
and mathematics. Such programs are clearly 
needed and long overdue as a major focus 
for the nation's premier agency for the ad- 
vancement of science. Colwell and Kelly 
cite four key areas for action: research on 
learning, coordinated K-16 requirements, 
improved teacher preparation and profes- 
sional development, and improved instruc- 
tional materials. "In each of these areas, ac- 
tive contributions by the scientific comrnu- 
nity are essential for success," they state. 
However, efforts in these areas will have lit- 
tle impact until the scientific community 
fully recognizes education as a task worthy 
of a scientist's time and focus. 

Even at many colleges and universities 
where the declared core mission is the ed- 
ucation of undergraduates, the hiring, pro- 
motion, and granting of other honors are 
based overwhelmingly on research accom- 
plishments, with little consideration for the 
faculty member's educational achieve- 
ments and skill. The reality of the scientif- 
ic culture seems to be that educational 
work is not valued commensurate with 
laboratory work. 

Colwell and Kelly state that "education- 
al roles are no less im~ortant than our oth- 
er responsiblities as scientists and citi- 
zens." How can this forward-looking poli- 

cy be translated into substantive action?- 
by publicly respecting, valuing, and recog- 
nizing the teaching of science as separate 
from, but just as necessary and important 
as, scientific research. When the nation's 
premier scientific agency leads by exam- 
ple, valuing science education as a prima- 
ry criteria in its own hiring, appointments 
to leadership positions and fellowships, 
and awarding of funds, the rest of the com- 
munity will follow. 

Laurie A. Fathe 
Los Angeles Collaborative for Teacher Excellence, 
Occidental College, Los Angeles, CA 90041, USA. 
E-mail: fathe@ov.edu 

Colwell and Kelly provide an overview of 
new efforts to improve science education. 
To make the story complete, I'd like to re- 
late how the NSF is involving research sci- 
entists to help improve K-12 education. 

For the past 15. years or so, the NSF has 
focused on workshop programs for teachers, 
to bring them up to speed in modern sci- 
ence. But it became clear that such relatively 
brief workshops did not change the class- 
room behavior of teachers as much as might 
be desirable. The NSF, therefore, developed 
a more intensive program, Research Experi- 
ences for Teachers and Students Projects. I 
direct one of these projects, where 40 biolo- 
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gy teachers per year spend 6 weeks design- 
ing and carrying out research projects in the 
labs of university scientists and designing 
plans to implement components of these 
projects in their K-12 classes. 

This new program appears to be doing 
wonders for science education. Teachers in 
the program direct the research projects of 
students in their classes with scientific 
know-how that could not be obtained from 
workshops. The teachers continue working 
with their research mentors, and the results 
of both the teachers' and students' re- 
search, in many cases, are publishable. - 

So, when Colwell and Kelly say that 
new NSF programs are working, from my 
experience they certainly are. 

Steven B. Oppenheimer 
Center for Cancer and Developmental Biology, 
California State University, 181 11 Nordhoff Street, 
Northridge. CA 91330-8303, USA. E-mail: steven. 
oppenheimer@csun.edu 

Tuberculosis Vaccines 
In their Report "Comparative genomics of 
BCG vaccines by whole-genome DNA mi- 
croarray" (28 May, p. 1520), M. A. Behr et 
al. used genomic analysis to demonstrate ge- 
netic divergence of the Bacille CJmette- 
GwSn (BCG) vaccine for tuberculosis (TB) 
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that has occurred during its derivation and 
maintenance. They relate this genetic varia- 
tion to the progressive decrease of the protec- 
tive effect of BCG. However, there is another 
possibility for the declining efficacy of BCG 
that is not mutually exclusive from this expla- 
nation--concurrent evolutionary changes of 
the prevalent strains of Mycobacterium tu- 
berculosis. The study by Behr et al. is unidi- 
rectional, looking only at deletions in My- 
cobactrium bovis relative to the recently se- 
quenced M. tuberculosis genome. 

