida lusitanie 9 Light to dark brown
Candida glabrata 7 Light to dark brown
Candida parapsilosis 3 Light brown
Candida lipolytica 2 Light brown
Cryptococcus species 1 White
Candida guilliermondii 1 Blackberry wine
Candida ciferri 1 Light brown
Saccharomyces cerevisiae 1 Violet to brown

4.3.3 Cornmeal agar

All the Candida species which were not identified using CHROM agar were plated on
cornmeal agar to study the formation of pseudohyphae, true hyphae, arthrospores and
chlamydospores. 47 Candida species were identified in cornmeal agar at 37°C (WHO,

2009).
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Oval
blastospores

Plate 12: C. tropicalis in cornmeal agar Plate 13: C. parapsilosis in cornmeal
showing oval blastospores read after 48h agar showing curved and large hyphae
at 30°C. read after 48h at 30°C.

Blastospores

in chains

Plate 14: C. krusei in cornmeal agar Plate 15: C. albicans in cornmeal agar
showing pseudohyphae with moderate showing chlamydospores read after 48h
branching read after 48h at 30°C. at 30°C.

On cornmeal tween 80 agar Candida tropicalis (Plate 12) at 30°C after 72h, along the
long pseudohyphae produces blastospores which are oval in shape and blastospores may
occur in clusters or singly. These is differentiated from Candida parapsilosis which on
cornmeal tween 80 agar at 30°C after 72h (Plate 13), produces blastospores usually
located along pseudohyphae and pseudohyphae are curved and ‘giant cells’ (large
hyphal) are observed, while Candida krusei (Plate 14) on corn meal tween agar produces
branched pseudohyphae usually with chains blastospores. Along the hyphae and at the

septa points Candida albicans produces round blastoconidia (Plate 15) and also asexual
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spores (typical) know as chlamydospores which are large, round and thick walled usually

terminal.
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Figure 6: Number of yeasts species identified using Corn meal agar.

4.3.4 Confirmation of Candida species using APl 20C AUX

API 20C AUX was able to confirm 5 Candida species and S. cerevisiae which could not
be indentified using cornmeal agar, which analyses each species based on carbohydrates
assimilation profile. The identification of each species was possible by referring to the
manufacturers analytical profile index provided by Bio Merieux SA. The most common
types of Candida species were Candida lusitanie, Candida ciferri, Candida parapsilosis

and Candida albicans respectively in the ration of 2:1:1:1:1 respectively (Table 3).
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Table 3: Candida species identified using APl 20 C AUX

Candida species n (+ve) % (+ve)
Candida lusitanie 2 33.33
Candida ciferri 1 16.66

Saccharomyces cerevisae 1 16.66

Candida parasilosis 1 16.66

Candida albican 1 16.66

4.4 Characterization and identification of Cryptococcus species

4.4.1 Niger seed agar
All the 84 suspected samples were plated onto Niger seed agar to study the colony

morphology and the existence of black colouration on agar which is suggestive of
Cryptococcus species (Plate 16). Only 8 isolates showed Cryptococcus characteristics:
brownish-black colouration due to uptake of diphenolic substrates in presence of
phenoloxidase. Phenoloxidase of Cryptococcus oxidizes diphenolic via labile

dopachrome intermediates, to melanin polymers.

Brownish-black

Platel6: Yeasts on Niger seed agar showing brownish-black colouration typical of
Cryptococcus, read after 72h incubation at 30°C.
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4.4.2 Urease test
All the 8 isolates tested were positive for urease (Plate 17). Hydrolysis of urea in
Christensen’s urea agar by Cryptococcus species was indicated by change of colour of

the indicator from yellow-orange to pinkish red.

Pink colouration

Platel7: Urease positive yeasts in Christensen’s urea media, read after 24h at 30°C.

4.4.3 Confirmation of Cryptococcus using API 20 C AUX
All the 8 urease positive isolates were subjected to API 20 C AUX and only 2 were

confirmed as Cryptococcus species (Table 4).

Table 4: Cryptococcus species identified using AP120 C AUX

Types of Cryptococcus n(+ve) %(+ve)
Cryptococcus laurentii 1 12.5%
Cryptococcus neoformans 1 12.5%

None 6 75%




58

4.5 ldentification of Geotrichum candidum using lactophenol cotton blue
Geotrichum candidum was mostly indentified in Lactophenol cotton blue stain

characterized by chains of hyaline, one-celled, oval to rectangular arthroconidia.
Arthroconidia give a bud appearance when they germinate at one end and they usually
vary in size (Plate 18). Out of 35 colonies suspected to be mould, only Ochroconic
gallopana which is known to be of medical importance was indentified. Also Hazard
level 3 pathogens: Histoplasma capsulatum and Blactomyces dermatidis were suspected,

however further characterization was not done because of bio-safety issues.

Rectangular
arthroconidia

Plate 16: Geotrichum candidum in wet preparation of lactophenol cotton blue stain
showing: chains of hyaline, smooth and one-celled, rectangular arthroconidia.

4.6 Student t- test
The student t-test was used to compare the means of various types of yeasts isolated from

soils and Chicken dropping at 95% confidence interval using SPSS packages (Table 5).
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Table 5: Yeasts isolated in Chicken droppings and soil

Yeasts types Droppings isolated Soil isolated
Geotrichum candidum 17 6
Candida species 26 9
Cryptococcus species 2 0
Saccharomyces cerevisae 1 0
Means (x ) 11.25 3.75

The finding showed that there was no significant difference in the yeasts isolated in the
dropping to those isolated from the soil (t = 2.07, df = 3, P=0.13). However, yeasts from

droppings (mean 11.25 + 5.86) were higher than those from soil (3.75 + 2.25).

