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animal source — e.g., highly
pathogenic  avian influenza
(HPAI) A (H5N1) virus; or it
might signal the start of an in-
fluenza pandemic — e.g., influ-
enza A(HIN1)pdmO09 virus. There-
fore, the discovery of novel
influenza A (H7N9) virus infec-
tions in three critically ill pa-
tients reported in the Journal by
Gao and colleagues is of major
public health significance. Chi-
nese scientists are to be congrat-
ulated for the apparent speed
with which the H7N9 virus was
identified, and whole viral ge-
nome sequences were made pub-
licly available in relatively short
order. Because this H7N9 virus

has not been detected in humans
or animals previously, the situa-
tion raises many urgent questions
and global public health concerns.

The key question for pandemic
risk assessment is whether there
is evidence of either limited or,
more important, sustained hu-
man-to-human transmission —
the latter being indicative of an
emerging pandemic. If human-
to-human transmission occurs,
transmission dynamics, modes
of transmission, basic reproduc-
tive number, and incubation pe-
riod must all be determined. It
is possible that these severely ill
patients represent the tip of the
iceberg and that there are many
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more as-yet-undetected mild and
asymptomatic infections. Deter-
mining the spectrum of illness
will help us understand the
scope of the problem and assess
severity. Enhanced surveillance
for H7N9 virus infection is there-
fore urgently needed among
hospitalized patients and outpa-
tients of all ages with less severe
respiratory illness. Other useful
information can be derived from
monitoring close contacts of pa-
tients with confirmed H7N9 cases
to assess whether family mem-
bers or health care personnel who
provided care for patients with
H7N9 virus infection have respi-
ratory illness and laboratory-con-
firmed H7N9 virus infection.
Such investigations will clarify
whether H7NO virus transmission
in people appears efficient, or
whether limited, nonsustained hu-
man-to-human transmission is oc-
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curring in persons with prolonged
unprotected exposures, such as in
clusters of HPAI H5N1 cases in
blood-related family members. So
far, the information provided by
Chinese health officials provides
reassurance that sustained human-
to-human transmission is not oc-
curring.

In addition to causing severe
illness and deaths, the novel H7N9
viruses reported by Gao and col-
leagues have genetic characteris-
tics that are of concern for pub-
lic health. The hemagglutinin
(HA) sequence data suggest that
these H7N9 viruses are a low-
pathogenic avian influenza A vi-
rus and that infection of wild
birds and domestic poultry would
therefore result in asymptomatic
or mild avian disease, potentially
leading to a “silent” widespread
epizootic in China and neighbor-
ing countries. If H7N9 virus in-
fection is primarily zoonotic, as
reports currently suggest, trans-
mission is expected to occur
through exposure to clinically
normal but infected poultry, in
contrast to HPAI H5N1 virus in-
fection, which typically causes
rapid death in infected chickens.

The gene sequences also indi-
cate that these viruses may be
better adapted than other avian
influenza viruses to infecting
mammals. For example, the
presence of Q226L in the HA
protein has been associated with
reduced binding to avian-like re-
ceptors bearing sialic acids linked
to galactose by «-2,3 linkages
found in the human lower respi-
ratory tract,® and potentially an
enhanced ability to bind to mam-
malian-like receptors bearing si-
alic acids linked to galactose by
a-2,6 linkages located in the hu-
man upper airway.® Equally trou-
bling is that Q220L in HA has
been shown to be associated with
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transmission of HPAI H5N1 vi-
ruses by respiratory droplets in
ferrets, one of the animal mod-
els for assessing pathogenicity
and transmissibility of influenza
viruses.3 These H7N9 viruses
also possess the E627K substitu-
tion in the PB2 protein, which has
also been associated with mam-
malian adaptation and respira-
tory-droplet transmission of HPAI
H5N1 virus in ferrets.? This H7N9
virus is a novel reassortant with
HA and neuraminidase (NA) genes
from an ancestral avian H7N9 vi-
rus and the six other genes from
an avian HIN2 virus. The animal
reservoir now appears to be birds,
but many experts are asking
whether these viruses might also
be able to infect pigs, another
common reservoir for zoonotic in-
fections. The viral sequence data
indicate antiviral resistance to the
adamantanes and susceptibility to
neuraminidase inhibitors, except
for a 292K mutation in the NA
protein of the A/Shanghai/1/2012
virus. Because this mutation has
been associated with in vitro re-
sistance to neuraminidase inhib-
itors in another N9 NA subtype
virus, additional analyses must
be undertaken to understand its
significance. It is not known
whether this mutation arose de
novo in the host or is associated
with oseltamivir treatment. On-
going surveillance is crucial to
assessing the emergence and prev-
alence of H7N9 viruses resistant
to available antivirals.

