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Background. Influenza causes millions of illnesses annually; certain groups are at higher risk for complications. Early antiviral
treatment can reduce the risk of complications and is recommended for outpatients at increased risk. We describe antiviral prescrib-
ing among high-risk outpatients for 5 influenza seasons and explore factors that may influence prescribing.

Methods. We analyzed antiviral prescription and clinical data for high-risk outpatients aged >6 months with an acute respira-
tory illness (ARI) and enrolled in the US Influenza Vaccine Effectiveness Network during the 2011-2012 through 2015-2016 influ-
enza seasons. We obtained clinical information from interviews and electronic medical records and tested all enrollees for influenza
with real-time reverse-transcription polymerase chain reaction (rRT-PCR). We calculated the number of patients with ARI that
must be treated to treat 1 patient with influenza.

Results.  Among high-risk outpatients with ARI who presented to care within 2 days of symptom onset (early), 15% (718/4861)
were prescribed an antiviral medication, including 472 of 1292 (37%) of those with rRT-PCR-confirmed influenza. Forty percent of
high-risk outpatients with influenza presented to care early. Earlier presentation was associated with antiviral treatment (odds ratio
[OR], 4.1; 95% confidence interval [CI], 3.5-4.8), as was fever (OR, 3.2; 95% CI, 2.7-3.8), although 25% of high-risk outpatients
with influenza were afebrile. Empiric treatment of 4 high-risk outpatients with ARI was needed to treat 1 patient with influenza.

Conclusions. Influenza antiviral medications were infrequently prescribed for high-risk outpatients with ARI who would bene-

fit most. Efforts to increase appropriate antiviral prescribing are needed to reduce influenza-associated complications.
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Influenza is an important cause of morbidity and mortality in
the United States [1], with annual seasonal influenza epidemics
accounting for a substantial proportion of medically attended
outpatient visits each year [2, 3]. Annual influenza vaccina-
tion is recommended for everyone aged 26 months and is the
primary strategy for influenza prevention. The recommended
pharmacologic treatment for influenza is a class of antiviral
medications called neuraminidase inhibitors (NAIs) [4]. Meta-
analyses of randomized controlled trials have found that patients
treated with NAIs had fewer subsequent lower respiratory tract

Received 11 April 2017; editorial decision 3 September 2017; accepted 20 October 2017;
published online October 23, 2017.

Correspondence: Fiona P. Havers, Centers for Disease Control and Prevention, Influenza
Division, 1600 Clifton Rd NE, MS A-32, Atlanta, GA 30333 (wja7@cdc.gov).
Clinical Infectious Diseases® 2018;66(7):1035-41
Published by Oxford University Press for the Infectious Diseases Society of America 2017.

This work is written by (a) US Government employee(s) and is in the public domain in the US.
DOI: 10.1093/cid/cix922

infections that required antibiotics [5, 6] and hospital admis-
sions [5] compared with those treated with placebo.

NAIs include oral oseltamivir, inhaled zanamivir, and intra-
venous peramivir. Administration is recommended as early
as possible for any patient with laboratory-confirmed or sus-
pected influenza who is hospitalized; has severe, complicated,
or progressive illness; or is at higher risk for influenza-associ-
ated complications [4]. However, previous studies suggest that
antiviral prescribing in the outpatient setting is low [3, 7-10].

Using an existing study platform, we aimed to (1) describe
practices in outpatient antiviral prescribing over 5 influenza sea-
sons, and (2) explore factors associated with prescribing among
high-risk outpatients, including timing of presentation to care,
symptoms at presentation, and influenza activity throughout
the season. In addition, we explored a scenario where all high-
risk outpatients with an acute respiratory illness (ARI) were
empirically given an antiviral prescription during the influenza
season and estimated how many ARI patients a provider would
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need to empirically treat (number needed to treat [NNT]) to
treat 1 patient with laboratory-confirmed influenza.

