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ABSTRACT

Oral manifestations were among the first extrapulmonary signs attributed to COVID-19. This narrative review traces the chronological
evolution of the evidence on taste dysfunction, oral mucosal lesions and the periodontal links of COVID-19 between 2020 and 2023 and
characterizes the manifestations that persist in long COVID. Searches were conducted in OpenAlex, Crossref and PubMed with an upper
publication limit of 2023, and the synthesis was organized into three evidence periods and three thematic axes. In the first half of 2020,
taste and smell loss emerged as frequent sentinel symptoms, pooled gustatory dysfunction reached 38.2 percent, case series described
heterogeneous oral lesions and ACE2 was identified in the oral epithelium. Between mid-2020 and 2021, living systematic reviews con-
solidated prevalence estimates, with taste disorders in 38 percent of 64,876 patients, and case-control studies associated periodontitis
with severe outcomes, including a death odds ratio of 8.81. From 2022 to 2023, persistent taste dysfunction was estimated in 4.4 per-
cent of patients, the Omicron wave reduced chemosensory involvement, the specificity of oral lesions was questioned and Mendelian
randomization did not confirm a causal periodontal link. Taste dysfunction remained the most consistent oral manifestation across the
trajectory, whereas mucosal lesions and the periodontal association remained partly unresolved.
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RESUMEN

Las manifestaciones orales figuraron entre los primeros signos extrapulmonares atribuidos a la COVID-19. Esta revision narrativa traza
la evolucién cronoldgica de la evidencia sobre la disfuncién gustativa, las lesiones de la mucosa oral y los vinculos periodontales de la
COVID-19 entre 2020 y 2023, y caracteriza las manifestaciones que persisten en la COVID prolongada. Las busquedas se realizaron en
OpenAlex, Crossref y PubMed con un limite superior de publicacién de 2023, y la sintesis se organizé en tres periodos de evidencia y tres
ejes tematicos. En el primer semestre de 2020, la pérdida del gusto y del olfato emergié como sintoma centinela frecuente, la disfun-
cién gustativa agrupada alcanzé 38,2 por ciento, las series de casos describieron lesiones orales heterogéneas y se identific6 ACE2 en el
epitelio oral. Entre mediados de 2020 y 2021, las revisiones sistematicas vivas consolidaron las prevalencias, con trastornos del gusto en
el 38 por ciento de 64 876 pacientes, y los estudios de casos y controles asociaron la periodontitis con desenlaces graves, con una razéon
de momios de muerte de 8,81. De 2022 a 2023, la disfuncién gustativa persistente se estimo en el 4,4 por ciento de los pacientes, la ola
de dmicron redujo la afectacién quimiosensorial, se cuestiono la especificidad de las lesiones orales y la aleatorizacion mendeliana no
confirmoé un vinculo periodontal causal. La disfunciéon gustativa se mantuvo como la manifestacion oral mas consistente, mientras que
las lesiones mucosas y la asociacion periodontal permanecieron parcialmente sin resolver.

Palabras clave: COVID-19; sindrome post-agudo por COVID-19; trastornos del gusto; manifestaciones bucales; enfermedades periodon-
tales.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), was framed in its first weeks as a respiratory infection. Within months the
clinical spectrum expanded into extrapulmonary territories, and the oral cavity became one of
the earliest and most debated of them. In March 2020, clinicians began to describe sudden loss
of smell and taste in patients with otherwise mild disease, a pattern that distinguished COVID-19
from influenza-like illness and from earlier coronavirus epidemics.(1-3)The symptom was unusual
in two respects: it appeared early, and it appeared in patients who would otherwise have escaped
clinical attention.

Gustatory and olfactory dysfunction was quickly proposed as a screening marker. A retros-
pective telephone survey in Italy documented chemosensory symptoms at the onset of infection
in a large proportion of the 204 patients interviewed.(4)A prospective series in Daegu, South Korea,
found acute anosmia or ageusia in 15.3% of 3,191 patients in the early stage of the disease and in 15.7%
of those with asymptomatic to mild illness, with higher rates in women and in younger adults.(5)
These observations entered case-finding guidance because chemosensory loss accompanied mild
forms that laboratory-based surveillance could miss. Patients could report the symptom without
any equipment, which made it useful in dental and primary care settings. The dental relevance was
direct: oral health providers examine the mouth daily and could notice chemosensory complaints
long before a respiratory syndrome declared itself.

