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Abstract

Background: This study aimed to investigate the oral health presentations of coronavirus disease 2019 (COVID-19) inpatients using
statistical analysis and machine learning methods before infection, during hospitalization, and after discharge from the hospital.
Methods: This cross-sectional study was conducted on 140 hospitalized COVID-19 patients with reverse transcription-polymerase
chain reaction diagnosis and severe symptoms. Demographic data, clinical characteristics, oral health habits, and oral manifesta-
tions in three periods (i.e., before infection, during hospitalization, and after discharge from the hospital) were recorded through a
questionnaire and oral examination. Statistical analysis and machine learning methods were used for the analysis of patients’ data.
Results: Xerostomia, dysgeusia, hypogeusia, halitosis, and a metallic taste were the most frequent oral symptoms during hospital-
ization, with the incidence of 68.6%, 51.4%, 49.3%, 31.4%, and 29.3% in patients, respectively. Using tobacco significantly increased the
incidence of xerostomia, dysgeusia, hypogeusia, halitosis, and a metallic taste during hospitalization (P = 0.011, P = 0.001, P = 0.002,
P = 0.0001, and P = 0.0001, respectively). Smoking led to increasing dysgeusia, hypogeusia, halitosis, and a metallic taste during
hospitalization (P = 0.019, P = 0.014, P = 0.013, and P = 0.006, respectively). The micro-average receiver operating characteristic (ROC)
curve analysis revealed that the machine learning logistic regression model achieved the highest area under the ROC curve with a
value of 0.83.
Conclusions: Xerostomia and dysgeusia are the most common oral symptoms of COVID-19 patients and could be used to predict
COVID-19 infection. Dysgeusia correlates with xerostomia, and it is hypothesized that xerostomia is an etiologic factor for dysgeusia.
The early detection of COVID-19 can help reduce the enormous burden on healthcare systems, and machine learning is advantageous
for this purpose.
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1. Background

Severe acute respiratory syndrome Coronavirus 2
(SARS-CoV-2) is a single-chain ribonucleic acid virus that
causes coronavirus disease 2019 (COVID-19) (1). The COVID-
19 induces a global pandemic that is the most common
cause of death in 2020 and 2021. The most common
symptoms of COVID-19 infection are fever, sore throat,
cough, dyspnea, nausea, and vomiting (2). The receptor of
SARS-CoV-2 is angiotensin-converting enzyme 2 (ACE2) (3).
Tongue mucosa and salivary glands have ACE-2 receptors;
therefore, these organs might be the host cells for the virus
that causes an inflammatory response in these organs (4).
The SARS-CoV-2 can alter the oral microbiome equilibrium

and predispose the patient to oral opportunistic infections
(5).

In addition, pharmacotherapy for COVID-19 infection
is a factor that influences oral health (6). Inflammatory
cytokines and oxidative stress compounds are the other
causative factors for the oral manifestations of COVID-19 in-
fection (7). The oral signs and symptoms of COVID-19 infec-
tion include dysgeusia, oral ulcers, desquamative gingivi-
tis, petechiae, candidiasis, red and white plaques, necrotiz-
ing ulcerative gingivitis, and herpes simplex virus lesions
(8, 9). Moreover, the detection of SARS-CoV-2 in the saliva
specimens is more feasible and accurate than in nasal sam-
ples (10, 11).

Mucosal ulceration is the most common oral manifes-
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tation of COVID-19 infection that is strongly affected by
dental and oral hygiene (12). Moreover, the data received
from the oral examination of COVID-19 patients is limited
due to personal protective considerations (13). It seems
that the incidence of COVID-19 oral signs and symptoms is
simultaneous with decreased taste and smell (14).

2. Objectives

With regard to the lack of enough data about the oral
manifestations of COVID-19 infection and the effects of
oral habits on the oral manifestations of patients, this
study aimed to investigate the oral health presentations
of COVID-19 infection in COVID-19 inpatients before infec-
tion, during hospitalization, and 1 week to 4 months after
discharge from the hospital. This study will help under-
stand the approaches for the prediction and management
of COVID-19 oral side effects.

