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ABSTRACT 
 
Aims: The present study determined Candida species occurrence in the mouth of HIV/AIDS, pregnant women and 
healthy individuals, and Candida susceptibility to antimycotics. 
Methodology and results: A cross-sectional study of the Candida species occurrence and their in vitro sensitivity to 
nystatin, clotrimazole, ketoconazole and fluconazole was studied. Oral swabs were taken from the dorsum of the tongue 
of 63 HIV/AIDS patients, 38 pregnant women and 53 apparently healthy humans served as control. All participants gave 
their consent. The samples were cultured for isolation of Candida species. The susceptibility of commonly used 
antimycotics against Candida species was determined using agar-well and disc-diffusion methods. The broth dilution 
method was adopted in the determination of the minimum inhibitory concentration of the drugs. The rate of Candida 
species colonization in HIV/AIDS patients was higher than that among pregnant women and apparently healthy humans. 
Candida albicans had the highest frequency. Candida species displayed higher sensitivity to nystatin and clotrimazole 
than ketoconazole and fluconazole. Candida albicans exhibiting low sensitivity to fluconazole were found in the mouth of 
AIDS patients, pregnant women and apparently healthy humans. 
Conclusion, significance and impact of study: Candida species prevalence was highest among HIV patients. 
Candida albicans had the highest frequency among the study groups and had reduced susceptibility to fluconazole. The 
findings of the study underscore the need for regular surveillance and susceptibility testing of Candida isolates before 
prescription of antimycotics, especially in cases of chronic infection, as well as the development of safe and efficacious 
treatment alternatives since Candida isolates are becoming less susceptible to fluconazole. 
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INTRODUCTION 
 
Candida species colonize the mucosal surfaces of the 
mouth, gastrointestinal and urogenital tracts as normal 
flora of humans and animals. They are also the most 
implicated opportunistic fungal pathogen in human 
infections (Hauman et al., 1993; Firacative, 2020; Gerós-
Mesquita, 2020; Romo and Kumamoto, 2020) and the 
most opportunistic oral fungal pathogen of clinical 
importance (Bandara et al., 2019). The genus Candida is 
aerobic, thin-walled small yeast made up of 350 
heterogeneous species, but a few implicated in 
opportunistic infections of humans or animal. Studies 
have shown the emergence of non-albicans and Candida 
species resistant to antimycotics as important agents of 
superficial and invasive fungal infections, especially 
among patients with weakened immunity (Abrantes et al., 
2014; Yapar, 2014; Pendleton et al., 2017; Tsega and 
Mekonnen, 2019). Among HIV-seropositive individuals, a 

weakened immune system due to low CD4 counts as a 
result of HIV infection correlates with increased Candida 
carriage and oral candidiasis, the earliest oral 
manifestation and a most important indicator of HIV 
infection (Nugraha et al., 2018). During pregnancy, the 
elevated levels of progesterone and estrogen as well as 
increased acidity in the mouth as a result of exposure to 
gastric acid due to persistent morning sickness, favour 
Candida growth (Annan and Nuamah, 2005; Africa and 
Turton, 2019; Tsega and Mekonnen, 2019). Progesterone 
decreases plasma bicarbonate level, which results in the 
reduced pH, a condition that supports the proliferation of 
Candida species (Naveen et al., 2014; Africa and Turton, 
2019). Dietary cravings common during pregnancy may 
likely lead to increased sugar consumption resulting in 
increased Candida colonization (Rio et al., 2017; Talapko 
et al., 2021). 

Candida species presence in the mouth is a likely 
occurrence among 40-70% of healthy individuals 
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(Zegarelli, 1993; Gerós-Mesquita, 2020). The 
asymptomatic existence of Candida species in the mouth 
increases the likelihood of developing clinical diseases, 
especially under predisposing conditions. Both pregnancy 
and HIV/AIDS are among the predisposing condition that 
favours the yeast colonization in the mouth. Infection of 
the mouth during pregnancy is worthy of consideration as 
early dental caries in children have been linked to 
mothers who have high caries (Africa and Turton, 2019; 
Tsega and Mekonnen, 2019). Oral infection also lowers 
the quality of life, causes pain, reduces the sense of taste 
and interferes with nutritional intake and administration of 
medication in serious cases (Osaigbovo et al., 2017). 

