
Original Article

Hospital-acquired influenza in the United States, FluSurv-NET,
2011–2012 through 2018–2019

Charisse N. Cummings MPH1,2, Alissa C. O’Halloran MSPH1, Tali Azenkot MD3, Arthur Reingold MD4,

Nisha B. Alden MPH5, James I. Meek MPH6, Evan J. Anderson MD7,8,9, Patricia A. Ryan MS10, Sue Kim MPH11,

Melissa McMahon MPH12, Chelsea McMullen MSc-GH13, Nancy L. Spina MPH14, Nancy M. Bennett MD, MS15,

LaurieM. BillingMPH16, Ann ThomasMD, MPH17, William SchaffnerMD18, H. Keipp TalbotMD18, Andrea GeorgeMPH19,

Carrie Reed DSc1 and Shikha Garg MPH MD1

1Influenza Division, National Center for Immunization and Respiratory Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia, 2Abt Associates,
Rockville, Maryland, 3Department of Internal Medicine, University of California Davis School of Medicine, Sacramento, California, 4University of California
Berkeley, Berkeley, California, 5Colorado Department of Public Health and Environment, Denver, Colorado, 6Connecticut Emerging Infections Program, Yale
School of Public Health, New Haven, Connecticut, 7Departments of Pediatrics and Medicine, Emory University School of Medicine, Atlanta, Georgia, 8Georgia
Emerging Infections Program, Atlanta, Georgia, 9Atlanta Veterans’ Affairs Medical Center, Atlanta, Georgia, 10Maryland Department of Health, Baltimore,
Maryland, 11Michigan Department of Health and Human Services, Lansing, Michigan, 12Minnesota Department of Health, St Paul, Minnesota, 13New Mexico
Department of Health, Santa Fe, New Mexico, 14New York State Health Department, Albany, New York, 15University of Rochester School of Medicine and
Dentistry, Rochester, New York, 16Ohio Department of Health, Columbus, Ohio, 17Oregon Health Authority, Portland, Oregon, 18Vanderbilt University School of
Medicine, Nashville, Tennessee and 19Salt Lake County Health Department, Salt Lake City, Utah

Abstract

Objective: To estimate population-based rates and to describe clinical characteristics of hospital-acquired (HA) influenza.

Design: Cross-sectional study.

Setting: US Influenza Hospitalization Surveillance Network (FluSurv-NET) during 2011–2012 through 2018–2019 seasons.

Methods: Patients were identified through provider-initiated or facility-based testing. HA influenza was defined as a positive influenza test
date and respiratory symptom onset >3 days after admission. Patients with positive test date >3 days after admission but missing respiratory
symptom onset date were classified as possible HA influenza.

Results: Among 94,158 influenza-associated hospitalizations, 353 (0.4%) had HA influenza. The overall adjusted rate of HA influenza was 0.4
per 100,000 persons. Among HA influenza cases, 50.7% were 65 years of age or older, and 52.0% of children and 95.7% of adults had under-
lying conditions; 44.9% overall had received influenza vaccine prior to hospitalization. Overall, 34.5% of HA cases received ICU care during
hospitalization, 19.8% required mechanical ventilation, and 6.7% died. After including possible HA cases, prevalence among all influenza-
associated hospitalizations increased to 1.3% and the adjusted rate increased to 1.5 per 100,000 persons.

Conclusions: Over 8 seasons, rates of HA influenza were low but were likely underestimated because testing was not systematic. A high pro-
portion of patients with HA influenza were unvaccinated and had severe outcomes. Annual influenza vaccination and implementation of
robust hospital infection control measures may help to prevent HA influenza and its impacts on patient outcomes and the healthcare system.

