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Abstract

Loss of taste and smell is one of the most troubling symptoms of long COVID and may be
permanent for some. Correlation between subjectively and objectively assessed olfactory and
gustatory impairment is low, leading to uncertainty about how many people are affected, how
many recover, and to what extent. We prospectively investigated the effects of COVID-19 on long-
term chemosensory function in a university and hospital-based cohort in NJ. We followed 856
participants from March 2020 through April 2022, of which 58 were diagnosed with COVID-19
and completed the NHANES 2013-2014 taste and smell protocol, including a chemaosensory
questionnaire, whole-mouth taste tests, and an 8-item odor identification test at and/or before acute
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COVID-19 infection. Of these, 29 repeated taste and smell assessments at 6 months (183.0 +
54.6) follow-up. Total overall smell score significantly improved from baseline to 6-month follow
up (6.9+1.4vs7.6 +0.8; p=.01). Taste intensity also improved across 6 months, but not
significantly. Our study is the first to show psychophysically-assessed and self-reported long-term
recovery of olfactory and gustatory function in the same population after acute COVID-19.
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COVID-19; Long COVID; Taste/gustation; Smell/olfaction; Cohort; New Jersey
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Fig. 1.
Flowchart of study participants.

Table 1

Demographic characteristics were similar (across all participants enrolled in the study, those
that were diagnosed with COVID-19, and those diagnosed with COVID-19 who completed
the 6-month follow up (all Ps >0.05).

Demographics All participants (n = 444) Diagnosed with Followed up at 6
COVID-19 (n = 92) months (n = 29)
Age (years) 432+128 423+126 43.7+£13.0

Race/Ethnicity
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Demographics

All participants (n = 444)

Diagnosed with
COVID-19 (n =92)

Followed up at 6
months (n = 29)

Non-Hispanic White
Non-Hispanic Asian

Non-Hispanic Black

Hispanic and Other Race —
Including Multi-Racial

Gender

Male

Female

Other

Marital status 4
Married

Not Married

290 (65.9%)
80 (18.2%)
31 (7.1%)

39 (8.9%)

146 (32.9%)
297 (66.9%)

1(0.2%)

269 (60.6%)
175 (39.4%)

54 (60.7%)
14 (15.7%)
12 (13.5%)
9 (10.1%)

21 (22.8%)
71 (77.2%)
0 (0.0%)

56 (60.9%)
36 (39.1%)

21 (77.8%)
3 (11.1%)
0 (0.0%)

3 (11.1%)

5 (18.5%)
22 (81.5%)
0 (0.0%)

19 (70.4%)
8 (26.6%)

married).

Table 2

a. . - . . . . . . .
Marital status is dichotomized as married or living with a partner and not married (widowed, divorced, separated, or never

Objective evaluation of taste and smell function prior to COVID-19 diagnosis and 1-month
(38 £ 35 days) post-COVID-19 (n = 14).

NHANES Pocket Prior to COVID-19 diagnosis 1 month after COVID-19 diagnosis p-value?
Smell Test
assessment Mean Intensity % correct Mean Intensity % correct

identification identification
Chocolate 48.5+27.9 92.9% 475+354 100% 0.62
Grape 60.0 £24.2 78.6% 51.0+ 329 78.6% 0.12
Onion 66.8 £ 33.4 92.9% 55.1+ 36.6 100% 0.06*
Leather 53.4+325 92.9% 52.6+41.4 92.9% 0.59
Natural Gas 64.6 £31.1 92.9% 53.3+37.9 71.4% 0.06 ™
Smoke 65.3 % 26.2 92.9% 42.1+365 71.4% 0.01™"
Strawberry 44.1+28.8 92.9% 48.6 + 36.2 85.7% 0.96
Soap 53.7£34.7 92.9% 50.7 £ 32.6 85.7% 0.42
Total smell score (on 78+0.3 - 6.9+13 - 0.03™*
a scale of 8)
Average smell 57.1+234 - 46.2 £ 32.6 - 0.11
intensity
NHANES Whole- Mean Intensity % Correct Mean Intensity % Correct p-value?
mouth Taste Test Identification Identification
Bitter (1 mM 779+153 85.7% 67.6£29.6 85.7% 007"
Quinine)
Salt (1 M NaCl) 76.8£19.8 92.9% 72.9+245 92.9% 0.21
Average taste 773+16.3 - 70.2+24.7 - 008"
intensity

a . . . . . "
p-value is obtained by paired #test comparing smell/taste intensities (scale 0-100) or smell score (scale 0-8) pre- and

post-COVID19 diagnosis.

Aok

Indicates significant at p< .05 level.

*
Indicates significant at p < .10 level.
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Objective evaluation of smell and taste recovery at baseline and 6 months (183.0 + 53.6
days) following acute COVID-19 (n=29).

