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Abstract

In response to the coronavirus disease 2019 (COVID-19) pandemic, countries have implemented
various strategies to reduce and slow the spread of the disease in the general population. For
countries that have implemented restrictions on its population in a stepwise manner, monitoring
of COVID-19 prevalence is of importance to guide the decision on when to impose new, or when
to abolish old, restrictions. We are here determining whether measures of odor intensity in a large
sample can serve as one such measure. Online measures of how intense common household
odors are perceived and symptoms of COVID-19 were collected from 2440 Swedes. Average odor
intensity ratings were then compared to predicted COVID-19 population prevalence over time in
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the Swedish population and were found to closely track each other (r=-0.83). Moreover, we found
that there was a large difference in rated intensity between individuals with and without COVID-19
symptoms and the number of symptoms was related to odor intensity ratings. Finally, we found
that individuals progressing from reporting no symptoms to subsequently reporting COVID-19
symptoms demonstrated a large drop in olfactory performance.These data suggest that measures
of odor intensity, if obtained in a large and representative sample, can be used as an indicator of
COVID-19 disease in the general population. Importantly, this simple measure could easily be im-
plemented in countries without widespread access to COVID-19 testing or implemented as a fast
early response before widespread testing can be facilitated.

Key words: anosmia, coronavirus, COVID-19, olfactory dysfunction, population prevalence

The coronavirus disease 2019 (COVID-19) is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and has, since
its first discovery at the end of the year 2019, rapidly spread across
countries (Zhu et al. 2020). In sharp contrast to the majority of
western European countries, the Swedish authorities have opted to
not close down the majority of society as a response to the COVID-
19 pandemic. Instead, the Swedish authorities have, in a stepwise
fashion, limited the curtailing of normal individual rights to basically
4 major actions: international travel ban, a ban on public gatherings
of more than 50 individuals (down from an initial ban of >500 in-
dividuals), forced universities and high schools (students aged above
age of 16) to switch to online teaching, and, recently, a mandate that
restaurants and bars offer table service only (Swedish Public Health
Authority 2020b). In addition, the Swedish Public Health Authority
has recommended that individuals work from home, if possible, and
has promoted the practice of physical distancing, recommendations
that are largely respected. The Swedish response to the pandemic can
be summarized as a tactic of stepwise implementation of measures
in response to the predicted prevalence of COVID-19. This strategy
as a response to a pandemic is, however, dependent on the nontrivial
problem of identifying a reliable measure of COVID-19-positive in-
dividuals in the population, data of vital importance for the timing
of government action to slow the spread of the disease.

Recent reports have demonstrated that inquiries on search en-
gines for salient COVID-19 symptoms can serve as a potential in-
dicator of COVID-19 prevalence in the population (Walker et al.
Forthcoming). However, the clinical symptoms of COVID-19 are dif-
fuse (World Health Organization 2020), which limits the precision
of online searches. While the list of identified symptoms has evolved,
several recent reports suggest that olfactory dysfunction may be a
specifically salient and potentially early symptom of COVID-19
(Gane et al. forthcoming; Menni et al. forthcoming). If so, olfac-
tory dysfunction might be a key symptom that can potentially be
used as an efficient tool to estimate the prevalence of COVID-19
positive cases in a population. The reported prevalence of olfactory
dysfunction in relation to COVID-19 has ranged from around 5%
(Mao et al. forthcoming) to a full 98% (Moein et al. forthcoming).
Reports based on a retrospective review of medical records have gen-
erally reported lower prevalence numbers, whereas the majority of
publications using self-reported olfactory problems have indicated
prevalence numbers around 60% (ranging from 30% to 88%; cf.
Pellegrino et al. forthcoming). This large variation between studies
can be attributed to both difference in how olfactory dysfunction
was assessed and defined and to what sample (clinical or general
population) was recruited to the various studies. It is not surprising
then that studies only including COVID-19 patients demonstrate a
larger prevalence of olfactory dysfunction compared to studies with
an open inclusion, irrespective of established diagnosis or type of

symptoms experienced. Nonetheless, there are currently several
peer-reviewed and nonpeer-reviewed reports that consistently indi-
cate that olfactory dysfunction is a salient symptom of COVID-19
(cf. Pellegrino et al. forthcoming). Importantly, the Swedish Public
Health Authority recently identified olfactory dysfunction as the
most prevalent symptom in the Swedish COVID-19 population es-
timate. Taken together, this indicates that olfactory dysfunction is a
good marker for COVID-19 occurrence.

