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Background: Estimating influenza incidence in outpatient

settings is challenging. We used outpatient healthcare practice

populations as a proxy to estimate community incidence of

influenza-like illness (ILI) and laboratory-confirmed influenza-

associated ILI.

Methods: From October 2009 to July 2010, 38 outpatient

practices in seven jurisdictions conducted surveillance for ILI

(fever with cough or sore throat for patients ‡2 years; fever with

‡1 respiratory symptom for patients <2 years). From a sample of

patients with ILI, respiratory specimens were tested for influenza.

Results: During the week of peak influenza activity (October 24,

2009), 13% of outpatient visits were for ILI and influenza was

detected in 72% of specimens. For the 10-month surveillance

period, ILI and influenza-associated ILI incidence were 20Æ0 (95%

CI: 19Æ7, 20Æ4) and 8Æ7 ⁄ 1000 (95% CI: 8Æ2, 9Æ2) persons,

respectively. Influenza-associated ILI incidence was highest among

children aged 2–17 years. Observed trends were highly correlated

with national ILI and virologic surveillance.

Conclusions: This is the first multistate surveillance system

demonstrating the feasibility of using outpatient practices to

estimate the incidence of medically attended influenza at the

community level. Surveillance demonstrated the substantial

burden of pandemic influenza in outpatient settings and especially

in children aged 2–17 years. Observed trends were consistent with

established syndromic and virologic systems.
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Background

Estimating the population burden of influenza is challeng-

ing because of variation in annual influenza epidemics

caused in part by differences in the circulating influenza

viruses, pre-existing population immunity, and influenza

vaccine coverage.1 Further difficulties in influenza disease

burden estimation include inconsistent levels of influenza

testing, non-specificity of commonly used case definitions

(e.g. influenza-like illness), and difficulty in defining the

population under surveillance for incidence calculation.2

Some of these challenges can be overcome by using health-

care claims and managed care databases, which are popula-

tion-based and longitudinal in nature; however, these

databases often use only syndromic case definitions based

on chief complaint or physician diagnosis and are not

linked to a laboratory-confirmed endpoint.3

Monto et al.,4 established a relatively inexpensive alterna-

tive method to determine the population-based estimates

of ILI and influenza incidence, which used medical prac-

tices to define a patient population and incorporated labo-

ratory confirmation for a subset of patients. This strategy

was used with the assumption that all patients meeting the

case definition were captured. A similar strategy is used in

the United Kingdom with general practitioner populations

used to monitor ILI.5 We adapted this methodology to a

wider population in the United States to estimate incidence

by using an outpatient healthcare practice population as a

DOI:10.1111/irv.12014

www.influenzajournal.com
Original Article

694 ª 2012 John Wiley & Sons Ltd



proxy for a community and conducted systematic surveil-

lance for medically attended ILI and laboratory-confirmed

influenza infections in a broad geographic area over several

states and one major city in the United States. In this arti-

cle, we describe the development of the outpatient practice

population and implementation of the surveillance activity,

present the results from the first year of surveillance, and

compare trends between our Influenza Incidence Surveil-

lance Project (IISP) and other influenza ILI and virologic

surveillance programs.

Methods

Surveillance design
Health departments representing six states, including Flor-

ida, Iowa, Minnesota, North Dakota, Utah, and Wisconsin,

and New York City conducted influenza surveillance from

October 2009 through July 2010 as part of the IISP. Each

site recruited a convenience sample of approximately five

primary outpatient practices with a moderate weekly patient

volume (approximately 100–150 patients ⁄ week). Participat-

ing practices included 27 family medicine practices, six

pediatric practices, two internal medicine practices, two stu-

dent health centers, and one emergency medicine practice.

The population at risk was estimated by using the number

of registered patients or by determining the average of the

number of unique patients seen in a year, depending on

which method was more reflective of the practice’s catch-

ment as determined by the healthcare provider (HCP).

