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VIRAL CHARACTERISTICS

Pandemic 2009 HIN1 virus derives six genes from triple-reassortant North Ameri-
can swine virus lineages and two genes (encoding neuraminidase and matrix pro-
teins) from Eurasian swine virus lineages.* Although the 2009 H1NT1 virus is anti-
genically distinct from other human and swine influenza A (H1N1) viruses,* strains
of this virus have been antigenically homogeneous, and the A/California/7/2009
strain that was selected for pandemic influenza vaccines worldwide is antigenically
similar to nearly all isolates that have been examined to date.” Multiple genetic
groups have been recognized, including one recently predominant lineage,® but any
possible clinical importance of different lineages remains uncertain. Reassortment
has not occurred with human influenza viruses to date. The level of pulmonary rep-
lication of the 2009 H1N1 virus has been higher than that of seasonal influenza A
(H1N1) viruses in experimentally infected animals,®** but the 2009 pandemic strain
generally lacks mutations that are associated with increased pathogenicity in other
influenza viruses (Table 1 in the Supplementary Appendix).

EPIDEMIOLOGY

INFECTION, ILLNESS, AND DISEASE BURDEN

Most illnesses caused by the 2009 H1N1 virus have been acute and self-limited, with
the highest attack rates reported among children and young adults. The relative
sparing of adults older than 60 years of age31213 is presumably due to the exposure
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of persons in this age group to antigenically re-
lated influenza viruses earlier in life, resulting in
the development of cross-protective antibodies
(Table 2 in the Supplementary Appendix).®4

Rates of illness from 2009 H1N1 virus infec-
tion have varied, but during one outbreak in New
Zealand, the attack rate of illness was estimated
at 7.5%, and the attack rate of overall infection
was estimated at 11%.> An estimated one third
of infections in one boarding school were sub-
clinical.*® After the peak of a second wave of in-
fection in Pittsburgh, the seroprevalence of he-
magglutination-inhibition antibody suggested that
about 21% of all persons and 45% of those be-
tween the ages of 10 and 19 years had become
infected.*”

The overall case fatality rate has been less than
0.5%, and the wide range of estimates (0.0004 to
1.47%) reflects uncertainty regarding case ascer-
tainment and the number of infections.'®2° The
case fatality rate for symptomatic illness was es-
timated to be 0.048% in the United States?* and
0.026% in the United Kingdom.*® In contrast to
seasonal influenza, most of the serious illnesses
caused by the pandemic virus have occurred
among children and nonelderly adults, and ap-
proximately 90% of deaths have occurred in those
under 65 years of age.

Rates of hospitalization and death have varied
widely according to country.?? Hospitalization
rates have been highest for children under the age
of 5 years,?? especially those under the age of
1 year, and lowest for persons 65 years of age or
older.?® In the United States, among patients who
were hospitalized with pandemic influenza, 32 to
45% were under the age of 18 years.?*?* Approxi-
mately 9 to 31% of hospitalized patients have been
admitted to an intensive care unit (ICU), where
14 to 46% of patients have died.23-?” The overall
case fatality rate among hospitalized patients
appears to have been highest among those 50
years of age or older and lowest among chil-
dren.1,13,23,27

TRANSMISSION AND OUTBREAKS
The mechanisms of person-to-person transmis-
sion of the 2009 HIN1 virus appear to be similar
to those of seasonal influenza, but the relative
contributions of small-particle aerosols, large drop-
lets, and fomites are uncertain. Rates of second-
ary outbreaks of illness vary according to the set-
ting and the exposed population, but estimates
range from 4 to 28%. Household transmission is

highest among children and lowest among adults
over 50 years of age.?8:2° In the United Kingdom
and the United States, the rates of secondary out-
breaks in households were 7% and 13%, respec-
tively, with children at increased risk for infec-
tion by a factor of two to four.1>2® Many outbreaks
have occurred in schools, day-care facilities, camps,
and hospitals.1®3%31 Estimates of the basic repro-
duction number (the mean number of secondary
cases of infection transmitted by a single primary
case in a susceptible population) generally range
from 1.3 to 1.7 according to the setting, which are
similar to or slightly higher than the estimates
for seasonal influenza,2%:32:33 but may be as high
as 3.0 to 3.6 in outbreaks in crowded schools.?!