4.7 Correlation between yeasts occurrence and humidity

Yeasts grows well in environment where they is high humidity, however the study found

out that when the humidity was high, few types of yeasts were isolated.

The interval and width were arrived at by the help of Stunge’s rule

Interval: K= 1+3.22 (Iog10 n) i.e. K= no. of intervals, n=no. of value in a data set
K=1+3.22(1.924)=7.1824 =7

Width: (W) = Range (R)/No. of intervals (K)
R= X largest — X smallest = 100%-32% = 68%
W=687.1824 =9.4 ~9
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Table 6: Correlation of yeasts isolated and humidity

Humidity = Geotrichum Candida Cryptococcus Saccharomyces Total

range candidum  species Species cerevisiae isolated
0-10 0% (0) 0% (0) 0% (0) 0% (0) 0
11-20 40% (2) 60% (3) 0% (0) 0% (0) 5
2130 20% (2) 70%(7) 0% (0) 10% (1) 10
31 - 40 375%(3)  62.5% (5) 0% (0) 0% (0) 8
41 -50 50% (2) 25% (1) 25% (1) 0% (0) 4
51-60 13.3% (2)  80% (12) 6.7% (1) 0% (0) 15
61-70 0% (0) 0% (0) 0% (0) 0% (0) 0
71-80 375% (3) 62.5% (5) 0% (0) 0% (0) 8
8190 50% (2) 50% (2) 0% (0) 0% (0) 4
91-100  50% (2) 50% (2) 0% (0) 0% (0) 4
Mean % 29.83a 46.0a 3.17b 1.0b

isolated

NB: Mean percentages isolated denoted by similar letters are not significantly different
at 95% CI.
No significant relationship in number of yeasts and humidity (r = 0.93). The numbers of
yeasts were found to decrease slightly with the increase in the humidity. When the
humidity was high, few types of yeasts were isolated. However, the mean number
(29.83a) of Geotrichum candidum and Candida species was higher than that of

Cryptococcus Species and Saccharomyces cerevisae.
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4.8 Relation between yeasts occurrence and temperature

At low temperature (0-10°C) yeasts will not grow, but not die either. At temperatures 10-
37°C yeasts will grow and multiply faster. At higher temperature the yeasts cell become

stressed.

Interval and width were arrived at by the help of Stunge’s rule

Interval same as describe correlation between yeasts occurrence and humidity.
Width (W) = Range (R)/No. of intervals (K), R=41°C —11.4°C = 29°C, K =7.1824
W=29.672=4.11

Table 7: Correlation of yeasts isolated and temperature

Temperature Geotrichum Candida Cryptococcus Saccharomyces Total

range candidum  species Species cerevisae isolated
11-15 50% (5) 50% (5) 0% (0) 0%(0) 10

16 — 20 43.8% (7)  56.3% (9) 0% (0) 0% (0) 16
21-25 8.3% (1) 83.3%(10) 0% (0) 8.3% (1) 12

26 — 30 222% (2)  66.7% (6) 11.1% (1) 0% (0) 9
31-35 36.4% (4)  54.5% (6) 9.1% (1) 0% (0) 11

36 - 40 333% (1) 66.7%(3) 0% (0) 0% (0) 3

Mean % 32.33a 62.92a 3.37b 1.38b

NB: Mean percentages isolated denoted by similar letters are not significantly different
at 95% CI.

No significant relationship in number of yeasts and temperature (r = -0.67). The
numbers of yeasts were found to decrease with the increase in temperature. When the
temperature was high, few types of yeast were isolated. Using ANOVA to establish the

effect of temperature on the occurrence of the fungi species, it was established that there
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was a significant difference (P<0.05) in the temperature effects. Growth of G. candidum
and Candida species were significantly affected particularly by the temperature ranges of

11-15 and 16 — 20°C.

4.9 Relation between yeasts occurrence and elevation

In this study it was found out that the numbers of yeasts were found to decrease with the
increase in elevation.

Intervals and width were arrived at by help of Stunge’s rule

Interval same as described in 3.5.2

Width (W) = Range (R)/No. of interval (K)

R = X largest — X smallest = 9747 — 7839 = 1908

W =1908/7.2 =265

Table 8: Correlation of yeasts isolated and elevation

Elevations Geotrichum Candida Cryptococcus Saccharomyces Total

range candidum  species species cerevisae isolated
78398139 42.1% (8) 57.9% (11) 0%(0) 0%(0) 19
8140-8439 225%(9) 70% (28) 5% (2) 2.5% (1) 40

8440 -8739  0%(0) 0%(0) 0%(0) 0%(0) 0
87409039  0%(0) 0%(0) 0%(0) 0%(0) 0

9040 - 9339  100% (2)  %(0) 0%(0) 0%(0) 2

Mean % 32.92a 25.58a 1.00b 0.00b

NB: Mean percentages isolated denoted by similar letters are not significantly different
at 95% CI. There were no significant differences in the means.



