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and profile of patients presumably infected
by SARS-CoV-2 with taste or smell disorders
in the SAPRIS multicohort study

Julien Ramillon', Xavier de Lamballerie?, Olivier Robineau*, Héléne Blanché®, Gianluca Severi®’,
Mathilde Touvier®, Marie Zins’®, Fabrice Carrat'=, the SAPRIS-SERO study group, the SAPRIS study group and
Nathanaél Lapidus'*"

Abstract

Background Taste or smell disorders have been reported as strongly associated with COVID-19 diagnosis. We aimed
to identify subject characteristics, symptom associations, and antibody response intensity associated with taste or
smell disorders.

Methods We used data from SAPRIS, a study based on a consortium of five prospective cohorts gathering 279,478
participants in the French general population. In the analysis, we selected participants who were presumably infected
by SARS-CoV-2 during the first epidemic wave.

Results The analysis included 3,439 patients with a positive ELISA-Spike. Sex (OR=1.28 [95% Cl 1.05-1.58] for
women), smoking (OR=1.54 [95% CI 1.13-2.07]), consumption of more than 2 drinks of alcohol a day (OR=1.37 [95%
Cl11.06-1.76]) were associated with a higher probability of taste or smell disorders. The relationship between age and
taste or smell disorders was non-linear. Serological titers were associated with taste or smell disorders: OR=1.31[95%
C11.26-1.36], OR=1.37[95% CI 1.33-1.42] and OR=1.34[95% CI 1.29-1.39] for ELISA-Spike, ELISA-Nucleocapsid and
seroneutralization, respectively. Among participants with taste or smell disorders, 90% reported a wide variety of other
symptoms whereas 10% reported no other symptom or only rhinorrhea.

Conclusions Among patients with a positive ELISA-Spike test, women, smokers and people drinking more than

2 drinks a day were more likely to develop taste or smell disorders. This symptom was strongly associated with an
antibody response. The overwhelming majority of patients with taste or smell disorders experienced a wide variety of
symptoms.
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Background

Symptoms of COVID-19 are commonly cough, fever,
dyspnea, myalgia, headache, arthralgia and diarrhea
[1, 2]. The spread of the epidemic highlighted a new
disease presentation: patients with taste or smell dis-
orders (TSD). This symptom has been reported to be
highly predictive of COVID-19 diagnosis [3]. There is
no consensus in the literature about patient charac-
teristics associated with this symptom [4, 5]. There
remain many unanswered questions about the relation-
ships between antibody response intensity and TSD
and their association with other COVID-19 symptoms.
Although long-term data in the general population are
still scarce, it appears that TSD may be persistent over
time in some patients [6].

To provide a better understanding of TSD in COVID-
19 patients, we conducted an analysis based on data from
the SAPRIS multicohort study. Our main goals were to
identify subject characteristics associated with TSD, to
investigate the relationship between TSD and antibody
response intensity and to characterize symptom associa-
tions for subjects with or without TSD.

Methods

Design

We used data from SAPRIS (“Santé, Perception, pratiques
Relations et Inégalités Sociales en population générale
pendant la crise COVID-19”) based on a consortium of
prospective cohort studies involving three general pop-
ulation-based adult cohorts: CONSTANCES, a “general
population” cohort including a representative sample of
215,000 adults (including 66,000 followed by internet)
aged 18 to 69 years at inclusion and recruited from 2012;
E3N / E4N, a multigenerational adult cohort based on a
community of families with 113,000 participants (women
recruited in 1990 and still actively followed, their off-
spring and the fathers of this offspring) among whom
90,000 have been invited to an internet follow-up; and
NutriNet-Santé a nutritional general population-based
internet cohort started in 2009, with 170,000 included
participants. Details on the SAPRIS survey are available
elsewhere [7].

