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Abstract

Background: Anosmia and ageusia are symptoms commonly associated with COVID-19, but the relationship with disease
severity, onset and recovery are unclear.

Objective: To examine factors associated with anosmia and ageusia and the recovery from these symptoms in an ethnically
diverse cohort.

Methods: Individuals tested for SARS-CoV-2 between March and April 2020 were eligible for the study. Randomly selected
participants answered a telephone questionnaire on COVID-19 symptoms with a focus on anosmia and ageusia. Additionally,
relevant past medical history and data on the COVID-19 clinical course were obtained from electronic medical records. 486
patients were in the COVID-19 group and 103 were COVID-|9-negative.

Results: Patients who were younger were more likely to report anosmia and/or ageusia (odds ratio (OR) for anosmia per
|-year increase in age: 0-98, 95%Cl:0-97-0-99, p =0-003; for ageusia: 0-98, 95%Cl:0-97-0-99, p =0-005) as were patients
with lower eosinophil counts (OR for anosmia per 0.1-K/uL increase in eosinophils: 0-02, 95%CI:0-001-0-46, p =0-01, for
ageusia 0-10, 95%CI:0-01-0-97, p =0-047). Male gender was independently associated with a lower probability of ageusia
(OR:0-56, 95%Cl:0-38-0-82, p =0-003) and earlier sense of taste recovery (HR:1-44, 95%CI:1-05-1-98, p =0-02). Latinos
showed earlier sense of taste recovery than white patients (HR:1-82, 95%ClI:1-05-3-18, p =0-03).

Conclusion: Anosmia and ageusia were more common among younger patients and those with lower blood eosinophil
counts. Ageusia was less commonly reported among men, and time to taste recovery was earlier among both men and
Latinos.
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Introduction

In New York City, the first documented case of COVID-
19 was confirmed in March 2020. For months, New
York City was the epicenter of the global pandemic,
accounting for a third of the total cases in the United
States.! Montefiore Medical Center in the Bronx bor-
ough of New York City was at the center of this out-
break, evidenced by the fact that a third of the Bronx
population have tested positive for serum antibodies to
SARS-CoV-2 as of August 2020.>

In addition to the most common symptoms of cough,
fever, and dyspnea, COVID-19 also causes frequent
olfactory and gustatory dysfunction. Loss of smell
(anosmia) has been linked to a wide range of viral infec-
tions leading to anosmia.” Multiple reports have
emerged indicating anosmia and loss of taste (ageusia)
among other symptoms of COVID-19.*7 In fact, anos-
mia and ageusia were also shown to occur among oth-
erwise asymptomatic people or in individuals with mild
to moderate manifestations of SARS-Cov-2 infec-
tion. &% 13

Even though anosmia and ageusia could be potential
predictors of COVID-19, not much is known about the
factors associated with the onset of these symptoms. Pre-
existing conditions such as hypertension and diabetes are
associated with the severity of COVID-19."* Limited
data is available on association of pre-existing hyperten-
sion, diabetes, or hypercholesterolemia with anosmia
and ageusia. Anosmia and ageusia are thought to be
related to a milder form of the disease.'” Studies also
show a possible association of peripheral blood eosino-
phil counts with the severity of COVID-19,'® but to our
knowledge the associations of anosmia and ageusia with
blood cell counts or inflammatory markers have not
been established. Even less is known about the factors
associated with recovery from anosmia and ageusia in
COVID-19 patients.”!” Lastly, most studies conducted
on loss of smell and taste associated with COVID-19
have largely been carried out in populations that were
predominantly Caucasian. Limited information is avail-
able regarding the prevalence of either symptom in an
ethnically diverse population.

Therefore, in this study, we utilized the large number
of confirmed cases at Montefiore Medical Center in the
Bronx, NY, to determine the prevalence of anosmia and
ageusia in an ethnically diverse cohort tested for
COVID-19. Our goal was to examine any association
of anosmia and ageusia with demographic characteris-
tics, pre-existing conditions, and laboratory markers.
We also evaluated whether severity of COVID-19 infec-
tion was associated with anosmia or ageusia. Finally, we
aimed to characterize the rate of recovery from anosmia
and ageusia and examine factors associated with recov-
ery versus persistence of symptoms.

