
3 A Pernis et a1 . Screr~ce 269 245 (1 995) 
4. S Hemm R Bohri~. G. Stark. Cell 76 803 (1 994): J 

Soh eta1 . rbrd, p 793: S A Marsters. D. Pennlca E 
Bach Proc Natl. Acad. Scr. U S  A 92, 5401 (1 9951 

5 K M Murphy et a / .  Screr~ce 250 1720 (1990) 
6 C.-S. Hseh et a1 !bid 260. 547 (1093). 
7 M. A Farrar et a/ . Annu Rev /rnniurlo/ 11 . 571 

(1993). R.  D. Schrelber arid M Auget, r i  Guidebook 
to Cytokines and Their Receptors, N A N c o a .  Ed. 
(Oxford Uri~v Press. Oxford, 19941 pp 120-1 23 

8. E Bach. K M Murphy R.  D. Schreiber, unpublished 
observations 

9. MOB-47 and MOB-55 are hamster mAbs ralsed 
against MulFN-y receptor P chain coritaring Fc fu- 
sion proteris that are specflc for the murine receptor 
p char  and were generated accordng to a protocol 

outllned by K Sheehan et a/,  [J Ininiur~ol 142. 3884 
[ I  98911. 1 G5 1 F1. and 2E2 are hamster mAbs spe- 
cif~c for the MulFN-y receptor CY char? The MulFN-y 
receptor CI and B char? epitopes recognized by 1 G5 
and MOB-55, respectvely, are not blocked by Ihgand. 

10 R D LeCla~re et a l ,  J Leukocyte Biol 51. 507 
(1 992). 

1 1 . M A Farrar et a1 , J. Bio/. Cheni. 266. 19626 [ I  991 ) :  
M. A. Farrar. J D Campbell. R.  D. Schreber. Proc 
Natl Acad. Sci U S A 89 1 1706 (1 992) 

12 S Huang e ta / . ,  Science 259. 1742 (1993) 
13 Naive CD4 ' Me11 4 ' T cells from the ovalbumin 

(OVA)-reactve DO1 1 . I 0  1x11, TCR transgeric mouse 
(51 were purifed by FACS as described (61 and d f -  
ferentlated in vitro r i to T l l l  or T ,2 cells n the pres- 
erice of 0.3 KM OVA peptlde and Irradiated BALB'c 

Attenuated Retrovirus Vaccines and AIDS 

111 their recent report, T ~ m o r l ~ y  W. R a h , ~  et 
ctl. \tate that a cleletion mutant o t  \ilnian 
i ~ i i ~ n ~ ~ n o i l e t ~ c i e ~ ~ c v  vlru\ (S IV13) ,  lvhich 
iloes n i ~ t  cauw illstrase 111 adult macaques 
;111ci I l i l  17ee11 b ~ l e ~ e s ~ t ~ l l l )  11sei1 i l  :1 vi1CCIlle 
against challenge \v~t l i  p ; ~ t l ~ o g e n ~ c  virus ( 1  ), 
causes cjcilu~reil ilnm~111ijileticie1icv syn- 
Jrolne ( A I L S )  in ne\vliorn macailue.  They 
ascrihe the  ci~tterentlal outcome o t  S lVL3  
intection o t  neonatal anid ailult 1nac:lilut.s to 
several p c ~ s s ~ l i ~ l ~ t ~ e s  incluJing the  a ~ n o u n r  o t  
vlru\ r ep l~c , l t~on  early atter inoculation, the  
route (it virus ~ n o c ~ ~ l ~ ~ t ~ i i n ,  ;111i1 the cievelop- 
ing neonatal Immune system. Ho\vever, 
t l i e~ r  \ruciv i l o e  not allo\v separarlon o t  
these important var~ahles.  

Lyle Liunil that 111gIi-close in t r , jveno~~s 
i n i ~ c ~ ~ l ; ~ t ~ o n  of ne~v17orn rlie\us macailues 
1~1 th  molecularlv cloneil SIVlnac239 ( the  
p ;~ ren t ;~ l  virus fro111 ~ v h ~ c h  SIVL3 wa\ iie- 
rived) resulteil 111 pers~stently high amounts 
of viru\ 111 hlooil monanucle:1r 
cell\ (PBMC)  anil plasma ( I~igher  than  
those reported hy Raha et al. h r  S I V 1 3 ) .  
Rhesus ne\vhcirn\ lntecteil 1~1 th  SIVlnacl39 
Jiil not experlence rapiil C D 4 +  T lvmpho- 
cyte i leplet~on, anil the  t ~ m e  course lxfore 
taral 1mmunoi1etic~e11c~- ilevelopeil \vas ccjn- 
\istent \ v ~ t h  rhat prev~ouslv reporteJ for 
SIVmacl39-~ntecteci aci~llt Inacailues ( that  
I.;, 6 to 24 ~ n c ~ n t h s )  ( 2 ,  3 ) .  Thu \ ,  an  :lee- 
relareil J ~ t t e ~ e n c e  Joes not explain \vhv rhe- 
\LI \  ~ n t ~ ~ n t s  i ~ ~ o e ~ ~ l ~ ~ t e i l  with an  a t t e n ~ ~ , l t e J  
tr~ple-ileletion ~ i i ~ ~ t a n t  ot SIVniac239 aLi- 
pear to  experlence a more rapici CL)4+ T 
cell ilepletion anil CL)4+/CL)8+ T cell ratlo 
lnve r lon  th;rn rhesus ~ n f , ~ n r s  ~noculateil  
1~1 th  the parhiigen~c parental virus, SIV- 
1ii,lcl39. W e  also fo~ lnd  that ahsolure CLJ4- 
T lylnphc~cyre nu~iilier\ were not a rel~ahle 
marker ot i l~ \ea\e  prclgresslon in infant rhe- 
SLIS macaques lxca~ l se  o t  extreme v , ~ r ~ a l i ~ l ~ t v  
o t  alisi j l~~te lvmphocyte counts 111 response 
to stress (for exalnple, I ianil l~ng).  Clnly ,ih- 

