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KEY POINTS

� Health care–acquired viral respiratory infections are common, with increased patient
morbidity and mortality.

� Multicomponent infection control measures consisting of education, hand washing, isola-
tion, consistent use of personal protective equipment, cohorting patients, and cohort
nursing reduces transmission of respiratory infections.

� Health care worker influenza vaccination is recommended, with mandatory vaccination
policies becoming more common.
INTRODUCTION

Although the threat of viral respiratory infection has been underscored by the current
coronavirus disease 2019 (COVID-19) pandemic, respiratory viruses have a significant
impact in health care settings even under normal circumstances. It is estimated that
approximately 19,000 nosocomial respiratory virus infections occur in US hospitals
each year, resulting in increased patient morbidity, mortality, and health care costs.1

Approximately 20% of patients with health care–associated pneumonia have viral res-
piratory infections, with an incidence that typically reflects the level of virus activity
within the community.2,3 Respiratory viruses can be transmitted throughmultiple path-
ways, including contact, droplet, and airborne routes, with the relative contributions of
each route depending on the viral species and environmental factors. Controlled lab-
oratory studies to determine which transmission routes are possible and epidemio-
logic studies to determine which routes most contribute to real-world transmission
are both needed to inform prevention and control. This article describes the current
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understanding of the epidemiology, transmission, and control of health care–
associated respiratory viral infections.
SEVERE ACUTE RESPIRATORY SYNDROME CORONAVIRUS-2 AND OTHER HUMAN
CORONAVIRUSES
Epidemiology

Among the human coronaviruses (HCoVs), there are 4 seasonal viruses (229E, OC43,
NL63, and HKU1) that cause annual epidemics of primarily mild respiratory infections.
In addition, several novel coronaviruses have emerged from zoonotic reservoirs in
recent decades causing severe lower respiratory disease, most notably the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus responsible for the
recent COVID-19 pandemic.
As of March 1, 2021, the COVID-19 pandemic caused by SARS-CoV-2 resulted in

113,467,303 confirmed cases and 2,520,550 deaths worldwide, with the United States
accounting for approximately 25% of the cases and 20% of the deaths.4,5 A large study
performed in the United States and United Kingdom found that health care personnel
(HCP) were more than 3 times more likely to be infected with SARS-CoV-2 compared
with the general community after adjusting for likelihood of testing.6 These infections
strained health care capacity and put patient safety at risk. Characterizations of nosoco-
mial outbreaks early in the pandemic noted that mortality among patients with health
care–acquired COVID-19 was much higher than in the general population, potentially
reflecting older age and poorer health.7–9 Residents of long-term care facilities have
accounted formore thanaquarter of all USCOVID-19deaths asofmid-February 2021.10

Although the COVID-19 pandemic is the first documented pandemic caused by an
HCoV, there are other recent examples of novel HCoV emergence causing epidemics.
In 2002 to 2003, the novel SARS-CoV caused an epidemic of severe respiratory illness
(coined severe acute respiratory syndrome [SARS]) resulting in 8096 cases globally
and 774 deaths (9.6% case fatality ratio) with notable nosocomial outbreaks in
Singapore and Toronto.11,12 Middle East Respiratory Syndrome Coronavirus
(MERS-CoV) was identified in the Arabian Peninsula in 2012.13 As of January 2021,
2566 cases in 27 countries have been reported, with 882 deaths (34.4% case fatality
ratio).14,15 Although direct contact with dromedary camels has remained a major risk
factor for MERS, there have been multiple MERS nosocomial outbreaks and 13% to
70% of nosocomial MERS infections were among HCP.15–19

Nosocomial infection with seasonal coronaviruses has also been described,1,20,21

including large outbreaks among patients and HCP in pediatric and neonatal intensive
care units.22

Transmission

The median incubation period of SARS-CoV-2 is 4 to 5 days, with symptoms devel-
oping within 12 days in 95% of symptomatic infections.23,24 Between 1 in 3 and 1 in
6 SARS-CoV-2 infections remain asymptomatic.25,26 Asymptomatic patients may
have viral loads higher or comparable with symptomatic patients, but shorter dura-
tions of shedding.27,28 Among symptomatic individuals, viral shedding peaks on or
just before the day of symptom onset.28 In uncomplicated infections, shedding of virus
capable of replication lasts less than 10 days,28 but individuals with severe COVID-
1929 or who are immunocompromised30 may be infectious for much longer. Taken
together, the long incubation period, high proportion of asymptomatic infections, pre-
symptomatic shedding, and long duration of shedding contribute to a high proportion
of unobserved transmission.
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SARS-CoV-2 is predominantly transmitted through close contact via the large
droplet and direct contact routes.31,32 However, there is evidence that SARS-CoV-2
may be transmitted over longer distances and periods of time via smaller droplets
or aerosols in certain circumstances.32–34 Aerosol transmission may be of particular
concern in health care settings where procedures are performed that can generate in-
fectious respiratory droplets and aerosols (aerosol-generating procedures) such as
endotracheal intubation and extubation, nebulizer administration, and airway suction-
ing.35 Studies have also shown frequent contamination of surfaces, with prolonged
infectivity up to 96 hours on nonporous surfaces and up to 72 hours on cardboard.34,36

However, instances of indirect fomite transmission have not been conclusively
documented.
In contrast with SARS-CoV-2, MERS-CoV has low human-to-human transmission

potential. However, inadequate or inconsistent infection control measures have
been cited as factors in MERS-CoV transmission during nosocomial outbreaks.16,17

MERS-CoV may transmit by large droplets, contact, and aerosols following aerosol-
generating procedures.37

The seasonal HCoVs, unlike their higher-severity counterparts, seem to be largely
spread by droplet transmission.38 Performing aerosol-generating procedures and
contact with pediatric patients have been identified as risk factors for HCP infection
with seasonal HCoV.39

