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Abstract

Objectives: To analyze the frequency and rates of community respiratory virus infections detected in patients at the National Institutes of
Health Clinical Center (NIHCC) between January 2015 andMarch 2021, comparing the trends before and during the coronavirus disease 2019
(COVID-19) pandemic.

Methods: We conducted a retrospective study comparing frequency and rates of community respiratory viruses detected in NIHCC patients
between January 2015 and March 2021. Test results from nasopharyngeal swabs and washes, bronchoalveolar lavages, and bronchial washes
were included in this study. Results from viral-challenge studies and repeated positives were excluded. A quantitative data analysis was com-
pleted using cross tabulations. Comparisons were performed using mixed models, applying the Dunnett correction for multiplicity.

Results: Frequency of all respiratory pathogens declined from an annual range of 0.88%–1.97% between January 2015 and March 2020 to
0.29% between April 2020 andMarch 2021. Individual viral pathogens declined sharply in frequency during the same period, with no cases of
influenza A/B orparainfluenza and 1 case of respiratory syncytial virus (RSV). Rhino/enterovirusdetection continued, but with a substantially
lower frequency of 4.27% between April 2020 and March 2021, compared with an annual range of 8.65%–18.28% between January 2015 and
March 2020.

Conclusions: The decrease in viral respiratory infections detected in NIHCC patients during the pandemic was likely due to the layered
COVID-19 prevention and mitigation measures implemented in the community and the hospital. Hospitals should consider continuing
the use of nonpharmaceutical interventions in the future to prevent nosocomial transmission of respiratory viruses during times of high
community viral load.

(Received 2 December 2021; accepted 27 January 2022)

The coronavirus disease 2019 (COVID-19) pandemic has had a
profound impact on society at large and on medicine and
healthcare, specifically. Although healthcare-associated bacte-
rial infections have increased during the pandemic,1,2 one strik-
ing pandemic-associated finding was a dramatic decrease in
influenza and other respiratory virus infections around the
world, both among the public3–12 as well as in healthcare insti-
tutions.13–16

The National Institutes of Health Clinical Center (NIHCC) is
a federally funded 200-bed clinical research hospital located in
Bethesda, Maryland. NIH investigators recruit patients, who
often have rare, unknown, or difficult-to-treat disorders, to

participate in clinical research studies. In our hospital, a sub-
stantial decrease in respiratory infections diagnosed in our clini-
cal laboratory occurred during the early stages of the pandemic.
This finding stimulated us to conduct this retrospective study of
respiratory virus infections in our hospital to quantify the
decrease and to assess trends in these infections in our institu-
tion before and during the pandemic.

Beginning in 2014, symptomatic patients were tested for respi-
ratory viral infections using a newly acquiredmultiplex polymerase
chain reaction (PCR) test. Because many NIHCC patients are
immunocompromisedand stay for extended periods, they are at
increased risk for healthcare-associated infections. Healthcare pro-
viders are encouraged to have a low threshold for testing all
patients who have respiratory symptoms. This guidance was main-
tained throughout the pandemic, leading to testing for non–severe
acute respiratory coronavirusvirus 2 (non–SARS-CoV-2)in paral-
lel with SARS-CoV-2 testing, though we know some healthcare
providers opted to forgo non–SARS-CoV-2 testing for sympto-
matic patients.
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Methods

Design and population

Upon detecting a stark change in the trend of respiratory virus
infections in 2020 and 2021, the NIHCC Hospital Epidemiology
Service conducted a retrospective study comparing frequency
and rates of community respiratory viruses detected in NIHCC
patients from January 2015 through March 2021. The data
reviewed included results from respiratory specimens collected
from both inpatients and outpatients with respiratory symptoms
seen at the NIHCC.

Data collection

Respiratory specimens from patients with respiratory symptoms
are tested using the BioFire multiplex PCR respiratory pathogen
panels (RPPs; Biofire Diagnostics, Salt Lake City, UT) (Table 1).
The NIHCC Department of Laboratory Medicine performs
RPPs on nasopharyngeal swabs and washes, oropharyngeal swabs,
tracheal aspirates, bronchoalveolar lavages, and bronchial washes.
Beginning January 2021, samples requiring urgent testing for
SARS-CoV-2 were instead tested via the Cepheid Xpert Xpress
Quadplex (Cepheid, Sunnyvale, CA), a rapid PCR test that also
tests for RSV, influenza A and influenza B. All respiratory virus
results from every patient tested for respiratory viruses from
January 2015 through March 2021 were extracted from the elec-
tronic medical record. During the pandemic, visitors were also
tested, and these data are included for completeness.