solute C L 3 4  T cell numherb tl1;lt are per- 
sistent1)- helo~v 5@L? per m~croliter reliahly 
sugge\reil CLJ4+ T 1ylnphoc)-te ilepletion 111 

neonat:11 macaqLles (2-4). 
Baha et ctl. liypc~rliesi-.e tIi,jt the  oral 

route o t  ~nocu la t ion  ma)- he responsil~le t i ~ r  
~ncreaseil  virulence o t  S I V 1 3  in n e n -  
horns. Cl~lr oh\erv:1t1om with t ~ v e  orally 
anti six ~ n t r ~ ~ v e n o ~ ~ s l y  inoculareJ ne\vl7orn 
m a c a q u e  did no t  Jemonstra te  a luore se- 
vere course of ~ n t e c t i o n  w ~ t h  ~111clonei1 
p a t h o g e n ~ c  SIVlnac25 I tor t he  oral route 
(2-4) .  W i t h  rex;lrci t o  the  postulateil age- 
Jepenilence of SIV v ~ r ~ ~ l e n c e ,  we li,rve 
also colnpareil t he  tllne course o t  ~ n t e c t i o n  
of the  nonp;lthogenlc molecular clone, 
SIVmacl  A 1 1, anil S I V / h ~ ~ l n a n  immune- 
i l e t ~ c ~ e n c ) -  virus-l (HIV-  I ) envelope chi- 
merlc viruses in macailLles o t  ciltterent 
ages: W e  have n o  evicience tli,lt 311 SIV 
sr r ; l~n t l i ;~ t  i\ ; ~ t t e n u a t e ~ l  111 older inacilqLles 
l~ecomes pathogenic \vhen i n o c ~ ~ l ; l t e J  in- 
tr,jvenou\ly or or,llly ~ n t o  ne\vhorn m;l- 
caques ( 2 .  5 ) .  Inste,lJ, inoculaticin o t  tetal 
anti ne\vl~orn lrlacailues \vith atrenu:lreJ 
SIV~l lac  1 A I I proveJ to he a sate anti etfec- 
tlve vacclne ag:11nst ch,illenge with patho- 
genic uncloneil SIVln,lc later 111 lit? ( 3 ) .  
Finallv, C I L I ~  .;ruil~es inilic,ite that the  neo- 
natal Immune s)-stem \vas not over\vhelmeil 
17)- attenuateil SIV ~ s o l , l r e  or hy ,I patho- 
genic SIV clone ( 2 ,  3 ) .  

C a u t ~ o n  m ~ ~ s r  he L I S ~ J  when ;lss~gning 
the  unilerlv~ng cause of ileath In SIV-  
intecreci m,lcaques to ~ m ~ n u n o ~ l e t i c ~ e n c ) .  
For the  one  SIV13-lnoculateil  mac;lilLle 
that  ilieil In their  s t ~ ~ i l y ,  t he  cla\s~c,l l  Ii:111- 
marks o t  slnilan AILJS (such :IS the  pres- 
ence  of c~pporrunisr~c  in tecr~ons ,  encep11- 
a l~i~iar l iy ,  anil so 0 1 1 )  , ~ ~ ~ , l r e n t l \ -  were not  
Jemcinstrateil h\- Ralx  et ctl. Insre,iil, t h ~ s  
an~lr la l  h ~ i l  severe anemla ;1ni1 thro~nhocy-  
r o p e n ~ a ,  reporteil1)- a r e s ~ ~ l r  ot  per~plieral  
~ L I ~ O ~ I I ~ ~ ~ L I I I ~  i l e s t r ~ ~ c t ~ o n  ot reci 13looJ cells 

speriocytes by culture with MuIL-12 (10 U m Hoff- 
mann-La Roche Nutley, NJI arid MulL-4 17iAb 
(1 1 B11) (10 p.g ml. D N M ,  Pao Alto CA), or MuL-4 
(200 U ml. Genzyme. Cambr~dge MA) arid MulL-12 
mAb (3 k g  ml) (TOSH), respectively Sever? days 
after primary stmuaton, cells were restlmulated wlth 
aritgeriic peptde n the absence of exogenous cy- 
tokrie reagents arid iricubated for ari addtor ia 7 
days 

