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laboratories decide on the most appropriate tests to use for the diagnosis of respiratory viral infections.
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INTRODUCTION

Community-acquired respiratory tract infec
tions occur with varied but predictable frequency 
throughout the year (1). Respiratory tract infec
tions caused by viral pathogens are among the 
most common reasons for healthcare visits (2). 
Transmission occurs through multiple routes in
cluding directly through contact or inhalation of 
viral particles, or indirectly through routes such 
as contact with contaminated fomites and self- 
inoculation of the respiratory tract mucosa (3, 4).

The most common viruses causing respiratory 
illness include picornaviruses (rhinoviruses and 

enteroviruses), influenza viruses (influenza A and 
influenza B), severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), respiratory syncytial 
virus (RSV), parainfluenza viruses (PIVs), endemic 
human coronaviruses, adenoviruses, and human 
metapneumovirus (hMPV) (5). Respiratory viruses 
such as bocavirus and Middle East respiratory syn
drome coronavirus (MERS-CoV) are less common. 
Characteristics of these viruses, including asso
ciated clinical syndromes, strains/types, and sea
sonality can be found in Table 1.

The signs and symptoms of respiratory illness 
overlap for most respiratory viruses and may 
be indistinguishable from bacterial infection on 
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Table 1. Common viral pathogens and associated clinical syndromes.

Family Virus Genomea
Respiratory clinical 

syndromes Seasonality Serotype/Strain

Adenoviridae Adenoviruses (AdV) dsDNA Pharyngitis, common cold, 
laryngitis, bronchitis, 
bronchiolitis, pneumonia

Circulate 
year-round

7 species (A-G):  
>100 types.

Parvoviridae Bocaviruses (BoV) ssDNA Common cold, 
laryngotracheobrochitis 
(croup), bronchiolitis

Winter/early 
spring

HBoV-1: 
serotype 
associated 
with 
respiratory 
symptoms

Coronaviridae Endemic seasonal 
coronaviruses 
(CoV)

ssRNA Common cold, pharyngitis, 
laryngitis, bronchitis, 
bronchiolitis

Winter in 
temperate 
seasons

NL63, OC43, 
HKU1, 229E

Severe acute 
respiratory 
syndrome 
coronaviruses 
(SARS-CoV and 
SARS-CoV-2)

ssRNA Severe acute respiratory 
syndrome; COVID-19: 
ranges from 
asymptomatic, mild to fatal

Year-round for 
SARS-CoV-2 at 
this time

SARS-CoV; 
SARS-CoV-2

Middle East 
respiratory 
syndrome 
coronavirus 
(MERS-CoV)

ssRNA Middle East respiratory 
syndrome (MERS), ranges 
from asymptomatic to mild 
to fatal

Varies. Some 
studies report 
winter and 
summer 
months peaks. 
Others show 
no seasonality

Picornaviridae Enteroviruses (EV) ssRNA Common cold, pharyngitis, 
laryngotracheobrochitis 
(croup), 
hand-foot-and-mouth 
disease, bronchiolitis and 
pneumonia

Peak incidence in 
summer/fall in 
temperate 
regions and 
rainy season in 
tropical

EV-A, EV-B, EV-C 
EV-D: 
Notably, 
EV-D68 which 
is associated 
with flaccid 
myelitis

Human rhinoviruses 
(RhV)

ssRNA Common cold, pharyngitis. 
Severe manifestations: 
otitis media, bronchiolitis, 
croup, and exacerbation of 
asthma with significant 
wheezing in children

Year-round with 
peak incidence 
of September

>100 serotypes

Paraxmyxoviridae Human parainfluenza 
viruses (HPIV)

ssRNA Common cold, pharyngitis, 
croup. 
Severe manifestations: 
bronchiolitis, 
tracheobronchitis, 
pneumonia, and febrile 
and afebrile wheezing

Biennial fall 
epidemics 
(HPIV-1/2); 
spring and 
summer 
epidemics 
(HPIV3)

HPIV-1, HPIV-2, 
HPIV-3, and 
HPIV-4

Orthomyxoviridae Influenza viruses (Flu) ssRNA Influenza, bronchitis, 
bronchiolitis, pneumonia, 
common cold, pharyngitis, 
laryngitis, croup

Winter in 
temperate 
regions

FluA (H1N1, 
H3N2, 2009 
H1N1), FluB, 
FluC

(continued) 
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clinical presentation. Clinical syndromes asso
ciated with respiratory viruses span a wide range 
of presentations from the “common cold” to bron
chitis and severe pneumonia (Table 1). Acute 
upper respiratory tract infections are generally 
mild and self-limited; however, severe complica
tions may develop in both healthy individuals 
and in those with underlying conditions, which 
will be addressed in detail later in this section. 
Most severe complications relate to progression 
to the lower respiratory tract and include pneumo
nia, respiratory failure, and superimposed bacter
ial infection (6, 7).

Noninfectious complications including cardiac 
(e.g., acute myocardial infarction, myocarditis) 
and neurological (e.g., seizure, encephalopathy) 
complications resulting in increased mortality 
have been associated with influenza and other re
spiratory virus infections (8, 9).

The wide range of presentations may be due to 
differences in the host, the site of the infection, 
and the presence of additional pathogens. Both 
the innate and adaptive components of the 

immune systems are involved in the host defenses 
against viral infections (10, 11). Prior exposure to 
viral pathogens might provide partial immunity 
only, given the large diversity of circulating viral 
serotypes and genotypes and the frequent occur
rence of mutations in viral genomes (12, 13).

Additionally, certain populations are more sus
ceptible to severe disease, including children, old
er adults, and patients with underlying diseases, or 
suppressed immune functions (14). In children, 
particularly infants, the increased risk is due in 
part to their immature immune system which is 
characterized by a lack of immune memory and re
duced innate and adaptive immunity (15). In 
children undergoing treatment for hematologic 
malignancies, infections due to influenza, para
influenza, and RSV are particularly common and 
can result in increased morbidity (16, 17). In 
patients with underlying conditions, a defective 
innate immune system, including decrease (e.g., 
mucositis) or increase in mucociliary escalator 
function (mucus hypersecretion), may result 
in decreased clearance of viral pathogens and 

Table 1. Continued  

Family Virus Genomea
Respiratory clinical 

syndromes Seasonality Serotype/Strain

Pneumoviridae Respiratory syncytial 
virus (RSV)

ssRNA Bronchiolitis, pneumonia, 
common cold, croup, 
bronchitis, otitis media

Seasonal 
epidemics in 
the winter 
(temperate 
regions) and in 
the late 
summer 
(tropical 
regions)

RSV-A and 
RSV-B

Human 
metapneumovirus 
(hMPV)

ssRNA Bronchiolitis, common cold, 
laryngitis, bronchitis, 
pneumonia

Late winter and 
spring in 
temperate 
regions but 
with less 
predictability in 
tropical 
regions

aAbbreviations: ss, single-stranded; ds, double-stranded.
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increased risk of infections (10). In adults >65 
years of age, waning innate and acquired immun
ity associated with decreased function of memory 
cluster of differentiation (CD)-8+ T cells results in 
increased susceptibility to viral infections and se
vere disease (18, 19). Early in the COVID-19 pan
demic, older age was identified as a significant 
risk for increased mortality and hospitalization 
due to SARS-CoV-2 (20).

Rapid microbiological diagnosis of acute re
spiratory infections has both therapeutic and 
prognostic implications. Knowledge of the virus 
epidemiology and a complete history and physical 
examination may assist in determining the most 
likely responsible pathogen (21). While healthy, im
munocompetent hosts usually recover from acute 
respiratory infections without the need for labora
tory diagnosis or treatment, specific diagnosis in 
immunosuppressed patients and those with 
underlying conditions is necessary for implement
ing appropriate, targeted therapy when available.

Laboratory testing is necessary because the ac
curacy of clinical diagnosis alone is limited. In one 
study, clinical diagnosis of pneumonia based only 
on clinical findings such as fever, cough, sputum 
production, abnormal chest auscultation, and dys
pnea had limited value in differentiating infectious 
vs noninfectious pneumonia, and bacterial vs viral 
pneumonia (22). Imaging studies, specifically chest 
X-rays and computer-tomography (CT) scans are 
necessary to diagnose pneumonia. However, 
imaging studies are not specific enough to defini
tively distinguish between viral and bacterial infec
tions (23). The addition of procalcitonin and 
C-reactive protein significantly increased the sen
sitivity of clinical diagnosis from an area under 
the curve (AUC) of 0.79 (95% CI, 0.75–0.83) when 
all clinical findings were combined to an AUC of 
0.92 (95% CI, 0.89–0.94); P < 0.001 (24). While 
these biomarkers improve the accuracy of clinical 
assessment for pneumonia, the specific etiology 
remains unknown. This limitation of clinical diag
nosis alone or in combination with imaging and 

other biomarkers underscores the need and the 
importance of viral diagnostics for the rapid detec
tion of respiratory viruses.

