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(May 5, 2009).

Figure 2. Distribution of 642 Confirmed Cases of Human Infection with Swine-Origin Influenza A {HIN]) Virus in the United States

There were no cases in the District of Columbia. One case involving a resident of Kentucky occurred in Georgla

mechanical ventilation. Fourteen-patients (74%)
were treated with oseltamivir after admission to
the hospital. As of May 5, 18 of the 22 patients
(82%) had recovered from the acute illness; 2
patients — a previously healthy 23-month-old
child ang a previously healthy 30-year-old woman
— remained critically ill with respiratory failure,
and the 22-month-old child with neonatal my-
asthenia gravis and the 33-year-old woman who
was pregnant when she became ill died.

LABORATORY ANALYSES

Original clinical samples that were obtained from
all 642 patients with confirmed infection and that
were received by the CDC were tested with the use
of real-time RT-PCR assays for swine influenza,
and all the samples were confirmed to be positive
for S-OIV, Among the 49 S-OIV isolates from 13
states in the United States that were sequenced at
the CDC as of May 5, 2009, all were 99 to 100%
identical in all genes. Phylogenetic analysis of se-

quences of all genes of A/California/04{2009, the
virus isolated from Patient 1, showed that its ge-
nome contained six gene segments {(PB2, PB1, P4,
HA, NP, and NS) that were similar to ones previ-
ously found in triple-reassortant swine influenza
viruses circulating in pigs in North America (Ta-
ble 2). The genes encoding neuraminidase (NA)
and M protein (M} were most closely related to
those in influenza A viruses circulating in swine
populations in Burasia (Fig. 3). This particular ge-
netic combination of influenza virus segments had
not been seen before in the United States or else-
where. Previous North American triple-reassortant
swine influenza A (H1) viruses were Known to be
composed of the hemagglutinin (HA), nucleopro-
tein (NP), N4, M, and nonstructural protein (NS)
genes, originating from classic swine influenza A
vituses; the po]vrnerase PB2 (PBZ) and polymefase
(PA) genes from avian influenza viruses from the

North American lineage; and the polymerase PB1
(PBI) gene from hum_an influenza A viruses. ’
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Table 1. Characteristics and Symptoms of the 642 Patients with Confirmed
Swine-Origin Influenza A (HIN1).

Fever
Cough
Sore throat
Diarrhea

“Vomiting

Characteristic Value
Male sex— no.ftatal no. (%} 302/592 (51}
Age ‘
Median —yr 20
Range — yr 3moto8lyr
Age group ~ no.ftotal no. (%)
0-23 mo 147532 (3)
2-4yr 27/532 (5)
5-9yr 657532 (12)
10-18yr 2124532 (40)
19-50yr 187/532 (35}
251 yr 27/532 (5)

Student.in school outbreak — no. ftotal no. (%)
Recent history of travel to Mexico — no. ftotal na. (%}

Clinical sympt.oms — no.ftotal no. (%)

Hospitalization — no. jtotal no. (%)

Total 364398 (9)

Had infiltrate on chest radiograph 11/22 (50)

Admitted to intensive care unit 8/22 (36)

Had respiratory failure requiring mechanical 4j22 (18)
ventilation :

Treated with oscltarmivir 14119 (74)

Had full recovery 1822 (82)

Vaccinated with influenza vaccine during'2003—2009 3/19 {16}
season

Died 2/36 (6)

104/642 (16)
68/381 (18)

371394 (94)
. 365/397 (92)
: 242/367 (66)

82/323 (25)

74295 (25)

* A recent history was defined as travel to Mexico no more than 7 days before
the onset of illness.
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Although the HA of $-OIV belongs to the same
lineage as the gene found in recent human cases
of triple-reassortant influenza A (H1) virus infec-
tion, the two genes differ by approximately 20 to
30 amino acids in the HA1 regions alone (Fig. 1
in the Supplementary Appendix). Among viral iso-
lates from the current epidemic, there were up to
five nucleotide changes resulting in four amino
acid changes in HA.

The NA of §-OIV has the closest homology to
the Eurasian lineage of swine influenza viruses,

such as Afswine/Belgium/1/83 HIN1 (Fig. 2 in the
Supplementary Appendix). In contrast, the HiIN1
triple-reassortant swine influenza virus in the re-
cent human infections contains NA from the
North American swine lineage.® The NA genes
from the Eurasian and North American swine in-
fluenza virus lineages are highly divergent, with
more than 77 differences in amino acids between
these lineages. There are two differences in nu-
cleatides and one difference in amino acids be-
tween the viruses isolated from specimens taken
from Patients 1 and 2. Data from both genetic
sequencing and functional necuraminidase-inhi-
bition assays indicate that all $-OIVs that have
been examined are susceptible to both oseltami-

. 'vir and zanamivir, two antiviral medications ap-
.-proved for the prevention and treatment of influ-

enza in the United States (Table 3).

Like NA, the M gene of A/Californiaj04/2009
has the closest homology to the M gene in the
Eurasian lineage of swine influenza viruses (Fig. 3
in the Supplementary Appendix). Analyses of the

‘M gene from all samples from the current epi-

demic showed a serine 31-to-asparagine muration
that confers resistance to M2 blockers (adaman-

" tanes), including amantadine and rimantadine.