63

There was no significant relationship in number of yeasts and Elevation (r = 0.99). The
numbers of yeasts were found to decrease with the increase in elevation. When the

elevation was high, few types of yeasts were isolated.
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CHAPTER FIVE
5. DISCUSSION

The aim of this study was to isolate and characterize yeasts that are found on domestic
Chicken dropping and soil enriched with dropping as a possible source of infections to
humans particularly immunosupressed individuals. Faeces from birds such as pigeon or
soil contaminated from birds’ faeces provide good nutrients for growth of pathogenic
yeasts like Cryptococcus species, are therefore possible source of infection and reservoir
(Reimao et al., 2007). In Kabigeriet village, Olenguruone, most people breed Chickens in
their yards, faeces were cultured. The kind of yeasts isolated from Chicken samples in
this study, such as: G. candidum (37.70%), Candida species (54.05%), Cryptococcus
species (3.27%) and S. cerevisae (1.63%) (Table 1), agree with what has been isolated in
the past (Cafarcha et al., 2008) Candida albicans, C. tropicalis, C. glabrata, C. lusitanie,
C. guilliermondii, Cryptococcus neoformans, C. lauretii, Trichosporon beigelii and
Saccharomyces cerevisiae have been isolated in wild birds dropping before. There was
higher isolation rates of yeasts in Chicken dropping samples (72.13%) compared to soil
(27.87 %) (Table 5). This could be attributed to soil exposure to harsh environmental
condition like availability of nutrient in the soil, dilution of soil especially during raining

seasons and sunlight that could not be conducive for yeast survival for a long time.

Candida species identification was performed using three mycological methods applied
sequentially to avoid false results and ensure accuracy. This is because misidentification
of yeasts species has been previously reported in results from the use of single
identification methods (Lo et al., 2001). Culture CHROM agar contains a chromogenic,

5-bromo-6-chloro -3- indolyl phosphate P-toluidine (chromogenic substrates) and 5-
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bromo-4-chloro-3-indolyl/ N-acetyl-B-D-glucosaminide, which reacts with species
specific enzymes to give yeasts colonies which are different in colour (Plate 8, 9, 10, 11)
(Ghelardi et al., 2007), and Corn meal, which identifies Candida species based on
formation of chlamydospores, pseudohyphae, true hyphae, and arthrospores (Plate 12, 13,
14, 15), were performed initially as these are the recommended methods (WHO, 2009).
However, APl 20C AUX system was then applied as a third step to identify non-
chlamydospore forming species based on their carbohydrate assimilation profiles. While
Cryptococcus species identification was performed using three mycological methods to
avoid false results; culture on Niger seed agar which identifies Cryptococcus species by
existence of brownish-black colouration (Mseddi et al., 2010 Cheikn et al., 2008).
Formation of black colouration by Cryptococcus is due to uptake of diphenolic substrates
in presence of phenoloxidase (Fatma et al., 2011, Mseddi et al., 2010, Cheikn et al.,
2008, Cheikn et al., 2006, Nasri and Triki, 2004, Fortes et al., 2001). Phenoloxidase of
Cryptococcus oxidizes diphenolic via labile and dopachrome intermediates, to melanin
polymers. Urease test which was performed by sub-culturing on Christensen’s urea media

and API 20C AUX system was then applied as a final step for confirmation purposes.

Culture results indicated high yeasts prevalence (98.36%) than moulds (1.64%). Of the
samples investigated 10.71% had mixed yeasts infestations. Yeast multi-species co-
existence has been noted in previous studies which indicated that Candida species
especially C. albicans coexist in synergy with other species (Patricia et al., 2012).
Culturing is regarded as the gold standard for confirming diagnosis of fungal infection
with a specificity of 100% but variable sensitivity (Lebowitz et al., 2002, Stepanovic et

al., 2008, Cheik-rouhou et al., 2008, Cheik-rouhou et al, 2006, Bradsher et al., 2003,
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Koneman et al., 2007). However the sensitivity of the test is determined by sample
collection techniques, storage and transport conditions. Candida species were the most
common Yyeasts isolated in domestic Chicken droppings and soils enriched with dropping
as follows: C. lusitanie (14.75%), C. glabrata (11.47%), C. tropicalis (8.19%), C.
albicans (8.19%), C. parasilosis (4.19), C. lipolytica (3.27%), C. krusei (3.27%), C.
guilliermondii (1.63%) and C. ciferri (1.63%). The present results show that C. lusitanie
is the most common Candida species isolated from the droppings in contrast with
previously reported studies which indicated that Candida albicans was the most common
species (Brilhante et al., 2010). This difference could be due to regional variations
associated with geographical location and environmental condition such as humidity, soil

type and temperature and the species of birds.

