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Abstract

Objectives: At the end of 2019, SARS-CoV-2 was identified, the one responsible for

the COVID-19 disease. Between a 5.1% and a 98% of COVID-19 patients present

some form of alteration in their sense of smell. The objective of this study is to deter-

mine the diagnostic yield of the smell dysfunction as screening tool for COVID-19.

Methods: Cross-sectional, observational, and pro-elective study was performed in a

tertiary care hospital from May 25th to June 30th, 2020. One hundred and thirty-

nine patients were included in the study. Demographic characteristics were col-

lected from anamnesis. A Self-Perception Questionnaire and psychophysical olfac-

tory test (POT) were applied to all participants. The presence of SARS-CoV2, was

detected by RT-PCR methods.

Results: 51.7% of patients were SARS-CoV-2 positive. A sensitivity of 50% was

obtained for the self-perception questionnaire as a screening tool for SARS-CoV2,

with a specificity of 80.59%. The positive predictive value (PPV) was of 73.46%, the

negative predictive value (NPV) was of 60%. The POT as a screening tool had a PPV

of 82.35%, a NPV of 52.45%, a LR+ of 4.34, a LR- 0.84. The combination of anosmia

(according to the POT) plus cough and asthenia got an OR of 8.25 for the SARS

CoV-2 infection.
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Conclusion: There is a strong association between olfactory dysfunction and COVID-

19. However, it is not really efficient in the screening of SARS-CoV-2 infection and

thus, they should not be considered as a single diagnostic instrument.

Level of Evidence: 4.
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1 | INTRODUCTION

At the end of 2019, a new type of coronavirus was identified and

named SARS-CoV-2, the one responsible for the COVID-19 disease.

In the mild to moderate cases, it is characterized by fever, dry

cough, headache, asthenia, and odynophagia.1 From the onset of

the COVID-19 pandemic, there have been multiple reports of

patients in the literature with alterations of their sense of smell or

taste, secondary to the SARS-CoV-2 infection. Most of said reports

have been obtained through telephone or online surveys,2 like the

one developed by the American Academy of Otolaryngology- Head

And Neck Surgery (AAO-HNS), entitled the COVID-19 Anosmia

Reporting Tool.3 The first objective smell evaluation was performed

using the Connecticut Chemosensory Clinical Research Center Test

(CCCRCT) with a population of 72 patients, positive to SARS-

CoV-2. It obtained a result of 73.6% of patients with chemosensory

alterations.4 Later, a study by Moein et al applied the Persian ver-

sion of the University of Pennsylvania Smell Identification Test

(UPSIT). It compared 60 SARS-CoV-2 positive patients against a

control group. A prevalence of 98% smell alterations was observed

amongst the SARS-CoV-2 positive patients.5 Likewise, Lechien JR

et al used a smell identification test, the Sniffin Sticks, and reported

that 76% of SARS-CoV-2 positive patients presented a smell alter-

ation.6 Most recently Tong et al, in a meta-analysis, reported an

overall of 52.73% (95% CI, 29.64-75.23) pooled prevalence of olfac-

tory dysfunction among 1627 COVID-19 patients, and 43.93% (95%

CI, 20.46-68.95) prevalence of gustatory dysfunction among 1390

COVID-19 patients. 7

Generally speaking, the information reported so far suggests

that between a 5.1%8 and a 98%5 of COVID-19 patients present

some form of alteration in their sense of smell or taste; which

seems to be a common symptom in the early stages of the

diseases,9 noticeable even before a diagnosis in between 53.1% and

73%,3,10,11; as a first symptom in between 8.7%12 and

26.6%3,6,13,14; and it has occasionally been reported as the only

symptom in 5.1%.10,15 Recently, Haehner et al published their

results of a cross-sectional study in which a 98.7% specificity and a

22.7% sensitivity were reported in the self-assessment questionnaire

of smell alterations, as a screening method.16 For all of the above

mentioned reasons, some authors6,16,17 propose using a smell

assessment as a quick, accessible and low-cost method for detecting

COVID-19 patients.

The objective of the hereby study is to determine the diagnostic

yield of the questionnaire and the psychophysical olfactory test as

screening instruments for COVID-19.

