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CANDIDAL INFECTION: EPIDEMIOLOGY, PATHOGENESIS AND RECENT ADVANCES FOR
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ABSTRACT: Candidiasis is the commonest fungal disease in human being. The causative agent of
the disease is Candida albicans and non- albicans Candida. Candida has 163 acknowledged
anamorphic species, present on the different habitat out of which following species are C.
albicans, C. tropicalis, C. krusei, C. glabrata, C. guilliermondii, C. parapsilosis, C. lusitaniae, C.
kefyr, C. rugosa, C. dubliniensis and C. viswanathii known to causing disease in human beings.
The virulence factors of the C. albicans have the great role in the pseudohyphae formation by
attached with epithelial cells and endothelial cells. Now a day various techniques like PCR,
Candida Detection System, CAND-TEC and Dot Immunobinding Assay are available for detection

of candidiasis from various clinical samples.
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INTRODUCTION

Candida is a non-pathogenic (normal flora of the mucous
membranes of upper respiratory tract and female genital
tracts and also of gastrointestinal tract), sometimes it
become pathogenic yeast, invade the mucous membrane
and causes candidiasis (opportunistic infection) in
immunocompromised individuals [1-6]. The invasive fungal
infection in human being has risen greatly in past two
decades, [7] also increasing the incidence of infections
caused by Candida especially by Non Candida albicans 8,
however Candida as a pathogen can cause both superficial
and serious systemic disease. [9]

Since 1995, Candida species have become the fourth most
common cause of nosocomial bloodstream infection and
are associated with a crude mortality rate of 39%, which is
the highest mortality rate associated with any cause of
nosocomial bloodstream infections. In intensive care units
(ICUs), infection with Candida species is the third most
frequent cause of nosocomial bloodstream infection and is

associated with a crude mortality rate of 47% [10].

The virulence factor of Candida has specific strategies to
assist in colonization, invasion, and pathogenesis, and the
virulence factor responsible for causing the infections

which may vary depending on the type of infection, the site
and stage of infection, and the nature of the host response.

The main virulence factors are biofilms formation,
production of acid proteinase, phospholipase, etc. Once the
contact is made, enzymes facilitate adherence by damaging
or degrading cell membranes and extracellular proteins
thus permitting the yeast to enter the host, whereas
phenotypic switching or coating with platelets may be used

to evade the immune system. [11]

HISTORY

The history of the discovery and naming of Candida extends
from the ancient Greeks to modern day researchers. The
perception of Candida has evolved from the presence of an
exudate in the human host to a known infectious agent.
200 years of medical history was recorded before the
etiological agent of oral thrush, the first form of candidiasis
described, was correctly identified as a fungal pathogen.
“Thrush” appears as whitish plagues within the oropharynx
or the buccal mucosa or tongue. One of the main points of
contention when defining thrush was whether it originated
from the host or was an infectious agent, or a combination
of the two. [12]
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The earliest reports of thrush predated the concept of a
microbial pathogen. In “Of the Epidemics,” Hippocrates
described oral candidiasis in fourth century BC as mouths
affected with aphthous ulcerations. Rosen Von Rosenstein
and Underwood indentified candidal infection in paediatric
patients and made the first description of thrush in modern
medicine. Bennett (1844) reported the isolation of Candida
in sputum of the patient having tuberculosis. Later on the
Candida was also reported by many researcher from the
other sites i.e. vagina, blood, and from Cerebral Spinal
Fluids (CSF). [12,13]

EPIDEMIOLOGY: The genus Candida has 163 acknowledged
anamorphic species, present on the different habitat. The
Candida
comparatively restricted natural distribution, and have

causes infection in  humans which are
been discovered primarily in association with human and
animals. Candida albicans are most important species and
it is responsible for oral thrush, candidiasis, candiduria and
Candidemia frequently seen in patients and it is also
responsible to cause vulvovaginitis in girls at pubeteric age
group. The incidence of Candida species is significantly
increases over the past two decades and non-albicans
Candida (NAC) continue to replace Candida albicans at
most of the clinical sites i.e. blood stream infections. The
Candida species found as normal flora in human beings.
Common sites are skin, gastrointestinal tract and female
genital tract particularly higher in vagina during pregnancy.
Many times it is observed that the commensally Candida is
causes endogenous infections. Many predisposing factors

are seen in superficial and systemic candidiasis. [13]