14. A. C. Greenund et a1 EMBO J 13. 1591 (1 994) 
15. We thank E Unanue and P Allen for helpful dscus- 

sions MuL-12 mAb was a g ~ f i  from C. Trlpp and E. 
Urianue MulFN-o was a gift from S. Narula. S u p p o ~ -  
ed by grarits from NIH arid Generitech, t ic.  
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and platelets. It is not clear \vhcrher thi, 
di;lgnois ot hemolytic ,lnelnla \vas mainly 
17aseil o n  a positive i l~rect Cc~cimhs t a t .  
Many healthy macaque\ will re'lct pos~tivelv 
if human Cooml~s  test reagents are used (6) .  
C l~n ica l  I~emolvtic ;1nemi:1 must he con- 
tirlneil l ~ y  aililltlonal evidence, s ~ ~ c h  as he- 
111ogl(j1711111ri~, po~k~lijcytijsi\, the presence o t  
\pherocvte,  11enic)lvtic or ~cter ic  p l ; ~ s ~ i i , ~ ,  ,111~1 

increa\eJ serum h ~ l i r ~ ~ l ~ i n  ,lnJ lactate cieh\-- 
ilrclgen,jse. T h e  erythrolil h)-perplasia o t  the 
hone marrow, repi~rreil hv Raha et ctl., is a 
t~nciing that \ve ilo not see in anelnic SIV- 
intecreil anim;lls; rather, their hone m,lrron. 
aspirate\ reveal a myelo~il liyperplas~a 1 ~ 1 t h  
the er)-throiil series hei11g norlnal or only 
sliglirly ~ncreaseil (7) .  F~nc i~ng \  in , ~ J i l ~ t ~ o n  
to an  ahunilance of ~negakaryocytes in the  
hone lnarro\v are needed ti] \utiL\orr the 

L .  

h)-pothes~s cit peripheral platelet i l e s t r~~c-  
tion. SIV-intecteil aniilials otten have a 
1negakar)-oc)-te h \ - p e r p l a ~ a  (it the  lione mar- 
row, hut rhe\e megak,~ryocvtes liave 111- 
cre;~\eil ~ y t o p 1 ~ 1 s ~ " ~ c  v d c ~ ~ o l ~ : a t ~ o n ,  ~ v h ~ c h  
suggests rhat the  t l i r o ~ i i l i o c y t i ~ p e ~ ~ ~ ~ i  is ,L re- 
sult o t  ilecreaseil platelet proilucrion rather 
than peripheral platelet i l e r r u c t ~ o n  (5) .  

Exrr ;~  care neecis to l ~ e  taken to excluite 
all other pathogens that can ailverselv attecr 
the  ilnniune s v r e m  ,lnJ the health o t  m;1- 
caque\. Althougli the ,~nimals  111 the  stui1)- 
liv R ;~ha  et al. \\ere pol\-~nerase c h i n  re'lc- 

A ,  

tl~ll1-llegiltlve (13y 2111 ;1ss,1v ,111le to i1etect 
a p p ~ ) x ~ ~ n ; ~ t e l y  one intecteci cell 111 XL?i?L? 
PRMC) anil seronegarlve tor silnlan type 13 
rerrciv~ruse,  v l r u  ~ \ o l a t ~ o n  I \  more re11,ll~le 
ti)r ~ ~ I ~ I P I I O S I S  o t  t h ~ s  viral ~nfect~cin .  13~1t \v,rs 
not reported l ~ v  Raha et ctl. 

Until  ,I Inore thc>rouvh ,~n,i lys~s is corn- 
pleteil anil r e s ~ ~ l t s  ot Rah,~ i't ctl. are con- 
tirnieil, ~r wo~1li1 lie L\rem:1ture to i l ~ s ~ i i ~ s s  the 
po ten t~a l  o t  SIV n ~ j  t -L i e 1 etlon 111~1t;ints ;IS 
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The report by Baba et al. raises concern that 
attenuated HIV may not be safe as a vac
cine to prevent syndrome AIDS. A major 
point of the report is that mucosal infection 
of newborn macaques with a triple gene-
deleted preparation of attenuated SIV can 
result in an AIDS-like condition with a 
reduction in the CD4 cell count. This ob
servation contrasts with the experience of 
Desrosiers and his colleagues who observed 
no ill effects in adult macaques that had 
been infected with a triple deletion SIV (1). 
Although the differences observed in the 
two studies might be accounted for by dif
ferences in the doses and routes of attenu
ated SIV administered, as noted by Baba et 
al, an important host factor that needs to 
be considered is the difference in the 
strength and maturation of the immune 
systems of neonates and adult animals. 

The immune response potentials of adult 
and neonate macaques are likely to be dif
ferent, such that antigen-presenting cell 
(APC) function for generating strong cel
lular immune responses could be deficient 
in the neonates, as they are in healthy 
human infants younger than 1 year of age 
(2). This type of deficiency could result in 
an inability or reduced ability of the cellular 
arm of the immune system to control the 
extent of replication of the attenuated vi
rus. In contrast, the competent immune 
system of the adult animals would be ex
pected to hold the attenuated SIV in check, 
and could result in protection against chal
lenge with wild-type SIV. Such a defect in 
the APC function of neonates could permit 
viral replication and the generation of viral 
products that might be responsible for 
CD4+ T cell depletion. It has been reported 
that after priming in the presence of inter-
leukin-12, human naive neonatal CD4+ T 
cells appear to develop a T helper cell zero 
(TH0) phenotype, whereas adult naive 
CD4+ T cells develop into TH1 cells (3). If 
this difference exists in macaques as well, it 
could contribute to differences in the im
mune potential between neonates and 
adults. 

