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Abstract
Background and purpose: The aim was to evaluate potential predictive factors of smell 
recovery in a clinical series of 288 patients presenting olfactory dysfunction (OD) related 
to coronavirus disease 2019 (COVID- 19). Potential correlations were sought between ep-
idemiological, clinical and immunological characteristics of patients and the persistence 
of OD at 60 days.
Methods: COVID- 19 positive patients presenting OD were prospectively recruited from 
three European hospitals. Baseline clinical and olfactory evaluations were performed 
within the first 2 weeks after OD onset and repeated at 30 and 60 days. In a subgroup of 
patients, anti- severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) antibodies 
were measured in serum, saliva and nasal secretions at 60 days.
Results: A total of 288 COVID- 19 patients with OD were included in the study. Two 
weeks after the onset of the loss of smell, 52.4% of patients had OD on psychophysical 
tests, including 113 cases (39.2%) of anosmia and 38 cases (13.2%) of hyposmia. At 60- 
day follow- up, 25.4% of the patients presented persistent OD. There was no significant 
correlation between sex, age, viral load on nasopharyngeal swab or COVID- 19 sever-
ity and poor olfactory outcome. In a subgroup of 63 patients, it was demonstrated that 
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INTRODUC TION

Olfactory dysfunction (OD) is one of the most frequent clinical man-
ifestations of coronavirus disease 2019 (COVID- 19), affecting more 
than 70% of patients infected with severe acute respiratory syndrome 
coronavirus 2 (SARS- CoV- 2) [1– 4]. In the vast majority of patients, 
these disorders completely subside within a few weeks [5– 7]. However, 
the first long- term follow- up studies are showing a prevalence of per-
sistent severe olfactory disturbances ranging between 4.5% and 11% 
6 months after onset of symptoms [8– 11]. This frequency, given the 
high prevalence of infection in the population, means that in the near 
future there could be a very high number of subjects with long- term 
morbidity and a significant impact on quality of life [12].

The pathogenesis of OD in COVID- 19 seems to be linked to in-
flammatory responses involving support cells of the olfactory ep-
ithelium which, in some patients, can persist after the end of the 
infection with progressive damage to the sustentacular cells and 
olfactory neurons [7,13– 18]. On this basis, corticosteroids were pro-
posed to interrupt this pathological process before it affects cells 
that do not have regenerative capacity [19– 22]. To guide therapeutic 
interventions and avoid over- treatment of patients who will sponta-
neously recover, it is necessary to identify risk factors of persistent 
of OD. Unfortunately, no risk factor has been identified yet.

The aim of this multicentre study was to evaluate whether ep-
idemiological, clinical and immunological characteristics of the pa-
tients correlate with the persistence of anosmia or severe hyposmia 
at 60 days from clinical onset.

MATERIAL S AND METHODS

This prospective study was approved by three Institutional Review 
Boards (CHU Saint- Pierre, Brussels, Belgium, CHUSP210207; 
Epicura, Baudour, Belgium, P2020011; Sassari University Hospital, 
Italy, PG/2021/5471). Patients provided written electronic or paper 
informed consent.

From 22 March 2020 to 15 November 2020 patients with a diag-
nosis of COVID- 19 and OD confirmed by psychophysical tests were 
recruited within 2 weeks of onset of symptoms in three European 
hospitals, in Belgium and Italy. In Belgian hospitals patients were 
recruited between March and May 2020, and in Sassari Hospital 
patients were recruited from May to November 2020. SARS- CoV- 2 

infection was diagnosed by nasal swabbing and reverse transcriptase 
polymerase chain reaction (RT- PCR) or serology (immunoglobulin 
M [IgM] and/or IgG). All patients were invited to perform olfactory 
training at least twice daily with >3 daily odours (e.g., coffee, per-
fume, essential oils) for each olfactory training session.

