
Harsha et al., IJPSR, 2017; Vol. 8(5): 1923-1934.                                        E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1923 

IJPSR (2017), Vol. 8, Issue 5                                                                                      (Review Article) 

 
Received on 16 November, 2016; received in revised form, 18 April, 2017; accepted, 24 April, 2017; published 01 May, 2017 

EMERGING FUNGAL PATHOGENS - A MAJOR THREAT TO HUMAN LIFE 

Merikanapalli V. Harsha 
* 1

, Senthil Venkatachalam 
1
, M. Pooja 

2
 and Murali Paranjothy

 3
 

Department of Pharmaceutics 
1
, JSS College of Pharmacy, Rockland's, Jagadguru Sri Shivarathreeswara 

University, Mysuru Udhagamandalam - 643001, Tamil Nadu, India.  

Department of Pharmacology 
2
, Sree Vidyanikethan College of Pharmacy, Sree Sainath Nagar, 

Rangampeta, Tirupati - 517102, Andhra Pradesh, India.  

Department of Chemistry and Biomolecular Sciences (CBMS) 
3
, Macquarie University, Sydney, Australia. 

 

 

 

 

 

ABSTRACT: Statistical figures represent that fungal infections are the major cause 

of thousands of deaths each year. Despite the availability of treatment options 

invasive and systemic fungal infections have alarmingly higher mortality rates. This 

current review tabulates such fungal organisms that are pathogenic and fatal to 

human. This article provides a compilation of all Mycoses in human and also reports 

about the risk group of each fungus based on which, the level of risk caused by fungi 

can be determined. Infections caused by Dimorphic fungal pathogens (Blastomyces, 

Coccidioides, Marneffei) and Dematiaceous hyphomycetes (Cladophialophora, 

Rhinocladiella) belong to major fatal causing risk group 3 resulting in higher death 

rates of individuals. It also reports about various types of possible classification of 

mycoses i.e. based on reaction of human to fungi, host susceptibility, pathogen type, 

body location and risk group. The article highlights the estimated incidence of fungal 

diseases due to these pathogens, but these statistical figures are usually 

underestimated so there is a great need for advancement in understanding of fungus, 

their resistance along with immunity reports. In order to meet all these disease 

combating requirements, many high quality research initiatives with proper sources 

of funding and encouragement have to be provided. Article also reviews the major 

antifungal drugs available along with their brief pharmacokinetic profile. It also 

briefs some take home remedies in order to prevent and treat major fungal infection 

along with the alternative and novel modelling techniques developed recently for 

drug designing to target various development stages of fungal organism. 

INTRODUCTION: The fungal kingdom 

incorporates a colossal difference of taxa with 

varied ecological niches, life-cycle strategies and 

morphologies. However, very little is known about 

the true biodiversity of this Kingdom. An 

estimation of about 1.5 million species belongs to 

this kingdom, of which only about 5% were 

formally classified 
1
.  
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Formerly 600 species are known to cause disease, 

but 99 per cent of these diseases can be attributed 

to 30 different kinds of fungi 
2
. Of these 600 

species of fungi which can infect humans to cause a 

variety of diseases, over 90% of all fungus-related 

deaths are due to species belonging to only mainly 

the following genera: 
3
 Candida, Cryptococcus, 

Aspergillus, Pneumocystis and Histoplasma.  

Fungal infections are the leading cause of death in 

both developed and developing countries. Fungal 

diseases affect a large proportion of the population 

ranging and severity of mind superficial infections 

to life threatening invasive diseases 
5
. Each year 

fungi are responsible for around 1.5 million deaths 

and cost $12 billion to treat worldwide 
4
. This is 
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due to the use of immune-suppressive treatment 

long term use of antibiotics and longer survival of 

immune-compromised individuals 
6
. 

Fungal infections can cause serious illnesses, 

several of which may be fatal if left untreated. 

These include aspergillosis, coccidioidomycosis, 

candidosis, cryptococcosis, mycetomas, 

histoplasmosis, mucormycosis, and paracoccidio-

idomycosis 
7
. The dermatophytic and keratinophilic 

fungi mainly attack eyes, nails, hair, and especially 

skin and result in local infections such as ringworm 

and athlete’s foot. Fungal spores are also a cause of 

allergies, and fungi from different taxonomic 

groups can provoke allergic reactions 
8
. 

METHODS: The literature search was done for 

this systematic review by searching the electronic 

data base namely Myco Bank, Index fungorum, 

Cochrane Central Register of Controlled Trials 

(CENTRAL), MEDLINE in Process and Other 

non-Indexed Citations, PubMed, the Guidelines 

The international Network (GIN), Excerpta medica 

database (EMBASE), international association for 

plant taxonomy (International Code of 

Nomenclature for algae, fungi, and plants - 

Melbourne Code), guideline. gov, ISI Web of 

Science, Google, Scopus, Ebsco, Index Copernicus, 

Science Direct, African Index Medicus (AIM), 

Thomson Reuters (ESCI), Chemical Abstracts 

Service (CAS), Scientific World Index (SCIWIN), 

Google Scholar, Index Medicus, various sites for 

ongoing trials namely clinical trial registry 

(www.clinicaltrials.gov), Indian Clinical Trials 

Registry and the World Health Organization 

(WHO) and abstracts of conferences namely 

Proceedings of international conference on fungal 

genetics, European conference on fungal genetics, 

Neurospora, Stratergies of the Fungal Infection 

Trust etc., References of papers were meticulously 

checked, and search strategies included the 

following Medical Subject Heading (MeSH) terms: 

Fungi, Fungal pathogens, Dermatophytoses, 

Mycosis, Fungal infection, Systemic infection, 

Superficial infection. All references were compiled 

into a database and managed with Endnote Library 

version X7 (End-Note, Philadelphia, PA, USA). 

Fungal Infection - A Major Trait: In the early 

50s fungal infections were not even known to 

human till antibiotic resistance occurred. These 

days fungal infections have become tough than the 

bacterial infections and there is also an alarming 

increase in the infections of opportunistic invasive 

fungal infections in immune-compromised 

individuals. 

These fungal infections in humans can be classified 

into (a) allergic reactions to fungal proteins, (b) 

toxic reactions to toxins present in certain fungi and 

(c) infections (mycoses). Healthy individuals are 

susceptible to a host of superficial, cutaneous, 

subcutaneous and in certain instances, systemic 

infections 
9
. Systemic infections are again 

categorized based on the health status of the 

individual affected as primary infection (affecting 

immune-competent individual) and opportunistic 

infections (immune-compromised individual). 

Immuno-competent individual can be affected by 

fungi by inhalation of fungal spores, which can 

cause a localized pneumonia as the primary 

manifestation of infection and later turn into 

invasive fungemia spreading to all the other parts 

of the body. Many fungal infections are caused by 

opportunistic pathogens that may be endogenous 

(Candida infections) or acquired from the 

environment (Cryptococcus, Aspergillus infections) 
10

. Immune compromise can be because of ailments 

such as AIDS, azotemia, diabetes mellitus, 

neoplastic disease, lymphoma, leukemia, other 

hematologic cancers, burns and therapy with 

corticosteroids, antibiotics, immune-suppressants, 

or anti-metabolites. Patients who spend more than 

several days in an ICU can become immune-

compromised because of undergoing blood and 

marrow transplantation (BMT), solid-organ 

transplantation, and major surgery (especially 

gastrointestinal surgery) 
11-14

.  

Table 1 presents different clinically relevant fungal 

pathogens which cause major and fatal fungal 

infections in human along with mainly risk group 

(2 and 3 mainly) that they are associated with. 