Prevention and Control

Patients with suspected or confirmed SARS-CoV-2 infection, or those who would
otherwise be required to quarantine, should be placed in single rooms with a closed
door and dedicated bathroom.40 Patients undergoing aerosol-generating procedures
should be placed in airborne infection isolation rooms if possible. Limiting patients
with SARS-CoV-2 to specific units should be considered, and their movement should
be limited. In addition to standard precautions, HCP entering the rooms of patients
with SARS-CoV-2 should use an N-95-equivalent or higher-level respirator, eye pro-
tection, gloves, and a gown. These best practices have not always been feasible given
limited personal protective equipment (PPE) resources, and the US Centers for Dis-
ease Control and Prevention (CDC) has outlined contingencies and strategies to pre-
serve PPE.41 The World Health Organization (WHO) and several US state health
departments have issued more lenient guidance permitting use of medical masks
rather than respirators in the absence of aerosol-generating procedures.42 Although
the SARS-CoV-2 research base has developed in an extraordinarily short time, these
differing recommendations highlight remaining gaps in the knowledge of SARS-CoV-2
epidemiology, transmission, and infection control best practices.43

CDC has also recommended general measures to reduce health care–associated
transmission.40 These measures have been extremely effective for reducing risk of
health care–associated SARS-CoV-2 infection and could be considered for use during
nonpandemic respiratory virus seasons.44,45

� Telehealth strategies should be used to reduce in-person medical visits where
possible.

� Visitors to the health care facility should be limited, especially during times of high
community transmission.

� All patients, visitors, and HCP should be screened for symptoms of COVID-19 or
contact with a suspected or confirmed case in the past 14 days.

� Patients, visitors, and HCP should wear a well-fitting cloth mask,46 surgical
mask, or respirator at all times as a method of universal source control.
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� Physical distancing should be encouraged to maintain at least 2 m (6 feet) be-
tween individuals when possible.

Both the Infectious Diseases Society of America (IDSA) and CDC recommend
nucleic acid amplification testing for all individuals, hospitalized or in the community,
with either symptoms of COVID-19 or who have been exposed to a suspected or
confirmed patient with SARS-CoV-2 infection.47,48 Negative results in symptomatic
hospitalized patients should be treated with suspicion with repeated testing, including
specimens from the lower respiratory tract if possible. Testing of asymptomatic pa-
tients on hospital admission is also recommended by IDSA and CDC during periods
of high community transmission.40,48 Periodic testing of asymptomatic HCP without
known exposure is recommended for those working in long-term care facilities, and
may be considered in hospital settings if resources are available.49

As of March 2021, 3 vaccines for the prevention of COVID-19 have received emer-
gency use authorizations from the US Food and Drug Administration (FDA), and all
have shown substantial efficacy, particularly against severe disease.50–52 Frontline
HCP are among those designated as highest priority for vaccination by the CDC’s
Advisory Committee for Immunization Practices (ACIP).53,54 High HCP vaccination
coverage is critical to protecting both HCP and patients. It remains to be seen whether
requirements for HCP COVID vaccination will emerge as has occurred with influenza
vaccination. As the experience and comfort with these new vaccines increases and full
FDA approval is issued, such requirements may be justified, especially if an impact on
transmission is confirmed.
Hospitalized patients with MERS-CoV should be placed in contact and airborne pre-

cautions with the use of eye protection.55

Although seasonal HCoV are not specifically mentioned in CDC infection prevention
guidelines, droplet and contact precautions may be considered based on likely routes
of transmission.38

SEASONAL INFLUENZA
Epidemiology

Influenza infects approximately 2% to 10% of the US population annually, resulting in
140,000 to 810,000 hospitalizations and 12,000 to 61,000 deaths.56,57 Transmission
of influenza has been reported in a variety of health care settings, and HCP are often
implicated as index cases for nosocomial outbreaks.58 A recent study found that nearly
90%of influenza-infectedHCPwere asymptomatic ormildly symptomaticwith no fever
or cough.59 Although asymptomatic andmildly symptomatic individuals shed less virus
for shorter duration than those who are symptomatic,60 there is still potential for trans-
mitting infection to patients or other HCP. Even when symptomatic, HCP often work
while acutely ill for a variety of reasons.61,62 High levels of patient and HCP infection
can also disrupt hospital operations during seasonal influenza epidemics.63,64

Transmission

The average incubation period for influenza is approximately 3 days, but can range from
1 to 4 days.65 Viral shedding begins before the appearance of symptoms and within the
first 24 hours following infection, peaks on the second day following infection, and usu-
ally declines rapidly thereafter.65,66 Virus is typically no longer detectable after 6 to
10 days after inoculation. Prolonged viral shedding has been documented in children,67

those hospitalized for severe influenza,68 and immunocompromised adults.69

The possibility for influenza transmission to occur through direct contact,70,71 indirect
contact with fomites,72,73 large droplet,74,75 and aerosol76,77 routes has been shown in
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both laboratory and field studies. However, in both the community and health care set-
tings, large droplet and direct contact transmission predominates.78 Although possible,
indirect fomite transmission and aerosol transmission across long distances and time
periods have not been conclusively shown and are unlikely. Consistent with this, several
randomized controlled trials have found that no significant advantage of N95 respirators
compared with surgical masks has been shown for standard clinical care.79–81 The
exception may be for aerosol-generating procedures, which can increase risk of trans-
mission to health care workers involved in or in close proximity to the procedure.82,83

Prevention and Control

In addition to standard precautions, the CDC recommends implementation of droplet
precautions to prevent health care–associated influenza (Tables 1 and 2).3,84,85

