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Infection with the SARS-CoV-2 virus was one of the most publicized viral infections in
history, posing a global challenge to healthcare systems through the pandemic it triggered, the first
pandemic of the 21st century. [1, 2] The impact on national healthcare systems was substantial,
simultaneously generating effects on social and economic life worldwide.

The clinical manifestations of COVID-19 are complex and range from asymptomatic forms
to severe illness with symptoms such as acute respiratory distress syndrome (ARDS) and multi-

organ failure. Many COVID-19 patients also exhibited clinical manifestations in the oral cavity.[3]

Working hyphotesis

We started from the hypothesis that SARS-CoV-2 has the potential to affect any organ, and
we focused on potential alterations that might occur in the oral cavity. Since the onset of the
pandemic, an association was observed between SARS-CoV-2 infection and taste perception
disorders. This indication guided our assumption that the virus may act upon the oral mucosa,
suggesting the presence of other associated manifestations. Based on this premise, our objectives

focused on identifying and classifying the oral cavity changes that might occur.

Initially, we aimed to determine whether the oral lesions observed in the context of infection
were early signs or secondary manifestations. As our research progressed and the number of cases
increased, this idea began to take shape. By analyzing existing literature, we concluded that
dysgeusia may represent an early manifestation of infection. In addition to dysgeusia, we identified
a limited number of patients, 5 number presenting xerostomia, glossitis, and ulcerative lesions.
The classification of these lesions remains controversial, and no current consensus exists. For this
reason, these patients were excluded from our study. Moreover, due to the pandemic restrictions,
we were unable to perform additional investigations such as sialometry, tongue biopsies, or lesion
sampling. However, a significant advantage was the fact that hospitalized patients, due to the
severity of illness and therapeutic complexity, required prolonged care, which allowed us to closely
monitor them. Thus, we observed the onset of oral candidiasis in many cases, which allowed us to
categorize it as a secondary manifestation. Unfortunately, due to limited access for non-COVID
patients to our hospital, we were unable to follow these patients post-discharge to detect other

potentially associated changes.



Our attention was focused on taste perception disorders at onset and the secondary
development of oral candidiasis in COVID-19 patients. Over time, data analysis revealed that
dysgeusia appears as an early manifestation, while oral candidiasis occurs as a secondary
complication, particularly in patients with more severe disease. These conclusions were

fundamental in guiding our research.

Starting from these simple but extremely valuable findings, the following hypotheses

emerged:

e What are the factors that influence the occurrence of primary lesions (dysgeusia) or
secondary lesions (candidiasis) in patients with SARS-CoV-2 virus infection? We
propose to analyze a wide range of parameters grouped into six main domains:
demographic indicators, paraclinical data, comorbidities, inflammatory markers,
treatment options, and disease progression data.

e Can dysgeusia be considered a protective factor in preventing the progression to
severe forms of the disease?

e Can a risk score be established based on which we can prevent the occurrence of

secondary lesions such as candidiasis in SARS-CoV-2 virus infection?

Obiectivele generale

The main objective of the study was set separately for each cohort, as follows:
» For the dysgeusia-COVID19 cohort: Determining the incidence, clinical
characteristics, and profile of patients with dysgeusia infected with the SARS-CoV-
2 virus;
» For the candidiasis-COVID19 cohort: Determining the incidence, clinical
characteristics, and profile of patients with oral candidiasis infected with the SARS-
CoV-2 virus.
The secondary objectives of the study were also established separately for each cohort and

were represented by:

» For the dysgeusia COVID19 cohort:



o Identifying dysgeusia as a predictive factor for association with a lower
incidence of progression to severe and critical forms of the disease;

o Identifying demographic factors and clinical characteristics associated with
the occurrence of dysgeusia;

o Defining a risk stratification algorithm for unfavorable disease progression
considering the association between dysgeusia and clinical characteristics.

