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Introduction: Oropharyngeal candidiasis are the commonest fungal infections among HIV-

positive patients. The main objective of this study was to explore biofilm-producing Candida

species causing oropharyngeal infections among HIV patients attending Sukraraj Tropical

and Infectious Diseases Hospital (STIDH) in Kathmandu, Nepal.

Methods: Oropharyngeal swabs were collected from the HIV-positive patients between July

and December 2019. A total of 174 oropharyngeal swabs were cultured on Sabouraud

Dextrose Agar (SDA). All samples were inoculated on SDA slants supplemented with

chloramphenicol and underwent incubation at 37°C for 24–48 hours. Any visible growth

reported was processed for the identification of the species. Candida species were differ-

entiated based on the growth and colour of the isolates on CHROM agar candida. Biofilm

production in Candida species was determined by the microtiter plate method (MPM).

Antifungal susceptibility testing was performed using the disc diffusion method.

Results: Among 174 oropharyngeal samples, 23.6% (n=41/174) of them had oropharyngeal

infections and 36.6% of the oropharyngeal infections (15/41) had CD4 T-lymphocytes count

below 200 cells/mm3 who were also active tobacco users (p<0.05). Among Candidial

growth, 61% (25/41) were Candida albicans and 39% (16/41) were non-albicans. Of 41

Candida spp., 65% (27/41) were biofilm producers. An equal proportion of Candida albicans

(4 isolates) and non-albicans (4 isolates) were strong biofilm producers. C. albicans isolates

were sensitive towards clotrimazole (96%; 24/25) and fluconazole (92%; 23/25), whereas

sensitivity towards ketoconazole was only 48% (12/25). Non-albicans Candida was highly

sensitive to amphotericin-B (62.5%; 10/16) followed by clotrimazole (56.2%; 9/16). The

biofilm-producing Candida isolates showed the highest resistivity (51.9%; 14/27) to ketoco-

nazole and lowest (22.2%; 6/27) to clotrimazole.

Conclusion: Oropharyngeal candidiasis is a common opportunistic infection among HIV-

infected individuals. The majority of cases of oropharyngeal candidiasis are caused by

biofilm producers Candida albicans and non-albicans Candida. Biofilm producers Candida

were more resistant towards commonly used antifungal drugs.
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Background
Globally, estimated 37.9 million people were found living with Human

Immunodeficiency virus (HIV) infections in 2018.1 Estimated 3.5 million people

were found living with HIV in South-East Asia and bears the second highest burden
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after Sub-Saharan Africa.2 Among 11 South-East Asian

Countries, Nepal has an estimated 0.14% prevalence rate

of HIV with 0.03% incidence per 1,000 population. A total

of 35,062 HIV cases and 3,617 HIV deaths were reported

in Nepal since the first case of HIV detected in 1988.

