
severe meningeal tuberculosis. By contrast,  
Caws et al. report that the Euro-American lin-
eage of M. tuberculosis mainly induces the less 
complicated pulmonary tuberculosis. 

The Beijing strains also seem to have evolved 
additional virulence mechanisms to induce 
meningeal tuberculosis. These strains produce 
abundant phenolic glycolipids, which suppress 
innate immune responses10. Also, the activity 
of their DosR protein complex is increased. 
This complex regulates the expression of some 
50 genes involved in facilitating the persistence 
of M. tuberculosis under conditions of stress11 
— yet another survival factor enabling Beijing 
strains to resist the hostile milieu of activated 
macrophages. Thus, infection of a person who 
has an impaired TLR-2/TIRAP signalling sys-
tem (through polymorphisms in genes encod-
ing these proteins) with a more virulent strain 
of M. tuberculosis such as the Beijing strains 
(resulting from polymorphisms that lead to 
better chances of bacterial survival) could be 
a deadly combination.

Does the improved survival of the Beijing 
strains mean they are more likely to lead 
to meningeal tuberculosis? The number of 
subjects Caws et al. examined was too small 
to provide any conclusive evidence, but other 
studies have indicated an association between 
members of this family of bacteria and 
extrapulmonary tuberculosis12. Future stud-
ies of larger subject groups should unequivo-
cally clarify the interrelationship between 
M. tuberculosis, host genotypes and the disease 
characteristics. 

Many years after the discovery of the first 
antituberculosis drug streptomycin, and despite 
the availability of a childhood vaccine for the 
disease, M. tuberculosis is once again emerg-
ing as a deadly pathogen across the world. The 
dangerous liaison between AIDS and tubercu-
losis continues, and incidences of multidrug-
resistant, and even extensively drug-resistant, 
tuberculosis are on the rise. The pipeline for 
new tuberculosis drugs is dry, and there is no 
sign that a vaccine for adult tuberculosis will 
be available for at least a decade. 

It is to be hoped, therefore, that studies such 
as those of Caws et al.2 will further elucidate 
the multigenic interplay between humans and 
M. tuberculosis. Research will be aimed at deci-
phering the unknown factors underlying the 
transmission of M. tuberculosis from a patient 
with active tuberculosis to an uninfected 
individual. The development of new tech-
nologies enabling large-scale genetic screens 
is certainly timely. Perhaps differential gene 
expression will be found to contribute to both 
pathogen virulence and human susceptibility. 
Correlational studies of gene expression with 
analysis of functional gene products may pro-
vide definitive answers. Such studies will help 
to identify new drug targets and biomarkers. ■
Stefan H. E. Kaufmann is at the Max Planck Institute 
for Infection Biology, Department of Immunology, 
Charitéplatz 1, D-10117 Berlin, Germany.
e-mail: kaufmann@mpiib-berlin.mpg.de

CLIMATE CHANGE

Attributing cause and effect
Francis Zwiers and Gabriele Hegerl

The climate is changing, and so are aspects of the world’s physical and 
biological systems. It is no easy matter to link cause and effect — the latest 
attack on the problem brings the power of meta-analysis to bear. 

The article by Rosenzweig and colleagues1 
that appears on page 353 of this issue is the 
first to formally link observed global changes 
in physical and biological systems to human-
induced climate change, predominantly from 
increasing greenhouse gases. By surveying a 
huge literature, Rosenzweig et al. demonstrate 
that changes in physical and biological systems 
are pervasive; that these impacts lie mainly in 
directions consistent with warming of the 
climate system; and that, at least partly, they 
are likely to be the result of climate change 
caused by increasing concentrations of 
greenhouse gases. 

The authors make the case using what is 
known as the ‘joint attribution’ approach2. They 
first show that the observed correspondence 
between impacts and warming would be very 
unlikely to occur if patterns of temperature 
change were the result of natural climate vari-
ability. They then argue that human influence 
has a role because observed large-scale climate 
change can be attributed to human influence 
on the climate system3. 

These points emerge from Rosenzweig and 
colleagues’ meta-analysis of the large literature 
on impacts, which involved synthesizing the 
results from studies of diverse types of sys-
tem. This is probably the only available way 
of broadly linking impacts to climate change 
at global scales. Nevertheless, its very flexibil-
ity and comprehensiveness also impose limi-
tations. For example, it would be difficult to 
quantify the climate–impact link with such an 
analysis, for two reasons. 

The first is that the approach involves aggre-
gation of results from vastly different types of 
system, both biological and physical (Fig. 1). 
The second is that only binary indicators of 
impacts are considered — that is, whether a 
given impact was consistent, or inconsistent, 
with warming. The link between these binary 
indicators and climate change is assessed by 
means of a technique involving a ‘spatial pat-
tern congruence’ statistic, which assumes 
that the effects of local climate change occur 
locally. This measure will not fully capture 

connections where biological impacts result 
from remote climate changes, seasonal changes 
or changes in temperature extremes4. So the 
pattern of impacts does not correlate perfectly 
with that of annual mean warming (see Fig. 2 
of the paper1 on page 355). 

