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Objective: To assess the utility of self-reported symptoms in identifying positive coronavirus disease
2019 (COVID-19) cases among predominantly healthy young adults in a military setting.
Methods: A questionnaire regarding COVID-19 symptoms and exposure history was administered to all
individuals contacting the Israeli Defence Forces Corona call-centre, before PCR testing. Surveyed
symptoms included cough, fever, sore throat, rhinorrhoea, loss of taste or smell, chest pain and
gastrointestinal symptoms. Factors were compared between positive and negative cases based on
confirmatory test results, and positive likelihood ratios (LR) were calculated. Results were stratified by
sex, body mass index, previous medical history and dates of questioning, and a multivariable analysis for
association with positive test was conducted.
Results: Of 24 362 respondents, 59.1% were menwith a median age of 20.5 years (interquartile range 19.6
e22.4 years). Significant positive LRs were associated with loss of taste or smell (LR 3.38, 95% CI 3.01
e3.79), suspected exposure (LR 1.33, 95% CI 1.28e1.39) and fever (LR 1.26, 95% CI 1.17e1.36). Those
factors were also associated with positive PCR result in a multivariable analysis (OR 3.51, 95% CI 3.04
e4.06; OR 1.86, 95% CI 1.65e2.09; and OR 1.34, 95% CI 1.19e1.51, respectively). Reports of loss of taste or
smell increased gradually over time and were significantly more frequent during the late period of the
study (63/5231, 1.21%; 156/7941, 1.96%; and 1505/11 190, 13.45%: p < 0.001).
Conclusion: Loss of taste or smell, report of a suspicious exposure and fever (>37.5�C) were consistently
associated with positive LRs for a positive SARS-CoV-2 PCR test result, in a population of predominantly
young and healthy adults. Maya Nitecki, Clin Microbiol Infect 2021;27:618
© 2021 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was first reported in China in December 2019 [1] and by 11 March
2020 was declared as a pandemic [2]. To date, the reported disease
burden exceeds 96 million people, with a death toll of approxi-
mately 2 000 000 worldwide [3].
ce Force Medical Corps, 20
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Insufficient viral RNA testing capacity [4e6], which results in
propagation of the virus by undiagnosed infected individuals [7,8],
cripples the ability of health authorities to control viral spread
[9,10]. Hence, prioritizing testing and efficiently isolating positive
cases is a vital aim. To this end, several studies examined the utility
of self-reported symptoms in predicting coronavirus disease 2019
(COVID-19) and found a correlation between constitutional and
respiratory symptoms with a positive test [11e13]. However, low
response rates in young healthy adults [12,13] and their exclusion
from studies [11], results in a dearth of data guiding testing in this
ublished by Elsevier Ltd. All rights reserved.
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Fig. 1. Study population flow chart. Numbers represent respondents. A total of 31 155
individuals were identified between 26 March and 2 August 2020. Those with no
recorded PCR test result, or whose tests were processed in an external laboratory
(n ¼ 150) were excluded. Questionnaires were not performed among 6643 (21.4%)
individuals so their exposure and symptoms data were missing, resulting in their
exclusion from the analysis, which ultimately included 24 362 respondents with a PCR
test result and questionnaire data.
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population. As the proportion of young infected adults increases
[14e16], and their potential in propagating disease spread grows
[8,17,18], there is an impending need to better characterize the
symptom distribution suggestive of infection in this group.

The Israel Defence Forces (IDF) is comprised mostly of young
healthy individuals who have undergone extensive medical
screening [19]. Therefore, in this study we used a retrospective
cohort design to evaluate the association between symptoms in
young adults and a positive test result.

Materials and methods

Study population

The special IDF COVID-19 centre (ICC) handled documentation
of all individuals with suspicious symptoms, those quarantined,
and all confirmed COVID-19 cases. This included collection of data
obtained through contact tracing and an enquiries ‘hotline’. ICC
referred soldiers for swab tests based on report of symptoms and
exposure history. We included all individuals who were deemed
eligible for COVID-19 testing by the ICC, including those voluntarily
calling to report symptoms or a suspected exposure, or those
actively addressed following an epidemiological investigation.
Eligibility for confirmatory testing was directed by the surgeon
general and approved by public health officers on a case-by-case
basis. Testing was approved for those with: (a) presence of at
least two acute respiratory symptoms (cough, shortness of breath,
sore throat, fever >38�C); or (b) one symptom combined with a
suspicious exposure; or (c) loss of taste or smell as a sole symptom.

