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Spirituality’s rising role in medicine stirs debate
Science and religion straddle disparate worlds, 
periodically creating tense standoffs—as in 
the recent disputes about intelligent design 
and the Dalai Lama’s lecture at a large 
neuroscience meeting. Amidst those debates, some 
researchers are posing the contentious question: is 
spirituality good for health?

Driven by a surging public interest in 
matters of faith, research on the effect of prayer 
and other spiritual practices on addiction, 
recovery from illness and the ability to cope with 
stress has been steadily increasing. “There has 
been a growing attempt to reclaim a place for 
the divine in the modern world using the meth-
odologies of the sciences,” says Anne Harrington, 
a Harvard University science historian.

But many scientists say a broad, subjective 
concept like spirituality cannot—and should 
not—be linked to science.

In a survey of more than 31,000 Americans 
released last year by the US National Center 
for Complementary and Alternative Medicine 
(NCCAM), 36% said they use some form of 
alternative medicine including herbs, special 
diets and practices such as yoga. When the 
survey included the number of people who pray 
specifically for health—their own or that of 
others—the number jumped to 62%.

The results underscore the need to study 
the effect of these practices on health, says 
Catherine Stoney, an NCCAM program officer 
for mind-body medicine. Last year, the agency 
gave out about $880,000 of its $117.7 million
budget in grants for research on prayer, 
spirituality and ‘distant healing’—the practice 
of praying for another person’s health, with or 
without the latter’s knowledge.

Among these studies is a University of 
Cincinnati project that links the will to live to 
aspects of spirituality in 350 individuals with 
HIV/AIDS. Another, at New York’s Memorial 
Sloan-Kettering Cancer Center, is investigating
a relationship between spiritual wellbeing and 
levels of interleukin-6, an immune system 
protein associated with depression, in individuals
with pancreatic cancer.

The bulk of funding, however, comes from 
private groups such as the Michigan-based Fetzer 
Institute and the John Templeton Foundation in 
Pennsylvania, which has poured more than $31 

million since 1987 into research on the topic.
Particularly controversial have been studies of 

distant, or ‘intercessory’ prayer, a research trend 
that began in the late 1980s. In a study reported in 
July, for instance, researchers at Duke University 
recruited 748 people undergoing heart-related 
procedures and split them into two arbitrary 
groups. The scientists randomly assigned groups 
of Christians, Muslims, Jews and Buddhists to 
pray for only one of the study groups. The results 
showed that prayer had no effect on whether 
people experienced postoperation complications 
such as heart attacks, hospital readmissions or 
death (Lancet 366, 211–217; 2005).

Parsing out the effects of spiritual practice 
in a research study is far from easy. Researchers 
have struggled to differentiate between the 
health effects of faith and other variables such 
as behavioral risk factors and socioeconomic 
issues. Scientists also lack clear definitions and 
standardized questions that would allow them to 
compare different spiritual practices and popula-
tions. “Many who are interested in studying these 
issues don’t design studies that are in fact scien-
tifically rigorous,” says William Breitbart, chief of 
psychiatry at Memorial Sloan-Kettering.

But in an increasingly scientific world, 
it is particularly important to pinpoint the 
biological basis of any health benefits spiritual 
practice might have, notes Herbert Benson, 
president of the Mind/Body Medical Institute 
in Massachusetts. Benson was one of the first 
scientists to suggest more than 30 years ago that 
meditation can trigger physiological changes. 
“We are just coming up with scientific language 

for what people have been doing for millennia,” 
says Benson. “I think it’s a convergence of 
stress-related illnesses with the stresses of our 
world, coupled with the fact that people are 
not always helped by drugs and surgery.”

Harold Koenig, a psychiatrist and co-direc-
tor of Duke University’s Center for Spirituality, 
Theology and Health, says religious folk are 
prone to having lower blood pressure, fewer 
strokes, stronger immune systems and some-
times longer lives because their faith is likely to 
keep them from unhealthy behaviors. “Doctors 
need to realize that religion is a factor in health, 
not only for coping but through social, behav-
ioral and psychological mechanisms,” he says.

