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fitile or no preexisting immmmity is a fundamental
property of pandemic strains (6, 7). Most threat-
ening is the possibility of another pandemic,
stmilar to that experimcad in 1918, cansed by a
novel influenza subtype vitus capable of causing
severe respiratory discase and death. The avian
influenza HSN1 viras, which has resulted in
more than 250 buman infections (8), has not ac-
quired human influenza virus genes and facks the
ability to spread efficienty from human io hu-
man (9, J(}). Reassoriment of avian H5N1 vims
genes with hurman H3N2 influenza vims geaes
was shown to be insufficient for transmission of
this avian virus (71}, suggesting that additional
unknown futations are required for HSN1 to
emerge as & pandemic strain.

The binding of influenza viruses to their tar-
get cells is mediated by the viral HA, which rec-
ognizes cell surface glycoconjugates containing
terminal sialic acid (SA) residues. Avian influen-
za viruses preferentially bind SA finked to galac-

tose by an ©-2,3 linkage (02,3 SA), which is
found in high concentrations on the epithelial
cells of the intesting of waterfowl and shorebirds
(12). Conversely, hutman influenza viruses (Hi to
H3 subtypes) more readily bind to receptors that
contain ferminal o-2,6-linked sisty]-galactosyl
{02,6 SA) moieties that are found on the human
Tespiratory tract epitheliurm (73, 14). The three
influenza pandemic viruses of the last century,
occurzing in 1918 (HINI), 1957 (H2N2Z), and
1968 (F3N2), each possessed an HA with a hu-
man ¢2,6 SA binding preference and are thought
to have originated from an avian vitus possessing
the 02,3 SA binding preference (J3-16). It has
been postulatad thai the lack of sustained kuman-
to-human trangmission of avian influenza HSN1
viruses is due to their 2,3 SA receptor binding
preference (17-19). Higher proportions of 02,3
SA receptors in the human lower respiraiory tract
cornpared with the upper respiratory tract may
explain the severity of H5N1 viral pneumonia in

Table 1. Titer of virus stocks prepared on MDCK cells with frypsin (I pg/ml, Sigma} and incubated
at 37°C with 5% CO; for 48 hours. Hemagglutination assay of viruses used 0.5% g-2,3-resialylated
CRBCs, o-2,6-resfalylated CRBCs, or untreated CRBCs. The results shown correspond to four
hemagglutination units. Similar results were obtained when viruses were ad;usted to 8, 15, or 32

hemagglutination units with untreated CRBCs.

Amino acdid position

Presence or absence of

humans resulting from HSNI viral attachment
deep in the tungs (17, 19).

Amino acids at positions 190 and 225 in the
1918 pandemic influenza virus HA determine its
receptor binding specificity (15, 16). In this
study, we generated recombinant influenza vi-
rises possessing all eight gene segments of the
1918 influenza virus to examine the role of re-
cepior binding specificity on replication, pathoge-
nicity, and Gansmissibitity of this pandermic strain.
We generated two variant A/South Carolina/1/18
(SC18) 1918 viruses in which the HA was al-
tered to change the receptor binding specificity
from the parénial human ¢2,6 SA (SCI8) re-
ceptor preference to an avian 02,3 SA receplor
preference (AVI8) or a mixed 62,6 and a2,3 SA
specificity - reflecting the A/New York/1/18
(NY 18) virus binding specificity. The NY18 vi-
rus was 2 natural variant sequenced from an
archived Iung tissue sample prepared during au-
topsy of a paticnt who died within 6 days of
hospitalization in September 1918 (20). The HA-
corresponding to NY18 virus was mads by

woducing a single amino acid substittion

[Asp™Gly"® (D225G)] in the SCI8 HA.
The AV {8 virus, which differs by one amino acid
from NY18 virus, was made by i ing an
additional amino acid change [Asp'—Gu'®
(D190E)} within the NY18 HA. Compared with