Epidemiological and clinical outcomes

The following epidemiological data were collected through a 
standardized online questionnaire or medical records: gender, 
age, smoking and comorbidities. The following comorbidities were 
evaluated: hypercholesterolaemia, reflux, heart, respiratory, kid-
ney, liver, autoimmune diseases, diabetes, neurological, hyperten-
sion, allergy, chronic rhinitis, chronic rhinosinusitis, depression, 
thyroid and skin disorders. Symptoms were evaluated during 
the clinical course of the disease with the COVID- 19 Symptom 
Index, which is a 100- point clinical instrument evaluating com-
mon COVID- 19 symptoms [23]. In addition, nasal symptoms and 
the potential relationship between nasal complaints and OD were 
assessed with the French and Italian versions of the sinonasal out-
come tool 22 (SNOT- 22) [24].

Inclusion criteria consisted of adults with SARS- CoV- 2 infec-
tion identified through nasal swabs and positive RT- PCR or positive 
SARS- CoV- 2 serology and COVID- 19 related OD. Patients with the 
following criteria were excluded: normosmia at the psychophysical 
evaluation, history of pre- COVID- 19 pandemic OD, chronic or self- 
reported acute rhinosinusitis (with regard to the European Position 
Paper on Rhinosinusitis and Nasal Polyps guidelines) at the time of 
evaluation, dementia, or other conditions associated with an inabil-
ity to complete the evaluations.

Subjective and psychophysical olfactory evaluations

Subjective olfactory and gustatory functions were evaluated with 
the smell and taste component of the National Health and Nutrition 
Examination Survey, as previously described [9]. Psychophysical olfac-
tory assessments were performed with the identification component 
of Sniffin’ Sticks tests (Medisense, Groningen, Netherlands), which is 
a validated psychophysical olfactory test using 16 smell pens. Each 
pen is presented to individuals who have to choose the adequate smell 

patients with poor olfactory outcomes at 60 days had lower levels of salivary and nasal 
immunoglobulin G (IgG) and IgG1, but similar levels of antibodies in the serum.
Conclusions: No clinical markers predicted the evolution of OD at 60 days. Patients with 
poor olfactory outcome at 60 days had lower saliva and nasal antibodies, suggesting a 
role for local immune responses in the persistence of COVID- 19 related OD.
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between four given options. The final score ranges from 0 (none cor-
rectly identified) to 16 (all correctly identified). Normative values es-
tablished normosmia as a score ranging between 12 and 16, hyposmia 
between 9 and 11 and anosmia between 0 and 8 [25].

Study design

Figure 1 describes the chart flow of our study. For patients suffering 
from mild COVID- 19, baseline clinical and olfactory evaluations were 
performed within the first 2 weeks after OD onset and repeated 1 
and 2 months later. For patients suffering from severe COVID- 19, it 
was not possible to perform objective olfactory evaluations during 
the hospitalization (due to the sanitary situation) but baseline clinical 
and subjective olfaction were assessed. At 2 months after OD onset, 
psychophysical olfactory evaluations were performed.

Patients from Epicura Hospital (Baudour, Belgium) participated 
in a nested study which aimed to assess the antibody responses to 
SARS- CoV- 2 in the serum, saliva and nasal secretions 2 months after 
COVID- 19 onset. During this visit, patients were invited to perform a 
sniffing test and to donate blood, saliva and nasal secretion samples 
(nasal washing with physiological saline solution was carried out and 
nasal secretions were sterile aspirated).

Definition of good or poor evolution of COVID- 19 
related olfactory dysfunction

Two groups of patients were identified having either a good evolu-
tion or a persistence of severe OD. The ‘good olfactory outcome’ 
group corresponds to patients presenting either a normal sniffing 
test (i.e., ≥12/16) at one of the tests carried out during the 2 months 
of follow- up (the sniffing test being performed at 15, 30 and 60 days 
of the onset OD, except for patients presenting a severe form of 
COVID- 19 for whom the sniffing test was performed at 2 months) 
or a sniffing test ≥10 at 60 days. The ‘poor olfactory outcome’ group 
corresponds to patients with a score between 0 and 9 on the sniffing 
test carried out 2 months after the onset of symptoms.