WHAT TESTS SHOULD BE USED TO 
DETECT RESPIRATORY VIRUSES?

Several testing methodologies are available for 
the detection of respiratory viruses. They differ 
on several counts including the viral target (e.g., 
protein, DNA, RNA), performance characteristics, 
sample type used, level of complexity, and regula
tory classification (Table 2). Respiratory viral test
ing can be performed in centralized laboratories, 
at the point of care, or outside of a healthcare set
ting. The different settings dictate the type of tests 
that can be utilized and are based on the complex
ity of the selected test as determined by the 
FDA during the premarket approval process. 
Examples of commercially available in vitro diag
nostic (IVD) tests are listed in Table 3.

Sample Types for Respiratory Virus Testing

Nasopharyngeal swabs (NPSs) have been the 
gold standard specimen for detection of respira
tory viruses. NPSs must be collected by a trained 
healthcare provider, limiting who can collect and 
where the test must be collected such as provider 
vs self-collection. Collection of NPSs is often asso
ciated with resistance from patients due to dis
comfort and may result in suboptimal specimen 
quality (25). Collecting swabs from multiple 
sources is an option for increasing the sensitivity 
of respiratory virus detection if NPS collection is 
not feasible (26). However, sensitivities do vary 
by study and there is currently no clear consensus 
on what specimen types are routinely acceptable 
for each virus detection (27). Due to the 
SARS-CoV-2 pandemic and subsequent strain on 
reagents, supplies, staffing, and testing, the impact 
of different swab types on assay accuracy and sen
sitivity of testing has been more extensively 
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explored for SARS-CoV-2 than any other respira
tory virus to date.

Specimen types are dictated by the acceptability 
requirements of FDA-approved assays. Some as
says list NPSs, nasal swabs, throat swabs, or 
bronchoalveolar lavage fluids as acceptable speci
mens depending on whether the assay is used for 
upper respiratory tract infections (URTIs) or lower 
respiratory tract infections (LRTIs). The patient age 
may also play a role in sample selection, with nasal 
aspirates traditionally being the preferred sam
ples type for young pediatric patients (28). 
Studies have shown that regardless of source, chil
dren have a higher viral load than adults and sub
sequently viral detection in this patient population 
tends to be higher (25). Patients over the age of 65 
years may also exhibit decreased secretions and 

nasal dryness, further reducing the specimen 
quality (26). Patient comfort and compliance 
should be considered as well—if a patient is resist
ant to sample collection by NPS due to discomfort, 
then the sample quality and subsequent sensitiv
ity could decrease as a result of suboptimal collec
tion. The type of swab also impacts accuracy with 
one study finding that flocked NPSs in universal 
transport media have superior accuracy com
pared to NPSs using Dacron swabs (27).

Complexity and method of test will predeter
mine acceptable specimens. When considering 
specimen sources, a trade-off between timeliness, 
quality of specimen, and sensitivity of the method 
used on the specimen should be evaluated (25). 
Non-NPS upper respiratory sources (e.g., lateral 
mid-turbinate nasal, anterior nares, and saliva) 

Table 2. Methods used for routine detection of respiratory viruses.a

Viral 
target Method Specimen types Pros Cons

Regulatory 
status

Antigen LFA - NS
- NPS

- Rapid
- Inexpensive
- Readily available
- Instrument free

- Lower sensitivity
- Limited targets
- Low throughput

- CLIA-waived
- POCT
- Home test

DFA - NS
- NPS
- OPS
- Sputum
- BAL

- Rapid
- Can be multiplexed
- Provides specimen 
quality check

- Moderate sensitivity
- Limited targets
- Low throughput
- Multiple steps
- Manual
- Subjective interpretation
- Requires highly trained staff

- Moderate 
complexity
- High complexity

Nucleic 
acids

NAAT (e.g., 
PCR, 
LAMP, 
TMA)

- NS
- NPS
- OPS
- Saliva
- Sputum 
(pneumonia 
panels)
- BAL 
(pneumonia 
panels)

- Rapid 
(sample-to-answer 
platforms)
- Highly sensitive
- Can be highly 
multiplexed
- Low- to 
high-throughput 
options

- Expensive
- For high- and 
moderate-complexity tests, 
requires highly trained staff
- Multiple steps for some 
platforms

- CLIA-waived
- POCT
- Home test
- Moderate 
complexity
- High complexity

aAbbreviations: LFA, lateral flow immunoassay; DFA, direct fluorescence antibody; NAAT, nucleic acids amplification test; NS, nasal swabs; NPS, 
masopharyngeal swabs; OPS, oropharyngeal swabs; BAL, bronchoalveolar lavage; CLIA, Clinical Laboratory Improvement Amendments; POCT, 
point-of-care test.
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Table 3. Examples of molecular respiratory viral testing divided by the level of complexity (as of 
September 28, 2022).

FDA-cleared/approved test complexitya

Waived Nonwaived

At home Point of care Moderate complexity High complexity

Cue COVID-19 Test 
for Home and 
Over The Counter 
(OTC) Use

Abbott Diagnostics/ID 
NOW COVID-19

ARIES® Flu A/B & RSV Assay Abbott Molecular/Alinity m SARS-CoV-2

Detect Covid-19 
Test

Accula Flu A/Flu B Test BioFire COVID-19 Test 2 Abbott Molecular/RealTime SARS-CoV-2 
assay

Lucira CHECK-IT 
COVID-19 Test Kit

Accula RSV Test BioFire Respiratory Panel 2.1 
(RP2.1)

artus Infl A/B RG RT-PCR Kit

Accula SARS-CoV-2 Test ePlex Respiratory Pathogen 
Panel

BioCode Respiratory Pathogen Panel 
(RPP)

Alere i NAT Flu A/B Focus Simplexa Flu A/B & RSV 
Direct

BioFire FilmArray Pneumonia Panel plus

cobas Influenza A/B & 
RSV Nucleic Acid Test 
for Use on the cobas 
Liat System

Nanosphere Verigene System 
(Multiplexed Nucleic Acid Test 
Detecting 13 Respiratory 
Viruses and 3 Bordetella 
Species)

CDC Human Influenza Virus Real-time 
RT-PCR Diagnostic Panel, Influenza A/ 
B Typing Kit, CDC Human Influenza 
Virus Real-time RT-PCR Diagnostic 
Panel, Influenza A Subtyping Kit, CDC 
Human Influenza Virus Real-time 
RT-PCR, Influenza A/H5 Subtyping Kit

Visby Medical COVID-19 
Point of Care Test

eSensor Respiratory Viral Panel (RVP)

Visby Medical COVID-19, 
influenza A and 
influenza B Point of 
Care Test

Xpert Xpress CoV-2 plus QIAstat-Dx Respiratory Panel Focus Diagnostics Simplexa FluA/B & 
RSV

Xpert Xpress CoV-2/Flu/ 
RSV plus

GEN-PROBE Prodesse ProFAST + Assay 
(Seasonal Influenza A/H1 A/H3 2009 
H1N1 Influenza Viruses) (Seasonal 
Influenza A/H1 A/H3 2009 H1N1 
Influenza Viruses Multiplex real-time 
PCR)

Xpert Xpress Flu/RSV Hologic/Aptima® SARS-CoV-2 Assay

Xpert Xpress Flu Hologic/Panther Fusion SARS-CoV test

IMDx Flu A/B and RSV for Abbott m2000

JBAIDS Influenza A Subtyping Kit

JBAIDS Influenza A&B Detection Kit

Luminex NxTAG Respiratory Pathogen 
Panel on MAGPIX

NeuMoDx™ SARS-CoV-2 Assay

(continued) 
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can be collected by a wider range of healthcare 
personnel or even self-collected.

Methodologies Utilized for Detection of 
Respiratory Viruses
Viral antigen detection. One rapid option for detec
tion of respiratory viruses is the use of antigen tests, 
which uses immunochromatographic methodolo
gies such as lateral flow immunoassay (LFA) (29, 
30). Currently, FDA-approved or FDA Emergency 
Use Authorization (EUA) antigen tests are only avail
able for influenza A, influenza B, SARS-CoV-2, and 
RSV, limiting their applicability to the broad etiolo
gies of respiratory infections (Table 2) (26, 29–33).

