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In April 2009, the Centers for Disease Control and Prevention confirmed 2 cases of 2009 pandemic influenza A
(HIN1) virus infection in children from southern California, marking the beginning of what would be the first
influenza pandemic of the twenty-first century. This report describes the epidemiology of the 2009 HIN1
pandemic in the United States, including characterization of cases, fluctuations of disease burden over the course
of a year, the age distribution of illness and severe outcomes, and estimation of the overall burden of disease.

On 15 April 2009, the first case of 2009 pandemic in-
fluenza A (HIN1) (pHINI1) virus infection in the
United States was identified in a 10-year-old boy in
southern California; 2 days later, a second case of in-
fection with the same virus was confirmed in a 9-year-
old girl in an adjacent county in California [1]. During
the subsequent 2 weeks, additional cases of infection
with this new virus were detected in Mexico, California,
Texas, and other states [2, 3].

The pHINI influenza virus contained a combination
of gene segments that had not been previously reported in
animals or humans. The pH1N1 virus’ hemagglutination
(HA) gene, which codes for an important viral surface
antigen, was most closely related to the HA found in
contemporary influenza viruses circulating among North
American swine. The pHIN1 HA had evolved from the
avian-origin 1918 pandemic influenza HIN1 virus, which
is thought to have entered human and swine populations
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at about the same time, but to have evolved into distinct
lineages in pigs and in humans [1]. Early serologic data
suggested, consistent with the evolutionary origin of the
HA, that many older adults had some cross-reactive
immunity to the pHIN1 HA due to prior infection with
antigenically related strains [4]. Children and most
young adults, however, were immunologically naive.

The 2009 pandemic virus quickly spread globally, and
on 11 June 2009, the World Health Organization
(WHO) declared the first influenza pandemic since
1968-1969 [5]. As of April 2010, laboratory-confirmed
infections with pHIN1 influenza virus have been iden-
tified in 212 countries and overseas territories, and
>15,000 laboratory-confirmed deaths have been re-
ported to the WHO worldwide [6]. In this report, we
summarize the epidemiology of pHINI influenza in the
United States, including timing of the outbreak, geo-
graphic distribution, characteristics of cases, and epi-
demiologic parameters, such as attack rates, generation
time, and reproductive rate.

TEMPORAL AND GEOGRAPHIC
PATTERNS OF DISEASE

In the United States, the pandemic was characterized by
2 distinct waves (Figure 1), with lower levels of activity
that persisted between waves and through the end of
April 2010. The first wave began in April 2009 with the
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Figure 1. Number of pH1N1 viral isolates tested by week and overall percent positive for all influenza, reported to the Centers for Disease Control and
Prevention by World Health Organization/National Respiratory and Enteric Virus Surveillance System laboratories from April 2009 through March 2010 in

the United States [7].

identification of the first US cases. Within 1 week, 10 cases had
been confirmed in 3 states, and investigations of probable cases
were underway in 6 additional states [2]. This first wave peaked
during June 2009, and by August influenza activity levels had
decreased substantially in most states, although activity was
sustained throughout the summer months at levels substantially
above what is normally seen during the summer for seasonal
influenza [8]. Although pHINI infections were observed in all
US states during the first wave, the largest numbers of cases were
reported from California, Connecticut, Florida, Hawaii, Illinois,
Texas, New Jersey, New York, Pennsylvania, and Wisconsin
(Figure 2a) and were largely confined to major cities within
states (differences in the number of cases reported to the Centers
for Disease Control and Prevention (CDC) among states were
partly due to differences in state testing and reporting practices).
Alaska, Connecticut, Delaware, Hawaii, Illinois, Massachusetts,
Texas, Utah, Wisconsin, and Wyoming reported the highest
rates of infection during the first wave (Figure 2b). In addition,
outbreaks of disease among children attending summer camps
were widely reported [9], and many camps that primarily served
children with chronic medical conditions were cancelled. The
second pandemic wave began in the Southeastern United States
as children returned to school in mid-August and early Sep-
tember. Over the following 2 months, disease became geo-
graphically widespread throughout the United States. Illness
occurring during this fall wave ultimately accounted for the
majority of US cases seen during the pandemic. The fall
wave peaked in late October, and since that time, although

circulation of pH1NT1 virus has continued, influenza activity has
decreased and remained below what is expected in the winter
months [8].

