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Abstract To perform a quantitative olfactory test in pos-
itive COVID19 RT-PCR admitted patients and asymp-
tomatic ones, to evaluate the association between hyposmia
and disease severity. This is a Cross sectional study.
Ninety-one patients including 68 inpatients and 23
asymptomatic healthcare workers with positive COVID-19
RT-PCRs. Methods: Demographics and clinical charac-
teristics were collected. Iran Smell Identification Test (IR-
SIT), a highly accurate 6-odorant test was used to evaluate
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the reliability of self-reported hyposmia and determine the
correlation of the measured olfactory dysfunction with
disease severity. Twenty-two of 91 patients (24%) reported
hyposmia, while 41/91 (45%) patients had measurable
olfactory dysfunction (IR-SIT score 1-4, p < 0.05). Mean
age of the 68 inpatients and 23 asymptomatic patients
were 43.97 £ 16.13 years; M:F 43:25, and 43.87 &+
12.76 years; M:F 8:15 respectively. Of 68 patients, 20 were
graded as severe, and 48/68 had mild course of disease. IR-
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SIT detected hyposmia in 80% of patients with severe
disease, and 50% with mild disease, respectively. The risk
of disease severity was significantly increased for patients
with olfactory dysfunction and was detected 4 times higher
when compared to patients with mild disease (OR 4, 95%
CI: 1.166-13.728, p = 0.028). Olfactory Dysfunction was
present in 80% of patients with severe course. The risk of
disease severity is significantly increased with olfactory
dysfunction in admitted patients.

Keywords COVID-19 - SARS-CoV-2 - Hyposmia -
Olfactory dysfunction - Olfactory test

Introduction

There is rapidly accumulating anecdotal evidence that
anosmia (loss of smell) is frequently reported symptom
associated with the COVID-19 pandemic. Previously
described human strains of coronavirus have also been
demonstrated to invade the central nervous system and
propagate from within the olfactory bulb [1-3].1t is there-
fore perhaps no surprise that alterations in sense of smell
would be reported by patients with COVID-19. Multiple
reports are surfacing from countries around the world
including Italy, Iran and Spain showing the sudden surge in
the number of patients presenting with anosmia [4—10].
COVID-19 is now recognized to be highly heterogeneous
in severity—ranging from asymptomatic (or symptoms too
mild to be noticed) to severe acute respiratory distress
syndrome and death—and in symptomatology, which
extends to include otolaryngologic symptoms. Patients
with the well-known and characteristic symptoms of
COVID-19 may be readily identified (by themselves or
others). There have been reports that olfactory dysfunction
can be the primary or the only symptom, therefore, patients
experiencing nonclassical symptoms of COVID-19 may be
missed [9—12].In this study we have investigated the reli-
ability of subjective reports of smell loss and the correla-
tion of olfactory dysfunction with severity of COVID-19.

Methods

The study protocol was approved by the local ethics
committee and the National Ministry of Health (license
number IR.TUMS.VCR.REC.1399.305). Detailed infor-
mation about the study was given to the participants, and
an informed written consent was obtained from each
participant.
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Subjects

This study included 91 individuals from June 2020 to July
2020. All the subjects were divided into 2 groups: 1-pa-
tients who had confirmed COVID-19 with RT-PCR of
nasopharyngeal and throat, done based on the World
Health Organization (WHO) recommendation [13], and
were admitted to a tertiary COVID referral hospital
(n = 68), 2- asymptomatic health care workers who, were
screened as part of hospital protocol, and were positive for
COVID-19 RT-PCR (n = 23). The inclusion criteria com-
prised: hemodynamic stability, age > 18 years, understand
Farsi and ability to follow the testing instructions. Patients
with history of head trauma, skull base fracture, neoplasms
of nose, sinus or brain, exposure to irritant chemical
cleansers, prior olfactory dysfunction, prior neurological
disorders that can affect olfactory function, nasal polyposis
and acute sinusitis were excluded.