Cryptococci found in soils or decaying wood contaminated with bird faeces e.g. pigeon
faeces (Lazera et al., 2000, Reimao et al., 2007) and desiccated yeast from Chicken
dropping can transmit the fungal infection to humans primarily through inhalation of
spores. C. laurentii species occur worldwide but its natural habitat is yet to be discovered
and properly identified. However infections caused by this species have been reported in
severe immunosupression cases (Esaki et al., 2006). There were minimal cases of
Cryptococcosis before the AIDS pandemic. Due to HIV/AIDS pandemic the disease has
emerged as the major cause of infirmity and death in infected HIV victims (Esaki et al.,
2006). Also pneumonia cases caused by C. laurentii in HIV patients have been reported.
C. neoformans has been mostly isolated in dropping (faeces) from avian species
(Granados and Castaneda, 2005, Rosario et al., 2005, Abegy et al., 2006, Fili u et al.,

2002, Kobayashi et al., 2005).
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The isolation rate of 1.81% of C. neoformans from cloaca specimen of birds e.g. pigeons
has been reported, similar results were obtained from the present study with isolation of
3.26% of Cryptococcus species (C. laurentii (1.63%) and C. neoformans (1.63)) from
domestic Chicken dropping. This is in agreement with a study done by Laubscher et al.,
(2000) which isolated the same species of Cryptococcus (C. laurentii) in the trachea of
broiler Chicken. It is possible that such low isolation rate is mainly due to the high
temperature of birds leading to poor/low survival of the fungi in the Chicken body. The
high concentration of ammonia in fresh birds dropping (alkaline pH) is unfavorable for
yeasts growth. Also the fast growth of fungus such as Zygomycetes found in soil and
faeces (contaminant fungi) can lead to false negative results due to competitive inhibition
(Kobayashi et al., 2005). Isolation of Cryptococcus from Chicken dropping is difficult
since it can be affected by some biotic factors such as mites, amoebae and soil bacteria
when grown on media by inhibiting or killing the yeasts. It has been reported that the
number of Cryptococcus species colonies is inversely proportional to the number of other
pathogenic yeasts colonies in a culture plate (Akram et al., 2005, Springer et al., 2010,

Misuzu et al., 2004).

Several studies have been done to examine Cryptococcus presence in birds’ and birds
dropping, including aviaries in which multiple species of birds are housed together at
close range (Nosanchuk et al., 2000, Gugnanii et al., 2004, Malik et al., 2003,
Gokulshankar et al., 2004, Bauwens et al., 2004, Kielstein et al., 2000). All these studies
found out that avian species harbors’ Cryptococcus but no reasons for this specificity has
been determined. The data available comparing the level of growth of Cryptococcus in

avian species is mainly due to the composition of nutrient in droppings. This finding has
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showed the role birds play, particularly domestic Chicken in the transmission of
Cryptococcus. The growth of Cryptococcus and other pathogenic organism on Chicken
and birds dropping explains the mechanism through which birds e.g. pigeon and Chicken
play in harboring Cryptococcus and other organism, in their body parts i.e. internal
organs or on external tissues e.g. feathers or feet that come in contact with their
droppings (Fisher et al., 2002, Malik et al., 2003, Nosanchuk et al., 2000, Kao et al.,

1957).

The mechanism by which the birds’ excreta get infected with pathogenic yeasts is still not
known (Filiu et al., 2002). However, this can be attributed to availability of fungus in air,
soil or foods consumed by Chicken and spores/fungi cell can be dispersed by blowing
wind settling on birds’ excreta. It has been found out that non-infected birds (pigeon)
dropping get infected after they get exposed to air containing aerosolubilized cells of
pathogenic yeasts (C. neoformans) (Camile et al., 2008). The results obtained in the
present study, together with the claims made by authors (cited), confirm the

environmental contamination of the guano.

Student t-test at 95% confidential intervals were used to compare the means of various
types of yeast obtained from the soil with those obtained from the Chicken droppings and
it showed that there were no significant differences in occurrence of yeasts in soil and
dropping (P=0.13). However, yeasts from droppings (mean 11.25+5.86) were higher than
those from soil (3.75+2.25) (Table 5). This could be due to the harsh environmental
condition in the soil. In this study, there was no significant difference in relationship of
occurrence of yeasts and humidity (r = 0.93), however, most yeast were isolated between

humidity of 51 % to 60% (Table 6). This agreed with a study done by Misuzu et al.,
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(2004) where the majority of yeasts were isolated during dry season compared to rainy
season. This showed there were no relationships between humidity and the occurrence of
yeasts in the environment. Also there were no relationships in occurrence of yeasts with
temperature (r = -0.67) (Table 7) and elevation (r = 0.99) (Table 8). Attention now is
focused on the origin and epidemiology of the yeasts, due to the rise in yeasts infections

and involvements of yeasts in different types of human diseases.
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5.1 Conclusions

The results of this work demonstrated that domestic chicken (Gallus gallus) harbor
Cryptococcus, Candida species, Geotrichum candidum and Saccharomyces cerevisae in
their dropping and their close proximity to human habitation poses a risk of cryptococcal,
Candida, Geotrichum and Saccharomyces infections in HIV/AIDS immunocompromised
persons. This could partly explain the high incidence of cryptococcosis and candidiasis in
HIV/AIDS patients in Kenya. The study signifies the need to discover more
environmental niches for yeasts especially of Cryptococcus species. The results obtained
in the present investigation suggest that humans cohabiting with Chicken are at a risk of
contracting yeasts infections. The isolated yeasts species are not endosaprobiotic in the

avian digestive tract and that their primary source might be the environment.

5.2 Recommendations
More research should be done to identify and understand more about the habitat of the

pathogenic yeasts specially Cryptococcus species and their transmission from
environment to humans. Farmers rearing Chicken should observe the following measures
to reduce transmission of yeasts from Chicken to people; this will help to significantly

reduce the risk:

1. Proper hygiene should be observed when handling Chicken e.g. wear protective
clothing
2. Have regular vet checks and keep detailed records of any testing done on

Chicken.
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3. High standards of hygiene should be maintained in poultry house i.e. regularly
cleaning to avoid accumulation of dropping.

