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cirrhosis resulting from chronic hepatitis B 
virus (HBV) infection kill Inore than 1 mil- 
lion persons annually (7). In 1992, the 
World Health Assembly recommended that 
infants be routinely vaccinated against hep- 
atitis B in all countries with high endemic 
rates of chronic HBV infection. Unfortu- 
nately, the populations of many developing 
countries with high rates of chronic HBV 
infection do not benefit from hepatitis B 
vaccination because of the misperception 
that plasma-derived vaccine may he infec- 
tious and donors are not able to finance the 
higher cost of recombinant vaccine. Ac- 
knowledgment of the safety of plasma-de- 
rived hepatitis B vaccine would greatly facil- 
itate the prevention of the high rate of death 
from HBV-related chronic liver disease in 
these countries. 
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1 Immunology Taught by Darwin 

W e  read with interest the recent article by 
Rolf M. Zinkernagel (12 Jan., p. 173) reex- 
amining the idea that the function of the 
irnmune system is the recognition of the 
distinction between self and nonself. We 
applaud Zinkernagel for recognizing that 
anv theorv of irnmune svstem functionine 
m;st be based on the prehicted outcorne 07 
the coevolut~on between narasites and their 
hosts. As evolutionary biologists, we find it 
refreshing to see immunologists attempt to 
shape their conceptual understanding of 
immunity using an evolutionary framework. 
One must, however, avoid erroneous group 
selection arguments. 

Group selection arguments often suggest 
that various adaptations in organisms have 
evolved for the "good of the species." While 
many adaptations may indeed benefit the 

species, the selective forces favoring such 
traits directly are usually extremely weak 
and easily swamped by individual-level ef- 
fects. Hence such group-level benefits are 
best interpreted as by-products of the hen- 
efits that a particular adaptation accrues to 
individuals within a population ( I ) .  Only 
under conditions of extreme group isolation 
(the classical models of group selection) or 
high group relatedness (the models of kin 
selection) can group selection be effective 
in the production of adaptation (2 ) .  

Zinkernagel proposes that his concep- 
tion of immunobiology "reflects the coevo- 
lutionary balance reached between the im- 
mune system and viruses to guarantee sur- 
vival of both virus and host." However, the 
outcorne of the parasite-host relationship 
represents a trade-off between transmission 
and v~rulence, and ~nterrned~ate and even 
h ~ g h  levels of v~rulence can evolve, prov~d- 
ed that transrnlsslon between hosts IS not 
comprom~sed (3). 

Z~nkernagel suggests that "By coevolu- 
tionary necessity, cytopathic viruses induce 
protective immunity efficiently, to avoid elimi- 
nation of the essential host species [emphasis 
ours]." One need only consider the fate of a 
gene in a virus that causes its hearer to 
avoid elimination by the immune system to 
see that these viruses will be much more 
successful in future generations than their 
altruistic counternarts. Differences in the 
kinetics of responses to cytopathic viruses 
and noncytopathic viruses may have an 
evolutionary function, but the purpose pro- 
posed by Zinkernagel seems irnplausible. 

By viewing natural selection acting pri- 
marily at the individual level, Zinkernagel 
does not offer a viable alternative to the idea 
that the immune systern distinguishes self 
from nonself. Rather, he identifies means bv 
which evolution may have econorniied ef- 
fector functioning by localizing immune re- 
sponses. We believe the recognition of non- 
self is essential to immune system function- 
ing, as "nonself" is likely to have different 
genetlc interests from those of the host; this 
conflict of interest is at the heart of host- 
parasite coevolution (4). The argument that 
the immune system distinguishes harmful 
from harmless (rather than self from nonself) 
erroneously assumes that virulence (or avinl- 
lence) is a fixed trait in parasite populations. 
Counting on the continued benevolence of 
another living organism, when increased 
rates of transmission may offer opportunities 
for increased virulence, is a precarious prop- 
osition, particularly as the dens~ty of the 
human population increases. The most reli- 
able way for the irnmune systern to defend 
against parasites and pathogens that may 
potentially shift their level of virulence is to 
have an effective means of distinguishing self 
from nonself (4) .  

The  history of infectious disease demon- 
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strates that as population densities in- 
creased following the agricultural revolu- 
tion, new diseases emerged ( 5 ) .  Today we 
are still facing emerging epidemics such as 
AIDS and the rise of drug-resistant patho- 
gens. Group selection arguments cannot ex- 
plain these phenomena. 
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Response: McKean et al.'s point about epi- 
demiology is well taken: in fact, an increase 
of population density most of the time in- 
creases the frequency, severity, and extent 
of disease. in  balance with herd immunitv. I 
agree tha; mutual overall balances between 
infectious agents and host populations are 
important and that immunity is only one 
part of this equilibrium. McKean et al. point 
out that I have used a group selection argu- 
ment. However, I feel this is a misrepresen- 
tation of the general thrust of my paper, 
which is basically about the overall balance 
between infectious agents and the host, in- - 
eluding the immune system. This balance is 
different for each virus or group of viruses. 
Therefore, McKean et al.'s arguments about 
"successful viruses" may be incomplete. 
Noncvtooathic viruses such as LCMV and 

! L 

hepatitis B virus are successful, and so are 
some cytopathic viruses, but at "different 
costs" and by "different mechanisms." 

I wanted to stress the importance of 
antigen localization of different effector 
functions because, particularly in skin and 
solid organs, there is no "local" immunity. 
The examples discussed in my paper, where 
T cells ignore self and foreign antigens or 
where T cells get exhausted by foreign an- 
tigens, show that the immune system does 
not fundamentally distinguish between self 
and nonself, although functionally the sys- 
tem is set up to not usually react against self. 

R.  M .  Zinkernagel 
Departement Patholog7e der Universitiit, 
Institut fur Experimentelk Immunologic, 

Schmelzbergstrasse 12,  
C H - 8 0 9 1 ,  Zurich, Switzerland 

Corrections and Clarifications I 
In  the article "New York courts seek 'neutral' 

experts," by Eliot Marshall (News & Com- 
ment 12 Apr., p. 189), a member of the sci- 
entific advisory panel was incorrectly identi- 
fied as Fred Alan Wolf. H e  should have been 
identified as Alan Wolf of the Coo- 
per Union for the Advancement of Science 
and Art in New York. 

Fritz Kleinhans' name was misspelled in the Au- 
thor Index (p. 1891) for volume 27 1, January- 
March 1996 (29 Mar., p. 1887). 
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Letters may be submitted by e-mail 
(at science-lettersQaaas.org), fax (202- 
789-4669), or regular mail (Science, 
1200 New York Avenue, NW, Washing- 
ton, DC 20005, USA). Letters are not 
routinely acknowledged. Full addresses, 
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brief (300 words or less) and may be 
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They may appear in print and/or on the 
World Wide Web. Letter writers are not 
consulted before publication. 
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