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has been relatively easy to obtain with vac-
cines. However, HIV-1 replicates to very
high levels in humans early after infection
and, therefore, the most useful animal
models for HIV-1 vaccine trials are likely
to be those in which similar intense early
viral replication is seen. Many primary
HIV-1 isolates that establish non-
pathogenic infections in chimpanzees do
not replicate particularly well in those ani-
mals. Studies of these infections are, there-
fore, not likely to predict vaccine efficacy
in humans. For this reason, vaccine trials
with an HIV-1 isolate that replicates to
high levels and induces AIDS in chim-
panzees could prove very useful in assess-
ing vaccine strategies.

A number of the vaccine strategies that
have been assessed in animal models are
unlikely to elicit sterilizing immunity to a
diversity of HIV-1 isolates. However, some
of these approaches may decrease the in-
tensity of viremia during primary infec-
tion, lower the set-point of viral replication
during chronic infection, and, accordingly,
prolong survival in individuals who be-
come infected with HIV-1 after vaccina-
tion. With lower viral loads, these infected
individuals may transmit HIV-1 ineffi-
ciently, decreasing the spread of the virus
in a population. A vaccine that could ac-
complish this, while not ideal, would cer-
tainly be beneficial in areas of the world
with high rates of HIV-1 transmission and
limited access to antiretroviral therapies.

Preclinical evidence that an HIV-1 vaccine

might be efficacious in these ways can
best be ascertained in a pathogenic HIV-
1/chimpanzee model.

Many investigators, like Prince and An-
drus, say that the decision to use chim-
panzees in experiments that may lead to
their death is not warranted. With 40 mil-
lion humans already infected with HIV-1
and the prediction of further dramatic
spread of this virus in human populations,
developing an HIV-1 vaccine is viewed as
an absolute priority. However, all possible
vaccine strategies for preventing HIV-1 in-
fection cannot be tested for efficacy in hu-
man populations. The use of nonhuman
primate species for HIV-1 vaccine evalua-
tion will continue to present a difficult eth-
ical dilemma for our entire society as it
grapples with the AIDS epidemic.

Norman L. Letvin

Beth Israel Deaconess Medical Center, Harvard
Medical School, Boston, MA 02215, USA

Hydrogen Chemistry of
Basalt Aquifers

In their report “Evidence against hydro-
gen-based microbial ecosystems in basalt
aquifers” (14 Aug., p. 976), Robert T. An-
derson et al. found that they could pro-

18 DECEMBER 1998 VOL 282 SCIENCE

SCIENCE'S COMPASS

duce only very small quantities of hydro-
gen gas (H,) from chemical reaction of
water and basalt rock (temperature un-
specified), and then only under acidic
conditions (pH = 6). In nature, however,
reaction of water and mafic rocks com-
monly yields alkaline ground water, and

~can produce significant quantities of H,.

The Semail ophiolite in Oman presents an
extreme case (I); there, rainwater has re-
acted with rock rich in olivine and serpen-
tine at 20° to 50°C to yield highly alkaline
ground water (pH to 12.1) and gas seeps
of up to 99% (molar) H,.
Thermochemically, the production of
hydrogen gas from water can be driven by
oxidation of ferrous to ferric iron (2). We
have replicated this result in equilibrium
computer modeling of basalt alteration (3);
for instance, reaction of basalt glass and
liquid water in a closed system (25°C;
mass ratio of 1 to 5) yields a mineral as-
semblage dominated by serpentine and
smectite clay, water of pH = 11.9 with 186
milligrams of dissolved H, per kilogram,
and a H, fugacity of 135 bars.
Allan Treiman
Lunar and Planetary Institute, 3600 Bay Area

Boulevard, Houston, TX 77058, USA. E-mail:
treiman@Ipi.jsc.nasa.gov
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Response

Treiman and Wallendahl suggest, on the
basis of a geochemical model, that when
subsurface basalt and water are combined
in a closed system, a significant amount of
hydrogen gas should be produced. How-
ever, as we reported, when basalt and
ground water are actually mixed together,
hydrogen is not produced to any apprecia-

ble extent. Furthermore, their model pre-
dicts a pH of 11.9, whereas the pH in the
real ground water (8.0) is much lower. We
believe that the reason for these differ-
ences between reality and the predictions
of the model are that the model contains
faulty parameters. For example, Treiman
and Wallendahl consider a basalt glass in
their model, whereas the basalts in the
aquifer material were crystalline. When it
is necessary to chose between theoretical
results from a model and direct experi-
mental results, it seems prudent to base
conclusions on the real data.

In contrast to the assertion of Treiman
and Wallendahl, the study by Neal and
Stanger did not demonstrate that the rocks
in the Oman system produced hydrogen by
reacting with water. This was only inferred
from isotopic measurements and several
assumptions about isotope equilibrium and
exchange. Direct experimental measure-
ments of rock-water interaction with mate-
rials from this site are required in order to
prove the source of hydrogen in this sys-
tem. It is also important to note that the
study by Neal and Stanger has little rele-
vance to our study because the rocks in the
Oman system have a significantly different
mineralogy from that of the basalt in the
aquifer in question in our study. We specif-
ically stated that our results do not rule out
the possibility that hydrogen can be abioti-
cally produced under some natural condi-
tions. However, as detailed in our report,
our studies and the results of others
strongly suggest that hydrogen produced
by basalt—ground-water interactions is not
the primary energy source for the micro-
bial community in the Columbia River

Basalt aquifer.
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CORRECTIONS AND CLARIFICATIONS

The figure accompanying the Perspective “A glimpse of the Holy Grail?” by Herman ). C.
Berensen (Science's Compass, 23 Oct., p. 642) was printed incorrectly, with parts A through C
reversed. The correct figure appears below.
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