The most frequently implicated yeast in oral infection 
has been C. albicans, but reports abound on the 
increasing incidence of oral candidiasis caused by non-
albicans Candida species (Pfaller et al., 2005; 
Skrodeniene et al., 2006; Nweze and Ogbonnaya, 2011; 
Mulu et al., 2013). The result of the drastic rise in 
candidiasis is the increase in antimycotic usage which 
was accompanied with the outbreak of drug-resistant 
Candida strains (Vandeputte et al., 2012; Mulu et al., 
2013; Singh and Chakraborty, 2017). Epidemiological 
data on the Candida species occurrence and level of drug 
resistance varies worldwide.   

The treatment of candidiasis in Nigeria involves the 
use of common antimycotics such as nystatin, 
ketoconazole, clotrimazole and fluconazole. Despite the 
extensive antifungal drug use against fungal infections in 
Nigeria, insufficient information exists on the level of 
resistance of Candida isolates from the mouth to these 
antifungal drugs. There are also few reports on the 
Candida species occurrence in the mouth of HIV/AIDS 
patients and pregnant women in Nigeria and their drug 
resistance profile. The study determined the Candida 
species occurrence and antimycotic sensitivity of Candida 
species isolated from the mouth of AIDS patients, 
pregnant women and apparently healthy individuals in 
Nsukka, Enugu State, Nigeria. 
 
MATERIALS AND METHODS 
 
Participants’ inclusion and exclusion criteria 
 
Purposive sampling technique was used to determine the 
sample size.  The participants of the cross-sectional study 
were volunteers made up of three groups, namely (a) 
HIV-seropositive individuals who were not taking any 
antifungal or antiretroviral drugs; (b) Pregnant women 
within the second trimester who were HIV-seronegative 
and not on any antifungal medication; (c) Apparently 
healthy individuals (HIV-seronegative, non-pregnant, non-
diabetic, not on the antibiotic or antifungal treatment or 
steroid, non-contraceptive user). This last group served 
as control. Participants who were diabetic or currently on 
treatment, especially with antibiotics or antifungal drugs, 
were excluded. All participants who gave their consent 
and met the inclusion criteria participated in the study, 
while those who did not give consent voluntarily were 
excluded. The purpose of the study was explained to the 

volunteers as well as how samples will be collected. Any 
participant currently on antifungal medication was 
excluded, while participants who used such drugs 2-3 
months ago were accepted in the study. The expectant 
mothers were visiting prenatal clinics while HIV/AIDS 
patients were visiting Bishop Shanahan Hospital or 
medical diagnostic laboratory for the first time in Nsukka, 
Enugu State, Nigeria.  
 
Ethical approval 
 
Approved for the study was gotten from the Faculty of 
Biological Sciences Ethical Committee, University of 
Nigeria, Nsukka with reference number unn/fbs/ec/1030. 
Verbal approval was also obtained from the management 
of the hospital/clinic after consideration of the proposed 
study. 
 
Sample collection 
 
Oral swab was collected from the dorsum of the tongue of 
each participant using a sterile cotton swab (Evepon 
sterile swab stickR) during the periods of March 2006 to 
February 2007. Information on the participant’s age, 
pregnancy status, HIV status, oral health status and drug 
use were recorded during sample collection. 
 
Culture of oral swab/identification of isolates 
 
The sample was streaked on prepared sterile Sabouraud 
dextrose agar (SDA) plate and kept in an incubator at 37 
°C for 48 h. White creamy colonies which grew on SDA 
after incubation were sub-cultured on SDA slant for 
identification and further study. Candida isolates were 
identified using standard microbiological procedures, 
which included germ tube test, sugar assimilation test, 
chlamydospore production and inoculation on 
chromogenic agar (Anaele and Okafor, 2020). Yeast 
colonies were further subcultured on two Candida 
chromogenic agar plates, namely Fluka Candida Ident 
agar and Oxoid Chromogenic Candida agar plates. 
Quality control organisms used were C. albicans, ATCC 
90028 and C. krusei, ATCC 6258. 
 
