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Objectives: Oral candidiasis is considered one of the most frequent opportunistic infections in Human
Immunodeficiency Virus (HIV) individuals. Symptomatic candida colonization of the oral and vaginal
mucosal surfaces is closely correlated with the severity of cellular immunodeficiency in HIV infection.
HAART is considered as the mainstay treatment that shows a decrease in the incidence of opportunistic
diseases, including oral lesions. The current study was designed to analyse the candidal carriage rate and
candidal density in HIV patients undergoing HAART and without HAART.
Methods: The study population comprised of 120 subjects and was equally distributed into 3 groups:
Group 1 (HIV patients with HAART), Group 2 (HIV patients without HAART), and Group 3 (healthy sub-
jects as controls). The oral rinse samples from all the groups were collected and incubated for candidal
growth. The complete growth of any candidal colonies on the culture plates was recorded as a positive
candidal carriage. The number of colonies forming units per mL was calculated for candidal density.
Results: The candidal carriage rate in the HIV patients undergoing HAART was higher than in subjects
naïve to HAART. A higher number of patients with HAART therapy showed candidal density <2000
CFUs/mL. There was a reduction of oral candidiasis seen in patients with non-protease inhibitor
HAART therapy. There was no significant association found between the candidal carriage rates and can-
didal density with CD4 lymphocyte count. HIV individuals undergoing HAART therapy showed higher
candidal carriage rate and lower candidal density than the non-HAART group.
Conclusion: Candidal density is a more valuable marker in predicting the development of oral candidiasis
than candidal carriage rate. Reduction in the occurrence of oral candidiasis is also seen in patients who
are on NNRTI HAART therapy.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acquired Immunodeficiency Syndrome (AIDS) is caused by
Human Immunodeficiency Virus (HIV), which causes life-
threatening opportunistic diseases (Douek et al., 2009). According
to WHO data, approximately 38.0 million individuals around the
world were living with HIV infection till 2019. In the year 2019,
about 1.7 million new individuals got infected with HIV, whereas
0.7 million individuals lost their life due to HIV-related causes.
Approximately 81% of individuals with HIV infection are aware of
their HIV status in 2019. The remaining 19% of the individuals need
access to HIV testing facilities.
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In a healthy subject, a precise equilibrium exists between the
multifaceted oral microbial ecology and the body’s immune
response. HIV infects the human immune system causing reduc-
tion of CD4 T cells by direct viral killing, apoptosis and by CD8
cytotoxic lymphocytes following immune system failure resulting
in opportunistic infections (Cunningham et al., 2010).

Yeasts are opportunistic pathogens that cause disease in the
host compromised by underlying local or systemic pathological
processes (Alrayyes et al., 2019). C. albicans are considered harm-
less oral microflora in the normal condition but the predominant
causative organism involved in mucocutaneous candidiasis (70%)
(Annapurna et al., 2012). Oral candidiasis may be a sentinel event
and an independent predictor of immunodeficiency in patients
with AIDS (Dodd et al., 1991). Prompt diagnosis and adequate
antiretroviral therapy can decrease morbidity and mortality among
such patients (Kantheti et al., 2012).

The introduction of Highly Active Anti-Retroviral Therapy
(HAART) decreases morbidity and mortality by the increase in
the CD4 count and reduction in the viral load (Nittayananta
et al., 2010, Patton et al., 2000, Perla et al., 2021). In HAART ther-
apy, drug resistance can be minimized by using combinations of
drugs to restore immune function. Oral colonization of inherently
drug-resistant organisms is more common in HIV infections
(Leigh et al., 2001). Hence the experiment was designed to assess
the oral carriage rate of the Candidal species and their density in
HIV patients with and without HAART.
2. Materials and methods

2.1. Patient selection

The design employed for the current study was a descriptive
cross-sectional multicentric. The patients attending the Voluntary
Counselling and Confidential Testing Centre, Anti-retroviral Ther-
apy (ART) center who were positive for HIV by tests [enzyme-
linked immunosorbent assay (ELISA) and Western blot analysis]
were included in the study. Institutional Ethics Review Board
(IRB) approval was obtained after a thorough evaluation of the
experimental protocol (MGV/092/11-14). Based on the inclusion
criteria a total of 120 individuals (73 males and 47 females, aged
19–66 years) were selected for the study and divided into 3 groups.
Group 1 consisted of 40 HIV-positive patients being treated with
HAART regime and with a known CD4 T-lymphocyte count.
Whereas, 40 HIV-positive patients not yet initiated with the
HAART regime with a known CD4 T-lymphocyte count were
included in Group 2. Group 3 included 40 HIV seronegative healthy
subjects as controls. All the patients received NRTI + NNRTI combi-
nation, while none received (protease inhibitor) PI based drug reg-
imen. HIV patients with HAART duration less than a month,
patients with systemic ailments, pregnant patients and patients
wearing prosthetic dentures were excluded from the study. The
study protocol was explained to the patients and an informed con-
sent form was obtained in writing before enrolment in the
experiment.
Fig. 1. Positive growth of candida species in (a) undiluted and (b)diluted (10�1)
plates.
2.2. Collection of samples

