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Abstract: Deficiencies in smell and taste are common symptoms of COVID-19. Quantitative losses are
well surveyed. This study focuses on qualitative changes such as phantosmia (hallucination of smell),
parosmia (alteration of smell), and dysgeusia (alteration of taste) and possible connections with
the adaptive immune system. Subjective experience of deficiency in taste and smell was assessed
by two different questionnaires after a median of 100 and 244 days after first positive RT-PCR
test. SARS-CoV-2-specific antibody levels were measured with the iFlash-SARS-CoV-2 assay. After
100 days a psychophysical screening test for olfactory and gustatory dysfunction was administered.
30 of 44 (68.2%) participants reported a chemosensory dysfunction (14 quantitative, 6 qualitative,
10 quantitative, and qualitative) during COVID-19, eleven (25.0%) participants (1 quantitative,
7 qualitative, 3 quantitative, and quantity) after 100 days, and 14 (31.8%) participants (1 quantitative,
10 qualitative, 3 quantitative and qualitative) after 244 days. Four (9.1%) participants, who were
symptom-free after 100 days reported now recently arisen qualitative changes. Serological and T-cell
analysis showed no correlation with impairment of taste and smell. In conclusion, qualitative changes
can persist for several months and occur as late-onset symptoms months after full recovery from
COVID-19-induced quantitative losses in taste and smell.

Keywords: parosmia; phantosmia; dysgeusia; smell; taste; coronavirus; COVID-19; long-COVID

1. Introduction

Early in the coronavirus-disease 2019 (COVID-19) pandemic several studies showed
that deficiencies in smell and taste are frequent symptoms in patients diagnosed with
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection and these symp-
toms can be used as early markers of the disease [1–3]. In contrast to loss of smell in the
context of a common cold, olfactory dysfunction in COVID-19 is rarely associated with
nasal congestion [4,5]. The prevalence of smell and taste dysfunction ranges between
18.6 and 90% in SARS-CoV-2 positive patients in Europe and America [6,7]. Quantitative
losses in smell (hyposmia and anosmia) and taste (ageusia) have been well described [8,9].
To date there are case reports on qualitative changes in olfactory and gustatory function,
such as phantosmia (hallucination of smell), parosmia (alteration of smell), and dysgeusia
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(alteration of taste) [10,11]. Few publications systematically study the long-term persis-
tence of qualitative change [12] and most of these focus on parosmia [13,14]. Patients with
persisting olfactory dysfunction report a lower quality of life due to depression, anxiety,
interference with daily routines and problems with enjoyment of food [15–17]. Qualitative
dysfunctions seem to have a higher impact on quality of life than quantitative dysfunc-
tions [17] and should therefore not be disregarded in clinical practice. Our substudy focuses
on qualitative changes in olfactory and gustatory function after infection with SARS-CoV-2.
Here, we determined the prevalence and nature of olfactory and gustatory dysfunction
during COVID-19 illness, as well as after a median of 100 and 244 days. Furthermore,
we provide detailed descriptions of the participants’ subjective experience of phantosmia,
parosmia, and dysgeusia. Antibody levels were tracked over the course of the study to
investigate possible correlations of immune response and impairments of taste and smell.

2. Materials and Methods
2.1. Participants

In total, data were obtained from 44 subjects. The cohort included 40 hospital employ-
ees who acquired SARS-CoV-2 infection at Helios Klinikum München West in Germany. In
addition, four relatives of these health-workers infected by their partners were included.
Participation was voluntarily and not remunerated.

2.2. EPI-SARS Study and the Substudy on Smell and Taste

This substudy about smell and taste deficiency was conducted within the framework
of the study “Establishment and validation of epitope-specific SARS-CoV-2 blood-based
testing methods” (EPI-SARS). For EPI-SARS, whole blood and serum samples were taken
and questionnaires on demographic information and interim RT-PCR test results adminis-
tered at six study visits (V1–V6, see Figure 1) between May and December 2020.
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Figure 1. Flow chart showing the structure and links between the parental study (EPI-SARS study)
and the substudy on smell and taste. RT-PCR positive tested individuals were included in the study
and followed over the course of 6 months, with repeat blood sampling and questionnaires (V1–V6).
The smell and taste substudy was part of the EPI-SARS study protocol. Part A, including Q1 and
psychophysical screening test, and part B with Q2 were conducted at V2–4 and V6 respectively.