Epidemiologically invasive candidiasis in neonates is a
serious and common causes of late onset sepsis with high
mortality rate i.e. around 25 - 35%. Incidence this type of
infections has raised upto 11 fold over the past 15 years.
Candida are the 3rd most frequently seen organism (after
coagulase negative Staphylococcus and Staphylococcus
aureus), isolated in late onset sepsis in very low birth
weight infants (VLBW) i.e., <1,500 g. The preterm infants
are predisposed to more Candida infections because of
immature immunity and invasive interventions. Candida
may be transmitted by vertical i.e. from maternal vaginal
infection or nosocomial i.e. from hospital acquired
infection. Candida colonizes of health care workers i.e.
30%. Site of colonization is usually the gastrointestinal

tract. The predisposing factors for candidiasis in infants are

due to immature immunity, use of broad spectrum or
multiple antibiotics, central venous catheters, parenteral
alimentation and intravenous fat emulsion, colonization
with Candida and prolonged urinary catheterization. [14]

PATHOGENESIS: The most important species among the
genus Candida is the C. albicans. C. albicans containing
various known virulence factors which helps in the
spreading of infections in human being and favours its
pathogenicity. The virulence factors of the C. albicans have
the great role in the pseudohyphae formation by attached
with epithelial cells (in respiratory tract), endothelial cells
(in blood vessels), hyphal switching, surface recognition

molecules, phenotypic switching and extracellular

hydrolytic enzyme i.e. proteinase and phospholipase
production have been suggested to be virulence attributes
for Candida. Extracellular hydrolytic enzymes seem to play
an important role in candidal overgrowth, as these
enzymes facilitate adherence and tissue penetration and
hence invasion of the host, among the most important
hydrolytic enzymes produced by Candida are
phospholipases and secreted aspartyl proteinases (mainly
by C. albicans and C. tropicalis). The haemolysin is another
most common virulence factor which contributes to

candidal pathogenesis. [13,15-21]

The Candida including all species secretes the aspartyl
proteinase 5 and 9 (SAP5 and SAP9). The maximum amount
is secreted by C. albicans followed by C. tropicalis, Candida
kefyr and Candida krusei. Studies reported that the
following ingestion of yeast cells by phagocytic cells, SAP
antigens are expressed by C. albicans and C. tropicalis, but
not by C. parapsilosis. [23-25]

Due to their virulence factors like adhesions property the
colonization of the Candida is take place in superficial
tissue (local site) or it invade the deeper into the host
tissue in yeast form but they transformed into the hyphal
form during active infection.

Most of the manifestations associated with biofilm
production. Biofilms are defined as microbial communities
encased in a matrix of extracellular polymeric substance,
which display phenotypic features that differ from their
planktonic or free-floating counterparts, individual
microorganisms in biofilms are embedded within a matrix

of often slimy extracellular polymer. [13, 22]
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Stage 1: Colonization
Epithelial adhesion
Nutrient acquisition

Stage 2: Superficial infection
Epithelial penetration

Degradation of host proteins

Stage 3: Deep-seated infection
Tissue penetration
Vascular invasion

Virulence factors:

Adhesins

Hydrolytic enzymes
Hypha formation
Phenotypic switching
Molecular mimicry?

Hydrolytic enzymes
Hypha formation

Hydrolytic enzymes
Hypha formation
Host mimicry?
Immunomodulators?

Immune evasion or escape

Stage 4: Disseminated infection
Endothelial adhesion

Infection of other host tissues
Activation of coagulation and
blood clotting cascades

Adhesins

Hydrolytic enzymes
Hypha formation
Phenotypic switching?
Antioxidants?
Immunomodulators?