Cutaneous Mycoses (dermatophytoses) are usually 

caused by antropophilic fungi (reside on human 

skin) such as Trichophyton, Epidermophyton, 

Microsporum and their transmission is mainly 

through infected skin scales. Their main source of 

nutrition is keratin so mainly infect skin, hair and 

nails 
34

. Here the exception is that Microsporum 
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does not infect nails and Epidermophyton does not 

infect hair, they do not invade underlying non-

keratinized tissues 
35

. For example: Tinea pedis 

(athlete’s foot) caused due to Trichophyton rubrum, 

Trichophyton mentagrophytes and Epidermophyton 

floccosum mainly affecting the feet with an 

estimated cases of around 1 billon 
32

. Tinea 

capititis (scale ring worm) caused due to 

Trichophyton and Microsporum affecting the hair 

shafts with an estimation of 200 million cases 
33

. 

TABLE 1: CHARACTERISTICS OF MAIN FUNGAL INFECTIONS WORLDWIDE 

Infection type Pathogen 

type 

Frequent  

genus 

Risk 

group 

Body  

location 

Organ Estimated 

incidence* 

Oral Oppurtunistic C. tropicalis, C. glabrata, C. 

pseudotropicalis, C. guillierimondii, 

C. krusei, C. lusitaniae, C. 

parapsilosis, and C. stellatoidea 

RG-2 Mucosal Mouth ~13.3 million 
15

 

Oesophagal Oppurtunistic Candida species (C. albicans) RG-2 Mucosal Oesophagus 

(gullet) 

~3 million 
16

 

Vaginal Oppurtunistic Candida species RG-2 Mucosal Vagina 80 million 
17

 

Candidaemia Oppurtunistic Candida species (glabrata, krusei, 

parapsilopsis, auris, tropicalis etc.,) 

RG-2 Systemic blood ~400,000 cases 
18

 

Candida peritonitis Oppurtunistic Candida albicans, C. tropicalis, C. 

glabrata and C. parapsilosis 

RG-2 Systemic Stomach 60,000 - 100,000 

cases 
19

 

Invasive aspergillosis Oppurtunistic Aspergillus (fumigates ) RG-2 Systemic Lungs 10 million 
20

 

Cryptococcal 

meningitis 

Oppurtunistic Cryptococcus 

neoformans and Cryptococcus gattii 

RG-2 Systemic Brain ~1 million 
21

 

Pneumocystis 

pneumonia 

Oppurtunistic Pneumocystis jirovecii RG-2 Systemic Lungs ~14.8 million 
22

 

Mucormycosis Oppurtunistic Subcutaneous-Rhizopus, Mucor, 

Rhizomucor, Lichtheimia, 

Basidiobolus ranarum, Conidiobolus 

coronatus Saksenaea etc. 

Systemic-Rhizopus, Mucor, 

Rhizomucor, Lichtheimia etc. 

RG-2 Subcutaneous 

Systemic 

skin,, 

Sinus, 

brain,, lungs 

13 per 100,000 
23

 

Allergic 

bronchopulmonary 

aspergillosis 

Oppurtunistic Aspergillus (fumigates) RG-2 Systemic Lungs 4.8 million people 
24

 

Severe Asthma with 

Fungal Sensitisation 

Oppurtunistic A. fumigatus and C. albicans, with A. 

alternata, Trichopyton spp., 

Cladosporium herbarum*, Penicillium 

chrysogenum and Botrytis cinerea 

RG-2 

*RG-3 

Systemic Lungs ~6.5 million 
25

 

Allergic fungal 

sinusitis 

Oppurtunistic Aspergillus (fumigate) RG-2 Mucosal Sinus ~12 million 
26

 

Chronic pulmonary 

aspergillosis 

Oppurtunistic 

 

Aspergillus (fumigates, niger) 

 

RG-2 Systemic 

 

Lungs 

 

1.2 million cases 
27

 

Coccidioido- 

mycosis 

Primary 

 

Coccidioides immitis, C posadasii RG-3 Systemic Lungs 25,000 cases 
28

 

Histoplasmosis Primary Histoplasma capsulatum RG-3 Systemic Lungs 50 million people 
29

 

Fungal eye infections Oppurtunistic Candida, Fusarium, Aspergillus RG-2 Mucosal Eye-cornea 1-6 million 
30

 

Onychomycosis 

(tinea unguium) 

Primary 

 

Trichophyton rubrum, Candida 

albicans, Scopulariopsis brevicaulis 

RG-2 Superficial Nails ~1 billion people 
31

 

Tinea pedis Primary Trichophyton rubrum, Trichophyton 

mentagrophytes, and Epidermophyton 

floccosum, Scytalidium 

dimidiatum, Scytalidium hyalinum 

RG-2 Cutaneous Feet ~1 billion people 
32

 

Tinea capitis Primary Trichophyton and Microsporum. RG-2 Cutaneous; 

superficial 

Hair 200 million cases 
33

 

*adapted from “The Fungal Research Trust. How common are fungal diseases? Fungal Research Trust 20th Anniversary 

meeting. London June 18th 2011. updated April 25th 2014” 

 

Subcutaneous mycoses usually occur at dermal, sub 

tissue and bones usually chromo-blastomycosis, 

mycetoma and sporotrichosis. These are usually 

acquired through traumatic lacerations or puncture  

 

wounds 
36

. Chromo-blastomycosis is generally 

caused by Fonsecaea pedrosoi, Fonsecaea 

compacta, Cladosporium carionii, Phialophora 

verrucosa and mycetoma is caused by 
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Pseudallescheria boydii, Nocardia brasiliensis 
37

. 

Sporotrichosis caused by Sporothrix schenckii is an 

usual fungal infection characterized by Granauloma 

ulcer at a puncture skin usually a thorn prick and 

may produce secondary lesions along draining 

lymphatics 
38

.  

Mucosal infections are usually caused by Candida 

spp. and have become opportunistic infections. 

Oral, oesophagal, vaginal have become most 

common Candida infections in immune-

compromised patients. For example: Thrush is a 

mucosal fungal infection usually caused by 

Candida spp.(mainly) in the oral parts, oesophagus 

accounting for at least 3-13 million cases 
15-16

 and 

vaginal thrush reported from nearly 80 million 

cases 
17

. Other mucosal infections resulting from 

both Candida and Aspergillus species are also seen. 

For e.g.: Allergic fungal sinusitis is a mucosal 

fungal infection caused due to Aspergillus 

fumigates affecting the sinus cavities estimated to 

have around 12 million cases reported 
26

. Fungal 

eye infections caused due to Candida, Fusarium 

and Aspergillus mainly infect the cornea of eye 

reported to have around 1-6 million cases 
30

. 

Systemic fungal infections are those which can 

affect any part of the body in the deep underlying 

tissue. These were initially considered to be 

primary infections mainly such as 

coccidioidomycosis and histoplasmosis. 

Coccidioidomycosis is generally caused by 

Coccidioides immitis, C posadasii and affects the 

lungs with an estimation of upto 25,000 cases 
28

 

and Histoplasmosis is caused by Histoplasma 

capsulatum affecting the lungs of around 50 

million people 
29

. Apart from primary infections 

these turned into opportunistic infections resulting 

into chronic, invasive and life- threatening fungal 

infections. Cryptococcus meningitis caused by 

Cryptococcus neofarmans and Cryptococcus gattii 

disseminates to brain resulting in fatal meningitis in 

the immune-compromised individuals accounting 

for upto 1 million cases 
21

. 

Apart from all the above classification fungal 

pathogens are also classified based on the risk 

group. Risk groups are a way of categorizing the 

level of risk associated with a particular 

biological agent 
39

. Risk groups range from lower 

i.e. Risk Group 1 (RG1) to Risk Group 4 (RG4) 

which includes those of highest risk. These are 

usually given by the European Economic 

Community (DIRECTIVE 93/88/EEC, Oct. 1993), 

NIH Guidelines on Recombinant DNA (April 

2002), Canadian Laboratory Bio safety Guidelines 

(2
nd

 ed. 1996), CDC/NIH Bio safety in 

Microbiological and Biomedical Laboratories (4
th

 

Edition 1999) accounting almost the same 

information with minor variations 
40

. Based on 

these guidelines risk groups are categorized as: 

Risk Group 1 means microorganisms that are 

unlikely to causes disease in humans, animals, 

plants or fungi. 