Antifungal susceptibility test 
 
Four commonly used antifungal drugs, namely 
fluconazole, ketoconazole, clotrimazole and nystatin were 
purchased from a drug shop in Nsukka. Fluconazole 
(Diflucan and Lucon), ketoconazole (Fungral and Nizoral), 
clotrimazole (Canesten) and nystatin (Nystatin 
Pharmamed) were dissolved in 20% dimethyl sulfoxide 
(DMSO) to give a final stock concentration of 5000 µg/mL 
for fluconazole, ketoconazole and clotrimazole, and 5000 
IU/mL for nystatin. All drugs were divided into 2 mL 
aliquots and stored at 4 °C in the refrigerator for use 
within 7 days. The susceptibility testing method was the 
agar-well diffusion method, according to Magaldi et al. 
(2004), which was similar to the disk diffusion method 
described in the document M44-A of Clinical and 
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Laboratory Standards Institute (CLSI, 2004), formerly   
National Committee for Clinical and Laboratory Standards 
(NCCLS). Mueller-Hinton agar (25 mL per plate) 
supplemented with 2% glucose and 0.5 µg of methylene 
blue per mL (MHA-GMB), with a depth of 4.0 mm were 
used. The agar surface was inoculated using a sterile 
swab dipped in a yeast suspension adjusted to the 
turbidity of 0.5 McFarland standards. Instead of using 
drug-impregnated disks as described in the CLSI method, 
the drugs were added to the wells punched in the 
solidified agar using a 6 mm sterile cork borer. The 
bottom of each well was sealed with 50 µL of sterile 
molten MHA-GMB to ensure that the drugs do not diffuse 
under the agar layer when added. After solidification, 
each well was labelled with the drug name and the DMSO 
control. Twenty-five microliters of each drug were 
dispensed against the corresponding well and a pre-
diffusion period of one hour was observed at 4 °C in the 
refrigerator. The plates were incubated at 37 °C for 18-24 
h. A commercial fluconazole (25 µg) disk (Oxoid) and 
20% DMSO served as positive and negative controls, 
respectively. Quality control organisms used were C. 
albicans, ATCC 90028 and C. krusei, ATCC 6258. The 
tests were carried out in duplicates on two separate 
occasions and the results were expressed as the 
duplicate means. The antifungal drug activity was 
measured in millimeters (mm), representing the diameter 
of the clear zone of growth inhibition. Inhibition zone 
diameter was interpreted either as susceptible or 
resistant. Mean IZD 15 mm was interpreted as 
susceptible while 14 mm was resistance. 
 
Minimum inhibitory concentration (MIC) 
determination 
 
Agar dilution technique was adopted for MIC 
determination. Drugs were initially dissolved in 20% 
DMSO and subsequent dilution in sterile Nutrient Broth 
reduced the concentration to 10,000-19.5 µg/mL and 
10,000-19.5 IU/mL for fluconazole and nystatin, 
respectively. One milliliter of each drug concentration was 
added to 19 mL of already prepared sterile molten MH-
GMB agar in test tube (cooled to about 45 °C) and gently 
mixed by inverting the tube two or three times. The drug-
MH-GMB agar blend, poured and solidified in sterile Petri 
plates, served as the test plates while drug-free agar plate 
served as control. Each of these plates was divided into 
five sections in pie shape and labelled with corresponding 
Candida isolate to be tested. A loopful of standardized 
yeast suspension was spotted on top of the 
corresponding pie in the solidified agar, starting with the 
controls and working from the lowest drug concentration 
(10th plate) to the highest drug concentration (1st plate). 
The culture plates stayed undisturbed for 1 h to permit 
adsorption of the inoculum into the surface of the 
medium. Both the test plates and the control were kept in 
the incubator at 37 °C for two days and monitored for 
growth. Once evidence of yeast colony was seen in the 
control, the presence or absence of growth in the other 

ten test plates was recorded. This test was done in 
duplicates.  
 
Statistical analysis 
 
The data obtained were presented as means and 
percentages while differences observed between groups 
were subjected to Chi-square test to determine if the 
observed difference was significant or not, with probability 
set at 5% level of significance. The software used was 
statistical package for social sciences (SPSS) version 
15.0  
 
RESULTS 
 
Participants’ characteristics 
 
A total of 154 volunteers made up of 63 HIV/AIDS 
patients, 38 pregnant women and 53 apparently healthy 
humans (AHH) participated in the study. Among the HIV-
infected volunteers were 27 males and 36 females, while 
AHH volunteers were made up of 13 males and 40 
females within the age range 12-67 years. Sixty-five 
volunteers had symptoms of oral infection (presence of 
white patch on the tongue): 2 (3.08%) pregnant women 
and 63 (96.92%) HIV-infected patients. 
 
