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Abstract 1 

Objectives: This study evaluated the diagnostic value of the various symptoms of COVID-19 2 

in the screening of this disease. 3 

Methods: Two authors (working independently) comprehensively reviewed six databases 4 

(PubMed, Cochrane database, Embase, Web of Science, SCOPUS, and Google Scholar) from 5 

their dates of inception until November 2020. Patient-reported symptoms, including 6 

otolaryngologic and general symptoms, were evaluated for their predictive values in adults 7 

who underwent testing for COVID-19. True-positive, true-negative, false-positive, and false-8 

negative data were extracted from each study. The methodological quality of included studies 9 

was evaluated using the Quality Assessment of Diagnostic Accuracy Studies tool (ver. 2).  10 

Results: Twenty-eight prospective and retrospective studies were included in the meta-11 

analysis. The diagnostic odds ratio (DOR) of a change in olfaction and/or taste was 10.20 (95% 12 

confidence interval [CI], 8.43; 12.34). The area under the summary receiver operating 13 

characteristic curve was 0.8. Olfactory and/or taste changes had a low sensitivity (0.57, 14 

95%CI: 0.47; 0.66) but moderate negative (0.78, 95%CI: 0.69; 0.85] and positive (0.78, 15 

95%CI: 0.66; 0.87) predictive values and a high specificity (0.91, (95%CI: 0.83; 0.96). 16 

Olfactory and/or taste changes had a higher diagnostic value than the other otolaryngologic 17 

symptoms, a higher DOR and specificity, and a similar or higher diagnostic value than the 18 

other general symptoms.  19 

Conclusions: Among otolaryngologic symptoms, olfactory and/or taste dysfunction was the 20 

most highly associated with COVID-19 and its general symptoms and should be considered 21 

when screening for the disease.  22 

Keywords: Coronavirus Infections; Olfaction Disorders; Ageusia; Dysgeusia  23 
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 24 

HIGHLIGHTS 25 

 It is important to timely predictive symptoms of COVID-19 for quarantining of patients.  26 

 Olfactory and/or taste dysfunction was the most highly associated with COVID-19. 27 

 Validated olfactory and/or taste tools have higher diagnostic value for COVID-19. 28 

 29 

  30 
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Introduction 31 

Since its initial outbreak in 2019, the acute respiratory illness caused by the SARS-CoV-2 32 

virus (COVID-19) continues to spread at an exponential rate. The causative agent, the newly 33 

discovered coronavirus, is most frequently transmitted between people through respiratory 34 

droplets and aerosols [1]. Influenza-like symptoms or mild pneumonia develop in > 80% of 35 

COVID-19 patients, such that most patients do not need to be hospitalized [2]. However, 36 

significant viral transmission has been traced to these mildly symptomatic and non-37 

hospitalized patients [3].  38 

In the absence of a specific treatment and with vaccine trials still underway [4], the rapid 39 

and reliable diagnosis of COVID-19 infection followed by the strict isolation of patients is 40 

the most effective means of controlling disease spread [5]. Currently, the diagnosis of 41 

COVID-19 is mostly made by RT-PCR testing of respiratory samples, with further 42 

discriminative features of the disease often apparent on chest CT scans [6,7]. However, RT-43 

PCR tests are not always readily available, especially in some countries or regions, and the 44 

delayed reporting of test results due to the large number of samples in certain institutions may 45 

lead to a delay in the proper quarantining of patients. Since the outbreak of the pandemic, the 46 

clinical symptoms of COVID-19-positive patients have been described in many reports [8]. 47 

Given the limited clinical resources, it is important to identify the most predictive symptoms 48 

of COVID-19 infection to ensure the timely quarantining of patients and thereby disease 49 

spread [9]. Therefore, we conducted a meta-analysis comparing the diagnostic value of 50 

olfactory and/or taste changes as well as other otolaryngologic symptoms and general 51 

symptoms with the current reference test (RT-PCR). Also, considering the inclusion of 52 

various and heterogeneous studies, the diagnostic accuracy of COVID-19 was sub-analyzed 53 
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according to the validation of olfactory and/or taste disorder (OTD) questionnaires or tools as 54 

well as demographic factors and severity of disease.  55 

 56 

Materials and Methods 57 

Ethical statements 58 

This review study did not treat human participants. Therefore, our Institutional Review 59 