Risk Group 2 means microorganisms that - 

 May cause disease in humans, animals, plants 

or fungi but are unlikely to be a serious hazard 

to laboratory personnel, the community, 

animals or the environment and; 

 Have effective treatment and preventative 

measures with respect to any infections that 

they may cause; and 

 Present a limited risk of the spread of infection.  

Risk Group 3 means microorganisms that are 

pathogens - 

 That usually cause serious human, animal, or 

plant disease and may pose a serious hazard to 

laboratory personnel; and  

 That could present a risk if spread in the 

community or the environment; and  

 In respect of which effective preventative 

measures or treatments are usually available.  

Risk Group 4 means microorganisms that are 

pathogens -  

 Usually cause life-threatening human or animal 

disease and pose a serious hazard to laboratory 

personnel; and  

 That is readily transmissible from: 

• An individual human to another human or 

to an animal; or 

• An individual animal to another animal or 

to a human; and 

 In respect of which effective treatment and 

preventive measures are not usually available. 
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Table 1 presents different clinically relevant fungal 

pathogens which cause major and fatal fungal 

infections in human mainly based on the risk group 

(2 and 3 mainly) that they are associated with. 

Treatment Options Available: 

Antifungal Drugs: Antifungal drugs are utilized to 

treat fungal infection. From the small nail fungus to 

vaginal disease and to yeast along with other fungal 

infections, there it is an antifungal drug accessible 

to the condition in the form of tablets, capsule, 

fluid, syrups, cream and gels. Using anti fungal 

drugs also has its adverse effects if not taken 

correctly. There is every probability of the 

condition to reoccur and recurrent illnesses are 

common 
41

. The best part is to know about the 

different antifungal drugs, their adverse effects as 

well as their severity. Here’s a record of common 

antifungal drugs as well as what to anticipate from 

them. 

Terbinafine: This can be the frequently used drug 

for antifungal infections due to dermatophytes 
42

.   

Itraconazole:  These are utilized for infection from 

molds or yeasts. It is drawn in simple doses that’s, 

you take one pill a week monthly for months. 

Itraconazole is most successful in 45 to 70% of 

individuals utilizing it 
43

. It signified that a normal 

nail was obtained from 53 to 80% of users. Drug 

interactions are common, particularly with 

antibiotics and asthma medicines 
44

.  

Clotrimazole: It had been among the first azoles to 

be developed. It is utilized for treating Candida 

albicans as well as the dermatophytes 
45

. It is also 

available in a wide range of combinations with 

antibiotics and corticosteroids. This drug was 

among the first successful antifungals for 

superficial dermatophyte infections as well as yeast 

diseases 
46

. Adverse effects might include local 

discomfort or burning when first applied. 

Fluconazole: This can be given once a week for 

many weeks. Dose adjustment is required in 

patients with renal function impairment 
47

. It causes 

adverse effects like abdomen pain, sickness, 

constipation, diarrhea, lack of appetite, frustration, 

dizziness and sleepiness 
48

.  

Ciclopirox: It is a topical antifungal drug and is 

utilized in the treatment of superficial antifungals. 

It is effective against dermatophytes both 

systematically and topically 
49

. For the threatening 

fungal infections this drug is commonly suggested. 

Adverse effects are like itching, sting, irritation, 

including abdomen pain, sickness, diarrhea, 

constipation, lack of appetite and seldom 

hepatotoxicity 
50

.  

The treatment options available and various anti 

fungal drug profiles are tabulated in Table 2. 

Combination Therapy: Over the past fifteen 

years, there was a major rise in the number of 

readily available antifungal agents 
112

. The newer 

agents are assessed to a lesser extent in children 

compared with adults. Amphotericin B is a wide 

spectrum antifungal agent and its products can be 

found as parenteral agents 
90

. The lipid based 

agents which are most easily readily available for 

clinical use are Amphotericin B lipid complex and 

Liposomal Amphotericin B 
113, 114

. A 3rd lipid 

based merchandise amphotericin B colloidal 

dispersion is correlated with more temperature and 

chills compared with traditional amphotericin 
115

. 

The primary purpose for voriconazole is in the 

therapy of invasive aspergillosis, where it is 

become the favoured therapy of invasive 

pulmonary aspergillus in older kids and adults 
116

.  

Currently in clinical practice, this agent has been 

used as salvage therapy in scenarios wherein first 

line antifungal agents have failed or are contra 

indicated due to toxicity. These agents are glucan 

synthesis inhibitors that specifically inhibit β-D- 

Gulcan synthesis, thus endangering the strength of 

the fungal cell wall 
75

. It is always used coupled 

with Amphotericin B in the therapy of candida or 

Cryptococcus infection, notably requiring the nerve 

system 
117

. Many experts advise combination 

treatment for many problems including nerve 

system fungal infections, illness with imperfect 

reaction to initial treatment, particularly where 

optimal dosage is compromised by toxicity 
118

. 

Empirical treatment of serious illness presumed to 

be due to microorganisms which are known to have 

unique fungal susceptibility profiles and initial 

treatment of selected cases of invasive pulmonary 

Aspergillosis especially for diseases in moments 

from the major mediastinal blood vessels 
119

. 

Medication overhears happened due to distress 

between the lipid established adductors and 
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conventional Amphotericin B. The dose of 

conventional Amphotericin B shouldn’t exceed 

51mg/kg/day Oral: Parentral; 6mg/kg neonatal; 

3mg/kg/day for candidiasis; 6mg/kg/day to 

12mg/kg/day for invasive fungal infection; 

6mg/kg/day for suppressive therapy in HIV 

infected children with cryptococcal meningitis 
120

. 

So combination therapy of Amphotericin B for 

candida infection and cryptococcal infection is 

always advised in order to reduce the dose. 

TABLE 2: ANTI FUNGAL DRUGS PROFILES 

Drug Year of 

Introduction 

MOA Spectrum Resistant 

species 

Dose Route of admin 

Clotrimazole 1969 Inhibit specifically the 

demethylation of 24-

methylene-

dihydrolanosterol 

Isolates of 

dermatophytes, 

pathogenic yeasts, and 

filamentous and 

dimorphic fungi, as 

well as some gram-

positive bacteria. 

Candida spp. 60-100 

mg/kg 

Topical 
45, 51-54

 

Econazole 1969 Disrupting cell 

membrane systems- 14-

α demethylase 

inhibition 

Dermatophytoses, 

Superficial mycoses, 

Cutaneous candidiasis, 

Actinomycetes, 

moulds 

Candida spp. 50mg 

once 

daily for 

15 days 

Topical 
51, 55-56

 

Miconazole 1969 Alters the cellular 

permeability, and thus 

the exogenous 

respiration 

Dermatophytes, 

yeasts, dimorphic 

fungi, Aspergilli and 

the mycetoma-

causing agents 

Candida spp. 

 

100-200 

mg 

Topical 
51, 57-59

 

 

Oxiconazole 1979 Destabilize the fungal 

cyctochrome P450 51 

enzyme (also known as 

Lanosterol 14-alpha 

demethylase) 

Dermatophytes, 

yeasts, some gram-

positive bacteria 

Candida spp. 

M. furfur 

100-200 

mg 

Topical 
51, 60-64

 

 

Ketoconazole 1981 Inhibit the biosynthesis 

of ergostero 

Wide range of yeasts, 

dermatophytes and 

aspergilli 

No data 

available 

200-400 

mg 

Oral; Topical 
65-67

 

Fluconazole 1988 Inhibition of 

cytochrome P-450-

dependent 14α-sterol 

demethylase 

Yeasts, dimorphic 

fungi 

Candida and  

Aspergillus 

spp. 