Concerning safety in the use of these 
attenuated viruses as vaccines, it might be 
argued that an attenuated HIV vaccine 
would be safe to use in adults whose im
mune systems are adequate to control a 

gene-deleted virus. However, the question 
remains as to whether the immune system 
of adults would continue to be sufficiently 
competent to hold the attenuated virus in 
check. Other infections, immune-suppres-
sive drug therapy for other conditions, and 
aging could render the immune system in
adequate to control the attenuated virus. 
Therefore, it is important to determine 
whether adult macaques that have been 
infected with attenuated SIV for an extend
ed time will continue to maintain normal 
CD4 counts and remain without symptoms 
after immune suppression is induced. 

Finally, central nervous system damage 
poses an additional safety issue for HIV 
vaccines that may be particularly relevant 
for infants. HIV-1 is frequently associated 
with neurologic and behavioral conditions 
in infants and children, in whom the virus 
may infect astrocytes as well as microglia, 
with the nef gene implicated in contribut
ing to neuropathologic damage (4). Thus, it 
would be of value to have assessed neuro
pathologic and neurovirologic parameters 
at autopsy in the macaques receiving the 
nef, vpr, NRE-deleted live SIV vaccine. 
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We have reported on the development of a 
second generation live nef attenuated vac
cine strain (1) based on a gain-of-function 
approach that could address the safety issues 
raised by Baba et al. This concept is exem
plified by the addition of a conditionally 
lethal suicide gene to a ne/-deleted (loss-of-
function) vaccine strain. Preliminary results 
suggest that the gain of a conditionally 
lethal function on top of a loss of a critical 
virus gene for growth further reduces virus 
load and perhaps affords greater safety. 
While we have worked on one prototypic 
effector gene [herpes simplex virus-1 
(HSV-1) thymidine kinase], we realize that 
many other effectors are possible in atten
uating a live vaccine through gain-of-func
tion. Issues concerning a neutral or even a 

positive selective force needed to maintain 
a gain-of-function must be addressed before 
this approach is feasible. Genetic strategies 
for accomplishing this selection exist, and 
future refinements on a gain-of-function ap
proach are likely. 

Gain-of-function should be considered 
with loss-of-function in designing safe live 
attenuated HIV-1 vaccines. 
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If SIVA3 is pathogenic in macaque infants 
(1,2) then, by analogy, HIV with deleted 
genes might be pathogenic in human in
fants. Infants must not, therefore, be vacci
nated or exposed to these potentially patho
genic HIV mutants. As there are no data 
thus far that ne/-deleted SIV is pathogenic 
in adult macaques, the findings of Baba et 
al. only preclude the vaccination of women 
who might infect their infants or neonates 
with HIV having deleted genes. The solu
tion may be to immunize immunocompe
tent men only. A strategy using an effective 
attenuated HIV vaccine in men could stop 
the spread of HIV. This strategy would be 
effective because men infect men, and men 
also infect women (3). Women do not in
fect women to any degree (3), if at all, and 
men do not infect infants or children under 
normal circumstances. Finally, women 
would not transmit HIV to immunized men. 
The cycle would be effectively broken. 
Eventually, all new infections except nee
dle-transmitted HIV between women 
would be stopped by immunizing men only. 

It must still be determined if immunized 
men would shed enough virus to transmit 
the vaccine virus to women. Transmission 
of the vaccine strain between men would 
not be a problem, as any given two men 
would be immune in this protocol. Male 
macaques and SIVA3 could be used to test 
this approach to vaccination. 
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Respunse: \We demonstrated that SIV13,  a 
mutant of the SIV deleted in the izefand s'pr 
genes, i~lduced lethal AIDS in t ~ v o  of four 
lllacaque neonates infected orally, but re- 
1llai11ed attenuated in the  adult after intra- 
venous (il-) infection ( I ) .  Persistently high 
virus loads were seen in infants, in contrast 
to adults \vho seroconverted and lvere cul- 
ture-positive only in the first few ~veeks after 
i l loc~~lation (1 .  2) .  T o  explain this differen- 
tial pattern of viremia and pathogenicity, we 
introduced t\vo new concepts: T h e  thresh- 
old hvpothesis and a working definition for 
retrovirus attenuation ( I .  3) .  