SARS- CoV- 2 IgG and IgA assays

Recombinant SARS- CoV- 2 spike antigens S1, S2 and RBD, pur-
chased from SinoBiological (40591- VO8H, 40590- VO8B and 
40592- VNAH respectively), and nucleocapsid protein (NP) (kindly 
provided by André Matagne, University of Liège) were covalently 
coupled to fluorescent magnetic beads (Luminex Corporation) 
by a two- step carbodiimide reaction, with 5 µg of antigens for 

F I G U R E  1  The flow chart of our study including 288 COVID- 19 patients with olfactory dysfunction (OD). From 22 March 2020 to 
15 November 2020, patients with a confirmed diagnosis of COVID- 19 and OD confirmed by psychophysical tests were recruited within 
2 weeks of onset of symptoms in three European hospitals, in Belgium and Italy. Baseline clinical and semi- objective olfactory evaluations 
of patients suffering from mild COVID- 19 were performed within the first 2 weeks after OD onset and repeated 1 and 2 months later. For 
patients suffering from severe COVID- 19, it was not possible to perform semi- objective olfactory evaluations during hospitalization (due to 
the sanitary situation) but baseline clinical and subjective olfaction evaluations were assessed. Then, semi- objective olfactory evaluations 
were assessed at 2 months after OD onset. Patients from Epicura Hospital (Baudour, Belgium) participated in a nested study which aimed to 
assess the antibody responses to SARS- CoV- 2 in the serum, saliva and nasal secretions 2 months after COVID- 19 onset
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1 million beads. 1000 beads/antigen/well diluted in assay wash 
buffer (PBS- 1X, 0.1% BSA, 0.05% Tween 20, pH 7.4) was used for 
antibody screening. Based on preliminary experiments, the serum/
mucosal fluid dilution giving the best signal- to- noise ratio for IgG, 
IgG1 and IgG3 was 1/200 and 1/50 for IgA. PBS- diluted serum/
mucosal fluid samples were incubated for 2 h at room temperature 
on an orbital shaker with antigen- coupled beads. Antigen- specific 
antibody titres were detected using a phycoerythrin- coupled de-
tection antibody for each subclass and isotype, namely IgG, IgG1, 
IgG3 and IgA from Southern Biotech (2040- 09, 9052- 09, 9210- 09 
and 2050- 09 respectively) at a final concentration of 0.65 µg/ml. 
Detection antibodies were incubated with the complex antigen- 
coated bead- antigen- specific antibody for 1 h at room temperature 
on an orbital shaker. Antigen– antibody binding was measured using 
BioPlex- 200 equipment (Bio- Rad) and the results were expressed 
as median fluorescence intensity.

Statistical analyses

Statistical analyses were performed using the Statistical Package 
for the Social Sciences for Windows version 22.0 (IBM Corp.). 
According to the type of outcomes, the following tests were used 
to compare severity groups: Kruskal– Wallis, Fisher's exact test 
and Mann– Whitney U test. The pre-  to post- intervention changes 
in Sniffin’ Sticks tests were evaluated within group with the 
Mann– Whitney U test whilst the inter- group differences were as-
sessed through the differences between Sniffin’ Sticks test scores 
by means of the Wilcoxon signed- rank test. Multivariate analysis 
was used to study the associations between outcomes.

RESULTS

In all, 288 COVID- 19 patients were included in the study (Table 1). 
The cohort included 101 men (35.1%) and 187 women (64.9%) 
with an average age of 44.4 ± 13.2 years. The most frequently 
reported symptoms were asthenia (143 cases, 49.6%), headache 
(131 cases, 45.5%), cough (127 cases, 44.1%) and myalgia (114 
cases, 39.6%). COVID- 19 was staged as mild in 208 patients, mod-
erate in 31 and severe in 49 cases according to Tian et al. [26]. At 
the time of infection, 52.4% of patients had OD on psychophysi-
cal tests, including 113 cases (39.2%) of anosmia and 38 cases 
(13.2%) of hyposmia. Mean olfactory score was 9.6 ± 4.6. At 60- 
day follow- up, 9.4% and 16% of the patients were anosmic and 
hyposmic, respectively, whilst 74.6% of the subjects had normal 
olfactory function (Table 2). The mean olfactory score at the end 
of the observation period was 12.7 ± 2.8. Overall, 34 subjects 
(11.8%) therefore presented a poor outcome (i.e., anosmia or se-
vere hyposmia) at 60 days.

