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EVIDENCE SUMMARY
Should breath test be used to detect COVID-19 infection?

Evidence Reviewers: Christopher G. Manalo, MD, Cary Amiel G. Villanueva, MD, & Howell
Henrian G. Bayona, MSc

RECOMMENDATION

There is insufficient evidence to recommend the use of breath test in detecting COVID-19
infection (Low quality of evidence).

Consensus Issues
No recommendation was made as there was only one study found that used a technology that
is not accessible at the moment.

Key Findings

Based on one prospective population-based diagnostic accuracy study with high methodological
quality, breath test analysis showed high sensitivity and specificity in detecting COVID-19
infection among symptomatic and asymptomatic individuals in the Netherlands. Further studies
are needed to validate the findings and to recommend the use of breath test analysis as a real-
time diagnostic modality to detect COVID-19 infection in the general population.

Introduction

A novel technology utilizing human exhaled breath analysis is currently being investigated as a
possible alternative to RT-PCR for detecting COVID-19 infection [1]. Metabolic changes from
respiratory viral infection leads to changes in breath profiles, suggesting that infection-associated
volatile organic compounds (VOCs) may be used to develop non-invasive diagnostic modalities
through breath analyzers using sensor arrays or electronic noses. Breath metabolic profiling is
particularly attractive for SARS-CoV-2 biomarker as a number of viral infections like influenza are
known to alter VOCs present in breath exhalate [2].

Recent exploratory clinical and observational case-control studies on breath test analysis [2-5]
(n=1002) reported a pooled sensitivity 0.88 (95% CI 0.81-0.93) and specificity 0.67 (95% CI 0.55-
0.77) in detecting COVID-19 infection compared to SARS-CoV-2 RT-PCR as gold standard.
These studies, however, had limited sample size, utilized different test principles (gas
chromatography and metal oxide sensors), and had imprecise specificity estimates which ranged
from poor to acceptable. At present, the US, Finland, Singapore, India, and Israel are testing
whether this technology can also be used as a mass screening tool for COVID-19 [6-7]. This
review aims to present current evidence on the accuracy of breath tests in detecting COVID-19
infections.
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Review Methods

We searched for articles that investigated the utility of breath test in detecting COVID-19 infection
among asymptomatic and symptomatic individuals. A systematic literature search up to 01 May
2021 was performed in online databases (MEDLINE, Cochrane CENTRAL Database), trial
registries (ClinicalTrials.gov, WHO International Clinical Trials Registry Platform), pre-print
servers (MedRxiv, BioRxiv), and existing COVID-19 repositories (COVID-19 Open Living
Evidence  Synthesis  [https://covid-nma.com/),  Living  Evidence on  COVID-19
[https://zika.ispm.unibe.ch/ assets/data/pub/search_beta]).

Search terms related to “COVID-19”, “SARS-COV-2”, “breath test’, and “volatile organic
compounds” were used. No language restrictions were applied. Narratives, commentaries, case
report and case series articles, and case-control studies were excluded in the analysis. Sensitivity,
specificity, and area under the receiver-operator-characteristic (AUROC) curve were extracted,
analyzed, and reported.

Results

Characteristics of the Included Study

One prospective population-based study [8] with a total sample population of 2,702 participants
investigated exhaled human breath test in detecting COVID-19 infection in the Netherlands.
Among these participants, 1,948 (72%) were symptomatic while 754 (28%) were asymptomatic
close contacts of COVID-confirmed patients. Upon presentation at the test facility, all study
participants underwent a combined throat and nasopharyngeal swab followed by assessment of
exhaled breath using eNose (SpiroNose, Breathomix, Leiden, The Netherlands) technology. The
SpiroNose consists of seven different cross-reactive metal oxide semiconductor (MOS) sensors
integrated with an online server and analytical platform for real-time automated analysis. The
combination of sensor signals generated an individual breath profile to characterize the VOC
composition in exhaled breath. SARS-CoV-2 RT-PCR was used as gold standard for diagnostic
classification. Test-based diagnostic classification using SARS-CoV-2 RT-PCR was done <7 days
after inclusion. Prevalence of COVID-19 infection was found to be 12% and 7% in the
symptomatic and asymptomatic groups, respectively.

