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Abstract

Background.—Pneumonia is common in adults hospitalized with laboratory-confirmed 

influenza, but the association between timeliness of influenza antiviral treatment and severe 

clinical outcomes in patients with influenza-associated pneumonia is not well characterized.

Methods.—We included adults aged ≥18 years hospitalized with laboratory-confirmed influenza 

and a discharge diagnosis of pneumonia over 7 influenza seasons (2012–2019) sampled from 

a multistate population-based surveillance network. We evaluated 3 treatment groups based on 

timing of influenza antiviral initiation relative to admission date (day 0, day 1, days 2–5). Baseline 

characteristics and clinical outcomes were compared across groups using unweighted counts and 

weighted percentages accounting for the complex survey design. Logistic regression models were 

generated to evaluate the association between delayed treatment and 30-day all-cause mortality.

Results.—A total of 26 233 adults were sampled in the analysis. Median age was 71 years 

and most (92.2%) had ≥1 non-immunocompromising condition. Overall, 60.9% started antiviral 

treatment on day 0, 29.5% on day 1, and 9.7% on days 2–5 (median, 2 days). Baseline 

characteristics were similar across groups. Thirty-day mortality occurred in 7.5%, 8.5%, and 

10.2% of patients who started treatment on day 0, day 1, and days 2–5, respectively. Compared 

to those treated on day 0, adjusted odds ratio for death was 1.14 (95% confidence interval [CI], 

1.01–1.27) in those starting treatment on day 1 and 1.40 (95% CI, 1.17–1.66) in those starting on 

days 2–5.

Conclusions.—Delayed initiation of antiviral treatment in patients hospitalized with influenza-

associated pneumonia was associated with higher risk of death, highlighting the importance of 

timely initiation of antiviral treatment at admission.

Keywords

influenza; hospitalization; antiviral; oseltamivir; mortality

Tenforde et al. Page 2

Clin Infect Dis. Author manuscript; available in PMC 2025 February 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Influenza is a major cause of morbidity and mortality in the United States (US), leading to 

hundreds of thousands of hospitalizations and thousands of deaths annually [1]. Globally, an 

estimated 291 000–645 000 thousand deaths per year occur due to respiratory complications 

of influenza [2]. While annual vaccination is the primary intervention to reduce the burden 

of influenza-related illness and its sequelae, influenza antiviral therapy may also lower the 

risk of clinical complications after illness onset [3].

Guidelines recommend that adults hospitalized with suspected or confirmed influenza start 

treatment with influenza antiviral therapy as soon as possible [3]. While most US adults 

hospitalized with laboratory-confirmed influenza receive antiviral treatment [4, 5], timing 

of initiation may vary based on when a patient seeks care after illness onset, availability of 

influenza test results, and clinical suspicion for influenza, among other factors. Pneumonia 

is the most common acute diagnosis among patients hospitalized with influenza [6], but 

there are limited data from clinical trials on the efficacy of antiviral treatment of influenza-

associated pneumonia and trials have not been sufficiently powered to evaluate critical 

outcomes such as death [7, 8]. Large real-world observational studies of influenza antiviral 

treatment can therefore help inform clinical management of patients hospitalized with 

influenza-associated pneumonia. Observational studies of adults hospitalized with influenza, 

with or without lower respiratory tract disease, suggest that early antiviral treatment 

initiation improves several clinical outcomes, such as reduction in hospital length of stay 

or decreased likelihood of intensive care unit (ICU) admission [9-17]. Studies that have 

examined the association between early influenza antiviral treatment initiation and mortality 

have often been limited to individual influenza seasons, influenza A subtype, or care setting, 

such as patients admitted to an ICU [9-11, 13, 17].

Using data from a large and geographically diverse population-based surveillance network, 

from 7 influenza seasons of adults hospitalized with influenza-associated pneumonia, we 

assessed the association between timing of antiviral treatment initiation relative to admission 

and 30-day mortality.

METHODS

Setting and Design

The Influenza Hospitalization Surveillance Network (FluSurv-NET) is a Centers for 

Disease Control and Prevention (CDC)–sponsored population-based surveillance network 

that collects information on influenza hospitalizations across all ages for residents within 

defined catchment areas [18, 19]. In this analysis, we used data collected over 7 influenza 

seasons (2012–2013 through 2018–2019). Surveillance areas included counties within 13 

states (California, Colorado, Connecticut, Georgia, Maryland, Michigan, Minnesota, New 

Mexico, New York, Ohio, Oregon, Tennessee, Utah) representing approximately 9% of the 

US population.

We conducted a repeated, cross-sectional retrospective cohort study with an objective of 

evaluating whether timing of antiviral therapy among adults (aged ≥18 years) hospitalized 

with influenza-associated pneumonia was associated with risk of death. The primary 

exposure was timing of antiviral therapy initiation relative to the date of hospital admission 
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and the main outcome was death from any cause within 2–30 days from the hospital 

admission date. The study population and analytic approach were prespecified.

