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Abstract

Introduction: Candidiasis is more frequent in human immunodefi ciency virus (HIV)-infected patients 
and knowledge about the distribution and antifungal susceptibility of oral Candida species is important 
for effective management of candidiasis.

Material and Methods: An oral rinses sample collected from hundred HIV-infected patients with 
and without clinical evidence of oral candidiasis in this study at the Infectious Department/Tripoli 
Medical Center, Libya. Species identifi ed by standard phenotypic and conventional methods and in vitro 
susceptibility testing of the yeast isolates to antifungals were performed using the Disc diffusion method 
protocol as recommended by the Clinical Laboratory Scientifi c Institute. 

Results: Oral Candida colonization is detected in all patients with and without clinical syndromes, 
and Candida albicans were accounted for (74%), C. dubliniensis (11%) and C. glabrata (6%). A high 
proportion of Candida species (42%) showed decreased susceptibility to fl uconazole. Among C., albicans 
more than 30% of isolate were resistant to most new azole antifungal including fl uconazole, itraconazole, 
posoconazole and voriconazole. 

Conclusions: A signifi cant number of oral Candida species particular Candida albicans exhibiting 
decreased susceptibility to fl uconazole were isolated from colonized HIV-infected individual, given the 
high incidence and severity of fungal infections in HIV-infected individuals. The results of this study 
reinforce the importance of antifungal susceptibility testing, which contributes to the therapeutic 
strategies and highlights the need for continuous surveillance of Candida colonization in this population.
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Introduction

Oral candidiasis or oral thrush is the most common opportunistic yeast infection 
caused Candida species of the mucous membranes of the mouth [1,2]. C. albicans is 
the most common species of yeast isolated from patients with oral candidiasis [3]. 
The incidence of opportunistic infections due to Candida albicans and other Candida 
species has been increasing [4]. Oral Candidiasis is the most common HIV related oral 
lesion and most patients were infected with a strain originally present as a commensal 
of the oral cavity [5]. The low absolute CD4+T-lymphocyte count were traditionally 
been cited as the greatest risk factor for the development of oropharyngeal candidiasis 
and current guidelines suggest increased risk once CD4+T lymphocyte counts fall 
below 200 cells/μl [6,7]. The irst step in the development of a candida infection is 
colonization of the mucocutaneous surfaces, in this respect HIV infection is not only 
associated with increased colonization rates but also with the development of overt 
disease during the course of HIV infection [6]. The rate of Candida infection is related 
to the CD4 counts of the patient, which in turn depends on the use of Anti-retroviral 
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treatment [7]. HIV-positive patients carry more and a greater variety of yeasts 
than HIV-negative subjects. The prolonged management of oral candidiasis in HIV 
patients might cause the development of drug resistance candidiasis [8]. Although the 
introduction of antiretroviral therapy (ART) has had a major, impact on the infectious 
complications of AIDS [9], Candidiasis still remains a common opportunistic infection 
in HIV-infected patients [6]. This study aimed mainly to determine the prevalence of 
oral candida colonization and infection in HIV positive patients and their susceptibility 
pro ile to a wide range of common usably antifungal drugs. 

Materials and Methods
Study design

This study has conducted between the mycology laboratory at the department of 
medical microbiology and infectious diseases department, Tripoli Medical Center, Libya 
from May 2017 to May 2018. The ethical research committee gave ethical approval for the 
study. HIV seropositive patients with or without clinical symptoms for oral candidiasis 
attending infectious disease department for routine follow up check have been enrolled 
in this study. Demographic data have taken for each patient including age, sex, clinical 
signs, and symptoms suggestive of oral candidiasis examined to ascertain the presence 
of candida infection. CD4 count and patient on ART therapy or not taking ART or taking 
antifungal drugs for the last three months also have been included. 

Study population

Fifty-nine male and forty-one HIV positive patients were included that attend ART 
clinic of Infectious Diseases department for routine follow-up. The patients included in 
the study were from different location, 58 (58%) with average 50 years old followed 
by 30 years average age group 33(33%) and more than 60 years old 9 (9%).