The patients were asked to rinse with normal saline (10 mL) for
60 s and expectorate into the sterile container. The rinse was col-
lected into a sterile container, and was centrifuged for 15 min at
1700 rpm. 0.1 mL of undiluted and diluted oral rinse sample was
immediately inoculated on two plates of Sabouraud’s Dextrose
Agar (SDA) containing chloramphenicol. Dilution of 10:1 of the oral
rinse sample was prepared by mixing 0.1 mL of oral rinse sample of
HIV patients with 0.9 mL of sterile normal saline. The above plates
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were incubated aerobically at 37 �C for 48 to 72 h. Creamy white,
smooth, pasty colonies of candidal growth have appeared in 3–
4 days and some growth was seen on overnight incubation.

Positive candidal carriage rate was considered by complete
growth of any candidal colonies on the culture plates (Fig. 1a and
1b) and negative by the absence of growth (Fig. 2a and 2b). The
candidal density was calculated by counting the number of candi-
dal colonies present in the plate manually. Surface count technique
was employed to count the colonies. In this method, 0.1 mL of the
sample was kept in the center of a dried plate and spread with a
spreader all over the surface of the plate. The plate was then incu-
bated, and the colonies were counted. The calculation was as fol-
lows: N no of colonies in 0.1 mL of 10-1dilution of the normal
saline (since 0.1 mL of 10-1was spread on the agar plate): 10 N
no of colonies in1mL of10-1dilution of the normal saline: 100 N
colonies in 1 mL of sterile saline which gives the CFU’s/mL.
2.3. Statistical analysis

The statistical analyses were done using the Statistical Package
for Social Sciences (SPSS) version 21.0 (IBM Corporation, USA) for
Microsoft Windows. A p-value < 0.05 was considered statistically
significant under 95% confidence interval. A Chi-square test was
applied to test the association between the candidal carriage rate
and candidal density among the HIV-positive individuals with
and without HAART. The same was applied to test the association
between the candidal carriage rate and Candidal density with the
CD4 count � 200 and > 200 cells/mm3 and duration of the HAART.
3. Results

The comparison of candidal carriage rate between normal indi-
viduals and HIV patients showed a statistically significant differ-
ence (p < 0.05), indicating that there was positive a correlation
between the two attributes. HIV patients showed a 60% of candidal
carriage rate, whereas among the normal individuals it was found
to be 37.5% (Table 1).

The distribution of candidal carriage rate between HAART and
without HAART group showed a highly significant difference
(p < 0.001). Regarding the patients with the HAART regime,
77.5% showed the presence of candida. Analysis of patients without
HAART regime revealed that 42.5% had candidal species. Thus, it
can be concluded that the prevalence of candida was more in
patients receiving HAART than those who were naive to HAART
therapy (Table 1).

Candidal density of 1–2000 CFU’s/mL and >2000 CFU’s/mL in
healthy individuals and HIV patients revealed no significant rela-
tionship (p > 0.05). Out of 63 patients who showed a positive can-
didal carriage rate, 48 were HIV patients and 15 were healthy



Fig. 2. Negative growth of candida species in (a) undiluted and (b)diluted (10�1)
plates.
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individuals. It was found that 41.7% of HIV patients had candidal
density > 2000 CFU’s/mL compared to 26.7% of healthy individuals
(Table 2).

The association between the HAART regime and the candidal
density count showed a statistically significant relationship
(p < 0.05). It was observed that 70.9% of the subjects with HAART
regime had a candidal density count of 1–2000 CFU’s/mL, com-
pared to 35.3% of subjects without HAART regime. However, candi-
dal density counts of > 2000 CFU’s/mL were presented in 29.0% of
the subjects with HAART regime compared to 64.7% of subjects
without HAART regime (Table 2).

The standard classification of CD4 count � 200 and > 200 cells/
mm3 was used for HIV patients. A non-significant correlation was
seen between the HAART and without HAART group associated
with CD4 count. Furthermore, the other studied parameters such
as the prevalence of candidal carriage rate and candidal density
revealed a non-significant correlation with a CD4 count of HIV
patients (p > 0.05) (Table 3).

