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n inTRODUCTiOn

The fungal infections during the last decades 
are on the mount. The most common fungal 

infection, candidiasis can be defined as fungal 
infection which is caused by pathogenic fungus 
Candida albicans belonging to genus Candida. C. 
albicans is an opportunistic pathogen which is 
present as normal microflora in humans [1]. It 
can exist in unicellular yeast form to filamentous 
hyphal form and this switching between the two 
forms is an important virulence factor. It resides 
in commensal form on skin, gastrointestinal tract 
and mucosa of 30% to 50% healthy humans in 
natural conditions. But in immunocompromised 
conditions, it causes candidiasis which ranges 
from mucosal candidiasis to systemic infections 
resulting in 26-60% mortality rates [2, 3]. Can-
didiasis can be classified into three categories 
namely oropharyngeal/esophageal candidiasis 
(which develops in mouth and throat commonly 
called as thrush), vulvovaginal/genital candidia-
sis (which develops due to overgrowth of yeast 
in vagina) and invasive candidiasis (which occurs 
when Candida enters bloodstream) giving rise to 
candidemia. Moreover, with the ever increasing 
problem of multidrug resistance (MDR), the effi-
cient therapeutics is facing numerous hurdles [4].
The pathogenicity of Candida and incidence of 
candidiasis depends on immune status of host 
cell through a delicate balance between the fungi 
and the host’s immune status which determines 
the commensal or parasitic relationship (Figure 

1). The predisposing factors for candidiasis can 
be subdivided into immunologic and non im-
munologic factors according to occurrence. Con-
sidering the significance of C. albicans being the 
fourth most common cause of hospital acquired 
infections, here we review the predisposing fac-
tors which are responsible for this microorganism 
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Figure 1 - The transition between commensal and pa-
thogenic forms of Candida within the host cells de-
pends on the CD4+ count which forms the basis of 
establishment of infection. 
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to cause a wide variety of infections ranging from 
mucosal to life threatening disseminated candi-
diasis.

Predisposing factors
Candida infections arise due to alteration in host 
defense system where both immunological and 
non immunological factors (Figure 2) play crucial 
roles making the conditions favorable for prolif-
eration of Candida [5].

Immunological factors
The following section describes the immunologi-
cal predisposing factor which contributes to en-
hanced susceptibility to candidal infections.

HIV/AIDS
According to the Joint United Nations Programme 
(2009) on HIV/AIDS and the National AIDS Con-
trol Organization (2008), there is an estimation 

of 2.4 million cases of HIV infection worldwide 
and 22.7 per 100,000 in India respectively. The im-
munocompromised or HIV infected patients are 
more prone to oral and pharyngeal candidiasis. 
It has been estimated that more than 90% of HIV 
patients suffer from fungal infections during the 
progression of disease [6]. The prevalence of can-
didal infections all over the world is 18% [7]. It 
has been found that HIV patients suffering from 
cutaneous candidiasis have low CD4+ lympho-
cyte count and elevation in RNA load [8]. Other 
than regular virulence factors in Candida neces-
sary for pathogenesis such as secreted aspartyl 
proteases are also important for the same but 
its activity depends on host conditions [9]. Role 
of Natural killer cells (NK) in immune system 
against pathogens is well known. They work as 
immune effectors that directly bind to pathogen 
and kill them through perforin dependent mecha-
nisms. The cascade involves the receptor NKp30 

Figure 2 - Predisposing factors leading to Candida infections.
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receptor which is required for fungi and cell con-
jugate formation, phosphatidylinositol 3-kinase 
(PI3K) signaling and perforin release. But in case 
of HIV patients, NKp30 receptor have low activ-
ity which accounts for defective antifungal ac-
tivity of NK cells [10]. Among the fungal patho-
gens, it has been found that C. albicans is the most 
prevalent species (68.5%) followed by C. tropicalis 
(7.4%), C. krusei (6.4%), C. parapsilosis (3.0%) and 
C. sake (2.5%) [11]. In HIV infected candidiasis pa-
tients, a Th17 functional subset of T helper cells is 
an important asset which is guarding against this 
fungus. The selective loss of T helper cells along 
with the progression of HIV infection causes the 
decay of fungal containment on the oral epithe-
lium which in turn allows C. albicans to express 
its pathogenic potential [12]. Recent studies have 
shown that C. albicans inhibits the replication of 
HIV-1 in macrophages and dendritic cells. The in-
hibition is also contributed by host restriction fac-
tors which are able to block retroviral replication. 
The main cytidine deaminases are APOBEC3G 
and APOBEC3F that introduces G to A substitu-
tions in the HIV-1 genome which inhibits viral 
replication. This can be used in antiretroviral 
therapy but the mucocutaneous candidiasis is 
also prevalent in HIV patients [13]. 
The study on correlation between CD4+ counts 
and the prevalence of candidiasis suggests that 
CD4+ lymphocyte counts to be a marker of HIV 
disease progression [14]. The introduction of an-
ti-human immunodeficiency virus drugs of the 
aspartic protease inhibitor-type (HIV PIs) can be 
used as a potent agent for inhibition of secretion of 
aspartic proteases (saps) which is a virulence fac-
tor in C. albicans. These enzymes can degrade criti-
cal host defense components like complement and 
epithelial defensive proteins such as histatin-5 and 
E-cadherin [15]. The two subunit vaccines which 
are based on antigens dominantly expressed by C. 
albicans in vivo are Als3 adhesin and Sap2 which 
have been recently undergone phase 1 clinical tri-
al [12]. But much new insights are needed in order 
to combat the fungal infections during this immu-
nocompromised condition.