Primary outcome

The primary outcome measure was the positive likelihood ratio
(LR) of symptoms suggesting a positive real-time reverse transcript
(rRT-) PCR result.

Data collection

Answers to questions asked by the ICC before swab testing were
drawn from a digital database where each individual has a unique
identification number. Symptoms surveyed included: cough, fever
(>37.5�C), sore throat, rhinorrhoea, loss of taste or smell, chest pain
and gastrointestinal symptoms (GI, i.e. abdominal pain, vomiting, or
diarrhoea). Suspected exposure was defined as close contact with a
confirmed COVID-19 patient or recent (<14 days) international
travel (for questionnaire example see Supplementary material,
Appendix S2). Data were collected between 26 March and 2 August
2020. A group of 6643 individuals had COVID-19 tests without
answering the questionnaires so their symptoms and exposure
history data were unavailable and they were excluded from the
study. PCR test results were merged using the identification num-
ber from a digital laboratory database and classified as either pos-
itive or negative. For positive cases, only the first positive test was
included, and data were collected only from the questionnaire ob-
tained before this test. The following covariates were abstracted
from the medical registry: body mass index (BMI), baseline health
and comorbidities, as detailed in the Supplementary material
(Appendix S1).

Viral RNA test

Viral RNA presence was examined using rRT-PCR based on the
SARS-CoV-2 Centers for Disease Control and Prevention (CDC)
protocol [20]; using viral markers for each of the three viral genes
(RdRP, N gene and E gene). Cycle threshold values were reported, as
well as an internal control marker. A threshold of 40 cycles and
below was considered positive. Results in which only N gene was
present within the range of 36e40 cycles, were defined as
marginally positive. In those cases, a certified physician and a
public-health officer interpreted the result according to the clinical
context, and the individual was re-tested if deemed necessary.
Additional details on testing methods are available elsewhere [21].
All swab materials were processed in the central IDF laboratory,
throughout the entire study.

Statistical analysis

Prevalence of each reported symptom and exposure were
compared between positive and negative rRT-PCR groups. Contin-
uous variables were presented as medians and interquartile ranges,
and categorical variables were presented as percentages and
counts. Positive LR, sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and 95% CI for test statistics
were calculated using the methods of Simel et al. [22] and Wilson
[23]. Results were stratified by sex, BMI category, previous medical
history and dates of questioning. Univariate and multivariable lo-
gistic regression models were performed to assess the relationship
between a positive PCR test result (dependent variable) and clinical
(asthma, chronic sinusitis, hypertension and BMI), anamnestic
(report of symptoms and exposure) and demographic factors (sex
and age e analysed as continuous variable and as categorical �20;
21e22; �23) as independent variables. Six statistically significant
independent variables were included in multivariable analysis and
selected using forward stepwise method (p-in 0.05; p-out 0.10). No
collinearity was found among independent variables included in
multivariable analysis, maximum variance inflation factor ¼ 1.039.
Odds ratios (OR), 95% CI and p values are presented.

To assess trends in symptom distribution over time, we selected
three consequent periods to represent different phases of the
pandemic: the initial COVID-19 outbreak, mitigation of disease
spread and the increased disease burden following the reopening of
communities, as shown in Fig. 2b. For each symptom, analysis of
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variance was used to compare the proportion of individuals
reporting its presence between periods. As no homogeneity of
variances was found, multiple comparisons were made with post
hoc Dunnett T3 test.

Values of p that were <0.05 and CI exclusive of the null were
considered statistically significant. Statistical analyses were con-
ducted using MICROSOFT EXCEL (version 2013; Microsoft, Redmond,
WA, USA) and IBM SPSS Statistics for Windows (version 25.0; IBM,
Armonk, NY, USA).

