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Abstract
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Background: A subset of individuals suffering from Coronavirus Disease 2019 (COVID-19) will experience ongoing symptoms

that last longer than three months (i.e., long-haul COVID). This includes olfactory dysfunction (OD), which is currently estimated to
occur in 1-63.5% of patients at one-year post-infection. However, OD in individuals with long-haul COVID-19 is poorly understood,
and there is little information regarding how initial SARS-CoV-2 variants correlate with long-haul symptoms. In this study, we

investigated the prevalence and severity of OD in patients with long-haul COVID-19 and investigated how OD severity varied with

SARS-CoV-2 variants.

Methods: Patients were recruited from the University of North Carolina-Chapel Hill COVID Recovery Clinic. Each patient com-

pleted the University of Pennsylvania Smell Identification Test (UPSIT). The dominant strain at the time of infection was deter-

mined using the date of COVID-19 diagnosis, and Centers for Disease Control and Prevention, World Health Organization, and

North Carolina Department of Health and Human Services databases.

Results: Nearly 85% of patients with long-haul COVID-19 reported some degree of OD, which persisted in some patients for two

or more years from the date of the initial infection. There was no association between the time since COVID-19 infection and

severity of OD. No difference was detected between OD in patients with long-haul COVID-19 based on the dominant variant at

the time of infection.

Conclusion: A vast majority of patients with long-haul COVID-19 had some degree of ongoing olfactory complications, although

the severity of symptoms was not dependent on the dominant SARS-CoV-2 variant at the time of infection.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first
identified in 2019 and subsequently developed into a global
public-health emergency ™. Patients with acute COVID-19
experience symptoms ranging from asymptomatic infection and
mild upper respiratory tract iliness to severe viral pneumonia

with respiratory failure requiring hospitalization and ventilation,
which, in some cases, results in death @, In addition to respira-
tory symptoms, there have been many reports of acute disease
presenting with gastrointestinal symptoms (diarrhea, anorexia,
nausea, vomiting) @, central nervous system symptoms (heada-
che, confusion, brain fog) ¥, and chemosensory symptoms
(alterations or loss of smell and taste) ©9. Early in the pandemic,
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olfactory dysfunction (OD) was identified as a strong indicator
of acute COVID-19 infection and was prevalent in greater than
80% of patients 8. Although most patients fully recover from
COVID-19 within weeks to months after their initial diagnosis,
some patients experience persistent, ongoing symptoms.
Long-haul COVID-19, also referred to as post-acute sequelae

of SARS-CoV-2 (PASC), is characterized by ongoing symptoms
after SARS-CoV-2 infection that persist beyond three months
©.19 | ong-haul COVID-19 can cause significant disability, with
patients frequently reporting fatigue, cognitive impairments,
dyspnea, and headache lasting months and even years after
acute infection V. One systematic review reported that more
than 50% of COVID-19 survivors experience at least one CO-
VID-19 symptom that lasts for months 2. It is unclear if these
symptoms eventually resolve or if they have lasting, permanent
consequences with the possible emergence of a new chronic
disease. Moreover, it is poorly understood why some patients
develop long-term sequalae while others do not.

OD is a well-established symptom for acute COVID-19 infection,
and accumulating evidence suggests it is a persistent concern
in patients with long-haul COVID-19 as well. Although the exact
incidence is not known, current estimates report anywhere
between 1-63.5% of patients experience ongoing OD up to one
year following acute infection "3'®, More recent studies have
reported that between 40-80% of patients subjectively reported
full or partial olfactory recovery two years after the initial infec-
tion, however, this was not confirmed with objective smell tes-
ting 2", Long-term and ongoing follow up is imperative, since
olfactory recovery may spontaneously occur in select patients
@0, Additionally, psychophysical testing is important to consider
because patient reports of olfaction function frequently are dis-
cordant with psychophysical testing ?"22. Confirming OD with
objective testing is likely to give a more accurate representation
of OD incidence among this patient population and may help
to identify patients that are unaware that they may benefit from
treatment. To our knowledge, this study is the one of the very
few studies ? to report on objective olfactory data in Long-haul
COVID-19 patients that were diagnosed with COVID-19 greater
than two years ago.

In addition, the COVID-19 pandemic is characterized by evol-
ving infectious variants of SARS-CoV-2. Previous studies have
reported that more recent strains of SARS-CoV-2, such as the
Omicron variant, are more transmissible, but cause less severe
infection and are less likely to cause OD compared to the earlier
variants ?29, However, the differences in OD prevalence and
severity between different variants of SARS-CoV-2 are poorly
understood.

