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Test TST-140. Hypoxia (retrospective data COLBCTION) ...o.oieueiiiiiieeeeee ettt sttt ettt ettt ebens 320
Test TST-141. Pulmonary auscultation: rhonchi (retrospective data collection) 320
Test TST-142. Loss of appetite (retrospective data COIECION) ...c.cciciiieieieicieeseee ettt e sa e bbb ns 320
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ABSTRACT

Background

COVID-19 illness is highly variable, ranging from infection with no symptoms through to pneumonia and life-threatening consequences.
Symptoms such as fever, cough, or loss of sense of smell (anosmia) or taste (ageusia), can help flag early on if the disease is present. Such
information could be used either to rule out COVID-19 disease, or to identify people who need to go for COVID-19 diagnostic tests. This is
the second update of this review, which was first published in 2020.

Objectives

To assess the diagnostic accuracy of signs and symptoms to determine if a person presenting in primary care or to hospital outpatient
settings, such as the emergency department or dedicated COVID-19 clinics, has COVID-19.

Search methods

We undertook electronic searches up to 10 June 2021 in the University of Bern living search database. In addition, we checked repositories
of COVID-19 publications. We used artificial intelligence text analysis to conduct an initial classification of documents. We did not apply
any language restrictions.

Selection criteria

Studies were eligible if they included people with clinically suspected COVID-19, or recruited known cases with COVID-19 and also controls
without COVID-19 from a single-gate cohort. Studies were eligible when they recruited people presenting to primary care or hospital
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outpatient settings. Studies that included people who contracted SARS-CoV-2 infection while admitted to hospital were not eligible. The
minimum eligible sample size of studies was 10 participants. All signs and symptoms were eligible for this review, including individual signs
and symptoms or combinations. We accepted a range of reference standards.

Data collection and analysis

Pairs of review authors independently selected all studies, at both title and abstract, and full-text stage. They resolved any disagreements
by discussion with a third review author. Two review authors independently extracted data and assessed risk of bias using the QUADAS-2
checklist, and resolved disagreements by discussion with a third review author. Analyses were restricted to prospective studies only. We
presented sensitivity and specificity in paired forest plots, in receiver operating characteristic (ROC) space and in dumbbell plots. We
estimated summary parameters using a bivariate random-effects meta-analysis whenever five or more primary prospective studies were
available, and whenever heterogeneity across studies was deemed acceptable.

Main results

Weidentified 90 studies; for this update we focused on the results of 42 prospective studies with 52,608 participants. Prevalence of COVID-19
disease varied from 3.7% to 60.6% with a median of 27.4%. Thirty-five studies were set in emergency departments or outpatient test centres
(46,878 participants), three in primary care settings (1230 participants), two in a mixed population of in- and outpatients in a paediatric
hospital setting (493 participants), and two overlapping studies in nursing homes (4007 participants). The studies did not clearly distinguish
mild COVID-19 disease from COVID-19 pneumonia, so we present the results for both conditions together.

Twelve studies had a high risk of bias for selection of participants because they used a high level of preselection to decide whether reverse
transcription polymerase chain reaction (RT-PCR) testing was needed, or because they enrolled a non-consecutive sample, or because
they excluded individuals while they were part of the study base. We rated 36 of the 42 studies as high risk of bias for the index tests
because there was little or no detail on how, by whom and when, the symptoms were measured. For most studies, eligibility for testing
was dependent on the local case definition and testing criteria that were in effect at the time of the study, meaning most people who were
included in studies had already been referred to health services based on the symptoms that we are evaluating in this review.

The applicability of the results of this review iteration improved in comparison with the previous reviews. This version has more studies
of people presenting to ambulatory settings, which is where the majority of assessments for COVID-19 take place. Only three studies
presented any data on children separately, and only one focused specifically on older adults.

We found data on 96 symptoms or combinations of signs and symptoms. Evidence on individual signs as diagnostic tests was rarely
reported, so this review reports mainly on the diagnostic value of symptoms. Results were highly variable across studies. Most had very
low sensitivity and high specificity. RT-PCR was the most often used reference standard (40/42 studies).

Only cough (11 studies) had a summary sensitivity above 50% (62.4%, 95% CI 50.6% to 72.9%)); its specificity was low (45.4%, 95% CI 33.5%
to 57.9%)). Presence of fever had a sensitivity of 37.6% (95% Cl 23.4% to 54.3%) and a specificity of 75.2% (95% Cl 56.3% to 87.8%). The
summary positive likelihood ratio of cough was 1.14 (95% Cl 1.04 to 1.25) and that of fever 1.52 (95% CI 1.10 to 2.10). Sore throat had a
summary positive likelihood ratio of 0.814 (95% CI 0.714 to 0.929), which means that its presence increases the probability of having an
infectious disease other than COVID-19.

Dyspnoea (12 studies) and fatigue (8 studies) had a sensitivity of 23.3% (95% CI 16.4% to 31.9%) and 40.2% (95% Cl 19.4% to 65.1%)
respectively. Their specificity was 75.7% (95% Cl 65.2% to 83.9%) and 73.6% (95% Cl 48.4% to 89.3%). The summary positive likelihood
ratio of dyspnoea was 0.96 (95% Cl 0.83 to 1.11) and that of fatigue 1.52 (95% Cl 1.21 to 1.91), which means that the presence of fatigue
slightly increases the probability of having COVID-19.