In parallel, two lines of evidence moved the oral cavity from the margin to the center of the
pandemic. First, angiotensin-converting enzyme 2 (ACE2), the cellular receptor of SARS-CoV-2, was
shown to be highly expressed on epithelial cells of the oral mucosa and tongue, with the protease
TMPRSS2 and furin completing a plausible entry machinery.(6-8)Second, case reports began to
attribute heterogeneous lesions of the oral mucosa, from ulcers to vesiculobullous changes, to the
infection itself.(9-11)One stream was biological and the other clinical, and together they generated
both diagnostic enthusiasm and interpretive caution.

The clinical questions condensed into three axes. The first was gustatory: whether taste loss
was real, how frequent it was and whether it recovered. The second was mucosal: whether the
visible lesions reported in the mouth were caused by the virus or by the circumstances of illness.
The third was periodontal: whether pre-existing periodontal inflammation increased the risk of
severe COVID-19 and, conversely, whether the infection worsened periodontal health. These axes
matured at different speeds; a chronological reading makes that unevenness visible.

The evidence changed rapidly over the following three years. What began as anecdote ma-
tured into meta-analyses of prevalence, living systematic reviews, prospective cohorts and, finally,
genetically informed causal analyses. Long COVID, recognized from 2021 onward as post-acute
sequelae affecting multiple systems, added a temporal dimension that the initial reports could
not anticipate.(12,13) The oral manifestations of COVID-19 are now dispersed across otolaryngology,
oral medicine and periodontology, and the resulting literature is large, heterogeneous and difficult
to read as a single body.

A chronological synthesis is useful because it separates findings that persisted from those that
were revised and identifies the methodological and viral factors behind each shift. The objective of
this narrative review is to trace the chronological evolution of the evidence on taste dysfunction, oral
mucosal lesions and periodontal links of COVID-19 between 2020 and 2023 and to characterize the
manifestations that persist in long COVID. It addresses three questions: how the characterization
of taste dysfunction and mucosal lesions evolved, which evidence consolidated the periodontal
association, and which oral manifestations endure beyond the acute infection.

METHODS

This is a narrative review reported according to the Scale for the Assessment of Narrative
Review Articles (SANRA). It does not claim systematic or exhaustive coverage; the purpose was to
reconstruct the trajectory of the evidence and to organize it into thematic axes and chronological
periods.

Searches were conducted in OpenAlex, Crossref and PubMed with an upper publication limit
of December 2023. Background literature on the biology of SARS-CoV-2 entry was allowed without
a lower date limit, whereas the studies that sustain the core synthesis were restricted to the period
from January 2020 to December 2023, when the pandemic evidence was produced. Terms com-
bined variants of gustatory, olfactory and taste dysfunction; oral manifestations, mucosal lesions
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and oral symptoms; periodontitis, periodontal disease and COVID-19 severity; and long COVID,
post-acute sequelae and persistent chemosensory dysfunction. Searches were run in English, and
studies in other languages were retained when the abstract provided usable data.

Candidate records returned by each source were screened by title and abstract, and po-
tentially relevant records were kept with their bibliographic metadata and, when available, their
abstract. Studies were selected when they reported primary data or quantitative synthesis on at
least one of the three axes in patients with confirmed or probable COVID-19, or when they provided
mechanistic or causal evidence directly relevant to those axes. Narrative commentaries, editorials
and reviews were used to contextualize the trajectory and to represent the positions held at each
period. Priority was given to studies with defined samples, explicit denominators and, when avai-
lable, psychophysical or laboratory confirmation rather than self-report alone. No quality scoring
was applied, because the aim was to describe the evolution of the evidence rather than to rank
individual studies.

The chronology was divided into three periods with explicit criteria. Period 1, from January
to June 2020, corresponds to the emergence of the first case series and meta-analyses. Period 2,
from July 2020 to December 2021, corresponds to the consolidation of prevalence estimates, lesion
classification and the first observational evidence on the periodontal link. Period 3, from January
2022 to December 2023, corresponds to long COVID persistence, the Omicron wave and the causal
and mechanistic analyses. These cutoffs follow the timing of the pandemic and the publication of
the key studies rather than arbitrary calendar divisions. They are coarse by design: they mark the
moments at which the dominant type of evidence changed.

The synthesis was organized into three thematic axes, taste dysfunction, oral mucosal lesions
and periodontal links, and each axis was summarized in a matrix that recorded the supporting and
opposing studies, the level of evidence and the period in which the finding consolidated. Preva-
lence figures were taken directly from the published abstracts and results of the included studies;
no estimate was recomputed or pooled for this review. This structure corresponds to the SANRA
dimensions of justification, selection and reasoning, and it avoids the language and flow diagrams
of a systematic review, which this study is not.