The substudy about smell and taste started in July 2020, and comprised all employees
recruited at our unit, the Helios Klinikum Munich. Timepoints were defined by the parental
study EPI-SARS. Part A of the substudy, including psychophysical Sniffin’ sticks screening
and Taste stripes test, as well as questionnaire Q1 was conducted either during V2, V3,
or V4 of EPI-SARS. Part B of the substudy, comprising questionnaire Q2 was conducted
during V6. Varying intervals between SARS-CoV-2 infection and enrollment in the parental
study caused the participants’ broad range of days.

Inclusion criteria for EPI-SARS and the substudy were a positive RT-PCR test for
SARS-CoV-2 and age ≥18 years. Olfactory or gustatory dysfunctions in a patient that were
known prior to the onset of the pandemic were an exclusion criteria for the substudy.
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2.3. Categories of Disease Severity

Severity of illness was divided into four categories. The category “asymptomatic”,
included participants who reported no symptoms or only tiredness without any other
symptoms. “Mild” included patients with symptoms such as a cold, cough, diarrhea, and
others without fever. The third category included patients who had a fever (≥38 ◦C) but
were not hospitalized. The last category comprised patients who were hospitalized.

2.4. Evaluation of Antibody Levels

SARS-CoV-2 specific IgG antibody levels were evaluated over the course of the study
(V1-V6) using the iFlash-SARS-CoV-2 IgG chemiluminescence immunoassay kits (Shenzhen
YHLO Biotech Co., Ltd. (Shenzhen, China)). The assays were performed on the iFLASH
immunoassay analyzer (Shenzhen YHLO Biotech Co., Ltd. (Shenzhen, China)) using the
manufacturer’s protocol. Spike protein and nucleocapsid protein were detected. The assay
procedure was described by Qian C et al. [18]. The cutoff value was >10 AU/mL.

2.5. T Cell Analysis

For T-cell analysis, peripheral blood mononuclear cells (PBMCs) were isolated from
whole blood by density centrifugation. T cells were expanded for 12 days on a peptide
pool stimulation. The in-house designed peptide pool contains diverse epitopes predicted
for the most common HLA class I molecules across various domains of the SARS-CoV-2
proteome. T-cell immunity was investigated via intracellular cytokine release in peptide
stimulation assays. The assay is described elsewhere [19].

2.6. Questionnaires Q1 and Q2

The structured questionnaires Q1 and Q2 for measuring the subjective experience of
taste and smell were self-developed, since COVID-19 was an unexplored disease and we
wanted to give room for detailed descriptions and yet unknown symptoms. Q1 and Q2
both addressed chemosensory function retrospectively during COVID-19. Intra-participant
results could therefore be compared. Inconsistent replies were followed up.

During part A of the substudy Q1 measured self-reported smell and taste function
100 days after infection as well as retrospectively during acute COVID-19 infection. Partici-
pants were asked if they had experienced a dysfunction in taste or smell at the beginning
of the illness and how long it lasted; they had three options to choose from: “<7 days”,
“>7 days” or “other”. Changes were assessed by the questions “Are there specific smells
you sensed enhanced or diminished?” and “Are or were specific tastes more severely af-
fected?” (“no”, or if “yes” was selected, participants would further specify with the options
“sweet/sour/salty/bitter”). Participants were asked if they still experienced any changes
in taste and if “yes” since when. The same question was applied to smell. The question
“Did you notice any other changes in smell or taste” (“no”, or if “yes, please describe”)
was formulated as an open-ended question to give space for unexpected symptoms and
detailed subjective descriptions.

Q1 revealed that several participants suffered from qualitative changes in smell and
taste after the infection. To confirm this hypothesis and specifically address this finding,
part B of the substudy with the second questionnaire (Q2) was developed.

