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Background. Our understanding of the cocirculation of infrequently targeted respiratory pathogens and their contribution to
symptoms during the coronavirus disease 2019 (COVID-19) pandemic is currently limited. This research aims at (1) understanding
the epidemiology of respiratory pathogens since the start of the pandemic, (2) assessing the contribution of non-severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2)/influenza/respiratory syncytial virus (RSV) respiratory pathogens to symptoms, and
(3) evaluating coinfection rates in SARS-CoV-2-positive patients, both vaccinated and unvaccinated.

Methods. Retrospective analysis of respiratory pathogens identified by the Johns Hopkins Diagnostic Laboratory between
December 2019 and October 2021 was performed. In addition, we assessed the contribution of respiratory pathogens other than
SARS-CoV-2 to symptomatic disease by retesting 2 cohorts of specimens that were (1) collected from symptomatic patients and
(2) received limited respiratory pathogen testing. The first cohort was patients who tested negative by the standard-of-care SARS-
CoV-2/influenza/RSV testing. The second was a cohort of SARS-CoV-2-positive, symptomatic, fully COVID-19 immunized and
unimmunized patients.

Results. Between December 2019 and October 2021, a total of 11 806, 62 829, and 579 666 specimens were tested for an ex-
tended respiratory panel, influenza/RSV with or without SARS-CoV-2 panel, or SARS-CoV-2, respectively. Positivity rates of dif-
ferent targets differed between different months and were impacted by the COVID-19 pandemic. The SARS-CoV-2-negative cohort
had 8.5% positivity for other respiratory pathogens that included primarily enterovirus/rhinovirus (5.8%). In the SARS-CoV-2-

positive cohort, no other respiratory pathogens were detected.
Conclusions.

The COVID-19 pandemic impacted the circulation of certain respiratory pathogens. Other respiratory viral

pathogens were associated with symptomatic infections; however, coinfections with SARS-CoV-2 were highly uncommon.
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The concurrent circulation of respiratory pathogens coupled
with the algorithms of laboratory diagnosis challenges a clear
understanding of the association of infrequently screened
pathogens with symptomatic infections and severity of disease.
The disease caused by respiratory pathogens can be challenging
to differentiate clinically; however, a specific laboratory diag-
nosis facilitates proper patient management and assists with
implementing infection control measures [1, 2]. When severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and
influenza viruses cocirculate, the Centers for Disease Control
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and Prevention (CDC) guides providers to order testing for
both viruses, mainly when the patient requires hospital ad-
mission [3]. The multiplex panels that target larger numbers
of respiratory pathogens are recommended for limited patient
populations that include immunocompromised and hospi-
talized patients [4]. However, with the widespread circulation
of SARS-CoV-2, testing has been primarily targeted for this
virus, and it has included testing of symptomatic patients and
screening of asymptomatic individuals to limit viral transmis-
sion [5].

Multiple assays that allow the simultaneous detection of in-
fluenza and SARS-CoV-2 were authorized by the US Food and
Drug Administration as early as the beginning of the 2020-
2021 influenza season, and some of them added the detection
of respiratory syncytial virus (RSV) [6]. At Johns Hopkins
Hospital, algorithms are in place to test symptomatic patients
for influenza A/B, RSV, and SARS-CoV-2 [7], and an extended
respiratory panel is primarily run for patients who are immu-
nocompromised or hospitalized per the Infectious Diseases
Society of America (IDSA) guidelines [8]. In addition,
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large-scale SARS-CoV-2 standalone testing is performed for
symptomatic and asymptomatic patients. This algorithm of
testing may have some limitations that include the following:
(1) symptomatic patients with a positive SARS-CoV-2 result
are not likely to receive testing for other respiratory pathogens,
which limits our understanding of SARS-CoV-2 coinfections
and their contribution to symptoms and disease severity;
and (2) most symptomatic patients who have a negative re-
sult by the influenza A/B/RSV/SARS-CoV-2 panel do not re-
ceive additional testing for other respiratory pathogens, which
limits the data on the epidemiology of these pathogens to a
restricted patient population that receives the extended panel
testing. In addition, (1) the impact of other variables including
the unique nature of the respiratory season of 2020-2021 that
remarkably did not witness influenza circulation and (2) the
discrepancies in measures of social distancing, masking, and
infection control in different times and locations throughout
the year warrant a better surveillance of the circulating respi-
ratory pathogens to better understand their contribution to
symptoms and disease.

