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Corowell: New simple App-combined smell test to screen patients
for suspicion of COVID-19 infection
The WHO declared, on March 11, 2020, COVID-19 as a pandemic with the sustained risk of further
global spread. Extensively studied for more than 1 year (around 93.500 papers), viral COVID-19
infection is first characterized by fever, cough, shortness of breathing, sore throat, unusual fatigue
and myalgia1. COVID-19 has expanded rapidly since it was first identified and has been shown to
have a wide spectrum of symptoms and severity. Incubation period is between 2 to 14 days with
an average of 5.2 days2, and contamination period, after appearance of the first symptoms,
estimated to 8 days3. Some recent studies let suppose that patients, during the incubation period4,
are able to transmit the virus. Even more asymptomatic patients5, estimated between 10-30% of
cases6, are potential transmitters of the disease. In other words, substantial undocumented
infection facilitates the rapid dissemination of the virus which can be the source of up to 79% of
the documented cases7. The only valid test to detect the presence of the virus is the reverse
transcription-polymerase chain reaction (RT-PCR), even if its sensitivity varies with the specimen
types8. Nevertheless, the main problem with RT-PCR is its expensive price. The second problem
is its efficiency in mass testing with few positive results, most of the time under 10% of the tested
persons. An urgent need exists to find a simpler and cheaper solution to diminish the number of
RT-PCR in having a first line of selection of patients to avoid the practice of so many negative
tests9. Cheaper and rapid antigen detection test became to be used as frontline testing for COVID19 diagnosis, notably by symptomatic patients, but with lower performance (sensitivity) because
it needs a higher viral load10.
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After some anecdotal unpublished and published reports of anosmia related to COVID-19
emanating from different countries and otolaryngological societies, a new interest grew up with
the specific study of olfactory dysfunction which conducted to the publication of around 690
specific papers (PubMed daily search, key words “Covid-19/coronavirus”, and “anosmia”, or
“olfaction”. Anosmia has already been reported in the course of others coronavirus, but as a rare
occurrence11. With COVID-19, the situation progressively became different. After some initial
studies, the occurrence of olfaction dysfunction with COVID-19 is demonstrated to be frequent12,
respectively in various studies from 33%13, 41%14, 44.2%15, 47%16, 48.47%17, 49.6%18, 60.7%19,
61%20, 66.6%21, 68%22,70.1%23, 70.2%24, 72%25, 74%26, 74.9%27, 79.2%28, 79.7%29, 83.9%30,
85.6%31, and 86%32, of cases. Ethnicity also plays a role33: Caucasians seem to have three times
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higher prevalence than Asians34, or Indians35. These ethnic differences render the interpretation of
the results of some meta-analysis quite confuse36. Another problem is related to the combination
of recent and older studies37. The most recent one gives a global result of 47.85%, increased to
72.1% if anosmia is objectively measured38. Another meta-analysis confirmed this number to be
77%39. Viral loads were poorly correlated with COVID-19 symptoms and outcome, excepted for
dyspnea and anosmia, which were significantly associated with lower viral loads40. It is
significantly more frequent amongst COVID-19 patients than influenza patients41. The sudden
reduction of smell, especially if not associated with rhinitis symptoms and nasal obstruction,
should be considered as highly suggestive of COVID-19 infection42. To notice, nasal obstruction
could be frequent (49.5%43 up to 67.8%44) in patients with a mild form of COVID-19 infection. The
second step was the validation that olfactory dysfunction could be the initial symptom of the
infection45, which was documented between 26.6%46, 33%47 38.3%48, to 40%49 of patients,
notably by pauci-symptomatic ones50, and in the young population51, or sometimes the sole
Von Bartheld CS, Hagen MM, Butowt R. Prevalence of chemosensory dysfunction in COVID-19 patients: A systematic review
and meat-analysis reveals significant ethnic differences. ACS Chem Neurosci 2020; Sep 17. doi:
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review and meta-analysis. Otolaryngol Head Neck Surg 2020 Jul;163(1):3-11. Mair M, Singhavi H, PAi A et al. A meta-analysis
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46 Kaye R, Chang CWD, Kazahaya K, Brereton J, Denneny JC 3rd. COVID-19 Anosmia Reporting Tool: Initial Findings.