Participants and dates

All participants were invited to respond to two elec-
tronic self-administered questionnaires. Questionnaires
were sent as of April 1, 2020 and returned before May 27,
2020, thus they covered the lockdown and post lockdown
period (in France, the first lockdown occurred between
March 17, 2020 and May 11, 2020). These data were com-
bined with serological results from the SAPRIS-SERO
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study, in which a random sample of SAPRIS participants
were invited to provide self-sampling dried-blood spot
(DBS) aimed at serology testing [8].

Overall, 279,478 participants were invited to respond
to SAPRIS questionnaires, 102,001 (37%) completed both
questionnaires, and among them, 93,610 were invited to
perform the serology, 86,913 (93%) returned dried blood
spot and a serology could be performed and interpretable
in 82,787.

In this analysis, we selected participants who had been
presumably infected by SARS-CoV-2 based on serologi-
cal results, i.e. all participants with a positive ELISA-S
result, leading to a set of 3,695 participants.

Ethical approval and written or electronic informed
consent were obtained from each participant before
enrolment in the original cohort. The SAPRIS survey was
approved by the Inserm ethics committee (approval #20—
672 dated March 30, 2020). The SAPRIS-SERO study was
approved by the Sud-Mediterranee III ethics committee
(approval #20.04.22.74247) and electronic informed con-
sent was obtained from all participants for DBS testing.

Data sources/measurement

Symptoms were reported if they had been present at least
once within 14 days prior to each questionnaire. Smoking
status, alcohol consumption and body mass index (BMI)
were extracted from the original cohort databases and
updated in 2020 with self-reported questionnaires.

The ELISA test (Anti-SARS-CoV-2 ELISA, Euroim-
mun®, Litbeck, Germany) was used to detect anti-SARS-
CoV-2 antibodies (IgG) directed against the S1 domain
of the spike protein of the virus (ELISA-S). Following the
manufacturer’s instructions, an ELISA-S test was con-
sidered to be positive with an optical density ratio > 1.1,
indeterminate between 0.8 and 1.1, and negative <0.8.
The sensitivity and specificity of the ELISA-S test at the
1.1 threshold (considering indeterminate results as nega-
tive) were reported to be 87% and 97.5%, respectively [9].

All samples with an ELISA-S test> 0.7 were also tested
with an ELISA test to detect IgG antibodies against the
SARS-CoV-2 nucleocapsid protein (Anti-SARS-CoV-2
NCP ELISA, Euroimmun®, Liibeck, Germany, ELISA-
NP) using the same thresholds as above and with an in-
house micro-neutralization assay to detect neutralizing
anti-SARS-CoV-2 antibodies (SN), as described else-
where with a positive SN defined as a titer >40 (SN titer
was determined by iterative dilutions, leading to discrete
values for titers, equal to 10, 20, 40, 80 or 160) [10].

Variables

The main outcome was the presence of self-reported TSD
on either the first or the second questionnaire. Systemic
symptoms were defined as presence of fever or muscular
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aches or headaches; digestive symptoms as presence of
diarrhea or nausea; pulmonary symptoms as presence
of cough, dyspnea or chest pain. Smoking status was
defined as a binary variable “active smoker” versus “non-
smoker or former smoker” Alcohol consumption was
defined as a binary variable “ <2 drinks per day” versus
“>2 drinks per day” BMI was defined as a binary vari-
able “overweighted or obese (BMI>25 kg/m?%)” versus
“underweighted or normal (BMI < 25 kg/m?)”.

We considered the optical density ratios of ELISA-S
and ELISA-NP as well as neutralizing anti-SARS-CoV-2
antibody titers as quantitative variables. To compensate
for the non-normality of the distribution, statistical anal-
yses were conducted on log-transformed titers.

Missing data

Participants with missing data on the main outcome or
other covariates were excluded from the analyses. A
sensitivity analysis with multiple imputation of missing
data was conducted to assess robustness of results: 20
imputed datasets were generated with multiple imputa-
tion by chained equations (predictive mean matching),
among which all estimates were poled using Rubin’s rule.