Study Population

We included residents within a FluSurv-NET catchment area hospitalized with laboratory-

confirmed influenza during typical periods of US influenza virus circulation (1 October 

through 30 April). All patients had respiratory specimens that tested positive for influenza 

virus by molecular assay, rapid antigen test, fluorescent antibody test, and/or viral 

culture within 14 days before or up to 3 days after the date of admission. Trained 

surveillance officers collected case report form information on influenza virus testing, 

patient demographics and clinical history, influenza vaccination history, influenza antiviral 

therapy including timing of initiation, and hospital course. Clinical diagnoses, such as 

pneumonia, were collected from discharge summaries and International Classification 
of Diseases, Ninth Revision (ICD-9) or International Classification of Diseases, Tenth 
Revision (ICD-10) discharge codes (Supplementary Table 1). Although FluSurv-NET 

collects information on chest X-rays, this was not used to define pneumonia in this analysis 

as imaging findings were not available for all patients. Information on death from any 

cause occurring within 2 to 30 days after the hospital admission date was obtained from 

medical charts and by linking cases to death certificate data using the National Centers 

for Health Statistics Electronic Death Registration System. Surveillance sites used several 

approaches to link FluSurv-NET cases to Electronic Death Registration System data, 

including probabilistic matching (6 sites), deterministic matching (4 sites), or by having the 

matching performed directly by state vital statistics departments. During 2012–2013 through 

the 2016–2017 seasons, detailed clinical information was collected on all patients. Due to 

a high number of influenza hospitalizations during the 2017–2018 and 2018–2019 seasons, 

some sites performed age-stratified random sampling of patients aged ≥50 years (2017–2018 

season) or ≥65 years (2018–2019 season) for collection of detailed clinical information.

We excluded nonsampled cases or FluSurv-NET sites that did not contribute data across 

all influenza seasons, children (aged <18 years), adults without diagnosed pneumonia, 

hospital-onset cases (defined as influenza laboratory diagnosis >3 days after admission), 

pregnant people, and patients with missing or incomplete information on underlying 

medical conditions or antiviral treatment status (Supplementary Figure 1). We also excluded 

individuals who did not receive antiviral treatment, who started treatment before the date 

of hospital admission, those in whom treatment was delayed >5 days from admission, or 

patients in whom treatment start date was not documented. Finally, we excluded patients 

who died or were discharged from the hospital 0–1 day from the date of hospital admission 

to allow adequate time (>24 hours) for antiviral treatment to provide a benefit clinically 

and to mitigate immortal time bias, as patients started on antiviral treatment ≥2 days after 

admission must have been alive and still admitted to the hospital to initiate treatment.

We assigned 3 antiviral treatment groups based on the timing of antiviral initiation relative 

to the date of admission: patients who started treatment on the date of admission (day 0); 

those who started treatment the day following admission (day 1); and those with delayed 

treatment initiation (days 2–5). The precise clock time (hour and minute) of admission or 
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treatment initiation was not available. A patient could be treated with any US Food and Drug 

Administration–approved influenza antiviral drug.

Statistical Analysis

Baseline demographic and clinical characteristics of patients by treatment start day were 

described using unweighted counts and weighted percentages accounting for FluSurv-NET’s 

complex survey design [18]. Distributions of categorical variables were compared across 

groups using the χ2 test and continuous variables using the Kruskal-Wallis test, the latter 

of which does not account for the complex survey design. Clinical measures of severe 

outcomes, including ICU admission, receipt of invasive mechanical ventilation (IMV), and 

death from any cause within 2–30 days after admission, were compared by treatment timing. 

For this part of the analysis, we evaluated treatment started on hospital day 0, 1, 2, 3, 4, and 

5 separately rather than collapsing groups to assess differences in severe outcomes for each 

additional day of treatment delay.

We next estimated unadjusted and adjusted odds ratios (aORs) and 95% confidence intervals 

(CIs) using logistic regression with an outcome of 30-day mortality and a 3-level primary 

exposure variable of timing of treatment initiation (day 0, day 1, or day 2–5). Timely 

treatment (day 0) was used as a reference group and an odds ratio of >1 interpreted 

as later compared to timely treatment being associated with an increased risk of 30-day 

mortality. In the multivariable model, we adjusted for prespecified potential confounders, 

including influenza season, surveillance site, continuous age in years, sex, race and ethnicity, 

number of categories of non-immunocompromising underlying medical conditions (0, 1, 2, 

3, ≥4), ≥1 documented immunocompromising condition, and influenza vaccination status for 

the current season (vaccinated, unvaccinated, or unknown). Models were further stratified 

by age and influenza type and accounted for FluSurv-NET’s complex survey design by 

including sampling weights and 1000 bootstrap replicate weights to calculate variance. We 

performed an additional analysis generating a 4-level primary exposure variable of timing 

of treatment initiation but with patients who initiated antiviral treatment within 14 days 

prior to admission (excluded from the primary analysis) used as a reference group (initiated 

treatment before admission, on hospital day 0, day 1, or days 2–5).