Diagnostic accuracy

Pooled results showed that exhaled breath analysis was highly sensitive 0.99 (95% CI1 0.97-1.00)
and moderately specific 0.79 (95% CI 0.78-0.81) in detecting COVID-19 infection among
symptomatic and asymptomatic individuals. In the subgroup analysis, the symptomatic group
showed a sensitivity of 1.00 (95% CI 0.98-1.00) and a specificity of 0.80 (95% CI 0.78-0.82) with
an AUROC of 0.94 (95% CI 0.93-0.95). The asymptomatic set, however, showed a slightly lower
sensitivity of 0.98 (CI 0.90-0.99) and specificity of 0.78 (95% CI 0.75-0.81) with AUROC of 0.91
(0.88-0.94). While results showed high sensitivity and modest specificity, significant false positive
results from the breath test system were noted. In the study, false positive results were attributed
to concerns about false negative RT-PCR results. RT-PCR was used as reference standard for
detecting SARS-CoV-2 in the study. No further investigations were done to determine cross-
reaction among the participants with false positive result or to identify alternative diagnosis among
symptomatic participants with false positive result. Nevertheless, as a highly sensitive test, the
use of breath test analysis presents as a potential screening modality in rapidly detecting COVID-
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19 infection in symptomatic and asymptomatic individuals. However, these encouraging results
require further validation in larger population-based studies or clinical trials.

Overall quality of evidence

Despite the good methodologic quality of the study, the overall quality of evidence was
downgraded to low as inconsistency and publication bias could not be ascertained with only one
study (See Appendix 4).

Recommendations from Other Groups

Currently, there are no published recommendations on the use of breath test in detecting COVID-
19 infection from the World Health Organization, US National Institutes of Health, and the Centers
for Disease Control. The Malaysian Health Technology Assessment Section (MaHTAS) [7] of the
Ministry of Health Malaysia recognized the good sensitivity and specificity of breath test analysis
to discriminate and screen for COVID-19 infection among COVID-19 confirmed patient and
healthy controls. However, further evaluation and validation studies with larger sample size are
required to ascertain its effectiveness and safety.

Research Gaps

One non-randomized clinical trial (n=4000) from Israel and three observational studies (n=500)
from the US and Canada are currently investigating the diagnostic accuracy of breath test in
COVID-19 infection among asymptomatic and symptomatic individuals.
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Appendix 1: Characteristics of Included Study

Study Study Design Population Index Test Gold Standard Outcome
De Vries 2021 Prospective, real- General (unselected eNose (SpiroNose, SARS-CoV-2 RT-PCR Replication Set
(n=2,702) world data population) who Breathomix, Leiden, The (n=1948)
presented to a test Netherlands) Sn 100% (98-100)
facility Sp 80% (78-82)
PPV 40% (36-44)
Symptomatic Set NPV 100% (99-100)
(n=1,948) AUROC 0.937 (0.926-
0.947)
Asymptomatic Set
(n=754) Asymptomatic Set
(n=754)

Sn 98% (90-99)

Sp 78% (75-81)
PPV 25% (19-31)
NPV 100% (99-100)
AUROC 0.909 (0.88-
0.94)

Sn=sensitivity; Sp=specificity; NPV=negative predictive value; PPV=positive predictive value; AUROC=area under the receiver operator characteristic curve
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Appendix 2: Results
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Pooled Estimate

(0.97 to 1.00)

De Vries et al., 2021 TRUE FALSE FALSE TRUE Sensitivity Specificity
POSITIVE POSITIVE NEGATIVE | NEGATIVE
Symptomatic (Replication) Set 1.0 0.80
(n=1948) 229 347 1 1371 (0.98 to 1.00) (0.78 t0 0.82)
Asymptomatic Set 0.98 0.78
(n=754) 49 152 1 552 (0.90 to 0.99) (0.75t0 0.81)
0.99 0.79

(0.78 10 0.81)
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Appendix 3A: GRADE Evidence Profile for Symptomatic and Asymptomatic Patients

Question: Should breath test be used to detect COVID-19 infection in symptomatic and asymptomatic individuals?

Sensitivity 0.99 (95% CI: 0.97 to 1.00)
Prevalences 10%
Specificity 0.79 (95% CI: 0.78 to 0.80)
Factors that may decrease certainty of evidence
Outcome ha i stu_dies (h o Study design
patients)
Risk of g z s Publication
bi Indirectness Inconsistency Imprecision 2

ias bias
True positives 1 studies cross-sectional (cohort type ' not not serious  serious 2 not serious = serious ®
(patients with COVID-19 infection) 280 patients accuracy study) serious
False negatives
(patients incorrectly classified as not
having COVID-19 infection)
True negatives 1 studies cross-sectional (cohort type ' not not serious  serious 2 not serious = serious
(patients without COVID-19 infection) 2422 patients accuracy study) serious

False positives
(patients incorrectly classified as
having COVID-19 infection)

Explanations

a.  Inconsistency cannot be ascertained with only one study
b.  Publication bias cannot be ascertained with only one study
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Effect per 1,000

patients tested
Test accuracy

CoE
pre-test probability of
10%
99 (97 to 100) $$OO
LOW
1(0to 3)

711 (702 to 720) 000
LOW

189 (180 to 198)



Appendix 3B: GRADE Evidence Profile for Symptomatic Patients

Question: Should breath test be used to detect COVID-19 infection in symptomatic individuals?