Materials and Methods

Patient Cohort

The bioinformatics team queried electronic medical
records (EMR) of patients who were presented to
Montefiore Medical Center, Bronx, NY and tested
between March 1st and April 29th, 2020. Information
was extracted from the cohort of individuals who were
tested for SARS-CoV-2 by nasopharyngeal swabbing
using real time PCR assay during this time. A subset
of patients was randomly selected from this list using a
random number generator in SAS 9-4 (SAS Institute
Inc., Cary, NC). The study cohort was then contacted
to request participation in a phone interview to collect
data. (Refer to Supplementary Methods for patient
cohort classification and exclusion criteria.)

Data Collection

Patients who agreed to participate provided a verbal
informed consent. A structured phone interview was
administered to collect information regarding the
course and characteristics of their COVID-19 illness,
specifically addressing anosmia and ageusia and recov-
ery from both symptoms. (Refer to Supplementary
Methods for details on data collection and question-
naires.) Research Electronic Data Capture (REDCap)
database was used for data recording.'® The study was
approved by the Institutional Review Board of Albert
Einstein College of Medicine.

Statistical Analysis

All summary statistics were expressed as means =+ stan-
dard error (SE), medians + interquartile ranges (IQR),
or as frequencies and percentages where applicable.
Continuous variables were compared between groups
using the two sample T-test or Wilcoxon rank-sum test
(for non-normally distributed data). Categorical data
were analyzed by chi-square or Fisher’s exact tests, as
appropriate. Multivariable logistic regression models
were also fit to the data to identify factors that were
independently associated with anosmia and ageusia in
COVID-19 patients. Time to recovery from anosmia
and ageusia was analyzed using the Kaplan-Meier
method and Cox proportional hazards model. (Refer
to Supplementary Methods for details on statistical anal-
ysis tools that were used.)

Results

Figure 1 shows the schematic representation of the study
design and enrollment of participants. From the entire
cohort of individuals who were presented to Montefiore
and were tested for SARS-CoV-2 between March — April
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6312 were identified as potential subjects for participation I

|

4782 subjects were eligible for inclusion
3072 (64.2%) were admitted to ER or hospital for >3days
1710 (35.8%) were admitted to ER or hospital for <3days

3184 COVID positive

1598 COVID negative

|

| 1807 individuals were randomly selected for phone interview |

|

900 individuals
could not
be reached2

642 individuals responded
to calls and fit the inclusion criteria

265 individuals were excluded
for Miscellaneous reasons'®

l

[

l

589 individuals consented to participate
322 (54.6%) were admitted to ER or hospital for >3days
267 (45.4%) were admitted to ER or hospital for <3days

| 53 individuals did not consent to participate |

486 COVID-19
positive'e

103 COVID-19
negative

32 COVID-19 21 COVID-19
positive negative

Figure I. Schematic representation of the Method.la An individual was considered as “could not be reached” if the individual with a
working number was called at least 3 times and was unreachable after a minimum of three attempts or if the person was unable to respond
because of persistent healthcare issues and was receiving ongoing care in a medical facility.1b Miscellaneous reasons for exclusion were:
Patients who were deceased during the call period of May 6th—June 30th 2020, patients who were screened for SARS-CoV-2 prior to
procedures (childbirth, surgeries, etc.), had no symptoms indicative for COVID-19 and tested negative, and those who could not
remember getting tested were excluded from the study.1c COVID- |9 positive patients were defined as either patients who tested SARS-
CoV-2-positive (N =435), or as patients who tested negative but presented with COVID-19-like symptoms and met clinical criteria for
probable COVID-19 illness as determined by the treating physicians (N=51).

2020, 6312 potential participants were initially identified.
After excluding deceased patients during this time and
those who were less than 18 years old, 4782 remained.
Based on the exclusion criteria listed in Supplementary
Methods, among COVID-19 negative individuals, we
were unable to reach 400 subjects in the COVID-19 neg-
ative group as initially intended. A total of 642 individ-
uals were ultimately contacted. The participation rate
among eligible subjects was 92%. Among those who
agreed to participate in the study, 435 tested positive
for COVID-19. Upon individual chart review of 154
SARS-CoV-2-negative patients, 51 of these subjects
were identified as COVID-19-probable. Therefore, 103
and 486 patients were in the SARS-CoV-2 negative and
positive groups, respectively.