As indicated in Table 3, there was no significant association 
between poor olfactory outcome and female gender (odds ratio 

[OR] 0.605, 95% confidence interval [CI] 0.293– 1.248; p = 0.174), 
age (OR 0.997, 95% CI 0.970– 1.025; p = 0.832), viral load on na-
sopharyngeal swab (OR 1.048, 95% CI 0.942– 1.165; p = 0.393) or 
COVID- 19 severity (χ2(1, N = 283) = 5.97, p = 0.08). Persistent OD 
was inversely associated with the presence of cough (OR 0.355, 
95% CI 0.146– 0.860; p = 0.022), dyspnoea (OR 0.176, 95% CI 
0.038– 0.815; p = 0.026), asthenia (OR 0.400, 95% CI 0.163– 0.981; 
p = 0.045) and voice alterations (OR 0.127, 95% CI 0.016– 0.971; 
p = 0.047).

TA B L E  1  General and clinical features of the study population

No. of patients 288

Gender
No. of patients (%)

Male 101 (35.1%) [95% CI 29.6%– 40.9%]

Female 187 (64.9%) [95% CI 59.1%– 70.4%]

Age (years)
Mean ± SD

44.4 ± 13.2

Clinical severity
No. of patients (%)

Mild 203 (70.5%) [95% CI 64.8%– 75.7%]

Moderate 31 (10.8%) [95% CI 7.4%– 14.9%]

Severe 49 (17%) [95% CI 12.9%– 21.9%]

Missing data 5 (1.7%) [95% CI 0.06%– 4%]

Cycle threshold (N = 51)
Mean ± SD

31.4 ± 8.1

Referred symptoms (N = 194)
No. of patients (%)

Asthenia 143 (73.7%) [95% CI 66.9%– 79.8%]

Headache 131 (67.5%) [95% CI 60.4%– 74.1%]

Cough 127 (65.5%) [95% CI 58.3%– 72.1%]

Myalgia 114 (58.8%) [95% CI 51.5%– 65.8%]

Nasal obstruction 108 (55.7%) [95% CI 48.4%– 62.8%]

Loss of appetite 105 (54.1%) [95% CI 46.8%– 61.3%]

Fever 93 (47.9%) [95% CI 40.7%– 55.2%]

Diarrhoea 92 (47.4%) [95% CI 40.2%– 54.7%]

Arthralgia 86 (44.3%) [95% CI 37.2%– 51.6%]

Chest pain 82 (42.3%) [95% CI 35.2%– 49.5%]

Dyspnoea (assessed on 
121 patients)

49 (40.5%) [95% CI 31.7%– 39.8%]

Sore throat 60 (30.9%) [95% CI 24.5%– 37.9%]

Sticky mucous 52 (26.8%) [95% CI 20.7%– 33.6%]

Abdominal pain 49 (25.3%) [95% CI 19.3%– 32%]

Nausea 47 (24.2%) [95% CI 18.4%– 30.9%]

Voice issues 45 (23.2%) [95% CI 17.4%– 29.8%]

Face pain 43 (22.2%) [95% CI 16.5%– 28.7%]

Conjunctivitis 42 (21.6%) [95% CI 16.7%– 28.1%]

Dysphagia 38 (19.6%) [95% CI 14.2%– 25.9%]

Abbreviation: CI, confidence interval.
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Relationship between OD recovery and serum IgG, 
IgG1, IgG3 and IgA responses

The relationship between olfactory outcome and the magnitude of 
serum IgG and IgA responses to SARS- CoV- 2 antigens was analysed 
in a subgroup of 144 patients (18 patients with poor recovery versus 
126 with good recovery). Serum IgG, IgG1, IgG3 and IgA responses 
were not significantly different in patients with good or poor olfac-
tory outcome at 2 months (Figure 2a– d).