Prevalence of Candida species  
  
Candida species was isolated from 61 (31.61%) 
volunteers who participated in the study. The Candida 
species isolation frequency from oral tracts of AIDS 
patients, pregnant women and AHH showed that the 
highest percentage of Candida positive samples 46 
(73.02%) was among AIDS patients, followed by pregnant 
women 11 (28.95%), but was least in AHH 4 (7.50%) as 
displayed in Table 1. The difference observed in the 
occurrence of Candida among these three groups was 
significant (p<0.05). Candida species were also 
significantly (p<0.05) higher among subjects with oral 
infection 48 (73.85%) than those without symptoms 13 
(14.61%).  

Four Candida species which include C. albicans, C. 
krusei, C. parapsilosis and C. tropicalis were isolated from 
AIDS patients, pregnant women with exception of C. 
parapsilosis and AHH with exception of C. krusei and C. 
parapsilosis. With chromogenic agar, mixed Candida 
cultures were observed in some Candida positive 
samples.  Candida albicans and non-albicans Candida 
species occurrence in the dorsum of tongue indicated that 
C. albicans was highest among AIDS patients (75.00%), 
pregnant women (64.29%) and AHH (75.00%) (Table 1).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

Candida albicans frequency in both male and female 
AIDS patients was highest, followed by C. parapsilosis 
and C. tropicalis. Candida krusei was found in the oral 
cavity of male AIDS patients but not among female AIDS 
patients (Table 1). 
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Table 1: Distribution of Candida species isolated from oral cavities of AIDS patients, pregnant women and apparently 
healthy humans according to sex. 
 

Sample 
source 

No. 
sample 

Subjects 
with oral 

infection, n 
(%) 

Candida 
positive 

sample, n 
(%) 

Candida species isolated, n (%) Total 
C. 

albicans 
C. 

tropicalis 
C. 

parapsilosis 
C.  

krusei 

AIDS 
patients 

63 63(100) 46(73.02)a 36(75.00) 3(6.25) 8(16.67) 1(2.08) 48 
 

Male 27 27(100) 19(70.37) 15(71.43) 2(9.52) 3(14.29) 1(4.76) 21 
Female 36 36(100) 27(75.00) 21(77.78) 1(3.70) 5(18.52) 0 27 
Pregnant 
women 

38 2(5.26)* 11(28.95)b 9(64.29) 2(14.29) 0 3(21.43) 14 
 

AHH 53 0 4(7.50)c 3(75.00) 1(25.00) 0 0 4 
Male 13 0 0 0 0 0 0 0 
Female 40 0 4(10. 00) 3(75.00) 1(25.00) 0 0 4 
Total 154 65 61(39.61) 48(72.72) 6(9.091) 8(12.12) 4(6.06) 66 

χ2 = 53.975; Degree of freedom (df) = 2; p<0.05; AHH = Apparently healthy humans; * = All Candida positive. 
 
Table 2: Minimum inhibitory concentration values of nystatin and fluconazole against selected isolates. 
 

Candida isolates Candida species Nystatin (IU/mL) Fluconazole (µg/mL) 
H01G C. albicans 7.81 R 
H08W C. parapsilosis 3.91 15.63 
H17G C. albicans 7.81 R 
H60W  C. parapsilosis 1.95 7.81 
R30W C. albicans  7.81 R 
R35G C. albicans 7.81 R 
R53Wa C. albicans 1.95 15.63 
R58B C. tropicalis 1.95 7.81 
C. albicans ATCC 90028 1.95 7.81 
C. krusei ATCC 6258 7.81 R 

Key: R = Resistant even at 500 µg/mL; H01-H60 = Isolates from HIV patients; R30-R58 = Isolates from oral tract of pregnant women. 
 
In vitro antimycotic susceptibility 
 
The susceptibility to antimycotics indicated that C. 
albicans isolates were more sensitive to nystatin 47 
(97.92%) and clotrimazole 43 (89.58%) than 
ketoconazole 19 (39.58%) and fluconazole 2 (4.17%).  C. 
albicans was least sensitive to fluconazole when 
compared to C. tropicalis (50%), C. parapsilosis (87.50%) 
and C. krusei (75%) as specified in Figure 1.  