METHODS

Adults and children seeking care from an outpatient provider for
an ARI with cough within 7 days of illness onset were enrolled at
5 geographically diverse research sites, comprising >60 outpatient
practices participating in the US Influenza Vaccine Effectiveness
(Flu VE) Network during 5 influenza seasons (2011-2012 through
2015-2016). Four sites contributed data during all 5 seasons; 1 site
(C) began contributing data during the 2012-2013 season. We
obtained clinical information from enrollment interviews and
electronic medical record extraction. All enrolled patients were
tested for influenza with real-time reverse-transcription poly-
merase chain reaction (rRT-PCR) for research purposes. At 1 site
(B), the clinician was notified of a positive rRT-PCR research test
result within 24-48 hours of enrollment. Providers at the other
4 sites received aggregated laboratory results at varying intervals.
Data on influenza testing for clinical purposes were inconsistently
collected and not analyzed for this study.

High-Risk Status

Patients were considered at high risk for influenza-associated
complications if they were aged <2 years or 265 years, were
pregnant, or had evidence of specific chronic underlying health
conditions per the Advisory Committee on Immunization
Practices guidelines for antiviral treatment [4]. The presence
of a high-risk health condition was ascertained by extrac-
tion of electronic diagnosis codes for the 12 months prior to
enrollment. High-risk codes were defined using International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9) codes for the 2011-2012 through 2014-2015 seasons,
and until 1 October for the 2015-2016 season; Tenth Revision
(ICD-10) codes were used for the remainder of the 2015-2016
season. Patients who were extremely obese (body mass index
[BMI] > 40 kg/m”) or who reported being Native American,
Alaska Native, or Native Hawaiian were also considered as high
risk [4]. BMI was calculated using height and weight measure-
ments obtained from the medical record.

Antiviral Prescription and Timing of Influenza Season

We examined medical and pharmacy records to determine
whether an NAI was prescribed or dispensed within 7 days after
enrollment. If a patient was either prescribed or dispensed an
NAI, he or she was considered to have been prescribed an anti-
viral. We identified the timing of the influenza season by plotting
the percentage of all research-protocol rRT-PCR tests that were
positive for influenza each week. We descriptively compared sea-
sonal trends in influenza-positive test results to antiviral prescrib-
ing among high-risk outpatients who were influenza positive and
presented early by epidemiologic week during each influenza
season. We defined the peak of the season as the week with the

highest proportion of outpatients testing positive for influenza.
“Early” presentation to care was defined as <2 days between
symptom onset and date of outpatient enrollment, which is the
time frame in which antivirals are the most effective [11-13].

lliness Onset and Symptoms

Illness onset date and limited symptom information were
obtained through the enrollment interview. Most sites during
most seasons collected either a measured temperature during the
enrollment visit or documented self-report of fever or feverishness
since illness onset. A patient was considered to have a fever if they
either reported feeling feverish during the course of the illness or
had a measured temperature at enrollment of >37.8°C (=100°F).
Because clinicians may use the syndrome of influenza-like illness
(ie, cough plus fever or fever plus sore throat) to make decisions
about prescribing, we explored the association of fever and cough
with laboratory-confirmed influenza and antiviral use.

Number Needed to Empirically Treat

NNT generally refers to the average number of patients who
need to be treated to prevent 1 additional adverse outcome [14].
We applied this concept to estimate the number of high-risk
outpatients who present with ARI within 2 days of symptom
onset that a provider would need to empirically treat with an
NALI to administer effective therapy to 1 patient with laborato-
ry-confirmed influenza. We divided the percentage of high-risk
patients who presented early with PCR-confirmed influenza by
100 to find the NNT (NNT = percentage positive / 100). As the
NNT decreases, the efficiency of empiric treatment increases.
We stratified this analysis by fever status and season.

Statistical Analysis

Comparisons of categorical data were analyzed using a X test.
Logistic regression was used to develop a model with pre-
dictors of receipt of antiviral medications. Variables in the
model included age group, sex, race, site, season, presence of
a high-risk medical condition, timing of presentation to care
relative to symptom onset, presence of fever, and influenza test
results. We selected variables based on scientific plausibility and
used an Akaike information criterion to evaluate model selec-
tion [15]. All data were analyzed using SAS version 9.3 software
(SAS Institute, Cary, North Carolina).