Estimated 873 new HIV cases were scattered in different

parts of Nepal in 2018.3

HIV virus infection reduces the number and function-

ality of CD4 helper T-lymphocytes that direct and coordi-

nate acquired immunity against most pathogens.4 The

decrease in immunity leads to various opportunistic infec-

tions (OIs) in HIV-infected persons.5 Candida is one of the

saprophytic microorganisms that are mostly transient flora

in immunologically active individuals.6,7 Various factors

such as immune suppression, malnutrition, dental maloc-

clusion, poor oral hygiene are found to be contributing

factors for oropharyngeal candidiasis.8 Candida are bene-

ficial flora found in mucus membranes of ears, eyes, gas-

trointestinal tract, mouth, nose, reproductive organs,

sinuses, skin, stool and vagina. An imbalance in the nor-

mal flora can lead to the development of Candidiasis or

Thrush. Candida causing the oral candidiasis are the same

Candida species which are normally found in the oral

cavity.9

One of the commonest oral manifestations among HIV-

positive patients is oral candidiasis10–12 that infects more

or less 90% of patients.13 Candida albicans represents the

most common causative agent of oral candidiasis; none-

theless, over the recent years, other species of Candida

have been emerging with varying pathogenicity and anti-

fungal susceptibility.14,15 Although the incidences of

opportunistic infection have reduced around the globe by

highly active antiretroviral therapy (ART), the burden of

OIs in low- and middle-income countries are proportio-

nately higher due to poor quality of health services and the

coverage.16

Low CD4 count (<200) is a hallmark for the opportu-

nistic infections in Acquired Immune Deficiency

Syndrome (AIDS).17 The lower the CD4 count, the higher

is the risk of opportunistic fungal infections. A study from

Kathmandu valley reported 50% of the patients with the

fungal infections had a CD4 count below 200 cells/µL.18

Development of oral candidiasis is predicated on various

factors that include age, sex, smoking, alcohol consump-

tion, xerostomia, antibiotic usage ≥7 days, CD4 counts

<104.5 cell/μL and the stage of HIV infection.19 Tobacco

use is considered as a predisposing factor for oral

candidiasis20,21 that can lead to symptomatic infection in

immune-compromised patients.22 The rate of oral candidal

infection was found higher in smokers compared to

nonsmokers.21

The commonly used antifungal drugs show significant

variation in the susceptibility towards the Candida

species.23 The drug resistance has significantly increased

over the last decades due to the growing use of antifungal

agents over the counter and without susceptibility

testing.24 The increase in resistant Candida species may

be due to prolonged or constant treatment with antifungal

drug azoles. An epidemiologic change pattern of Candida

species could altogether affect the utility of fluconazole as

empiric treatment for oropharyngeal candidiasis patients

with HIV positive.25 Globally, several studies have

reported the emergence of drug-resistant Candida species.

The change in drug susceptibility pattern of Candida spe-

cies and the introduction of newer antifungal agents has

made the in vitro susceptibility testing of antifungal agents

more relevant.26,27 Thus, the isolation, identification, char-

acterization and susceptibility testing of Candida species

in clinical specimens have become increasingly important

for the management of fungal infections.

In Nepal, studies exploring the prevalence of oral can-

didiasis in HIV-infected patients are limited. Few studies

have reported the prevalence of bacterial and fungal oppor-

tunistic infections in HIV-infected patients from STIDH,

Kathmandu,18 Tribhuvan University Teaching Hospital,

Kathmandu,28 and Manipal Teaching Hospital, Pokhara.29

However, none of these studies included antimicrobial sus-

ceptibility of fungal opportunistic pathogens. The availabil-

ity of antimicrobials over the counter coupled with high

empiric treatment adds to the burgeoning antimicrobial

resistance in Nepal,30,31 narrowing the therapeutic options

to treat fungal OIs among HIV patients.

The current study represents HIV patients attending

STIDH, a national referral center for the treatment of

HIV/AIDS patients based in Kathmandu. The main objec-

tive of this study was to determine the prevalence of

Candida spp. causing oropharyngeal candidiasis and their

susceptibility to commonly prescribed antifungal drugs.

The variability in the prevalence of different Candida

spp. and the increasing number of clinical isolates resistant

to current antifungal therapies highlight the need for anti-

fungal susceptibility testing to monitor the antifungal

resistance of these microorganisms. Thus, this study is

expected to guide the management and therapeutic choice

to treat fungal OIs among HIV patients attending STIDH.
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Materials and Methods
A total of 174 HIV/AIDS patients who attended STIDH

between July and December 2019 and clinically confirmed

oropharyngeal candidiasis (based on the observation of

erythematous patches or white, scrapable pseudomembra-

nous lesions on buccal cavity) were included in the study.

All cases were confirmed HIV/AIDS with clinical and

laboratory diagnosis based on the national guidelines for

the treatment of HIV/AIDS.32 A written informed consent

was obtained from each participant. Data were collected

using a questionnaire through face-to-face interviews.

Socio-demographic, clinical and behavioral data of

patients included age, sex, HIV diagnosed date, CD4

counts, ART status, ART initiation date, and tobacco use

(whether the participants have tobacco chewing or cigar-

ette smoking habit on at least after HIV diagnosed) were

collected and were entered first in Microsoft Excel, and

were later analyzed using SPSS version 24.0, Armonk,

NY: IBM Corp.

Inclusion and Exclusion Criteria
A patient was enrolled in this study if he/she was HIV

positive and attended STIDH; was clinically diagnosed to

have oropharyngeal candidiasis {Types included pseudo-

membranous: (P), erythematous: (E), angular cheilitis:

(AC), and the combination of any one of these}; and

provided written informed consent regardless of their

ART status. People living with HIV/AIDS who were

below 18 years of age were excluded from the study.