Combining all outpatient practices within a given state or

city provided representation of each of the following age

groups: <1 year, 12–23 months, 2–4 years, 5–17 years, 18–

24 years, 25–49 years, 50–64 years, and >65 years of age

and allowed participation by practices that specialize in

particular age groups such as pediatric medical practices.

Case definitions
An ILI case was defined among patients aged ‡2 year as

those with measured fever or a report of fever by the

patient with cough or sore throat in the absence of a

known cause other than influenza, and among patients

aged <2 years as measured or reported fever with at least

one respiratory symptom including cough, sore throat, cor-

yza, rhinorrhea, anorexia, chills, myalgia, or malaise, in the

absence of a known cause other than influenza. Each week,

the HCP reported to the state or local health department

the number of patients meeting the ILI case definition

and the total number of patient visits by the age groups

specified.

Specimen collection and laboratory testing
We requested from all patients meeting the ILI criteria that

a nasal or nasopharyngeal (NP) swab be collected for rapid

influenza antigen testing during the visit using the Quidel

QuickVue A + B. The results were aggregated by age group

and reported to the health department. In addition, from

the first 10 ILI patients seen each week, a second NP or

throat swab was obtained for submission to the state public

health laboratory within 72 hours of collection and tested

for influenza A (including subtypes A ⁄ H1, A ⁄ influenza

A (H1N1)pdm09, and A ⁄ H3) and influenza B using a

real-time reverse-transcriptase polymerase chain reaction

(RT-PCR) assay. Results were reported to the submitting

physician and the state health department. As an alternative

to collecting two specimens, the swab collected for rapid

antigen testing could first be placed in viral transport

media then divided into two samples that allowed for both

rapid and RT-PCR influenza testing (per instruction by

John Tamerius, Quidel Corporation). However, a minority

of providers adopted the one-specimen approach.

Brief clinical and demographic data were collected from

patients whose specimens were sent to the laboratory for

testing. Health departments reported ILI activity and influ-

enza test results weekly to Centers for Disease Control and

Prevention (CDC).

Data analysis
For all IISP sites combined, the expected number of influ-

enza-associated ILI cases for each week was calculated by

multiplying the percent of ILI cases testing influenza PCR

positive by the total number of ILI patient visits reported

during the corresponding week. Estimated incidence was

calculated using the expected influenza-associated ILI cases

divided by the outpatient practice population. We calcu-

lated incidence for individual weeks to evaluate seasonal

variation, then summed the weekly incidence estimates of

ILI and influenza-associated ILI to obtain the 10-month

cumulative incidence. Cumulative incidence estimates were

validated, and 95% confidence intervals were calculated

using bootstrap analysis to account for the variances of the

weekly ILI case totals and proportion of influenza test posi-

tive cases.6 Statistical differences in the frequency of cate-

gorical demographic and clinical factors were evaluated

with a chi-square test. Patient records with missing RT-

PCR results or no report of fever were excluded from anal-

ysis. Patients with specimens collected more than 5 days

after onset were also excluded due to a loss of viral detect-

ability after 5 days.7,8

For comparison with national ILI surveillance data, we

used the US Outpatient Influenza-like Illness Surveillance

Network (ILINet).9 Both IISP and ILINet use the same ILI

case definition among patients aged >2 year; the IISP

expanded definition in the youngest age groups was

described earlier. The proportion of ILI-related visits in the

outpatient setting determined by IISP was compared with

ILINet using a Pearson’s correlation coefficient. For com-
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parison with virologic data, we compared the weeks during

which the percent influenza positivity of respiratory speci-

mens in the World Health Organization and National

Respiratory and Enteric Virus Surveillance System

(WHO ⁄ NREVSS) was >10%.10,11 All analyses were con-

ducted using SAS Version 9Æ2 (SAS Institute Inc., Cary, NC,

USA).

