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Abstract 

Background: Oral diseases are features of COVID‑19 infection. There is, however, little known about oral diseases 
associated with COVID‑19 in adolescents and young adults (AYA). Therefore, the aim of this study was to assess oral 
lesions’ association with COVID‑19 infection in AYA; and to identify if sex and age will modify these associations.

Methodology: Data was collected for this cross‑sectional study between August 2020 and January 2021 from 11‑to‑
23 years old participants in 43‑countries using an electronic validated questionnaire developed in five languages. Data 
collected included information on the dependent variables (the presence of oral conditions‑ gingival inflammation, 
dry mouth, change in taste and oral ulcers), independent variable (COVID‑19 infection) and confounders (age, sex, his‑
tory of medical problems and parents’ educational level). Multilevel binary logistic regression was used for analysis.

Results: Complete data were available for 7164 AYA, with 7.5% reporting a history of COVID‑19 infection. A signifi‑
cantly higher percentage of participants with a history of COVID‑19 infection than those without COVID‑19 infection 
reported having dry mouth (10.6% vs 7.3%, AOR = 1.31) and taste changes (11.1% vs 2.7%, AOR = 4.11). There was a 
significant effect modification in the association between COVID‑19 infection and the presence of dry mouth and 
change in taste by age and sex (P = 0.02 and < 0.001).

Conclusion: COVID‑19 infection was associated with dry mouth and change in taste among AYA and the strength of 
this association differed by age and sex. These oral conditions may help serve as an index for suspicion of COVID‑19 
infection in AYA.
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Introduction
Oral lesions are associated with several systemic or local 
infections caused by micro-organisms. These include 
primary and secondary viral pathological lesions associ-
ated with oral infective diseases and dysplastic-neoplastic 
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transformations [1]. These oral lesions cause distress, 
physical and psychological disabilities, as well as func-
tional limitation [2].

COVID-19 infection is associated with oral lesions 
such as gustatory impairment either due to the effect of 
the virus on oral tissues or as secondary manifestations 
resulting from it [3]. Other identified oral lesions include 
Aphthous-like ulcer, erythema, and lichen planus [4].

The oral lesions associated with COVID-19 infec-
tion have been reported in adults. There are, however, 
differences in the clinical manifestations of COVID-19 
in children compared to adults [5, 6] which may imply 
differences in the presence of oral lesions associated 
with COVID-19 infection by age. However, there is lit-
tle known about the oral features of COVID-19 among 
adolescents and young adults (AYA). Also, there is lim-
ited known about sex differences in the oral features of 
COVID-19 infection among AYA. Yet, identifying sex 
and age differences in the oral features of COVID-19 is 
important for characterising the lesions, and enabling 
health care providers to improve the oral health manage-
ment for AYA. Therefore, the aim of the present study 
was to assess the associations between some oral condi-
tions and COVID-19 infection in AYA; and to investigate 
sex and age differences in these associations. The null 
hypothesis of the study was that no oral conditions would 
be associated with COVID-19 infection; and age and sex 
would not modify this association.

Methods
Study design
This was a secondary analysis of data from cross-sec-
tional study conducted between August 2020 to Janu-
ary 2021. The aim of the primary study was to assess the 
change in use of regular and electronic cigarettes during 
the COVID-19 pandemic among AYA [7].

Participants and Setting
Data was collected from 11 to 23-year old participants 
recruited through electronic data collection from vari-
ous countries. Participants were included if they/ their 
parents consented to participate, if they could read and 
understand the study tool and if they could access the 
survey on an electronic device using internet access.. 
Ethical approval was sought from the Research Ethics 
Committee of the Faculty of Dentistry, King Abdulaziz 
University in Saudi Arabia (#13–08-20) and Nigeria 
(IPH/OAU/12/1604). The study was carried out accord-
ing to the Helsinki Declaration [8]. Informed consent was 
obtained from parents of participants who reported they 
were aged 11 to 17 years old; and assent was also sought 
from the participants before they could continue with 

the study participation. Respondents aged 18 to 23 years 
could participate by giving their own informed consent.

Sample size
Sample size of the original study was determined using 
the frequency of using regular and electronic cigarettes. 
This was estimated to range from 4.8 to 36.6% [9]. The 
sample size needed for the primary study was 356. For 
the present study, we also made sure that the data of at 
least 500 participants were available for the regression 
analysis [10].

