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Abstract
Objectives
In Japan, clinical diagnosis based solely on symptoms, without the use of test kits, has been adopted to
enable the rapid identification of individuals infected with coronavirus disease 2019 (COVID-19). A history
of close contact with COVID-19 patients is a prerequisite for such symptom-based diagnosis. However, the
current diagnostic criteria lack objectivity. This study aimed to develop a symptom-based algorithm
stratified by vaccination status to support more reliable clinical diagnosis of COVID-19 among individuals
with high-risk exposure.

Methods
This retrospective, single-center study was conducted in Japan between April 2021 and May 2022. An
algorithm for predicting COVID-19 infection was developed by comparing symptoms in COVID-19-positive
and COVID-19-negative individuals with high-risk exposure. Analyses were stratified by vaccination status,
given its potential influence on symptom presentation.

Patients
A total of 179 individuals with high-risk exposure to COVID-19 patients were included in the analysis.

Results
The most common setting of close contact was within households or among roommates (55.3%, 99/179),
followed by workplace or school settings (26.3%, 47/179). The combination of all three symptoms-fever, sore
throat, and cough-demonstrated 100% specificity but low sensitivity, irrespective of vaccination status.
Among vaccinated individuals, the combination of sore throat and cough was a more reliable diagnostic
indicator, whereas fever was more predictive among unvaccinated individuals.

Conclusion
The symptom-based diagnostic algorithm developed in this study demonstrated a sensitivity of 65.3% and a
specificity of 88.5%, approaching the diagnostic performance of rapid antigen testing. This algorithm may
facilitate simple, rapid, and accessible clinical diagnosis of COVID-19 in resource-limited or high-demand
settings.

Categories: Public Health, Internal Medicine, Infectious Disease
Keywords: clinical diagnosis, close contact, covid-19, diagnostic testing, symptoms

Introduction
Since the first confirmed case of coronavirus disease 2019 (COVID-19) was reported in Japan on January 15,
2020, the infection has continued to spread rapidly with increasing infectivity [1-3]. The global spread of
COVID-19 has placed an unprecedented burden on healthcare systems, not only in Japan but worldwide.
Rapid and accurate diagnosis is critical to preventing further transmission and minimizing the strain on
healthcare infrastructure [4].

Laboratory-based diagnostic tools, including reverse transcription polymerase chain reaction (RT-PCR) and
rapid antigen tests, are widely used for detecting COVID-19 [5,6]. However, their availability may be limited
during periods of surging case numbers or in resource-constrained settings. Furthermore, large volumes of
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outpatient visits during outbreaks place a heavy burden on the healthcare system. In response to these
challenges, symptom-based clinical diagnosis without confirmatory testing has been utilized in Japan,
especially during outbreaks [7]. This approach, which assumes a high pre-test probability due to close
contact with confirmed COVID-19 patients, allows for the rapid identification of infected individuals.
However, the criteria for symptom-based diagnosis are often vague, lack standardization, and may lead to
diagnostic uncertainty.

Therefore, this study aimed to develop a practical and objective symptom-based algorithm to support more
accurate clinical decision-making for individuals with high-risk exposure to COVID-19. Furthermore, since
COVID-19 symptoms have been reported to vary depending on vaccination history [2], this study will
validate symptom-based diagnostic criteria stratified by vaccination status.

Materials And Methods
Study design and setting
This retrospective, single-center study was conducted at the outpatient fever clinic of Imabari City Medical
Association General Hospital in Japan between April 2021 and May 2022. A total of 2,693 consecutive
patients visited the clinic during the study period. Among the 2,693 patients, 114 with incomplete or missing
medical records were excluded. Consequently, 2,579 patients were enrolled in the present study. Of these,
260 patients were identified as having high-risk exposure to confirmed COVID-19 cases. After excluding 81
children under 15 years of age, a final analysis was conducted on 179 patients (Figure 1).

FIGURE 1: Study population flow diagram
Flowchart showing participant inclusion and exclusion criteria. Of the 179 eligible individuals, 145 were diagnosed
with COVID-19 infection based on RT-PCR and/or rapid antigen test results.

COVID-19, coronavirus disease 2019; RT-PCR, reverse transcription polymerase chain reaction

The study protocol was approved by the Research Ethics Committee of the Ehime University Graduate
School of Medicine (approval number: 2201006).

