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Stromal-derived factor (SDF-1) is the principal ligand for CXCR4, a coreceptor with CD4 
forT lymphocyte cell line-tropic human immunodeficiency virus-type 1 (HIV-I). A common 
polymorphism, SDF13'A, was identified in an evolutionarily conserved segment of the 3' 
untranslated region of the SDF-1 structural gene transcript. In the homozygous state, 
SDF1-3'A/3'A delays the onset of acquired immunodeficiency syndrome (AIDS), accord- 
ing to a genetic association analysis of 2857 patients enrolled in five AlDS cohort studies. 
The recessive protective effect of SDF1-3'A was increasingly pronounced in individuals 
infected with HIV-1 for longer periods, was twice as strong as the dominant genetic 
restriction of AlDS conferred by CCR5 and CCR2 chemokine receptor variants in these 
populations, and was complementary with these mutations in delaying the onset of AIDS. 

H I V - 1  strains isolated from recently infect- 
ed individuals are predominantly macro- 
phage-tropic (M-tropic) and non-syncyti- 
um-inducing, and they co-opt CC-chemo- 

C. Wnkler. W. Modl, M. W. Smith, G. W. Nelson, X Wu, 
M. Carrington, Scence Applcations Internatonal Corpo- 
ration (SAC), Natonal Cancer Institute, Frederick, MD 
21 702, USA. 
M .  Dean and S. J. O'Brien, Laboratory of Genomic Dver- 
sity, Natlonal Cancer Institute, Frederick, MD 21702, 
USA. 
T. Honjo and D. Yabe, Department of Medical Chemistry, 
Kyoto Universlty, Kyoto, Japan. 
K. Tashiro, Center for Molecular Biology and Genetics, 
Kyoto Universlty, Kyoto. Japan. 
S. Buchbinder and E. Vittinghoff, AlDS Office, Depart- 
ment of Publlc Health, 25 Van Ness Avenue, Sute 500, 
San Francisco, CA 941 02, USA, 
J. J. Goedert and T, R. O'Brien, Viral Epidem~ology 
Branch, Natonal Cancer Institute, Executive Plaza North, 

kine receptor proteins as entry ports in corn- 
bination with CD4 molecules (1, 2). Over 
the course of HIV-1 infection, viral nheno- 
type and coreceptor use broackn to klclLrcle 
the appearance of T lymphocyte cell line- 
tropic (T-tropic) variants near the time 
when AIDS symptoms are first observed (1, 
3,  4). T-tropic strains induce the formation 
of syncytia in CD4+ cell lines in vitro, infect 
peripheral blood mononuclear cells 
(PBMCs) faster, and replicate more aggres- 
sively than do the early M-tropic isolates (1, 
4). The occurrence of T-tropic isolates usu- 
ally precedes a precipitous drop in CD4 T 
cells, which suggests that these viruses may 
contribute to T cell depletion. T-tropic 
HIV-1 enters target cells by mealns of CD4 
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transcriptional splice variants of the SDFl 
gene) is capable of down-regulating CXCR4 
on cells by induction of endocytosis, effec- 
tively blocking infection by T-tropic birt not 
M-tropic HIV-1 strains (5, 6). 

The use of available CXCR4 coreceptors 
by viral strains that emerge during late stage 
HIV-1 infection, together with the de~uon- 
stration that SDF-1 effectively inhibits 
HIV-1 replication, prompted a polymor- 
phis111 search for SDF-1 structural gene vari- 

ants that might influence HIV-1 transmis- 
sion or pathogenesis. We screened 1354 of 
the 3526 base pairs (bp) represented in hu- 
man SDF-1P transcripts with a series of poly- 
merase chain reaction (PCR) primers and 
single-strand conformation polymorphism 
(SSCP) heteroduplex assays (7) in a sub- 
group of 144 patients enrolled in five epide- 
miologic cohorts assembled to monitor 
HIV-1 infection and AIDS (8-1 1 ). Se- 
quence analysis of a common variant re- 
vealed a G + A transition at position 801 
(counti~lg from the ATG start codon) in the 
3' ilntranslated region (3'UTR) of the refer- 
ence sequence (GenBank accession number 
L36033). The polymorphism (designated 
SDFl -3'llTR-801 G-A and abbreviated 
SDFl-3'A below) is represented in the SDF- 
1p transcript but not in the SDF-la tran- 
script. Because this variant eliminated an 
Msp I restriction site, a PCR-restriction frag- 
ment length polymoqhism (RFLP) assay 
was used for rapid detection of genotypes (7). 
The allele and genotype frequencies of 
SDFl-3'A were determined in 2857 individ- 
uals from five AIDS cohorts (8-1 1). The 
following SDFI-3'A allele frequencies were 
fo~lnd: Caucasians, 0.211 (n = 1835); His- 
panics, 0.160 (n = 131); African Americans, 
0.057 (12 = 859); and Asians, 0.257 (11 = 37) 
(12). 

