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Background U.S. recommendations for using influenza antiviral

medications changed in response to viral resistance (to reduce

adamantane use) and during the 2009 H1N1 pandemic (to focus

on protecting high-risk patients). Little information is available on

clinician adherence to these recommendations. We characterized

population-based outpatient antiviral medication usage, including

diagnosis and testing practices, before and during the pandemic.

Methods Eight medical care organizations in the Vaccine Safety

Datalink Project provided data on influenza antiviral medication

dispensings from January 2000 through June 2010. Dispensing

rates were explored in relation to changes in recommendations

and influenza diagnosis and laboratory testing frequencies. Factors

associated with oseltamivir dispensings in pandemic versus

pre-pandemic periods were identified using multivariable logistic

regression.

Results Antiviral use changed coincident with recommendations

to avoid adamantanes in 2006, to use alternatives to oseltamivir in

2008, and to use oseltamivir during the pandemic. Of 38,019

oseltamivir dispensings during the pandemic, 31% were to

patients not assigned an influenza diagnosis, and 97% were to

patients not tested for influenza. Oseltamivir was more likely to

be dispensed in pandemic versus pre-pandemic periods to patients

<25 years old and to those with underlying conditions, including

chronic pulmonary disease or pregnancy (P < 0Æ0001 for each

factor in multivariable analysis).

Conclusions Antiviral medication usage patterns suggest that

clinicians followed recommendations to change antiviral

prescribing based on resistance and to focus on high-risk patients

during the pandemic. Medications were commonly dispensed to

patients without influenza diagnoses and tests, suggesting that

antiviral dispensings may offer useful supplemental data for

monitoring influenza incidence.
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Introduction

Antiviral medications are important tools for influenza

control.1 They complement annual vaccination, which

remains the primary strategy to prevent influenza infec-

tion. Licensed influenza antiviral medications include

neuraminidase inhibitors, specifically oseltamivir and

zanamivir. The adamantanes (i.e., amantadine and rimant-

adine) were also used historically, before widespread

resistance to these antivirals emerged, beginning in 2006,2,3

and may remain useful for certain clades of the influenza

A (H5N1) virus.4
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National recommendations for the use of antiviral agents

have changed during the past decade in response to viral

resistance2,3 and the 2009 emergence of a novel influenza A

(H1N1) virus.5 Few data are available on the extent to

which antiviral use has changed in association with these

events. Examining patterns of antiviral use can reveal how

closely clinicians have followed recommendations to reduce

the use of adamantanes and to focus on protecting high-

risk patient groups. The aims of this study were to deter-

mine population-based outpatient usage rates of influenza

antiviral medications from January 2000 through June 2010

and to characterize diagnosis and testing practices for trea-

ted patients. For insight into how clinicians modified treat-

ment practices during the pandemic, a period when new

risk factors for severe influenza-associated disease were

identified and recommendations evolved, we also aimed to

identify factors associated with oseltamivir dispensings dur-

ing the 2009 H1N1 pandemic compared with pre-pandemic

influenza seasons.

Methods

Study population
The Vaccine Safety Datalink (VSD) Project is a collabora-

tion between the U.S. Centers for Disease Control and Pre-

vention (CDC), America’s Health Insurance Plans, and

participating medical care organizations (MCOs).6 VSD

routinely collects vaccination and medical care data on en-

rollees, including age, sex, dates and types of vaccines

administered, dates of medical encounters occurring in

clinic, emergency department (ED), and hospital settings,

and International Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9-CM) diagnosis codes assigned

to these medical encounters.