In this study, we provide detailed data on the circulation of
respiratory pathogens in the time frame between December
2019 and October 2021 from Johns Hopkins Clinical Virology
Laboratory, which serves a large geographical area in the
National Capital Region. In addition, we provide data on re-
testing a cohort of symptomatic patients who were negative
for influenza A/B/RSV/SARS-CoV-2 and a cohort of sympto-
matic patients who tested positive for SARS-CoV-2 (including
a fully coronavirus disease 2019 [COVID-19] immunized
group [breakthrough infections]) for respiratory pathogens
that included enterovirus/rhinovirus, parechovirus, ade-
novirus, parainfluenza viruses (human parainfluenza virus
[HPIV]1, HPIV2, HPIV3), endemic coronaviruses (human
coronavirus [HCoV]-OC43, HCoV-HKU1, HCoV-229E, and
HCoV-NL63), in addition to Mycoplasma pneumoniae and
Chlamydia pneumoniae to assess the potential contribution of
these pathogens to symptoms.

MATERIALS AND METHODS

Patient Consent Statement

The research was performed with a waiver of consent with a
protocol approved by the Johns Hopkins Institutional Review
Board committee (IRB00221396). Remnant nasopharyngeal
(NP) clinical swab specimens from patients after the standard-
of-care testing was used. Clinical testing is performed for in-
patients and outpatients across the Johns Hopkins Medical
System, which includes 5 acute care hospitals and more than
40 ambulatory care offices. Severe acute respiratory syndrome
coronavirus 2 testing is also performed through screening and
testing services at several long-term care facilities in the State of
Maryland and mobile outreach clinics.

Sample Selection

Cohort 1

The NP samples (N = 294) were randomly selected based on
the criteria of being from patients with respiratory symptoms
who had tested negative for influenza A/B, RSV, and SARS-
CoV-2 and did not have any additional respiratory testing done
(age range, 0 to >60 years). Of note, symptomatic illness was
defined based on the ordering clinician and is a questionnaire
included in the clinical charts for all patients receiving SARS-
CoV-2 testing, which started system wide at the end of 2020.
Specimens were collected in Universal Transport Media (UTM)
between October 2020 and October 2021 and were kept frozen
at —80°C until nucleic acid extraction.

Cohort 2

The NP samples (N = 179) were selected from symptomatic
patients, 71 of which were “Vaccine breakthrough infections”
based on the CDC definition: positive SARS-CoV-2 test
results more than 14 days after the second shot for Pfizer/
BioNTech BNT162b2 and Moderna mRNA-1273 or 14 days
after the J&J/Janssen shot, and 108 were NP samples from
symptomatic SARS-CoV-2 positive unvaccinated patients.
Specimens were identified through the Johns Hopkins SARS-
CoV-2 genomic surveillance [9, 10] and had collection dates
between February and September 2021 (age range, 0 to >60
years).

Assays Used for Clinical Diagnosis

Respiratory viral testing at Johns Hopkins between December
2019 and October 2021 was performed using the Cepheid panels
Xpert Xpress Flu/RSV and Xpert Xpress SARS-CoV-2/Flu/RSV
[2] and the Roche (previously GenMark) Respiratory Pathogen
Panel (RP) and RP2. The RP panel detects the following tar-
gets: adenovirus, HCoV-229E, HCoV-HKU1, HCoV-NL63,
HCoV-OC43, human metapneumovirus (hMPV), enterovirus/
rhinovirus, influenza A/A H1/A H1-2009/A H3, influenza B,
parainfluenza (PIV)1-4, RSV A, RSV B, C pneumoniae, and M
pneumoniae. The RP2 panel includes all targets from the RP
plus SARS-CoV-2.

Before December 16, 2019, the Luminex NxTAG Respiratory
Pathogen Panel (RPP) was used for extended respiratory testing.
The RPP includes the following targets: adenovirus, HCoV-
229E, HCoV-HKU1, HCoV-NL63, HCoV-OC43, hMPV, en-
terovirus/rhinovirus, influenza A/A HI1/A HI1-2009/A H3,
influenza B, PIV1-4, RSV A, RSV B, bocavirus, C pneumoniae,
and M pneumoniae [8].