(H3 numbering) hemagglutination the SCI8 virus, the AV1$ variant has two amino
190 228 Infectivity titer az,6 a2,3 Untreated  &cid changes (DIS0E and D225G) in the HA,
(pfu/ml) CRBCs  CRBCs CRBCs  Which match ';S the msawdbmdi avian ﬂmwhch
7 sequence in the receptor binding site i
:I?i: g 2 ;’g * 13, * - * cottverts it to the classic 02,3 SA receptor pref-
AV1E £ o Y * 107 + * * erence (5). A/Duck/Alberta’35/76 (Dk/Alb) and
Pl : . z-g s - + + AfTexas/36/91 (Tx/91) viruses were included in
kel - b b the study as controls representative of an avian
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E_ ! - Fig. 1. Repllcatlon in the upper respiratory tract and transmissibility of
2 HINZ viruses. Three ferrets were inoculated with 10° PFU of SC18 (A),
g %91 (B), or Dk/Alb {C) virus and housed in individual cages. Najve
- ferrets were placed in cages adjoined fo those of the inoculated ferrets,
& and viral shedding in the upper respiratory tract was assessed on al-
g ternating days for inotulated Qleft) and contact {right) fesrets. Results
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HIN] virus and a human HINI virus, respec-
tively. The 1918 viruses were generated by using
the previously described reverse genetics system
(21-23), and the identities of virus genes in the
rescued virises were confirmed by reverse tran-
scription polymerase chain reaction and se-
quence analysis.

The rescued 1918 viruses containing the pa-
rental SCI8 HA and the two variant HAs had
sirilarly high infectivity titers in Madin-Darby
canine kidney (MDCK) cells (Table 1). The
receptor-binding properties of the 1918 viruses
were confimned in HA assays by using enry-
matically modified chicken red blood cells
(CRBCs) that contain either 62,3 or a2,6 SA,
as previously described (15). The AVIS virus
and the aviar Dk/Alb control virus hemaggluti-
nated the 0i2,3-resialylated CRBCs only, whereas
the SCI8 virus hemagglutinated the o2,6-
resialylated CRBCs only. The NY18 virus he-
magglutinated both 02,3 and @2,6-resialylated
:. Cs'

" Pathogenesis and transmissibility of the pa-

rental 1918 (SC18) vinis were evaluated and
compared with those of Tx/91 virus with an 2,6
SA receptor binding preference (/6) and with
those of the avian DK/ATb virus possessing an
02,3 SA receptor binding preference (Table 1)
{24). Ferrets were housed in adjacent cages (hat

prevented direct and indirect contact between
anirmals but allowed spread of infiuenza virus
through the air (17, 25). They were inoculated
intranasally with 10® PFU (plague forming
units), One day after infection, three naive ferrets
housed in transmission cages were placed
adjacent to each of the thres inoculated ferrets
{26) Three additional inoculated ferrets from
each vins-infected group were kilied on day 3
postinoculation (p.i} for assessment of patho-
logic and virologic parameters (26) Femets in-
oculated with the parents] SCI18 virus shed high
titers of infectious viras in nasal washes begin-
ning as early ag day 1 p.i. [50% egg infectious
dose (EIDg/ml) from 1052 to 1072°], and they
sustained titers of 210** EIDso/mi for 9 days
p.i. (Fig, 1A, left). SC18 vimus caused severe
disease in all inoculated ferrets starting 2 days
pi; symploros included lethargy, anorexia,
thinorrhea, sneezing, severs weight loss (Table
2 and fig 51}, and high fever, and two of the
three animals died by day {1 p.i Femrets in-
oculated with HINT Tx/1 and DI/ATb also
shed high titers of vinus in nasal washes {peak
titers had EIDsy/mi values from 16%° to 105%),
but they were able io clear the virus from the
upper respiratory tract by day 9 p.i. (Fig. 1, B
and C) after displaying minimal symptoms
(Table 2).

REPORT?

The human SCI8 and Tx/?1 viruses effi-
ciently transmitted to each of the three contact
ferrets (Fig. 1, A and B, right). The SCI18 vitus
was detected in the contact ferrets as earfy as day
1 postcontact (p.c.), whereas the Tx/91 virus
required 3 to 5 days fo achieve detectable virus
titers in nasal washes of the Tx/91 contact fer-
rets. The Tx/91 contact ferrets exhibited [itile
marbidity, whereas all three SC18 contact ferrets
exhibited severe signs of illness and weight loss,
and one of three contact animals failed fo elear
the virus before it succumbed to infection on day
6 p.c. In contrast to the efficient spread of SC18
and Tx/91 viruses, the avian Dk/Alb virus was
noi, transmitted to nalve contact ferrets, becmise
viras was not detected in the nasal washes from
the- contact ferrets at any time. Furthermore,
seroconversion was not detected by hemagghs-
tination inhibition (HI) analysis of postexposure
sera (Table 2). Both A/Duck/New York/15024/
96 and A/Twkey/South Dakota/7034/86, which
are representative avian viruses with an 2,3 SA

- receptor preference, exhibited efficient replica-

tion in the upper respiratory tract, but no trans-
mission was detected between ferrets.