Fig. 1: shows pathogenesis of Candidiasis

DETECTION OF CANDIDIASIS:

KOH Wet Mount:
depending on the site of infection i.e. superficial lesion or

The clinical samples are collected

deep seated infection. The whitish patches from the
mucous membrane of the mouth and vagina are collected
by sterile swabs. Skin scraping and nail clipping are
collected in a black paper. Sputum is collected in a wide
mouth sterile universal container. Except nail all the
specimens are required 10% potassium hydroxide (KOH)
and nails required 20% KOH. The 2-3 drops of KOH are take
on a laboratory slide and put the specimen over the drop
and then covered with a coverslip and for 2-3 hours.
Reports KOH mount under the microscope (under 40X
objective lens). [13, 22]

Culture: For fungal culture the Sabouraud dextrose agar
with chloramphenicol (antibiotic) are used. The inoculated
slant in incubated at 37°C for 3-4 days and incubated for 7
days or more if required. Cream coloured colonies are seen
on the slant. Make the Lactose phenol cotton blue (LPCB)
mount to examine the yeast cell and pseudohyphae under
the microscopes. [13, 22]

CHROMagar Candida is rapid, plate based test for the
simultaneous isolation and identification of various Candida
[13, 23] Study reported that the CHROMagar
Candida is useful medium to differentiate the species based

species.

on colour development on CHROM agar Candida. Candida
was differentiated by the colour produced by the medium
as C. dubliniensis, C. albicans, C. krusei, C. tropicalis, and C.
glabrata. [27]
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Fig. 4: shows chlamydospore formation after 2 to 3 days of incubation.
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Germ Tube Test (GTT): The germ tube test is used for the
identification of Candida albicans and differentiates the C.
albicans from Candida species. This test is used for
presumptive identification of Candida species. [13, 23] In
case of if the patients suffering with hematologic
malignancies in that case production of the antibodies is
in low amount, but detectable titers of antibodies to
Candida albicans germ tube (CAGT) which can be used for

diagnosis of Candida infections.[44]

Chlamydospore formation: Cornmeal agar (CMA) or rice
starch agar (RSA) is used for detection of chlamydospore by
inoculate the suspected strain of the Candida isolates and
incubated at 25°C for 2-3 days. The chlamydospores are
highly refractile, thick walled, large in shape. These are
seen in the case of C. albicans and C. dubliniensis. [13]

Polymerase chain reaction (PCR) fingerprinting: PCR
fingerprinting has introduced to differentiating the C.
albicans from C. dubliniensis. A study reported that it is a
challenging problem because of the high degree of
similarity in the phenotype between C. dubliniensis and C.
albicans. [29] Multiplex PCR has been used to identify
various Candida species, particularly C. albicans, C.
glabrata, and C. tropicalis in a single sample. [30] PCR has
been used to identify the C. dubliniensis in gingival fluid of
healthy persons having periodontal disease. The
identification was done by using conventional methods as
well as PCR assays. C. dubliniensis was isolated and
identified in subgingival fluid of periodontal pockets of
[31] Real-time PCR (RT-PCR) and

chemiluminescence

healthy individuals.

lucigenin-based have been
demonstrated that Candida biofilms can exert resistance to
many commonly employed antifungal in the clinical setting.
RT-PCR can used for the detection of amplification of the
reactions, measured the kinetics and has an advantage
over the traditional PCR where agarose gels are used for
the detection of PCR amplification at the final endpoint
phase of the reaction. 32 C. albicans genes identified that it
regulates the signals the oral epithelial cells and vascular
endothelial cells. 33 PCR-EIA methods has been used to
Candida
phenotype based identifications between the Centers for
(CDbC)
referring hospitals participating in an active form and

differentiate the between species through

Disease Control and Prevention laboratories,
surveillance for Candidemia. 35 PCR primers (LH1 and LH2),
are based on sequence of the gene encoding the integrin-

like protein alpha-INT1p from C. albicans. 37 The C. albicans

gene INT1 is similar to vertebrate leukocyte integrins. 38
Primer LH1 is located between nucleotides 401 and 424 on
the sequence, while primer LH2 is located between 721
and 744 nucleotide sequences. PCR used for identification
of C. albicans from urine samples. PCR assay proved to be
more sensitive than the classical culture method and to be
more useful for the clinical diagnosis of C. albicans. More
trials are needed concerning the detection of C. albicans in
clinical samples other than urine. However, it is expected
that the PCR assay with the LH1 and LH2 primers may be a
useful and valuable tool for the detection of C. albicans in
the clinical sample, even when C. albicans is inhibited by
the antifungal agents. [36]