The relationship between self-assessed and psychometrically as-
sessed olfactory function is, however, low (Landis et al. 2003). While
most people can notice sudden changes in olfactory function, aware-
ness of an olfactory loss is still far lower than a perceptual loss in
other sensory modalities, such as audition and vision. It is, therefore,
necessary to reliably estimate olfactory loss by probing olfactory
functions with actual odors. The majority of clinical tests for odor
dysfunction use an easily administrated and time-efficient method
of assessing an individual’s ability to identify odor (Kobal et al.
1996). However, to create odor identification tests for home use is a
problematic undertaking given that the tested individual should not
know which odors are included in the test and because test—retest
learning is a considerable confound. Moreover, the use of free odor
identification is difficult even for normosmic individuals, meaning
that written or verbal cues in combination with lures are needed,
therefore, making language skill and language comprehension con-
founding factors. Together, these problems render odor identifica-
tion suboptimal as a home test. A more straightforward test might,
therefore, be to assess odor intensities of common household odors,
thereby avoiding the limitations imposed by verbalization. Indeed,
using the assessment of odor intensities as a measure of olfactory
functions has previously been used (Stamps et al. 2013) and dem-
onstrated to be related to odor detection thresholds of the odor in
question (Kern et al. 2015). Few household odors are, however, only
activating the olfactory system (Lundstrom et al. 2011). The over-
whelming majority of odors stimulate both the olfactory and the
so-called trigeminal nerve and produce a feeling of nasal irritation in
addition to the odor percept (Lundstrom et al. 2012). It is not known
if the trigeminal nerve is affected by the SARS-CoV-2 virus, and a po-
tential home-made test needs to account for this possibility. Here, we
will assess whether odor intensity ratings can be used as a measure
of COVID-19 spread in the population. We do this by using data
from a Swedish population to determine whether a home-based odor
intensity rating can predict population prevalence of COVID-19 in
Sweden. This data comes from a multicenter project initiated at the
Weizmann Institute of Science with the overall aim of determining
the involvement of the olfactory system in the COVID-19 disease.
Via an online rating tool (www.smelltracker.org), participants rate
household odors for their perceived intensity and pleasantness.
Specifically, we determine whether odor intensity ratings negatively
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follow predicted population prevalence of COVID-19 and whether
odor intensity ratings are modulated by COVID-19 symptoms. We
hypothesized that, in a larger sample, odor intensity ratings over
time would follow the prevalence of COVID-19 in the general popu-
lation and, therefore, be of potential use as a predictor.

Methods

Participants

A total of 2930 unique individuals entered the data collection web-
site smelltracker.org, identified themselves as Swedish, and provided
information about their sex and age. In our analyses, we removed: 33
individuals that indicated an age below 18, 374 individuals who did
not provide any odor ratings, and 83 individuals that rated all odor in-
tensities above 95 (on a 0-100 scale, see below for scale information)
on suspicion of not following/understanding the task. This meant that
our final sample consisted of a total of 2440 individuals (mean age
47.4 years, =14.11 standard deviation [SD], range 18-99). In the final
sample, a total of 1680 individuals identified themselves as a woman
and 760 as a man. Data collection and analyses were approved by
both the Israeli Edith Wolfson Medical Centre Helsinki Committee
and the Swedish Institutional Review Board (Etikprévningsnimnden,
2020-01577). Participants did not receive any form of monetary com-
pensation for their participation, and consent was waived. All aspects
of the study complied with the Declaration of Helsinki for Medical
Research involving Human Subjects.