The institutional review board of the IDF approved this study
(protocol number 2082-2020), and waived the requirement for
written informed consent based on preserving participants'
anonymity.

Results

Overall, 31 155 individuals were identified between 26 March
and 2 August 2020. We excluded those with no recorded result, or
results processed in an external laboratory (n ¼ 150) and in-
dividuals withmissing questionnaire items (n¼ 6643, 21.4%) (Fig. 1,
see Supplementary material, Table S1, for comparison with the
Fig. 2. (a) Comparison of the report rate of surveyed factors against time. Presented here are
text). In general, overall report rates of suspected exposure and fever were parallel to the ext
and raising drastically in the third period. All of these changes were statistically significa
gradually and significantly with time (all p < 0.001), (see Supplementary material, Table S3 f
for comparison. This figure details the three consequent periods selected for comparison wi
19 disease burden in Israel, as measured by daily confirmed cases between 29 February and 2
represents the initial COVID-19 outbreak. Yellow e period 2: 1 May to 30 June, represents m
disease burden following the reopening of communities. The second period is about twice as
summed those with the cases identified in the consequent month.
included cohort). Ultimately, 24 362 respondents were included in
the analysis. Over half (59.1%) were men, with a median age of
20.5 years (interquartile range 19.6e22.4 years) of whom 65%
(n ¼ 15 534) had unimpaired health at baseline. Of all PCR tests,
5.5% (n ¼ 1338) were positive, 5.7% in men and 5.2% in women.
During the first, second and third periods of the study, a total of
5231, 7941 and 11 190 tests were conducted with 2.25% (n ¼ 118),
2.29% (n ¼ 182) and 9.27% (n ¼ 1038) positivity rates, respectively.
Characteristics of the study population are shown in Table 1.

Reported symptoms

Cough was the most commonly reported symptom (13 675/
24 362, 56.1%), followed by report of suspected exposure (12 211/
24 362, 50.1%) and fever (6896/24 362, 28.3%). The item with
highest sensitivity (65.5% (63-68.1%)) was suspected exposure,
followed by cough (55.5% (52.9-58.2%)) and fever (35.1% (32.6-
37.7%)). Highest specificity was seen with GI symptoms (98.6%
(98.5-98.8%)), followed by chest pain (98.2% (98.1-98.4%)) and loss
of taste or smell (93.7% (93.4-94.1%)). Loss of taste or smell was also
found to have the highest PPV (16.4% (14.8-17.9%)). Suspected
factors that were associated with significant positive likelihood ratios for COVID-19 (see
ent of disease spread in the country, i.e. decreasing between the first and second period,
nt (all p � 0.038). The exception is reports of loss of taste or smell, which increased
or expanded results of statistical analysis). (b) Description of the time sections selected
th the number of overall study participants in each. The background represents COVID-
August 2020, according to the reports of WHO. Green e period 1: 26 March to 30 April,
itigation of disease spread. Red e period 3: 1 July to 2 August, represents the increased
long because of the relatively small number of cases throughout May and we therefore



Table 1
Baseline characteristics of study population

Overall
(n ¼ 24 362)

Positive cases
(n ¼ 1338; 5.5%)a

Negative cases
(n ¼ 23 024)

p value

Age (years), median (IQR) 20.5 (19.6e22.4) 21 (20e23) 21 (20e23) 0.426
Male sex, n (%) 14 398 (59.1) 817 (61.1) 13 577 (59.0) 0.075
Unimpaired healthb, n (%) 15 534 (63.7) 869 (64.9) 14 487 (62.9) 0.135
Asthmac, n (%) 1786 (7.3) 90 (6.7) 1696 (7.4) 0.383
Allergic rhinitis, n (%) 1756 (7.2) 83 (6.2) 1673 (7.3) 0.144
Chronic sinusitis, n (%) 11 (0.05) 1 (0.07) 10 (0.04) 0.463
Hypertension, n (%) 55 (0.22) 1 (0.07) 54 (0.23) 0.371
BMI (kg/m2), n (%)
<18.5 2477 (10.2) 140 (10.5) 2337 (10.15) 0.713
18.5e24.9 15 356 (63.0) 851 (63.6) 14 505 (62.9) 0.657
25e29.9 3438 (14.1) 172 (12.9) 3266 (14.2) 0.174
�30 1309 (5.4) 64 (4.8) 1245 (5.4) 0.325