COVID-19 diagnosis was confirmed using RT-PCR tests and/or rapid antigen tests performed on
nasopharyngeal swab specimens. Prior to testing, all patients were asked about their history of close contact
with COVID-19 patients, vaccination status, and symptoms using a standardized questionnaire. High-risk
exposure was defined as face-to-face contact within 1 m for at least 15 minutes with a person confirmed to
be infected with COVID-19, regardless of mask usage [1,2]. This definition was adopted because the
effectiveness of masks in preventing COVID-19 transmission remains a subject of debate. Vaccination
history was defined as having received at least one dose of any COVID-19 vaccine. Fever was defined as a
body temperature of ≥37.5°C at the time of clinical presentation [1,2].

Statistical analysis 
Categorical variables were presented as frequencies and percentages, while continuous variables were
expressed as medians with interquartile ranges (IQRs). Fisher’s exact test was used to compare categorical
variables, and the Mann-Whitney U test was applied for comparisons of continuous variables. A p-value of
<0.05 was considered statistically significant. All statistical analyses were performed using EZR (Saitama
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Medical Center, Jichi Medical University, Saitama, Japan) [8].

Results
Of the 179 eligible adults, 145 (81%) tested positive for COVID-19. The most common opportunities for close
contact were households or among roommates (55.3%, 99/179), followed by workplace or school settings
(26.3%, 47/179), and meals or conversations with COVID-19-infected patients (14.0%, 25/179). A
comparison of symptom frequencies between COVID-19-positive and COVID-19-negative individuals is
presented in Table 1.

 COVID-19 positive (145) COVID-19 negative (34) p-value

Age, years 38.0 (27.0, 49.0) 39.5 (27.8, 46.0) 0.89#

Sex, male 59 (40.7%) 10 (29.4%) 0.25

History of COVID-19 vaccination 108/131 (82.4%) 20/26 (76.9%) 0.58

Temperature at clinic (℃) 37.6 (36.8, 38.1) 36.8 (36.6, 37.1) <0.001#

Fever (≥37.5℃ at clinic) 73/138 (52.9%) 4/33 (12.1%) <0.001

Sore throat 107 (73.8%) 17 (50.0%) 0.012

Cough 104 (71.7%) 12 (35.3%) <0.001

Headache 57 (39.3%) 13 (38.2%) 1

Runny nose/nasal congestion 40 (27.6%) 13 (38.2%) 0.30

Fatigue 36 (24.8%) 9 (26.5%) 0.83

Sputum 34 (23.4%) 4 (11.8%) 0.17

Arthralgia 14 (9.7%) 0 (0%) 0.08

Loss of appetite 14 (9.7%) 2 (5.9%) 0.74

Chills 8 (5.5%) 0 (0%) 0.36

Diarrhea 9 (6.2%) 0 (0%) 0.21

Nausea/vomiting 7 (4.8%) 1 (2.9%) 1

Shortness of breath 6 (4.1%) 3 (8.8%) 0.38

No symptoms 5 (3.4%) 2 (5.9%) 0.62

Abdominal pain 1 (0.7%) 0 (0%) 1

Myalgia 4 (0.7%) 0 (0%) 1

Gastralgia 3 (2.1%) 0 (0%) 1

Loss of taste 1 (0.7%) 0 (0%) 1

Loss of smell 1 (0.7%) 0 (0%) 1

Cystitis symptom 0 (0%) 0 (0%) NA

Constipation 0 (0%) 0 (0%) NA

TABLE 1: Comparison of symptoms between COVID-19-positive and COVID-19-negative patients
Values are median (interquartile range) or number of patients (%). # indicates the statistical analysis using the Mann-Whitney U test for comparisons of
continuous variables (age and temperature at clinic). Fisher’s exact test was used to compare categorical variables other than continuous variables.

COVID-19, coronavirus disease 2019

Fever, sore throat, and cough were significantly more common among COVID-19-positive individuals.
Among the 157 individuals with confirmed vaccination status (excluding two with unknown vaccination
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history), 128 (81.5%) had received at least one dose of a COVID-19 vaccine. Differences in symptom
presentation between vaccinated and unvaccinated individuals are summarized in Table 2. Among
vaccinated individuals, fever, sore throat, and cough were significantly more frequent in COVID-19-positive
individuals compared to those who were COVID-19-negative. In contrast, among unvaccinated individuals,
only fever was significantly more common in those who tested positive (Table 2).

