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Over	 five	 seasons,	we	 determined	 the	 proportion	 of	 outpatients	with	 laboratory-	
confirmed,	influenza-	associated	illness	who	were	hospitalized	within	30	days	follow-
ing	the	outpatient	visit.	Overall,	136	(1.7%)	of	7813	influenza-	positive	patients	were	
hospitalized	a	median	of	4	days	after	an	outpatient	visit.	Patients	aged	≥	65	years	and	
those	with	high-	risk	conditions	were	at	increased	risk	of	hospitalization.	After	con-
trolling	 for	 age	and	high-	risk	 conditions,	 vaccination	 status	 and	 infecting	 influenza	
virus	type	were	not	associated	with	hospitalization	risk	among	adults.
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1  | INTRODUC TION

Influenza	 virus	 infection	 is	 associated	with	 a	 high	disease	burden.	
During	the	2010-	2011	through	the	2015-	2016	influenza	seasons,	in-
fluenza	virus	infection	resulted	in	a	cumulative	estimated	healthcare	
burden	 of	 4.3-	16.7	million	 outpatient	medical	 visits	 and	 140	000-	
700	000	hospital	admissions	in	the	United	States.1	A	proportion	of	
patients	who	present	for	care	in	the	outpatient	setting	subsequently	
require	hospitalization	 for	more	 severe	 illness	or	 influenza-	related	
complications.	 There	 are	 few	 estimates	 of	 the	 proportion	 of	 pa-
tients	hospitalized	 following	outpatient	 care	 for	 influenza.2	Better	
characterization	 of	 these	 patients	 can	 improve	 estimates	 of	 influ-
enza	burden	based	on	hospital	 surveillance.	 To	better	 understand	
the	 population	 of	 patients	 admitted	 to	 the	 hospital	 following	 an	
influenza-	associated	 outpatient	 visit,	 and	 explore	 risk	 factors	 for	
hospitalization	among	outpatients	with	influenza,	we	evaluated	data	
from	persons	who	sought	outpatient	care	for	laboratory-	confirmed	
influenza	over	five	influenza	seasons.

2  | METHODS

We	 analyzed	 data	 collected	 from	 the	 US	 Influenza	 Vaccine	
Effectiveness	 (Flu	 VE)	 Network	 over	 five	 consecutive	 influenza	
seasons,	from	2011-	2012	to	2015-	2016.	As	previously	described,	
the	 Flu	 VE	 Network	 enrolls	 patients	 aged	 ≥	 6	months	 seeking	
medical	care	within	7	days	of	illness	onset	for	an	acute	respiratory	
illness	 (ARI)	 with	 cough	 (with	 cough	 and/or	 fever	 in	 2011-	2012)	
at	 outpatient	 healthcare	 facilities	 (primary	 care	 and	 acute	 care	
setting)	 associated	 with	 study	 sites	 in	 Michigan,	 Pennsylvania,	
Texas,	 Washington	 and	Wisconsin.3	 In	 addition,	 two	 study	 sites	
(Wisconsin	and	Pennsylvania)	enrolled	patients	meeting	 inclusion	
criteria	 from	emergency	departments.	Patients	who	 reported	 re-
ceipt	of	one	or	more	doses	of	influenza	antiviral	medication	within	
the	past	7	days	were	excluded	from	enrollment.	Nasal	and	throat	
swabs	were	collected	at	enrollment	 for	 influenza	virus	 testing	by	
reverse	 transcription	polymerase	chain	 reaction	 (RT-	PCR).	All	pa-
tients	 completed	an	enrollment	 interview	and	provided	 informed	
consent	 for	 data	 extraction	 from	medical	 records.	 Patients	were	
classified	 as	 having	 a	 high-	risk	 condition	 if	 they	 had	 at	 least	 one	
medical	 encounter	 during	 the	 year	 before	 enrollment	 associated	
with	 an	 International	 Classification	 of	 Diseases	 (9th	 [ICD-	9]	 or	
10th	[ICD-	10]	revision)	diagnosis	code	corresponding	to	a	high-	risk	
medical	 condition	 as	 defined	 by	 the	US	Advisory	Committee	 for	
Immunization	Practices	(ACIP).4