Anosmia alone (7 studies), ageusia alone (5 studies), and anosmia or ageusia (6 studies) had summary sensitivities below 50% but summary
specificities over 90%. Anosmia had a summary sensitivity of 26.4% (95% Cl 13.8% to 44.6%) and a specificity of 94.2% (95% Cl 90.6% to
96.5%). Ageusia had a summary sensitivity of 23.2% (95% Cl 10.6% to 43.3%) and a specificity of 92.6% (95% CI 83.1% to 97.0%). Anosmia
or ageusia had a summary sensitivity of 39.2% (95% Cl 26.5% to 53.6%) and a specificity of 92.1% (95% Cl 84.5% to 96.2%). The summary
positive likelihood ratios of anosmia alone and anosmia or ageusia were 4.55 (95% Cl 3.46 t0 5.97) and 4.99 (95% Cl 3.22 to 7.75) respectively,
which is just below our arbitrary definition of a 'red flag/, that is, a positive likelihood ratio of at least 5. The summary positive likelihood
ratio of ageusia alone was 3.14 (95% CI 1.79 to 5.51).

Twenty-four studies assessed combinations of different signs and symptoms, mostly combining olfactory symptoms. By combining
symptoms with other information such as contact or travel history, age, gender, and a local recent case detection rate, some multivariable
prediction scores reached a sensitivity as high as 90%.

Authors' conclusions

Most individual symptoms included in this review have poor diagnostic accuracy. Neither absence nor presence of symptoms are accurate
enough to rule in or rule out the disease. The presence of anosmia or ageusia may be useful as a red flag for the presence of COVID-19.
The presence of cough also supports further testing. There is currently no evidence to support further testing with PCR in any individuals
presenting only with upper respiratory symptoms such as sore throat, coryza or rhinorrhoea.
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Combinations of symptoms with other readily available information such as contact or travel history, or the local recent case detection rate
may prove more useful and should be further investigated in an unselected population presenting to primary care or hospital outpatient
settings.

Thediagnostic accuracy of symptoms for COVID-19 is moderate to low and any testing strategy using symptoms as selection mechanism will
resultin both large numbers of missed cases and large numbers of people requiring testing. Which one of these is minimised, is determined
by the goal of COVID-19 testing strategies, that is, controlling the epidemic by isolating every possible case versus identifying those with
clinically important disease so that they can be monitored or treated to optimise their prognosis. The former will require a testing strategy
that uses very few symptoms as entry criterion for testing, the latter could focus on more specific symptoms such as fever and anosmia.

PLAIN LANGUAGE SUMMARY

How accurate are symptoms and medical examination to diagnose COVID-19?
Key messages
- The results suggest that a single symptom included in this review cannot accurately diagnose COVID-19.

- Loss of sense of taste or smell could be a 'red flag' for the presence of COVID-19. Cough or fever might be useful to identify people who
might have COVID-19. These symptoms might be useful to prompt further testing when they are present.

-We need more research to investigate combinations of symptoms and signs with other information such as recent contact or travel history,
or vaccination status, and in children, and adults aged 65 years and over.

What are symptoms or signs of COVID-19?

Symptoms are experienced by patients. COVID-19 symptoms include cough, sore throat, high temperature, diarrhoea, headache, muscle
or joint pain, fatigue, and loss of sense of smell and taste.

Signs are measured by healthcare workers during clinical examination. They include lung sounds, blood pressure, blood oxygen level and
heart rate.

Symptoms and signs of COVID-19 might be important to help people know whether they and the people they come into contact with should
isolate at home, undergo testing with a rapid lateral flow test or PCR (laboratory-based) test, or be hospitalised.

What did we want to find out?

Symptoms and signs of COVID-19 are varied and may indicate other diseases, not just COVID-19. We wanted to know how accurate diagnosis
of COVID-19 is, based on symptoms and signs from medical examination. We were interested in people with suspected COVID-19, who go
to their doctor, outpatient test centres or hospital.

What did we do?

We searched for studies that assessed the accuracy of symptoms and signs to diagnose COVID-19. Studies had to be conducted in general
practice, outpatient test centres or hospital outpatient settings only. We only included studies of people in hospital if signs and symptoms
were recorded when they were admitted to the hospital, for example through the emergency department.

What did we find?

We focused on 42 studies with 52,608 participants in this review. The studies assessed 96 separate or combined symptoms and signs. Thirty-
five studies were conducted in emergency departments or outpatient COVID-19 test centres (46,878 participants), 3 studies in general
practice (1230 participants), 2 studies in children’s hospitals (493 in- and outpatients), and 2 studies in nursing homes (4007 participants).
The studies were conducted in 18 different countries around the world. Twenty-three studies were conducted in Europe, 8 in North-
America, 5in Asia, and 3 in South-America and 3 in Australia. We didn’t find any studies conducted in Africa. Three focused specifically on
children, and only 1 focused on adults aged 65 years and over.

Most studies did not clearly distinguish between mild and severe COVID-19, so we present the results for mild, moderate and severe disease
together.

Few studies reported individual signs as diagnostic tests, so we focus mainly on the diagnostic value of symptoms. The most frequently
reported symptoms were cough, fever, shortness of breath and sore throat.

According to the studiesin our review, in a group of 1000 people with suspected COVID-19 of whom 270 (27%) would actually have COVID-19,
around 567 people would have a cough. Of these 567, 168 would actually have COVID-19. Of the 433 who do not have a cough, 102 would
have COVID-19. In the same 1000 people, around 283 people would have a fever. Of these 283, 102 would actually have COVID-19. Of the
717 people without fever, 168 would have COVID-19.
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Someone who has lost their sense of smell or taste is five times more likely to have COVID-19 than someone who hasn’t.