DEVELOPMENT

The trajectory can be read as a progressive tightening of the evidence, from early case-based
claims to population estimates and causal tests. Three periods mark the inflection points, and the
timeline in Figure 1summarizes them (Figure 1). Table 1 condenses the synthesis by thematic axis
(Table ).

Figure 1. Chronological evolution of the evidence on oral manifestations of COVID-19, 2020-2023.

Chronological evolution of the evidence on oral manifestations of COVID-19 (2020-2023)

Mar 2020 Jun 2021 2020
WHO pandemic declared; Pooled gustatory dysfunction ACE2 shown in oral epithelium (Xu);
taste/smell loss reported as symptom 38.2% (Agyeman) first lesion case series
' h A

Period 1. Emergence i
Jan-Jun 2020: First reports of taste loss and oral lesions |
1 i
Period 1 [ * 'S
2021. Taste disorders 38% 2021. Periodontal death OR 8.01 (Marouf); 2020. Inflammatory impairment
in 64,876 patients (Lechien) severe periodontitis OR 11.29 (Marouf) 27% vs 10% controls (Boscolo-Rizzo)
. L L

Period 2. Consolidation i
Jul 2020-Dec 2021: Prevalence meta-analyses and first periodontal evidence

Period 2 L 4 4
2022. Persistent taste dysfunction 2022. Omicron chemosensory dysfunction 2022. Randomization;
4.4% (Toni) 32.5% vs 66.9% (Boscolo-Rizzo) causal link not confirmed

Period 3. Long COVID and links

" 2022-2023: Persistence, Omicron and bidirectional mechanisms
Period 3 |

2020 2021 2022

Note: Timeline of the three evidence periods with representative milestones. OR = odds ratio. Source: Own elaboration based on the
reviewed literature.
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Table 1. Synthesis of the evidence by thematic axis.

Thematic axis Main findings Period Level of evidence

Emerged as a frequent sentinel symptom; pooled
Taste dysfunction acute prevalence of 36.6-38.2%; declined during 2020-2023
Omicron; persisted in a minority in long COVID

Moderate (meta-analyses of self-reported
data; psychophysical cohorts)

Heterogeneous and uncommon; taste
disturbance, xerostomia and ulcers the most 2020-2023
frequent; direct viral causation questioned

Oral mucosal
lesions

Low to moderate (case series, cross-sectional
studies, one intrahospital cohort)

Periodontitis associated with severe COVID-19
outcomes in case-control and cohort studies;
causality not confirmed by Mendelian
randomization

Low to moderate (observational studies with
2020-2023 residual confounding; genetic analyses null
or weak)

Periodontal links

Note: COVID-19 = coronavirus disease 2019. Source: Own elaboration based on the reviewed literature.

Period 1. Emergence of taste loss and the first oral lesions

The defining finding of the first months was that chemosensory dysfunction was not an in-
cidental symptom but an early one. In an international multicenter study of adults and children,
olfactory or gustatory dysfunction was present at high rates and preceded other symptoms in a
substantial proportion of cases.(3)In patients presenting with influenza-like symptoms, chemosen-
sory dysfunction was strongly associated with a positive diagnosis.(2)A telephone survey of 204
adults documented taste or smell disturbance at disease onset in most of those interviewed.(4)
Because the symptom appeared in mild and even asymptomatic infections, it was proposed as
an early identifier that could support testing and isolation.(1,5)

The recognition was rapid enough to matter clinically. Early commentaries argued that
new-onset chemosensory loss should trigger testing and isolation precisely because it appeared
in mild disease and in patients without fever, and because it preceded the respiratory phase in
many cases.(1)The proposal raised a specific concern, whether smell and taste loss could be distin-
guished from the common cold, a question that later psychophysical work answered by showing
a distinct chemosensory profile for COVID-19.(14)This early debate set the pattern for the whole
literature: a plausible clinical signal, followed by a measurement problem, followed by a metho-
dological resolution.

The public health context of the first period shaped the evidence it produced. The World Heal-
th Organization declared the pandemic in March 2020, and the early cohorts came from hospitals
and outbreak investigations rather than from the community, which biased the first descriptions
toward severe and hospitalized cases.(1)The reports that followed nevertheless converged rapidly,
because chemosensory loss was so noticeable to patients that it could be captured by simple
qguestions even in telephone and online surveys.(4,15)

The first quantitative syntheses appeared in May and June 2020. A meta-analysis of 24 stu-
dies with 8,438 test-confirmed patients estimated a pooled prevalence of gustatory dysfunction
of 38.2% (95% Cl 24.0 to 53.6) and of olfactory dysfunction of 41.0%.(16)A second meta-analysis of
104 studies with 38,198 patients reported substantial variation by ethnicity, with lower rates in East
Asian cohorts than in European and American cohorts, a difference the authors attributed partly
to reporting and partly to biology.(17)These two syntheses fixed the order of magnitude that later
work would refine, and they made clear that prevalence depended on who was asked and how.