The geographic spread of pHINI virus and the timing of
the 2 pandemic waves can be visualized using national out-
patient illness data. The US Outpatient Influenza-Like-Illness
(ILI) Surveillance Network (ILINet) is a system of >3000
sentinel health care providers who report the weekly per-
centage of outpatient visits for ILI to CDC [10]. ILI is defined
as temperature >37.8°C accompanied by cough or sore
throat in the absence of other known causes. ILI surveillance
correlates well with the number of weekly positive influenza
test results and has historically been used to monitor influenza
activity (CDC, unpublished data). To facilitate smaller scale
visualization of national ILINet data, the CDC and colleagues
at the Johns Hopkins Applied Physics Lab (Baltimore, MD)
derived threshold statistics describing influenza activity at a
core-based statistical area (CBSA) geographic level. This meth-
odology allowed assessment of CBSA-specific influenza activity,
measured by the number of standard deviations (SDs) above
a weighted mean baseline of ILINet provider ratios within each
CBSA (CDC, unpublished data). During the peak of the spring
wave, ILI activity was predominately focal (Figure 3, Map 1),
and this focal pattern continued throughout the summer
and the beginning of the fall wave (Figure 3, Map 2). By mid-
September, activity was widespread throughout the Southeastern
United States, and by October 2009, during the peak of the
second wave, ILI activity was widespread throughout the United
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Figure 2. a) pH1N1 influenza infections, number of cases by state—United States, 15 April-23 July 2009. b) pH1N1 influenza infections, rate of cases
by state—United States, 15 April-23 July 2009.

States (Figure 3, Map 3). By February 2010, ILI activity had once ~ pandemic in most states; however, elevated activity persisted
again become focal (Figure 3, Map 4). By March 2010, influenza briefly in the Southeastern United States before also decreasing
activity had decreased to the lowest levels measured during the by April 2010 in that region [11].
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Figure 3.

CHARACTERISTICS OF pH1N1 INFLUENZA
CASES

When the pHIN1 outbreak was first detected in April 2009, the
CDC worked with state and local health departments to collect
and analyze information describing early cases. From 15 April
through 16 June 2009, individual laboratory-confirmed cases
were reported [12, 13], and from 17 June through 23 July 2009,
aggregate data on cases, hospitalizations, and deaths in 5 age
groups (0—4 years, 5-24 years, 2549 years, 50—64 years, and
=65 years) were collected [14, 15]. From 15 April through 23
July 2009, there were a total of 43,771 laboratory-confirmed
cases reported. Case reports accelerated quickly in the early
weeks of the pandemic, peaked at >6000 cases per week in
late June and early July, and decreased to 3000 cases per week
in late July, after which time individual case reporting

Influenza-like illness activity at different stages of the pH1N1 influenza pandemic—United States, 27 June 2009-6 February 2010.

was discontinued and aggregate reporting was initiated for
laboratory-confirmed hospitalizations and deaths only (Figure
4). Of cases reported, 37,030 (85%) were reported with age
group information. The majority (73%) of reported cases were
in individuals who were <24 years of age: 4816 (13%) were in
individuals 0—4 years of age, 22,080 (60%) were in individuals 5—
24 years of age, 7434 (20%) were in individuals 25-49 years of
age, 2187 (6%) were in individuals 50—64 years of age, and 213
(1%) were in individuals =65 years of age. This age distribution
of cases is consistent with age distributions for cases of pHIN1
virus infection worldwide [16], as well as with serologic studies
that demonstrate pre-existing cross-reactive immunity in adults
over the age of 60 years, limited levels of immunity in younger
adults, and essentially no pre-existing immunity in children [12,
17, 18]. Case reports likely underestimate the true number of
cases, because testing was not routinely conducted for all
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Figure 4. Laboratory-confirmed cases of pH1N1 influenza reported by state and local health departments to the Centers for Disease Control and

Prevention by week—United States, 15 April-23 July 2009.

medically attended influenza visits, even early in the pandemic,
reflecting a bias toward testing more-severely ill, hospitalized
patients. Furthermore, differences in laboratory capacity and
testing recommendations among states may have contributed to
variability in case-based reporting.