In this study, we investigated the long-term prevalence of OD
in patients with long-haul COVID-19 infection, and studied how
the various factors that may predispose patients and contribute
to these ongoing symptoms.
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Table 1. Demographic information and baseline characteristics of the
participants in our cohort. The mean age, gender, race, UPSIT scores,

smoking status, and subjective olfactory function.

Characteristics N =286

Age, mean 50.5
Gender (%)

Male 26 (30.2%)

Female 60 (69.8%)
Race (%)

Black 8(9.3%)

White 69 (80.2%)

Hispanic or Latino 4 (4.7%)

Other/ Unspecified 5 (5.8%)
UPSIT (%)

Anosmia 10 (11.6%)

Severe hyposmia 6 (7%)

Moderate hyposmia 23 (26.7%)

Mild hyposmia 34 (39.5%)

Normosmia 13 (15.1%)

Smoking Status

Former Smoker (%)

6 (7%)
51 (59.3%)

Yes
No

Current Smoker (%)

Yes 1(1.2%)
No 60 (69.8%)
Declined to Respond 22 (25.6%)
Do you have smell loss? (%)
Yes 34 (39.5%)
No 27 (31.4%)
Declined to Response 25 (29.1%)
Time between Initial COVID-19 Diagno-
sis and Completion of UPSIT (%)
3 -6 months 22 (25.6%)
7 - 12 months 21 (24.4%)
13 - 18 months 16 (18.6%)
19 - 24 months 17 (19.8%)

24+ months 10 (11.6%)

Methods

The primary objectives of this study were to 1) investigate

the prevalence and severity of OD in patients with long-haul
COVID-19 and 2) investigate OD severity based on the dominant
SARS-CoV-2 variant at the time of diagnosis.

Study population
Patients with long-haul COVID-19 from the COVID Recovery Cli-
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Table 2. Male long-COVID patients. UPSIT mean scores compared to the Table 3. Female long-Covid patients. UPSIT mean scores compared to
50th percentile for that age group based on the UPSIT Manual. the 50th percentile for that age group based on the UPSIT Manual.
Agerangeinyears Approximate 50th% Mean UPSIT scores Agerangeinyears Approximate 50th% Mean UPSIT scores
score for healthy in long-COVID score for healthy in long-COVID
controls (based on patients controls (based on patients
UPSIT manual) UPSIT manual)
15-19 37.5 - 15-19 37.5 34
20-44 37 311 20-24 38 30
45-49 36 27.5 25-44 37.5 29.9
50-59 355 24.2 45-49 37 29
60-69 345 31.5 50-54 36.5 30
70-74 29.5 30.3 55-59 37 26.4
75-79 33 - 60-64 36 304
80-84 26 - 65-69 345 28
>85 235 - 70-74 325 223
75-79 32 -
80-84 26 -
nic were included. All patients seen for in-person visits between >85 23 15

May 2022 and November 2022 were asked to complete the

University of Pennsylvania Smell Identification Test (UPSIT) as

part of their intake assessment. All patients seen for in-person North Carolina Department of Health and Human Services

visits during the study period were included, regardless of the (NCDHHS) databases were used to determine the dominant
long-haul COVID-19 symptoms that they were experiencing or SARS-CoV-2 strain at the time of infection. Based on these da-
for which they were seeking treatment. To be included, adult tabases, the major variants causing infection in North Carolina
patients needed to demonstrate a prior positive COVID-19 were G-strain, Alpha, Delta, and Omicron. G-strain was the major
diagnosis, meet the requirements of long-haul COVID-19 (by variant of concern from January 2020 to November 2020, the
experiencing ongoing symptoms lasting more than 3 months) Alpha variant was the major variant of concern from December
and complete the UPSIT in its entirety. Exclusion criteria inclu- 2020 to June 2021, the Delta variant was the major variant of
ded individuals under the age of 18, those who did not have a concern from July 2021 to October 2021, and the Omicron vari-
confirmed COVID-19 test, those who did not meet the require- ant was the major variant of concern from November 2021 to

ments for long-haul COVID-19, and those who did not complete  July 2022.
the UPSIT in its entirety.
Statistical analysis