 

Vaccination (+)

p-value

Vaccination (-)

p-valueCOVID-19-positive COVID-19-negative COVID-19-positive COVID-19-negative

(108) (20) (23) (6)

Age, years 40.0 (31.0, 51.0) 37.5 (24.3, 51.3) 0.48# 29.0 (21.5, 43.0) 34.0 (28.3, 39.0) 0.35#

Sex, male 43 (39.8%) 7 (35.0%) 0.81 13 (56.5%) 2 (33.3%) 0.39

Temperature at clinic (℃) 37.6 (36.8, 38.1) 36.8 (36.5, 37.1) 0.004# 38.2 (37.5, 38.4) 36.7 (36.6, 37.2) 0.008#

Fever (≥37.5℃ at clinic) 47/103 (45.6%) 2 (10.0%) 0.003 17/21 (81.0%) 1 (16.7%) 0.008

Sore throat 84 (77.8%) 10 (50.0%) 0.014 15 (65.2%) 3 (50.0%) 0.65

Cough 81 (75.0%) 6 (30.0%) <0.001 13 (56.5%) 2 (33.3%) 0.39

Headache 39 (36.1%) 8 (40.0%) 0.80 11 (47.8%) 3 (50.0%) 1

Runny nose/nasal congestion 30 (27.8%) 9 (45.0%) 0.18 7 (30.4%) 3 (50.0%) 0.63

Fatigue 25 (23.1%) 5 (25.0%) 1 5 (21.7%) 2 (33.3%) 0.61

Sputum 26 (24.1%) 2 (10.0%) 0.24 5 (21.7%) 1 (16.7%) 1

Arthralgia 11 (10.2%) 0 (0%) 0.21 3 (13.0%) 0 (0/%) 1

Loss of appetite 11 (10.2%) 1 (5.0%) 0.69 2 (8.7%) 0 (0/%) 1

Chills 5 (4.6%) 0 (0%) 1 2 (8.7%) 0 (0/%) 1

Diarrhea 7 (6.5%) 0 (0%) 0.60 1 (4.3%) 0 (0/%) 1

Nausea/vomiting 6 (5.6%) 0 (0%) 0.59 1 (4.3%) 1 (16.7%) 0.38

Shortness of breath 4 (3.7%) 2 (10.0%) 0.24 1 (4.3%) 1 (16.7%) 0.38

No symptoms 4 (3.7%) 1 (5.0%) 0.58 0 (0/%) 1 (16.7%) 0.21

Abdominal pain 1 (0.9%) 0 (0%) 1 0 (0/%) 0 (0/%) NA

Myalgia 3 (2.8%) 0 (0%) 1 1 (4.3%) 0 (0/%) 1

Gastralgia 2 (1.9%) 0 (0%) 1 1 (4.3%) 0 (0/%) 1

Loss of taste 1 (0.9%) 0 (0%) 1 0 (0/%) 0 (0/%) NA

Loss of smell 1 (0.9%) 0 (0%) 1 0 (0/%) 0 (0/%) NA

Cystitis symptom 0 (0%) 0 (0%) NA 0 (0/%) 0 (0/%) NA

Constipation 0 (0%) 0 (0%) NA 0 (0/%) 0 (0/%) NA

TABLE 2: Comparison of symptoms between COVID-19-positive and COVID-19-negative patients
among vaccinated and non-vaccinated groups
Values are median (interquartile range) or number of patients (%). # indicates the statistical analysis using the Mann-Whitney U test for comparisons of
continuous variables (age and temperature at clinic). Fisher’s exact test was used to compare categorical variables other than continuous variables.

COVID-19, coronavirus disease 2019

The diagnostic performance of symptom combinations - fever, sore throat, and cough - is shown in Figure 2.

 

2025 Inaba et al. Cureus 17(8): e89589. DOI 10.7759/cureus.89589 4 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)


FIGURE 2: Sensitivity and specificity of symptom combinations for
diagnosing COVID-19
(A) Overall population. (B) Vaccinated individuals. (C) Unvaccinated individuals.

Sensitivity and specificity were calculated for different combinations of fever, sore throat, and cough. The
combination of all three symptoms demonstrated the highest specificity (100%) (blue bars) but low sensitivity in all
groups. Among vaccinated individuals, the combination of sore throat and cough yielded both high sensitivity
(yellow bar) and specificity (purple bar). In unvaccinated individuals, fever was the most predictive symptom
(sensitivity: light blue bar, specificity: green bar).