So many sick people turn to religion for 
comfort and guidance, Koenig says, that physicians 
should also consider collecting spiritual histories
of their patients before pursuing a treatment 
path. If patients express the need, doctors could 
even go so far as to pray with their patients. 
“Probably saying a 30-second prayer at a key
moment has done more good than any 
psychotherapy or drugs I’ve prescribed,” he says.

But if physicians begin delving into spiritu-
ality, it might pull them away from discussing 
critical topics such as smoking and exercise, notes 
Richard Sloan, professor of behavioral medicine 
at Columbia University. Ethical concerns also 
arise when doctors tread into personal matters. 
For example, epidemiological studies indicate 
that marital status might be related to better 
health but, Sloan says, “we don’t expect doctors 
to recommend to their single patients: ‘hey Bob, 
time to go out and find yourself a wife’.”

The bulk of distance-healing science is flawed, 
researchers say, because it does not address ques-
tions such as how to measure prayer, how long a 
prayer should last and how to define devotion. Still, 
NCCAM is funding at least two such projects,
including one that measures the power of dis-
tant healing on glioblastoma treatment. “It’s out-
rageous that [NCCAM] is spending this money,” 
says Sloan. “It’s all happening due to this wave of 
fundamentalism sweeping the country.”

Judging from history, however, the interest 
in spirituality might only be temporary, Sloan 
adds, “but the problem till then is the damage 
to medicine.”

Paroma Basu, Madison

Unholy alliance: Most studies of prayer’s effects 
on health are poorly designed, critics say.
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Europe’s restrictive rules strangling clinical research
The number of large clinical trials across 
Europe is drastically down a year after new 
rules on clinical research went into effect, 
according to a study presented in early 
November. The rules, meant to promote 
Europe-wide research, might instead force 
scientists to limit their trials to a single 
country, experts caution.

National regulations on clinical research 
vary widely across Europe. The European 
Union Clinical Trials Directive, launched in 
May 2004, was intended to simplify the rules 
and establish a Europe-wide model for both 
academic and industry-sponsored trials 
(Nat. Med. 9, 1336; 2003). But since its launch, 
scientists have warned that the onerous new 
requirements and added paperwork and costs 
would hamper trials by academic scientists.

The number of Europe-wide trials sub-

mitted for research grants or ethical review has 
dropped 30–50% since the directive’s launch,
according to data from research institutes 
and funding agencies. The proportion of 
noncommercial trials has also declined from
40% to 14%. “Overall, Europe is witnessing 
a very negative consequence of the European 
directive,” says Jaap Verweij, an oncologist at 
Erasmus University in Rotterdam.

The researchers chose eight countries, 
including the UK, France and Italy, based 
on their capacity to fund academic research, 
particularly in cancer, and the size of their 
population. The researchers assessed how each 
nation revised its laws to comply with the rules.

Although the directive harmonized some 
matters such as the time frame for authorizing 
new trials, it created significant differences in 
the ethical review of trials, sponsorship and 

liability issues, says lead investigator Markus 
Hartmann. Only four countries thus far have 
added express provisions for noncommercial 
trials into their legislation and of those, only 
Italy and Belgium are fully complying with the 
directive’s requirements for academic research. 
Hartmann presented the data at the European 
Cancer Conference in Paris in November.

Ultimately, experts say, the requirements 
might put an end to Europe-wide multicenter 
trials and promote more national research 
projects. “The detail of the directive is being 
interpreted by each country in a slightly 
different way, which is especially frustrating 
for the lone academic investigator wishing 
to launch a multicenter trial,” says Norman 
Williams, a clinical trials coordinator at 
University College London.

Xavier Bosch, Barcelona

Global polio campaign doomed to fail, experts warn
Five children in a secluded Amish village in the 
US contracted vaccine-derived polio, scientists 
announced in October, baffling epidemiologists 
about the infection’s origin. But some experts 
say the episode is a clear warning that the global 
polio eradication campaign is unrealistic.