Candida species susceptibility to the three study 
groups is shown in Figure 2. Candida isolates from AIDS 
patients showed higher sensitivity to nystatin 47 (97.92%) 
and clotrimazole 43 (89.58%) than ketoconazole 23 
(47.92%) and fluconazole 9 (18.75%). Isolates from AIDS 
patients and pregnant women were more susceptible to 
nystatin and clotrimazole than isolates from AHH. A 
significant difference in Candida sensitivity to clotrimazole 
was observed among HIV patients, pregnant women and 
AHH (p=0.05). 

Fluconazole MIC (with the lowest number of 
susceptible Candida isolates) was 7.80-15.63 µg/mL and 
nystatin MIC (with the highest number of susceptible 
Candida isolates) was 1.95-7.81 IU/mL to selected 
sensitive Candida isolates. Some of the fluconazole 

resistant isolates remained resistant even at 500 µg/mL 
fluconazole (Table 2). 
 
DISCUSSION 
 
Candida species occurrence among AIDS patients, 
pregnant women and apparently healthy humans (AHH) 
in the present study showed that Candida carriage in 
HIV/AIDS patients (73.02%) was significantly higher than 
in pregnant (28.95%) and apparently healthy humans 
(7.50%) (Table 1). The occurrence of more than one 
Candida species per clinical sample was observed and 
we identified four Candida species in the study namely: C. 
albicans, C. krusei, C. parapsilosis and C. tropicalis. 
Absence of C. glabrata in the present study was not a 
limitation of the chromogenic agar used as C. glabrata 
was identified from another sample source using the 
same media (Anaele and Okafor, 2020). 

The observed differences in Candida carriage and 
symptoms of oral infection among AIDS patients may be 
related to the immune status. AIDS has been associated 
with T-cell dysfunction, various monocyte functional 
abnormalities, including defective chemotaxis and
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Figure 1: Susceptibility of different Candida species to antifungal drugs. 
 

 
 
Figure 2: Sensitivity of Candida isolates obtained from oral cavity of AIDS patients, pregnant women and apparently 
healthy humans (AHH) to antifungal drugs. 
 
phagocytosis (Maródi et al., 1991; Fidel, 2006). Since 
monocytes have known fungicidal activity, their 
dysfunction coupled with the T-lymphocyte defects and 
deficit may contribute to the predisposition to candidiasis 
in AIDS patients (Lehrer 1975; Maródi et al., 1991). It is 
very important to monitor the epidemiology and ecology of 
these species in healthy subjects since Candida species 
causes opportunistic infections. 

The disparity observed in the frequency of oral 
infection and Candida prevalence between pregnant and 
non-pregnant (AHH) women may be an indication of the 
biochemical and hormonal changes observed during 
pregnancy which might favour Candida growth. In this 
study, 28.95% of pregnant women were Candida 
colonized, with 5.26% having symptoms of oral infection, 
while 10% of healthy non-pregnant women (AHH) were 
colonized by Candida species but none showing 
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symptoms of oral thrush. In Portugal, Rio et al. (2017) 
observed that oral yeast prevalence was higher among 
expectant mothers than in non-pregnant women but their 
observed difference was not statistically significant. In the 
USA, Xiao et al. (2019) reported that pregnancy status did 
not significantly influence Candida carriage in their study, 
but the overall immune status during pregnancy likely 
played a role. It is, therefore, necessary to give antenatal 
mothers timely oral care since current reports allude that 
the placenta may harbour a unique microbiome that is of 
high similarity to the oral cavity and may influence 
pregnancy outcome (Aagaard et al., 2014; Maki et al., 
2017). Additional evidence was provided by Gomez-
Arango et al. (2017) who reported that both oral and gut 
microbiome of expectant mothers may impart to the 
placental microbiome. 

Candida albicans was the predominant species in 
AIDS patients, pregnant women and AHH from the study 
(Table 1). Although C. albicans is a well-known 
opportunistic pathogen (de Melo et al., 2019; Hirayama et 
al., 2020), immune defense of the host must have played 
major role in determining pathogenicity since AHH were 
colonized by C. albicans but none had oral thrush. C. 
albicans is known to be a benign colonizer of mucosal 
surfaces and causes opportunistic infection when there 
are specific defects or changes in host immune defense 
(Vartivarian and Smith, 1993; Gerós-Mesquita et al., 
2020). Sánchez-Vargas et al. (2005) reported a high 
occurrence of C. albicans among HIV/AIDS patients and 
non-HIV adults. Other studies carried out in Nigeria, 
Cameroon, Indonesia and Saudi Arabia also revealed a 
high prevalence of C. albicans among HIV patients and 
apparently healthy adults (Darwazeh et al., 2002; 
Skrodeniene et al., 2006; Nugraha et al., 2018; Ambe et 
al., 2020). 

