cns.sciedupress.com Clinical Nursing Studies

2020, Vol. 8, No. 3

ORIGINAL ARTICLE

Factors associated with the isolation of Candida Spp.
from the oral microbiota of people living with HIV

Anténio Uelton Aratjo da Silva', Gabriela Cruz da Silva!, Erika Helena Salles de Brito!, Thiago Moura de Aratjo’,
Maria Aparecida Alves de Oliveira Serra?, Ana Cristina Pereira de Jesus Costa?, Marcos Renato de Oliveira®, Roberto

Wagner Jinior Freire de Freitas*, Marcio Flavio Moura de Aratijo**

"University for International Integration of the Afro-Brazilian Lusophony, Redencio, Brazil
2 Federal University of Maranhdo, Belo Horizonte, Brazil

3Houston Methodist Research Institute, Houston, United States

*Oswaldo Cruz Foundation, Eusébio, Brazil

Received: May 18, 2020
DOI: 10.5430/cns.v8n3p22

Accepted: August 25, 2020 Online Published: September 4, 2020
URL: https://doi.org/10.5430/cns.v8n3p22

ABSTRACT

This study aimed to analyze the association between the isolation of Candida species in the oral cavity and the clinical and
virulence factors of people living with Human immunodeficiency virus (HIV). This cross-sectional study, comprising 106 people
living with HIV who were evaluated in an HIV-AIDS outpatient clinic in Fortaleza, Northeast of Brazil, data collection were
conducted during August and November 2018. A saliva sample was also collected to isolate Candida. The virulence factors of
extracellular and hemolytic phospholipase activities in isolated Candida strains were analyzed. The prevalence of oral Candida
was 40.6%, and the presence of oral Candida was associated with smoking habits (p = .005), daily smoking (p = .026), low
weight (p = .030), history of hospitalization (p = .014), TCD, lymphocyte count < 200 cells/mm?® (p = .018), and detectable viral
load (p = .005). The multivariate analysis revealed that the variables smoking habits (p = .008), viral load (p = .011), and body
mass index (p = .011) were associated with the presence of oral Candida. Strong hemolytic and phospholipase activities were,
respectively, identified in 74.4% and 72% of the isolated strains, mainly Candida albicans. As a main conclusion, the isolation of
Candida from the oral cavity in people living with HIV/AIDS, has a strong association with the use of tobacco, even under an

appropriate treatment.
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1. INTRODUCTION

According to some studies the prevalence of Candida in the
oral cavity of healthy people varies between 20% and 70%.
However, in children, elderly people, and people with im-
mune system deficits, this prevalence is significantly higher
than healthy people. In people living with Human immun-
odeficiency virus (PLHIV), oral candidiasis is considered

an opportunistic infection and is one of the first signs of ac-
quired immune deficiency syndrome (AIDS), which can be
observed in 50% of HIV patients. Incidentally, 90% of PL-
HIV presented at least one oropharyngeal Candida infection
during their lifetime.[!:2!

Candida infection is considered an immunosuppressive
marker that decreases the TCD4 lymphocyte count, resulting
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in dysfunction, for up to 2 years’ post infection.l*’ On the
other hand, some authors observed that Candida infection in
PLHIV reduced the replication of HIV in the macrophages,
suggesting that inconsistent results were observed among
researchers regarding Candida infection.[*!

In the general population, the main pathogenicity factors for
Candida infection are as follows: smoking habits, extreme
age, dental prostheses, xerostomia, dietary and immunolog-
ical changes, infections, and oral neoplasia.[4’6] In PLHIV,
some factors related to oral candidiasis can also be consid-
ered as follows: TCD4 lymphocyte count < 200 cells/mm?;
increased viral load; the use of several devices such as broad-
spectrum antibiotics, bladder probe, long-term nasoenteral
probe, central venous catheter, mechanical ventilation, and
corticoids; alcohol consumption; tobacco smoking; high car-
bohydrate consumption; and poor oral hygiene.[l:* Despite
the positive effects of sleeping on the individual’s neurologi-
cal, hematological, and immunological system, studies ana-
lyzing the association between sleeping or any components
related to it (duration, quality, efficiency) and the isolation
of oral Candida and/or candidiasis have not been conducted
yet.[’]