Statistical method

Logistic regression models were used to identify fac-
tors associated with TSD. These models considered sex,
age, smoking status, alcohol consumption and BMI. To
account for nonlinearity, age was included in the regres-
sion models using restricted cubic splines. We also tested
interactions between sex and either smoking status or
alcohol consumption. Interaction terms and nonlinear
terms for age were retained in the final model if they
improved the BIC criterion.

Logistic regression models were used to estimate the
association between TSD and serological titers according
to the three assays, respectively. Analyses were adjusted
for age, sex, smoking status, alcohol consumption and
BM]I, as potential cofounders, in each model. Associa-
tions with TSD were reported as odds ratios (OR) with
their 95% confidence intervals (CI).

Marginal and joint distributions of symptoms were
reported with upset plots. For the group of patients with
TSD, the TSD symptom was included in the analysis
whereas in the group without TSD, an “asymptomatic”
category was created and included in the analysis. Both
analyses included digestive, respiratory, systemic, fatigue
and rhinorrhoea symptoms. Hierarchical ascending clas-
sification was used to identify subsamples of subjects
with similar symptoms associations. The optimal num-
ber of clusters was determined visually by means of the
Elbow method for hierarchical clustering [11].
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All analyses were conducted with the R statistical
software version 4.0.3. Reporting of this research fol-
lows STROBE guidelines [12].

Results

Out of the 93,610 participants who completed both ques-
tionnaires and were invited to perform a DBS, 3,439
(3.7%) with a positive ELISA-S with available information
on TSD were included in the analysis. A detailed flow
diagram is provided (Fig. 1). Sensitivity analyses relying
on multiple imputation provided similar results when-
ever conducted (Supplementary Tables S1 and S2).

Patients’ characteristics and association with TSD

Table 1 presents the characteristics of participants with
positive ELISA-S (PE-S), along with ORs from univaria-
ble and multivariable analyses. Out of the 3,439 PE-S par-
ticipants, 750 (21.8%) reported TSD. Among participants
with and without TSD, 534 (71.2%) and 1,848 (68,7%)
were women, respectively. Median ages were 51 (Q1-Q3,
42-61) for participants with TSD and 46 (Q1-Q3, 40-60)
years for participants without TSD.

Multivariable analyses included 3,439 participants with
PE-S. No interaction was found between sex and either
smoking status or alcohol consumption. Nonlinear terms
for age improved the BIC criterion and were kept in the
selected model. Sex (OR=1.28 [95% CI 1.05-1.58] for
women), smoking (OR=1.54 [95% CI 1.13-2.07]), alco-
hol consumption of at least 3 drinks per day (OR=1.37
[95% CI 1.06—1.76]) were associated with a higher prob-
ability of TSD. Compared with subjects aged 40 years as a
reference, those aged 30 (OR=1.82 [95% CI 1.27-2.60]),
50 (OR=1.91 [95% CI 1.63-2.23]), 60 (OR=4.33 [95%
CI 3.54-5.29]) or 70 (OR = 1.67, [95% CI 1.35-2.05]) had
a higher probability of reporting TSD. The nonlinear age-
dependent estimated OR is reported in Fig. 2.

Serology

Distributions of serological titers in PE-S participants
are reported in Table 2. Associations between serologi-
cal titers and TSD were estimated in three independ-
ent multivariable models. Related ORs are reported per
0.1 augmentation in the log-transformed titers and can
approximately be interpreted as ORs per 10% increase
in serological titers. All titers were associated with a
higher probability of TSD: OR=1.31 [95% CI 1.26-1.36],
OR=1.37 [95% CI 1.33-1.42] and OR=1.34 [95% CI
1.29-1.39] for ELISA-S, ELISA-NP and seroneutraliza-
tion, respectively.