We observed that our result was consistent with 
reports from Indonesia, Germany and South Africa where 
Candida carriage in HIV/AIDS patients were 77.2%, 
73.8% and 81.3%, respectively (Schmidt-Westhausen et 
al., 1991; Patel et al., 2006; Nugraha et al., 2018). 
However, a lower Candida carriage was reported from 
Thailand (66.6%), India (65.3%), Italy (61.9%) and Hong 
Kong (54.8%) (Teanpaisan and Nittayanata, 1998; Tsang 
and Samaranayeke, 2000; Campisi et al., 2002; Gugnani 
et al., 2003). The trend in Candida carriage among HIV 
patients has not changed (Vidya et al., 2016).  A number 
of factors could have influenced the high Candida 
carriage. Diet has been implicated as a major factor that 
could contribute to high yeast carriage among 
undernourished HIV-infected children in Nigeria and a low 
prevalence among comparable well-fed children resident 
in the United States (Jabra-Rizk et al., 2001). Kadir et al. 
(2005) also reported that in Turkey, age and diet affected 
yeast carriage of the population. The subjects of the 
present study were Africans and their diet was rich in 
carbohydrate which enhances the proliferation of Candida 
and attachment to cells of membranous tissue (Pizzo et 
al., 2000; Talapko et al., 2021). Moreover, within Africa, 
the rate of carbohydrate intake varies, exposing the 
reason for disparity observed in reports on yeast carriage 

in Africa. In Kalahari, their diet is rich in animal protein but 
low in carbohydrates since the people are known to be 
nomads, while in Guateng, their carbohydrate intake is 
usually high since the population is urbanized (MacKeown 
and Faber, 2004). As such, the carrier rate in Kalahari 
was 30.4%, while that of semi-urban area of Guateng was 
58% among patients with unknown HIV status. In this 
present study, the population consumes more of their 
traditional foods (Bambara nut or ‘okpa’, local beans, corn 
and other local delicacies), which have been found to be 
also rich in protein in addition to carbohydrate (Ene-
Obong and Obizoba, 1995). Thus, the difference 
observed in carrier rate among HIV patients in Nsukka, 
Nigeria (73.02%) and Guateng, South Africa (81.3%) may 
be due to differences in diet.   

The Candida carriage rate among apparently healthy 
humans (AHH) in this study was low. The low incidence 
was also observed among HIV-negative subjects from 
other parts of the world: 10.8% in Thailand, 13.8% in 
Germany and 29.3% in Italy (Schmidt-Westhausen et al., 
1991; Teanpaisan and Nittayananta, 1998; Campisi et al., 
2002) but South African carrier rates were different (63-
68%) (Hauman et al., 1993; Patel et al., 2006). Milan et 
al. (2001) observed a high frequency of yeast occurrence 
among household members living with AIDS patient, 
which indicates the possibility and ease of strain 
colonization and transfer. This could explain the high 
carrier rate among South African HIV-negative subjects 
with a population of more than 5.0 million living with AIDS 
and low carrier rate among Nigerian HIV-negative 
subjects with a population of 3.6 million HIV-infected 
(UNAIDS, 2004). 

The current antimycotic susceptibility study indicated 
optimal susceptibility of the isolates to nystatin and 
clotrimazole but minimal to ketoconazole and fluconazole. 
It was also observed that Candida isolates from healthy 
individuals were less sensitive to nystatin and 
clotrimazole in comparison to isolates from AIDS patients 
and pregnant women. This could be attributed to 
community overuse or abuse of clotrimazole and nystatin 
in the treatment of other fungal infections such as 
vaginalis and cutaneous infections (Ocan et al., 2015; 
Anaele and Okafor, 2020). Elevated use of clotrimazole 
and nystatin in a community could reduce the 
susceptibility of Candida isolated from healthy individuals 
to such drugs. Fluconazole and ketoconazole use are 
often associated with doctors’ prescription of those drugs 
for systemic infections. Pregnant women are known to 
often use only drugs prescribed by medical doctors. 
Resistance to azole drugs gradually develops during 
antifungal therapy (Müller et al., 1999; Morschhäuser, 
2002). 