3. Methods

This cross-sectional study was conducted in Imam
Khomeini hospital, Tehran University of Medical Sciences,
Tehran, Iran, from 1 September 2020 to 17 October 2020.

3.1. Ethical Statement

This study was approved by the Ethics Committee
of Tehran University of Medical Sciences (ethics code:
IR.TUMS.VCR.REC.1399.369). After describing the study ob-
jectives, written informed consent was obtained from all
parents.

3.2. Participants

A total of 210 hospitalized patients with a definite di-
agnosis of COVID-19 by reverse transcription-polymerase
chain reaction and severe symptoms (according to the lat-
est World Health Organization joint report) were enrolled
in this study. After obtaining signed informed consent
from the participants to complete the questionnaire, the
researcher completed the questionnaire by interview and
oral examination of patients and collected the informa-
tion about the demographic characteristics, oral health
habits, oral examination, oral manifestations, and other
symptoms in three periods, namely before infection, dur-
ing hospitalization, and 1 week to 4 months after discharge
from the hospital. Finally, from the patients enrolled in
this study, the data of 140 patients’ questionnaires were ac-
ceptable and complete to perform analyses.

3.3. Questionnaire

A questionnaire was designed for this study because
most of the available questionnaires did not include the
epidemiological and various oral, taste, and olfactory man-
ifestations of COVID-19 infection. The questionnaire com-
prised six sections with 56 items. The first section includes
demographic information; the second section includes ob-
serving the oral health habits of the individual before in-
fection; the third section includes the data related to oral
and nonoral symptoms before infection; the fourth section
includes the study of oral and nonoral symptoms during
hospitalization; the fifth section includes observing the
oral hygiene habits of the individual after discharge from
the hospital; the sixth section includes the examination of
the oral symptoms 1 week to 1 month after discharge from
the hospital.

The questionnaires were completed over three time
periods, before infection, during hospitalization, and af-
ter discharge from the hospital. The patient was asked to
record his/her experiences from 1 week before hospitaliza-
tion up to hospitalization to complete the questionnaire.
In addition, regarding the information related to after dis-
charge from the hospital, the patient reported his/her ex-
periences up to 1 month after discharge from the hospital.
Regarding the data during hospitalization, the question-
naire was filled by the oral examination and interview of
the patients.

Demographic data included gender (female/male),
age, hospitalization (day), tooth brushing (yes/no) and the
number of times per day, flossing (yes/no) and the num-
ber of times per day, mouthwash use (yes/no) and the num-
ber of times per day, smoking (yes/no) and the number
of times per day, tobacco use (yes/no) and the number of
times per week, and alcohol consumption (yes/no) and
the number of times per week. Regarding the oral symp-
toms of patients, xerostomia, dysgeusia, hypogeusia, hal-
itosis, a metallic taste, oral ulcer, oral pain, oral candidia-
sis, gum swelling, gum bleeding, any other symptoms and
oral manifestations that were not mentioned in the ques-
tionnaire items were asked before infection, during hospi-
talization, and after discharge from the hospital. However,
oral examination during hospitalization was performed
by the researcher (dentist and oral medicine specialist).

3.4. Statistical Analysis

The SPSS software (version 22; SPSS Inc., Chicago, IL,
USA) and GraphPad Prism for Windows (version 9.0.0;
GraphPad Software, San Diego, California) were applied
to analyze the results. The Wilcoxon signed-rank test
for quantitative variables and McNemar’s test for quali-
tative variables were used to compare the observed oral

2 Ann Mil Health Sci Res. 2022; 20(1):e121764.



Manifar S et al.

health habits measured twice (before infection and after
discharge from the hospital). Spearman’s correlation anal-
ysis, logistic regression, and Wald test were used for inter-
pretation. For comparing and modeling oral symptoms,
logistic regression was used based on oral health habits.
The receiver operating characteristic (ROC) curve analysis
evaluated the logistic regression model as a differentiation
method to predict oral manifestations in hospitalized pa-
tients versus hospitalized patients without those oral man-
ifestations. Spearman’s correlation was calculated to iden-
tify the correlation between demographic data, oral health
status, and the oral manifestations of COVID-19 patients.
The results were presented as means± standard deviation,
and a P-value ≤ 0.05 was considered statistically signifi-
cant.