Organ transplant
The fungal infections are predominantly prevail-
ing in cases of organ transplantation. It has been 
reported that fungal infections are the second most 
common cause of mortality in kidney transplants 

due to immunosuppressive status of the patients. 
In organ transplantation, in order to prevent graft 
rejection, certain drugs are given to the patients as 
a part of immunosuppressive therapy to suppress 
the host immune status. The action of these drugs 
reduces the natural immune response resulting in 
increased susceptibility to fungal infections and 
particularly opportunistic organism like C. albicans 
[16]. The prevalence of candidiasis in organ trans-
plants is 7% [17]. Mostly in case of renal transplan-
tation, Candida can become more prevalent after 
organ transplantation and can lead to more severe 
infections in bloodstream leading to candidemia 
[18]. The most frequent form of oral candidiasis 
in renal transplantation patients is denture sto-
matitis which is followed by angular chelitis and 
pseudomembraneous candidiasis. The chances 
of severe candidiasis increases after immediate 
post-transplantation period [19]. Invasive fungal 
infections are the most common causes of mortal-
ity in cases of renal transplantation and associated 
with parenteral nutrition, abdominal surgery and 
broad spectrum antibiotic therapy [20]. The most 
prevalent species of Candida is C. albicans (86.4%) 
as reported in a case study of kidney transplants 
in Brazil [21]. In case of liver transplantation, the 
prevalence of Candida species are C. albicans (50%), 
C. glabrata (12.5%), C. parapsilosis (12.5%), C. kru-
sei (12.5%), C. lusitaniae (6.2%), C. tropicalis (6.2%) 
and multiple others (25%) [22]. The predispos-
ing factors to fungal infection in patients of lung 
transplantation includes: preoperative chronic 
lung diseases and inherent palliative immunosup-
pression, intraoperative complications such as ab-
normalities in the bronchial anastomosis or lung 
injury, and postoperative complications such as 
enhanced immunosuppression for early rejection, 
graft dysfunction, concurrent viral and bacterial 
infections, and bronchiolitis obliterans syndrome.

Cancer
Candida is being ranked among the ten prominent 
pathogen affecting leukemia patients, resulting 
in 25-60% mortality rates [23]. In blood tumors, 
candidemia caused by the Candida species affect-
ing the patients are C. albicans (33%), C. guillier-
mondii (26%), C. parapsilosis (12%), C. krusei (8%), 
C. lusitaniae (5%), C. famata (4%), C. tropicalis (4%), 
C. glabrata (4%), and C. pelliculosa (4%). The inci-
dence of candidiasis in cancer patients is around 
43.2% [24]. Cancer and chemotherapy results in 



214 S. Singh, et al.

immunosupression which gives opportunity for 
emergence of fungal infection. The outcome is the 
cellular and humoral immune dysfunction and 
mucosal damage due to chemotherapy in ovarian 
and lung cancer. In a study, it has been observed 
that there is a deficiency of MPO (myeloperoxi-
dase) which is an important risk factor for inva-
sive candidiasis. The decreased level of TNF-α 
(Tumour Necrosis Factor) is also the result of 
Candida invasion only [25]. MMPs (matrix metal-
loproteinases) are involved in degradation of ex-
tracellular matrix and tumour cell evasion which 
leads to metastasis in cancer. The MMP2, 3, and 9 
increase in breast cancer as they are involved in 
invasion, metastasis and tumor angiogenesis. The 
breast cancer patients are susceptible to candidia-
sis and there is a positive effect of candidiasis on 
the metastasis and tumor progression in breast 
cancer patients [26]. It has been found that Can-
dida is involved in cell cycle arrest and blocks the 
proliferation of host cells, PGE2 (Prostaglandin 
E2) synthase expression (involved in eicosanoid 
and glutathione metabolism) and thus PGE2 pro-
duction in patients suffering from HPV (human 
papillomavirus) 16 virus infections [27]. Inter-
leukin is known to play a key role in mammalian 
immune system. The cancer patients who have 
deficient IL-17 receptor or low secretion of IL-
17 are highly susceptible to systemic candidiasis 
[28]. More often, candidiasis is a common side ef-
fect of chemotherapy for malignant cancer. It has 
been found that thrombospondin-1 (extracellular 
matrix protein which is released at tissue injury 
sites) enhances the pathogenesis of disseminated 
candidiasis by creating an imbalance in the host 
immune response which leads to impaired fungal 
clearance, reduced phagocytic function and in-
creased mortality [29].
Secreted aspartyl proteinase 2 (Sap2) is a viru-
lence related trait of Candida and patients suf-
fering from candidiasis have high titre values of 
Sap2. The candidiasis does not have significant 
clinical symptoms and hence its diagnostic meth-
ods have less sensitivity. For diagnostic purposes, 
Sap2 found in serum samples of cancer patients 
can be used for detection of Candida by an indi-
rect competitive enzyme linked immunosorbent 
assay [30]. The antifungal drug echinocandin was 
used as a first line drug in candidemia affecting 
blood tumor patients [24]. Caspofungin and vori-
conazole drugs have shown immunomodulatory 

effect on human peripheral blood mononuclear 
cells (PBMC). The interaction between the drug 
and cells results in Th1-type cytokine secretion 
which assists in removal of fungal pathogen [31].

Genetic susceptibility
It has been believed that genetic factors must play 
an important role in determining the susceptibil-
ity to Candida infections (Figure 3). Mutations in 
single genes were found to be responsible for se-
vere Candida infections in several primary immu-
nodeficiencies that display the clinical picture of 
monogenetic disorders. The incidence of genetic 
susceptibility to candidal infections is 8.2% [32]. 
The monogenetic disorder where CARD 9 gene 
codes for a protein Dectin-1, if there is a homo-
zygous mutation then it can give rise to increased 
susceptibility to both mucosal and invasive Can-
dida infections. The other monogenetic disorder 
that results in an important primary immuno-
deficiency associated with Candida infections is 
CMC (chronic mucocutaneous candidiasis). The 
main cause of autosomal dominant CMC is the 
mutations in the CC domain of STAT 1 which is 
a signaling molecule of the type 1 and type 2 IFN 
receptor. Several mutations have been found in 
STAT3 a signaling molecule of the IL-23 recep-
tor, which results in reduced IL-17 production 
[33, 34]. The mutations in genes coding for cy-
tokines and their receptors have been described 
to be associated with Candida infections as in IL-
12Rb1 deficiency which has been linked to muco-
cutaneous Candida infections and found to have 
increased susceptibility for invasive candidiasis 
[35]. Genetic variation in Toll like Receptors has 
also been associated with an increased suscepti-
bility to fungal infections. Three single nucleotide 
polymorphisms (SNPs) in the TLR1 gene have 
been shown to influence susceptibility to candi-
demia [36]. It has been found that although there 
is a moderate effect on modulation of proinflam-
matory cytokine production, there is a minor im-
pact of genetic variation in the autophagy genes 
ATG16L1 (autophagy related 16-like 1) and IRGM 
(immunity-related GTPase family, M) on the sus-
ceptibility to both mucosal and systemic Candida 
infections [37]. Several studies have been pub-
lished showing a link between genetic variation 
and an increased risk for Candida infections, with 
different genetic pattern between mucosal and 
systemic candidiasis. So, it can be concluded that 
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the balance between pro- and anti-inflammatory 
cytokines represent an important component of 
host defense against both mucosal and systemic 
candidiasis. 