Following	enrollment,	discharge	codes	for	all	hospitalizations	and	
Current	Procedural	Terminology	(CPT)	codes	for	imaging	procedures	
ordered	 (including	 chest/sinus	 x-	ray	 and	 computed	 tomography	
scan)	within	30	days	were	identified	from	electronic	medical	records	
(Table	S1).	A	total	of	98%	of	CPT	codes	were	for	chest	imaging	and	
2%	were	for	sinus	 imaging	procedures.	Hospitalizations	associated	
with	diagnostic	codes	 for	medically	attended	acute	 respiratory	 in-
fection	(MAARI)	were	also	identified	(Table	S2).	Multivariable	logistic	
regression	was	used	to	calculate	adjusted	odds	ratios	and	95%	confi-
dence	intervals	for	predictors	of	any	hospitalization	among	patients	
aged	≥	18	years	with	laboratory-	confirmed	influenza	within	14	days	
of	enrollment;	analysis	of	risk	factors	for	hospitalizations	excluded	
children	 aged	 <	 18	years	 due	 to	 low	 numbers	 of	 hospitalizations.	
We	 performed	 a	 sub	 analysis	 of	 hospitalization	 among	 outpatient	
adults	prescribed	antiviral	medication	≤	7	days	after	enrollment	and	
excluded	patients	hospitalized	on	the	day	of	or	day	after	enrollment,	
before	one	would	expect	to	see	the	full	effect	of	antiviral	treatment.	
Analyses	were	conducted	in	SAS	version	9.3	(SAS	Institute	Inc.,	Cary,	
NC).

3  | RESULTS

Over	five	influenza	seasons,	34	385	patients	with	ARI	were	enrolled	
from	primary	or	acute	care	settings	in	the	US	Flu	VE	network	study	
and	7813	(22.7%)	patients	tested	RT-	PCR	positive	for	influenza.	The	
mean	age	of	enrolled	patients	with	laboratory-	confirmed	influenza	
was	 32.7	years	 (range,	 9	months	 to	 106	years).	 The	majority	were	
non-	Hispanic	White	(5848;	74.8%),	and	4303	(55.1%)	were	female.	
Among	 2913	 children	 aged	 <	 18	years	 with	 laboratory-	confirmed	
influenza,	 567	 (19.5%)	 had	 high-	risk	 conditions	 compared	 to	 1907	
(38.9%)	of	4900	adults	with	influenza.

Overall,	 136	 (1.7%)	 patients,	 25	 children	 and	 111	 adults,	 with	
influenza	were	hospitalized	within	30	days	following	outpatient	en-
rollment.	Among	outpatients	aged	6	months	to	4	years	(n	=	693)	and	
5-	17	years	(n	=	1856)	enrolled	in	primary	care	or	acute	care	settings,	
1.4%	and	0.7%	were	hospitalized;	among	168	children	enrolled	from	
emergency	 departments,	 13	 (8%)	 were	 hospitalized.	 Among	 chil-
dren	with	 influenza	and	high-	risk	conditions,	7	of	567	 (1.2%)	were	
hospitalized.	The	majority	of	hospitalizations	within	30	days	(81.6%	
[n	=	111])	occurred	among	adults	aged	≥	18	years	enrolled	from	pri-
mary	 care	 or	 acute	 care	 settings;	 among	 20	 adults	 enrolled	 from	
emergency	departments,	none	were	hospitalized	within	30	days.

Most	hospitalizations	(72.8%	[n	=	99])	occurred	within	14	days	
after	 outpatient	 enrollment;	 hospitalizations	 within	 14	days	
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included	 the	majority	 (57	 [93.4%]	of	61)	 of	 hospitalizations	with	
MAARI	diagnostic	codes.	The	highest	proportions	of	hospitaliza-
tions	within	14	days	occurred	among	adults	aged	≥	65	years	(n	=	36	
[4.4%]	 of	 819)	 and	 adults	 with	 ≥1	 high-	risk	 conditions	 (n	=	64	
[3.4%]	 of	 1889)	 (Table	1).	 The	 same	 groups	 were	more	 likely	 to	
have	 outpatient	 chest/sinus	 imaging;	 315	 (38.0%)	 of	 829	 adults	
aged	≥	65	years	and	599	(24.2%)	of	2474	adults	with	≥1	high-	risk	
conditions	had	an	order	for	chest/sinus	imaging	(Table	2).	Overall,	
1239	 (15.9%)	 of	 7813	 outpatients	 with	 laboratory-	confirmed	

influenza	had	an	order	 for	 chest	 imaging,	 an	 indicator	of	 clinical	
suspicion	 for	 pneumonia	 or	 more	 severe	 respiratory	 diseases.	
Among	 136	 patients	 with	 laboratory-	confirmed	 influenza	 who	
were	hospitalized	within	30	days	after	seeking	outpatient	care,	56	
(41%)	 sought	 outpatient	 care	 ≤2	days	 since	 illness	 onset	 and	 59	
(43%)	sought	care	3-	4	days	after	 illness	onset.	One-	third	of	hos-
pitalizations	 occurred	 on	 the	 day	 of	 or	 day	 after	 the	 outpatient	
visit	(Figure	S1),	and	16	(12%)	of	those	hospitalized	were	admitted	
within	2	days	of	illness	onset.	Overall,	23	(17%)	of	136	hospitalized	