Recruitment strategy and participant regional
domiciliation

Recruitment for the Swedish population was mainly done by ap-
pearances in various local news media in the Stockholm regions and
outreach initiatives by the Karolinska Institute in Stockholm. Due
to the high level of privacy security, no data that could localize the
participant other than to the country of residency was obtained; we,
therefore, do not know with certainty in what region of Sweden par-
ticipants were localized at the time of testing. However, judging from
COVID-19-related hospitalization rates in the Swedish regions at the
time of sampling, the spread of COVID-19 has mostly been centered
around the general Stockholm area. The regional specificity in both
COVID-19 spread and recruiting, in combination with the dem-
onstrated association between our obtained data and COVID-19

prediction in the Stockholm area (see Results), we believe that the
vast majority of participants were from the greater Stockholm area.

Procedure

Participants visited the Swedish version of the multilingual web-
site smelltracker.org and provided details regarding age, declared
gender (Woman/Man/Other), and whether they have been tested for
COVID-19 (No, Yes-Pending, Yes-Positive, and Yes-Negative). They
subsequently answered what symptoms of COVID-19, if any, they
currently experienced. Available symptoms were: “Fever, Cough,
Shortness of breath or difficulty breathing, Tiredness, Aches, Runny
nose, Sore throat, Loss of the sense of smell, Loss of taste, No symp-
toms.” Unique login was created for each individual to facilitate re-
peated testing.

Next, participants picked 5 odors to rate, each from a separate
category with a fixed list of common household odors. We opted to
have participants rate 5 odors to strike a balance between increased
reliability, where more intensity assessments render more reliable
data (Kern et al. 2015), and low burden for participants to facili-
tate broad participation. The first 2 odor categories were selected
to contain odors with little to no trigeminal sensation (unisensory
odors), whereas the last 3 categories were odors with mixed sen-
sations of odor and trigeminal in various degree, so-called bimodal
odors (Table 1). Participants were instructed to preferentially pick
from the top of each list but, if necessary, choose any item that would
be available to them going down the list in order. At repeated testing,
the same 5 odors, freshly prepared, were to be used. Participants
then proceeded to smell each odor and, on a separate page for each
odor, rated their perceived intensity and pleasantness on separate
visual analog scales ranging from very weak/very unpleasant to very
strong/very pleasant, respectively. These scales were coded in the
system as ranging from 0 (min) to 100 (max). Participants could
smell the odor as often as they liked, and there was no time pressure
applied. We are here only focusing on odor intensity ratings.

Population prevalence, palynological data, and
seasonal virus control data

We obtained data on the predicted prevalence of COVID-19 in
the sample population from the Public Health Agency of Sweden
(Folkhilsomyndigheten) (Swedish Public Health Authority 2020a).
From March to April, Folkhilsomyndigheten randomly sampled 738

Table 1. Odor categories with the alternatives available for participants to choose from

Category 1 Category 2 Category 3 Category 4 Category 5
Vanilla extract Peanut butter Mustard (Dijon) Garlic (chopped) Toothpaste
Nutella Coconut oil Vinegar (white) Camembert cheese Hand soap
Honey Olive oil Horseradish (jar) Canned tuna Laundry detergent
Strawberry jam Basil Wasabi Blue cheese Shampoo
Apricot jam Oregano Onion (chopped) Canned sardines Hand cream
Apple juice (not fresh) Parsley Vinegar (apple) Mushrooms Body lotion
Orange juice (not fresh) Cilantro Black pepper (ground) Boiled egg Perfume
Lemonade (not fresh) Dill Menthol gum Pickled herring Hand sanitizer
Peach nectar (not fresh) Cardamom Mint (fresh) Cumin Sunscreen
Pear nectar (not fresh) Thyme Mint (gum) Soy sauce Baby oil
Grapefruit juice (not fresh) Nutmeg Mint (tea) Sauerkraut (jar)

Pineapple juice (not fresh) Caraway Sesame oil Coffee (ground)

Banana nectar (not fresh) Bay leaves Vodka Coffee (instant)

Cinnamon Ketchup Clove Tea (black)

Maple syrup

Peanut butter

Vinegar (balsamic)

Tea (earl gray)