It was unclear at first whether taste loss was genuine or merely a shadow of smell loss. A po-
sition paper argued that gustatory dysfunction was specific and largely independent of olfactory
dysfunction in COVID-19.(18)A psychophysical comparison between patients with COVID-19 and
patients with common colds showed that the chemosensory profile differed between the two
conditions, with anosmia unaccompanied by rhinorrhoea or obstruction in COVID-19.(14)These
observations anticipated a debate that direct gustatory testing would settle later.

The same months produced the first descriptions of oral mucosal lesions attributed to the
virus. A report of four patients described vesiculobullous and macular lesions and asked whether
they were a true sign of the disease or coincidental.(9)Editors and clinicians debated whether oral
lesions were new signs or secondary manifestations, pointing to the absence of standardized de-
finitions and to the confounders of hospitalization.(10)A narrative synthesis catalogued the emer-
ging descriptions, from ulcers to candidiasis and herpes-like lesions, and noted that dysgeusia
was the first recognized oral symptom.(19)Reviews of this first wave agreed that the evidence was
descriptive and heterogeneous.(11)
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The biological plausibility of oral involvement was established in the same period. High ACE2
expression was demonstrated on epithelial cells of the oral mucosa, including the tongue,(6)and
ACE2 with furin was shown in oral epithelial cells, supporting the oral route of infection.(7,8) The
presence of entry factors in human oral tissue was confirmed shortly after,(20)and saliva was re-
cognized as both a diagnostic fluid and a potential reservoir of the virus. Salivary gland epithelium
and the tongue dorsum showed the highest signal, which placed the oral cavity on the map of
susceptible tissues and motivated the use of saliva for viral detection.(8,20) On this basis, authors
proposed that poor oral health and periodontitis could amplify systemic inflammation and worsen
COVID-19 outcomes,(21)and a molecular analysis predicted that microRNAs upregulated by perio-
dontitis regulate SARS-CoV-2 oral receptor genes.(22)These were hypotheses rather than clinical
evidence, but they defined the periodontal question for the following years.

Period 2. Consolidation of prevalence, lesion classification and first periodontal evidence

The inflection point of the second period was the shift from case counting to population
estimation. A living systematic review of oral signs and symptoms in COVID-19 summarized 40 stu-
dies with 10,228 patients in its first version(23)and, in its six-month update, 183 studies with 64,876
patients.(24)The update estimated an overall prevalence of taste disorders of 38% (95% Cl 22 to 56)
and reported pooled prevalences of 34% for hypogeusia, 33% for dysgeusia and 26% for ageusia.(24)
The same update quantified the diagnostic value: taste disorders were associated with a positive
COVID-19 test with an odds ratio of 7.54 (95% CIl 5.24 to 10.86), a figure that supported their use in
screening algorithms.(24)This series established that taste disturbance, not visible lesions, was the
dominant oral manifestation.

Geographical variation remained the most striking feature of the prevalence estimates. A
rapid systematic review of 67 studies with 27,687 confirmed cases reported taste alteration preva-
lences ranging from 11% in Korea to 88.8% in Belgium.(25)A meta-analysis of 138,015 patients who
tested positive, drawn from papers published in 2020 and 2021, estimated that 36.6% reported
taste dysfunction and concluded that direct measures of taste were at least as sensitive as self-re-
port, which supports taste loss as a genuine symptom.(26)In children, a meta-analysis confirmed
that smell or taste dysfunction occurred across pediatric ages, at lower rates than in adults.(27)
Prospective surveys added the temporal dimension: in a cohort of 655 Brazilian patients, most
chemosensory losses recovered within weeks, and a minority persisted at one to four months.(15)

The measurement debate was resolved in this period. Self-reported prevalence depended
on the questionnaire and the population, whereas psychophysical testing produced stable and
reproducible estimates and showed that gustatory impairment could exist without a parallel ol-
factory deficit.(18,26) This distinction mattered for clinicians, because a patient who reports taste
loss is not necessarily describing the same deficit as a patient with measured gustatory threshold
elevation. The living systematic review methodology itself became the vehicle of consolidation: it
allowed prevalence to be updated as the denominator grew, which is why the estimate of taste
disorders settled near 38% across hundreds of thousands of patients rather than drifting with each
new survey.(24)

Alongside the clinical association studies, the inflammatory hypothesis of the periodontal link
was articulated in this period. Periodontitis is a microbially driven chronic inflammatory disease that
raises systemic inflammatory markers, and COVID-19 severity is likewise driven by an exaggerated
inflammatory response, so the two conditions were proposed to share a final common pathway
of cytokine release and endothelial dysfunction.(28)The hypothesis predicted that patients with
untreated periodontitis would show higher levels of systemic inflammation during infection, a
prediction that later biomarker work examined directly.(29)This framing moved the debate from
whether an association existed to which mediator carried it.