Clinical Characteristics in Symptomatic Patients
Presented for COVID-19 Evaluation

Supplementary Table S1 characterizes symptomatic
patients who had COVID-19 or were COVID-19 nega-
tive. The overall study cohort was representative of the
Bronx population served by Montefiore Medical Center,
with a majority represented by both African American
and Latino individuals. The prevalence of COVID-19
did not differ significantly by age, ethnicity, or race.

COVID-19 positive patients were more likely to pre-
sent with fever, cough, pneumonia, diarrhea, fatigue,
body aches, sore throat, headache, and loss of appetite
than COVID-19-negative patients (p<0.01 for all,
Supplementary Table S1). Anosmia and ageusia rates
were 4-5-fold higher in the COVID-19 positive versus
the negative group. Specifically, anosmia was observed
in 33% (95% CI: 29%-38%) in COVID-19 patients
compared to only 8% (95% CI: 3%-15%) in the
COVID-19 negative group (p<0.001). Ageusia was
observed in 50% (95% CI: 45%-54%) of COVID-19
patients compared to 10% (95% CI: 5%—17%) in the
COVID-negative group (p <0-001). An overview of the
diagnoses for COVID-19 negative patients is shown in
Supplementary Figure S1 (Supplementary Materials).

Symptoms Associated With Anosmia and Ageusia
in COVID-19 Positive Patients

COVID-19 positive patient characteristics summarized
by anosmia and ageusia status are presented in
Tables 1 and 2, respectively. The median time from the
patient-reported onset of COVID-19 symptoms to the
reported onset of anosmia and ageusia was 2days
(IQR 0-5-0 for both symptoms). COVID-19 patients
with anosmia and and/or ageusia were significantly
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Table |. Characteristics of Patients With COVID-19 lliness by the Lack of Sense of Smell.
Anosmia*, No Anosmia*,
Characteristics N=162 N =324 P-Value
Demographics
Age, years (£SE) 53 (£1.2) 59 (£1.0) <0.001
Gender, N (%) women 81 (50) 144 (46) 0.4
Race/ethnicity, N (%) 0.06
White 23 (14) 22 (7)
Black 55 (34) 133 (42)
Latino 56 (34) 102 (32)
Asian 5@03) 5(Q2)
Unknown 24 (15) 52(17)
Reported symptoms
Ageusia*®, N (%) 148 (91) 92 (29) <0.001
Fever*, N (%) 116 (71) 178 (57) <0.01
Body aches™, N (%) 111 (69) 128 (41) <0.001
Cough*, N (%) 112 (69) 173 (55) <0.01
Sore throat*, N (%) 46 (28) 61 (20) 0.03
Belly ache*, N (%) 38 (24) 50 (16) 0.06
Shortness of breath*, N (%) 50 (31) 105 (34) 0.6
Diarrhea*, N (%) 82 (50) 110 (35) <0.01
Fatigue or weakness*, N (%) 135 (82) 183 (60) <0.001
Headache*, N (%) 30 (19) 35(11) 0.03
BMI4, kg/m? (IQR) 31 (27-38) 30 (26-35) 0.1
Number of days from SARS-CoV-2 test to the phone interview (£SE) 46-4 (£1.4) 49-6 (£1.0) 0.09
Patient past medical history
History of hypertension‘, N (%) 64 (39) 164 (52) 0.006
History of hypercholesterolemia‘, N (%) 44 (27) 119 (38) 0.02
Laboratory markers at the time of SARS-CoV-2 test
Eosinophil counts®, K/uL (+SE) 0.02 (+0.004) 0-05 (£0.006) 0.01
Fibrinogen®, mg/dL (+SE) 687 (£+20.0) 640 (£13.0) 0.049
Lactic dehydrogenase®, U/L (+SE) 426 (£13.7) 411 (£14.2) 0.4
Outcomes
Length of emergency department or hospital stay‘, days (IQR) 4 (2-8) 6 (3—-10) 0.002
Admission to ICU*, N (%) 18 (I1) 32 (10) 0.8
Endotracheal intubations®, N (%) 10 (6) 21 (7) 0.8