It is described that diseases caused by fungi kill more than
1.5 million and affect more than one billion people world-
wide annually.!®! In the past years, the relevance of medical
mycology to human health has been significantly recognized
in public health, specifically in countries located in the south-
ern region of the world. This includes the development of
diverse multidisciplinary studies (epidemiological, clinical,
and preventive studies) that correlate with other diseases and
conditions related to mycology.”! Additionally, in-depth
knowledge regarding the Candida colonization process in
PLHIV is significantly important for the early recognition
and diagnosis of advanced, considering the fact that oral
candidiasis is identified as a predictor factor of AIDS.[1%11]

Therefore, this exploratory study aimed to analyze the associ-
ation between the isolation of Candida in the oral cavity and
the sociodemographic and clinical factors (smoking habits,
alcohol consumption, nutritional status, sleep quality, and
sedentary lifestyle) of PLHIV and to analyze the virulence
factors of extracellular phospholipase (Pz) and hemolytic
activities in the isolated Candida strains.

2. METHODS
2.1 Design

This was a cross-sectional study conducted in PLHIV who
were followed up in an HIV-AIDS outpatient clinic in Fort-
aleza city, Northeast of Brazil, in 2018.
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2.2 Ethical considerations

This study was approved by the Institutional Review Board
from the Federal University for International Integration of
the Afro—Brazilian Lusophony (UNILAB) (approval number:
2,691,682). After presentation of the study and review of all
the criteria the participants signed a copy of the informed
consent form.

2.3 Participants

Participants with the following eligibility criteria were in-
cluded in the study: participants diagnosed with HIV un-
dergoing an outpatient treatment, both sexes, participants
aged > 18 years, participants who were mentally capable of
responding to an interview, and participants on antiretroviral
therapy (ART) for at least 6 months. And the following char-
acteristics were adopted as exclusion criteria: participants
with a neurocognitive disorder associated with HIV (score <
11 on the International HIV Dementia Scale),!'!! participants
without medical/laboratory records of their TCD4 lympho-
cyte count for more than 1 year, and participants with a report
or record of illicit drug use in the previous 30 days.

2.4 Variables

The outcome variable was the positive isolation of Candida
in the oral cavity (yes or no) in PLHIV and the virulence
factors (absent and strong).

The predictor variables of this study were as follows: sex,
gender identity, sexual orientation, active sexual life, age
(years), socioeconomic class, skin color, employment status,
marital status, serodiscordant partner, family composition,
and economic class. Furthermore, the clinical variable predic-
tors were as follows: sleep quality, smoking habits, level of
smoking, alcohol consumption, waist circumference (WC),
neck circumference (NC), and nutritional status.

The predictor variables associated with HIV-AIDS treatment
were as follows: the use of ART; time of ART use (years),
time of diagnosis of HIV infection (years), current TCD4
lymphocyte count (cells/mm?), and current viral load (< 200
copies/ml [undetectable] and > 200 copies/ml [detectable]).

2.5 Measurement of clinical predictor variables

To measure the clinical predictor variables, instruments
widely known in the health literature were adopted. As
an example, sleep quality was assessed using the Pittsburgh
Sleep Quality Index (Brazilian Portuguese version).'”l In
this study, for statistical purposes, participants with scores >
4 were classified as poor sleepers.

Related to the categorization of nutritional status, the BMI
classification was as follows: low weight, eutrophic, over-
weight, grade I obesity, grade II obesity, and grade III obe-

23



cns.sciedupress.com

Clinical Nursing Studies

2020, Vol. 8, No. 3

sity.['?l The following NCs were considered normal: < 37
cm for men and < 34 cm for women."*! WCs > 102 cm for
men and > 88 cm for women were considered high.[!>]

In relation to smoking, patients were classified as daily smok-
ers, non daily smoking, quit smoking for at least a month and
never smoked or had been smoking for less than a month. Re-
garding to alcoholism, the participants were classified as no
alcohol consumition, alcohol consumition < 1 time a month,
alcohol consumition 2-4 times a month, alcohol consumition
2-3 times a week and alcohol consumition > 4 times a week.

2.6 Data collection

Eligible PLHIV participants were interviewed by registered
nurses at the hospital’s outpatient clinic, in order to assess
healthcare needs.

2.7 Clinical sample collection

A certified registered was responsible to conducted an clini-
cal interview, physical examination, collection and transport
of biological samples from the participants.