Droplet precautions should continue for 7 days after illness onset or until 24 hours after
the resolution of fever and respiratory symptoms, whichever is longer, but may be
extended for immunocompromised or other patients who may have prolonged viral
shedding. HCP should wear respiratory protection equivalent to a fitted N95 filtering
respirator mask if patients with influenza undergo aerosol-generating procedures.85

Annual influenza vaccination is recommended for HCP by the ACIP.86 Although
influenza vaccine effectiveness can vary annually, it is the best available tool for the
prevention of influenza infection (Fig. 1).87 Vaccinated HCP are less likely to miss
work because of respiratory illness and miss fewer days when they are ill.88,89

Improved HCP vaccination coverage has also been linked with decreased health
care–associated influenza among patients and personnel,90,91 and reduced mortality
among nursing home patients.92–96 Since 2013, multiple professional societies and
safety advocacy organizations have endorsed policies for mandatory influenza vacci-
nation for HCP (Box 1). As a result, the proportion of hospitals with mandatory influ-
enza vaccination programs increased from 37% in 2013 to 61% in 2017.97 During
the 2019 to 2020 influenza season, HCP vaccination coverage was 81% overall;
52% in settings where vaccines were not required, promoted, or offered on site;
and 94% where vaccination was required.98

Data from observational studies and controlled trials support recommendations to
provide antiviral chemoprophylaxis to residents in long-term care facilities, regardless
of vaccination status, during an institutional influenza outbreak.99,100 In this setting,
chemoprophylaxis should be continued for 14 days or for at least 7 days after the
onset of symptoms in the last person infected, whichever is longer.99,100 Effectiveness
of employee chemoprophylaxis in the acute care setting is unclear, but may be
considered for unvaccinated or high-risk HCP during an institutional outbreak.99,100

In addition to vaccination and antiviral chemoprophylaxis, interventions to prevent
health care–associated influenza include source control (ie, wearing a mask), cohort
nursing, exclusion of ill HCP and visitors through comprehensive sick leave policies
and entry screening, and early diagnostic testing of symptomatic patients.85,99 Influ-
enza testing is recommended on admission for all hospitalized patients with acute res-
piratory illness during the influenza season.99
NOVEL PANDEMIC INFLUENZA

Over the past century, there have been 4 major influenza pandemics caused by novel
viruses resulting from reassortment of human influenza genes with those of avian or
swine strains: 1918 to 1919 A (H1N1), 1957 to 1958 A (H2N2), 1968 to 1969 A
(H3N2), and 2009 A (H1N1). Several zoonotic influenza viruses are currently being
monitored for pandemic potential, including avian H5 and H7 viruses.



Table 1
Precautions for preventing transmission of respiratory infections

Precautions Component Recommendation

Standard Hand hygiene Wash hands with soap and water or use an alcohol-
based hand rub:

� Before and after contact with a patient
� After contact with respiratory secretions, and
� After contact with potentially contaminated items in

the patient’s vicinity, including equipment and
environmental surfaces

Respiratory hygiene Instruct staff and visitors with signs and symptoms of a
respiratory infection to:

� Cover the mouth and nose when sneezing or
coughing

� Perform hand hygiene after soiling hands with
respiratory secretions

� Wear masks when tolerated, and
� Maintain spatial separation from others (>1 m [3

feet]) when in common waiting areas, if possible
Gloves Wear when contact with respiratory secretions could

occur
Gowns Wear during procedures and activities when contact of

clothing or exposed skin with respiratory secretions is
anticipated

Masks and eye
protection

Wear during procedures and activities likely to
generate splashes or sprays of respiratory secretions

Contacta Patient placement Place patient in a single-patient room, if possible, or
cohort with other patients infected with the same
organism

Limit patient movement to medically necessary
purposes

Gloves and gowns Wear on room entry whenever contact is likely with the
patient, patient’s respiratory secretions, or
potentially contaminated items in the patient’s
vicinity, including equipment and environmental
surfaces

Masks and eye
protection

As per standard precautions

Dropleta Patient placement Place patient in a single-patient room, if possible, or
cohort with other patients infected with the same
organism

Limit patient movement to medically necessary
purposes, and patients should wear a mask and
follow respiratory hygiene during transport

Gloves, gowns, and
eye protection

As per standard precautions

Masks Wear a surgical mask on room entry if close contact (eg,
<1 m [3 feet]) with the patient is anticipated

(continued on next page)
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Table 1
(continued )

Precautions Component Recommendation

Airbornea Patient placement Place infected patients in a single-patient airborne
infection isolation roomb

Limit patient movement to medically necessary
purposes, and patients should wear a mask and
follow respiratory hygiene during transport

Gloves, gowns, and
eye protection

As per standard precautions

Masks Wear a fit-tested N95 respirator before room entry

a Contact, droplet, and airborne precautions include hand hygiene and respiratory hygiene as per
standard precautions.
b Airborne infection isolation room consists of negative pressure relative to the surrounding area,
6 to 12 air changes per hour, and air is exhausted directly to the outside or recirculated through
high-efficiency particulate air (HEPA) filtration before return.

