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Abstract Olfactory dysfunction (hyposmia, anosmia) is a
well-recognized symptom in patients with coronavirus
disease-19 (COVID-19). Studies of olfactory dysfunction
in asymptomatic patients have not been reported. We
conducted a study looking for the presence of olfactory
dysfunction with an objective assessment tool in asymp-
tomatic Covid 19 and compared it with patients with mild
COVID-19 and age-matched controls. We recruited 57
male patients each of Mild COVID-19, asymptomatic
Covid 19, and healthy controls for the study. All partici-
pants underwent evaluation of smell threshold by Butanol
Threshold test (BTT) and ability to distinguish common
odors by Smell identification test. The scores of each test
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were recorded on a numerical scale. The participants in all
three arms were matched for age, history of smoking, and
pre-existing medical conditions. The mean scores of the
Butanol Threshold test in Mild COVID-19, asymptomatic
Covid 19 and controls were 2.95 + 225 (0-7.5),
3.42 £ 2.23 (0-7.5), and 4.82 £ 1.86 (0-8), respectively.
A one-way ANOVA showed a significant difference
between groups (df 2, MS 53.78, F 11.94, p < 0.005).
Intergroup differences using the student T-test showed
significantly low BTT scores in Mild COVID-19
(p < 0.005) and asymptomatic (p < 0.005) as compared to
control. BTT scores could not distinguish between
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asymptomatic patients and control. The smell threshold
was impaired in asymptomatic Covid 19 and Mild COVID-
19. Butanol Threshold Test score could not differentiate
between asymptomatic Covid 19 and controls.

Keywords Olfactory dysfunction - Asymptomatic -
COVID-19 - SARS CoV2 - Butanol threshold testing

Introduction

Olfactory dysfunction (OD) as a symptom of COVID-19
was recognized early on in the pandemic [1]. Cross-sec-
tional studies in symptomatic patients of COVID-19 have
reported the prevalence of OD like hyposmia (partial loss
of smell) and anosmia (complete lack of smell) to
be ranging from 19 to 90% [2—4].The prevalence of OD in
COVID- 19 has been shown to have no correlation with the
severity of the disease [5].0D in patients of COVID-19 has
either been self-reported or has been studied using ques-
tionnaires. Questionnaires have mostly been non-validated
except one which used Sino-nasal Outcome Test (SNOT-
22) [6]. A couple of studies have utilized objective mea-
sures for assessing OD, like the University of Pennsylvania
Smell Identification Test (UPSIT) and Butanol Threshold
test (BTT) [5,7]. A recent systematic review and meta-
analysis of methods used in assessing OD in patients found
that the pooled prevalence estimate of OD was 45% with
subjective methods and 77% by objective methods in
patients with COVID-19 [8]. The Connecticut Chemosen-
sory Clinical Research Centre has described the use of
butanol to test for olfactory threshold. The pure form of
butanol can be diluted to achieve the desired concentration
and can be used objectively to determine the olfactory
threshold [9]. Since the beginning of the pandemic, there
have been reports of patients infected with SARS CoV2
infection but who did not develop symptoms (asymp-
tomatic) [10]. World Health Organisation defines asymp-
tomatic COVID-19 as laboratory-confirmed infected
individuals without overt symptoms [11]. We aimed to
assess the prevalence of OD wusing BTT in asymp-
tomatic patients and patients with mild COVID-19 and
compare them with age-matched controls. We also used
common odors for qualitative assessment of OD in
asymptomatic  patients, mild COVID-19 patients
and controls.

Materials and Methods
Study Setting

The Institutional ethical committee approved the study.
The study participants were all males more than 18 years
of age, and it was conducted at two designated COVID
hospitals and a single COVID Community Care center in
western India from 16 to 26 November 2020. The control
group consisted of age-matched healthy male volunteers
who were mainly health care workers released from quar-
antine and proven to be RT-PCR negative at the end of
quarantine.

Study Design

The design was case—control, where asymptomatic
COVID-19 and mild COVID-19 patients were compared
with healthy controls in a 1:1:1 ratio.

Sample Size

Based on the data from previous studies, the sample size
required was 31 in each arm of the study (assuming 80%
power, 5% significance level with 95% confidence interval,
and assuming 10% margin of error). Inclusion Criteria:
(i) Asymptomatic individuals positive for SARS-COV2 by
RTPCR. (ii) Patients with Mild COVID-19 disease defined
as patients not requiring oxygen. Exclusion criteria (i)
Patients with Moderate & Severe COVID-19 (ii) history of
nasal polyps, allergic rhinitis (iii) history of neurosurgery
or maxillofacial surgery (iv) history of head trauma
(v) Asymptomatic patients who developed symptoms
within 14 days after being detected positive (pre-
symptomatic).