Descriptive epidemiologic and clinical characteristics of early
cases are available from data submitted on 931 cases using
a standardized case report form. Case reports were submitted
from 15 April through 16 June 2009 by state and local health
departments [12, 13]. Of those initial cases reported, 52% were
in male patients, who ranged in age from <1 month to 86 years.
Of the 818 patients (88%) for whom race and ethnicity were
reported, just over one-half were white non-Hispanic, and ap-
proximately one-third were Hispanic (Table 1). The proportion
of cases in individuals of Hispanic ethnicity decreased from 37%
in the first few weeks of reporting to 21% in June, possibly
reflecting an initial association of cases with travel to Mexico,
which may have led to increased testing of Hispanics or persons
that had travelled to Mexico. As the pandemic continued, attack
rates for self-reported ILI were similar among white non-His-
panics, blacks, non-Hispanics, and Hispanics (CDC, un-
published data from the Behavioral Risk Factor Surveillance
System).

Generally, the signs and symptoms reported among the initial
931 cases were similar to those observed in patients with sea-
sonal influenza infection [19]. The most common symptoms
were fever or feverishness (93%), cough (86%), sore throat
(58%), rhinorrhea (49%), myalgia (48%), vomiting (21%), and
diarrhea (17%). However, because fever was often used as part

of the case definition, a higher proportion of patients had fever
than was reported in other studies that tested persons with
a wider range of symptoms [20]. In some case series in which
fever was not required as part of screening criteria, the pro-
portion of persons with laboratory-confirmed pHIN1 influenza
who had fever ranged from 58% to 67% [20, 21].Vomiting was
more frequently reported among children (27%) than among
adults (13%); however, other symptoms were reported with
similar frequency by adults and children. The frequency of di-
arrhea was greater than that seen among seasonal influenza cases
[22] but was similar to that described in a case series of sporadic
swine influenza virus infections that occurred before the pan-
demic [23]. The overall type and frequency of symptoms among
cases in this series is consistent with other studies of pHINI-
infected persons both in the United States and abroad [16, 24, 25].

SEVERE OUTCOMES—HOSPITALIZATIONS

Hospitalizations associated with the pHINI virus were moni-
tored using data from 3 surveillance activities: (1) the case-based
and aggregate reporting described above, (2) the Emerging In-
fections Program, and (3) a new aggregate system implemented
in August 2009 to monitor influenza-associated hospitalizations
and deaths, referred to as the Aggregate Hospitalizations and
Deaths Reporting Activity (AHDRA).

From 15 April through 30 August 2009, case-based and
aggregate reporting identified 9079 pHINI virus—associated
hospitalizations. Of the 931 detailed case report forms received
from patients with early cases, 883 (95%) gave data on
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Table 1. Demographic and Clinical Information for 931 Laboratory-Confirmed Cases of pH1N1 Influenza Infection reported to the Centers

for Disease Control and Prevention, 15 April-16 June 2009

Characteristic

No. (%) of cases (n =931) US population, %?®

Sex Male sex
Race/ethnicity® White non-Hispanic

Black non-Hispanic

Hispanic

Native Hawaiian/Pacific Islander
Asian

American Indian/Alaskan Native
Multiracial

Symptoms Fever/feverishness
Cough

Sore throat
Rhinorrhea
Myalgia

Vomiting

Diarrhea

484 (52) 49
425 (52) 66
52 (6) 12
278 (34) 15
6 (<1) <1

21 @) 4
32 (4) 1
4 (<1 2
864 (93) =
801 (86) —
539 (58) =
452 (49) —
445 (48) —
195 21) —
158 (17) =

NOTE. Laboratory testing for influenza during the study period was more frequently conducted for patients who presented with influenza-like illness, which

included temperature = 37.8°C.

@ Annual estimates of the resident population by sex, race, and Hispanic origin for the United States, 1 April 2000 to 1 July 2008.