Nonimmunological Factors
The following section describes the non-immuno-
logical predisposing factors which contribute to 
enhanced susceptibility to candidal infections.

Nosocomial infections 
Nowadays, intensive care units (ICU) have 
emerged as epicenters for candidal infections. 
The incidence of candidiasis due to nosocomial 
infections or more commonly referred as hospital 
acquired infections is 59.7% (Figure 4) [38]. Sec-

ondary infections in sepsis are caused by Candida 
and candidiasis is the third most reason of blood 
infections in ICU in hospitals which results into 
30-40% mortality rates [39]. 
As a matter of fact, widespread and prolonged 
usage of antifungals has led to the emergence of 
MDR in C. albicans. In a statistical study conducted 
in ICU in India, the incidence of candidemia was 
evaluated which clearly shows that the underly-
ing reason for higher risk to candidemia is the use 
of broad spectrum antibiotics. The patients were 
given broad spectrum antibiotics and antifungals 
which resulted in antifungal resistance in turn 
giving more opportunity for candidal growth 
[40, 41]. The increased dose of drugs and antibi-
otics favors the overgrowth of Candida and other 

Figure 3 - An overview showing the genetic susceptibility to Candida infections due to mutation and monoge-
netic disorders. The mutations in TLR (Toll Like Receptors), IFN (Interferon) receptor, IL (Interleukin) receptor, 
CARD9 (caspase recruitment domain 9), STAT (Signal transducer and activator of transcription), MYD88 (Myeloid 
differentiation primary response gene 88) leads to changes in cascade which enhances the susceptibility to Can-
dida infections. 
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microbes leading to emergence of MDR strains. 
Some drugs like ranitidine which are prescribed 
to patients suffering from ulcers in hospitals often 
favors the growth of Candida and patients become 
more susceptible to Candida infections in hospitals 
[42]. Thus reduction in antibiotic dosage could be 
one of the alternative way to minimize Candida 
infections.
The types of Candida infections are urinary tract 
infection, candidemia, surgical site infection and 
intra-abdominal infection [43]. There is an inci-
dence of invasive candidiasis in neonates in neo-
natal ICU which results into mortality of low birth 
weight infants [44]. The underlying cause of can-
didal infections in neonatal ICU is the horizontal 
transmission of Candida colony from the newly 
born who had acquired congenitally and then 
transmitting to other neonates [45]. In invasive 
fungal infections in neonates, the predominant 

causes in ICU are third generation cephalosporin 
use, neutropenia in first week of life, abdominal 
surgery, central venous catheter insertion or in-
cubation more than 6 days [46]. Persistent can-
didemia is the outcome of poor clinical facilities, 
drug resistance and host related factors on inva-
sive fungal infection in neonatal ICU [47]. It has 
been studied that patients who have prior ab-
dominal surgery and suffering from chronic PPI 
(proton pump inhibitor) are predisposed to Can-
dida-associated intra-abdominal infections [48]. 
Candidemia is considered as a prevalent factor in 
noscomial infections. The major causes are ileus, 
use of proton pump inhibitors, gastrointestinal 
bleeding, previous stay in the ICU, blood trans-
fusion, vasopressors, requirement for antibiotics, 
and invasive medical procedures and it can also 
result in sepsis [49]. The risk factors for mortal-
ity are different in early onset candidemia (EOC) 

Figure 4 - Bar graph showing the contribution of various predisposing factors (expressed as percentage) leading 
to Candida infections.
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and late onset candidemia (LOC). However there 
is need of improvement in diagnosis and treat-
ment in early infections [50]. The use of catheters 
in hospitals is one of the causes of urinary tract 
infection (UTI) in ICU. 
Candida species are well known for forming an-
tibiotic resistant biofilms on medical equipment 
which is one of the major concerns of nosocomial 
infections. The use of catheters or intravenous de-
vices is a good source for dissemination of biofilm 
forming fungi [51]. The biofilms are formed on 
indwelling devices in polymeric matrix and are 
resistant to the antifungal agents which in turn 
increase more infection [52]. The biofilms grow-
ing on devices like catheters provide a high risk 
for systemic candida infections as they provide 
entry site to Candida directly into patients where 
they can flourish well. Due to complex structure, 
they can easily resist the effect of conventional 
antifungal drugs like amphotericin B and fluco-
nazole [53-54].
The bacterial infections may also play as a predis-
posing factor for candidal infections. The Clostrid-
ium difficile infection (CDI) in patients in hospitals 
is a risk factor for development of candidemia 
and CDI may predispose for the translocation of 
Candida [55]. The KPC-producing Klebsiella pneu-
moniae (KPC-Kp) colonization or infection is also 
associated with candidemia in hospital acquired 
infections. Thus the gastrointestinal tube plays 
as key role in dissemination of Multi Drug Resis-
tant (MDR) microorganisms like C. difficile and K. 
pneumoniae and also reservoir for Candida [56, 57].
One of the ways to lessen the candida coloniza-
tion in patients undergoing extensive abdominal 
surgery is early antifungal prophylaxis [58]. It 
has been mentioned in a study on management 
of intraabdominal candidiasis (IAC) in clinical 
settings, that there is urgent need to elaborate 
the recommendations for IAC management sug-
gested by multidisciplinary expertise panel [59]. 
It has also been suggested that the restricted use 
of central venous catheters in hospitals and short-
ening the stay in ICU may help in reducing the 
development in invasive candidiasis.