Antigen point-of-care tests (POCTs) offer the ad
vantage of being inexpensive, easy to perform with 
rapidly available results, and waived under the 
Clinical Laboratory Improvement Amendments 
(CLIA) regulations. Antigen POCTs can therefore 
be performed by nonlaboratory personnel and 
some are available for at-home testing (e.g., 
SARS-CoV-2 and influenza) (30). This is especially 
advantageous for areas where a centralized lab 
is not geographically close or a fast result would 
change management (e.g., an influenza-positive 
patient receiving Tamiflu) as most antigen tests 
take 10 to 15 min on average (30, 33). Moreover, 
one study demonstrated that antigen POCTs in 
the outpatient setting was able to predict influxes 

of emergency department (ED) cases of influenza, 
highlighting the versatile use of antigen testing 
(34). Unless a digital sensor is used for interpret
ation of antigen tests, no equipment is needed 
(30), allowing for use in small spaces and resource- 
limited settings.

Antigen testing does not amplify the target signal 
and thus requires a higher viral load for detection 
compared to nucleic acid amplification tests 
(NAATs) (30). Multiple studies have demonstrated 
that sensitivity is further decreased for adult popu
lations compared to children, likely due to differ
ence in viral loads in clinical samples (26, 29, 30, 
35–37), especially with RSV. The lower sensitivity 
has been extensively studied during the 
SARS-CoV-2 pandemic. While antigen testing for 
SARS-CoV-2 was a useful screen, antigen testing 
was most accurate at high viral loads with lower 
positive samples often missed (38–40). The manual 
interpretation of antigen tests may be subjective 
and lead to inaccurate results. Some assays have 
reduced this issue by incorporation of a sensor 
that reads and interprets the results, rather than 
relying on visual inspection by a person, which 
may increase the test accuracy (29). Antigen testing 
is also unable to differentiate between subtypes of 
viruses, including influenza A (41, 42). However, the 
ability to differentiate subtypes of influenza A is not 
currently clinically relevant.

Table 3. Continued  

FDA-cleared/approved test complexitya

Waived Nonwaived

At home Point of care Moderate complexity High complexity

QUIDEL MOLECULAR INFLUENZA A + B 
ASSAY

QUIDEL MOLECULAR RSV + HMPV 
ASSAY

Roche/Cobas®SARS-CoV-2 Test
aSeveral SARS-CoV-2 tests which were initially FDA-EUA are now fully FDA-cleared (e.g., the BioFire RP 2.0, Panther Fusion SARS-CoV-2/Flu A/B/RSV 
Assay and the Roche cobas SARS-CoV-2). Most up-to-date information can be found at https://www.accessdata.fda.gov/scripts/cdrh/devicesatfda/ 
index.cfm
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Viral antigens can also be detected using direct 
fluorescent antibody (DFA) assays in which the clin
ical sample is fixed to a solid surface and the viral 
antigen detected using a fluorescently labelled, 
monoclonal antiviral antibody. DFA assays are 
more labor-intensive than rapid LFA and are per
formed in high-complexity laboratories. DFA assays 
are available for select viruses, including RSV, influ
enza, and parainfluenza (26, 32, 37). Like LFAs, 
DFA assays are less sensitive compared to NAATs. 
During the 2009 H1N1 pandemic, influenza DFA as
say was only 65% as sensitive as PCR, with some es
timated ranges from 47.2% to 93% depending on 
patient population (43). Culture of DFA-negative 
specimens was able to detect 51% of the influenza 
cases that were missed by DFA assay alone (43).

Nucleic acids detection. NAATs are the gold stand
ard for diagnosis of respiratory viruses (35) and 
can be modified to account for new strains and vir
al mutations (42). Several NAAT methodologies ex
ist for nucleic acids detection of viruses including 
loop-mediated isothermal nucleic acid amplifica
tion (LAMP), transcription-mediated amplification 
(TMA), and real-time PCR (29, 41, 42). In the case 
of RNA viruses, a reverse transcription step is re
quired to convert the RNA to DNA prior to amplifi
cation. NAATs do not offer information regarding 
infectiousness or active disease (32); patients 
may remain positive for days to weeks after dis
ease resolution, discouraging the use of repeat 
testing of positive patients (44). With the exception 
of those approved for POCT use, most molecular 
assays are performed in high- or moderate- 
complexity laboratories and are typically asso
ciated with longer turnaround time (TAT) (31). An 
advantage of these assays is that they usually 
have a higher throughput and can be automated, 
which is particularly useful in high-volume settings 
(42). Automation further reduces contamination 
risk and human and pipetting error as well as re
ducing hands-on time required by staff, making 
this option appealing to many laboratories (42). 

There are a wide breadth of platforms, manufac
turers, and panels available for molecular tests, 
with instrument overlap for nonrespiratory test
ing. Some multiplex NAATs include both bacterial 
and viral targets and can include over 20 targets 
in one assay (Table 3) (31, 32, 35). This is particular
ly useful when the differential is broad or when 
viruses exhibit different irregular seasonality (31). 
While FDA-approved respiratory assays are widely 
available, some laboratories continue to utilize 
laboratory-developed tests (LDTs) due to cost, 
modifying FDA-approved assays (for example, 
bronchoalveolar lavage [BAL] validation), and cus
tomizability for tailoring testing for specific patient 
populations. Rare causes of respiratory viral infec
tions are not commonly included on the commer
cial respiratory panels. For example, since 2012, 
MERS-CoV has caused over 850 deaths, a fatality 
rate of about 35% (45, 46). However, in the 
United States, only 2 patients tested positive for 
MERS-CoV; both cases occurred in 2014 in health
care workers who traveled to Saudi Arabia (47). 
Given the low risk of MERS-CoV outside of the 
Middle East, many of the current diagnostic panels 
for routine, clinical use in the United States do not 
include a target for this virus.

In 2015, the first CLIA-waived POCT NAAT for in
fluenza was approved (30). There are now multiple 
EUA or FDA-approved POCT NAATs available for 
influenza A, influenza B, RSV, and SARS-CoV-2 
with results available within an hour (29, 31). Not 
all POCTs are CLIA-waived and examples of waived 
and non-waived assays are shown in Table 3. In 
addition to rapid TAT, these assays offer the 
advantage of often being closed systems with 
minimal hands-on time and sample-to-answer 
format. However, given the increased sensitivity 
of molecular methods and the utilization of 
such assays in nonlaboratory settings by person
nel not trained in molecular techniques, environ
mental contamination is a risk and mitigation 
measures should be considered to prevent false- 
positive results (30).
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Next-generation sequencing (NGS) is another 
nucleic acid-based methodology that can be 
used to identify and characterize respiratory 
viruses. As there are currently no FDA-approved 
NGS assays for respiratory infections, availability 
and widespread use is limited and currently 
offered NGS assays are LDTs primarily used 
for viral genome characterization and not diag
nosis (48).

Replicating virus detection. Viral culture has mostly 
been replaced by antigen and molecular testing 
in most clinical laboratories. However, viral culture 
offers the advantage of providing information re
garding recovering infectious virus and phenotypic 
drug susceptibility, but it requires specialized facil
ities and poses biosafety concerns (26). There is no 
single universal cell line for testing of respiratory 
viruses, meaning that there must be a degree of 
clinical suspicion when ordering and particular 
cell lines must be used depending on the sus
pected virus (26). Moreover, many respiratory 
viruses are difficult to isolate or are slow-growing 
and the TAT for viral culture may be too long (up 
to 14 days) to be clinically useful (26, 35). 
Nevertheless, viral culture is particularly useful 
for phenotypic drug resistance and vaccine devel
opment in the case of influenza (42). Viral culture is 
less sensitive than PCR for the detection of viruses 
in clinical samples (42). In the case of SARS-CoV-2, 
one study found that only 46.4% of Reverse- 
Transcriptase (RT)-PCR or antigen-positive 
SARS-CoV-2 specimens had recoverable virus, 
with a higher success rate with lower threshold cy
cle (Ct) values (38).

Viral antibodies. Serology is rarely clinically used for 
diagnosis of respiratory infections and is not wide
ly offered for most respiratory viruses. The assess
ment of IgG can be confounded by prior infection 
or vaccination depending on the virus (26). Acute 
and convalescent samples are often required to 
help establish active or recent infection, which re
quires additional collection and delayed TAT, 

making the test rarely clinically actionable (32). 
SARS-CoV-2 has highlighted the utility of serology 
and immunological assays for assessment of 
population seroprevalence, potentially establish
ing previous infection, and determining immune 
recognition, whether due to immunization or pre
vious exposure (49, 50). Taken together, serology 
remains a key tool in epidemiological investiga
tions but rarely plays a role in clinical diagnosis 
of acute viral respiratory infection.