This phenotype is typical for recent Eurasian lin-
eage swine influenza viruses but has not previ-
ously been seen in American swine viruses.
Sequences of the PB1, PB2, PA, NP (replication
complex), and NS genes obtained from samples
from the current epidemic have the closest homol-

- ogy to the genes in the swine influenza viruses

that have been recently isolated in the United
States from the North American swine lineage.
These sequences were 99 to 100% identical at the
amino acid level (data not shown; sequences are
available from GenBank).

DISCUSSION

As of May 5, 2009, a total of 642 cases of human
infection with a novel swine-origin influenza A
(H1N1) virus have been identified in the United
States, and additional cases have been identified in
Mexico, Canada, and elsewhere.® On Apiil 25, the
WHO declared a public health emergency of in-
ternational concern, and on April 26, the United
States declared a public health emergency. On
April 29, the WHO raised the pandemic influen-
za phase from 4 to S, indicaring that human-to-
human transmission of the virus was occurring
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in at least two countries in one WHO region. The'
emergence of S-OIV infection among humans pres-
ents the greatest pandemic threat since the emer-
gence of influenza A (H3N2) virus in 1968.

In the United States to date, most confirmed
cases of $-O1V infection have been characterized
by self-limited, uncomplicated febrile respiratory
illness and symptoms similar to those of seasonal
influenza (cough, sore throat, rhinorrhea, head-
ache, and myalgia), but approximately 38% of
cases have also involved vomiting or diarrhea, nei-
ther of which is typical of seasonal influenza,
However, some patients have been hospitalized
with more severe disease, and two patients have
died. The abservation that 60% of patients were
18 years of age or younger suggests that children
and young adults may be more susceptible to
S-QOIV infection than are older persons or that be-
cause of differences in social networks, transmis-
sion to older persons has been delayed. It is also
possible that elderly persons may have some level
of cross-protection against $-OIV infection from
preexisting antibodies against other influenza A
(HINT) viruses, as suggested by serologic studies
of the 1976 swine influenzd vaccine.>® A poten-
tial case-ascertainment bias may also exist, with
more young people being tested as part of out
breaks of S-OIV infection in schools? and fewer
older persons being tested for influenza. How-
ever, the epidemic is evolving rapidly, and the

. number of confirméd cases is an underestimate

of the number of cases that have occurred.
Continued identification of new cases in the
United States and elsewhere indicates sustained
human-to-human transmission of this novel influ-
enza A vitus. The modes of transmission of in-
fluenza viruses in humans, including S-OIV, are
not_known but are thought to occur mainly
through the dissemination of large droplets and
possibly small-particle droplet nuclei® expelled
when an infected person coughs. There is also
potential for transmission through contact with
fomites that are contaminated with respiratory
or gastrointestinal material.%*° Since many pa-
tients with S-OIV infection have had diarrhea,
the potential for fecal viral shedding and subse-

.quent fecal-oral transmission should be consid-

ered and investigated. Until further datza are avail-
able, all potential routes of transmission and
sources of viral shedding should be considéred..

The incubation period for S-OIV infection ap-
pears.to range from 2 to 7 days; however, 2ddi-

Table 2.'Phylogenetic Analysis of Sequences of all Genes {dentified in A/California/04/2003,*

Niicleotide

identities
16211701 (95%)

1302/1410 (92%)

Subtype

NCHI Number )
"AF453600,1

Additional Information

Lineage

Strain

AJSwine/Indiana/P12439/00

Length

Gene
HA

HI1N2
HIN1

1701

North American swine

N

Eurasian swine

AfSwine/8elgium/1/83

Aj412690.1

NA

1410

Human case of H3IN2

945/972 (97%)

H3NZ

Eurasian swing

AfHong Kong/1774/99

Aj293925.1

972

Eurasian swine influenza

North American swine

Ajswing/XoreafJNS06/2004

'AfWisconsinf10/98

2186/2264 (56%)
2203/2274 (96%)

HiN2

EU301177.2
AF342823.1

2264

P82
P81
PA
NP

Naorth American swine

HINI
H1N2

2274

AJswine/North Carolina /23523 /01

AfSwineflowa/533/99

877/925 (94%)
1449/1497 (96%)

North American swine

AF455717.1

925
1497
238

HiNZ
HI3N2

North American swine

AF251415.2

809/338 (96%)

MNorth American swine

AfSwinefMinnesota/9088-2/98

AF153262.1

NS
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Human HINI Cases frem Human HINI Cases

Triple-Reassortant Swine in California
- pB2- S oPB2. s A
Y R — ; PB1 sewsowseess
[ i PA s oo !
[ A

‘NP L]
NA s

i M Emsessav

f "»_‘ NS m

A Classn: swine, North Amencan lmeage

Avian, North American |lneage
Rasmesuswes  Seasonal HIN2

s Eurasian swine lineage

H
i
i
i
i
¢

Frgure 3. Comparison of HIN1 Swine Genotypes in Recent Cases
in the United States,

The triple-reassortant strain was :dentlf’ed in specimens from patients with
infection with triple-reassortant swine influenza viruses before the current
epidemic of human infection with S-OIV. HA denotes the hemagglutinin
gene, M the M protein gene, NA the neuraminidase gene, NP the nucleo-
protein gene, NS the nonstructural protein gene, PA the polymerase PA
gene, PB1 the polymerase PB gene, and PBEZ the polymerase PB2 gene.

tional information is needed. On the basis of data
regarding viral shedding from studies of seasonal
influenza, most patients with §-OIV infection
might shed virus from 1 day before the onset of
symptoms through 5 to 7 days after the onset of
symptoms or until symptoms resolve; in young
children and in immunocompromised or severely
ill patients, the infectious period miglht be longer.2
Studies of viral shedding to define the infectious

- period are under way. The potential for persons
with asymptomatic infection to be the source of
infection to others is unknown but should be in-
vestigated.

