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A B S T R A C T   

Sudden loss of smell and/or taste has been identified as an early symptom of SARS-CoV-2 2019 (COVID-19) 
infection, and presents an effective target for prompt self-isolation and reducing community spread. The current 
study sought to develop and test a novel, rapid, self-administered test to objectively measure smell and taste 
losses associated with COVID-19, and administered self-report questionnaires to characterise symptoms associ
ated with COVID-19 in Singapore. Participants (N = 99) completed questionnaires to record recent changes in 
smell and taste ability. This was followed by the ‘Singapore Smell and Taste Test’ (SSTT), a personal, objective 
testing kit for daily self-assessment of smell and taste function at their place of residence. Seventy-two recruited 
participants were confirmed as COVID-19 positive at baseline, of which 58 completed the SSTT at home. Of 
these, 36.2% had objectively measured smell and/or taste loss. The SSTT measures of smell and taste function 
were positively associated with participants’ self-reported smell and taste acuity, and rated smell intensity of 6 
common household items. This study presents the first application of the SSTT as a rapid, cost-effective, objective 
tool to self-monitor smell and taste function in a residential setting, and ensures comparability across individuals 
through the use of standardised stimuli. The SSTT has potential for future application in populations with limited 
access to formal COVID-19 testing as a self-administered objective method to monitor sudden changes in smell 
and taste, and to prompt early self-isolation, in order to reduce community transmission of COVID-19.   

1. Introduction 

Sudden loss of smell (anosmia) and/or taste (ageusia) are now 
globally recognised as key symptoms of Severe Acute Respiratory Syn
drome Coronavirus 2 infection (SARS-CoV-2) (causing the disease 
known as COVID-19) (American Academy of Otolaryngology-Head and 
Neck Surgery, 2020; ENT UK, 2020b, 2020a; European Rhinologic So
ciety, 2020; French Society of ENT (SFORL), 2020; Gane et al., 2020; 
Menni et al., 2020; Pellegrino et al., 2020), alongside fever, dry cough, 
fatigue and breathing difficulties (World Health Organisation, 2020). 

Many global public health bodies, including the Singapore Ministry of 
Health (2020), recommend that individuals at risk monitor their sense of 
smell and taste, and self-isolate and present for formal diagnostic testing 
should they experience any sudden changes (American Academy of 
Otolaryngology-Head and Neck Surgery, 2020; Centers for Disease 
Control and Prevention, 2020; ENT UK, 2020b, 2020a; Public Health 
England, 2020; World Health Organisation, 2020). 

Data from self-report questionnaires collected across many countries 
and clinical populations demonstrate an association between sudden 
onset smell and/or taste loss and SARS-CoV-2 infection (Bagheri et al., 
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2020; Klopfenstein et al., 2020; Lechien, Chiesa-Estomba, De Siati, et al., 
2020; Lechien, Chiesa-Estomba, Hans, et al., 2020; Parma et al., 2020; 
Yan et al., 2020). Self-report questionnaire measures are often used 
because they are cost-effective and easy to implement at a large scale, 
but they can also be subjective, and prone to biases and inaccuracies. In 
particular, self-report measures of smell and taste often rely on in
dividuals noticing these changes, which may result in under-reporting 
and not accurately reflect the prevalence of these symptoms. This is 
likely because the relationship between self-reported and objectively 
measured sensory function is typically low (Landis et al., 2003). A recent 
meta-analysis highlighted the need for objective sensory testing with 
standardised stimuli to identify and track COVID-19-related changes 
(Hannum et al., 2020). 