2 | MATERIALS AND METHODS

A cross-sectional, observational and pro-elective study was performed

at the Specialties Hospital Centro Médico Nacional Siglo XXI, part of

the Mexican Institute of Social Security in Mexico City, Mexico. The

study covered a period of time from May 25th to June 30th, 2020;

and it included patients who sought a respiratory TRIAGE assessment,

due to COVID-19 suspicion.

The study was carried out in an office next to the respiratory

TRIAGE area (medical emergency area for patients with clinical sus-

picion of COVID-19), after the emergency medicine doctor's assess-

ment. A team of three otolaryngology residents volunteered to

collect the demographic data and medical background; and they also

applied the self-perception questionnaire and the psychophysical

olfactory test (POT). It was the same team all throughout the study

(Figure 1).

The patients had to meet the following inclusion criteria in order

to be able to participate: older than 18-years-old (of legal age), a naso-

pharyngeal swab test had to be taken to test for SARS-CoV-2, and the

patients ought to present a mild to moderate form of the disease, for

an ambulatory treatment. They also had to sign their agreement to

voluntarily participate in the study.

The exclusion criteria applied did not consider patients older than

65-years-old, those with a Parkinson or Alzheimer history, chronic

rhinosinusitis, allergic rhinitis; those who did not have a SARS-CoV-2

RT-PCR result; or patients who required hospitalization.

All the patients signed an informed consent form; and the hereby

study was approved by the Research and Ethics Committee of the

hospital (CI 09015034/CEI 0232017082/R 2020 3601 124).

2.1 | Demographic characteristics and medical
background

The following information was requested during the interview: age,

sex, schooling, surgical background, comorbidities, general symptoms

and ENT symptoms (rhinorrhea, dysosmia, nasal obstruction,
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odynophagia, and dysgeusia). Fever was defined as body temperature

greater than 38�C (100.4 �F). The data was entered into an electronic

database for further analysis.

2.2 | Self-Perception Questionnaire

The questionnaire enclosed in Appendix A was used. It required the

patient to indicate if at the time of the assessment they had suffered

loss of smell (yes vs no), to quantify the loss of smell in a visual analog

scale (where 0 was no loss of smell and 10 was a total loss of smell).

They were also required to state when the loss started (1.—It is my

only symptom, 2.—It was the first symptom, before the rest appeared,

3.—It appeared at the same time as the other symptoms, and 4.—It

appeared after the rest of the symptoms had appeared).

2.3 | Psychophysical olfactory test

The Pocket Smell Test (PST) was used. It contained 3 odors (Mint,

Paint Thinner, Peanut). The patient released the smell by

scratching the presented odor test strip, after which the partici-

pant smelled the odor and tried to identify it. Above each odorant

strip, there was a list of four possible responses, and the partici-

pant was required to choose one of them. This test is a screening

test of gross olfactory dysfunction (that includes hysposmia and

anosmia). Normosmia and hyposmia-anosmia were considered,

with a correct identification in 2-3 and 0-1 of the smells, respec-

tively. This test was previously validated for the Mexican popula-

tion by Yañez et al.18,19

2.4 | The SARS-CoV-2 diagnosis

It was done after the ENT team assessment, by the clinical laboratory

staff. A nasopharyngeal swab was taken for each patient in the study;

and it was sent to the Central Epidemiology Laboratory of the

National Medical Center La Raza for its processing, following the

international standards for the transport of infectious substances. The

presence of SARS-CoV-2 was detected by real-time RT-PCR,

according to the guidelines certified by the National Institute for Diag-

nosis and Epidemiological Referral.20

F IGURE 1 Study flow chart of participants. FN, false negative
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2.5 | Stratified analysis

A stratified analysis was done with the intention of constructing a

diagnostic instrument. It included anosmia (detected by the question-

naire and/or the PST), cough and asthenia. Those signs and symptoms

were associated to the SARS-CoV-2 positive test.

2.6 | Statistical analysis

For the data analysis, descriptive and inferential statistics were

applied, considering the central and dispersion trend measures.