Recommendations

1. Testing should be performed following FDA- 
approved manufacturers’ recommendations.

2. The preferred specimen type for URTI is an 
NPS. Alternatives when an NPS is not practical 
includes nasal washes (pediatrics), mid- 
turbinate swabs, nasal swabs, throat, or saliva 
as validated.

3. For infections in the lower respiratory tract, BAL 
can be used.

4. The preferred method for diagnosis is an 
NAAT. When an NAAT is not readily available, 
antigen tests could provide an alternative; 
however, they have lower sensitivity compared 
to NAATs.

5. DFA, serology, and viral culture are not recom
mended for routine diagnosis.

HOW SHOULD THE RESULTS OF 
RESPIRATORY TESTING BE INTERPRETED?

Interpretation of positive or negative test results 
depends on the pretest probability of viral infec
tion, which can be influenced partly by epidemio
logical factors, which can be determined by 
accessing current national (e.g., CDC website) 
and state epidemiologic data (e.g., state-specific 
public health website), and clinical factors includ
ing typical signs and symptoms of infections. The 
positive predictive value (the probability of disease 
given a positive result) and the negative predictive 
value (the probability of absence of disease given a 
negative result) take into consideration the 
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prevalence of the circulating virus and the specifi
city of the various tests should be considered for 
accurate interpretation of tests results. For pa
tients with low pretest probability of infection, 
e.g., an asymptomatic person in a low-prevalence 
setting, there is a higher chance of a false-positive 
test. In this situation, a single negative rapid diag
nostic test is sufficient to rule out infection, while 
a positive test may require a repeat test for con
firmation. For patients with high pretest probabil
ity of infection, e.g., a symptomatic person in a 
high-prevalence setting, there is a lower chance 
of false-negative test. Hence, a single positive ra
pid diagnostic test is sufficient to rule in infection 
prompting isolation, notification of providers and 
contacts, and consideration of treatment, while a 
negative test would prompt a repeat test in 2 to 
3 days to exclude viral infections (51).

Interpreting Molecular Test Results

A positive molecular result for a respiratory virus 
usually confirms an infection with the virus but 
does not mean the presence of infectious virus. 
It is important to note that the molecular detection 
of respiratory viruses is a sensitive approach that 
is capable of detecting nucleic acids prior to symp
toms and for extended periods of time after symp
toms clear. Presymptomatic and asymptomatic 
positive SARS-CoV-2, influenza, and other respira
tory viruses are common and correlated with 
recovery of infectious virus and possible viral 
transmission (52–55). Prolonged shedding of 
viral nucleic acid has been reported in asymptom
atic patients recovered after infection with 
SARS-CoV-2 (56–59), influenza (60, 61), and other 
respiratory viruses (62). Additionally, prolonged re
spiratory viral shedding for weeks to months 
was observed in immunocompromised patients 
(63–66). Prolonged viral detection could challenge 
the interpretation of positive results, particularly 
because, in most cases, the detected nucleic acid 
does not indicate viable virus. Notably, positive re
sults do not exclude bacterial or viral co-infection. 

False-positive influenza PCR results were reported 
associated with the administration of the live atte
nuated influenza vaccine (67).

False-positive molecular results may be due to 
an assay error or a contamination event (68). 
Usually, the most common sources of contamin
ation are amplicon carryover or sample to sample 
cross-contamination (69). For conventional mo
lecular tests with separate extraction and amplifi
cation steps, a unidirectional work flow that 
separates the clean (pre-amplification) from dirty 
(post-amplification) areas is an ideal layout that 
markedly reduces the chances of contamination. 
For sample-to-answer platforms and POCTs, am
plicons contamination is less likely. In all cases, 
thorough cleaning and decontamination before 
and after any procedure reduce contamination. 
Cleaning using freshly made 10% to 15% sodium 
hypochlorite solution followed by 70% ethanol is 
recommended to eliminate or reduce contamin
ation from amplified nucleic acids on laboratory 
surfaces. UV irradiation may be use depending 
on institutional guideline and with proper main
tenance of the UV bulbs. Swipe testing performed 
at predefined schedules to screen surfaces that 
are liable to contamination is a good approach 
for identifying contamination events.

Generally, a single negative molecular result has 
a high negative predictive value, meaning that if a 
sample returns a negative result, the result is un
likely to be a false negative. However, false- 
negative molecular results have been reported 
and repeat molecular testing is recommended in 
certain situations when infection is highly sus
pected, or the adequacy of specimen collection 
is questionable. False-negative PCR results were 
reported in COVID-19 patients with symptoms, 
typical chest imaging, or seroconversion and var
ied by the duration of illness (70, 71). A false- 
negative influenza molecular test in influenza 
A-infected patients was also reported (72) and 
the CDC recommends that if no other etiologies 
are identified in hospitalized patients or those 
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with LRTIs, repeat testing should be performed 
and antiviral treatment should be started (73). 
The kinetics of viral shedding and the duration of 
disease could contribute to false-negative results. 
Additional analytical causes of false negatives 
include target degradation due to improperly 
collected or stored specimens, viral evolution 
that can cause mutations in the primer or probe 
binding sites (e.g., novel influenza A strain or 
SARS-CoV-2 variants), and interference caused by 
inhibitors present in the clinical specimens.

Interpreting Detection of Multiple Viruses on 
Respiratory Panels

When testing with respiratory viral panels, co- 
detection of several viral targets (e.g., greater than 
4 viruses) in the same specimen is infrequent. The 
rates of co-infections vary widely with co-infections 
with SARS-CoV-2 being less common, while co- 
infections with rhinovirus/enteroviruses occurring 
more frequently (74–79). Co-infections with respira
tory viruses is plausible, especially in children 
younger than 5 years (80), and are associated 
with unfavorable outcomes (81, 82). However, the 
medical significance of detecting multiple viruses 
is not well understood. Controlled studies that 
could differentiate the signatures and clinical sig
nificance of co-infections vs co-detections are 
needed (83). It is essential to carefully interpret 
the results of respiratory viral panels in light of 
the clinical presentation and crucial to work closely 
with the clinical diagnostic laboratories to under
stand the analytical performance of the assays 
and results’ interpretations.

Interpreting Antigen Testing

A positive antigen result can indicate an infec
tion with the tested virus; however, a negative anti
gen test result does not rule out the infection given 
the lower sensitivity of antigen tests. Antigen test
ing is beneficial when molecular testing is not 
available or as a point-of-care or at-home test. 
Extensive evaluation of SARS-CoV-2 antigen 

testing showed high analytical specificity but lower 
analytical sensitivity when compared to molecular 
testing. Antigen testing was most sensitive when 
used for symptomatic patients within the first se
ven days of illness (84–87), and higher antigen sen
sitivity correlated with higher viral load in clinical 
samples. Considering the analytical performance 
of antigen testing, a positive result can indicate 
SARS-CoV-2 infection, and a negative result war
rants repeat testing with a molecular method in 
symptomatic patients (88). With the progress of 
the COVID-19 pandemic, some reports suggested 
the utility of antigen testing for making decisions 
on patient isolation, based on correlations of anti
gen results and recovery of infectious virus on cell 
culture (89, 90). However, this approach had sev
eral limitations including the lower sensitivity of 
both antigen testing and cell culture (91, 92). 
In 2017, the FDA required minimum criteria of 
80% sensitivity and 95% specificity compared to 
RT-PCR for approving influenza antigen testing 
for clinical use. Due to the lower sensitivity of influ
enza antigen testing, negative results should not 
exclude influenza infection in patients with clinical 
presentation consistent with influenza, particularly 
when the community transmission level is high. 
Generally, molecular detection of influenza is fa
vored by the CDC and Infectious Disease Society 
of America (IDSA) for both inpatients and outpati
ents (93, 94). The sensitivity of RSV antigen testing 
was higher in children than adults, which limits its 
utility for diagnosis in elderly populations (95). 
Antigen testing for other respiratory viruses is 
less frequent and the reported sensitivity was vari
able, but generally lower than molecular-based 
methods.