This has been confirmed by a handful of studies that have objectively 
measured smell and taste changes using formal tests (Altin et al., 2020; 
Hintschich et al., 2020; Hornuss et al., 2020; Iravani et al., 2020; 
Lechien, Cabaraux, et al., 2020; Lechien, Ducarme, et al., 2020; Moein 
et al., 2020; Vaira, Deiana, et al., 2020; Vaira, Hopkins, et al., 2020; 
Vaira, Salzano, et al., 2020; Villerabel et al., 2021). Recent meta-ana
lyses report a considerable proportion of smell and taste disorders 
among individuals with COVID-19 (Agyeman et al., 2020; Rocke et al., 
2020; Tong et al., 2020). Borsetto et al. (2020) reported an overall 
prevalence of 47% for changes in smell and taste, with 31% and 67% in 
severe and mild-to-moderate symptomatic patients respectively. As well 
as a high prevalence, particularly in milder cases (Aziz et al., 2020), 
smell and/or taste loss often occur early, sometimes presenting as the 
first symptom or the only symptom in otherwise asymptomatic in
dividuals (Beltrán-Corbellini et al., 2020; Borsetto et al., 2020; Haehner 
et al., 2020; Hopkins et al., 2020; Iacobucci, 2020; Karimi-Galougahi 
et al., 2020; Kaye et al., 2020; Lee et al., 2020; Vukkadala et al., 
2020). The onset of smell and/or taste loss is often sudden and, unlike 
other upper respiratory tract infections, frequently occurs in the absence 
of nasal obstruction (Gane et al., 2020; Gengler et al., 2020; Lechien, 
Chiesa-Estomba, Hans, et al., 2020). Sudden smell and/or taste loss 
presents as a key symptom of COVID-19 that could prompt rapid self- 
isolation in otherwise asymptomatic individuals, who may risk unin
tentional spreading of the virus without exhibiting some of the more 
pronounced symptoms, such as dry cough or fever. 

The available evidence on self-reported smell and taste loss with 
COVID-19 highlights wide variation in the prevalence of these symp
toms, with values ranging from 3 to 98% for smell loss and from 6 to 
63% for taste loss with SARS-CoV-2 infection depending on the popu
lation under study (Agyeman et al., 2020). Data from a retrospective 
review of medical records demonstrates lower prevalence numbers 
compared to the majority of self-report studies (Pellegrino et al., 2020). 
Furthermore, Hajikhani et al. (2020) reported that decreased sense of 
smell (hyposmia), and decreased (hypogeusia) or distorted (dysgeusia) 
sense of taste were more common than complete loss of smell (anosmia), 
and this gradation of symptoms may further explain the heterogeneity of 
recent findings. Although individuals may notice a sudden and complete 
loss of smell and/or taste, they may be less aware of subtler reductions in 
sensitivity over time. In this respect, objective measures of smell and 
taste sensitivity may be more accurate in identifying changes related to 
COVID-19, with pooled prevalence estimates of smell loss of 77% and 
45% when measured through objective and subjective methods 
respectively (Hannum et al., 2020). 

Recent findings from formal smell testing with the University of 
Pennsylvania Smell Identification Test (UPSIT) revealed that 98% of 
COVID-19 positive participants exhibited some smell dysfunction, with 
25% presenting with anosmia and 73% with severe to mild olfactory 
dysfunction (Moein et al., 2020). The UPSIT and other traditional 
objective smell and taste tests are designed to provide a formal clinical 
diagnosis of sensory (dys)function. Hence, they are often time- 
consuming to administer and require delivery or instruction by a med
ical professional, making them impractical for widespread application of 
self-administered monitoring in a community setting. In addition, many 

of these approaches utilise test stimuli that are designed for repeated 
use, and become expensive when used only once in an effort to reduce 
cross-infection between subjects. Current social distancing requirements 
also restrict access to COVID-19 patients and require objective sensory 
tests to be self-administered with remote data collection. Although a 
formal clinical diagnosis with a Polymerase Chain Reaction (PCR) swab 
test is still necessary to confirm SARS-CoV-2 infection, early self- 
isolation is key to limiting the spread of the infection, and could be 
supported by a rapid, cost-effective, self-administered screening test 
with standardised stimuli for those who may not have immediate access 
to formal swab tests. 

The current study sought to develop and test a novel, rapid, self- 
administered test, the Singapore Smell and Taste Test (SSTT), to 
objectively measure smell and taste losses associated with COVID-19. 
We aimed to create a brief testing procedure that could be easily 
administered in the home with minimal cost and participant burden. In 
the wake of the COVID-19 pandemic, and the pressing need to investi
gate smell and taste losses in COVID-19 populations, other home testing 
procedures utilising household items as items in a smell and taste test 
have been developed (Iravani et al., 2020; Vaira, Salzano, et al., 2020). 
In the current situation, where traditional, expensive, clinically- 
administered smell and taste tests are impractical for use with 
restricted-access patients and in times of social distancing, these present 
a test than anyone can feasibly do, providing they have some of the 
specific household ingredients. However, we sought to further reduce 
the participant burden and time to complete our test by providing in
dividuals with standardised stimuli in a testing kit. In addition, this re
duces the risk of introducing unwanted stimuli variation or problems for 
comparability of smell and taste loss across individuals that can occur 
when participants are required to source and prepare their own test 
stimuli. With the SSTT, we present a method to assess smell/taste loss 
across individuals in a comparable way, with minimal participant 
burden and easy administration. 