Recovery was the second new theme of this period. Self-reported and objective follow-up
documented that taste returned within days to weeks in most patients, and that xerostomia over-
lapped with gustatory dysfunction in a proportion of cases.(30)Systematic reviews consolidated
the prognostic picture, showing wide but generally favorable recovery rates.(31,32) The consistent
direction was that acute taste loss was self-limited in most patients, which made the persistent
minority all the more relevant when long COVID emerged.

Oral mucosal lesions were progressively classified rather than merely listed. A meta-analysis
of 74 studies estimated pooled prevalences of 0.33 (95% Cl 0.11 to 0.60) for oral lesions, 0.44 (0.36
to 0.52) for xerostomia and 0.10 (0.01 to 0.24) for aphthous lesions, with high heterogeneity and a
distinction between iatrogenic lesions and opportunistic infections.(33) Cross-sectional studies
reported dry mouth in 44.2% and oral lesions in 22.4% of 204 infected patients,(34) and a series of
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195 patients found oral manifestations in 29%, dominated by taste disorders (60%), xerostomia (42%)
and ulcers (11%), with no association with disease severity.(35) Reviews of hospitalized patients and of
the wider literature converged on the view that most lesions reflected secondary processes.(36,37)

The reassessment of oral lesions followed a consistent logic. As denominators grew, the appa-
rent diversity of lesions narrowed into a short list, and each item on that list had an alternative ex-
planation. Ulcers mapped onto drug reactions and mechanical injury from intubation, candidiasis
onto corticosteroid use and immunosuppression, and herpes-like lesions onto viral reactivation.
(36,37) This did not exclude a direct viral effect, but it shifted the burden of proof toward studies
that could control for these confounders, a burden the next period would take up.

The periodontal axis moved from hypothesis to observational evidence in this period. A ca-
se-control study using the national electronic health records of Qatar, with 568 patients, found
that periodontitis was associated with death (odds ratio [OR] 8.81, 95% CI 1.00 to 77.7), intensive
care admission (OR 3.54,1.39 to 9.05) and assisted ventilation (OR 4.57,1.19 to 17.4) after adjustment
for demographic, medical and behavioral factors.(38) A second case-control study reported that
severe periodontitis carried an OR of 11.75 (3.89 to 35.49) for COVID-19.(39) A clinical assessment
of 82 patients linked higher periodontitis severity to assisted ventilation (OR 7.45) and death (OR
14.58).(40) Retrospective cohorts in tertiary hospitals reproduced the direction of the association,(41)
and the findings extended the earlier proposal that periodontal bacterial dissemination and the
inflammatory state of periodontitis could favor severe lung infection in older adults.(42)

Period 3. Long COVID, Omicron and the bidirectional periodontal links

The third period was defined by the recognition of post-acute sequelae. Long COVID was
established as a multisystem condition affecting a substantial minority of survivors,(12,13) and oral
medicine began to ask which oral manifestations belonged to it.(43,44) Selected clinical cases
documented persistent oral symptoms, including taste and salivary complaints, months after the
acute episode.(45)

The definitional work of this period matters for the oral findings. Post-acute sequelae were
defined as symptoms persisting beyond four weeks, and the burden was substantial, with manifes-
tations across respiratory, neurological and other domains.(12,13) For oral health, the consequence
was practical: patients with long COVID present to dental care with persistent dry mouth, taste
complaints and functional limitation, and the dental team was advised to recognize these comp-
laints and to adapt care.(43,44) A practice-oriented summary of smell and taste dysfunction after
COVID-19 reinforced the need for structured follow-up of chemosensory symptoms rather than
reassurance alone.(46)