Interpreting Correlates of Viral Loads

The correlation between viral load, level of in
fectivity, and the severity of respiratory disease 
has been an area of investigation. The Ct is the 
amplification cycle, when using real-time PCR, at 
which the fluorescence generated by target 
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amplification crosses the threshold of the assay. A 
target with higher load will associate with an earlier 
Ct value. Of note, not all commercially available mo
lecular tests provide Ct value information. The Ct va
lues provided by qualitative SARS-CoV-2 assays 
were often utilized to indicate the relative viral 
RNA abundance and to guide infection control 
and patient management and were either reported 
clinically or communicated as “research use only” 
depending on the laboratories (96–98). Data on cor
relating Ct values with COVID-19 severity and prog
nosis were variable, likely due to the lack of 
standardization of the utilized methods, sample 
types, and the severity scoring approach (99, 100). 
The utility of Ct values during the COVID-19 pan
demic included primarily guiding decisions on 
patient isolation, especially in asymptomatic, fully 
vaccinated, or previously infected patients. The un
validated use of Ct values should be guided by the 
clinical scenario, history of exposure, vaccination 
status, and the limitations of the research use only 
of Ct values should be clearly communicated. Ct va
lues should be generated by the same assay using 
the same sample type if they are intended to be 
compared to historical results. Given the limitations 
and variability associated with this marker, it is re
commended that clinicians consult with their clinical 
microbiology laboratory director to clarify the ana
lytical interpretations of Ct values. Also, for respira
tory viruses other than SARS-CoV-2, the utility of 
quantification was proposed. Studies correlated vir
al load and invasive adenovirus disease, severity of 
influenza, RSV, and enterovirus (101–105). The clin
ical significance of respiratory viral quantification is 
uncertain and studies that utilize standardized 
quantitative methods are needed for understand
ing the utility of viral loads and their role in guiding 
patient management.

The detection of subgenomic RNA (sgRNA), pro
duced by discontinuous transcription of the 
SARS-CoV-2 genome (106), was a proposed ap
proach for discriminating genomic RNA from ac
tively replicating virus (107–109). A leader 

sequence transcribed with the target gene facili
tates the differentiation between genomic and 
subgenomic RNA (110). In a study that looked at 
the dynamics of detection of genomic and 
sgRNA, only 40% of samples had detectable 
sgRNA. At a viral load of 5.1 log10 copies/mL, 96% 
of the samples had detectable sgRNA, which was 
detected for a shorter duration than the genomic 
RNA (110). Currently, no assays are commercially 
available for the detection of SARS-CoV-2 sgRNA.

Recommendations

1. Viral load test results should be interpreted in 
light of clinical symptoms.

2. Positive molecular or antigen test results in pa
tients without symptoms may reflect asymptom
atic carriage, pre-symptomatic infection, or 
shedding following resolved infections. While 
shedding will be detected for longer by molecu
lar tests, it is expected that antigen tests may 
also remain positive once the acute infection 
has resolved. A disclaimer to that effect may 
be added to a test report to highlight that point.

3. Negative test results in symptomatic patients 
may be false-negative results and repeat testing 
is recommended. A disclaimer to that effect may 
be added to a test report to highlight that point.

4. Unusual positivity rates that are discordant 
from local prevalence should be investigated.

5. Co-infections with multiple viruses can occur 
but results with greater than 4 viruses are un
usual and should be investigated.

6. Correlates of viral loads (e.g., threshold cycle) 
provided by some NAATs should be interpreted 
with caution given the lack of standardization.

WHY SHOULD TESTING BE PERFORMED 
TO DETECT RESPIRATORY VIRUSES?

The decision to test patients for respiratory 
viruses depends on several factors including (a) 
treatment and management of the patient in 
a timely manner (i.e., diagnostic testing), (b) identifi
cation of cases during an outbreak and for 
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infection control in hospitalized patients (i.e., surveil
lance testing), (c) investigation of treatment failure 
(i.e., antiviral resistance testing), and (d ) identification 
of immune responses (i.e., antibody testing) (Fig. 1).

Different tests and sample types may be used 
based on variables such as patient age, comorbid
ities, baseline immune status, and hospitalization 
as well as geography, season, and prevalence of 
the circulating respiratory virus in the community 
(Fig. 1). Most respiratory viruses demonstrate sea
sonal variations in prevalence, particularly in tem
perate areas (Table 1). Often, laboratories restrict 
testing for specific respiratory viruses during cer
tain seasons. On the other hand, since NAATs 
and viral culture are highly specific, the positive 
predictive value of these tests remains high even 
during times of low viral prevalence.

Diagnostic Testing

Accurate and timely diagnosis of the viral cause 
of respiratory infections has several potential 

benefits including initiation of antivirals and dis
continuation of antibiotics, decreasing the overall 
costs of care, reducing selection for antimicrobial 
resistance due to excessive antibiotic use, and im
proved patient and physician satisfaction (111). 
The literature supporting this is mixed, possibly 
due to differences in the patient populations, as
say, or sample types employed.

Initiation of antiviral therapy. Currently, FDA- 
approved antiviral therapeutic agents for respira
tory viral infections are restricted to the treatment 
of influenza and SARS-CoV-2. Diagnostic testing 
for influenza should be performed if the results 
of the test will influence subsequent initiation of 
antiviral therapy or prophylaxis for high-risk con
tacts (112). Outpatients with higher risk for influ
enza complications should be considered for 
testing if they are presenting within 48 h of symp
tom onset (112). Testing beyond this window may 
not be useful because the yield would be low, and 

Fig. 1. Reasons for respiratory viruses testing. Summary of the different reasons for performing testing 
for respiratory viruses including diagnostic, surveillance, resistance, and serological testing.
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the patient would be outside the window for anti
viral therapy. Hospitalized patients and nursing 
home residents with febrile illness during influenza 
epidemics should also be tested, regardless of the 
duration of symptoms, to determine the potential 
for nosocomial transmission (113). While patients 
may be treated empirically when influenza is clinic
ally suspected, a positive test result is most likely to 
prompt an intervention for influenza.

A systematic review of influenza POCTs vs higher 
complexity laboratory tests (e.g., NAAT, culture) or 
clinical diagnosis in ambulatory care settings 
showed that POCTs had no effect on admissions, 
returning for care, or the frequency of prescription 
of antibacterials, but found increased prescribing 
of antivirals (114). Further testing was reduced 
for full blood counts, blood cultures, and chest 
radiography. Time in the ED was not changed. 
On the other hand, a randomized clinical trial 
(115) among adults with acute respiratory illness 
admitted to 2 UK hospitals showed routine mo
lecular point-of-care testing for influenza was as
sociated with improved influenza detection and 
improvements in appropriate and timely antiviral 
and isolation facility use, due to the test’s accuracy, 
ease of use, and faster TAT.

The utility of testing adult outpatients for 
viruses other than influenza and SARS-CoV-2 
has been questionable. Adult outpatient out
comes were assessed at a Connecticut Veterans 
Affairs Center that used an on-demand respira
tory panel (116). Outpatients were divided into 
those with influenza virus detected, those with a 
non-influenza virus detected, and those with no 
pathogen detected. The influenza-positive cohort 
was more likely to be treated with an antiviral 
agent compared to patients in the other two co
horts. Given the poor predictive value of the US 
CDC’s influenza-like illness criteria in adult trans
plant patients, routine multiplex respiratory 
NAAT assays are recommended in transplant pa
tients with suspected respiratory virus infection 
for better diagnosis and improved antiviral use 

(117). Due to the clinical severity of illness, pa
tients admitted to the intensive care unit (118) 
and pediatric patients with an underlying illness 
(119) may be good candidates for respiratory 
virus panel testing.

Discontinuation of antibiotics. For testing to impact 
decision-making, it is essential that the results be 
available within 24 h of sample collection (120). 
Batch testing performed 2 to 3 times a week is 
not optimal. A study including an adult population 
presenting to the ED with respiratory symptoms 
compared the use of a respiratory viral panel 
with an average TAT of 28 h with that of a respira
tory pathogen panel with an average TAT of 3 h 
(121). Switching to a multiplex respiratory panel 
with a clinically actionable TAT was associated 
with reduced hospital admissions, and for admit
ted adults without focal radiographic findings, re
duced antibiotic initiation (121). Another study 
showed that the FilmArray rapid respiratory panel 
decreased the duration of antibiotic use, the 
length of inpatient stay, and the time to isolation 
for children admitted to the hospital with an acute 
respiratory tract illness, compared to batched PCR 
analysis for RSV, and influenzas A and B, with add
itional testing for parainfluenza and hMPV in cer
tain patients (122). Another study demonstrated 
that a significant decrease in admission rates, 
shorter lengths of stay, shorter durations of anti
microbial therapy, and fewer chest radiographs 
were observed in an adult tertiary care center 
when rapid panels were used compared to con
ventional antigen detection and older molecular 
methods (123).