Specimen Collection, Sample Size and

Processing
A total of 174 oropharyngeal swabs were collected from

HIV patients attending STIDH, Teku, Kathmandu from July

to December 2019. Oropharyngeal swabs were collected

using spatula and sterile cotton swab. The spatula was

used to hold down the tongue to avoid picking normal

flora from the tongue. The sterile cotton swab sticks were

used to gently swab the oropharyngeal surface without

contaminating the tongue and were quickly streaked on

the surface of SDA slants supplemented with chloramphe-

nicol. The agar slants were transported to the Microbiology

Laboratory of STIDH. The plates were incubated at 37°C

aerobically for 24–48 hours.33,34 The colonies that were

pasty and creamy were sub-cultured on SDA to get pure

cultures for further confirmation.

Identification of Candida Species
Fungal isolates were identified macroscopically and micro-

scopically based on the colonial morphology of the isolates

on the culture media. Mucoid yeast-like growth was pro-

cessed using Gram’s staining and germ tube test and urease

test. All the isolates were observed for Gram-positive bud-

ding yeast cells.35 Suspected Candida based on the Gram-

positive budding yeast were tested for germ tube

formation.4 Candida albicans and non-albicans Candida

species were differentiated based on the type of the growth

and colour of isolates on CHROM agar Candida (HiMedia,

Mumbai, India) and sugar fermentation and sugar assimila-

tion test. The Candida species were identified as described

in the manufacturer’s instruction: Candida albicans

(Green), C. tropicalis (Blue), C. glabrata (Pink), C. krusei

(Dry pink). Then, C. dubliniensis and C. albicans both are

germ tube positive and C. albicans was further confirmed

based on their ability to grow at 45°C.35,36

Biofilm Production by Microtiter Plate

Method (MTP)
A colony of each isolate of Candida species was inocu-

lated into tubes containing 2 mL of brain heart infusion

(BHI) broth and incubated at 37°C for 24 hours. After

24 hours, broth culture was diluted at a ratio of 1:20

using fresh BHI broth. Two hundred microliter of the

diluted solution was placed into microtiter plates and

incubated at 37°C for 24 hours. The microtiter plates

were subsequently drained and rinsed with distilled

water (DW) for 2–3 times, and were inverted to blot.

Each well was then filled with 200 μL of 1% crystal

violet and was incubated for 15 minutes. After incuba-

tion, the microtiter plates were washed again three times

with DW. About 200 μL of ethanol: acetone mixture (4:1)

was added to each well and were read at 450 nm using an

ELISA reader, and Optical Density (OD) was recorded

for each well. Sterile BHI broth was used as the negative

control. The strains were classified as ‘non-producers’,

‘moderate producers’ and “strong producers” based on

the ODs of Candida biofilms. The cut-off value was

determined by arithmetically averaging the OD of the

wells containing sterile BHI broth and adding

a standard deviation of +2. Samples with an OD higher

than the cut-off value were considered positive, whereas

those with the lower optical density than the cut-off value

were considered as negative.37
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Antifungal Susceptibility Test
Antifungal susceptibility testing was performed and inter-

preted for all the isolates of Candida using the disc diffu-

sion method based on the Clinical and Laboratory

Standards Institute (CLSI) M44 document guidelines.38

The inoculum was prepared by suspending five colonies

of growth in 5 mL of sterile saline and turbidity was

compared with 0.5 McFarland Standard. A cotton swab

was dipped into the inoculum suspension and evenly

streaked onto Mueller–Hinton agar supplemented by 2%

glucose and 5μg/mL methylene blue.24 C. albicans ATCC

90028 and C. tropicalis ATCC 750 were used as controls

for identification and antifungal susceptibility test.

Antifungal discs containing fluconazole (25 μg), ketoco-
nazole (15μg), clotrimazole (10μg), and amphotericin-B

(10μg) were placed on the inoculated MHA Plate and

incubated. The zone of inhibition around the disc was

measured after incubating the media at 37°C for 24

hours.33

Statistical Analysis
Data were entered and analyzed using IBMSPSS Statistics for

Windows, Version 24.0, Armonk, NY: IBMCorp. Descriptive

and inferential statistics were analyzed. Association of oral

candidiasis with gender, CD4+ count, ART status and tobacco

use was tested using a Chi-squared test. A p-value <0.05 was

considered statistically significant.

Results
Among 174 oropharyngeal swabs samples collected from

HIV-positive patients attending STIDH, 23.6% (n=41/174)

of patients had oropharyngeal infections and 76.4%

(n=133/174) had no oropharyngeal infections (Figure 1).