3.5. Machine Learning Analysis

The artificial neural network is a supervised machine
learning method used in various classification and pre-
diction tasks. In this study, three multiclass feed-forward
fully connected neural network models were constructed
to predict the oral symptoms of patients before infection,
during hospitalization, and after discharge from the hos-
pital. The first model used demographic data as input fea-
tures and predicted the patients’ oral syndrome before
infection. In addition to the demographic data, the sec-
ond model used patients’ oral symptoms before infection
and predicted patients’ oral symptoms during hospital-
ization. Finally, in the third model, in addition to using
the demographic data and oral syndrome before infection,
the oral symptoms of patients during hospitalization were
used as input features. In the last model, the oral symp-
toms of patients after discharge from the hospital were
predicted. The resultant predicted vectors of entire mod-
els were composed of five features describing the patient’s
xerostomia, dysgeusia, hypogeusia, halitosis, and a metal-
lic taste simultaneously before infection, during hospital-
ization, and after discharge from the hospital for up to 1
month.

The vector elements were labeled as 1 or 0, showing in-
fection or noninfection of corresponding features for each
patient. For the implementation of the proposed models,
a multi-label classification task was performed using the
Keras library (15), which is a high-level neural network API.
In the experiments, 80% of data samples were used dur-
ing the training and validation phase, and 20% of the re-
maining were used during the test phase. The 5-fold cross-
validation was used, and the Adam optimizer was utilized
for learning the neural network parameters (16). The hy-
perparameter settings are 100 for batch size, 0.001 for the
learning rate, and 0.2 for the dropout probability. The con-
structed models have two hidden layers, and each hidden

layer has 32 neurons. The ReLU activation function and the
sigmoid activation function were used for the hidden lay-
ers and the output layer, respectively.

For the construction of the models as mentioned
above, the binary cross-entropy loss function was used in
the following form:

Accuracy =
1

C

C∑
i=1

TNi + TPi

FPi + FNi + TNi + TPi

Specificity =
1

C

C∑
i=1

TNi

FPi + TNi

Sensitivity =
1

C

C∑
i=1

TPi

FNi + TPi

4. Results

Table 1 shows the epidemiologic and demographic data
and oral health habits of 140 participants before infection
and after discharge from the hospital. Of 140 patients, 39
cases did not use a toothbrush daily. Furthermore, 113 and
121 subjects did not floss daily and did not use mouthwash
weekly before infection, respectively. In addition, after dis-
charge from the hospital, 70 patients did not use a tooth-
brush daily. Moreover, 120 and 131 subjects did not floss
daily and did not use mouthwash weekly, respectively. Fur-
thermore, 125, 122, and 132 subjects did not smoke daily,
did not use tobacco weekly, and did not consume alcohol
weekly before infection, respectively. After discharge from
the hospital, smoking, tobacco use, and alcohol consump-
tion did not change significantly. Five of the patients had
type 2 diabetes. Xerostomia and dysgeusia before infection
and during hospitalization were observed in all of these pa-
tients. Two of the patients had xerostomia and dysgeusia
even after discharge from the hospital. In addition, two pa-
tients developed type 2 diabetes after discharge from the
hospital, among whom xerostomia and dysgeusia were ob-
served after discharge from the hospital.
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Loss = −1

c

c∑
j=1

[
Lj .logL̂j + (1 − Lj ) .log

(
1 − L̂j

)]

ground-truth label, and L̂ is the predicted label). For 
the evaluation of the present models, the accuracy, speci-
ficity, a nd s ensitivity m easures f or e ach c lass w ere sepa-
rately computed and finally averaged to compute the total 
accuracy, specificity, and sensitivity of the model in the fol-
lowing forms:

Where is the total number of classes (i.e., 5, L is the 
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Table 1. Demographic Data and Oral Health Habits of Subjects a

Variables Patients (n = 140) (Maximum-Minimum)

Section (A) Demographic Data

Age (y) (mean ± SD) 53.78 ± 17.44 (15 - 92)

Gender

Male 62 (44.29)

Female 78 (55.71)

Denture

Yes 42 (30.0)

No 98 (70.0)

Diabetes type 2

Yes 5 (2.85)

No 135 (97.15)

Hospitalization
(day)

7.41 ± 5.24 (1 - 31)

Dental visit
(yearly)

0.63 ± 1.01 (0 - 5)

Yes 52 (37.14)

No 88 (62.86)

Section (B) Before Infection

Toothbrush/daily 1.19 ± 0.99 (0 - 5)

Flossing/daily 0.30 ± 0.69 (0 - 3)

Mouthwash/daily 0.21 ± 0.61 (0 - 3)

Smoking/daily 0.34 ± 1.43 (0 - 10)

Tobacco/weekly 0.34 ± 0.98 (0 - 5)

Alcohol/weekly 0.11 ± 0.58 (0 - 6)

Section (C) After Discharge from the Hospital

Toothbrush/daily 0.89 ± 1.11 (0 - 5)

Flossing/daily 0.23 ± 0.64 (0 - 3)

Mouthwash/daily 0.08 ± 0.37 (0 - 3)

Smoking/daily 0.33 ± 1.15 (0 - 6)

Tobacco/weekly 0.26 ± 0.83 (0 - 4)

Alcohol/weekly 0.029 ± 0.17 (0 - 1)

a Values are expressed as mean ± SD or No. (%).

Regarding the comparison of oral health habits be-
fore and during hospitalization and based on the Wilcoxon
signed-rank test, there was a significant decrease in tooth
brushing (P = 0.001), mouthwash use (P = 0.001), weekly
tobacco use (P = 0.005), and weekly alcohol consumption
(P = 0.02) after discharge from hospital. However, the
difference between the frequency of dental flossing (P =
0.113) and smoking (P = 0.167) was not statistically signifi-
cant. Figure 1A depicts the frequencies of oral symptoms
in patients and their comparisons before infection, dur-

ing hospitalization, and after discharge from the hospital.
As shown in Figure 1A, xerostomia, dysgeusia, hypogeusia,
halitosis, and a metallic taste were the most frequent oral
symptoms during hospitalization. Figures 1A and B illus-
trate the comparison of the oral symptoms in different pe-
riods (i.e., before infection, during hospitalization, and af-
ter discharge from the hospital) with P-values. Oral ulcers,
oral pain, and oral candidiasis were oral symptoms with
less frequency and no significant difference between be-
fore infection and during hospitalization. Gum swelling
(12.85%) and gum bleeding (12.14%) during hospitalization
were reported in some patients.

4.1. Xerostomia

The incidence of xerostomia in COVID-19 patients dur-
ing hospitalization was 68.6% (n = 96), which was signifi-
cantly higher than before and after discharge from the hos-
pital (P < 0.001). There was no statistically significant dif-
ference in xerostomia between male and female patients
before infection (P = 0.298) and during hospitalization (P
= 0.201) based on Fisher’s exact test. However, xerostomia
after discharge from the hospital was significantly lower
in female patients than in male patients (P = 0.006) (Fig-
ures 1C - E). Tobacco use had a statistically significant effect
on the incidence of xerostomia during hospitalization (P
= 0.011). Based on the Mann-Whitney U test, with increas-
ing age, xerostomia after discharge from the hospital in-
creased significantly (P = 0.008).