Thus, the current study presents the first application of the SSTT to 
objectively measure changes in smell and taste sensitivity, and compares 
responses to self-reported changes in sensory acuity using questionnaire 
approaches in the same participants. 

2. Methods 

2.1. Study design 

In the current study, participants were asked to report on changes to 
their smell and taste sensitivity, and the onset of any changes, in the two 
previous weeks via a series of self-report questionnaires, and thereafter 
to prospectively track daily changes in smell and taste acuity using an 
objective self-assessment test. This self-assessment test objectively 
measured smell and taste acuity. The trial was registered at Clin
icalTrials.gov (Ref: NCT04492904) and the study obtained ethical 
approval from the National Healthcare Group Domain Specific Review 
Board (DSRB) (Ref: 2020/00810). The study design, measures, and 
protocol are outlined fully in Sheen et al. (2020). 

2.2. Recruitment procedure 

Participants were recruited from patients attending COVID-19 
screening at the National University Hospital (NUH) and individuals 
from a Community Care Facility (CCF) who had been referred for a PCR 
test following suspected COVID-19, or who had tested COVID-19 posi
tive on the day of recruitment into the study. As such, ‘Day 0′ represents 
the day that each participant underwent the PCR test and consented to 
participate. To confirm whether these individuals suspected of COVID- 
19 infection were positive, Nasal Swab PCR test results were 
confirmed for each participant via one-time access to their medical re
cords. A small portion were identified as COVID-19 negative (see Fig. 1). 

F. Sheen et al.                                                                                                                                                                                                                                   
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2.3. Measures and study procedure overview 

On recruitment into the study (‘day 0′), participants completed the 
Singapore Smell and Taste Questionnaire (SSTQ) (Sheen et al., 2020) to 
document recent changes in smell and taste and the occurrence of other 
COVID-19 symptoms. The SSTQ was completed once at baseline and the 
full battery of questionnaires took approximately 20 min to complete. 
They also completed the 22-item Sino-Nasal Outcome test (SNOT-22) 
(Hopkins et al., 2009) to quantify the presence and severity of gener
alized nasal disorder symptoms. Participants were then given a 
demonstration of the Singapore Smell and Taste Test (SSTT), and 
completed this in the company of the experimenter (Sheen et al., 2020). 
Participants were then asked to complete this standardised self- 

administered smell and taste test procedure daily for up to 28 days, 
which included self-reported rating of their sense of smell and taste at 
that moment, and completing the SSTT. In total, the SSTT took less than 
5 min to complete. Separately, participants selected one item from each 
of six categories of household items commonly found in Singapore from 
a pre-defined list and reported their perception of the smell (see Ap
pendix for the full item list). This approach was based on a previously 
reported self-assessment measure of smell sensitivity using household 
items (Iravani et al., 2020). Due to a low compliance with the daily SSTT 
testing over the 28 days, there was insufficient complete data to report 
the longitudinal changes in smell and taste and these results are not 
discussed in the current manuscript. 

Fig. 1. Flow chart of test completion by participants. displays the tests complete by each participant. Each day of testing included the SSTT and the Common 
Household Items Test. CHI = Common Household Item. 