RISK GROUPS AND RISK FACTORS FOR SEVERE
DISEASE
Approximately one quarter to one half of patients
with 2009 HIN1 virus infection who were hospi-
talized or died had no reported coexisting medi-
cal conditions.323:26:27.34 Underlying conditions
that are associated with complications from sea-
sonal influenza also are risk factors for complica-
tions from 2009 H1N1 virus infection (Table 1).
Pregnant women (especially those in the second or
third trimester), women who are less than 2 weeks
post partum, and patients with immunosuppres-
sion or neurologic disorders have also been over-
represented among those with severe 2009 HIN1
virus infection.?3242%35 Although pregnant women
represent only 1 to 2% of the population, among
patients with 2009 HIN1 virus infection, they
have accounted for up to 7 to 10% of hospitalized
patients,?224 6 to 9% of ICU patients,2*?7 and 6
to 10% of patients who died.233> There appears
to be a particularly increased risk of death among
infected women during the third trimester,3° es-
pecially among those who have coinfection with
the human immunodeficiency virus (HIV).3”

Among patients with severe or fatal cases of
2009 HINT1 virus infection, severe obesity (body-
mass index [the weight in kilograms divided by
the square of the height in meters], >35) or mor-
bid obesity (body-mass index, >40) has been re-
ported at rates that are higher by a factor of 5 to
15 than the rate in the general population.2326:27,38
In addition to obesity-associated risks, such as
cardiovascular disease and diabetes, possible ad-
verse immunologic effects and management prob-
lems related to obesity may be contributory.

In certain disadvantaged groups, including in-
digenous populations of North America and the
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Table 1. Risk Factors for Complications of or Severe lliness

with 2009 H1N1 Virus Infection.*

Risk Factor

Age <5 yr
Pregnancy

Chronic cardiovascular condition Congestive heart

Chronic lung disorder
Metabolic disorder Diabetes
Neurologic condition

Immunosuppression
Morbid obesity

Hemoglobinopathy
Chronic renal disease
Chronic hepatic disease Cirrhosis
Long history of smoking

Long-term aspirin therapy in children

Age =65 yr Highest case fata

Increased risk especially for children <2 yr of age; highest hospitalization
rates among children <1 yr

Risk of hospitalization increased by a factor of 4 to 7, as compared with age-
matched nonpregnant women, with highest risk in third trimester

to be an independent risk factor

Asthma or COPD, cystic fibrosis

Neuromuscular, neurocognitive, or seizure disorder

Associated with HIV infection, organ transplantation, receipt of chemothera-
py or corticosteroids, or malnutrition

Suggested but not yet proved to be an independent risk factor for complica-
tions requiring hospitalization or ICU admission and possibly for death

Sickle cell anemia

Renal dialysis or transplantation

Suggested but not yet proved to be an independent risk factor

Risk of Reye’s syndrome; drugs containing salicylates should be avoided in
children with influenza

Examples and Comments

failure or atherosclerotic disease; hypertension not shown

lity rate but lowest rate of infection

s

COPD denotes chronic obstructive pulmonary disease, HIV

of 40 or more.

human immunodeficiency virus, and ICU intensive care unit.

Morbid obesity is defined as a body-mass index (the weight in kilograms divided by the square of the height in meters)

Australasia—Pacific region, rates of severe 2009
HIN1 virus infection have been increased by a
factor of five to seven.?*2%27 Factors that may con-
tribute to this trend include crowding; an in-
creased prevalence of underlying medical disor-
ders, alcoholism, and smoking??; delayed seeking
of or access to care; and possibly unidentified
genetic factors. Aboriginal status, the presence of
coexisting conditions, and delayed receipt of anti-
viral therapy were independently associated with
severe disease in one Canadian study.3°