We introduced one— and two—amino acid
substitufions into the 1918 virus HA to produce
SCI8 variants NY18 and AV18, respectively, A
switch in receptor specificity from an a2,6 SA

Table 2. Clinical symptoms, virus replication, seroconversion, and transmissibility among ferrets inoculated with HIN1 viruses and among ferrets
exposed to the inoculated animals (contacts), The percentage of mean maximum weight loss s shown. NW, nasal wash.

Inoculated ferrats Contact ferrets
Number with characteristic/total number ‘Number with characteristictotal number Respitatory
Sneezing < Virus Seraconversion . Virus Seroconversion droplet
(day of {221?:;:) detected (range of HI I:J:?;t) detected (range of HI transmission
onset} in NW antibody titer) ° in NW antibody titer}
sc18 33 {2} 33 (117 33 1 (1280) 23 (15.4) 313 313 (80—640) Efficient
Trf91 33 (2) 3 (6.2) 33 3/3 (160-640) 313 (3.5 373 33 (160-320) Efficient
Di/Alb 213 (5) 273 (1.2) 313 33 (80-1280) 03 0/3 o3 None
Avis o3 313 (14.7) 33 171 {640 or3 013 073 None
w18 o3 373 (18.9) iR 272 (3205409} 173 (1.4 13 213 (40-B0) tnefiicient
- Jnly one ferret survived and was tested. {Twe ferrets survived and were tested.
incculated Contact inoculated Contact
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Fig. 2. Respiratory droplet transmissibitity of 1918 viruses with mutated
HA proteins, Three ferrets were inoculated with 10° PFU of AV18 (A) or
NY18 (B) virus and placed in separate cages. Naive ferrets were placed in
cages adjoined to those of the inoculated ferrats, and viral shedding in the

upper respiratory tract was assessed on alternating days for inscutated {left)
and contact (right} ferrets. Results from individual ferrets are represented.
Solid and dotted bars of same shade represent a separate ferret pair housed
in adjoined cages.
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(humnan) fo an 2,3 SA (avian) binding pref-
ercoce sbolished the transmissibility of the
pandemic virus (Fig. 2 and Table 2). Although
femrets inoculated with AV1S virus exhibiled
severe ifiness (Table 2 and fig 51} and shed high
titers of infections virus in nasal washes (Fig.
24, left), none of the three AV18 contact ferrets
had detectable vitus in nasal washes, and post-
exposure serz collected from contact animals
lacked antibodies against AV18. The NYi3
virus, with dual 02,6 and 02,3 SA specificity,
also resulted in severe illness and death among
the inoculated ferrets, but it failed to transmit
efficiently, as evidenced by the paucity of clin-
ical symptoms and virus shedding among the

contact ferrets (Fig. 2B). Two of the three NY 18’

contact ferrets seroconverted with relatively low
HI titers of 40 and 80 {Table 2). The lack of
efficient transmissionr was not due to the in-
ability of the NY18 virus to replicate to high
titers in the upper respiratory ract, including the
nasal twbinates (Fig. 2B, left, and fig S2).
Interestingly, no sneezing was noted among the
AVI18- and NY18-inoculated femrets through a
14-day observation period, a finding consistent
with the lack of notable sneezing observed in
fesrets infecied with BISN1 viruses (1I).

Despite the differences in transmissibility of
the parental £918 (SC18) virus and the mutant
1918 viruses, similar damage to omltiple luag
lobes was observed 3 days after intranasal infec-
tion (26) (Fig. 3). Feret hinps infected with SCi8,
AV18, and NY18 viruses exhibited necrotizing
bronchiolitis and moderate {o severe alveolitis
with edema (Fig. 3, A to E, I, and J). Viral antigen
was commion in fung tissues, with focalization in
the upper to lower portions of the bronchial
airways, bronchial and bronchiclar epithelium,
and hyperplasic epitheliumn within alveali (Fig. 3,
F to H). Fetrets inoculated with control Tx/91 and
Di/Alb viruses generally showed a lack of
significant lung lesions (Fig. 3, K to M).