We performed several exploratory analyses, including a description of baseline 

characteristics and outcomes of patients excluded from the main analysis because they (1) 

started antiviral treatment before hospital admission; or (2) they were discharged on hospital 

day 0 or 1 or they died on day 0 or 1. Analyses were conducted using SAS version 9.4 

(SAS Institute, Cary, North Carolina). This activity was determined to meet requirements 

for non-research public health surveillance by CDC and was conducted consistent with 

applicable federal laws. Individual FluSurv-NET sites obtained institutional review board 

approval from state health departments or partnering academic institutions, as needed.

RESULTS

Of 114 220 patients hospitalized with laboratory-confirmed influenza during 2012–2019, 

91 371 were sampled adult cases aged ≥18 years from contributing FluSurv-NET sites 

(Supplementary Figure 1). Among these 91 371 sampled patients, 57 157 without a 
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pneumonia diagnosis were excluded. Of the remaining 34 214 (weighted 36.2%) sampled 

patients diagnosed with pneumonia, the most common reasons for exclusion included 

missing antiviral treatment start date or unknown treatment status (n = 3547; 3496 treated 

but with unknown treatment start date and 51 with unknown treatment status), discharge or 

death on hospital day 0 or 1 (n = 1756; 1576 who were discharged and 180 who died on day 

0 or 1), starting antiviral treatment before admission or >5 days after admission (n = 1438; 

1338 who started treatment before and 100 who started treatment >5 days after admission), 

or hospital-onset infection (n = 998). After applying exclusions, 26 233 sampled patients 

were included in the primary analysis.

A majority of these 26 233 patients started influenza treatment on the day of admission 

(60.9%), with 29.5% starting treatment on hospital day 1, and 9.7% starting treatment on 

days 2–5, although most of these patients with delayed treatment started on day 2 (62.9%) 

or day 3 (25.2%) (Table 1). Most patients were treated with oseltamivir (99.7%). Absolute 

differences in baseline demographic and clinical characteristics across treatment groups 

were generally small (Table 1).

Overall, 29.1% patients hospitalized with influenza-associated pneumonia were admitted to 

the ICU, 13.1% received IMV, and 8.0% died 2–30 days after admission. The median age of 

patients who died was 79.0 years versus 70.0 years in survivors. The proportion of patients 

who experienced each severe outcome increased with every additional day from admission 

until treatment initiation (Table 2). Compared to those who started on day 0, those starting 

treatment on day 5 were more likely to be admitted to the ICU (58.5% vs 26.6%), to receive 

IMV (40.2% vs 11.7%), or to die within 30 days after admission (19.5% vs 7.5%) (all P < 

.05 for differences across treatment groups).

Relative to those who started treatment on the day of admission, those who started on 

day 1 or days 2–5 had greater odds of dying within 30 days (crude OR, 1.16 [95% CI, 

1.03–1.31] and 1.41 [95% CI, 1.21–1.64], respectively). Adjusting for potential confounders 

in multivariable models, findings were similar (aOR, 1.14 [95% CI, 1.01–1.27] and 1.40 

[95% CI, 1.17–1.66], respectively) (Figure 1). Age-stratified models also found similar 

associations as did models for patients with influenza A virus infection; associations were 

nonsignificant for patients with influenza B. In a post hoc analysis using patients who 

initiated treatment on hospital day 1 as a reference, those who started treatment on days 2–5 

also had a greater odds of dying compared to the day 1 treatment group (aOR, 1.23 [95% 

CI, 1.00–1.52]). Results from additional analyses considering patients treated before hospital 

admission as an alternative reference group are shown in Supplementary Table 2.

In exploratory analyses, patients who received documented treatment before hospital 

admission were similar in age and other clinical characteristics to patients who started 

treatment after hospital admission (Supplementary Table 3). However, a lower percentage of 

these patients treated before admission were admitted to an ICU (15.4%) or received IMV 

(6.4%) compared to patients who started treatment on or after the admission date, and 7.1% 

died within 30 days of hospital admission (Supplementary Table 4). Patients excluded from 

the main analysis because they died on day 0 or 1 (n = 180) were generally older than 

patients included in the primary analysis (median age, 75 years) (Supplementary Table 3).
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DISCUSSION

Over 7 influenza seasons, in a large sample of adults hospitalized with influenza-associated 

pneumonia, we found a strong association between timing of influenza antiviral therapy 

and odds of all-cause death. Compared to patients treated on the day of admission, those 

who started antiviral treatment 2–5 days after admission had 40% higher odds of dying 

within 30 days of hospital admission. We observed a weaker yet still statistically significant 

association between antiviral treatment started the day following admission and odds of 

death. Trends were consistent across other measures of clinical severity, such as ICU 

admission, with each additional day of antiviral treatment delay associated with a greater 

percentage of patients who experienced adverse clinical outcomes. These findings support 

the recommendation by the CDC and the Infectious Diseases Society of America guidelines 

to initiate antiviral treatment with oseltamivir as soon as possible to maximize benefit for 

patients being hospitalized with suspected or confirmed influenza, ideally with treatment 

started in the outpatient setting or emergency department [3].