NIHCC policy requires negative test results to remove patients
from respiratory isolation for some viral infections. For this reason,
patients often have multiple positive results for the same virus. We
excluded duplicate test results related to such serial testing. If serial
testing was not done to discontinue isolation but multiple positive
results for the same virus were detected, 2 additional assessments of
the results were completed to determine whether duplicate results
should be included or excluded. If the duplicate positives occurred
within 1 year, only the earlier result was included; if the positive
samples were obtained >1 year apart, record review was used to
determine whether the patient had a persistent or newly acquired
infection. Finally, samples from challenge studies of influenza and
RSV were also excluded from the analysis.

Statistical analysis

Data are reported as frequencies and percentages, and were ana-
lyzed using mixed models for longitudinal data, and applied the
Dunnettcorrection for multiplicity. Comparisons were of warm
and cool months through the study period relative to the
COVID-19 period (April 2020–March 2021) as the reference.
Data were analyzed using SAS version 9.4 software (SAS
Institute, Cary, NC).

Study definitions

For the purposes of this study, environmental and behavioral non-
pharmaceutical interventions at the NIHCC are listed in detail in
Table 3. Warm months are defined as April through September of
each year. Cold months are defined as October of a preceding year
through March of the following year.

Results

After excluding data corresponding to duplicate infections and
challenge studies, 136,823 results remained from 3,329 unique

patients over the study period. The frequency of tests for each virus
can be found in Table 1. Figure 1 depicts the change in overall
detection rate for the combined non–COVID-19 respiratory
viruses during 2015–2021. The detection rate was 2% during the
early cool months of 2015 and steadily dropped to 1.35% by the
warm months of 2016. The rates hovered at ∼1.5%–1.8% through
2019. Beginning in the warm months of 2020, a stark drop in the
data occurred: the non–COVID-19 respiratory virus detection rate
dropped to 0.36%. The rate remained low during the cool months
of the COVID-19 pandemic (October 2020 through March 2021)
at 0.23%.

Changes in the detection rates for 4 important respiratory
pathogens are portrayed in Table 2, with the frequency represent-
ing the percentage of virus specific tests with positive results. The
most commonly detected viruses in NIHCC patients—influenza
A, influenza B, and RSV—are seasonal in nature; their detection
during the pandemic significantly decreased. Influenza A appeared
mainly in cool months, with a historic frequency between 2.5% and
5%. However, during the cool months of the COVID-19 pandemic,
no cases of influenza A infection were detected. Influenza B also
tends to be most prevalent in cool months, but it is slightly less
seasonal. For the cool months of 2016–2017 through the cool
months of 2019–2020, influenza B was detected in 1.3%–2.2% of
submitted samples. In the cool months of 2018–2019, we detected
no cases. From April 2020 through March 2021, no cases of influ-
enza B were detected. RSV is detected in Clinical Center patients
almost exclusively during cool months. The infection frequency
during cool months from 2015 through 2019–2020 was consis-
tently between 2.6% and 5.6%. During the cool months of the
COVID-19 period, October 2020 through March 2021, the RSV
detection rate dropped to 0.29%.

Rhinovirus/enterovirusdetection from 2015 through the cool
months of 2019–2020 ranged from 8.65% up to 18.29% during

Table 1. Respiratory Pathogen Panel (RPP) Tests Collected From the NIH
Clinical Center Patients Between January 2015 and March 2021

Test Frequency % of All Tests

Parainfluenza 1 8,145 5.95

Parainfluenza 2 8,142 5.95

Parainfluenza 3 8,103 5.92

Parainfluenza 4 8,144 5.95

Influenza A 7,699 5.63

Influenza B 7,720 5.64

Adenovirus 8,102 5.92

Rhinovirus/Enterovirus 7,667 5.60

Respiratory Syncytial Virus 8,075 5.90

Human Metapneumovirus 8,101 5.92

Coronavirus HKU1 8,120 5.93

Coronavirus 229E 8,132 5.94

Coronavirus OC43 8,102 5.92

Coronavirus NL63 8,132 5.94

Bordetella pertussis 8,148 5.96

Chlamydophila pneumoniae 8,148 5.96

Mycoplasma pneumoniae 8,149 5.96

Total 136,823 100.00
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Fig. 1. Detection of all respiratory pathogens among NIH Clinical Center patients from January 2015–March 2021.* indicates the COVID-19 period; compared to the COVID-19
reference period (2020 warm period and 2020–2021 cool period), the rates for all of the previous year and seasonal periods were substantially higher (P < .001; P= .002 for 2019
warm period).