4. The disturbance of soil and other materials associated with a high risk of exposure
to pathogenic yeast should be avoided by all persons with HIV infection. In
particular, avoidance of accumulations of bird droppings is prudent. However,
certain risk groups such as the very young, the elderly and the immune

compromised should take extra care.
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7. APPENDICES
8.1 APPENDIX 1: SAMPLES COLLECTION AND ENVIRONMENTAL
CONDITIONS

Sample Elevation Temperature Humidity = Sample Isolates
ID. type
001D1 9747t 13.9°C 27% guano G. candidum
001D2 97471t 13.9°C 27% guano Bacteria
001S 97471t 13.9°C 27% Soil G. candidum
002D1 8073ft 32.5°C 25% guano C. tropicali
002D2 8073ft 32.5°C 25% guano Bacteria
002S 8073ft 32.5°C 25% Soil Bacteria
003D 8210ft 24.3°C 25% guano S. cerevisan
003SW 8210ft 24.3°C 25% guano C. tropicali
003S 8210ft 24.3°C 25% Soil Bacteria
004D 81771t 26.3°C 28% guano C. krusei and
C. glabrata
004SW 81771t 26.3°C 28% guano C. lusitaniae
004S 8177ft 29.3°C 60% Soil C. lusitaniae
005D 81941t 29.4°C 47% guano Bacteria
005SW 81941t 29.4°C 47% guano Cry. Laurentii
005S 8194ft 29.4°C 47% Soil Bacteria
006D 8195ft 13.6°C 39% guano Bacteria
006SW 8195ft 13.6°C 39% guano C. albican and
C. tropicali
006S 8195ft 13.6°C 39% Soil C. lusitanie
007D1 8132ft 16.3°C 30% guano G. candidum
007D2 8132ft 16.3°C 30%  guano Bacteria