Categories 1 and 2 contain items with odors that are low in trigeminal irritation, whereas categories 3—5 contain odors with a higher trigeminal irritation factor.
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individuals in the Stockholm region and, based on this data, together
with available data from the health care system and the contagion
factor of the SARS-CoV-2 virus, modeled the prevalence of COVID-
19 in the Stockholm population over time. The model is a fitted com-
partmental Susceptible-Exposed-Infectious-Recovered model that
assumes unreported cases as 98.7% of infected and their infectivity
as 55% compared to reported cases. Model details, raw data, scripts,
and figures for the updated model (version 2), which were used as a
predictor in this manuscript, can be obtained from an open data de-
posit: https://github.com/FohmAnalys/SEIR-model-Stockholm.

A potential confounding variable in this Swedish sample is the
co-occurrence of the COVID-19 pandemic with the onset of the
Swedish pollen season. In other words, a potential shift in rated in-
tensity over time could be mediated by an increase in allergic rhinitis
due to a rise in levels of airborne pollen. We, therefore, obtained
airborne pollen data for the Stockholm area from the Palynological
Laboratory at the Swedish Museum of Natural History. Because
we do not have data on the prevalence of potential allergic rhin-
itis (pollen allergy) or what specific allergies participants had, we
summed up the values of all allergenic pollen for each day of meas-
urement. During the time period of our sampling, there was airborne
pollen detected from 3 species; Alder (Alnus), Birch (Betula), and
Hazel (Corylus).

Another potential confounding variable is the occurrence of sea-
sonal viruses, such as seasonal influenza or gastroenteritis-causing
viruses, which might cause a reduction in odor intensity measures
given the overlap between their seasonal occurrence and the SARS-
CoV-2 outbreak. Prevalence data of these common virus outbreaks
are impossible to obtain because only cases needing hospitalization
are reported. However, one of the more commonly reported viruses
is the gastroenteritis-causing virus Caliciviridae. To estimate the
prevalence of seasonal viruses, data was obtained from the Public
Health Agency of Sweden (Folkhilsomyndigheten) of reported
laboratory-confirmed cases of Caliciviridae for the current season
and the 2 previous ones as comparison.

Data reduction and statistical analyses

To match the results of the COVID-19 prediction model and to in-
crease the reliability of the collected intensity ratings, values were
averaged in 3-day intervals. Single cases of missing values were re-
placed with the median of that specific odor category. Odor ratings
were then averaged across odors. For analyses of global odor inten-
sity, all categories were averaged; for ratings of unisensory odors,
categories 1 and 2 were averaged and, for ratings of bimodal odors,
categories 3—5 were averaged. For individuals reporting more than
one testing session, only the first testing session was included for
these specific analyses.

Associations between odor intensity ratings and COVID-19 pre-
diction model, as well as odor intensity and COVID-19 symptoms,
were assessed by Spearman rank correlations. To identify olfactory
dysfunction threshold, a cutoff of the 10th percentile of odor in-
tensity within the subpopulation that reported no symptom was
used as an indication of olfactory symptoms, as is often used for
clinical olfactory tests (Hummel et al. 2007). This cutoff value was
subsequently used to define the percentage of olfactory dysfunction
in other subpopulations, that is (subjectively reported), Symptom,
COVID-19 +, and COVID-19 -, the last 2 categories based on lab
testing. To maximize the likelihood of identifying individuals with
COVID-19 tests, in these analyses, we included all sessions from in-
dividuals with repeated testing.

To assess the ability of our measure to identify shifts in potential
diagnoses, we identified individuals who had provided data on more
than one occasion and, from them, assessed who had progressed
from indicating no symptoms to indicating symptoms in a subse-
quent session. Their ratings in the session just before the session
indicating symptoms were used as their nonsymptomatic score and
their ratings in the first session indicating symptoms were used as
their symptomatic scores. A paired 2-tailed Student’s #-test was used
to assess odor intensity rating predeveloping and postdeveloping
COVID-19 symptoms. Finally, for the test-retest reliability, we used
a Pearson correlation between odor intensity ratings in the first ses-
sion and second session in individuals who provided data in more
than 1 session and who reported no symptoms in both. All other
correlation tests were done with Spearman correlation to avoid the
influence of skewed data. All statistical analyses were carried out
within the MATLAB (version 2019b) environment with Statistical
and Machine Learning toolbox.