Board waived the need for informed consent for a systematic review and meta-analysis. 60 

 61 

Literature search  62 

Clinical studies were retrieved from PubMed, the Cochrane Central Register of Controlled 63 

Trials, Embase, Web of Science, SCOPUS, and Google Scholar. The search period was from 64 

the date of database inception until November 2020. The search terms were: “coronavirus 65 

disease 2019”, “severe acute respiratory syndrome coronavirus 2”, “coronavirus”, “COVID-66 

19”, “anosmia”, “ageusia”, “dysgeusia”, “smell”, “taste”, “smell disorders”, “taste disorders”, 67 

“PCR”, “diagnostic accuracy”, “signs”, “symptoms”, “cough”, “diarrhea”, “dyspnea”, 68 

“fatigue”, “fever”, “headache”, “myalgia”, “fatigue”, and “fever”. Only studies written in 69 

English were reviewed. When we performed five database searches, the keywords were used 70 

by the combinations (“or”) of all possible keywords ([all fields] and the language limitation 71 

such as English (“and”). For very brief and partial example, the following combination of 72 

search details was used in MEDLINE: ("COVID-19"[Mesh]”, or “coronavirus disease 73 

2019”[All Fields], or “severe acute respiratory syndrome coronavirus 2” [All Fields]) AND 74 

“diagnosis”[All Fields] AND ("Signs” [All Fields] and “Symptoms[All Fields] OR (“anosmia” 75 

[Mesh] OR "Smell"[ Mesh] OR "Olfaction Disorders"[Mesh] OR “Ageusia"[Mesh] OR 76 
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"Dysgeusia"[Mesh] "Taste"[Mesh] OR "Taste Disorders"[Mesh] OR  "Taste and Smell 77 

Impairment" [All Fields]) OR ("Cough"[Mesh] OR "Cough" [All Fields] OR "Coughs" [All 78 

Fields]) OR ("Diarrhea"[Mesh] OR "Diarrhea" [All Fields] OR "Diarrheas" [All Fields]) OR 79 

"Fatigue"[Mesh] OR "Fatigue" [All Fields] OR "Lassitude" [All Fields]) OR ("Fever"[Mesh] 80 

OR "Fever" [All Fields] OR "Fevers" [All Fields] OR "Pyrexia" [All Fields] OR "Pyrexias" 81 

[All Fields]) OR "Headache"[Mesh] OR "Myalgia"[Mesh] AND English[All Fields]). We 82 

used similar search words for the other databases. The reference lists of each publication were 83 

examined to ensure that no relevant studies had been omitted. All abstracts and titles of 84 

candidate studies were assessed by two independent reviewers. Studies that did not address 85 

smell and taste disorders in the context of COVID-19 were excluded. Detailed search terms 86 

and queries was described in Supplementary Table 1. 87 

  88 

Selection criteria  89 

The inclusion criteria were: 1) English language, 2) prospective or retrospective study 90 

protocol, 3) comparison of the prevalence of various symptoms, including smell or taste 91 

disorders, in patients or controls tested by PCR via pharyngeal swab, and 4) eligibility in 92 

sensitivity and specificity analyses. The exclusion criteria were: 1) case report format, 2) 93 

review article format, and 3) lack of diagnostic power regarding smell or taste disorders. The 94 

search strategy is summarized in Figure 1. 95 

 96 

Data extraction and risk of bias assessment 97 

We compared the results of the various symptoms with the results of the PCR from 98 

respiratory secretions. Then, we extracted TP (true positive), FP (false positive), TN (true 99 
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negative), and FN (false negative) values to calculate diagnostic accuracy, defined as the 100 

diagnostic odds ratio (DOR), sensitivity, specificity, negative predictive value, and positive 101 

predictive value. The calculation was as follows: DOR, (TP/FP)/(FN/TN); sensitivity, TP 102 