Sensitivity 1.00 (95% CI: 0.98 to 1.00)
Prevalences 12%
Specificity 0.80 (95% CI: 0.78 to 0.82)
Factors that may decrease certainty of evidence
Outcome bt stug lag (N cf Study design
patients)
Risk of . . - Publication
5 Indirectness Inconsistency Imprecision 5

bias bias
True positives 1 studies cross-sectional (cohort type ' not not serious | serious 2 not serious = serious b
(patients with COVID-19 infection) 230 patients accuracy study) serious
False negatives
(patients incorrectly classified as not
having COVID-19 infection)
True negatives 1 studies cross-sectional (cohort type ' not not serious | serious 2 not serious = serious ®
(patients without COVID-19 infection) 1718 patients accuracy study) serious

False positives
(patients incorrectly classified as
having COVID-19 infection)

Explanations

a.  Inconsistency cannot be ascertained with only one study
b.  Publication bias cannot be ascertained with only one study
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Effect per 1,000
patients tested
Test accuracy
CoE
pre-test probability of
12%

120 (118 to 120) 2000
LOW

0(0to02)

704 (686 to 722) 2000
Low

176 (158 to 194)



Appendix 3C: GRADE Evidence Profile for Asymptomatic Patients

Question: Should breath test be used to detect COVID-19 infection in asymptomatic?

Sensitivity 0.98 (95% CI: 0.90 to 0.99) Pravalancas 7%
Specificity 0.78 (95% CI: 0.75 t0 0.81)
Factors that may decrease certainty of evidence
QOutcome ol stqd fos (et Study design
patients)
Risk of 5 = o Publication
; Indirectness Inconsistency Imprecision ;

bias bias
True positives 1 studies cross-sectional (cohort type = not not serious | serious @ not serious | serious
(patients with COVID-19 infection) 50 patients accuracy study) serious
False negatives
(patients incorrectly classified as not
having COVID-19 infection)
True negatives 1 studies cross-sectional (cohort type ' not not serious | serious 2 not serious = serious ®
(patients without COVID-19 infection) = 704 patients accuracy study) serious

False positives
(patients incorrectly classified as
having COVID-19 infection)

Explanations

a.  Inconsistency cannot be ascertained with only one study
b.  Publication bias cannot be ascertained with only one study
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Effect per 1,000

patients tested
Test accuracy

CoE
pre-test probability of
7%
69 (63 to 69) @@OO
LOW
1(1t07)

725 (698 to 753) 1210]0)
LOwW

205 (177 to 232)



Appendix 4: QUADAS-2 Risk of Bias and Applicability Evaluation

Patient Selection

A. Risk of Bias
Was a consecutive or random sample of patients enrolled?
Was a case-control design avoided?
Did the study avoid inappropriate exclusions?
Could the selection of patients have introduced bias?
B. Concerns Regarding Applicability
Are there concerns that the included patients and setting do not match the review question?

Index Test

A. Risk of Bias
Were the index test results interpreted without knowledge of the reference standard?
If a threshold was used, was it pre-specified?
Could the conduct or interpretation of the index test have introduced bias?
B. Concerns Regarding Applicability
Are there concerns that the index test, its conduct, or interpretation differ from the review question?

Reference Standard

A. Risk of Bias
Is the reference standard likely to correctly classify the target condition?
Were reference standard results interpreted without knowledge of the results of the index test?
Could the reference standard, its conduct, or its interpretation have introduced bias?

B. Concerns Regarding Applicability

Are there concerns that the target condition as defined by the reference standard does not match the
guestion?

Flow and Timing

A. Risk of Bias
Was there an appropriate interval between index test and reference standard
Did all patients receive the same reference standard
Were all patients included in the analysis
Could the patient flow have introduced bias?

Breath Test
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Appendix 5: Characteristics of Ongoing Studies
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Study ID Sample Population / Intervention/s Gold
Design Size Setting Standard
NCT04602949 4000 COVID-19 Breath Test Analysis | RT-PCR
Non-randomized open-label clinical trial

Israel

NCT04867213 200 COVID-19 Breath Test Analysis | RT-PCR
Prospective Cohort (Observational)

Canada

NCT04341012 200 COVID-19 Breath Test Analysis | RT-PCR
Prospective Cohort (Observational) & Liver

United States of America Disease

NCT04760639 100 COVID-19 Breath Test Analysis | RT-PCR
Feasibility study (Observational)

United States of America
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