F. Sheen et al.                                                                                                                                                                                                                                   
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2.4. Development of the SSTT 

Participants each received an individual smell and taste test kit. The 
smell test involved two odour pens – a food odour (mango) and a non- 
food odour (detergent) – consisting of specifically-formulated commer
cially available odour mixtures chosen to avoid possible specific 
anosmia to individual odour compounds (Symrise AG). Odour-delivery 
pens that are widely used for odour delivery in commercial olfactory 
tests (Otto Hut, Germany) were chosen for home-use self-testing of ol
factory function. The absorbent insert from each pen was dosed with a 
suprathreshold concentration of an odour mixture (food or non-food). 
Perceived odour quality and the intensity, consistency and stability of 
volatile bleed-rate was based on extensive pilot testing by both the 
flavour provider (Symrise AG) and at the Clinical Nutrition Research 
Centre to ensure a consistent odour stimulus for self-testing. For the self- 
administered taste test, participants were provided with four food-grade 
taste stimuli in powder form, with each selected to represent a stand
ardised supra-threshold example of the four prototypical basic tastes: 
“sweet” (table sugar), “salty” (table salt), “bitter” (granulated coffee 
powder), and “sour” (lime powder). 

The odour self-test applied similar test instructions to that used in the 
Yale School of Medicine “Jiffy” Test of Smell Sensitivity (Yale School of 
Medicine, 2020). Participants were asked to remove the pen lid and 
placed the odour pen 3 in. from their nose while breathing normally. 
Participants identify the smell from each pen and rate the perceived 
intensity on a visual analogue scale (VAS) from “not strong at all” to 
“extremely strong smell.” For the daily taste test, participants were 
asked to take a small amount of each item in a sequential monadic order 
on the tip of their tongue with a small spoon, and identify and rate the 
perceived intensity of the taste on a VAS from “not strong at all” to 
“extremely strong taste”. 

2.5. Data analyses 

Descriptive statistics were used to summarise the prevalence of 
COVID-19 and smell and taste loss (self-report and objectively 
measured) in the recruited sample. Composite smell and taste scores 
were calculated from VAS ratings of smell and taste from the SSTT. The 
average rated intensity from the two odours were calculated to produce 
a composite smell score, and the average rated intensity from the four 
basic tastants were calculated to produce the composite taste score. For 
the common household items smell test, the VAS ratings were summed 
across the six categories and averaged to produce a composite smell 
score. Participants had the aforementioned composite scores for each 
day they completed the SSTT. The cut-off criteria for smell and taste loss 
were informed by a previously published scoring system that used a 
similar approach, based on the Connecticut Chemosensory Clinical 
Research Centre (CCCRC) Test (Cain et al., 1983), in a COVID-19 pop
ulation (Vaira, Salzano, et al. 2020). The scoring system is summarised 
in Table 1, and we applied the same scoring system for both smell and 
taste. Responses on the household-item smell test included a mid-point 
of ‘normal’ (50), and participants scoring less than 45 were classified as 
having a reduced smell sensitivity. 

Linear regression analyses (with Bias-corrected and accelerated 
(BCa) 95% confidence intervals) were used to investigate whether 
objective composite scores were associated with self-reported smell and 

taste scores, and self-reported smell intensity of a selection of 6 house
hold items. Composite scores from ‘day 1′ were used for these compar
isons (i.e. the first day that participants conducted the SSTT 
independently in the residential environment). Participants were only 
included in these analyses if their first day of completing the SSTT in the 
home (‘day 1′) was no more than 7 days after the date of recruitment 
(‘day 0′). Results were significant at p < .05 and all analyses were 
conducted on IBM SPSS Statistics 27. All figures were created using 
GraphPad Prism 8. 

3. Results 

3.1. Participants 

Due to strict restrictions on movement, low rates of community 
spread in Singapore, and strict restrictions on access to the vulnerable 
patient population, there was a lower rate of recruitment than expected. 
Furthermore, many participants did not complete the daily home test 
procedure for 28 days. We attribute this to a lack of direct in-person 
contact with participants and no follow-up requirements with the 
remotely administered protocol, the lack of financial incentives for 
participants to complete the full protocol remotely, and that many 
stopped completing the daily testing procedure once they had recovered 
from COVID-19, which usually occurs in the first 10–14 days post- 
infection. Table 2 presents the demographic information for the sam
ple, and Fig. 1 display a flow chart showing test completion by partici
pants. Ninety-nine participants were recruited (75 males, 24 females), 
with a mean age of 34.93(±11.61) years, of which 72 were confirmed 
COVID-19 positive and 27 were confirmed COVID-19 negative. 