In Q2 subjects were again asked if they had experienced a dysfunction in smell during
the illness. Changes in quality of smell were assessed by the questions “Were certain
smells changed?” (“no”, or if “yes” was selected participants would describe which smells
were changed and in which way). Information about phantosmia during acute COVID-19
infection was gathered with the question “Did you smell anything that wasn’t there? (Did
you hallucinate smell(s)?)”. In the case of such sensations participants were asked to
name the hallucinated smell(s) and describe their experience of phantosmia. The answer
options were “pleasant“ or “unpleasant“ as well as “known“ or “unknown“. Gustatory
function during COVID-19 was assessed by the question if participants had experienced a
dysfunction in taste during the acute illness (“no”, or if “yes” was selected participants
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would further specify with the options “diminished”/“changed”/“hallucinated” and
in addition describe the sensation.). The final question was how participants currently
evaluated their olfactory and gustatory function. The answer options for taste as well as
for smell were: “as before”, “changed”, “hallucinatory” or “diminished”. Furthermore,
information about previous otorhinological illnesses (surgery, allergic rhinitis, . . . ) and
its impact on the sense of smell, as well as prior smell dysfunctions in the context of viral
infections was collected.

2.7. Sniffin’ Sticks Screening 12 Test with Taste Stripes

Objective information was collected with the Sniffin’ Sticks Screening 12 test with
taste stripes [20]. In the Sniffin’ Sticks Screening 12 test odor identification is assessed for
12 common smells. It is widely used for rapid screening of olfactory dysfunction in clinical
practice and normative tests have been performed in several countries [21]. Identification of
individual odors was performed from multiple-choice lists of four, after the “forced-choice
technique”, whereby the subjects had to decide for one odor even in cases of uncertainty.
Scores range from 0 to 12.

To assess taste, tasting stripes with the four main taste qualities sweet, sour, bitter and
salty were placed on specific tongue areas. Participants cleared their mouth of the previous
taste with a sip of water before each new strip. Afterwards, they noted down how they
perceived the quality.

During the taste and smell assessment participants did not receive any feedback on
their answer. A test result was considered abnormal if at least one of the four qualities was
not identified correctly. At the time of testing all participants were fully recovered from
their COVID-19 infection and had already received two negative RT-PCR test results.

2.8. Statistical Analysis

Statistical analysis was performed using R® (The R foundation for Statistical Comput-
ing, Version 4.0.3). Categorical data are shown in absolute and relative frequencies, with
the respective maxima and minima, their standard deviation (SD), and the distribution of
values. The Wilcoxon test was applied for intergroup comparisons of antibody titers and
T-cell response between participants with and participants without alteration of taste and
smell (statistical significance set at p < 0.05).

3. Results
3.1. Cohort Characteristics

All 44 participants tested positive by COVID-19 RT-PCR. Time of most infections was
early April 2020 (median 1 April 2020, earliest 23 March 2020, latest 10 June 2020).

Part A of the substudy, including Q1 and psychophysical screening tests was con-
ducted after a median (range: min–max) of 100 (55–132) days; part B with Q2 after a median
of 244 (180–279) days.

For the characteristics of the cohort see Table 1.

Table 1. Demographic and anamnestic information about the cohort of the substudy.

Parameter Number of Participants (%)

Sample size 44 (100%)

Gender 29 F (65.9%)
15 M (34.1%)

Age at part A of the substudy (median, range) 41, 23–62

Active smoker 5 (11.3%)

Severity of COVID-19 illness

Asymptomatic 6 (13.6%)
Mild 24 (54.5%)

With Fever 13 (29.5%)
Hospitalized 1 (2.3%)
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3.2. Self-Reported Alteration of Taste and Smell over the Course of the Study
3.2.1. Overview of Alteration of Taste or Smell

Overall, 30 of 44 (68.2%) participants reported an alteration of taste or smell (14 quan-
titative, 6 qualitative, 10 quantitative and qualitative) during their acute COVID-19 illness.
For the constellation of reported symptoms see Table A1. Of the ten participants with a
combined qualitative and quantitative dysfunction three reported this combined dysfunc-
tion from symptom onset. The other seven participants experienced a quantitative loss for
several days, before their sense of smell or taste returned qualitatively changed. In 8 of the
30 (26.7%) cases with alterations of taste or smell, the disorder ceased within seven days.