Reduced Candida susceptibility to antifungal drugs 
has been reported elsewhere. In a report by Vazquez et 
al. (1993) on 60 C. albicans recovered from fluconazole 
refractory oropharyngeal candidiasis patients, resistance 
to fluconazole was 78%, while cross-resistance was 
recorded for itraconazole (7%), ketoconazole (11%) and 
clotrimazole (41%). Salobrena et al. (1999) reported that 
none of the Candida isolates was resistant to nystatin 
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while resistance to fluconazole (7.9%) and ketoconazole 
(2.9%) was observed in their study. Tseng et al. (2005) 
also reported increased Candida resistance to 
fluconazole (25.7%). Azole drugs such as fluconazole are 
fungistatic while polyenes such as nystatin are fungicidal 
drugs. The fungistatic activity of azole drugs may be 
responsible for the reported decrease in Candida drug 
susceptibility. Diverse resistance mechanisms have been 
observed in Candida which could explain the reduced 
susceptibility to azoles. Resistance to fluconazole has 
been reported following the presence of point mutations in 
ERG11, which involves the replacement of amino acid 
(Whaley et al., 2017). Other mechanisms include 
increased expression of ERG11 and drug efflux pumps, 
ERG3 gene inactivation, aneuploidy and other 
chromosomal abnormality including loss of alternative 
forms of the same gene known as loss of heterozygosity 
(LOH) have been described in Candida resistance to 
azole (Berkow and Lockhart, 2017; Whaley et al., 2017). 
It has been reported that various processes frequently 
combine over time to result in fluconazole resistance 
(Morschhäuser, 2002). 

The emergence of fluconazole resistance is a problem 
in public health. The reports by Johnson et al. (1995), 
Tumbarello et al. (1997) and Magaldi et al. (2001) 
indicated an increased occurrence of resistant strains 
among patients on long-term therapy in 1995 (40%),1997 
(43%) and 2000 (45%). In another study, Patel et al. 
(2006) reported that 55.6% of patients on nystatin and 
18.9% on amphotericin B required additional treatment. In 
Nigeria, fluconazole susceptibility studies by Enwuru et al. 
(2008) indicated that 78.4% of oropharyngeal Candida 
isolates from HIV-patients were sensitive (MIC 8 µg/mL), 
12.1% were susceptible dose-dependent (MIC 16-32 
µg/mL) and 9.5% were resistant (MIC 64 µg/mL). Nweze 
and Ogbonnaya (2011) also reported resistance among 
oral Candida isolates to fluconazole (11.7%), 
voriconazole (1.7%), flucytosine (8.3%) and itraconazole 
(7.5%) but none was resistant to amphotericin B among 
HIV patients screened.  Osaigbovo et al. (2017) reported 
reduced susceptibility to fluconazole in 24% of 75 
Candida from their study. A recent report indicated that 
24.6% of Candida isolated from the mouth were not 
sensitive to fluconazole (Ambe et al., 2020).  

Antifungal susceptibility of Candida species varies in 
different regions and settings. Some reports indicated C. 
albicans reduced susceptibility to fluconazole higher than 
20%. Mohamadi and Motaghi (2014) reported 33.3% C 
albicans resistance. Abaci and Haliki-Uztan (2011) also 
reported a reduced susceptibility of C. albicans to 
fluconazole (44%) and amphotericin (61%) in Turkey. 
These reports show the need for regular surveillance of 
antifungal susceptibility testing. This may likely result from 
the practice of self-medication or inappropriate drug 
usage, which is high in the study area (Ocan et al., 2015; 
Anaele and Okafor, 2020). 

It has been postulated that extensive azole or 
fluconazole usage promotes resistant strains selection, 
changing colonization to a resistant subset (Mathema et 
al., 2001). The reduced susceptibility to azoles observed 

in the study calls for regular antifungal susceptibility 
surveillance, especially for patients at risk of oral 
candidiasis as well as the development of new antifungal 
substances since fluconazole, the safest antifungal agent 
available, is becoming less effective. 