» For the candidiasis COVID19 cohort:

o Identifying demographic factors and clinical characteristics associated with
the occurrence of dysgeusia;

o Identifying the association between inflammatory markers, administered
therapy, and the occurrence of oral candidiasis;

o Quantifying risk factors for the occurrence of oral candidiasis in patients
hospitalized for SARS-CoV-2 infection, moderate and severe forms of the
disease;

o Defining a risk score and its threshold value for initiating antifungal therapy
to prevent the occurrence of oral candidiasis in patients hospitalized for

SARS-CoV-2 infection, moderate and severe forms of the disease.

Research methodology

The protocol involved conducting a retrospective, non-randomized observational clinical
study consisting of two cohorts of patients, the first associating dysgeusia as a primary lesion of
SARS-CoV-2 infection (DIS-COVIDI19), and the second associating oral candidiasis as a
secondary lesion of SARS-CoV-2 infection (CAN-COVID19).

The patient cohorts were selected from among patients hospitalized for confirmed SARS-
CoV-2 virus infection in the 10th section of the National Institute of Infectious Diseases "Prof. Dr.
Matei Bals" during the period March 2020 - December 2022.

Identification of eligible patients was carried out through a consecutive analysis of the
medical records of all 1100 patients hospitalized for COVID-19 in the 10th section of the National
Institute of Infectious Diseases "Matei Bals" during the study period. During this period, the
institute functioned exclusively as a tertiary specialty center dedicated to the care of COVID-19



patients, so the medical records of all patients hospitalized during the study period were subjected

to analysis and selection according to inclusion and exclusion criteria.
Inclusion criteria

e For the first study, DIS-COVID19, a number of 347 adult patients over the age of 18
diagnosed with COVID-19 based on RT-PCR Sars-CoV-2 tests who presented mild,
moderate, and severe forms of the disease were included.

e For the second study, CAN-COVID19, a number of 294 adult patients over the age of 18
diagnosed based on RT-PCR Sars-CoV-2 tests with moderate or severe forms of COVID-
19 at the time of admission, for whom tongue scraping culture was performed to identify
Candida spp. were included.

Exclusion criteria

e For the first study, DIS-COVID19, pediatric patients, asymptomatic patients, patients with
critical forms of the disease requiring hospitalization in intensive care units, and those
whose medical records were incomplete or inconclusive were excluded from this study.

e For the second study, CAN-COVID19, pediatric patients, patients with mild forms of the
disease (not associated with oral candidiasis), patients for whom tongue scraping culture
was not performed, patients with critical forms of the disease requiring hospitalization in
intensive care units, and those whose medical records contained incomplete or inconclusive
data were excluded from the study. Patients with oral lesions with pre-existing Candida
spp. infection were also excluded.

The study protocol is shown in figure 4.1.

Type of study Cohorts Inclusion/Exclusion criteria

Inclusion criteria:
DIS-COVID19

Observational retrospesctive EEbll i e vl

non-randomized

347 adult COVID19 infection diagnosed by RT-
patients(mild,moderate and PCR Sars-CoV-2 and associated
severe form of the disease) primary (DIS) or secondary (CAN)

lesions

Criterii de excludere:

CAN-COVID19 Patients<18 years, critical
condition,incomplete medical
records.Additionaly, in CAN

) cohort,those with mild forms, without

disease) tongue scraping and with pre-existing

Candidda spp lesions were excluded.

Study period:
March 2020 - December 2022

294 adult patients (moderate
and severe forms of the




Figura.4.1 Protocol study

Source: Own, based on theoretical considerations of research methodology

We emphasize that the classification of clinical forms of COVID-19 was respected,

corresponding to both national and international criteria, as follows:

Mild forms associate clinical manifestations without presenting imaging changes on

CT at the pulmonary level;

Moderate forms present, in addition to clinical signs, imaging changes on CT at the

pulmonary level, but with oxygen saturation maintained above 93% in atmospheric

air;

Severe forms are represented by symptomatic patients with pneumonia and oxygen

saturations below 93%.