Clinical Severity Classification of COVID-19
Patients

COVID-19 detection protocol of National Ministry of
Health was used which includes CT imaging (64 slice high
speed CT, GH Healthcare) with positive findings. More-
over, the diagnosis of COVID-19 disease was confirmed by
quantitative detection of SARS-CoV-2 RNA using RT-
PCR (viral nucleic acid extraction kit, RBCBioscience Inc.,
Brussels, Belgium) of the patients’ nasopharyngeal wash/
aspirate or nasal aspirate. The severity of COVID-19 was
categorized as mild (SpO2 > 90% with or without risk
factors), and severe (patients with SPO2 < 90% at initial
presentation or progressive disease course during hospital
stay; drop in SPO2, ICU admission, intubation, acute res-
piratory distress syndrome). Age > 55 years old, pre-ex-
isting pulmonary disease, chronic kidney disease, diabetes
with Alc > 7.6%, history of hypertension or cardiovas-
cular disease or transplant or immunosuppression or HIV
were considered as epidemiological risk factors. Critical
vital signs were respiratory rate > 24 breaths/min, heart
rate > 125 beats/min and SpO2 < 90% on ambient air. In
lab findings, D-dimer > 1000 ng/mL, CPK > twice upper
limit of normal, CRP > 100, LDH > 245 U/L, elevated
troponin, admission absolute lymphocyte count < 0.8 and
ferritin > 300 ug/L.

Subjective Evaluation of Loss of Sense of Smell

All subjects were asked to fill out a questionnaire including
medical conditions, medications, prior olfactory problems,
smoking habit, suspicious recent close contacts, current
symptoms, duration of symptoms and contact information.
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Objective Evaluation of Olfactory Function

The olfactory function was assessed using the quick IR-SIT
[14]. IR-SIT is the Iranian verified version of UPSIT, using
six odors including banana, rosewater, cinnamon, garlic,
mint, and melon, with high accuracy in differentiating
anosmia, hyposmia and normosmia. Six odors were pre-
sented to the patient as a sticker. Stickers were scratched by
the physician and patients were asked to smell them from
2-cm distance. Patients had to select the correct odor name
from the 4-alternative test sheet. Patients with a total score
of 5 and 6 (number of odorants diagnosed correctly) were
considered normosmic, while hyposmic patients were
scored 1-4. Anosmia was defined as 0.

Assessment of Olfactory Dysfunction and Severity
of the Disease

All patients were divided into two groups with normal
sense of smell and hyposmia using IR-SIT testing. We then
compared the 2 groups in terms of demographic, comor-
bidity variables and severity of the disease.

Statistical Analysis

Chi-square test was used for comparison of categorical
variables. Independent sample t-test was used for com-
parison of means. The association of COVID-19 severity
and hyposmia was determined using logistic regression.
The agreement between subjective hyposmia and objective
test was performed by Phi test. P values less than 0.05 were
considered statistically significant. Statistical analyses were
performed using SPSS 24.

Results

This cohort included 91 individuals (51 males, 40 females;
mean age, 43.95 £ 15.28 years old; age range,
15-82 years old) from June 2020 to July 2020. Subjects’
characteristics and demographics are summarized in
Table 1. The COVID-19 symptomatic patients’ most
common presenting symptoms were cough (n = 45), dys-
pnea (n = 40), fever (n = 37), myalgia (n = 33) and sore
throat (n = 17). As shown in Table 1, inpatients tend to
have more comorbidities when compared to asymptomatic
individuals (p < 0.001). Inpatients were significantly more
hypertensive comparing to asymptomatic individuals
(p = 0.03). In addition, COVID-19 positive patients with
negative smoking history, no diabetes mellites and no
hypertension were more likely to remain asymptomatic
when compared to the inpatient group (Table 1).

10/23(43.5%) of asymptomatic individuals being posi-
tive screened for COVID-19 has reported hyposmia in
history taking but their objective test results were normal.
Interestingly, only 1/23 (4%) of asymptomatic subjects
were considered hyposmic when performed the objective
olfactory test.

All 68 inpatients were divided into two groups with
normal sense of smell (n =28) and hyposmia (n = 40)
using objective olfactory testing (Table 2). Fifty-eight
percent (n = 40) of inpatients with COVID-19 had mea-
sured olfactory dysfunction and were scored 1-4 (hypos-
mia) on IR-SIT test; 10(25.0%) had severe smell
dysfunction (IR-SIT score = 1-2) and 30(75.0%) patients
had mild to moderate olfactory dysfunction (IR-SIT
score = 3—4), while there were no pure anosmic subjects.
The IR-SIT testing revealed that the admitted patients
exhibited marked olfactory dysfunction compared to
asymptomatic individuals (40/68 and 1/23 respectively,
p = 0.001).