Using data from a large population-based surveillance system with systematic data 

collection, this study provides insights into characteristics, clinical course, and outcomes 

of patients hospitalized with influenza and pneumonia in the US. Overall, more than one-

third of patients had a diagnosis of pneumonia by ICD-9 or ICD-10 discharge code or 

discharge summary. Most patients were older adults and more than half of patients had 3 

or more categories of underlying medical conditions. Pneumonia prevalence was consistent 

with prior estimates from FluSurv-NET and other studies among adults hospitalized with 

laboratory-confirmed influenza [6, 20-23]. Within this population, severe clinical outcomes 

were common, with approximately 30% of patients requiring ICU-level care and almost 

10% dying within 2–30 days of admission.

This study also contributes to our understanding of the impact of antiviral treatment on 

clinical outcomes among patients hospitalized with influenza. Findings from our study are 

consistent with other published studies. In an individual patient data meta-analysis that 

included 5978 patients hospitalized with influenza A(H1N1)pdm09 virus infections with a 

diagnosis of influenza-related pneumonia [24], early antiviral treatment (within 2 days of 

symptom onset) versus delayed treatment was associated with a reduced odds of death (aOR, 

0.70) and lower likelihood of ventilatory support (aOR, 0.68). In a study from China that 

included patients hospitalized with influenza who also had a diagnosis of pneumonia [25], 

early antiviral treatment (within 2 days of illness onset) was associated with a decreased 

risk of 30-day mortality (aOR, 0.53) and IMV (aOR, 0.51) compared to patients started 

on later treatment. Using days from admission to antiviral treatment initiation, in a larger 

sample of patients spanning multiple influenza seasons and geographic regions, we found a 

survival benefit associated with timely (day 0) versus delayed (day 1 or days 2–5) antiviral 

treatment initiation and an increase in the proportion of patients who experienced other 

severe outcomes with treatment delays.

Prior hospital-based observational studies have often included any hospitalized patient 

with an influenza diagnosis. However, patients with influenza may be hospitalized for 

a variety of reasons including direct influenza-related complications, exacerbations of 
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chronic underlying medical conditions triggered by viral infection, or unrelated reasons with 

influenza incidentally recognized through routine testing. We used a more specific definition 

that included a diagnosis of pneumonia to capture a less heterogeneous population of 

patients with a more severe respiratory phenotype. However, our study population likely still 

represents a varied group of patients with primary viral pneumonia or mixed or secondary 

bacterial pneumonia, which are common among patients with influenza virus infection 

hospitalized with pneumonia [26-29]. Influenza antiviral treatment may provide varying 

clinical benefit within these subgroups. Of patients with pneumonia ICD-9 or ICD-10 
discharge codes, influenza pneumonia (71.7%) and pneumonia with organism unspecified 

(19.1%) codes were most common and codes for bacterial pneumonia less commonly 

documented (Supplementary Table 1), although we did not have the granularity of clinical 

data necessary to definitively distinguish between pneumonia etiologies.

This study was subject to several limitations. First, we did not have information on exact 

timing of antiviral treatment initiation relative to hospital admission, precluding more 

precise treatment comparison groups, for example, treatment within 6 hours of admission. 

Furthermore, depending on timing of treatment within a calendar date, some patients treated 

on day 1 could potentially have had a shorter treatment delay than patients treated on day 

0 (the day of admission), which could attenuate differences in observed risk of 30-day 

mortality between these groups. Second, we did not account for duration of illness prior 

to hospitalization as information on illness onset was captured through medical chart 

abstraction and subject to imperfect recall and/or inconsistent documentation in medical 

charts. Third, antiviral use prior to hospitalization may have been underascertained. If 

missingness is differential based on timing of antiviral treatment during admission, this 

could impact associations between timing of antiviral treatment and outcomes. Fourth, we 

did not evaluate clinical outcomes stratified by influenza A virus subtype, which may be 

associated with differences in influenza severity or antiviral treatment effectiveness [13, 

30]. Fifth, in this observational study there may have been unmeasured confounders or 

uncaptured reasons why antiviral treatment may have been delayed for some patients. 

Sixth, antibiotic treatment information was not collected to stratify outcomes based on 

both influenza antiviral and antibiotic receipt and timing during hospitalization, given that 

some patients may have had mixed viral and bacterial or secondary bacterial pneumonia; 

additional treatment information (eg, use of systemic corticosteroids) was also not captured. 

Additionally, we evaluated all-cause mortality up to 30 days, and some deaths may not have 

been directly attributable to influenza.

CONCLUSIONS

Among adults hospitalized with laboratory-confirmed influenza with pneumonia across 7 

influenza seasons, delayed influenza antiviral treatment initiation was associated with a 

greater odds of death within 30 days compared to patients who started treatment on the day 

of admission. Clinical testing and empiric influenza antiviral treatment should be started as 

soon as possible for patients being hospitalized with suspected influenza.