Molecular assays used for SARS-CoV-2 diagnosis include the
following: RealStar SARS-CoV-2 RT-PCR (Altona Diagnostics),
Xpert Xpress SARS-CoV-2/Flu/RSV (Cepheid), NeuMoDx
SARS-CoV-2 (QIAGEN), Cobas SARS-CoV-2 (Roche), ePlex
RP2 (Roche), Aptima SARS-CoV-2 (Hologic), and Accula
SARS-CoV-2 assays (Thermo Fisher Scientific) [2, 8, 11, 12].
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Additional Testing for Cohorts 1 and 2

Controls

Adenovirus (Exact Diagnostics, Fort Worth, TX; starting con-
centration 1 E6 log, TU/mL) was diluted into UTM to a concen-
tration of 1 E3 IU/mL and used as an extraction control. Each of
the 4 endemic coronaviruses (using previous positive patients’
samples) were used as amplification controls in the multiplex
coronavirus laboratory-developed test ([LDT] see below for
assay details). Simplexa extraction and amplification control
(SEAC) deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA) were added as an internal control to all samples to serve
as an amplification control and asses polymerase chain reaction
(PCR) inhibition in the DiaSorin Molecular LDT.

Nucleic Acid Extraction

Automated nucleic acid extraction was performed using the
Chemagic 360 instrument (PerkinElmer, Austin, TX) with
software version v6.3.0.3. Specimen extraction used a sample
volume of 300 pL and elution volume of 60 pL. Extraction was
performed using the manufacturer’s protocol.

Nucleic Acid Amplification and Detection

DiaSorin Molecular reagents were used to run 4 separate multi-
plexed assays: HPIV (included HPIV1-3), enterovirus (in-
cluded enterovirus and parechovirus), adenovirus (included
adenovirus 3’ and 5 hexon), and pneumoniae (included M
pneumoniae and C pneumoniae). The total amplification re-
action volume was 10 puL (consisting of 5 or 6 pL reagent mix
and 4 or 5 pL extracted sample). The reagent mix for RNA tar-
gets included 4 uL of 2.5 Universal Master Mix, 0.2 uL SEAC
RNA primer pair, 0.5 pL reverse transcriptase, 0.2 uL each of
target primer pair and 0.7 or 1 pL of water (HPIV mix or en-
terovirus mix, respectively). The reagent mix for DNA targets
included 4 pL of 2.5x Universal Master Mix, 0.2 pL SEAC
DNA primer pair, 0.2 uL each of target pair, and 0.4 puL water.
Reverse-transcription PCR (RT-PCR) for RNA targets was per-
formed using the 96-well Universal Disc on the LIAISON MDX
(DiaSorin) using the following cycling conditions: 2 holds at
47°C for 600 seconds and 97°C for 200 seconds, followed by 40
cycles of 97°C for 5 seconds and 58°C for 30 seconds. The PCR
for DNA targets used the following cycling conditions: hold at
97°C for 120 seconds, followed by 40 cycles of 97°C for 10 sec-
onds and 60°C for 30 seconds. All assays used a cycle threshold
cutoff of 40.

An LDT TagMan real-time RT-PCR (rRT-PCR) was used
to run the multiplex assay for the endemic coronaviruses
(HCoV-0OC43, HKU1, 229E, and NL63) [13]. The total reaction
volume was 20 pL, including 5 pL TaqPath 1-Step RT-qPCR
Master Mix (Applied Biosystems), 8.4 puL water, 0.18 pL each of
the forward and reverse primers for HCoV-HKU1, NL63, and
0OC43 (100 uM) and HCoV-229E (50 uM), 0.04 pL of each probe
(100 uM for HCoV-HKU1, HCoV-NL63, and HCoV-OC43;

50 uM for HCoV-229E), and 5 pL of the template. The rRT-
PCR was performed using the Prism 7500 Sequence Detection
System (Applied Biosystems) using the following cycling condi-
tions: 1 cycle at 25°C for 2 minutes, 1 cycle at 50°C for 15 min-
utes, 1 cycle at 95°C for 2 minutes then 40 cycles at 95°C for 3
seconds and 60°C for 30 seconds.