The clinical spectrum of nove] S-OIV infection
is still being defined, bur both selflimited iliness
and severe outcomes, including respiratory fail-
ure and death, have been observed among iden-

‘ tified patients — a wide clinical spectrum simi-
' lar to that seen among persons infected with
earlier strains of swine-origin influenza viruses?

s
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and seasonal influenza viruses.** The severe ill-
ness and deaths associated with seasonal influ-
enza epidemics are in large part the result of
secondary complications, including primary viral
pneumonia, secondary bacterial pneumonia {par-
ticularly with group A streptococcus, Staphylococeus
oureus, and Streptococcus pneumoniag),**2° and ex-
acerbations of underlying chronic conditions.2¢
These same complications may occur with S-OIV
infection. Patients who are at highest risk for
severe complications of $-OIV infection are likely
to include but may not be limited to. groups at
highest risk for severe seasonal influenza: chil-
dren under the age of 5 years, adults 65 years. of
age or older, children and adults of any age with
underlying chronic medical conditions, and preg-
nant women.*”*® Of the 22 hospitalized patients
with confirmed §-OIV infection who have been
identified thus far and for whom data are avail-
able, 12 had characteristics {pregnancy, chronic
medical conditions, or an age of less than 5 years)
that conferred an increased risk of severe seasonal
influenza, although none of the patients were 65
years of age or older.

" Human infection with novel S-OIV emerged in
the United States at a time when seasonal influ-
enza A and B virus activity was decreasing. The
cocirculation of human influenza A (HINI) virus,
influenza A (H3N2) virus, or influenza B virus in
areas where human cases of $-OIV infection are
being identified presents diagnostic and treatment
challenges for clinicians. Clinicians should con-

sider the diagnosis of $-QIV infection in patients

with febrile respiratory illness seeking care in
affected areas or in those who. have traveled to
affected areas. The CDC has developed a Swine
Influenza Virus Real-Time RI-PCR Detection Pan-
el. ‘Under the Project Bioshield Act of 2004, the
FDA has issued an emergency-use authorization,
allowing for the use of this assay by state public
health laboratories to respond 1o the current out-
break.?® If S-OIV infection is suspected and diag-
nostic testing is indicated, clinicians should ob-
tain a nasopharyngeal specimen, notify their local
public heaith department, and arrange for speci-
mens to be tested for S-OIV by Swine Influenza

Virus Real-Time RT-PCR Detection Panel, accord-

ing to Jocal and state public health guidance and
after consideration of local Jabdratory capacity for
diagnostic testing.

Two classes of antiviral mcdlcauon are avail-
able for the treatment of seasonal human inflo-

Downloaded from www.nejm.org at NIHON-SEKIJUJ1-on June 22, 2009,
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enza: neuraminidase inhibitors (oseltamivir and
zanamivir) and adamantanes (rimantadine and
amantadine). During the 2008-2009 infiuenza sea-
son, almost all circulating human infloenza A
(H1N1) viruses in the United States were resis-
tant to oseltamivir.2® However, genetic and phe-
notypic analyses indicate that S-OIV is susceptible
to oseltamivir and zanamivir but resistant to the
adamantanes.?! At this time, the clinical effec-
tiveness of antiviral treatment for $-QIV infec-
tion is unknown. As of May 5, 2009, the CDC has
recommended that given the severity of illness
observed among some patients with $-OIV infec-
tion, therapy with neuraminidase inhibitors should
be prioritized for hospitalized patients with sus-
pected or confirmed S-OIV infection and for pa-
tients who are at high risk for complications from
seasonal influenza. As recommendations are up-
‘dated, they will be posted on the CDC’s Web site
-at www.cde.govihinlflufrecommendations.htm.
The FDA has issued an emergency-use authoriza-
tion that approves the use of oseltamivir to treat
influenza in infants ander the age of 1 year
(treatment that is normally approved for those
1 year of age or older) and for chemoprophylaxis
in infants older than 3 months of age (chemo-
prophylaxis that is normally approved for chil-
dren 1 year of age or older).?

Prevention and control measures for $-OIV are
based on our understanding of seasonal human
influenza?* and consideration of potential modes
of transmission. As of May 5, 2009, the CDC has
recornmended that health care workers who pro-
vide direct care for patients with known or sus-
pected $-O1V infection should observe contact and
droplet precautions, including the use of gowns,

. gloves, eye protection, face masks, and fit-tested,
disposable N95 respirators. 1n addition, patients
with confirmed or suspected S-OIV infection
should be placed in a single-patient room with the
door kept closed, and airborne-infection isolation
rooms with negative-pressure handling should be
used whenever an aerosol-generating procedure
is being performed. Frequent hdand washing with
soap and water may reduce the risk of infection
and transmission.®® As recommendations are up-
dated, they will be posted at www.cdc.govh1nlflu/
guidelines_infection_control.htm. Because the
novel S-OIV strain is antigenically distinct from
the influenza A (H1N1) strain represented in.the
2008-2009 inﬂuenza‘ vaccine, seasonal influenza