Tenforde et al. Page 8

Clin Infect Dis. Author manuscript; available in PMC 2025 February 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association between timing of influenza antiviral therapy and 30-day mortality. 

Abbreviations: CI, confidence interval; OR, odds ratio.

Tenforde et al. Page 12

Clin Infect Dis. Author manuscript; available in PMC 2025 February 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tenforde et al. Page 13

Ta
b

le
 1

.

B
as

el
in

e 
D

em
og

ra
ph

ic
 a

nd
 C

lin
ic

al
 C

ha
ra

ct
er

is
tic

s 
of

 P
at

ie
nt

s 
by

 D
ay

 o
f 

In
fl

ue
nz

a 
A

nt
iv

ir
al

 T
re

at
m

en
t I

ni
tia

tio
n

C
ha

ra
ct

er
is

ti
c,

 U
nw

ei
gh

te
d 

C
ou

nt
 (

W
ei

gh
te

d 
%

)
O

ve
ra

ll
(n

 =
 2

6 
23

3)

C
al

en
da

r 
D

ay
s 

F
ro

m
 H

os
pi

ta
l A

dm
is

si
on

to
 S

ta
rt

 o
f 

A
nt

iv
ir

al
 T

re
at

m
en

t

P
 V

al
ue

a
0 

d 
(n

 =
 1

5 
80

6)
1 

d 
(n

 =
 7

81
0)

2–
5 

d 
(n

 =
 2

61
7)

M
ed

ia
n 

(I
Q

R
) 

ag
e,

 y
71

.0
 (

57
.0

–8
3.

0)
71

.0
 (

58
.0

–8
3.

0)
71

.0
 (

57
.0

–8
3.

0)
69

.0
 (

56
.0

–8
2.

0)
.0

24

M
al

e 
se

x
12

 7
70

 (
48

.6
)

76
90

 (
48

.5
)

38
12

 (
48

.8
)

12
68

 (
49

.0
)

.8
55

R
ac

e 
an

d 
et

hn
ic

ity

 
H

is
pa

ni
c

18
44

 (
7.

1)
11

54
 (

7.
3)

51
7 

(6
.8

)
17

3 
(6

.9
)

<
.0

01

 
W

hi
te

, n
on

-H
is

pa
ni

c
16

 5
84

 (
63

.4
)

10
 1

31
 (

64
.5

)
48

89
 (

62
.5

)
15

64
 (

59
.6

)

 
B

la
ck

, n
on

-H
is

pa
ni

c
43

90
 (

16
.4

)
25

15
 (

15
.3

)
13

29
 (

17
.1

)
54

6 
(2

0.
9)

 
O

th
er

, n
on

-H
is

pa
ni

c
14

61
 (

6.
1)

88
8 

(6
.2

)
42

9 
(5

.8
)

14
4 

(5
.7

)

 
U

nk
no

w
n

19
54

 (
7.

0)
11

18
 (

6.
7)

64
6 

(7
.9

)
19

0 
(6

.9
)

In
fl

ue
nz

a 
se

as
on

 
20

12
–2

01
3

25
48

 (
8.

7)
13

52
 (

7.
6)

85
6 

(9
.9

)
34

0 
(1

2.
1)

<
.0

01

 
20

13
–2

01
4

25
96

 (
8.

9)
13

94
 (

7.
9)

81
1 

(9
.4

)
39

1 
(1

3.
9)

 
20

14
–2

01
5

42
75

 (
14

.6
)

24
69

 (
13

.9
)

13
36

 (
15

.5
)

47
0 

(1
6.

7)

 
20

15
–2

01
6

23
49

 (
8.

1)
13

14
 (

7.
4)

76
4 

(8
.8

)
27

1 
(9

.5
)

 
20

16
–2

01
7

45
54

 (
15

.6
)

26
78

 (
15

.1
)

14
44

 (
16

.7
)

43
2 

(1
5.

1)

 
20

17
–2

01
8

55
01

 (
26

.9
)

36
48

 (
29

.3
)

14
40

 (
24

.0
)

41
3 

(2
1.

3)

 
20

18
–2

01
9

44
10

 (
17

.2
)

29
51

 (
18

.9
)

11
59

 (
15

.6
)

30
0 

(1
1.

8)

SV
Ib

 
L

ow
78

47
 (

32
.6

)
47

61
 (

32
.9

)
23

41
 (

32
.4

)
74

5 
(3

1.
3)

.0
33

 
M

ed
iu

m
78

69
 (

32
.5

)
47

60
 (

32
.7

)
23

02
 (

31
.7

)
80

7 
(3

3.
3)

 
H

ig
h

87
74

 (
34

.9
)

52
22

 (
34

.4
)

26
60

 (
36

.0
)

89
2 

(3
5.