/(TP+FN); specificity, TN/(TN+FP); negative predictive value, TN/(TN+FN); positive 103 

predictive value, TP/(TP+FP). Summary receiver operating characteristic (SROC) curve and 104 

the area under the curve (AUCs) were also analyzed together[1-6,9-42]. 105 

DORs were calculated with 95% confidence intervals (CIs), using random-effects models 106 

that considered both within- and between-study variation. DOR values ranged from 0 to 107 

infinity, with higher values indicative of a better diagnostic performance. A value of 1 108 

indicated that the presence or absence of disease could not be inferred. The logarithm of each 109 

DOR was calculated to obtain an approximately normal distribution [43]. The SROC 110 

approach is the method of choice for the meta-analysis of studies reporting both sensitivity 111 

and specificity. As the discriminatory power of a test increases, the SROC curve shifts toward 112 

the top left-hand corner of the ROC space (i.e., toward the point where both sensitivity and 113 

specificity equal 1 [100%]). The AUC can range from 0 to 1, with higher values indicative of 114 

a better performance. To be useful, a diagnostic tool must exhibit good reliability; thus, our 115 

analysis focused on the reliability of symptoms. As the data were examined by clinicians, the 116 

most important type of reliability was interrater agreement, assessed by comparing 117 

interpretations of the results between two or more independent assessors. From all studies, 118 

data were collected regarding the number of patients, the true-positive, true-negative, false-119 

positive, and false-negative values, which were used to calculate the AUCs and the DORs. 120 

Study quality was analyzed using the Quality Assessment of Diagnostic Accuracy Studies 121 

tool (ver. 2; QUADAS-2).  122 
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 123 

Statistical analysis and outcome measurements 124 

The meta-analysis was conducted using the R statistical software (R Foundation for 125 

Statistical Computing, Vienna, Austria). The R package MADA was used to perform the 126 

pooling of diagnostic outcomes and generate SROC curves. Pooled sensitivity, specificity, 127 

negative predictive value (NPV), positive predictive value (PPV), DOR outcomes were 128 

generated, with 95% CI. Heterogeneity, referring to the variation in study outcomes between 129 

studies, was then analyzed using I
2
. The measure ranged from 0 (no heterogeneity) to 100 130 

(maximum heterogeneity). Those outcomes that did not present a significant level of 131 

heterogeneity (I
2
 < 50) were analyzed with the fixed-effects model. It is assumed that all 132 

studies come from a common population. By contrast, when significant heterogeneity among 133 

outcomes was found (defined as I
2
 > 50), the random-effects model was used. This model 134 

assumes that the true effects in individual studies may be different from one another, and that 135 

these are normally distributed. Forest plots were drawn for the sensitivity, specificity, and 136 

negative predictive value and for the SROC curves. 137 

 138 

Results 139 

Thirty-eight studies comprising 120,256 participants were included in this meta-analysis. 140 

The study characteristics were described in Supplementary Table 2, and bias assessment of 141 

the studies were shown in Supplementary Table 3.  142 

 143 

Diagnostic accuracy of OTD and only olfactory disorder (OD) 144 

Eleven prospective and retrospective studies addressing OTD were included. The DOR of 145 
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OTD was 10.20 (8.43; 12.34, I
2 

= 64.0%) (Figure 2). The area under the SROC curve was 146 

0.80 (Figure 3). OTD had a low sensitivity (0.57, 95%CI: 0.47; 0.66, I
2 

= 97.5%) but 147 

moderate negative (0.78, 95%CI: 0.69; 0.85, I
2 

= 98.7%) and positive (0.78, 95%CI: 0.66; 148 

0.87, I
2 

= 98.7%) predictive values and a high specificity (0.91, 95%CI: 0.83; 0.96, I
2 

= 149 

99.4%) (supplementary Figure 1).  150 

Seventeen prospective and retrospective studies addressed OD. The DOR of OD was 10.37 151 