Abbreviation: BMI, body mass index; IQR, interquartile range.
a Percentage represents percentage of overall cases that were positive.
b Definition and method for determination of unimpaired health is detailed in the Supplementary material, Appendix S1.
c History of childhood asthma, with no use of inhaler for 3 or more years, and normal pulmonary function tests, do not affect medical fitness.
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exposure was found to have the highest NPV (96.2% (95.9-96.5%))
followed by loss of taste or smell (95.3% (95.2-95.5%)) and fever
(95% (94.8-95.2%)). The overall distribution of reports on surveyed
factors, sensitivity, specificity, PPV and NPV, are summarized in
Table 2.

Comparing the distribution of reports over time (Fig. 2a, see
Supplementary material, Tables S2 and S3) demonstrated that
suspected exposure decreased between first and second periods
(2303/5231 (44.0%), 2411/7941 (30.4%), respectively, p < 0.001),
and was significantly higher during the third period (7498/11 190
(67.0%), p < 0.001). The same trend was seen with reports of cough
(2747/5321 (52.5%), 3591/7941 (45.2%), 7337/11 190 (65.6%),
p < 0.001) and fever (1370/5321 (26.2%), 1927/7941 (24.3%), 3598/
11 190 (32.2%), p 0.038, p < 0.001). For loss of taste or smell, a
significant gradual increase in reporting during the three study
periods occurred (63/5321 (1.2%), 156/7941 (1.96%), 1505/11 190
(13.5%), all p < 0.001). For context, disease burden in Israel during
this timeline decreased between the first and second periods and
increased drastically in the third period (Fig. 2b).

Likelihood ratio

Of symptoms surveyed, loss of taste or smell had the highest
positive LR (LR 3.38, 95% CI 3.01e3.79). Suspected exposure (LR
1.33, 95% CI 1.28e1.39) and fever (LR 1.26, 95% CI 1.17e1.36) were
also found to have significant positive LR (Fig. 3). Stratification by
sex, baseline health status, particular co-morbidities and BMI did
not principally affect the results (see Supplementary material,
Table S4eS9 and Fig. S1).

Loss of taste or smell (LR 11.25, 95% CI 6.28e20.13) and sus-
pected exposure (LR 1.44, 95% CI 1.25e1.70) were significantly
associated with a positive test during the first period. During the
Table 2
Reasons for contacting the IDF COVID-19 call centre and sensitivity, specificity, positive a

Prevalence, n (%) Sensitivity (95% CI) Specificity (95%

Suspected exposurea 12 211 (50.1) 65.6% (63%e68.1%) 50.8% (50.1%e5
Cough 13 675 (56.1) 55.5% (52.9%e58.2%) 43.8% (43.2%e4
Fever >37.5�C 6896 (28.3) 35.1% (32.6%e37.7%) 72.1% (71.5%e7
Sore throat 5559 (22.8) 21.2% (19.1%e23.4%) 77.1% (76.5%e7
Rhinorrhoea 2298 (9.4) 7.9% (6.5%e9.4%) 90.5% (90.1%e9
Loss of taste or smell 1723 (7.1) 21.2% (19.1%e23.4%) 93.7% (93.4%e9
Chest pain 430 (1.8) 1.8% (1.2%e2.7%) 98.2% (98.1%e9
GI symptoms 339 (1.4) 1.6% (1%e23.9%) 98.6% (98.5%e9

Abbreviations: COVID-19, coronavirus disease 2019; GI, gastrointestinal symptoms, i.e
a Suspected exposure in the survey was defined as a close contact with a confirmed C
second and third periods, the positive LR for loss of taste or smell
decreased substantially but remained significant (LR 2.62, 95% CI
2.36e5.05, LR 2.05, 95% CI 1.83e2.31, respectively) (Table 3). Fever
was also found to have significant positive LR (LR 1.4, 95% CI
1.2e1.3) during the third period whereas exposure shown signifi-
cant positive LR in both earlier periods but not in the third,
accompanied by lower specificity in the latest period (see Supple-
mentary material, Table S2).