4)

Sm
ok

in
g 

st
at

us

 
C

ur
re

nt
56

79
 (

20
.8

)
33

43
 (

20
.2

)
17

58
 (

21
.7

)
57

8 
(2

1.
7)

.0
28

 
Fo

rm
er

82
00

 (
32

.1
)

49
03

 (
32

.0
)

24
74

 (
32

.3
)

82
3 

(3
2.

3)

 
N

ev
er

/u
nk

no
w

n
12

 3
54

 (
47

.1
)

75
60

 (
47

.9
)

35
78

 (
45

.9
)

12
16

 (
45

.9
)

Pl
ac

e 
of

 d
is

ch
ar

ge

 
Pr

iv
at

e 
re

si
de

nc
e

16
 3

91
 (

62
.8

)
10

 1
11

 (
64

.3
)

48
21

 (
62

.0
)

14
59

 (
55

.8
)

<
.0

01

 
Fa

ci
lit

y
65

31
 (

25
.6

)
38

39
 (

24
.9

)
19

26
 (

25
.3

)
76

6 
(3

0.
1)

Clin Infect Dis. Author manuscript; available in PMC 2025 February 25.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tenforde et al. Page 14

C
ha

ra
ct

er
is

ti
c,

 U
nw

ei
gh

te
d 

C
ou

nt
 (

W
ei

gh
te

d 
%

)
O

ve
ra

ll
(n

 =
 2

6 
23

3)

C
al

en
da

r 
D

ay
s 

F
ro

m
 H

os
pi

ta
l A

dm
is

si
on

to
 S

ta
rt

 o
f 

A
nt

iv
ir

al
 T

re
at

m
en

t

P
 V

al
ue

a
0 

d 
(n

 =
 1

5 
80

6)
1 

d 
(n

 =
 7

81
0)

2–
5 

d 
(n

 =
 2

61
7)

 
H

os
pi

ce
71

3 
(2

.6
)

36
7 

(2
.5

)
25

0 
(3

.1
)

96
 (

3.
4)

 
O

th
er

/u
nk

no
w

n
25

98
 (

9.
1)

14
89

 (
8.

6)
81

3 
(9

.7
)

29
6 

(1
0.

6)

≥1
 im

m
un

oc
om

pr
om

is
in

g 
co

nd
iti

on
49

94
 (

18
.8

)
29

25
 (

18
.4

)
14

93
 (

18
.7

)
57

6 
(2

1.
5)

.0
02

≥1
 c

on
di

tio
n 

in
 c

at
eg

or
ie

s 
be

lo
w

24
 0

99
 (

92
.2

)
14

 4
73

 (
91

.8
)

72
11

 (
92

.6
)

24
15

 (
92

.8
)

.0
63

 
A

st
hm

a
45

73
 (

17
.5

)
27

72
 (

17
.6

)
13

83
 (

17
.9

)
41

8 
(1

5.
8)

.0
89

 
B

lo
od

 d
is

or
de

r
12

50
 (

4.
4)

66
7 

(3
.9

)
42

5 
(5

.2
)

15
8 

(5
.9

)
<

.0
00

1

 
C

ar
di

ov
as

cu
la

r 
di

se
as

e
13

 2
53

 (
51

.6
)

78
76

 (
51

.0
)

39
81

 (
52

.0
)

13
96

 (
54

.6
)

.0
04

 
C

hr
on

ic
 lu

ng
 d

is
ea

se
 o

th
er

 th
an

 a
st

hm
a

86
65

 (
33

.3
)

51
43

 (
32

.8
)

26
45

 (
34

.1
)

87
7 

(3
4.

1)
.1

57

 
C

hr
on

ic
 m

et
ab

ol
ic

 d
is

ea
se

11
 3

75
 (

44
.0

)
68

17
 (

43
.8

)
34

15
 (

44
.5

)
11

43
 (

44
.2

)
.7

25

 
L

iv
er

 d
is

ea
se

11
79

 (
4.

5)
65

5 
(4

.1
)

39
2 

(5
.1

)
13

2 
(5

.2
)

<
.0

00
1

 
N

eu
ro

lo
gi

ca
l o

r 
ne

ur
om

us
cu

la
r 

di
se

as
e

68
97

 (
26

.3
)

40
36

 (
25

.5
)

21
56

 (
27

.6
)

70
5 

(2
6.

7)
.0

06

 
O

be
si

ty
92

20
 (

34
.7

)
56

77
 (

35
.5

)
26

62
 (

33
.7

)
88

1 
(3

3.
1)

.0
11

 
R

en
al

 d
is

ea
se

56
91

 (
22

.3
)

32
88

 (
21

.5
)

17
80

 (
23

.4
)

62
3 

(2
3.

9)
.0

03

N
o.

 o
f 

ch
ro

ni
c 

m
ed

ic
al

 c
on

di
tio

n 
ca

te
go

ri
es

 (
ex

cl
ud

in
g 

im
m

un
oc

om
pr

om
is

in
g 

co
nd

iti
on

s)
, o

f 
th

os
e 

w
ith

 ≥
1 

co
nd

iti
on

 
1

47
43

 (
19

.3
)

28
95

 (
19

.7
)

13
75

 (
18

.6
)

47
3 

(1
9.

