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Background: To reduce transmission of SARS-CoV-2, it is important to identify those who 
are infectious. However, little is known about what proportion of infectious people are 
asymptomatic and potential “silent” transmitters. We evaluated the value of COVID-19 
symptoms as a marker for SARS-CoV-2 infection from a representative English survey.
Methods: We used data from the Office for National Statistics Coronavirus (COVID-19) Infection 
Survey pilot study. We estimated sensitivity, specificity, the proportion of asymptomatic cases (1 – 
sensitivity), positive predictive value (PPV) and negative predictive value (NPV) of COVID-19 
symptoms as a marker of infection using results of the SARS-CoV-2 test as the “gold standard”.
Results: In total, there were 36,061 individuals with a SARS-CoV-2 test between 26 April 
and 27 June 2020. Of these, 625 (1.7%) reported symptoms on the day of the test. There 
were 115 (0.32%) with a positive SARS-CoV-2 test result. Of the 115, there were 27 (23.5%) 
who were symptomatic and 88 (76.5%) who were asymptomatic on the day of the test. 
Focusing on those with specific symptoms (cough, and/or fever, and/or loss of taste/smell), 
there were 158 (0.43%) with such symptoms on the day of the test. Of the 115 with a positive 
SARS-CoV-2, there were 16 (13.9%) reporting symptoms. In contrast, 99 (86.1%) did not 
report specific symptoms on the day of the test. The PPV for all symptoms was 4.3% and for 
the specific symptoms 10.1%. The specificity and NPV of symptoms were above 98%.
Conclusion: COVID-19 symptoms are poor markers of SARS-CoV-2. Thus, 76.5% of this 
random sample who tested positive reported no symptoms, and 86.1% reported none of those 
specific to COVID-19. A more widespread testing programme is necessary to capture 
“silent” transmission and potentially prevent and reduce future outbreaks.
Keywords: COVID-19 symptoms, SARS-CoV-2, sensitivity, asymptomatic SARS-CoV-2

Introduction
A major component of the strategy to suppress SARS-CoV-2 transmission is to advise 
those with symptoms of COVID-19 to self-isolate. However, there are several reports 
suggesting that not all individuals with a positive SARS-CoV-2 RNA test result have 
symptoms.1–7 The proportion of asymptomatic cases varies substantially between 
studies and settings.8 For example, among 262 confirmed cases admitted to hospitals 
in Beijing 13 (5%) were asymptomatic. In contrast, reports from a small village in Italy 
suggest that up to 40–75% were asymptomatic.6,9 A study of 13,000 residents in 
Iceland found 43 out of 100 with a positive SARS-CoV-2 test were asymptomatic.7 

There are also several reports of asymptomatic children,4,10,11 but many reports of 
asymptomatic cases are from selective and relatively small study samples.8
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In this analysis of data from a large representative study 
by the English Office for National Statistics we aimed to 
understand the value of COVID-19 symptoms as a marker 
for SARS-CoV-2 infection. We estimated the sensitivity, 
specificity, positive and negative predictive values of 
COVID-19 symptoms for SARS-CoV-2 infections as well 
as the proportion of asymptomatic cases (1 – sensitivity). 
These basic epidemiological estimates may help to inform 
the needed scale of future SARS-CoV-2 test programmes.

Methods
Data Source
The Office for National Statistics Coronavirus (COVID- 
19) Infection Survey pilot is a household survey of private 
households in England, excluding people living in care 
homes, other communal establishments and hospitals. 
The sample for the survey is drawn mainly from the 
Annual Population Survey (APS). Further information on 
the survey is available on the study website.12

The survey is ongoing, but for this study, we used data 
collected in the period 26 April and 27 June 2020 and 
reported in the statistical bulletin on 9 July 2020 (July 
edition of the dataset released on 7 July).13 Thus, we 
used information on the number of individuals with and 
without symptoms testing positive for SARS-CoV-2 
(Table 10 in the dataset)14 and the number of individuals 
with and without specific symptoms (cough, and/or fever, 
and/or loss of taste/smell) testing positive for SARS-CoV- 
2 (Table 11 in the dataset).14

We use the SARS-CoV-2 test results as a proxy for 
presence of SARS-CoV-2 infection. It is estimated that the 
sensitivity of the SARS-CoV-2 test used in this survey is 
between 85% and 95% and the specificity is above 95%.15 

The sensitivity is a measures of how often the SARS-CoV- 
2 test correctly identifies those who had the virus. 
Specificity measures how often the COVID-19 test cor-
rectly identifies those who did not have the virus.