Relationship between OD recovery and salivary IgG, 
IgG1, IgG3 and IgA responses

The relationship between olfactory outcome and the magnitude 
of salivary IgG, IgG1, IgG3 and IgA responses to SARS- CoV- 2 an-
tigens was analysed in a subgroup of 63 patients (15 patients with 
persistent severe OD vs. 48 with complete recovery). (Figure 3a) 
shows that the poor olfactory outcome group had lower levels 
of saliva S1 (Mann– Whitney, p = 0.037) and RBD IgG (Mann– 
Whitney, p = 0.035) than the good outcome group. Patients from 
the poor olfactory outcome group also presented lower lev-
els of saliva S1 (p = 0.0055), RBD (p = 0.007), S2 (p = 0.03) and 
NP (p = 0.008) IgG1 compared to the good olfactory outcome 
group (Figure 3b). No association between olfactory outcome 
and salivary IgG3 or IgA responses to SARS- CoV- 2 antigens was 
observed.

Relationship between OD recovery and nasal IgG, 
IgG1, IgG3 and IgA responses

In a subgroup of 66 patients (15 patients with persistent severe 
OD vs. 51 with good recovery), nasal IgG and IgG1 responses were 
associated with 2 months’ olfactory recovery. Individuals from 
the poor olfactory outcome group had lower levels of nasal RBD 
(Mann– Whitney, p = 0.032), S2 (Mann– Whitney, p = 0.02) and NP 
IgG (p = 0.024) than patients from the good olfactory outcome 
group. Individuals from the poor olfactory outcome group also 
had lower levels of nasal S1 (p = 0.037) and S2 (p = 0.036) IgG1 
than the good olfactory outcome group (Figure 4b). A similar trend 
was observed with nasal RBD (p = 0.051) and NP IgG3 (p = 0.08) 
whereas no association between olfactory recovery and nasal IgA 
was observed.

DISCUSSION

With 152 million cases of COVID- 19 (3 May 2021) and based on 
the meta- analysis of Saniasiaya et al. [27] reporting a prevalence 
of OD of 48%, it can be estimated that worldwide over 70 million 

TA B L E  2  Olfactory function assessment results

Baseline

Sniffin' Sticks score
Mean ± SD

9.6 ± 4.6

Normal 137 (47.6%) [95% CI 41.7%– 53.5%]

Hyposmia 38 (13.2%) [95% CI 9.5%– 17.7%]

Anosmia 113 (39.2%) [95% CI 33.6%– 45.1%]

60 days

Sniffin' Sticks score
Mean ± SD

12.7 ± 2.8

Normal 215 (74.6%) [95% CI 69.2%– 79.6%]

Hyposmia 46 (16%) [95% CI 11.9%– 20.7%]

Anosmia 27 (9.4%) [95% CI 6.3%– 13.3%]

Abbreviation: CI, confidence interval.

TA B L E  3  Cross- tabulation and logistic regression analysis for 
clinical characteristics

Odds ratio

95% confidence 
interval

p value
Upper 
limit Lower limit

Female gender 0.605 0.293 1.248 0.174

Age 0.997 0.970 1.025 0.832

Viral load 1.048 0.942 1.165 0.393

Asthenia 0.400 0.163 0.981 0.045

Headache 0.691 0.281 1.698 0.421

Cough 0.355 0.146 0.860 0.022

Myalgia 0.488 0.202 1.117 0.11

Nasal 
obstruction

0.358 0.617 3.807 0.358

Loss of 
appetite

0.452 0.169 1.204 0.112

Fever 0.422 0.165 1.079 0.072

Diarrhoea 0.661 0.273 1.622 0.371

Arthralgia 0.577 0.319 1.891 0.577

Chest pain 0.685 0.276 1.701 0.415

Dyspnoea 
(assessed 
on 121 
patients)