Other symptoms, such as a sore throat or runny nose, are more likely to indicate the presence of an infectious disease other than COVID-19.
In the same 1000 people as described above, around 362 people would have a sore throat. Of these, only 84 would actually have COVID-19.
Of the 638 patients without sore throat, 186 would have COVID-19. We found similar figures for having a runny nose.

What are the limitations of the evidence?

The results of this updated review are more reliable than those in previous versions as we included more high-quality studies. However,
the accuracy of individual symptoms varied across studies and the diagnostic value of symptoms such as fever, cough or other respiratory
symptoms might still be overestimated, as most studies deliberately included participants because they had these symptoms.

The results do not clearly differentiate between people with mild, moderate or severe COVID-19. Only a few studies investigated the
symptom-based diagnosis of COVID-19 in children or older adults.

How up to date is this review?

This review updates our previous review. The evidence is up to date to June 2021.
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SUMMARY OF FINDINGS

Summary of findings 1. Symptoms to determine if a patient presenting in primary care or hospital outpatient setting has COVID-19

Symptoms to determine if a patient presenting in primary care or hospital outpatient setting has COVID-19

Patient or population: people with COVID-19 symptoms

Setting: primary care or hospital outpatient departments

Index test(s): symptoms of COVID-19

Target condition: SARS-CoV-2 infection (symptomatic of any severity); mild or moderate COVID-19; severe or critical COVID-19
Reference standard: RT-PCR

Top 10 of most reported symptoms to determine if a patient presenting in primary care or hospital outpatient setting has COVID-19 (prospective cross-sectional studies on-
ly). We estimated pooled sensitivity and specificity only for prospective studies with a low risk of bias rating for participant selection.

Symptom Setting Number of stud- Sensitivity (ranges) Specificity (ranges) Strength of evi-
ies/number of par- dence

ticipants
Number of stud-

ies with high
risk of bias per
QUADAS-2 do-
main:

participant selec-
tion/index test/
reference stan-

dard/flow and
timing
Cough Primary care 2/414 70% to 80% 16% to 30% 2/1/0/0
Outpatient clinics/ED 25/32,756 14% to 86% 15% to 88% 7/20/1/1
Mixed: paediatric hospital inpatients/ outpatients 2/493 40% to 47% 29% to 61% 0/2/0/0
Nursing homes 1/3764 63% 38% 0/1/0/0
All settings 11/18,702 Summary estimate: Summary estimate:
(only prospective studies with low risk of bias for 62% (95% C1 51% to 45% (95% Cl 34% to
participant selection) 73%) 58%)
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Fever Primary care 1/334 33% 3% 1/1/0/0
Outpatient clinics/ED 25/40,278 6% to 78% 8% to 99% 6/21/1/1
Mixed: paediatric hospital inpatients/ outpatients 2/493 47%to 51% 30% to 53% 0/2/0/0
Nursing homes 1/3771 63% 58% 0/1/0/0
All settings 12/28,495 Summary estimate: Summary estimate:
(only prospective studies with low risk of bias for 38% (95% Cl 23% to 75% (95% C1 56% to
participant selection) 54%) 88%)

Dyspnoea Primary care 1/334 15% 82% 1/1/0/0
Outpatient clinics/ED 24/30,809 6% to 77% 31% to 95% 7/21/1/1
Mixed: paediatric hospital inpatients/ outpatients 2/493 7% to 16% 86% t0 92% 0/2/0/0
Nursing homes 1/3622 30% 61% 0/1/0/0
All settings 12/19,545 Summary estimate: Summary estimate:
(only prospective studies with low risk of bias for 23% (95% C1 16% to 76% (95% CI 65% to
participant selection) 32%) 84%)

Sore throat Primary care 2/414 19% to 80% 61% to 88% 2/1/0/0
Outpatient clinics/ED 21/26,470 3% to 77% 21% to 94% 8/19/1/1
Mixed: paediatric hospital inpatients/ outpatients 2/493 0% to 35% 79% to 89% 0/2/0/0
Nursing homes 1/2675 10% 86% 0/1/0/0
All settings 10/14,548 Summary estimate: Summary estimate:
(only prospective studies with low risk of bias for 31% (95% Cl1 20% to 62% (95% CI1 47% to
participant selection) 45%) 75%)

Headache Primary care 2/414 11% to 40% 71% to 85% 2/1/0/0
Outpatient clinics/ED 19/26,135 2% to 93% 9% to 93% 10/16/1/1
Mixed: paediatric hospital inpatients/ outpatients 2/493 0% to 27% 76% to 95% 0/2/0/0
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Nursing homes

All settings 7/10899 Summary estimate: Summary estimate:
(only prospective studies with low risk of bias for 36% (95% CI 17% to 73% (95% CI1 53% to
participant selection) 60%) 86%)

Diarrhoea Primary care 1/334 4% 93% 1/1/0/0
Outpatient clinics/ED 19/24042 10% to 64% 44% to 95% 6/17/1/1
Mixed: paediatric hospital inpatients/ outpatients 2/493 6% to 20% 90% to 93% 0/2/0/0
Nursing homes 1/1286 18% 84% 0/1/0/0
All settings 11/13,669 Summary estimate: Summary estimate:
(only prospective studies with low risk of bias for 19% (95% Cl 16% to 84% (95% C1 79% to
participant selection) 22%) 88%)