Diabetes
Diabetes is a multisystemic disorder which is 
characterized by insufficiency of insulin secretion 
or resistance to the metabolic action of insulin on 
target tissues. Poor glycemic control in diabetic 

patients increases susceptibility to candidal infec-
tions [60]. The incidence of diabetic population is 
expected to increase from 171 million in 2000 to 
366 million by 2030 [61]. The prevalence of candi-
diasis in diabetic patients is 31.4% [62]. Diabetic 
patients have increased Candida colonization in 
oral mucosa in comparison with normal indi-
viduals [63]. It has been estimated that diabetic 
patients have highly glycosylated hemoglobin 
which can play as important factor for candidal 
infections and there is a formation of chemically 
reversible glycosylated products with salivary 
glucose and proteins in tissues during hyperglyce-
mic episodes. The accumulation of glycosylation 
products on buccal epithelial cells may result in 
increasing the number of available receptors for 
Candida and thus candidiasis [64]. The main fac-
tors contributing to oral Candida colonization in 
case of diabetes mellitus are diabetic type, glyce-
mic control and salivary pH [65].
The secreted acid proteinase might play a role in 
the pathogenesis of vulvovaginal candidiasis and 
improvement in the glucose control may reduce 
the risk of Candida colonization and potentially 
symptomatic infection [66]. The prevalence of 
fungal infections in diabetic patients is also a re-
sult of immune dysfunction including low com-
plement factor 4, decreased cytokine response af-
ter stimulation in humoral innate immunity and 
decreased functions (chemotaxis, phagocytosis 
and killing) of diabetic polymorphonuclear cells 
and diabetic monocytes/macrophages in cellular 
innate immunity [67]. 
It has been found that antifungal agent flucon-
azole shows alternation in phospholipase produc-
tion, modification of buccal epithelial cells and re-
duction in adhesion of C. albicans to human buccal 
epithelial cells in diabetic patients suffering from 
oral candidiasis [68]. The use and addition of the 
iron chelator, deferasirox used in the treatment of 
zygomycosis in diabetic patients, can be a prom-
ising compound but additional agents with new 
targets of action are also needed [69].

Burn
Nowadays, C. albicans is emerging as a major fun-
gal infection in burn wounds in hospitals, which 
can result in sepsis as one of the principle causes 
of death after a severe burn. The incidence of Can-
dida infections in burn wounds is 35.6% [70]. The 
burn wound represents a favorable site for fungal 
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infections as they are exposed and serves for op-
portunistic colonization of fungal infections. The 
other factors which can favor for infection are 
age of the patient, extent of injury and depth of 
the burn wound along with the type, number of 
microbe attacking the patient, enzyme and toxin 
production, and motility which determines the 
likelihood of invasive burn wound infection. The 
risk factors for invasion are severity of illness, to-
tal parenteral nutrition, antibiotics, burns, central 
venous lines, and immunosuppression [71]. The 
prevalence of invasive candidiasis in burn cases 
varies widely and accounts for 3-23% of severe 
infection with 14 to 70% mortality rate [72]. The 
detection of fungal infection usually occurs after 
14 days of injury [73]. In a study by Kobayashi 
et al. it has been suggested that burn-associated 
CD301 type 2 T cells may play a role on the in-
creased susceptibility of burned patients to C. al-
bicans infection [74].
Nitric oxide nanoparticle has been shown to have 
antifungal activity and can be used for treatment 
of cutaneous burn infections and wounds [73]. 
Nowadays, Serum (1→3)-β-D-glucan (BG) is in-
creasingly used as diagnostic marker for invasive 
fungal infections [75].

Neonates and childhood
Candidal colonization in neonates is a result of 
vertical transmission from mother infected with 
candidiasis. The prevalence of candidal infections 
in neonates is 6.5% [76]. Candida colonization 
which is the first step towards Candida develop-
ment occurs at rectal sites in neonates [77]. There 
is an increase in prevalence of fungal arthritis in 
premature infants with incidence of 10-25%. The 
other risk factors are long term steroid and antibi-
otic therapy, immunosppression, hyperalimenta-
tion, gastrointestinal defects etc [78]. Diaper der-
matitis is very common among neonates which 
occur due to prolonged exposure to humidity, 
increased skin pH, feces and urine-induced irri-
tation and zinc deficiency. Thus, secondary infec-
tions can be caused by Candida when dermatitis 
remains for more than 3 days. Candidal infections 
in childhood can be cutaneous, mucosal or sys-
temic candidiasis. Septicaemia in neonatal ICUs 
occurs due to candidal infections and may affect 
1.6-12.9% of very low birth weight infants. 
Fluconazole is an effective drug for these infec-
tions along with antifungal prophylaxis which 

includes hygiene regimens, mycological surveil-
lance and application of oral antimycotics [79, 80].

Pregnancy
This condition can serve as a risk factor for vagi-
nal candidiasis. It has been found that there is 
more prevalence of Candida vaginal colonization 
in a comparative study on Candida infections in 
pregnant and non-pregnant women. This coloni-
zation can result in complications related to de-
livery [81]. The incidence of Candida infections 
in pregnancy is 27.8% [82]. The most dominant 
Candida is C. albicans which has 66.3% prevalence 
when isolated from Tanzanian pregnant women 
suffering from vaginal candidiasis [83]. The main 
cause of prevalence of candidiasis is the disrup-
tion of vaginal normal flora [84]. During pregnan-
cy the risk of vaginal thrush increases, possibly 
due to changes in hormone production, leading 
to increased glycogen content in the vagina. The 
effect of vaginal candidiasis in pregnancy is the 
abnormal vaginal discharge [82].
The promising treatment of vulvovaginal can-
didiasis during pregnancy is antifungal testing 
and determination of virulence factors [85]. It 
has been suggested that application of gynazol 
can be recommended in case of recurrent vaginal 
Candida infection [86]. It has also been reported 
that C. albicans isolated from vaginal exudates in 
pregnant women is more susceptible to antifun-
gal drugs [87].