The impact of rapid respiratory viruses testing 
on antibiotic use also varies. A study based in a 
large UK hospital showed that a routine molecular 
POCT for respiratory viruses in adults presenting 
with acute respiratory illness was associated with 
a reduction in length of stay, duration of antibio
tics, and improved influenza detection and anti
viral use. However, it did not reduce the 
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proportion of patients treated with antibiotics 
(124). A randomized clinical trial among children 
with influenza-like illness in the ED (125) found 
that children with rapid respiratory pathogen 
test results were more likely to receive antivirals 
and be hospitalized; however, there was no signifi
cant difference in antibiotic prescribing. A similar 
trial showed that rapid respiratory pathogen test
ing was associated with a trend toward decreased 
antibiotic use, but it did not meet statistical signifi
cance (126). Another randomized clinical trial 
among 1243 children presenting to a pediatric 
ED with fever and respiratory symptoms (127) 
found that multiplex POCTs for respiratory patho
gens did not reduce the use of antibiotics, number 
of unnecessary diagnostic tests, or costs. The lack 
of difference in the rates of antibiotic utilization 
with respiratory viral testing may be due to a sicker 
cohort of patients tested in these studies. Many of 
these patients required admission to the hospital 
and had clinical evidence of pneumonia, which re
quired prolonged use of antibiotics.

Surveillance Testing

Hospital surveillance testing should usually be 
restricted to symptomatic patients who are epide
miologically linked to suspected outbreaks of a vir
al pathogen. Examples include travelers returning 
from a region with a high prevalence of a respira
tory virus or individuals exposed during institu
tional outbreaks (113). Respiratory panel use 
allows for more comprehensive characterization 
of viruses for general epidemiology/surveillance 
and outbreak investigation. A fast TAT is equally 
important for surveillance purposes for efficient 
bed utilization and appropriate infection control 
measures, such as cohorting, to reduce nosoco
mial transmission, and to identify outbreak situa
tions (120). Nosocomial viral infections impose 
a substantial burden in hospitals and pose a par
ticular risk to immunocompromised hosts, par
ticularly children and adults who receive solid 
organ transplant (SOT) and hematopoietic stem 

cell transplant (HSCT) (128). Improved molecular 
detection has led to increased recognition of 
hMPV, coronavirus, bocavirus, and rhinovirus in
fections in transplant recipients, prompting effect
ive virus-specific cohorting and isolation, thereby 
curbing outbreaks in transplant units with hori
zontal transmission (111). In high-risk congregate 
settings, repeat screening of outbreaks, including 
SARS-CoV-2, may be useful in identifying indivi
duals with viral infection, thereby enabling isola
tion. Identifying respiratory viruses can provide 
epidemiologic tracking of regional, national, and 
international outbreaks (129).

Genetic detection, identification, and character
ization of novel infectious agents using NGS has 
been proven to be a powerful tool allowing for 
the identification of nosocomial and community 
outbreaks and characterizing circulating variants, 
and for the discovery of new routes of viral trans
mission (130). Several groups have published ex
amples of the utility of NGS for respiratory viral 
outbreak investigation. Whole genome sequen
cing (WGS) data have been used to inform the real- 
time infection prevention response to a cluster of 
hospital-acquired human parainfluenza 3 virus in
fections at a children’s hospital (131). Similarly, 
partial and WGS assays demonstrated 100% iden
tity across the entire adenoviral genome for cases 
of a neonatal intensive care unit adenoviral out
break and samples taken from ophthalmologic 
equipment, prompting significant procedure 
changes for ophthalmologic equipment use and 
cleaning (132).

Antiviral Resistance Testing

Unlike bacterial infections, antimicrobial resist
ance testing is not routinely performed for viral 
infections and is primarily prompted by treatment 
failure as observed in symptomatic patients 
shedding viruses for prolonged periods. This is pri
marily true for influenza viruses. During the 2008 
to 2009 influenza season, high rates of oseltamivir 
resistance (>90%) were observed in the United 
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States and during the 2009 influenza A virus H1N1 
pandemic, 37 cases of oseltamivir resistance were 
identified in the United States. Three-quarters of 
these cases occurred in immunocompromised pa
tients, and 89% occurred in patients who had re
ceived oseltamivir (133). Since then, 99% of 
influenza virus isolates tested in the United 
States have been susceptible to neuraminidase in
hibitors and there has been less need for resist
ance testing.

Most clinical laboratories do not perform re
sistance testing on-site and, when testing is 
needed, samples are forwarded to public health 
or reference laboratories. NGS is now the meth
od of choice to simultaneously provide strain 
typing and resistance testing, which in turn could 
be used to inform public health of circulating 
strains and allow rapid detection of the emer
gence of novel subtypes or highlight potential 
outbreaks (134).

Serological Testing

While not recommended for routine diagnosis 
of acute respiratory infections, serologic tests 
may be considered for the retrospective diagnosis 
of respiratory viral infections due to influenzas A 
and B, SARS-CoV-2, RSV, adenoviruses, and PIVs, 
particularly in seroprevalence surveys. However, 
serological testing has its own limitations. For ex
ample, IgM and IgG are not detectable in patients 
acutely infected with COVID-19 as it may take days 
to weeks after the infection for antibodies to be
come detectable. Additionally, antibody testing is 
not recommended to determine response to vac
cination as precise immune correlates of protec
tion remain uncertain. In a meta-analysis of 
29 studies that evaluated the diagnostic accuracy 
of IgG- and IgM-based POCTs that detect 
SARS-CoV-2 antigens, a combined IgG/IgM test 
had better sensitivity than measuring either anti
body type independently (135). In another system
atic review of 38 studies that evaluated the 
sensitivity of serologic testing by time from 

symptom onset in patients with COVID-19, IgM 
was detected in 23% by 1 week, in 58% by 2 weeks, 
and in 75% by 3 weeks; the corresponding detec
tion rates for IgG were 30%, 66%, and 88% (136). 
This is true for novel viral infections such as 
SARS-CoV-2, which did not circulate prior to 
December 2019. In contrast, for infections such 
as influenza which have been circulating for sev
eral decades, many individuals would have posi
tive IgG in the setting of prior exposure. Hence, 
improving sensitivity for IgG would be at the ex
pense of specificity.

Recommendations

1. Testing should be performed if there is high 
pretest probability of respiratory viral infection 
based on clinical presentation and local 
prevalence.

2. Testing should be performed in the following 
scenarios (a) if the results will change manage
ment (for example, initiation of appropriate 
antivirals, discontinuation of unnecessary anti
biotics), (b) infection control guidance (for ex
ample, implementation of appropriate isolation 
measures, cohorting of patients, and surveil
lance during outbreak situations), or (c) evalu
ation of local seroprevalence.

WHO SHOULD BE TESTED TO DETECT 
RESPIRATORY VIRUSES?

The goal of efficient respiratory virus testing is to 
optimize a strategy that leads to the best patient 
outcomes. Factors such as time to result availabil
ity, clarity of diagnosis, and ability to guide treat
ment and patient isolation and cohorting 
decisions are key parts of developing the best test
ing strategy, but the significance of each one of 
these factors varies across different patient popu
lations and can also be highly dependent upon 
which respiratory viral pathogen is detected. In 
the hospitalized inpatient and immunocomprom
ised populations, all of these factors are essential, 
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while in the outpatient setting, in individuals that 
are otherwise healthy, testing, when warranted, 
is typically focused on a targeted number of re
spiratory pathogens, such as influenza and SARS- 
CoV-2 (Fig. 2).

Testing in the Pediatric Population

It is estimated that preschool-age children can 
have 6 to 10 viral colds a year (137, 138). In addition, 
one-third of pediatric primary consultations are due 
to acute respiratory infections in the United 
Kingdom (138). In the pediatric population, the re
spiratory pathogens most commonly identified are 
rhinovirus/enterovirus, RSV, influenza virus, adeno
virus, PIVs, and coronaviruses (139). While the clinic
al utility of viral testing in the pediatric population is 
questioned in certain contexts, the general con
cerns raised focus on whether testing results will 
be properly utilized by the ordering clinician to drive 
clinical decision-making, specifically in the healthy 
and immune-competent children in the outpatient 
setting (32, 140). In children who are hospitalized, 
or have underlying health conditions, the case for 
respiratory virus testing is more clearly demon
strated, with multiple studies showing the clinical 
utility of testing for both treatment decisions and in
fection control purposes (141–143).