The analysis of the medical records of the patients was completed by extracting the following

data: age, sex, origin, pre-existing chronic diseases, circulating virus variants (Alpha, Beta, Delta),

clinical form and symptoms, time interval from disease onset to hospitalization, paraclinical

investigations performed at the time of admission and during hospitalization (total leukocyte count,

neutrophil count, lymphocyte count, alanine aminotransferase-ALT, aspartate aminotransferase-

AST, lactate dehydrogenase-LDH, amylase, lipase, D-dimers, fibrinogen, C-reactive protein-PCR,

ferritin, interleukin 1-IL 1, interleukin 6-IL 6), pulmonary CT, treatment administered during

hospitalization (oxygen therapy, antiviral medication, corticosteroid therapy, anticoagulant,

biological therapy, antibiotic therapy) as well as the evolution and duration of hospitalization.

In the next step, the extracted data were clustered into six domains for statistical analysis and

processing, which we present in Table 4.1.

Table [ 4.1. Clustering of data extracted from the analysis of patient records

Domain 1
Demographic
data

Domainll

Phenotype

Domain III
Associated
chronic
diseases

At least one
chronic disease

Domain IV
Paraclinic
investigations

Domain V
Treatment

Domain VI
Evolution

Antibiotic

Duration from
onset to
presentation

Obesity

Neutrophils

Antiviral

Duration of
hospitalization




Domain II1 Domain V Domain VI

i I. Domainll Associated Domail.i I.V Treatment Evolution
Demographic . Paraclinic
Phenotype chronic : Y
data di investigations
iseases
Origin Beta HTA Lymphocytes  |Biological Evolution
towards acute
respiratory failure
Delta Diabetes Inflammatory  |[[€jBIa gt
mellitus markers
Clinical CVdiseases |[Fibrinogen Anticoagulant
phenotype
Mild Chronic C reactive
pulmonary protein
disease
Moderate Chronic IL1
pulmonary
disease
Severe Neurological ||IL 6
diseases
| | | |D-dimers | | |
| | | |LDH | | |
| | | |[Ferritin | | |
| | | [Biochemistry | | |
| | | TGO | | |
| | | TGP | | |
| | | |Lipase [ [ |
| | | |Amylase | | |

Source: Own, based on data extracted from the analysis of patient records

The data were analyzed using SPSS for Windows version 25.

For Cluster I variables - Age, sex, origin, we used descriptive statistics to calculate the
median and interquartile range (IQR, percentiles 25 - 75).

For the other variables, we proceeded to construct contingency tables and calculate chi-
square, p-value, df, OR or RR, 95% CI, and CV where possible. Below we present the significance
of each of the calculated parameters.

Comparative analysis of categorical variables was performed using the chi-square test. The
Chi-square test indicates whether there is a significant association between DIS and CAN and
categorical variables (TGO, TGP, etc.)

Formula for y*:



2= (0—P)2E\chi*2 = \sum \frac{(O - P)"2} {P}

Where:

* O = Observed Frequency

* E = Expected Frequency

We calculated frequencies, percentages, and odds ratio (OR) or relative risk (RR) values, as
appropriate, along with the confidence interval (CI 95%). For CI 95% values that include the value
1, statistical significance is not achieved.

Relative risk calculation was performed for variables where there is a degree of certainty
based on previous clinical studies and which would influence the parameters under investigation.
In our study, we performed RR calculation for biological therapy, glucocorticoid therapy, and
antibiotic therapy in relation to their secondary development of Candida spp. infections. For the
rest of the variables, we used OR calculation. Relative Risk (RR) compares the risk of an event
occurring in the exposed group versus the unexposed group. Odds Ratio compares the likelihood
of an event occurring (indirect risk) in the exposed group versus the unexposed group.

Comparative analysis of continuous variables was performed using the Mann-Whitney-U
test as all our data were not normally distributed.

Statistical significance was established for p-value values below 0.05. Values of p<0.001
imply a high degree of statistical significance.

For the DIS-COVID-19 cohort, we developed a risk stratification algorithm for unfavorable
disease progression considering the association between dysgeusia and clinical characteristics.

In the case of the CAN-COVID-19 cohort, we proceeded to establish a risk score based on
odds ratio and relative risk obtained from the analysis of categorical variables. Each variable was
assigned an absolute score based on the values (OR or RR) and the degree of statistical significance

obtained. The cut-off value was established to reach a threshold of 75%.