From Siegel JD, Rhinehart E, Jackson M, et al; Health Care Infection Control Practices Advisory C.
2007 Guideline for isolation precautions: preventing transmission of infectious agents in health
care settings. Am J Infect Control 2007;35:S65–164; with permission.
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Highly pathogenic avian influenza A (H5N1) virus was first reported to cause human
infections in 1997 in China; however, no other human infections were reported until the
virus reemerged in Hong Kong in 2003.101 Since that time, it has caused 862 infections
worldwide, of whom 455 patients have died (case fatality ratio: 53%), although only 1
case was identified in 2020.102 Human infection with avian influenza A (H7N9) was first
reported 2013 in China, subsequently causing seasonal outbreaks of severe respira-
tory illness accounting for a total of 616 deaths from a total of 1568 cases (case fatality
ratio: 39%).103 However, only 4 human cases have been identified following mass im-
munization of Chinese poultry with a bivalent influenza A (H7N9) and A (H5N1) vaccine
beginning in September 2017.103,104

The CDC has issued interim guidelines for infection control for patients with sus-
pected novel influenza A infection associated with severe disease, including H5N1,
H7N9, and other emerging strains. Avian influenza should be suspected in patients
presenting with a severe respiratory illness with recent contact with potentially
infected birds or with travel to a country with avian influenza activity in the past
10 days.105 Contact and airborne precautions should be used for patients with sus-
pected novel influenza (see Tables 1 and 2). In addition, all HCP should wear eye pro-
tection when entering the patient’s room. Transmission-based precautions for novel
influenza should be continued throughout the duration of the patient’s stay. Antiviral
chemoprophylaxis for 5 days should also be considered for HCP with unprotected ex-
posures if the exposure was not ongoing, or for 10 days if the exposure was
ongoing.106
RESPIRATORY SYNCYTIAL VIRUS
Epidemiology

Respiratory syncytial virus (RSV) is the most common cause of pneumonia and bron-
chiolitis in infants107 and a common cause of hospitalization in older and high-risk
adults.108 Rates of respiratory hospitalizations secondary to RSV infection are highest
among infants, although older patients (�75 years) have similar rates to children aged
1 to 4 years.109 Outbreaks of RSV have occurred in a variety of health care set-
tings.110–113 Secondary infection risks between 19% and 45% among patients, and



Table 2
Infection prevention recommendations for viral respiratory pathogens

Common Measures for Reducing Transmission in the Health Care Setting

Hand hygiene

Respiratory hygiene/cough etiquette

Standard precautions

Restrict ill visitorsa

Restrict ill personnel (prevent so-called presenteeism)

Cohort nursing

Prompt diagnosis of respiratory infections among patients by diagnostic testsb

Restrict elective admissions of patients during outbreaks in the community and/or facility

Surveillance for an increase in activity of viral infections within the community

Universal source control with well-fitting masks

Measures for Reducing Transmission of Specific Pathogens in the Health Care Setting

Influenza

Novel
CoronavirusIntervention RSV Adenovirus

Parainfluenza
Virus/HMPV Rhinovirus Seasonal Novel

Precautions — — — — — — —

Contact C C C — — C C

Droplet — C — C C C

Airborne — — — — Cc C Bd

Eye protection — — — — — C C

Vaccination of
personnel

— — — — C — —

Chemoprophylaxis Be — — — Bf B —

Closed circles (C) denote recommended measures. Open circles (B) denote measures recommen-
ded in certain circumstances.

Abbreviations: HMPV, human metapneumovirus; RSV, respiratory syncytial virus.
a Institutions may restrict only young children and/or screen all visitors for illness by using a

trained health care worker to assess for signs and symptoms or by using an educational patient in-
formation list to advise ill visitors.

b To control outbreaks, institutions may perform preadmission screening of patients for
infection.

c The Centers for Disease Control and Prevention recommends an N95 respirator for HCP per-
forming aerosol-generating procedures.

d The Centers for Disease Control and Prevention recommends use of a fit-tested N95 respirator.
The WHO and some US state health departments recommend medical masks.

e In addition to other infection control measures, palivizumab prophylaxis of high-risk infants
has been used to control outbreaks in the neonatal intensive care unit.

f During a facility outbreak of influenza, administer antiviral chemoprophylaxis to all patients in
the involved unit, regardless of vaccination status, and to unvaccinated HCP working in the
involved unit. If feasible, administer facility-wide chemoprophylaxis for all residents in long-
term care facilities. Chemoprophylaxis may also be administered to personnel when the outbreak
strain is not well matched by the vaccine.

Petrie & Talbot1062
between 34% and 56% among HCP, on infant wards have been reported when limited
or no infection control measures are implemented.110,114,115 Most infected HCP are
symptomatic, but asymptomatic shedding of RSV occurs in 15% to 20%.116 As
with other viruses, symptomatic HCP who work while ill are a concern, and this is re-
ported to occur with a high frequency (51%–75%) in some populations.117,118



Fig. 1. Percentage reduction in noted outcomes in HCP receiving influenza vaccination. (Data from Refs.58,94,95)
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Box 1

Professional societies and safety advocacy organisms that recommend mandatory health care

personnel influenza immunization

American Academy of Family Physicians (AAFP)

American Academy of Pediatrics (AAP)

American College of Physicians (ACP)

American Hospital Association (AHA)

American Medical Directors Association (AMDA)

American Nurses Association (ANA)

American Pharmacists Association

American Public Health Association (APHA)

Association for Professionals in Infection Control and Epidemiology (APIC)

IDSA

National Association of County and City Health Officials (NACCHO)

National Business Group on Health

National Patient Safety Foundation (NPSF)

Society for Healthcare Epidemiology of America (SHEA)

Veterans Health Administration (VHA) Department of Veterans Affairs
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Transmission

Transmission of RSV occurs primarily through direct contact or by self-inoculation af-
ter touching contaminated fomites119,120; inoculation is most efficient via the eyes and
nose.121 RSV has been recovered on countertops for up to 6 hours, on rubber gloves
for up to 2 hours, and on cloth gowns and hands for 15 to 60 minutes after contami-
nation with infected nasal secretions.122 The duration of viral shedding among hospi-
talized infants averages 6.7 days but can be as long as 21 days123; in a large Kenyan
household cohort, shedding averaged 11 days, with approximately 13% shedding for
more than 21 days.124 Similar durations of viral shedding have also been shown for
older adults.125 Younger children, infants with lower respiratory disease, and those
with a compromised immune status have more prolonged shedding and shed greater
quantities of virus.123,124