After a median (range: min–max) of 100 (55–132) days, eleven (25.0%) participants
reported an ongoing alteration of these senses (1 quantitative, 7 qualitative, 3 quantitative
and qualitative). Figure 2a shows each participants’ development of qualitative and
quantitative alterations of smell and taste over the course of the study.
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Figure 2. Quantitative and qualitative alterations in taste and smell of all 44 participants over the course of the study. Data
on chemosensory dysfunction during the disease were collected in retrospectively, whereas information concerning 100 and
244 days were collected prospectively. (a) Development of quantitative and qualitative alterations of taste and smell of
each participant. Each slice symbolizes one participant and the respective alteration of taste and smell during COVID-19
infection, as well as 100 and 244 days later. (b) Absolute frequencies and distribution of alterations in taste and smell over
the course of study.

After a median of 244 (180–279) days, 14 (31.8%) participants (1 quantitative, 10 quali-
tative, 3 quantitative and qualitative) reported alterations of taste or smell. For ten (22.7%)
participants, the disorder has been persisting since the acute COVID-19 illness (for a median
of 250 (229–255) days). Four (18.2%) participants, who had suffered from quantitative losses
(3 quantitative, 0 qualitative, 1 quantitative, and qualitative) during the acute illness and
had been fully recovered by the study visit after 100 days, reported now newly occurring
qualitative alterations of taste and smell. None of these four participants was reinfected
with SARS-CoV-2, nor did any of these subsequently test positive again by RT-PCR test,
which was conducted regularly within the scope of hospital screenings.

The frequencies of qualitative and quantitative alterations over the course of study
are visible in Figure 2b. Table A1 shows the reported frequencies of qualitative changes
(phantosmia, parosmia, and dysgeusia), quantitative changes (anosmia, hyposmia, ageusia,
hypogeusia), and constellations of symptoms during COVID-19 as well as after a median
of 100 and 244 days.
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3.2.2. Description of Qualitative Changes with Delayed Onset

After a median of 244 (180–279) days four (9.1%) participants reported newly occurring
qualitative changes. These participants had suffered from chemosensory dysfunction
during COVID-19 (3 quantitative, 0 qualitative, 1 quantitative, and qualitative) and had
been fully recovered after several days, as well as at their study visit after a median of
100 days. Now they reported phantosmia (1), phantosmia and dysgeusia (1), parosmia and
dysgeusia (1) as well as dysgeusia (1). Furthermore, one participant who had suffered from
dysgeusia since the acute COVID-19 illness described a recently arisen additional parosmia.

3.2.3. Subjective Alteration of Taste Qualities during COVID-19

Concerning taste, certain qualities were more severely affected in twelve cases (27.3%)
(of these nine with reported dysgeusia, three with reported hypogeusia). A combined
alteration of more qualities occurred with 6 reported cases as often as the alteration of only
one quality.

3.2.4. Subjective Descriptions of Phantosmia, Parosmia and Dysgeusia

Over the course of the study, nine (20.5%) different participants experienced phan-
tosmia. Eight experienced the hallucinated smells as unpleasant. Four of these eight
participants described the hallucinated smells as known and nameable (cigarette smoke
(1), fire smoke & feces (1), feces & foul (1), sauerkraut (1)).

The eight (18.2%) participants with parosomia experienced a changed smell of perfume
(3), feces & perfume (1), disinfectant (1), detergent (1), and bread & coffee (1). In these
seven cases the parosmia was perceived as negative and nauseating. For one participant
everything smelled like roasted chicken (1) without negative effect on his well-being.

Of the eleven (25.0%) participants experiencing dysgeusia, five mentioned that they
lost the ability to differentiate tastes in mixed dishes. Furthermore, a bitter aftertaste (1),
a bitter (1), salty (1) or saltless (2) taste of food, a burning sensation while eating (1) and
a change in sweet dishes (3) were described. Food and drink preferences changed in
four cases.