Characteristic Total Hospitalized (%)
Adjusted odds 
ratio (95% CI)

Total 4869 80 (1.6)

Age	group	(years)

18-	49 2661 25 (0.9) REF

50-	64 1389 19 (1.4) 1.03	(0.55-	1.92)

≥65 819 36 (4.4) 2.43	(1.34-	4.40)

Gendera

Female 2876 50 (1.7) REF

Male 1991 30 (1.5) 0.81	(0.51-	1.30)

Race/Ethnicityb

White,	non-	Hispanic 3936 72 (1.8) REF

Black,	non-	Hispanic 320 2 (0.6) 0.39	(0.09-	1.62)

Other,	non-	Hispanic 332 2 (0.6) 0.40	(0.10-	1.66)

Hispanic 270 4 (1.5) 1.07	(0.38-	3.01)

High-	risk	condition

None 2980 16 (0.5) REF

≥1	condition 1889 64 (3.4) 5.20	(2.86-	9.46)

Vaccination	statusc

Unvaccinated 2963 31 (1.2) REF

Vaccinated 2107 48 (2.3) 1.05	(0.63-	5.96)

Seasond

2011-	2012 391 4 (1.0) 1.05	(0.35-	3.18)

2012-	2013 1301 23 (1.8) 1.33	(0.72-	2.45)

2013-	2014 928 23 (2.5) 1.91	(0.61-	5.96)

2014-	2015 1361 22 (1.6) REF

2015-	2016 888 8 (0.9) 0.65	(0.21-	2.05)

Virus	type/Subtypee

A/H1N1pdm09 1469 29 (2.0) 2.10	(0.74-	6.02)

A/H3N2 2307 42 (1.8) 1.57	(0.73-	3.41)

B 1002 9 (0.9) REF

Data	are	no.	(%)	or	adjusted	Odds	ratio	(95%	CI).	REF,	referent	group.	All	variables	were	included	in	
the	multivariable	model.	Total	excludes	31	adults	with	laboratory-confirmed	influenza	hospitalized	
15	to	30	days	after	enrollment.
aMissing	for	2	patients.	
bMissing	for	11	patients.	
cVaccination	status	was	determined	using	electronic	medical	records	and	plausible	self-	report.	An	
additional	69	patients	were	vaccinated	0-	13	days	prior	to	illness	onset.	
dChi-	square	test	for	difference	in	the	proportion	hospitalized	by	season	was	not	statistically	signifi-
cant	(p	=	0.09).	
e91	patients	tested	positive	for	an	influenza	A	virus	that	was	not	able	to	be	subtyped.	

TABLE  1 Predictors	of	hospitalization	
within	14	d	following	acute	respiratory	
infection	(ARI)-	associated	outpatient	visit	
among	adults	with	laboratory-	confirmed	
influenza,	US	Influenza	Vaccine	
Effectiveness	Network,	2011-	2016
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patients	with	influenza	(3	children	and	20	adults)	received	an	an-
tiviral	 prescription	 prior	 to	 the	 date	 of	 hospital	 admission;	most	
of	these	(18	[78%]	of	23)	received	an	antiviral	prescription	>1	day	
prior	to	admission.

In	 the	 multivariable	 model,	 factors	 independently	 associated	
with	hospitalization	within	14	days	of	the	outpatient	visit	 included	
age	 ≥65	years	 and	 presence	 of	 ≥1	 high-	risk	 condition	 (Table	1).	
Vaccination	status,	season	and	virus	type/subtype	were	not	associ-
ated	with	hospitalization	after	controlling	for	age	and	high-	risk	condi-
tions.	After	excluding	adults	hospitalized	within	1	day	of	enrollment,	
receiving	 an	 outpatient	 antiviral	 prescription	was	 not	 significantly	
associated	with	hospitalization	within	30	days	of	outpatient	visit	in	a	
regression	model	including	all	covariates	(data	not	shown).

4  | DISCUSSION

Over	 five	 influenza	 seasons,	 a	 small	 percentage	 (1.7%)	of	patients	
with	 laboratory-	confirmed	 influenza-	associated	ARI	were	hospital-
ized	within	14	days	of	the	outpatient	visit	 in	our	study	population.	
This	finding	was	consistent	with	the	low	percentage	(1%)	of	hospi-
talizations	among	patients	enrolled	in	the	2016-	17	and	2017-	18	sea-
sons	(unpublished	data).	The	percentage	of	outpatients	subsequently	
hospitalized	was	 highest	 (~4%)	 for	 adults	 aged	≥	65	years	 and	 for	
patients	with	≥1	high-	risk	condition	(~3%).	These	findings	are	sup-
portive	of	current	guidance	targeting	older	adults	and	persons	with	
underlying	high-	risk	medical	conditions	for	antiviral	treatment	in	the	
outpatient	setting.4	 In	a	 large	individual	patient	data	meta-	analysis	
of	 randomized	 placebo-	controlled	 studies,	 antiviral	 treatment	was	
shown	to	reduce	hospital	admissions	among	treated	outpatients.5