Prevention and Control

Although several RSV vaccines are in development,126 there is no licensed vaccine or
specific treatment readily available for RSV. Therefore, effective infection control mea-
sures are paramount for minimizing transmission. In addition to standard precautions,
the CDC recommends contact precautions to prevent health care–associated RSV
(see Tables 1 and 2).84 These precautions should continue for the duration of illness
but may be extended for immunocompromised patients because of prolonged viral
shedding. Some studies have suggested that eye protection may further reduce trans-
mission given the importance of the eye as a portal of entry.127,128

Palivizumab is a humanized mouse immunoglobulin G monoclonal antibody that is
effective in preventing hospitalizations caused by RSV infections,129 and the use of
palivizumab as prophylaxis for susceptible infants to control outbreaks in neonatal
intensive care units has been described.111,130 The American Academy of Pediatrics
recommends that palivizumab be administered to the following groups of
patients131,132:
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� Infants younger than 12 months of age and born before 29 weeks’ gestation at
the beginning of RSV season

� Preterm infants with chronic lung disease of prematurity who are born before
32 weeks’ gestation during the first year of life

� Infants younger than 12 months of age with hemodynamically significant heart
disease

OTHER RESPIRATORY VIRUSES
Adenovirus

Health care–associated outbreaks of adenovirus have been reported from various set-
tings with high secondary infection risks among patients (15%–56%).133–135 Adenovi-
ruses can result in severe or fatal disseminated disease among severely
immunocompromised patients.136 Adenoviruses are transmitted through large respi-
ratory droplets but are also notable for their ability to survive on nonporous surfaces
for up to 49 days.137 As a result, transmission also occurs via self-inoculation after
contact with contaminated fomites. In addition to standard precautions, the CDC rec-
ommends contact and droplet precautions to prevent health care–associated adeno-
virus infection (see Tables 1 and 2).3,84

Parainfluenza Virus

Transmission of parainfluenza has been documented in pediatric wards,138 neonatal
nurseries,139 and adult transplant units.140 Transmission of parainfluenza primarily oc-
curs by direct person-to-person contact. Parainfluenza can survive up to 4 hours on
porous surfaces and up to 10 hours on nonporous surfaces.141 However, viral recov-
ery from hands declines rapidly, with only 5% detected after 10 minutes.142 The CDC
recommends contact precautions for the prevention of health care–associated para-
influenza infection (see Tables 1 and 2).3,84

Rhinovirus

Among studies with broad molecular respiratory virus identification, rhinoviruses are
typically the most common health care–associated respiratory viral infection among
both children and adults.1,20,21 Nosocomial rhinovirus infections have been linked
with increased need for respiratory support and longer lengths of stay in high-risk ne-
onates143 and deaths in long-term care facilities.144 However, the clinical significance
of rhinovirus infections is debated because this virus is frequently detected in asymp-
tomatic children.145 The CDC recommends droplet precautions for the prevention of
health care–associated rhinovirus infection (see Tables 1 and 2).84

Human Metapneumovirus

Nosocomial outbreaks of human metapneumovirus have been described in various
settings with secondary infection risks ranging from 36% to 56%.146–149 Humanmeta-
pneumovirus survival on nonporous surfaces has been shown for up to 8 hours, but for
much shorter durations on porous surfaces.150 The CDC recommends contact pre-
cautions for the prevention of health care–associated human metapneumovirus infec-
tion (see Tables 1 and 2).151

EMPIRIC CLINICAL GUIDANCE FOR PATIENTS WITH SUSPECTED RESPIRATORY VIRAL
INFECTIONS

For suspected respiratory virus infections, CDC recommends empiric contact plus
droplet precautions until viruses specifically requiring droplet precautions can be ruled
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out.3,84 Empiric treatment with influenza antiviral medications is also recommended
for any patient with suspected or confirmed influenza infection who is hospitalized,
has severe illness, or is at high risk of complications.100

Diagnostic Testing

In many cases, diagnosing a respiratory virus infection can inform clinical manage-
ment, improve infection prevention,152,153 and may improve antibiotic stewardship.154

In addition to virus-specific guidance previously discussed for SARS-CoV-2 and influ-
enza, IDSA recommends respiratory virus panel testing of immunocompromised pa-
tients who are hospitalized with respiratory symptoms, and advises that panel
testing can be used more broadly in hospitalized patients if it might influence clinical
care or infection prevention.99 The diagnostic landscape continues to rapidly evolve
and more research is needed regarding best practices, clinical interpretation, and
cost-effectiveness of respiratory virus testing.155

SUMMARY

Transmission of respiratory viruses occurs in a variety of health care settings, resulting
in increased patient morbidity and health care costs. Different viruses have different
modes of transmission, and prevention of transmission requires early recognition of
symptomatic patients and prompt institution of appropriate transmission-based pre-
cautions, in addition to adherence to basic infection control practices such as hand
hygiene. In addition to virus-specific infection control measures, vaccination of HCP
is a priority for prevention of health care–associated SARS-CoV-2 and influenza
infection.

CLINICS CARE POINTS

� Vaccination of health care personnel is a priority for the prevention of healthcare acquired
influenza and SARS-CoV-2 infection.

� Recommended precautions preventing healthcare acquired viral respiratory diseases vary by
viral species.

� droplet precautions until viruses specifically requiring droplet precautions can be ruled out.

� In many cases, diagnosing a respiratory virus infection can inform clinical management,
improve infection prevention, and may improve antibiotic stewardship.

DISCLOSURE

J.G. Petrie and T.R. Talbot have no disclosures.

REFERENCES

1. Chow EJ, Mermel LA. Hospital-Acquired Respiratory Viral Infections: Incidence,
Morbidity, and Mortality in Pediatric and Adult Patients. Open Forum Infect Dis
2017;4(1). https://doi.org/10.1093/ofid/ofx006.