Results

Medically attended ILI
Of the 272 642 outpatient visits during the 10-month sur-

veillance period, 8747 (3Æ2%) were for ILI. The proportion

of outpatient visits for ILI ranged from 13% in the week of

peak activity (October 24, 2009) to 0Æ3% in the week of

lowest activity (June 5, 2010). Trends in ILI were highly

correlated between IISP and ILINet, showing high ILI activ-

ity during the initial weeks of IISP surveillance through

December 19, 2009 (rs = 0Æ94 October–December 2009,

and rs = 0Æ96 October 2009–July 2010) after which very lit-

tle activity was seen for the remainder of the surveillance

period, with the exception of a small increase during Feb-

ruary and March 2010 when the percent of ILI-related vis-

its increased from <1% to 1Æ4% (Figure 1). Throughout

the season, outpatient ILI-related visits occurred more fre-

quently in pediatric patients than adults, and during the

week of peak influenza activity, 22% of office visits among

pediatric patients were for ILI compared with 9% among

adults aged ‡18 years (P < 0Æ05). The heaviest cumulative

ILI burden was observed in the 2–4 and 5–17 years age cat-

egories, with a linear decline in each subsequent age group

(Figure 2).

Influenza diagnostic testing
Rapid influenza detection tests (RIDT) (Quidel QuickVue

A + B test) were performed on 5911 ⁄ 8747 (68%) of all ILI

cases from October 2009 through July 2010. Of those

tested, 1360 (23%) were positive for influenza. During

October 2009, approximately 31% (weekly range 24–32%)

of specimens tested positive by RIDT, with a decline con-

sistent with ILI activity levels through November and

December. Sporadic influenza detections occurred from

January 9 through February 13, 2010, during which a med-

ian of 4Æ1% (range 2Æ6–7Æ5%) of specimens tested influenza

0·0

2·0

4·0

6·0

8·0

10·0

12·0

14·0

Pe
rc

en
t o

f V
is

its
 (%

)

Week

IISP

ILINet

Figure 1. Proportion of outpatient visits for

influenza-like illness reported to the Influenza

Incidence Surveillance Project (IISP) and the

US Outpatient Influenza-like Illness

Surveillance Network (ILINet), October 2009

through July 2010.
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Figure 2. Influenza-like illness (ILI) outpatient

visit and estimated PCR-confirmed influenza

infection incidence by age group, Influenza

Incidence Surveillance Project (IISP), October

2009–July 2010.
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positive each week. However, from the third week of Feb-

ruary through the end of March, a weekly median of 9% of

specimens tested positive, reflecting a small increase in

influenza detections in several states, which is consistent

with the increase in ILI activity during this time (Figure 1).

Between October 2009 and July 2010, 1802 of 8747

(21%) patients with ILI had a respiratory specimen col-

lected for RT-PCR testing. Among them, 267 (15%) did

not meet the case definition for ILI, 178 (9Æ9%) had speci-

mens collected more than 5 days after onset of symptoms,

and 35 (1Æ9%) were not tested RT-PCR due to poor speci-

men quality. Among the 1322 included in analysis, 467

(35%) were positive for influenza by RT-PCR > 99% of

influenza-positive specimens were subtype influenza

A(H1N1)pdm09. Only one influenza A(H3) and three

influenza B viruses were detected. During the peak week of

both ILI reports and influenza detections, 74% of all speci-

mens were RT-PCR-positive for influenza and the percent

positivity remained above 15% from October through the

first week of December, indicating widespread influenza

circulation over the 9-week period. Similar to ILI and

RIDT influenza trends, an increase in positivity by PCR

was observed in late February and March as influenza

activity increased to a median of 16% from 8Æ3% in the

preceding 7 weeks and included 22 influenza A

(H1N1)pdm09 detections and 1 influenza A(H3) detection.

Although the trends were similar between the RT-PCR and

RIDT assays, the sensitivity of the RIDT was 59% (265 ⁄ 449)

and specificity was 97% (782 ⁄ 807) when compared with RT-

PCR results in 1256 patients with both tests performed.