For taste, the question shifted from acute prevalence to persistence. A meta-analysis with
parametric cure modelling of 18 studies and 3,699 patients estimated that 4.4% (95% Cl 1.2 to 14.6)
of patients would have persistent taste dysfunction and 5.6% persistent smell dysfunction, with
98.0% reporting taste recovery by 180 days.(47)A matched case-control study with psychophysical
testing at a median of 401 days found gustatory impairment in 27% of cases versus 10% of controls.
(48)In a Brazilian survey, taste disorder was reported by 67.4% at diagnosis and still by 50% after a
mean of 179 days.(49) A French cohort reported that one third of patients had gustatory dysfunc-
tion at nine months.(50)Two-year and three-year evaluations confirmed that a minority retained
measurable impairment and that self-report overestimated the objective deficit.(51-53)Persistent
taste and salivary sequelae were also documented in dedicated oral studies,(54,55) and a systematic
review of long COVID confirmed persistent chemosensory dysfunction as a core component.(56)
The mechanisms of taste injury and its proposed treatments were consolidated in reviews of the
pathogenesis.(57-59)

The clinical weight of persistent taste loss extended beyond the measurement itself. Studies
of long COVID reported that chemosensory dysfunction correlated with reduced quality of life
and with nutritional and psychological consequences, and that the deficit had an objective basis
beyond self-report.(53,55) Objective confirmation matters because the treatment options are li-
mited and mostly supportive, which makes honest counseling about prognosis more useful than
intervention without evidence.(58)The oral sequelae of the infection, dry mouth and gustatory
impairment, were therefore incorporated into the post-acute assessment rather than treated as
transient curiosities.(54)

The Omicron wave marked a further inflection point. In a prospective comparison, self-re-
ported chemosensory dysfunction fell from 66.9% (95% Cl 62.3 to 71.3) in the March to April 2020
cohort to 32.5% (27.6 to 37.8) in the January to February 2022 Omicron cohort, and altered taste
dropped from 57.4% to 26.9%.(60)A cross-sectional survey in Shanghai during the Omicron period
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found chemosensory dysfunction in 44% of 686 mild or asymptomatic patients,(61)and a systema-
tic review confirmed lower olfactory dysfunction with Omicron than with earlier variants.(62)Taste
loss did not disappear, but it became less frequent and less specific as a marker, which reduced
its screening value even as it remained clinically relevant.(61)Recovery after Omicron-acquired
infection appeared faster and more complete than after wild-type infection, consistent with the
lower initial prevalence.(62)Table 2 summarizes the trajectory of the prevalence estimates across
the three periods (Table 2).

Table 2. Prevalence of taste dysfunction in representative studies across the pandemic.

Prevalence of taste

Study Design Sample dysfunction (95% Cl)

Systematic review and meta-

Agyeman et al., 2020 . 24 studies; 8,438 patients 38.2% (24.0-53.6)
analysis
Cirillo et al., 2021 Rapid systematic review 67 studies; 27,687 patients 11.0-88.8% by country
<l GaTiiies Et ll, 207 Living systematic review 183 stud[es; 64,876 38.0% (22.0-56.0)
update patients
Hannumiet al, 2023 Systematic review and meta- 2020-2021 papers; 138,015 26.6%
analysis patients
Boscolo-Rizzo et al,, Prospective cohort, Omicron vs 779 patients 26.9% (22.3-32.0) vs 57.4% (52.6-
2022 wild-type P 62.0)

67.4% at diagnosis; 50.0% at

dos Reis et al., 2022 Cross-sectional survey 305 patients 179 days

Note: Cl = confidence interval. Source: Own elaboration based on the reviewed literature.

The specificity of oral mucosal lesions was actively questioned. In a prospective cohort of 154
hospitalized patients examined twice weekly, ulcerative lesions were attributed to opportunistic
infections and to intubation rather than to the virus, and the authors concluded that ulcerative
lesions were unlikely to be a direct manifestation of SARS-CoV-2.(63)A critical review asked whether
the reported oral lesions were true manifestations or epiphenomena,(64)and a systematic reflection
updated the clinical knowledge with the same caution.(65)A systematic review of 79 studies with
13,252 patients estimated pooled prevalences of 48% for taste alteration, 35% for xerostomia and
21% for ulceration, with the tongue as the most frequent site.(66)Mechanistic reviews attributed the
lesions to a combination of direct viral tropism, immune dysregulation, thrombosis and secondary
infection.(67)The net effect of this period was to close the lesion question in the direction of cau-
tion. By 2023, the consensus was that taste alteration and xerostomia were the reproducible oral
findings, that ulcerative lesions were mostly secondary, and that the burden of proof for a specific
COVID-19 lesion rested on studies with serial examination and standardized definitions.(65,66) This
did not diminish the relevance of the oral examination, but it changed what the examination was
expected to find.