Demographic and Clinical Characteristics

of HIV-Positive Patients
Of 41 HIV patients with candidal oropharyngeal infec-

tions, 53.7% (22/41) were male and 46.3% (19/41) were

female. HIV patients of age group (41–50) years had the

highest candida infection (34.2%; 14/41) followed by age

group (31–40) years (31.7%; 13/41). Out of 41 candida

oropharyngeal infections, 93.7% (38/41) were receiving

antiretroviral treatment and 36.6% (15/41) had CD4

T-lymphocytes count below 200 cell/mm3. 24.4% (10/41)

of HIV patients with oropharyngeal candidiasis had CD4

T-lymphocytes above 500 cell/mm3. Of 41 candidiasis

patients, 36.6% (15/41) had a habit of consuming tobacco.

There was a significant association between oropharyngeal

candidiasis and tobacco consumption (p=0.01) (Table 1).

Biofilm Production in Candida Species
Among candidal growth, 61% (25/41) were Candida albicans

and 39% (16/41) were non-albicans Candida spp.:

(14.6%;6/41) were C. parapsilosis followed by C. tropicalis

(9.8%;3/41) (Figure 2). Of 41Candida spp., 65% (27/41) were

biofilm producers, among which 16 were Candida albicans

and 11 were non-albicans Candida spp. Among 27 biofilm

producers Candida spp., 8 were strong biofilm producers and

19 were moderate biofilm producers. The equal proportion of

Candida albicans and non-albicans Candida were strong bio-

film producers and there was no significant correlation

between Candida species and biofilm formation (r= −0.93).
Type of species, gender, antiretroviral therapy, CD4

T-lymphocytes and tobacco consumption were not associated

with biofilm production whereas age factor was significantly

related to biofilm production in Candida spp (p=0.008)

(Table 2).

Antifungal Susceptibility Pattern of

Candida albicans and Non-Albicans

Candida from Oropharyngeal Swab

Sample of HIV Patients
C. albicans isolateswere highly sensitive towards clotrimazole

(96%; 24/25) and fluconazole (92%; 23/25), whereas sensitiv-

ity towards ketoconazole was only 48% (12/25). The highest

sensitivity of non-albicans Candida was in antifungal drug

amphotericin-B (62.5%; 10/16) followed by clotrimazole

(56.2%; 9/16). C. albicans was highly resistant to antifungal

23.6%
n=41

76.4%
n=133

Growth pattern of Candida species from oropharyngeal swab of 
HIV positive patients (n=174)

Candidal growth No Candidal growth

Figure 1 Growth pattern of Candida spp. from oropharyngeal swabs of HIV-

positive patients.
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drug ketoconazole (52%; 13/25)whereas non-albicans candida

was resistant to fluconazole (68.7%; 11/16) (Table 3).

Antifungal Susceptibility Pattern of Biofilm

Producers and Non-Producers Candida
The biofilm-producing Candida isolates showed the highest

resistivity (51.9%; 14/27) towards ketoconazole whereas

lowest resistance (22.2%; 6/27) was found in clotrimazole.

Non-biofilm-producing Candida isolates showed the highest

resistivity (42.9%; 6/14) towards ketoconazole and lowest

resistance (14.3%; 2/14) was found in clotrimazole. In tested

four antifungal agents, biofilm producers showed higher

resistance compared to non-biofilm producers (Figure 3).

Discussion
Overall Findings
In this study, one fourth of the HIV-positive patients had

oropharyngeal Candidiasis. Findings in this study are con-

sistent with a similar study reported from the same hospital

(STIDH).18 However, the prevalence of oral candidiasis is

found to be low in comparison to previous studies from

Nepal,28,39 India,40–42 Brazil,43,44 and Iran.45 The lower

prevalence of oral candidiasis in this study than the other

previous studies from Nepal can be attributed to patients’

strict adherence to their antiretroviral regimen. Regular

checkup of HIV-infected individuals in various ART cen-

ters, government strategies to minimize opportunistic infec-

tions and rising health-seeking behavior may have

contributed to a decrease in the oral candidiasis rate.