(95%CI: 6.31; 17.05, I
2 

= 83.9%) (Figure 2), and the area under the SROC curve 0.80 (Figure 152 

3). An olfactory test alone yielded similar results to OTD with respect to its diagnostic 153 

accuracy, with a low sensitivity (0.50, 9%%CI: 0.34; 0.66, I
2 

= 97.1%), moderate negative 154 

(0.77, 95%CI 0.64; 0.87, I
2 

= 98.8%), and positive (0.78, 95%CI: 0.66; 0.87, I
2 

= 93.8%) 155 

predictive values, and a high specificity (0.93, 95%CI: 0.86; 0.97, I
2 

= 97.2%) 156 

(supplementary Figure 2). Compared with OTD, OD had a lower sensitivity (0.50 vs 0.55, 157 

p<0.001) but a higher specificity (0.93 vs 0.91, p =0.0003) and DOR (10.20 vs 10.37, p 158 

<0.001). By contrast, there were no significant difference of NPV (0.77 vs 0.78, p =0.065) 159 

and PPV (0.78 vs 0.78, p = 0.82) in both groups.  160 

Given the statistical heterogeneity in the accuracy of the diagnosis, both the heterogeneity 161 

and the diversity of the enrolled studies had to be taken into account to ensure that there were 162 

no significant biases. Thus, a subgroup analysis was performed to analyze the effects of the 163 

different measurements of olfactory or taste dysfunction (validated instruments vs. 164 

nonvalidated survey), severity of COVID-19 symptoms (mild to moderate vs severe), and 165 

ethnicity (Asian vs Caucasian) on the diagnostic efficacy.  166 

For the OTD data, the validated instruments subgroup comprised only one study, such that a 167 
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subgroup analysis was not possible. For the OD data, the validated instruments subgroup 168 

consisted of three studies, which were then subjected to a subgroup analysis. The validated 169 

instruments subgroup tended to be less specific (0.92 vs. 0.93) but the sensitivity (0.79 vs. 170 

0.44), NPV (0.83 vs. 0.76), PPV (0.85 vs. 0.75), and DOR (41.30 vs. 9.02) were higher than 171 

in the non-validated instruments subgroup. In subgroups analysis regarding severity of 172 

COVID-19 symptoms, the severe subgroup tended to be less sensitive (0.37 vs 0.61; 0.41 vs 173 

0.59) and less predictable (0.52 vs 0.82; 0.77 vs 0.78) but more specific (0.98 vs 0.89; 0.97 vs 174 

0.87) and more predictable (0.94 vs 0.73; 0.85 vs 0.74) than mild to moderate subgroup in the 175 

OTD and OD, respectively. For the subgroup analysis regarding the ethnicity was not 176 

possible, because only one study covered the Asian group. 177 

 178 

Diagnostic accuracy of other otorhinologic symptoms and general symptoms 179 

Other otorhinolaryngologic symptoms, such as nasal symptoms and sore throat, were of low 180 

diagnostic accuracy (sensitivity: 20%, specificity: 74~80%, NPV: 62–75%, PPV: 22~30%, 181 

AUC:0.46~54). There were no significant associations between these symptoms and the 182 

prevalence of COVID-19. However, sore throat (DOR, 0.66, 95%CI: 0.38; 1.15) tended to be 183 

negatively related to +COVID-19. 184 

Among the generalized symptoms (cough, diarrhea, dyspnea, fatigue, fever, headache, and 185 

myalgia), diarrhea, fatigue, fever, and myalgia were significantly positively correlated with 186 

COVID-19 positivity. Diarrhea and dyspnea were of low sensitivity (0.10–0.20) and PPV 187 

(0.20–0.30), and of moderate specificity and NPV (0.70–0.80). Fatigue, fever, and myalgia 188 

were of moderate specificity (0.5–0.8) and NPV (0.7–0.8) and of low sensitivity (0.4–0.6) 189 

and PPV (0.2 –0.3). Thus, other symptoms were diagnostically less powerful than OTD 190 
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(Table 2).  191 