At the end of each interview, the registered nurse collected
a sample from the patients’ oral cavity microbiota using a
sterile swab containing Stuart culture medium (Copan Tran-
system, Copan Innovating Together TM®)). The sample was
collected from the oral cavity by fractioning the swab on the
base of the tongue and on the valve papillae, an area with
higher yeast concentration, in repetitive back and forth move-
ments for at least 30 seconds.['®! The entire process; from the
clininc assesment to the swab collection demaind 48 hours
to be completed. This process occurred in accordance to the
recommendations by the manufacturer (Copan Transystem,
Copan Innovating Together TM®)).

In the laboratory, the samples were stored in Petri dishes
containing Sabouraud agar since this medium is indicated
for yeast growth. After initial sample preparation, the Petri
dishes were monitored daily for development and growth by
microscopic analysis of Candida spp. colonies. In this pro-
cess, the formation of white glabrous colonies with creamy
aspect and texture and a smooth surface was observed during
morphological observation.!'”!

After growth, Candida species were identified using the
CHROMagar Candida Medium microbiological method.
With the inclusion of chromogenic substrates, the colonies
presented with certain characteristics, that is, Candida al-
bicans, Candida tropicalis, and Candida krusei colonies
presented a different coloration.'®!

The dishes presenting no Candida spp. growth were dis-
carded after 15 days, following the recommendations for
biological waste disposal.l6!
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The Prince (1982) methodology was used to determine ex-
tracellular Pz activity due to its practicality and reliability
in several studies including large-scale research of different
Candida isolates. Pz activity was determined by assessing the
association between the diameter of the fungal colony and
the total diameter including the colony and the precipitation
zone. A pachymeter was used to measure the colonies and
halos of precipitation. Thus, when Pz = 1, the isolate was Pz
negative (absent activity); when 1 > Pz > 0.64, the isolate
was positive for Pz activity; and when Pz < 0.64, the isolate
was strongly positive for Pz activity.!]

The above-mentioned isolates were also tested for hemolytic
activity using the methodology proposed by Favero (2011)
and Luo (2001), in which they recommend the preparation
of a culture medium with sheep blood, Sabouraud agar, and
glucose for hemolytic evaluation.”*2!l Hemolytic activity
was determined by assessing the difference between the di-
ameters described above. The data were interpreted as absent
hemolytic activity for strains without a visible halo, weak
hemolytic activity when halo < 1 mm, moderate hemolytic
activity when halo ranged from 1.1 to 1.49 mm, and strong
hemolytic activity when halo > 1.5 mm.[?%-21]

The sample processing, inside of the microbiology labora-
tory, was performed by a registered nurse other than the one
who assesed and conducted the patient interviews. Also,
both nurses underwent a 16-hour training to become familiar
with the aforementioned techniques and instruments. This
training was conducted by the study coordinators.

2.8 Statistical analysis

Data were tabulated in an Excel spreadsheet and analyzed
using the Statistical Package for the Social Sciences software
version 23. The association between categorical qualitative
variables were verified using the chi squared test. We have
observed the assumption that all expected frequencies are
greater than or equal to 1. Otherwise, we conducted Fisher’s
exact tests. Multiple analysis by logistic regression was used
for the variables that presented significance in the crude asso-
ciation analysis to identify the possible interactions between
variables and eliminate the confounding factors. In this case,
we assumed as the outcome variable the presence of candida
in the oral cavity (yes or no), while the predictive variables
were viral load (detectable or undetectable), smoking (yes or
no) and BMI (underweight, normal or overweight/obesity).
The magnitude of the association was expressed by point
estimates and adjusted odds ratio intervals. The results were
presented in graphs and tables. A significance level of 5%
was used for all inferential procedures.
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3. RESULTS
3.1 Sociodemographic characteristics of the partici-
pants

The sample comprised 106 people undergoing an outpatient
treatment for HIV. Moreover, participants were predomi-
nantly men (64.2%), were single (40.6%), had varied racial
ancestries (51.9%), informal work (40.6%), and belonged to
the low-income economic class (69.8%) (monthly income
between 270.7 US dollars [USD] and 1,168 USD, with a
mean of 412.0 pm 325.9 USD).