Data sources/ measurement
The administered questionnaire began by explaining the 
purpose of the study, assuring participant of the confi-
dentiality of their responses, and the freedom to with-
draw from the survey at any time. The questionnaire 
consisted of three sections: The first section collected 
data on the participant including age (categorized into 
11–14, 15–17 and 18–23 years old), sex at birth (male 
and female) and educational level (elementary school or 
none, middle, high school or university) as well as on the 
mother’s and father’s educational level (also elementary 
school or none, middle, high school or university).

The second section assessed whether the participant 
had a history of medical problems (yes/ no) and a history 
of COVID-19 infection (yes/ no). These questions were 
adapted from previous research [11].

The third section had participants check a list of pos-
sible oral lesions they may have had during the pan-
demic. A tick of the checkbox indicated that they had 
the oral lesion(s). Study participants could check multi-
ple responses. These lesions/conditions included gingi-
val inflammation, dry mouth, change in taste, and oral 
ulcers. These conditions were based on those previously 
reported to be associated with COVID-19 in adults or 
older adults [3].

The questionnaire was developed in Arabic and trans-
lated by native speakers into French, Malay, Turkish and 
English. The content validity index (CVI) was calculated 
for the translated versions [12]. For the English and Ara-
bic versions, nine dentists evaluated the questionnaire. 
The CVI for both versions was 0.87. The Turkish version 
was evaluated by seven dentists and the CVI was 0.97. 
The Malay and French versions were evaluated by five 
dentists each and the CVI was 0.80 and 0.88, respectively. 
Each version was pilot tested by 10 participants for clar-
ity and cultural suitability of terms. The questionnaire 
was finally uploaded to SurveyMonkey® online platform, 
and a tailored link was made for each collaborator in each 
country. The snowballing technique was used to recruit 
participants: Twenty-five collaborators circulated the link 
to the questionnaire in their networks and requested the 
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participants to circulate the questionnaire further within 
their networks.

Statistical analysis
Descriptive statistics as frequencies and percentages 
were calculated for the study variables. The associations 
between the presence of oral conditions and COVID-19 
infection were assessed using the Chi-square test. Multi-
level binary logistic regression modelling using IBM SPSS 
for Windows version 22.0 (IBM Corp., Armonk, N.Y., 
USA) was used to assess the associations between the 
presence of oral conditions including gingival inflamma-
tion, dry mouth, change in taste and oral ulcers (depend-
ent variable) and COVID-19 infection (independent 
variable) controlling for confounders (parental educa-
tion, having medical problem, participants’ sex and age 
groups) which were all introduced as fixed effect varia-
bles whereas countries were introduced as random effect 
variables to account for the variability among countries in 
the dependent variables caused by various factors such as 
country income level, dentist availability, healthcare sys-
tems characteristics and others. The interaction between 
COVID-19 infection and age and sex respectively was 
also assessed by calculating the p value for the interac-
tion between these terms (age and COVID-19 infection 
and sex and COVID-19 infection) in the regression mod-
els. Adjusted odds ratio (AORs), 95% confidence interval 
(CIs) and p-values were calculated. Statistical significance 
was set at p-value less than 0.05.

Results
Complete data were available for 7164 participants from 
43 countries. Table  1 shows that 4109 (57.4%) partici-
pants were females, 5342 (74.6%) were 18–23 years old, 
4079 (56.9%) were university educated and more than 
40% of participants had mothers or fathers with univer-
sity or higher education. Also, 925 (12.9%) reported hav-
ing medical problems and 540 (7.5%) were infected with 
COVID-19.

Table 2 shows that 4140 (57.8%) participants reported 
no oral conditions. The most frequently reported oral 
conditions were gingival inflammation (10.7%) and dry 
mouth (7.5%). Change in taste was reported by 238 (3.3%) 
participants.

A significantly higher percentage of participants with 
COVID-19 than those who had no COVID-19 infection 
reported having dry mouth (10.6% vs 7.3%, p = 0.008), 
change in taste (11.1% vs 2.7%, p < 0.001) and oral ulcers 
(2.4% vs 1.1%, p = 0.01). A significantly higher percentage 
of participants with no history of COVID-19 infection 
than those with an infection reported having no oral con-
ditions during the pandemic (58.6% vs 48.0%, p < 0.001).

Table 3 shows the results of the multilevel binary logis-
tic regression analysis for the association between the 
presence of oral conditions and COVID-19 infection 
reported by participants. COVID-19 infection was asso-
ciated with significantly higher odds of the presence of 
dry mouth (AOR = 1.31, p = 0.002) and change in taste 
(AOR = 4.11, p < 0.001).