N ENGLJ MED 360/25 NEJM.ORG _fUNE 13, 2009

Table 3. Susceptibility of 37 Isolates of Swine-Origin influenza A (H1N1)

Vitus to Neuraminidase Inhibitors.*

Varizble Oseltamivir Zanamivir
1Cso R/S 1G5, R/S
nM - nM

Mean 0.57 5 058 s,

Median 0.54 0.59

Seasonal cantrol

Known susceptibility 0.63 5 0.60
Known resistance 265.27 R 127 S

* Susceptibility was analyzed with the use of chemiluminescent neuraminidase
inhibition assay with the NAStar Kit (Applied Biosystems). 1Cg, denotes inhib-

itory concentration of 509, R resistant, and S susceptible.

vaccination during the 2008-2009 influenza sea-
son is not anticipated to provide protection against
novel 5-O1V infection. A strain of §-O}V has been
identified as a potential egg-derived candidate
strain for $-OIV vaccine development and has been
sent to partner laboratories for evaluation and fur-
ther development. ‘

Given the rapidly evolving nature of this out-
break, the CDC’s recommendations are likely to
change as more information becomes available,
Clinicians are advised to monitor the HINT Influ-
enza Center (NEJM.org) and the CDC Web site
(www.cdc.gov/hinlfluf} for changes in guidance
for testing, treatment, and infection control.

In conclusion, we report an outbreak of human
infection with a novel influenza A (H1N1) virus
of swine origin in the United States, which is
spreading through sustained human-to-human
transmission in multiple countries. The identifi-
cation of human S-OIV infection in geographically
dispersed countries and across continents demon-
strates the ease with which infection can be spread
and facilitated by air and land travel and com-
munity networks and gatherings. As enhanced
surveillance for S-OIV infection is implemented
globally, additional cases are expected to be iden-
tified. The cases of infection with S-OIV described
in this report may provide guidance for clinicians
with respect to presenting symptoms and out-
comes of infection with this novel virus.
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APPENDEX
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Low levels of key antibodies may lead to severe
dlsease, study suggests

Wed Sep [6, 6:09 PM -

By Helen Branswell, Medical Reporter, The Canadian Press

TORONTO - Australian researchers may have uncovered a clue as to why some people who catch swine flu suffer
life-threatening illness.

And if they are right, there is an existing weapon in the treatment arsenal that could help reduce the pandemic
death toll. The group found that pregnant women who became severely ill with the new HIN1 virus had low levels
of a particular antibody that is known to fight off viruses and help the body respond to vaccine.

Moderately ill women were much less likely to have significantly suppressed levels of the antibody, the
researchers reported. "We all believe we may have stumbled onio something very interesting," said Dr. Lindsay
Grayson, director of infectious disease at Austin Health, a network of three hospitals in Melbourne.

"To our knowledge it's the first time that a’correlation or an association is being noted between severe influenza of
any sort and a subtie but potentially important immune deficiency."

The team made the discovery when Grayson's colleague, Dr. Claire Gordon, ordered a test that looked at aniibody
levels - not just by class, but locking at individual subtypes within those classes. The call was made in the case of
a very sick patient whose decline was particularly rapid, and the team was debating whether immune globulin - a
blood product containing antibedies harvested from donated blood - might help.

The testing showed the patient had low levels of an antibody called IgG2, which Grayson admitted came as a
surprise. They started ordering tests on all their swine fiu patients in ICU.

"What we found was almost everyone, all the patients who needed ICU were IgG2 deficient," he said in an
interview from San Francisco, where the data were presented at ICAAC, the annual meeting of the American
Society for Microbiology. Severe cases had IgG?. levels that were about one-third of those detected in people who

were moderately 1]1

While the work was only done in pregnant women, Grayson and others said it would be useful to look to see if this
deficiency might explain why a small subset of swine flu cases become gravely ill while most people only suffer
through a bout of the flu.

It's known that between two and 20 per cent of people have some antibody deficiency, he said, thougl:; not all of
those people would be IgG2 deﬁcient.

Three of four cnucally ill panents treated with immune globulin survived, defying predictions of those caring for
them.

Dr. Donald Low, chief microbiologist at Toronto's Mount Sinai, said the findings are exciting, if preliminary, and

http://ca.news.yahoo.com/s/ capress/090916/national/flu_severity_clua?printer=1 2009/02/18
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might explain why. aboriginals seem to be at greater risk of developing severe disease if they contract swine flu.
He suggested the hypothesis should be studied further.

“It would be a fishing expedition, but obviously worthwhile.” "I think the bottom line is that this is obviously
something that has to be looked into. ‘

And it may have therapeutic implication. ... It could be a marker for women at higher risk if they get infected to
get more severe disease."

But Dr. Anand Kumar, an intensive care specialist from Winnipeg who treated a lot of severely ill swine flu
patients in the spring and early summer, was not as optimistic.

"The results are just what I'd expect in any group of critically fll," he said by email. Kumar, who is also an
infectious diseases specialist, said it is not uncommon for all antibody levels to drop with critical illness and the
more severe the sickness, the steeper the drop.

But he does think the notion of treating pandemic flu patients with antibodies harvested from other people makes
sense, though he believes the immune globulin should be from people who've recovered from swine flu and have
antzbodxes specific to the virus.

Grayson admitted they can't say at this point whether there is a cause-and-effect relationship at work here,
meaning low IgG2 levels in the patients predisposed them to suffering from more severe disease once they caught
the virus.