Generally, 34 cases of inpatients (60.7%) who did not
report hyposmia, were classified as some degrees of
olfactory dysfunction recognized by IR-SIT test. Inpatients
with hyposmia under-reported their loss of sense of smell
by 70% (12/68 self-report vs. 40/68 with objective olfac-
tory testing). Therefore, there is no significant agreement
between subjective hyposmia and objective test results
among inpatients (Phi Test value =-0.083, p-
value = 0.434).

Of 68 inpatients, 20 and 48 patients had severe and mild
disease, based on the criteria such as SPO,, vital signs, risk
factors and their respiratory progressive disease course
during their hospital stay. It is important to point out that
80% (16/20) of patients with more progressive disease had
objective olfactory dysfunction whereas, only 50% (24/48)
of mild patients had objective hyposmia. The risk of dis-
ease severity was significantly increased in patients with
olfactory dysfunction and was detected at 4 times higher
rate, when compared to patients with mild disease (OR 4,
95% CI: 1.166-13.728, p = 0.028).

Discussion

This study quantitatively evaluated olfaction in a sizable
cohort of patients diagnosed with the SARS-CoV-2 virus
infection. By employing a well-validated 6-item smell test
[14], COVID-19 patients were able to be classified into
distinct categories of olfactory dysfunction, with 40 of 68
(60%) admitted patients and 1 of 23 (1.7%) asymptomatic
healthcare workers with confirmed COVID-19, exhibiting
hyposmia. In the present study, only (13/91) 14% of the
subjects were aware of their olfactory deficit before testing,
which is a lower percentage compared to previous reports
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Table 1 Characteristics and demographics of the 2 groups

Inpatients (68) Asymptomatic individuals (23) P value
Mean Age (years) &+ SD 43.97 £+ 16.13 43.87 £ 12.76 0.978
Sex; n (%)
Female (40) 25(62.5%) 15(37.5%) 0.011
Male (51) 43(84.3%) 8(15.6%)
Smoking history; n (%)
Yes 8(88.8%) 1(11.2%) 0.440*
No 60(73.1%) 22(26.8%)
Smell complaints 12(54.5%) 10(45.4%)

Smell dysfunction(IR-SIT) 40(97.6%) 1(2.4%) < 0.001
Comorbidities 41(93.1%) 3(6.9%) < 0.001
Diabetes 13(92.8%) 1(7.2%) 0.108*
Hypertension 12(100%) 0 0033*
Cancer 2(100%) 0 1*
Chronic kidney disease 1(100%) 0 1*
Chronic pulmonary disease 3(75%) 1(25%) 1*

*P value based on fisher exact test

with interviews from inpatients or online surveys (34% and
60) [15, 16]. Since the first published studies about olfac-
tory dysfunction surge during COVID-19 pandemic, dif-
ferent studies have investigated it’s prevalence through
population based online surveys (60%) [16], self-report or
questionnaire in outpatient (47%) [17] or inpatients (5.1%,
33.9%, 85.6%) [15, 18, 19] and validated smell test (98%)
[20]. One of the main reasons resulting in the gap between
self-report rate and quantified smell assessment is that in
general, anosmia is more noticeable compared to hypos-
mia. Therefore, many confirmed patients may not report
hyposmia. The difference between self-report rate and
quantified smell assessment proved the importance of
performing a quantitative olfactory dysfunction test for all
the patients regardless of their complaint.

