
a i a  P = 3 05 [ d m - h  -lie c o r r e s x i a ~ r g  :.al~~es for 
a I e t i i l c  grrups were P = 3 835 e i r  P = 3.02 

23 -r -esr for e sgl-iflceit ardt\:e effec- tlier IS, f r r  at- 
edval-rage I i 'ia:.iig prorecrl\ve geirtyces cr r  i e- tlie 
SDF' l o c ~ ~ s  el-d at r i e  or brr l i  r f  t,ie CC9 o c ,  we 
peqoriiea a C2x 1ri2reI tes- ?!lt:i 81 ~ i re rac t~o i  \!all- 
ac e a i d  a st-g e c2\!erlabIe for SDF: or CCH crztec- 
- iz i .  TIIS test ha- sg i f i ca i t  log I ~ k e l ~ i ~ ~ d  P .-aues 
:O 1 3 . 3 -  f2rA 05-1967 a i d  aea-h for Caucasars r 
c2 i ic1red colio-s rtl-li reIatl\!e iazaras of 0 31 
[AIDS-I 9E; ara 83 3 aear i ;  12 deaths I i ao.~cly crz- 
tee-ed grrup;, slio~.fi!~~ig e s~g i~ f i ce i t  edvan-age to 
ia\!nr, crth crrtec-11:e ceirtypes, As e l  adal-12ial 
test of - i e  aadt\;l-y of tile 11-eractlor be-"!eel SDF: 
a ia  CCH a Czx lnoael test ,;?as cerformed ';!I-- sep- 
arate \;aracIes f2r cr2tector cy SDF: and CCZi, C J S  

ar I iterac-121 \varlab e -lie re arl\ve 1iaza.a~ of tlie 
iteractl2l- -erm ,!!ere 83 ZZ [A DS--993;. 3.31 A D S -  
1 9E;#, a i r  83 3 Ideati; vtlt i the \velues fe r g  short 
of sigilflcal-ce P = 83 13 r r  83 31 . T:iese -esu-s I i a -  
care -?at tlie ~-onedr~r~\:~ty n -he iiterectrl- bet,veen 
SDF' e i d  CCH pro-ectl\!e geio-ypes is 1st signlfl- 

ca i t ,  cu- t,iet tlie r r e  acrlzi -eras tovcard being 
s-rriger - i an  aadl-11:s-t:iat IS,  syl-erglstic. 

24 J. Rzss. ?ems Gele+ 12 I71  -99E;  K C. -sei, \I 1'. 
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ero d' ,'ie:ir82sc'. 17 -950 1199;; K. M I\Ac:o?.!ai, S 
Po ice J. 3 I":ns z i i .  P t Fekala ,' 8'0.' Ci:em 272. 
1351 1-99;;: G. Shas,: a i r  R <erne1 Ce,: 46, E59 
-9SS; 3. <ube ei a'. C,~~2i':'e 7. -37 II99Z;. 

25 The SDF: gel-e c2rta11-s frur e x r i s  rver e 5 6-kb 
regoti 2f c i ror2s2me 13cll1 - E .  Trto alteria-\vey 
sp Iced - ra i scp t s  t.18- specfy SDF-- n a i a  SDF-- p 
are made frzm :lie ge ie :  :lie i s r r i e ~ s  differ by -lie 
a d d - o i  2f f2.1r COOH-:erl-iliaI aml-r  ecds from -he 
f2uri:i ex21 1 1  SDF--P E - i e  t d o  trel-sccrs 'lave 
comp erel)~ rlffereit 5'lJTRs el-d -lie SDF:-3 A mu- 
r e r o i  1s f r ~ . i d  11 t: ie SDFF p trarscrct ~.fi!1-1i11- a se- 
~ L I ~ I I C E  clock t:iat IS C O I S ~ I - : , ~ ~  be tzee i  mruse a i a  
: i ~ l m a r  SDF-- P IJ-R seqlreices -he crsslcl r y  r f  
r kage  d ~ s e q ~ i l ~ c r i ~ ~ ~ m  treckl-g r f  :he SDiT-3'A mu- 
- a - o i  t l i r o ~ ~ g i  l ika&e d ~ s e q ~ , ~ ~ b r ~ u i i  wes ives tgat -  
ed first cy seq.Ieice dbtemia- lo l l  of t i e  four SDFi 
coa11ig exons r elgi t  SDi: ?'A ?'A hrmozygotes 