(Received 8 April 2021; accepted 11 August 2021; electronically published 5 October 2021)

Influenza causes substantial morbidity and mortality in the United
States, with an estimated 140,000–810,000 hospitalizations and
12,000–61,000 deaths occurring annually since 2010.1 Although
hospitalization is often evaluated as an outcome of influenza, it
can also be a risk factor for influenza virus infection.2

Hospital-acquired (HA) influenza occurs despite hospital infec-
tion control measures. Outbreaks of HA influenza have been
shown to account for considerable expenses in antiviral treatment,3

antibiotic use,4 increases in length of hospital stay,5 and poor clini-
cal outcomes.6,7 Multiple studies have been published describing
outbreaks and case series of HA influenza,3,8–10 yet its prevalence
in the United States is likely underestimated given that most stud-
ies rely on clinician-driven testing to identify cases of HA influ-
enza. Comprehensive studies that characterize HA influenza
across a wide variety of healthcare systems in the United States
are lacking. An earlier study conducted through the US
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Influenza Hospitalization Surveillance Network (FluSurv-NET)
during the 2010–2011 season found that 172 (2.8%) of 6,171
patients hospitalized with laboratory-confirmed influenza had
onset of infection during their hospitalization.11 In the United
States and Canada, studies have shown prevalence rates of hospi-
tal-acquired or hospital-onset influenza ranging from 2% to 7% of
influenza-related hospitalizations, depending on the setting.3,8–12

We used data from FluSurv-NET, a large US population-based sur-
veillance system, to estimate rates of HA influenza over 8 recent
influenza seasons (2011–2012 through 2018–2019).

Methods

FluSurv-NET, a large, multicenter, US network sponsored by the
Centers for Disease Control and Prevention (CDC), conducts pop-
ulation-based surveillance for laboratory-confirmed influenza-asso-
ciated hospitalizations among children and adults through a
network of acute-care hospitals in select counties in states that par-
ticipate in the Emerging Infections Program (California, Colorado,
Connecticut, Georgia, Maryland, Minnesota, New Mexico, New
York, Oregon, and Tennessee) and the Council of State and
Territorial Epidemiologists Influenza Hospitalization Surveillance
Project (Michigan, Ohio, and Utah). The surveillance system covers
a total catchment population of >27 million people, representing
∼9% of the US population.13 Personsmet the FluSurv-NET case def-
inition if they were residents of the predefined FluSurv-NET catch-
ment area, had a hospital admission date between October 1 and
April 30 of each season, and had a positive influenza test (based
on specimen collection date) no more than 14 days prior to or dur-
ing hospitalization. Influenza testing was clinician-driven or based
on facility testing practices, and laboratory confirmationwas defined
by a positive test result from rapid antigen diagnostic testing,
molecular assays, indirect or direct fluorescent antibody assay, or
viral culture.

We defined community-acquired (CA) influenza as a hospital-
ized case with a positive influenza test between 14 days before and
≤3 days after admission (Fig. 1).We defined HA influenza as a case
with a positive influenza test date and respiratory symptom onset
date >3 days after hospital admission. We defined possible HA
influenza as a case with a positive influenza test >3 days after hos-
pital admission and a missing date of respiratory symptom onset
but with explicit documentation that no respiratory symptoms
were present at admission. We defined cases with a positive influ-
enza test >3 days after hospital admission, but with respiratory
symptom onset prior to or within the 3 days following hospital
admission, as indeterminate. For cases who were transferred
between multiple hospitals, we used the earliest date of hospital
admission. We excluded cases who were previously discharged
from any hospital within 1 week prior to the current admission,
resided in an institutional care setting prior to hospitalization or
had missing date of influenza specimen collection.

During the 2011–2012 through 2016–2017 influenza seasons,
trained surveillance staff conducted medical chart abstractions
for all patients. Charts were abstracted using a standardized case
report form to collect information on underlying conditions, inter-
ventions, and in-hospital outcomes. Because of high case counts
during the 2017–2018 and 2018–2019 seasons, a minimum set
of variables was collected for all patients: age, sex, surveillance site,
date of hospital admission, and positive influenza laboratory test-
ing data. In addition, a sampling scheme for medical chart abstrac-
tions was implemented for patients 50 years of age or older in
2017–2018 and for patients 65 years of age and older in 2018–

2019, as previously described.14 During the 2017–2018 season, sur-
veillance sites were given the option to complete medical chart
abstractions for 25% or 50% random samples or 100% of patients
65 years of age and older and 50% random samples or 100% of
patients 50 to 64 years of age. During the 2018–2019 season, sites
were given the option to complete medical chart abstractions for
50% random samples or 100% of patients 65 years of age and older.
Medical chart abstractions were conducted for all patients younger
than 50 years and all patients of any age who died during their hos-
pitalization. Of the 14 surveillance sites, 7 sites opted to implement
a sampling strategy during the 2017–2018 season, and 6 sites opted
to implement a sampling strategy during the 2018–2019 season.