3.3. Psychophsycial Screening Tests after a Median of 100 Days after Positive RT-PCR Test
3.3.1. Odor Identification Screening Test

Normosmia (score of 11 or 12) was present in nine (20.5%) participants. Thirty-two
(72.7%) cases had a score within the range of hyposmia (score of 7 to 10). Anosmia (score
of 0 to 6) occurred in three (6.8%) cases. Figure 3 shows the distribution of the scores
of all participants. None of the nine (20.5%) participants who described an ongoing
subjective alteration of smell in Q1 reached normosmia. Six (13.6%) were within the range
of hyposmia, the other three (6.8%) were anosmic.
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3.3.2. Taste Identification Screening Test

In total, 26 of 44 (59.1%) participants showed a normal test result, whereas 18 (40.9%)
participants were not able to identify all four taste qualities correctly. In ten (22.7%) cases
only one specific quality was not recognized, whereas eight (18.1%) participants failed
to identify more than one quality correctly. The quality “salt” was not recognized eleven
times, “sour” eight times, “bitter” six times, and “sweet” three times. Even though only
six (13.6%) participants reported an ongoing subjective alteration of taste in Q1, 18 (40.9%)
showed an abnormal test result. Of the six (13.6%) participants reporting an ongoing
dysgeusia in Q1, five (11.4%) showed an abnormal test result.

3.4. Immune Response in Context with Alteration of Taste and Smell

A comparison of SARS-CoV-2 specific IgG antibody reactivity measured at the time
of part A and part B of the substudy showed no correlation with the alteration of taste or
smell. Most participants also showed SARS-CoV-2 specific CD8+ T-cell responses upon
peptide stimulation, but no correlation with the symptoms of taste or smell was evident
(see Figure A1A–C in Appendix A).

4. Discussion

This study adds to the existing literature on COVID-19-associated alteration of taste
and smell by investigating quantitative and qualitative disorders not only in the acute
phase of infection but also after a median of 100 and 244 days after a positive RT-PCR
test. Focusing on the nature of qualitative changes in taste and smell in our second
questionnaire (Q2), this study reports on the subjective experience of phantosmia, parosmia,
and dysgeusia after infection with SARS-CoV-2. Our study is unique in its detailed
descriptions of the subjective experience of phantosmia, parosmia, and dysgeusia in the
context of COVID-19. Antibody titers were measured alongside olfactory and gustatory
function to study possible connections between the adaptive immune system and SARS-
CoV-2 induced taste and smell dysfunctions.

Consistent with several other studies, our study corroborates that dysfunctions of taste
and smell are early onset symptoms of COVID-19 [22–25] and persist in many cases for
several months [13,26–28]. It was evident that qualitative changes (parosmia, phantosmia
and dysgeusia) can occur as late-onset symptoms. In four cases, parosmia and phantosmia
arose after months of complete absence of other symptoms. In addition, the data suggest
that these qualitative changes are probably not as rare as assumed at earlier stages of
the pandemic [29]. It is striking that whereas the largest part of this study’s participants
recovered from their isolated quantitative changes such as anosmia, hyposmia, ageusia and
hypogeusia within a few weeks after the illness, most participants suffered from qualitative
changes for several months. Overall, 29.5% (13 of 44 (see Figure 2 and Table A1)) of our
cohort reported qualitative changes after 244 days. This high occurrence indicates that
qualitative changes are common long-term symptoms in COVID-19 patients. Another
study systematically investigating qualitative changes reported qualitative alterations of
smell and/or taste in 6 of 17 (35.3%) COVID-19 patients after 99 ± 30.1 days after negative
nasopharyngeal swab [12]. The validity of these numbers is compromised by the small
cohorts (n = 44 of our study and n = 17 of Ercoli et al. [12]). Yet, taking smell as an
example, those prevalences are not unrealistically high, since in general about one-third of
patients with impairment of olfactory function of various causes also show parosmia and
phantosmia [30,31]. Hopkins et al. measured a prevalence of parosmia of 43.1% (among
those with a self-reported loss of smell at the onset of the disease) after six months [13],
whereas this study’s prevalence of parosmia was 25% (6 cases of parosmia of 24 participants
with self-reported smell dysfunction at the onset of disease (see Appendix A Table A1)
after 244 days. Qualitative alterations of the gustatory and olfactory senses usually become
evident several days to months after the acute illness and quantitative changes [13,32].
Therefore, qualitative changes could probably not be fully captured in studies assessing
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smell and taste dysfunctions only during or shortly after the acute stage of COVID-19
illness, resulting in the reports of low prevalence of these symptoms [29].