Symptoms
Analyses regarding the association of TSD with other
symptoms included 3,247 participants with PE-S and no
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Participants of the consortium of
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cohorts
n=279,478
NO DATA AVAILABLE
Did not complete both questionnaires n =94,999
Y Declined serological testing n=1,389
Invited to perform a DBS
n=93,610
NO SEROLOGY DATA AVAILABLE
v Did not return a DBS n=6,397
Serology could not be performed n=4,721
Total recruited
n=82,492
EXCLUDED
Non positive ELISA-S n=78,797
\ No TSD data n=256
SUBJECTS IN THE FINAL SAMPLE Missing data for symptoms n=192

e Dataon TSD n=3,439
e Data on serology n=3,439
e Data on other symptoms n = 3,247

Fig. 1 Inclusion of participants in the study. Legend: Flow diagram describing the process of inclusion in our study for participants to SAPRIS cohort

missing data for symptoms. Table 3 reports results of
the hierarchical clustering analysis, using only reported
symptoms in PE-S participants. Four clusters were iden-
tified: cluster #1 groups all asymptomatic participants;
cluster #2 groups participants with various associations
of symptoms; cluster #3 groups participants with TSD,
mostly isolated or associated with rhinorrhea; whereas
cluster #4 groups patients with digestive symptoms,
mostly isolated or associated with fatigue. Table 3 also
presents the distribution of age, sex and serological titers
in these clusters. These characteristics were not used to
identify clusters.

Results are also presented using two upset plots
(Supplementary Fig. S1): one for participants with
TSD (Fig. S1A; n=698) and one for participants with-
out TSD (Fig. S1B; n=2,549). Both plots took into
account self-reported symptoms in at least one of the
two questionnaires.

Discussion

Taste or smell disorders have been extensively reported
as common symptoms in SARS-CoV-2 infections [13].
Direct contact and interaction of the virus with gustatory
or olfactory receptor cells may be the main cause for this

symptom, though other pathophysiologic pathways are
possible [14].

Key findings

We found that the risk of reporting TSD for participants
with a positive SARS-CoV-2 ELISA-S test is higher in
women, smokers and participants drinking more than
2 drinks of alcohol a day, after adjustment for age. The
association with age was nonlinear, with a lower prob-
ability of TSD for participants aged around 40, compared
with younger or older ones. In addition, our analyses
showed a strong association between developing TSD
and an intense antibody response for people with a posi-
tive ELISA-S. Regarding symptoms, our study shows two
patterns of symptom association in participants with
TSD: in 90% of them, TSD are associated with a wide
variety of symptoms, while in 10% of them, TSD are iso-
lated or associated with rhinorrhea.

Interpretation
Patient profile
The association between TSD and female gender in
SARS-CoV-2 infected subjects is well documented [5,
15, 16] and previous findings support our results. The
nonlinear association with age, suggesting that patients
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Table 1 Characteristics of participants with and without taste or smell disorders (TSD). Categorial variables are reported as counts

(percentages of non-missing values) and quantitative variables as median [Q1-Q3]

Characteristics of participants with positive ELISA-S Univariable analysis

Multivariable

analysis
With TSD (n=750) Without TSD (n=2689) OR 95% Cl OR 95% Cl
Sex
Men 216 (28.8%) 841 (31.3%) 1 1
Women 534 (71.2%) 1848 (68.7%) 1.13 0.94-1.35 1.28 1.05-1.58
Smoking status
Non-smoker or former smoker 628 (87.7%) 2416 (91.3%) 1 1
Active smoker 88 (12.3%) 229 (8.7%) 148 1.13-191 1.54 1.13-2.07
Missing data 34 44
Alcoholic consumption
2 orless drinks a day 554 (82.0%) 2153 (86.6%) 1 1
3 or more drinks a day 122 (18.0%) 333 (13.4%) 142 1.13-1.78 1.37 1.06-1.76
Missing data 74 203
BMI
Underweighted or normal (BMI < 25) 457 (64.3%) 1690 (65.0%) 1 1
Overweighted or obese (BMI > 25) 254 (35.7%) 912 (35.0%) 1.03 0.87-1.22 1.01 0.83-1.22
Missing data 39 87
Age
Age 51[42-61] 46 [40-60]
30 years old 1.97 145-2.69 1.82 1.27 - 2.60
40 years old 1 1
50 years old 1.77 154 -204 1.91 1.63-223
60 years old 3.70 3.07 -445 433 3.54-529
70 years old 1.58 1.29-192 1.67 1.35-205