Objective olfactory function testing Statistical analysis was performed by GraphPad Prism version
The UPSIT is an objective smell test consisting of four 10-page 9 (GraphPad Software, La Jolla, CA, USA). Descriptive statistics
booklets, each page with a different odorant. It is a forced- were calculated for demographic data and UPSIT performance.
choice test that participants self-administer by scratching the Kruskal-Wallis Test was used to analyze any correlation among
odor with a pencil to release the odorants, sniffing the scent, SARS-CoV-2 variants and mean UPSIT scores. Multivariate linear
and identifying the odor from four multiple-choice options. regression was performed to assess if COVID-19 strain influ-
Scores are classified into five clinical categories of normosmia enced UPSIT score while controlling for gender and age of the
(>34 for males and >35 for females), mild hyposmia (30-33 for patient.
males and 31-34 for females), moderate hyposmia (26-29 for
males and 26-30 for females), severe hyposmia (19-25), and Results
anosmia (<18). The UPSIT has high internal reliability across va- A total of 86 long-haul COVID-19 patients were included in
rious populations 7, All patients completed the UPSIT between the study (Table 1). The study population included 60 (69.8%)
May 2022 and November 2022. females (Table 2) and 26 (30.2%) males (Table 3), with the mean
age of 50.5 years (range 18-89 and Standard deviation [SD] 13).
Determination of the major SARS-CoV-2 variant Based on the time between initial infection and completion of

The date of COVID-19 diagnosis, and Centers for Disease Control ~ the UPSIT, 22 patients were between 3 to 6 months, 21 patients
and Prevention (CDC), World Health Organization (WHO), and were between 7 and 12 months, 16 patients were between 13
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Olfaction Dysfunction and COVID-19 Variant
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Figure 1. Patients with long-haul COVID-19 exhibited olfactory dysfunction (OD), with no significant difference in mean UPSIT score between SARS-

CoV-2 variants. A. Mean UPSIT scores in our cohort of long-haul COVID-19 patients, broken down by SARS-CoV-2 variants: 10 (11.6%) demonstrated

anosmia, 6 (7%) demonstrated severe hyposmia, 23 (26.7%) demonstrated moderate hyposmia, 34 (39.5%) demonstrated mild hyposmia, and 12

(15.1%) demonstrated normosmia. B. Mean UPSIT Score among our cohort of patients with long-haul COVID-19. Kruskal-Wallis test was performed to

detect differences in olfaction function using UPSIT scores between any of the SARS-CoV-2 variants. H (3) = 6.346, p = 0.0959.

and 18 months, 17 patients were between 19 and 24 months,
and 10 patients were greater than 24 months from initial CO-
VID-19 diagnosis (Figure 2). All participants were screened for
smoking history, with the majority of patients responding that
they were neither former nor current smokers. Prior to comple-
ting the UPSIT, patients were asked if they were experiencing
loss of smell as a consequence of their COVID-19 infection.

40% responded yes, 30% responded no, and 30% declined to
respond.

Females were more likely to experience OD compared to males
(87.7% vs 80.5%) but did not reach significance. However, both
males and females exhibited similar severity of their symptoms,
and both exhibited, on average, moderate OD.

Findings also showed that of our long-haul COVID-19 patient
cohort, most were > 40 years old (78% > 40 vs 22% < 40) and of
our long-haul COVID-19 patient cohort experiencing OD, 79.5%
were > 40 vs 20.5% were < 40.

The severity of OD was determined by normative UPSIT scores
based on gender and age. The overall prevalence of objective
olfactory dysfunction was 84.8%. The mean UPSIT score was
28.36 (95% confidence interval [Cl]: 21.2 to 35.54), whereas the
normal range in historic controls is 34-38 (27-29). In this cohort
of patients, 10 (11.6%) demonstrated anosmia, 6 (7%) demon-
strated severe hyposmia, 23 (26.7%) demonstrated moderate
hyposmia, 34 (39.5%) demonstrated mild hyposmia, and 13
(15.1%) demonstrated normosmia (Figure 1).

At the time of our analysis, the major SARS-CoV-2 variants cau-
sing infection were G-strain, Alpha, Delta, and Omicron. Patients
likely infected with the G-strain variant (n=17, 19.8%) exhibited
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a mean UPSIT score of 28.65 (95% Cl: 23.27 to 34.03). Patients
likely infected with Alpha variants (n=22, 25.6%) exhibited a
mean UPSIT Score of 28.0 (95% Cl: 20.38 to 35.62). Patients likely
infected with Delta variants (n=9, 10.5%) exhibited a mean
UPSIT Score of 25.78 (95% Cl: 17.23 to 34.33). Patients likely
infected with Omicron variants (n=38, 44.2%) exhibited a mean
UPSIT Score of 29.40 (95% Cl: 22.37 to 36.42). Kruskal-Wallis test
revealed no statistically significant difference in olfaction func-
tion using UPSIT scores among any of the variants H = 6.346,

p =0.0959. When controlling for gender and age, there was not
a significant correlation.