Results

Relationship between COVID-19 prevalence and
odor intensity perception
We assessed the development of olfactory abilities over time by plot-
ting mean intensity perception per day against the predicted preva-
lence of COVID-19 in the Stockholm population. Over the testing
time, mean odor intensity ratings decline, whereas the predicted
COVID-19 societal levels go up (Figure 1A). There was a marked
downward shift in ratings of odor intensity levels occurring in this
sample between 4 and 9 April. To assess whether this function was
different for odors with low and high trigeminal irritants (unisensory
and bimodal odors), we assessed them separately. We found that
both the unimodal odor category (Figure 1B) and the bimodal odor
category (Figure 1C) had similar psychometric functions. We then
assessed the statistical relationship between intensity estimates over
time and population COVID-19 predictions using Spearman rank
correlation. There was a significant negative relationship between the
COVID-19 prediction model and odor intensity ratings over time,
p = -0.83, P < 0.001 (Supplementary Figure S1). Similarly, there
were significant relationships between the COVID-19 prediction
model and both the unimodal odor category, p = -0.79, P < 0.003,
and the bimodal odor category, p = -0.83, P < 0.001. In other words,
odor intensity ratings of common household odors track the esti-
mated prevalence of COVID-19 in the population and the shift in
intensity aligned with predicted peak SARS-CoV-2 contagion. This
seems independent of whether the odors have more or less trigem-
inal irritants, which is consistent with the high correlation between
ratings of the unisensory and bimodal odors, p = 0.92, P < 0.001.
In this sample, as in the general population, there are healthy
individuals who might have done the odor testing as a potential
screening tool for COVID-19. We, therefore, wanted to assess
the potential influence of COVID-19 symptoms on odor intensity
ratings. To this end, we first divided the sample into individuals
who reported no COVID-19 symptoms and individuals who re-
ported at least one of the listed symptoms. There was a clear sep-
aration in odor intensity perception between the 2 groups across
time (Figure 1D). Moreover, the more symptoms the individual re-
ported, the weaker the odors were perceived as, as demonstrated by
a Spearman correlation between the number of reported COVID-
19 symptoms and odor intensity ratings, p = -0.29, P < 0.001
(Figure 2). All symptoms reported by participants who did report
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Figure 1. Odor intensity perception relate to COVID-19 prevalence. (A) Mean intensity ratings of the 5 odor categories (blue line and axis) in relation to population
prediction (black line and axis) of COVID-19 prevalence in the Stockholm region. (B) Mean intensity ratings of unimodal odors (odor categories 1 and 2; blue line
and axis) in relation to population prediction of COVID-19 prevalence in the Stockholm region. (C) Mean intensity ratings of bimodal odors (odor categories 3-5;
blue line and axis) in relation to population prediction of COVID-19 prevalence in the Stockholm region. (D) Mean intensity ratings of odors (categories 1-5), sep-
arated into individuals without (green squares, blue axis) and with (purple squares, blue axis) reported COVID-19 symptoms, in relation to population prediction
(black line and axis) of COVID-19 prevalence in the Stockholm region. Error bars in all panels indicate standard error of the mean (SEM). Error bars for first day

of testing are large due to few participants that day.

100

Intensity
3
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Figure 2. Odor intensity perception relates to COVID-19 symptoms. Individual
mean rated intensity of odors in relation to number of reported COVID-19
symptoms, excluding loss of smell/taste. Dots represent individuals and red
dotted line indicates the regression line. Blue color indicates the number of
overlapping individuals.

symptoms, aggregated over dates reported in Figure 1, can be
found in (Supplementary Table S1).