 192 

Discussion  193 

The early and accurate diagnosis of SARS-CoV-2 infection is key to halting the COVID-19 194 

pandemic, given the high propagation rate of the virus, the rapid spread of disease worldwide, 195 

and the adverse, often fatal consequences of infection [1,6]. The autumn-winter season in the 196 

northern hemisphere is generally marked by the circulation of influenza and other respiratory 197 

viruses that initially may be difficult to distinguish from COVID-19 [17]. While RT-PCR and 198 

thoracic CT scan are definitive diagnostic tools, their accessibility may be limited due to a 199 

shortage of medical resources or inefficient policy-making decisions. Thus, control the spread 200 

of COVID-19 in the community requires that the distinctive clinical features of the disease be 201 

readily recognized such that those patients can then be appropriately managed [18]. 202 

Currently, the COVID-19 symptoms recognized by the World Health Organization include 203 

coughing, fever, fatigue, and difficulty breathing [1]. The U.S. Centers for Disease Control 204 

and Prevention initially listed list three major symptoms: fever, cough, and shortness of 205 

breath, but as the epidemic progressed added chills, myalgias, headache, sore throat, and the 206 

loss of taste and/or smell [14]. However, the clinical manifestation of patients with COVID-207 

19 are often non-specific, resembling those of other influenza-like illnesses and thus 208 

complicating a clinical diagnosis of COVID-19. As data regarding the diagnostic power of 209 

highly specific symptoms in predicting COVID-19 positivity are limited [1], we quantified 210 

the specificity, sensitivity, PPV, and NPV of symptoms reported by the WHO and the health 211 

authorities of other countries in a pooled sample of patients who underwent SARS-CoV-2 212 
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testing, including those with positive and negative test results. This information is important 213 

for both the general public and health care professionals, as it enables faster and more 214 

effective isolation procedures and treatment [10].  215 

In our study, OTD had a pooled sensitivity of 0.57, a pooled specificity of 0.91, a pooled 216 

NPV of 0.78, a pooled PPV of 0.78, and an AUC of 0.80. The area under the SROC (0.70–217 

0.80) indicated moderate diagnostic accuracy [44].
 
The sensitivity of OTD in detecting 218 

COVID-19 positivity was 56%, which is not high enough for diagnostic purposes. However, 219 

the specificity of OTD in estimating COVID-19 negativity was 90%, which is high enough to 220 

exclude false-positive COVID-19 diagnoses. In a direct comparison of OTD with OD, OTD 221 

was less specific (0.93 vs. 0.9107, p < 0.001) but more sensitive (0.50 vs. 0.55, p < 0.001). 222 

These results showed that, for patients with apparent COVID-19, there is no clinical 223 

difference between OTD and OD. 224 

Based on the negative and positive predictive values determined in this study (70–80%), 225 

false-negatives and false-positives would need to be considered in the use of OTD and OD to 226 

detect COVID-19. With an NPV of ~80%, a negative test would be a false-negative in 20% 227 

of the patients and COVID-19 would therefore go undetected. Conversely, a PPV of ~70% 228 

suggested that 30% of the patients would have a false-positive COVID-19 test. False-positive 229 

results can lead to over-treatment, but false-negative results will prevent patients from 230 

receiving essential treatment services in addition to increasing the risk of disease spread to 231 

the community. However, these predictions depend on estimates of prevalence. Since 232 

prevalence is often highly variable, no meaningful information can be obtained by combining 233 

these values. For example, our study estimated a prevalence of olfactory dysfunction ranging 234 

from 6% to 84%, whereas for a given diagnostic test neither sensitivity nor specificity will be 235 
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affected by the prevalence. Therefore, the importance of sensitivity and specificity would 236 

need to be higher for these measures to improve diagnostic accuracy [45,46].  237 

In a previous meta-analysis on the prevalence of olfactory or taste dysfunction in patients 238 

with COVID-19, the correlation between self-reported olfactory function and objective 239 

measures was generally poor, which may have caused the significant heterogeneity in the 240 

summed prevalence. The study classified the University of Pennsylvania Smell Identification 241 