Other factors
Hydrochloric acid, bile juices and pancreatic en-
zymes are digestive secretions which play an im-
portant role in digesting the food in the gastro-
intestinal tract of humans. They maintain the in-
tegrity of small intestine and prevent the growth 
of microorganisms such as Candida into the ab-
sorptive sites in gastrointestinal tracts. But due to 
intake of antacids, antiulcer drugs and decreased 
secretion of digestive juices, Candida gets oppor-
tunity to overgrow in the stomach [88].
The other factor is the impaired liver function in 
which the liver is not able to perform its func-
tion of detoxification. The accumulated toxins are 
absorbed by intestine and make the individual 
more sensitive to chemicals. This stimulates the 
overgrowth of Candida and causes chronic candi-
diasis in digestive tract [89]. Sucrose, honey, maple 
syrup, refined sugars, fruit juice, has an important 
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role in functioning as growth enhancers for mi-
crobes. Foods with high content of yeast and fungi 
like cheeses, alcoholic beverages and dried fruits 
favor the growth of Candida. Essential nutrients 
like magnesium, vitamins A and B6, selenium, 
zinc, folic acid and essential fatty acids are found 
to be deficit in chronic candidiasis [42]. The use 
of drugs and chemical compounds hampers the 
functioning of liver which results in toxin accumu-
lation thereby altering the bowel microflora. The 
balance of microflora is important in maintaining 
the nutritional status, cholesterol metabolism, im-
mune system function, carcinogenic agents and 
aging. The hormonal imbalance, chronic stress 
also favors the above mentioned conditions which 
results in overgrowth of Candida [90].

n COnCLUsiOn

It can be concluded that all the predisposing fac-
tors responsible for causing candidal infections 
can cause mild infections to severe life threatening 
infections. The incidence in mortality rates due to 
candidiasis, invasive fungal infections and candi-
demia are opening the gateway for new insights 
in research of more potent antifungal drugs. The 
better understanding of mechanisms or factors 

involved in pathogenesis in fungal infections can 
serve better for combating resistance in fungal 
pathogens. Thus, there is urgent need of further 
research and well programmed management in 
hospital settings which can reduce the mortality 
due to fungal infections in hospital acquired in-
fections.
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Candida albicans è un patogeno fungino umano oppor-
tunista responsabile di infezioni diverse, dalle candidiasi 
superficiali e mucose a quelle sistemiche. Nell’ambito delle 
infezioni nosocomiali, rappresenta la quarta principale cau-
sa di morte. L’inadeguata gestione clinica in ambito ospe-
daliero, il maggiore impiego di antibiotici, l’aumento della 
resistenza agli antibiotici, l’immunosoppressione e i fatto-

RiassUnTO

ri correlati al binomio ospite-patogeno sono tutti elementi 
responsabili dell’aumento, a un ritmo allarmante, delle in-
fezioni da Candida. Diversi sono i fattori predisponenti, di 
natura immunologica o non immunologica, che rendono un 
soggetto sensibile a questo tipo infezioni. Questa rassegna, 
nell’esaminare approfonditamente tali fattori, evidenzia la 
necessità di conoscerli. 

Candida albicans is an opportunistic human fungal 
pathogen which is involved in infections ranging 
from superficial, mucosal to systemic candidiasis. It is 
the fourth most leading cause of death in nosocomial 
infections. Candidal infections are increasing at an 
alarming rate due to poor clinical management in hos-
pital settings, more use of antibiotics, increased drug 

sUmmaRY

resistance, immunosuppression and host-pathogen 
related factors. There are various predisposing factors 
which can be immunologic or non-immunologic in ori-
gin that make a person susceptible to such infections. 
This review article establishes the need to understand 
the various predisposing factors leading to Candidal 
infections and discusses them on a common platform.



220 S. Singh, et al.

n ReFeRenCes

[1] Hameed S., Fatima Z. Novel regulatory mecha-
nisms of pathogenicity and virulence to combat MDR 
in Candida albicans. Int. J. Microbiol. 240209, 1-10, 2013.
[2] Das I., Nightingale P., Patel M., Jumaa P. Epidemi-
ology, clinical characteristics, and outcome of candi-
demia: experience in a tertiary referral center in the 
UK. Int. J. Infect. Dis. 15, 759-763, 2011.
[3] Tanwar J., Das S., Fatima Z., Hameed S. Crusade 
for opportunity: Candida albicans from commensalism 
to pathogenicity. J. Hum. Dis. 112, 160-167, 2013.
[4] Tanwar J., Das S., Fatima Z., Hameed S. Multidrug 
resistance: an emerging crisis. Interdiscip. Perspect. In-
fect. Dis. 541340, 1-7, 2014.
[5] Reed B.D. Risk factors for Candida vulvovaginitis. 
Obstet. Gynecol. Surv. 47, 551-560, 1992.
[6] Samaranayake L.P. Oral mycoses in HIV infection. 
Oral Surg. Oral Med. Oral Pathol. 73, 171-180, 1992.
[7] Sharifzadeh A., Khosravi A.R., Shokri H., Asadi 
Jamnani F., Hajiabdolbaghi M., Ashrafi Tamami I. Oral 
microflora and their relation to risk factors in HIV+ 
patients with oropharyngeal candidiasis. J. Mycol. 
Med. 23, 105-112, 2013.
[8] Demiraslan H., Alabay S., Kilic A.U., Borlu M., 
Doganay M. Cutaneous candidiasis caused by Candida 
glabrata in a HIV/AIDS patient. Int. J. STD. AIDS 24, 
753-755, 2013.
[9] Hernandez-Solis S.E., Rueda-Gordillo F., Rojas-
Herrera R.A. Proteinase activity in Candida albicans 
strains isolated from the oral cavity of immuno-
compromised patients, with oral candidiasis and in 
healthy subjects. Rev. Iberoam. Micol. 31, 137-140, 2014.
[10] Li S.S., Kyei S.K., Timm-McCann M. et al. The NK 
receptor NKp30 mediates direct fungal recognition 
and killing and is diminished in NK cells from HIV-
infected patients. Cell Host Microbe 14, 387-397, 2013.
[11] Kwamin F., Nartey N.O., Codjoe F.S., Newman 
M.J. Distribution of Candida species among HIV-posi-
tive patients with oropharyngeal candidiasis in Accra, 
Ghana. J. Infect. Dev. Ctries 7, 41-45, 2013.
[12] Cassone A., Cauda R. Candida and candidiasis in 
HIV-infected patients: where commensalism, oppor-
tunistic behavior and frank pathogenicity lose their 
borders. AIDS 26, 1457-1472, 2012.
[13] Rodriguez Rodrigues C., Remes Lenicov F., Jancic 
C. et al. Candida albicans delays HIV-1 replication in 
macrophages. PLoS One 8, e72814, 2013.
[14] Esebelahie N.O., Enweani I.B., Omoregie R. Can-
dida colonisation in asymptomatic HIV patients at-
tending a tertiary hospital in Benin City, Nigeria. Liby-
an J. Med. 18, 1-5, 2013.
[15] Santos A.L., Braga-Silva L.A. Aspartic protease 
inhibitors: effective drugs against the human fungal 
pathogen Candida albicans. Mini. Rev. Med. Chem. 13, 
155-162, 2013.