Regarding to sexual preferences, the heterosexual orientation
(50.9) and male gender identity (66%) were predominant. A
substantial portion of the sample had an active sexual life
(74.5%) and a single partner (82.5%), serodiscordant (47%)
in some cases. Men (p = .043) and heterosexuals (p = .010)
reported the highest number of sexual partners.

3.2 Human immunodeficiency virus (HIV) treatment of
the participants

All participants were on ART, mostly using NRTIs (100%).
Only 27% of the participants used drugs other than ART on a
daily basis. In this case, we investigated the predominance of
antidepressants (23%) and anxiolytics (15.3%). Only 15.2%
of the interviewees reported hospital admission after the di-
agnosis of infection. The most cited cause of hospitalization
was tuberculosis (18.7%). Most of the participants presented
TCD4+ (92.2%), TCD8+ (65%), and undetectable viral load
at the time of collection for this survey (81.9%).

3.3 Clinical characteristics and oral Candida in people
living with HIV

More than half of the sample (64.5%) had a sedentary
lifestyle, and a substantial portion of the sample never
smoked (68.2%) and did not consume alcohol (57.9%). De-
spite this, they were healthy in terms of nutritional status
(69.2% were eutrophic) and anthropometric measurements
(normal WC in 68.2% and normal NC in 74.2% of the par-
ticipants).

Among the people who stated to smoke, the frequency of
tobacco use were, as known smokers daily (17.8%), does
not smoke daily [light smokers] (9.3%), and ex-smokers/quit
smoking less than 30 days or never smoked (3.7%). Vari-
ables sex (p = .069) and alcohol consumption (p = .107) did
not influence the frequency of smoking. We have observed
opposite in relation to physical exercise variable. In this case,
people who smoke daily (89.4%) and light smokers (50%)
were sedentary (p = .025).

Regarding sleep duration, most participants sleep > 7 hours
(41.5%) and 6-7 hours (31.1%) daily. The best parameter for
sleep efficiency (> 85%) was the most chosen option during

Published by Sciedu Press

the interviews (83%). Almost half of the studied sample had
no bed partner (50.5%). Thus, 67% of the sample comprised
people with poor sleep quality.

Of the patients investigated, a total of 40.6% presented Can-
dida spp. in the oral cavity. The following strains were iden-
tified: C. albicans (74.4%), C. tropicalis (9.3%), Candida
glabrata (2.3%), Candida parapsilosis (2.3%), and Candida
sp. (11.6%). Related to the isolated strains, 72% released
extracellular Pz; in 46.5% of these cases, the activity was
considered strong. Moreover, among the Candida strains,
C. albicans had the strongest Pz activity (59.3%). On the
contrary, C. tropicalis (75%) and C. glabrata (100%) showed
negative Pz activity. There was a strong hemolytic activity in
74.4% of the isolated strains. C. albicans, C. tropicalis, and
C. glabrata presented this activity in 75%, 100%, and 100%
of the samples, respectively.

No differences were observed among the study participants
regarding the sociodemographic characteristics analyzed and
the isolation of oral Candida.

Of the PLHIV studied, most were smokers (60.6%), but to-
bacco smoking was not performed daily (70%). Moreover,
80% of the patients with positive samples for the fungus were
underweight (p = .030) (see Table 1).

Positive oral Candida was predominant in PLHIV with a
history of hospitalization (68.8%), TCD4 lymphocyte count
< 200 cells/mm?® (85.7%), and detectable viral load (68.4)
(p < .05). There was no statistically significant association
between sleep quality and Candida isolation in PLHIV (p >
.05) (see Table 2).

The variable sleep quality also had no influence on the
hemolytic (p =.201) and Pz (p = .629) strength of the isolated
strains.

In the regression model, the factors that were positively asso-
ciated with oral Candida isolation in PLHIV were as follows:
detectable viral load, being a smoker, and being eutrophic.
Smokers and PLHIV with detectable viral load presented a
respective chance of having Candida 3.5 and 4.8 times higher
than the other participants (see Table 3).