PATHOGENESIS

VIRAL REPLICATION
Studies of hemagglutinin-receptor binding indi-
cate that the 2009 HIN1 virus is well adapted to
mammalian hosts and binds to both «2,6-linked
cellular receptors (as do seasonal influenza vi-
ruses) and «2,3-linked receptors,*® which are
present in the conjunctivae, distal airways, and al-
veolar pneumocytes. The 2009 HIN1 virus shows
increased ex vivo replication in human bronchial
epithelium at 33°C, as compared with a seasonal
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influenza virus,** and is also characterized by in-
creased replication and pathological changes in
the lungs of nonhuman primates and increased
replication in ex vivo human lung tissues.'® Such
observations may help explain the ability of the
virus to cause severe viral pneumonitis in humans.
In uncomplicated illness, nasopharyngeal viral
RNA loads peak on the day of onset of symptoms
and decline gradually afterward.*> However, viral
replication may be more prolonged than in sea-
sonal influenza, and on day 8 of uncomplicated
illness in adults and teenagers, nasopharyngeal
swabs have yielded viral RNA in 74% of patients
and infectious virus in 13% of patients.3%#3 In-
fectious virus has been recovered from children up
to 6 days after the resolution of fever.
Nasopharyngeal viral loads are increased in
patients with severe pneumonia and decline slowly
in critically ill patients.** Among intubated pa-
tients, viral RNA has been detected at higher levels
and for longer periods in the lower respiratory
tract than in the upper respiratory tract.*> Viral
RNA may be detected in secretions from the lower
respiratory tract up to 28 days after the onset of
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severe pneumonia*® and longer in patients with
immunosuppression. Viral RNA and (infrequently)
infectious virus have been detected in the stool
of patients, and viral RNA has been detected in-
frequently in blood or urine of patients,***> al-
though one small study reported the frequent de-
tection of viral RNA in blood, regardless of the
severity of the illness.*’

IMMUNE RESPONSES
The patterns of innate and adaptive immune re-
sponses in patients with 2009 H1N1 virus infec-
tion are incompletely characterized. Seasonal and
pandemic 2009 HIN1 viruses induce similar pro-
inflammatory mediator responses in human cells
in vitro** but do not activate effective innate an-
tiviral responses in human dendritic cells and
macrophages.*® Increased plasma levels of inter-
leukin-15, interleukin-12p70, interleukin-8, and
especially interleukin-6 may be markers of criti-
calillness.*>#” High systemic levels of interferon-y
and mediators involved in the development of
type 1 and type 17 helper T-cell responses have
been reported in hospitalized patients.*” As com-
pared with patients with less severe illness, pa-
tients who died or who had the acute respiratory
distress syndrome (ARDS) had increased plasma
levels of interleukin-6, interleukin-10, and inter-
leukin-15 throughout the illness and of granulo-
cyte colony-stimulating factor, interleukin-le, in-
terleukin-8, interferon-inducible protein 10, and
tumor necrosis factor @ during the late phase of
illness.** Levels of serum hemagglutination-inhi-
bition and neutralizing antibodies rise promptly
after infection in immunocompetent persons,*# but
symptomatic reinfections have been reported.*°

PATHOLOGICAL FEATURES
In fatal cases of HIN1 virus infection, the most
consistent histopathological findings are varying
degrees of diffuse alveolar damage with hyaline
membranes and septal edema, tracheitis, and nec-
rotizing bronchiolitis>*->2 (Fig. 1). Other early
changes include pulmonary vascular congestion
and, in some cases, alveolar hemorrhage. In ad-
dition to infecting cells in upper respiratory and
tracheobronchial epithelium and mucosal glands,
the 2009 HIN1 virus targets alveolar lining cells
(type I and II pneumocytes)>° (Fig. 2). Viral anti-
gens have been readily detectable in about two
thirds of patients who died within 10 days after
the onset of illness and may be detectable for

more than 10 days.>° Other autopsy findings in-
clude hemophagocytosis, pulmonary thromboem-
boli and hemorrhage, and myocarditis.** Broncho-
pneumonia with evidence of bacterial coinfection
has been found in 26 to 38% of fatal cases.5°-52

CLINICAL FEATURES

INCUBATION PERIOD
The incubation period appears to be approximately
1.5 to 3 days, which is similar to that of seasonal
influenza.18:28:31,32,53 I g minority of patients, the
period may extend to 7 days.