007S 8132ft 16.3°C 30% Soil C. albican



008D
008S
009D
009S
010D
010S
011D
011S
012D
012S
013D

013S
014D
014S
015D
015S
016D
016S
017D1

017D2
018D

018SW

018S

019D

019SW

8148ft
8148ft
8154ft
8154ft
8184ft
8184ft
8181FT
8181FT
8077ft
8077ft
8115ft

8115ft
8140ft
8140ft
8133ft
8133ft
8152ft
8152ft
8177ft

8177ft
8162ft

8162ft

8162ft

8192ft

8192ft

16.6°C
16.6°C
17.1°C
17.1°C
19.1°C
19.1°C
23.5°C
23.5°C
24.4°C
24.4°C
31.3°C

31.3°C
32.6°C
32.6°C
33.9°C
33.9°C
41.0°C
41.0°C
36.0°C

36.0°C
11.4°C

11.4°C

11.4°C

12.6°C

12.6°C
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83%
83%
40%

40%

29%

29%

75%

75%

58%

58%

42%

42%
45%
45%
54%
54%
37%
37%
32%

32%
78%

78%

78%

100%

100%

guano
Soil
guano
Soil
guano
Soil
guano
Soil
guano
Soil

guano

Soil
guano
Soil
guano
Soil
guano
Soil

guano

guano

guano

guano

guano

guano

guano

Bacteria
Bacteria

G. candidum
G. candidum
C. krusei
Bacteria
Bacteria
Bacteria

C. parapsilosis
C. glabrata

C. lusitanie and
G. candidum
G. candidum
G. candidum
C. albican
Bacteria

G. candidum
Bacteria
Bacteria

C. tropicalis and
G. candidum
C. lusitanie

Bacteria

C. lusitanie
G. candidum
Bacteria

Bacteria



019S

020D

020SW

020S

021D

021SW

021S

022D

022SW

022S

023D

0235SW

023S

024D

024SW

024S

025D

025SW

025S

026D1

026D2

026S

8192ft

8189ft

8189ft

8189ft

8157ft

81571t

81571t

8093ft

8093ft

8093ft

8189ft

8189ft

8189ft

8200ft

8200ft

8200ft

8159ft

8159ft

8159ft

7839ft

7839ft

7839ft

12.6°C

15.6°C

15.6°C

15.6°C

18.9°C

18.9°C

18.9°C

21.9°C

21.9°C

21.9°C

25.5°C

25.5°C

25.5°C

25°C

23.6°C

23.6°C

30.9°C

30.9°C

35.4°C

15.6°C

15.6°C

15.6°C

91

100%

80%

80%

80%

78%

78%

78%

59%

59%

59%

18%

18%

18%

15%

52%

52%

52%

52%

20%

85%

85%

85%

Soil

guano

guano

Soil

guano

guano

Soil

guano

guano

guano

guano

guano

guano

guano

guano

Soil

guano

guano

Soil

guano

guano

Soil

Bacteria
C. lipolytica
Bacteria
Bacteria
C. lusitaniae
Bacteria

G. candidum
and C.lusitanie

G. candidum

C. guilliermondii
C. lipolytica

C. glabrata

G. candidum

G. candidum

C. parapsilosis

C. parapsilosis
and C. glabrata
C. albican

Cry. neoforman
and C. glabrata
C. glabrata

C. albican
Bacteria

Bacteria

C. lusitaniae



027D1

027D2

027SW

028D

028D2

028S

029D1

029D2

029D3

030D1

030D2

030D2

031SW1

031SW2

032SW1

032SW1

7993ft

7993ft

7993ft

8163ft

8163ft

8163ft

8176ft

8176ft

8176ft

8200ft

8200ft

8200ft

8128ft

8128ft

7840ft

7840ft

15.4°C

15.4°C

15.4°C

18.8°C

18.8°C

18.8°C

19.5°C

19.5°C

19.5°C

29.6°C

29.6°C

29.6°C

17.1°C

17.1°C

18°C

18°C
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100%

100%

100%

88%

88%

88%

85%

85%

85%

51%

51%

51%

100%

100%

75%

75%

guano

guano

Soil

guano

guano

guano

guano

guano

guano

guano

guano

guano

guano

guano

guano

guano

G. candidum
G. candidum
C. albican
Bacteria

G. candidum
Bacteria
Bacteria

C. lusitaniae

G. candidum

Bacteria

C. glabrata

C. tropicali

C. tropcali

O. gallopava

Bacteria

C. glabrata

and G. candidum
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8.2 APPENDIX 2: SOPS FOR MICROSCOPY TECHNIQUES AND STAINS

Lactophenol cotton Blue.

For the staining and microscopic identification of fungi

Reagents Measurements
Cotton Blue (Aniline Blue) 0.05g
Phenol crystals (C6H5040) 209
Glycerol 40ML
Lactic acid (CH3CHOHCOOH) 20ML
Distilled water 20ML

This stain was prepared over two days.

On the first day, dissolve the cotton Blue in the distilled water and leave overnight to
eliminate insoluble dye.

On the second day, wearing gloves add the phenol crystals to the lactic acid in a glass
beaker. Placed on magnetic stirred until phenol is dissolved.

Add the glycerol.

Filter the cotton blue and distilled water solution into the phenol/glycerol/lactic acid
solution mix and store at room temperature.

STOCK PREPARATION
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Ampicilin 100mg/ml stock
500u———t1t>Niger seed agar
200uH=FFryparblue

To make 10ml stock

1g Ampicillin powder adet5ml distilled water ~ Fibto 10ml with distilled water
Fiiter sterilize and Store in fridge.

Chloramphenicol (100mg/ml stock)
400puL 1HNtger9eed agar
200ul 1 Trypan blue

To make 10ml stock

1g Chloramphenicol Fill to 18m with 100% ETOH and store in fridge if possible.

Trypan blue stock (0.1g/ml)
1Iml Trypan blue stock makes 1litre Trypan blue media.

To make 10ml stock

1g Trypan blue powder  10ml distiljed water and if possible store in the fridge.
Phenol red (0.012g/ml)
Iml 1litre Christensen’s urea media

To make 20ml stock

0.240g  Dissolve-+»20ml distilled water and if possible store in fridge.
Biphenyl stock (0.05g/10ml of 95% ETOH)
10ml stock—-1litre Niger seed agar

To make 100ml stock

0.5g Biphenyl— 100ml of 95% ETOH

-
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8.3 APPENDIX 3: QUESTIONNAIRE FORM

ENVIROMENTAL COLLECTION:
Supplies:

Digital camera

GPS unit

Temperature/ humidity gauge
Landscape characterization sheets
Sterile plastic spoons

Sharpie

Pencil

Tree swabs

Ziplock bags

Procedure:

Record the GPS coordinates on landscape characterization sheet

Take digital photographs of the in general and the sampled material and / or area
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Sample the material of interest i.e soil and excreta

After daily sample collection is complete store samples in cool box

Ship samples to Nielsen laboratory on cool box for subsequent culture.

LANDSCAPE CHARACTERIZATION SHEET

Sample ID:

Date:

Time:

GPS coordinates:
Latitude:
Longitude:

Waypoint ID:

Temperature:

Humidity:

Picture description:

Site classification

Urban: Grassland:

Residential:

Other:

Groundcover classification

Bare soil: Forest:
Gravel:

Forest:

Sand:

Agricultural:

Vegetative debris:
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Natural grassland: Maintained grass: Impervious (cement/asphalt):
other:

Canopy classification

No canapy: Partial canapy: Full canapy: other:

Distance to water

Meters to water Waters visible at a distance No visible
water

Water classification

Creek (running water, < 1ml across) Steam (running water, < 1m but>10ml
across)
River (running water,>10ml across) Drainage ditch (describe)

Drainage ditch (describe)

Small puddle (standing shallow water, < 1ml across)
Large puddle (standing shallow water,> 1ml across)
Pond (small body of standing water)

Animal classification

Bird

Bird/ bat Exposure classification
No visible birds

Roosting birds at sample site
Roosting birds in the vicinity

Roosting birds at a distance
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Lots of birds flying overhead but not roosting

Sample type

Guano Soil

Additional sample description:

8.4 APPENDIX 4: SOPS FOR MEDIA PREPARATION

Sabourand’s dextrose agar.

Sabourand’s Dextrose agar supplemented with Chloramphenicol and Gentamicin for the
primary isolation and cultivation of yeast and moulds.

Reagents Measurements
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Sabouraud’s Dextrose agar (oxoid cm41) 65g

Chloramphenicol 1x250mg
capsule

Getamicin (40mg/ml) 0.65ml

Distilled water 1000ml

Soak all ingredients, except Gentamicin in 100ml water.

Boil remaining water, add to soaking ingredients, and bring to boil to dissolve stirring
well to prevent from charring.

Add the Gentamicin and mix well.
Dispense for slopes it required.

