
Warming Malaria
CLIMATE CHANGE IS EXPANDING THE DISEASE-CAuSING PATHoGEN’S CoMFoRT ZoNE. 

As temperatures rise in the East African highlands, so does the number 
of malaria cases. This conclusion of a new study by HHMI scientists 
suggests that areas not historically affected by malaria epidemics are 
at increasing risk of outbreaks due to rising global temperatures. 

The retrospective study, led by HHMI investigator Mercedes 
Pascual of the University of Michigan, focused on a highland 
region of western Kenya. Here, a tea plantation made up of several 
estates, with a combined population of 50,000, kept detailed hos-
pital admissions data, including confirmed monthly malaria cases, 
 spanning 1966–2002. 

“There aren’t many data sets on malaria that span such a long 
time period and are of such good quality,” says Pascual. The wealth 

of data combined with local 
temperature records made the 
new analysis possible.

At a physiological level, the 
effect of temperature on the 
malaria parasite has been well-
studied: the parasite reproduces 
more quickly at higher tempera-
tures, and the mosquitoes that 

carry the pathogen develop faster and bite more often. Because of 
this link, the Kenyan highlands are considered a “fringe region” 
for malaria transmission—their cooler climate has historically kept 
malaria levels much lower than in nearby warmer lowlands. 

Pascual wondered whether long-term shifts in temperature had 
already changed the incidence of malaria in this fringe region. Her 
team isolated the effect of temperature—as opposed to drug resis-
tance and land-use changes, among other factors—and revealed that 
warmer temperatures explain a significant fraction of the increase in 
malaria cases from the 1970s through the 1990s. The work appeared 
online in Proceedings of the Royal Society B on November 10, 2010. 

The researchers are now looking at fringe regions of eastern 
Africa and India—including deserts, where low rainfall has typically 
limited malaria—to study the changing prevalence of the disease 
not just in the long term but also from year to year. Establishing a 
link between climate and malaria cases at these interannual time 
scales could help predict epidemics. 

“Climate’s effect on epidemic malaria does not mean that inter-
ventions cannot be effective,” stresses Pascual. “It might just mean 
a bigger control problem.” And understanding climate’s effect, she 
says, might be key to this control. W – s a r a h  C . p.  w I L L I a m s

The mosquito Anopheles  
gambiae spreads the malaria  
parasite in Africa.

I N  B R I E F

 Southwestern Medical Center at Dallas and 

others have shown that virtually every cell 

in the body contains a circadian clock. 

To study how the expression of cellular 

clocks waxed and waned over the course of 

a day in mice, Takahashi and his colleagues 

attached a luminescent protein to Per2, 

an important clock gene. Then they stud-

ied rhythms in Per2 expression in cultured 

lung and pituitary tissue from mice. When 

they changed the temperature from 36°C 

to 38.5°C, within the normal range of body 

temperature for mice, the cycle of Per2 was 

strongly reset to the temperature signal. In 

contrast, the SCN clock was resistant to 

the same temperature signals—explaining 

why mammals are largely insensitive to 

environmental temperature cycles at the 

organismal level.

Cell-cell communication in the SCN is 

responsible for temperature resistance, 

the researchers concluded on october 15, 

2010, in Science. Thus, the SCN clock in 

the brain can transform 24-hour light-dark 

cycle information into an internal body 

temperature signal that syncs cellular 

clocks throughout the organism.

traciNg the roots oF haiti ’s 

cholera outBreak

The strain of cholera that began sweeping 

through Haiti in october 2010 originated 

in South Asia, according to a study co-

authored by HHMI investigator Matthew 

Waldor. The finding supports the idea that 

the cholera arrived on the island through 

human activities, rather than washing up 

environmentally from Latin America. 

To determine the origin of the cholera 

that has killed more than 2,500 people in 

Haiti as of mid-December 2010, Waldor and 

his colleagues at Harvard Medical School 

obtained two samples of Vibrio cholerae, 

the bacterium that causes the intestinal 

disease, from two Haitian patients. In collab-

oration with Pacific Biosciences, a company 

that manufactures DNA sequencing 

machines, the scientists quickly sequenced 

the genomes of the cholera bacteria. 

The DNA sequences revealed that the 

two samples of V. cholerae were virtually 

identical. When compared with 26 other 

V. cholerae strains, the samples matched 

strains currently circulating in South Asia, 

which have different genetic markers than 

strains in South America. 

“The most likely explanation for the 

sudden appearance of cholera in Haiti, 

the authors conclude, is transmission of 

the bacteria by an infected human, food, 

or other contaminated items from a region 

outside of Latin America to Haiti. 

The analysis, which appeared online 

December 9, 2010, in the New England 
Journal of Medicine also found that the 

strain, while potentially more virulent  

than average, should respond to tetracy-

cline antibiotics. 

agiNg mitochoNdria related  

to diaBetes risk

Weakened mitochondria are the reason a 

person’s risk for type 2 diabetes increases 

with age, according to research by HHMI 

investigator Gerald  Shulman. 

Mitochondria generate energy and 

are particularly active in muscle cells.  

Schulman’s lab group at the Yale School 

of Medicine had already shown that 

elderly individuals have lower mitochon-

drial activity in their muscles, which is  

associated with higher fat content and 

insulin resistance. 

To test the hypothesis that oxidative 

damage in mitochondria was responsible, 

the researchers overexpressed the human 

catalase gene, which encodes an enzyme 

that protects against oxidative injury.  

The latest work shows that, similar to 

humans, older mice have reduced mito-

chondrial function, increased fat in their 

muscles, and insulin resistance. In con-

trast, mice with higher levels of catalase 

were protected from these age-associated 

changes.

The results, published in the Decem-

ber 1, 2010, issue of Cell Metabolism, offer  

further evidence that altered mitochon-

drial function plays a role in age-related  

insulin resistance and suggests that  

reducing oxidative damage in mitochon-

dria may be a way to prevent age-related 

type 2 diabetes. d
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