Characterization of an Avian influenza A 
(H5N1) Virus Isolated from a Child with a 

Fatal Respiratory Illness 
Kanta Subbarao," Alexander Klimov, Jacqueline Katn, 

Helen Regnery, Wilina bim, Henrietta Hall, Michael Perdue, 
David Swayne, Catherine Bender, Jing Huang, 
Mark Hemphill, Thomas Rowe, Michael Shaw, 

Xiyan Xu, Keiji Fukuda, Nancy Cox 

An avian H5NI influenza A virus (A/Hong Kong/156/97) was isolated from a tracheal 
aspirate obtained from a 3-year-old child in Hong Kong with afatal illness consistent with 
influenza. Serologic analysis indicated the presence of an H5 hemagglutinin. All eight 
RNA segments were derived from an avian influenza A virus. The hemagglutinin con- 
tained multiple basic amino acids adjacent to the cleavage site, a feature characteristic 
of highly pathogenic avian influenza A viruses. The virus caused 87.5 to 100 percent 
mortality in experimentally inoculated White Plymouth Rock and White Leghorn chick- 
ens. These results may have implications for global influenza surveillance and planning 
for pandemic influenza. 

T h e  ~ntroiiuction and sul~seijuent spreaii 
in the  human popu la t~on  of inf1uen:a X 
vlruses with a novel hemagglutinin ( H A )  
or a novel HA and neuraminidase ( N X )  
subtype results from a suciilen and ~llajor 
change in T ~ ~ L I ;  antigenicity, ~ v h ~ c h  is re- 
ferred to  as a n  antigenic shift. Lack of 
protective immunity in the  human  p o p ~ l -  
lation against the  ne\\- HA and N A  pro- 
terns can result in rapid global spreaii of 
the  ~ L ~ L I S ,  leading t o  widespread morbidity 
and mor ta l~ ty .  Pandemic strams contain  

< Sucbarao, A. <III--Io\!, J <atz P Reg lev ,  P H a .  C 
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'-0 ~ r h o m  czrrespz i ce -~ce  sliould be eadressed 

ne\v H A  or  N A  genes cieril-eci from a n ~ m a l  
inf1uen:a X viruses. 1ntIuen:a A viruses of 
15 recogn~zeii H A  sul~types and 9 N X  
si~ht\-'es are knon-11 to  c~rcu la te  In birds 
ani1 other a n ~ m a l s ,  creatlne a reservoir of 
int1uen:a A virus genes availal~le for ge- 
netic reassortment 1 ~ 1 t h  circ~llating human  
strains of 1nf1uen:a virus. Hon.cver. o n  the  
l~asis of seroarchaeology and virus isola- 
t ion s ~ n c c  1933. onl\- viruses of the  H I .  
H ? ,  and  133 subtypes are k n o ~ v n  to  infect 
and cause disease in  h i ~ m a n s  ( I ). 

In general, avian inf1uen:a X viruses, 
inclilding those that are highly pathogenic 
in b~rds ,  do  not appear to replicate efficient- 
ly or cause disease un humans. T h e  only 
reported natural infections of humans hy 
avian vlrilses are two cases of coniuncti\-itis 
associated with avian H7 viruses, one of 
xx-hich \\-as a n  infection w ~ t h  a seal virus of 
avian o r i g ~ n  (2 ) .  Serosurl-cys of f;zrm ivork 