Autoclave at 121°C for 10 minutes, remove and slopes or pour to plates as required.

Trypan blue agar for yeast and moulds.

Trypan blue media with chloramphenicol and ampicilin for primary isolation and
cultivation of yeast and moulds.

Reagents Measurements
Trypan blue solution Iml
Peptone 209
Glucose 19
Disodium phosphate 2.59
Chloramphenicol 200ul
Ampicillin 200ul
Distiller water 1L
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To 2 litres add the following distilled water, glucose, peptone, agar, disodium phosphate
using above measurements.

Autoclave at 121°C for 25 minutes.
Immediately add Trypan blue stock solution.

5 minutes to cool add Chlorampenical and Ampicillin.

CHROMO agar
Composition:
Reagents Measurements
Agar 15¢/1
Peptone 10.29/1
Chromogenic mix 229/
Chloramphenicol 0.5ul
PH 6.1P

*(Classical formula adjusted and/ or supplemented as required meeting performance
criteria)

Preparation: According to quantities desired, weigh out power and use in the proportion
44.79/1 of purified water ,or use full pre-weighed dose with corresponding volume of
water. Dispense powder slowly in water by rotating until swelling of the agar. Bring
water to boil at 100°C by repeated heating, swirling or stirring regularly. If using an
autoclave, do so without pressure. Do not heats to more than 100°C mixture may also be
brought to boil in microwave oven to stir gently, return to oven for short repeater heating.
Continue until complete fusion of agar grains (Large bubbles replacing foam: about 2
minutes).Cool to 45°C, swirling or stirring gently to homogenize before pouring into
sterile Petri dish or tubes. Let dry (Store in dark). Medium may be kept for one day at
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room temperature or for at least a month in a refrigerator if properly prepared and
properly stored. Streak and incubate for 48 hours at 30°C to 37°C.
Interpretation:
Candida albicans------ green
Candida tropicalis-----Blue Grey
Candida krusei--------- Pink, Fizzy

Other species --------- White pink

Cornmeal agar

This medium is useful for stimulating the formation of pseudohyphae true hyphae,
arthrospores and chlamydospores in those species able to produce them.

Reagents Measurements
Agar 29
Distiller water 1l
Cornmeal extract 29

Heat to dissolve.

Autoclave at 121°C for 15 minutes

Niger seed-biphenyl media 11

This medium is used in identifications of Cryptococcus species.

Reagents Measurements
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Ground Niger seed 709
Distilled water 1l
Biphenyl solution 10ml
Glucose 19
Agar 209
Chloramphenicol solution 400ul
Ampicillin solution 500ul

70g ground Niger seed boil for 15 minutes in 350ml distiller water and filter through
cheecloth into a 2l flask.

Bring up to 1 litre distilled water and add glucose and agar.

Autoclave for 25minutes at 121°C.

After autoclaving add immediately Biphenyl solution.

5 minutes to cool add Chloramphenicol and Ampicillin stock solution.

8.5 APPENDIX 5: USER MANUAL FOR API 20C AUX YEAST IDENTIFICATION
SYTEM.

API 20C AUX is a system for the precise identification of the most frequently
encountered yeast in clinical microbiology. The complete list of those yeasts that it is
possible to identity with this system is given in the identification Table at the end of this
package insert.

Principle:

The API 20C AUX strip consists of 20 cupules containing dehydrated substrate which
enables the performances of 19 assimilation test. The cupules are inoculated with a semi-
solid minimal medium and the yeast will only grow if they are capable of utilizing each
substrate as sole carbon source. The reactions are read by comparing them to growth
control and identification is obtained by referring to the analytical profile index or using
the identification software.

Reagents:
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Kit contents (25 tests)

25 API 20C AUX strips.

25 incubation boxes.

25 ampoules of C medium.

25 results sheets.

1 package inserts.

Additional product (not included in the kit):
Suspension medium, 2ml (ref.70 700) or Nacl 0.85% medium, 2ml (ref. 20070).
Rice or corn meal agar Tween (morphology agar).
Sabouraud medium.

Pipettes (ref. 70 250).

Mc Farland standard #2 (ref. 70 900).

API 20C AUX Analytical profile index (ref. 20 290) or identification software (consult
bio merieux).

Ampoule rack (ref. 70 200).
Required laboratory equipment:
30°C incubator

Refrigerator

Bunsen burner

Marker pen

Test names:

GLU-GLUcose
GLY-GLYcerol
2KG-2-Keto-D-Gluconate

ARAL-ARADbInose
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XYLD-XY Lose
ADO-ADOnitol
XLT-XyLiTol
GAL-GALactose
TRE-TREhalose
RAF-RAFFinose
INO-INOsitol
SOR-SORbitol
MDG-Methyl-D-Glucoside
NAG-N-Acetyl-D-Glucoside
CEL-CELiobise
LAC-LACtose
MAL-MALtose
SAC-SACcharose/sucrose

MLZ-MelLeZitose

Composition of the media

Suspension medium 2ml- Demineralized water.
NACL 0.85%- Sodium chloride 8.59

Medium 2ml- Dermineralized water 12000m|

C Medium 7ml

Magnesium suphate 0.2g

Histidine 0.005g

Tryptophane 0.02g

Methionine 0.02g
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Agar 0.59

Vitamin solution 1ml
Ammonium suphate 5¢g
Monopotassium phosphate 0.31g
Dipotassium phosphate 0.4g
Sodium chloride 0.1g

Calcium chloride 0.05gs

Trace elements 10ml

Water gsgq 1000ml

Final PH: 6.4-6.8.