*The symbol "+/-" indicates that it does not matter whether symptoms can be present or absent.

The combination of fever with sore throat and cough demonstrated high specificity regardless of vaccination
status, reaching 100% specificity when all three symptoms were present. However, sensitivity remained low
(<50%) for all combinations involving fever. In vaccinated individuals, the combination of sore throat and
cough demonstrated both high sensitivity and specificity (Figure 2B), whereas among unvaccinated
individuals, fever was the most predictive symptom (Figure 2C). A symptom-based diagnostic algorithm is
presented in Figure 3.
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FIGURE 3: Symptom-based diagnostic algorithm for COVID-19
A simple clinical diagnostic algorithm for identifying COVID-19 in individuals with high-risk exposure. The model
incorporates vaccination status and evaluates the presence of fever, sore throat, and cough. This algorithm
achieved a sensitivity of 65.3% and a specificity of 88.5%, comparable to rapid antigen testing.

This algorithm achieved a specificity of 88.5% and a sensitivity of 65.3%, approximating the diagnostic
accuracy of rapid antigen testing.

Discussion
In this study, we evaluated the diagnostic utility of simple symptom combinations for identifying COVID-19
among individuals with high-risk exposure. The symptom-based algorithm we developed for rapid clinical
diagnosis demonstrated that the combination of fever, sore throat, and cough yielded a high diagnostic
specificity of 88.5%. This algorithm, which does not require the use of diagnostic test kits, offers several
practical advantages as follows: (1) rapid diagnosis during large-scale outbreaks can alleviate the burden on
healthcare and public health systems by reducing congestion in testing facilities and clinics, (2) early
identification of infected individuals enables prompt self-isolation and treatment, thereby helping to
prevent further transmission, and (3) symptom-based diagnosis may reduce healthcare costs by minimizing
dependence on testing resources, which can be limited in high-demand or resource-constrained settings.

Diagnostic accuracy of RT-PCR and antigen tests for COVID-19
Among the available diagnostic tools for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), RT-
PCR has been widely recognized as the gold standard due to its high analytical sensitivity and specificity
regardless of symptomatic and asymptomatic individuals. Although the diagnostic accuracy of RT-PCR varies
across studies, a systematic review reported an average sensitivity of approximately 70% and specificity of
95% for RT-PCR assays [5,9]. The variability in sensitivity is largely attributable to the timing of specimen
collection since SARS-CoV-2 exposure, with earlier or later sampling potentially leading to false-negative
results [10]. Therefore, even RT-PCR, despite its gold standard status, requires careful interpretation in the
context of clinical and epidemiological information.

The diagnostic accuracy of antigen test kits is lower than that of RT-PCR, particularly in asymptomatic
individuals with low viral loads [6]. According to a Cochrane review, the average sensitivity of antigen tests
is 56.2%, while specificity remains consistently high across populations [6]. However, antigen test kits are
valuable as screening tools due to their simplicity and rapid determination compared to RT-PCR testing.
Additionally, antigen testing does not require specialized laboratory equipment and is less expensive per
test. The clinical diagnostic algorithm proposed in this study shares several advantages with antigen testing,
including cost-effectiveness and rapid results. However, similar to antigen testing, its lower sensitivity may
lead to false-negative results. Therefore, patients at high risk for severe diseases, such as older adults or
those presenting with prominent symptoms, should undergo confirmatory RT-PCR testing even if they
initially test negative using the symptom-based algorithm.

Differences in clinical symptoms between vaccinated and unvaccinated
individuals with COVID-19
Previous studies have demonstrated that COVID-19 vaccination not only reduces the risk of infection but
also significantly attenuates disease severity [11]. However, emerging evidence suggests that vaccination

 

2025 Inaba et al. Cureus 17(8): e89589. DOI 10.7759/cureus.89589 6 of 9

https://assets.cureus.com/uploads/figure/file/1598062/lightbox_880225d05c9511f08404c1188ae7af62-Figure-3_0709600.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


status may influence the clinical presentation of COVID-19, potentially affecting the diagnostic utility of
individual symptoms [2]. Therefore, symptom-based diagnostic strategies should take vaccination history
into account to improve diagnostic accuracy. Fever is the most frequently reported symptom of COVID-19
[1,2,12]. However, our previous findings indicated that COVID-19 vaccination reduces both the frequency
and severity of fever in adults with SARS-CoV-2 infection. In contrast, the prevalence of sore throat and
cough was higher in vaccinated individuals compared to unvaccinated individuals [2]. The mechanisms
underlying these symptom differences remain unclear. However, hypotheses such as vaccine-associated
enhanced disease (VAED) or antibody-dependent enhancement (ADE) have been proposed [13,14].
Furthermore, repeated administration of mRNA vaccines has been suggested to transiently suppress
immune function [15], which may influence the clinical manifestations observed in vaccinated individuals.