U2 aadit121-a p2 ymzrcilsms ?.!ere detected. FLII- 
t h e  seqlreice eraysis of trto SDFi-+I' hzqory-  
go-es el-d ?%f,,o SDF:-3'A:3'A i m o z y g r t e s  for 5255 
i u c e r r r e s  [ r u t  of 5524 I -  t: ie e i t r e  traiscrpt;  d e i -  
tlfler teir lvarial-ts p r s l - i r i s  191 2 an- 2953; 11 srg le  
SDi ' - - i+  iai\vlduaIs a i a  resveeed 1-2 eddlrioiel 
~riutatlois -racking V ! I -~  SDFi-3'A. 
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ers in southern C h ~ n a  by s~nc le  raciial he- , ,, 

molysis revealeci a seroprevalence ranging 
fro111 1 to  3806 for avian virusea of the  H4 
through H13 subtypes, i n c l u d i ~ ~ g  706 sero- 
p re~~a lence  for H i  ~ i r u s e s  (3) .  In contrast, 
there xere  n o  iioci~lllenteii infect~ons in 
U.S. poultry 11-orkers exposed to  strains of 
avian ( H j )  influenza h 1,iruses that were 
highly pathogenic in poultry (4) .  

O n  9 blay 1997, a prev~oi~sly  healthy 
3-vear-01'1 boy. who was a res~dent  of Hone 
I<ong, cievelopeJ a sore throat, ciry cough, 
and fe1.er. H e  \\-as iiiagnoseci with pharyn- 
gitis and prescribed a n t ~ b ~ o t ~ c s  and aspirin. 
T h e  chili1 continued to be symptomatic and 
febrile ani1 ~vas  hosnitalized o n  15 May. 
Upon a ~ i m ~ s s ~ o n ,  he  was noted to be fel~rile 
(asillary temperature above 39°C) and irrl- 
table. His lal~oratory tests were nlost re- 
nlarkable for leukopen~a (2000 white blood 
cells ner c u l ~ ~ c  m ~ l l ~ m e t e r ) .  His chest x-rav 
n.as 11- thin normal l im~ts .  T h e  next day, he  
\vas transferred to  another hospital, where 
h e  developed progressi1.e respiratory distress 
associatei1 ~ v i t h  hypoxem~a,  consistent 11-ith 
acute resplmtory distress syndrome. He  also 
became increasingly unrespons1r.e. Corn- 
pi~teri:ed tomography of the  heail \\-as un- 
remarkable, and exa~n ina t io~ l  of his cere- 
brospinal fluici was not suggestive of an  
inflammatory process. Despite ~llechanical 
ventilation and broad ant ib~ot ic  coverage, 
the  chili1 ciieil o n  21 Mav with several com- 
plications, incli~ding respiratory k~ilure,  re- 
nal hilure,  and disse~llinated intra1.ascular 
coagulopathy. Postmortenl li1.er and kidney 
l )~ops~es  sho~ved evidence of micro1.ascular 
fatty infil trat~on consistent ~vitlh Reye's syn- 
iirome, which 1s a recognized complication 
of influenza. 

A tracheal aspirate specilllen \\-as ol7- 
tailled o n  Jay 10 of illness and  was cul- 
tured for respiratory viruaes. A cytoyathic 
effect n a s  noteii in ~ l l a ~ l l l n a l ~ a n  h~laciin 
Darby canine kidney (MDCK)  cells anci 
rhesus monkey kiciney (LLC-MK?) cells ? 



ancl 3 days after inoculat~on, respectively. 
The  isolate, clesignateii AiHong Kong!156! 
97, ivas typed as an int1uen:a X virus by 
means of lnonoclonal antibodies to  viral nu- 
cleoprotein in an irnm~~nofluorescence test, 
and ~t dicl not stain with monoclonal anti- 
bodies to respiratory spncytial virus and para- 
influenza \-iruses 1,  2, ancl 3 (5). A~iclition- 
ally, bacterial and fi~nyal cultures of the tra- 
cheal secretions i1iJ not J-ield pathogenic 
oreanistns. T h e  influen:a A virus isolate was 
not inhibited by sheep hyperlrlllilune anti- 
sera to H 1  and H3  inf1~~en:a \- ruses inchlded 
111 the XJorld Health 0rgan1:atiol-i'~ Influen- 
za Reagent Kit. Confirnlatlon of the initial 
iclent~fication of the isolate as influenza A 
was ohtained hy immunoperoxiclase staining 
of mkcted klDCK monolal-ers with ~nfluen- 
:a vin~s-specitic lilonoclonal antibodies (5, 
6).  A hernaggl~~tination-i~~llib~tion (HI )  test 
lvith a panel of antisera to difterent subtypes 
of ~nfluensa .4 ~ ' i rus  gave a react~on (HI titer 
12Q) only with the A/TerniSouth Afiicai 
61 (H5N3)  antiserum, providmg an  identi- 
fication of the H A  as HS ( 7 ) .  