.kccording to the  thresholcl hyyotheais, 
retroviral pathoge~licity can o ~ l l y  hecolne 
apparent after the  virus replicates above a 
threshold in a given host (Fig. 1) .  If virus 
replication 1s repressed by any mechanism 
or mechanisms, disease will not ensue, et1en 
if the virus contains the gene or genes that 
encode virzil~nce. W e  postulate that,  in ma- 
cailue neonates, ret3lication of S IV13  Lvas 
unrestricted and exceeded the  threshold, 
11711ereas host factors limited replication 111 

adults ( I  . 2) .  . k l t h o ~ ~ g h  the mechanisms for 
the different~al pathogen~city of SIVA3 in 
a d ~ ~ l t s  v e r s ~ ~ s  neonates reinam to he deter- 
mined, we agree with Shearer et 01. that 
decreased cellular Immune responsiveness 
in neonates may plal- a nlajor role. Alter- 

I / persistent ! 

nativelv. actil~ation of the  ~neo~natal im- 
mune system by encounters ~ v i t h  environ- 
mental antigens c o ~ ~ l d  favor the replicat~on 
of a nef-deleted virus. In vitro studies ha\-e 
shown that Nef augments HIV-1 replica- 
tion in primary ~~nstimulatecl T cells, hut 
has n o  effect in stimulated T cells or per- 
nlalnent T cell lines (4). 

\We propose to classify attenuated 1-iruses 
illto t\co broad categories accordillg to the  
mechanism of attenttatiurz: Rep11catio11-im- 
paired viruses and acirulent viruses. xvhich 
\ v o ~ ~ l d  not cause disease el-en in immuno- 
comprolnised h t ~ t s ,  regardless of their rep- 
licative capacity (Table 1) .  Factors that 
~~pregulate  virus replication could compen- 
sate for the relative loss of ret3licative power 
in replication-i~llpaired retroviruses, and 
virulence could be restored once the  thresh- 
old is exceeded. Attenuated 1-iruses lnav 
also exhibit a nlixed pattern within a wide 
spectrum of partial r ep l i ca t io~~  imp, a1r111~11t 
and partial loss of pathogenicity. As SIV13  
caused AIDS in macaque neonates, nef is 
not the nlaior rnolec~~lar  determinant for 
virulence; rather, this gene ~ n o d ~ ~ l a t e s  virus 
loail and i~l i lue~lces  pathogellicity onl\- in- 
clirectly. Other  studies demo~lstrated that 
the  tpr gene does not control virule~lce 
either (5, 6). ConseLluently, S IV13  is clas- 
sified as a r e p l i c a t i o n - i ~ r  rather than 
al.irulent virus. 

Other  data aupport the threshold 11\-- 
pothes~a. 111 SCID (severe combincd immu- 
~lodef~ciency disease) mice lvith human fe- 
tal thy~nus transplants, nef+ HIV-1 replicat- 
ed and severely depleted thymocytes [vithin 
6 weeks, ~vhereas a similar inocu1~11n of nef- 
deleted HIV-1 revealed little cytopathicity 
(7) .  However, a tellfold higher ~ ~ ~ o c ~ l l ~ l m  of 
nzf-deleted 17irus inducecl thymocyte loss 111 

a s~gnificant fraction of i~l lp la~l ts  by 9 to 12 
neeks after infection (7). 

T h e  threshold hypothesis is conf~rrned 
hy our s t ~ ~ d ~ e s  ~ v i t h  R a ~ ~ s c h e r  ~ l l u r i ~ l e  leuke- 
lnla virus (RLV) (8) .  First, a short course of 

post-exposure antiviral therapy pre1:ented 
v~remia  and d~sease 111 all nlice i~loc~l la ted 
with a high RLV dose, and ~l ios t  resisted 
rechallenee bv the  same viral dose ~ v ~ t h o u t  

< ~ .  , 
f ~ ~ r t h e r  drug therapy. Thus, pathogenic 
RLV acted as a pharmacoloe~callv attenu- L ,  

ated, live virus \:accine (Fig. 1,  arrow). Sec- 
ond, normal nlice were i~mculated with low 
doses of pathoeenic RLV lvhich were still 
i11fectio~1s in nude, ah \ -mic  mice. No anti- 
viral therapy was given. Norlllal lnice with- 
out signs of i~l fect io~l  lvere rechallenged 
with 2@ animal infectious doses of RLV; 
2196 were immune, indicating that protec- 
tive antiviral i m m ~ ~ n e  responses can he gen- 
erated lvith a f ~ ~ l l y  pathogenic virus, as lorg  
as ret3lication remai~ls below threshold (9 ) .  , , 

~ i n a i l y ,  although the  pharmacologically at- 
t e n ~ ~ a t e d ,  live RLV vaccine protected many 
adult mice against high-dose challenge (8), 
the vaccination caused RLV disease lvhen 
a~l i~l la ls  were inadvertently co-infected 
with mouse hepatitis virus (9) .  This exper- 
illlent reveals a serious danger of vaccine 
strategies that use replication-impaired live 
retroviruses: Success is bclsed un host defenses 
outracing vclccine virus repl~ccltion. Because 
RLV lvas only attenuated by drugs interfer- 
ing lvith its ability to replicate, the  vaccine 
strateel failed lvhen the  animals lvere tern- 

< ~ .  , 

porarily immunocompromised (9) .  
\'a11 Rompay et ni. discuss SIVmacl A 1  1 

(IG), which has an  open nef reading frame 
and several mutations in structural genes 
lvhich differ from the targeted deletions in 
SIVA3 ( 1  1 ). T h e  lolv virus loads and lack of 
d~sease in macaque neonates i~lfected iv 
lvith S I V m a c l A l l  indicate replication im- 
pairment and do not contradict our data 
with nef-deletecl S IV13 ,  which we classify 
as repl~cation impaired rather than aviru- 
lent. Whether S I V ~ n a c l A l l  is attenuated 
also for virulence remains to be determined. 