100-

400mg 

Oral 
43, 68-71

 

Itraconazole 1988 Inhibition of 

cytochrome P-450-

dependent 14α-sterol 

demethylase 

Dermatophytes, 

yeasts, Moulds, some 

gram-positive bacteria 

Candida spp. 

 

100-

400mg 

Oral 
43, 68, 72, 73

 

Voriconazole 2002 Inhibiting the 

cytochrome P-450-

dependent 14a-

demethylase 

Dermatophytes, 

yeasts, Moulds, some 

gram-positive bacteria 

Candida and A

spergillus 

spp. 

200-400 

mg 

Oral 
70, 74, 75

 

Posaconazole 2005 Inhibiting the 

lanosterol-14alpha-

demethylase 

Dermatophytes, 

yeasts, Moulds, 

dimorphic fungi 

Not present 600-

800mg 

Oral 
70, 76, 77

 

Caspofungin B 

 

2001 Blocks the synthesis of 

β(1,3)-D-glucan of the 

fungal cell wall 

Yeasts, Moulds Candida spp. 

 

35-70 mg IV 
78-80

 

Micafungin B 2002 Potent inhibitor of 1,3-

β-D-glucan synthase 

Yeasts, Moulds Candida spp. 

 

50-

150mg 

IV 
70, 81, 82

 

Anidulafungin 2006 Acts on beta-1,3-D-

glucan synthase 

inhibiting the formation 

of beta-1,3-D-glucan 

Yeasts, Moulds Not much 

reported 

100-

200mg 

IV 
83-86

 

Amphotericin B 1958 Acts by binding to the Yeasts, Moulds, Candida 0.6-1.0 IV; Oral also 
87-90
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sterol component of a 

cell membrane, leading 

to alterations in cell 

permeability and cell 

death 

dimorphic fungi, 

some gram-positive 

bacteria 

species; 

Pseudallesche

ria boydii; 

Malassezia 

furfur; some 

species of 

Trichosporon 

and Fusarium 

mg/kg/da

y 

Nystatin 1950 Impairs cell membrane 

function by binding to 

sterols in the membrane 

of susceptible 

organisms 

Yeasts, Moulds, 

dimorphic fungi, 

some gram-positive 

bacteria 

Trychophytonc

andida spp, S. 

cerevasiae, 

mucoplasma 

spp 

375 mg Topical; Oral; 
91-

95
 

Natamycin 1955 Binds to ergosterol in 

the plasma membrane, 

preventing ergosterol-

dependent fusion of 

vacuoles, as well as 

membrane fusion and 

fission 

Yeasts, Moulds, 

trichomonas, 

filamentous fungi 

Almost not 

seen 

300-

400mg 

Topical; 
96-101

 

Griseofulvin 1959 Inhibits fungal mitosis 

by disrupting the 

mitotic spindle through 

interaction with 

polymerized 

microtubules 

Dermatophytes, 

Microsporum, 

Epidermophyton, 

and Trichophyton sp, 

deep mycoses, 

candida spp. 

Some 

dermatophyte 

spp.(in vitro) 

500 mg Oral 
87, 102-105

 

Flucytosine 1971 The rapid conversion of 

5-FC into 5-FU within 

susceptible fungal cells. 

Yeasts, dematiaceous 

fungi, few molds 

Candida spp. 

and Torulopsis 

glabrata 

100 

mg/kg/da

y 

Oral 
87, 106, 107

 

Terbinafine 1991 Inhibits fungal 

ergosterol biosynthesis 

at the point of squalene 

epoxidation 

Dermatophytes and 

dimorphic and 

filamentous fungi, 

yeasts. 

Trichophyton, 

Candida 

250 mg Oral 
42, 108-111

 

 

Alternative or Home Remedies: Candida is yeast 

like fungus which has the function of helping to 

digest food. Normally the stomach has lots of 

beneficial bacteria that maintain candida in check, 

but overgrowth may take place if an individual eats 

a big quantity of sugar or incredibly unhealthy 

foods, takes pills for birth control, drinks alcohol or 

requires antibiotics 
121

. Research workers happen to 

be on the trial of natural choices to be able to offer 

people with candida overgrowth with a few choices 

to antifungal drugs. Research has revealed several 

alternative medicines. Just how can an individual 

know if they have candida overgrowth? Some of 

the outward symptoms and signs include trouble 

concentrating, sugar cravings, chronic tiredness, 

depression, sleepiness, stomach gas, blockage, 

allergies, replicating yeast or bladder infection, 

complications, itchy eyes or ears and joint pain 
122

. 

Among the top proven treatments for candida is 

turmeric 
123

. Turmeric is often utilized in asain 

dishes and curry powder and it gives this brilliant 

yellow colour. Curcumin can be the active 

ingredient in turmeric that supplies its many health 

advantages. One research the study for turmeric 

discovered that turmeric is successful against 

fourteen strains of candida 
124

. Curcumin comes in 

products and turmeric and may also be used on 

food.  

Probiotics, the healthy bacteria found in yogurt, 

have been found to combat candida 
125

. Physiology 

is study regarding the normal functions of living 

microorganisms and their parts. Probiotic treatment 

can be successful in treating fungal colonization of 

the intestine tract 
126

. More particularly, 

Lactobacillus acidophilus heals fungal infections as 

well as the accompanying stomach inflammation 
127

. Acidophilus supplements are accessible and are 

best taken before eating anything, before meals. 

Unsweetened yoghurt is also a great source of 

probiotics. Coconut oil was proven in a latest 

animal study to reduce the quantity of candida in 

the gut by more than 90% 
128

. The researches 

stressed that antifungal drugs may be utilized to 



Harsha et al., IJPSR, 2017; Vol. 8(5): 1923-1934.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1930 

decrease and control candida and prevent it from 

spreading to the blood stream, but repeated 

utilization of antifungal drugs might lead to drug 

resistant forms of fungal diseases.  

Many natural and topical homeopathic remedies 

and pathogenic fungus treatments made up of 

natural elements are proven to be effective against 

nail fungus 
128

. They are incredibly established nail 

fungus remedy that kills fungus and brings back 

yellow discolored nails to their original natural 

color. They offer their own carrier that ensures 

equal distribution of its formulation on the affected 

nail components especially the nail bed 
129

. 

Alternative Modelling: Candida albican is the 

most typical pathogenic fungi that cause oral, skin, 

nail and sex organ diseases. Exposure to a 

pathogenic fungus isn’t life threatening generally. 

It might prove fatal to immune compromised 

people with AIDS or cancer 
130

. Current number of 

nail fungal drugs used for fungal infection 

treatment contain triazoles and polyenes 
131

. The 

growth of resistance to such drugs by some fungal 

species has caused a comprehensive limit on the 

variety of those nail fungal endemics. Four cationic 

terepthalamide biureas substances are found with 

strong antifungal action outstanding microbial 

selectivity and low host toxicity 
132

. These 

compounds comprise of little molecules that self 

assemble into fibers bind fungal membrane and 

erupt cells of the wide variety of pathogenic fungus 

species.  

Their discovery increases the medication options 

for addressing drug resisting fungal species. These 

materials possess a Z like construction with the 

terepthalamide seated in the middle urea groups 

discovered on both of its sides and cationic charges 

at both of its ends. Distinct scrape i.e. ethyl butyl 

hexyl and benzyl amines were put into between the 

urea group and the cationic charge in substance 

preparation. The substances aggregate to type 

fibers with lengths which range from a few hundred 

nanometers to many micrometers when dissolved 

in water. Some of the fibers were of high rigidity.  