Because the antiviral ilrues alilantadine 
and rilnantacline can be used for prophylax- 

Fig. 1. Alignment and com- 
oarison of complete HA cod- 
ng sequence for the A,'Hong 
Kong,'I 56/97 v~rus solate. 
Dashes under the sequence 
adjacent to the cleavage site 
indicate the positons of the 
inseriions relative to the ref- 
erence stran A,/Turkey? En- 
gland;91. The boxed a v n o  
acids indicate potentla1 giy- 
cosylation sites. Underned, 
bold peotides descr~be the 
iocation of the receptor bnd- 
ing site i12). The nucleotide 
sequence has been deposit- 
ed in GenBank (accession 
number AF036356). 

is and treatlnent of intli~enza A \.iri~s infec- 
tions, it was of interest to establish the  
antiviral sensitivity of this virus. Results of 
an 111 vitro assay revealed that the  n r u s  \vai 
sensitlye to atllantaditle (5) .  

Amplification of the  HA and N h  penes 
by polymerase chain reaction (PCR),  horn 
R N A  estracteil from the XIDCK cell isolate. 
confirmeii the H A  suhtrpe as HS and iLlen- 
tifieci the N.4 suhtype as N 1  (5). N ~ ~ c l e o t ~ i l e  
seillience anal7-s~s o t  the H A  gene (Fig. 1)  
revealed m ~ ~ l t i p l e  has~c  amino ,~cidi a t  the 
cleavage site l~etween the H A 1  ancl HA2 
dc~nainz, a feature (8) that is associateil \\.it11 
hiehly L~a thogen~c  H5 a\-ian vin~ses anLl can 
be part o t  a motif (Arg-Lys-Lps-Are) (9). In 
addition, there are three basic a~llino acids in 
the tour-amino-ac~d ~nqertion (Are-Gln- 
Arg-Arg) adlacent to the cleavage site. Phy- 
logenetic analysis (Fig. 2) ihows that there 
are t\\-o lineage5 of H j  H A  genes: the Eur- 
asian and North Alllerican (19). T h e  
.4/Hong K0~1gi156i97 virus lie\ in the Eur- 
asian lineage. In add i t~on  to the sequence 
lllotif adjacent to the cleal-age site, other 
features o t  the  H.4 associateil \l-ith clru- 
lence, such a g1yco.s~-lation sites ( 1  11, 

Table 1. Molecular analysis of the gene segments of the A;Hong Kong1156'97 virus. Nuceotde 
sequences were comoared, and Identity v:as determined by FASTA (Wisconsin Package, version 9.0) 
searches of GenBank and Eurooean Molecular Bology Laboratory iEMBL) databases a s  of August and 
June 7997, resoect~vely. The nucleotide sequences have been deposited in GenBank ;accession 
numbers AF036356 through AF036363:. 

Gene Region 
segtrent arrplified 

Reg~on V~ruses 1~1th greatest degrees lderitit~ 
sequenced of dent~iy i sc )  

A Budge [gar Hokkaido 1 77 ,HAN6/ 93 1 
A Singaoore 7 57 rH2N2' 93 6 
A Duck Hokkado 8 80 'H3N81 91 3 