Test, sniffin’ sticks, and the questionnaire or reporting tool developed by the AAO-HNS as 242 

validated instruments [21]. In our study, the same classification was applied to the subgroup 243 

analysis, which showed that OTD identified with validated instruments was significantly 244 

sensitive (~80%) and specific (> 90%). These results were consistent with the more accurate 245 

diagnostic ability of these instruments than of self-reporting in the diagnosis of olfactory 246 

disorder [47]. While our results suggest that a validated tool for OT can be used as a 247 

screening test, this subgroup analysis included involved only three studies and they were of 248 

high heterogeneity. Thus, prospective studies using validated measurement tools for a large 249 

number of patients are needed to support our recommendations. 250 

In addition, it has been reported that age, severity of the COVID-19 (mild to moderate or 251 

severe), and even ethnicity affects the clinical symptoms of COVID-19 [48-50]. We tried to 252 

evaluate the effect of these factors on the olfactory related symptoms. However, since the 253 

enrolled studies were limited, the subgroup analysis related to age and ethnicity could not be 254 

conducted. On the other hand, regarding the severity, the severe subgroup tended to be less 255 

sensitive but more specific than mild to moderate subgroup in the OTD (37% vs 60%; 98% 256 

vs 89%). It was recently reported that olfaction related symptoms may not be identified or 257 

could be neglected in COVID-19 patients with more severe respiratory symptoms (higher 258 
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false negative) [50]. In the view of diagnostic accuracy, low sensitivity can be interpreted as 259 

the result of high false negative. This tendency would be partially consistent with the recent 260 

study that the overall prevalence was 31% in patients with severe symptoms, lower than 67% 261 

in mild-to-moderate symptomatic home-isolated patients. In addition, specificity tend to be 262 

inversely related to the sensitivity generally. 263 

Primary physicians and otolaryngologists are likely to be the first clinicians to encounter 264 

patients with symptoms suggesting COVID-19 or who are mildly symptomatic. They should 265 

therefore be aware of the predictive value of other common symptoms. However, in our study, 266 

nasal symptoms, sore throat, and other otorhinolaryngologic symptoms were of no diagnostic 267 

value (low sensitivity and specificity of ~20% and ~80%, respectively) for COVID-19 and 268 

were not significantly associated with its prevalence. These findings are consistent, and 269 

support those of previous reports showing that, unlike other upper respiratory infections, 270 

COVID-19 is likely to present with olfactory disorder in the absence of other nasal symptoms. 271 

This finding suggests direct viral damage to the chemosensory system [5] and is consistent 272 

with both the neuro-invasive tendency of the SARS-CoV-2 virus and the ability of olfactory 273 

nerve cells to act as a gateway for neuronal invasion [16]. 274 

None of the general non-respiratory (fatigue, fever, headache, diarrhea, and myalgia) or 275 

respiratory (cough and dyspnea) symptoms were of high diagnostic accuracy (low sensitivity 276 

of 20–60% and moderate specificity of 40–80%). However, non-respiratory symptoms, 277 

including diarrhea, fatigue, fever, and myalgia, were significantly associated with COVID-19 278 

positivity, unlike respiratory symptoms such as cough and dyspnea. Possible reasons for this 279 

are as follows. Firstly, most of the enrolled studies were retrospective or cross-sectional with 280 

self-reporting questionnaires [21]. Thus, recall and selection bias may have led to the over-281 
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presentation of patients with atypical (non-respiratory) symptoms [22]. Secondly, the enrolled 282 

studies were comparative and included all patients with upper respiratory tract infection and 283 

RT-PCR tests. Accordingly, respiratory symptoms would have been common among the 284 

enrolled patients regardless of their COVID-19 status, rather than more common in the 285 

COVID-19-positive group. Thirdly, most of the enrolled patients had mild to moderate 286 

symptoms, whereas dyspnea, as a marker of more severe COVID-19 disease, might not have 287 

been captured in the surveyed studies [5,22]. Therefore, these results are relevant for 288 

differentiating COVID-19 from other respiratory infections, not from a healthy condition, and 289 

should therefore be interpreted with caution. 290 

Although the diagnosis based the symptoms or signs would be difficult and of low 291 

diagnostic value compare with the current reference test, this study is the first meta-analysis 292 

to comprehend the clinical meanings of otolaryngological and general symptoms in view of 293 

the primary physicians and otolaryngologists to be on the verge of the front-line in the era of 294 