More than 80% of patients had some degree of ongoing OD
after initial infection, ranging from three months, to greater than
24 months since initial infection. However, the prevalence of OD
declines over time. At one-year post-infection 44.8% of patients
were experiencing OD, and at greater than two years post-infec-
tion, nearly 20% still had OD (Figure 2).

Discussion

Long-haul COVID-19 can include the persistence of symptoms,
such as fatigue, cognitive impairment, dyspnea, headache, and
OD. It is unknown why some patients develop long-haul CO-
VID-19, whereas others have no long-term sequalae following
acute infection. Currently there is little data on olfactory loss in
patients with COVID-19 that extends up to two years after the
initial diagnosis. Two recent studies reported that greater than
80% of patients subjectively reported full or partial olfactory re-
covery two years after the initial infection, however, this was not
confirmed with objective smell testing "*2%, To our knowledge,
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Percentage of Patients with OD Over Time
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Figure 2. The percentage of patients with long-haul COVID-19 olfactory dysfunction declined over time. 100% had OD at 3-6 months following initial
infection, 74.4% had OD at 7-12 months, 50% at 13-18 months, 31.4% at 19-24 months, and 11.6% at greater than 24 months.

this study is one of very few to report on objective olfactory data
in patients that were diagnosed with COVID-19 greater than two
years ago.

To quantify smell function, we used the UPSIT, which provi-

des a raw score for OD ranging from 0-40 (with a higher score
equating to greater olfactory function). Scores equate to clas-
sifications indicating normosmia, or mild, moderate, or severe
anosmia. These classifications are based on normative data

and account for age and gender. These factors are important to
consider because olfaction function declines naturally with age
and varies between males and females 03",

OD due to COVID-19 infection is usually restored within weeks
to months, and some studies even show partial or complete
recovery that occurs years after the initial infection (19, 20). In
the present study, more than 80% of patients had some degree
of ongoing OD after initial infection, ranging from three months,
to greater than 24 months since initial infection. However, the
prevalence of OD declines over time; 44.8% of patients experi-
encing OD one year after initial infection, and nearly 20% still
have OD at two or more years after initial infection. Of the 20%
of patients that have persistent symptoms, the severity of OD
was primarily classified as mild and moderate dysfunction. The
cross-sectional nature of this study makes it difficult to deter-
mine if olfactory function improves over time or if the severity of
dysfunction is constant until it suddenly resolves (Figure 2).
Females were more likely to experience OD compared to males
(87.7% vs 80.5%) However, both males and females exhibited
similar severity of their symptoms, and both exhibited, on
average, moderate OD. These findings are congruent with pre-
vious studies that found women are more likely to suffer from
Long-COVID in general, in addition to OD following COVID-19
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62, However, in a pre-COVID-19 meta-analysis, females typi-
cally outperformed males in olfactory testing ©". This superior
olfactory function in females may contribute to the prevalence
of long-haul COVID-19 OD symptoms, possibly due to their in-
creased awareness of their sense of smell to begin with or to an
underlying physiologic difference that may affect how COVID-19
affects the olfactory cleft in males and females.

Of the long-haul COVID-19 patients who were included in our
study, most were > 40 years old (78% > 40 vs 22% < 40), with
similar percentages among the long-haul COVID-19 patients
experiencing OD (79.5% were > 40 vs 20.5% were < 40). This
finding is also consistent with previous studies " and is likely
due to the inherent decline in olfactory function with age, in
addition to older individuals being less likely to withstand the
effects of COVID-19.

We also were interested in evaluating the subjective awareness
of patients regarding their OD. To do this, patients were asked
if they think they have loss of smell (Y/N) prior to completing
the objective UPSIT. We found that 17 out of the 27 patients
(63%) that answered “No” actually exhibited some smell deficit,
whereas only three out of 34 (9%) patients who answered “Yes"”
were actually normosmic based on their gender and age. This
suggests that most patients with long-haul COVID-19 are likely
underestimating their loss of smell.