A 1Turkey!Eng~and;91 IH5NI) 93 5 
A 'Mallard1Astrakhan; 2*$152 iH; SNG! 93.6 
A 'Parrot 'Ulster173 iH7N;i 91 .; 
A 'Turke)!'Mnnesoia '833182 ( H I  N I !  98 5 
A 'Duck~Hong Kong17; 7; 79 ( H I  N3! 93.7 

n-ere conserved in the  A/Hong Ko11g/156/ 
97 v i r ~ ~ s .  T h e  res~dues  of the  H j  receptor 
biniiing site iiescrilxd hy Garcia er nl ,  are 
canserveii in the  A/Hong K011gi156i97 vi- 
rus as well (1  2 )  

S e i l ~ ~ e n c e  analysis o f t h e  N X  gene of the 
.A/Horig Kong/l56/97 virus determined that 
the  N A  n7as of the  N 1 s~thtype, related most 
closely to the  N.4 gene of the  AiParrot! 
Clrter!73 (H7N1)  1-irua (Tahle 1) .  T h e  
stalk region, which exteniis trom the  viral 
membrane up to alnlno acld SS, had a 19- 
amin,-i-aclii deletion \\,hen aligned with 
other a\-ailable N 1  N.4 gene sequences. 
Large hlock cleletions o t  33 tc, 48 m~cleo-  
tldes have l?een describeil in the stalk re- 
gion of K 1 K.4 genes 111 several N 1 s~ibtype 
strains isolated hetween 1933 anil 1957 
( 1  3 ) .  T h e  residues corresponding to  those 
iilent~fied by Collllan tit nl. (14)  surround- 
ing the  sialic acid hinding site of the N2 
N X  ( ~ v i t h  the  exception of '"Ile, which ii 
seen 11-1 all N 1  N.4 genes) are conser1-eL1 in 
the  A/Hong Kong/156/97 vlrus. 

Nucleoticle secluence and phylogenet~c 
anal\-sis Jeterll~med that genes encocli11~ all 
internal and non.~tructural p ro te ln  were 
111ost closely relateci to kno~vn  genes of avian 
origin (Table 1 ) .  T h e  s~lnilarity o t  the 
A/Hong Kong/l56/97 PB1 sene to the cor- 
responLling gene o t  human X/Singapore/l/57 
(H7N:) 1-~rus can be esplaineL1 by the sug- 
yestion that, in 1957, this gene was transmit- 
ted to human influenza viruses from avlan 
specie,. (15). T h e  highest percent iLlentitlei 

Fig. 2. Phylogeneiic relatonship of the HA1 do- 
main of the heniagglui'nin gene of represeniai've 
avan H5 viruses and the H5 v rus solaied from a 
human (A;Hong Kong; 156;97, boxed). The tree 
is rooted In A;C-81ck;Scoiland159 (H5NI) as an 
ouigrouo. Ths is a neighbor-jonng anays s de- 
ternined by PHYLIP. 



of the PB2, PA, NP, M, and NS genes of 
A/Hong Kongl156/97 to human influenza 
virus genes were 83.3, 83.6, 85.4, 91.2, and 
89.3%, respectively, 3.1 to 9.9% lower than 
the percent identity with avian viruses listed 
in Table 1. Therefore, all gene segments of 
the A/Hong Kong1156/97 virus appeared to 
be avian in origin with no evidence of ge- 
netic reassortment with recent human influ- 
enza A virus genes. 

To determine whether the A/Hong 
Kong/156/97 virus isolated in MDCK cells 
retained pathogenicity for avian species, 
we inoculated the virus by intravenous 
and inmanasal routes into 16 3-week-old 
White Plymouth Rock chickens (Gdus 
domesticus) and by combined innanasal 
and intratracheal routes into six adult fe- 
male White Leghorn chickens. The virus 
killed all eight chickens inoculated intra- 
venously within 3 days; all of the chickens 
inoculated intranasally or by combined 
routes died within 9 days, except one in- 
nanasally inoculated White Plymouth 
Rock chicken, which survived. The chick- 
ens that died had lesions consistent with 
highly pathogenic avian influenza (fowl 
plague) and included necrosis of the 
combs and subcutaneous hemorrhages of 
the legs, thoracic wall, fat pads, proven- 
niculus, and serosa of the heart. Most 
chickens had moderate to severe diffuse 
interstitial pneumonia with demonstra- 
tion of influenza viral antigen in blood 
vessel and air capillary endothelium and 
macrophages. The virus also replicated in 
other tissues, as indicated by the presence 
of viral antigen in neurons, cardiac myo- 
cytes, and blood capillary endothelial 
cells. The A/Hong Kong/156/97 virus re- 
mained highly pathogenic for birds after 