2. Hall CB. Nosocomial viral respiratory infections: Perennial weeds on pediatric
wards. Am J Med 1981;70(3):670–6.

3. Tablan OC, Anderson LJ, Besser R, et al. Guidelines for preventing health-care–
associated pneumonia, 2003: recommendations of CDC and the Healthcare
Infection Control Practices Advisory Committee. MMWR Recomm Rep Morb
Mortal Wkly Rep Recomm Rep Cent Dis Control 2004;53(RR-3):1–36.

https://doi.org/10.1093/ofid/ofx006
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref2
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref2
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref3
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref3
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref3
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref3


Health Care–acquired Viral Respiratory Diseases 1067
4. Weekly operational update onCOVID-19 - 1March 2021. Available at: https://www.
who.int/publications/m/item/weekly-operational-update-on-covid-19—1-march-
2021. Accessed March 1, 2021.

5. Centers for Disease Control and Prevention. COVID Data Tracker weekly review.
Centers for Disease Control and Prevention; 2021. Available at: https://www.cdc.
gov/coronavirus/2019-ncov/covid-data/covidview/index.html. Accessed March 1,
2021.

6. Nguyen LH, Drew DA, Graham MS, et al. Risk of COVID-19 among front-line
health-care workers and the general community: a prospective cohort study.
Lancet Public Health 2020;5(9):e475–83.

7. Rickman HM, Rampling T, Shaw K, et al. Nosocomial Transmission of Coronavi-
rus Disease 2019: A Retrospective Study of 66 Hospital-acquired Cases in a
London Teaching Hospital. Clin Infect Dis 2021;72(4):690–3.

8. Van Praet JT, Claeys B, Coene A-S, et al. Prevention of nosocomial COVID-19:
Another challenge of the pandemic. Infect Control Hosp Epidemiol 2020;41(11):
1355–6.

9. McMichael TM, Currie DW, Clark S, et al. Epidemiology of Covid-19 in a Long-
Term Care Facility in King County, Washington. N Engl J Med 2020;382(21):
2005–11.

10. National Healthcare Safety Network (NHSN). COVID-19 Nursing Home Data.
2021. Available at: https://data.cms.gov/stories/s/COVID-19-Nursing-Home-
Data/bkwz-xpvg/. Accessed March 2, 2021.

11. Goh K-T, Cutter J, Heng B-H, et al. Epidemiology and control of SARS in
Singapore. Ann Acad Med Singap 2006;35(5):301–16.

12. Varia M, Wilson S, Sarwal S, et al. Investigation of a nosocomial outbreak of se-
vere acute respiratory syndrome (SARS) in Toronto, Canada. CMAJ Can Med
Assoc J 2003;169(4):285–92.

13. Zaki AM, van Boheemen S, Bestebroer TM, et al. Isolation of a novel coronavirus
from a man with pneumonia in Saudi Arabia. N Engl J Med 2012;367(19):
1814–20.

14. WHO EMRO j MERS outbreaks j MERS-CoV j Health topics. Available at: http://
www.emro.who.int/health-topics/mers-cov/mers-outbreaks.html. Accessed
February 23, 2021.

15. Hui DS, Azhar EI, Kim Y-J, et al. Middle East respiratory syndrome coronavirus:
risk factors and determinants of primary, household, and nosocomial transmis-
sion. Lancet Infect Dis 2018;18(8):e217–27.

16. Assiri A, McGeer A, Perl TM, et al. Hospital outbreak of Middle East respiratory
syndrome coronavirus. N Engl J Med 2013;369(5):407–16.

17. Balkhy HH, Alenazi TH, Alshamrani MM, et al. Notes from the Field: Nosocomial
Outbreak of Middle East Respiratory Syndrome in a Large Tertiary Care Hospi-
tal–Riyadh, Saudi Arabia, 2015. MMWR Morb Mortal Wkly Rep 2016;65(6):
163–4.

18. Hunter JC, Nguyen D, Aden B, et al. Transmission of Middle East Respiratory
Syndrome Coronavirus Infections in Healthcare Settings, Abu Dhabi. Emerg
Infect Dis 2016;22(4):647–56.

19. Chowell G, Abdirizak F, Lee S, et al. Transmission characteristics of MERS and
SARS in the healthcare setting: a comparative study. BMC Med 2015;13:210.

20. Choi H-S, Kim M-N, Sung H, et al. Laboratory-based surveillance of hospital-
acquired respiratory virus infection in a tertiary care hospital. Am J Infect Control
2017;45(5):e45–7.

https://www.who.int/publications/m/item/weekly-operational-update-on-covid-19---1-march-2021
https://www.who.int/publications/m/item/weekly-operational-update-on-covid-19---1-march-2021
https://www.who.int/publications/m/item/weekly-operational-update-on-covid-19---1-march-2021
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html
https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref6
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref6
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref6
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref7
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref7
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref7
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref8
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref8
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref8
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref9
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref9
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref9
https://data.cms.gov/stories/s/COVID-19-Nursing-Home-Data/bkwz-xpvg/
https://data.cms.gov/stories/s/COVID-19-Nursing-Home-Data/bkwz-xpvg/
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref11
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref11
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref12
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref12
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref12
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref13
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref13
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref13
http://www.emro.who.int/health-topics/mers-cov/mers-outbreaks.html
http://www.emro.who.int/health-topics/mers-cov/mers-outbreaks.html
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref15
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref15
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref15
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref16
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref16
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref17
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref17
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref17
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref17
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref18
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref18
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref18
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref19
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref19
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref20
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref20
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref20


Petrie & Talbot1068
21. Petrie JG, Lauring AS, Martin ET, et al. Hospital Associated Respiratory Virus
Infection in Children and Adults: It Does Not Just Occur During Cold and Flu
Season. Open Forum Infect Dis 2020;7(6). https://doi.org/10.1093/ofid/ofaa200.