A patient was considered vaccinated if they had received a cur-
rent season influenza vaccination at least 14 days prior to the date
of the positive influenza test associated with the hospitalization.
Influenza vaccination status was ascertained using up to 4 sources:
hospital medical record, state vaccination registry, outpatient pro-
vider records, or patient or proxy interview.We also captured anti-
viral treatment during hospitalization and included receipt of
oseltamivir, peramivir, or zanamivir. In addition, we collected data
on the following interventions and outcomes: intensive care unit
(ICU) admission, invasive mechanical ventilation, in-hospital
death, and ICU and hospital length of stay (LOS).

We estimated the weighted prevalence of HA influenza overall,
and by season, by dividing the weighted number of HA cases over
the total number of influenza hospitalizations. We described the
demographic and clinical characteristics and outcomes of HA
cases, possible HA cases, and CA cases. We described the timing
of HA influenza diagnosis among patients admitted to the ICU in a
subset of patients with complete ICU admission and dis-
charge dates.

We calculated unadjusted incidence rates per 100,000 popula-
tion of HA and possible HA influenza by season and overall by
using the weighted count of HA or possible HA cases as the numer-
ator and the National Center for Health Statistics’ (NCHS) vintage
bridged-race postcensal population estimates for the counties
included in the surveillance catchment area as the denominator.15

Because influenza testing in FluSurv-NET is clinician driven and
not systematically performed, we collected supplemental data on
influenza testing practices on a sample of patients hospitalized with
acute respiratory illness (ARI).16 We used these data to adjust HA
and possible HA influenza rates for underdetection using a multi-
plier approach as described by Reed et al.16 Data were analyzed
using SAS version 9.4 software (SAS Institute, Cary, NC). Data
were appropriately weighted to reflect the probability of sampling
for complete medical record abstraction for patients 50 years of age
or older. Sample sizes are listed as unweighted numbers, whereas
percentages, medians, and interquartile ranges are reported as
weighted values. FluSurv-NET sites obtained human subjects
and ethics approvals from their respective state health department
and academic partner Institutional Review Boards (IRBs) as
needed. CDC determined this activity met the requirement for
public health surveillance; therefore CDC IRB approval was not
required.

Results

Among 94,158 influenza-associated hospitalizations included in
our analysis, 91,683 (97.4%) had CA influenza, 353 (0.4%) had
HA influenza, 900 (1.0%) had possible HA influenza and 1,222
(1.2%) were indeterminate (Fig. 1). The overall prevalence of
HA influenza varied by season, ranging from 0.1% in
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2013–2014 to 0.6% in 2016–2017 (Table 1 and Supplementary
Fig. 1a online). The overall adjusted rate of HA influenza was
0.4 per 100,000 and ranged from a low of 0.1 during 2013–2014
to a high of 0.8 during 2016–2017 (Table 1 and Supplementary
Fig. 1a online). After including possible HA influenza cases, the
overall prevalence of HA influenza increased to 1.3% of all influ-
enza-related hospitalizations and the overall adjusted rate of HA
influenza increased to 1.5 per 100,000 (with a range of 0.4 during
the 2011–2012 season to 2.2 during the 2014–2015 season) (Table 1
and Supplementary Fig. 1b online).

