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Abstract

Oropharyngeal candidiasis (OPC) is considered the most common fungal infection in human immu-
nodeficiency virus (HIV)/acquired immunodeficiency syndrome (AIDS) patients. Antifungal drug, 
azole group, is the preferred treatment. However, the long-term use of antifungal drug as prophy-
laxis and therapy for OPC may lead to a compromised side effects and drug resistance. Nowadays, 
the prevalence of antifungal Candida albicans resistance is approximately 56.7%. Ellagic acid (EA) 
presents broad spectrum of antifungal activities. Based on previous studies, EA can act as natural an-
tifungal agent. It also helps enhancing oral mucosal innate immunity. This review explores the anti
fungal activity of  EA as an  alternative for antifungal drugs resistance in HIV/AIDS patients with 
OPC. A web-based search was conducted via PubMed, NCBI, Scopus, ScienceDirect, and Research-
Gate databases, with “antifungal resistance”, “ellagic acid”, “HIV/AIDS”, and “OPC” as the keywords. 
EA is a dimeric derivative of gallic acid that is found in several plants. EA can induce the expression 
of hBD2 and SLPI in the oral mucosa. Those proteins play a pivotal role in immunomodulation and 
anti-inflammation of oral microenvironment innate immunity, which inhibit several opportunistic 
pathogens and microbes, including Candida. Furthermore, EA also inhibits ergosterol biosynthesis 
(EB), which is the primary component of fungi cell membrane. EA breakdown fungal membrane per-
meability and enzyme activity, leading to cessation of fungal growth. EA presents antifungal activity 
in HIV/AIDS patients with OPC; thus, it can be used as an alternative in antifungal drug resistance. 

HIV AIDS Rev 2020; 19, 3: 153-156
DOI: https://doi.org/10.5114/hivar.2020.98007

Key words: antifungal drugs, drugs resistance, ellagic acid, HIV/AIDS, oropharyngeal candidiasis.

Address for correspondence: Saka Winias, DDS, MSc, 
Faculty of Dental Medicine, Airlangga University, Surabaya, 
Indonesia, e-mail: saka.winias@fkg.unair.ac.id

Article history:
Received: 09.07.2019  
Received in revised form: 16.08.2019   
Accepted: 28.08.2019
Available online: 30.06.2020

REVIEW PAPER 

Introduction

The most progressive growth rate of human immunode-
ficiency virus (HIV)/acquired immunodeficiency syndrome 
(AIDS) in whole Asian continent occurs in Indonesia  [1].  
It is estimated that about 4.1-6.7 million people are living with 
HIV/AIDS (PLWHA) in Asia-Pacific region [2]. In 2017, East 
Java was one of the provinces in Indonesia, which was rated 

the second highest HIV/AIDS prevalence, with nearly 39,633 
PLWHA [3]. The trend of AIDS-related mortality is declining 
in almost all high-risk countries, but Indonesia is an excep-
tion [4]. In Indonesia, there are some provinces with a signif-
icant growth rate of HIV/AIDS cases. The highest cumulative 
percentage from 1987 to December 2017 was noted in a group 
of  individuals between 20 and 29 years old (32.5%)  [5]. 
During the HIV/AIDS onset, oral manifestation commonly 
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2009), which can be found on http://www.prisma-state-
ment.org. This independent literature search was performed 
by our team using different databases, including PubMed, 
NCBI, Scopus, ScienceDirect, and ResearchGate, with 
the keywords, such as “OPC”, “HIV/AIDS”, “antifungal re-
sistance”, and “EA”. The criteria for data collection included: 
1) observational study and clinical trials; 2) texts in English; 
3) publications from the past six years from 2013 to 2019;  
4) free of charge and full-texts available. Any related studies 
were also examined to promote the main study. 

Results and discussion 
Oral innate immunity 

Innate immunity plays a pivotal role in the maintenance 
of oral homeostasis and the regulation of oral infection and 
consist of both cells and soluble protein-mediated immunity. 
Mucosal innate immune cells comprise of  a  diverse group 
of cells, including antigen presenting cells (APCs) with den-
dritic cells (DCs), and macrophages, which play an import-
ant role in the induction and regulation of immune respons-
es at mucosal surface  [24]. Oral innate immunity consists 
of secretory immunity of the salivary glands, innate immune 
factors in saliva, epithelial cells, epithelial cell-derived innate 
immune agents, innate immune cells including Langerhans 
cells (LCs), intraepithelial lymphocytes, tissue macrophages, 
and commensal and endogenous pathogens  [13, 24]. Oral 
stratified squamous cell epithelial is a part of oral innate im-
munity that plays a  crucial role in maintaining homeostasis 
of oral cavity and regulating oral infection and cancer [13, 15]. 
These cells provide not only physical but also chemical 
barriers against invasion of  various microorganisms  [13]. 
They produce various microbial peptides, including hBD2 
and SLPIs, which provide growth inhibition for several op-
portunistic microorganisms, such as Candida. In addition, 
the  cells also secrete high concentrations of  cytokines and 
chemokines like TNF-α, IL-2, and IL-4, as pro-inflammato-
ry and immunoregulatory factors. These mediators activate 
and regulate immune responses of both innate and adaptive 
immune systems and prevent colonization and invasion 
of a pathogen on the mucous membrane surface. Therefore, 
the impairment of this system leads to opportunistic infec-
tion [15]. 