22. Gagneur A, Vallet S, Talbot PJ, et al. Outbreaks of human coronavirus in a pe-
diatric and neonatal intensive care unit. Eur J Pediatr 2008;167(12):1427–34.

23. Li Q, Guan X, Wu P, et al. Early Transmission Dynamics in Wuhan, China, of
Novel Coronavirus-Infected Pneumonia. N Engl J Med 2020. https://doi.org/
10.1056/NEJMoa2001316.

24. Lauer SA, Grantz KH, Bi Q, et al. The Incubation Period of Coronavirus Disease
2019 (COVID-19) From Publicly Reported Confirmed Cases: Estimation and
Application. Ann Intern Med 2020. https://doi.org/10.7326/M20-0504.

25. Oran DP, Topol EJ. The Proportion of SARS-CoV-2 Infections That Are Asymp-
tomatic. Ann Intern Med 2021. https://doi.org/10.7326/M20-6976.

26. Buitrago-Garcia D, Egli-Gany D, Counotte MJ, et al. Occurrence and transmis-
sion potential of asymptomatic and presymptomatic SARS-CoV-2 infections: A
living systematic review and meta-analysis. PLOS Med 2020;17(9):e1003346.

27. Hasanoglu I, Korukluoglu G, Asilturk D, et al. Higher viral loads in asymptomatic
COVID-19 patients might be the invisible part of the iceberg. Infection
2020;1–10. https://doi.org/10.1007/s15010-020-01548-8.

28. Cevik M, Tate M, Lloyd O, et al. SARS-CoV-2, SARS-CoV, and MERS-CoV viral
load dynamics, duration of viral shedding, and infectiousness: a systematic re-
view and meta-analysis. Lancet Microbe 2021;2(1):e13–22.

29. van Kampen JJA, van de Vijver DAMC, Fraaij PLA, et al. Duration and key de-
terminants of infectious virus shedding in hospitalized patients with coronavirus
disease-2019 (COVID-19). Nat Commun 2021;12(1):267.

30. Tarhini H, Recoing A, Bridier-Nahmias A, et al. Long term SARS-CoV-2 infec-
tiousness among three immunocompromised patients: from prolonged viral
shedding to SARS-CoV-2 superinfection. J Infect Dis 2021. https://doi.org/10.
1093/infdis/jiab075.

31. World Health Organization (WHO). Transmission of SARS-CoV-2: implications
for infection prevention precautions. Available at: https://www.who.int/news-
room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-
prevention-precautions. Accessed March 22, 2021.

32. Centers for Disease Control and Prevention. Science Brief: SARS-CoV-2 and Po-
tential Airborne Transmission. 2020. Available at: https://www.cdc.gov/
coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html. Accessed March
22, 2021.

33. Morawska L, Milton DK. It Is Time to Address Airborne Transmission of Corona-
virus Disease 2019 (COVID-19). Clin Infect Dis 2020;71(9):2311–3.

34. van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and Surface Stability
of SARS-CoV-2 as Compared with SARS-CoV-1. N Engl J Med 2020;382(16):
1564–7.

35. Pasnick S, Carlos WG, Dela Cruz CS, et al. SARS-CoV-2 Transmission and the
Risk of Aerosol-Generating Procedures. Am J Respir Crit Care Med 2020;
202(4):P13–4.

36. Chia PY, Coleman KK, Tan YK, et al. Detection of air and surface contamination
by SARS-CoV-2 in hospital rooms of infected patients. Nat Commun 2020;11(1):
2800.

37. Otter JA, Donskey C, Yezli S, et al. Transmission of SARS and MERS coronavi-
ruses and influenza virus in healthcare settings: the possible role of dry surface
contamination. J Hosp Infect 2016;92(3):235–50.

https://doi.org/10.1093/ofid/ofaa200
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref22
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref22
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.7326/M20-0504
https://doi.org/10.7326/M20-6976
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref26
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref26
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref26
https://doi.org/10.1007/s15010-020-01548-8
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref28
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref28
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref28
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref29
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref29
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref29
https://doi.org/10.1093/infdis/jiab075
https://doi.org/10.1093/infdis/jiab075
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.who.int/news-room/commentaries/detail/transmission-of-sars-cov-2-implications-for-infection-prevention-precautions
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
https://www.cdc.gov/coronavirus/2019-ncov/more/scientific-brief-sars-cov-2.html
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref33
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref33
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref34
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref34
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref34
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref35
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref35
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref35
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref36
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref36
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref36
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref37
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref37
http://refhub.elsevier.com/S0891-5520(21)00068-4/sref37


Health Care–acquired Viral Respiratory Diseases 1069
38. Committee on Infectious Diseases; American Academy of Pediatrics,
Kimberlin DW, Brady MT, Jackson MA, et al. Red Book� 2018 j red Book online
2018. Available at: https://redbook.solutions.aap.org/book.aspx?bookid52205.
Accessed March 25, 2021.

39. Cummings DAT, Radonovich LJ, Gorse GJ, et al. Risk Factors for Healthcare
Personnel Infection with Endemic Coronaviruses (HKU1, OC43, NL63, 229E):
Results from the Respiratory Protection Effectiveness Clinical Trial (ResPECT).
Clin Infect Dis 2020. https://doi.org/10.1093/cid/ciaa900.

40. Centers for Disease Control and Prevention (CDC). Interim infection prevention and
control recommendations for healthcare personnel during the coronavirus disease
2019 (COVID-19) pandemic 2020. Available at: https://www.cdc.gov/coronavirus/
2019-ncov/hcp/infection-control-recommendations.html. AccessedMarch 2, 2021.