19.0 20.0

5‘.0

QOdds ratio
1.0 20

0.5

0.2

30 40

50
Age

60

70

80

Fig. 2 Age-dependent estimated OR (95% Cl) of taste or smell disorder, participants aged 40 as reference. Legend: Graphic representation of
age-dependent estimated OR (and 95% Cl) of taste and smell disorders in multivariable analyses. People aged 40 are considered as reference

around 40 years present a lower probability to report
TSD, is not easily interpretable as conflicting results were
reported regarding the association of TSD with age: a

study showed that age higher than 18 years was associ-
ated with TSD, compared to 15-17 years, with results
suggesting a higher frequency of TSD in infected subjects
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Table 2 Distribution of serological titers and associations with taste or smell disorders (TSD) adjusted for sex, age, smoking status,

alcohol consumption and BMI

Without TSD (n=2689)

With TSD (n=750)

Multivariable analysis

Median Q1-Q3 Median Q1-Q3 OR 95% Cl
ELISA-S 1.90 1.40-2.97 295 1.88-4.79 131 1.26-1.36
ELISA-NP 0.60 0.38-1.37 2.19 1.28-3.79 1.37 1.33-142
SN 10 10-20 40 20-160 134 1.29-1.39

Table 3 Characteristics of participants depending on symptoms profile. Categorical variables are reported as counts (percentages)

and quantitative variables as median [Q1-Q3]

Cluster #1 (n=1011) Cluster #2 (n=2103) Cluster #3 (n =68) Cluster #4
(n=65)

Symptoms

Taste or smell disorder 0 (0%) 628 (30%) 68 (100%) 2 (3%)

Respiratory 0 (0%) 1147 (55%) 0 (0%) 0 (0%)

Digestive 0 (0%) 730 (35%) 0 (0%) 65 (100%)

Systemic 0 (0%) 1639 (78%) 0 (0%) 0 (0%)

Fatigue 0 (0%) 1125 (53%) 5 (7%) 15 (23%)

Rhinorrhea 0 (0%) 1002 (48%) 26 (38%) 0 (0%)
Characteristics

Women 705 (70%) 1458 (69%) 46 (68%) 49 (75%)

Age 48 41-64 47 40-59 56 42-70 46 38-55

ELISA-S 1.8 14-2.8 22 15-3.6 26 1.6-4.1 1.8 13-24

ELISA-NP 0.6 04-1.1 1.0 0.5-24 20 1.0-2.8 0.5 04-0.8

SN 10 10-20 10 10-80 40 20-160 10 10-10

aged 18-44 years than adolescents and older subjects
[5]. Another study found a lower prevalence of TSD in
elderly patients [17]. Regarding the association we found
between smoking status and TSD, previous studies also
reported conflicting results, some of them finding a simi-
lar association [18, 19] while others did not [4, 17, 20]).
A possible explanation for this association is that func-
tional interactions between nicotine and the angiotensin-
converting enzyme 2 (ACE2) facilitate the infection of
cells by the virus [21]. To our knowledge, the association
between TSD and alcoholic consumption was reported
— and nonsignificant — in only one case—control study
with a limited sample size [22]. No obvious biological
mechanism is likely to explain this result and a spurious
association due to residual confounding cannot be ruled
out. The non-association between TSD and overweight is
consistent with the literature [17].

Antibody response

We found that the development of TSD was strongly
associated with the antibody response. Even though the
pathophysiology of TSD in SARS-CoV-2 infection is still
poorly understood, these results, combined with the

literature, suggest the existence of a biological mecha-
nism between antibody response and TSD. Animal stud-
ies suggest that the interaction between ACE2 and the
spike protein may yield to massive infection of susten-
tacular cells in the olfactory epithelium and immune cell
infiltration leading to global desquamation of this epithe-
lium [23, 24]. Other studies support that cell infection by
the SARS-CoV-2 and infiltration of immune cells in the
olfactory epithelium could lead to olfactory sensory neu-
rons infection by horizontal spreading [25] or to loss of
odorant receptor [26].