Another finding of serious concern was that C. 
albicans showed reduced susceptibility to fluconazole, a 
trend that has been observed for more than two decades. 
Skrodeniene et al. (2006) reported that the frequency of 
fluconazole resistance was higher in C. albicans strains 
than non-albicans Candida species. A report from India 
indicated C. albicans loss of sensitivity to azoles and 
other antimycotics (Sirnivasan and Kenneth, 2006; Singh 
and Chakraborty, 2017). Another drug-resistant research 
on bloodstream infection in Taiwan indicated that C. 
albicans (47.3%) and C. glabrata (70%) from patients 
were resistant (Hsueh et al., 2002). In Johannesburg, 
South Africa, a low frequency of resistance was observed 
by Owotade et al. (2016) among C. albicans isolates from 
the mouth of immunocompromised patients.       

The most striking observation from the current study 
was that these Candida isolates that were not sensitive to 
fluconazole were found among AIDS patients, pregnant 
and apparently healthy humans. Lattif et al. (2004) 
suggested factors contributing to fluconazole resistance 
which include the extent of patient’s immunosuppression, 
the magnitude of fluconazole usage, contribution of other 
chemotherapeutic drugs and intrinsic resistance. 
However, the present result revealed that health status 
(AIDS) or hormonal changes (pregnancy) did not affect 
the Candida species sensitivity to fluconazole. Also, prior 
exposure to fluconazole did not influence susceptibility as 
these pregnant women and apparently healthy human 
used in this study indicated that they had never used 
fluconazole. 

However, there is a possibility of transmitting azole-
resistant strains from HIV-infected oropharyngeal 
candidiasis patients to asymptomatic family members 
which portrays an under-appreciated risk for families 
living with HIV-infected members (Müller et al., 1999). 
Mode of transmission of drug-resistant strains between 
family members may be through the exchange of 
contaminated fomites such as food, utensils and toys. 
Acquisition of azole-resistant strains by asymptomatic 
patients could have future clinical implications, especially 
in high-risk populations resulting in oropharyngeal 
candidiasis refractory to azole. In another study, Lupetti et 
al. (2002) reported horizontal transfer of C. parapsilosis 
from nurses to the newborns in the neonatal intensive 
care unit. Another distinct possibility is the spread of 
colonizers with reduced drug sensitivity by sexual 
transmission (Mathema et al., 2001). Also, of serious 
concern is the dominance of Candida strains with minimal 
or no susceptibility to antimycotics, causing infection, 
especially if the individual becomes immunosuppressed 
at a later time. Fluconazole resistance is a problem in 
candidiasis treatment since fluconazole, a known drug for 
prophylaxis and treatment of fungal infections especially 
among HIV/AIDS patients in Africa, has lost its efficacy. 
The situation calls for further research in Nigeria, where in 
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vitro resistance will be matched with in vivo response, 
especially among a human population with HIV/AIDS.  
There is a pertinent need for alternative antifungal drugs 
with a good safety profile or modification of the activity of 
fluconazole through the use of adjuvants.  

The epidemiological data of this report, although 
generated about 14 years ago, can be useful to historical 
documentation and comparison. The present study does 
not strictly lose relevance based on age since it forms a 
background to subsequent developments and helps 
stakeholders trace the origin of clinical issues. Such 
defined epidemiological history is usually relevant in 
studies such as the determination of clonal relationships 
among infectious agents within a given locality or region. 
For instance, reference has been made to the studies of 
Nweze and Ogbonnaya (2011) and Osaigbovo et al. 
(2017). A collaborative study using their isolates and 
those described in this report will be a pointer to the 
possible origin and degree of persistence of the isolates 
in the study population. It may also raise research 
questions on the vehicle of transmission. In addition, a 
major part of the report is on the Candida drug sensitivity 
profile. This is a continuing global public health challenge 
that is as relevant today as it was twenty years ago. 
 
CONCLUSION 
 
The study has shown Candida species higher 
predominance in oral cavities of HIV-infected patients 
than pregnant women and healthy humans. The dominant 
species was C. albicans in the mouths of the three 
groups. Gender did not influence Candida species 
prevalence in the mouth. Candida isolates from the oral 
cavity were less susceptible to fluconazole but highly 
susceptible to nystatin. Candida isolates that displayed 
minimal sensitivity to fluconazole were found among AIDS 
patients, pregnant and apparently healthy humans. Based 
on the aforementioned, there is a need for regular 
surveillance of the prevalence and susceptibility of 
Candida isolates to antifungals. There is also a need to 
boost or modify the activity of fluconazole or develop new 
antifungals with a good safety profile since Candida 
isolates are becoming less susceptible to fluconazole. 
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