Among the 353HA influenza cases, 50.7%were 65 years of age or
older, 51.8% were female, and 63.3% were non-Hispanic White
(Table 2). Most of the HA influenza cases (76.6%) were identified
during January through March across seasons. The most common
presenting nonrespiratory symptoms at admission were fever and
chills (40.0%) followed by fatigue and weakness (32.1%), altered
mental status (25.1%), and nausea or vomiting (21.0%). Among chil-
dren with HA influenza, 52.0% had at least 1 underlying medical
condition, with neurologic disorder being the most common
(21.7%) (data not shown). Among adults with HA influenza,
95.7% had at least 1 underlying medical condition, with cardio-
vascular disease being the most common (51.5%), followed by
immunocompromised conditions (29.2%) and renal disease
(26.7%). Among HA influenza cases, 93.8% received antiviral treat-
ment, 34.5%were admitted to ICU, 19.8% requiredmechanical ven-
tilation, and 6.7% died; most HA influenza cases who were admitted
to the ICU (79.2%) tested positive for HA influenza 1 or more days
after ICU admission. Among 110 HA influenza cases with complete
ICU admission and discharge dates, 33.5% had a positive influenza
test prior to or within 2 days after ICU admission, 13.3% tested

positive ≥3 days after ICU admission, 4.1% tested positive within
2 days after ICU discharge, and 49.1% tested positive ≥3 days after
ICU discharge (data not shown). Among all HA cases, the median
time from hospital admission to positive influenza test was 9 days
(interquartile range [IQR], 6–16) and themedian time from positive
influenza test to hospital discharge was 6 days (IQR, 3–12) (data
not shown).

Clinical characteristics, interventions, and outcomes among
possible HA influenza cases were similar to those of HA influenza
cases (Table 2). When comparing HA and CA influenza cases, we
detected some notable similarities and differences. Median age was
65 years among HA influenza and 64 years among CA influenza
cases. The prevalence of several nonrespiratory symptoms at
admission differed between HA and CA influenza cases; altered
mental status (25.1% vs 13.2%) and seizures (2.4% vs 1.1%) were
more frequent among HA influenza cases. Other symptoms that
are commonly associated with influenza illness weremore frequent
among CA influenza cases, including fever and chills (66.3% vs
40.0%), fatigue (44.6% vs 32.1%), and myalgias (26.6% vs
14.8%). Although overall, a higher proportion of HA versus CA
influenza cases had underlying conditions, asthma (14.1% vs
21.1%) and chronic lung disease (19.9% vs 29.5%) were more fre-
quent among CA influenza cases. Compared with HA influenza
cases, a lower percentage of CA influenza cases were admitted
to ICU (15.5%), required mechanical ventilation (5.7%), and died
in-hospital (2.3%) (P < .0001 for all 3 outcomes). The median hos-
pital LOS for HA influenza cases was 18 days (IQR, 11–31). When
restricting CA cases to only those who were admitted for >3 days,
the median LOS for CA cases was 6 days (IQR, 4–8) (data
not shown).

Fig. 1. Flow diagram of case definitions for hospital-acquired (HA) influenza, possible HA influenza, community-acquired (CA) influenza, and indeterminate status among patients
hospitalized with influenza. For persons who were missing a date of respiratory symptom onset, we used data from the admission history and physical examination note to
determine whether respiratory symptoms were present at admission. If respiratory symptoms were absent, a case was defined as indeterminate; if present, a case was defined
as possible. Numbers are unweighted values; percentages are weighted values.

Infection Control & Hospital Epidemiology 1449

https://doi.org/10.1017/ice.2021.392 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2021.392
https://doi.org/10.1017/ice.2021.392
https://doi.org/10.1017/ice.2021.392
https://doi.org/10.1017/ice.2021.392


Overall current season influenza vaccine coverage was similar
among groups, ranging from 44.9% among HA influenza cases
to 38.9% among possible HA influenza cases, and 45.7% among
CA cases (Table 2). Among children with HA influenza, 52.4%
were vaccinated and among adults with HA influenza 43.0% were
vaccinated (data not shown).

Discussion

Using a large, multisite, population-based surveillance system with
>250 acute-care hospitals and >90,000 patients of all ages hospi-
talized with laboratory-confirmed influenza over 8 influenza sea-
sons, we estimated that 0.4 per 100,000 persons acquired influenza
infections during hospitalization. While our analysis adjusted for
influenza testing practices at admission, these rates are likely
underestimated because we did not adjust for influenza testing
probability after hospital admission. Although HA influenza cases
were rarely identified, a high proportion of HA influenza cases
received ICU care, required mechanical ventilation, had extended
hospital lengths of stay, and died during hospitalization.