replication in mammalian cells. 
To rule out laboratory contamination as a 

source of the isolate, we confirmed that the 
H5N1 virus could be identified directly in 
the tracheal aspirate obtained from the pa- 
tient. The MDCK cells and embryonated 
eggs re-inoculated with the original clinical 
material yielded only an H5 virus. In addi- 
tion, successful PCR amplification of the 
HA gene from RNA extracted from the 
clinical material was achieved with only H5 
HA-specific primers and not with HI, H3, or 
B HA-specific primers (Fig. 3). The nucleo- 
tide sequences of the ccdii regions of the 
HA and NA genes amplified from RNA 
extracted from the clinical material were 
identical to the sequences determined for 
the virus isolated in MDCK cells (5). Cells 
from the clinical material were stained by 
immunofluorescence with monoclonal anti- 
bodies against the H5 HA and influenza A 
NP but not with monoclonal antibody 
against the H3 HA and a pool of influenza 
Ei-specific monoclonal antibodies (Fig. 4). 
Paired sera from the patient were not avail- 
able; however, a single serum specimen col- 
lected on day 10 of illness did not react with 
the isolate in an HI test. 

Although a clear epidemiologic link was 
not established between the infected child 
and infected poultry, there were three out- 
breaks of influenza in poultry on farms in 
Hong Kong between late March and early 
May 1997. Two viruses from one of these 
outbreaks were H5N1 viruses. Additionally, 
there were a few sick chickens at the child's 
preschool, but there is no evidence that the 
chickens were infected with avian influenza 
or that the child was in close contact with 
them. 

The HA is the main determinant of the 

Fig. 3. Amplification of influenza HA 
gene from RNA extracted directly 
from the tracheal aspirate obtained RNI 

r p s r  
4' H I  - 8 R O  - dH!i . $ m  . &  

from the patient. Lanes 1 and 14 
contain a DNA ladder, with frag- 
ment sizes indicated along the left 
edge of the gel. RNA was extracted 
by means of the Qiagen (Valencia, 
Caliomia) RNeasy kit from the clin- 
ical material (lanes labeled HK/156/ 
97: 4, 7, 10, 13), from known HI 
(lane 2), H3 (lane 5), and H5 (lane 8) 
influenza A viruses, influenza B virus 
(lane 1 I), and water controls (lanes 
labeled -: 3,6,9,12); reverse tran- 
scriptase reactions were carried out 
using 5 pl of RNA and 25 units of 
avian rnyeloblastosis virus reverse 

host range of influenza A viruses, a pheno- 
type conferred by its specificity for receptor 
recognition and binding. All key amino acid 
residues believed to be associated with the 
specificity of receptor bindii  of H5 HA 
(1 2) were conserved in the A/Hong Kongl 
156/97 virus. Identification of the specific 
linkages (012.6 or a2.3 Gal) that can be 
bound by the A/Hong Kong/156/97 virus 
and knowledge of the distribution of recep- 
tors beamg these lmkages in the human 
respiratory tract may help explain why this 
avian H5 virus infected this child. 