*Patient reported, * Extracted and verified through medical record data extraction and review.

younger and more likely to have systemic symptoms
(fever, body aches, fatigue), respiratory symptoms
(cough, sore throat), and diarrhea, than those without
anosmia and/or ageusia (p < 0-05 for all) (Tables 1 and 2,
Figure 2). Fifty-eight percent of COVID-19 patients
reported both anosmia and ageusia whereas 5-5%
reported only anosmia and 36-5% only ageusia as
shown in Supplementary Figure S2 (Supplementary
Materials). Among those who reported anosmia, 32%
had a partial loss of smell and 68% had a complete
loss of smell. Among those who reported ageusia, 43%
had a partial loss of taste whereas 57% lost the taste
completely.

Laboratory markers. Individuals with COVID-19 who
reported anosmia and ageusia demonstrated significant-
ly lower peripheral blood eosinophil counts and higher
serum fibrinogen levels (Tables 1 and 2). Other

inflammatory markers measured at the time of SARS-
CoV-2 test, such as absolute neutrophil counts, CRP,
ESR, and ferritin, were not significantly associated
with either patient-reported anosmia or ageusia (data
not shown). (Refer to Supplementary Results for results
on pre-existing conditions and severity.)

Multivariable logistic regression to determine association with
anosmia and ageusia. Multivariable logistic regression
indicated that age and peripheral blood eosinophil
counts were independently associated with both anosmia
and ageusia after adjusting for other factors (Tables 3
and 4). Younger age was independently associated with
higher likelihood of both anosmia (OR: 0-98 per 1-year
increase, 95% CI: 0-97-0-99, p =0-003) and ageusia (OR:
0-98 per l-year increase, 95% CI: 0-97-0-99, p=0-005).
Lower peripheral blood eosinophil counts at the time of
the SARS-CoV-2 test were also associated with a higher
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Table 2. Characteristics of Patients With COVID-19 lliness by the Lack of Sense of Taste.

Ageusia*, No Ageusia*,
Characteristics N =242 N =244 P-Value
Demographics
Age, years (£SE) 54.6 (+£1.0) 59 (£1.0) 0.001
Gender, N (%) women 130 (54) 94 (40) 0.003
Race/ethnicity, N (%) 0.8
White 24 (10) 21 (9)
Black 92 (38) 95 (41)
Latino 81 (33) 78 (33)
Asian 7 (3) 3(1)
Other race, or unknown 39 (16) 37 (16)
Reported symptoms
Anosmia*, N (%) 148 (61) 13 (6) <0.001
Fever*, N (%) 175 (72) 119 (51) <0.001
Body aches™, N (%) 157 (65) 83 (35) <0.001
Cough*, N (%) 157 (65) 127 (55) <0.01
Sore throat®, N (%) 67 (27) 41 (18) <0.01
Belly ache*, N (%) 53 (22) 36 (16) 0.07
Shortness of breath*, N (%) 76 (32) 77 (33) 0.8
Diarrhea*, N (%) 122 (50) 72 (31) <0.001
Fatigue or weakness*, N (%) 191 (79) 128 (56) <0.001
Headache*, N (%) 41 (17) 24 (10) 0.03
BMI4, kg/m? (IQR) 31 (28-38) 30 (25-35) 0.3
Number of days from SARS-CoV-2 test to the phone interview (£SE) 46-7 (£1.1) 50 (+1-2) 0.04
Patient past medical history
History of hypertension‘, N (%) 110 (45) 117 (50) 0.3
History of hypercholesterolemia‘, N (%) 79 (32) 85 (36) 0.4
Laboratory markers at the time of SARS-CoV-2 test
Eosinophil counts®, K/uL (+SE) 0.03 (+0.005) 0.05 (+0.007) 0.02
Fibrinogen®, mg/dL (£SE) 680 (+15.0) 629 (+15.0) 0.02
Lactic dehydrogenase®, U/L (+SE) 442 (£16.4) 399 (£12.0) 0.04
Outcomes
Length of emergency department or hospital stay‘, days (IQR) 5 (3-10) 5(3-9) 0.2
Admission to ICU*, N (%) 25 (10) 25 (1) 0.8
Endotracheal intubations®, N (%) 17 (7) 14 (6) 0.7
* Patient reported. 4 Extracted and verified through medical record data extraction and review.
p<0.05 are shown in bold and italic format.
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Figure 2. Symptoms associated with the presence of anosmia (A) and ageusia (B). A, Patients with anosmia (n = 162) (LJ) and without

anosmia (n=314) (M). B, Patients with ageusia (n=242) () and without ageusia (n =244) (W), *=p < 0.05, **=p < 0.01,

ok — p < 0,001
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Table 3. Multivariable Logistic Regression Models of Outcome Anosmia (N =438, Events = [41)*.