Recombinant DNA : The recombinant antigens are used for
the diagnosis of candidiasis. Detection of antibodies
directed against antigens which are expressed on the C.
albicans germ tube surface by indirect immunofluorescence
has been shown to be valuable for diagnosis. [28] The
Candida enzymes detected in sera of patients who have
systemic candidiasis, enolase has been found to be highly
diagnostic. Advances in molecular biological techniques
have also allowed for the completion of the Candida
albicans genome sequence. Molecular biology techniques
have introduced the production of recombinant antigens
which are useful for the discovery and identification of
antibodies against them. It has been displayed that the
detection of antibodies against purified and well-defined
recombinant antigens allows for the diagnosis of Candidal
organisms which are invasive in nature. [28]

Candida Detection System (CAND-TEC): Candida Detection
System, CAND-TEC (Ramco Laboratories, Inc., Houston,
Tex.) is introduced to detect the circulating Candida protein
antigens in serum. Serum diluted in ratio of 1:2 with
diluent. Take equal amount of diluted serum (20 pl) and
latex particle coated with rabbit anti-Candida antibody (20
pl) on the slide and mix it. Mixture was rotated at 140 rpm
for 10 minutes, read immediately after 10 minutes rotation
for agglutination. 39 Specimens with positive screens at 1:2
for Candida antigen were further titrated by using twofold
serial dilutions. The endpoint was read as the highest
dilution with positive agglutination. The circulating mannan
antigen detect with the LA Candida Antigen Detection
System (Immuno-Mycologics, Inc., Norman, Okla.). Serum
(0.3 ml) mixed with 50 pl of detacher enzyme and
incubated at 56°C for 15 minutes. Reaction was stopped by
the addition of an enzyme inhibitor. Serum were tested
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undiluted and at a 1:10 dilution (2 drops of serum with 1
drop of latex particle sensitized with rabbit anti-Candida
globulin), then rotated at 160 rpm for 5 minutes the
agglutination read immediately. 40, 43 Mannan antigen
and anti-mannan antibodies are useful for diagnosis of
invasive candidiasis. The performance of combined mannan
antigen and anti-mannan antibodies testing is superior to
either mannan antigen or anti-mannan antibodies testing.
[41] The CAND-TECH test does not appreciably enhance
physicians ability to diagnosed invasive candidal infection
beyond histopathological and microbiological methods.
[42]

Dot Immunobinding Assay: The Immobilon membrane
(Millipore, Bedford, Mass.) is used for detection of Candida
antigen in a 96-well microfiltration apparatus with an
adjustable vacuum (Bio-Rad, Richmond, Calif.). The sample
was allowed to filter through the membrane by gravity to
enhance binding. The primary antibody, rabbit anti-Candida
IgM and IgG (DAKO, Santa Barbara, Calif.). The membrane
was washed again and 100 pl of a 1:25 dilution of
secondary antibody, colloidal gold particles coated with
affinity-purified goat anti-rabbit IgG used, allowed to filter
by gravity, and then washed. Each gravity filtration step
took 45 to 60 min. Antigen-antibody binding was indicated
by the deposition of a pink dot. [45]

Skin test: The test is done for to evaluate the cell mediated
immunity in vivo by testing delayed type hypersensitivity.
13 A study reported that the mucocutaneous candidiasis
was assessed for delayed (cell-mediated) hypersensitivity
to Candida antigen by skin testing, antigen-induced
lymphocyte transformation and migration inhibitory factor
production. Specific anti Candida precipitating antibody
levels were determined by counterimmunoelectrophoresis.
A significant correlation (p < 0.001) was observed between
the size of the skin reaction and the level of Candida in

vitro lymphocyte stimulation. 34
CONCLUSION

The genus Candida is causing morbidity and mortality in
human beings. The virulence factors of the C. albicans have
the great role in the pseudohyphae formation by attached
with epithelial cells and endothelial cells. Now a day
various techniques like PCR, Candida Detection System,
CAND-TEC and Dot Immunobinding Assay are available in
developed as well as in developing countries for detection
from various clinical these

of candidiasis samples,

techniques are help to find out the proper management of
the disease and their causative agents and reduced
morbidity and mortality of patients. The culture takes time
for identification of the organisms; it takes 4 — 7 days for
growth of the Candida. The CHROM agar Candida is useful
method to differentiate between the Candida albicans from
other species of the genus Candida by the help of colonies
colour of the Candida.
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