The association between the duration of HAART (<12 months
and � 12 months) with CD4 count and with candidal density.
Patients with CD4 count � 200 showed no difference with the
duration of the HAART. Whereas, the patients < 12 months of
HAART therapy showed a higher prevalence of CD4 count > 200
compared to � 12 months HAART therapy. The duration of the
HAART therapy showed no effect on the candidal density above
2000 (CFUs/mL). However, an increased number of patients with
candidal density <2000 (CFUs/mL) were reported in � 12 months
HAART therapy group compared to < 12 months of HAART therapy
group, but the values were statistically non-significant (p > 0.05)
(Table 4).
4. Discussion

Human immunodeficiency virus infection remains a threat to
global health and its oral manifestation is an important indicator
Table 1
Correlation of candidal carriage rate between normal v/s HIV individuals and HIV individu

Individuals Candida species
(Present)

Candida sp
(Absent)

% n %

HIV 60.0% 48 40.0%
Normal 37.5% 15 62.5%
Total 52.5% 63 47.5%
With HAART 77.5% 31 22.5%
Without HAART 42.5% 17 57.5%
Total 60.0% (48) 40.0%

*: P-value < 0.05 is considered to be statistically significant, **: P-value < 0.001 is consid
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for the disease progression (Ranganathan and Hemalatha, 2006).
Common species isolated from the oral cavity of patients with
HIV infection is C. albicans. Antifungal drugs are effective in treat-
ing mucosal candidiasis can lead to colonization with less suscep-
tible species among normal susceptible strains (Badiee et al.,
2010). Due to the rapid global spread of resistant clinical isolates
of candida species, accurate identification of candidal species is
therefore crucial for successful clinical management in patients
with HIV.

Nucleoside Reverse Transcriptase Inhibitors (NRTIs), Non-
Nucleoside Reverse Transcriptase Inhibitors (NNRTIs), and Protease
Inhibitors (PIs) are the groups of drugs used in the HAART regime.
These drugs interfere the viral replication and reduce the viral load
to undetectable levels to allow immune restoration and decrease
the incidence of opportunistic disease occurring in the oral cavity
(Greenspan et al., 2001, Ceballos-Saloberna et al., 2004).

The candidal carriage rate in HIV-infected patients was signifi-
cantly higher than healthy groups in the present study. This indi-
cates that the presence of cellular immunodeficiency in HIV
infection is closely related to candidal colonization of oral mucosal
surfaces and the development of symptomatic Candidiasis
(Teanpaison and Nittyananta, 1998). The candidal carriage rate in
the HIV patients undergoing HAART and those who were not on
HAART therapy demonstrated an increase in candidal carriage rate
in the former group. This correlation could be explained in litera-
ture emphasizing that HAART reduces incidences of oral candidia-
sis. Candidal species oral colonization is defined as the acquisition
and maintenance of yeast cells without clinical signs. Therefore,
dissociation needs to be made between colonization and infection.
Other possible explanations for this colonization include poor com-
pliance to HAART therapy, failure to reduce the viral load, and an
inadequate rise in the CD4 lymphocyte count (Ananthalakshmi
et al., 2011).

Our findings were in contrast to the studies reported in the lit-
erature that showed an increase in the candidal carriage rate in HIV
individuals not undergoing HAART therapy compared to patients
under HAART therapy (Martins et al., 2010, Lar et al., 2012). The
presence of candidal species can be a risk factor as they overcome
the host clearance mechanism. Therefore, candida density (ex-
pressed in the number of CFU’s/mL) is directly correlated with
the presence of clinical candidiasis. Other factors like production
of adhesins, secreted aspartyl proteinase and host factors will also
influence the presence or absence of the clinical disease (Jain et al.,
2010). Host local predisposing conditions like reduced saliva secre-
tion, epithelial change, altered commensal flora, high carbohydrate
diet, denture wearing and host systemic factors such as age,
tobacco, smoking, endocrine disorders, nutritional deficiencies,
immunosuppressive conditions and drugs have also been associ-
ated with oral candidiasis colonization (Patel et al., 2006).

We found a significantly higher number of patients not receiv-
ing HAART having a candidal density above 2000 CFU’s/ml com-
pared to those who were on HAART. Candidal densities in
als with HAART v/s without HAART.

ecies Total P-value

n % n

32 100% 80
0.020*25 100% 40

57 100% 120
09 100% (40)

0.001**23 100% (40)
(32) 100% (80)

ered to be highly statistically significant.



Table 2
Correlation of candidal density (CFU’s/mL) between normal v/s HIV individuals and HIV individuals with HAART v/s without HAART.

Individuals 1–2000
(CFU’s/mL)

>2000
(CFU’s/mL)

Total P-value

% N % n % n

HIV 58.3% (28) 41.7% (20) 100% (48) 0.371NS

Normal 73.3% (11) 26.7% (04) 100% (15)
Total 61.9% (39) 38.1% (24) 100% (63)
With HAART 70.9% (22) 29.0% (09) 100% (31) 0.017*
Without HAART 35.3% (06) 64.7% (11) 100% (17)
Total 58.3% (28) 41.7% (20) 100% (48)

NS: P-value > 0.05 is considered to be non-significant, *: P-value < 0.05 is considered to be statistically significant.