Receptor binding, the initial event in influ-
enza virus infection, was 2 major determinant of
virus fransmission efficiency of the HIN1 pan-
demic virus. This work also evaluates the viru-
Tence of the 1918 virus in a ferret model, a model
that is believed to be more representative than
the mouse model of disease cansed by influenza
viruses in bumans. In contrast to other human
influenza virus strains, the 1918 vims demon-
strated uniquely high vitulence and lethality in
ferrets. The rmutant 1918 vims possessing o2,3
SA receptor binding {AV18) was equally vire-
Ient in ferrets as the parental SCI18 strain af the
dose administered. Remarkably, the AVI8 virus
replicated in the upper respiratory tract as effi-
ciently as the parental SCI8 virus, but it failed to
transmit to contact ferrets. Moreover, a human
a2,6 SA binding preference is essential for op-
timal transmoission of this exceptionalty viralent
virus, The introdnetion of a single mutation that
converts the HA to dual a2,6 and o2,3 SA
binding specificity (NY18) reduced the high
transmissibility observed with the parental 1918

2 FEBRUARY 2007 VOL 315 SCIENCE

(SC18) virus. This result is consistent with the
previously demonstrated lack of transmissibility
of an H5N1 2003 virus that possessed dual 2,6
and @23 SA specificity due to a naturally ac-
quired muiation at HA residue 223 (HS num-
bering; residue 227 by H3 numbering) (71, 27).

Our findings raise the possibility that, to be-
corne more transmissible, the currently circulat-
ing avian influenza HSN1 virus may require a
receptor binding change to a predominant 02,6
SA binding preference. Such a modification of
HS HA may result in improved virus binding to

e

St

Fig. 3. Photomicrographs of hematoxylin and eosin I(A) to (B) and {I} to (L} and immuno-
histochemicatly {(F) to (H) and {M)] stained tung sections from influenza virus—infected ferrets sampled
on day 3 after inoculation. (A to H) Lung sections infected by SC18 virus, (A) Severe necrotizing
bronchiclitis with severe diffuse alveolitis and edema. Scale bar indicates 50 pm, (B) Severe diffuse
alveolitis, scale bar, 20 um. (O Necrotizing bronchiolitis; scale bar, 30 wm. (B) Necrosis and (F}
associated influenza viral antigen in submucosal serous glandular epithelium of a bronchus; scate bar,
50 m. (E) Margination and adhesion of neutrophils to endothelial cells of a pulmonary arteriole; scale
bar, 20 um. {G) influenza viral antigen in epithelium of 2 primary bronchiole; scale bar, SO pm. (H) Viral
antigen commenly in macraphages and alveotar epithelial cells; scale bar, 20 pm. {1 NY18 virus; severe
diffuse alveolitis with accompanying necrotizing branchiolitis; scale bar, 50 ym. (J) AV18 virus; diffuse
severe alveolitis and edema with necrotizing bronchiolitis; scale bar, 50 pm. (K) Tx/91 virus; normal
alveoli; scate bar, 15 pm. (L} DK/Alb virus, purulent bronchiolitis {p) with peribronchiolar mixed cell
inflammation and assodiated moderate atveolitis (a); scale bar, 5O pm. (M) DAl wviral antigen in
bronchial epithelium; scale bar, 30 um,
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" buman tracheal epithefial cells expressing high

amounts of terminal ¢2,6 SA motifs and, sizmul-
“taneously, in dn fmproved ability to overcome
the inhibitory effects of human bronchial mucins
associated with 02,3 SA receptors (28). How-
ever, mutations that caused a shifi fom the
avian-type to human-type recepior binding spec-
ificity for the HI subtype do not cause an
equivalent shift in specificity for the H3 subtype
{24). Likewise, the amino acid changes required
to alter the H3 HA from an avian- to humao-type
receptor binding gpecificity are ‘different from
those required for the Hi HA. Therefore, it is
likely that different avian HA subtypes have dif-
ferent structural requirements to confer receptor
specificity. Thus, it is currently unknown which
additional unitations in the H3 HA would cause a
shifl to the human-type specificity, which iay be
required for HSNE viruses to transmit efficiently
among humans.
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Protein Kinase C § and Prolyl Isomerase
1 Regulate Mitochondrial Effects of the