4.2. Dysgeusia

The incidence of dysgeusia during hospitalization was
51.4% (n = 72). Based on Cochran’s test, the incidence of
dysgeusia during hospitalization was significantly higher
than before infection and after discharge from the hospital
(P ≤ 0.001). The incidence of dysgeusia before the disease
was significantly higher in female patients than in male pa-
tients (P = 0.006); however, there was no significant differ-
ence between male and female subjects in dysgeusia dur-
ing hospitalization and after discharge from the hospital.
Dysgeusia during hospitalization in smoking patients was
increased (P = 0.019). Using tobacco increased dysgeusia
before infection (P = 0.007) and during hospitalization (P
= 0.001), respectively.

4.3. Hypogeusia

In this study, 69 patients (49.3%) experienced hypogeu-
sia during hospitalization. Smoking led to increasing hy-
pogeusia during hospitalization (P = 0.014). Using tobacco
increased hypogeusia before infection (P = 0.002) and dur-
ing hospitalization (P = 0.002). Using mouthwash led to
decreasing hypogeusia during hospitalization (P = 0.001).
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Figure 1. Frequency of A, oral; and B, Nonoral symptoms in patients and their comparisons before infection, during hospitalization, and after discharge from hospital (* P >
0.05, ** P < 0.05, *** P < 0.001); Incidence of Xerostomia in Coronavirus diseases 2019 patients categorized based on gender and age in three periods; before C, infection; D,
during Hospitalization; and E, after discharge from hospital.

4.4. Halitosis

The rate of halitosis during hospitalization was 31.4%
(n = 44). Tooth brushing caused decreased halitosis be-
fore infection (P = 0.009) and during hospitalization (P =
0.024). Smoking (P = 0.013) and using tobacco (P = 0.001)
increased halitosis during hospitalization, respectively.

4.5. Metallic Taste

The rate of metallic taste sensation during hospital-
ization was 29.3% (n = 44). Tooth brushing caused a de-
creased metallic taste sensation before (P = 0.001) and dur-
ing hospitalization (P = 0.026). During hospitalization,
metallic taste sensation significantly increased in smokers
(P = 0.006) and tobacco users (P = 0.0001). Using mouth-
wash decreased metallic taste sensation during hospital-
ization (P = 0.035).

4.6. Nonoral Symptoms

The common nonoral symptoms of hospitalized
COVID-19 patients were gastrointestinal symptoms, smell

defects, asthma, and skin rashes (Figure 1B). Other nonoral
symptoms reported by patients were cough, malaise,
myalgia, anorexia, respiratory distress, and olfactory
dysfunction. Spearman’s correlations were performed
to examine the relationship between oral health status
and oral and nonoral symptoms. There was a statistically
significant positive correlation between tobacco with
(1) dysgeusia before infection (r = 0.638, P < 0.001); (2)
hypogeusia before infection (r = 0.582, P < 0.001); (3) xe-
rostomia during hospitalization (r = 0.662, P < 0.001); (4)
dysgeusia during hospitalization (r = 0.675, P < 0.001); (5)
hypogeusia during hospitalization (r = 0.667, P < 0.001);
(6) halitosis during hospitalization (r = 0.624, P < 0.001);
and (7) a metallic taste during hospitalization (r = 0.640, P
< 0.001).

Logistic regression was used to model oral symptoms
based on the demographic data and oral health habits. Due
to the numerous variables and the probability of their in-
teraction with each other, it was preferred to perform lo-
gistic regression that showed the real and independent ef-
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fect of each variable without being affected by other vari-
ables on the oral symptoms (Table 2). Along with the re-
sults of correlation analysis, as shown in Table 2, tobacco
use was a more effective factor than other oral health fac-
tors in the development of oral symptoms. The odds ratio
(OR) and confidence interval (CI) of tobacco use in the lo-
gistic regression model of dysgeusia before infection were
6.307 and 1.620 - 24.554 (95% CI), respectively. The OR and
CI of using tobacco in the logistic regression model of hy-
pogeusia before infection were 9.172 and 2.353 - 35.745 (95%
CI), respectively.