The Chi-square or the Fisher's exact tests were used for the com-

parison of frequencies and proportions, according to the value in

TABLE 1 Baseline characteristics and clinical history of 139 patients presenting for COVID-19 suspicion

Variable Total (n = 139)
Positive SARS CoV2
patients (n = 72)

Negative SARS CoV2
patients (n = 67) P valuea

Age, mean ± SD 39.02 ± 10.45 38.88 ± 10.64 39.16 ± 10.32 .9462

Gender, n (%)

Female 88 (63.31) 45 (62.5) 43 (64.18) .836

Academic level, n (%)

Low 1 (0.72) 0 1 (1.49) .798

Medium-high 138 (99.28) 72 (100) 66 (98.51) .798

Comorbidities, n (%)

Nasal surgery 15 (10.79) 10 (13.89) 5 (7.46) .222

Type 2 diabetes mellitus 5 (3.60) 2 (2.78) 3 (4.48) .591

Consumption of medications

that can alter

olfactory function

4 (2.88) 1 (1.39) 3 (4.48) .276

Hypertension 15 (10.79) 7 (9.72) 8 (11.94) .674

Asthma 6 (4.32) 4 (5.56) 2 (2.99) .456

Depression 2 (1.44) 1 (1.39) 1 (1.49) .959

Hypothyroidism 6 (4.32) 2 (2.78) 4 (5.97) .355

Migraine 2 (1.44) 1 (1.39) 1 (1.49) .959

Obstructive sleep

apnea syndrome

1 (0.72) 0 1 (1.49) .298

Chronic kidney disease 1 (0.72) 0 1 (1.49) .298

General symptoms

Headache 81 (58.27) 42 (58.33) 39 (58.21) .988

Abdominal pain 1 (0.72) 1 (1.39) 0 (0) .333

Cough 61 (43.88) 38 (52.78) 23 (34.33) .029

Asthenia 67 (48.20) 40 (55.55) 27 (40.30) .072

Fever 28 (20.14) 17 (23.61) 11 (16.42) .291

Myalgia 68 (48.92) 35 (48.61) 33 (49.25) .940

Arthralgia 52 (37.41) 31 (43.06) 21 (31.34) .154

Conjunctivitis 22 (15.83) 13 (18.06) 9 (13.43) .456

Diarrhea 35 (25.18) 14 (19.44) 21 (31.34) .106

ETN symptoms

Rhinorrhea 42 (30.22) 23 (31.94) 19 (28.36) .645

Dysosmia 3 (2.16) 3 (4.17) 0 (0) .091

Nasal obstruction 5 (3.6) 2 (2.78) 3 (4.48) .591

Hyposmia-anosmia 49 (35.25) 36 (50) 13 (19.40) .000

Odynophagia 71 (51.08) 39 (54.17) 32 (47.76) .450

Dysgeusia 53 (38.13) 38 (52.78) 15 (22.39) .000

aEstimated P value with Wilcoxon test for quantitative variables and estimated P value with Pearson's X2 test for proportions and frequencies.
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the boxes. In order to compare the quantitative variables, the

Mann-Whitney U statistical test and/or the Wilcoxon exact test

were used; or the T test according to the variables distribution.

Sensitivity and specificity were calculated, as well as the likelihood

ratios, accuracy and area under the ROC curve (AUC) of each test

applied. A Kappa test was used to measure the concordance for

agreement between the Self-Perception Questionnaire of olfactory

dysfunction and the PST. A value of P < .05 was considered as sta-

tistically significant. A Mantel and Hanzel stratified analysis was

used to construct the diagnostic scale. The statistical program used

was SPSS version 25.0 (IBM SPSS Statistics for Windows. Armonk,

NY: IBM Corp); as well as the Stata SE software, version16

(StataCorp, Texas).

3 | RESULTS

3.1 | Baseline characteristics

A total of 139 patients were included, out of which 51.7% were

SARS-CoV-2 positive. Within the SARS-CoV-2 positive patients

group, 62.5% were female, with an average age of 38.8 years-old

(±10.64). No significant differences were found in the baseline charac-

teristics of the patients (Table 1).

3.2 | Medical background of the SARS-CoV-2
positive patients

Hypertension was present in 9.72%, followed by asthma (5.56%) and

type 2 diabetes (2.78%). A 13.89% of the patients reported rhino-

plasty/septoplasty. No significant differences were observed in the

medical history (Table 1).