A role for SDFI-3'A in HIV-1 infection 
was investigated by genotyping 2419 HIV- 
1-infected patients and 435 HIV-1-ex- 
posed uninfected individuals. No signifi- 
cant differences in SDFl allele or genotype 
frequencies were observed in initial com- 
parisons of exposed (or at risk) uninfected 
versus infected individuals in separate or 
combined cohort analyses [Fisher's exact 
test (FET), P = 0.16 to 1.01 (12). However, 
a group of 79 high-risk exposed uninfected 
individuals from MACS (those with ex- 
tremely high-risk sexual practices) (10, 13) 
showed a highly significant elevation in 
SDFl -+/3'A heterozygotes [50.6% among 
high-risk uninfected individuals compared 
to 31.1% among infected patients; FET, 
P = 0.0021, suggesting a protective effect 
against HIV-1 infection for this genotype. 

The influence of SDFl genotypes ( +/+ , 
+/3 'A, and 3'A/3 'A) on disease progression 
among HIV-1-infected individuals was ana- 
lyzed by means of Cox proportional hazards 
models (14) (Fig. 1 and Table 1). A sub- 
group of 639 seroconverters from four co- 
horts Lvas included in the analysis (8-1 1). 
These participants had well-characterized 
dates of seroconversion, with a first positive 
HIV test no more than 3 years after the last 
negative test, or, in the case of some SFCC 
participants, before the end of 1980 (8, 9, 
15). Three AIDS endpoints reflecting ad- 
vancing morbidity were evaluated: (i) AILJS- 
1993, as defined by the U.S. Centers for 
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Disease Control (16) (that is, HIV-1 infec- 
tion plus AIDS-defining illness or decline of 
CD4 T lymphocytes to <200 cells/mm3) or 
death; (ii) the more stringent AIDS-1987 
definition (1 6) (HIV-1 infection plus AIDS- 
defining illness) or death; and (iii) death 
during follow-up for an HIV-1-infected pa- 
tient (97% of these had AIDS-1993). 

For the combined and separate cohort 
analyses, the SDFI -+I+ and SDFI -+/3'A 
individuals were indistinguishable in the pat- 
tern of progression to the three AIDS end- 
points (Fig. 1). However, there was a marked 
slowing in progression to AIDS for individ- 
uals with the SDFI-3'A/3'A genotype [that 
is, relative hazards (RH) < 0.65; Table I]. 
The delay was statistically significant with 
MACS and combined cohorts for AIDS- 
1987 and death, and with SFCC for death, 
for Caucasians or all ethnic groups ( 12, 13, 
17). The extent of observed protection from 
AIDS progression associated with the SDFI - 
3'A/3'A genotype follows a gradation in 
combined and SFCC cohorts across increas- 
ingly severe AIDS endpoints (Fig. 1 and 
Table 1). The FU-I value for the combined 
Caucasian cohort sample was 0.65 for AIDS- 
1993, 0.36 for AIDS-1987, and 0.24 for 
death (lower values indicate increased pro- 
tection; Table 1). The tendency to display 
increased protection in later stages of HIV-1 
infection was also seen in MACS (FU-I = 
0.59 > 0.22 > 0.1, respectively) and SFCC 
(RH = 0.83 > 0.30 > 0.00) cohorts (12). 
This gradation was extended when time to 
CD4 <200 cells/mm3 (alone without AIDS 
disease or death) was used as an endpoint 
(Caucasians: FU-I = 0.67, P = 0.18; all races: 
RH = 0.63, P = 0.13) (18). The gradation 
suggests that SDF1-3'A/3'A protection is 
more pronounced in later stages of HIV-1 
infection and is possibly related to interfer- 
ence with the appearance of T cell-tropic 
HIV-1 strains. 