Table 2. Change in the Detection Rates for Four Respiratory Pathogens Among NIH Clinical Center Patients Between January 2015 and March 2021

Year and Season

Frequency of Positive Tests

Influenza A, % P Value Influenza B, % P Value
Rhinovirus/

Enterovirus, % P Value RSV, % P Value

2015 Cool 4.25 <.001 1.86 .026 8.65 NS 5.63 <.001

2015 Warm 0.36 NS 0.36 NS 18.29 <.001 0.72 NS

2015–2016 Cool 1.53 NS 0.56 NS 8.72 NS 4.50 <.001

2016 Warm 1.13 NS 0.95 NS 14.04 <.001 0.17 NS

2016–2017 Cool 5.00 <.001 2.14 <.001 9.05 NS 4.00 <.001

2017 Warm 0.17 NS 1.36 NS 16.21 <.001 0.00 NS

2017–2018 Cool 2.58 .006 1.64 .017 10.86 .003 2.61 <.001

2018 Warm 0.20 NS 0.20 NS 18.28 <.001 0.00 NS

2018–2019 Cool 3.60 <.001 0.00 NS 12.70 <.001 3.65 <.001

2019 Warm 0.17 NS 0.00 NS 10.19 .007 0.66 NS

2019–2020 Cool 3.45 <.001 1.92 .004 9.11 .050 2.82 .005

2020 Warma 0.00 0.00 5.38 0.00

2020–2021 Cool a 0.00 0.00 3.35 0.29

All COVID-19
(4/2020–3/2021)

0.00
(Ref)

0.00
(Ref)

4.27
(Ref)

0.17
(Ref)

Note. NS, not statistically significant.
Warm months were defined as April–September of the year, and cool months were defined as October of a preceding year through March of the following year.
Comparisons were between each seasonal period versus the reference period of the COVID-19 pandemic (April 2020–March 2021), and reportedP values corrected for multiplicity using the
Dunnett test.
aThese seasonal periods are listed separately for information purposes as they are part of the COVID-19 reference period.
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the pre–COVID-19 period. However, during the warm months of
2020, infection frequency dropped to 5.38%, and it fell even lower
to 3.35% during the cool months of 2020–2021.

Discussion

Our review confirmed the significant decrease of non–SARS-CoV-2
respiratory viruses, including influenza A, influenza B, RSV, and

rhino/enterovirus, during the first year of the COVID-19 pandemic
compared to the previous 5 years. Several factors (both community
and healthcare related) may help explain the observed decrease in
respiratory virus infections (Table 3). Whereas many of the factors
listed in Table 3 have been suggested as contributing to the reduction
in respiratory infections, quantification of the contribution of any
one of these factors is difficult, if not impossible, because most were
implemented simultaneously as COVID-19 mitigation strategies.
Lee et al17 analyzed Korean national data to demonstrate that imple-
mentation of nationally sponsored COVID-19 mitigation strategies
was associated with diminished influenza activity and a truncated
influenza season. Olsen et al8 noted substantial decreases in detec-
tion of influenza in the United States, Australia, Chile, and South
Africa. Chan et al18 noted that, while influenza A remained sup-
pressed, other respiratory viruses (eg, RSV, enteroviruses/rhinovi-
ruses) returned after schools were reopened in Singapore.
Nawrocki et al19 found a clear association between physical distanc-
ing policies and community transmission of 11 non-COVID-19 res-
piratory viruses.

In our institution, molecularly diagnosed respiratory infections
decreased dramatically, despite the personal stress of the pandemic
as well as a host of additional pandemic-related factors. Intuitively,
these factorsmight have been thought to facilitate rather than inhibit
transmission of viral respiratory pathogens (Table 4). Nonetheless,
even in the face of intense institutional COVID-19 activities and
increased acuity of inpatients who remained hospitalized, detection

Table 3. Nonpharmaceutical Factors Possibly Contributing to Decreased Detection of Respiratory Virus Infections

Arena Actions Taken

Public COVID-19 mitigation strategies Masks

Physical distancing

Hand hygiene

Cough etiquette

Quarantining

School closures

Workplace closures

Community lockdowns

Border closures

Limited public assemblies

Limitations on travel
Healthcare-associated COVID-19 mitigation strategies used in the
NIHCC

Syndromic screening of all entering the hospital

Allowing only staff essential to patient care into the hospital

Universal masking

Protective eyewear for providers when within 2 m (6 feet) of patients for >5
minutes

Offering testing for symptomatic and asymptomatic staff (ref)

Hand hygiene

Isolation of symptomatic suspected or diagnoses COVID-19 patients

Serial testing for patients believed to have been exposed to COVID-19

Reduced non–COVID-19 hospital census

Visitor restrictions

Suspension of elective procedures

Admissions and pre-AGP testing

Note. AGP, aerosol-generating procedure.