Otolaryngol Head Neck Surg 2020;163(1):132-134.
47 Karimi-Galougahi M, Naini AS, Ghorbani J et al. Emergence and evolution of olfactory and gustatory symptoms in patients
with COVID-19 in the outpatient setting. Indian J Otolaryngol Head Neck Surg 2020 PMID: 33014751.
48 Biadsee A, Baidsee A, Kassem F et al. Olfactory and oral manifestations of COVID-19: Sex-related symptoms – A potential
pathway to early diagnosis. Otolaryngol Head Neck Surg 2020 Oct;163(4):722-728.
49 Ugurlu BN, Akdogan O, Yilmaz AY, et al. Quantitative evaluation and progress of olfactory dysfunction in COVID-19. Eur Arch
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in Berlin, Germany, March and April 2020 – A cross-sectional study. Clin Microbiol Infect 2020 Aug 19; S1198-743X(20)305000. doi: 10.1016/j.cmi.2020.08.017. Padermo A, Schreiber A, Grammatica A et al. Smell and taste alterations in Covid-19: a cross
sectional analysis of different cohorts. Int Forum Allergy Rhinol 2020 May 14: 10.1002/alr.22610. Agyeman AA, Chin KL,

51

-3Clinical & Scientific Evidence Report - REV 20201201

Clinical & Scientific Evidence Report

Prof. Dr. Mudry, MD, PhD

REV 20201201
symptom52, or even unnoticed53. In a case report of a reinfection, it is mentioned as the unique
symptom54. The next step was the establishment that anosmia could be the initial indicator of the
infection, including otherwise asymptomatic patients55. Even more, it became considered as a
possible predictor for COVID-19 infection, with a better sensibility and specificity than fever56.
Finally, smell testing might help, in some cases, to identify COVID-19 patients in need of early
treatment or quarantine57. Even more, because of its highly specificity as COVID-19 symptom58,
olfactory dysfunction has been shown to be the strongest predictor of COVID-19 positivity when
compared to other symptoms in logistic regression analysis59. It could also be used as an indicator
of the COVID-19 pandemic60. In another study, anosmia is considered, with fever and myalgia, as
the strongest independent predictors of positive assays61, even anosmia alone as the most
discriminative symptom between seropositive (53%) and seronegative persons (4%)62. To notice,
anosmia is more frequent in non-hospitalized COVID-19 patients than in hospitalized ones63,
letting suppose a milder form of disease64.
With this new paradigm, smell tests began to be proposed and used in such patients. Three
classical types of tests exist: questionnaires, quantitative tests, and olfactometry. The simplest
and cheapest solutions are questionnaires which can be online, notably on the form of selfreported smartphone app65. One limitation is that self-reporting is not confirmed with objective
testing66, notably because of the low affective response and attention to odors67, showing the
importance to have an objective test68. The smell loss as a screening symptom was found to show
Landersdorfer CB et al. Smell and test dysfunction in patients with COVID-19: a systematic review and meta-analysis. Mayo Clin
Proc 2020;95(8):1621-1631.
52 Fantozzi PJ, Pampena E, Di Vanna D et al. Xerostomia, gustatory and olfactory dysfunctions in patients with COVID-19. Am
J Otolaryngol 2020. PMID: 32977063.
53 Hornuss D, Lange B, Schröter N et al. Anosmia in COVID-19 patients. Clin Microbiol Infect 2020;26(10):1426-1427.
54 Jain A, Kaur J, Rai AK, et al. Anosmia: A
clinical indicator of COVID-19 reinfection. Ear Nose Throat J 2020 Dec
9;145561320978169.