The protective effects of SDF1-3'A/3'A 
homozygotes were also apparent in defined 
disease category analyses, which allow the 
inclusion of seroprevalent patients (those 
whose seroconversion date is unknown be- 
cause they were HIV-1 antibody-positive at 
the time of enrollment) in the slow/nonpro- 
gressor category (9). A significant elevation 
in the frequency of SDF1-3'A/3'A was o b  
served among slow/nonprogressors within 
the combined cohorts for every AIDS out- 
come (Fig. 2A). The relative risk for AIDS 
avoidance, estimated by a case/control odds 
ratio, ranged from 2.4 to 4.1 for the three 
AIDS endpoints. The results of both the 
survival (Fig. 1 and Table 1) and disease 
category analyses (Fig. 2A) reveal a strong 
recessive SDFI-3'A association with de- 
layed clinical outcomes of HIV-1 infection. 

Variant alleles within the coding regions 
of the chemokine receptors CCR5 and 

CCR2, which are coreceptors for M-tropic 
HIV, have been shown to delay the rate of 
progression to AIDS (8, 9, 19, 20). The 
mutant alleles CCR5d32 and CCR2-641 
are dominant, genetically independent, and 
equally protective (8, 9, 21 ). An estimated 
25 to 30% of long-term survivors who re- 
main AIDS-free for >16 years can be at- 
tributed to a protective genotype for either 
CCR5d32 or CCR2-641 (9). A survival 
analysis of the relative contributions of 
CCR5-A32, CCR2-641, and SDFI -3'A ge- 
notypes (Fig. l and Table l )  reaffirms the 
protective effects of CCRZ, CCR.5, and 
SDFl variant genotypes on progression to 
AIDS when the influence of the other pro- 

tective loci are considered as covariables 
(14, 21 ). For AIDS-1987 and death end- 
points, the extent of SDFl -3'413'A protec- 
tion in combined cohorts (Caucasian and 
all ethnic groups) is approximately twice 
that seen with CCRZ or CCR.5 protection 
(that is, RH for SDFl versus CCR from 
Table 1 equals 0.37:0.64 for AIDS-1987 
and 0.24:0.56 for death; P = 0.03) (22). In 
addition, CCR and SDFl protection are 
additive in AIDS cohorts, because patients 
with both SDFl and CCR protective geno- 
types avoid AIDS outcomes longer than do 
patients with only single-gene protection 
(P = 0.05 for AIDS-1993, P < 0.01 for 
AIDS-1987 and for death; Cox model log 

Time since seroconversion (years) 
Fig. 1. Kaplan-Meier survival curves of seroconverters, showing relation of SDF1-3'A/3'A recessive 
protection to AIDS endpoints (15). Left panels: SDFl-3'WA genotype survival (red) is compared with 
survival of SDFl-+/3'A (yellow) and SDF1-+/+ (blue) genotypes. Caucasians in the combined (ALIVE, 
MACS, MHCS, and SFCC) cohorts (8-1 1) [n = number of patiits, RH = relative hazard, P = log 
likelihood P value based on the Cox proportional hazards model (14) for SDF1-3'A/3'A and +/3'A 
survival compared to SDFl-+/+ survivafl. The value of n for AIDS-1 993 is smaller than for AIDS-1987 
or death because several subjects had CD4 T lymphocyte counts below 200 before HN infection; for 
these subjects AIDS-1 993 was impossible to define. Right panels: Survival curves for protective geno- 
types for SDFl, CCR2, and CCR5 versus +/+ at the three loci. The protective genotypes are SDFl- 
3'A/3'A, CCR2-+/W or 64//64/, and CCR5-+/A32 and A32/A32. The four curves represent the 
following genotypes: +/+ at SDF1, CCR2, and CCR5 (blue); one or more CCR2ICCR5 protective 
genotypes and SDF1-+/+ (green); SDF13'A/3'A and +/+ at CCR2/CCR5 (orange); and SDF13'N 
3'A and protection by one or more CCR2ICCR5 protective genotypes (pink). x indicates single events; 

indicates patient censoring. Summary statistics for the combined cohort analyses are shown in Table 
1 (12). Log-log survival time versus log time plots were examined for proportionality with the combined 
cohort analysis. The plots were parallel and did not intersect, as assumed in the Cox proportional 
hazards model (14). 
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likelihood test) (14, 23). For example, only 
1 of the 10 seroconverter patients who were 
genotypically SDFl -3'A/3 'A and either 
CCR2- or CCRS-protected has progressed 
to AIDSdefining conditions (AIDS-1987), 
while 5 of 13 SDFI-3'A/3'A, CCR2-+/+; 
CCRS-+/+ patients did. However, 11 of 23 
dual-protected seroprevalent patients ulti- 
mately succumbed to AIDS, although their 
time interval to AIDS was unknown. 