0.176 0.038 0.815 0.026

Sore throat 0.758 0.283 2.03 0.582

Sticky mucous 0.133 0.017 1.022 0.525

Abdominal pain 0.795 0.279 2.270 0.669

Nausea 0.847 0.296 2.42 0.756

Voice issues 0.127 0.016 0.971 0.047

Face pain 0.138 0.018 1.059 0.057

Conjunctivitis 0.737 0.236 2.297 0.599

Dysphagia 0.579 0.163 2.058 0.399
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people will present with OD. Amongst these, it seems crucial to be 
able to detect patients at risk of prolonged anosmia or hyposmia. 
In this regard, it has recently been described in a clinical series of 
751 COVID- 19 patients with OD that 37% still reported a persis-
tent subjective loss of smell and 14% reported partial recovery after 
a mean follow- up of 47 days [28]. Using objective olfactory evalu-
ations, it was shown also in a clinical series of 118 COVID- 19 pa-
tients that 15% did not fully recover olfaction at 60 days [9]. The 
first 6- month follow- up studies reported a prevalence of severe and 
persistent OD ranging between 4.5% and 11% [8– 11,29]. This high 
incidence of OD persistence calls for therapies that could prevent 
this long- term morbidity. Considering the likely role of progressive 
inflammatory damage to the olfactory epithelium [14,16], these 
therapies could potentially be more effective if started as early as 
possible after onset of symptoms [18– 22]. However, some authors 
reported that micro- haemorrhage might be another cause of per-
sistent OD [30]. The use of corticosteroids in these patients can be 
detrimental due to their anti- angiogenic effect which can worsen 
the vascular supply resulting in induced hypoxia. Moreover, as many 
patients recover quickly, guidelines published on the management 
of COVID- 19 OD propose use of oral corticosteroids as an option in 
those with symptoms persistent for more than 2 weeks [31]. Guiding 

the best use of these ‘optional’ interventions requires the identifica-
tion of predictive factors associated with poor functional recovery. 
However, no clinical, epidemiological or laboratory risk factors have 
yet been identified [32,33]. In this study including 288 patients with 
COVID- 19 OD, it is confirmed that no clinical or epidemiological 
factor predicts the evolution of OD at 2 months. Patients with OD 
must therefore be counselled on the potential risks versus benefits 
of corticosteroids and the chance of spontaneous recovery before 
use of corticosteroids; this remains a difficult decision for both clini-
cians and patients and is an area where further research is needed to 
guide decision making.

Based on the lack of relationship between severity and dura-
tion of OD and systemic inflammatory markers, it has been hypoth-
esized that local factors are involved in the persistence of OD [15]. 
However, there is a shortage of studies investigating the correla-
tion between immune or viral local factors and the persistence of 
OD. Cho et al. [34] investigated the relationship between viral load 
at baseline nasopharyngeal swab and persistence of OD without 
detecting significant correlations. The first pathological studies 
on patients with COVID- 19 induced OD revealed a destruction of 
the olfactory epithelium associated with chronic inflammatory in-
filtrate [14,16]. Such persistent inflammation could be caused by 

F I G U R E  2  Relationship between OD recovery and serum IgG, IgG1, IgG3 and IgA responses: serum IgG and IgA responses to SARS- 
CoV- 2 antigens were analysed in a subgroup of 144 patients (18 patients with poor recovery vs. 126 with good recovery). Serum IgG, 
IgG1, IgG3 and IgA responses were not significantly different in patients with good or poor olfactory outcome at 2 months. The results 
are expressed as median fluorescence intensity (MFI). Red box plots correspond to patients with poor olfactory outcomes at 60 days 
whereas black box plots correspond to patients with good olfactory outcomes at 60 days. ns, not significant [Colour figure can be viewed at 
wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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the persistence of virus in the olfactory epithelium even after re-
covery from the infection. Dias De Melo et al. [35], in a study of 
four patients with COVID- 19 related OD for more than 3 months, 
did not detect SARS- CoV- 2 RNA in nasopharyngeal samples, but all 
patients had detectable SARS- CoV- 2 RNA in olfactory mucosa cy-
tological samples. This finding could be related to an inefficient im-
mune response at the level of the olfactory epithelium and stresses 
the possibility that antiviral treatments may have an effect on pro-
moting the recovery of olfactory function. Recently, Zhou et al. [36] 
treated 77 COVID- 19 patients with nebulized interferon α2b (IFN- 
α2b). Interestingly, IFN- α2b significantly reduced the duration of 
elevated blood levels of interleukin- 6 and C- reactive protein. Based 
on these preliminary results, it could be supposed that patients with 
severe OD could benefit from taking nebulized IFN- α2b.