Reduction in odor intensity estimates can occur due to other
reasons that are not COVID-19 related, for example, a blocked nose
due to seasonal allergy or due to other seasonal virus diseases, such
as influenza or gastroenteritis viruses. To assess whether there was
a relationship between intensity levels and either pollen levels or in-
cidence of seasonal viruses, we first plotted the change in odor in-
tensity ratings over time compared to daily summarized levels of
measured airborne pollen from all the known allergenic species de-
tected at the time in the Stockholm area. There was a clear increase
in summated pollen levels toward the end of our sampling period
(Supplementary Figure S2). However, this increase in summated

pollen levels occurred at a later time point than the marked down-
ward shift in ratings of odor intensity levels occurring in this sample
between 4 and 9 April. We then assessed the incidence of reported
confirmed cases during the flu season 2019-2020 of the common
gastroenteritis-causing virus, Caliciviridae, in relation to the 3 past
seasons. At the time when testing began for the present data, there
had already been a sharp reduction in reported cases of Caliciviridae
infections (Supplementary Figure S3), likely a consequence of the
preventive measure implemented to reduce transmission of the
SARS-CoV-2 virus. It can be assumed that similar trends would be
seen for other seasonal virus outbreaks.

Higher prevalence of olfactory dysfunction among
individuals with COVID-19 symptoms

Having established that there is a clear difference in odor intensity
perception between individuals with and without COVID-19 symp-
toms, we wanted to know what the prevalence of olfactory dys-
function was in the overall sample and the different subsamples. We
defined olfactory dysfunction as mean odor intensity ratings falling
below the 10th percentile in the group reporting no COVID-19 symp-
toms, a definition that is aligned with other attempts of assessing the
prevalence of olfactory dysfunction (Hummel et al. 2007). This is of
course a conservative measure that will bias our estimates toward
a potential lower prevalence given that there might be asymptom-
atic COVID-19 patients or individuals with olfactory dysfunction
prior to the COVID-19 pandemic. Applying this cutoff to the group
that displayed symptoms of COVID-19, 66% of these individuals
had intensity estimates falling in the olfactory dysfunction category
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Figure 3. Olfactory dysfunction in relationship to COVID-19 symptoms. (A) Percentage of olfactory dysfunction within subsample that indicated either COVID-19
symptoms (sessions, n = 2469) or had undergone COVID-19 testing (Covid-19 + = positive [n = 16], Covid-19 — = negative [n = 25]). (B) Shift in intensity ratings
between sessions for individuals that progressed from indicated “No Symptoms” to indicating “Symptoms” Dots indicate individual values (n = 107) and lines
connects the values for the same individual. Error bars indicate standard error of the mean (SEM).

(Figure 3A). However, having symptoms of COVID-19 does not
constitute a diagnosis meaning that odor dysfunction in the sample
cannot be directly linked to confirmed COVID-19 diagnosis. The na-
tional strategy of the Swedish national health care system has been to
prioritize testing of individuals admitted to a hospital with clear signs
of a SARS-CoV-2 infection. This means that few individuals in our
sample had been tested for COVID-19 and even fewer had a positive
test. However, 16 individuals indicated that they had been confirmed
as COVID-19 and, among these individuals, 81% was classified as
part of the olfactory dysfunction group (Figure 3A). Among the indi-
viduals that had in the past been confirmed as COVID-19 negative,
32% were classified in the olfactory dysfunction group.

A subsample visited the website on multiple occasions and pro-
vided intensity estimates on repeated occasions. This provided us the
opportunity to observe when individuals progressed from indicating
“No Symptoms” to indicating one or more symptoms in subsequent
testing (Figure 3B). A total of 107 individuals made this transition
at some point during testing. We then compared their mean intensity
rating of the unisensory odors during the last session they indicated
“No Symptoms” with that of the first session they started to indi-
cate symptoms. On the group level, there was a significant difference
between the 2 sessions, t(103) = 6.15 P < 0.001, with an average of
20 points (29%) reduction in odor intensity on the 100-point visual
analog rating scale. Mean time elapsed between the 2 sessions of
interest was 1.82 (SD = 2.64) days.

Test-retest reliability

Finally, we determined the test-retest reliability of the odor inten-
sity measure by assessing the relationship between odor ratings in
their first session and their second session within individuals that
performed more than 1 testing session and who reported no symp-
toms in either one of the sessions (7 = 130). A Spearman correlation

test indicated a decent test—retest coefficient of 0.66, p(128) = 0.66,
P < 0.0001.