4.7. ROC Analysis

The ROC curve analyses were carried out based on the
demographic data and oral health status using logistic re-
gression to predict xerostomia, dysgeusia, hypogeusia, hal-
itosis, and a metallic taste during hospitalization in COVID-
19 patients (Figure 2A). The ROC curve analysis based on the
demographic data, oral health status, and oral manifesta-
tions before infection showed the ability of ROC curve anal-
ysis to predict xerostomia, dysgeusia, hypogeusia, halito-
sis, and a metallic taste in COVID-19 patients after discharge
from the hospital (Figure 2B). This study showed that xeros-
tomia, dysgeusia, hypogeusia, halitosis, metallic taste sen-
sation, and gingival bleeding increased significantly dur-
ing hospitalization.

4.8. Machine Learning Results

The implementation of the above-mentioned models
to predict the oral symptoms of patients before infection,
during hospitalization, and after discharge from the hos-
pital revealed that the sensitivity, specificity, and accuracy
of model A were 76.70, 85.01, and 26.80, respectively; the
aforementioned values for model B were 81.40, 74.50, and
77.62, respectively. The sensitivity, specificity, and accuracy
of model C were 93.40, 79.22, and 54.55. The cut-off value of
0.5 was used for all the classes.

It was observed that model C, which used the demo-
graphic data, the oral syndrome before infection, and the
oral symptoms of patients during hospitalization as the in-
put features, compared to models A and B, achieved the
highest accuracy. The micro-average ROC curve analysis
(17) of the models revealed that model C obtained the high-
est area under the ROC curve (AUC) with a value of 0.83.
Model B achieved the value of 0.73, and model A had the
lowest AUC with 0.69.

As depicted in Figure 3, in another experiment, a feed-
forward fully connected neural network model was con-
structed for each oral symptom separately to predict its
value using demographic features and other oral symp-
toms before infection, during hospitalization, and after

discharge from the hospital. The ROC analysis was used
to predict oral symptoms separately before infection using
demographic features. It was observed that the AUC-ROC
of the model, which predicted xerostomia, had a value of
0.69 and achieved the highest value in other models. The
AUC-ROC values for other models that predicted dysgeusia,
hypogeusia, halitosis, and a metallic taste were 0.57, 0.50,
0.55, and 0.47, respectively.

The ROC analysis for predicting oral symptoms dur-
ing hospitalization using demographic features and oral
symptoms before infection showed that the model that
predicted xerostomia achieved the highest value in other
models. The AUC-ROC of the model related to xerostomia
had a value of 0.82. The AUC-ROC value for other models
related to dysgeusia, hypogeusia, halitosis, and a metallic
taste were 0.65, 0.58, 0.71, and 0.58, respectively. Using oral
symptoms before infection in addition to demographic
features improved the results of the previous experiment,
wherein merely demographic features were used as the
input of models. The ROC analysis for predicting oral
symptoms after discharge from the hospital using demo-
graphic features, oral symptoms before infection, and oral
symptoms during hospitalization showed that, unlike pre-
vious experiments, the model that predicted hypogeusia
achieved the highest AUC-ROC with the value of 0.83. The
AUC-ROC values for other models related to xerostomia,
dysgeusia, halitosis, and a metallic taste were 0.65, 0.74,
0.74, and 0.81, respectively. The results showed the effec-
tiveness of demographic features, oral symptoms before
infection, and oral symptoms during hospitalization in the
diagnosis of oral symptoms after discharge from the hospi-
tal.