Ancillary data files were created to support VSD influ-

enza surveillance activities. A pharmacy file captured claims

filled in the outpatient setting for influenza antiviral medi-

cations. Medications were identified using National Drug

Codes, and for each dispensing, the date, the number of

days supplied, and number of units were recorded. Only

those influenza antiviral dispensings to patients enrolled in

their MCO for the 7 days prior through the 42 days follow-

ing the dispensing were retained for analysis. A testing file

captured influenza laboratory test orders. For each labora-

tory test, the date, test type [i.e., rapid antigen detection

test, reverse transcription polymerase chain reaction

(RT-PCR) assay, direct immunofluorescence assay (DFA)

or immunofluorescence assay (IFA), or viral tissue culture],

and test result were recorded. One MCO was excluded

from analyses of influenza testing because it prospectively

tested patients by RT-PCR for influenza vaccine effective-

ness studies,7 and study test results were unavailable for the

VSD testing file.

Eight MCOs, covering over 9 million members, provided

data on outpatient influenza antiviral dispensings with

varying start times through June 30, 2010: from January 1,

2000, HealthPartners Research Foundation (Minnesota),

Marshfield Clinic Research Foundation (Wisconsin), and

Kaiser Permanente of Northern California; from January 1,

2001, Group Health Cooperative (Washington); from Janu-

ary 1, 2006, Kaiser Permanente of Southern California; and

from January 1, 2007, Harvard Vanguard Medical Associ-

ates and Harvard Pilgrim Health Care (Massachusetts),

Kaiser Permanente of Colorado, and Kaiser Permanente

Northwest (Oregon). Institutional review boards at each

MCO approved the study.

Medications
Neuraminidase inhibitors are administered twice daily for

5 days for treatment and once daily for 78 or 10 days9,10

for prophylaxis. Oseltamivir dispensings for ‡12-year-olds

were classified as for treatment if they met the following

three criteria: (1) 5-day supply; (2) 10 units dispensed, and

(3) a medical care visit 0–2 days prior to dispensing (to

exclude stockpiled medications). Oseltamivir dispensings

for <12-year-olds were classified as for treatment if they

met criteria (1) and (3). Criterion (2) was not applied for

the oral suspension used by children because the number

of units dispensed (in milliliters, milligrams, or capsules)

can be difficult to interpret; weight-based dosing was fur-

ther complicated by a shortage of several oseltamivir for-

mulations in the autumn of 2009,11 prompting pharmacies

to compound their capsule dosages into syrup formula-

tions. Zanamivir dispensings were classified as for treat-

ment if they met the same criteria as those for oseltamivir

dispensings for ‡12-year-olds, except criterion (2) was

modified to: 20 units dispensed, because one zanamivir

dose consists of two blister inhalations.

Oseltamivir dispensings for ‡12-year-olds were classified

as for prophylaxis if they met the following two criteria:

(a) 6–10 day supply, and (b) 1 unit dispensed per day.

Oseltamivir dispensings for <12-year-olds were classified as

for prophylaxis if they met criterion (a). Zanamivir dispen-

sings were classified as for prophylaxis if they met the same

criteria as those for oseltamivir dispensings for ‡12-year-

olds, except criterion (b) was modified to: 2 units

dispensed per day.

Adamantane dispensings were classified as for treatment

if they were a 5–7-day supply, and the patient had a medi-

cal care visit 0–2 days prior to dispensing. Adamantane dis-

pensings were classified as for prophylaxis if they were an

8–14-day supply.

In a secondary analysis, the treatment classification was

broadened to include ‘‘telephone ⁄ stockpiling’’ dispensings

to patients without a recent medical care visit. Although

some of these dispensings may reflect personal stockpiling,12
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other dispensings were at two MCOs that had established

formal telephone dispensing protocols for antiviral treat-

ment. Dispensings that did not meet the criteria for

treatment or prophylaxis were excluded.

Descriptive analyses
Dispensings for treatment purposes of each of the four

medications were plotted over time in relation to changes

in national treatment guidelines. The unit of analysis was

dispensing, and instances of more than one dispensing of

any medication on different days to the same patient were

treated independently. To compare with local influenza

activity, trends in dispensing rates at each MCO were com-

pared with the percentage of positive influenza tests from

the National Respiratory and Enteric Virus Surveillance

System (NREVSS). NREVSS data were used at two geo-

graphic resolutions: local (from laboratories located within

200 miles of each MCO) and regional (for states grouped

into the 10 U.S. Department of Health and Human Ser-

vices regions13). Pearson correlation coefficients were calcu-

lated to assess the correspondence in timing between

weekly antiviral dispensings for treatment and positive

influenza tests.