Study 1. Dysgeusia, initial manifestation of SARS-CoV-2 virus infection

Introduction

Dysgeusia was considered from the onset of the pandemic to be pathognomonic for SARS-

CoV-2 virus infection. Most cases were reported in the following variants: initial, alpha, beta, delta.



With the emergence of the omicron variant, the incidence of dysgeusia as a clinical manifestation
has sharply decreased. We all know that the manifestations of SARS-CoV-2 virus infection can be
complex and can vary from asymptomatic forms to severe forms with multi-organ involvement.

Dysgeusia along with anosmia were in many cases among the few early signs of the disease.

We discussed in the theoretical part that the mechanism of dysgeusia is not yet known, with
several theories being proposed, namely:

o Direct involvement of the olfactory, glossopharyngeal, and facial nerves;[4]

o Direct action on the central nervous system, in cases with dysgeusia persisting for several
weeks[5];

e Direct involvement of taste buds at the lingual level where ACE2 receptors are very well
represented [6];

e Increase in IL 6 levels, following the massive release of pro-inflammatory factors, alters
taste pathways[7];

e Quantitative and qualitative changes in salivary gland secretion[8,9];

e Advanced age, chronic medication, pre-existing diseases (anemia, diabetes mellitus,
anxiety, depression, cardiovascular and pulmonary diseases), zinc deficiency, poor oral
hygiene [4,8,10].

Discussion

Our study was conducted during the period March 2020-December 2021, in the 10th section
of the National Institute of Infectious Diseases "Prof. Dr. Matei Bals" and included patients
hospitalized with SARS-CoV-2 infection.

I would like to mention that these discussions were published in the article "Unraveling
dysgeusia in SARS-CoV-2 infection: clinical and laboratory insights from hospitalized COVID-
19 patients in Romania" of which I am the author, in March 2025, during the research period.[11]

The results obtained, as observed below, are extremely interesting and help us better
understand the impact of dysgeusia in SARS-CoV-2 virus infection. Out of the total of 347
hospitalized patients included in this study, 111 associated taste changes, the incidence being 32%.
Similar results were obtained in the meta-analysis by Mutiawati et al [12], where 30901 patients
from 101 studies in the international literature were included to calculate the incidence of
dysgeusia, the results obtained being similar to those of our study, namely 36.6%. The study
conducted by Ali FA et al [13], carried out during the same period as our study and which included



405 COVID-19 positive patients, identified a percentage of 48.1% incidence of dysgeusia, higher
than in our case. This result can be explained by the increased number of enrolled patients who
presented mild forms of the disease 87.4% compared to our study, where only 8.5% were
diagnosed with mild forms.

Regarding sex distribution, our study highlighted a predominance of dysgeusia among the
female population 65.8%, with a median age of 42 years. The association of dysgeusia with the
female sex was also highlighted in the study by Ali FA et al [13], 60.2% of women manifesting
taste perception disorders. However, a difference was observed in the median age, 36 years versus
42 years in our study, explained by the inclusion in our study of a much larger number of older
patients. (the median age of patients enrolled in the study was 52 years versus 36 years in the study
by Ali FA et al [13]). Both Vaira L et al[14] and Paderno A et al [15] concluded that the female
population, with younger ages, most frequently associates taste perception disorders.

The hypothesis was proposed that ACE receptors essential for SARS-CoV-2 virus adhesion
are better represented on the X chromosome, hence the association of taste perception changes
with the female population.[16]

What we found in this study is a balanced distribution of dysgeusia in the three forms of the
disease: mild, moderate, and severe. However, those who did not associate dysgeusia had a 4.5
times higher risk of progressing to severe forms of the disease. Many studies associate dysgeusia
with mild forms of the disease and younger ages, see Paderno A et al [15] and Quasim H et al [17].
This conclusion is very pertinent, considering that these studies took place in the general
population, not focusing on hospitalized patients. However, in the study by Sheng W et al [18], on
a cohort of 217 hospitalized patients, a high incidence of dysgeusia was identified among patients
with mild and moderate forms of the disease, similar to our study.