RESULTS

Influenza Antiviral Prescriptions and Timing of Presentation to Care

During 5 influenza seasons, we enrolled 15972 high-risk outpa-
tients (Table 1) seeking care for an ARI, of whom 3196 (20%)
had laboratory-confirmed influenza (Table 2). Forty percent
(1292/3196) of high-risk outpatients with laboratory-con-
firmed influenza presented to care early; 37% (472/1292) of
these patients received a prescription for an antiviral medica-
tion (Figure 1). Older adults with influenza were the least likely
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Table 1. Demographic Characteristics and Influenza Antiviral Prescriptions Among Enrolled Outpatients With an Acute Respiratory Infection at High Risk
for an Influenza-Associated Complication

All High-Risk® Patients
Prescribed NAI

NAI Prescription/ Total

High-Risk Patients Presenting
Early®

High-Risk Patients Presenting
Early® With Laboratory-
Confirmed Influenza

Characteristic No. (%) PValue NAI Prescription/Total No. (%) PValue NAI Prescription/Total No. (%) PValue
All 1074/15972 (6.7) 718/4861 (15) 472/1292 (37)
Season

2011-2012 33/1674 (2.0) 16/530 (3.0) 8/81 (9.9)

2012-2013 261/2936 (8.9) 194/1045 (19) 137/377 (36)

2013-2014 201/2785 (7.2) 127/838 (15) 84/194 (43)

2014-2015 403/4799 (8.4) 256/1381 (19) 170/431 (39)

2015-2016 176/3778 (4.7) <.01 125/1067 (12) <.01 73/209 (35) <.01
Study site

A 150/4504 (3.3) 83/899 (9.2) 58/216 (27)

B 419/3280 (12.8) 284/1109 (26) 201/362 (56)

C 115/2672 (4.3) 95/1064 (8.9) 63/222 (28)

D 143/2687 (5.3) 89/862 (10) 51/222 (23)

E 247/2829 (8.7) <.01 167/927 (18) <.01 99/270 (37) <.01
Age group, y

<2 67/2129 (3.2) 51/792 (6.7) 24/87 (28)

2-17 119/2850 (4.2) 92/1110 (8.3) 56/244 (23)

18-64 581/7219 (8.0) 401/2071 (19) 264/643 (41)

>65 307/3774 (8.1) <.01 174/918 (19) <.01 128/318 (40) <.01
Sex

Male 453/6738 (6.7) 295/2126 (14) 197/561 (35)

Female 621/9234 (6.7) 1.0 423/2735 (16) 12 275/731 (38) .35
Race

White 915/12308 (7.4) 618/3678 (16) 408/1016 (40)

Black 64/1527 (4.2) 41/509 (8.1) 30/130 (23)

Asian 24/457 (5.3) 13/114 (11) 8/26 (31)

NH/AN 29/619 (4.7) 16/166 (9.6) 5/35 (14)

Other/mixed race/ 42/1061 (4.0) <.01 30/394 (7.6) <.01 21/85 (25) <.01

unknown
Symptoms

Cough and fever 856/8606 (10) 577/2801 (21) 409/985 (42)

Cough without fever 204/6954 (2.9) <.01 132/1935 (6.8) <.01 60/290 (21) <.01

Abbreviations: NAI, neuraminidase inhibitor; NH/AN, Native Hawaiian/Alaska Native.

High-risk patients are those aged <2 years or >65 years; pregnant women; those with extreme obesity (body mass index> 40 kg/m?); those with documentation of chronic underlying health
condition(s) that increase the risk of influenza-associated complications; and Native Americans, Alaska Natives, and Native Hawaiians.

PEarly presentation to care was defined as <2 days between symptom onset and date of outpatient enrollment.