While there was a lower rate of mortality and 
morbidity due to SARS-CoV-2 observed in children 
compared to older adults, severe disease has 
been reported in children. In addition, there 
have been reports that children play a role in the 
transmission of COVID-19 (144). During SARS- 
CoV-2 infection, it was shown that asymptomatic 
children may have significantly higher viral loads 
than symptomatic children, pointing out the im
portance of masking, social distancing, and testing 
strategies to limit the spread of infection (145).

Testing in the Aging Population and 
Immunocompromised Hosts

In the aging population and in immunocom
promised patients, respiratory viral infections lead 

to significant morbidity and mortality underscoring 
the need for rapid testing to influence patient man
agement. A pre-COVID-19 pandemic study showed 
a significant increase in acute respiratory infections 
requiring hospitalization in elderly patients over a 
10-year period (146). Influenza, RSV, and recently 
SARS-CoV-2 are all major causes of morbidity and 
mortality in the elderly and immunocompromised 
populations. In addition, other outbreaks, such as 
hMPV, have also caused severe viral infections in 
long-term care facilities for the elderly (147). 
Hospitalization rates and the overall risk of death 
have increased in those 65 years of age and older 
for influenza infections (148), with 50% to 70% of in
fluenza-related deaths occurring in this age group 
(7, 149, 150). Viral pneumonia is 10 times more like
ly in the elderly population than in younger adults 
(151) and leads to worse outcomes (152, 153).

A recent literature review estimated 1.5 million 
episodes of RSV in adults 65 years of age and older 
in industrialized countries in 2015, with approxi
mately 14.5% of these cases requiring a hospital 
admission (154). RSV infection is also a substantial 
cause of morbidity and mortality in immunocom
promised populations, with RSV infections in 
HSCT and SOT ranging from 1% to 12%. An esti
mated 18% to 55% of these infections progress 
to LRTIs, and death occurs in 7% to 33% of cases 
(155, 156). The detection of RSV in the pretrans
plant period can result in postponement of trans
plant given the higher risk for increased morbidity 
and mortality (18) In one study of HSCT recipients, 
80% to 90% of patients with upper respiratory RSV 
infection developed pneumonia with 30% to 40% 
exhibiting symptoms within 7 days following URTI 
symptoms (30).

In some studies, for oncology patients diag
nosed with influenza, parainfluenza, RSV and 
adenovirus, antivirals when available and adminis
tered early have been shown to improve 
outcomes (157, 158). Therefore, testing for influ
enza, RSV, parainfluenza, and other prevalent 
community-circulating viruses in all symptomatic 
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patients with malignancies is recommended since 
these results may be used to guide antiviral treat
ment decisions. Similarly, transplant recipients 
may also be an appropriate patient population 
for multiplex testing (159).

Testing in the Immunocompetent Adult 
Population
Inpatient setting. In the inpatient population, the 
clinical utility of testing for viral respiratory patho
gens is important for guiding treatment and infec
tion control decisions. It is also clear from the 
literature that cases of respiratory infections are 
generally underestimated. One study looking at a 
period from 2003 to 2014 found that a quarter 
of influenza-attributable hospitalizations did not 
have a definitive acute respiratory infection diag
nosis (160). Another study performed in the 
United States estimated that only 1 in 10 
influenza-associated critical illnesses in intensive 
care unit patients included a formal diagnosis of 
influenza (161).

For influenza, rapid molecular test results have 
led to earlier initiation of appropriate therapy 
(116, 162, 163). Additional respiratory testing in 
the inpatient population using small, targeted pa
nels (e.g., Flu/RSV, Flu/RSV/SARS-CoV-2) and rapid 
multiplex respiratory panels has also been shown 
to positively impact certain patient outcomes 
(121–123). Another study showed that the use 
of a multiplex pneumonia panel in critically ill 
COVID-19 patients with suspected bacterial re
spiratory superinfection led to a de-escalation 
of empiric antibiotic therapy in two-thirds of pa
tients and also allowed the clinical team to pre
vent initiation of empiric therapy in two-thirds of 
cases (164).

Outpatient setting. In the outpatient setting, 
viruses are the most common pathogens identi
fied in severe cases of community-acquired re
spiratory infections (151). It is also clear that in 
the outpatient population, the burden of 

respiratory viral infection is also significantly un
derestimated. The CDC published testing guid
ance for when SARS-CoV-2 and influenza 
viruses are co-circulating. In cases where a pa
tient presents to the outpatient clinic or the 
ED with symptoms of acute respiratory illness 
that require hospitalization, the recommenda
tion is to minimally test for influenza A, influenza 
B, and SARS-CoV-2. If the patient does not re
quire hospitalization, the recommendation is 
to test for SARS-CoV-2 and also test for influ
enza if the result will have an impact on clinical 
management or infection control, or treat em
pirically (165). In immunocompetent adult pa
tients, RSV causes a mild illness that often 
resolves within 5 days. For patients presenting 
in an outpatient setting with more severe dis
eases or with underlying chronic infections, 
testing for RSV may be warranted, similar to re
commendations for immunocompromised pa
tients (166).

Recommendations

1. Testing of pediatric patients should be limited 
to hospitalized children or children with under
lying conditions. Depending on the season, 
small, targeted panels (e.g., influenza/RSV) 
might be sufficient.

2. Aging, ill patients, and immunocompromised 
patients should be tested using multiplexed re
spiratory pathogens panels.

3. Immunocompetent adult patients should be 
tested if results will impact management, pri
marily for influenza and SARS-CoV-2.

WHAT IS THE ROLE OF DIAGNOSTIC 
STEWARDSHIP IN RESPIRATORY VIRUS 
TESTING?

Diagnostic stewardship aims to select the right 
test for the right patient, generating accurate, 
clinically relevant results at the right time to guide 
appropriate clinical behavior, while conserving 
healthcare resources (167). Selection of the right 
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test involves the evaluation of test performance, 
testing volume, laboratory feasibility, cost vs va
lue, and the overall impact on clinical outcomes. 
Provider education efforts and guidance in the 
form of algorithms and policies can be useful 
tools to guide appropriate test selection (e.g., 
Fig. 2). For instance, in a healthcare system based 
in Indiana, an algorithm was developed for pa
tients presenting to the ED and hospital clinics 
with influenza-like illnesses to guide providers to 
select appropriate assay. Implementation of this 
protocol resulted in improvement in the appro
priateness of ordering and significant cost sav
ings (168). In another study, a hospital-wide 
diagnostic policy for implementation of rapid 
diagnostic assay for the detection of respiratory 
viruses in patients presenting to the ED was de
veloped. Nearly half of the patients who tested 
positive for a respiratory virus did not receive 
antibiotics. The value-based measure, expressed 
in euro-hour, increased 10-fold compared to 
their former policy (169).

The fixed nature of the multiplex PCR panels 
raises the concern that they might include patho
gens that the clinician does not want to test for. 
Ideally, common pathogens should be tested 
first followed by testing for uncommon patho
gens. For instance, infection with Chlamydophila 
pneumoniae is uncommon enough that routine 
diagnostic testing is not recommended for 
community-acquired pneumonia in adults (170). 
However, several multiplex respiratory pathogen 
panels test for Chlamydophila pneumoniae in 
combination with testing for other common re
spiratory viruses. Inappropriate use of tests in 
cases with low pretest probability can lead to mis
information from false-positive results, potential
ly misleading clinicians and adding to healthcare 
costs. Currently, these choices are limited by 
lack of commercially available pathogen-specific 
PCR tests.

Besides influenza, RSV, and SARS-CoV-2 NAATs, 
clinicians are currently unable to order targeted 

PCR for any other respiratory viral pathogen ex
cept possibly using LDTs; hence, there is no 
choice left but to order the multiplex PCR panels. 
To prevent overutilization of rapid multiplex viral 
panels by clinicians in low-impact situations, indi
cation selection using restrictive or guided test 
ordering built into the electronic medical records 
can be used. This requires clinicians to input an 
approved indication from a list of appropriate 
use criteria before ordering the rapid multiplex 
viral panel. If patients do not meet appropriate 
use criteria, approval from infectious disease pro
viders or clinical laboratory directors may be 
indicated.

Recommendations

1. Educational material should be available to clin
icians to guide respiratory tests selection.

2. Built-in electronic medical record algorithms to 
drive appropriate test selection and ordering 
should be considered.

3. In general, small, multiplexed panels or tar
geted NAATs should be used first when avail
able instead of broad multiplexed panels 
unless patients are immunocompromised.

WHAT ARE THE RECOMMENDATIONS 
FROM OTHER PROFESSIONAL SOCIETIES?

This section is a high-level summary covering 
some key aspects of guidelines from other profes
sional societies. For the laboratory detection of re
spiratory viruses, both the American Society of 
Microbiology (ASM) and the IDSA recommend mo
lecular testing as the reference method (83, 171).