It is known that patients infected with SARS-CoV-2 associate at least one chronic disease:
hypertension, diabetes mellitus, cardiovascular diseases, obesity. Following statistical analyses,
we found that dysgeusia is significantly less common in patient groups with comorbidities such as
obesity, hypertension, diabetes mellitus, cardiovascular diseases. The statistically significant
information is related to obesity and hypertension, so patients with dysgeusia have a 2 times lower
probability of risk of suffering from obesity than those without dysgeusia and a 2.5 times lower

risk of associating hypertension. A study from Indonesia supports our findings, obtaining similar



results. Siswanto JLJ et al [19] concluded that in the group of patients with dysgeusia, the
percentage of those with obesity, hypertension, and diabetes mellitus was reduced.

Regarding paraclinical changes, we found that patients with dysgeusia had a hematological
profile suggestive of a mild-moderate stage of the disease, with a competent immune status,
without associating a high degree of lymphopenia, compared to those without taste perception
changes, who had a 2 times higher risk of presenting lymphopenia and obviously an unfavorable
clinical evolution. The analysis of biochemical markers shows higher median values in the group
of patients without dysgeusia, in the case of all analyzed parameters (TGO, TGP, amylase, lipase),
significantly higher extreme values and more frequent, compared to the group of patients with
dysgeusia. The results support the idea that dysgeusia can represent a biological marker signaling
a less severe clinical phenotype. Studying inflammatory markers, a significant association of
increased values of ferritin, fibrinogen, and C-reactive protein was found in the group of patients
with non-dysgeusia. Increased values of inflammatory markers are associated with a high potential
for developing complications and reflect an increased incidence of progression to moderate and
severe forms of the disease. The high risk of unfavorable evolution in this category was described
from the beginning of the pandemic. The fact that patients with dysgeusia or other taste perception
disorders did not have significant changes in inflammatory markers was also noted by
Thippeswamy SN et al [20], in a group of 160 participants with mild, moderate, and severe forms.
Before obtaining the results of this study, I documented myself in the specialized literature and
observed that dysgeusia was associated with increased values of IL 6 and LDH [21,22,23]. In our
study, an increased value of IL 6 was found in both groups of patients with and without dysgeusia,
without statistical significance, while the increased value of LDH was statistically significant for
the group of patients without dysgeusia. One explanation could be that our study included a smaller
number of patients and a high percentage of moderate and severe forms, which generally associate
with inflammatory phenomena, thus clarifying the presence of increased values of IL6, IL1, and
LDH. I would like to mention that the number of studies that aimed to identify a specific biological
profile among patients with taste perception disorders is quite limited, so the information obtained
in our research can be considered valuable, bringing additional information.

Regarding the medication used, both groups with and without dysgeusia used anticoagulant
therapy, without statistically significant differences from this point of view. However, biological

therapy and corticosteroid therapy were administered 2.6 and 1.6 times more frequently among
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patients without dysgeusia, which strengthens the hypothesis that patients with dysgeusia
associated milder forms of the disease and the medication used among them was less complex.
Indeed, in the case of enrolled patients without taste perception changes, we found statistically
significant changes in the use of antibiotic therapy, antiviral medication, biological therapy, and
corticosteroid therapy, with p-values <0.001, which supports the theory that dysgeusia can be
considered to have a protective role in unfavorable evolution.

The presence of dysgeusia in COVID-19 correlates with a less severe disease course, with
early presentation to medical consultation, reduced hospitalization duration, and a lower risk of
associating respiratory failure. Regarding the duration of hospitalization, patients with dysgeusia
showed a faster clinical recovery, and thus the costs were lower.

Conclusions and Proposals

The additional information provided in this study is considerable, given the fact that there
are few clinical and laboratory data regarding hospitalized patients with dysgeusia who presented
moderate and severe forms, most studies focusing on the association of dysgeusia with mild forms
of the disease. The records of these patients are quite complex and help us better understand certain
particularities and associations.