Whilst information on systemic immunity to SARS- CoV- 2 con-
tinues to rapidly accrue [37,38], the role of mucosal immunity 
within the nasal cavities and the upper respiratory tract, the pri-
mary site of SARS- CoV- 2 infection and replication, remains largely 
unexplored. Butler et al. [39] and Cervia et al. [40] found an inverse 
correlation between the levels of serum and nasal antibody levels 
and severity of COVID- 19. Patients with severe disease had higher 

serum antibody levels whilst nasal antibodies were higher in milder 
disease.

Our study indicates that patients with good olfactory out-
comes at 60 days had higher levels of salivary and nasal IgG and 
IgG1 compared to patients with poor outcomes. Interestingly, 
no association was observed with the levels of serum antibod-
ies, suggesting a role for local immune response. Although IgG 
is often considered as a systemic antibody, it is increasingly 
recognized that it is also produced at the mucosal level and can 
participate in mucosal immunity to pathogens [41]. In contrast 
to IgG, the levels of mucosal IgA were not different in the two 
groups. This dissociation between the two types of antibodies is 
intriguing and could be related to a more transient production of 
IgA compared to IgG.

The inverse association between local IgG levels and duration of 
OD suggests a role for antibodies in the control of SARS- CoV- 2 rep-
lication and prevention of epithelial damage. Indeed, studies have 
shown that in patients with mild infection and olfactory impairment, 
viral clearance was delayed compared to patients with normal ol-
faction [42]. Longitudinal studies are needed to characterize the an-
tibody response to SARS- CoV- 2 soon after the onset of symptoms 

F I G U R E  3  Relationship between OD recovery and salivary IgG (a), IgG1 (b), IgG3 (c) and IgA (d) responses to SARS- CoV- 2 antigens in 
a subgroup of 63 patients (15 patients with persistent severe OD vs. 48 with good olfactory outcomes). (a) Patients with poor olfactory 
outcome had lower levels of saliva S1 and RBD IgG than patients with good olfactory outcomes. Patients from the poor olfactory outcome 
group also presented lower levels of saliva S1, RBD, S2 and NP IgG1 compared to the good olfactory outcome group (b). No association 
between olfactory outcome and salivary IgG3 (c) or IgA (d) responses to SARS- CoV- 2 antigens was observed. The results are expressed as 
median fluorescence intensity (MFI). Red box plots correspond to patients with poor olfactory outcomes at 60 days whereas black box plots 
correspond to patients with good olfactory outcomes at 60 days. ns, not significant. *p < 0.05; **p < 0.01 [Colour figure can be viewed at 
wileyonlinelibrary.com]
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and to identify the predictive value of these parameters for the du-
ration of OD.

Our study has some limitations. As already mentioned, there 
were only a small number of patients with poor olfactory out-
come and further studies with larger case series will be needed 
to confirm these results. Secondly, the 60- day follow- up is still 
too short to declare the OD permanent, and these patients may 
still recover. However, other authors have reported that im-
provements in olfactory scores tend to become non- significant 
2 months after clinical onset [10,11]. In order to minimize contact 
time, only the identification component of the Sniffin’ Sticks test 
was performed, and it is possible that whilst some patients had 
normal function with this component of the test they could have 
persistent threshold deficits that might impair their quality of 
life.

CONCLUSIONS

In patients with a loss of smell related to COVID- 19, no clinical 
markers predicted the evolution of symptoms at 60 days. Patients 
with poor olfactory outcome at 60 days had lower saliva and nasal 

antibodies, suggesting a role for local immune responses in the per-
sistence of COVID- 19 related OD.
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