RESULTS

Respiratory Testing and Positivity Trends
In the time frame between December 2019 and the end of
October 2021, a total of 74 635 respiratory samples were tested
with both the Cepheid (62 829) and ePlex (11 806) panels. Of
these, there were a total of 10 055 single-target positive samples
detected (excluding SARS-CoV-2) and 245 samples positive for
more than 1 target (Supplementary Table S1 and Table 1), with
an overall positivity of 13.8%, excluding SARS-CoV-2. In the
same time frame, 579 666 SARS-CoV-2 tests were performed
with a total of 29 019 positives diagnosed by all platforms (av-
erage 5% positivity). Before testing for SARS-CoV-2 started
(March 2020) and before the COVID-19 pandemic (between
December 2019 and February 2020), the highest positivity
rates were for influenza A (peak of 16.1 % in February 2020),
influenza B (peak of 15.3% in January 2020), and RSV (peak
of 13.7 % in December 2019) (Figure 1). Severe acute respira-
tory syndrome coronavirus 2 testing started on March 11, 2020
at Johns Hopkins laboratory, the same date the World Health
Organization (WHO) declared COVID-19 as a pandemic [12,
14]. After the pandemic, the months between March 2020 and
April 2021 showed a predominance in SARS-CoV-2 positivity
(peak of 17.8% in April 2020) (Figure 1 and Supplementary
Table S1). It is notable that enterovirus/rhinovirus was still de-
tectable in this time frame with a positivity that peaked at 10.5%
in November 2020. All other targets at that time frame showed
no to very minimal circulation. When symptomatic SARS-
CoV-2 positivity was separated from asymptomatic screening
(based on the test order [Figure 1, starting from January 2021]),
it was notable that SARS-CoV-2 positivity was higher than
enterovirus/rhinovirus (Figure 1). On May 2021, other respi-
ratory viruses positivity started to outcompete SARS-CoV-2
(Figure 1). A predominance of enterovirus/rhinovirus (peak of
20.7% in October 2021) was notable followed by RSV (19.9%
in September 2021) and HPIV3 (7.3% in July 2021) (Figure 1).
There was a notable decrease in the numbers of respiratory
panel testing conducted between December 2020 and March
2021 with an overall 75% reduction compared to the same
time frame in 2019-2020 (1189 and 4695 tests, respectively)
(Supplementary Table S1). Between December 2019 and March
2020, an overall positivity rate of 27.3% was recorded, with the
overwhelming majority being influenza A (10.1%), enterovirus/
rhinovirus (9.9%), followed by influenza B (8.5%) and RSV
(5.4%). Although less respiratory highly multiplexed panels were
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Figure 1. Respiratory virus positivity rates from December 2019 to October 2021. Total numbers tested and positive tests for each target are detailed in Supplementary

Table S1. HMPV, human metapneumovirus; HPIV, human parainfluenza virus; RSV, respiratory syncytial virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;

SARS-CoV-2 (Symp), indicates symptomatic testing positivity.

run in the same time frame in 2020-2021, the overall positivity
rate was also remarkably less than the previous year (0.5%) if
SARS-CoV-2 was excluded. In addition to SARS-CoV-2, which
had an overall positivity of 5.7%, the main circulating viruses
were enterovirus/rhinovirus (7.7%) and adenovirus (1%), and
both had positivity rates comparable to the same time frame
from the previous year (Supplementary Table S1).

Respiratory Viral Coinfections Trends

Coinfections with more than 1 target were infrequently en-
countered (2.1%) (Table 1), with only 2 specimens that were
positive for SARS-CoV-2 and enterovirus/rhinovirus in January
2021 or SARS-CoV-2, enterovirus/rhinovirus, and adenovirus
in August 2021 (of a total of 173 SARS-CoV-2 positives by the
extended respiratory panel [RP2]). Enterovirus/rhinovirus was
the most frequently detected target in cases of coinfections

in all months (70.2%) (Table 1), and the monthly trends cor-
related with the overall positivity trends (Figure 1). Detailed
combinations of coinfections with 2 or more targets are shown
in Supplementary Table S2. The months between May and
October 2021, which witnessed a rebound in other respiratory
viruses than SARS-CoV-2 and an increase in enterovirus/ rhi-
novirus positivity, correlated with the highest coinfection rates
since the beginning of the pandemic with a peak in the month
of June (Table 1). It is notable that patients with more than 1
target detected in this time frame were mostly pediatric patients
(18 years or younger [89%], 2 years or younger [63.5%]).

Identification of Nonsevere Acute Respiratory Syndrome Coronavirus 2
Respiratory Pathogens in Symptomatic Patients

To identify the correlation of other respiratory pathogens than
influenza, RSV, and SARS-CoV-2 as well as coinfections with
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Table 2. Cohorts From Symptomatic Patients Tested for Respiratory Viral Targets That Included Adenovirus, HCoV-229E, HCoV-HKU1, HCoV-NL63,

HCoV-0C43, HMPV, Enterovirus/Rhinovirus, and HPIV1-4 in Addition to Chlamydia pneumoniae and Mycoplasma pneumoniae

Cohort 1 (Samples From Symptomatic Patients Tested Clinically and Were Negative for SARS-CoV-2/Influenza/RSV)