Our study identified an incidence of 32% of dysgeusia among hospitalized patients with
SARS-CoV-2 infection, mild, moderate, and severe forms during the circulation of the Alpha, Beta,
and Delta variants. A predisposition of the female sex was observed, with a predominance of
younger ages and an equal distribution of dysgeusia cases across the forms of the disease.

We identified that patients with taste perception disorders had fewer comorbidities and fewer
changes in biological variables. These patients had a low percentage of systemic inflammatory
response and did not experience the well-known stage of the "cytokine storm," which is associated
with an increased risk of ARDS.

The necessary treatment was less complex, and the risk of associating respiratory failure was
much reduced. In this context, the hospitalization time and associated costs were reduced, so
dysgeusia can be considered a protective factor during SARS-CoV-2 infection.

From the perspective of public health systems and triage, the presence of dysgeusia can help
stratify patient risk in relation to the clinical phenotype, guide therapeutic decisions, the intensity
of therapy administration, and not least, the allocation of public health system resources in

pandemic conditions.
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Study 2. Oral candidiasis, secondary manifestation of SARS-CoV-2

infection

Introduction

Oral candidiasis is a fungal infection caused by various species of Candida and is considered
an opportunistic infection, meaning it is favored by the occurrence of an imbalance within the
immune system. During the pandemic, numerous cases of oral candidiasis were described in
patients infected with the SARS-CoV-2 virus, being a secondary complication not at all
coincidental, given the multitude of changes caused by the virus at the oral cavity level.

In the general part, we discussed the characteristics observed in COVID-19 patients who
associated oral candidiasis. Regarding our study, I will briefly highlight some particularities that
help us better understand the pattern of these patients and the importance of monitoring them to
prevent the occurrence of fungal infections.

e Poor oral hygiene, secondary to the immobilization of these patients due to the use of
oxygen therapy and altered general condition;

e The most affected were those who associated severe and critical forms of the disease;[24]

e Frequent use of antibiotics, with secondary modification of the oral microbiota, thus
favoring the occurrence of fungal infections;[25]

e Pre-existing chronic conditions, especially diabetes mellitus, neoplastic diseases;

¢ (Quantitative and qualitative changes produced by the virus at the salivary level;[26]

e Associated severe lymphopenia, decreased the body's defense capacity against
opportunistic germs;

e Significant inflammatory reaction, with massive release of cytokines and increased ferritin
levels, favoring fungal infections;

e Use of corticosteroid therapy and biological medication;

e Administration of zinc supplements during the pandemic increased the incidence of
candidiasis.

Considering all these aspects, it can be concluded that COVID-19 patients, especially those
with severe and critical forms of the disease, are predisposed to developing oral candidiasis as a
secondary complication. It is essential to closely monitor these patients to promptly prevent and

treat fungal infections.
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Discussions and Conclusions

In this study, we conducted a retrospective analysis among 294 hospitalized patients
diagnosed with SARS-CoV-2 virus infection and who associated oral candidiasis, infection proven
by culture performed from tongue scraping. I mention that the results obtained were published in
the article "The Incidence and Characteristics of Oral Candidiasis in Patients Hospitalized for
SARS-CoV-2 Infection During the Circulation of Alpha, Beta, and Delta Variants," of which I am
the author, published in 2024 .[27]

The incidence of oral candidiasis in the study group was 17%, the result obtained being
different compared to data published in other studies. Thus, the incidence of candidiasis in the
study by Di Spirito et al [28] was 10.74%, from a group of 4925 enrolled patients, Babamahmoodi
et al [29] identified 2.9% patients with oral candidiasis from 4133 patients enrolled in the study,
and Salehi et al [30] a percentage of 5% of oral candidiasis. These observed variations can be
attributed to several factors, such as patient selection criteria, inclusion in their groups of all forms
of the disease, medication used, associated comorbidities.