Methodology

The demographic characteristics, clinical features, comor-
bidities, and the onset of symptoms, were recorded by two
researchers. This was followed by a quantitative and
qualitative assessment of olfactory function using BTT and
smell identification test respectively by a single researcher
to avoid inter-observer bias.

Study Protocol

Butanol Threshold Test

Serial dilutions of 1-Butanol were prepared using deion-
ized water. The maximum concentration of 1-butanol was
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4%, and the minimum concentration used was 0.0006%.
(Table 1). We used the template as described by Cain W S
et al. [9]. After informed consent, subjects were asked to
smell serial dilutions of butanol and deionized water
alternatively from minimum to maximum concentration.
The test solution was presented in a 100 ml amber colored
glass bottle containing 50 ml of the test solution. To per-
form the test, the cap of the bottle containing butanol or
deionized water was removed by the examiner for 3 s, and
the mouth of the bottle was placed 2 cm in front of each
nostril, and the patient was asked to sniff usually without
any force through each nostril. The lowest concentration of
butanol that the patient identified was defined as the
threshold. Scores of one to nine were given from highest to
the lowest concentration of solution successfully identified.
The scores of each nostril were recorded separately, and an
average score of both the nostrils was taken as the final
score of the patient. The patient who failed to identify even
the maximum concentration of the butanol was scored as
zZero.

Smell Identification Test

The list of substances chosen was based on routine use in
the study population and is in Table 2. The substances were
kept in opaque plastic bottles. The subject was requested to
close his eyes to prevent any chance of visual identifica-
tion. To perform the test, the examiner removed the cap for
3 s, and the mouth of the bottle was placed 2 cm in front of
the nostril, and the patient was asked to sniff usually
without any force. An interval of at least 30 s was main-
tained between successive presentations to prevent olfac-
tory desensitization. Patients were asked to choose from a
list of four choices for each substance presented. Each
correct identification was given a score of 1, and incorrect
identification was scored as 0.

Table 1 Concentration of Butanol and Score assigned

Dilution step Butanol concentration (%) Score
1 4.0000 1
2 1.3333 2
3 0.4444 3
4 0.1481 4
5 0.0494 5
6 0.0165 6
7 0.0055 7
8 0.0018 8
9 0.0006 9
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Statistical Analysis

Statistical analysis was performed with Microsoft Excel.
Continuous variables were expressed as mean + SD
(95%confidence interval). We studied the association of
OD with other symptoms by performing cross-tabulation.
The difference between groups was analyzed using
ANOVA. The student’s T-test was used to make within-
group comparisons. A p-value of < 0.05 was considered
significant. We also constructed a ROC using BTT scores
of participants with Mild COVID-19 and asymptomatic
group to study the sensitivity and false positivity to see if
BTT scores could differentiate them from controls.

Results

We recruited 57 individuals for each arm of the study. The
baseline data of the participants are shown in Table 3. The
most common symptoms in patients with Mild COVID-19
were fever (53.2%), sore throat (37.1%), cough (21%),
rhinorrhea (24.2%), body ache (24.2%), and headache
(17.7%). Olfactory dysfunction in the form of hyposmia
and anosmia was reported by 17.7% and loss of taste by
12.9%.In patients with mild COVID-19, BTT and SIT were
done 12.46 + 5.41 (range 1-24) days after onset of
symptoms. In asymptomatic patients, BTT & SIT was done
8.45 £ 6.35 (range 0-24) days after being detected posi-
tive for SARS CoV2. BTT and SIT were done in controls
on the same day they were recruited. The results of BTT
and SIT in the three groups are depicted in Figs. 1, 2. A
one-way Analysis of Variation (ANOVA) of BTT scores
was performed in the three groups and showed a significant
difference (df 2, MS 53.78, F 11.94, p < 0.005). A dif-
ference of lesser degree within groups but still significant
was found in SIT (df 2, MS 7.61, F 3.28, p = 0.04). We
used the Students T-test to calculate inter group differences
of BTT score. The BTT scores of Mild COVID-19 were
significantly lower than control. (p < 0.005). Similarly,
BTT scores of asymptomatic participants were signifi-
cantly lower than controls (p < 0.005). However, the dif-
ference of BTT scores between Mild COVID-19 and
asymptomatic patients was not significant (p = 0.26). By
plotting the ROC curve using BTT scores of Mild COVID-
19 and asymptomatic, no BTT value could help differen-
tiate Mild Covid or asymptomatic patients from controls.
SIT scores of asymptomatic individuals were lower than
controls (p = 0.02). There was no significant difference in
SIT scores of Mild COVID-19 and controls.
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Table 2 Odors used for smell identification test