But he doesn't believe the reverse is at play, that the infection caused the low IgG2 levels.

"We don't think that influenza is causing this deficiency. We think that instead the mﬂuenza is picking out those
people who have the deficiency," he said.

The numbers are admittedly small and will require further study, likely in the Northern Hemisphere. Swine flu
rates are dropping in Melbourne, Grayson said.

Still, 16 of 19 severely ill patients had very low IgG2 levels, compared to three of 20 with moderate illness.

The team looked at healthy pregnant women and found that about 60 per cent of them were mildly deficient in
IgG2 levels, which leads them to believe this may be one of the immune system changes that ocours to allow a
pregnant woman to carry a foreign body - a fetus - without rejecting if. But Grayson said the group needs to follow
women after they deliver to see if their [gG2 levels rise to normal levels.

Grayson said while the group's wark hasn't proven their hypothesis, Northern Hemisphere doctors caring for the
sickest of swine flu patients in the weeks and months to come should consider checking IgG2 levels and using
immune globulin, which is often given to people seriously ill with some bacterial infections.

"In many ways, this is applying a general principle that we apply to bacteria diseases to now say well, 'Gee, we've
made this interesting observation. This might work for influenza," he said.

Follow Canadian Press Medical Writer Helen Branswell's flu updates on Twitter at CP-Branswell

Copyright © 2009 Canadian Press

Copyright © 2009 Yahoo! Canada Co. All Rights Reserved. Privacy Policy - Terms of Service
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Neurologic Complications Associated with
Novel Influenza A (H1IN1) Virus Infection in
Children --- Dallas, Texas, May 2009 *

Neurologic complications, including seizures, encephalitis, encephalopathy, Reye syndrome, and
other neurologic disorders, have been described previously in association with respiratory tract
infection with seasonal influenza A or B viruses (/--2), but not with novel influenza A (H1N1)
virus. On May 28, 2009, the Dallas County Department of Health and Human Services (DCHHS)
notified CDC of four children with neurologic complications associated with novel influenza A
(H1N1) virus infection admitted fo hospitals in Dallas County, Texas, during May 18--28. This
report sumumarizes the clinical characteristics of those four cases. Patients were aged 7--17 years
and were admitted with signs of influenza-like illness (JLI) and seizures or altered mental status.
Three of the four patients had abnormal electroencephalograms (EEGs). In all four patients, novel
influenza A (HIN1) viral RNA was detected in nasopharyngeal specimens but not in
cerebrospinal fluid (CSF). Antiviral therapy included oseltamivir (four patients) and rimantadine
(three patients). All four pafients recovered fully and had no neurologic sequelae at discharge.
These findings indicate that, as with seasonal influenza, neurologic complications can occur after
respiratory tract infection with novel influenza A (H1N1) virus. For children who have I1L]
accompanied by unexplained seizures or mental status changes, clinicians should copsider acute
seasonal influenza or novel influenza A (H1N1) virus infection in the differential diagnosis, send
respiratory specimens for appropriate diagnostic testing, and promptly initiate empirical antiviral
treatment, especially in hospitalized patients.

Case Identification

Since April 22, DCHHS has requested all hospxtals in Dallas County to report details concerning
patients admxtted with novel influenza A (H1N1) virus infection. As of July 20, DCHHS had

" identified 405 persons with laboratory-confirmed novel influenza A (HIN1) virus infection in the
greater Dallas area, including 44 hospltahzed patients. No deaths had been reported. Of
confirmed novel influenza A (H1N1) virus infections, 83% were in patients aged <18 years.
Among these pediatric cases, 145 children, including 26 who were hospitalized, were identified -
through the Children's Medical Center of Dallas (CMCD) laboratory-based surveillance program.
Meédical records from admission and discharge for all hospitalized HIN1 patients are routinely
screened by DCHHS epidemiology staff. Characteristics of hospitalized patients are compiled on

" an ongoing basis, with further investigation of cases noted to have unusual features and severe
illness.

A patient with acute neurologic complications associated with novel influenza A (HIN1) virus
infection was defined as having laboratory-confirmed novel influenza A (HI1N1) virus infection
of the respiratory tract associated with seizures, encephalopathy, or encephalitis within 5 days of
ILI symptom onset, without evidence of an alternative etiology. Encephalopathy was defined as

http://www. cdc gov/ mmwr/preview/mmwrhitml/ mm582832 htm 2009/08/27
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altered mental status lasting =224 hours. Encephalitis was defined as encephalopathy plus two or
more of the following: fever =>100.4°F (=38.0°C), focal neurologic signs, CSF pleocytosis,

EEG indicative of encephalitis, or abnormal neurcimaging 1ndlcat1ve of infection or inflammation
(I--2}.

During April 22--July 20, seven possible cases of neurelogic complications associated with novel
A (HIN1) virus infection were identified. Three cases were excluded because the neurologic
complications were determined to have altemnative etiologies (e.g., hypocalcemia and apnea
related to prematurity) or did not meet the case definition (e.g., altered mental status for <24
hours). Of the remaining four cases described in this report, one patient (patient A) was initially
reported by a community hospital in Dallas on May 18. The three other cases were reported by
CMCD to DCHHS during May 23--27. No additional cases had been reported in Dallas County
through July 20.