Life-Span Determinant p6

BShc
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(‘ 66-kitodalton isoform of the growth factor adapter Shc (p66™) translates oxidative damage into
cell death by acting as reactive oxygen species (ROS} producer within mitochondria. However, the
signaling link bétween cellular stress and mitochondrial proapoptotic activity of p66™ was not
known, We demonstrate that protein kinase C B, activated by oxidative conditions in the cell, induces

phosphorylation of ps6™

recogmzed by the prolyl isomerase Pin1. Once imported, p665™

“ and triggers mitochondrial accumulahon of the protein after it is

causes alterations of mitochondrial

* responses and three-dimensionat structure, thus inducing apoptesis. These data identify a
S!gnahng route that activates an apoptotic inducer shmtemng the life span and could he a potential
target of phatmacological appeoaches to inhibit aging.

spliocd isoform of a growih factor adapter

that is phospborylated upon oxidative.
stress (2). Ablation of the p66°™ gene causes
life-span prolongation with no pathelogical con-
sequence (). A fraction of p665 localizes 1o
mitochondria (3-3), where it binds to cyto-
chrome ¢ and acts as oxidoreductase, generating
reactive oxygen species (ROS) and leading io
organelle dysfunction and cell death {5} The
rotite leading to p665™ activation is still unclear.

The protein p6&>™ (1-4) is an 2lematively

Phosphorylation of & critical serine (Ser’™®) is
necessary (2), but the kinase responsible has not
been identified Moreover, mitochondrial p66™"
is umphosphorylated, indicating that additional
regutatory elements must exist,

Mitochondria receive, under stimulation by
physiological agonists or toxic agents, Ca™-
mediated inputs (6-8) that are decoded into
effects as diverse 25 metabolic stimulation and

apoptosis {9). Ca®* responsiveness is a highly
sensitive readout of mitochondrial state: Partial

defects in mitochondrial ensrgization, as in
mitochondrial diseases, cause defects in Ca®*
handling by the organclle (/0). Moreover,
mitochondrial Ca®" uptake is modulated by
regulatory proteins such as kinases. Some pro-
tein kinase C (PKC) isoforms (/) specifically
affect the responses of mitochondrial Ca®* to

agonists (PKCP reduces them, whereas PKCE
enhances them) (£2). PKCs ate also proposed
to be activated in conditions of oxidative stress
{(13). We therefore used acquorin to monitor
cedlular concentrations of Ca®", a green fluores-
cent protein with mitochondral presequence
{mtGFP) to monitor organelle structure, and
other molecular tools to clarify the signaling
route linking the oxidstive challenge to the
activation of p66°™ proapoptotic effect within
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sanadian Blood Services — Société canadienne du sang — Changes to the Donor Questionnaire JRC2007'I‘~022

“hanges to the Donor Questionnaire
racember 18, 2006

s of December 18th, 2006 Canadian Blood Services Is making some adjustments to questions In the Record of Donation that blobd
onors complete prior to giving blood, : .

£ the direction of Health Canada, Canadian Blood Services is adding & question regarding occupational contact with non-human
rimates such as monkeys, baboons, chimpanzees or macaques or their blood or saliva: "Have you, in your past or present job, taken
are of or handlet_i monkeys_ or their body fluids?” : .

Ince there is no appioved standard test for Simian foamy virus (SFV), donors who respond positively to the question will be deferred
definitely. Pecple who couid be deferred include handlers of non-hurnan primates in iab settings, veterinarians or zoo workers.

Ithough SFV has not been assoclated with any disease or health conditions in monkeys or humans, current research does not allow
s to rule out the possibility that this virus could result in future disease or health conditiohs. So this question Is being added as a
recautionary measure. . ) i

s well Canadien Blood Services is remdving or altering three additional questions on the record of donation:

& The question ™ In the past week, have you had 3 fever with headache?” is being eliminated. This question was added after an
FDA recommendation about West Nile Virus. A positive response meant the donor would be deferred, However evidence suggests
this question is no longer considerad to be useful and is also being remaved by U.S. blood operators and Héma-Quebec,
Question 3)

ol _a phrase “sometimes used for treatment of infertitity or to promote weight loss” is being removed from the question * Have
you ever taken human pituitary growth hormones, human pituitary genadotrophin hormone.” This hormone Is no longer used in
those treatments. (Question 7 b) : . )

* The list of specific illnesses in Question 8 is repetitive of other questions on the form. So Canadian Blood Services is removing
references to “liver problems,” “convulsions,” *blood pressure problems,” “heart surgery,” and “ulcerative colitis.”

Back to Speeches & Public Statements > >

Cunatfizn Bland Servicss
Saciitd canndionne di sang
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