Other  issues raised by Van Rornpay et nl. 
need clarification. Thev imt31v that SIVA3- , L ,  

~nfected macaque i11Fants died Faster than 

viremia I Disease 

I Table 1. Mechansms of retroviral attenuation Theoretically, a retrovirus can be attenuated for t s  abity 
to replicate, while retaining the gene or genes encodng pathogenicity. Such a virus can become 
dangerous f the relatve loss of repicatve po~zier can be compensated by other factors. An avrulent virus, 

.- iThreshold on the other hand, will not cause dsease even f the virus is fully repicailon competent. Consequently, no 
t disease-deflnlnq threshold for the level of viral replication exists for thls avirulent virus n the host 

(parentheses). 

' abort~ve or ' latent lnfect~on 1 Replication above 
threshold Disease 

\ I 

Time Mechansm of Vlrus In co- In co- 
Fig. 1. Host-retrovirus Interactions. Development attenuaton designation In infected or In infected or 
of dsease after lnfectlon wth a retrovrus occurs normal immuno- normal immuno- 
only after the level of virus repicaton has exceed- host compromised host compromised 
ed the threshold. Even a f u l v  ~athoaenic virus can host host 

~, - 
exhibit a pattern of transent virema and aboriive Decreased abll l ty to Repllcatlon- No Yes No Yes 
or latent infecton if the level of replication does not I.epllcate Impaired 
reach the threshold Host defenses, antivlra Loss of Avlrulent (Yes) (Yes! NO NO 
drugs (arrow), or lmmunotherapy could be used to N~~~ Pathoaenic Yes Yes Yes Yes 
restrlct vlrus repicaton soon after infection. 

., 
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their infants infected with parental SIV- 
mac239, lvhich died a t  34 anil at more than 
54 lveeks of age (12) .  T h e  time to death ,~ , 

~vi thin  our series \vas 14  weeks and 46 
weeks, respectively (i), and two infia11ts are 
still alive at 19 nlo~l ths  of age. Van Rompay 
et al. mistakenly infer that we only saw 
spuriously lolv C D 4 +  T lymphocyte counts 
in our macque infants. It is important to 
consider that C D 4  T cell co~111ts are con- 
siderably higher in norlnal macaclue infants 
than in adults. In  h~ l lnan  i11Fants less than 1 
year of age, C D 4 +  T cell counts of less than 
1500 per ~l l~crol i ter  are ab~lor~l la l  (1 3). In- 
fant 91-7 had less than 500 CD4- T cells 
per microliter in ever\- assay (1 ), and animal 
94-4 had persistentl\-  lo^ CD29+CD4+ T 
cell subsets, ~nver ted C D 4 + / C D 8  T cell 
ratios. and 188 CD4+ T cells t~remortem. 
Of the  t ~ . o  surr71vors, one has bee11 throm- 
b o c v t o ~ e ~ l i c  for a 1-ear with C D 4 +  T cell , 

cou~l t s  that are persistently low for its age, 
and both ha1.e depleted CD29-CD4- T 
cell subsets. .4lthough route of exposure to 
SIVmac239 did not i~liluence virulence in 
infant macaques, Van Rompay et al. did 11ot 
acldress the differential pathogenicity of 
f mutants in iv infected adults and orally 
infected infants. Our  preliminary data indi- 
cate that age, rather than route of virus 
exposure, cletermi~les S IV13  \-~rulence. 

T h e  clinical course and cause of death in 
our SIVA3-infected lnacaque infants resem- 
bled those in macaque inFants infected orall\- 
with wlld-t\-pe SIVmac25l (14).  Typically, 
these i~lfa~nts do not die of or?r?ortunistic . . 
infections in our biocontainment facility 
a~nd do not develop gross ne~lrological d\-s- 
fu~lction. T h e  spectrum of disease, that is, 
i m m u ~ ~ o d e f i c i e q ,  thrombocytopenia, ane- 
mia, and renal disease, is seen also in HIV- 
1-infected children (1 3). W e  diagnosed he- 
molytic anemia in lllacaque i~nfant 93-7 b\- 
persistent retic~llocytosis and erythroid hy- 
perplasia in the bone marrow in the absence 
of overt a11J occult blood loss, and only 
confirmatory, b\- the Coombs test. Large 
platelets on peripheral blood smears a~nd 
megakaryocytosis in the bone marrolv of the 
thromboc\-tope11ic infa~nt 91-7 are consis- 
telnt with peripheral platelet destruction. 