Table 3
Correlation between CD4 count (�200, >200 cells/mm3) in HIV patients with and without HAART, candidal carriage Rate and candidal density.

CD4 COUNT (cells/mm3)

Parameters Total �200 >200 P-value

% n % N % n

HIV individuals With HAART 50% 40 57.5% 23 42.5% 17 0.117 NS

Without HAART 50% 40 40.0% 16 60.0% 24
Candidal Carriage Rate Candida species (Present) 60.0% 48 66.7% (26) 53.6% (22) 0.235 NS

Candida species (Absent) 40.0% 32 33.3% (13) 46.4% (19)
Candidal density (CFUs/ml) 1–2000 (CFU’s/ml) 57.7% 46 51.3% 20 63.4% 26 0.273 NS

>2000 (CFU’s/ml) 42.3% 34 48.7% 19 36.6% 15

NS: P-value > 0.05 is considered to be non-significant.

Table 4
Correlation of duration of HAART therapy with CD4 count and candidal density.

Duration of HAART therapy
Total <12 month �12 month

% n % N % n P-value

�200 57.5% 23 43.5% 10 56.5% 13 0.184 NS

>200 1–2000 42.5% 17 65.5% 11 35.0% 6
Candidal density (CFUs/ml) (CFU’s/mL) 67.5% 21 43.0% 9 57.0% 12 0.709 NS

>2000 (CFU’s/mL) 35.5% 10 50.0% 5 50.0% 5

NS: P-value > 0.05 is considered to be non-significant.
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individuals with HAART and normal individuals were almost the
same. This indicates that HAART has a role in controlling candidal
density and hence candidal infection (Soares et al., 2004). There is
an increase in number of patients with HAART having
density < 5000 CFU’s/ml compared to patients without HAART.
HAART reduces the frequency and severity of oral opportunistic
diseases in HIV-infected patients (Umadevi et al., 2007,
Greenspan et al., 2004, Wray et al., 1990, Perla et al., 2021).

Hyphal form of C. albicans penetrates the deep tissue by
Secreted Aspartic Proteases (SAP’s) in HIV patients. These proteases
were thought to be inhibited by the HAART-based protease inhibi-
tors (Sono et al., 1992, Fusek et al., 1994). Hence a decreased preva-
lence was found to be associated with the advent of HAART which
included the use of Protease Inhibitors. PI based HAART group
showed a significant decrease in episodes of oral candidiasis and
candidal carriage than NNRTI group (Cauda et al., 1999, Cassone
et al., 2002).

In our study, all the patients received NRTI + NNRTI combina-
tion while none received PI based drug regimen. Based on our
results, we can conclude that reduction in the occurrence of oral
candidiasis is also seen in patients who are not on PI- included
HAART therapy.
4

The duration of the HAART on candidal density and CD4 count
was not statistically significant in our study. The candidal density
showed similar irrespective of the duration. The CD4 count also
showedmore count in the initiation of HAART treatment. More sci-
entific studies are recommended in correlation with the duration
of HAART and candida.

We observed no significant association was seen between can-
didal carriage rate and CD4 lymphocyte count. The vital host
defense mechanisms against candidal infection are governed by T
lymphocyte dependent cell-mediated immune response. There
are two diverse subgroups of T helper cells (Th1 and Th2) with
antagonistic functions. Furthermore, Th1 secretes IFN-a and IL-2
which are responsible for protection against oral candidiasis,
whereas Th2 is responsible for IL-4 and IL-10 production has been
linked to candidal reactivity (McMichael and Rowland-Jones,
2000).

Mucocutaneous candidiasis comparatively is more common in
HIV-infected individuals than other immunosuppressive condi-
tions and be seen when HIV viral load is >10,000 copies/mL. This
can be attributed to the fact that the switch from Th1 cells to
Th2 cells probably progresses the HIV infection with a concomitant
increase in the HIV viral load. Hence HIV viral load is currently con-
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sidered an important progressive indicator of HIV-induced
immune depression and a good predictive indicator than CD4 cell
counter activity (McMichael and Rowland-Jones, 2000).

5. Conclusion

The candidal carriage rate is higher in and candidal density is
lower in HIV patients undergoing HAART therapy. Candidal density
is a more valuable marker in predicting the development of oral
candidiasis than the candidal carriage rate. Reduction in the occur-
rence of oral candidiasis is also seen in patients who are not on PI-
included HAART therapy. HIV viral load can consider the main indi-
cator of the progression of HIV-induced immune depression and is
thought to be a better predictive indicator than CD4+ cell count.
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