CLINICAL PRESENTATION
Infection with the 2009 HIN1 virus causes a broad
spectrum of clinical syndromes, ranging from afe-
brile upper respiratory illness to fulminant viral
pneumonia. Mild illness without fever has been
reported in 8 to 32% of infected persons.>> Most
patients presenting for care have typical influenza-
like illness with fever and cough, symptoms that
are sometimes accompanied by sore throat and
rhinorrhea (Table 2).2:243453-5¢ Systemic symptoms
are frequent. Gastrointestinal symptoms (including
nausea, vomiting, and diarrhea) occur more com-
monly than in seasonal influenza, especially in
adults.>>” Dyspnea, tachypnea in children, chest
pain, hemoptysis or purulent sputum, prolonged
or recurrent fever, altered mental status, mani-
festations of dehydration, and reappearance of
lower respiratory tract symptoms after improve-
ment are signs of progression to more severe dis-
ease or complications.?25-27:58

The principal clinical syndrome leading to hos-
pitalization and intensive care is diffuse viral
pneumonitis associated with severe hypoxemia,
ARDS, and sometimes shock and renal failure.2%:2”
This syndrome has accounted for approximately
49 to 72% of ICU admissions for 2009 HI1N1 vi-
rus infection.2%2” Rapid progression is common,
typically starting on day 4 to 5 after the onset of
illness, and intubation is often necessary within
24 hours after admission. Currently available prog-
nostic algorithms for community-acquired pneu-
monia, such as CURB-65 (a measure of confu-
sion, urea nitrogen, respiratory rate, and blood
pressure and an age of 65 years or older), may
not apply.>® Radiographic findings commonly in-
clude diffuse mixed interstitial and alveolar in-
filtrates, although lobar and multilobar distribu-
tions occur, particularly in patients with bacterial
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Figure 1. Lung-Tissue Specimen Obtained at Autopsy
from a 13-Year-Old Boy after a 7-Day Clinical Course
of 2009 H1N1 Virus Infection.
The specimen shows diffuse alveolar damage with hya-
line membrane formation (arrows) and hemorrhage
(hematoxylin and eosin). The patient, who had cerebral
palsy, received oseltamivir for 2 days before he died.
No evidence of bacterial coinfection was present.
(Courtesy of Dr. Sherif R. Zaki, CDC.)

Figure 2. Immunostaining of Influenza Viral Antigens
in Lung-Tissue Specimen Obtained at Autopsy from
a 55-Year-Old Woman after a 7-Day Clinical Course
of 2009 H1N1 Virus Infection.

The specimen shows viral antigens (red color) in the
nuclei of alveolar-lining cells (arrows), including type |
and type Il pneumocytes. Many infected cells have de-
tached and are seen in alveolar spaces. Evidence of
Streptococcus pneumoniae coinfection was also present
in the patient, who had Down’s syndrome and hepati-
tis B infection (mouse anti-influenza nucleoprotein
monoclonal antibody with naphthol fast-red substrate
and hematoxylin counterstain). (Courtesy of Dr. Sherif
R. Zaki, CDC.)

coinfection. Chest computed tomography has
shown multiple areas of ground-glass opacities,
air bronchograms, and alveolar consolidation, par-
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ticularly in the lower lobes.?* Small pleural effu-
sions occur, but an increased volume suggests
volume overload or possibly empyema. Pulmonary
thromboemboli have occurred in some critically
ill patients with ARDS.

Other important syndromes include severe,
prolonged exacerbation of chronic obstructive pul-
monary disease (COPD) or asthma (in about 14 to
15% of patients), bacterial coinfections, and decom-
pensation of serious coexisting conditions (Table
1).232627 Among hospitalized patients with 2009
HIN1 infection, a history of asthma has been
reported in 24 to 50% of children and adults,
and COPD in 36% of adults.?*2* Bacterial pneu-
monia, usually caused by Staphylococcus aureus (of-
ten methicillin-resistant), Streptococcus pneumoniae,
S. pyogenes, and sometimes other bacteria, has been
suspected or diagnosed in 20 to 24% of ICU pa-
tients and has been found in 26 to 38% of pa-
tients who died, often in association with a short
clinical course.2%:275%52 Death from 2009 HIN1
virus and bacterial coinfection has occurred with-
in 2 to 3 days in some cases. Sporadic cases of
neurologic manifestations (confusion, seizures,
unconsciousness, acute or postinfectious enceph-
alopathy, quadriparesis, and encephalitis)*® and
myocarditis have been reported, including some
fulminant cases.