[16] da Silva W.J., Goncalves L.M., Seneviratne J., 
Parahitiyawa N., Samaranayake L.P., Del Bel Cury 
A.A. Exopolysaccharide matrix of developed Candida 
albicans biofilms after exposure to antifungal agents. 
Braz. Dent. J. 23, 716-722, 2012.
[17] Yang C.H., He X.S., Chen J., et al. Fungal infection 
in patients after liver transplantation in years 2003 to 
2012. Ann. Transplant. 17, 59-63, 2012.
[18] Gupta K.L., Ghosh A.K., Kochhar R., Jha V., 
Chakrabarti A., Sakhuja V. Esophageal candidiasis 
after renal transplantation: comparative study in pa-
tients on different immunosuppressive protocols. Am. 
J. Gastroenterol. 89, 1062-1065, 1994.
[19] Lopez-Pintor R.M., Hernandez G., de Arriba L., 
de Andres A. Oral candidiasis in patients with renal 
transplants. Med. Oral. Patol. Oral. Cir. Bucal. 18, 381-
387, 2013.
[20] Solla-Buceta M., Hurtado-Doce A., Alvarez-Rocha 
L. Persistent candidemia in a renal-pancreatic trans-
plant patient. Rev. Iberoam. Micol. 29, 76-80, 2012.
[21] da Silva-Rocha W.P., de Brito Lemos V.L., 
Svidizisnki T.I.E., Milan E.P., Chaves G.M. Candida 
species distribution, genotyping and virulence factors 
of Candida albicans isolated from the oral cavity of kid-
ney transplant recipients of two geographic regions of 
Brazil. BMC. Oral. Health. 14, 1-9, 2014.
[22] Sganga G., Bianco G., Frongillo F., Lirosi M.C., 
Nure E., Agnes S. Fungal infections after liver trans-
plantation: incidence and outcome. Transplant. Proc. 
46, 2314-2318, 2014.
[23] Routh M.M., Chauhan N.M., Karuppayil S.M. 
Cancer drugs inhibit morphogenesis in the human 
fungal pathogen, Candida albicans. Braz. J. Microbiol. 
44, 855-859, 2013.
[24] Kliasova G.A., Blokhina E.V., Gracheva A.N., 
Kravchenko S.K., Parovichnikova E.N., Galstian G.M. 
Results of treatment for candidemia in patients with 
blood system tumors. Ter. Arkh. 85, 47-53, 2013.
[25] Koziol-Montewka M., Magrys A., Paluch-Oles J., 
Bogut A., Buczynski K., Jablonka S. MPO and cyto-
kines in the serum of cancer patients in the context 
of Candida colonization and infection. Immunol. Invest. 
35, 167-179, 2006.
[26] Taheri F.H., Seyedolmohadesin M., Bayat M., et 
al. The Effect of Candida albicans systemic infection on 
matrix metalloproteinases in breast cancer bearing 
BALB/c mice. Iran. J. Allergy Asthma Immunol. 12, 81-
85, 2013.
[27] Deva R., Sczepanski M., Saha S., et al. Candida 
albicans activates cyclooxygenase but not its product 
prostaglandin E2 in HPV 16-stabilized cells. Eur. J. Ob-
stet. Gynecol. Reprod. Biol. 152, 205-209, 2010.
[28] Bar E., Whitney P.G., Moor K., Reis e Sousa C., 
Leibund Gut-Landmann S. IL-17 regulates systemic 
fungal immunity by controlling the functional compe-
tence of NK cells. Immunity 40, 117-127, 2014.



221Predisposing factors endorsing Candida infections

[29] Martin-Manso G., Dhammika H.M., Navarathna 
L.M., et al. Endogenous Thrombospondin-1 regulates 
leukocyte recruitment and activation and accelerates 
death from systemic candidiasis. PLoS One 7, e48775, 
2012.[
[30] Wang Y., Gao X., Zhi Gang J.U., Liu J., Dong S., 
Wang L. Detection of Candida albicans Sap2 in cancer 
patient serum samples by an indirect competitive en-
zyme-linked immunosorbent assay for the diagnosis 
of candidiasis. Indian J. Pathol. Microbiol. 56, 243-247, 
2013.
[31] Fidan I., Yesilyurt E., Kalkanci A. et al. Immuno-
modulatory effects of voriconazole and caspofungin 
on human peripheral blood mononuclear cells stim-
ulated by Candida albicans and Candida krusei. Am. J. 
Med. Sci. 348, 219-223, 2014.
[32] Costa-de-Oliveira S., Sousa I., Correia A., et al. Ge-
netic relatedness and antifungal susceptibility profile 
of Candida albicans isolates from fungaemia patients. 
Med. Mycol. 49, 248-252, 2011.
[33] Holland S.M., DeLeo F.R., Elloumi H.Z., et al. 
STAT3 mutations in the hyper-IgE syndrome. N. Engl. 
J. Med. 357, 1608-1619, 2007.
[34] de Beaucoudrey L., Puel A., Filipe-Santos O., et al. 
Mutations in STAT3 and IL12RB1 impair the develop-
ment of human IL-17-producing T cells. J. Exp. Med. 
205, 1543-1550, 2008.
[35] Ouederni M., Sanal O., Ikinciogullari A., et al. 
Clinical features of candidiasis in patients with inter-
leukin-12 receptor B1 deficiency. Clin. Infect. Dis. 58, 
204-213, 2012.
[36] Plantinga T.S., Johnson M.D., Scott W.K., et al. 
Toll-like receptor polymorphisms increase suscepti-
bility to candidemia. J. Infect. Dis. 205, 934-943, 2012.
[37] Rosentul D.C., Plantinga T.S., Oosting M., et al. 
Genetic variation in the dectin-1/CARD9 recognition 
pathway and susceptibility to candidemia. J. Infect. 
Dis. 204, 1138-1145, 2011.
[38] Jordan I., Hernandez L., Balaguer M. C. albicans, 
C. parapsilosis and C. tropicalis invasive infections in 
the PICU: clinical features, prognosis and mortality. 
Rev. Esp. Quimioter. 27, 56-62, 2014.
[39] Arendrup M.C. Epidemiology of invasive candi-
diasis. Curr. Opin. Crit. Care 16, 445-452, 2010.
[40] Chakrabarti A., Sood P., Rudramurthy S.M., et 
al. Incidence, characteristics and outcome of ICU-
acquired candidemia in India. Intensive Care Med. 41, 
285-295, 2015.
[41] Kapoor G., Saigal S., Saigal K. Why candidemia 
occurs early: a comment on “incidence, characteristics 
and outcome of ICU-acquired candidemia in India”. 
Intensive Care Med. 41, 377, 2015.
[42] Martins N., Isabel C. F., Ferreira R., Silva S., Hen-
riques M. Candidiasis: predisposing factors, preven-
tion, diagnosis and alternative treatment. Mycopatho-
logia 177, 223-240, 2014.