55 Wagner T, Shweta F, Murugadoss K, et al. Augmented curation of clinical notes from a massive HER system reveals symptoms
of impending COVID-19 diagnosis. Elife. 2020;9:e58227. Published 2020 Jul 7.
56 Gerkin RC, Ohla K, Veldhuizen MG, et al. Recent smell los sis the best predictor of COVID-19: a preregistered, cross-sectional
study. medRixiv 2020 Jul 26:2020.07.22.20157263.
57 Moein ST, Hashemian SM, Mansourafshar B, Khorram-Tousi A, Tabarsi P, Doty RL. Smell dysfunction: abiomarker for COVID19. Int Forum Allergy Rhinol 2020;10(8):944-950. Makaronidis J, Mok J, Bolagun N et al. Seroprevalence of SARS-CoV-2
antibodies in people with an acute loss in their sense of smell and/or taste in a community-based population in London, UK: an
observational cohort study. PloS Med 2020;17(10): e1003358.
58 Makaronidis J, Mok J, Bolagun N et al. Seroprevalence of SARS-CoV-2 antibodies in people with an acute loss in their sense
of smell and/or taste in a community-based population in London, UK: an observational cohort study. PloS Med 2020;17(10):
e1003358.
59 Rocke J, Hopkins C, Philpott C et al. Is loss of smell a diagnostic marker in COVID-19: A systematic review and meta-analysis.
Clin Otolaryngol 2020 Aug 1: 10.1111/coa.13620. doi: 10.1111/coa.13620. Owosu M, Sylverken AA, Ankrah ST, et al.
Epidemiological profile of SARS-CoV-2 among selected regions in Ghana: A cross-sectional retrospective study. PLoS One 2020
Dec 10;15(12):e0243711.
60 Pierron D, Pereda-Loth V, Mantel M et al. Smell and taste changes are early indicators of the COVID-19 pandemic and political
decision effectiveness. Nat Comm 2020 Oct 14;11(1):5152. doi: 10.1038/s41467-020-18963-y.
61 Lan FY, Filler R, Mathew S et al. COVID-19 symptoms predictive of healthcare worker’s SARS-CoV2 PCR results. Plos One
2020;15(6): e0235460.
62 Vos ERA, den Hartog G, Schepp RM, et al. Nationwide seroprevalence of SARS-CoV-2 and identification of risk factors in the
general population of the Netherlands during the first epidemic wave. J Epidemiol Community Health 2020 Nov 28;jech-2020215678. doi: 10.1136/jech-2020-215678.
63 Giorli A, Ferretti F, Biagini C et al. A literature systematic review with meta-analysis of symptoms prevalence in Covid-19: the
relevance of olfactory symptoms in infection not requiring hospitalization. Curr Treat Options Neurol 2020;22(10):36.
64 Sanli DET, Altundag A, Kandemirli SG et al. Relationship between disease severity and serum IL-6 levels in COVID-19 anosmia.
Am J Otolaryngol 2020 Oct 28;42(1):102796. doi: 10.1016/j.amjoto.2020.102796.
65 Menni C, Valdes AM, Freidin MB et al. Real-time tracking of self-reported symptoms to predict potential COVID-19. Nat Med
2020;26(7):1037-1040.
66 Lechien JR, Chiesa-Estomba CM, Place S et al. Clinical and epidemiological characteristics of 1420 European patients with
mild-to-moderate coronavirus disease 2019. J Intern Med 2020;288(3):335-344. Prajapati DP, Shahrvini B, MacDonald BV et al.
Association of subjective olfactory dysfunction and 12-item odor identification testing in ambulatory COVID-19 patients. Int
Forum Allergy Rhinol 2020. PMID: 32964657. Rajkumar I, Anand KH, Revathishree K et al. Contemporary analysis of olfactory
dysfunction in mild to moderate covid 19 patients in a tertiary health care centre. Indian J Otolaryngol Head Neck Surg 2020.