Laboratory findings at presentation in patients
with severe disease typically include normal or
low-normal leukocyte counts with lymphocytope-
nia and elevations in levels of serum aminotrans-
ferases, lactate dehydrogenase, creatine kinase,
and creatinine.?2%>27 Myositis and rhabdomyoly-
sis have occurred in severe cases. A poor progno-
sis is associated with increased levels of creatine
kinase, creatinine, and perhaps lactate dehydro-
genase, as well as with the presence of thrombo-
cytopenia and metabolic acidosis (Table 3 in the
Supplementary Appendix).2

SPECIAL POPULATIONS
Young children with 2009 HIN1 virus infection
may have marked irritability, severe lethargy, poor
oral intake, dehydration resulting in shock, and
seizures.>*°° Other complications include invasive
bacterial coinfections, encephalopathy or enceph-
alitis (sometimes necrotizing), and diabetic ke-
toacidosis.5*° Bronchiolitis in infants and croup
in young children may require hospitalization
but do not usually necessitate ICU care. Suspect-
ed transplacental transmission of the 2009 HIN1

NEJM.ORG MAY 6, 2010

The New England Journal of Medicine

Copyright © 2010 Massachusetts Medical Society. All rights reserved.



‘Buiniwon pey 9%0¥ pue ‘uted [eulwopqe pey 90T A[orewixoidde ‘syuaied asayy JO ||

‘eaudAyoey pey sjuaned asay] [

‘elwaxodAy pey sjuaijed asay] §

“Apnis paysiignd ay1 ui aanSyy e Ul SaN|jeA Wolj pajewnsa aiam Jey) saSejuadiad ale siaquINu asay |

‘uoldajul SNIIA TNTH 6002 JO S9SBD palulijuod-A1ojeloqe| 4o pajdadsns Jayiia pey sjuaited |

'9|qe|[IBAR J0U S910USP YN "SIOJBUILLIOUSP J3||BLUS YliM paje|nd|ed aiam sadejuadiad syl jo Auew ‘Janamop "pajedipul si sjuaiied Apnis jo Jaquinu |30} 3y ‘Uwin|od yoes jo doj ayl 1y »

MEDICAL PROGRESS

Suiniwon
(o1) 07 @8 VN (92) 6¢ (zg) 6¢ @s (o1) 92 (o1) 529 10 uted [euiwopqy
(8) 21 (¢) z1 (e v (s2) 8¢ (€2) 82 (9) €1 (6) zz (¥) 192 eayuelq
foz (z1) ¥2 VN (e (L2 v (s2) 1¢ VN VN VN Suizaaym
bios §(08) €91 VN (0o1) 81 (g¢2) o11 (¢¥) 2§ VN (69) 911 () 2y eaudsig
() 8 (£€) 951 VN (1¢) 9% (1¢) 8¢ (6€) 58 (91) 0¥ (22) vt 1801y} 3105
(29) s¥ (t€) €9 (¥2) 101 (82) ¢ (zg) 8 (s¥) s (€8) 2L (s2) €9 (g€) votC EayIoulyy
VN (91) 89 VN VN VN (€€) 2z (8) 1z (z2) os¢T uo1sa3U0D |eseN
(€)9 (02) €8 (e v (sv) 89 (02) vz (1) 8¢ (62) sz (6€) 08¥C aydepesH
(69) Tv1 (0£) 967 (001) 81 (¢6) 6€T (z8) oot (65) 8z1 (98) oz (o¥) 0sse y3nod
()9 (o1) v (vv) 8 (19) 9z (81) zz (61) ¥ (1€) 08 (0€) 0061 seidjeAn
(18) 25 (68) 18T (9¢) €51 (0o1) 81 (s6) €v1 (¥6) STT (s6) 907 (s8) 812 (ev) 91s2 D.8€< 24njesadwia
(1u2242d) 12quinu
(82=N) (roz=N) (9zv=N) (81=N) (0s1=N) (zz1=N) (t1z=N)  (ssz=N) swened  L(92£9=N)
PIO A LT> PIOJAST>  sjualied pa3je|os| sjuaied PIO 4A 8T PIOJAQT>  saseD pawuyuo) ||| A|eanud  sjusneding pue
Sjualled sjudlled pue |1 A|pIIIN 111 Ajjeanud Ssjudlled Ssjuslled -Ki01e10qET sjuaneduy ||y
pazijeydsoH pazijendsoH pazijeydsoH pazijendsoH
osiopSuny yeeunuadiy ecBUIYD ZODIX3 »2S91BIS pajun scuedef »sOIIXOI woydwiAsg