Myalgia Primary care 1/334 26% 81% 1/1/0/0
Outpatient clinics/ED 17/16,106 20% to 84% 22% t0 92% 9/15/0/0
Mixed: paediatric hospital inpatients/ outpatients 1/319 0% 92% 0/1/0/0
Nursing homes - - - -
All settings 6/2684 Summary estimate: Summary estimate:
(only prospective studies with low risk of bias for 38% (95% Cl 21% to 75% (95% CI1 58% to
participant selection) 58%) 87%)

Anosmia Primary care 2/1150 26% to 41% 88% to 93% 1/2/0/0
Outpatient clinics/ED 18/18,958 1% to 65% 70% to 99% 9/15/1/2
Mixed: paediatric hospital inpatients/ outpatients - - - -
Nursing homes - - - -
All settings 7/9456 Summary estimate: Summary estimate:
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(only prospective studies with low risk of bias for
participant selection)

26% (95% CI 14% to
45%)

94% (95% C191% to
97%)

Fatigue Primary care 1/334 19% 1% 1/1/0/0
Outpatient clinics/ED 15/12,369 15% to 90% 18% to 94% 6/14//1/1
Mixed: paediatric hospital inpatients/ outpatients 2/493 0% to 4% 95% to 97% 0/2/0/0
Nursing homes 1/1286 22% 87% 0/1/0/0
All settings 8/7967 Summary estimate: Summary estimate:
(only prospective studies with low risk of bias for 40% (95% C1 19% to 74% (95% C1 48% to
participant selection) 65%) 89%)

Chills/shivers Primary care 2/414 19% to 20% 89% to 93% 2/1/0/0
Outpatient clinics/ED 10/21,980 26% to 81% 28% to 97% 4/10/0/0
Mixed: paediatric hospital inpatients/ outpatients 1/174 8% 98% 0/1/0/0
Nursing homes - - - -
All settings 5/14,472 Summary estimate: Summary estimate:

(only prospective studies with low risk of bias for
participant selection)

25% (95% Cl 15% to
39%)

85% (95% CI 72% to
93%)

Cl: confidence interval; ED: emergency department; RT-PCR: reverse transcription polymerase chain reaction
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BACKGROUND

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus and resulting COVID-19 pandemic present important
diagnostic evaluation challenges. These range from, on the one
hand, understanding the value of signs and symptoms in predicting
possible infection, assessing whether existing biochemical and
imaging tests can identify infection and recognise patients needing
critical care, and on the other hand, evaluating whether new
diagnostic tests can allow accurate rapid and point-of-care testing.
Also, the diagnostic aims are diverse, including identifying current
infection, ruling out infection, identifying people in need of care
escalation, or testing for past infection and immunity.

This review is the second update of a review summarising
evidence of the diagnostic accuracy of presenting clinical signs
and symptoms for COVID-19. This review is part of a suite of
reviews on the diagnosis of SARS-CoV-2 infection and COVID-19
disease, exploring the accuracy of antibody tests (Deeks 2020a),
routine laboratory testing (Stegeman 2020), rapid point-of-care
tests (Dinnes 2021) and thoracic imaging tests (Islam 2021).

Target condition being diagnosed

The key target conditions for this suite of reviews are current SARS-
CoV-2 infection, current COVID-19, and past SARS-CoV-2 infection.

For current infection, the severity of the disease is of importance.
SARS-CoV-2 infection can be asymptomatic (no symptoms); mild or
moderate (symptoms such as fever, cough, loss of smell (anosmia)
or taste (ageusia), aches, lethargy but without difficulty breathing
at rest); severe (symptoms with breathlessness and increased
respiratory rate indicative of pneumonia and oxygen need); or
critical (requiring intensive support due to severe acute respiratory
syndrome (SARS) or acute respiratory distress syndrome (ARDS),
shock or other organ dysfunction (NIH 2021). People with COVID-19
pneumonia (severe or critical disease) require different patient
management, which makes it important to distinguish between
them and mild or moderate disease.

Thus, there are three target conditions for current infection:

1. SARS-CoV-2 infection (asymptomatic or symptomatic of any
severity);

2. mild or moderate COVID-19 disease;
3. COVID-19 pneumonia (severe or critical).

Here we summarise the evidence on signs and symptoms; as a
result asymptomatic SARS-CoV-2 and past SARS-CoV-2 infection are
out of scope for this review.

Index test(s)
Signs and symptoms

Signs and symptoms are used in the initial diagnosis of
suspected COVID-19 disease, and to identify people with COVID-19
pneumonia. Symptoms are what are experienced by patients,
for example cough or nausea. Signs are obtained by clinical
examination. Signs of COVID-19 examined in this review include
lung sounds, blood pressure, blood oxygen level and heart rate.

Key symptoms that have been associated with mild to moderate
COVID-19 disease include: troublesome dry cough (for example,

coughing more than usual over a one-hour period, or three or
more coughing episodes in 24 hours), fever at examination greater
than 37.8 °C, diarrhoea, headache, breathlessness on light exertion,
muscle pain, fatigue, and loss of sense of smell and taste (Struyf
2021). Signs and symptoms indicating possible pneumonia (severe
or critical disease) include breathlessness at rest, loss of appetite,
confusion, pain or pressure in the chest, and temperature above 38
°C.

Clinical pathway

Important in the context of COVID-19 is that the pathway is
multifaceted because it is designed to care for the diseased
individual and to protect the community from further spread.
Decisions about patient and isolation pathways for COVID-19 vary
according to health services and settings, available resources, and
stages of the epidemic. They will change over time if and when
effective treatments are identified and populations are increasingly
vaccinated. The decision points between these pathways vary, but
allinclude points at which knowledge of the accuracy of diagnostic
information is needed to inform rational decision making.