In addition to its role as a determinant of 
host range, the HA gene is important in 
determining the virulence of avian influenza 
A viruses for poultry (1 6). All human influ- 
enza virus HA genes characterized to date, 
including the 1918 viruses (1 7), have a sin- 
gle, basic Arg residue at the cleavage site 
between HA1 and HA2. An insertion sim- 
ilar to the basic amino acid insertion adja- 
cent to the cleavage site in the HA gene of 
the A/Hong Kong/156/97 virus has been 
found in several highly pathogenic avian H5 
viruses. h i c  amino acids adjacent to the 
cleavage site allow proteases other than tryp- 
sin-like proteases to cleave the HA into 
HA1 and HA2 domains. This event would 
enable the virus to spread systemically by 
altering the tissue range of these viruses from 
the respiratory and alimentary tract to other 
sites, such as the brain, heart, and blood 
vessels (18). It has been suggested that the 
acquisition of a ubiquitously.cleavable avian 

Fig. A lmmunofluorescence staining of cells from 
the tracheal aspirate obtained from the patient. 
Acetone-fixed cells were incubated with influenza 
virus-specific monoclonal antibodies followed by 
fluorescein isothiocyanatmnjugated goat anti- 
bodies to mouse immumlobulin G. The influenza 

transcriptase in a 25-pl reaction. 
PCR was canied out using HI (A) a pool of two antibodies raised against the H5 
(lanes 2 to 4), H3 (lanes 5 to i'), H5 (lanes 8 to 1 O), and B (lanes 1 1 to 13) HA-spec primers (PP, primer HA of A/chicken/Pennsylvania/l370/83, (B) an 
pairs); the expected product sizes are 1 104,785,1110, and 1 104 base pairs, respectively. PCR cycling antibody that is broadly cross-reactive with the HA 
conditions included denaturation at 94°C for 7 min, annealing for 2 min at 50°C, and extension for 3 min of human H3N2 viruses, (C) a pod of two antibod- 
at 72"C, followed by 29 cycles of denaturation at 94°C for 1 min, annealing for 2 min at 50°C, extension ies specific for the NP of influenza A viruses, and 
for 3 min at 72"C, and an additional extension of 7 min at 72°C. (D) antibody specific for influenza B viruses. 
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13.4 hy a 11~1111;111 ~ntluenza '4 virus could 
make a vlrus lethal (16). It remains to he 
bhorvn ~vhether gene segments other than 
the H.4 may also h,lve contrih~iteii to the 
,~hllity of the virus to infect a llum,ln. 

'4 nallde~nlc ot I I I ~ ~ L I ~ I I ; ~  coclld heiLll1 
mlth isolated c,lses, in rvhich avian or 
srvine intluenz,~ viruses adapt to human 
llo5ts or, over time, genetically reassort 
~v l th  circulatlnp human intluen:,~ '4 virus- 
es, or it co~ilii hegin as a r,lpld and explo- 
slve spread of a paniiemic vlrus deriveii 
from a reassortment event In an interme- 
illate ho\t.  Increased \urveillance e th r t s  
have been ~ni t ia ted to identlf\- other cases 
of 1llne55 ,~ssociated rvith rntl~ienza '4 
( H j N 1 )  vlruaes. In aiiiiition, serosurveys 
are under \yay in an effort to iiientif\- 
,~svmntomatic or ~n l ld  clilllcal infections , . 
in the reg1011 and subst,lntl,lte the previous 
report of s e r ~ ~ r e v a l e n c e  to H i  viruses (3 ) .  
These studles may iletermine Lvhether H5 
vlruses silnllar to AIHong Kong/l56/97 
are circulating in the human population 
and if the isolation of the A/Hong Kong/ 
156197 virus 1s the tirst .;rep in the recog- 
llltioll of an influenza '4 virus mlth p,ln- 
iienllc potential or Lvhether this case is 
sl~nply an ~solated event. 

Notc &ed in proof: Since the sulimission 
of thls report, there h,lve heen 12 addltlonal 
col~firl~leil 11~1111;111 C ~ S C S  ut ~niluel~:;~ '4 
(HSN 1 ) mfcctions in Hong Kong, incluii- 
ing t l~ree fatalltie.;. Sequence analysis of the 
genes of six ot the 1so1,ltes revealed th,lt ,111 
of the genes are of avlan origin and are 
clo.;ely related to e,lch other. The H A  gene 
coiies fur a multlple h,lsic amino ,~clii inaer- 
tlon upstrem~ of the cleavage site, ,~saociat- 
ed with highly pathogenic avim intluenza 
viruses and ~dentic,ll to that seen in the 
A/Hong Kong/l 56/97 virus. 
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Extraocular Circadian Phototransduction 
in Humans 