pauun

#'9PIMPJIOA UOIIDRJU| SNIIA TNTH 6002 2IWapuBd pawiyuod 1o payadsns yiim sjuaied o sdnois ul sajyoid wordwiAs *z s|qe

1713

The New England Journal of Medicine

N ENGL) MED 362;18 NEJM.ORG MAY 6, 2010
Downloaded from www.nejm.org by ANTONIS PAPADOPOUL OS on November 29, 2010. For personal use only. No other uses without permission.

Copyright © 2010 Massachusetts Medical Society. All rights reserved.



1714

Downloaded from www.nejm.org by ANTONIS PAPADOPOUL OS on November 29, 2010. For personal use only. No other uses without permission.

The NEW ENGLAND JOURNAL of MEDICINE

virus has been reported,®? and respiratory trans-
mission from a symptomatic mother to a newborn
can occur during the postpartum period. Newborn
infants may also have apnea, tachypnea, cyanosis,
and lethargy. Pregnant women are at increased
risk for severe illness, spontaneous abortion, pre-
term labor and birth, and fetal distress.35:3%:57
Afebrile or atypical presentations have occurred
in pregnant women, patients with immunosup-
pression, those undergoing hemodialysis, and
other risk groups (Table 1). Patients with severe
immunosuppression are at increased risk for pro-
tracted viral replication and pneumonia.®®%4

DIAGNOSIS

CLINICAL FACTORS
Clinical suspicion and the accuracy of diagnosis
vary substantially, depending on whether the case
occurs sporadically or during a recognized out-
break, when a typical presentation of influenza-
like illness is likely to represent 2009 H1N1 virus
infection. However, the wide clinical spectrum of
2009 H1NT1 virus infection and its features that
overlap with those of other common infections
have sometimes led to the misdiagnosis of other
potentially treatable infections (e.g., legionello-
sis, meningococcemia, leptospirosis, dengue, and
malaria).>® Coinfection with dengue or certain re-
spiratory viruses (parainfluenza virus and respi-
ratory syncytial virus) and detection of S. pneumo-
niae have been reported in some patients with
severe 2009 H1N1 virus infection.®> Coinfection
with other respiratory viruses, including seasonal
influenza virus, has also been reported.3+°

VIROLOGIC FACTORS
Viral RNA detection by conventional or real-time
reverse-transcriptase—polymerase-chain-reaction
(RT-PCR) assay remains the best method for the
initial diagnosis of 2009 H1N1 virus infection.>®
Nasopharyngeal aspirates or swabs taken early
after the onset of symptoms are suitable samples,
but endotracheal or bronchoscopic aspirates have
higher yields in patients with lower respiratory
tract illness.*®>8:°¢ One study showed that among
patients with detectable HIN1 viral RNA in bron-
choscopic samples, 19% had negative upper re-
spiratory tract samples.°® Negative lower respira-
tory tract samples have been noted in 10% or more
of patients with severe 2009 HI1N1 virus infection.
Consequently, negative results in single respira-

N ENGLJ MED 362,18

tory specimens do not rule out 2009 HIN1 virus
infection, and repeated collection of multiple re-
spiratory specimen types is recommended when
clinical suspicion is high.

Commercially available rapid influenza antigen
assays have poor clinical sensitivity (11 to 70%)
for the detection of 2009 H1N1 virus in respira-
tory specimens and cannot differentiate among
influenza A subtypes (Table 4 in the Supplemen-
tary Appendix). Consequently, negative test results
should not be used to make decisions with re-
spect to treatment or infection control. Direct or
indirect immunofluorescence tests are less sen-
sitive than RT-PCR.°

The 2009 H1N1 virus replicates in various cell
types,®” but isolation usually takes several days.
Serologic assays (microneutralization and hemag-
glutination inhibition) that detect increases in
antibody levels in paired serum samples provide
a retrospective diagnosis; single high titers in se-
rum samples from convalescent patients may be
indicative of recent infection,'* but routine testing
of a single specimen to detect recent infection is
not recommended.