Table 2. Laboratory-Confirmed Influenza Infection Among Outpatients at
High Risk® for an Influenza-Associated Complication, by Age Group and
Fever Status

rRT-PCR-Confirmed Influenza Infection/Total No. (%)

Age Group, y All ARI Cough Without Fever  Cough With Fever
<2 224/2129 (11) 33/534 (6.2) 190/1546 (12)
2-17 573/2850 (20) 76/1063 (7.2) 488/1713 (29)
18-64 1558/7219 (22) 408/3294 (12) 1127/3735 (30)
>65 841/3774 (22) 280/2063 (14) 549/1612 (34)
Total 3196/15972 (20) 797/6954 (12) 2354/8606 (27)

Abbreviations: ARI, acute respiratory illness; rRT-PCR, real-time reverse-transcription pol-
ymerase chain reaction.

“Patients at high risk for influenza-associated complications are those aged <2 years or >
65 years; pregnant women; those with extreme obesity (body mass index>40 kg/m?); those
with documentation of chronic underlying health condition(s) that increase the risk of influ-
enza-associated complications; and Native Americans, Alaska Natives, and Native Hawaiians.

to present within 2 days (38%) compared to all other age groups
(P < .01) and the most likely to present >4 days after symptom
onset (26%; P < .01). There was no significant difference in tim-
ing of presentation to care across the 5 seasons (P = .15). Trends
in antiviral prescribing roughly followed trends in seasonal influ-
enza activity (Figure 2), although increases in antiviral prescrib-
ing lagged behind the season onset and declined before the end
of the season in some years. Other than the first season these data
were collected (2011-2012), we did not identify any change in
antiviral prescriptions from 2012-2013 to 2015-2016 (Figure 3).

Factors Associated With Influenza Positivity and Antiviral Use
Across 5 seasons, laboratory-confirmed influenza accounted for
20% (3196/15972) of outpatient visits by high-risk patients for
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Figure 1.

Flow diagram of influenza antiviral medication prescriptions among high-risk outpatients by timing of presentation to care and results of influenza laboratory test-

ing.*Patients at high risk for influenza-associated complications are those aged <2 years or >65 years; pregnant women; those with extreme obesity (body mass index>40 kg/
m?); those with documentation of chronic underlying health condition(s) that increase the risk of influenza-associated complications; and Native Americans, Alaska Natives,
and Native Hawaiians. **Early presentation to care was defined as <2 days between symptom onset and date of outpatient enroliment. tLate presentation to care was

defined as >2 days between symptom onset and date of outpatient enrollment.

acute respiratory infections (Table 2). The proportion of ARI
associated with laboratory-confirmed influenza among high-risk
outpatients varied by season (2011-2012: 12%; 2012-2013: 31%;
2013-2014: 16%; 2014-2015: 22%; 2015-2016: 15%). Among the
15560 (97%) high-risk outpatients with information regarding
fever status, 8606 (55%) had an acute cough and a fever, whereas

the remaining 6954 (45%) had an acute cough but did not have
a fever. High-risk outpatients with a cough and fever were more
likely to have an influenza infection (27% [2354/8606]) than
those without a fever (12% [797/6954]) (P < .01; Table 2); how-
ever, one-quarter of high-risk outpatients with influenza did not
have a fever (25% [797/3151]). Patients with cough and fever were
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Figure 2. Seasonal trends in laboratory-confirmed influenza and influenza antiviral prescribing among high-risk outpatients with laboratory-confirmed influenza who pre-
sented to care <2 days from symptom onset. Patients at high risk for influenza-associated complications are those aged <2 years or >65 years; pregnant women; those with
extreme obesity (body mass index 40 kg/m?); those with documentation of chronic underlying health condition(s) that increase the risk of influenza-associated complications;
and Native Americans, Alaska Natives, and Native Hawaiians.
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Figure 3.