Further analyses were restricted to oseltamivir dispen-

sings for treatment purposes, as this was the most com-

monly used medication. Dispensings from April 26,

200914 through June 30, 2010 were considered to be

related to the 2009 H1N1 pandemic. Dispensings from

January 1, 2000 through April 25, 2009 were considered

pre-pandemic treatment. Clinical practices related to these

dispensings were assessed, including the setting of the

medical visit prior to the dispensing, the frequency of

influenza diagnosis (ICD-9-CM 487-488) and influenza

laboratory testing in the 0–7 days prior to the dispensing,

and the results of these laboratory tests. During the pan-

demic, to describe the frequency of oseltamivir treatment

in patients during the usual period after which an immu-

nologic response to inactivated vaccine is first measured,

we also assessed the frequency of monovalent inactivated

influenza H1N1 vaccine receipt >14 days prior to the

dispensing.

Factors associated with oseltamivir treatment
during versus before the 2009 H1N1 pandemic
Factors associated with oseltamivir dispensings in the pan-

demic versus pre-pandemic periods were identified using

unconditional multivariable logistic regression (SAS, ver-

sion 9.2, SAS Institute Inc., Cary, NC, USA). For these

analyses, we considered the pre-pandemic period to be Jan-

uary 1, 2007 through April 25, 2009, defining a period

when all MCOs contributed data and when oseltamivir was

more commonly used than the adamantanes. Population

demographics and prevalence of underlying conditions in

VSD did not meaningfully change during the pre-pandemic

and pandemic periods, so only oseltamivir dispensings, not

population denominators, were included for efficiency.

Sixteen covariates were included in logistic regression

models: MCO, sex, age (0–4, 5–9, 10–14, 15–19, 20–24,

25–49, 50–64, and ‡65 years), 12 underlying conditions

reflecting possible risk factors for influenza complications1

with ICD-9-CM diagnoses in the prior year (chronic pul-

monary disease, diabetes, other metabolic disease, chronic

cardiovascular disease, immunosuppressive disorder, neuro-

logical ⁄ musculoskeletal disease, chronic renal disease,

malignancy, liver disease, cerebrovascular disease, hemoglo-

binopathy, and Kawasaki’s disease), and pregnancy (defined

as ICD-9-CM codes for delivery in the 40 weeks following

the dispensing, for preterm delivery in the following

35 weeks, for stillbirth in the following 30 weeks, or for

spontaneous or therapeutic abortion in the following

15 weeks). To explore a possible interaction effect sug-

gested by preliminary analyses, a second regression model

was constructed with an interaction term for age and

chronic pulmonary disease.

Results

Purpose of dispensings
During the study period, 66 698 courses of antiviral medi-

cations for treatment purposes were dispensed within VSD

MCOs, most commonly oseltamivir (Table 1). Of 83 239

oseltamivir dispensings, 59Æ4% were considered to be for

treatment, 20Æ4% for telephone ⁄ stockpiling, and 8Æ1% for

prophylaxis (Table 1).

Trends over time
Dispensing rates of antiviral medications for treatment pur-

poses were consistent with changes in national treatment

guidelines (Figure 1). Amantadine was the most commonly

used antiviral from 2000 until January 2006, at which time

CDC reported that 91% of influenza A (H3N2) virus

strains tested during the 2005–2006 season were resistant

to amantadine and rimantadine and that neither medica-

tion should be used.2 Oseltamivir then became the most

commonly used antiviral until December 2008. At that

time, CDC reported that 98% of influenza A (H1N1) virus

strains tested during the 2008–2009 season were resistant

to oseltamivir and that treatment for influenza type A virus

infections, or if virus type was unknown, should include

zanamivir or a combination of oseltamivir and an adaman-

tane.3 Antiviral use then remained low until the emergence

of the pandemic influenza A (H1N1) virus in 2009. The

pandemic strain was oseltamivir-susceptible, oseltamivir

was again recommended for use for influenza type A,5 and

usage rates peaked in October 2009 at 164 oseltamivir

dispensings per 100 000 enrollees.