CLINICAL MANAGEMENT

ANTIVIRAL THERAPY
The currently circulating 2009 HIN1 virus is sus-
ceptible to the neuraminidase inhibitors osel-
tamivir (Tamiflu) and zanamivir (Relenza) but
is almost always resistant to amantadine and rim-
antadine.>1° Therapy with a neuraminidase in-
hibitor is especially important for patients with
underlying risk factors, including pregnancy,®®
and those with severe or progressive clinical ill-
ness (Table 3).%° Standard doses of oseltamivir or
inhaled zanamivir can be used for the treatment
of mild illness, unless viral resistance to oseltam-
ivir has been documented or is suspected (e.g.,
because of chemoprophylaxis failure), in which
case zanamivir is preferred.

Early therapy with oseltamivir in patients with
2009 H1NT1 virus infection may reduce the dura-
tion of hospitalization”® and the risk of progres-
sion to severe disease requiring ICU admission or
resulting in death.2+3%3¢ In one study involving
45 patients with 2009 H1N1 virus who had can-
cer or had undergone hematopoietic stem-cell
transplantation, 18% had pneumonia and 37%
were hospitalized; all patients received oseltami-
vir, and no deaths were reported.”* Oseltamivir-
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treated patients with HIV infection who were re-
ceiving highly active antiretroviral therapy had a
clinical course similar to that in immunocompe-
tent persons.”? Deaths have occurred despite early
therapy,”® but the administration of oseltamivir
even after an interval of more than 48 hours since
the onset of illness has been associated with re-
duced rates of death among hospitalized patients
infected with the 2009 HIN1 virus,?> seasonal
influenza virus, or H5N1 virus. Decisions regard-
ing antiviral treatment should not await labora-
tory confirmation, and patients presenting with
progressive illness more than 48 hours after the
onset of illness should be treated empirically with
oseltamivir as soon as possible. Patients with
progressive or severe illness who have a negative
initial test result for 2009 HIN1 virus should con-
tinue to receive therapy unless an alternative diag-
nosis is established.

In uncomplicated illness, the early use of osel-
tamivir is usually associated with prompt clear-
ance of infectious 2009 HIN1 virus from the upper
respiratory tract.>®> However, infectious virus has
commonly been detected after the resolution of
fever and has sometimes been detected after the
completion of therapy,3° and viral RNA of uncer-
tain clinical significance may be detectable for
up to 12 days after the onset of illness.” In one
study, the independent risk factors for prolonged
viral RNA detection were an age of less than 14
years, male sex, and an interval of more than 48
hours between the onset of illness and the start
of oseltamivir treatment.53

In severely ill patients, viral RNA may be de-
tectable in endotracheal aspirates for several weeks
after the initiation of oseltamivir therapy.*>#° An
increased dose of the drug (e.g., 150 mg twice
daily in adults) and particularly an increased du-
ration of therapy (e.g., a total of 10 days) with
avoidance of treatment interruptions are reason-
able in patients with pneumonia or evidence of
clinical progression.®® Doses of up to 450 mg twice
daily have been administered successfully in
healthy adults, and controlled studies of higher-
dose regimens are in progress. Higher weight-
adjusted doses are also required in infants and
young children to provide drug exposure similar
to that in adults.®>7> Bioavailability in critically
ill patients receiving oseltamivir by nasogastric
tube appears to be similar to that in patients
with uncomplicated illness.” The tolerability and
efficacy of inhaled zanamivir have not been ad-

N ENGLJ MED 362,18

equately studied in patients with severe influenza.
However, the failure of inhaled zanamivir ther-
apy to clear virus in patients with pneumonia has
been reported.®* Some seriously ill patients treat-
ed with inhaled zanamivir have had respiratory
distress, and nebulized delivery of extemporane-
ously prepared solutions of zanamivir powder with
its lactose carrier has been associated with le-
thal ventilator dysfunction.””