4. DISCUSSION

Candida is common throughout the digestive tract and is
associated with neonatal infections, cavities, endocarditis,
and presence of biofilm. This study identified the presence
of Candida in 40.6% of the participants investigated. This
prevalence was similar to the values observed in people un-
dergoing autologous bone marrow transplantation (40.7%)
and asymptomatic PLHIV (51.3% and 52.5%), but lower
than the values found in hospitalized HIV patients (50.4%,
53.5%, 73.3%, 73.4%, 80%, and 83%).[6-22-28]
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Table 1. Presence of Candida by lifestyle habits and nutritional status. Fortaleza, Brazil, 2019

With Candida Without Candida
Variables p-value
N % n %

Physical exercise 404
Yes 13 35.1 24 64.9
No 30 435 39 56.5

Active sexual life 167
Yes 29 36.7 50 63.3
No 14 51.9 13 48.1

Smoking 005"
Yes 20 60.6 13 39.4
No 23 315 50 68.5

Level of smoking 026"
Smokes daily 11 57.9 8 42.1
Does not smoke daily 70.0 3 30.0
Quit smoking at least a month before 50.0 2 50.0
Never smoked or quit at least a month before 23 31.5 50 68.5

Alcohol consumption 482"
Never 27 429 36 57.1
<1 time a month 6 27.3 16 72.7
2—4 times a month 7 43.8 9 56.3
2-3 times a week 2 66.7 333
>4 times a week 0 0.0 1 100.0

Neck circumference 3147
Normal 35 43.8 45 56.3
High 7 31.8 15 68.2

Waist circumference 128"
Normal 33 45.2 40 54.8
High 8 28.6 20 71.4

BMI 030"
Low weight 4 80.0 1 20.0
Normal 33 44.6 41 55.4
Overweight/obesity 6 23.1 20 76.9

Note.” Chi-squared test; ~"Fisher’s exact test

It is important to consider the period and location of these
studies (Brazil, China, Nigeria, Turkey) once the incidence
of fungal infections has increased in developing countries
due to the use of ART and new diagnostic methods.!*”! More-
over, the participants in this study come from the outpatient
clinics and not from the hospitals; hence, these participants
may present basic pathologies that aggravate their clinical
status.

However, an in-depth discussion is required as this infec-
tion may become symptomatic as viral load fluctuates and
defense cells decrease. Some authors do not recommend rou-
tine fungal infection screening and investigation because this
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is relatively expensive. Nevertheless, more specific actions
need to be developed considering that opportunistic infec-
tions, including fungal infections, are responsible for PLHIV
diseases, hospitalizations, and deaths.!®! Other authors re-
ported that Candida colonization in the oral cavity can be
used to evaluate the effectiveness of antiretrovirals,[*’! rein-
forcing the need for more studies on mucosal colonization
by Candida spp. in people living with HIV/AIDS.

There was no association between the isolation of Candida in
the oral cavity and the sociodemographic factors discussed
in this study. However, according to meta-analysis data, it is
important to emphasize that the negative sociodemographic
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predictors for the quality of life and well-being of PLHIV are ence of a supportive social network are considered positive
as follows: poverty, age > 35 years, alcohol consumption, predictors of PLHIV’s quality of life.!3!)
and drug abuse. On the contrary, condom use and the pres-

Table 2. Presence of Candida by clinical characteristics. Fortaleza, Brazil, 2019

With Candida Without Candida
Variables p-value
n % N %
Use of drugs other than ART 680"
Yes 10 37.0 17 63.0
No 32 41.6 45 58.4
History of hospitalization 014"
Yes 11 68.8 5 313
No 32 36.0 57 64.0
TCD4 lymphocyte count .018™
>200 cells/mm’ 31 373 52 62.7
<200 cells/mm’ 6 85.7 1 14.3
TCDS8 lymphocyte count -
> 200 cells/mm® 26 40.0 39 60.0
<200 cells/mm’ 0 - 0 -
Viral load 005
Undetectable 29 33.7 57 66.3
Detectable 13 68.4 6 31.6
Sleep Quality 811"
Poor sleeper 34 40.0 51 60.0
Good sleeper 9 429 12 57.1

Note.” Chi-squared test; “Fisher’s exact test

Table 3. Logistic regression model for the presence of Candida. Fortaleza, Brazil, 2019

Variables in the equation Odds ratio Confidence interval 95% p-value

Viral load
Detectable 4.80 1.44-15.97 011
Undetectable 1 -

Smoking
Yes 3.59 1.40-9.22 .008
No 1 -

BMI
Low weight 10.92 0.85-140.18 .066
Normal 4.05 1.25-13.14 .020
Overweight/obesity 1

Note. “Wald test

Published by Sciedu Press 27



cns.sciedupress.com

Clinical Nursing Studies

2020, Vol. 8, No. 3

Additionally, a recent meta-analysis shows that adherence
to ART, CD4 lymphocyte count, and presence of comor-
bidities are the major clinical predictors of PLHIV’s quality
of life.*?! In this study, for example, an association was
identified after adjusting the following variables: viral load
(detectable), smoking habits (presence), and nutritional status
(normal).