Symptoms

We discerned different patterns of symptoms associa-
tions in participants with a positive ELISA-S test. Par-
ticipants with TSD were more likely to report a wide
variety of symptoms, while most participants without
TSD reported a complete absence of symptoms or iso-
lated symptoms (systemic or rhinorrhea mainly). In the
literature, the majority of patients with TSD experienced
at least one other symptom [17, 27, 28], which is consist-
ent with our findings.
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Strengths and limitations

The participants in the SAPRIS study are drawn from
cohorts whose source population is the general popula-
tion with a high participation rate and whose participants
are well characterised and well followed. The study design
allows for results to be obtained from a large sample of
individuals from the general population rather than from
inpatients or outpatients. In addition, the case definition
is based on an objective result and not on self-reported
symptoms and is prospective, hence the large number of
asymptomatic patients.

Regarding serology, DBS has been performed between
May 04, 2020 and September 30, 2020 corresponding to a
timeframe of very low level of virus circulation in France;
it is therefore very unlikely that a patient would have
been infected between the completion of the question-
naires and the DBS. Serological analyses were central-
ized and performed according to a double-blind design
(participants and investigator). Results obtained with dif-
ferent serological assays (ELISA-S, ELISA-NP and sero-
neutralization) regarding the associations of antibody
responses with TSD were consistent, which supports
their robustness.

Several limitations must be noted. First, we consid-
ered participants with a positive ELISA-S as having been
infected by the SARS-CoV-2. This assumption may lead
to an underestimation of the number of subject (partici-
pants who have been infected with the SARS CoV-2) as
(i) participants with an intermediate level of serological
response (ELISA-S between 0.8 and 1.1) are considered
as negative, (ii) it has been shown that the initial serologi-
cal response decreases over time following the infection,
which may yield a loss of sensitivity due to serorever-
sion at the time of DBS collection, this latter issue was
partially addressed as DBS were mostly collected shortly
after the first epidemic wave, before seroreversion was
likely to occur [29], and (iii) 10% to 20% of infected indi-
viduals will not mount a detectable humoral response [30,
31]. Thus, though this case definition favoured specificity
over sensitivity and limits the occurrence of false positive
cases, we may have selected infected participants whose
initial antibody response was intense while infected par-
ticipants with a milder antibody response may have not
been detected. As only one sample was analysed per par-
ticipant, within-participant dynamics of the serological
response could not be studied. Second, TSD, as well as all
other symptoms, were self-reported. It has been shown
that self-reporting of TSD may lead to under-reporting of
this symptom, compared with objective assessment by a
professional [27]. We may also assume that participants
who reported a TSD are those who are the most likely
to report other types of symptoms, which may partly
explain the frequent associations of TSD with several
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other symptoms. Additionally, self-reporting of symp-
toms may also be subject to recall bias, for instance if
the likelihood of recalling symptoms is higher in patients
who have been previously positively tested for SARS-
CoV-2. This may concern only 295 (8.6%) out of the 3,439
participants with positive ELISA-S, as others completed
questionnaires blinded to their serological status. Though
the expected effect of a hypothetical recall bias therefore
seems very limited, we cannot rule out a loss of statistical
power in our analyses due to non-differential misclassifi-
cation in self-reported symptoms.

Conclusions

In conclusion, our study shows that among patients with
a positive serology ELISA-S test, women, smokers and
people drinking more than 2 drinks a day were more
likely to develop TSD. We also found a strong association
between antibody response and TSD. Regarding symp-
toms associations, the overwhelming majority of par-
ticipants with TSD experienced a wide variety of acute
symptoms, while a few of them only developed TSD
either isolated or associated with only rhinorrhea.
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