Nasopharyngeal swab specimens collected from all three patients admitted to CMCD were tested
for influenza A and B antigens by either Directigen EZ Flu A+B rapid enzyme immunoassay
(EIA) (BD [Becton, Dickinson, and Company], Sparks, Maryland), QuickVue Influenza A+B test
(EIA) (Quidel, San Diego, California), or D3 Ultra direct fluorescent assay (Diagnostic Hybrids,
Athens, Ohio). All positive specimens were sent to DCHHS, and novel influenza A (HIN1) virus
was identified by real-time reverse transcription--polymerase chain reaction (fRT-PCR) using
CDC-approved primers and probe sets. All CSF samples were tested at CDC using rRT-PCR for
influenza, enteroviruses, parechovirus, adenovirus, and human parainfluenza virus serotype 3.
CSF for patients B and D were tested for additional viruses by a commercial laboratory
(Viracor).*

Case Reporis

Patient A. On May 17, a previously heaithy black male aged 17 years visited a communlty
hospital emergency department after 1 day of fever reaching 102.6°F (39.2°C), cough, headache,
dizziness, and weakness. Influenza A was diagnosed by EIA, and the patient was discharged
home with a prescription for oseltamivir. The patient was admitted the next day to another
community hospital because of increased generalized weakness, disorientation to place, and
markedly slow and infermittent responsiveness to questions. On physical examination, the patient
was noted to be confused and unable to provide history of his own illness. He also was unable to
lift his arms above his shoulders or stand. He had taken 1 dose of oseltamivir the morning of
admission. A computed tomography (CT) head scan revealed pan-sinusitis, and CSF was normal
(Table). The patient received ceftriaxone for 2 days, which was discontinued when CSF bacterial
cultures indicated no growth. He received oseltamivir throughout his hospital admission. His
mental status refurned to normal on day three. He was discharged ‘on day four with no‘apparent
sequelae and completed a 5-day total course of oseltamivir.

Patient B. On May 23, a previously healthy Hispanic male aged 10 years was taken to a Dallas
community hospital via emergency medical services after a 3-minute genéralized tonic-clonic
seizure and subsequent postictal mental state. The seizure occurred after 4 days of fever reaching
104.0°F (40.0°C), cough, decreased appetite, and fatigue. His family reported that the patient had
contact with another child with ILI symptoms before the patient's iliness onset. Upon initial
evaluation in the emergency department, the patient was afebrile. A chest radiograph revealed a
left lower lobe infiltrate, and a CT head scan was normal except for an incidentally noted single
punctuate calcification in left frontal cortex. Influenza A was detected in a nasopharyngeal swab
specimen by EIA. Three hours later, the patient had a second 3-minute generalized seizure.
Intravenous (IV) lorazepam and ceftriaxone were administered, and the patient was transferred to
a CMCD intensive-care unit.

* On admission to CMCD, the patient was febrile, confused, and drowsy. He had difficulty

http //www.cde. gov/ mmwr/preview/mmwrhtml/mm5828a2 htm - 2009/08/27
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answering questions and made frequent inappropriate attempts to get out of bed. CSF analysis
was normal. He was administered IV fosphenytoin to prevent additional seizures, vancomycin .
and cefiriaxone for empirical treatment of bacterial pneumonia, supplemental oxygen via bilevel
positive airway pressure for oxygen saturations <92%, and anticonvulsants.' Over the ensuing 2
days, he had intermittent fevers reaching 102.0°F (38.9°C). On hospital day four, he had a
prolonged partial complex seizure with focal onset (eye deviation to the right) and secondary
generalization, lasting 30--40 minutes, which eventually was controlled by 4 doses of TV
lorazepam and a bolus of IV fosphenytoin. Oseltamivir and rimantadine were initiated. Brain
magnetic resonance imaging (MRI) with magnetic resonance angiography was normal, and an

" BEG was consistent with encephalopathy (Table). His mental status returned slowly to baseline
by hospital day seven, when he was discharged without apparent sequelae to continue
levetiracetam, amoxicillin, and clindamycin, and complete a 5-day course of oseltamivir.

Patient C. On May 26, a white male aged 7 years with a history of a simple febrile seizure 1 year

prev1ously was taken to a-Dallas community hospital via emergency medical services after a

seizure and 2 days of cough, nasal congestion, and fatigue. On the day of admission, he had been

found at home on the floor, with tonic movements of his upper and lower extremities lasting at

least 2 minutes. On admission to the community hospital, he was noted to have postictal

drowsiness and a temperature of 100.8°F (38.2°C). A diagnosis of influenza A was made by EIA
. Blood tests, CSF, and a CT head scan were normal (Table).

The patient was fransferred the same day to CMCD, where he exhibited normal mental status and
no fever or seizures. A brain MRI showed nonspecific white matter abnormalities not
characteristic of infection or inflammation. Localized cerebral dysfunction was evident on ERG
{Table). Oseltamivir and rimantadine were started on hospital day one, and the patient was
discharged on hospital day three without any neurologic sequelae, to complete a 5-day course of
both antivirals and to continue levetiracetam until reassessment by neurologists in 3 months.

Patient D. On May 27, a black male aged 11 years with a history of asthma was taken to CMCD
because of 1 day of fever and vomiting. A household contact, his grandmother, had an upper
respiratory infection 3 days before his illness. One day before admission, he had a fever of 102.0°
F (38.9°C), fatigue, headache, abdominal pain, and vomiting, and was given bismuth
subsalicylate twice and one 81 mg aspirin. At CMCD, he was febrile. Neurologic examination
revealed ataxia. Soon after admission, the patient had a seizure consisting of episodic eye rolling
and tongue thrusting. An EIA test for influenza A was positive, and oseltamivir, nmantadme
cefotaxime, and acyclovir were initiated.