The cumulative effects of the SDFl-3'A/ 
3'A protective genotype, separately or in 
combination with CCR protective geno- 
types, were assessed over six intervals after 
HIV-1 seroconversion (Fig. 2B). The results 
reveal a significant increase of SDFI-3'A/ 
3'A genotypes among patients who avoid 
AIDS for longer periods (P = 0.02). There 
was a complete absence of a dual CCRISDFI 
composite variant genotype among patients 
who developed AIDS-1987 or died within 
the first 10 years after HIV-1 infection, and 

only a single individual with SDFl plus CCR 
protective genotypes developed AIDS-1993 
during this interval. Combined with the sur- 
vival analyses, these data emphasize the pro- 
tective effect of the SDFl-3'A/3'A genotype 
and suggest that its effect is more than addi- 
tive with the protection provided by CCR2 
and CCRS variant alleles (23). 

The SDFI-3'A variant is located in a 
segment of the 3'UTR of the SDF-1P tran- 
script (6) that is highly conserved in se- 
quence (69% sequence between human and 
mouse SDF-1P 3'UTR sequence with no 
gaps). This extent of conservation within 
the segment suggests that it may serve as a 
target for cis-acting factors influencing tran- 
script abundance, synthesis, transport, stabil- 
ity, or splice product abundance (24). The 
simplest hypothesis for SDF1-3'A/3'A ac- 
tion involves upregulation of the quantity of 
SDF-1 protein available to bind CXCR4 and 
stem the appearance of late stage T-tropic 

Fig. 2. (A) Defined disease category analysis of SDFl- A 
3'A/3'A genotype frequencies for each cohort and 10 
combined cohorts for the three endpoints: AIDS- 9 

1993, AIDS-1987, and death (see text). Seroconvert- 8 
7 " 

ers who progressed to the designated outcomes be- 
fore the cutoff time (defined below) were compared to g seroconverters plus seroprevalents who survived out- 
come-free for at least that length of time. Imputed 3 
seroconversion dates for the seroprevalent subgroup 2 
for MHCS, HGDS, and ALIVE were provided by the I 
cohort investigators (10, 11). For MACS, date of en- 3 0 

HIV-1 strains in infected patients (25). This 
mechanism would be consistent with the 
gradation in survival outcome whereby 
SDFl protection is more pronounced in late 
stage AIDS outcomes than for earlier stages 
(Fig. 1). 

The frequency of SDFl -3'A homozygous 
recessive individuals is low (<5%) in the 
study populations, but the effect is quite 
strong. Although SDFl protection is more 
apparent in later stages of HIV-1 infection, 
the principal effect may actually involve a 
strong protection against rapid progression to 
AIDS (Fig. 2B). The extent of observed 
SDFI-3'A/3'A protection is twice as strong 
overall as the influence of either CCRSd32 
or CCR2-641. This extent of protection me- 
diated by a potential regulatory region of 
SDFI. effective in a test ~o~ula t ion  and 

A .  

without obvious clinical cost, offers an at- 
tractive opportunity for therapeutics that 
could mimic the action of the variation. 

- 
rollment was used as the starting date. Cutoffs (in 2 ,,, years) were chosen as the time when approximately lo- 
half of all seroconverters had progressed to the out- ' 9 g 

g ;  8 r comes. The following times for the outcomes and .- 7 
cutoffs were used. For AIDS-1993: MACS, 6 years; 5 6 MHCS, 9 years; SFCC, 12.5 years; and combined - 5 

6 s 
5 ;  

cohorts, 8 years. For AIDS-1987: MACS, 7.5 years; 4 4 o 
MHCS, 11.5 years; SFCC, 14.5 years; and com- 3 3 % 
bined. 10 years. For death: MACS, 8 years; MHCS, 2 2 g 
11.5 years; SFCC, 14 years; and combined, 12 years 1 6  
(9). The number of individuals in each disease cafe Z O 