Sample collection culture and identifi cations

One hundred HIV patient with and without symptomatic oral candidiasis disease 
were enrolled in this study. A patient’s information sheet including information such 
as age, gender, oral condition, CD4 count, antifungal and antiretroviral therapy (ART) 
were illed for each patient. Patient who were on ART were taking nucleoside reverse 
transcriptase inhibitors including efavirenz 600mg one capsule/at night and Combivir 
cap (lamivudine+zidovudine /12hr). Samples obtained by an oral concentrated 
rinse in which the mouth washed for 30 second with 10 ml of sterile water. The 
mouthwash liquid then deposited in conical tubes and stored in an insulated container 
until microbiological processing. The sample suspension was washed three times in 
sterilized 0.1 M phosphate-buffered saline pH 7.4 (PBS) by centrifugation at 3500 rpm, 
the pellet then re suspended in 1 mL of PBS, and 100 μl aliquots were inoculated by 
a spiral plating system onto the surface of Sabouraud’s dextrose agar with antibiotic. 
Plates was incubated at 30ºC for 24-72h growth assessed by enumeration of colonies 
and expressed as candida colony forming units per mL (cfu/mL−1) of rinse [10]. Yeasts 
species identi ied by germ-tube production, micromorphology, and chlamydospores 
production on corn meal agar plus 1% Tween 80. All isolates show germ tube test and 
chlamydospores test positive on corn meal agar and Tween 80 was identi ied as C. 
albicans or C. dubliniensis. Sun lower seed agar and xylose hypertonic media [11,12] 
was used to differentiate C. albicans from C. dubliniensis. Candida non-albicans species 
were identi ied by API 20C AUX (bioMérieux’s). 

Antifungal susceptibility testing

Five distinct colonies of approximately 1 mm from each 24-hour old culture grew 
on Sabouraud dextrose agar incubated at 35±2°C suspended in 5 ml of sterile 0.85% 
saline. The resulting suspension was adjusted to the turbidity to yield 1×106-5×106 

cells/ml (i.e., 0.5 McFarland standard). A sterile cotton swab moistened with the 
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inoculum suspension was used to inoculate a 90 mm diameter plate containing Mueller 
Hinton agar supplemented with 2% glucose and 0.5 μg/ml methylene blue (GM-MH 
agar medium) [13,14]. The plates allowed drying for 5-15 min before antifungal-
embedded disks placed in the center of the agar. The following antifungal disks 
were purchased from Lio ilchem, Italy: amphotericin B ( 20 μg ), caspofungin (5 μg ), 
clotrimazole (50 μg ), econazole (10 μg ), luconazole (25 μg and 100 μg ), luocytosine 
(1 μg ), itraconazole ( 50 μg ), ketoconazole (10 μg ), miconazole (10 μg ), nystatin (10 
100 IU ), posoconazole (5 μg ), and voriconazole (1 μg ). The plates then incubated for 
18-24 hours at 37±2°C and the slowly growing isolates read after 48 hours incubation. 
Inhibition zone size interpreted according to CLSI document criteria for susceptible 
and resistant [14]. The following strains were used as quality control are C. albicans 
ATCC 90028 and C. parapsilosis ATCC 22019 strains for fluconazole and voriconazole 
disk diffusion testing, according to CLSI guidelines [15]. 

Results

Out of the 100 patients examined for oral colonization of candidiasis, 100 patients 
(100%) yielded Candida species. Males accounted for the higher prevalence 59 (59%) 
compared to 41(41%) females. The age group 40-60 years accounted for the highest 
prevalence 58 (58%) followed by 20-40 age group 33(33%) and more than 60 years 9 
(9%). The result show that patient taking ART and their CD4+count above 200 are lese 
colonized by high density with candida species (<100CFU/ml) than patient not taking 
ART and lower CD4+count, Patient data including CD4+T lymphocyte count and oral 
colonization density shown in Table 1. 