One of the challenges in this kind of research 
arises from the limitations of available data. 
Uncertainties result from limited and irregular 
sampling in space (impacts have been studied 
much more intensively in some regions, par-
ticularly Europe, than in others), and from the 
short time span of many data sets. The records 
mined by Rosenzweig et al. were primarily for 
the period 1970 to 2004, with the rule that at 
least 20 years of data were available. This is 
much shorter than the 50-year and sometimes 
100-year data sets typically considered in stud-
ies detecting and attributing change in basic 
climate variables such as temperature3, surface 
pressure3 and precipitation5,6. Such long data 
sets are of course few and far between, par-
ticularly for effects of climate change. But the 
shortness of the records used in this research1 
lessens the authors’ ability to put changes in 
the context of previously observed variations, 
reducing the confidence in the results com-
pared with those based on observations made 
over periods of a century or longer7,8. 

That said, Rosenzweig and colleagues’ 
analysis largely overcomes sampling limita-
tions because of the sheer number of changes 
reported. Their synthesis is innovative and 
pushes detection-and-attribution research into 
a much broader domain than it has previously 
occupied. It is also a step along the road towards 
understanding how, and by how much, anthro-
pogenic factors cause the observed impacts. 

To estimate the size of the anthropogenic 
contribution, it will ultimately be necessary to 
undertake direct attribution of causes of change 
in affected systems, rather than using two-step 
joint attribution, in which some aspect of 
change in the climate system is first attributed to 
an external influence, and alteration in a physi-
cal or biological system is subsequently attrib-
uted to climate change. Direct attribution would 

1. www.who.int/tb/publications/global_report/en
2. Caws, M. et al. PLoS Pathog. 4, e1000034 (2008).
3. Quintana-Murci, L., Alcaïs, A., Abel, L. & Casanova, J.-L. 

Nature Immunol. 8, 1165–1171 (2007).
4. Kaufmann, S. H. E. Nature Rev. Microbiol. 5, 491–504 (2007).
5. Gagneux, S. & Small, P. M. Lancet Infect. Dis. 7, 328–337 

(2007).

6. Khor, C. C. et al. Nature Genet. 39, 523–528 (2007).
7. Ogus, A. C. et al. Eur. Respir. J. 23, 219–223 (2004).
8. Hawn, T. R. et al. J. Infect. Dis. 194, 1127–1134 (2006).
9. Nejeutsev, S. et al. Nature Genet. 40, 261–262 (2007).
10. Reed, M. B. et al. Nature 431, 84–87 (2004).
11. Reed, M. B. et al. J. Bacteriol. 189, 2583–2589 (2007).
12. Kong, Y. et al. J. Clin. Microbiol. 45, 409–414 (2007).
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require an ‘end-to-end’9 modelling system that 
includes explicit representations of all of the 
main processes (climatic and non-climatic) 
that contribute to the variability of the system 
under study, and can simulate the response to 
greenhouse-gas increases as well as other fac-
tors that can cause changes in the observed 
impact. Such a tool can then be used to estimate 
how different external influences contribute 
to observed changes in systems relative to 
each other, much as models of the climate 
system are used to study the relative contribu-
tions of greenhouse gases, aerosols and natural 
climate variability to observed changes in 
surface air temperature and other basic 
climate variables3. Few such modelling systems 
are available, in part due to the difficulty of 
representing the relevant processes within 
climate models. 

Likewise, only a few end-to-end attribution 
studies have been carried out1,2. They are lim-
ited to cases where the affected system and its 
interaction with climate are either relatively 
well understood10 or reasonably described 
empirically11. We need more of them. End-to-
end studies will help in interpreting the results 
of less direct approaches to attribution. Moreo-
ver, they can also be used to evaluate and adjust 
projections of future impacts based on changes 
that have already been observed; that will be 
essential in formulating strategies to adapt to 
the consequences of climate change, and to 
assess their uncertainties, much as has been 
done with projections of future temperature 
change12. The ultimate goal is to provide proba-
bilistic projections of future effects — that is, 
estimates of the probability that some outcome 
will or will not occur — and so allow decisions 

Figure 1 | Going through the changes. The literature sampled by Rosenzweig et al.1 in analysing the possible impacts of climate change covered a diversity 
of phenomena in a diversity of biological and physical systems. Examples are perturbation of polar bear behaviour; timing of peak stream flow, of grape 
harvests, and of spring flowering and bird migration; and variation in the freeze–thaw pattern in tundra, in krill stocks and in glacier ‘wastage’.

about adaptive measures to be based on a 
firmer footing. ■ 
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SOLID-STATE PHYSICS

Polaritronics in view
Benoît Deveaud-Plédran

Polaritons are an odd cross-breed of a particle, half-matter, half-light. They 
could offer an abundant crop of new and improved optoelectronic devices 
— a promise already being fulfilled.

When I first encountered the idea of a polari-
ton, while reading the doctoral work of John 
Hopfield1, its beauty stunned me. These mixed 
‘quasiparticles’ are produced in semiconductor 
materials when the pairing of an electron and 
its phantom, a hole (this combination in itself 
a quasiparticle known as an exciton), couples 
with the photons of a light field. The result is 
something that is part matter, part light, and 
inherits qualities of both. Yet for all that they 

are useful for those who wish to get to grips 
with the optical properties of semiconductors, 
I always had a feeling that polaritons were not 
actually ‘real’. I never expected that they would 
make their way out of the laboratory; still 
less that they would ever have any practical 
application.

History is proving me wrong. On page 372 of 
this issue, Tsintzos et al.2 detail the latest stage 
of the long march of polaritons to workaday 

Science Basis (eds Solomon, S. D. et al.) 663–745 
(Cambridge Univ. Press, 2007).

4. Easterling, D. R. et al. Science, 289, 2068–2074 (2000). 
5. Zhang, X. et al. Nature 448, 461–465 (2007).
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(2008).
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