Influenza RT-PCR detections reported to IISP and all

influenza detections reported the WHO ⁄ NREVSS were

highly correlated (rs = 0Æ95 October 2009–July 2010), and

the weeks of peak ILI activity and influenza circulation were

consistent.

During the surveillance period, the percent of ILI cases

that were PCR-positive for influenza was similar among

pediatric and adult patients (37% and 33%, respectively).

However, closer examination of the data shows variation

by age group (Table 1), with day care and school-aged chil-

dren, aged 2–17 years, more frequently positive for influ-

enza than those aged <2 years (29% versus 17%, P < 0Æ05).

Influenza positivity was highest in the 5–17 year age group,

remained high in the 18–24 and 25–49 years age groups

(P < 0Æ05, compared with patients aged <2 years) and

declined in the older age groups. There were no statistically

significant differences in percent of ILI cases testing posi-

tive for influenza by race or gender (data not shown).

Clinical characteristics
Of the 1322 patients analyzed, 1176 (89%) reported cough

and 823 (62%) reported sore throat; 17 (1Æ3%) patients

aged <2 years reported a symptom other than cough or

sore throat. Patients who reported cough or both cough

and sore throat were 4Æ4 times more likely to have influ-

enza detected than those reporting sore throat (P < 0Æ05).

Table 1. Age group-specific influenza-like illness (ILI) outpatient visit and influenza infection frequency and rates, influenza incidence surveillance

project (IISP), October 2009–July 2010

Age (years)

No. of

ILI visits

Percent of

visits for

ILI

No. of ILI

tested by

PCR*

No. of

PCR influenza

positive

Percent

PCR positive

Cumulative incidence for surveillance

period (per 1000 population)**

ILI (95% CI) Estimated

influenza-associated

ILI (95% CI)

0–11 months 375 2Æ3 48 9 18Æ8 30Æ5 (28Æ2, 33Æ3) 6Æ3 (2Æ6, 10Æ2)

12–23 months 488 3Æ7 86 14 16Æ3 38Æ6 (35Æ7, 41Æ6) 7Æ2 (3Æ8, 10Æ8)

2–4 859 5Æ1 199 57 28Æ6*** 42Æ6 (40Æ2, 44Æ9) 15Æ4 (12Æ7, 18Æ2)

5–17 2265 5Æ6 439 206 46Æ9*** 37Æ7 (36Æ4, 39Æ0) 21Æ9 (20Æ1, 23Æ6)

18–24 1568 2Æ7 193 69 35Æ8*** 20Æ7 (19Æ8, 21Æ5) 9Æ4 (8Æ0, 10Æ9)

25–49 1859 1Æ9 266 91 34Æ2*** 16Æ0 (15Æ4, 16Æ6) 6Æ2 (5Æ3, 7Æ1)

50–64 517 1Æ2 67 17 25Æ4 9Æ0 (8Æ4, 9Æ7) 2Æ5 (17Æ0, 32Æ9)

‡65 230 0Æ8 22 3 13Æ6 4Æ3 (3Æ9, 4Æ7) 0Æ8 (0Æ5, 1Æ1)

All 8161 2Æ6 1320 466 35Æ3 20Æ1 (19Æ7, 20Æ4) 8Æ7 (8Æ2, 9Æ2)

*Two patients did not have age information available.

**Incidence estimations do not represent the annual incidence for 2009. The surveillance period captured by IISP encompassed only October

2009–July 2010; however, widespread influenza circulation began in August 2009.

***Significantly higher percent PCR positivity for the corresponding age group (P values <0Æ05) using all patients aged <2 years as the referent

category.
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Other symptoms positively associated with influenza detec-

tion compared with influenza-negative ILI cases were

myalgia (P < 0Æ05) and anorexia (P < 0Æ05) in children and

headache (P < 0Æ05) among adults.