Overall rates of HA influenza were low and did not vary sub-
stantially by influenza season. Our estimates were low compared to
other studies from the United States and Canada, where prevalence
ranged from 2% to 7%.3,8,11,12 and other countries, where preva-
lence ranged from 2% to 24%.5,7,17–25 The low prevalence observed
in our analysis may be explained in part by our conservative HA
influenza case definition, which required a positive influenza test
result >3 days after hospital admission as well as the absence of
respiratory symptoms within the first 3 days of admission.
Several other studies required a positive influenza test with onset
of symptoms ≥2 or ≥3 days after hospital admission.5,7–10,18,20,21

Across seasons, we found that most cases were identified in
January through March. The increased frequency of HA influenza
cases identified during peak winter months likely correlate with
peak influenza activity. These trends may also reflect increased
provider awareness and testing for influenza among hospitalized
patients during influenza season peaks. The lower frequency of
HA influenza outside peak months of influenza activity highlight
potential missed opportunities to detect HA influenza early and
late in the influenza season in patients who do not display typical

respiratory symptoms and are thus not tested for influenza.
Systematic surveillance for influenza virus infection among
patients hospitalized during the influenza season may allow for
increased detection of cases and more rapid implementation of
infection control measures to reducemorbidity andmortality asso-
ciated with HA influenza.

More than 90% of hospitalized cases had underlying conditions,
and most underlying conditions were more frequent among HA
influenza compared with CA influenza cases, which is consistent
with other studies.17,22 Specific populations that may have increased
susceptibility to hospital-acquired influenza compared with the gen-
eral population include pregnant women,12 geriatric patients,20 and
immunosuppressed patients.26 This likely relates to the underlying
reason for initial hospitalization. Notably, 2 underlying conditions,
asthma, and chronic lung disease, which are known risk factors for
severe influenza, were more common among CA influenza cases
than HA influenza cases.27 These findings may reflect a lower
threshold for influenza testing and hospital admission for patients
with chronic underlying lung disease. During the influenza season,
targeted surveillance for influenza among patients with chronic
underlying conditions who are admitted for reasons other than
influenza, may help facilitate early diagnosis and treatment among
patients at increased risk for influenza complications.

Our study, along with others, demonstrated that patients with
HA influenza have a high frequency of severe influenza-associated
outcomes including longer hospital length of stays and increased
rates of ICU admission, mechanical ventilation, or death.11,12,21

Although the proportion of cases requiring ICU admission in
our analysis (34.5%) was comparable to a previous analysis on
HA influenza within FluSurv-NET (42%) and a study conducted
by Godoy et al25 (32%), it is higher than other studies conducted
in Canada (8%), Australia (17%), and France (6%).5,18,19

Importantly, although HA influenza was associated with a higher
frequency of severe outcomes, our study was not designed to assess
causality. Most HA influenza cases tested positive for influenza on
or after the date of ICU admission. Also, other interventions, such
as mechanical ventilation, may have similarly occurred prior to
development of HA influenza. The median length of stay among
HA influenza patients was markedly longer than for CA influenza
patients, consistent with other studies.11,22

Table 1. Prevalence, Unadjusted Rates, and Adjusted Rates for Hospital-Acquired Influenza and Possible Hospital-Acquired Influenza

Hospital-Acquired Influenza Hospital-Acquired and Possible Hospital-Acquired Influenza

Prevalencea (%)
Unadjusted Ratea

(per 100,000)
Adjusted Rateb

(per 100,000) Prevalencea (%) Unadjusted Ratea (per 100,000)
Adjusted Rateb

(per 100,000)