Oral innate immunity in people  
live with HIV/AIDS 

HIV infection can lead to direct and indirect impair-
ment towards systemic and local innate immunity, which 
induces oral opportunistic infections and malignancies. 
HIV directly attack the  adaptive immunity, especially 
CD4+ T-cells. The infection can indirectly affect the innate 
immunity through microbial translation, inflammation, 
and immune activation, whereas immune activation re-
duce the  number of  monocytes, natural killer (NK), and 
innate lymphoid cells (ILCs), which consequently leads to 

occurs due to immunodeficiency condition. Oral microbiome 
turns to opportunistic pathogens that can lead to oral mani-
festations closely related to HIV/AIDS, such as oral candidi-
asis (OC) [3, 6], oral hairy leukoplakia (OHL) [7, 8], linear 
gingival erythema (LGE)  [4, 9], necrotizing ulcerative gin-
givitis (NUG), and necrotizing ulcerative periodontitis 
(NUP) [10]. In addition, through the HIV/AIDS onset, the use 
of  antiretroviral therapy (ART) and psychological stress can 
trigger xerostomia in PLWHA  [11, 12]. Among other oral 
manifestations in HIV/AIDS patients, the  most common is 
OC [3]. Prolonged duration of HIV/AIDS and untreated OC 
can lead to further OC progression causing oropharyngeal 
candidiasis (OPC) [6], which commonly occurs in late stage 
of HIV/AIDS [13]. OPC is often localized and typically caused 
by Candida albicans, which is an  opportunistic pathogen 
microflora along human gastrointestinal tract  [14]. OPC oc-
curs in approximately 90% of PLWHA [15, 16], and although 
the incidence of OPC has declined due to the use of ART, this 
disease remains a main concern in PLWHA with limited lo-
cal-resources or among individuals, who have acquired my-
cological resistance or suffered a poor immunologic response, 
which greatly reduce their quality of  life [17]. OPC may also 
be an early indicator of HIV infection and may predict pro-
gressive immunodeficiency because it does not have a gender 
or race predilection. Instead, the occurrence of OPC relate to 
HIV viral load and cluster of differentiation 4+ (CD4+) level in  
PLWHA [14-17]. The use of antifungal drugs is one of the man-
agements of OPC in PLWHA. Most common drugs of choice 
for HIV/AIDS patients with OPC are fluconazole for topical 
application and nystatin for oral administration. Fluconazole 
could be used as prophylaxis as well as long-term therapy in 
OPC patients. However, long-term use of antifungal drugs in 
OPC cases could lead to antifungal drug resistance [17]. Based 
on candidemia surveillance study, there was an  increasing 
number of antifungal drug resistance from 2008 (4.2%) to 2014 
(7.8%), with a  prevalence of  antifungal resistance, especially  
C. albicans, of  approximately 56.7%  [18]. The  use of  fluco-
nazole is associated with Candida species, but long-term use 
can lead to a decreased sensitivity of Candida to fluconazole. 
Factors associated with this decrease are the change of Candida 
species from albicans to non-albicans and its resistance to azole 
group [19-21]. Further investigation is required to obtain a new 
compound that can overcome this problem. Ellagic acid (EA) 
is a  dimeric derivative of  gallic acid found in various plants  
(e.g., pomegranates and walnuts). Previous study by Promsong 
et al. reported that EA have the capability to enhance mucosal 
innate immunity, including oral innate immunity, by EA ability 
to increase the expression of oral innate immune mediators, 
especially hBD2 and secretory leukocyte protease inhibitor 
(SLPIs) [15]. Therefore, the aim of this review was to present 
the  antifungal activity of  EA as an  alternative to antifungal 
drugs resistance in HIV/AIDS patients with OPC. 

Methods and search strategy 
The review article was based on the  preferred reporting 

items for systematic reviews and meta-analyses 2009 (PRISMA 
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poor innate and adaptive immunity. This infection can di-
rectly affect the lining of oral epithelium that affect the cell 
structure and function, causing an  impairment of  innate 
immunity and promoting colonization of  opportunistic 
pathogen microbes [24]. 