3.3 | Clinical presentation of SARS-CoV-2 positive
patients

Headache was reported by 58.33% of the patients, followed by asthe-

nia (55.55%), cough (52.78%) and myalgia (48.61%). Regarding otolar-

yngology symptoms, odynophagia were the most frequent symptom

(54.17%) follower by dysgeusia (52%), hyposmia-anosmia (50%),

rhinorrhea (31.94%), dysosmia (4.17%), and nasal obstruction (2.78%).

For the rest of the clinical characteristics see Table 1.

3.3.1 | Self-perception questionnaire of smell
disorders in SARS-CoV-2 positive patients

Fifty percent (50%) of the patients reported presenting a sense of smell

alteration, with a mean score of 7.5 ± 2.54 (P = .043) of the analog visual

scale. 44.44% mentioned smell dysfunction appeared after the rest of the

symptoms had appeared; 38.9% at the same time as the general sympto-

ms; 13.9% as the first symptom and 2.7% as their only symptom (Table 2).

A sensitivity of 50% was obtained for the self-perception ques-

tionnaire as a screening instrument for SARS-CoV2, with a specificity

of 80.59%. The positive predictive value (PPV) was of 73.46%, the

negative predictive value (NPV) was of 60%, the positive likelihood

ratio (LR+) was of 2.57; the negative likelihood ratio (LR-) of 0.62. The

test accuracy was of 64.74% (P = .000) and the AUC was of 0.66

± 0.04 (IC 95% [0.58-0.74]) (Table 3).

3.3.2 | Results of the Pocket Smell
Test in SARS-CoV-2 positive patients

A 19.44% of the SARS-CoV-2 positive patients presented hypsomia-

anosmia, as proven by the pocket smell test; 8.33% of the patients

TABLE 2 Results of the self-perception questionnaire of smell disorders of 139 patients presenting for COVID

Variable Total (n = 139)
Positive SARS CoV2
patients (n = 72)

Negative SARS CoV2
patients (n = 67) P valuea

Do you have loss of smell?, n (%)

No 90 (64.75) 36 (50) 54 (80.60) .000

Yes 49 (35.25) 36 (50) 13 (19.40)

Total (n = 139)
Positive SARS
CoV2 patients (n = 72)

Negative SARS
CoV2 patients (n = 67) P valuea

Analog visual scale score, mean ± SD 6.81 ± 2.69 7.5 ± 2.54 5.53 ± 2.75 .043

When did your loss of smell begin?

1.- It is my only symptom 3 (6.12) 1 (2.7) 2 (15.38) .001

2.- It was the first symptom, before

the rest appeared

5 (10.20) 5 (13.9) 0 (0)

3.- It appeared at the same time as

the other symptoms

20 (40.81) 14 (38.9) 6 (46.15)

4.- It appeared after the rest of the

symptoms had appeared

21 (42.85) 16 (44.44) 5 (38.46)

aEstimated P value with Pearson's X2 test.
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TABLE 3 Predictive value of the pocket smell test (PST) and smell disorders self-perception questionnaire for detection of patients with
COVID-19

PST P valuea Questionnaire P valuea

Sensitivity, % 19.44 .007 50 .000

Specificity, % 95.52 80.59

PPV, % 82.35 73.46

NPV, % 52.45 60

LR + 4.34 2.57

LR − 0.84 0.62

Accuracy 56.11 64.74

IC 95% IC 95%

AUC (±SD) 0.67 ± 0.05 0.57–0.77 0.66 ± 0.04 0.58–0.74

Abbreviations: AUC, area under the ROC curve; LR+, likelihood ratio +; LR−, likelihood ratio −; NPV, negative predictive value; PPV, positive predictive

value.
aEstimated P value with Pearson X2 test.

TABLE 4 The pocket smell test (PST) results of 139 patients presenting for COVID suspicion

Variable, n (%) Total (n = 139)
Positive SARS CoV2
patients (n = 72)

Negative SARS CoV2
patients (n = 67) P valuea

Test results

Normosmia 122 (87.77) 58 (80.56) 64 (95.52) .007

Hyposmia-anosmia 17 (12.23) 14 (19.44) 3 (4.48)

PST score (total correct out of 3)

3 93 (66.91) 37 (51.39) 56 (83.58) .001

2 29 (20.86) 21 (29.1) 8 (11.94)

1 10 (7.19) 8 (11.11) 2 (2.99)

0 7 (5.04) 6 (8.33) 1 (1.49)

Odor item identification rates

Mint 122 (87.77) 58 (80.56) 64 (95.52) .007

Peanut 99 (71.22) 42 (58.33) 57 (58.07)

Paint thinner 118 (84.89) 54 (75) 64 (95.52)

aEstimated P value with Pearson's X2 test.