Full Model Final Model
Adjusted OR (95% ClI) P-Value Adjusted OR (95% ClI) P-Value
Age (per |-year increase) 0.98 (0.97, 1.00) 0.013 0.98 (0.97, 0.99) 0.003
Male (reference =female) 0.80 (0.53, 1.21) 0.29
Black (reference = white) 0.58 (0.26, 1.32) 0.20
Latino (reference = white) 0.80 (0.35, 1.82) 0.59
Other/unknown race (reference = white) 0.61 (0.25, 1.51) 0.29
Eosinophil count at time of SARS-CoV-2 test 0.017 (0.001, 0.42) 0.013 0.021 (0.001, 0.46) 0.014
(per 0.1 K/uL increase in eosinophils)
History of hypertension (reference =no) 0.96 (0.57, 1.64) 0.89
History of hypercholesterolemia (reference = no) 0.87 (0.50, 1.51) 0.62

*Hosmer-Lemeshow goodness of fit test: p=0.58 for full model; p=0.86 for final model.
Full model includes past medical history and laboratory variables with sufficient available data and p <.05 for association with anosmia or ageusia at the
bivariate level, as well as demographic characteristics. Final model includes variables with p-value<.05 after applying stepwise backward selection.

p<0.05 are shown in bold and italic format.

Table 4. Multivariable Logistic Regression Models of Outcome Ageusia (N =438, Events = 219)*.

Full Model Final Model
Adjusted OR (95% ClI) P-Value Adjusted OR (95% ClI) P-Value
Age (per |-year increase) 0.98 (0.97, 0.99) 0.004 0.98 (0.97, 0.99) 0.005
Male (reference =female) 0.56 (0.38, 0.83) 0.004 0.56 (0.38, 0.82) 0.003
Black (reference = white) 1.00 (0.46, 2.18) 1.00
Latino (reference = white) 1.06 (0.48, 2.34) 0.88
Other/unknown race (reference = white) 1.19 (0.50, 2.81) 0.69
Eosinophil count at time of SARS-CoV-2 test 0.09 (0.01, 0.95) 0.046 0.10 (0.01, 0.97) 0.047

(per 0.1 K/uL increase in eosinophils)
History of hypertension (reference =no)
History of hypercholesterolemia (reference = no)

1.08 (0.66, 1.77)
.12 (0.68, 1.85)

*Hosmer-Lemeshow goodness of fit test: p=0.42 for full model; p=0.09 for final model.
Full model includes past medical history and laboratory variables with sufficient available data and p <.05 for association with anosmia or ageusia at the
bivariate level, as well as demographic characteristics. Final model includes variables with p-value < .05 after applying stepwise backward selection.

p<0.05 are shown in bold and italic format.

likelihood of anosmia (OR: 0-021 per 0.1 K/uL increase
in eosinophils, 95% CI: 0-001-0-46, p=0-01) and ageusia
(OR:0-10 per 0.1 K/uL increase, 95% CI: 0-01-0-97,
p=0-047). In case of ageusia, male gender was indepen-
dently associated with lower likelihood of ageusia
(OR:0-56, 95% CI: 0-38-0-82, p=0-003). Ethnicity/race
was not significantly associated with anosmia or ageusia.
Association of hypertension and high cholesterol with
anosmia in unadjusted analysis was no longer significant
after adjusting for other factors. Fibrinogen and lactate
dehydrogenase (LDH) were not included in the multi-
variable models since there were insufficient data for
these variables across the cohort.