Evolutionary divergence as a result of 
vaccination and herd immunity has been 
proposed as a model of vaccine-induced 
temporal changes of infectious pathogens. 
Comparisons of current circulating strains 
of Bordetella pertussis, isolated in the 
Netherlands, with isolates from the 1950s 
indicate that there have been antigenic 
shifts in two surface proteins, the S1 sub- 
unit of pertussis toxin and pertactin (I). 
These new variants have nearly replaced 
previously known wild-type B. pertussis in 
the highly vaccinated Dutch population. 

Whereas BCG has undergone in vitro 
passage over many years, M. tuberculosis 
has likewise undergone in vivo passage in 
humans. The declining efficacy of BCG 
may be due, in part, to selective pressure 
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favoring adaptation of M. tuberculosis 
strains to BCG-induced immunity. Is it 
possible that genetic changes have oc- 
curred in M. tuberculosis strains as a result 
of the three billion doses of BCG adminis- 
tered over the past 80 years (2)? Are M. tu- 
berculosis strains now better adapted, as a 
result of selection, to survive in and pro- 
duce disease in immunized individuals? 

We propose that the decreasing efficacy 
of BCG vaccine is a consequence of bidirec- 
tional divergence. As we seek improved tu- 
berculosis vaccines, there should be a care- 
ful search for genomic homologies between 
strains of M. tuberculosis that currently 
cause disease and live vaccine candidates, 
whether BCG or attenuated M. tuberculosis. 

Renee Ridzon 
Centers for Disease Control and Prevention, 
Atlanta, GA 30333, USA 

Margaret Hannan 
St. Mary's Hospital at Paddington, London W2 
INY, UK 
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Tuberculosis remains one of the world's 
major killers, despite vaccination of 88% 
of newborns with BCG (I). Although it 
will be years before the total impact is re- 

alized it is doubtful whether BCG is effec- 
tive enough to eliminate TB in the devel- 
oping world. It has been estimated from a 
meta-analysis that it is only about 50% ef- 
fective (2). The analysis by Behr et al. 
shows that the efficacy of BCG has been 
attenuated through serial passage. They 
propose that pressure to minimize adverse 
effects of vaccination may have selected 
for less virulent, and therefore less effec- 
tive, strains. Development of a new TB 
vaccine is of the highest priority (3), and 
more than 100 candidate vaccines are in 
different stages of development. In the 
choice of a new vaccine, the question aris- 
es, How effective does a vaccine have to 
be to eventually eliminate TB? 

Some viral epidemics (for example, 
smallpox and polio), for which there are no 
effective antimicrobial therapies, have been 
controlled by highly effective vaccines 
alone. The control of TB differs because 
there are effective antibiotic treatments that 
are delivered to relatively large numbers of 
patients (50% of cases are treated in devel- 
oping countries and 90% in developed 
countries) (4). Treatment of so many indi- 
viduals benefits those treated, but it also 
decreases transmission rates in the entire 
community. Thus, TB vaccination pro- 

Drawing on more than 50 years of 
innovative experience in the breedi 
and genetic testing of inbred strains 
Charles River continues to point the 
mmtr fnr 1% e n t j ~  induein, 
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grams, which are combined with antibiotic 
programs, have to be assessed differently. 

We have extended our mathematical 
models of TB transmission (5) to evaluate 
vaccine programs and have derived a 
mathematical expression that allows us to 
predict the level of vaccine efficacy neces- 
sary to eliminate TB for any specified 
treatment rate and vaccination coverage 
level (6). For example, in the absence of 
treatment, a 95%-effective vaccine may be 
necessary to eliminate TB, but in the pres- 
ence of 60% treatment, a 67%-effective 
vaccine would be sufficient (7). These re- 
sults illustrate that if antibiotic treatment 
can be increased even moderately, we may 
not need the level of perfection (with re- 
spect to vaccine efficacy) that was 
achieved for smallpox and polio. 