Influenza antiviral medication usage patterns
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Dispensing rates varied by MCO, with rates consistently

highest at two of the MCOs (see Appendix S1). Seasonal

trends in weekly dispensing rates were strongly correlated

with the percentage of positive influenza tests, both at

the local and broader regional levels. During the 2009

H1N1 pandemic, an increase in the percentage of positive

influenza tests was apparent by mid-2009 at every MCO.

The peak in antiviral dispensings occurred later in 2009,

more consistent with the peak of national outpatient vis-

its for influenza-like illness.15 Patterns at two sample

MCOs are shown in Figure 2, and for all MCOs in the

Appendix S1.

Courses of combination therapies (more than one influ-

enza antiviral medication dispensed on the same day) were

uncommon, relative to the monotherapy frequencies in

Table 1. From January to April 2009, following the Decem-

ber 2008 report of oseltamivir resistance,3 there were 363

oseltamivir–amantadine dispensings and 117 oseltamivir–

rimantadine dispensings, consistent with recommenda-

tions.3 Then, from May 2009 to June 2010 during the 2009

H1N1 pandemic, there were 254 oseltamivir–amantadine

dispensings and 42 oseltamivir–rimantadine dispensings.

Clinical practice
Further analyses were restricted to dispensings of oseltami-

vir for treatment purposes. For the 11 451 oseltamivir

treatment courses dispensed during the pre-pandemic per-

iod, 10 448 (91%) were preceded in the prior 0–2 days by

a patient visit in the clinic setting, 933 (8%) were preceded

by an ED visit, and 70 (0Æ6%) were preceded by a hospital-

ization. However, during the 2009 H1N1 pandemic, there

were proportionally more ED visits and fewer clinic visits

preceding dispensings: of the 38 019 dispensings, 30 513

(80%) were preceded by a clinic visit, 6705 (18%) by an

Figure 1. Monthly influenza antiviral

dispensing rates for treatment purposes, by

medication, Vaccine Safety Datalink Project,

January 2000 through June 2010. The type

and timing of changes in national treatment

guidelines are indicated.

Table 1. Influenza antiviral dispensings by medication and purpose, Vaccine Safety Datalink Project, January 1, 2000 through June 30, 2010

Treatment

n (%)

Telephone-Stockpile

n (%)

Prophylaxis

n (%)

Other

n (%)*

Total

n

Oseltamivir 49 470 (59Æ4) 16 981 (20Æ4) 6776 (8Æ1) 10 012 (12Æ0) 83 239

Zanamivir 908 (54Æ1) 397 (23Æ7) 181 (10Æ8) 191 (11Æ4) 1677

Rimantadine 1168 (27Æ2) 908 (21Æ2) 1839 (42Æ9)** 373 (8Æ7) 4288

Amantadine 15 152 (16Æ4) 5205 (5Æ6) 5370 (5Æ8) 66 746 (72Æ2) 92 473

Total 66 698 23 491 14 166 77 322 181 677

*Analyses of the ‘‘other’’ amantadine dispensings suggested that they were for non-influenza purposes, with 52% given to patients with Parkin-

son’s disease26 (ICD-9-CM 332), 27% to patients with multiple sclerosis27 (340), 2% to patients with attention deficit disorder28 (314Æ0), and

0Æ5% to patients with Huntington’s chorea29 (333Æ4). Review of characteristics of ‘‘other’’ dispensings for oseltamivir, zanamivir, and rimantadine

did not suggest a predominant pattern or clinical indication.