Published guidelines by the ASM for current 
best practices in respiratory virus testing point 
out that the use of NAATs for detection of respira
tory viruses is superior to traditional methods, 
such as culture, DFA, or rapid antigens tests, 
due to their increased sensitivity and specificity 
(171). The importance of being aware of viral 
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circulation patterns and ensuring that laboratory 
testing matches these patterns is also highlighted 
(e.g., by consulting CDC and other public health 
databases), as well as the criticality of good la
boratory practices to avoid contamination with 
the use of molecular assays due to their in
creased sensitivity. Consideration of the patient’s 
immune status is also addressed, pointing out 
the importance of testing in immunocomprom
ised patients vs immunocompetent patients 
(171). Additional guidelines published by the 
ASM for multiplex panels, including respiratory 
pathogen panels, highlight the benefits of these 
panels, which include diagnostic performance 
and time to results, and an increasing number 
of studies show the benefits in both patient 
care and healthcare cost reduction (172).

For hospitalized adult patients, the IDSA recom
mends that when influenza is known to be circulat
ing, all patients with acute respiratory symptoms 
(upon admission or developing during hospitaliza
tion) or acute worsening of chronic cardiopulmon
ary disease, should be tested. Influenza testing 
during periods of low viral activity is recom
mended for patients that present with acute re
spiratory illness and have a known exposure to 
someone with influenza or another respiratory ill
ness of unknown cause or have been to an area 
with influenza activity. In addition, testing during 
a low incidence of influenza activity is also recom
mended for patients with an acute respiratory ill
ness, especially immunocompromised adults and 
children, if it will influence prophylaxis treatment 
of high-risk members of the same household 
(112). For influenza testing in the outpatient set
ting, the IDSA recommends that when seasonal in
fluenza is circulating in the local community, 
high-risk patients and those with chronic medical 
conditions should be tested for influenza if it will 
influence clinical management. In addition, it is re
commended that symptomatic patients not at 
high risk for complications should be tested if 
the result will impact treatment decisions or may 

influence treatment decisions for high-risk mem
bers of the same household (112). In addition, 
the IDSA clinical practice guidelines for seasonal 
influenza suggest that even during periods of low 
influenza activity, clinicians can consider influenza 
testing in patients with acute respiratory symptom 
onset, especially in immunocompromised and 
high-risk patients in the outpatient setting (112). 
With varying levels of evidence, the IDSA recom
mends testing of symptomatic individuals for 
SARS-CoV-2, even if there is a low clinical suspi
cion. They also recommend testing of asymptom
atic individuals in several different scenarios, 
such as COVID-19 exposures and before certain 
medical procedures (173).

With regards to influenza, the American 
Academy of Pediatrics (AAP) recommends that, 
“Testing should be performed when timely results 
will be available to influence clinical management 
or infection-control measures” (174). In addition, 
the most recent guideline updates from the AAP 
recommends SARS-CoV-2 testing for any children 
who have symptoms of COVID-19, have had close 
contact with a confirmed or probable case of 
COVID-19, or those who are required to have 
screening testing (175). The AAP has also updated 
guidance following a surge in RSV cases in the 
spring of 2021, pointing out the need to have ad
equate diagnostic testing, especially in children 
who are at high risk (175).

The American Thoracic Society (ATS) guidelines 
(176) recommend against performing nucleic- 
based testing of respiratory samples for viral 
pathogens other than influenza for outpatients 
with suspected community-acquired pneumonia 
(CAP); however, for hospitalized patients with se
vere CAP or for immunocompromised patients, 
nucleic-based testing is suggested. The Infectious 
Diseases Working Party of the German Society 
for Hematology and Medical Oncology identified 
community-acquired respiratory virus infection 
as a significant cause of morbidity and mortality 
in patients with underlying malignancy (177).
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Per IDSA recommendations, serologic testing 
should not be used to diagnose SARS-CoV-2 infection 
during the first 2 weeks following symptom onset. 
Due to the relatively higher accuracy of SARS-CoV-2 
IgG antibody or total antibody tests compared to 
IgM antibody, IgA antibody, or IgM/IgG differentiation 
tests, SARS-CoV-2 IgG antibody or total antibody are 
the preferred diagnostic tests to identify patients 
who previously had SARS-CoV-2 infection, as well as 
patients with current infection who have had symp
toms for 3 to 4 weeks (178).

FUTURE CONSIDERATIONS

The Laboratory Response Network (LRN) was 
established by the CDC to respond to public health 
threats, including novel respiratory pathogens. 
The network includes local and state public health 
laboratories, federal, military, veterinary, and inter
national laboratories. The LRN laboratories 
receive appropriate training in addition to standar
dized reagents and protocols for testing clinical 
specimens with a potential novel pathogen under 
investigation. The reference laboratories (i.e., LRN 
member laboratories) can then train sentinel la
boratories. Sentinel laboratories are essential for 
early identification and referral to LRN laborator
ies for further testing. The FDA can issue an EUA 
for unapproved diagnostics to facilitate the avail
ability of diagnostics in situations of public health 
emergencies. The first EUA test allowed the devel
opment of an assay for diagnosing influenza 
A(H1N1) pdm09 during the 2009 influenza pan
demic. This venue enabled nationwide implemen
tation and increased testing capacity for 
SARS-CoV-2 with the beginning of the COVID-19 
pandemic, yet after an initial delay in allowing the 
clinical microbiology laboratories and industry to 
offer testing and independently apply for EUA ap
provals (179). With this infrastructure, implement
ing diagnostic assays for a novel pathogen 
remains a challenge. The availability of control 

materials and clinical specimens required for the 
assays’ evaluation and the lack of gold standard 
reference methods to assess the clinical sensitivity 
and specificity are the most challenging. The 
speed in implementing diagnostics can have a sig
nificant value in limiting the disease transmission. 
Regulations, intended to ensure the safety and 
performance of diagnostic assays, might slow 
down early diagnosis and disease containment. 
In situations when prompt and large-scale imple
mentation of diagnostics become required via 
high-throughput and point-of-care testing, this 
could be challenged by assays’ development and 
safety regulations. Even though the EUA mechan
ism allows for a rapid response to an emergent re
spiratory pathogen, the COVID-19 pandemic 
emphasized the significance of the quick 
large-scale access to diagnostics, which was suc
cessfully applied during the monkeypox outbreak 
(180). The close and prompt collaboration be
tween the FDA, CDC, LRN, and academic and refer
ence laboratories to quickly implement and 
expand testing utilizing the most optimized meth
ods should enhance an early response to out
breaks of novel pathogens.

CONCLUSIONS

The recent COVID-19 pandemic and prior to 
that the 2009 H1N1 influenza pandemic highlight 
the need for laboratories to be alert and prepared 
for the diagnosis of emerging respiratory infec
tions. It is important for laboratories to monitor 
patterns of detection of respiratory pathogens tar
geted by current methods for unusual results that 
may suggest an emerging or changing virus. For ex
ample, many of the respiratory multiplexed panels 
include detection and genotyping of influenza A 
virus. An increase in the detection of untypable in
fluenza A virus may suggest a drift or shift in the 
virus or the emergence of a novel influenza virus. 
Additionally, new therapies including the recent 
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FDA-approved Pfizer RSV vaccine (ABRYSVO™) for 
older adults and pregnant individuals will likely im
pact the epidemiology of RSV in the future. As anti
viral therapeutic options eventually expand beyond 
influenza and RSV, the need for rapid testing will ex
pand and recommendations for testing will need to 
be revised accordingly (181).

One of the outcomes from the COVID-19 pan
demic was the expansion of NGS methods in
cluding WGS and metagenomics, in both public 
health and clinical laboratories for the purpose 
of SARS-CoV-2 variant surveillance. Data were 
widely shared across the world through either 
the Global Initiative on Sharing All Influenza 
Data or NCBI Virus and allowed rapid identifica
tion and notification of emerging SARS-CoV-2 

variants. As NGS becomes more established in 
clinical laboratories, a similar approach of viral 
sequencing and data sharing has the potential 
to provide rapid identification and characteriza
tion of novel viruses.

The COVID-19 pandemic also saw an increase in 
the number of platforms with more accessible 
testing options including POCTs and at-home test
ing, both antigen-based and molecular tests. Many 
of these platforms might eventually expand test
ing to other viruses including influenza and 
RSV and likely any other emerging viruses. 
Laboratorians should remain alert and involved 
to provide guidance on managing testing and the 
information obtained from a wider range of testing 
settings.
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