Our	 results	 are	 consistent	with	 the	 low	 proportions	 of	 hos-
pitalizations	 observed	 among	 adults	 with	 influenza	 enrolled	 in	
placebo	arms	of	 controlled	 trials	 assessing	 the	efficacy	of	osel-
tamivir.5	 Similar	 to	 these	 trials,	 we	 did	 not	 enroll	 from	 subspe-
cialty	 clinics	where	 persons	with	 underlying	medical	 conditions	
or	increased	frailty	may	seek	care.	One	study	among	a	cohort	of	
frail	adults	with	a	median	age	of	75	years	suggested	that	20%	of	

patients	with	 influenza	were	hospitalized6;	 thus	 the	 risk	of	hos-
pitalization	could	be	higher	in	some	patient	populations.	Also,	we	
enrolled	only	a	small	number	of	patients	from	emergency	depart-
ments.	Thus,	our	 findings	should	not	be	extrapolated	to	all	out-
patient	populations.	Among	those	hospitalized,	almost	half	(46%)	
were	admitted	to	the	hospital	on	the	day	of	or	day	after	the	out-
patient	visit.

The	risk	factors	for	hospitalization	that	were	identified,	older	age	
and	presence	of	 ≥1	high-	risk	 conditions,	 have	been	previously	 re-
ported	for	seasonal	influenza.7,8	In	contrast,	during	the	2009	H1N1	
pandemic,	 one	 population-	based	 cohort	 study	 identified	 younger	
adults	as	high-	risk	groups	for	hospitalization	and	severe	illness	when	
infected	with	H1N1pdm09	virus.9	Thus,	risk	factors	for	hospitaliza-
tion	may	differ	during	seasons	in	which	a	novel	virus	emerges	and	
needs	to	be	evaluated	rapidly	to	inform	interventions.

Our	findings	are	limited	by	the	relatively	small	number	of	hos-
pitalizations	 that	 occurred	 among	 patients	with	 influenza	 in	 our	
study	population.	Further,	hospitalizations	occurring	after	outpa-
tient	enrollment	may	not	have	been	directly	 related	 to	 influenza	
complications,	 although	 most	 hospitalizations	 within	 14	days	 of	
the	outpatient	visit	included	a	MAARI	discharge	code.	This	study	
lacked	 statistical	 power	 to	 assess	 the	 effectiveness	 of	 antiviral	
prescriptions	 on	 subsequent	 hospitalization	 and	 differences	 in	
hospitalization	 rates	 by	 vaccination	 status.	We	 relied	 on	 admin-
istrative	codes	 to	 identify	patients	with	high-	risk	conditions	and	
orders	for	sinus	and	chest	 imaging.	Diagnostic	codes	for	medical	
encounters	resulting	in	a	chest	imaging	procedure	were	not	avail-
able	to	determine	whether	the	patient	had	lower	respiratory	tract	
infection	(LRTI)	symptoms.

In	 summary,	 hospitalization	 among	 influenza-	positive	 persons	
seeking	care	 for	ARI	 in	general	outpatient	settings	occurred	 infre-
quently.	However,	older	adults	and	those	with	high-	risk	conditions	
were	at	higher	risk	for	hospital	admission	following	outpatient	care.	
The	true	burden	of	hospitalizations	after	an	outpatient	visit	is	likely	
different	for	different	patient	populations.	The	finding	of	increased	
risk	of	hospitalization	among	persons	aged	≥	65	years	and	those	with	
high-	risk	conditions	supports	current	recommendations	for	prompt,	

Factor Category N Chest imaging (%)

Age	group	(years) 6	mo-	4 791 51	(6.5)

5-	17 2122 138	(6.5)

18-	49 2672 405	(15.2)

50-	64 1399 330	(23.6)

≥	65 829 315	(38.0)

Chronic	conditions None 5339 640	(12.0)

≥	1 2474 599	(24.2)

Vaccination	status No 4611 628	(13.6)

Yes 3085 588	(19.1)

Virus	type/Subtype A(H1N1)pdm09 1980 353	(17.8)

A(H3N2) 3739 605	(16.2)

Influenza	B 1963 266	(13.6)

TABLE  2 Frequency	of	outpatient	
chest	imaging	among	adult	and	pediatric	
patients	with	laboratory-	confirmed	
influenza	(N	=	7813),	Vaccine	
effectiveness	network,	2011-	2016
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empiric	use	of	influenza	antiviral	treatment	in	high-	risk	outpatients	
with	suspected	or	confirmed	influenza.
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