All of the cationic substances proved successful in 

suppressing fungus pathogen, disregard of fungal 

awareness growing from 120 to 150 colony 

forming units per millilitre. The antifungal action 

potency of the substances is attributable to the 

development of fibers with exceptionally small 

diameters which range from 5 to 10 nanometers 

assisting fungal membrane rupture. The little 

diameter of the fibers allows the substances to 

quickly penetrate the multilayer fungal membrane 

of a pathogenic fungus, having low negative 

charges. By rupturing the fungal membrane and 

disrupting the bio-film the substances are able to 

eliminate a scientifically isolated drug resistant 

pathogenic fungus stopping its drug resistance 

development. The substances have been tested to 

be fairly safe to be used in fungal infection 

treatment and prevention.  

In the field of molecular modelling, docking is a 

method which forecasts the desired orientation of 

one molecule to a second when bound to each other 

to form a stable complex. Knowledge of the desired 

orientation in turn may be used to predict the 

strength of association or binding affinity between 

two molecules. Therefore docking plays an 

important role in the rational design of drugs 
133

. 

Virtual screening was performed through molecular 

docking studies against potential antifungal targets, 

and it was found that Wortmannin (Wtmn), a 

potent phosphoinositide 3-kinase (PI3K) inhibitor 

obtained from P. radicum was predicted to impede 

the actions of these targets (1. mevalonate-5-

diphosphate decarboxylase (1FI4), responsible for 

sterol/isoprenoid biosynthesis; 2. exocyst complex 

component SEC3 (3A58) where Rho- and 

phosphoinositide-dependent localization is present 

and 3. Kre2p/Mnt1p a Golgi alpha1, 2-

mannosyltransferase (1S4N) involved in the 

biosynthesis of yeast cell wall glycoproteins) more 

efficiently than known antifungal compounds such 

as voriconazole and nikkomycin 
134

. 

CONCLUSION: Statistics represent that fungal 

infections are the major cause of thousands of 

deaths. As far as the death toll is considered figures 

suggest that Candida species affecting skin and 

mucous membrane resulting to 50 % death rate, 

Cryptococcus affecting brain leading to 70 % death 

rate, Aspergillus affecting lungs resulting in 50- 

90% death toll, Histoplasma capsulatum affecting 

lungs causing 30 % and Pneumocystis results in 15-

20 % death rates 
2
. Despite the treatment options 

available Invasive fungal infections have 

alarmingly higher mortality rates. Other infections 
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caused by dimorphic fungal pathogens 

(blastomyces, coccidioides, marneffei) and 

dematiaceous hyphomycetes (Cladophialophora, 

Rhinocladiella) belong to major fatal causing risk 

group 3 resulting in higher damage to lives of 

individuals. These statistical figures are usually 

underestimated due to the inadequate 

epidemiological data, misdiagnosis because of 

unreliable diagnostics and a lack of global 

reporting in areas of the world with high endemic 

disease problems 
4
. So there is a great need for 

advancement in understanding of fungus and their 

resistance along immunity reports. During the 

recent times one bigger provision by welcome trust, 

a strategic award for medical mycology and fungal 

immunology (WTSA) in favour of the University 

of Aberdeen worth £5 million to promote research 

and methods to cut the annual death toll of 1.5 

million people affected due to fungal infections 
135

. 

The Fungal Infection Trust has donated a total of 

£3.75 million to research and education on fungal 

diseases, mainly in the UK 
136

. In order to meet all 

these disease combating requirements many such 

high quality research initiatives with proper sources 

of funding and encouragement have to be provided.    

Despite the various treatment options available 

there is still a greater incline in the death toll due to 

fungal infections. This is mainly because of the 

fungal resistance developed due to misuse of drug 

doses. So there is also a greater need for awareness 

about their therapy (including pharmacokinetic, 

pharmakodynamic, pharmacological and 

toxicological data) for better management of these 

infections. Therapeutic drug monitoring is another 

option to limit the long term toxicities arised 

because of prolonged drug usage by individuals. In 

order to limit the number of doses, novel moieties 

are being developed using various molecular 

development technologies. These technologies help 

in designing a better, safer, targeted drug which 

also limits the expenses spent during the 

development and clinical trials of a new drug. 

These technologies are always helpful in disposing 

drugs with higher toxicity and help in creating a 

safer drug for future perspective. 

ACKNOWLEDGMENT: We thank Dr. K. 

Gowthamarajan M. Pharm., Ph.D, Dr. N. 

Jawahar, M. Pharm., Ph.D, Dr. Karri V.V.S. 

Narayana Reddy, M. Pharm., Ph.D, Dr. Siddhartha 

Venkata Talluri, M. Pharm., Ph.D, who provided 

insight and expertise that greatly assisted the 

review and improved the manuscript. 

CONFLICTS OF INTEREST: None 

REFERENCES: 

1. Vandeputte P, Ferrari S and Coste AT: Antifungal 

resistance and new strategies to control fungal infections. 

Int J Microbiol 2012; 1-26.  

2. http://www.dailymail.co.uk/sciencetech/article. 

3. Pfaller M, Pappas P and Wingard J: Invasive Fungal 

Pathogens: Current Epidemiological Trends. Clinical 

Infectious Diseases 2006; 43(S1): S3-S14. 

4. Gow NAR, Brown GD, Brown AJP, Netea MG and 

McArdle KE: Waging war on fungi - The unknown 

superbugs. Microbiology Today 2012; 39: 208-211. 

5. Ben-Ami R and Denning D: Estimating the burden of 

fungal diseases in Israel. Isr Med Assoc J 2015; 17(6): 

374-9. 

6. Molero G, Díez-Orejas R and Navarro-García F: Candida 

albicans: genetics, dimorphism and pathogenicity. Int. 

Microbiol. 1998; 1: 95-106. 

7. Sganga G: Fungal infections in immunocompromised 

patients. Mycoses. 2011; 54: 1-3.  

8. Weitzman I and Summerbell RC: The dermatophytes. 

Clin. Microbiol 1995; Rev 8: 240-259. 

9. Kathiravan MK, Salake AB and Chothe AS: “The biology 

and chemistry of antifungal agents: a review,” Bioorganic 

and Medicinal Chemistry. 2012; 20: 5678-5698. 

10. Garibotto FM, Garro AD and Masman MF: Bioorg. Med. 

Chem. 2010; 18: 158. 

11. Lv Z, Sheng C, Zhang Y and Wang: Bioorg. Med. Chem. 

Lett. 2010; 20: 7106. 

12. Masman MF, Rodrguez AM and Raimondi M: Eur. J. 

Med. Chem 2009; 44: 212. 

13. Georgopapadakou N: Tkacz. J. Trends Microbiol. 1995; 3: 

98. 

14. Nagiec M, Nagiec E, Baltisberger J, Wells G, Lester R and 

Dickson R: Biol. J.Chem. 1997; 272: 9809. 

15. Akpan A and Morgan R: Oral candidiasis. Postgrad Med J 

2002; 78: 455-459. 

16. Wilcox CM, Straub RF and Clark WS: Prospective 

Evaluation of Oropharyngeal Findings in Human 

Immunodeficiency Virus-Infected Patients with 

Esophageal Ulceration. Am. J. Gastroenterol. 1995; 90: 

1938–1941. 

17. White DJ and Vanthuyne A: Vulvovaginal candidiasis. 

Sexually Transmitted Infections. 2006; 82(S4). 

18. Mikulska M, Valerio Del B, Ratto S and Claudio V: 

Occurrence, Presentation and Treatment of Candidemia. 

Expert Rev Clin Immunol. 2012; 8(8): 755-765. 

19. Blot SI, Vandewoude KH and De Waele JJ: Candida 

peritonitis. Curr Opin Crit Care 2007; 13: 195–199. 

20. Kousha M, Tadi R and Soubani AO: Pulmonary 

aspergillosis: a clinical review. Eur Respir Rev. 2011; 

20(121): 156–174. 