Although C medium contain agar, it requires no prior heating and may be as easily
pipette as a liquid medium it is preferable to warm it at room temperature a few hours
before use. Do not shake.

Storage of the strips and media
For in vitro diagnostic use only

Qualified laboratory personnel should use a septic, technique and established precaution
for infection agents.

Do not pipette specimens or reagents by mouth.
Do not use reagents past the expiration date.

Upon removal from refrigerator, allow reagents to come to room temperature (20°C -
30°c).

Open ampoules carefully as follows:
Hold the ampoules in one hand in a vertical position (white plastic cap uppermost).
Press the cap down as far as possible.

Cover the flattened part of the cap with the upper part of the thumb.
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Apply thumb pressure in an outward motion to the flattened part of the cap to snap off the
top of the ampoules inside the cap.

*For ampoules with no dropper-cap:-carefully remove the cap

*For ampoules with the dropper —cap-turn the ampoules upside down and maintain it in a
vertical position.

Squeeze on the cap to transfer the entire reagent into the dropper-bottle.
All inoculated product should be considered infectious and handled appropriately.

All specimen and microbial cultures are potentially infectious and should be treated with
universal precautions.

NCCLS MZGA: protection of laboratory workers from instrument Biohazards and
infectious disease transmitted by blood, body, fluids and tissue: Approved guideline
(1997).

After completing test, receding and interpretation, all specimens, spills and inoculated
products must be autoclaved, incinerated or immersed in a germicide prior to disposal.

Interpretation of the results should be made by a competent microbiologist who should
also take into consideration the sources of the specimen, colonial and microscopic
morphology.

Instruction for use

Specimens and yeast cultures should be considered infection and handled appropriately
by trained and competent technicians. Aseptic technique and usual handling precaution
for yeast should be observed throughout this procedure; refer to universal.

Precaution MZGA: protection of laboratory workers from instrument Biohazards and
infectious diseases transmitted by blood, body fluids and tissue: Approved guideline
(1997). For additional handling precaution, refer to biosafety in microbiological and
biomedical laboratories, HHS publication No.(CDC), 93-8395, 3" Edition (May 1993) or
to the regulation of each country.

Preparation of the strip

Prepare the incubation box (tray and lid) and distribute about 5SML of distilled water or
demineralized water (or any water without additives or chemicals which may release
gases e.g CL2, CO2 e.t.c) into the honey-combed wells of the tray to create a humid
atmosphere.



107

Record the strain reference on the elongated flap of the tray.

Remove the strip from its individual packaging and place it in the incubation tray.
Preparation of the inoculums

Open an ampoule of suspension medium or NACL 0.85%.

Medium as indicated in the paragraph “warning and precaution” (ampoule with no
dropper-cap) or use, any tube containing 2ML of the same solution without additives.

Using a pipette, pick up a portion of a yeast colony either by suction or by successive
touches and make a suspension with turbidity equal to 2 Mc Farland.

Dispense one drop of the yeast suspension onto the rice or corn meal agar Tween (or
appropriate morphology medium).

Open an ampoule of C medium as indicated in the paragraph “warning and precautions”
(ampoule with no dropper-cap) and transfer 100ul (2-4 drops) of the previous suspension
into it.

Gently homogenize with the pipette, avoiding the formation of bubbles.
Inoculation of the strip

Fill the cupules with the suspension obtained in the ampoule of C medium. Avoid the
formation of bubbles by placing the top of the pipette against the side of the cupules.
Care should be taken not to overfill or under fill the cupules (the surface should be flat or
slightly, convex, but never concave), otherwise incorrect results may be obtained.

Place the lid on the tray and incubate at 30°C for 48-72hours.
Reading the strip

After 48 or 72 hours of incubation if the test, in particular glucose, are not clear-cut after
48hours, check for growth (the 0 cupules serves as a negative control). Cupules more
turbid than the control indicates a positives reaction to be recorded on the results re
incubation is necessary: remove the lid only when reading the strip and replace
immediately.

Identification

Identification using analytical profile index: the pattern can obtained: reactions obtained
must be coded into a numerical profile. On the results sheet, the tests are separated into
groups of 3 and a number 1, 2, or 4 is indicated for each. By adding the numbers
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corresponding to positive reaction within each group, a 7- digit number is obtained which
constitutes the numerical profile.

NOTE: The presence of hyphae (mycelium) or pseudohyphae (pseudomycelium)
constitutes the 21% test and has a value of 4 when positive. Using the identification
software by mainly entering the 7- digit numerical profile via the keybord i.e. 2764774
Trichoporon asahii.

Quiality control

The strips and media are systematically quality controlled at various stages of their
manufacture. For those who wish to perform their own quality control test with the strips,
it is recommended that the following stock cultures be used, to obtain the results below:
profiles obtained after 72hours of incubation after culture on Sabouraud agar/ Trypan
blue.

Disposal of used material

After use, all ampoules, pipettes, strips and incubation boxes should be autoclaved,
incinerated or immersed in a disinfectant for decontamination prior to disposal.

Limitations

The API 20C AUX system is intended uniquely for the identification of yeast included in
the database. It cannot be used to identify any other microorganism or exclude their
presence.