[43] Erdem F., Tuncer Ertem G., Oral B., Karakoc E., 
Demiroz A.P., Tulek N. Epidemiological and microbio-
logical evaluation of nosocomial infections caused by 
Candida species. Mikrobiyol. Bul. 46, 637-648, 2012.
[44] Chapman R.L. Candida infections in the neonate. 
Curr. Opin. Pediatr. 15, 97-102, 2003.
[45] Tiraboschi I.N., Carnovale S., Benetucci A., et al. 
Candida albicans outbreak in a neonatal intensive care 
unit. Rev. Iberoam. Micol. 24, 263-267, 2007.
[46] Yu Y., Du L., Yuan T., et al. Risk factors and clini-
cal analysis for invasive fungal infection in neonatal 
intensive care unit patients. Am. J. Perinatol. 30, 589-
594, 2013.
[47] Hammoud M.S., Al-Taiar A., Fouad M., Raina A., 
Khan Z. Persistent candidemia in neonatal care units: 
risk factors and clinical significance. Int. J. Infect. Dis. 
17, 624-628, 2013.
[48] Cat T.B., Charash W., Hebert J., et al. Potential in-
fluence of antisecretory therapy on the development 
of Candida-associated intraabdominal infection. Ann. 
Pharmacother. 42, 185-191, 2008.
[49] Pasqualotto A.C., Nedel W.L., Machado T.S., 
Severo L.C. A comparative study of risk factors and 
outcome among outpatient-acquired and nosocomial 
Candidaemia. J. Hosp. Infect. 60,129-134, 2005.
[50] De Rosa F.G., Trecarichi E.M., Montrucchio C. et 
al. Mortality in patients with early- or late-onset candi-
daemia. J. Antimicrob. Chemother. 68, 927-935, 2013.
[51] Mean M., Marchetti O., Calandra T. Bench-to-bed-
side review: Candida infections in the intensive care 
unit. Crit. Care 12, 1-9, 2008.
[52] Douglas L.J. Candida biofilms and their role in 
infection. TRENDS in Microbiology. 11, 30-36, 2003.
[53] Ramage G., Martinez J.P., Lopez-Ribot J.L. Can-
dida biofilms on implanted biomaterials: a clinically 
significant problem, FEMS Yeast Res. 6, 979-986, 2006.
[54] Chandra J., Kuhn D.M., Mukherjee P.K., Hoyer 
L.L., Mccormick T., Mahmoud A. Biofilm formation 
by the fungal pathogen Candida albicans: develop-
ment, architecture, and drug resistance. J. Bacteriol. 
183, 5385-5394, 2001.
[55] Russo A., Falcone M., Fantoni M. Risk factors and 
clinical outcomes of candidaemia in patients treated 
for Clostridium difficile infection. Clin. Microbiol. Infect. 
21, 5, 493, e1-e4, 2015.
[56] De Rosa F.G., Corcione S., Pagani N., Di Perri G. 
From ESKAPE to ESCAPE, From KPC to CCC. Clin. 
Infect. Dis. 60, 1289-1290, 2015. 
[57] Papadimitriou-Olivgeris M., Spiliopoulou A., Fli-
gou F. Association of KPC-producing Klebsiella pneu-
moniae colonization or infection with Candida isolation 
and selection of non-albicans species. Diagn. Microbiol. 
Infect. Dis. 80, 227-232, 2014.
[58] Agvald-Ohman C., Klingspor L., Hjelmqvist H., 
Edlund C. Invasive candidiasis in long-term patients 
at a multidisciplinary intensive care unit: Candida col-