21. Sloan DJ and Parris V: Cryptococcal meningitis: 

epidemiology and therapeutic options. Clinical 

Epidemiology. 2014; 6: 169–182. 

22. Thomas CLimper A: Pneumocystis Pneumonia. New 

England Journal of Medicine. 2004; 350(24): 2487-2498. 

23. Petrikkos G, Skiada A, Lortholary O, Roilides E, Thomas 

J. Walsh, and Dimitrios P: Kontoyiannis. Epidemiology 



Harsha et al., IJPSR, 2017; Vol. 8(5): 1923-1934.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1932 

and Clinical Manifestations of Mucormycosis. Clinical 

Infectious Diseases. 2012; 54(S1): S23–34. 

24. Patterson K and Mary E: Allergic Bronchopulmonary 

Aspergillosis. Proc Am Thorac Soc. 2010; 7: 237-244. 

25. David WD, Pashley C, Hartl D: Fungal allergy in asthma–

state of the art and research needs. Clinical and 

Translational Allergy 2014; 4: 14. 

26. Daniel LH: Allergic Fungal Rhinitis and Rhinosinusitis. 

Proc Am Thorac Soc. 2010; 7: 245-252. 

27. Park S, Chung C, Rhee Y, Lee H, Lee Y and Kweon E: 

Chronic Pulmonary Aspergillosis due to Aspergillus niger. 

American Journal of Respiratory and Critical Care 

Medicine. 2012; 186(10): e16-e17.  

28. Ruddy B, Mayer A and Ko M: Coccidioidomycosis in 

African Americans. Mayo Clinic Proceedings. 2011; 

86(1): 63-69.  

29. Knox KS and Hage CA: Histoplasmosis. Proceedings of 

the American Thoracic Society. 2010; 7(3): 169-172.  

30. Sonal ST: Fungal keratitis. Clinical Ophthalmology 2011; 

5: 275-279. 

31. Elewski BE: Onychomycosis: Pathogenesis, Diagnosis, 

and Management. Clinical microbiology reviews. 1998; 7: 

415-429. 

32. Sahoo AK and Mahajan R: Management of Tinea 

corporis, Tinea cruris, and Tinea pedis: A comprehensive 

review. Indian Dermatol Online J. 2016; 7:77-86. 

33. Michaels BD and Del Rosso JQ: Tinea capitis in infants: 

recognition, evaluation and management suggestions. J 

Clin Aesthet Dermatol. 2012; 5(2): 49-59. 

34. King-man HO and Tin-sik Cheng: Common Superficial 

Fungal Infections – a Short Review. Medical Bulletin. 

2010; 15(11): 23-27. 

35. Anna Brillowska-Da B, Ditte Marie S, and Maiken CA: 

Five-Hour Diagnosis of Dermatophyte Nail Infections with 

Specific Detection of Trichophyton rubrum. Journal of 

Clinical Microbiology 2007; 4: 1200-1204. 

36. Tomecki and Kenneth J: Subcutaneous mycoses. Journal 

of the American Academy of Dermatology. 1989; 21(4): 

785-790. 

37. Krzyściak PM, Pindycka-Piaszczyńska M, Piaszczyński 

M: Chromoblastomycosis. Postepy Dermatol. Alergol. 

2014; 31: 310-321. 

38. De Lima Barros MB, de Almeida Paes R and Schubach 

AO: Sporothrix schenckii and Sporotrichosis. Clinical 

Microbiology Reviews. 2011; 8: 633-654. 

39. Kimman TG, Smit E and Klein MR: Evidence-Based 

Biosafety: a Review of the Principles and Effectiveness of 

Microbiological Containment Measures. Clinical 

Microbiology Reviews. 2008; 21(3): 403-425.  

40. www.anl.gov/sites/anl.gov/files/128725.pdf 

41. Romani L: Immunity to fungal infections. Nat Rev 

Immunol. 2011; 11(4): 275-288.  

42. Ryder NS: Terbinafine: Mode of action and properties of 

the squalene epoxidase inhibition. Br J Dermatol. 1992; 

126: 2-7.  

43. Martin MV: The use of fluconazole and itraconazole in the 

treatment of Candida albicans infections: A review. J 

Antimicrob Chemother. 1999; 44(4): 429-437.  

44. Gupta AK, Katz HI and Shear NH: Drug interactions with 

itraconazole, fluconazole, and terbinafine and their 

management. J Am Acad Dermatol. 1999; 41(2I): 237-

249.  

45. Haller I: Mode of action of clotrimazole: implications for 

therapy. Am J Obstet Gynecol. 1985; 152(7): 939-944.  

46. Brennan B and Leyden JJ: Overview of topical therapy for 

common superficial fungal infections and the role of new 

topical agents. J Am Acad Dermatol. 1997; 36(2): 3-8.  

47. Cousin L, Berre M L, Launay-Vacher V, Izzedine H and 

Deray G: Dosing guidelines for fluconazole in patients 

with renal failure. Nephrol Dial Transplant 2003; 18(11): 

2227-2231.  

48. Kowalsky SF and Dixon DM: Fluconazole: a new 

antifungal agent. Clin Pharm. 1991; 10(3): 179-194.  

49. Gupta AK and Plott T: Ciclopirox: A broad-spectrum 

antifungal with antibacterial and anti-inflammatory 

properties. Int J Dermatol. 2004; 43(S1): 3-8.  

50. Gupta AK: Ciclopirox: An overview. Int J Dermatol. 2001; 

40(5): 305-310.  

51. Fromtling RA: Overview of medically important 

antifungal azole derivatives. Clin Microbiol Rev. 1988; 

1(2): 187-217.  

52. Spikermann P and Young M: Clinical Evaluation of 

Clotrimazole. Dysphagia. 2002; 23(3): 85-94.  

53. Iwata K: Drug resistance in human pathogenic fungi. Eur J 

Epidemiol. 1992; 8(3): 407-421.  

54. Weuta H: Clinical Studies with Clotrimazole: 

Pharmacokinetics, Efficacy, and tolerance. Parasites, 

Fungi, and Viruses. 1976: 179-182.  

55. Heel RC, Brogden RN, Speight TM and Avery GS: 

Econazole: A Review of its Antifungal Activity and 

Therapeutic Efficacy. Drugs. 1978; 16(3): 177-201.  

56. Raab WPE: The Treatment of Mycosis with Imidazole 

Derivatives 1980. 

57. Sreedhara Swamy KH, Sirsi M and Ramananda Rao GR: 

Studies on the mechanism of action of miconazole: effect 

of miconazole on respiration and cell permeability of 

Candida albicans. Antimicrob Agents Chemother. 1974; 

5(4): 420-425.  

58. Van Cutsem J and Thienpont D: Miconazole, a broad-

spectrum Antimycotic Agent with Antibacterial Activity. 

Chemotheraphy. 1972; 17: 392-404.  

59. Beggs WH: Resistance of Candida albicans to direct lethal 

miconazole action induced by low-level miconazole. 

Mycoses. 2009; 34(5-6): 227-230.  

60. Gupta AK, Sauder DN and Shear NH: Antifungal agents: 

An overview. Part I. J Am Acad Dermatol. 1994; 30(5): 

677-698.  

61. Polak A: Oxiconazole, a new imidazole derivative. 

Evaluation of antifungal activity in vitro and in vivo. 

Arzneimittel-Forschung. 1982; 32(1): 17-24.  

62. Pereiro M, Iglesias-Grobas A and Pérez J: In vitro 

comparison of antifungal activity of oxiconazole and 

econazole against yeast. Revista iberoamericana de 

micologia 2007; 15(2): 75–7.  

63. Shadomy S, Wang H and Shadomy HJ: Further in vitro 

studies with oxiconazole nitrate. Diagn Microbiol Infect 

Dis. 1988; 9(4): 231-237.  