0)
.1

20

 
2

62
26

 (
25

.7
)

37
84

 (
25

.9
)

18
40

 (
25

.5
)

60
2 

(2
5.

1)

 
3

56
85

 (
23

.8
)

34
42

 (
24

.0
)

16
85

 (
23

.5
)

55
8 

(2
3.

7)

 
≥4

74
45

 (
31

.2
)

43
52

 (
30

.4
)

23
11

 (
32

.5
)

78
2 

(3
2.

2)

In
fl

ue
nz

a 
va

cc
in

at
io

n 
st

at
us

 a
t a

dm
is

si
on

 
Y

es
12

 2
73

 (
47

.5
)

74
88

 (
48

.2
)

36
30

 (
47

.0
)

11
55

 (
44

.4
)

.0
06

 
N

o
10

 3
58

 (
38

.4
)

61
68

 (
37

.8
)

30
78

 (
38

.8
)

11
12

 (
41

.7
)

 
U

nk
no

w
n

36
02

 (
14

.1
)

21
50

 (
14

.0
)

11
02

 (
14

.2
)

35
0 

(1
3.

9)

A
nt

iv
ir

al
 tr

ea
tm

en
t a

dm
in

is
te

re
d

 
O

se
lta

m
iv

ir
26

 1
65

 (
99

.7
)

15
 7

74
 (

99
.8

)
77

83
 (

99
.6

)
26

08
 (

99
.6

)
.2

15

 
O

th
er

68
 (

0.
3)

32
 (

0.
2)

27
 (

0.
4)

9 
(0

.4
)

M
ed

ia
n 

(I
Q

R
) 

da
ys

 f
ro

m
 il

ln
es

s 
on

se
t t

o 
ho

sp
ita

l a
dm

is
si

on
c

3.
0 

(2
.0

–5
.0

)
3.

0 
(2

.0
–5

.0
)

3.
0 

(2
.0

–5
.0

)
3.

0 
(1

.0
–5

.0
)

.0
21

M
ed

ia
n 

(I
Q

R
) 

da
ys

 f
ro

m
 f

ir
st

 p
os

iti
ve

 te
st

 to
 h

os
pi

ta
l a

dm
is

si
on

0.
0 

(0
.0

–0
.0

)
0.

0 
(0

.0
–0

.0
)

0.
0 

(0
.0

–1
.0

)
1.

0 
(0

.0
–2

.0
)

<
.0

00
1

In
fl

ue
nz

a 
ty

pe

 
In

fl
ue

nz
a 

A
21

 5
96

 (
81

.4
)

13
 0

77
 (

81
.7

)
63

56
 (

80
.7

)
21

63
 (

82
.0

)
.0

94

Clin Infect Dis. Author manuscript; available in PMC 2025 February 25.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tenforde et al. Page 15

C
ha

ra
ct

er
is

ti
c,

 U
nw

ei
gh

te
d 

C
ou

nt
 (

W
ei

gh
te

d 
%

)
O

ve
ra

ll
(n

 =
 2

6 
23

3)

C
al

en
da

r 
D

ay
s 

F
ro

m
 H

os
pi

ta
l A

dm
is

si
on

to
 S

ta
rt

 o
f 

A
nt

iv
ir

al
 T

re
at

m
en

t

P
 V

al
ue

a
0 

d 
(n

 =
 1

5 
80

6)
1 

d 
(n

 =
 7

81
0)

2–
5 

d 
(n

 =
 2

61
7)

 
In

fl
ue

nz
a 

B
44

63
 (

18
.0

)
26

19
 (

17
.7

)
14

02
 (

18
.6

)
44

2 
(1

7.
6)

 
In

fl
ue

nz
a 

A
 a

nd
 B

12
6 

(0
.5

)
73

 (
0.

4)
42

 (
0.

6)
11

 (
0.

4)

 
O

th
er

 o
r 

un
kn

ow
n

48
 (

0.
2)

37
 (

0.
2)

10
 (

0.
1)

1 
(0

.0
)

A
bb

re
vi

at
io

ns
: I

Q
R

, i
nt

er
qu

ar
til

e 
ra

ng
e;

 S
V

I,
 S

oc
ia

l V
ul

ne
ra

bi
lit

y 
In

de
x.

a K
ru

sk
al

-W
al

lis
 te

st
 u

se
d 

to
 c

om
pa

re
 th

e 
di

st
ri

bu
tio

n 
of

 c
on

tin
uo

us
 v

ar
ia

bl
es

 a
nd

 χ
2  

te
st

 f
or

 th
e 

di
st

ri
bu

tio
n 

of
 c

at
eg

or
ic

al
 v

ar
ia

bl
es

 b
y 

tim
in

g 
of

 a
nt

iv
ir

al
 tr

ea
tm

en
t i

ni
tia

tio
n.

b O
f 

26
 2

33
 p

at
ie

nt
s,

 2
4 

49
0 

(9
3.