PMID: 33020732. Mazzatenta A, Neri G, D’Ardes D, et al. Smell and taste in severe COVID-19: Self-reported vs. testing. Front
Med (Lausanne) 2020 Dec 2;7:589409.
67 Wrzesniewski A, McCauley C, Rozin P. Odor and affect: Individual differences in the impact of odor on liking for places, things
and people. Chem Senses 1999;26(6):713-721.
68 Rodriguez S, Cao L, Rickenbacher GT et al. Innate immune signaling in the olfactory epithelium reduces odorant receptors
levels: modeling transient smell loss in COVID-19 patients. medRxiv 2020 Jun 16;2020.06.14.20131128. doi:
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a high specificity and moderate sensitivity for the detection of COVID-19 infection69. In another
study, data stress the necessity for an awareness of loss of smell as a cardinal symptom70. The
development of the ODoR-19, a 1-10 scale to screen for recent smell loss, supports this
affirmation71. In conclusion and as demonstrated in the greatest part of the most recent studies72,
smell testing is justified as a screening tool for COVID-19, and might be valuable for early
diagnosis73, notably when rapid screening is needed74. A recent study demonstrated a negative
predictive value of 89.01%75; and three others that in case of recent anosmia, 91.18%76, 93%77,
and 95%78 of cases were COVID-19 positive. A Swedish study demonstrates a high odds ratio of
28.4 by seropositive COVID-19 persons79. Unfortunately, no simple and cheap solution to test
smell function was proposed until now80. Some are in development in various places.
Nevertheless, as time is progressing, many publications highlight the importance of such a test81
and its cost efficiency, such as: “screening for olfactory dysfunction could be a high impact and
cost-effective method for broad COVID-19 screening and surveillance.”82 Even more, it could
reduce the reproduction number of 55%, thus better than most of the lockdown techniques83
We have developed Corowell, a simple and low-cost consumer qualitative smell testing system in
association with an App-Questionnaire composed of six specific questions, usable in about one
10.1101/2020.06.14.20131128. Fucillo E, Saibene AM, Canevini MP et al. Olfactory disorders in coronavirus disease 2019
patients: a systematic literature review. J Laryngol Otol 2020 Sep 15:1-10. doi: 10.1017/S0022215120002005.
69 Printza A, Constantinidis. The role of self-reported smell and taste disorders in suspected COVID-19. Eur Arch Otorhinolaryngol
2020:277(9):2625-2630.
70 Zens M, Brammertz A, Herpich J et al. App-based tracking of self-reported COVID-19 symptoms. J Med Internet Res 2020
Jul 26. doi: 10.2196/21956.
71 Gerkin RC, Ohla K, Veldhuizen MG, et al. Recent smell los sis the best predictor of COVID-19: a preregistered, cross-sectional
study. medRixiv 2020 Jul 26:2020.07.22.20157263.
72 Lechien JR, Barillari MR, Jouffe L et al. Anosmia is a key symptom of COVID-19 infection and should be used as a diagnostic
too. Ear Nose Throat J 2020 May 21: 145561320925191. doi: 10.1177/0145561320925191. Boscolo-Rizzo P, Borsetto D,
Hopkins C et al. Challenges in interpreting the diagnostic performance of symptoms to predict COVID-19 status: the case of
anosmia. Int Forum Allergy Rhinol 2020 June25: 10.1002/alr.22650. doi: 10.1002/alr.22650. Borsetto D, Hopkins C, Philips V et
al. Self-reported alteration of sense of smell or taste in patients with COVID-19: a systematic review and meta-analysis on 3563
patients. Rhinology 2020 Jul 6. doi: 10.4193/Rhin20.185. Boscolo-Rizzo P, Polesel J, Spinat G et al. Predominance of an altered
sense of smell or taste among long-lasting symptoms in patients with midly symptomatic COVID-19. Rhinology 2020 Jul 19. doi:
10.4193/Rhin20.263. Roland LT, Gurrola II JG, Loftus PA et al. Smell and taste symptom-based predictive model for COVID-19
diagnosis. Int Forum Allergy Rhinol 2020 Jul;10(7):832-838. doi: 10.1002/alr.22602. Lechien JR, Hopkins C, Saussez S. Letter to
the editor about the Beltran-Corbellini et al. publication: ‘Acute-onset smell and taste disorders in the context of Covid-19: a
pilot multicenter PCR-based case-control study (Eur J Neurol 2020. Doi:10.1111/ene.14273.) Eur J Neurol 2020 May 22 :
10.1111/ene.14357. Iravani B, Arshamian A, Ravia A et al. Relationship between odor intensity estimates and COVID-19
prevalence prediction in a Swedish population. Chem Senses 2020 May 22; bjaa034. doi: 10.1093/chemse/bjaa034. Seden N,
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minute to screen a possible COVID-19 infected person. The test is presented on the form of a
double paper credit card-size holder on which a code bare is printed. With the smartphone, the
person scans the code which open the Corowell App, with first the smell test and eventually the
six questions.