**This high percentage of rimantadine dispensings for prophylaxis was mainly due to one medical care organization that recommended rimanta-

dine prophylaxis during the 2004–2005 influenza season, a period with intense influenza circulation as well as an influenza vaccine shortage.
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ED visit, and 801 (2%) by a hospitalization. Of note, 976

oseltamivir treatments were dispensed throughout the pan-

demic period to infants; the peak was 363 dispensings to

<1-year-olds in November 2009, reflecting a rate of 410

dispensings per 100 000 infants enrolled.

Although all patients receiving oseltamivir for treatment

purposes by definition had a medically attended visit prior

to the dispensing, 3908 (34%) of pre-pandemic dispensings

and 11 946 (31%) of pandemic dispensings were to

patients who were not assigned an influenza diagnosis.

The great majority of dispensings were to patients who

were not tested for influenza prior to their dispensing. In

the pre-pandemic period, 94% of dispensings were to

untested patients, 5% were to patients who tested positive

for influenza, and 1% were to patients who tested negative

for influenza. Similarly in the pandemic period, these per-

centages, respectively, were 97%, 2%, and 1%. Of the 1233

oseltamivir dispensings to patients who were tested for

influenza during the pandemic, 799 (65%) were tested by

RT-PCR, 378 (31%) by rapid test, 47 (4%) by viral tissue

culture, and 9 (0Æ7%) by DFA or IFA. Of the oseltamivir-

treated patients tested by rapid test, 167 (44%) tested

negative for influenza.

Uptake of monovalent inactivated influenza H1N1 vac-

cine within VSD began mid-October 2009,16 and 31% of

oseltamivir dispensings during the pandemic occurred

before initial vaccine availability. Only 758 (2%) of dispen-

sings were to patients who had received monovalent inacti-

vated influenza H1N1 vaccine ‡14 days prior to the

dispensing.

Treatment during 2009 H1N1 pandemic
Oseltamivir treatment courses during the pandemic

(n = 38 019) versus pre-pandemic periods (n = 10 118)

Figure 2. Weekly regional and local

percentages of positive influenza tests and

influenza antiviral dispensing rates, for two

medical care organizations (MCOs), Vaccine

Safety Datalink Project, January 1, 2000

through June 30, 2010. Testing data are from

the National Respiratory and Enteric Virus

Surveillance System; regional tests are from a

multi-state area, and local tests are restricted

to laboratories within 200 miles of each MCO

(left y-axis). Antiviral dispensing rates are for

treatment purposes (right y-axis). The Pearson

correlation coefficients between antiviral

dispensings and, respectively, regional test

data (rregion) and local test data (rlocal) are

inset.

Influenza antiviral medication usage patterns
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were significantly more likely to be dispensed to females,

<25-year-olds, patients with chronic pulmonary disease,

diabetes, other metabolic disease, chronic cardiovascular

disease, immunosuppressive disorder, neurological ⁄ muscu-

loskeletal disease, chronic renal disease, malignancy, and

liver disease, and pregnant patients (Table 2). During the

pandemic period, 46% of dispensings were to patients with

diagnosed underlying conditions, including pregnancy.

Results (data not shown) were similar when dispensings

without a recent medical care visit were also included (total

pandemic dispensings: n = 51 496; total pre-pandemic

dispensings: n = 12 956).

Chronic pulmonary disease, including asthma, was par-

ticularly notable because 30% of dispensings during the

pandemic were to patients with this condition, and the

association between having the condition and receiving

treatment during the pandemic versus pre-pandemic peri-

ods was elevated (odds ratio: 2Æ1; 95% confidence interval:

2Æ0, 2Æ3, Table 2). There was an interaction effect

(P < 0Æ0001) between age and chronic pulmonary disease,

such that 5–19-year-olds with chronic pulmonary disease

had even greater odds of being treated, after adjustment for

the other 14 covariates (Figure 3).