Age significantly modified the association between 
COVID-19 infection and the presence of dry mouth: AYA 
18 to 23-year-olds had significantly lower odds of having 
dry mouth associated with COVID-19 infection than 15 

Table 1 Socio‑demographic and COVID‑19 status in AYA from 
43 countries (n = 7164)

Factors N (%)

Sex Male 3055 (42.6)

Female 4109 (57.4)

Age 11–14 years 709 (9.9)

15–17 years 1113 (15.5)

18–23 years 5342 (74.6)

Participant’s education Elementary 238 (3.3)

Middle 588 (8.2)

High school 2259 (31.5)

University 4079 (56.9)

Mother’s education None 576 (8.0)

Elementary/ middle 1522 (21.2)

High school 2022 (28.2)

University or higher 3044 (42.5)

Father’s education None 325 (4.5)

Elementary/ middle 1244 (17.4)

High school 1786 (24.9)

University or higher 3809 (53.2)

Has medical problems Yes 925 (12.9)

No 6239 (87.1)

Infected with COVID‑19 Yes 540 (7.5)

No 6624 (92.5)

Table 2 Association between oral conditions and COVID‑19 
infection status among AYA (n = 7164)

Total Infected 
with 
COVID-19
N = 540

Not infected 
with COVID-
19
N = 6624

P value

Nothing 4140 (57.8) 259 (48.0) 3881 (58.6) < 0.001

Gingival inflam‑
mation

767 (10.7) 71 (13.1) 696 (10.5) 0.06

Dry mouth 539 (7.5) 57 (10.6) 482 (7.3) 0.008

Change in taste 238 (3.3) 60 (11.1) 178 (2.7) < 0.001

Burns or ulcers 89 (1.2) 13 (2.4) 76 (1.1) 0.01
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to17-year-olds and 11 to14-years-olds (AOR = 1.31 vs 
1.64 and 1.48, p = 0.02). Age also significantly modified 
the association between change in taste and COVID-19 
infection: 15–17-year-olds had higher odds of having a 
change in taste associated with COVID-19 infection than 
18–23-year-olds and 11–14-year-olds (AOR = 5.79 vs 
2.70 and 2.28; p < 0.001).

Sex significantly modified the association between the 
presence of gingival inflammation and COVID-19 infec-
tion: males had significantly higher odds of the asso-
ciation than females (AOR = 1.30 vs 1.09; p = 0.04). Sex 
also modified the association between dry mouth and 
COVID-19 infection: males had higher odds of having an 
association than females (AOR = 1.42 vs 1.25; p = 0.02). 
In addition, sex modified the association between change 
in taste and COVID-19 infection: females had higher 
odds of this association than males (AOR = 4.92 vs 2.46; 
p < 0.001).

Discussion
The findings showed that about 4 in 10 AYA reported oral 
conditions during the pandemic with change in taste, dry 
mouth and oral ulcers positively associated with COVID-
19 infection. The associations of COVID-19 infection 
with dry mouth and change in taste were modified by 
age: there was a stronger association between COVID-
19 infection, dry mouth and change in taste among 
15–17-year-old participants than among other age 
groups. Sex also modified the associations of COVID-19 
infection with dry mouth and change in taste: males had 
higher odds for having dry mouth than females, while 
females had higher odds of having a change in taste than 
males. The null hypothesis of the study was, therefore, 
not supported.

One of the strengths of the study was that we provided 
information on the possible oral features of COVID-19 

infection in AYA aged 11 to 23 years; and identified how 
sex and age modified these associations. Also, the study 
recruited a large sample of participants from countries 
representing various income-levels and regions thereby 
increasing the generalizability and applicability of find-
ings to various settings. The study, however, has some 
limitations. The oral conditions were self-reported 
thereby introducing subjectivity to the reporting with the 
risk of under-estimation of lesions like gingival inflam-
mation and dry mouth. Although a clinical examination 
might be considered more objective, it was not possi-
ble to conduct clinical assessment of study participants 
because of the restrictions with contacts during the pan-
demic. This was the case in most of studies assessing oral 
lesions during the COVID-19 pandemic [3]. However, a 
study conducted to assess self-report for disease surveil-
lance reported a satisfactory outcomes for patent’s’ self-
reporting their disease category [13]. We, additionally, 
focused on oral conditions that patients are likely able to 
self-report thereby reducing assessment bias. The data 
was based on a convenience sample driven by snowball 
sampling where participants refer the survey link to peo-
ple they know because data collection was restricted to 
online methods during the pandemic. These non-prob-
ability samples introduce some bias as only participants 
who have a smartphone and who can access the internet 
could participate in the study. Such participants are not 
similar to the general population in each country which 
may affect the generalizability of findings. In addition, 
the study is cross sectional and cannot, therefore, prove 
causality.