Overall 0.4 0.2 0.4 1.3 0.6 1.5

Influenza season

2011–2012 0.6 0.0 0.3 0.9 0.1 0.4

2012–2013 0.4 0.1 0.6 1.3 0.5 1.8

2013–2014 0.1 0.0 0.1 1.4 0.5 1.4

2014–2015 0.3 0.1 0.4 1.3 0.7 2.2

2015–2016 0.2 0.1 0.2 1.2 0.3 1.0

2016–2017 0.6 0.3 0.8 1.5 0.8 2.0

2017–2018 0.3 0.3 0.6 1.2 1.1 2.0

2018–2019 0.4 0.2 0.6 1.2 0.7 1.6

aAll estimates were weighted to account for the complex sample design.
bRates were adjusted for underdetection of influenza using multipliers that accounted for the frequency of influenza testing and the average sensitivity of the assays used to test for influenza
each season.
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Table 2. Characteristics and Outcomes of Patients with Hospital-Acquired, Possible Hospital-Acquired and Community-Acquired Influenza, FluSurv-NET, 2011–2012
through 2018–2019

Characteristic

Hospital Acquired
(N= 353)

Possible Hospital
Acquired
(N= 900)

Community Acquired
(N= 91,683)

Unweighted
No.

Weighted
%

Unweighted
No.

Weighted
%

Unweighted
No. Weighted %

Age group, y

0–4 10 2.7 33 3.5 6,734 6.7

5–17 15 4.0 46 4.8 4,766 4.8

18–49 61 16.4 196 20.6 16,988 16.9

50–64 92 26.1 244 27.2 20,483 21.7

≥65 175 50.7 381 43.9 42,712 50.0

Age, median y (IQR)a 65 (51–75) N/A 62 (44–76) N/A 64 (45–79) N/A

Month of positive influenza test

October–December 46 13.0 154 16.6 20,952 22.8

January–March 270 76.6 666 75.0 63,296 69.4

April–May 37 10.5 80 8.4 7,435 7.8

Female 183 51.8 423 48.1 49,106 53.6

Race

Non-Hispanic White 223 63.3 530 59.5 51,836 57.2

Non-Hispanic Black 67 19.4 172 19.4 18,686 19.9

Non-Hispanic Asian/Pacific Islander 10 2.7 24 2.9 4,247 5.1

Non-Hispanic American Indian/Alaskan Native 3 0.8 2 0.2 637 0.7

Hispanic or Latino 30 8.4 88 10.2 8,513 9.1

Unknown 19 5.1 70 7.4 7,357 7.7

Transferred from another hospital 23 6.2 39 4.5 1,563 1.7

Influenza Type

Influenza Ab 293 82.7 777 86.6 74,824 81.0

H1N1 39 26.9 160 36.7 11,700 32.3

H3N2 108 73.1 269 63.3 23,498 67.7

Influenza B 59 17.0 120 13.1 16,260 18.4

Nonrespiratory signs/symptoms present at admissionc

Altered mental status 67 25.1 116 18.7 9,118 13.2

Chest pain 16 7.1 26 4.5 9,937 17.2

Diarrhea 27 11.3 48 9.7 7,881 13.7

Fatigue/weakness 61 32.1 92 26.0 18,348 44.6

Fever/chills 109 40.0 135 21.7 48,085 66.3

Headache 17 7.6 31 6.9 8,151 13.9

Myalgias 34 14.8 26 4.9 15,397 26.6

Nausea/vomiting 49 21.0 101 19.6 15,387 26.2

Seizures 7 2.4 10 1.5 847 1.1

Children aged <18 years with underlying medical conditionsd 13 52.0 47 59.5 6,367 55.5

Adults aged ≥18 years with underlying medical condition 313 95.7 710 89.4 72,868 91.4

Asthma 46 14.1 82 10.1 16,678 21.1

Cardiovascular disease 169 51.5 335 42.8 35,603 46.3

Chronic lung disease 62 19.9 130 16.9 23,126 29.5

Immunocompromised condition 98 29.2 160 19.7 13,835 17.3

Neuromuscular disorder 21 6.1 44 5.4 4,042 5.1

(Continued)
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Multiple studies have investigated approaches to mitigate the rate
of HA influenza infections. Evidence-based approaches to prevention
include vaccination of all healthcare workers and patient contacts, as
well as rigorous hand hygiene.9,28,29 In our analysis, <50% of patients
were vaccinated prior to hospitalization, with similar coverage among
HA and CA cases, highlighting opportunities for improving preven-
tion efforts among high-risk individuals. Other studies have found
that isolation of infected individuals in single-occupancy rooms,30

implementation of droplet precautions for patients with suspected
or confirmed influenza,31 and targeted visitor restriction during
mid-January throughmid-March32 help reduce exposure to influenza.
In addition, rapid screening of visitors for symptoms of acute respi-
ratory illness, instruction of visitors in proper use of hand hygiene and
personal protective equipment as directed by facility policies, and edu-
cation about influenza vaccination may help to reduce exposure to
and transmission of influenza from visitors to hospitalized patients.31