© Race andjor ethnicity data available for 818 (88%) of cases.

hospitalization status. Of patients for whom this data was
known, 56 (6%) required hospitalization, and 11 (23%) of 47
hospitalized patients were admitted to the intensive care unit
(ICu).

Beginning in August 2009, the CDC requested that all 50
states submit data on hospitalizations and deaths due to in-
fluenza using either a laboratory-confirmed or syndromic case
definition through the AHDRA reporting system [7, 10]. Lab-
oratory confirmation included rapid influenza tests, reverse-
transcriptase polymerase chain reaction (RT-PCR), direct
fluorescent antigen testing, immunofluorescent antigen testing,
or viral culture; reporting by specific type or subtype was not
required. Syndromic reporting included cases of pneumonia and
influenza based on clinical syndrome, hospital admission or
discharge data, or a combination of data elements that could
include laboratory testing and presence of ILI. From 30 August
2009 through 3 April 2010, a median of 36 states each week
reported a cumulative total of 41,914 laboratory-confirmed,
pHIN1-associated hospitalizations; the remaining states re-
ported a total of 134,441 syndromic hospitalizations. Although
the total AHDRA laboratory-confirmed hospitalization count is
likely a substantial underestimate of the number of pandemic-
associated hospitalizations, the data on laboratory-confirmed
cases was helpful in monitoring trends in the distribution of
cases and patient age groups over time. Laboratory-confirmed
influenza-associated hospitalization and death rates in AHDRA
were calculated using only the populations of states reporting
using a laboratory-confirmed case definition as denominators.

Based on the laboratory-confirmed cases, the total weekly hos-
pitalization rate peaked in October 2009 at 2.42 hospitalizations
per 100,000 persons and decreased to <.25 hospitalizations per
100,000 persons by January 2010 (Figure 5). This peak rate
occurred much earlier than the typical peak for seasonal in-
fluenza activity, which most often occurs during January or
February each year [26].

The highest rates of hospitalizations were observed among the
0—4-year-old age group, which had rates 2- to 3-fold higher than
those observed in the other age groups (Figure 6). Age-specific
hospitalization rates for all age groups for the 2009-2010 season
were higher than rates for the 2008-2009 season, when seasonal
HINT1 viruses predominated, and their distribution was mark-
edly different from that in typical influenza seasons, when
hospitalizations are more common among persons >65 years of
age [10, 27, 28]. The majority of hospitalizations (>70%) re-
ported to AHDRA were in patients <50 years of age, and <10%
were in patients =65 years of age. Other studies corroborate this
age distribution, showing that nearly one-half of all patients
in the United States hospitalized with pHINI influenza were
25 years of age, and <10% were =65 years of age [10, 29]. The
age distribution of hospitalized patients found by national
surveillance is also consistent with data from field investi-
gations in Chicago (where the median age of 205 hospitalized
patients was 16 years [24]), New York City (where 60% of 99
admitted patients were under 18 years of age [30]), and in
California (where the median age of 30 hospitalized patients was
27 years [31]).
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Figure 5. Aggregate hospitalization and death reporting activity (AHDRA) hospitalization and death rates per 100,000 population by week of report,

laboratory-confirmed pHIN1 influenza infection—United States, April 2009—February 2010.

More than one-half of patients hospitalized with pHINI in-
fection were likely to have at least 1 underlying medical condi-
tion [29-31]. In a study of 272 hospitalized patients early in the
pandemic in the United States, Jain et al [29] found that re-
spiratory comorbidities (eg, asthma and chronic obstructive
pulmonary disease), diabetes, and immunosuppressive con-
ditions were most common in adult patients, whereas asthma
and neurologic disorders were most common in patients <18

years of age. From 15 April 2009 through 16 February 2010,
hospitals in the Emerging Infections Program (EIP) [32]
identified 4987 adult and 2600 pediatric hospitalizations as-
sociated with pHINI infection. Full analysis of these data
is pending, but preliminary results indicate that the majority
of adults (85%) and children (58%) hospitalized with
pHINTI infections had at least 1 underlying medical condi-
tion (Figure 7).
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Figure 6. Aggregate hospitalization and death reporting activity (AHDRA) hospitalization and death rates per 100,000 population by age group,
laboratory-confirmed pHIN1 influenza infection—United States, August 2009—February 2010.
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Figure 7. Prevalence of selected underlying medical conditions in adult and pediatric patients hospitalized with pHTN1 influenza infections, Emerging

Infections Program, April 2009—February 2010.