All patients found colonized with different candida species and detectable growths 
were produce by all isolates after incubation for 24-48 hours. C albicans had the highest 
frequency among all the species with a total number of 74 (74%). The non-albicans 
species and their frequencies are C dubliniensis 11 (11%), C. glabrata 6 (6%), C tropicalis, 
C parapsilosis 3 each (3%), C krusei 2 (2%), and C. catenulata 1 (1%). Candida albicans 
were most isolated species from both patients on ART and not on ART therapy. The 
antifungal susceptibility test as determined by the disk diffusion method for isolates 
presented in Table 2. All Candida isolates tested were susceptible to amphotericin B 
and nystatin, caspofungin. C. albicans were shown to be highly resistant to luconazole, 
itraconazole, posoconazole and voriconazole while, C. dubliniensis, C. glabrate and 
other Candida species isolates were more susceptible. All isolates including C. albicans 
were more susceptible to clotrimazole, econazole, miconazole and ketoconazole. All 
isolates except C. glabrata, C. parapsilosis and C. catenulata were determined as more 
resistant to luocytosine. C. albicans strains isolated from patient on ART therapy and 
high CD+4 T-lymphocytes cell count were less resistant to luconazole, itraconazole, 
posoconazole, voriconazole and other antifungal than strains isolated from patient not 
taking ART as shown in Table 3. 

Table 1: Demographic data of HIV-seropositive patients with Candida colonization and its correlation with ART and 
CD4+count.

Demographic Data Oral-Candidal colonization(CFU/ml)
CD4 count NP 10-90 CFU/ml >105 CFU /ml Total

Patients on ARE(n=52) <200 1 1 0 1
200-500 17 6 11 17

>500 34 26 8 34
Total number of patients 52 33 19 52

Patient not on ART (n=48) <200 25 6 19 25
200-500 18 8 10 18

>500 5 2 3 5
Total number of patients 48 16 32 48

NP (number of patients); ART (antiretroviral therapy).
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Discussion

Little knew about the etiological importance of the species spectrum of different 
yeast species in the oral colonization and infection among Libyan HIV/AIDS patients. 
In this respect, it is the irst Libyan study addressing Candida species and their 
antifungal susceptibility pro iles to a wider spectrum of antifungal agents.in AIDS 
patients. Various studies have shown the isolation rate of Candida ranging from 61-
100 per cent in HIV infected individuals with oral candidiasis [16-19], while a wide 
range of oral colonization rates have been reported for asymptomatic HIV infected 
(11.0-96.0%) as well for HIV uninfected (10.0-68.0%) subjects [20]. This variability in 
colonization rates reported might caused by geographic differences, time of sampling 
or the different methods used for yeast recovery and quantitation [10]. We found a high 
prevalence of C. albicans recovered from HIV-infected and Aids patients with 74(74%). 
In fact, this is by far the most prevalent commensal and pathogenic of the Candida 

Table 3: Antifungal resistant pattern of Candida albicans in-patient taking ART/ not with reference to their CD4+ count.
ART     % of isolate Resistant to azole antifungal 

CD4+ Number of patients FLU25 FLU100 ITC50 POS5 VO1
NART  <200 21 52.4 52.4 47.6 47.6 52.4

  200-500 13 76.9 76.9 42.9 61.5 69.2
  >500 4 50 25 50 25 50

OART <200 0
  200-500 12 58.3 58.3 50 41.7 66.7
  >500 24 50 45.8 29.2 37.5 45.8

 ART (patient taking antiretroviral drugs).