Tom Lietman 
Sally Blower 

Department of Ophthalmology, University of Cali- 
fornia, San Francisco, CA 94143-0944, USA. E- 
mail: tml@itsa.ucsf edu 
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6. T. Lietman and S. Blower, Clin. Infect. Dis., in press. 
7. Using the model in (6), we have derived the follow- 

ing expression. To ensure the elimination of TB, i t  is 
sufficient that the average number of new infectious 
cases caused by a single infectious case is less than 
unity, or R,(1 - FT )(1 - FvE) < 1, where R, is the av- 
erage number of infectious cases caused by a single 
infectious case of TB in the absence of vaccination 
and treatment, F, is the fraction effectively treated 
with antibiotics, Fv is the vaccination coverage level, 
and E is the efficacy of the vaccine. Thus, the effect 
of treatment (1 - FT) and the effect of vaccination (1 
- FvE) have a multiplicative effect on reducing Ro. 
For the examples in the text, we have assumed vac- 
cine coverage of 88% ( 7) and an R, of 6.0 (5). 

Response 
we-appreciate the letters by Ridzon and 
Hannan and by Lietman and Blower be- 
cause they contribute further material to 
the discussion about BCG. The future of 
BCG vaccination is currently under siege, 
both because the TB community recog- 
nizes the need for a better vaccine against 
TB and because newer vaccines (for hep- 
atitis B and Haernophilus injluenzae B, for 
example) may compete for resources with- 
in vaccination programs. 

Ridzon and Hannan postulate .that 
wild-type strains of M. tuberculosis may 
have evolved under the select pressure of 
eluding the protective immunity provided 
by BCG. In such a situation, BCG vac- 

cines of the 1920s may have provided pro- 
tection against wild-type isolates of that 
era, but would no longer be protective 
against contemporary strains of M. tuber- 
culosis. Although many theoretical argu- 
ments may support or refute this postu- 
late, the only relevant data are the ran- 
domized controlled trials. In populations 
where BCG vaccines had not been previ- 
ously used, there are numerous examples 
of trials where vaccination did not provide 
protection (1, 2). 

Lietman and Blower extend their math- 
ematical modeling to point out that the 
goal of an anti-TB vaccine need not ap- 
proach 100% efficacy, because a less suc- 
cessful vaccine in conjunction with a treat- 
ment-based control program would provide 
important benefits. In this vein, it is impor- 
tant to reiterate the well-known strain vari- 
ation between BCG vaccines and to recog- 
nize that the best BCG trials provided an 
efficacy on the order of 80% ( 3 ) ,  well 
above the threshold of 67% described in 
Leitrnan and Blower's model. Although the 
search for an improved anti-TB vaccine is 
still the long-term goal, a thorough analysis 
of existing BCG vaccines may help uncov- 
er a sufficiently protective BCG strain 
among those already existing. 

Marcel A. Behr 
Division of lnfectious Diseases, Department of 
Medicine, McGill University Health Centre, Mon- 
treal H3G 1A4, Canada 

Peter M. Small 
Division of lnfectious Diseases and Geographic 
Medicine, Department of Medicine, Stanford Uni- 
versity, Stanford, CA 94305, USA 
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...................................................................... 
CORRECTIONS AND CLARIFICATIONS 

In the News article "Getting t o  the front of 
the bus" by Dan Ferber (3 Sept., p. 1514), the 
credit for the graphs on page 151 5 listed the 
journal source but not the authors of the per- 
tinent article.The full credit should have been, 
"C. C. Helbing, M. J.Verhoef, C. L. Wellington, 
Research Evaluation 7,53 (1 998)." 

...................................................................... 

The last letter in  the 17 September issue, by 
G. Philip Robertson (Science's Compass, p. 
1852) should have stated tha t  it was in  
regard t o  Will iam H. Schlesinger's Policy 
Forum "Carbon sequestration in soils" (Sci- 
ence's Compass, 25 June, p. 2095) and 
should have been entitled "Keeping track of 
carbon." The Science Online version reflects 
these corrections. 
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