0 

gory is at the top of the bars. *P 'P 00.5, "P < 0.01 3 10 
(FET for the null hypothesis of no SDF1-3'A/3'A pro- Death Death 9 
tection compared with SDF1-+/+ plus SDF1-+/ *. a 
3'A). Bars are for Caucasians; triangles indicate 
SDF1-3'A/3'A frequencies for all ethnic groups. The 
relative risk of rapid progression for unprotected 
(SDF1-+/+ or SDF1-+/3'A) patients (relative to 
SDF1-3'A/3'A patients) was estimated for Cauca- 
sians in the combined cohorts by calculating the 
case/control odds ratios with slow progressors as 
controls; that is, the risk for each category is the ratio 
of the percentage of rapid progressors to the percent- 
am of slow txwressors. Estimate relative risks (with 

MACS MHCS SFCC All 

Cohort 

95% ~nfiden&intt?~als and FET  values in parentheses) were as follows: 
for AIDS-1993,2.4 (1.0 to 7.2, P = 0.02); for AIDS-1987,3.4 (1.2 to 13.4, P 
= 0.007); for death, 4.1 (1.2 to 21.5, P = 0.007). (B) Frequencies of the 
protective SDFl -3'A/3'A genotype alone (black bars) or in combination with 
at least one CCR2/CCR5 protective genotype (CCR5-+/A32, CCR2-+/MI, 
or CCR2-641/641; shaded bars) in six intervals of increasing survivorship from 
midpoint (seroconverters) or imputed (seroprevalents) seroconversion dates 
in Caucasians. Genotypic frequencies were determined separately for time to 
AIDS-1993, to AIDS-1987, and to death (see text) using seroconverters 
progressing to the outcomes in less than 3.5 years, 3.5 to <7 years, and 7 to 

23.5 3.5-7 7-10 10-13 13-16 216 

Time to outcome (years) 

<I 0 years, and including seroconverters and seroprevalents progressing to 
the outcomes in 10 to <I3 years, 13 to <I6 years, and 21 6 years. The 
number of individuals observed in each category is shown above the bars. 
The average frequency of the protectii genotype for Caucasians is shown 
as an arrow. There is a statistically signficant trend (Mantel-Haenzel x2) 
toward enrichment of SDF1-3'A/3'A genotypes at increasing survival inter- 
vals for AIDS-1993 (P = 0.04) and AIDS-1987 (P = 0.01), and toward 
enrichment of composite SDF1-3'A/3'A plus CCR5 genotypes at increasing 
survival intervals for AIDS-1993 (P .= 0.005), AIDS-1987 (P = 0.01), and 
death (P = 0.05). 
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Table 1. Survlval analysis o f  protectlor: f r om progression to  A lDS ou tcomes  b y  SDFI-3'A:3'A va ran t ,  
CCRS, or  CCR2 protect ive po lymorph isms.  Analysis 1: Survival ana lyss  for progression t o  three A lDS 
e n d p o n t s  a m o n g  HV- I - i n fec ted  seroconverters for SDF1-3'A/3'A versus SDF7 -- /-  or  SDF-+/3'A 
genotypes, as  in Flg. 1 Seroconverters In comb lned  cohor ts  including only Caucasians a n d  for a ethnic 
groups we re  analyzed u s n g  the  C o x  proport ional hazards mode l  (73, 74). A log likelihood test il d f )  (LL),  
P value, relative hazard ( R H )  and 95% conf idence Interval (GI) were calculated for  each v a r a b e  ~n the  
analysis o f  A lDS o ~ ~ t c o m e s  (74). Times to AIDS-1 993 .  A D S - 1  987 ,  and death  (see text! were calculated 
f rom the  midpoint o f  t he  last H V - I - n e g a t v e  test date  and the  f r s t  H V - I - p o s i t v e  test date .  The  value 
o f  n for AIDS-1993 1s smaller than for A D S - 1 9 8 7  or  death  because several subjects h a d  C D 4  T 
lymphocyte  counts  be low  2 0 0  before H V  Infection: fo r  these subjects AIDS-1993 was  !mposslble t o  
deflne. Seroconverters w i th  an Interval greater than 3 years between last negat ive a n d  f r s t  posltive we re  
exc luded f r om the  analysls. Analyses we re  adjusted for age.  where age  is a categorical variable ~11th 
three categories: <30. 30 t o  40 ,  o r  >40 years old. Analysis 2: SDF7-3'A/3'A versus SDF1--I+ or  
SDFl- +/3 'A controll ing for t he  protect ive genotypes o f  CCR2 and CCR5 (27 i. Analysis 3: CCR2-G411641 
or  CCR2-+/641 or  CCR5-+/A32 versus CCRS-+I- and CCR2-+/- (normal at t w o  loc11 cont(oll1ng for 
t he  p ro tec t ve  genotype o f  SDFl.  The  LL P values use  a Bon fe r ron~  correct ion for  multiple independent 
tests per formed In each o f  t he  three analyses. A n  LL ca lcu la t~on for x2 w a s  performed because o f  t he  
small numbers  o f  pa ten t s  and few  failures in SDF7-3'A/3'A individuals (14). [+/+I for SDFl includes 
SDFl- +/+ and SDFl-+/3'A. 