Data Sharing
The data are available under the open government 
licence.14,16

Analysis
We estimated the sensitivity, specificity, and positive and 
negative predictive values of COVID-19 symptoms as 
a marker of infection by using the results of the SARS- 
CoV-2 test as the “gold standard”. We calculated the 

proportion among positive test cases who were asympto-
matic on the day of the test as: 1 – sensitivity.

The sensitivity was estimated as the number of indivi-
duals with COVID19 symptoms who had a positive test 
(A) over the total number of individuals with a positive 
test (A + B) (Table 1).

The specificity was estimated as the number of individuals 
with a negative test and without symptoms (D) over the total 
number of individuals with a negative test (C+ D) (Table 1).

The positive predictive value was estimated as the 
number of individuals with COVID19 symptoms who 
had a positive test (A) over the total number of individuals 
with symptoms (A + C) (Table 1).

The negative predictive value was estimated as the 
number of individuals with no COVID19 symptoms who 
had a negative test (D) over the total number of individual 
with no symptoms (B + D) (Table 1).

All analyses were performed in Stata version 16.

Ethics
The Office for National Statistics Coronavirus (COVID-19) 
Infection Survey has obtained approval by South Central – 
Berkshire B Research Ethics Committee (20/SC/0195).

Table 1 Individuals Reporting Any Symptoms on the Day of the 
Test and COVID-19 Test Results

COVID-19 

Symptoms

COVID-19 

Test Result

Symptomatic Asymptomatic Total

Positive (A) (B) (A+B)

Negative (C) (D) (C+D)

Total (A + C) (B+D)

All Symptoms

COVID-19 

Test Result

Symptomatic Asymptomatic Total

Positive 27 88 115

Negative 598 35,348 35,946

Total 625 35,436 36,061

Specific Symptoms (Cough, and/or Fever, and/or Loss of Taste/ 

Smell)

COVID-19 

Test Result

Symptomatic Asymptomatic Total

Positive 16 99 115

Negative 142 35,804 35,946

Total 158 35,903 36,061
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Results
In total, there were 36,061 individuals who had a SARS- 
CoV-2 test between 26 April and 27 June 2020. Of these, 
there were 625 (1.7%) who reported symptoms on the day 
of the test. There were 115 (0.32%) with a positive SARS- 
CoV-2 test result (Table 1). Of the 115, there were 
27 (23.5%) who were symptomatic and 88 (76.5%) who 
were asymptomatic on the day of the test (Tables 1 and 2).

Focusing on those who had specific symptoms (cough, 
and/or fever, and/or loss of taste/smell) there were 158 
(0.43%) who had such symptoms on the day of the test. Of 
the 115 with a positive SARS-CoV-2, there were 16 (13.9%) 
who reported such symptoms. In contrast, 99 (86.1%) did not 
report specific symptoms on the day of the test (Table 2).

The positive predictive value (PPV) for symptoms was 
4.3% while the PPV for specific symptoms was 10.1% 
(Table 2). The specificity and negative predictive values 
(NPV) were above 98% (Table 2).

Discussion
Overall, 115 (0.32%) of the sample tested positive for 
SARS-CoV-2. There were less than 2% who reported 
any symptoms indicative of COVID-19 and less than 
0.5% who reported specific symptoms on the day of the 
test. The results of our study suggest that COVID-19 
symptoms are a relatively poor marker of SARS-CoV-2 
infection. Thus, 76.5% of those tested positive reported no 
symptoms and 86% reported none of the specific COVID- 
19 symptoms on the day of the test.

To our knowledge, the Office for National Statistics 
Coronavirus (COVID-19) Infection Survey pilot is the 
largest population survey carried out to date including 
information on the association between COVID-19 symp-
toms and SARS-CoV-2 test results.8 The study sample is 
approximately representative of the English population 
outside care homes, other communal establishments and 
hospital settings. Information on COVID-19 symptoms 

was reported before results of the SARS-CoV-2 test were 
known and therefore not subject to recall bias.