Proportion of high-risk outpatients with an acute respiratory illness prescribed antiviral treatment, influenza seasons 2011-2012 through 2015-2016. Patients

at high risk for influenza-associated complications are those aged <2 years or >65 years; pregnant women; those with extreme obesity (body mass index >40 kg/m?); those
with documentation of chronic underlying health condition(s) that increase the risk of influenza-associated complications; and Native Americans, Alaska Natives, and Native

Hawaiians.

more likely to be prescribed antiviral treatment; among patients
who presented early with a cough and fever, 21% (577/2801)
received an antiviral prescription vs 7% of those who presented
early with a cough but no fever (132/1935) (P < .01; Table 1).

In a multivariable logistic regression model, adjusted for
research site, several factors were associated with receipt of an anti-
viral prescription among outpatients with ARI, including early
presentation to care (odds ratio [OR], 4.1; 95% confidence interval
[CI], 3.5-4.8), presence of fever (OR, 3.2; 95% CI, 2.7-3.8), positive
influenza test result (OR, 4.4; 95% CI, 3.8-5.1), presenting within
the 2013-2014 (OR, 2.0; 95% CI, 1.5-2.5) and 2014-2015 (OR,
1.8; 95% CI, 1.4-2.2) seasons, as well as age, sex, and presence of
a chronic underlying medical condition (Supplementary Table 1).

Number Needed to Empirically Treat

To treat 1 outpatient with a laboratory-confirmed influenza
infection among all high-risk patients who presented early in all
5 seasons, a provider needed to empirically treat 3.8 patients, 2.8
patients who presented with a cough and fever, and 6.7 patients
who presented with a cough but no fever. NNT also varied by
season (Figure 4). Empiric treatment was most efficient during
2012-2013 and 2014-2015, when 1 in 3 patients with an ARI
and almost 1 in 2 patients with an ARI and fever had influenza.
At the season peak when combining all years of data, a provider
needed to empirically treat 1.9 high-risk patients with cough
and fever and 4.3 patients with cough but no fever to treat 1 out-
patient with laboratory-confirmed influenza (data not shown).

DISCUSSION

In 5 recent influenza seasons, influenza antiviral treatment was

infrequently prescribed in the outpatient settings involved with

the US Flu VE Network. Among study rRT-PCR-confirmed
influenza-positive high-risk outpatients who presented early
to care, a group highly likely to benefit from outpatient anti-
viral treatment, 37% of patients received a prescription for an
antiviral medication. Although early presentation to care was
associated with receipt of an antiviral prescription, less than
half (40%) of high-risk outpatients with laboratory-confirmed
influenza presented to care within 2 days of symptom onset.
Many viruses can cause an ARI [16], which may partially
explain why providers are hesitant to treat for influenza among
patients with ARI-associated symptoms. Also, sensitive diag-
nostic assays, such as those based on nucleic acid detection,
are expensive and infrequently used in outpatient settings. The
US Flu VE Network used a broad and sensitive definition for
enrollment of patients with ARI, which allowed for inclusion of
patients with influenza virus infection who did not meet the def-
inition of influenza-like illness (ie, cough plus fever or fever plus
sore throat) often used in surveillance and sometimes applied to
clinical care. High-risk outpatients with a cough and fever were
more likely to have rRT-PCR-confirmed influenza than those
without a fever. In most seasons, empiric antiviral prescriptions
for all high-risk outpatients presenting with a cough and fever
appeared to be the most efficient method to assure early treat-
ment of patients with influenza. However, targeting only patients
with cough and fever would miss 25% of high-risk outpatients
with laboratory-confirmed influenza. To address this issue, we
introduced a new application of the NNT concept. While NNT
usually refers to the number of patients a provider would need
to treat in order to prevent 1 illness, here we presented a method
to determine the number of patients requiring empiric treat-
ment during the influenza season in order to treat 1 patient with
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1 patient with laboratory-confirmed influenza, stratified by fever status and season. Patients at high risk for influenza-associated complications are those aged <2 years and
>B5 years; pregnant women; those with extreme obesity (body mass index >40 kg/m?); those with documentation of chronic underlying health condition(s) that increase the
risk of influenza-associated complications; and Native Americans, Alaska Natives, and Native Hawaiians.