It is worth considering that SARS-CoV-2 is continuously gene-
rating new variants due to mutations in the viral spike proteins.
Previous studies have reported that more recent strains, such as
the Omicron variant, are more transmissible, but cause less se-
vere infection and are less likely to cause OD compared to earlier
variants 29, However, our analysis of patients with long-haul
COVID-19 doesn't completely agree with this finding as nearly
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44% of patients with OD in our study were those infected with
the Omicron variant. Additionally, we did not find that objective
OD severity varies significantly among the different variants.
Interestingly, those who develop long-haul COVID have no
differences in olfactory dysfunction. Olfactory dysfunction may
be less prevalent with the new variants, but in those in whom
symptoms persist for more than three months it would behave
similarly. Further studies are needed to determine how the vari-
ant (and therefore the differing spike protein) facilitates target
identification, cellular entry, and symptom severity, and how

it may play a role in tissue tropism and therefore, the varying
degrees of OD.

It is also worth noting that patients may experience a sin-

gle persistent symptom or a combination of symptoms. The
symptoms may be associated with one another and/or may
have a cumulative effect on the severity and persistence of
symptoms experienced by the patient. For example, previous
studies have demonstrated an association between long-haul
COVID-19 headache and olfactory dysfunction. They found that
cognitive impairment and headache were associated with more
severe olfactory loss and hypothesized that this relationship
may be due to the neuroinflammatory mechanisms mediating a
variety of long-haul COVID-19 symptoms ©33%_ It is important to
consider all the symptoms experienced by the patient, as they
may be associated with one another and may aid in predicting
which patients will have more severe or persistent OD.

This study demonstrated that the initial infectious variant likely
does not greatly influence the prevalence or severity of OD in
long-haul COVID-19 patients. This may be due to many factors.
One explanation for this finding could be because each of the
variant groups were compared at different time lapses from the
initial infection. However, this is inevitable since by nature, the
G strain group will be further from initial infection compared to
the Omicron group. Because these patients were not followed
over time, the earlier groups have had more time to improve
their olfaction compared to the more recently infected groups.
This difference in timing may be part of the reason we did not
see a significant difference between the groups.

Another explanation, particularly regarding the later variants,
such as Omicron, is that vaccination status may play a role in the
OD experienced by the patient. Prior studies have demonstrated
that being fully or partially vaccinated may have offered some
protection against olfactory dysfunction ©7. Therefore, vaccina-
tion status, which was not directly assessed, may contribute to
our findings.

Another explanation may be that these patients may have had
multiple infections with various strains but were not individually
identified. For example, these patients may have been infected
with Alpha strain, followed by Omicron but were only evaluated
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and completed a confirmatory test once. This possibility creates
a limitation to our study, which is discussed below.

The prevalence of OD is of great concern for many reasons. The
loss of olfactory function diminishes quality of life and is a safety
concern. It places an increasingly large burden on the healthcare
system ©>39, L ong-haul COVID-19 is a complex and poorly un-
derstood. There is currently no diagnostic test to identify those
with long-haul COVID-19 and therefore, diagnosis heavily relies
on patient history and presentation of symptoms, which may

be due to COVID-19 alone, or more likely, due to a combination
of factors. This can make it difficult for healthcare providers to
accurately recognize and diagnose long-haul COVID-19.

Limitations to our study include the fact that participant’s
baseline olfactory function prior to SAR-CoV-2 infection was
not assessed and was therefore not available for comparison to
determine the degree of olfactory dysfunction from COVID-19
alone. Also, due to the multifactorial nature of OD, it is difficult
to determine a single cause of OD. Additionally, patients were
not specifically asked about treatments they may have received
for OD prior to being seen at the COVID Recovery Clinic. Lastly,
the exact variant causing each patient’s initial infection was

not confirmed, but instead was assumed based on the timing

of their initial infection and the dominant variant at that time.
Further studies are needed to determine all the factors that play
arole in development of long-haul COVID-19 and the persistent
OD in these patients.

Conclusions

Nearly all (84.8%) of the patients in our study had some degree
of ongoing OD, likely due to long-haul COVID-19, with 10% of
patients experiencing OD for longer than 2.5 years. We found
that most patients are likely underestimating their loss of smell
due to long-haul COVID-19, highlighting the importance of
objective olfactory testing in these patients. Additionally, we did
not identify a correlation between dominant variants that cause
infection and the severity of OD in long-haul COVID-19 patients.
Further studies are needed to determine the factors that play a
role in the development of long-haul COVID-19 and the persis-
tent of olfaction dysfunction in these patients.
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