Sociodemographic Factors, Clinical

Factors and Candida Colonization
In our study, nearly equal proportion of male and female

HIV-positive participants had oropharyngeal candidiasis

and was not significantly associated with gender. The

findings of our study are similar to other studies reported

from Tribhuvan University Teaching Hospital,

Maharajgunj, Kathmandu,24 AIDS referral center in

Londrina, Brazil46 and Goiás, Brazil.47

In our study, oropharyngeal candidiasis was reported

more in HIV-positive patients who were under ART and

oral candidiasis and ART status was not statistically sig-

nificant. A similar pattern of findings was reported in

a study conducted in Brazil,47 and Ghana.48 Highly active

antiretroviral therapy has been associated with a drastic

decrease in the rates of HIV related opportunistic infec-

tions. Antiretroviral therapy can exert a direct effect on

Candida virulence by inhibiting the fungal secretory

Table 1 Sociodemographic and Clinical Characteristics of HIV

Positive Samples (N=174)

Characteristics Candida Colonization p-value

Positive Negative

Number % Number %

Gender

Male 22 53.7 70 52.6 0.908

Female 19 46.3 63 47.4

Age years

18–30 11 26.8 49 36.8 0.21

31–40 13 31.7 48 36.1

41–50 14 34.2 29 21.8

51–60 3 7.3 5 3.8

> 60 0 2 1.5

Anti-retroviral

treatment

Yes 38 93.7 125 94 0.76

No 3 7.3 8 6

CD4 T-lymphocytes

cell/mm3

<200 15 36.6 19 14.3 0.05*

200–499 16 37 56 42.1

>500 10 24.4 58 43.6

Habit of taking

tobacco

Yes 15 36.6 24 18 0.01*

No 26 63.4 109 82

Note: *Significant.

61%14.6%

9.8%

7.3%

4.9% 2.4%

Distribution  Of Candida species in HIV patients with 
oropharyngeal  candidiasis (N=41)

C. albicans C. parapsilosis C. dubliniensis

C. tropicalis C. glabrata C. guillermondi

Figure 2 Distribution of different Candia species in HIV patients.
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aspartyl proteinases (SAPs).47 This might be due to

genetic characteristics of isolates and low level of SAPs

production which reduces the potential target for the

antiretroviral agents.49

A low count of CD4+ cells/µL (<200 cells/ul) was an

important contributor to increase the probability of oral

Candida colonization. In our study, one third of HIV-

positive patients had CD4+ cells below 200 cells/µL and

there was a significant association between oral candidiasis

and low CD4+ count. The findings are consistent with the

past studies conducted in STIDH, Kathmandu,18 New Delhi,

India,50 Italy,51 Awka, Nigeria,52 and Nigeria.53 However,

the findings of our study were in contrast with other studies

reported from India40 and Brazil.46,47,54 The precise defense

mechanisms that limit the Candida proliferation are still

unclear. Other factors such as blood group secretor status,

salivary low rates, antimicrobial constituents of saliva, lyso-

zyme and lactoferrin release, presence of normal bacteria

flora and local mucosal immune system could have an impact

on the development of oral infection by Candida.55

In our study, we found tobacco-chewing habit as one of the

predisposing factors for colonization of Candida spp in

Table 2 Relation of Various Demographic Factors and Biofilm Production in Candida spp (n=41)

Characters Biofilm Production

Strong Moderate Non-Producers Total p-value

Type of Candida Number % Number % Number % Number %

Candida albicans 4 50 12 63.2 9 64.3 25 61 p= 0.77,

r = −0.93Non albicans Candida 4 50 7 36.8 5 35.7 16 39

Gender

Male 6 75% 8 42.1 8 57.1 22 53.7 0.27

Female 2 25 11 57.9 6 42.9 19 46.3

Age in years

18–30 0 4 21.1 7 50 11 26.8 0.008

31–40 7 87.5 3 15.8 3 21.4 13 31.7

41–50 1 12.5 9 47.4 4 28.6 14 34.1

51–60 0 0 3 15.8 0 0 3 7.3

Antiretroviral therapy

Yes 8 100 18 94.7 12 85.7 38 92.7 0.41

No 0 1 5.3 2 14.3 3 7.3

CD4 T-lymphocytes

< 200 2 25 6 31.6 7 50 15 36.6 0.75

200–499 4 50 8 42.1 4 28.6 16 39

>500 2 25 5 26.3 3 21.4 10 24.4

Habit of taking tobacco

Yes 5 62.5 4 21.1 6 42.9 15 36.6 0.1

No 3 37.5 15 78.9 8 57.1 26 63.4

Table 3 Antifungal Susceptibility Pattern of Candida Species

Antifungal Drugs Candida albicans (n=25) Non-albicans Candida (n=16)