The first part of the test is a qualitative smell test, where the person needs to recognize a specific
scent delivered by scratching on the respectively marked zone of the consumer. Actually, twelve
random scent specimens are presented: orange, peppermint, coffee, vanilla, cinnamon, apple,
pine, rose, lavender, cherry, chocolate and cloves. The person must select the right answer on
the list presented in the App. If the response is inaccurate, the test is considered “failed”.
The second part of the test is a questionnaire, proposed only if the first part is valid (accurate
response).
Question 1 is related to the transmission time of COVID-19 which is accepted to be less than 8
days after the onset of the first symptoms: “Have you been tested “positive” for COVID-19 in the
last 10 days?”
Question 2 is focused on the possible recent (non-protected) contact with infected persons and
based on the fact that incubation period is limited to a maximum of 14 days: “Have you been in
contact with a suspected or infected person in the last two weeks?”
Question 3 is associated with the possible presence of typical COVID-19 symptoms: “Do you
suffer from fever, cough, shortness of breath, sore throat, unusual fatigue, headache, or muscular
pain?”
Question 4 searches for the presence of an olfactory dysfunction: “Did you have a recent smell
disorder?”
Question 5 corresponds to the ODoR-19 newly proposed scale olfactory test84: “Rate your recent
ability to smell on the following scale, 0 being no smell and 10 excellent smell.”

Gerkin RC, Ohla K, Veldhuizen MG, et al. Recent smell los sis the best predictor of COVID-19: a preregistered, cross-sectional
study. medRixiv 2020 Jul 26:2020.07.22.20157263.
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Question 6 corresponds to the confidence of the test: “I have truthfully answered all questions.”
The App lists the possible answers. Except for question five with the scale between 0 to 10, all
other questions have two possibilities of answer: yes or no. If one question is inaccurate (yes for
questions 1 to 4, and no for question 6), or if the result of question 5 is below 4, the test is
considered invalid. The complete test needs around 1 minute to be practiced.
A final validation, is given by the App, saying “PASS" (valid) or “FAIL” (invalid) test. If the answer
is “FAIL”, it means that the tested person has a supposed risk to be a COVID-19 holder, meaning
a possible transmitter. This person must be further checked for the eventuality of the presence of
Covid-19 infection. If the test is passed the index of suspicion is probably very low, and thus
acceptable with the usual recommended protective measures (mask, cleaning and distancing).
Corowell can be repeated as many times as necessary and used wherever a screening for COVID19 is needed without any specific structure.
Of course, Corowell has some limitations and must be used with caution with already anosmic
persons85. The incidence of olfactory dysfunction in the general population is a matter of
discussion86. Most investigations identified increasing aging87, and smoking habits in a doserelated manner88, as important factors in terms of the occurrence of smell dysfunction. A
difference exists between patients under 60 years of age, the incidence being around 5%89, and
over 60 years of age, incidence being more than 15%90. Some pathologies91 can play a role,
essentially in older age, especially Parkinson and Alzheimer92, but also medications93. A recent
study demonstrated a significant difference between the prevalence of anosmia among old black
adults (22.3%) and old white adults (10.4%)94. Even more recent COVID-19 infected persons can
have a persistent anosmia many weeks after the onset of the disease. In such kind of situation,
other methods of screening need to be used (official medical certificate, recent negative PCR,
etc.)