In many studies of hospitalized patients in the United States,
20%—25% of patients required ICU admission [24, 29-31]. Early
reports suggest that, although the majority of patients hospi-
talized with pHIN1 virus infection had underlying medical
conditions, some hospitalized patients who became critically ill
and required ventilator or vasopressor support were previously
healthy young adults or adolescents in whom clinical decline
after hospital admission was extremely rapid [33-35] (CDC,
unpublished data).

In addition to previously recognized risk factors for severe
influenza, such as pregnancy, chronic heart and lung disease,
neurologic disease, and diabetes [36], obesity and morbid
obesity were identified as possible independent risk factors for
hospitalization [29], ICU admission [33], and critical illness and

death [34, 35] associated with pH1N1virus infection. In a study
of 361 hospitalizations and 233 deaths, Morgan et al [37] noted
a statistically significant association between morbid obesity
(body mass index [BMI], calculated as weight in kilograms di-
vided by the square of height in meters, of =40) and hospi-
talization in adults, irrespective of the presence of an Advisory
Committee on Immunization Practices (ACIP)-recognized
chronic medical condition, as well as a significant relationship
between obesity (BMI =30) and death in adults. However,
obesity was not associated with either hospitalization or death in
children in this study [37].

Finally, there is preliminary evidence suggesting that some
racial or ethnic groups may have been at increased risk for severe
outcomes after pHIN1 virus infection in the United States.

Table2. Secondary Household Attack Rates for Confirmed and Probable Cases of Acute Respiratory lliness and Influenza-like lliness by

Age and State—California and Texas, April-May 2009

Percentage (proportion) of households
Cases Acute respiratory illness?®

Influenza-like illness® Confirmed and probable

Overall 17.6 (72/408)
By state
California 23.9 (28/117)
Texas 15.1 (44/291)
By age®
<18 years 19.5 (34/174)
>18 years 17.0 (38/224)

8.1 (33/408) 3.9 (16/408)
12.8 (15/117) 6.0 (7/117)
6.2 (18/291) 3.1(9/291)
12.1(21/174) 6.9 (12/174)
5.4 (12/224) 1.8 (4/224)

NOTE. Cases are from 38 households in San Diego County, CA, and 86 households primarily in Bexar and Guadelupe Counties, TX (Centers for Disease Control

and Prevention, unpublished data).

@ Acute respiratory illness is defined as having at least 2 of the following signs or symptoms: fever or feverishness, cough, runny nose, and sore throat.

® Influenza-like-iliness is defined as having fever (temperature, =37.8°C) and either cough or sore throat.

¢ Ten non-ill household members with missing age data are excluded.
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Enhanced surveillance in Chicago, Illinois, showed that pHIN1-
associated hospitalization rates were higher for non-Hispanic
blacks, Asian/Pacific Islanders, and Hispanics, compared with
non-Hispanic whites, during the spring wave of the pandemic
[24], and an elevated pHINI-associated mortality rate was
found in American Indian/Alaska Natives in 12 states, compared
with all other racial/ethnic populations combined [38]. Further
assessment of the risk of severe pHINT1 infection associated with
race and ethnicity is pending.

SEVERE OUTCOMES—DEATHS

Deaths associated with pH1NI virus were monitored using data
from 3 surveillance activities: (1) the case-based and aggregate
reporting described above, (2) AHDRA, and (3) the CDC’s
influenza-associated pediatric mortality surveillance system [10].