OSELTAMIVIR RESISTANCE
A His275Tyr mutation in viral neuraminidase con-
fers high-level resistance to oseltamivir but not
to zanamivir.>7® Most oseltamivir-resistant 2009
HI1N1 viruses have been sporadic isolates from
treated patients, particularly those with immuno-
suppression who received prolonged oseltamivir
therapy®3°# or those in whom postexposure osel-
tamivir chemoprophylaxis failed.”® However, osel-
tamivir-resistant isolates have been found in pa-
tients without known exposure to oseltamivir and
in limited clusters of cases associated with per-
son-to-person transmission in otherwise healthy
patients and those with immunosuppression.”s7°
Although in most cases oseltamivir-resistant vari-
ants have caused mild, self-limited illness, they
have been associated with pneumonia in children
and with severe, sometimes fatal illness in pa-
tients with immunosuppression.®+78:80

INTRAVENOUS NEURAMINIDASE INHIBITORS
Intravenous administration of zanamivir or peram-
ivir provides rapid drug delivery at high levels
(Table 5 in the Supplementary Appendix). The ef-
ficacy of intravenous peramivir appeared to be
similar to that of oseltamivir in one study of adults
hospitalized with seasonal influenza,®* but pera-
mivir is less active by a factor of at least 80 for osel-
tamivir-resistant viruses carrying the His275Tyr
mutation than for oseltamivir-susceptible viruses.
Intravenous zanamivir (if available) is the preferred
option for hospitalized patients with suspected or
documented oseltamivir-resistant 2009 HIN1
virus infection.®®°+28° Both drugs are available on
a compassionate-use basis for treating seriously
ill patients, and peramivir was recently authorized
for emergency use in hospitalized patients in the
United States®! and licensed for use in Japan.

General principles of clinical management and
prevention are summarized in WHO®® and coun-
try-specific guidelines and are reviewed in the
Supplementary Appendix.
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FUTURE DIRECTIONS

A large amount of information about the natural
history and clinical management of 2009 HIN1
virus infection has been obtained in a remarkably
short period of time, but considerable gaps remain.
The uncertain evolution of this virus among hu-
mans and potentially other species highlights the
need for continued virologic surveillance for an-
tigenic changes, viral reassortment, antiviral re-
sistance, and altered virulence. Improvements in
the global capacity for detection of influenza vi-
ruses by molecular analysis, such as RT-PCR as-
say, and by viral isolation are needed. A simple,
inexpensive, highly accurate rapid influenza di-
agnostic test that is easily deployable worldwide
has yet to be developed. The burden and character
of disease in low-resource settings are still in-
completely understood,? especially with respect
to disadvantaged populations, including margin-
alized, refugee, and aboriginal populations. Pov-
erty, homelessness, illiteracy, recent immigration,
language barriers, and cultural factors may im-
pede access to care, with the potential for more
serious outcomes of influenza. Thus, public
health efforts reduce risk factors and to identify
at-risk populations for the purpose of providing
immunization and early care, including the use of
antiviral drugs, should focus on social as well as
clinical factors. Both experience with previous
pandemics and recent modeling efforts indicate
that the age bias observed for outbreaks of 2009
H1N1 virus infection may shift in coming months
toward older persons, with implications for the
allocation of public health resources.®?

Major gaps exist in our understanding of viral
transmission, pathogenesis of disease, genetic and
other host factors related to susceptibility®+*5 or
disease severity, and optimal management of se-
vere illness. The development of new antiviral
regimens with improved effectiveness, combina-
tions with targeted adjunctive therapies (i.e., im-
munodulators and neutralizing antibodies or
immunotherapy), and improved management of
influenza-associated ARDS are priorities, along
with better prevention, recognition, and treat-
ment of invasive bacterial coinfections. Available
findings highlight the importance of early use of
antiviral drugs and antibiotics in the treatment of
serious cases and of the potential value of influ-
enza-specific and pneumococcal vaccines for pre-
vention. Both the gaps in knowledge and the ex-
perience to date underline the urgent need for
better international collaboration in clinical re-
search, particularly in the case of diseases with
pandemic potential, for which rapid detection, in-
vestigation, and characterization of clinical syn-
dromes are prerequisites for improved mitigation

of their public health consequences.
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