Antiviral usage data were available on 1166 patients, of

which 212 (18%) received or were prescribed antiviral

medication. Patients who tested influenza positive by RT-

PCR were 3Æ2 times more likely to have been prescribed

antivirals than those testing negative [133 ⁄ 404 (33%)

versus 79 ⁄ 762 (10%), P < 0Æ05], and patients who tested

positive by RIDT were 3Æ9 times more likely to have been

prescribed antivirals than those testing negative by RIDT

[112 ⁄ 260 (43%) versus 95 ⁄ 856 (11%), P < 0Æ05].

Estimation of ILI and medically attended influenza
incidence
The population served by the participating practices totaled

450 484 persons, but varied slightly (range 343 545–

458 100) in the early weeks of surveillance. The age distri-

bution of the patient population was consistent with that

of the US population, aside from the relatively large num-

ber of 18–24-year-olds, due to inclusion of a large univer-

sity in the IISP (Figure 3). The proportion of residents

under age 18 years was 24% in the US population com-

pared with 26% in IISP. The median weekly number of

patients seen by the practices was 185 (range 0–1423).

The estimated cumulative incidence of ILI from October

2009 through July 2010 was 20 ⁄ 1000 persons (Table 1)

with a weekly incidence range of 3Æ1 ⁄ 1000 in October to

0Æ03 ⁄ 1000 in June. Among pediatric patients, the cumula-

tive ILI incidence was 38 ⁄ 1000, and the weekly incidence

ranged from 6Æ9 ⁄ 1000 to 0Æ02 ⁄ 1000 (Figure 4). In contrast,

the cumulative ILI incidence among adults was 13 ⁄ 1000

with a weekly incidence range from 2Æ3 ⁄ 1000 to 0Æ01 ⁄ 1000.

Among the age groups, ILI incidence correlated with per-

cent influenza positivity, except in the 12–23-month age

group where ILI incidence was disproportionately higher

than influenza positivity.

The estimated cumulative incidence of influenza-

associated ILI from October 2009 through July 2010 was

8Æ7 ⁄ 1000 with a weekly incidence range of 0 ⁄ 1000 when

influenza was not in circulation to 2Æ2 at peak. The influ-

enza incidence was 3Æ9 times higher in pediatric than adult

patients (21 ⁄ 1000 versus 5Æ3 ⁄ 1000), with the weekly inci-

dence ranging widely (Figure 4). Among the age groups, the

highest incidence was observed in the 2–4- and 5–17-year

age groups (15 and 22 ⁄ 1000, respectively) (Table 1). Similar

to the results from ILI incidence, the influenza-associated

ILI incidence declined with increasing age over all adult age

groups (Table 1, Figure 2).
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Discussion

In October 2009, the IISP was implemented to conduct

population-based surveillance for medically attended ILI

and influenza-associated ILI in a population of more than

450 000 persons in 38 outpatient medical practices. During

the peak weeks of the influenza A (H1N1)pdm09 pan-

demic, ILI accounted for 13% (22% pediatric and 9%

adults) of all outpatient encounters among IISP providers

and more than 70% of specimens collected tested positive

for influenza, of which more than 99% were attributable to

the influenza A (H1N1)pdm09 virus. The cumulative inci-

dence of ILI and influenza ranged substantially over the

study period, with extremely high rates in October and

November dropping sharply thereafter. Variation in the ILI

and influenza incidence by age was exemplified by inci-

dence rates of outpatient ILI visits being three times higher

in children than adults.