COVID-19. In particular, considering the respiratory sampling for PCR requires the personal 295 

preventive equipment and is practically impossible in the primary clinics, such knowledge 296 

could be helpful to make the presumptive questionnaire for screening and prevent the 297 

clinicians from contacting the patients in person. Based on our results, OTD showed higher 298 

diagnostic value compared to other otolaryngological and general symptoms among the 299 

patients with upper respiratory symptoms. Also, compared to non-validated instruments, 300 

validated olfactory and/or taste questionnaires or tools had a clinically high diagnostic 301 

accuracy. 302 

Our meta-analysis had several limitations. First, due to the significant heterogeneity of the 303 

data pooled in this study, a random effects model and subgroup analysis had to be used. The 304 
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source of this heterogeneity was likely to be the wide range (6%–84%) of the reported 305 

prevalence of olfactory dysfunction [21]. In addition, RT-PCR from nasopharyngeal swabs is 306 

the main diagnostic test for COVID-19 but, as demonstrated in the present study, its 307 

sensitivity is only 56–83% [2], which may lead to misclassification and diagnostic bias and 308 

thus to a heterogeneity similar to that of prevalence [6]. Second, cross-sectional or 309 

retrospective studies have inherent limitations. Together, these two factors may have 310 

contributed to an under- or over-estimation of the actual prevalence. A third limitation was 311 

the variability of the tools used to assess olfactory and taste dysfunction, as most were self-312 

reporting olfactory and gustatory dysfunction questionnaires, whose weaknesses are well-313 

recognized [21].  314 

 315 

Conclusions 316 

Considering the limited accessibility of medical resources, including RT-PCR tests, during 317 

the COVID-19 pandemic, screening for OTD or OD may be a valuable tool among patients 318 

with influenza-like symptoms. Compared to non-validated instruments, validated 319 

questionnaires or tools had a clinically high diagnostic accuracy. Prospective studies with 320 

larger numbers are needed to confirm our findings. 321 
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Table 1. Comparison of the diagnosis accuracy in other ENT symptoms 479 

Subgroup 
Study 

(n) 

DOR [95% 

CIs] 

Sensitivity 

[95% 

CIs]/I
2
 

Specificity 

[95% CIs] 
AUC  NPV PPV 

Other ENT 

symptom 
              

Nasal 

discharge 
14 

1.02 [0.60; 

1.74]/ I
2
 = 

86.8% 

0.18 [0.10; 

0.31]/ I
2 
= 

96.1% 

0.81 [0.69; 

0.89]/ I
2
 = 

99.0% 

0.46 

0.75 [0.59; 

0.87]/ I
2
= 

99.0% 

0.21 [0.08; 

0.44]/ I
2
 = 

98.2% 

Nasal 

obstruction 
8 

0.98 [0.76; 

1.26]/ I
2
 = 

0.0% 

0.20 [0.11; 

0.35] / I
2
 = 

92.7% 

0.75 [0.65; 

0.83]/ I
2
 = 

92.0% 

0.55 

0.62 [0.39; 

0.81]/ I
2
 = 

98.1% 

0.31 [0.12; 

0.60]/ I
2
 = 

96.3% 

Sore throat 16 

0.66 [0.38; 

1.15] / I
2 
= 

91.0% 

0.24 [0.16; 

0.33]/ I
2
 = 

91.2% 

0.68 [0.58; 

0.77]/ I
2
 = 

98.3% 

0.41 

0.73 [0.56; 

0.86]/ I
2
 = 

98.9% 

0.18 [0.090; 

0.33]/ I
2
 = 

97.5% 

DOR; diagnostic odds ratio, AUC; area under the curve, NPV; negative predictive value, PPV; positive 480 

predictive value 481 

 482 
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 499 

Table 2. Comparison of the diagnosis accuracy in General symptom 500 

Subgroup 
Study 

(n) 

DOR [95% 

CIs] 

Sensitivity 

[95% 

CIs]/I
2
 

Specificity 

[95% CIs] 
AUC  NPV PPV 

General 

symptom 
              

Cough 24 

0.98 [0.73; 

1.32]/ I
2 
= 

91.5% 

0.59 [0.54; 

0.64] / I
2
 = 

89.7% 

0.39 [0.30; 