3.2. Objective smell and taste loss with COVID-19 measured by the SSTT 

At ‘day 1′, 65 participants completed the SSTT, 58 of which were 
confirmed COVID-19 positive. The SSTT demonstrated that 22 partici
pants exhibited smell and/or taste loss at ‘day 1′. Of those presenting 
with smell and/or taste loss, 21 were COVID-19 positive and 1 was 
COVID-19 negative (and had objectively measured taste loss only). Of 
the 21 COVID-19 positive patients, 17 exhibited both smell and taste 
loss, 2 exhibited smell loss only, and 2 exhibited taste loss only. Mean 
composite smell and taste scores split by COVID-19 test status and 
objectively measured smell and taste function at ‘day 1′ (‘normal’ or 
‘hyposmia/hypogeusia’) are displayed in Fig. 2.Fig. 3. 

3.3. Self-reported symptoms from the SSTQ and SNOT-22 

At ‘day 0′, 60 COVID-19 positive participants reported suffering no 
symptoms currently or within the last 24 h on the SSTQ (83.3% of 
COVID positive participants, see Table 3 and Appendix). Furthermore, 
62 COVID-19 positive individuals reported either no sino-nasal or 
related problems on the SNOT-22 (n = 6) or “Reduced Concentration” 
only (n = 56) (86.1% of COVID positive participants) (see Appendix). 
There was wide heterogeneity in the symptoms reported by participants, 
with the most common response being reduced concentration only. 

3.4. Comparing the SSTT to self-reported smell and taste sensitivity and 
the common household item smell test 

Of the 21 individuals with objectively measured smell/taste loss at 
‘day 1′ using the SSTT, only 16 self-reported a smell/taste loss score 
below 90. Composite scores on the objective smell test were positively 
associated with those on the self-report smell function questionnaires at 
day 1, B = 0.91 [0.73, 1.05], p =.001 (N = 65). Similarly, composite 
scores on the objective taste test were positively associated with those on 
the self-report taste function item, B = 0.73 [0.42, 0.94], p = .001 (N =
65). 

There was less agreement with the common household items smell 

Table 1 
SSTT scoring system.  

Composite Score Smell Status Taste Status 

90–100 ‘Normal’ ‘Normal’ 
70–89.9 Mild hyposmia Mild hypogeusia 
50–69.9 Moderate hyposmia Moderate hypogeusia 
20–49.9 Severe hyposmia Severe hypogeusia 
0–19.9 Anosmia Ageusia  

F. Sheen et al.                                                                                                                                                                                                                                   
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test. Of the 17 COVID-19 positive participants with smell and/or taste 
loss on the SSTT who completed the common household item test at ‘day 
1′, only 2 participants reported reduced scores on the household items at 
baseline. The most common household items selected for smell assess
ment by our participants from each category were orange (fruit), hair 
shampoo (cleaning/cosmetic product), chicken rice (savoury food 1), 
onion (savoury food 2), garlic (spices), and toothpaste/menthol (tri
geminal smells) (see Appendix). However, composite scores on the 
objective smell test was positively associated with self-reported smell 
intensity of the six common household items (composite score), B = 0.30 
[0.09, 0.46], p = .008 (N = 58). 

3.5. Adherence rates for completing daily smell and taste testing (SSTT) 

On average, 7 of a possible 28 test days were completed by partici
pants. All participants completed the daily smell and taste test battery at 

baseline (Day 0), but only 17 completed ≥ 14 days, and only 5 
completed 27–28 days of testing. Of those with smell/taste loss at ‘day 
1′, 17 completed more than one day of the SSTT at home (see Appendix). 

4. Discussion 

The current study presents the first application of the SSTT as a rapid, 
cost-effective, self-administered home-use test that could be used to 
track changes to smell and taste with COVID-19. These objective smell 
and taste measures identified losses in smell and taste sensitivity among 
COVID-19 positive participants, and aligned with self-report measures of 
smell and taste function. Our preliminary findings also provide initial 
insights into the lack of symptoms experienced by those with a mild 
SARS-CoV-2 infection who were otherwise healthy. 