Prior test(s)

Prior testing will depend on whether people are being investigated
for SARS-CoV-2 infection, mild COVID-19 or COVID-19 pneumonia.
In this review on signs and symptoms, no prior tests are required
because signs and symptoms are used in the initial diagnosis of
suspected SARS-CoV-2 infection, and in identifying people with
mild COVID-19 or COVID-19 pneumonia.

Role of index test(s)

Signs and symptoms are used as triage tests, that is, to rule out
SARS-CoV-2 infection or COVID-19 disease, but also to identify
people with possible COVID-19 who may require further testing,
care escalation or isolation.

Alternative test(s)

We are producing a suite of Cochrane 'living systematic reviews',
which will summarise evidence on the clinical accuracy of different
tests and diagnostic features, grouped according to the present
research questions and settings in the diagnosis of SARS-CoV-2
infection and COVID-19. Summary estimates of accuracy from
these reviews will help inform diagnostic, screening, isolation, and
patient-management decisions.

New tests are being developed and evidence is emerging at an
unprecedented rate during the COVID-19 pandemic. We will aim
to update these reviews as often as is feasible to ensure that they
provide the most up-to-date evidence about test accuracy.

These reviews are being produced rapidly to assist in providing a
central resource of evidence to assist in the COVID-19 pandemic,
summarising available evidence on the accuracy of the tests and
presenting characteristics.

Other Cochrane diagnostic test accuracy (DTA) reviews in the suite
of reviews are addressing the following tests.

« Chest imaging (computed tomography (CT), chest X-ray and
ultrasound (Islam 2021)

« Routine laboratory testing, such as for C-reactive protein (CRP)
and procalcitonin (PCT) (Stegeman 2020)
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« Antibody tests (Deeks 2020a)

« Laboratory-independent point-of-care and
molecular and antigen tests (Dinnes 2021)

« Molecular laboratory tests (in preparation)

near-patient

Rationale

Itis essential to understand the accuracy of diagnostic features and
tests to identify the best way they can be used in different settings
to develop effective diagnostic and management pathways. For
example, the absence of a highly sensitive sign or symptom is good
for ruling out COVID-19, while the presence of a sign or symptom
with high specificity is good for ruling in COVID-19 ('red flag').

OBJECTIVES

To assess the diagnostic accuracy of signs and symptoms to
determine if a person presenting in primary care or to hospital
outpatient settings, such as the emergency department or
dedicated COVID-19 clinics, has COVID-19.

Secondary objectives

Where data are available, we investigated diagnostic accuracy
(either by stratified analysis or meta-regression) according to:

« days since symptom onset;

« population (children, adults, older adults = 65 years);

« reference standard;

« study design;

« setting; and

« risk of bias in participant selection (as scored using QUADAS-2)

Objectives of future updates of this review

This review will no longer be updated in its current form. Objectives
of any future updates of this review are:

« to look at a broader approach involving a combination of
signs and symptoms with other easy-to-obtain information, for
example, point-of-care test results;

« to perform the listed stratified analyses;
« toexplore seasonality;

« to investigate people who require respiratory support or
intensive care.

Summary of previous review

In the first update of our review, we found 44 relevant studies
with 26,884 participants. Prevalence of COVID-19 disease varied
from 3% to 71% with a median of 21%. There were three
studies from primary care settings (1824 participants), nine studies
from outpatient testing centres (10,717 participants), 12 studies
performed in hospital outpatient wards (5061 participants), seven
studies in hospitalised patients (1048 participants), 10 studies in
the emergency department (3173 participants), and three studiesin
which the setting was not specified (5061 participants). The studies
did not clearly distinguish mild COVID-19 disease from COVID-19
pneumonia, so we presented the results for both conditions
together.

Fifteen studies had a high risk of bias for selection of participants
because inclusion in the studies depended on the applicable

testing and referral protocols, which included many of the signs
and symptoms under study in the review. Five studies only included
participants with pneumonia on imaging, suggesting that this is a
highly selected population. In an additional 12 studies, we were
unable to assess the risk for selection bias. This makes it very
difficult to judge the validity of the diagnostic accuracy of the signs
and symptoms from these included studies.

None of the studies presented any data on children separately, and
only one focused specifically on older adults.

We found data on 84 signs and symptoms. Results were highly
variable across studies. Most had very low sensitivity and high
specificity. Only cough (25 studies) and fever (7 studies) had a
summary sensitivity of at least 50% but specificities were moderate
to low. Cough had a sensitivity of 67.4% (95% CI 59.8% to 74.1%)
and specificity of 35.0% (95% Cl 28.7% to 41.9%). Fever had a
sensitivity of 53.8% (95% Cl 35.0% to 71.7%) and a specificity 67.4%
(95% Cl 53.3% to 78.9%). The summary positive likelihood ratio of
coughwasonly 1.04 (95% C10.97 to 1.11) and that of fever 1.65 (95%
Cl1.41t01.93).

Anosmia alone (10 studies), ageusia alone (5 studies), and anosmia
or ageusia (6 studies) had sensitivities below 50% but specificities
over 85%. Anosmia had a summary sensitivity of 30.5% (95% Cl
19.4% to 44.4%) and a specificity of 92.7% (95% CI 87.1% to 96.0%).
Ageusia had a summary sensitivity of 29.4% (95% CI 15.1% to
49.5%) and a specificity of 89.0% (95% Cl 77.6% to 94.9%). Anosmia
or ageusia had a summary sensitivity of 41.0% (95% CI 27.0% to
56.6%) and a specificity of 90.5% (95% Cl 81.2% to 95.4%). The
summary positive likelihood ratios of anosmia alone and anosmia
or ageusia were 4.16 (95% Cl 3.10 to 5.60) and 4.31 (95% Cl 3.00 to
6.18) respectively, which is just below our arbitrary definition of a
red flag, thatis, a positive likelihood ratio of at least 5. The summary
positive likelihood ratio of ageusia alone was 2.67 (95% CI 1.96 to
3.64).