Information on chemosensory function during COVID-19 was collected in retrospect
since the questionnaires on taste and smell were only applied after 100 (Q1) and 244 (Q2)
days. This might have made the assessment of prevalence of chemosensory dysfunctions
during COVID-19 infection inaccurate. To lessen the impact of the lack of baseline mea-
surement, each participant was asked to describe their chemosensory function during the
acute illness in both questionnaires. Inconsistent replies were followed up.

A detailed comparison and quantification of the constellations of symptoms in patients
between timepoints 100 and 244 is precluded by the usage of two different questionnaires
(Q1 and Q2). Whereas Q2 assessed qualitative changes systematically, Q1 assessed if
patients still suffered from any changes in taste or smell and asked to describe any noticed
changes in taste or smell. From the answers and subjective descriptions of their alterations,
we could deduce if participants suffered from quantitative or qualitative or combined
changes in taste or smell. Even though inconsistent instruments were used over time the
collected information allows the conclusion that qualitative changes can occur as late-onset
symptoms. Participants concerned reported quantitative losses during COVID-19, a full
recovery after a median of 100 days, and then described recently developed hallucinations
and alterations in smell or taste in Q2.

After a median of 100 days a psychophysical screening test of olfactory and gustatory
function was applied to objectively assess the participants’ self-reported ability to smell
and taste. For this, the Sniffin’ Screening12 and Taste Stripes tests, which have been
validated in numerous studies and vastly used in clinical practice, were chosen [21,33].
As screening tools these tests allow for the detection of abnormalities in smell and taste
function but do not provide a detailed assessment of chemosensory function. 100 days
after RT-PCR positivity, self-reported subjective alterations of taste or smell were confirmed
by abnormal objective test results. Both in the Sniffin’ Screening12 test and the Taste Stripes
test, a larger proportion of participants showed an objective alteration than reported in
the questionnaires. Studies have shown a higher prevalence of olfactory and gustatory
dysfunction in patients using psychophysical tests compared with self-reports [25,27]. This
phenomenon maybe partly due to the revelation of preexisting smell and taste disorders
unrelated to COVID-19 [34]. Nevertheless, the large discrepancy (smell dysfunction after a
median of 100 days: 32 (72.7%) psychophysical test vs. 8 (18.2%) self-reported) suggests
that many patients are not aware or have already adapted to their by COVID-19 altered
sense of smell. This stresses the necessity of psychophysical tests in clinical practice to
properly assess chemosensory function.

The investigation of antibody titers and T-cell response after a median of 100 and
244 days showed no correlation with impairment of smell or taste (see Figure A1A–C).
This indicates that the mechanism of COVID-19 caused disorders of taste and smell is
not directly a result of either inactivity or overactivity of these arms of the adaptive
immune system but caused by a more localized process. Studies propose that the infection
of supporting cells in the mucosa and damage of vascular pericytes cause a localized
inflammation and cytokine release resulting in neuronal dysfunction [35,36]. However,
the persistence of olfactory loss together with the occurrence of qualitative symptoms
such as parosmia [13,27] suggests the possibility of direct damage of olfactory receptor
cells or central pathways. The involvement of central structures is also indicated by
a neuroimaging study revealing hypometabolism in intracranial olfactory structures in
patients with parosmia after infection with SARS-CoV-2 [37]. The literature on direct
neurotropism of SARS-CoV-2 is conflicting. Coronavirus antigen and SARS-CoV-2 RNA
have been found in olfactory neurons and brains of postmortem COVID-19 patients [38],
however, a recent review by Butowt et al. concluded that direct infection of neuronal cells
by SARS-CoV-2 is unlikely [39]. Hence, evidence for direct neurotropism of SARS-CoV-2
and its possible route to the brain need further investigation.
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Data on the connection between antibody titer and symptoms of smell and taste are
also conflicting. A study by Dehgani-Mobaraki et al. tracked antibody levels (against
S-RBD) of 32 recovered COVID-19 patient. Subjects who reported smell and taste loss
during SARS-CoV-2 infection, with respect to disease severity developed significantly
higher antibody titers at 14 months (p = 0.043 and p = 0.031 respectively) [40]. In contrast,
we found no significant difference in antibody levels of patients with and without reported
smell and taste loss during the disease and after a median of 244 days (see Figure A2).
Investigations with larger participant numbers are needed.