TABLE 5 Multivariate analysis that
included symptomatology of 139
patients presenting for COVID suspicion

Variable OR 95% CI P valuea

Symptom

Cough 2.13 1.02-4.49 .0285

Asthenia 1.85 0.89-3.84 .072

Altered smell due to

Questionnaire 4.15 1.83-9.68 .002

PST 5.14 1.32-29.03 .007

Combination

Anosmia-hyposmia by questionnaire + Cough +

Asthenia

4.86 1.54-15.33 .002

Anosmia-hyposmia by PST + Cough + Asthenia 8.25 1.00-67.85 .013

aMultiple logistic regression.
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gave 0 smell identifications, 11.11% one identification, 29.1% two

identifications and 51.39% three identifications (Table 4).

The PST as a screening instrument for SARS-CoV-2 showed a

sensitivity of 19.44%, a specificity of 95.52%, a PPV of 82.35%, a

NPV of 52.45%, a LR+ of 4.34, a LR- 0.84. The test accuracy was of

56.11% (P = .007) and the AUC was of 0.67 ± 0.05 (IC 95%

[0.57-0.77]) (Table 3).

3.3.3 | Concordance between self-perception
questionnaire of smell disorders and the Pocket Smell
Test in SARS-CoV-2 positive patients

Through the Kappa test a concordance between Self-perception ques-

tionnaire of smell disorders and the PST of 73.38% was observed, for

the detection of smell dysfunction, kappa: 0.40, P = .000.

3.3.4 | A multiple regression analysis

A multiple logistic regression analysis was performed, including the

combination of hyposmia-anosmia (according to the questionnaire or

the PST) plus cough and asthenia, getting an OR of 8.25 (IC 95%

[1.00-67.85], P = .013) for the SARS CoV-2 infection. See Table 5.

4 | DISCUSSION

This study was carried out with the purpose of assessing the perfor-

mance of the PST and self-perception of olfactory impairment as a

diagnostic instrument for detecting SARS-CoV-2.

To our best knowledge, there are no studies with Mexican popu-

lation to assess this phenomenon. Salmon et al in a prospective multi-

center cohort study, which included 1824 patients, found that 40.8%

of patients reported alterations in smell and taste, obtaining for smell

and taste dysfunction a PPV of 78.5% (95% CI 76.6-80.3), a sensitivity

of 40.8% (95% CI 38.5-43.0), specificity of 90.3% (95% CI 88.9-91.6)

and a NPV of 63.6% (95% CI 61.4-65.8) for the diagnosis of SARS-

CoV2 infection.21 Wee et al17 obtained a sensitivity of 22.7% (95% CI

[20.4-35.0]), a specificity of 94.8% (95% CI [93.0-96.3]) for self-

reported smell disorders. Meanwhile, Haehner et al16 studied

500 patients through a self-perception questionnaire of smell disor-

ders, obtaining a sensitivity of 65%, a specificity of 90%, a PPV (VPP)

of 32% and a 97% of SARS-CoV-2 detection. Tostmann et al22 cre-

ated a prediction model using a 7 symptom questionnaire, including

anosmia, that threw a sensitivity of 91.2%, a specificity of 55.6, and

an OR for anosmia as an isolated symptom of 23 (95% CI [8.2-64.8]).

Benezit et al found a sensitivity of 42% (95% CI [27-58]) and specific-

ity of 95% (95% CI [90-98]) for the combination of hypogeusia and

hiposmia.23 To the present day, there are no studies to assess the per-

formance of objective smell tests. Our data suggest that an objective

psychophysical smell assessment, by applying PST, has a sensitivity of

19.44, a specificity of 95.52, a PPV (VPP) of 82.35, a NPV (VPN) of

52.45, and an accuracy of 56.11 (P = .007). The self-perception ques-

tionnaire has a 50% of sensitivity, and 80.59% of specificity, a PPV

(VPP) of 73.46%, a NPV (VPN) of 60% and an accuracy of 64.74

(P = .000), similar to what was reported by Salmon et al,21 Wee et al17

and Haehner et al.16 Smell alteration, reported by Self-perception

questionnaire of smell disorders and by PST in combination with some

symptoms (such as cough and asthenia) are useful tools to detect

SARS-CoV2 infection.