Only two studies assessed combinations of different signs and
symptoms, mostly combining both fever and cough. These
combinations had a specificity above 80%, but at the cost of very
low sensitivity (< 30%).

We concluded that the majority of individual signs and symptoms
included in the review appear to have very poor diagnostic
accuracy, although this should be interpreted in the context of
selection bias and heterogeneity between studies. Based on the
available data, neither absence nor presence of signs or symptoms
are accurate enough to rule in or rule out disease. The presence of
anosmia or ageusia may be useful as a red flag for the presence
of COVID-19. The presence of fever or cough may, given their high
sensitivities, be useful as a triage tool for further testing.

New evidence since previous review

We found more studies on symptoms in people with suspected
COVID-19 that used prospective data collection, allowing for more
reliable estimation of measures of diagnostic accuracy. Moreover,
this update contains new studies on the diagnostic value of 29
different combinations of signs and symptoms.

Limitations of previous review

The main weakness of the initial review and of the first update was
the high risk of selection bias, with many studies including patients
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who had already been admitted to hospital or who had presented
to hospital settings with the intent to hospitalise.

The lack of data on combinations of signs and symptoms was
an important evidence gap. Only two studies presented data on
such combinations. The few composite signs and symptoms that
were presented in those studies had little added diagnostic value
compared to single tests.

METHODS

Criteria for considering studies for this review
Types of studies

We included published studies of all designs that produce
estimates of sensitivity and specificity or provide data from which
estimates can be computed. As of this update, we no longer
included preprints. If no published version of previously included
preprints could be found, we excluded these preprints.

As of this review update, we only included single-gate, cross-
sectional designs (studies that recruit from a patient pathway
before disease status has been ascertained). We included both
studies that used retrospective data collection and studies that
used prospective data collection, but the main findings of
this review will be based on the prospective studies only, as
retrospective studies tend to overestimate the diagnostic accuracy
of the index tests (Rutjes 2006).

Studies had to have a minimum sample size of 10 participants.

Participants

Studies recruiting people presenting with a clinical suspicion of
SARS-CoV-2 infection, based on a symptomatic presentation, were
eligible. At least 50% of the study population had to present with
COVID-19-compatible symptoms.

Index tests
« Allsigns and symptoms, including:

« signs such as oxygen saturation, measured by oximetry and
blood pressure;

« symptoms, such as fever or cough.

Target conditions

To be eligible, studies had to identify at least one of:

« mild or moderate COVID-19;
« severe or critical COVID-19 (including COVID-19 pneumonia).

Asymptomatic infection with SARS-CoV-2 is out of scope for this
review, considering it is by definition not possible to detect this
based on signs and symptoms.

Reference standards

We anticipated that studies would use a range of reference
standards. Although reverse transcription polymerase chain
reaction (RT-PCR) is considered the best available test, due to
rapidly evolving knowledge about the target conditions, multiple
reference standards on their own as well as in combination have
emerged.

We expected to encounter cases defined by:

« RT-PCRalone;
« RT-PCR, clinical expertise, and imaging (for example, CT thorax);
« repeated RT-PCR several days apart or from different samples;

« plaque reduction neutralisation test (PRNT) or enzyme-linked
immunosorbent assay (ELISA) tests;

«+ information available at a subsequent time point;

« World Health Organization (WHO) and other case definitions
(see Appendix 1).

This list is not exhaustive, and we recorded all reference standards
encountered.

Search methods for identification of studies

The final search date for this version of the review is 10 June 2021.

Electronic searches

For this updated review, we used the University of Bern living
search database as our primary register. This registry searches
PubMed, Embase and preprint archives (medRxiv and bioRxiv) daily
for COVID-19 research. The strategies to build the database can be
found on the ISPM web site are described here ispmbern.github.io/
COVID-19/ and in Appendix 2.

Due to the increased volume of literature a specific classifier
was built for the review topic in Eppi reviewer. In brief, manual
annotations of references on in- or exclusion from repeated
retrieval dates from the previous versions of the review were
partially used as training data and the remaining for validation and
threshold for optimal recall determination. All references from the
University of Bern living search database from 15 July 2020 till 10
June 2021 were run against the classifier and references labelled as
potentially relevant were screened manually. See Appendix 3.

Searching other resources

We also checked our search results against two additional
repositories of COVID-19 publications including:

« the Evidence for Policy and Practice Information and Co-
ordinating Centre (EPPI-Centre) 'COVID-19: Living map of the
evidence' (eppi.ioe.ac.uk/COVID19_MAP/covid_map_v4.html);

« the Norwegian Institute of Public Health 'NIPH systematic
and living map on COVID-19 evidence' (www.nornesk.no/
forskningskart/NIPH_diagnosisMap.html).

Both of these repositories allow their contents to be filtered
according to studies potentially relating to diagnosis, and both
have agreed to provide us with updates of new diagnosis studies
added. For this iteration of the review, we examined all diagnosis
studies from both sources up to 10 June 2021.

We did not apply any language restrictions.

Data collection and analysis
Selection of studies

Pairs of review authors independently screened studies. We
resolved disagreements by discussion with a third, experienced
review author for initial title and abstract screening, and
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through discussion between three review authors for eligibility
assessments.