October November December January February March April May July  August  September October
2020 2020 2020 2021 2021 2021 2021 2021 2021 2021 2021 2021 Total
Total tested 16 37 37 36 37 37 48 46 294
Total positives 3 2 2 6 2 3 1 6 25
% Positivity 18.8 5.4 5.4 16.7 5.4 8.1 2.1 13.0 8.5
Targets detected Enterovirus/  Enterovirus/  Enterovirus/ Enterovirus/ Enterovirus/ Enterovirus/ Enterovirus/  Enterovirus/ 17
rhinovirus rhinovirus rhinovirus rhinovirus rhinovirus rhinovirus rhinovirus rhinovirus
(3) (1) (1) (4) (2) (2) (1) (3)
Adenovirus (1)  Adenovirus ~ Adenovirus Adenovirus (3) 6
(1) (1)
HPIV2 (1) 1
HCoV-OC43 1
(1)
Cohort 2 (Samples From Symptomatic Patients Tested Clinically and Were Positive for SARS-CoV-2)
Total tested 1 12 33 8 &5 4 91 179

Fully vaccinated

Unvaccinated

71
108

Abbreviations: HCoV, human coronaviruses; HMPV, human metapneumovirus; HPIV, human parainfluenza virus; RSV, respiratory syncytial virus; SARS-CoV-2, severe acute respiratory syn-

drome coronavirus 2.

SARS-CoV-2 with symptomatic respiratory infections, we per-
formed additional testing using 2 cohorts. The first cohort of
patients had samples collected and were negative for influenza
A/B, RSV, and SARS-CoV-2 testing between October 2020 and
October 2021. Between October 2020 and March 2021, detailed
chart reviews were performed to verify the symptomatic presen-
tation when patients were tested. Of the 200 patients during this
time frame, 98.5% were outpatients. Our data showed that 118
of the patients with available detailed information in the clinical
records presented with symptoms of viral illness that included
fever, cough, congestion, sore throat, headache, or exacerbation
of asthma. Fifteen patients were admitted (7.5%) secondary to
respiratory symptoms. Assessment of the symptomatic status
was added as a questionnaire to the clinical charts in the begin-
ning of 2021, and hence negative samples from patients tested
in September and October 2021 were all from patients with res-
piratory symptoms. Additional testing of the total of 294 sam-
ples for pathogens associated with respiratory disease showed
that 25 samples were positive for 1 of the 8 tested analytes.
Seventeen samples were positive for enterovirus/rhinovirus, 6
were adenovirus positive, 1 was positive for HCoV-OC43, and
1 was positive for HPIV2 (Table 2).

The second cohort of patients was SARS-CoV-2-positive
symptomatic patients (N = 179), and 39.7% of them were symp-
tomatic, fully COVID-19-vaccinated individuals. Thirty-five
samples (41.7%) had a collection date in July 2021, 33 (39.3%)
had a collection date in April 2021, and 91 (50.8%) were col-
lected in September 2021 (Table 2). Testing these samples for
other respiratory pathogens revealed no coinfections with any
of the tested respiratory pathogens, and SARS-CoV-2 was the
sole pathogen detected.