High infectivity of COVID-19
This clinical diagnostic algorithm is specifically applicable to individuals with documented close contact
with COVID-19 cases. SARS-CoV-2 is characterized by a high transmission rate, particularly when compared
with other respiratory viruses. Notably, the Omicron variant has demonstrated significantly enhanced
transmissibility [3]. Close contact with individuals infected with SARS-CoV-2 markedly increases the risk of
transmission. Therefore, early identification of infected individuals and prompt social isolation are essential
for controlling the spread of the virus. In our previous research, high-risk exposure to confirmed COVID-19
patients was identified as an independent predictor of infection, with an odds ratio of 23.1. In the present
cohort, 47.1% of COVID-19-positive individuals had a history of close contact with COVID-19-infected
patients, consistent with previous findings [1,16-18]. Household settings represent one of the highest-risk
environments for SARS-CoV-2 transmission due to prolonged and repeated exposure. Furthermore, several
studies have reported that close contact with symptomatic individuals results in higher secondary
transmission rates than contact with asymptomatic individuals [18]. Behavioral modifications to reduce
close contact, especially in high-risk environments, are recommended when infection is suspected by
clinical diagnostic algorithms. Thus, the findings of this study may contribute to efforts to prevent further
spread of COVID-19.

Differentiation from other infectious diseases such as influenza
Since outbreaks of both COVID-19 and influenza may occur simultaneously, distinguishing between the two
is clinically important. As both diseases are highly contagious, a history of close contact with infected
individuals plays a critical role in diagnosis. In Japan, clinical diagnoses of not only COVID-19 but also
influenza are often made based on symptoms alone, without the use of diagnostic test kits. Influenza is
known to have a more rapid onset of symptoms than COVID-19, typically presenting with high fever, joint
pain, and general fatigue, making clinical differentiation possible in some cases [19]. However, the
diagnostic algorithm used in this study was not developed to differentiate between influenza and COVID-19.
Furthermore, this cohort cannot adequately address this issue, as the study period coincided with a time of
minimal influenza activity. Therefore, further research is required to clarify this issue.

The epidemic periods of both viruses often overlap, and co-infection within the same individual is also
possible. Additionally, distinguishing COVID-19 pneumonia from community-acquired pneumonia (CAP)
remains challenging, as the clinical presentations of CAP are variable and may overlap with those of COVID-
19. Given these diagnostic complexities, RT-PCR testing might be recommended over antigen testing or
clinical diagnosis alone, particularly when there is a history of close contact with a confirmed COVID-19
case.

Limitations
This study has several limitations. First, the retrospective single-center design limits the generalizability of
the findings and introduces the potential for selection bias. Therefore, prospective validation in diverse
populations and healthcare settings is necessary. Second, symptom profiles may vary with the emergence of
new SARS-CoV-2 variants [20]. Although the majority of infections during the study period were attributed
to the Omicron variant, revalidation of the algorithm may be necessary as novel variants become dominant.
Third, the diagnostic reference standard included antigen tests, which are known to have lower sensitivity
compared to RT-PCR. This may have resulted in underdiagnosis of COVID-19 cases and affected the
accuracy of the algorithm. Despite these limitations, the study provides meaningful insights into the
feasibility and utility of symptom-based clinical diagnosis for COVID-19, particularly in individuals with
high-risk exposure or in settings with limited testing capacity.

Conclusions
In this study, we developed a simple, symptom-based diagnostic algorithm for identifying COVID-19
infection among individuals with high-risk exposure. Importantly, the algorithm showed differential
predictive value depending on vaccination status: sore throat and cough were more indicative in vaccinated
individuals, while fever was more predictive among the unvaccinated. This diagnostic approach, which
facilitates rapid clinical decision-making without the need for testing kits, may help reduce the burden on
healthcare systems and limit viral transmission through early identification and isolation. Our findings
highlight the practical utility of symptom-based diagnosis in settings with limited testing resources or
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during large-scale outbreaks, particularly for individuals with close contact exposure to confirmed COVID-
19 patients.
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