As it appears from domain I, demographic data, the presence of candidiasis seems to be more
frequent among the female population, without having a statistically significant association. In
addition, the group of patients diagnosed with candidiasis has a median age higher by over 4 years
(55.5 years vs. 51.5 years, p = 0.0052), compared to those without candidiasis. Riad et al [31]
identified in an analysis of 63 cases of oral candidiasis an average age of 59.5 years and a
predominance of the female sex 56.7%, results similar to those obtained in our case.

Regarding the distribution of oral candidiasis according to the form of the disease, the
incidence was higher among patients with severe form (86%), therefore, patients with COVID-19
with a severe form of the disease were 4.2 times more likely to develop oral candidiasis, a result
that was highly statistically significant. This aspect has often been emphasized in the literature and
is logical, considering that severe forms of COVID-19 required high-flow oxygen, which led to a
decrease in saliva quantity, had poor oral hygiene due to limited physical activity secondary to
associated respiratory insufficiency, and benefited from complex and aggressive therapy, which
involved the association of antibiotic therapy, corticosteroid therapy, and biological medication. In
addition, most patients with oral candidiasis had at least one chronic disease (80%). In our study,
no statistically significant association was found, but it was observed that type 2 diabetes mellitus

was more frequent among patients with candidiasis, and patients with hypertension and obesity
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were 1.9 and 1.7 times more likely to develop oral candidiasis. Similar results were obtained in
the studies by Salehi et al [32] and Negm et al [33], who reported that diabetes mellitus and
hypertension are more frequent among patients with oral candidiasis.

Regarding laboratory investigations, we observed a significant association of increased
values of ferritin, LDH, and fibrinogen with the presence of oral candidiasis in COVID-19 patients.
The presence of a significant inflammatory response is associated with severe forms of the disease,
with the need for more complex treatment, which can in turn favor the occurrence of candidiasis.
Similar results were obtained in a study conducted in Turkey [34] . It is known that severe
lymphopenia is closely related to a more reserved prognosis and the development of candidiasis,
in our case we observed that patients in the candidiasis group have a 1.3 times higher risk of
associating lymphopenia, a fact also found by Ortega et al [35] in his study.

In our study, the treatment administered to patients with oral candidiasis infected with the
SARS-CoV-2 virus was complex and long-lasting. Antibiotic therapy and glucocorticoids recorded
the most significant differences between patient groups, the associations between these and the
occurrence of oral candidiasis being statistically significant, patients having a relative risk of
developing oral candidiasis of 13% and 19%, respectively. Therefore, both antibiotic therapy and
corticosteroid therapy can be considered risk factors for the occurrence of oral candidiasis. In a
study conducted in Iran during the pandemic, patients who developed secondary oral candidiasis
received antibiotic therapy and corticosteroid therapy .[36] The same results regarding the
association between corticosteroid therapy and fungal infections were published in the pre-
pandemic period in China .[37]

The presence of candidiasis in patients with SARS-CoV-2 infection correlates with a more
severe, unfavorable evolution, including an increase in hospitalization duration, and a higher risk
of associating respiratory insufficiency. The average hospitalization duration for patients with
candidiasis was 15-16 days, longer compared to the median corresponding to the group without
candidiasis, which was between 10-12 days. A statistically significant association that emerges
from our study is related to the risk of progression to respiratory insufficiency, this being
approximately 3.6 times higher in the group of patients with oral candidiasis.

Conclusions

The results of this study are relevant for understanding the clinical context and for the effective

management of oral candidiasis cases in patients with COVID-19.
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The incidence of oral candidiasis was 17% among hospitalized patients with moderate and
severe forms of COVID-19 during the circulation of the Alpha, Beta, and Delta variants. We
identified that severe forms of the disease are associated with a higher risk of developing secondary
fungal infections. The administration of antibiotic therapy and corticosteroid therapy proved to be
positive predictive factors for oral candidiasis. The results obtained are encouraging, helping us to
create an algorithm to support the prevention of fungal infections.

It is important to emphasize that we managed to include a significant number of patients,
generating an extensive data set. This allowed us to identify relevant characteristics and risk factors
for the development of oral candidiasis among Romanian patients hospitalized in the largest
infectious disease hospital in the country and the main coordination center for the COVID-19
pandemic. Thus, although the study has its limitations, its contributions are essential for
understanding and managing oral candidiasis in the context of SARS-CoV-2 infection.