We found that smell and taste losses were typically exhibited 
together, as opposed to smell or taste loss alone. It may be that COVID- 
19 only impacts smell function, and the observed changes in taste 
sensitivity reflect smell-referred taste loss as opposed to impaired gus
tatory function (Hintschich et al., 2020). This has been suggested by 
authors investigating inflammation of, or damage to, olfactory regions 
with SARS-CoV-2 as a potential mechanism for the observed smell and/ 
or taste losses with COVID-19 (Brann et al., 2020; De Melo et al., 2020; 
Hintschich et al., 2020; Meinhardt et al., 2021; Soler et al., 2020). 
Further research with larger cohorts will discern whether smell-referred 
taste loss or a mechanism of the infection itself is responsible for taste 
losses associated with COVID-19. 

In the current study, we aimed to create a brief objective testing 
procedure that could easily be administered remotely with minimal cost 
as an initial tool to diagnose smell and taste losses associated with 
COVID-19. Our objective/standardized stimuli method shows advan
tages over many of the traditional self-report questionnaire methods. 
Previous investigations into smell/taste loss with COVID-19 in 
Singapore samples have relied on self-reported smell and taste function 
in clinical reports (Chua et al., 2020; Wee et al., 2020), which may be 
open to bias. In addition, several individuals were unaware of their smell 
and taste changes until they were tested, suggesting that these in
dividuals would have been missed by any conventional self-report 
questionnaire. Despite this, we suggest it is still important to include 
self-report measures (such as the SSTQ) to capture concurrent sympto
mology associated with COVID-19 infection. 

Other home testing procedures have been developed, including those 
that use common household items to create a smell and taste tests 
(Iravani et al., 2020; Vaira, Salzano, et al., 2020). This approach enables 
remote, self-administered assessment of smell and taste, which is 
particularly valuable in times of social distancing and self-isolation, 
where in-person data collection is difficult. In the current study, the 
household item test was shown to be efficient, though it afforded slightly 
less control of the stimuli used for self-testing. In comparison, by uti
lising standardised stimuli, the SSTT does not require participants to 
source or prepare their own test stimuli. An advantage of this approach 
is that it reduces the risks of introducing unwanted stimuli variation or 
problems for comparability of smell and taste loss across individuals that 
can occur when participants are required to source and prepare their 
own test stimuli. The SSTT offers a method that can assess smell/taste 
loss across individuals in a comparable way, with standardised test 
stimuli and instructions that can be easily be administration remotely 
and cost-effectively. 

Conventional clinical tests, such as Sniffin’ Stix (Wolfensberger et al., 
2000), are effective at measuring changes in olfactory sensitivity and 
identification. However, these tests can be expensive to purchase and 
are not practical when administering a standardised test to a large 
population of COVID-19 infected participants, due to the high cost of 
each testing kit, and the inability to share or re-use test kits within a 
patient population due to the risk of contamination and the increased 
spread of the virus. Current evidence indicates that differences in smell/ 
taste loss with COVID-19 are not at the perithreshold level, indicating 

Table 2 
Participant demographics (N = 99).   

n % 

Sex   
Male 75  75.8 
Female 24  24.2 
Nationality   
Indian / Bangladeshi 61  61.6 
Singaporean 30  30.3 
Filipino 3  3.0 
Russian 2  2.0 
Bruneian 1  1.0 
Indonesian 1  1.0 
Malaysian 1  1.0 
Ethnicity   
Bangladeshi 47  47.5 
Chinese 18  18.2 
Indian 17  17.2 
Malaysian 8  8.1 
Filipino 4  4.0 
Russian 2  2.0 
Bruneian 1  1.0 
Indonesian 1  1.0 
Pakistani 1  1.0 
Education   
No formal qualification 3  3.0 
Secondary school 30  30.3 
High school 31  31.3 
Diploma/degree 31  31.3 
Post-graduate qualification 4  4.0 
Smoking status   
Never smoked 75  75.8 
Not currently a 12  12.1 
Yes 12  12.1 
Medical condition b   

No 89  89.9 
Yes 10  10.1 
Medication c   

No 89  89.9 
Yes 10  10.1  

a “Not currently” refers to the response “Not currently, but I have in the past”. 
b No medical conditions relating to chemosensory dysfunction or illness were 

reported. There were reports of high blood pressure (n = 2), asthma (n = 1), 
cardiovascular issues (n = 1), diabetes (n = 1), hypertension (n = 1), hyper
tension and diabetes (n = 1), hypothyroid and rheumatoid arthritis (n = 1), 
lupus (n = 1), and diabetes, hypertension, hypersensitivity lung disease, and 
benign prostatic hyperplasia (n = 1). 