AIDS 
Caucasians All races 

ou t come  
n Events R H  95% Cl LL -P  n Events R H  95% Cl P 

Analysis 7: SDF1-3'A/3'A versus SDFl- +/3'A ano' SDF1- +/+ genotypes 
AIDS-1993 636 4 1 0  0 . 6 5  0 .39-1 .1  0 . 1 0  8 4 4  5 1 4  0 . 6 1  0.37-1 .O 0 06 
AIDS-1987 6 3 9  3 1 5  0 . 3 6  0 .18 -0 .71  0.003' 8 5 7  3 8 7  0 . 3 4  0 . 1 8 - 0 . 6 7  0.002'  
Death  6 3 9  2 4 3  0 . 2 4  0 .10 -0 .57  0,001'  8 5 7  2 9 4  0 . 2 3  0 . 1 0 - 0 . 5 5  0 .001"  

Analysis 2: SDF7 -3'A/3'A versus [-/+I for SDF7, CCR2, and CCR5 
AIDS-1993 6 0 3  391  0 .67 0 .40-1 .14 0 . 1 4  800 491  0.63 0.38-1  06 0 . 0 8  
AIDS-1987 6 0 6  303 0.37 0 .18 -0 .72  0 .004*  806 371  0.35 0 . 1 8 - 0 . 6 8  0 0 0 2 '  
Death 606 2 3 4  0 . 2 4  0 . 1 0 - 0 . 5 8  0 .002 '  806 2 8 2  0 2 3  0 .10 -0  55 0.001**  

Analysis 3: CCR2/5 protect~on versus [+/+I for SDFI, CCR2, and CCRJ 
AIDS-1993 603 391  0 . 6 3  0 51 -0 .77  0 00001"*'+ 800 491  0 6 5  0 .54 -0 .78  0 000007"" 
AIDS-1987 6 0 6  303 0 . 6 4  0.50-0 81  0 .0002**  806 371  0 . 6 6  0 .53-0 .83 0 .0002"  
Death  606 2 3 4  0.56 0.42-0 .73 0.00003"" 806 2 8 2  0.60 0.47-0 .77 0 .00007*+*  

' P  5 C.C5, *-P 5 C.CI. ' --P 5 C.OO1. -*"P 5 0.0001. Calculated with tbe Bonferron correctol- for n u t i p e  tests (six 
testsj. 
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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  introiiuction and sul~seijuent spreaii 
in the  human population 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 major 
change in T ~ ~ L I S  antigenicity, ~ ~ h l c h  is re- 
ferred to  as a n  antigenic shift. Lack of 
protective immunity in the  human  pop~r -  
lation against the  nev- HA and K A 4  pro- 
terns can result in rapid global spreaii of 
the  ~ L ~ L I S ,  leading t o  widespread morbidity 
and mortality. Pandemic strams contain  

.( Sucbarao, A. .(III--IG\!, J 4atz P Reg lev ,  P H a .  C 
Gender J. Puel-g, T\4. Pempl i  , T. R o ~ t e .  T\4. Sia.;t X. Xu, 
K. :uk~lda, U Cox l i fue~-za B ra i c i .  Ceiters for D sease 
Cot--ro a rd  Pre\!eit o i  A-81-a, GA 30553 USA. 
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mert o' Acr cu l t~~ re  Athens, GA 53605, JSA 
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ne\v H A  or  K A 4  genes cierix-eci troll1 animal 
inf1uen:a X viruses. Int11ren:a A viruses of 
15 recognizeii H A  sulxypes and 9 K X  
sirbt\-'es are knon-11 to  c~rcu la te  in  birds 
ani1 other animals, creatlne a reservoir of 
int1uen:a A vir~rs genes availal~le for ge- 
netic reassortment w t h  circ~llating human  
strains of 1nfluen:a virus. Ho\vcver. o n  the  
l~asis of seroarchaeology and virus isola- 
t ion slncc 1933. onll- YlrLrses of the  H I .  
H 2 ,  and  133 subtypes are k n o ~ v n  to  infect 
and cause disease in hirmans ( I  ). 