Table 4. Pandemic-Associated Factors That Could Have Facilitated Respiratory
Virus Transmission in Healthcare Settings

Factor Type Description

Personal Pandemic emotional stresses

Staffing shortages

Surge stress in emergency rooms and COVID-19 units

Presenteeism

Environmental Supply chain shortages of personal protective
equipment and standard supplies

Overcrowded emergency rooms and ICUs

Medical Hospitalized non–COVID-19 patients were generally
sicker than typically, and likely more susceptible to
respiratory virus infections.

Note. ICU, intensive care unit.
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of these viral respiratory pathogens dramatically decreased (Figs. 1
and 2; Table 2). Molecularly diagnosed influenza A and influenza B
infections decreased to zero during the pandemic.

Our study had several limitations. First the patient population
at the NIHCC is not typical, even for most academic centers. The
Clinical Center’s patient population is focused in 2 areas—
patients who have rare, often heritable chronic diseases (many
of whom have disseminated malignancies) and phase 1 and 2
clinical trials. Most of the patient population isimmunosup-
pressed, placing these patients at high risk for all types of infec-
tions, including repeatedly positive viral test results. The
inclusion and exclusion criteria described earlier controls for
the possibility of repeat positives for the same infection but
may also exclude some reinfections incorrectly presumed to be
long-term infections.

A second limitation is that milder infections that did not prompt
clinicians to order testing may be underrepresented. Because of the
pandemic, the threshold for ordering such tests was likely lowered,
but the focus may have been on ruling out severe acute respiratory
coronavirus virus 2 (SARS-CoV-2). A third limitation is that many
aspects of care in our hospital changed dramatically in response to
the pandemic. The hospital census declined substantially because
only acutely ill patients were hospitalized, elective admissions were
curtailed, and elective procedures were postponed. Furthermore,
visitors were restricted; only staff essential to patient care were
allowed into the hospital; and dedicated COVID-19 care units
(including an intensive care unit) were created.

Finally, some investigators have explored whether direct viral–
viral interactions may play a role in these findings.20–23 The eco-
logic aspects of seasonal and pandemic viral infections are areas
of active research, but they are currently incompletely defined.

The decrease in the incidence of molecularly diagnosed respi-
ratory viral infections in our hospital during the first 12 months of
the COVID-19 pandemic was striking. Numerous factors noted
above and in Table 3 likely contributed to this reduction. Many,

if not most, published manuscripts suggest the primary reason
for such a decrease relates directly to the implementation of
COVID-19 mitigation strategies (Table 3).3,8,13–16,24–37 However,
as noted previously, demonstrating the effect of any individual
intervention is often challenging. Universal masking represented
a major departure from prior infection prevention strategies in
our institution that we suspect substantially affected the risk for
respiratory virus transmission. A recently published meta-analysis
that examined results from 72 studies conclusively demonstrated
that several mitigation strategies were associated with a substantial
decrease in the risk for transmission of SARS-CoV-2, including
mask wearing, handwashing, and physical distancing.38 The effec-
tiveness of universal masking (both for personal protection and
source control) has been a striking feature of this pandemic.

The colder weather in the late fall and early winter of 2021 may
already be heralding the return of non-SARS-COV-2 respiratory
infection. Some institutions have observed an increase in RSV
and other respiratory virus infections.39

The COVID-19 pandemic continues, with the current δ (delta)
variant increasing in prevalence in the upper Midwest and the
troubling discovery of the newly detected o (omicron) strain.40

The persistence, and perhaps even escalation, of pandemic
COVID-19 cases argues for the consistent application of the effec-
tive nonpharmaceutical interventions discussed above. Even when
the pandemic subsequently subsides, when influenza or another
respiratory virus again emerges, we will advocate for empiric uni-
versal masking in our institution.
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Fig. 2. Frequency of detection by virus among NIH Clinical Center patients between January 2015 andMarch 2021. Observations of substantial statistical differences between year
and seasonal periods for each virus are specified in Table 2. *indicates the COVID-19 period.
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