Early rapid detection of influenza virus infectionwith implementation
of early treatment and infection control measures has been shown to
reduce hospital length of stay, to lower hospital occupancy, and to
decrease the spread of HA influenza.2,33,34

This study had several limitations. Influenza testing within
FluSurv-NET is clinician-driven or based on different facility-based
testing policies, which likely resulted in an underestimation of HA
influenza cases, particularly among those who present with nonres-
piratory symptoms or asymptomatically.35 Rates of HA influenza
and possible HA influenza varied across seasons; variability in rates
could in part be due to changes in the way respiratory symptom data
were collected over the study period. The frequency of influenza test-
ing may have been higher among more severely ill patients, such as
those admitted to ICU or receiving mechanical ventilation resulting
in increased detection of HA influenza among patients who were
more severely ill compared with less severely ill patients.
Additionally, longer lengths of stay among HA influenza cases

may not have been a result of the HA influenza; in some cases,
theHA influenza likely occurred as a result of ongoing opportunities
for exposure during a prolonged hospital stay. Finally, we were
unable to classify some patients as having HA or CA influenza
because data on respiratory symptom onset was missing.

Surveillance for influenza-associated hospitalizations over 8
seasons showed that rates of hospital-acquired influenza are low
but likely underestimated. Although HA influenza was uncom-
mon, severe outcomes occurred more frequently among patients
with HA influenza. Prevention of influenza through annual influ-
enza vaccination, early diagnosis and treatment of suspected or
confirmed influenza among hospitalized patients, and implemen-
tation of robust hospital infection control measures can help to
prevent HA influenza and its impacts on patient outcomes and
the healthcare system.
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Table 2. (Continued )

Characteristic

Hospital Acquired
(N= 353)

Possible Hospital
Acquired
(N= 900)

Community Acquired
(N= 91,683)

Unweighted
No.

Weighted
%

Unweighted
No.

Weighted
%

Unweighted
No. Weighted %

Neurologic disorder 87 25.7 183 23.3 14,064 18.0

Renal disease 84 26.7 169 20.9 14,862 19.4

Obesity/Morbid obesity 78 23.9 137 17.7 17,210 21.5

Received current season influenza vaccinef 152 44.9 339 38.9 40,352 45.7

Children 11 6.7 26 7.2 3,776 8.4

Adults 141 93.3 313 92.9 36,576 91.6

Received antiviral treatmente 331 93.8 720 84.1 80,358 88.9

ICU admission 118 34.5 245 27.9 14,498 15.5

ICU length of stay (median, IQR)a 4 (2,7) N/A 4 (2,11) N/A 3 (1,6) N/A

Mechanical ventilation 67 19.8 104 11.6 5,394 5.7

Died in-hospital 25 6.7 60 6.5 2,251 2.3

Hospital length of stay (median, IQR)a 18 (11,31) N/A 14 (9,24) N/A 3 (2,5) N/A

Note. ICU, intensive care unit; IQR, interquartile range; HA, hospital acquired; CA, community acquired. Indeterminate cases (N= 1,222) have been excluded from this table.
aWeighted values.
bInfluenza A subtype information available for 51% of HA cases, 46% of CA cases and 54% of possible HA cases.
cNonrespiratory symptom data available 2014–2015 through 2018–2019; symptoms not mutually exclusive.
dAmong children with HA influenza, 22% had neurologic disorder, 13% with immunocompromised condition, 13% with cardiovascular disease, and 9% with chronic lung disease.
eAntiviral treatments included oseltamivir, peramivir, or zanamivir.
fLimited to cases ≥6 months of age; vaccination status missing for 1 patient in 2011–2012 and 7 patients in 2012–2013.
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