Discussion

Influenza antiviral medication use in VSD was consistent

both with CDC guidelines to adapt to drug resistance, as

well as with another marker of influenza activity, the weekly

percentage of influenza tests that were positive in the local

community or region. One-third of oseltamivir dispensings

for treatment during the pandemic were to patients who

did not receive an ICD-9-CM-coded influenza diagnosis,

suggesting that monitoring antiviral drug dispensings may

be a useful tool to supplement influenza diagnoses and tests

for surveillance.17

The dispensing patterns we observed during the 2009

H1N1 pandemic showed that a higher proportion of dis-

pensings were to patients from high-risk subgroups, sug-

gesting that clinicians in these MCOs were acting in

accordance with CDC recommendations. A large propor-

tion of dispensings were to patients with underlying condi-

tions, such as chronic pulmonary disease. This was

consistent with risk factors for severe complications of

H1N1 infection identified during the pandemic,18,19

although one study determined that 66% of patients admit-

ted to intensive care for 2009 H1N1 pandemic infections in

Table 2. Factors associated with pandemic versus pre-pandemic oseltamivir receipt for the purpose of treatment

Independent variable Level

Pre-pandemic

(n = 10 118) (%)

Pandemic

(n = 38 019) (%)

Adjusted Odds

Ratio* (95% confidence

interval) P-value**

Sex Female 5349 (53) 20 947 (55) 1Æ18 (1Æ13, 1Æ24) <.0001

Male 4769 (47) 17 071 (45) Reference

Age (years) 0–4 343 (3) 5237 (14) 11Æ89 (10Æ15, 13Æ92) <.0001

5–9 517 (5) 4066 (11) 5Æ30 (4Æ58, 6Æ13) <.0001

10–14 479 (5) 4174 (11) 5Æ07 (4Æ37, 5Æ87) <.0001

15–19 642 (6) 3790 (10) 3Æ06 (2Æ66, 3Æ51) <.0001

20–24 775 (8) 2629 (7) 1Æ58 (1Æ38, 1Æ82) <.0001

25–49 4884 (48) 11 696 (31) 1Æ10 (0Æ98, 1Æ23) 0Æ09

50–64 1880 (19) 4661 (12) 1Æ03 (0Æ91, 1Æ16) 0Æ65

‡65 598 (6) 1766 (5) Reference

Chronic pulmonary disease 1585 (16) 11 325 (30) 2Æ14 (2Æ01, 2Æ28) <.0001

Diabetes 779 (8) 2769 (7) 1Æ19 (1Æ09, 1Æ31) 0Æ0002

Chronic cardiovascular disease 578 (6) 2238 (6) 1Æ15 (1Æ03, 1Æ28) 0Æ015

Immunosuppressive disorder 397 (4) 1810 (5) 1Æ41 (1Æ25, 1Æ59) <.0001

Pregnancy 44 (0Æ4) 1576 (4) 14Æ29 (10Æ55, 19Æ37) <.0001

Other metabolic disease 279 (2Æ8) 1206 (3Æ2) 1Æ37 (1Æ19, 1Æ59) <.0001

Neurological ⁄ musculoskeletal disease 242 (2Æ4) 1183 (3Æ1) 1Æ21 (1Æ04, 1Æ41) 0Æ01

Chronic renal disease 196 (1Æ9) 981 (2Æ6) 1Æ35 (1Æ14, 1Æ61) 0Æ0005

Malignancy 229 (2Æ3) 846 (2Æ2) 1Æ18 (1Æ01, 1Æ39) 0Æ04

Liver disease 72 (0Æ7) 438 (1Æ2) 1Æ83 (1Æ41, 2Æ37) <.0001

Cerebrovascular disease 85 (0Æ8) 279 (0Æ7) 0Æ94 (0Æ72, 1Æ23) 0Æ64

Hemoglobinopathy 44 (0Æ4) 252 (0Æ7) 0Æ99 (0Æ70, 1Æ40) 0Æ96

Kawasaki’s disease 2 (0Æ02) 8 (0Æ02) 0Æ29 (0Æ05, 1Æ69) 0Æ17

*Odds ratios adjusted for all other variables in this table and for medical care organization, through multivariable logistic regression.