4%
) 

ha
d 

ge
oc

od
ed

 d
at

a 
av

ai
la

bl
e 

to
 c

al
cu

la
te

 S
V

I.
 T

he
 C

en
te

rs
 f

or
 D

is
ea

se
 C

on
tr

ol
 a

nd
 P

re
ve

nt
io

n/
A

ge
nc

y 
fo

r 
To

xi
c 

Su
bs

ta
nc

es
 a

nd
 D

is
ea

se
 R

eg
is

tr
y 

SV
I 

m
ea

su
re

 w
as

 
us

ed
; t

er
til

es
 w

er
e 

ca
lc

ul
at

ed
 f

or
 th

e 
Fl

uS
ur

v-
N

E
T

 c
at

ch
m

en
t a

re
a 

pe
r 

in
fl

ue
nz

a 
se

as
on

.

c Il
ln

es
s 

on
se

t d
at

e 
ab

st
ra

ct
ed

 w
he

re
 a

va
ila

bl
e 

fr
om

 m
ed

ic
al

 c
ha

rt
s 

an
d 

do
cu

m
en

te
d 

fo
r 

22
 7

31
 (

86
.7

%
) 

pa
tie

nt
s.

Clin Infect Dis. Author manuscript; available in PMC 2025 February 25.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tenforde et al. Page 16

Ta
b

le
 2

.

C
lin

ic
al

 O
ut

co
m

es
 o

f 
Pa

tie
nt

s 
by

 D
ay

 o
f 

In
fl

ue
nz

a 
A

nt
iv

ir
al

 T
re

at
m

en
t I

ni
tia

tio
n

C
ha

ra
ct

er
is

ti
c,

U
nw

ei
gh

te
d 

C
ou

nt
(W

ei
gh

te
d 

%
)

O
ve

ra
ll 

(n
 =

 2
6 

23
3)

C
al

en
da

r 
D

ay
s 

F
ro

m
 D

at
e 

of
 H

os
pi

ta
l A

dm
is

si
on

 t
o 

St
ar

t 
of

 A
nt

iv
ir

al
 T

re
at

m
en

t

P
 V

al
ue

a
0 

d 
(n

 =
 1

5 
80

6)
1 

d 
(n

 =
 7

81
0)

2 
d 

(n
 =

 1
64

3)
3 

d 
(n

 =
 6

50
)

4 
d 

(n
 =

 2
46

)
5 

d 
(n

 =
 7

8)

IC
U

 a
dm

is
si

on
76

45
 (

29
.1

)
43

56
 (

26
.6

)
23

74
 (

29
.7

)
51

1 
(3

0.
2)

24
9 

(3
7.

0)
10

9 
(4

5.
2)

46
 (

58
.5

)
<

.0
01

In
va

si
ve

 m
ec

ha
ni

ca
l v

en
til

at
io

n
36

29
 (

13
.1

)
19

67
 (

11
.7

)
11

72
 (

14
.5

)
25

7 
(1

4.
8)

13
9 

(2
0.

2)
62

 (
26

.3
)

32
 (

40
.2

)
<

.0
01

D
ea

th
 w

ith
in

 3
0 

d
23

43
 (

8.
0)

13
23

 (
7.

5)
73

3 
(8

.5
)

17
0 

(9
.6

)
72

 (
10

.1
)

29
 (

11
.4

)
16

 (
19

.5
)

<
.0

01

D
ay

s 
to

 d
ea

th
 a

m
on

g 
th

os
e 

w
ho

 d
ie

d 
du

ri
ng

 3
0-

d 
fo

llo
w

-u
p,

 m
ed

ia
n 

(I
Q

R
)

10
.0

 (
5.

0–
17

.0
)

10
.0

 (
5.

0–
17

.0
)

10
.0

 (
5.

0–
16

.0
)

10
.5

 (
6.

0–
18

.0
)

12
.0

 (
8.

0–
18

.0
)

11
.0

 (
9.

0–
17

.0
)

12
.5

 (
8.

5–
19

.5
)

.1
44

A
bb

re
vi

at
io

ns
: I

C
U

, i
nt

en
si

ve
 c

ar
e 

un
it;

 I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e.

a K
ru

sk
al

-W
al

lis
 te

st
 u

se
d 

to
 c

om
pa

re
 th

e 
di

st
ri

bu
tio

n 
of

 c
on

tin
uo

us
 v

ar
ia

bl
es

 a
nd

 χ
2  

te
st

 f
or

 th
e 

di
st

ri
bu

tio
n 

of
 c

at
eg

or
ic

al
 v

ar
ia

bl
es

 b
y 

tim
in

g 
of

 a
nt

iv
ir

al
 tr

ea
tm

en
t i

ni
tia

tio
n.

Clin Infect Dis. Author manuscript; available in PMC 2025 February 25.


	Abstract
	METHODS
	Setting and Design
	Study Population
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Figure 1.
	Table 1.
	Table 2.