DISCUSSION

Severe acute respiratory syndrome coronavirus 2 caused a dev-
astating pandemic that was declared by the WHO on March
11, 2020. Throughout the initial one and half years of the pan-
demic, different measures for limiting the spread of the virus
were implemented, including but not limited to facial coverings
and masking, closures and adaptations of schools and busi-
nesses, restrictions of gatherings, periodic stay-at-home orders,
and restrictions of international travel [15]. Other measures in-
cluded hand hygiene, case isolations, and contact tracing in an
attempt to limit further transmission. Fortunately, associated
with these infection control measures was a marked impact on
the transmission of other respiratory viral infections, especially
influenza and RSV [16-19]. At the Johns Hopkins Clinical
Microbiology Laboratory, a marked reduction in influenza and
RSV positivity was noted in late 2020-early 2021 compared
to the same time frame from the previous year, 2019-2020.
However, enterovirus/rhinovirus and adenovirus positivity
rates were similar. Our data indicate that even though the cir-
culation of some of the respiratory viruses was impacted by the
COVID-19 pandemic, enterovirus/rhinovirus and adenovirus
were likely circulating in rates similar to the prepandemic. The
discrepancy of the impact of the pandemic on the circulation of
respiratory viruses indicates that intrinsic viral characteristics
might have influenced their circulation. This could include the
viral structure (nonenveloped viruses: enterovirus/rhinovirus
and adenovirus; enveloped viruses: influenza, HPIV, HMPYV,
HCoV, and RSV) that could impact the viral survival and sensi-
tivity to environmental conditions and disinfectants.
Large-scale SARS-CoV-2 testing was essential for diagnosis,
screening, and contact tracing. In the State of Maryland, at the
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time of writing this manuscript (November 13, 2021), a total of
14 548 741 tests were performed with 570 806 confirmed cases
(https://coronavirus.maryland.gov/). Severe acute respiratory
syndrome coronavirus 2 testing in the clinical diagnostic labora-
tories has become a front-line order for patients with sympto-
matic respiratory disease [20]. Integrating SARS-CoV-2 testing
impacted the diagnostic algorithms of other respiratory viruses,
especially with the limited circulation of influenza and RSV. At
Johns Hopkins Clinical Microbiology Laboratory, SARS-CoV-2
testing volumes exceeded testing for other respiratory patho-
gens by approximately 8-fold since the beginning of the pan-
demic. However, our data showed that other respiratory viruses
started to increase in frequency after May 2021, including en-
terovirus/rhinovirus, RSV, and HPIV3. Our data also showed
that enterovirus/rhinovirus maintained a constant circulation
that increased dramatically starting in June 2021. Our data also
show that enterovirus/rhinovirus was the detectable pathogens
from 5.8% of samples from symptomatic patients who were only
tested for SARS-CoV-2, influenza, and RSV. This highlights the
importance of considering the association of these viruses with
the increase in symptomatic influenza-like illness in the recent
months when their positivity was the predominant.

With the widespread increase in breakthrough symptomatic
SARS-CoV-2 infections associated with the predominance of
the Delta variant of concern since June 2021 [21], it is essential
to assess the contribution of other respiratory circulating vir-
uses to symptoms in this population of patients. Our data indi-
cate that symptomatic SARS-CoV-2-positive patients, whether
vaccinated or unvaccinated, are not likely to be coinfected with
other respiratory pathogens, consistent with previous reports
that showed a low frequency of SARS-CoV-2 coinfections [22-
25]. Tt is notable that this cohort of patients had sample col-
lection times that spanned from March to September 2021 and
coincided with increases in the circulation of enterovirus/rhi-
novirus, RSV, and HPIV3 (Figure 1).

The use of syndromic panels has been limited to specific pa-
tient populations; hence, we thought that sampling negative
SARS-CoV-2 specimens for an extended panel of respiratory
targets could give us an idea about the epidemiology of these
pathogens in an unbiased setting. Of the 294 samples tested,
only 25 were positive (8.5%); 17 enterovirus/rhinovirus, 6 ad-
enovirus, 1 HCoV-OC43, and 1 HPIV2. It is notable that the
positivity rate from this cohort was comparable to the positivity
rate using the extended diagnostic panel, and the trends of the
detected pathogens were consistent with what was detectable
by the ePlex panels (Supplementary Table S1), highlighting the
relevance of using the diagnostic panel results for surveillance
and epidemiology even if their use is limited to a specific pop-
ulation of patients.

The limitations of the study include its retrospective nature
and the lack of controlling the timing of sample collections in
relation to the course of the symptoms or disease. In addition,

for outpatients who tested positive for respiratory viruses, only
limited clinical data sets are available through the patients’ elec-
tronic medical records, which limits assessing the association
among symptoms, outcomes, and targets positivity. In addition,
the detection of more than one target might reflect prolonged
shedding of one of the detected targets due to a past infection,
rather than a true coinfection.

CONCLUSIONS

In summary, our data show that the COVID-19 pandemic
impacted the circulation of certain respiratory viruses. The
large-scale testing of other respiratory pathogens might not be
warranted for SARS-CoV-2-positive patients due to the infre-
quent coinfections with SARS-CoV-2. However, extended res-
piratory panels are beneficial for understanding the trends in
the circulation of other respiratory pathogens that are not fre-
quently tested for in symptomatic patients.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.

Supplementary Table S1. Respiratory Pathogen Testing and Total Posi-
tives Per Target at Johns Hopkins Between December 2019 and October
2021.

Supplementary Table S2. Coinfections with respiratory viral pathogens
between December 2019 and October 2021 of samples diagnosed at Johns
Hopkins Microbiology laboratory. HMPV, human metapneumovirus;
HPIV, human parainfluenza virus; RSV, respiratory syncytial virus.
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