Resistance Sensitive Resistance Sensitive

Number (%) Number (%) Number (%) Number (%)

Amphotericin B (10 μg) 4 (16.0) 21 (84.0) 6 (37.5) 10 (62.5)

Clotrimazole (10 μg) 1(4.0) 24 (96.0) 7 (43.8) 9 (56.2)

Fluconazole (25 μg) 2(8.0) 23 (92.0) 11 (68.7) 5 (31.3)

Ketoconazole (15 μg) 13(52.0) 12 (48.0) 7 (43.8) 9 (56.2)

Lamichhane et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
HIV/AIDS - Research and Palliative Care 2020:12216

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


oropharyngeal tract. The findings of our study were in line

with other studies reported from New Delhi, India21 and

Himanchal, India;56 however, it was inconsistent with the

report from Jordan.57 Tobacco-chewing habit increases

the level of nitrosamines in the oral cavity, which can change

the normal microflora, increasing the number of pathogenic

bacteria and fungi. It also decreases salivary pH and increases

phosphorus-ion concentration resulting in a significant acidic

environment and leading to dryness of the mouth, which

favors the accumulation of Candida spp. in the oral cavity.58

Types of Candida Species, Biofilm

Producers
In this study, Candida albicans was the major species

isolated from HIV-positive patients with oropharyngeal

candidiasis. The findings of our study are consistent with

the previous studies reported from Nepal,18,24,59 and

India.40,60 The prevalence of oral candidiasis in HIV-

infected individuals varies with the environment, although

Candida albicans remains generally the most implicated.61

While Candida albicans is the most prevalent species

involved in both mucocutaneous and disseminated infec-

tions, the incidence of candidiasis due to non-albicans

Candida is increasing. Several factors such as severe

immunosuppression or illness, co-morbidities, use of

broad-spectrum antibiotics, and empirical use of antimy-

cotic drugs are reported to be associated with an increase

in non-albicans candida.62

In this study, two third isolates of Candida albicans were

biofilm producers. Biofilm production is slightly high in non-

albicans Candida. Our findings were correlated with other

similar studies reported from Pokhara,59 and India.37 Each

Candida species exhibits differences in terms of biofilm for-

mation at the level of their morphology, characteristics of the

extracellular matrix (ECM), and the ability to confer antifun-

gal resistance.63 These biofilms are notoriously difficult to

eliminate and serve as a source of recalcitrant infections, their

study is highly useful for assessing public health.64

Antifungal Susceptibility Pattern
In this study, Candida species were found to be more suscep-

tible to clotrimazole followed by amphotericin B and fluco-

nazole whereas 50% isolates of Candida were resistant to
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Figure 3 Antifungal resistance pattern in biofilm producers and non-producer Candida species.
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ketoconazole. The findings are similar to the study conducted

at Tribhuvan University, Teaching Hospital, Kathmandu.24

A study conducted in China reported amphotericin B as the

most efficient antifungal drug;65 however, we found clotri-

mazole as the most effective drug against Candida followed

by amphotericin B. This might be due to widespread use of

amphotericin-B for the treatment of fungal infections without

antifungal susceptibility test in Nepal. Over the counter

availability of antimicrobials including amphotericin B and

high empiric treatment (without a confirmatory diagnosis) in

Nepal may have been adding to the drug pressure.30,31 In our

study, a higher rate of fluconazole resistance was found in

non-albicans Candida than Candida albicans. The reason

could be due to high inherent resistance to azoles among non-

albicans Candida.66 In this study, biofilm producers showed

higher resistance than non-biofilm producers towards every

antifungal agent. Biofilm production is related to a high level

of antifungal resistance of the associated microorganisms.

Moreover, the ability of Candida species to form drug-

resistant biofilms is an important factor in their contribution

to human disease.67

Conclusion
One in five HIV-positive patients had oropharyngeal can-

didiasis; a common opportunistic infection among HIV-

infected individuals in Nepal. Biofilm producers (Candida

albicans and non-albicans Candida) cause the majority of

cases of oropharyngeal candidiasis and were more resis-

tant towards commonly used antifungal drugs. Antifungal

drug clotrimazole is highly effective against Candida

isolates.
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