ILI and influenza trends from the IISP were consistent

with other well-established surveillance systems. Trends in

the proportion of ILI visits from IISP were consistent with

ILINet, a long-established, nationally representative syndro-

mic surveillance system with over 3000 reporting HCPs.9

In addition, weekly incidence of ILI in IISP was compara-

ble with those reported by the UK’s general practitioner

surveillance program, which has long used provider regis-

tries to estimate the population denominator.5 Weekly IISP

influenza detections and trends were consistent with circu-

lation of influenza determined by the national virologic

surveillance system,1,10,11 confirming the validity of IISP in

estimating laboratory-confirmed influenza. Influenza rapid

test results were available to the physicians at the time of

the visit with 59% sensitivity and 97% specificity, which

was expected given RIDT performance in previous evalua-

tions.12,13 Our findings were consistent with other studies

confirming that testing increases the provision of antiviral

therapy for influenza-positive patients.14,15

PCR has dramatically improved our ability to reliably

detect influenza and is thus critical in improving surveil-

lance for influenza. Two earlier incidence studies used viral

culture to determine the influenza attributable propor-

tion.4,16 While these studies helped define influenza epide-

miology, the magnitude of influenza’s burden on the

outpatient setting was likely underestimated due to the

lower sensitivity of culture techniques. Culture has been

shown to have 35–44% sensitivity when compared with

RT-PCR.17,18 In a 2005 meta-analysis, Bueving et al.19

found few recent longitudinal studies that include PCR

testing, and those available report a wide range of influenza

incidence estimates depending on case definition, age group

and time period. Very few data are available for direct

comparison with laboratory-confirmed results from IISP.

Studies using a more general definition of acute respiratory

illness estimated the incidence of influenza virus infection to

be between 50–100 ⁄ 1000 ⁄ year among patients aged <5 years,

but do not present comparison data among adults.20–22

Cumulative incidence estimates from IISP are similar to the

lower incidence range, likely due to a shorter surveillance

period (10 months versus 12 months) and a more restrictive

IISP case definition. In addition, surveillance was initiated

after the peak of H1N1 in some states, thus our estimates

would be higher had this activity been captured.

ILI and influenza burden varied widely by age group; the pro-

portion of outpatient visits due to ILI was 2Æ6 times higher

among pediatric patients than among adults and rates of ILI and

influenza were three and four times higher, respectively. Further

examination of age-specific rates showed that while the inci-

dence of ILI was high in all pediatric age groups, the incidence of

influenza infection was highest among patients aged 2–4 and 5–

17 years. Historically in studies with laboratory confirmation,

children aged <4 years have had lower influenza incidence than

school-aged children;4,16,23–25 however, we found that the inci-

dence in children 2–4 years was higher than in those aged

<2 years and more similar to those of school age; perhaps reflect-

ing a greater opportunity for transmission within day care or

preschool and more frequent social mixing in this age group.

The IISP presents an alternate approach to conducting

population-based surveillance for medically attended influ-

enza-associated ILI in the outpatient setting; however, the

process was subject to limitations. As not all influenza

infections require medical attention, the absolute incidence

of influenza could not be determined using these meth-

ods. Additionally, surveillance was initiated during the

influenza A (H1N1)pdm09 pandemic and, due to the ear-

lier introduction of influenza A (H1N1)pdm09 in 2009,

did not include all months of influenza circulation. The

majority of the participating providers were family medi-

cine clinics and other primary care providers, but the

small number of providers within each surveillance site

did not allow for practice type comparisons. Specimen col-

lection techniques were not standardized or evaluated; thus,

we cannot be certain of optimal collection techniques or

prompt refrigeration of specimens, and though recom-

mended by the Quidel Corporation, the splitting of the

sample into two aliquots has not been formally tested for

quality. In addition, several of the IISP sites were concen-

trated in the northern Midwest region of the United States

which affected the geographic representativeness of the

IISP, particularly important as influenza unpredictably

affects different regions temporally and to different extents.

Conducting population-based influenza surveillance is a

challenge to public health officials due to inherent difficul-

ties and cost of following a community or other defined

population. By expanding the methods of earlier studies by

Monto et al.,4 to a national sample, IISP surveillance dem-

onstrated the feasibility and value of using clinical practice
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populations as a successful alternate method to estimate

population-based influenza incidence and illustrated the

impact of influenza in outpatient settings during the pan-

demic in the United States. Using medical practice popula-

tions as a proxy for the community provides an excellent

alternative resource. This methodology should also be eval-

uated for its application to other diseases or conditions as

it can accommodate different case definitions and labora-

tory testing methodologies.
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