Data extraction and management

Pairs of review authors independently performed data extraction.
We resolved disagreements by discussion between three review
authors.

We contacted study authors where we needed to clarify details or
obtain missing information.

Assessment of methodological quality

Pairs of review authors independently assessed risk of bias and
applicability concerns using the QUADAS-2 (Quality Assessment
tool for Diagnostic Accuracy Studies) checklist, which was common
to the suite of reviews but tailored to each particular review
(Whiting 2011; Table 1). For this review, we excluded the questions
on the nature of the samples as these were not relevant, and
we added a question on who assessed the signs. We resolved
disagreements by discussion between three review authors.

Statistical analysis and data synthesis

We presented results of estimated sensitivity and specificity
using paired forest plots in Review Manager 2020, and tables as
appropriate.

We considered tests to be useful in ruling out a serious infection
in ambulatory care if their negative likelihood ratio (LR-) was lower
than 0.20; conversely, we considered diagnostic tests useful as red
flags for infections when their positive likelihood ratio (LR+) was 5.0
or higher (Jaeschke 1994; Van den Bruel 2010).

We disaggregated data by study design, reporting results
from prospective studies separately from studies that used a
retrospective design, which we assessed as prone to high risk
of bias (Rutjes 2006). We focused on the results of prospective
studies in this 2022 update. When interpreting the results, we made
sure that the limitations of different study designs were carefully
considered, using quality assessment and analysis.

We estimated summary sensitivity and specificity using a bivariate
random-effects meta-analysis (Macaskill 2013). We undertook
meta-analyses using the Ime4 package (R 2020), implemented
in MetaDTA (crsu.shinyapps.io/dta_ma/). We based the decision
to pool data on the following criteria: clinically acceptable
heterogeneity on visual inspection of the forest and ROC plots, the
availability of at least five studies, and low risk of bias for participant
selection.

Investigations of heterogeneity

Sources of heterogeneity that we investigated if adequate data
were available are listed in the Secondary objectives, either using
stratification (where we believed it was inappropriate to combine
studies) or through meta-regression models.

In this version of the review, we have stratified by population (age
group) and care setting.

Sensitivity analyses

We aimed to undertake sensitivity analyses considering the impact
of unpublished studies, but this was not possible in this version
of the review due to the small number of studies in each meta-
analysis.

Assessment of reporting bias

We aimed to publish lists of studies that we know exist but for which
we have not managed to locate reports, and request information to
include in updates of these reviews. However, at the time of writing
this version of the review, we are unaware of unpublished studies.

Summary of findings

We have listed our key findings in Summary of findings 1 to
determine the strength of evidence for each test and findings, and
to highlight important gaps in the evidence.

Updating

As we will explain in the discussion, this review will no
longer be updated in its current form. Resources allowing, we
will consider updating this review when sufficient studies of
high methodological quality become available examining the
combination of signs and symptoms with other, easy-to-obtain
information such as demographics, point-of-care test results, prior
exposure to an infected person, and recent case detection rate.
Another important outcome would be to investigate whether tests
exist that identify people requiring respiratory support (SARS or
ARDS) or intensive care.

RESULTS

Results of the search

The first selection resulted in 23,683 potentially eligible articles.
This included the 658 articles that we screened in our initial review
and 7394 we screened in the first review update. After screening
15,631 articles on title and abstract for this update, we excluded
15,348 articles, leaving 283 full-text articles to be assessed. We
included 90 studies in this version of the review, 28 of which were
included in the previous reviews. We excluded 16 studies from the
previous review versions from this review because they were either
preprints of which no published version was available at the time of
our final search (n = 7), or because they were case-control studies
(multi-gate designs, n = 9); see Characteristics of excluded studies.
The reasons for excluding 221 articles are listed in the flow chart
(Figure 1; Moher 2009); reasons for excluding a selected number of
studies (n = 143) that Cochrane readers might reasonably expect to
find are also listed in Characteristics of excluded studies.
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respectively. We included all four studies in this review, but we used
only the more complete data from Chung 2021 and Rutten 2020b.
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We determined the most appropriate data set in consultation with ~ Methodological quality of included studies
both study authors.

The results of the quality assessment for all 90 included studies
A summary of the main study characteristics of the prospective ~ are summarised in Figure 2 and Figure 3. Of the 90 single-gate
studies can be found in Table 2. studies included in this review, 42 studies collected their data
prospectively. Only one of the 48 retrospective studies applied a
nested case-control design (Tordjman 2020).

Figure 2. Risk of bias and applicability concerns graph: review authors' judgements about each domain presented
as percentages across included studies
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Figure 3. Risk of bias and applicability concerns summary: review authors' judgements about each domain for each

included study
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Figure 3. (Continued)
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Figure 3. (Continued)

Pivetta 2020
Fokorska-Spiewak 2021
Forto 2021
Raberahona 2020
Romero-Gameros 2020
Romero-Gameros 2021
Futten 20203

Rutten 2020b

Sacks 2020
Saegerman 2021
Salmon Ceron 2020
Shah 2020

Simpson 2020

Sonoda 2021

Sun 2020

Tan 2021

Tolia 2020

Tordjman 2020
Trubiano 2020

Tudrej 2020

“an Loon 2021

WVan Walraven 2021
Vieceli 2020

Wilke 2020

Villerabel 2021

YWee 2020

Wei 2020

Wernhart 2020

Xie 2020

Yormhbi 2020

Yonker 2020

~ @

~ @ 0|

~ 90

~ 9 00 e e eIl

5@

~ 9000

~ 99 e e

~ 90

5 00

=

=l

~ | @

~ @

L

=l

5@

5 0 e

® OO0 000000000000 0001

=

~ 09 e e e e

~ 9 e e e e

5 0 e

=l

~ 90

~ @

~ 99 e e e

~ 99 e e e

POOO O OO OO0 OO0 60000000006 e e e el

Signs and symptoms to determine if a patient presenting in primary care or hospital outpatient settings has COVID-19 (Review) 17
Copyright © 2022 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



Trusted evidence.
Informed decisions.
Better health.