Discussion

We can here demonstrate that ratings of odor intensity from a larger
group within an area of COVID-19 outbreak closely follow the pre-
dicted prevalence of COVID-19 over time. We can demonstrate not
only that odor dysfunction is associated with symptoms of COVID-
19 but also that, when an individual progresses from indicating no
COVID-19 symptoms to listing COVID-19 symptoms, there is a sig-
nificant drop in odor intensity as soon as the next testing session.
These results suggest that simple perceptual ratings of odors can
serve as a future tool to predict levels of COVID-19 infection within
a population.

Home testing of odor functions during a pandemic needs to be
easy both to implement and to explain to the individual. Intensity
ratings of widely available household products via online assess-
ment is a simple and cheap way both for the individual to obtain
the indication of odor dysfunction, which might indicate COVID-19
onset, and for a potential governmental or health organization to
monitor the spread of the disease. Participants in this study had to
choose between set classes of odors, but this may not be necessary if
the main aim is to determine COVID-19 spread based on intensity
estimates. Intensity ratings for the odor categories containing odor
sources with low trigeminal irritants and the categories containing
odor sources with a bimodal sensation both closely followed the
predicted COVID-19 prevalence (correlation coefficients 0.79 and
0.83, respectively). Few household odors beyond vanillin are truly
activating only the olfactory system without any trigeminal activa-
tion and attempting to only use low trigeminal odors might lower
the ease of use; therefore, a more feasible setup might be to allow
free selection and instead block certain odor sources with a known
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high trigeminal activation. It is at the present time unclear if the
SARS-CoV-2 virus affects the olfactory system, alone, or whether
the trigeminal system is also influenced. The fact that bimodal odors,
as well, closely track the COVID-19 spread in the population lends
support to the notion that the trigeminal system may also be affected
either by the SARS-CoV-2 virus or by the reduced olfactory ability
per se (Frasnelli et al. 2007). However, although the odors listed
in the bimodal odor categories are bimodal in their percept, most
are not strong trigeminal irritants. Whether similar results would
be obtained using stronger irritants, such as acetone, remains to be
determined.

Of the 16 individuals with confirmed COVID-19, 81% had in-
tensity ratings low enough to fall in the olfactory dysfunction cat-
egory. Even though this result is higher than what has been reported
in studies based on self-reports, this high number is aligned with
a recent study that tested actual olfactory function in confirmed
COVID-19 positive patients (Moein et al. forthcoming). At the time
of the study, the Swedish health authorities prioritized testing of
COVID-19 in individuals when admitted to a hospital with signs of
COVID-19 and key health care staff. This has led to a low number
of individuals with confirmed COVID-19 status which is a major
weakness of the study. We can, therefore, not conclusively state that
all individuals with symptoms of COVID-19 indeed were COVID-
19 positive. We did find, however, that the number of listed symp-
toms was negatively associated with odor intensity and there was, on
average, a large drop in odor intensity perception when an individual
transgressed from reporting no symptoms to reporting symptoms.

Still, it is important to note that a shift in odor intensity percep-
tion is not by itself a diagnosis of COVID-19 and future studies ad-
dressing links between COVID-19 and olfactory perception should, if
possible, test individuals with established COVID-19 status to obtain
the exact measure of its specificity. It is also important to note that
these odor intensity measures cannot provide a clinical diagnose of
olfactory disorders, albeit real odors are used and not only via meta-
perceptual self-assessment, a measure that is less reliable. That said,
a major benefit of the study is the demonstration that ratings of odor
intensities do track COVID-19 population prevalence, which could
potentially be of use in countries where in-field testing is not available
or at initial stages of a potential future outbreak of coronavirus that
might have similar effects on the olfactory system and where the de-
velopment and buildup testing capacity has yet to happen.