Table 2: Antifungal susceptibility pattern of Candida species isolated from HIV patients colonized with candida species
% of isolates susceptible to antifungal drug

Candida species (n)
AMB 

20
FLU25 FLI100 POS5 NY10 CLO50 ITC50 AFY1 VO1 CAS5 KCA10 MCL10 ECN10

Candida albicans 
(n=74)

S 100 41.9 44.6 50 91.9 100 54.1 44.6 43.2 96 43.2 54.1 31.1
I 0 1.4 1.4 0 8.1 0 0 25.7 1..4 2.7 14.9 33.8 36.5
R 0 56.7 54.1 44.6 0 0 46 29.7 55.4 1.4 41.9 12.2 32.4

Candida dubliniensis 
(n=11)

S 100 90.9 90.9 100 100 100 90.9 54.6 90.9 81.8 90.9 100 90.9
I 0 0 0 0 0 0 0 18.2 0 9.1 0 0 9.1
R 0 9.1 9.1 0 0 0 9.1 27.3 9.1 9.1 9.1 0 0

Candida glabrata (n-6)
S 100 100 100 66.7 83.3 100 100 83.3 100 100 100 100 100
I 0 0 0 33.3 16.7 0 0 16.7 0 0 0 0 0
R 0 0 0 0 0 0 0 0 0 0 0 0 0

C. tropicalis (n=3)
S 100 100 100 100 100 100 100 33.3 100 66.7 100 100 33.3
I 0 0 0 0 0 0 0 33.3 0 33.3 0 0 33.3
R 0 0 0 0 0 0 0 33.3 0 0 0 0 33.3

C. parapsilosis (n=3)
S 100 100 100 100 100 100 100 66.7 100 100 100 100 100
I 0 0 0 0 0 0 0 33.3 0 0 0 0 0
R 0 0 0 0 0 0 0 0 0 0 0 0 0

C. krusei (n=2)
S 100 50 50 50 100 100 100 50 100 50 100 50 50
I 0 0 0 50 0 0 0 0 0 50 0 0 0
R 0 50 50 0 0 0 0 50 0 0 0 50 50

C. catenulata (n=1)
S 100 100 100 100 100 100 100 100 100 100 100 100 100
I 0 0 0 0 0 0 0 0 0 0 0 0 0
R 0 0 0 0 0 0 0 0 0 0 0 0 0

S: Susceptible, I: Intermediate, R: Resistant.
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species isolated in our early studies [21,22]. However, increasing rates of colonization 
and even infections with other species of Candida in HIV-infected individuals observed 
elsewhere [23]. Non-albicans species were isolated from 26 (26%) patients. C. 
dubliniensis and C. glabrata were the most frequent non-albicans species recovered in 
this study. Of particular interest are the isolation and identi ication of C. dubliniensis as 
this is up to our knowledge the irst formal report of the prevalence of C. dubliniensis in 
the Libyan population especially in HIV-infected individuals. Our results suggested that 
C. dubliniensis can be found quite frequently even in the healthy population. It found in 
our previous study to be the third most common species isolated in dental caries [22] 
and the second in HIV-infected patients in this study. Therefore, our data indicated 
that C. dubliniensis should not consider prevalent only in HIV-infected patients but also 
healthy individuals.

Our indings suggested that both antiretroviral therapy and CD4 T-lymphocyte 
count are important factors associated with low density of oral Candida colonization 
even in this group of relatively healthy HIV-infected patients. This is in concordance 
with other earlier studies that observed a higher rate of Candida colonization in 
patients with low CD4 counts [24]. The advent of ART has allowed for the suppression 
of viral replication to very low levels and a partial recovery of CD4+cells in patients 
with HIV, which has consequently reduced opportunistic infections as observed in 
our studies and others [25]. The low density of yeast oral colonization and candida 
infection even in patient harbor high oral yeast density found in our study may re lect 
the fact that the Libyan government currently guarantees free and universal access to 
HAART for all patients with HIV. Factors that could in luence the oral colonization of 
Candida in patients with HIV and low count of CD4+cells as an important contributor 
to increase the probability of oral Candida colonization. A CD4+cell count less than 
200 cells/ml considered a predisposing factor for oral candidiasis [6,7]. However, 
our results indicate that only a low CD4+cell count in patients not on HAART may be 
associated to progressing for high risk of oral Candida infection as it is indicated by 
high density oral colonization among most patient not on ART 32 out of 48 (66.7%). 