Given the size of our cohort and the fact that certain variables did not reach the threshold of
statistical significance, we will integrate our results with literature data for known variables that
could favor Candida spp. infections. Based on the corroboration of all these data, we propose a risk
score that will consider the statistical significance of the association between the analyzed variable

and the occurrence of oral candidiasis reached during our research.

Final Conclusions

e We identified the incidence of dysgeusia among hospitalized patients with SARS-CoV-2
infection, based on clinical forms during the circulation of the Alpha, Beta, and Delta
variants.

e A predisposition of the female sex was observed, with a predominance of younger ages and
an equal distribution of dysgeusia cases across the clinical forms of the disease.

e We found that patients with taste perception disorders had fewer comorbidities.

e Biological variables in patients with dysgeusia did not undergo significant changes, mostly
falling within laboratory limits.

e The necessary treatment for these patients was less complex and did not require the use of
associated therapies: antibiotic therapy, biological therapy, and corticosteroid therapy.

e The risk of respiratory failure among patients with dysgeusia was much lower.

The hospitalization period in these cases was shorter, thus reducing hospitalization costs.
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Dysgeusia can be considered a protective factor during SARS-CoV-2 infection, as these
patients had a much lower risk of unfavorable outcomes.

We identified the incidence of candidiasis among hospitalized COVID-19 patients, based on
clinical forms and circulating virus variants.

Severe forms of COVID-19 are associated with a higher risk of developing fungal infections.
The incidence was higher among the female population, with older ages.

Patients with candidiasis had changes in laboratory parameters, associating a significant
inflammatory syndrome and marked lymphopenia.

The administration of antibiotic therapy and corticosteroid therapy are positive predictive
factors for oral candidiasis.

Therapeutic management in cases of candidiasis is much more complex, requiring rigorous
evaluation of patient records and a multidisciplinary approach.

The clinical evolution of patients with candidiasis involves a more frequent association of
respiratory failure and a longer hospitalization duration.

Limitations were largely due to the epidemiological situation imposed during the pandemic,
which restricted access for both doctors and patients to interdisciplinary consultations and
certain investigations.

Some of the oral cavity lesions described in the literature could not be scientifically argued
in our case, as we did not have access to all medical resources during that period.

Although the studies were conducted on smaller cohorts, the results are consistent with other

research published to date.

Personal Contributions

Our research guides clinicians towards an appropriate approach to future epidemic situations,

offering solutions for public health management. It is essential that future research focuses on

identifying risk factors and developing effective clinical guidelines. Additionally, multidisciplinary

collaboration and access to comprehensive medical resources are paramount for optimal

management of these cases, especially in restrictive epidemiological situations.

The clinical data obtained and presented throughout our research support the use of dysgeusia

as a phenotypic marker in stratifying the risk of COVID-19 patients towards a severe form of the

disease and an unfavorable evolution. In combination with comorbidity status, inflammatory
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markers, and multi-organ involvement, it provides an accurate and stratified picture of the severity
of COVID-19 evolution, thus guiding therapeutic decisions, case prioritization, and resource
allocation, especially in pandemic conditions. Based on the results obtained, we propose an
integrated risk stratification algorithm, taking into account the analyzed variables and the statistical
significance achieved during our research. The risk score matrix that underpins our algorithm is
presented in Table 5.29 of the thesis.

Another proposal aims at creating a risk score for patients infected with the SARS-CoV-2 virus
regarding the association of infections with opportunistic germs, particularly Candida spp. Even if
certain variables did not reach the threshold of statistical significance, we integrated our results with
those from the literature. Based on the corroboration of all these data, we proposed a risk score that
considers the statistical significance of the association between the analyzed variables and the
occurrence of oral candidiasis achieved during our research. This is found in Figure 6.48 of the
doctoral thesis.

We also propose, based on the identified risk categories, the use of a preventive cut-off score
in clinical practice, from which antifungal therapy should be instituted, as presented in Figure 6.49

of the thesis.
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