Factors Associated With Recovery From Anosmia and
Ageusia

Tables 5 and 6 summarize factors associated with recov-
ery from anosmia and ageusia, respectively. For each

symptom, the median recovery time was 20days and
approximately 80% had recovered by 45days (recovery
of sense of smell and sense of taste, Figure 3(A) and (B)
respectively). Men showed earlier recovery of the sense
of taste compared to women in multivariable analyses
(HR: 144, 95% CI: 1-05-1-98, p=0-02, Table 6).
Additionally, Latino patients exhibited earlier recovery
of the sense of taste compared to white individuals
(HR:1-82, 95% CI: 1-05-3-18, p=0-03). No significant
predictors for recovery of anosmia were identified
(Table 5).

Discussion

In this ethnically diverse cohort who sought testing for
SARS-CoV-2 during the 2020 pandemic, we show that
COVID-19-positive patients are more likely to report
anosmia and ageusia than COVID-19-negative patients.
Among COVID-19-positive patients, individuals with
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Table 5. Cox Proportional Hazards Regression Models for Time to Anosmia Recovery (N = 144, Events = 109).

Unadjusted Multivariable Model
HR (95% Cl) P-Value Adjusted HR (95% ClI) P-Value
Age (per |-year increase) 1.00 (0.98, 1.01) 0.55 1.00 (0.98, 1.01) 0.66
Male (reference =female) 1.40 (0.96, 2.05) 0.084 1.37 (0.93, 2.01) 0.11
Black (reference = white) 0.95 (0.53, 1.70) 0.85 0.99 (0.53, 1.85) 0.97
Latino (reference = white) 1.30 (0.74, 2.29) 0.37 1.26 (0.71, 2.26) 0.43
Other/unknown race (reference = white) 0.98 (0.50, 1.92) 0.95 1.01 (0.51, 2.01) 0.98
Table 6. Cox Proportional Hazards Regression Models for Time to Ageusia Recovery (N =209, Events = 162).
Unadjusted Multivariable Model
HR (95% Cl) P-Value Adjusted HR (95% Cl) P-Value
Age (per |-year increase) 1.00 (0.99, 1.01) 0.36 1.00 (0.99, 1.01) 0.67
Male (reference =female) 1.48 (1.08, 2.02) 0.014 1.44 (1.05, 1.98) 0.024
Black (reference = white) 1.29 (0.74, 2.26) 0.37 1.31 (0.74, 2.32) 0.36
Latino (reference = white) 1.94 (1.12, 3.37) 0.019 1.82 (1.05, 3.18) 0.034
Other/unknown race (reference = white) 1.34 (0.72, 2.50) 0.35 1.37 (0.73, 2.57) 0.32

p<0.05 are shown in bold and italic format

anosmia and/or ageusia were more likely to report other
COVID-19-related symptoms compared to patients
without anosmia and/or ageusia.

We observed that younger age was independently
associated with a higher likelihood of reporting anosmia
and ageusia. Our cohort reported a lower frequency of
the loss of smell compared to other studies on self-
reported anosmia, which has ranged from 34 to
68%.'>1"21 Notably, our COVID-19 positive study
cohort was comparatively older than other reported
cohorts. This could be one of the reasons for the lower
frequency of reported smell and taste loss. Studies show
that underreporting of olfactory dysfunction increases
with age.**** Moein et al. showed that 98% of
COVID-19 inpatients, in a cohort of patients with a
mean age of 46years, showed some olfactory dysfunc-
tion based on objective testing, but only 35% self-
reported subjective loss of smell.?* We also observed a
higher rate of self-reported ageusia (51%) in our cohort
of COVID-19 patients. Studies have shown that people
often misconstrue the loss of smell as loss of taste and
complaints of taste loss frequently represent the loss of
smell.>>° It is therefore possible that the proportion of
patients who reported loss of smell was lower than the
actual occurrence of anosmia. Therefore, in our cohort,
reported ageusia could potentially represent both olfac-
tory and gustatory dysfunction in a substantial number
of subjects.