In general, avian inf1uen:a X viruses, 
inclirding those that are highly pathogenic 
in birds, J o  not appear to replicate efficient- 
ly or cause disease un humans. T h e  only 
reported natural infections of humans by 
avian vlrirses are t \ ~ o  cases of coniunctil-itis 
associated \\-it11 avian H7 viruses, one of 
xx-hich \\-as a n  infection 1v1t11 a seal vlrLrs of 
avian origin (2 ) .  Serosurl-cys of farm work 

Uz aaditlzl-a p3 ymzrpilsms ?.!ere derecred. FLII- 
t h e  seqlreice erays's of rrto SDFi-+:' h z ~ o r y -  
go-es el-d rwo SDF:-3'/13'/ imozygotes for 5255 
i u c e r r r e s  lout of 5524 I- t : ie e i t  re rraiscr pt; d e i -  
t f e r  rwo\!ar'al-ts p o s - i r i s  191 2 an- 2953; 1 s rgle 
SDi'--:+ iai\v duals a i a  resveeed 1-0 eddlrioiel 
~riutar o i s  -racking ~.fi!l-h SDFi-3'A. 

2:. \"!e \very gra-ef~1 1)' a ~ k i o ~ i l e d g e  -19 pa- er-s t : ie r 
f a m  es, and c r c a i s  l.fi!io part cca-ed r tlie ALl'iE, 
WACS, NH'ZS PGDS, a i a  SFCC cohort s t ~ ~ d e s  
\"et iai I< 5 Blr rs  R Boaze, K BO) '~ ,  S Ce\;arlo K. 
Gong. D. Pague, A. Pouser L Keief e, l.j. Kors35.'- 
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ers in southern Chlna by single raciial he- , ,, 

molysis revealeci a seroprevalence ranging 
from 1 to  3806 for avian vir~rsea of the  H4 
through H13 subtypes, including 706 sero- 
p re~~a lence  for H i  ~ i r u s e s  (3) .  In contrast, 
there xere  n o  ~iocirlllenteii infectlolls in 
U.S. 'oultry 11-orkers exposed to  strains of 
avian ( H j )  influenza h ~ i r u s e s  that were 
highly pathogenic in poultry (4) .  

O n  9 blay 1997, a pre~.loirsly healthy 
3-vear-01'1 boy. who was a resident of Hone 
I<ong, cievelopeJ a sore throat, ciry cough, 
and fe1.er. H e  \\-as iiiagnoseci with pharyn- 
gitis and prescribed antibiotics and aspirin. 
T h e  chili1 continued to be symptomatic and 
febrile ani1 ~vas  hosnitalized o n  15 May. 
Upon a~imlssion, he  was noted to be fel~rile 
(aslllary temcerat~rre above 39°C) and irri- 
table. His lal~oratory tests were nlost re- 
nlarkable for leukopenia (2000 white blood 
cells ner c ~ r l ~ ~ c  mllllmeter). His chest x-rav 
\\.as w t h i n  normal l im~ts .  T h e  next day, he  
\\.as transferred to  another hospital, where 
h e  developed progressi1.e respiratory distress 
associatei1 ~ v i t h  hypoxeinia, consistent 11-ith 
acute respiratory distress syndrome. He  also 
became increasingly unrespons1r.e. Corn- 
pirteri;ed tomography of the  heail \\-as un- 
remarkable, and exanlination of his cere- 
brospinal fluici was not suggestive of an  
inflammatory process. Despite ~llechanlcal 
~ e n t l l a t i o n  anci broad antlblotic coverage, 
the  child ciiei1 o n  21 Mav with several com- 
plications, inclirding respiratory f,~ilure, re- 
nal hilure,  and disse~llinated intra1.ascular 
coagulopathy. Postmortenl li1.er and kidney 
h ~ o p s ~ e s  showed 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 was noteii in ~ l l a ~ l l l n a l ~ a n  h~laciin 
Darby canine kidney (MDCK)  cells anci 
rhes~rs monkey kiciney (LLC-MK2) cells 2 