A concordance between self-perception questionnaire of smell

disorders and the PST of 73.38% was observed, for the detection of

smell dysfunction, kappa: 0.40, P = .000. This lack of concordance

may be the consequence of multiple factors such as those reported by

Landis et al. The author found an r = −.15 between self-perception of

smell disorders and the psychophysical test.24 This poor correlation

may be due to the fact that the self-assessment of olfactory sensitiv-

ity seems to be strongly influenced by various factors such as: the

actual mood, motivation, and motives of the patient.

The low sensitivity of the PST to detect olfactory dysfunction

may be the result of the fact that the test consists of 3-aromas, which

limits the ability of the test to discern the presence of slight alter-

ations in smell functions. Another limitation of the test is that it does

not assess the threshold or discrimination of odors, it only assesses

identification. This test would not have a better performance in evalu-

ating recovery from olfactory dysfunction in patients recovered from

SARS-CoV2 infection due to the limited number of odors that the test

constitutes and it would probably be ideal to use the full version con-

sisting of 40 odors.

Regarding anosmia as an isolated symptom, corroborated by the

application of PST, an OR of 5.14 (95% CI [1.32-29.03]) was obtained

for the detection of SARS-CoV-2 by RT-PCR, contrasts the reports of

Tostmann et al.22 Finally, in the multiple regression analysis combining

the presence of anosmia detected by PST, in association to asthenia

and cough; an OR of 8.25 (IC 95%[1.00-67.85]) was obtained for the

detection of SARS-CoV-2 by RT-PCR. Therefore, we consider that

smell dysfunction, as an isolated symptom, is not enough to function

as a screening test.

Another aspect worth mentioning is that there were no similar

results between the self-perception questionnaire on smell disorders

and the results obtained with the PST. In the SARS-CoV-2 positive

group, 50% reported smell alterations vs a 19.44 proven by the PST.

We believe it must be due to the low sensitivity of the smell test to

detect hyposmia, since because of its being a pocket test, its strength

lies in detecting anosmia.

The presence of 19.4% of patients with olfactory dysfunction, the

self-perception questionnaire of smell disorders, and a negative result

for SARS-CoV2 infection, indicates the limits of RT-PCR for the detec-

tion of SARS-CoV2. This may be due to situations related to the sam-

pling technique (transport, processing) and the patient's viral load, as

reported by Cancella et al.25

The strength of our study is that it is pro-elective nature in the

data collection, the application of a psychophysical olfactory test, a

reasonable sample size, and the bio-statistical complexity of the study

analysis. The weaknesses of the study include: first the sample size.
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Second the use of a Pocket Smell test of a 3-item instead of de full

version of 40 items and third, the limitation of RT-PCR for the detec-

tion of SARS-CoV2, in nasopharyngeal swab samples, which has a

suboptimal sensitivity (as low as 60%),26 which leads to a high number

of false negatives.

5 | CONCLUSION

Both tests, the self-perception questionnaire of smell disorders and

the PST, are useful tools in the detection of SARS-CoV2 infection,

especially in the presence of concomitant symptoms such as cough

and asthenia.

Even though there is evidence of a strong association between

olfactory alterations (reported by the patient and even by psychophysi-

cal olfactory tests) and COVID-19, they are not really efficient in the

screening test of SARS-CoV-2 infection due to the low sensitivity and

thus, they should not be considered as a single diagnostic instrument.

This study proposes the combination of diagnostic instruments (symp-

tomatology scale) to lead to a better screening in the clinical practice of

the SARS-CoV-2 infection. More studies are needed to assess the diag-

nostic instruments, and with a larger number of patients.
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APPENDIX A

A.-Do you have loss of smell?

Yes_____ No _____

Please cross the horizontal line with the vertical line at the point

you consider appropriate, where 0 is NO LOSS of smell and 10 is

TOTAL LOSS of smell.

B.- When did your loss of smell start?

1. It is my only symptom.

2. It was the first symptom, before the rest appeared.

3. It appeared at the same time as the other symptoms.

4. It appeared after the rest of the symptoms had appeared.
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