Since available diagnostic as-
says used in clinical care (e.g.,
rapid influenza diagnostic tests)
may lack sensitivity to identify
H7N9 virus and since existing
molecular assays will identify
H7NO9 virus as a nonsubtypeable
influenza A virus, a critical pub-
lic health issue is the rapid devel-
opment, validation, and deploy-
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ment of molecular diagnostic
assays that can specifically de-
tect H7N9 viral RNA. Such as-
says have been developed in
China and are in development in
many countries including the
United States, and they will be
deployed as they were for the
2009 HIN1 pandemic.* Having
available H7-specific assays will
facilitate surveillance of H7N9
virus infections and help ad-
dress key questions such as the
duration of viral shedding, the
infectious period, the optimal
clinical specimens for laborato-
ry confirmation, and the spec-
trum of clinical illness.

The clinical features described
in the three patients with H7N9
virus infection, including fulmi-
nant pneumonia, respiratory fail-
ure, acute respiratory distress
syndrome (ARDS), septic shock,
multiorgan failure, rhabdomyol-
ysis, and encephalopathy, are very
troubling. Clinical care of severe-
ly ill patients should be focused
on evidence-based supportive man-
agement of complications such as
ARDS. Adherence to recommend-
ed infection-control measures in
clinical settings to reduce the risk
of nosocomial transmission can-
not be overemphasized.

All three patients with H7N9
virus infection reported by Gao
and colleagues received late treat-
ment with oseltamivir starting on
day 7 or 8 of illness while criti-
cally ill. Data related to human
infections with seasonal, pan-
demic, and HPAI H5N1 viruses
indicate that the earlier antiviral
treatment is initiated, the great-
er the clinical benefit. There-
fore, oral oseltamivir or inhaled
zanamivir should be administered
to patients with suspected or
confirmed H7N9 virus infection
as soon as possible. Secondary in-
vasive bacterial infections associ-
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ated with influenza can cause se-
vere and fatal complications, and
appropriate empirical antibiotic
treatment for community-acquired
bacterial infections may be indi-
cated for initial management of
severe H7N9 pneumonia. Caution
should be exercised regarding the
use of glucocorticoids, which are
not indicated for routine treat-
ment of influenza. Clinical re-
search, including randomized,
controlled trials and observation-
al studies, is urgently needed on
new antiviral agents, including
parenteral neuraminidase inhib-
itors and drugs with different
mechanisms of action, combina-
tion antiviral treatment, and im-
munotherapy. To inform clinical
management, rapid clinical data
collection, data sharing, analysis,
and timely feedback are needed
worldwide.>

Because H7N9 virus infections
have not occurred in humans be-
fore, it is expected that persons
of all ages might be susceptible
worldwide. Serologic assays must
be developed so that studies can
be conducted to determine wheth-
er some people have cross-reac-
tive antibodies to these viruses
from prior influenza A virus in-
fections. Existing H7-vaccine vi-
ruses are not well matched to
this novel H7N9 virus, and ex-
tensive efforts are under way to
develop potential H7N9 vaccines
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as quickly as possible. These ef-
forts have started worldwide us-
ing the H7N9 sequence data ob-
tained from these early cases,
and sharing of H7N9 viruses
will further facilitate vaccine de-
velopment. There are many chal-
lenges to making H7N9 vaccines
available. Previously studied H7
vaccines were poorly immuno-
genic in humans, and clinical
trials to assess the safety and
immunogenicity of H7N9 vac-
cine candidates will be needed.
But even if new vaccine manu-
facturing technologies, such as
tissue-cell-culture—derived vaccine
antigens, are utilized, the pro-
cess from vaccine development to
availability will probably take
many months.

The 2009 HIN1 pandemic
taught us many lessons, includ-
ing that a pandemic virus can
emerge from an animal reservoir
in an unexpected location and be
spread rapidly through air travel.
The focus on critically ill adults
early in the pandemic led to ele-
vated public concern about pan-
demic severity. Clear communica-
tion of key messages to the public
and the clinical community is
critical in implementing success-
ful prevention and control activ-
ities. The detection of human
H7NO9 virus infections is yet an-
other reminder that we must
continue to prepare for the next
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influenza pandemic. The coming
weeks will reveal whether the epi-
demiology reflects only a wide-
spread zoonosis, whether an H7N9
pandemic is beginning, or some-
thing in between. The key is in-
tensified surveillance for H7N9
virus in humans and animals to
help answer important questions.
We cannot rest our guard.

Disclosure forms provided by the au-
thors are available with the full text of this
article at NEJM.org.
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