0.48]/ I
2
 = 

99.2% 

0.5 

0.69 [0.55; 

0.80]/ I
2
 = 

99.2% 

0.29 [0.20; 

0.39]/ I
2
 = 

98.8% 

Diarrhea 19 

1.34 [1.09; 

1.66]/ I
2
 = 

67.4% 

0.17 [0.11; 

0.25]/ I
2
 = 

97.2% 

0.85 [0.78; 

0.90]/ I
2
 = 

98.9% 

0.51 

0.71 [0.60; 

0.80]/ I
2
 = 

99.3% 

0.31 [0.21; 

0.43]/ I
2
 = 

97.1% 

Dyspnea 17 

1.12 [0.78; 

1.61]/ I
2
 = 

87.6% 

0.18 [0.13; 

0.24]/ I
2
 = 

92.0% 

0.84 [0.76; 

0.90]/ I
2
 = 

99.0% 

0.39 

0.74 [0.59; 

0.85] / I
2
 = 

99.6% 

0.25 [0.13; 

0.42]/ I
2
 = 

98.4% 

Fatigue 12 

1.67 [1.20; 

2.34]/ I
2
 = 

89.8% 

0.35 [0.25; 

0.46]/ I
2
 = 

96.9%; 

0.76 [0.61; 

0.86]/ I
2 
= 

99.6% 

0.52 

0.75 [0.61; 

0.84]/ I
2
 = 

99.3% 

0.35 [0.19; 

0.55]/ I
2 
= 

99.2% 

Fever 22 

2.22 [1.43; 

3.44]/ I
2 
= 

95.8% 

0.60 [0.47; 

0.73]/ I
2 
= 

98.5% 

0.55 [0.38; 

0.71]/ I
2 
= 

99.7% 

0.62 

0.81 [0.70; 

0.88]/ I
2
 = 

99.4% 

0.33 [0.25; 

0.43]/ I
2
 = 

98.1% 

Headache 15 

1.48 [0.98; 

2.22]/ I
2 
= 

77.2% 

0.36 [0.21; 

0.53] / I
2
 = 

96.5% 

0.74 [0.58; 

0.86]/ I
2 
= 

99.1% 

0.57 

0.74 [0.55; 

0.87]/ I
2
 = 

98.6% 

0.35 [0.20; 

0.53] / I
2 
= 

97.4% 

Myalgia 12 

2.09 [1.20; 

3.64]/ I
2 
= 

90.1% 

0.48 [0.33; 

0.64]/ I
2 
= 

95.3% 

0.68 [0.55; 

0.79]/ I
2 
= 

98.3% 

0.61 

0.82 [0.67; 

0.91]/ I
2 
= 

98.3% 

0.29 [0.19; 

0.42]/ I
2 
= 

95.7% 

DOR; diagnostic odds ratio, AUC; area under the curve, NPV; negative predictive value, PPV; positive 501 

predictive value 502 
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Supplementary Table 1. Search terms and queries of the database. 506 

Supplementary Table 2. Study characteristics. 507 

Supplementary Table 3. Methodological qualities and bias assessment of all included 508 

studies. 509 
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Figure Legends 512 

Figure 1. Summary of the search strategy. 513 

Figure 2. Forest plot of the diagnostic odds ratios of the included studies. Olfactory 514 

and/or taste disorder (A) and only olfactory disorder (B). 515 

Figure 3. Area under the summary receiver operating characteristic of the included 516 

studies. Olfactory and/or taste disorder (A) and only olfactory disorder (B). 517 
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Supplementary Figure 1. Forest plots of the sensitivity (A), specificity (B), negative 519 

predictive values (C), and positive predictive values (D) of the olfactory and/or taste 520 

disorder studies. 521 

Supplementary Figure 2. Forest plots of the sensitivity (A), specificity (B), negative 522 

predictive values (C), and positive predictive values (D) of the only olfactory disorder 523 

studies. 524 
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The English in this document has been checked by at least two professional editors, both 526 

native speakers of English. For a certificate, please see: 527 

  http://www.textcheck.com/certificate/3B9rRw 528 
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