Vile raiseil the issue of potential adventi- 
tious pathogens ( 1  ); to rule out i11fectio1n 
with k n o a n  siinian retroviruses, serial sero- 
logical testi~lg was performed and ~liagnostic 
PCR assa\-s were de~:eloped for simian T 
lymphotropic virus-t\-pe I (STLV-I) and 
simia~l type D retroviruses (SRV/D). T h e  
set1sitivit)- for the latter has bee11 increased; 
we non. detect 0.7 to 1.0 proviral D N A  
copies of SRV/D serotypes 1, 2, ancl 3 in 
150,000 cells (15). Serial samples al-ailable 
from the experimental mother / i~~fant  pairs 
\Yere subjected to a blinded re-analysis; no  
SRVID secluences were founJ. Neither 
SRVID isolation, serology, nor PCR analysis 

are described routinely in the SIV literature. 
W e  propose that all macaques be pre- 
screened by SRV/D serology ancl PCR prior 
to enrollment into SIV studies. 

A t  first glance, the  vacci~lation strategy 
suggested by Marx may appear to prov~de a 
simple solution; by adm~nistering live atten- 
uated HIV-1 to immunocompe te~~t  Illen 
onl\-, the  virus tra1ls1nissio11 cycle wo~lld be 
broken effectively. W e  ~ i s h  to address sev- 
eral potentially serious problems with this 
strategy. 

First, \vlthout a n  animal ~llodel for HIV-1 
virulence. mutant viruses attenuated for 
their ability to replicate may have residual 
virulence that ~vould become manifest only 
in humans. T h e  relative loss of replicative 
power of such vaccine viruses could be com- 
pensated by various mechanisms, including 
c o - i ~ ~ f e c t ~ o n  1 ~ 1 t h  other pathogens, ultravio- 
let radiation, temporar\- loss of immunocom- 
petence due to i~ntercurrent illness, or aging. 
If 1,acclne vlriis replication exceeds thresh- 
old, AIDS ma\- der-elop, even in rl  L LI 1 t men. 
Safety studies lvith nej-deleted x-iruses in 
adult macairues have been limited, and the 
effects of irnm~1nosuppressio11 or iml~lune ac- 
tivation o n  vaccine virus replication are un- 
known. Second, the generation of protec- 
tive responses after vacc ina t io~~  \vith live 
attenuated retroviruses depends on adequate 
levels of replication: ~f a vaccine virus is too 
weakened, protection from nild-type patho- 
genic virus will not be achieved (1 6). Even 
relatir-ely l o ~ v  levels of viral replication carry 
the risks of i~lsertional o~lcogenesis (1 7 )  and 
ge~leration of mutant viruses. Disseminated 
l\-m~~l~oproliferative disease was reported in 
an  a d ~ ~ l t  rnacaclue 29 ~ l l o ~ l t h s  after i~lfection 
lvith nef-deleted SIV (18).  Thircl, all adult 
rhesus monkeys given nef-deleted SIV mu- 
tants replicateel vaccine virus to high levels 
for se~:eral weeks after vaccinatio~n (1 ,  2) .  
During similar initial peaks of viremia after 
x-accination ~ v i t h  nef-cleletecl HIV-1, virus 
coulil be translnitted to women \\-110 could 
pass the i~l fect io~l  to their children. H o  and 
Cao  (19) reported that a woman, identified 
as HIV-1-i~~fectecl because she delivered an  
i11fected inFant, had 110 disease for more than 
12 years. Even though the 1-irus isolated 
from this ~llother was attenuated in cultured 
cells, her child died at age 12 of AIDS. 
Possibly, the child's virus evolved from an 
atte~luated to a more virulent form, or alter- 
natively, the "attenuated" HIV-1 was more 
virulent in the susceptible you~lg host, as n.e 
cle~nonstrated in macaques (1 ). 

Lastly, protective mechanisms follolving 
v a c c i n a t i o ~ ~  of adult macaques with S IV13  
are slo\?- to del-elop (2) ;  a111y animals re- 
challenged with wild-type virus 79 weeks 
after vaccine ad~lli~listration were protect- 
ed, hut not those re-chal le~~eed a t  8 ~r 20 
weeks. Slow developrncnt of protective re- 
sponses after vaccination could be danger- 

ous in human vaccine recipients. A false 
sense of security could lead to increases in 
risk behavior, thus increas~ng the  chance of 
wid-type HIV-1 lllfection during the long 
time period requirecl for protective respons- 
es to mature. 

Co~l ld  nef-deleted lentivirus vaccines be 
made safer? Kestler and Jeang describe a 
novel concept to  increase vaccine safety; a 
co~lditionally lethal suicide gene (gain-of- 
f i lnct~on)  will be cloned into the nosition of 
nef. WVile c~lrrently no  in viva safety and 
efficacy data are available to evaluate this 
approach, nef-deleted SIV tends to further 
delete sequences close to the  original dele- 
ti011 (1 .  211); selective pressure may  need to 
be exerted to retain a conditionally lethal 
s ~ l ~ c i d e  gene. \Y1hether a generally applica- 
ble vaccine strategy call be derived fro111 
this approach, using a virus genolne ~ v i t h  
residual virulence, is not  knoan .  