Scott S. Campbell* and Patricia J. Murphy 

Physiological and behavioral rhythms are governed by an endogenous circadian clock. 
The response of the human circadian clock to extraocular light exposure was monitored 
by measurement of body temperature and melatonin concentrations throughout 
the circadian cycle before and after light pulses presented to the popliteal region (behind 
the knee). A systematic relation was found between the timing of the light pulse and the 
magnitude and direction of phase shifts, resulting in the generation of a phase response 
curve. These findings challenge the belief that mammals are incapable of extraretinal 
circadian phototransduction and have implicationsfor thedevelopment of more effective 
treatments for sleep and circadian rhythm disorders. 

Circadian rhythms are endogenously gen- 
erated oscillations ot ,lhout 24 hours that 
provliie te~nporal structure to a \vide rmge 
ot liehavlor,ll anii physiologic,ll tunctions. 
B ~ C ~ L I S C  the endogenou5 clock teniis to run 
, ~ t  ,I perioii close to hut not ex,lctly 24 hours, 
,I daily adlustmmt, usually hy the natur'll 
11ght-dark cycle, is required to synchronize 
or entr'lm circaiiian rhythm\ to the external 
environment. Many vertebrate anil nonver- 
tehrate specie.; h,lve multiple photc>receptor 

~ l i  12111 entraln- sy5tem.; through \vluch circ  1'  
ment may he achieved (1-3). In the house 
sp;lrrom., for example, three dlscrete input 
pathways for llgllt to , ~ c t  on the clrcaillan 
system have heen identlfled (4) .  Slmllarly, a 
numher of tish, amphlhlan, and reptile spe- 
cies have extraocular and extrapmeal path- 
n.,lys fur clrcadl,ln llght transduction (5). 

Tlle photoreceptors responslhle tor en- 
training the mamrnali,ln hlologlcal clock 
may not he the same cells th,lt mediate 
vision (6) .  Mice homo;\-gous for the autoso- 
ma1 recesslye allele rd (retinally degenerate), 
\vhicll 11,lve no electropl~ys~ologic,ll or he- 
havic~rdl viau,ll responses tc] light, c,ln lie 
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entrained to a light-d,lrk cycle (7). Likervise, 
bright light suppresses melatonin output In 
some totally hlind hum'lns, despite the f,lct 
that they l ~ v e  no conscious light perception 
and no pupillar\- light reflex (8). Such find- 
ings support the hypothesis that all verte- 
lirates, including mamm,lls, have specl,llizeii 
nonvisual photoreceptors that meiii,lte circ;l- 
dian resnonses to the licht-iiark cycle. It is 
gener,lll\- assumeil, llo\vever, that non\,ikclal 
circadian i~llc3toreceptors in m,lmm;ll. rc.iLlr 
rvithin the retin,~, ,lnii that m,11111nal\ do not 
have the cap,lcity tin cxtr,iocular circadian 
photoreceptiol~ (1 . 2 .  9).  This conclusion 1s 
bawd on st~idles sho\vlng a fal l~~re of several 
rodent species to entram to (3 lyht-dark cycle 
or to respond to pulse5 of liilht mlth ,hlfts In 
circadian ph,l.;e ,liter complete optic enucle- 
ation (12). 111 additLon, Creisler , ~ n d  co- 
\vorkers fo~ind an ,~hhence of l1:ht-induced 
melatonin stippresslon durlng ocul,lr shield- 
ing In t ~ v o  indlvld~ials \vho dld sho\v suppres- 
sion ~vhen llght fell on their eyes (8). '4 
decade earller, Wehr and co-worker.; report- 
ed a lack ot clmlc,ll response in seasonal 
affective dlsorder ~vhen  patients' skln (Lice, 
neck, arms, legs) \vas expo.;eii to a bright 
light stim~il~i5 ~vhlle their eyes were shlrlded 
( 1  1).  However, In that study, no physiolog- 
~ c a l  measures of light response, such as mel- 