From 15 April through 30 August 2009, case-based and ag-
gregate reporting identified 593 pH1N1-associated deaths. From
30 August 2009 through 3 April 2010, the CDC received 2125
laboratory-confirmed death reports from a median of 39 states
each week via AHDRA. Syndromic deaths totaling 13,983 were
reported by the remaining states during this time. The AHDRA
weekly laboratory-confirmed death rate peaked in October 2009
at .078 and decreased to <.015 deaths per 100,000 persons by
January 2010. Overall, the age distribution of laboratory-
confirmed pH1NI1 influenza—associated death rate was markedly
different from that seen in typical influenza seasons. In contrast
to typical influenza seasons, when 90% of deaths occur in the
elderly population [39, 40], 86% of pHIN1 deaths reported to
AHDRA were in persons <65 years of age, with the highest rates
found in persons aged 50—64 years (Figure 6).

Fowlkes et al [41] identified a wide geographic distribution in
377 deaths reported during the first 3 months of the pandemic,
as well as a tendency for fatal cases to occur in patients with at
least 1 underlying illness. In patients for whom information was
available, 69% of those <18 years of age and 80% of those =18
years of age had at least one co-morbid condition [41]. Chronic
lung disease (including asthma), metabolic disorders, and car-
diovascular disease were most common in adults who died,
whereas neurologic disorders and chronic lung conditions (48%
of which were asthma) were most common among pediatric
patients who died [41].

Laboratory-confirmed influenza-associated pediatric deaths
have been a nationally notifiable condition since 2004, and
surveillance data, including demographic information, virus
characteristics, underlying medical conditions, and vaccination
history, have been collected for pediatric deaths since that time.
Using data from this surveillance system, Cox et al [42] de-
scribed 272 confirmed and 45 probable pH1NT1-associated pe-
diatric deaths that were reported from 15 April 2009 through 31
January 2010. The 317 reported pediatric deaths represented ~4

times the average annual number reported during the previous 6
influenza seasons. Among children for whom information was
available, 68% had a pre-existing condition that placed them at
higher risk of complication from influenza infection, as defined
by the ACIP. Neurological disorders and pulmonary disease
were the most common high-risk medical conditions [42].

SEVERE OUTCOMES—PREGNANCY

Changes in immunosuppression and in respiratory and car-
diovascular system physiology during pregnancy may increase
the risk of severe outcomes from influenza illness [43—48]. In-
creased mortality during previous influenza pandemics and
a greater risk of complications from seasonal influenza have
been reported in pregnant women [45, 49-53], and reports from
early in the 2009 pandemic suggest a similar risk associated with
pHINI infection [54-56]. In a study involving 94 pregnant
women hospitalized with pHIN1 infection in the state of Cal-
ifornia, Louie et al [56] estimated an influenza-specific maternal
mortality ratio (the number of maternal deaths per 100,000 live
births) of 4.3 (95% confidence interval [CI], 1.8-8.4), which was
nearly one-fourth of the maternal mortality ratio for death from
any cause (19.3) in the state. Jamieson et al [55] identified
a similar risk of severe outcome in a study involving 34 pregnant
women with pHINI virus infection, estimating that pregnant
women were 4.3 times more likely (95% CI, 2.3-7.8) than the
general population to be hospitalized with pHINI1 virus in-
fection. Siston et al [57] estimate that 5.8% of all pHINI1
influenza—associated deaths reported to the CDC from 14 April-
21 August 2009 were in pregnant women, whereas only 1% of
the population is pregnant at any time.

COMMUNITY AND SECONDARY HOUSEHOLD
ATTACK RATES, REPRODUCTIVE RATE, AND
GENERATION TIME

Knowledge of community and household attack rates, re-
productive rate, and generation time were crucial for un-
derstanding the epidemiology of the pandemic and informing
control measures. Early in the pHIN1 pandemic, the impact on
communities was largely unknown, and investigators estimated
community impact using several methods. In May 2009, a tele-
phone survey was conducted in 10 states using Behavioral Risk
Factor Surveillance System (BRFSS) methodology to estimate
ILI prevalence [58, 59]. Although 4.7% of primary respondents
(persons >18 years of age) reported ILI overall during April
2009, prevalence was higher among persons aged 18-64 years
(range, 4.9%-5.9%) than it was among those =65 years of age
(1.9%). Among household members of primary respondents,
ILI prevalence was 23.1% among children <5 years of age and
10.2% among children aged 5-17 years. ILI prevalence ranged
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