In a multivariable logistic regression loss of taste or smell (OR
3.51, 95% CI 3.04e4.06), fever (OR 1.34, 95% CI 1.19e1.51) and his-
tory of exposure (OR 1.86. 95%CI 1.65e2.09) were the only factors
independently associated with a positive test (see Supplementary
material, Table S10).

Discussion

In order to make better use of limited COVID-19 confirmatory
tests and identify those at highest risk for infection, in Israel, like in
many other countries, certain criteria were used to determine
testing eligibility [24e26]. In this study, suspicious exposure, loss of
taste or smell and fever were associatedwith a COVID-19molecular
diagnosis in over 24 000 young adults, suggesting that self-
reported symptoms are an effective way to triage testing in this
population.

Previous reports have been inconsistent with respect to the
association between fever and a positive test [11e13]. These con-
flicting data may stem from the inclusion of populations with a
variety of age groups, a factor shown to affect clinical manifestation
and disease severity [27,28]. Varying definitions of fever between
studies, and different survey components (where in some body
temperature was not a mandatory question) also contribute to
unequivocal findings. In the current study, fever >37.5�C was
nd negative predictive values for each (n ¼ 24 362)

CI) Positive predictive value (95% CI) Negative predictive value (95% CI)

1.4%) 7.2% (6.9%e7.5%) 96.2% (95.9%e96.5%)
4.5%) 5.4% (5.2%e5.7%) 94.4% (94.1%e94.7%)
2.7%) 6.8% (6.3%e7.3%) 95.0% (94.8%e95.2%)
7.6%) 5.1% (4.6%e5.6%) 94.4% (94.2%e94.5%)
0.9%) 4.6% (3.8%e5.5%) 94.4% (94.3%e94.5%)
4.1%) 16.4% (14.8%e17.9%) 95.3% (95.2%e95.5%)
8.4%) 5.6% (3.8%e8.2%) 94.5% (94.46%e94.54)
8.8%) 6.2% (4.1%e9.3%) 94.5% (94.47%e94.55%)

. abdominal pain, vomiting, diarrhoea; IDF, Israel Defence Forces.
OVID-19 patient or recent (<14 days) international travel.



Fig. 3. Positive likelihood ratios for surveyed factors (n ¼ 24 362). Factors are shown on a logarithmic scale with 95% CI, those positively associated with COVID-19 are reports of
suspected exposure (see text for definition), fever >37.5�C, and loss of smell or taste. LR, likelihood ratio. Error bars represent 95% CI.
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significantly associated with COVID-19 diagnosis. Yet, when three
consequent periods were compared, fever had significant positive
LR only in the late period. This could represent lack of power in
earlier periods due to smaller participant numbers, or a true in-
crease in fever as a manifestation of disease. Nonetheless, given the
high likelihood observed we suggest prioritizing febrile or sub-
febrile individuals for testing, especially if they are young and
healthy at baseline. This recommendation should be taken with
caution as the specificity of fever was 72% in our study and we
hypothesize that with upsurge in seasonal cold and flu during
wintertime this will decrease.

Our results suggest that exposure was associated with disease
only in earlier periods and not in the latest one. When considering
the countrywide disease burden, it is evident that by the third
period infectionwas widespread and much more prevalent. Hence,
naturally, exposures were more probable and overall reports were
increased. However, compliance with measures taken to decrease
transmission, such as mandated mask use in public places, and
stricter enforcement perhaps resulted in many of these contacts
being less endangering in the latest period. Based on our findings
and the relatively low specificity of 51%, it is reasonable to refine the
definition of an exposure to achieve better specificity in these
circumstances.