c No medication relating to, or that would affect, chemosensory function was 
being taken by participants. Participants reported taking losartan (n = 1), 
metformin (n = 1), prednisone (n = 1), albuterol inhaler (n = 1), and one re
ported taking irbesartan, dutasteride, rosuvastatin and aspirin (n = 1), medi
cation for hypertension (n = 1), anti-thyroid and rheumatoid arthritis (n = 1), 
hypertension and diabetes (n = 1), and one reported taking insulin as well as 
medication for hypertension (n = 1), and one participant’s response was unclear 
(wrote “less”) (n = 1). 
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Fig. 2. Mean composite scores on the SSTT at ‘day 1′ by COVID-19 test outcome and objective smell/taste function at ‘day 1′ (‘normosmic/geusic’ or ‘hyposmic/ 
geusic’) (N = 65). displays the mean composite smell and taste scores on the SSTT at ‘day 1′ split by COVID-19 test outcome (positive/negative) and objective smell/ 
taste loss at ‘day 1′ (‘normosmic/norm-geusic’ or ‘hyposmia/hypogeusia’). One COVID-19 negative participant was identified as exhibiting moderate hypogeusia. 
Error bars are 95% confidence intervals. 

Fig. 3. Objective smell/taste function by category at ‘day 1′ for COVID-19 positive patients (N = 58) shows the number of COVID-19 positive participants in each 
category of smell and taste function as defined by our tiered scoring system. 

Table 3 
Smell and taste symptoms self-reported on the SSTQ split by COVID-19 test outcome (N = 99).  

Current Last 24-hours   

Anosmia +
Hypogeusia 

Hyposmia 
only 

No smell and 
taste loss 

Anosmia +
Hypogeusia 

Hyposmia +
Hypogeusia 

Hyposmia 
only 

Hypogeusia 
only 

No smell and 
taste loss 

Positive (n 
¼ 72) 

No other 
symptoms 

1 2 60 1 0 2 0 63  

With other 
symptoms 

1 1 7 0 1 1 1 3 

Negative (n 
¼ 27) 

No other 
symptoms 

0 0 5 0 0 0 0 15  

With other 
symptoms 

0 0 22 0 0 1 0 11 

Table 3 displays smell and taste symptoms self-reported on the SSTQ currently and within the last 24 h split by COVID-19 test outcome (positive/negative). aThese 
terms were rephrased in the SSTQ as follows: ‘Anosmia’ = ‘Smell loss (total), ‘Hyposmia’ = Smell loss (partial), ‘Hypogeusia’ = ‘Diminished taste’. 
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that a formal clinical diagnostic threshold test may be unnecessary for 
the taste and smell self-testing required to prompt self-isolation. In this 
regard, the SSTT presents a cost-effective and objective approach to 
collect data remotely and consistently within a COVID-19 patient 
population. 

In the early stages of self-diagnosis, the SSTT could be extremely 
useful in initiating prompt self-isolation and the seeking of a formal 
medical consultation, especially in lower-middle income countries 
where rapid, widespread access to formal PCR swab testing is not always 
available. The SSTT also has applications in monitoring smell and taste 
recovery in individuals suffering long-term effects of COVID-19 
(commonly referred to as ‘long COVID’) (Callard & Perego, 2021; 
Klein et al., 2021; Mahase, 2020), and could assist in identifying in
dividuals that need to seek further medical advice to manage chronic 
smell and taste losses or disorders. The stimuli of the SSTT have a shelf 
life of 1 year, so individuals could keep a testing kit in their household 
for use if they suspect sudden loss, or slow recovery, of sensory acuity. 
The SSTT could have application for the detection of smell and taste 
changes as part of the pandemic response, and more broadly to track 
sudden changes in sensory perception. 