The marked drop in olfactory functions between sessions when
participants started to report COVID-19 symptoms suggests that
odor measures might serve as a clear indicator of COVID-19 at an
individual level beyond the population level demonstrated here.
However, the test-retest reliability of odor intensity measure, here
estimated to 0.66, indicates that odor intensity function might not
work as a reliable measure on the individual level and assessments
should be reserved to the group level. Moreover, in-home testing
using self-administration and online reporting will always be inferior
to testing in the lab by a well-trained experimenter. That said, other
studies assessing test—retest of odor intensities have reached a near-
identical value in a lab testing setting (Kern et al. 2015), thereby
indicating that the obtained measures correspond to other more con-
trolled collections. At this time, it is, however, unlikely that mere
intensity estimates could serve beyond the indication of a potential
COVID-19 diagnosis, which should either trigger serum testing of
COVID-19 or for health care workers to treat a patient as a potential
COVID-19 suspect. Nonetheless, there is great potential for the de-
velopment of odor tests of COVID-19 that might reach a specificity
near serum tests.

In the general debate whether olfactory dysfunction is a sign
of COVID-19, a valid counterargument has been raised that loss
of olfactory function is not uncommon for other seasonal vir-
uses and the significantly larger prevalences of olfactory dysfunc-
tion reported for the SARS-CoV-2 virus might be explained by
the increased attention to symptoms and an increase in response
prevalence. Seasonal viruses do commonly lead to a reduction of
olfactory function or anosmia (total loss of olfactory functions;
Seiden 2004) and virus infection is one of the leading causes of
anosmia in patients with nonconductive olfactory disorders (Quint
et al. 2001). However, the prevalence of seasonal viruses in Sweden
was greatly reduced in response to the preventive measures imple-
mented by the Swedish authorities before our data was collected
(Supplementary Figure S3). It is also worth highlighting that a full
81% of the individuals who tested positive for COVID-19 in our
sample were classified as having olfactory dysfunction. This is an
incidence that is far greater than what is commonly observed for
other upper respiratory infections (Seiden 2004). A salient aspect
of COVID-19-related olfactory dysfunction seems to be the fre-
quent report of an isolated sudden onset in the absence of other
nasal problems with patients reporting a normal nasal patency
(Gane et al. forthcoming). However, it is of interest to point out
that our data indicate that the observed decreases in olfactory
functions were in most cases accompanied by other symptoms of
COVID-19 and there was a clear correlation between the number
of reported symptoms and odor intensity estimates. It is, therefore,
likely that building a complex model of multiple symptoms pro-
vides the best model. That would, however, require clinical testing
to establish the reliability of reported symptoms. Nonetheless, the
exact mechanism of this onset of olfactory dysfunction without
other common symptoms associated with upper respiratory infec-
tions, where the lack of nasal blockage is the salient factor, has
yet to be determined, but recent data suggest a few hypotheses.
Nasal epithelial cells richly express the SARS-CoV-2 entry factor
(Sungnak et al. 2020), the ACE2 receptors, which has been linked
to both the virus replication rate and disease severity (Hoffmann
et al. 2020; Zhou et al. 2020). Based on this, it can be speculated
that the SARS-CoV-2 virus damages the olfactory epithelium to
such extent that olfactory ability is degraded. Many viruses, in-
cluding coronaviruses, can also propagate via the olfactory nerve
and, thereby, infect and damage the olfactory bulb (Schwob et al.
2001; Wheeler et al. 2017). Coronavirus RNA has been found in
olfactory areas of the brain (Li et al. forthcoming), and recent data
suggests that some COVID-19 patients display neurological symp-
toms (Mao et al. forthcoming). Moreover, it is possible that nasal
blockage occurs but so high up in the nasal cavity that the blockage
only affects access to the olfactory epithelium without impeding
nasal patency (Eliezer and Hautefort 2020). Future studies are
needed to isolate the exact mechanisms.

In conclusion, we can here demonstrate that measures of odor in-
tensity closely track estimated COVID-19 levels on a population level.
This simple measure, if implemented in a large sample within the area
of outbreak, could serve as an easy and cheap measure of COVID-19
spread in society. This measure would provide special value to under-
developed countries where COVID-19 tests might not be widely avail-
able or to be implemented in an early phase of a COVID-19 epidemic
before widespread testing has been implemented.

Supplementary material

Supplementary material can be found at Chemical Senses online.
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