In general, we found symptom reporting to be time dependent
and mostly parallel to disease propagation in the country [3]. This
trend was notable among positive cases but also within the entire
Table 3
Positive likelihood ratios for symptoms and exposure in three consequent periods (see F

LR Period 1 (26 March to
30 April 2020)

Suspected exposurea 1.44 (1.25e1.66)
Cough 0.97 (0.81e1.16)
Fever 0.84 (0.6e1.18)
Sore throat 0.85 (0.47e1.55)
Rhinorrhoea 0.92 (0.52e1.63)
Loss of taste or smell 11.25 (6.28e20.13)
Chest pain 1.07 (0.27e4.31)
GI symptoms 1.98 (0.27e14.5)

Abbreviations: GI, gastrointestinal symptoms (i.e. abdominal pain, vomiting or diarrho
LR values are highlighted in bold when statistically significant.

a Suspected exposure in the survey was defined as a close contact with a confirmed C
cohort, implying a possible behavioural component. The phenom-
enon of healthy concerned individuals seeking medical attention
was demonstrated previously in the setting of different cata-
strophic events and natural disasters [29], and our findings suggest
similar behaviour during the COVID-19 pandemic. Notably,
reporting of loss of taste or smell, increased over time, resulting in a
decline in the magnitude of the positive LR. Among possible ex-
planations is the increased media coverage and public recognition
of this complaint as suggestive of COVID-19. Previously an opposite
phenomenonwas reported, where with mounting media reports of
loss of smell the association between this complaint and a positive
test increased [13]. The increase in loss of taste or smell in our
cohort could have been attributed to an increase in prevalence of a
different illness manifesting with these symptoms, but it is highly
unlikely that this could explain a nine-fold increasewithin amonth.
Nonetheless, loss of taste or smell remains significantly and
consistently associated with a positive likelihood for COVID-19, and
fair PPV, despite the possible reporting bias. As this is a specific
complaint [30] reaching as high as 94% in our cohort, unlike other
flu-like symptoms, we suggest that young individuals presenting
with loss of taste or smell should be prioritized for testing. In
contrast to previous reports [11,13] we did not find respiratory
symptoms to be associated with a positive test.

Our study includes a unique cohort comprised mainly of young
healthy adults, a subgroup that has been overlooked in previous
reports [11e13] but is the most common disease transmitting
ig. 2b legend for details)

LR Period 2 (1 May to
30 June 2020)

LR Period 3 (1 July to
2 August 2020)

1.85 (1.61e2.11) 1.01 (0.97e1.06)
0.93 (0.79e1.11) 0.88 (0.84e0.93)
1.18 (0.94e1.49) 1.2 (1.1e1.3)
1.09 (0.86e1.38) 0.79 (0.7e0.89)
0.83 (0.53e1.32) 0.93 (0.75e1.17)
2.62 (1.36e5.05) 2.05 (1.83e2.31)
0.71 (0.1e5.12) 0.77 (0.5e1.2)
0.44 (0.06e3.14) 0.93 (0.59e1.49)

ea); LR, positive likelihood ratio.

OVID-19 patient or recent (<14 days) international travel.
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vector [8,17,18]. Given the mandatory duty to serve in the IDF, the
included population is highly representative of young Israeli adults
and can be generalized to young adults worldwide. Additional
strengths are the systemic data collection and measurement
throughout the study period and the consistency of laboratory
examinations performed in the same protocol, facility and by the
same staff. In addition, the free access to health services in the
military is of importance in the light of evidence linking socio-
economic and racial disparities to COVID-19 morbidity and mor-
tality [28]. A major shortcoming of this study is the use of self-
reported symptoms, which is subject to response bias, especially
when the presence of certain symptoms serves as the gatekeeper
for PCR approval. In addition, risk for selection bias exists secondary
to testing policy, which could underestimate the predictive value of
symptoms that do notmandate a swab test. Furthermore, the group
of excluded individuals without questionnaire data might bias the
results despite being non-differential in origin and with similar
characteristics overall. Also, because of the limitations of the SARS-
CoV-2 rRT-PCR test, both false-negative and false-positive results
could be included; however, PCR remains the reference standard
for diagnosis. Finally, secondary to questionnaire phrasing, loss of
taste and loss of smell are combined to a single symptom, so we
could not appreciate the individual effect of report of either
symptom.

In conclusion, reporting of loss of taste or smell, suspicious
exposure and fever were strongly associated with a positive SARS-
CoV-2 test in a population of predominantly young and healthy
adults. We recommend using these self-reported symptoms to
streamline testing in this population.
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