Research on the periodontal axis acquired a bidirectional and mechanistic character.
Cross-sectional studies linked oral microbiome dysbiosis to symptom severity and to the duration
of COVID-19 and long COVID.(68-70)Periodontitis-derived neutrophil extracellular traps were pro-
posed as a contributor to severe COVID-19.(71)Biomarker studies associated periodontitis severity
with higher C-reactive protein and interleukin-6 in hospitalized patients,(29)and bioinformatic and
immunological reviews mapped the shared pathways.(72-74)The association was also framed as
bidirectional: periodontitis could aggravate the systemic response to the virus, and the infection,
through endothelial damage and immune dysregulation, could in turn influence periodontal tis-
sues.(28,74) The European Federation of Periodontology framed the association as a plausible but
not fully established link.(75)The causal test arrived with Mendelian randomization: one bidirectional
analysis found no causal relationship between periodontitis and hospitalization for COVID-19,(76)
whereas another reported a weak positive association between COVID-19 risk and periodontitis
(OR1.02 t0 1.03).(77)The genetically informed evidence therefore did not reproduce the magnitude
of the observational estimates.

The oral-gut-lung axis provided a unifying narrative for the periodontal and long COVID
findings. Alterations of the oral and gut microbiomes were documented during infection, and an
inflammation-type dysbiosis of the oral microbiome was associated with the duration of symptoms
and with the long COVID state, linking the mouth to the systemic persistence of the disease.(69,70)
This axis did not prove that treating the mouth would shorten long COVID, but it identified the oral
microbiome as a measurable participant in the post-acute syndrome.(68)
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DISCUSSION

The trajectory reconstructed here shows that the three oral axes of COVID-19 followed different
fates. Taste dysfunction consolidated as a real, early and partly persistent symptom; oral mucosal
lesions lost specificity as the evidence matured; and the periodontal link remained an association
that observational studies supported but genetic analyses did not confirm.

The evolution of the taste literature is best explained by measurement and by the virus itself.
Early self-reported surveys produced widely divergent estimates, from 11% to 88.8%, a spread driven
by geography, case mix and the instruments used.(17,25) When direct gustatory testing was applied,
the estimates stabilized and confirmed that taste loss was genuine rather than a by-product of
olfactory impairment.(26)The decline observed during the Omicron wave, from 57.4% to 26.9% for
altered taste, indicates that viral properties, not only methods, modulate the symptom.(60)This
double dependency explains why a single prevalence figure was never adequate, and why the
summary value of roughly one third masks a spread that ranges from one tenth to almost nine
tenths depending on the cohort. The ethnic gradient in chemosensory dysfunction, from lower
rates in East Asian cohorts to higher rates in European cohorts, was attributed to a combination of
reporting norms, the viral strains circulating at the time and possibly genetic variation in ACE2.(17)
The gradient persisted in the Omicron literature, although at lower absolute rates, which argues
that host and reporting factors, not the variant alone, set the baseline.(62)

The controversy over oral mucosal lesions reflects the same problem in a more acute form.
Early reviews described ulcers, candidiasis and vesiculobullous changes as oral manifestations of
the disease,(19)whereas the prospective intrahospital cohort concluded that ulcerative lesions were
attributable to opportunistic infection and intubation rather than to the virus.(63)The disagreement
is methodological rather than contradictory: hospital cohorts that examine the mucosa serially
can separate pre-existing, opportunistic and iatrogenic lesions, whereas case reports cannot.(64)
The practical implication is that a visible oral lesion in a patient with COVID-19 should not be pre-
sumed specific without excluding the usual causes, and that the term oral manifestation should
be reserved for findings that survive that exclusion.

Periodontal disease shows the widest gap between observational and causal evidence. Ca-
se-control studies reported large effect sizes, with odds ratios for death of 8.81 in Qatar and 14.58
in an Indian cohort,(38,40) and of 11.75 for severe periodontitis.(39)These estimates almost cer-
tainly overstate the causal effect, because periodontitis clusters with age, diabetes and smoking,
which themselves predict severe COVID-19. The Mendelian randomization studies, which are less
vulnerable to that confounding, found either no causal relationship(76)or an association of trivial
magnitude.(77)The discrepancy between an odds ratio above 8 and a genetic estimate near 1is
the clearest signal in this literature that confounding, rather than biology, explains much of the
observational signal.