64. Jegasothy BV and Pakes GE: Oxiconazole Nitrate: 

Pharmacology, Efficacy, and Safety of a New Imidazole 

Antifungal Agent. Clin. Ther. 1991; 13: 126–141. 

65. Rex JH, Bennett JE and Sugar AM: Candidemia Study 

Group; National Institute of Allergy and Infectious 

Diseases Mycoses Study Group. A randomized trial 

comparing fluconazole with amphotericin B for the 

treatment of candidemia in patients without neutropenia. N 

Engl J Med. 1994; 331(20): 1325-1330. 

66. Siegsmund M, Cardarelli C, Aksentijevich I, Sugimoto Y, 

Pastan I and Gottesman M: Ketoconazole effectively 

reverses multidrug resistance in highly resistant KB cells. 

The Journal of urology 1994; 151(2): 485-91.  

67. Jeanne Hawkins Van T: Ketoconazole Mechanism of 

Action, Spectrum of Activity, Drug Interactions, Adverse 

Reactions and P harmaco ki net ics, Therapeutic Use. 

Pharmacotherapy. 1984; 4(11-12): 343-373. 



Harsha et al., IJPSR, 2017; Vol. 8(5): 1923-1934.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1933 

68. Ong HH and Allen RC: In Annual Reports in Medicinal 

Chemistry; Allen R C, Ed.; Academic Press: San Diego, 

1989; 24: 295-315. 

69. Hitchcock CA and PJ: Whittle. "Chemistry and mode of 

action of fluconazole." CLINICAL DERMATOLOGY 

1993; 7: 183-183. 

70. Owens JN, Skelley JW and Kyle JA: The fungus among 

us: an antifungal review. US Pharm 2010; 35(8): 44-56.  

71. Sabatelli F, Patel R and Mann PA: In vitro activities of 

posaconazole, fluconazole, itraconazole, voriconazole, and 

amphotericin B against a large collection of clinically 

important molds and yeasts. Antimicrob Agents 

Chemother. 2006; 50(6): 2009-2015. 

72. Borgers M and Van de Ven MA: Mode of action of 

intraconazole:  morphological aspects. Mycoses 1989; 32: 

53-59. 

73. Pinjon E, Moran GP and Jackson CJ: Molecular 

Mechanisms of Itraconazole Resistance in Candida 

dubliniensis Molecular Mechanisms of Itraconazole 

Resistance in Candida dubliniensis. 2003; 47(8): 2424-

2437.  

74. Boyer-Joubert C, Lorthiois E and Moreau F: In Annual 

Reports in Medicinal Chemistry; Doherty AM, Ed.; 

Academic Press: Amsterdam, 2003; 38: 347-374. 

75. Sanati H, Belanger P, Fratti R and Ghannoum M: A new 

triazole, voriconazole (UK-109,496), blocks sterol 

biosynthesis in Candida albicans and Candida krusei. 

Antimicrob Agents Chemother. 1997; 41(11): 2492-2496. 

76. Graul AI and Prous JR: Drug News Perspect. 2006; 19: 

33-53. 

77. Hof H: A new, broad-spectrum azole antifungal: 

Posaconazole - Mechanisms of action and resistance, 

spectrum of activity. Mycoses. 2006; 49(S1): 2-6.  

78. Graul AI: Drug News Perspect. 2002; 15: 29-43. 

79. Letscher-Bru V and Herbrecht R: Caspofungin: The first 

representative of a new antifungal class. J Antimicrob 

Chemother. 2003; 51(3): 513-521. 

80. Nguyen TH, Hoppe-Tichy T and Geiss HK: Factors 

influencing caspofungin plasma concentrations in patients 

of a surgical intensive care unit. J Antimicrob Chemother 

2007; 60(1): 100-106.  

81. Boyer-Joubert C, Lorthiois E and Moreau F: In Annual 

Reports in Medicinal Chemistry; Doherty, A. M., Ed.; 

Academic Press: Amsterdam 2003; 38: 347-374. 

82. Chandrasekar PH and Sobel JD: Micafungin: a new 

echinocandin. Clin Infect Dis. 2006; 42(8): 1171-1178.  

83. Graul AI, Sorbera LA, Bozzo J, Serradell N, Revel L and 

Prous JR: Drug News Perspect. 2007; 20: 17-44.  

84. Pontón J: The fungal cell wall and the mechanism of 

action of anidulafungin. Rev Iberoam Micol. 2008; 25(2): 

78-82. 

85. Kofla G and Ruhnke M: Pharmacology and metabolism of 

anidulafungin, caspofungin and micafungin in the 

treatment of invasive candidosis – review of the literature. 

Eur J Med Res. 2011; 16: 159-166. 

86. Vazquez JA and Sobel JD: Anidulafungin: a novel 

echinocandin. Clin Infect Dis. 2006; 43(2): 215-222.  

87. Newmann D and Cragg GM: Natural Products as Sources 

of New Drugs over the 30 Years. J Nat Prod. 2012; 75(3): 

311-335. 

88. Saha AK, Mukherjee T and Bhaduri A: Mechanism of 

action of amphotericin B on Leishmania donovani 

promastigotes. Mol Biochem Parasitol. 1986; 19(3): 195-

200. 

89. Brajtburg J, Powderly WG, Kobayashi GS and Medoff G: 

Amphotericin B: current understanding of mechanisms of 

action. Antimicrobial Agents and Chemotherapy. 1990; 

34(2): 183-188.  

90. Dismukes WE: Introduction to antifungal drugs. Clin 

Infect Dis. 2000; 30(4): 653-657.  

91. Baldwin RS: The Fungus Fighters: Two Women Scientists 

and Their Discovery, Cornell University Press, Ithaka and 

London 1981. 

92. Dressen G, Kusche W and Schwantes U: Diagnosis of 

Vulvovaginal Candidiasis and Effectiveness of Combined 

Topical Treatment with Nystatin : Results of a Non-

Interventional Study in 973 Patients. The Open Women’s 

Heal J. 2012; 6: 19-23.  

93. Swamy KHS, Joshi A and Rao GR: Mechanism of action 

of miconazole: labilization of rat liver lysosomes in vitro 

by miconazole. Antimicrob Agents Chemother 1976; 9(6): 

903-907. 

94. Johnson EM, Ojwang JO, Szekely A, Wallace TL and 

Warnock DW: Comparison of in vitro antifungal activities 

of free and liposome-encapsulated nystatin with those of 

four amphotericin B formulations. Antimicrob Agents 

Chemother. 1998; 42(6): 1412-1416.  

95. Hamilton-Miller JM: Chemistry and biology of the 

polyene macrolide antibiotics. Bacteriol Rev. 1973; 37(2): 

166-196. 

96. Batt C and Tortorello M: Encyclopedia of Food 

Microbiology. 2nd ed. San Diego, CA, United States: 

Academic Press, 2014. 

97. Qiu S, Zhao G-Q and Lin J: Natamycin in the treatment of 

fungal keratitis: a systematic review and Meta-analysis. Int 

J Ophthalmol. 2015; 8(3): 597-602.  

98. Prajna NV: Comparison of Natamycin and Voriconazole 

for the Treatment of Fungal Keratitis. Arch Ophthalmol. 

2010; 128(6): 672. 

99. Te Welscher YM, Ten Napel HH, Balagué MM: 

Natamycin blocks fungal growth by binding specifically to 

ergosterol without permeabilizing the membrane. J Biol 

Chem. 2008; 283(10): 6393-6401. 

100. Sorensen LJ, Mc NE and Sternberg TH: The development 

of strains of Candida albicans and Coccidioides immitis, 

which are resistant to amphotericin B 1958; 6.  

101. Athar M and Winner H: The Development of Resistance 

by Candida Species to Polyene Antibiotics In vitro. 