5. Discussion

Coronavirus infection has various manifestations in
systemic organs. In the present study, the most commonly
reported oral symptom was xerostomia (68.6%). Xerosto-
mia is defined as the sensation of dry mouth (18). There
are various hypotheses for the etiology of xerostomia in
COVID-19 patients. Some authors attribute xerostomia to
the neuroinvasive and neurotropism potential of the SARS-
CoV-2 (19). The other cause of xerostomia is ACE2, as the
major entry site of SARS-CoV-2, in the salivary gland duc-
tal cells (20). Therefore, xerostomia results from salivary
gland infection (21). The incidence of xerostomia in female
subjects is lower than in male subjects, contradicting the
results of Biadsee et al.’s study (22).

The results of the present study indicated that there
was a significant relationship between xerostomia, dys-
geusia, and hypogeusia. It has been hypothesized that
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Table 2. Evaluation of Demographic Data and Oral Health Status as Predictors of Oral Symptoms in Coronavirus Disease 2019 Patients Using Logistic Regression a

Variables
P-Value, Odds Ratio for P ≤ 0.05

Overall Percentage Age (y) Gender Hospitalization (day) Toothbrush Smoking Alcohol Mouthwash Tobacco Flossing

Before Infection

Xerostomia 66.9 0.198 0.416 0.833 0.026, 0.373 0.449 0.682 0.236 0.211 0.223

Dysgeusia 74.1 0.040, 0.027 0.0001, 0.113 0.642 0.888 0.032, 0.53 0.187 0.224 0.008, 6.307 0.811

Hypogeusia 75.5 0.035, 0.029 0.013, 0.264 0.863 0.614 0.341 0.238 0.235 0.001, 9.172 0.418

Halitosis 84.2 0.716 0.548 0.723 0.016, 0.254 0.362 0.699 0.905 0.207 0.920

Metallic taste 79.1 0.918 0.685 0.814 0.001, 0.159 0.742 0.494 0.730 0.525 0.241

Oral ulcer 92.8 0.342 0.615 0.177 0.249 0.775 0.999 0.998 0.839 0.997

Oral pain 92.8 0.586 0.664 0.243 0.955 0.998 0.314 0.897 0.998 0.641

During Hospitalization

Xerostomia 69.1 0.119 0.038, -0.933 0.310 0.484 0.637 0.317 0.152 0.024, 20.330 0.478

Dysgeusia 70.5 0.187 0.007. 1.167 0.202 0.512 0.038, 5.028 0.880 0.515 0.003, 14.717 0.683

Hypogeusia 65.5 0.205 0.025, 0.956 0.198 0.832 0.046, 4.616 0.778 0.023, 0.196 0.007, 10.141 0.353

Halitosis 79.9 0.921 0.631 0.263 0.119 0.155 0.040, .061 0.371 0.003, 11.611 0.175

Metallic taste 76.3 0.360 0.238 0.756 0.064 0.099 0.964 0.282 0.001, 11.011 0.523

Oral ulcer 84.9 0.088 0.623 0.415 0.087 0.358 0.614 0.515 0.018, 6.455 0.374

Oral pain 92.8 0.746 0.260 0.097 0.538 0.673 0.999 0.998 0.998 0.998

Gum swelling 87.1 0.374 0.445 0.250 0.084 0.790 0.421 0.732 0.196 0.836

Gum bleeding 87.8 0.021, 0.046 0.813 0.540 0.378 0.839 0.145 0.469 0.296 0.581

After Discharge from Hospital

Xerostomia 84.9 0.011, 0.039 0.080 0.567 0.019, 3.656 0.855 0.909 0.998 0.999 0.885

Dysgeusia 83.5 0.012, 0.042 0.240 0.188 0.829 0.026, 12.336 0.896 0.053 0.999 0.616

Hypogeusia 89.9 0.858 0.683 0.583 0.132 0.339 0.647 0.253 0.999 0.569

a Wald standard error.

SARS-CoV-2 alters saliva composition by salivary gland in-
fection (23). Alteration in salivary composition resulted
in dysgeusia and hypogeusia (11). Xerostomia is a com-
mon symptom of COVID-19 infection approved in a study
by Tsuchiya. (24). Additionally, xerostomia and dysgeusia
are mentioned as oral manifestations of diabetic patients
(25, 26). The observations of diabetic patients in this study
showed that xerostomia and dysgeusia were exacerbated
in diabetic patients and even after discharge from the hos-
pital.