The mechanistic literature nonetheless provides a coherent biology. ACE2 and TMPRSS2 in
the oral and lingual epithelium give SARS-CoV-2 a plausible oral entry,(6,20) and the non-neuronal
expression of entry genes in the olfactory epithelium, with infection of sustentacular cells, explains
how the virus disrupts chemosensation without necessarily infecting sensory neurons.(78,79) The
expression data also offer a partial explanation for the demographic pattern of chemosensory loss:
age- and sex-dependent expression of ACE2 and TMPRSS?2 in oral epithelial cells has been reported,
consistent with the higher rates of taste loss in younger patients and in women.(5,80) The original
tissue-distribution maps of ACE2, published during the SARS epidemic, had already documented
the receptor on the oral and lingual mucosa,(81)and the SARS-CoV-2 studies extended this anatomy
to the chemosensory periphery.(82)Reviews of the mechanism of smell loss converged on injury
to the supporting cells of the olfactory epithelium rather than to the sensory neurons themselves.
(83,84) These mechanisms, together with the oral microbiome dysbiosis documented in patients
with prolonged symptoms, connect the oral cavity to the systemic trajectory of the disease.(68,69)
They do not, by themselves, establish clinical causality.

This synthesis agrees with the position taken by the European Federation of Periodontology,
which described the periodontal link as plausible but not proven,(75)and with reviews that em-
phasized crosstalk and shared inflammmatory pathways rather than a single causal direction.(28)A
Spanish-language review of oral diseases associated with COVID-19 reached similar conclusions
about the heterogeneity of the manifestations.(85)Where this review differs is in making the tem-
poral dimension explicit: the same finding can be interpreted differently depending on the period
in which it was produced.

The chronological design is the main strength of this review. It makes visible a pattern that a
purely thematic summary would obscure: each axis was settled by a different method at a different
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time, taste by meta-analysis and psychophysics, mucosal lesions by prospective serial examination,
and the periodontal link only partially by genetic instruments. This perspective also explains why
the literature contains so many apparent contradictions; they are often statements made at diffe-
rent stages of the same accumulating evidence rather than genuine disagreements.

Three clinical implications follow. First, dentists and physicians should continue to treat su-
dden taste loss as a marker of infection, even if its sensitivity has declined with recent variants.(61)
Second, patients with persistent taste complaints after COVID-19 deserve objective assessment,
because self-report overestimates the deficit and because the dysfunction correlates with reduced
quality of life.(53)Third, periodontal health remains a reasonable target for prevention, but it should
not be presented to patients as a proven determinant of COVID-19 severity, and clinical messaging
should separate the established association from the unproven causal claim. In the dental set-
ting, the recognition of taste loss as an early marker also supported symptom screening at triage,
although the decline in its sensitivity with Omicron means it cannot be the sole gatekeeper.(6]1)

This review has limitations, each with a corresponding remedy. The selection was narrative
and not exhaustive, so a systematic update with explicit eligibility criteria would strengthen the
prevalence estimates.(16)Searches were run mainly in English and in three bibliographic sources,
which may underrepresent studies from other regions; multilingual and regional databases would
widen the coverage. The heterogeneity of self-reported measures limits comparability, and a core
set of psychophysical outcomes should be adopted in future cohorts. The periodontal evidence is
observational and confounded, and only prospective cohorts with standardized periodontal exa-
mination can resolve the residual uncertainty. Case reports dominated the early lesion literature
and are subject to publication bias, which standardized case definitions would reduce. Several
prevalence figures were drawn from abstracts when the full text was not accessible, which is ac-
ceptable for orientation but not for precise meta-analysis.

The research agenda that emerges is concrete. Longitudinal psychophysical cohorts should
qguantify the long-term course of taste dysfunction by variant and by severity. Mendelian randomi-
zation with stronger instruments and non-European ancestries would test the causal periodontal
hypothesis more decisively. Trials of periodontal treatment on COVID-19 outcomes would move
the field from association to intervention, and standardized definitions of oral lesions would make
the next generation of observational studies comparable.

CONCLUSIONS

Taste dysfunction was the first oral manifestation of COVID-19 to consolidate as a real symp-
tom, and it remains the most consistent one, with pooled acute prevalences around one third and
persistence in a minority of patients in long COVID. Oral mucosal lesions proved heterogeneous,
uncommon and mostly secondary to opportunistic infection or to care, and their specificity was
progressively revised. The periodontal link reached an association of periodontitis with severe CO-
VID-19 outcomes in observational studies, but the causal evidence remained weak and genetically
informed analyses did not confirm a large effect. Taken together, the three years of evidence se-
parated a durable finding, taste dysfunction, from two questions that remain open: the nature of
the oral lesions and the causal role of periodontitis. For clinical practice, these distinctions translate
into three messages: screen for taste loss without overclaiming its specificity, examine oral lesions
without presuming a viral cause, and manage periodontitis as a general health measure rather
than as a proven COVID-19 modifier.
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