During the first 2 hospital days,,the patient was disoriented, had visual hallucinations, had
difficulty responding to questions and following commands, had slow speech, and required
supplemental oxygen via facemask for mild hypoxia and hypopnea attributed to decreased .
respiratory drive associated with encephalopathy. Chest radiograph was normal. An EEG was
consistent with encephalopathy, and a CT head scan was normal (Table). The patient's mental
status returned to normal by hospital day four. He completed a 5-day course of oseltamivir.

Reported by: AS Evans, MD, S Agadi, MD, JD Siegel, MD, Univ of Texas Southwestern Medtcal
Center; WM Chung, MD, JT Carlo, MD, Dallas County Health and Human Svcs, Dallas, Texas.
TM Uyeki, MD, J Sejvar, MD, S Lindstrom, PhD, D Erdman, DrPH, § Oberste, PhD, National
Center for Immunization and Respiratory Diseases; ST Olsen, PhD, Div of Emerging Infections
and Surveillance Sves, National Center for Preparedness, Detection, and Control of Inﬂcaous
Diseases; F Dawood, MD, OWMorgan PhD, EIS officers, CDC.

Editorial Note: Infection with seasonal influenza virus can be associated with neurologic
complications (/--2), but the frequency with which these occur with novel influenza A (HIN1)
virus infection is unknown. This is the first report describing patients with neurologic
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complications associated with novel influenza A (HIN1) virus infection. The severity of the
neurologic disease in the four patients described in this report was less than the typical disease
described in two studies of neurologic complications associated with seasonal influenza (1--2),
which included reports of severe static encephalopathy and death. Only two of the four patients
described in this report had seizures, and none died or had neurologic sequelae at discharge.
Considering that clusters of influenza-associated encephalopathy in children have been reported
during previous community outbreaks of seasonal influenza (/--2) and that children appear to be
infected with novel influenza A (HIN1) virus more frequently than adults (3), additional
neurologic complications in children are iikely to be reported as the pandemic continues.
Clinicians should consider influenza associated encephalopathy in the differential diagnosis of -
children with ILI and seizures or mental status changes, and remain aware of the potential for
severe neurologic sequelae associated with seasonal or novel influenza A (H1N1) virus infection.

Neurologic complications in children associated with seasonal influenza have included acute
cognitive and behavioral problems, focal neurologic deficits, and death from neurologic
complications (4). Influenza-associated neurologic complications are estimated to account for up
to 5% of cases of acute childhood encephalitis or encephalopathy (4) and were reported in 6% of
influenza-associated deaths among children during one influenza season (2003--04) in the United
States (5). The epidemiology of influenza-associated encephalopathy has been described
.extensively in Japan, where incidence has appeared to be higher than in other countries (/). In
Japan, approximately 80% of influenza-associated encephalopathy cases occur in children aged
<5 years (/,6), and neurologic signs typically develop within 12 days of influenza symptom
anset (/,6). Manifestations have included seizures, altered consciousness, incoherence, irritability,
and psychotic behaviors (/,6). Outcomes reported in one case-series from Japan ranged from
complete resolution {in nearly 50% of cases), to mild (20%) or severe neurologic sequelae (10%),
to death (20%) (6).

Neuroimaging results in influenza-associated encephalopathy might be normal, but in severe
cases, abnormalities can include diffuse cerebral edema and bilateral thalamic lesions. EEG might
show diffuse abnormalities (/,2,4). Only rarely is influenza virus detected in CSF, suggesting that
neurologic manifestations might be an indirect effect of influenza respiratory tract infection (2,7).

For patients with respiratory illness and neurologic signs, diagnostic testing for possible etiologic
pathogens associated with neurologic disease, including influenza viruses, is recommended (8).
Health-care providers also should consider a diagnosis of Reye syndrome in patients with viral
illness and altered mental status. Although one of the patients described in this report, patient D,
received a salicylate-containing product and aspirin, no evidence of Reye syndrome was
observed. Salicylates and salicylate-containing products should not be administered to children
with influenza or other viral mfectlons because of the increased risk for developing Reye
syndrome (9).

Antiviral {reatrnent should be inifiated as soon as possible for any hospitalized patient with

. neurologic symptoms and suspected scasonal influenza or novel influenza A (HIN1) virus
infection (2).} Although respiratory specimens should be obtained for appropriate diagnostic
testing before administering antiviral agents, clinicians should not wait for the results before
beginning treatment. Antiviral medications have been shown to decrease the risk for
complications from influenza (10); however, the effectiveness of antiviral treatment to prevent
influenza-associated encephalopathy sequelae is unknown. Clinicians also should send respiratory
specimens for appropriate diagnostic testing. Although no vaccination against novel influenza A
(HIN1) virus is available currently, CDC recommends that all children aged >6 months receive
annual seasonal influenza vaccination to prevent illness and complications from infection with
seasonal influenza virus strains. § '
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TABLE. Selected characteristics and laboratory, radiologic, and néurodiagno‘stic results
for four patients with neurologic complications associated with novel influenza A (HIN1)
virus infection* ~- Dallas, Texas, May 2009