222 S. Singh, et al.

onization index, risk factors, treatment and outcome. 
Scand. J. Infect. Dis. 40, 145-153, 2008.
[59] Bassetti M., Marchetti M., Chakrabarti A. A re-
search agenda on the management of intra-abdominal 
candidiasis: results from a consensus of multinational 
experts. Intensive Care Med. 39, 2092-2106, 2013.
[60] Fisher B.M., Lamey P.J., Samaranayake L.P., Mac-
Farlane T.W., Frier B.M. Carriage of Candida species 
in the oral cavity in diabetic patients: relationship to 
glycaemic control. J. Oral. Pathol. 16, 282-284, 1987.
[61] Wild S., Roglic G., Green A., Sicree R., King H. 
Global prevalence of diabetes: estimates for the year 
2000 and projections for 2030. Diabetes Care 27, 1047-
1053, 2004.
[62] Martinez R.F., Jaimes-Aveldanez A., Hernandez-
Perez F., Arenas R., Miguel G.F. Oral Candida spp car-
riers: its prevalence in patients with type 2 diabetes 
mellitus. An. Bras. Dermatol. 88, 222-225, 2013.
[63] Pallavan B., Ramesh V., Dhanasekaran B.P., Oza 
N., Indu S., Govindarajan V. Comparison and correla-
tion of candidal colonization in diabetic patients and 
normal individuals. J. Diabetes. Metab. Disord. 13, 1-6, 
2014.
[64] Soysa N.S., Samaranayake L.P., Ellepola A.N. Dia-
betes mellitus as a contributory factor in oral candido-
sis. Diabet. Med. 23, 455-459, 2006.
[65] Al-Attas S.A., Amro S.O. candidal colonization, 
strain diversity, and antifungal susceptibility among 
adult diabetic patients. Ann. Saudi. Med. 30, 101-108, 
2010.
[66] Yildirim Z., Kilic N., Kalkanci A. Fluorometric de-
termination of acid proteinase activity in Candida albi-
cans strains from diabetic patients with vulvovaginal 
candidiasis. Mycoses 54, 463-467, 2011.
[67] Geerlings S.E., Hoepelman A.I. Immune dysfunc-
tion in patients with diabetes mellitus (DM). FEMS. 
Immunol. Med. Microbiol. 26, 259-265, 1999.
[68] Willis A.M., Coulter W.A., Fulton C.R., Hayes 
J.R., Bell P.M., Lamey P.J. The influence of antifungal 
drugs on virulence properties of Candida albicans in 
patients with diabetes mellitus. Oral Surg. Oral Med. 
Oral Pathol. Oral Radiol. Endod. 91, 317-321, 2001.
[69] Chen S.C., Playford E.G., Sorrell T.C. Antifungal 
therapy in invasive fungal infections. Curr. Opin. Phar-
macol. 10, 522-530, 2010.
[70] Luo G., Peng Y., Yuan Z., Cheng W., Wu J., Fitzger-
ald M. Yeast from burn patients at a major burn centre 
of China. Burns 37, 299-303, 2011.
[71] Pruitt B.A., McManus A.T. Kim S.H., Goodwin 
C.W. Burn wound infections: current status. World. J. 
Surg. 22, 135-145, 1998.
[72] Macherla C., Sanchez D.A., Ahmadi M.S., et al. 
Nitric oxide releasing nanoparticles for treatment of 
Candida albicans burn infections. Front. Microbiol. 8, 
193, 2012.
[73] Capoor M.R., Gupta S., Sarabahi S., Mishra A., 

Tiwari V.K., Aggarwal P. Epidemiological and clinico-
mycological profile of fungal wound infection from 
largest burn centre in Asia. Mycoses 55, 181-188, 2012.
[74] Kobayashi M., Kobayashi H., Herndon D.N., Pol-
lard R.B., Suzuki F. Burn-associated Candida albicans 
infection caused by CD301 type 2 T cells. J. Leukoc. 
Biol. 63,723-731, 1998.
[75] Shupp J.W., Petraitiene R., Jaskille A.D., et al. 
Early serum (1→3)-β-D-glucan levels in patients with 
burn injury. Mycoses 55, 224-227, 2012.
[76] Barton M., O’Brien K., Robinson J.L., et al. Inva-
sive candidiasis in low birth weight preterm infants: 
risk factors, clinical course and outcome in a prospec-
tive multicenter study of cases and their matched con-
trols. BMC Infect. Dis.14, 327, 2014. 
[77] Filippidi A., Galanakis E., Maraki S., et al. The ef-
fect of maternal flora on Candida colonisation in the 
neonate. Mycoses 57, 43-48, 2014.
[78] Sharma S., Gangwal K. Neonatal Candida arthritis. 
Indian J. Orthop. 48, 339-342, 2014.
[79] Panahi Y., Sharif M.R., Sharif A., et al. A random-
ized comparative trial on the therapeutic efficacy of 
topical aloe vera and Calendula officinalis on diaper 
dermatitis in children. Scientific World Journal 810234, 
1-5, 2012.
[80] Wolf R., Wolf D., Tuzun B., Tuzun Y. Diaper der-
matitis. Clin. Dermatol. 18, 657-660, 2012.
[81] Leli C., Mencacci A., Meucci M. Association of 
pregnancy and Candida vaginal colonization in wom-
en with or without symptoms of vulvovaginitis. Mi-
nerva Ginecol. 65, 303-309, 2013.
[82] Ibrahim S.M., Bukar M., Mohammed Y., Audu 
B.M., Ibrahim H.M. Prevalence of vaginal candidiasis 
among pregnant women with abnormal vaginal dis-
charge in Maiduguri. Niger. J. Med. 22, 138-142, 2013.
[83] Namkinga L.A., Matee M.I., Kivaisi A.K. Iden-
tification of Candida strains isolated from Tanzanian 
pregnant women with vaginal candidiasis. East. Afr. 
Med. J. 82, 226-234, 2005.
[84] Zheng N.N., Guo X.C., Lv W., Chen X.X., Feng 
G.F. Characterization of the vaginal fungal flora in 
pregnant diabetic women by 18S rRNA sequencing. 
Eur. J. Clin. Microbiol. Infect. Dis. 32, 1031-1040, 2013.
[85] Kalkanci A., Guzel A.B., Khalil I.I., Aydin M., Il-
kit M., Kustimur S. Yeast vaginitis during pregnancy: 
susceptibility testing of 13 antifungal drugs and boric 
acid and the detection of four virulence factors. Med. 
Mycol. 50, 585-593, 2012.
[86] Nikolov A., Shopova E., Mikhova M., Dimitrov 
A. Treatment in cases of recurrent vaginal Candida in-
fection during pregnancy. Akush. Ginekol. (Sofiia). 46, 
23-26, 2007.
[87] Garcia Heredia M., Garcia S.D., Copolillo E.F., 
et al. Prevalence of vaginal candidiasis in pregnant 
women. Identification of yeasts and susceptibility to 
antifungal agents. Rev. Argent. Microbiol. 38, 9-12, 2006.



223Predisposing factors endorsing Candida infections

[88] Rubinstein E., Mark Z., Haspel J., et al. Antibacte-
rial activity of the pancreatic fluid. Gastroenterology 88, 
927-932, 1998.
[89] Abe F., Nagata S., Hotchi M. Experimental candi-

diasis in liver injury. Mycopathologia 100, 37-42, 1987.
[90] G. Garcia-Elorriaga, G. del Rey-pineda G. Nutri-
tion and intestinal microflora. J. Nutr. Ther. 2, 112-121, 
2013.