**Associations with P < 0Æ05 are in boldface.
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six countries had no major comorbid conditions.20 A much

higher proportion of dispensings were to pregnant women

during the pandemic compared with pre-pandemic peri-

ods.21 Antivirals were more likely to be dispensed to

females during the pandemic, consistent with prior obser-

vations for 2004 and 2005.12 Furthermore, treatments were

disproportionally dispensed to younger patients during the

pandemic. The U.S. Food and Drug Administration issued

an amendment to the Emergency Use Authorization (EUA)

for oseltamivir that permitted treatment of <1-year-olds

between October 30, 2009 and June 23, 2010,22 and the

highest usage rate among VSD infants was in November

2009, immediately after the EUA became effective.

Most oseltamivir dispensings to outpatients during the

2009 H1N1 pandemic were not preceded by influenza test-

ing. Rapid test kits were known to have suboptimal sensi-

tivity for the novel 2009 H1N1 virus23 and were generally

unavailable for outpatients. Clinicians were urged to use

clinical judgment (considering patient characteristics, dis-

ease severity, and local influenza circulation rates) in decid-

ing whether to treat. This advice appears to have been

followed, as only a small proportion of dispensings were to

patients who received a rapid test, and of those, 44% tested

negative yet treatment was dispensed anyway.

This descriptive study has at least five limitations. First,

the measured dispensing rates may be an underestimate, as

some insurance plans offered by participating MCOs had

minimal pharmacy coverage. If a claim was not submitted

for payment, then the dispensing would not be captured for

this study. Second, the electronic data sources available

(e.g., outpatient diagnoses and pharmacy dispensings) did

not allow assessment of consistency with certain aspects of

CDC guidelines, such as the recommendation to initiate

treatment within 48 hours of illness onset.1 Third, for effi-

ciency of data collection and analysis, the unit of analysis

was dispensing, not patient. We were thus unable to directly

assess how changes in antiviral treatment related to changes

in the population presenting for care across influenza sea-

sons. For instance, although we were able to determine that

the proportion of antivirals that were dispensed to patients

with chronic pulmonary disease increased during the pan-

demic, we were unable to directly measure changes in the

proportion of patients with chronic pulmonary disease pre-

senting with acute respiratory illness who were treated with

antivirals. Fourth, patients enrolled in MCOs participating

in VSD may not be representative of the average U.S. popu-

lation, and clinical practice patterns within these large

group practices may not be fully generalizable to other set-

tings. Variation in dispensing rates was observed across

MCOs (Appendix S1), and it is unknown how these pat-

terns compare to those for patients seen by solo and small

group practitioners. Fifth, in identifying oseltamivir dispen-

sings for treatment purposes, we required a medical care

visit in the prior 2 days. This criterion excluded dispensings

both to ill patients who were legitimately prescribed osel-

tamivir for treatment using telephone dispensing protocols

as well as to high-risk contacts of influenza patients who

did not themselves seek medical care, and probably included

dispensings to some patients who were not actually ill dur-

ing their office visit but were prescribed oseltamivir to have

‘‘on hand.’’24 Nevertheless, a sensitivity analysis including

dispensings to patients without a recent medical care visit

did not substantively change the results.

In the current post-pandemic period, influenza antiviral

treatment should be guided by patient characteristics, reli-

able influenza test results, and local surveillance data on cir-

culating strains.1 These recommendations should be

re-evaluated as additional data regarding patients at-risk for

severe complications of influenza20 and regarding antiviral

effectiveness become available. The trends we observed in

influenza antiviral treatment reflect the severity of influenza

seasons and media-influenced patient treatment-seeking

behavior,25 and they suggest that clinicians adopted CDC

recommendations to focus on high-risk patient groups dur-

ing the 2009 H1N1 pandemic. The fact that antiviral agents

were commonly dispensed to patients with negative influ-

enza tests, without influenza tests, or without influenza

diagnoses suggests that antiviral dispensings may offer

useful supplemental information for influenza surveillance.
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