Patients with persisting olfactory dysfunction of various causes report a lower quality
of life due to depression, anxiety, disruption of daily routines, and problems with enjoy-
ment of food [15–17,41]. Qualitative dysfunctions seem to have a stronger negative impact
on life quality than quantitative dysfunctions [17]. To improve and regain function of smell,
olfactory training can be applied. Evidence shows that this treatment option significantly
improves olfactory function after postinfectious dysfunction [42–45]. Furthermore, persis-
tent olfactory impairment after COVID-19 might be a marker for an increased long-term
risk of neurodegenerative disorders [46]. It is important to pay attention to these symptoms
and its possible impact on the patients’ well-being in clinical practice and keep treatment
options in mind.

Limitations

The cohort of 44 participants is small and the healthy worker effect is applicable since
all participants are employees and able to perform their healthcare duties. However, one of
its strengths is that all of the participants were recruited from the same location and had
experienced COVID-19 infection at a similar point in time.

The questionnaires were self-developed and the usage of two different questionnaires
after the median of 100 (Q1) and 244 (Q2) days precludes detailed comparisons of the con-
stellations of symptoms between these two timepoints. In addition, these two timepoints
correspond to a broader time range, which influences the comparability between partici-
pants and the reliability of the results. The singular occurrence of many constellations of
symptoms (see Table A1) comprises the interpretation of the study as well.

5. Conclusions

In conclusion, COVID-19-induced phantosmia, parosmia, and dysgeusia can persist
for longer periods. Furthermore, these qualitative alterations in smell and/or taste can
occur with a latency of several months after full recovery from COVID-19-caused quantita-
tive losses of smell and taste. More prospective studies with larger cohorts are needed to
study these phenomena.
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Table A1. Table A1 shows the reported frequencies of qualitative changes (phantosmia, parosmia,
and dysgeusia), quantitative changes (anosmia, hyposmia, ageusia, hypogeusia), and which sense
was affected during COVID-19 as well as after a median of 100 and 244 days. Data concerning smell
and taste during COVID-19 were collected in retrospective. Data concerning timepoint “100 days”
was collected by questionnaire Q1, data concerning “244 days” was collected by questionnaire Q2.
The two categories “Asymptomatic” and “Alteration of taste or smell” (dark grey background)
contain together all 44 study participants. The category “Alteration of taste or smell” is split up in the
three groups “Quantity only”, “Quality only” and “Quantity and quality” (light grey background).
Each of these three groups is subdivided in “Taste only”, “Smell only” and “Taste and smell” with
the respective symptom constellations (in italics).

Description During COVID-19 100 Days 244 Days
Asymptomatic 14 33 30

Alteration of taste or smell 30 11 14
Quantity only (total) 14 1 1

Taste only 1 1 0
Ageusia (ag.) 1 0 0

Hypogeusia (hg.) 0 1 0
Smell only 0 0 0

Taste and smell 13 0 1
Ag. and anosmia (an.) 13 0 0

Hg. and hyposmia (Ho.) 0 0 1
Quality only (total) 6 7 10

Taste only—Dysgeusia (dy.) 5 2 2
Smell only 0 4 3

Parosmia (pa.) 0 2 1
Phantosmia (ph.) 0 1 2

Pa. and ph. 0 1 0
Taste and smell 1 1 5
Dy., pa. and ph. 1 1 2

Dy. and pa. 0 0 2
Dy. and ph. 0 0 1

Quality and quantity (total) 10 3 3
Taste only 0 0 0

Smell only—pa. and ho. 0 1 1
Taste and smell 10 2 2

Dy. and an. 3 0 0
Dy., pa. and ph. 1 0 0

Dy., an., pa. and ph. 1 0 0
Ag., an. and pa. 1 0 0
Ag., an. and ph. 1 0 0

Ag., an., pa. and ph. 3 0 0
Dy., hg. and ho. 0 1 1

Dy., ho., pa. and ph. 0 1 0
Dy. and ho. 0 0 1
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