We further observed that lower peripheral blood
eosinophil counts at the time of the SARS-CoV-2 test
were independently associated with a higher likelihood
of self-reported loss of taste and smell in COVID-19-
positive patients. Low blood eosinophil counts in
patients with COVID-19 have also been reported to be
associated with fever, fatigue, and shortness of breath.?’
While investigating the mechanism of this association is
beyond the scope of this study, it is worth mentioning
that expression levels of angiotensin-converting enzyme
2 (ACE2) used by SARS-CoV-2 as a receptor for entry
into target cells® are inversely associated with the T-
helper type 2 immune response biomarkers such as
serum immunoglobulin E levels, interleukin-13 expres-
sion in nasal epithelium, and fractioned exhaled nitric
oxide.*” ACE?2 expression in airway cells has shown bor-
derline significant inverse association with peripheral
blood eosinophil counts, possibly suggesting that
COVID-19 severity may be reduced in patients with
respiratory allergies.”

Other reports suggest that anosmia is associated with
a milder presentation of the disease."> We could not
establish this association in our study, using ICU admis-
sion or endotracheal intubation frequency as outcome
measures of disease severity. It should be noted, however
that the rate of hospitalization overall was unusually
high in our cohort of patients, both among the
entire cohort and those selected for phone interviews
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Figure 3. Kaplan Meier plot of time to recovery of (A) anosmia and (B) ageusia. A, Time to recovery of the sense of smell (N = 144,
Events = 109). B, Time to recovery of the sense of taste (N =209, Events = 162).

(Figure 1). The population of the Bronx borough of New
York City was hit the hardest with the highest mortality
and admission rates among all five boroughs.! Our insti-
tution had strict criteria for admission during the pan-
demic, as resources and hospital bed availability became
scarce over a short amount of time. During this difficult
time, people with less severe COVID-19 infection were
advised to stay home during the study period and may
not have presented to the ER. The fact that a high
number of our study subjects were admitted for hospital
care does create a selection bias for our study cohort,
suggesting our sample may be weighted to subjects with
more severe COVID-19 infection compared to all indi-
viduals who contract SARS-CoV-2 in an endemic
population.

Existent literature provides limited information
regarding the recovery from both anosmia and ageusia.
Most studies show an average recovery time of 1-
21days for anosmia for COVID-19 patients with
about 98% recovering after 28 days.'”?%?! One study
shows that around two-thirds of adults with non-severe
COVID-19 still had anosmia and ageusia, two months
after their symptom onset.>* For our cohort, the
median recovery time for both anosmia and ageusia
was 20 days. Twenty percent of patients who had lost
their smell and taste had persistent anosmia and ageu-
sia at approximately 44-45days from the time of the
onset of these symptoms. This indicates that a substan-
tial number of COVID-19 patients require a longer
time for recovery of the loss of smell and taste. The
exact reason for the variability in time for recovery of
these symptoms is not yet known. We were unable to
identify any significant predictors for the recovery
from anosmia, however male gender and Latino eth-
nicity were significantly associated with earlier recov-
ery from ageusia.

The limitations of this study are its retrospective
nature and symptom recording based on patient self-
report. We were also unable to determine the degree of
the loss of sense of smell and taste. Another limitation of
our study was our inability to query patients with the
most severe outcomes of COVID-19 (i.e., prolonged hos-
pital stays, prolonged ventilator dependence, or
death). Similarly, we did not capture those who were
asymptomatic or had minor symptoms who did not get
tested during the pandemic outbreak of our
study period. Further prospective studies need to be con-
ducted to determine if there is a relationship between
olfactory and gustatory dysfunction and COVID-19
severity.

Conclusion

In conclusion, this study summarizes the prevalence of
anosmia and ageusia in a large ethnically diverse cohort
of patients during a pandemic outbreak of COVID-19.
This study not only provides insight into the factors that
are associated with anosmia and ageusia, but it also
examines factors that are associated with the recovery
of these symptoms. We further report that a substantial
number of COVID-19 positive patients suffer from a
prolonged loss of smell and taste even when the other
symptoms subside. Patients with these symptoms are
more likely to have systemic disecase and thus may
need closer follow up and treatment. Our findings sug-
gest that eosinophils may play a critical role in the path-
ophysiology of the disease and could serve as a predictor
of anosmia and ageusia. Our study leverages a large
cohort of patients sampled from our patient population
to better understand the natural history of this new dis-
ease. Prospective studies on the natural history of anos-
mia and ageusia and the incidence of long-term sequelae
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are needed to fully characterize these unique symptoms
among COVID-19 patients.
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