In agreement with Shearer et al., \ve feel 
it is p ~ ~ n a t i ~ r e  to consider nef-deleted virus- 
es safe, even in adults. Manv Factors c o ~ ~ l i l  
disturb the fine balance bet\veen the rate of 
vaccine virus ret3lication a~nd the abilitr- of 
host defe~lses to co~n ta i~ l  replication; the tug- 
of-a.ar betwee~l these t ~ . o  opposing intlu- 
ences could he decided 111 favor of virus 
replication In the presence of other patho- 
gens or dist~lrba~nces in the host i m ~ n ~ ~ n e  
svstem. Mean\vhile. research ~ i t h  nef-delet- 
eel v i r~~ses  should proceed to Jeter1lli1-c the 
correlates of protection. Even if these viruses 
are unsafe as hulna11 anti--4IDS vaccines, 
i~npor ta~ l t  insights illto the mechanisms of 
resistance to infection with ~ i l d - t y p e  viruc 
can be gained. After the protective princi- 
ples are identified, safer vaccine strategies 
can then be tested for their ability to incluce 
the sallle host responses. 
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Mechanisms of Cardiac Fibrillation 

M a n y  mechanisms have been proposed to 
explain ventricular fibrillation, which is the 
precursor to sudden cardiac death, the lead- 
ing cause of death in the industrialized world 
(1). A recent hypothesis discussed by Arthur 
T. Winfree (2) involves three-dimensional 
(3D) rotors of electrical activity that be- 
come unstable when the heart thickness 
exceeds some critical value. Winfree (2. D. 

appropriate model parameters we observed 
a rotor moving rapidly through the heart 
that was similar to our experimental record- 
ings (Fig. 1). These irregular ECGs and 
their corresponding narrow-banded fre- 
quency spectra (Fig. 2, A and B), for both 
the ex~eriments and simulations. are con- 
sistent with previous data obtained during 

. . .  
1006) states, "Several pinned rotors would - 
collectively resemble fibrillation in the . . . 
electrocardiogram, and individual epicardial 
electrodes would still reveal their individual 
local periodicities." Although attractive, 
such an idea remains speculative. Even the 
most sophisticated systems record extracel- 
lular potentials from only a limited number 
of sites (3), making the demonstration of 
multiple rotors during fibrillation difficult. 
Moreover, to our knowledge, experimental 
data are not available as yet showing more 
than two simultaneous rotors activating the 
ventricles at various frequencies and result- 
ing in fibrillation. We have used voltage- 
sensitive  robes and high-resolution video 

fibrillation (6). Furthermore, the width of 
these frequency spectra can be related to 
the frequency of rotation of the rotor, the 
speed of its motion, and the wave speed 
through the Doppler phenomenon accord- 
ing to the following relationship: 

1/(1 + ~s,maxl~) < f If, < /(I - ~,,,, ,/~) 
(1) 

where us,,,, is the maximum speed of the 
rotor, w is the wave speed, and f /fs is the 
observed frequency normalized to the fre- 
quency of the rotor. In the experimental 
episode presented in Fig. lA ,  the ratio 
W ~ , , ~ ~ / W  was 0.39, and for the simulation 
(Fig. 1B) wS,,,,/w was 0.37; the dotted lines 
in Fig. 2 depict the range of frequencies 
predicted by the use of Eq. 1. Also, the 
ratio of periods ahead and behind moving 
rotors, calculated with the use of record- 
ings from the heart surface, also showed 
excellent agreement with those predicted 
by the Doppler effect (Fig. 2C). In con- 
trast to Winfree's hypothesis, the activity 
at individual sites was irregular with nar- 
row-banded spectra similar to those for the 
ECGs. Our results suggest that it is the 
speed of the rotor(s), not their number, 

B Fig. 1. Rapidly moving ro- 
tors. (A) ~x~erimentl (B) 
Simulation. lsochrone 
maps of the surface activ- 
ity displayed rotors as 
shown in the top panels. 
Each isochrone map was 
computed from one cycle 
of rotation as denoted by 
the horizontal bar in the 
bottom panel (red de- 
notes earliest and purple 
latest time of activation). 
Portions of the paths of 
the organizing centers 
(cores) of the nonstation- 
arv rotors are deoicted in - I - ,  ~ ~ - - - - -  r - - - -  

Imaging to record electrical wave propaga- 1 cm the middle panels. Trajec- 
tion on the surface of the isolated rabbit tones of the rotor cores 
heart during ventricular fibrillation (4). were calculated from the 
Here we present direct expertmental evi- surface record~ngs uslng 

dence that even a single rapidly moving time-space plots (4). 
Speed of the rotor cores rotor can give rise to electrocardiographic rangea from zero to ap- 

patterns that resemble fibr~llation. proximately 40% of the 
In three episodes of fibr~llation, video wave speea. These rap~d- 

"mov~es" of the transmembrane potential ty moving cores resulted 
slgnal from the ventricular surface demon- in irregular electrocard~o- 
strated a single rapidly moving rotor associ- grams that are character- 
ated with turbulent electrical activity as istic of fiDrillation as 
recorded by an electrocardiogram (ECG) shown ~n the oottom two 

(Fig. 1A). Specifically, as the rotor (top graphs. 

panel) drifted along complex trajectories on [ - C 
;he heart surface (middle), thc ECG dis- 
played irregular periodicity and morphology Y a 
(bottom). To complement our ex~erimen- Y 
tal studies of surface data, we conducted 
computer simulations incorporating 'more 1000 2000 3000 1000 2000 3000 

realistic 3D heart geometry (5). With the n m e  (ms) Tlme (ms) 
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