laboratory-confirmed influenza. This method may help providers
make treatment decisions when timely sensitive diagnostic assays
are not available and empiric treatment decisions must be made.
While NNT is higher (and therefore less efficient) among high-
risk patients without a fever than those with a fever, it is lower in
both groups at the peak of the influenza season, a finding that
may help guide treatment decisions, especially when weighing
the risks, benefits, and cost of treatment [4, 17]. Additionally,
during seasons with higher influenza attack rates, empirically
treating all ARI patients throughout the season, regardless of
fever, was also relatively efficient. In addition to local resources,
providers can track influenza activity on the Centers for Disease
Control and Prevention’s (CDC) influenza website, FLUVIEW,
which provides weekly updates of national influenza surveillance
data (https://www.cdc.gov/flu/weekly/index.htm).

In our study, timing of presentation to care had a signifi-
cant impact on antiviral prescribing. This finding is consistent
with results from other studies [3, 9, 10, 18, 19]. Unfortunately,
many high-risk patients delay presenting to care, which reduces
the opportunity for optimal NAI treatment. This finding pro-
vides an area for intervention that could improve patient care
and potentially decrease morbidity from influenza. Providers
should encourage high-risk patients to seek care early for a
respiratory illness during the influenza season and consider
additional measures to provide timely antiviral prescriptions
for high-risk patients, such as providing phone consultations
or remote electronic visits [20]. Previous studies have high-
lighted the underuse of influenza antiviral medications; other
studies from the US Flu VE Network have shown low anti-
viral prescribing among all outpatients during the 2012-2013
season [10] and low prescribing among high-risk patients who
presented early in their illness during the 2013-2014 season
[9]. Another study using patient self-report described a low

rate of antiviral prescriptions (34%) among adult patients who
reported an influenza diagnosis during the first postpandemic
season of 2010-2011 [8]. Our study adds to the growing body
of evidence demonstrating low antiviral use nationwide, even
among high-risk outpatients with laboratory-confirmed influ-
enza who could potentially benefit most from treatment. Unlike
previous studies, our study extracted data from multiple influ-
enza seasons from >60 outpatient practices and allowed us to
examine changes in antiviral prescribing practices over several
years. The lack of any consistent increase in antiviral prescribing
despite consistent guidance [17, 21] on the topic is concerning,
suggesting that a need for both a deeper understanding of the
barriers to prescribing and new approaches for both patients
and clinicians.

Our study prospectively enrolled thousands of outpatients
over multiple influenza seasons, tested all patients for influenza
with a sensitive assay, and confirmed high-risk status and pre-
scribing practices through medical record review. However, our
conclusions are still subject to limitations. The study sites have
been involved in influenza-related research for multiple years,
are large managed care or academic organizations, and care
for populations in which a majority of patients have insurance,
thereby potentially limiting the generalizability of our results to
other US outpatient practices. We did not consistently capture
symptoms beyond cough and fever, nor did we have consistent
data on influenza testing ordered for clinical purposes or other
factors, such as disease severity illness progression, or severity
of underlying conditions, all of which may have influenced clin-
ical decisions.

In conclusion, in this large prospective study performed over
multiple seasons, influenza antiviral medications were infre-
quently prescribed to high-risk patients with laboratory-con-
firmed influenza who presented within 2 days of symptom onset.
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Further work is warranted to understand additional factors that
influence outpatient antiviral prescribing and to educate pro-
viders about the benefits of appropriate treatment for high-risk
patients. CDC recommends that treatment with antivirals be
given as early as possible to high-risk outpatients with suspected
or confirmed influenza; in practice, this usually means initiating
empiric treatment before or without the results of sensitive diag-
nostic testing. Strategies to improve the timeliness of care-seek-
ing among high-risk patients could make a substantial impact
on optimal antiviral use, as could reminders to providers about
local influenza activity and the varied presentations of influenza.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding author.
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