Ellagic acid 

EA is a  type of  polyphenolic compound also a  di-
meric derivative of gallic acid that is widely distributed 
in various plants, such as pomegranate, walnut, black-
berries, raspberries, and strawberries that has antioxi-
dative, antibacterial, anti-inflammatory, and antifungal 
activities [22, 25]. EA could be used as drug for alcohol 
abuse because EA decrease toxin caused by high intensity 
alcohol in the body. The anti-inflammatory effects of EA 
could inhibit cyclooxygenase (COX), nitric oxide syn-
thase (iNOS), tumor necrosis factor-alpha (TNF-α) and 
interleukin-6 (IL-6) down- regulation. The EA possessed 
an  anti-carcinogenic activity by inhibits carcinogenesis 
and mutagenesis. It also has anti-hyperlipidemic effects 
by diminish low-density lipoprotein (LDL) oxidation and 
anti-diabetic effects by regulating the blood glucose sig-
nificantly [23]. 

Ellagic acid enhancement  
of oral innate immunity 

EA significantly induces the  expression of  hBD2 and 
SLPI without cytotoxicity at both transcriptional and trans-
lational levels in vivo [13] as well as the expression of pro-in-
flammatory and immunoregulatory cytokines and chemo-
kines. hBD2 is a small cationic peptide expressed in many 
human epithelial tissues, such as oral stratified squamous 
cell epithelia, and presents antimicrobial activity against 
pathogens, including C. albicans. Additionally, hBD2 en-
hances host immune responses and holds many activities 
related to the immune system, such as chemotactic activity 
for dendritic cells and memory T cells, and the production 
of cytokines and chemokines. SLPI is a serine protease in-
hibitor expressed by mucosal epithelial cells, produced at 
different mucosal sites. It participates in innate immune 
response by inhibiting excessive proteases, showing anti-in-
flammatory properties. Candida is one of  the  fungals that 
produce protease. Furthermore, SLPI can inhibit either col-
onization or infection of Candida [24]. In low concentration 
of EA, the production of IL-1β is being induced. In response 
to EA, oral epithelial cells significantly secrete various cyto-
kines and chemokines, such as IL-1β and TNF-α, which are 
able to stimulate the production of other cells, leading to cas-
cades, in which the second or the third may mediate the bio-
logic effects of the first, and the elevation of expression of IL-
1β may influence the elevation of expression of hBD2 [15]. 
IL-1β is a unique compound, which has an important bio-
logical activity of activation of T lymphocytes by enhancing 
the production of IL-2 and the expression of IL-2 receptors. 

IL-2 itself has a function in activation of NK cells, B cells, cy-
totoxic T cells, and macrophages to move to the site of infec-
tion. Overall, the upregulated expression of hBD2 and SLPI, 
and other cytokines and chemokines in response to EA, may 
imply that consuming EA-rich fruits or using topical agent 
products, such as EA-containing mouthwash, might help 
to maintain oral homeostasis in immunocompromised pa-
tients [15]. 

Ellagic acid inhibits ergosterol 
biosynthesis 

Ergosterol is an  important component in the  struc-
ture of fungal membrane, which maintain the stability of 
membrane structure and regulate fluid homeostasis in 
fungal membranes. It regulates the activity of enzyme in 
the membrane and acts as a  carrier of substance for the 
fungal. Ergosterol deficiency can cause fungal membrane 
dysfunction or even damage, which leads to clinical anti-
fungal effect. An experiment conducted by Li et al. using 
EA in vitro and verified by in vivo may significantly de-
crease ergosterol by inhibiting the CYP51 enzyme. CYP51 
is the main enzyme in sterol biosynthesis pathway. Based 
on this experiment, treatment with EA can result in a sig-
nificant decrease in the activity of CYP51. The mechanism 
of  azole group inhibits ergosterol biosynthesis, which 
further impedes 14-α-demethylase of  fungal cytochrome 
P450 enzymes. This 14-α-demethylase converts lanosterol 
to ergosterol. It modifies fungal membrane permeability 
and inhibits enzyme activity on fungal membrane, which 
leads to a cessation of fungal growth [25]. 

Conclusions
Prolonged exposure to fluconazole as antifungal agent 

can increase fluconazole resistance in PLWHA. Alternative 
treatment using another compound is needed to improve 
the quality of life of PLWHA. EA, that can be found in ber-
ries, presents the ability to induce hBD2 and SLPI expres-
sion as oral mucosal innate immunity enhancement, and to 
inhibit ergosterol biosynthesis as antifungal activity in HIV/
AIDS patients with OPC; therefore, it can be an alternative 
in antifungal drugs resistance. Further research is required 
to analyze the potential of EA as an antifungal agent. 
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