+ § Cochrane
é) Library

Cochrane Database of Systematic Reviews

Figure 3. (Continued)
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In the next section, we discuss the quality assessment of the
42 prospective studies only (Alizadehsani 2021; Bhattacharya
2021; Bouzid 2020; Brendish 2020; Buonafine 2020; Clemency
2020; Drager 2020; Fink 2021; Gilbert 2020; Haehner 2020; Ishii
2021; Jeyashree 2021; Just 2020; Kalayjian 2020; Kempker 2020;
Krastinova 2020; Leal 2020; Maechler 2020; Mansella 2020; Martin-
Sanz 2020; Nazerian 2021; O'Reilly 2020a; O'Reilly 2020b; Olivar
Lopez 2020; Peyrony 2020; Pivetta 2020; Pokorska-Spiewak 2021;
Porto 2021; Romero-Gameros 2020; Romero-Gameros 2021; Rutten
2020a; Rutten 2020b; Saegerman 2021; Salmon Ceron 2020;
Trubiano 2020; Tudrej 2020; Van Loon 2021; Van Walraven 2021;
Villerabel 2021; Wee 2020; Wernhart 2020; Yonker 2020).

Participant selection

Participant selection was at high risk of bias in 12 out of
42 prospective studies. In seven studies (Alizadehsani 2021;
Bhattacharya 2021; Brendish 2020; Buonafine 2020; Kalayjian 2020;
Peyrony 2020; Romero-Gameros 2021), this was because a high
level of preselection was used to decide whether RT-PCR testing
was needed. For example, in Alizadehsani 2021, only patients with
flu-like symptoms who were referred to the imaging department
were included, leading to a preselection of individuals who are
more likely to be infected with the SARS-CoV-2 virus and thus to a
higher disease prevalence (38.5% in this example). Three studies
(Bhattacharya 2021; Gilbert 2020; Just 2020), did not select a
consecutive or random sample. Six studies (Leal 2020; Pivetta 2020;
Romero-Gameros 2020; Saegerman 2021; Villerabel 2021; Wernhart
2020), excluded individuals while they were part of the study base.

For most studies, testing was dependent on the local case definition
and testing criteria that was in effect at the time of the study,
meaning all patients who wereincluded in studies had already gone
through a referral or selection filter.

Index tests

We rated all studies except seven (Bhattacharya 2021; Drager
2020; Fink 2021; Haehner 2020; Jeyashree 2021; Villerabel 2021;
Wernhart 2020), as high risk of bias for the index tests because
there was little to no detail on how, and by whom and when,
the signs and symptoms were measured. However, concerns
that the index tests, their performance or interpretation deviated
from the research question were rated as low in all but
one study (Leal 2020), where symptoms were ascertained via
telephone assessment by a medical student. Olfactory symptoms

were collected in different ways: interviews by telephone or
in person using standardised questionnaires, online surveys,
self-reporting at presentation, or systematic assessment by
staff at enrolment without standardisation. The standardised
questionnaires themselves are rarely reported, and are often newly
developed by each research team.

Reference standard

We rated one study (Pivetta 2020), high risk of bias concerning
the reference standard. They used either an RT-PCR or other
information including clinical, lab data orimaging. All other studies
used RT-PCR or CT scans, depending on the target condition, and
we rated them low risk of bias, although some studies provided
little detail on blinding. This lack of reporting of blinding of the
reference standard did not result in a high risk of bias rating
in studies with SARS-CoV-2 infection as the target condition, as
we assumed that a lab-based RT-PCR result is not influenced by
the index test results. Only one study (Alizadehsani 2021), was at
unclear risk of bias because it was unclear whether the radiologist
interpreting the CT scans was blinded to the index test results.

Flow and timing

Patient flow was unclear in 17 studies (Alizadehsani 2021;
Bhattacharya 2021; Bouzid 2020; Brendish 2020; Buonafine 2020;
Drager 2020; Ishii 2021; Kempker 2020; Krastinova 2020; Martin-
Sanz 2020; O'Reilly 2020b; Olivar Lopez 2020; Pokorska-Spiewak
2021; Porto 2021; Romero-Gameros 2021; Rutten 2020a; Van Loon
2021), either because the timing of recording signs and symptoms
and conduct of the reference standard was unclear, or because
some patients received a second or third reference standard
at unclear time points during hospital admission, or because
participant records were deleted when containing missing data.
We rated two studies (Leal 2020; Pivetta 2020), high risk of bias
concerning patient flow as not all participants received the same
reference standard.

Overall ratings

In summary, we rated 36 of the 42 studies as high risk of bias for the
index tests because there was little or no detail on how, by whom
and when, the signs and symptoms were measured. Participant
selection had a high risk of bias in 12 of the 42 studies. Risk of
bias was most often rated low with regard to the implementation
of the reference standard, and unclear with regard to flow and
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timing. However, the applicability of the study findings to our
review question did not often give rise to substantial concerns.

Findi