A limitation of the current study is that the response rates of par
ticipants completing the SSTT daily during the 4-week test period were 
low, with only a minority completing the all 28 days of testing. This led 
to challenges in interpreting the longitudinal changes in smell and taste 
over time from onset to full smell and taste recovery. Issues with 
compliance and low sample sizes have also been observed in other 
studies that have tracked smell and taste changes in COVID-19 patient 
populations (Vaira, Deiana, et al., 2020; Vaira, Hopkins, et al., 2020). In 
the current trial, this was most likely due to participants discontinuing 
daily testing after they had recovered from COVID-19, and regained 
their smell and taste. The current trial also offered no financial incentive 
for participants to complete the full protocol remotely on a daily basis, 
which may account for a lower motivation to continue with daily testing 
for the full 28-day period. Daily questionnaires were kept short to in
crease compliance, with the SSTT taking less than 5 min to complete. 
However, as part of the study, the Common Household Item Test was 
also completed daily, which may have been more effortful for partici
pants to complete and extended the daily testing time. Another limita
tion is that we did not include a control group with another viral 
infection such as rhinovirus or influenza, both of which have anecdotally 
been associated with loss of smell from sinus congestion. 

Our study is underpowered to draw conclusions on the national 
prevalence of smell and taste loss with COVID-19 in Singapore. Never
theless, our preliminary findings suggest a prevalence rate that is 
slightly higher than those from previous clinical case reports in 
Singapore (~22.7% for self-reported smell and taste loss (Chua et al., 
2020; Wee et al., 2020)) and lower than studies elsewhere that have 
applied objective smell and taste testing procedures (Altin et al., 2020; 
Hintschich et al., 2020; Vaira, Deiana, et al., 2020For instance, Gözen 
et al. (2021) found that with a sample of 59 COVID-19 positive partic
ipants, the rate of olfactory disorder as measured by the Sniffin’ Stix was 
83%. Vaira, San Pietro, et al. (2020), using a household items testing kit 
(Vaira, Salzano, et al., 2020), found that of 138 COVID-19 positive pa
tients, 84.8% had smell and taste loss within the first 4 days of infection. 
Mazzatenta et al. (2020) with in-hospital objective smell testing found 
that 95% of 100 COVID-19 patients exhibited smell dysfunction, with 
47% exhibiting taste dysfunction. 

Globally, prevalence rates of smell/taste losses reported to date have 
been diverse, ranging from 3 to 98% and 6–63% for smell and taste loss 
respectively depending on the population under study (Agyeman et al., 
2020). This heterogeneity could reflect varying severities of infection at 
time of reporting within participant groups, the use of unstandardized 
test stimuli, different time-points in the course of SARS-CoV-2 infection 
at which measures of smell/taste were taken (e.g. during the recovery 
stage of infection), as well as the variabilities between study pop
ulations. Furthermore, smell and taste losses typically occur early in 

COVID-19 (Borsetto et al., 2020), with hyposmia, hypogeusia and dys
geusia often more common than complete loss (Hajikhani et al., 2020). 
Although individuals are likely to notice a sudden and complete loss of 
sensory function they may be less sensitive to subtler reductions, such 
that early symptoms could pass unnoticed and may not be captured by 
retrospective questionnaires. 

Going forward, the SSTT could be applied to profile changes in smell 
and taste longitudinally and track onset, severity and recovery from 
COVID-19 smell and taste changes. However, the current data set 
showed poor follow up, particularly from those that had recovered from 
COVID-19 infection. Future research should consider approaches to 
incentivise patients to continue their daily self-assessment to better 
understand how viral infection affects smell, taste, and appetite over 
time. In addition, although we tested food and non-food odours, it could 
be interesting to investigate using a wider variety of odours in future, 
particularly in the context of long-COVID and persistent changes to 
smell and taste. Here, a scratch and sniff style self-test, such as the Brief 
Smell Identification Test (B-SIT) (Cao et al., 2021), may be a more 
appropriate approach when testing the persistence of olfactory changes 
over time in future. 

In conclusion, the current study presents the first application of SSTT 
to objectively measure smell and taste function among COVID-19 posi
tive participants. The SSTT, as a rapid, cost-effective test involving pre- 
made objective testing stimuli for ease of self-administration in a home 
setting, has widespread application as an early diagnostic tool for in
dividuals who suspect sudden changes in their sensory acuity. Individual 
early diagnostic measures, such as the SSTT, will support national efforts 
in containing the spread of COVID-19 and reducing the emergence of 
clusters of infections as restrictions ease and population vaccination 
efforts are underway. 
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