Cl_laracteristic “Patient' A Patient B Patient C Patient D -
Age (yrs) ' 17 10 7 11 '
Sex Male Male Male Male
. . Black, non- S White, non- Black, non-
Race/Ethnicity Hispanic Hispanic Hispanic Hispanic
Dates of _
hospitalization. May 18--21 May 23--29 May 26--28 May 27--30
http:/ /www.cdc.gov/mmwr/preview/ mmwrhtml/ mm5828a2. htm ‘ 2@09/ 08/217 -
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Neurologic
complication(s) Encephalopathy
diagnosed

Interval from
respiratory illness
onset to neurologic
symptoms (days)
Fever (maximum
temperature)

Admission laboratory data

Normal (except
initial creatinine

Seizures,

encephalopathy ~ S0/24eS Eﬂcephabpathy

100.8°F (38.2°

102.6°F (39.2°C) 104.0°F (40.0°C) O

102.0°F (38.9°C)

Normal {except

dium 131

Serum electrolytes, 1.3 mg/dLL S0 L .
chemistry . [ormal range Normal mmol./L [normal Normial

for age: 0.3-1.0 - range: 134--146

mg/dL]) mmol/L])

AST 41, ALT 27,

Liver function tests . AST§ 28, ALT] AST36,ALT 00T <10
(U/L) 51, GGT**29 12, GGT 29 mon

mmol/L. (repeat
testing normal)

S, epidermidis,

. Micrococcus
Blood bacterial cuiture ND (contaminants), no No growth No growth
' ‘ growth x2
Urine bacterial culture ND ND ND No growth
' ' o _ ' Utine toxicology
_ Creatine kinase Urine toxicology i‘giienff% ?Iitwe
Other 75 U/L (normal screen positive for . . - cali al te ’ d
: range: 22--269  benzodiazepines | Salicylaie, and
UL A only acetaminophen;

serum salicylate
level <1 mg/dL
Cerebrospinal fluid (CSF) analysis ‘

WBCT{T. (per mm3) 2 (differential 4 (differential

o 9 9,
(differential) ND) . 2(65%L31%M) ) 4 (95%L 5%M)
" RBCS§§ (per mm3) 18 0 2 1
Glucose (mg/dL) S ' . o
(normal range: 50--80 39 63 58 65
mg/dL) o
Protein (mg/dL) _ _
(normal range: 10--45 37 50 15 ' 21
mg/dL)
Bacterial culture No growth No growth No growth No growth
Neurodiagnostic testing ‘
No intra- . ‘ . .
: \ parenchymal Single punctuate No intracranial No mtrac;an.lal
Computed tomography abnormality: calcification in bnormali abnormality;
. ' normality, left frontal cortex 2 O ity sphenoid sinusitis
pan-sinusitis : _
' Cortical
non_speciﬁc
http://www.cdc.gov/mmwe/preview/mmwrhtml/mm5828a2htm 2009708/27

143



Neﬁrologic Complications Associated with Novel Influenza A (HINT) Virus Infection.. 7/9 R—5

Magnetic resonance

.o ND
imaging

~ Electroencephalogram ND

Viral testing and antiviral therapy

Influenza EIAYY Positive***
" Influenza DFAT1T ND
CSF influenza rRT- Negative
_PCR§§S gat
Enteroviruses:
negative
Parechovirus:
negative
IRT-PCR
Adenovirus:
negative
HPIV-3HT: -
negative

No parenchymal
abnormality

Generalized
confinuous
polymorphic delta
slowing, without
epileptogenic
focus; consistent
with '
mild/moderate
encephalopathy

Positive
ND

Negative

Enteroviruses:
negative

Parechovirus:
negative

Adenovirus:
negative

HPIV-3: negative

scattered 12
hyperintense
foci within the
cerebral white
matter
Midline parietal
intermitient
polymorphic
delta slowing,
without
epileptogenic

No intracranial
abnormality

Posterior
background
slowing, no
epileptiform
activity;

focus; consistent consistent with

with localized
cerebral
dysfunction

Positive
ND
Negative

Enteroviruses:
negative

Parechovirus:

- negative

Adenovims:
negative

HPIV-3:
negative

mild :
encephalopath;

Positive
Positive

Negative

Enteroviruses:
negative

Parechovirus:
negative

Adenovirus:
negative

HPIV-3: negative

TABLE. (Continued) Selected characteristics and laboratory, radiologic, and
neurodiagnostic results for four patients with neurologic complications associated with
novel influenza A (HIN1) virus infection — Dallas, Texas, May 2009

Characteristic Patient A Patient B Patient C Patient D
HSVTitT RT-
PCR: negative
Other testing ND Cfﬂif?;"{;;;‘;ﬂ: iral \p Enterovirus rRT- .
PAREE. PCR: negative
CSF RVP: negative
. . . .- Oseltamivir and Oseltamivir and  Oseltamivir and
Antiviral therapy Oseltamivir rimantadine rimantadine rimantadine

* A patient with acute neurologic complications associated with novel influenza A (H1N1) vinis
infection was defined as having laboratory-confirmed novel influenza A (H1N1) virus infection -
of the respiratory tract associated with seizures, encephalopathy, or encephalitis within 5 days of
influenza-like iflness symptom onset, without evidence of an alternative etiology.
Encephalopathy was defined as altered mental status lasting =24 hours. Encephalitis was
defined as encephalopathy plus two or more of the following: fever = 100.4°F (238.0°C), focal
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