It is important to mention that both detectable viral load and
candidiasis are events directly associated with the mainte-
nance of the human immune system. Therefore, the presence
of Candida in the oral cavity as a marker of HIV progression
should not be overlooked.!'”! Additionally, defects in specific
TCD4 cell subsets may cause some of these infections, such
as mycobacteriosis and candidiasis.!>’]

Regarding smoking habits it is important to highlight the
fact that products that cause combustion such as cigarettes
favor the development of candidiasis considering that smoke
irritates the mucous membranes and lacerations facilitate
the penetration of fungus in the oral mucosa. In addition,
smoking can reduce imune system function, and by this fa-
cilitating the process of oral colonization by Candida spp.
C. albicans strains increase their virulence when exposed to
cigarette smoke.[**33 Moreover, animal model experimenta-
tions have shown that long exposure to cigarettes attenuates
the protection of the epithelium of the oral mucosa against C.
albicans as evidenced by inflammation.[3®!

This study shows that the strains in general presented high
hemolytic and Pz activities. Although all species present
hemolytic activity, the quantity of cultivated strains (n =
43) shows that the C. albicans (n = 32) isolates have higher
hemolytic activity compared to the other species. It is im-
portant to highlight that all strains of C. albicans presented
hemolytic activity, of which 71% can be classified as moder-
ate. The production of hemolytic activity by Candida species
can be justified by the fact that hemolysin is considered a
nanoprotein that is linked to the cellular appearance of this
genus of yeasts, enabling the exploration of iron from the
host.[*”] Correspondingly, iron is an essential cofactor for its
proteins and contributes to several metabolic processes, such
as cellular respiration and DNA synthesis.3®!

The production of the phospholipase enzyme is considered
an important virulence factor of Candida spp., since it binds
the yeast to the target tissue and generates an entry pathway
in the same hydrolyzed phospholipids and degrading the host
cell membranes, being fundamental for the establishment of
the infectious process.!*”) According to the present research,
all isolated Candida species produce phospholipases, with
C. albicans having the strongest Pz activity, corroborating
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the findings of another study that described phospholipae
production in 61.42% of C. albicans isolates, in addition the
majority were considered as strong producers.3”!

Our findings regarding Pz!'7-3%:3%401 and hemolytic activi-
ties!?!:3% in PLHIV are consistent with the findings of several
previous studies.

This activity may have been underestimated because individ-
uals using ART have yeasts with lower expression of some
enzymes related to the virulence process.!*"! Therefore, the
presence of hemolytic and Pz activities in the strains of this
study, which are even associated with ART, demonstrates the
high potential for virulence and the potential for infections
of these strains.

Currently, effective ART has ensured immune reconstitu-
tion; hence, oropharyngeal and esophageal candidiasis are
still considered clinically relevant. Both diseases are pre-
dominantly caused by C. albicans, a commensurate microbe
in healthy individuals but a likely aggressive pathogen in
PLHIV.[4!=43]

Limitations of the study

This study had some limitations in the evaluation of sleep
quality and in Candida isolation. Sleep was evaluated using
a psychometric scale that, although it was translated and tran-
sculturally adapted to Brazilian Portuguese, once this scale is
less accurate for measurement of sleep disorders if compared
to polysomnography and actigraphy.

In Candida isolation, neither control of variables of interest
such as glycemia and/or glycated hemoglobin values nor
the evaluation of saliva composition were evident consider-
ing that PLHIV experience salivary changes that may favor
Candida colonization and adherence in the oral cavity.?®!
Finally, this study should be replicated in hospitalized people
diagnosed with AIDS to analyze the effect of the predictors
smoking habits, BMI, and viral load on the remission or
progression of candidiasis cases in this group.

5. CONCLUSIONS

There is an association between the use of tobacco and iso-
lation of Candida from the oral cavity in people living with
HIV/AIDS, even with appropriate treatment.
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