Naphthalene

Pine apple
Mango ripe
Rose water
Cumin
Asafetida

Cardamom

Discussion

Olfactory functions can be categorized as normal, hypos-
mia (partial loss of smell), and anosmia (complete loss of
smell). Evaluation for OD is commonly done by testing for
olfactory threshold and ability to identify familiar odors.
Odor identification has an inherent drawback that odors
presented are supra-threshold and hence lack sensitivity.
On the other hand, testing for odor threshold measures
olfactory sensitivity; however, it is time-consuming and
tests only for one particular odor [12]. Specially designed
tests like UPSIT, ‘Sniffin Sticks,” Cross-Cultural Smell

Table 3 Baseline characteristic of study participants

Identification Test are proprietary and not readily available
in India [13-15]. We used BTT as it is well validated to
detect olfactory threshold. Butanol is readily available,
water-soluble, safe, has neutral odor, serial dilutions can be
prepared in the laboratory, and stable concentrations are
maintained for a long time.

Our study showed significant OD in Mild COVID-19
compared to controls. Moein et al. studied olfactory dys-
function in sixty symptomatic patients with COVID-19
using UPSIT and compared them with controls. Twenty-
one patients (35%) reported a loss of taste or smell func-
tions. They found OD of varying degree in fifty nine (98%)
patients as against eleven (18%) controls (p < 0.0001).
Twenty-five patients (42%) had mild COVID-19, and
olfactory dysfunction did not correlate with disease
severity [5]. Chung et al. studied olfactory dysfunction
using BTT in eighteen patients of Mild COVID-19 and
compared them with age-matched control. The mean BTT
score of patients with COVID-19 was lower than control.
(p = 0.004) [7].

In our study, asymptomatic patients were shown to have
a significant prevalence of OD compared to con-
trols (Fig. 1). They were assessed 8.45 £+ 6.35 (range
0-24) days after being detected to be positive for SARS

Mild Covid 19 (n = 57)

Asymptomatic (n = 57) Control (n = 57)

Age (years)

15-29 25
30-39 24
40-49
> 50
H/o smoking 19

33 34
12 21
11 2
1 0
13 12

Fig. 1 Result of Butanol
threshold test in various groups

Butanol Threshhold Test

Score

§

1

E Mild Covid Asymptomatic B Control
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Fig. 2 Result of Smell
identification test in various

Smell Identification Test

groups

Score
H

-
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CoV2. We monitored them for the development of symp-
toms; those who remained asymptomatic were included in
the analysis. Asymptomatic infections account for 40-45%
of total SARS CoV2 infections and can transmit the virus
for fourteen days or more, which makes them the main
drivers of the COVID-19 pandemic [10].Hence identifica-
tion of asymptomatic patients is vital for infection control.
Short of screening for the presence of SARS CoV2, no lab
parameter can identify asymptomatic individuals.

We could not define a BTT score which could reliably
distinguish OD in asymptomatic Covid 19 or Mild Covid
19 from controls. Experts caution against the use of smell
testing for screening of COVID-19, as a symptom of
anosmia has low sensitivity in the diagnosis of COVID-19,
and anosmia can persist up to eight weeks in approximately
10% of cases. Also, OD is found in the general population
with increased prevalence with increasing age [16].

The pathophysiology of anosmia in COVID-19 is a
subject of intense research. SARS CoV2 binds to angio-
tensin-converting enzyme 2 (ACE2) and transmembrane
protease serine 2 (TMPRSS2) moiety on host cells to gain
entry [17]. Gupta et al. did a bioinformatic analysis of
single-gene expression and protein interactions across
various olfactory epithelium cell types. They concluded
that a subset of sustentacular (supporting) cells and not
olfactory receptor neurons as the most vulnerable cell to
SARS Cov2 infection [18]. Sustenacular cells function as
glial cells and are involved in physically and chemically
insulating olfactory receptor neurons and regulate the
extracellular ionic environment [19].

COVID-19 presents with a spectrum from asymptomatic
to severe disease. It has been hypothesized that this is due to
numerous factors, which affect the pathogenicity of
the SARS CoV2 virus and individual
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susceptibility.[20]Olfactory  dysfunction occurring in
asymptomatic and Mild COVID-19 argues for a common
mechanism like dysfunction of sustentacular cells of olfac-
tory epithelium by direct invasion. Our study’s strength was
its case—control design, rigorous follow-up of asymptomatic
patients, and use of objective measure to detect olfactory
dysfunction. The study’s limitation was the inclusion of only
male participants; hence generalisability is hampered, and a
higher number of smokers in the group with Mild Covid 19.

Conclusion

We found significant olfactory dysfunction in a cohort of
male individuals with asymptomatic Covid 19 when
assessed by Butanol Threshold test. However, Butanol
Threshold Test scores could not reliably distinguish
asymptomatic Covid 19 from controls.
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