Dysgeusia is the other common symptom more preva-
lent in smokers and those who use tobacco (27, 28). Dysgeu-
sia is reported in previous studies in almost half of COVID-
19 patients (29, 30). One suggested mechanism for dysgeu-
sia is the potential of SARS-CoV-2 to bind to ACE2, which is
expressed in the taste buds on the tongue (31, 32). The infec-
tion of taste buds by COVID-19 results in dysgeusia or ageu-

sia (29, 33). In the present study, dysgeusia correlated with
xerostomia, and it was hypothesized that xerostomia was
an etiologic factor for dysgeusia.

Smoking and using tobacco increased the incidence of
halitosis, and tooth brushing and using mouthwash were
accompanied by a lower prevalence of halitosis. Halito-
sis in COVID-19 patients is attributed to the epithelial al-
terations of desquamated keratinized tongue mucosa, xe-
rostomia, and mouth breathing (21). Additionally, antivi-
ral medications prescribed to treat COVID-19 alter the mi-
crobiome of the oral environment, and the proliferation
of certain bacterial species results in halitosis (4, 5). Fur-
thermore, the negative impact of disease on oral hygiene
habits is the other cause of halitosis.

The findings of the present study indicated that
oral hygiene habits, including tooth brushing and using
mouthwash, decreased xerostomia, halitosis, and dysgeu-
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Figure 2. A, Receiver operating characteristic (ROC) curve of demographic data and oral health status before infection in predicting xerostomia, dysgeusia, hypogeusia,
halitosis, and metallic taste during hospitalization in Coronavirus diseases 2019 (COVID-19) patients; B, ROC curve analysis of demographic data, oral health status, and oral
manifestations during hospitalization in predicting xerostomia, dysgeusia, hypogeusia, halitosis, and metallic taste after discharge from hospital in COVID-19 patients.

sia, which is in line with the results of other studies.
Oral hygiene habits, including tooth brushing and using
mouthwash, decreased significantly during hospitaliza-
tion, and the causes of oral symptom exacerbation during
hospitalization are important. It could be concluded that
dentists’ role in the diagnosis and management of COVID-
19 oral symptoms and oral hygiene instructions during
hospitalization is critical. Xerostomia and dysgeusia are
the most common oral symptoms of COVID-19 patients and
could predict COVID-19 infection.

Machine learning has significant applications in the
COVID-19 pandemic (34). The applications of machine
learning in the COVID-19 pandemic include the analysis of
medical imaging of infected patients, provision of an in-
telligent platform for healthcare, precise and personalized
treatment of the patient, identification of fever, cough,
and cold symptoms, proper health monitoring, patient
screening, and prediction of future disease symptoms (35).
In this study, machine learning results indicated that be-
fore and during hospitalization, the prediction of xerosto-

mia achieved the highest accuracy in other oral symptoms.
After discharge from the hospital, the model which pre-
dicted hypogeusia achieved the highest accuracy in other
symptoms; the aforementioned results are in line with the
statistical analysis of the present study.

Studies used machine learning methods to predict the
symptoms of COVID-19 infection (36, 37). Callejon-Leblic et
al. indicated that machine learning algorithms are help-
ful tools for COVID-19 diagnosis based on taste and smell
disorders (38). The present study confirms the role of ma-
chine learning in predicting COVID-19 infection and sur-
veying comprehensive oral symptoms for more accurate
and reliable prediction and diagnosis. The early detec-
tion of COVID-19 can help reduce the enormous burden on
healthcare systems, and machine learning is advantageous
for this purpose.

8 Ann Mil Health Sci Res. 2022; 20(1):e121764.
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Figure 3. Receiver operating characteristic curve analysis of prediction of oral symptoms before infection, during hospitalization, and after discharge from hospital.
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