Journal of Medical Microbiology. 1971; 4(4): 505-517.  

102. Huber FM, Gottlieb D: The mechanism of action of 

griseofulvin. Can J Microbiol. 1968; 14(2): 111-118. 

103. Schafer-Korting M: Pharmacokinetics of griseofulvin in 

blood and skin suction blister fluid of rats. Drug Metab 

Dispos. 1987; 15(3): 374-376. 

104. Artis WM, Odle BM and Jones HE: Griseofulvin-resistant 

dermatophytosis correlates with in vitro resistance. Arch 

Dermatol. 1981; 117(1): 16-19.  

105. Lin C and Symchowicz S: Absorption, distribution, 

metabolism, and excretion of griseofulvin in man and 

animals. Drug Metab Rev. 1975; 4(1): 75-95.  

106. Vermes A, Guchelaar HJ and Dankert J: Flucytosine: a 

review of its pharmacology, clinical indications, 

Pharmacokinetics, toxicity and drug interactions. J 

Antimicrob Chemother. 2000; 46(2): 171-179.  

107. Kunka ME, Cady EA, Woo HC and Thompson Bastin 

ML: Flucytosine Pharmacokinetics in a Critically Ill 

Patient Receiving Continuous Renal Replacement 

Therapy. Case reports Crit care. 2015; 927496.  

108. Duxbury AJ, Oliver RJ and Pemberton MN: Persistent 

impairment of taste associated with terbinafine. Br Dent J. 

2000; 188(6): 295-296.  

109. Mukherjee PK, Leidich SD, Isham N, Leitner I, Ryder NS 

and Ghannoum MA: Clinical Trichophyton rubrum strain 



Harsha et al., IJPSR, 2017; Vol. 8(5): 1923-1934.                                         E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              1934 

exhibiting primary resistance to terbinafine. Antimicrob 

Agents Chemother. 2003; 47(1): 82-86.  

110. Ryder NS, Wagner S and Leitner I: In vitro activities of 

terbinafine against cutaneous isolates of Candida albicans 

and other pathogenic yeasts. Antimicrob Agents 

Chemother. 1998; 42(5): 1057-1061. 

111. Farag A, Taha M and Halim S: One-week therapy with 

oral terbinafine in cases of tinea cruris/corporis. Br J 

Dermatol. 1994; 131(5): 684-686.  

112. Demain, AL and Sanchez S: Microbial drug discovery: 80 

years of progress. J Antibiot (Tokyo). 2009; 62(1): 5-16.  

113. Ostrosky-Zeichner L, Marr KA, Rex JH and Cohen SH: 

Amphotericin B: Time for a new “gold standard.” Clin 

Infect Dis. 2003; 37(3): 415-425.  

114. Slain D: Lipid-based amphotericin B for the treatment of 

fungal infections. Pharmacotherapy 1999; 19: 306-323. 

115. Dietze R, Fowler VG, Steiner TS, Pecanha PM and Corey 

GR: Failure of amphotericin B colloidal dispersion in the 

treatment of paracoccidioidomycosis. Am J Trop Med 

Hyg. 1999; 60(5): 837-839. 

116. Herbrecht R: Voriconazole versus Amphotericin B for 

primary therapy of invasive aspergillosis. N Engl J Med. 

2002; 347(6): 408-415. 

117. Marr K, Boeckh M, Carter R, Kim H and Corey L: 

Combination Antifungal Therapy for Invasive 

Aspergillosis. Clinical Infectious Diseases. 2004; 39(6): 

797-802.  

118. Lewis R and Kontoyiannis D: Rationale for Combination 

Antifungal Therapy. Pharmacotherapy. 2001; 21(8.2): 

149S-164S.  

119. Parkins MD, Sabuda DM, Elsayed S and Laupland KB: 

Adequacy of empirical antifungal therapy and effect on 

outcome among patients with invasive Candida species 

infections. J Antimicrob Chemother. 2007; 60(3): 613-618.  

120. Gallis HA, Drew RH and Pickard WW: Amphotericin B: 

30 years of clinical experience. Rev Infect Dis. 1990; 

12(2): 308-329. 

121. Maksymiuk AW, Thongprasert S, Hopfer R, Luna M, 

Fainstein V and Bodey GP: Systemic candidiasis in cancer 

patients. Am J Med. 1984; 77(4D): 20-7.  

122. Rifkind D, Marchioro T, Schneck S and Hill R: Systemic 

fungal infections complicating renal transplantation and 

immunosuppressive therapy. The American Journal of 

Medicine. 1967; 43(1): 28-38.  

123. Rukayadi Y and Hwang JK: In vitro activity of 

xanthorrhizol isolated from the rhizome of Javanese 

turmeric (Curcuma xanthorrhiza Roxb.) against Candida 

albicans biofilms. Phyther Res. 2013; 27(7): 1061-1066.  

124. Neelofar K, Shreaz S, Rimple B, Muralidhar S, Nikhat M 

and Khan L: Curcumin as a promising anticandidal of 

clinical interest. Canadian Journal of Microbiology. 2011; 

57(3): 204-210.  

125. Fooks LJ, Fuller R and Gibson GR: Prebiotics, probiotics 

and human gut microbiology. Int Dairy J. 1999; 9(1): 53-

61.  

126. Zwolińska-Wcisło M, Brzozowski T and Mach T: Are 

probiotics effective in the treatment of fungal colonization 

of the gastrointestinal tract? Experimental and clinical 

studies. J Physiol Pharmacol. 2006; 57(S9): 35-49. 

127. Elahi S, Pang G, Ashman R and Clancy R: Enhanced 

clearance of Candida albicans from the oral cavities of 

mice following oral administration of Lactobacillus 

acidophilus. Clinical and Experimental Immunology. 

2005; 141(1): 29-36.  

128. Bedi M and Shenefelt P: Herbal Therapy in Dermatology. 

Archives of Dermatology. 2002; 138(2).  

129. Khan R: Antimicrobial Activity of Five Herbal Extracts 

Against Multi Drug Resistant (MDR) Strains of Bacteria 

and Fungus of Clinical Origin. Molecules. 2009; 14(2): 

586-597.  

130. Nguyen MH, Peacock JE and Morris AJ: The changing 

faces of candidemia: Emergence of non-Candida albicans 

species and antifungal resistance. Am J Med. 1996; 

100(6): 617-623.  

131. Denning DW and Hope WW: Therapy for fungal diseases: 

Opportunities and priorities. Trends Microbiol 2010; 

18(5): 195-204. 

132. Fukushima K, Liu S and Wu H: Supramolecular high-

aspect ratio assemblies with strong antifungal activity. Nat 

Commun 2013; 4: 2861. 

133. Engel SAP, Skoumbourdis J and Childress S: A virtual 

screen for diverse ligands: discovery of selective G 

protein-coupled receptor antagonists. Journal of the 

American Chemical Society 2008; 130: 5115–5123.  

134. Singh V, Praveen V and Tripathi D: Isolation, 

characterization and antifungal docking studies of 

wortmannin isolated from Penicillium radicum. Scientific 

Reports 2015; 5: 11948. 

135. http://www.bbc.com/news/uk-scotland-north-east-orkney-

shetland-17125834. 

136. Fungal infection trust strategy 2015 – 2018 document- FIT 

Strategy 3 2015-¬ 2018. 

 

 

 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 
Playstore) 

 

How to cite this article: 

Harsha MV, Venkatachalam S, Pooja M and Paranjothy M: Emerging fungal pathogens - A major threat to human life. Int J Pharm Sci Res 

2017; 8(5): 1923-34.doi: 10.13040/IJPSR.0975-8232.8(5).1923-34. 

 

http://www.bbc.com/news/uk-scotland-north-east-orkney-shetland-17125834
http://www.bbc.com/news/uk-scotland-north-east-orkney-shetland-17125834