41. Centers for Disease Control and Prevention. Strategies for Optimizing the Sup-
ply of Facemasks. 2020. Available at: https://www.cdc.gov/coronavirus/2019-
ncov/hcp/ppe-strategy/face-masks.html. Accessed March 2, 2021.

42. World Health Organization (WHO). Advice on the use of masks in the commu-
nity, during home care and in healthcare settings in the context of the novel co-
ronavirus (COVID-19) outbreak. Available at: https://www.who.int/publications/
i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-
in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-
outbreak. Accessed March 17, 2021.

43. Mody L, Akinboyo IC, Babcock HM, et al. COVID-19 Research Agenda for
Healthcare Epidemiology. Infect Control Hosp Epidemiol. 2021:1-81.
doi:10.1017/ice.2021.25

44. Richterman A, Meyerowitz EA, Cevik M. Hospital-Acquired SARS-CoV-2 Infection:
Lessons for Public Health. JAMA 2020. https://doi.org/10.1001/jama.2020.21399.

45. Wang X, Ferro EG, Zhou G, et al. Association Between Universal Masking in a
Health Care System and SARS-CoV-2 Positivity Among Health Care Workers.
JAMA 2020. https://doi.org/10.1001/jama.2020.12897.

46. Centers for Disease Control and Prevention. Your Guide to Masks. Available at:
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-
coverings.html. Accessed March 17, 2021.

47. Centers for Disease Control and Prevention. Overview of Testing for SARS-CoV-
2 (COVID-19). 2020. Available at: https://www.cdc.gov/coronavirus/2019-ncov/
hcp/testing-overview.html. Accessed March 5, 2021.

48. Hanson KE, Caliendo AM, Arias CA, et al. The Infectious Diseases Society of
America Guidelines on the Diagnosis of COVID-19: Molecular Diagnostic
Testing. Clin Infect Dis 2021. https://doi.org/10.1093/cid/ciab048. ciab048.

49. Centers for DiseaseControl and Prevention. Interim guidance on testing healthcare
personnel for SARS-CoV-2 2020. Available at: https://www.cdc.gov/coronavirus/
2019-ncov/hcp/testing-healthcare-personnel.html. Accessed March 5, 2021.

50. Food and Drug Administration. FACT SHEET FOR HEALTHCARE PROVIDERS
ADMINISTERING VACCINE (VACCINATION PROVIDERS) EMERGENCY USE
AUTHORIZATION (EUA) OF THE PFIZER-BIONTECH COVID-19 VACCINE TO
PREVENT CORONAVIRUS DISEASE 2019 (COVID-19). 2021. Available at:
https://www.fda.gov/media/144413/download. Accessed March 5, 2021.

51. Food and Drug Administration. FACT SHEET FOR HEALTHCARE PROVIDERS
ADMINISTERING VACCINE (VACCINATION PROVIDERS) EMERGENCY USE
AUTHORIZATION (EUA) OF THE MODERNA COVID-19 VACCINE TO PREVENT
CORONAVIRUS DISEASE 2019 (COVID-19). 2020. Available at: https://www.
fda.gov/media/144637/download. Accessed March 5, 2021.

https://redbook.solutions.aap.org/book.aspx?bookid=2205
https://doi.org/10.1093/cid/ciaa900
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control-recommendations.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/face-masks.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/ppe-strategy/face-masks.html
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://www.who.int/publications/i/item/advice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak
https://doi.org/10.1001/jama.2020.21399
https://doi.org/10.1001/jama.2020.12897
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-coverings.html
https://www.cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/about-face-coverings.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html
https://doi.org/10.1093/cid/ciab048
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-healthcare-personnel.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-healthcare-personnel.html
https://www.fda.gov/media/144413/download
https://www.fda.gov/media/144637/download
https://www.fda.gov/media/144637/download


Petrie & Talbot1070
52. Food and Drug Administration. FACT SHEET FOR HEALTHCARE PROVIDERS
ADMINISTERING VACCINE (VACCINATION PROVIDERS) EMERGENCY USE
AUTHORIZATION (EUA) OF THE JANSSEN COVID-19 VACCINE TO PREVENT
CORONAVIRUS DISEASE 2019 (COVID-19). 2021. Available at: https://www.
fda.gov/media/144413/download. Accessed March 5, 2021.

53. Dooling K. The Advisory Committee on Immunization Practices’ Updated Interim
Recommendation for Allocation of COVID-19 Vaccine — United States,
December 2020. MMWR Morb Mortal Wkly Rep 2021;69. https://doi.org/10.
15585/mmwr.mm695152e2.

54. Oliver SE. The Advisory Committee on Immunization Practices’ Interim Recom-
mendation for Use of Janssen COVID-19 Vaccine — United States, February
2021. MMWR Morb Mortal Wkly Rep 2021;70. https://doi.org/10.15585/mmwr.
mm7009e4.

55. Centers for Disease Control and Prevention. MERS-CoV: Prevention and Control
for Hospitalized Patients. Available at: https://www.cdc.gov/coronavirus/mers/
infection-prevention-control.html. Accessed March 22, 2021.

56. Rolfes MA, Foppa IM, Garg S, et al. Annual estimates of the burden of seasonal
influenza in the United States: A tool for strengthening influenza surveillance and
preparedness. Influenza Other Respir Viruses 2018;12(1):132–7.

57. Centers for Disease Control and Prevention. Past seasons estimated influenza
disease Burden 2020. Available at: https://www.cdc.gov/flu/about/burden/
past-seasons.html. Accessed March 8, 2021.

58. Talbot TR, Bradley SF, Cosgrove SE, et al. Influenza Vaccination of Healthcare
Workers and Vaccine Allocation for Healthcare Workers During Vaccine Short-
ages. Infect Control Hosp Epidemiol 2005;26(11):882–90.
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