Rebholz H, Braun RJ, Ladage D et al. Loss of olfactory function-early indicator for Covid-19, other viral infections and
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A systematic and voluntary daily screening study of around 50 employees at the Clinique de
Montchoisi (Swiss Medical Network), Lausanne, Switzerland, a surgical structure without COVID19 patients, was initiated: 384 Corowell Tests were performed during 3 consecutive days (11-13
November) and again 5 consecutive days (16-20 November). All users were mostly tested every
day, until “failing” the Corowell Test. 367 tests passed (95.3%). 17 tests failed (4.7%), of which 10
PCR were executed after discussion with the clinical supervisor, and three (3) of the ten (10) were
found PCR-positive. All three positive PCR were identified by the Corowell Test based responses
to the questionnaire, two because a recent contact and one because of symptoms related to
COVID-19. All the three had at least one Corowell test before, which was initially “passed”. The
one who failed with onset of new symptoms, also did a Corowell test one day later, test which
“failed”, because the person then did not recognize the scent. One user suffering of chronic rhinosinusitis directly presented with a recent medical certificate concerning her anosmia. Regardless,
she was tested with Corowell, and as to be expected, “failed” the test, and the subsequent PCR
was negative. Another user, who did not recognize the scent, subsequently PCR was negative.
However, “passed” the Corowell Test on the following day (initial “fail” likely stress-related). During
the above reported test days, three employees were absent: Two people had previously tested
COVID-19 positive (PCR) within less than 10 days, and one had reported COVID-19 symptoms
but did have a negative PCR. The Corowell Test would have failed all three, if they would have
presented to take the test.
The identification of 3 infected users (6%) out of the group of around 50 random, but otherwise
homogenous and not isolated from normal life, is highly encouraging. Another user who failed the
objective “scent” test was identified with a positive PCR (on 30 November). It was demonstrated
a high efficiency and complementarity of the two parts of the Corowell test, such as differently
demonstrated in a recent proposed scoring predictive system95. In addition, the test and re-test
repeatability of results, on a 24 h schedule, is also very pertinent. That bears an enormous potential
for the Corowell Test in view of continued assessments, evolution, i.e. changes of results and fast
response to a possible failing of a subsequent test, in order to break infection chains and perform
targeted in-Vitro Testing, based on Corowell Screening results.
Interestingly, the clinical staff discussed, due to the Corowell study, an increased awareness
regarding the pertinence of anosmia and its possible importance in COVID-19 pandemic.
Limitations to this study are related to the fact that the tested people were all employees of a
healthcare structure and therefore nobody above 65 years of age was tested. Some elderly users
over 65 years, or users that may be already suffering from anosmia, should have a vested interest
to obtain / provide an alternative medical certificate, and thus avoid discrimination that may be
caused by this test.
The concept, as Corowell promotes, of using anosmia as a key COVID-19 symptom associated
to other symptoms is similar to the development of clinical scoring system, such as the one used
in Brazil, even to replace PCR when the score was sufficiently high to predict the presence of
COVID-19 infection96.

Trubiano JA, Vogrin S, Smibert OC, et al. COVID-MATCH65-A prospectively derived clinical decision rule for severe acute
respiratory syndrome coronavirus 2. PLoS One 2020 Dec 9;15(12):e0243414.
96 Cadegiani FA, Zimerman RA, Campello de Souza B, et al. The AndroCov clinical scoring for COVID-19 diagnosis: A prompt,
feasible, costless, and high sensitive diagnostic tool for COVID-19 based on a 1757-patient cohort. Cureus 2021 Jan
7;13(1):e12565. doi: 10.7759/cureus.12565.
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