Ninety one percent of admitted patients did not present
with nasal obstruction or rhinorrhea. This leads to sus-
pecting another reason for hyposmia than mechanical nasal
obstruction. SARS-COV-2 may enter the CNS through
retrograde neuronal route that is supported by the fact that
some patients develop hyposmia [21, 22]. This phe-
nomenon may also be indicative of the immunosuppression
in COVID-19 patients with CNS symptoms, especially in
the severe subgroup [22]. Hyposmia showed significant
correlation with severity of the disease in the inpatient
group. We observed that 80% of patients with more severe
course of the disease presented with olfactory dysfunction.
This is consistent with a previous study that pointed a
correlation between neurologic symptoms such as anosmia
and COVID-19 disease severity in inpatient setting
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[21, 23-27]. Occurrence of olfactory dysfunction during
other viral infections has strong correlation with disease
severity [18, 19, 25-28]. Hyposmia as a neurologic
symptom may need for further close follow-up in inpa-
tients. In addition, neuro-invasion may increase the risk of
multiple sclerosis and Parkinson in future [22].

The strengths of this study were using quantitative test
to evaluate olfactory function which is more sensitive
instead of relying on self-reports or subjective question-
naires. Moreover, we included both symptomatic and
asymptomatic patients which makes it a unique study
population. To our knowledge, this is the first study
designed to evaluate if loss of smell has a prognostic sig-
nificance on the disease severity.

This study has some limitations. First, the low number
of subjects due to the unknown nature of COVID-19 in the
first months of pandemic. The low number of cases were
directly the result of safety issue concerns in critical care.
We included the data of the admitted patients, therefore the
symptomatic ambulatory patients who showed milder dis-
ease were excluded since they mostly preferred to stay at
home during quarantine. Second, examiners were not
blinded to the diagnosis when performing the olfactory test.
Lastly, we were unable to perform the objective test on the
more severely ill such as ICU patients, due to safety
precautions.

Based on our findings, objective smell testing enables
confirmatory diagnosis in the absence of other symptoms
and helps to predict the clinical course of COVID-19 in
terms of progression and severity. We would also like to
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Table 2 Baseline characteristics and Objective test results of the admitted patient group

Normal sense of smell (28) Hyposmia (40) P-value
Age; Mean (SD) 43.32 £ 14.74 44.43 4+ 17.20 0.784
Sex (F:M) 13:15 12:28 0.167
Positive smoking history (%) 2(25%) 6(75%) 0.455%%*
Comorbidities 15(36.5%) 26(63.4%) 0.343
Diabetes 4(30.8%) 9(69.2%) 0.397
Hypertension 2(16.7%) 10(83.3%) 0.084**
Symptoms
Cough 18(40%) 27(60%) 0.873
Dyspnea 17(42.5%) 23(57.5%) 0.791
Fever 18(48.6%) 19(51.4%) 0.171
Myalgia 16(48.5%) 17(51.5%) 0.187
Sore throat 7(41.2%) 10(58.8%) 1
Dysgeusia 8(61.5%) 5(38.5%) 0.097
Hyposmia 6(50%) 6(50%) 0.494
Sneezing 1(20%) 4(80%) 0.6427%*
Rhinorrhea 1(25%) 3(75%) 0.498
Nasal obstruction 0 6(100%) 0.032
Diarrhea 10(47.6%) 11(52.4%) 0.471
Nausea/vomiting 11(55%) 9(45%) 0.135
Signs
Sp0O2 0.077
< 90% 8(28.6%) 20(71.4%)
90% 20(50%) 20(50%)
CRP 0.961
100 7(41.2%) 10(58.8%)
< 100 18(41.9%) 25(58.1%)
Lymph count 0.155
<0.8 9(31%) 20(69%)
0.8 < 17(48.6%) 18(51.4%)

“p-value based on t-test

**p-value based on fisher exact test

SpO2 = Oxygen saturation; CRP = C-reactive protein; Lymph count = absolute lymphocyte count

draw attention to the importance of objective assessment of
olfactory dysfunction. It is important to perform the testing
in early stages, regardless of patient complaint of loss of
sense of smell. It is time for public health workers to
recognize the link between COVID-19 severity and smell
disturbances.

Key messages

COVID-19-related olfactory dysfunction is a known
description in the medical literature. Overall, 60% of the
patients with COVID-19 present with hyposmia. Olfactory
dysfunction is significantly associated with more

progressive course of the disease in current study. The
outcome is consistent in 80% of patients with severe dis-
ease. This notion may need to be communicated to the
medical community.

Funding This research received no specific grant from funding
agency in the public, commercial, or non-for-profit sectors.
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