Several studies have shown a high prevalence of oral Candida colonization in HIV-
infected individuals [5,10,15]. This different inding can vary according to sampling 
method and geographical location [6,7,10]. Using oral rinse for yeast isolation by other 
studies have shown to detected oropharyngeal Candida colonization in approximately 
60% to 70% of HIV-infected individuals [10]. In our study, although 100% of HIV-
infected individuals’ were colonized by Candida species, the therapeutic combination 
of ART with exerted a protective effect were found to decrease yeast oral density in 
this population compared to patient not on ART as well as oropharyngeal Candida 
infections. The effect of highly active ART on the risk of Candida colonization in HIV-
infected described elsewhere with a slight decrease [25]. Other authors also observed 
protective effect of ART treatment regimens [25-28]. On the other hand, higher 
oropharyngeal Candida colonization detected in ART-treated HIV infected individuals 
[29], have reported Oropharyngeal yeast colonization in patients receiving ART. 
Nevertheless, the data on the prevalence of Candida species in the oral cavity could be 
useful for initial treatment choice. 

The important inding of the study was the high proportion of luconazole, 
itraconazole, posoconazole and voriconazole-resistant among C. albicans. similar 
inding were observed by others [30,31], the previous use of azole agents was strongly 

associated with higher high luconazole resistant against yeast isolates, making it 
more dif icult to select an empiric therapy during the development of candidiasis in 
these patients as it is observed in our study. C. albicans in our study show high and 
cross resistant to luconazole, itraconazole, posoconazole and voriconazole. This may 
attributed to both the high prevalence of the species as well as early use of other early 
azoles and luconazole in Libyan hospital and community setting to treat other candida 
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infections. Persistent asymptomatic colonization of Candida species is a possible risk 
factor for subsequent oral infection and a substantial set of epidemiological data should 
exist regarding the prevalence of Candida species in HIV positive individuals and its 
increase with disease progression are important tool to monitor and prevent oral 
pharyngeal candidiasis [31-33]. Few studies have performed about asymptomatic oral 
yeast colonization and its relationship to ART and CD4+count. In the present study, 
we did ind a signi icant correlation between density of oral colonization and CD4+cell 
count or ART. These inding may be due to treatment guideline using efavirenz that 
inhibit the polymerization by altering the position of critical amino acids within the 
catalytic site and Combivir as a competitively inhibit and reduce the activity of reverse 
transcriptase [34]. This both drugs in turn causing HIV infected cells to decrease the 
number of viruses in the body and a partial recovery of CD4+cells in patients with HIV, 
which has consequently reduced opportunistic infections [28]. 

These results were similar to the studies by other study that reported a signi icant 
relationship between colonization rate and CD4+cell counts less than 200 cells/mm3 
[7]. Despite the fact that 27% (27/100) of the oral colonization had their CD4+cell 
count lower than 200 cells/mm3 only one patient was on ART had lower CD4+count 
and harbor less than 100 CFU/ml candida among 27 patients. In contrast, among 26 
patients not on ART 19 of them have more than 105CFU/ml. These inding may support 
the important role of both ART and CD or either one of them in lowing density oral 
candida colonization and protection against oral candida infection in HIV patients, 
even in patients with more than 105CFU/ml. Since only two patients in our study 
were with clinical oral thrush and dysphagia and the reaming patient have no clinical 
manifestation found. This may be due the fact there is no clear cut for oral density 
differentiate colonization and infection in our study as no clinical signs of oral candida 
infection among both patient with low or high oral density colonization. 

Conclusion

Oral colonization of Candida spp. especially C. albicans was been detected with 
high frequency in HIV-infected patients. Early detection of oral colonization of Candida 
spp seem to be important for identi ication of patients with the propensity for rapid 
progression of HIV infection since oral colonization may in luence the development 
of clinically signi icant candidiasis in these immunocompromised patients. We have 
also shown that the status of oral Candida carrier density is associated with both the 
number of CD4 cells and the ART.
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