An assumption behind our interpretation is that test 
specificity of SARS-CoV-2 test is very close to 100%. A 
test with specificity of 99.9% conducted in 36,061 people 
without SARS-CoV-2 infection would be expected to lead 
to 36 false-positive tests. Thus, there is scope for over- 
estimating the number of people with SARS-CoV-2 and 
this might be part of the reason for the high proportion of 
positive tests we observed to be in people without symp-
toms. Confirmation of positive test results is important for 
avoiding bias in prevalence estimates in such surveys.

Several studies have highlighted a proportion of 
individuals testing positive for SARS-CoV-2 are 
asymptomatic.1–6,8,9 However, the prevalence of asymp-
tomatic cases varies substantially, possibly due to the 
sampling and the settings of the study.8 The findings 
from our analyses suggest that asymptomatic cases of 
COVID-19 were widespread in the UK in Spring 2020. 
Similar findings were observed from smaller community 
samples Italy where 42% of the individuals testing posi-
tive were asymptomatic6 and on Iceland where 43% of 
the participants who tested positive reported having no 
symptoms, although symptoms may have developed later 
in some of them.7 A study of 126 residents in a nursing 
facility in the US suggested 39% of those who tested 
positive were asymptomatic.1 There has been some 
debate as to whether children and young people were 
less susceptible to SARS-CoV-2 and/or more likely to 
be asymptomatic than adults.11 Unfortunately, we did 
not have access to age-stratified data and therefore unable 
to evaluate this question in further detail.

As the prevalence of SARS-CoV-2 positive tests was 
low (0.32%), it is not surprising that the positive predictive 
value (PPV) of COVID-19 symptoms also was low. 
However, it is worth noting that the PPV for specific symp-
toms is more than twice as high as for the non-specific 

Table 2 Sensitivity, Specificity, Positive Predictive Values, Negative Predictive Values of COVID-19 Symptoms as Markers for COVID- 
19 Infection and Proportion of Asymptomatic Cases on the Day of the Test

Estimates (95% Confidence Intervals)

All Symptoms Specific Symptoms

Sensitivity 23.5% (16.1% to 32.3%) 13.9% (8.2% to 21.6%)
Asymptomatic on the day of the test (1-sensitivity) 76.5% (67.7% to 83.9%) 86.1% (78.4% to 91.8%)

Specificity 98.3% (98.2% to 98.5%) 99.6% (99.5% to 99.7%)

Positive Predictive Values (PPV) 4.3% (2.9% to 6.2%). 10.1% (5.9% to 15.9%)
Negative Predictive Values (NPV) 99.8% (99.7% to 99.8%) 99.7% (99.7% to 99.8%)
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symptoms (10.1% (5.9% to 15.9%) vs 4.3% (2.9% to 
6.2%)). On the other hand, the specificity of the symptoms 
was high consistent with the majority of people without 
SARS-CoV-2 infection being asymptomatic at any point 
in time. However, this may change in periods where there 
is overlap between SARS-CoV-2 infections and other 
respiratory infections eg, in the influenza season.

Our findings have implications for ongoing and future 
SARS-CoV-2 test programmes. The fact that up to 86% of 
those who tested positive were asymptomatic on the day of 
a positive SARS-CoV-2 test results calls for a change to 
future testing strategies. In order to capture “silent” trans-
mission and potentially prevent future outbreaks test pro-
grammes should involve frequent and widespread SARS- 
CoV-2 testing of all individuals, not just symptomatic 
cases at least in high-risk settings or specific locations. 
Thus, a strategy has been proposed for suppressing SARS- 
CoV-2 transmission which involves frequent and wide-
spread testing which is regardless of presence of 
symptoms.17 Such a strategy is feasible with the develop-
ment of simpler tests that produce rapid results at low cost, 
accepting some loss of sensitivity.18

Conclusions
COVID-19 symptoms are poor marker of SARS-CoV-2 
infection. Thus, 76.5% of those who tested positive 
reported no symptoms and 86.1% reported none of the 
specific COVID-19 symptoms on the day of the test. It is 
likely to be necessary to set up test programmes involving 
frequent and widespread SARS-CoV-2 testing of all indi-
viduals, at least where there are recent cases, and certainly 
in high-risk setting, for example, care homes, hospitals, or 
specific industries in order to capture “silent” transmission 
and potentially prevent future outbreaks. It may be impor-
tant for testing programs used to estimate prevalence for 
surveillance purposes to consider test specificity of SARS- 
CoV-2 tests and confirmation of positive cases where the 
person is asymptomatic.
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