NHANES Pocket Smell Test

Baseline 6-month follow up p-value
Mean Intensity % correct Mean Intensity % correct
identification identification

Chocolate 47.0+29.8 85.2% 59.9 +25.2 100.0% 0.14
Grape 47.1£305 63.0% 63.3+275 88.9% 0.02™"
Onion 57.0+31.7 85.2% 60.8 £23.8 100.0% 0.76
Leather 485+ 317 74.1% 62.1+225 92.6% 0.08™
Natural Gas 56.1+28.1 74.1% 65.1+24.1 92.6% 0.28
Smoke 49.4+24.5 70.4% 62.7+21.1 92.6% 0.12
Strawberry 49.2 +26.5 77.8% 57.2+30.0 96.3% 0.51
Soap 50.4 +31.2 81.5% 65.7 +31.6 96.3% 0.04™"
Total smell score 6.9+ 1.4 - 76+08 - 0.01™*
(on a scale of 8)
_Average smell 51.0+25.0 - 62.1+21.0 - 0.06™
intensity
NHANES Whole-Mouth Taste Test

Baseline 6-month follow up p-value
Bitter 67.9+24.7 83.3% 742 +16.9 88.5% 0.23
Salt 748 £18.2 100.0% 79.3+£115 96.2% 0.17
Average taste 71.3+18.3 - 76.8+12.3 - 0.14

intensity

p-value is obtained by paired £test comparing smell/taste intensities (scale 0-100) or smell score (scale 0-8) between
baseline- and 6-month follow up post-COVID-19 diagnosis.

Ak
Indicates significant at p < .05 level.

*
Indicates significant at p< .10 level.

Table 4

Subjective evaluation of smell and taste recovery via NHANES Taste and Smell
Questionnaire prior to COVID-19 diagnosis and 1-month (38 + 35 days) post-COVID-19 (n

= 14).

Olfactory/Gustatory questions Prior to 1-month after
COVID-19 COVID- 19
diagnosis diagnosis

In the last 12 months, have you noticed any changes in your sense of taste? 0 (0%) 6 (42.9%)

(Response: Yes)

In the last 12 months, have you noticed any changes in your sense of smell? 0 (0%) 7 (50.0%)

(Response: Yes)

In the last 12 months, have you noticed that a food tastes different than it 0 (0%) 4 (28.6%)

used to? (Response: Yes)

In the last 12 months, have you noticed that a food smells different than it 0 (0%) 4 (28.6%)

used to? (Response: Yes)
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Olfactory/Gustatory questions Prior to 1-month after
COVID-19 COVID- 19
diagnosis diagnosis

In the last 12 months, have you had a problem with your ability to smell, 0 (0%) 5 (35.7%)

such as not being able to smell things or things not smelling the way they

are supposed to? (Response: Yes)

In the last 12 months, have you had a problem with your ability to taste 0 (0%) 4 (28.6%)

sweet, sour, salty or bitter foods and drinks? (Response: Yes)

In the last 12 months, have you had persistent taste in mouth? (Response: 0 (0%) 2 (14.3%)

Sometimes/Often)

Subjects reporting smell changes in the last 12 months and/or trouble with 0 (0%) 7 (50.0%)

smell

Subjects reporting taste changes in the last 12 months and/or trouble with 0 (0%) 8 (57.1%)

taste

Table 5

Subjective evaluation of smell and taste recovery via NHANES Taste and Smell
Questionnaire at 6 months (183.0 £ 54.6 days) following acute COVID-19 (n= 15).

1duosnuepy Joyiny 1duosnuely Joyiny
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Smell Questions

Taste Questions

Question (Response) Baseline  6-month Question (Response) Baseline  6-month
follow up follow up
“In the last 12 months, have 5(33.3%) 3(21.4%) “In the last 12 months, have 2(13.3%) 1(7.1%)
you noticed any changes in you noticed any changes
your sense of smell?” (Yes) in your sense of taste?”
(Response: Yes)
“In the last 12 months, have 2(13.3%) 0(0.0%) “In the last 12 months, have 2(13.3%) 1(7.1%)
you noticed that a food smells you noticed that a food tastes
different than it used to?” different than it used to?”
(Yes) (Response: Yes)
“In the last 12 months, have 8 (53.3%) 2 (14.3%) “In the last 12 months, have 3(20.0%) 0 (0.0%)
you had a problem with your you had a problem with your
ability to smell, such as not ability to taste sweet, sour,
being able to smell things or salty or bitter foods and drinks?
things not smelling the way (Response: Yes)”
they are supposed to? (Yes)”
Subjects reporting smell 9(60.0%) 3 (21.4%) “In the last 12 months, 1(6.7%) 0 (0.0%)
changes in the last 12 months have you had persistent
and/or trouble with smell taste in mouth?” (Response:
Sometimes/ Often)
Subjects reporting taste changes 3 (20.0%) 1 (7.1%)

in the last 12 months and/or
trouble with taste

Of 29, people followed up at 6 months following a COVID-19 diagnosis, only 15 participants were administered the
NHANES Taste and Smell Questionnaire.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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