The association between COVID-19 infection and 
change in taste and dry mouth had been reported and 
explained in previous studies [14–16]. However, none of 
them discussed these changes in AYA. Taste disorders, 
oral ulcerations, desquamative gingivitis, candidiasis 

Table 3 Differences by sex and age groups in the association between COVID‑19 infection and reported oral conditions using 
multilevel analysis

Adjusted for medical problems, and parents’ education

*: statistically significant at P < 0.05

Dependent 
variables

Association with 
COVID-19 infection

Association with COVID-19 infection by 
age

P for 
interaction 
with age

Association with COVID-19 
infection by sex

P for 
interaction 
with sex

AOR (95%CI) P value 18–23 15–17 11–14 Male Female

Gingival 
inflammation

1.17 (0.89, 
1.53)

0.26 1.11 (0.76, 
1.62)

1.94 (1.19, 
3.15)*

1.73 (0.82, 
3.66)

0.63 1.30 (0.85, 
1.98)

1.09 (0.82, 
1.45)

0.04*

Dry mouth 1.31 (1.11, 
1.55)

0.002* 1.31 (1.10, 
1.56)*

1.65 (0.80, 
3.39)

1.48 (0.42, 
5.20)

0.02* 1.42 (1.07, 
1.89)*

1.25 (0.94, 
1.66)

0.02*

Change in 
taste

4.11 (3.28, 
5.16)

< 0.001* 2.70 (2.19, 
3.34)*

5.79 (2.76, 
12.16)*

2.28 (0.97, 
5.35)

< 0.001* 2.46 (2.10, 
2.89)*

4.92 (3.07, 
7.96)*

< 0.001*

Burns or 
ulcers

1.20 (0.81, 
1.79)

0.37 1.17 (0.80, 
1.70)

1.24 (0.80, 
1.92)

1.70 (0.63, 
4.59)

0.96 1.22 (0.75, 
2.00)

1.18 (0.83, 
1.69)

0.61
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[17–19], halitosis, erythema, and spontaneous bleeding 
from the gingiva [19] were also associated with COVID-
19 infection. In a symptomatic paediatric cohort, taste 
alterations were also reported [20]. These oral condi-
tions may be the side effects of SARS-CoV-2 infection, or 
may be the sequel to super-infections, immuno-compro-
mise, or complications of medications used to manage 
COVID-19 infection [21]. Psychological stress, a compli-
cation of the COVID-19 pandemic [22, 23], and poor oral 
hygiene during the pandemic might also play a part in the 
manifestation of gingival inflammation, dry mouth, and 
ulcers. Some lesions may be attributed to ACE2 receptor 
of SARS-CoV-2 found in the mucosa acting as a gateway 
to COVID-19 infection [24].

The association between COVID-19 infection and gin-
gival inflammation and dry mouth was stronger in males 
than females in the present study. While a male predilec-
tion was noticed in the current study, previous research 
showed that these symptoms were more frequent in 
females than males [5, 25–27]. It is important to note that 
these studies were all conducted on adults. This empha-
sizes the importance of the present study finding sug-
gesting gender differences in younger age groups. Further 
studies including AYA are needed to confirm this rela-
tionship. On the other hand, females showed a stronger 
association between COVID-19 infection and taste 
changes like a prior study by Galmiche, et al. [28] which 
reported a higher alteration in taste among females com-
pared to males. Taste perception can vary by sex, prob-
ably because females have more fungiform papillae and 
taste buds than males [29].

In the present study, COVID-19 infection had the 
strongest association with altered taste in 15–17-year-
olds and the oldest age group of 18–23-year-old showed 
the weakest association between COVID-19 infection 
and reporting dry mouth. Direct comparison with previ-
ous studies is difficult because these studies were either 
case-reports or were conducted in adults [27, 30]. How-
ever, older children were reported to be more able to 
identify smells and tastes than younger children [31] 
and thus, more able to detect loss of taste than younger 
children. Further research is needed to explain the age-
related differences in AYA groups.

Conclusion
Participants who had COVID-19 infection were more 
likely to report change in taste, dry mouth and oral 
ulcers. Sex and age moderated the associations between 
COVID-19 infection, dry mouth and change in taste in 
AYA. These findings may be useful for screening for 
COVID-19 infection among AYA.
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