As the World Health Organization (WHO) 
and others focus on preventing wild polio, they 
say, virus shed by vaccinated individuals could 
continue to circulate in the population.

An eight-month-old baby in the village in 
central Minnesota, initially hospitalized with 
diarrhea and known to be immunocompromised,
first contracted and transmitted the virus. But 
the virus itself appears to be from an oral polio 
vaccine administered two years ago, more than a 
year before the infected child was born, says Olen 
Kew, a virologist at the US Centers for Disease 
Control and Prevention.

That suggests that the virus came from someone
else, perhaps in a developing country without 
adequate therapies to treat an immune disorder. 
“Someone else is exposed; it seems unlikely that 
that virus would have been circulating that long 
in the Amish community,” says Kew.

Most people who contract polio can rid 
themselves of infection within eight weeks, but
immunocompromised individuals can retain 
and spread the infection, in some cases for years.
Nearly 30 chronic carriers have been reported since 
1962, but the Minnesota child is the first known
to put a virus into circulation. She transmitted
the virus to the other children because they were 
not vaccinated, in accord with Amish belief.

Critics say the event points to a much deeper 
problem in the WHO’s eradication scheme. 

“Now we have here, in a country where almost 
everyone is immunized, these viruses are 
circulating. And they’re circulating much more 
extensively than anyone realizes, I would guess,” 
says Vincent Racaniello, a Columbia University 
microbiologist.

Since the Americas were declared polio free in 
1994, surveillance has slipped, making it difficult
to assess how much poliovirus is circulating in 
the population. The US stopped vaccinating 
children with the oral polio vaccine in 2000, 
switching to an inactivated vaccine that confers 
immunity in the bloodstream, but not in the
intestines or throat. Those immunized with this 
vaccine could potentially pick up the live, weakened
strains excreted by children who receive the oral 
vaccine and function as carriers of the virus.

In those vaccinated with the oral vaccine— 
particularly in immunocompromised individuals

—the virus can also mutate and recover its 
ability to cause paralysis. Infected feces could then
trigger an outbreak in areas with low vaccination
coverage. Since 2001, there have been 12 such out-
breaks, costing the WHO nearly $100 million.

The WHO’s plan to eradicate polio relies heavily
on the oral vaccine, in part because it is cheap and
easy to administer in resource-poor countries. The
plan calls for all countries to simultaneously stop 
using the oral vaccine three years after wild polio 
transmission has been interrupted worldwide. 
But that goal has proven elusive: the deadline has 
been moved back three times since 2000.

Even if the WHO reaches its goal, a small 
number of undetected but immunocompromised
individuals could silently incubate and spread 
polio, leaving the door open to subsequent
outbreaks, experts note.

“If you have an immunodeficient person 
today and we stop vaccination tomorrow, then 
15 years from now, everybody younger than 
15 years old would be unvaccinated, and they 
would be unprotected,” concedes Harry Hull, 
Minnesota’s state epidemiologist, who helped 
design the WHO’s blueprint for eradication.

Experts say that before the WHO reaches 
its goal, it will need to stockpile and safeguard 
vaccine and seed stocks of the virus, strengthen 
surveillance, protect against the accidental or 
intentional release of polio into the environment, 
identify chronic carriers and develop antiviral 
drugs that could rid their bodies of infection.

“We do know that an unplanned strategy 
would be catastrophic,” says Kew says. “We’ve 
got some hard, hard work ahead.”

Bruce Diamond, New York

Drop shot:  The oral polio vaccine leaves the 
door open for future outbreaks.
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Price of mice to plummet under NIH’s new scheme
For many scientists, mice are the animal 
models of choice because they are supposed 
to be cheap and easy to manipulate. But in 
recent years, neither has been particularly 
true, forcing scientists to shell out precious 
grant money for mice lacking certain genes.

The US National Institutes of Health 
(NIH) is embarking on an ambitious 
initiative to make the animals affordable. 
The agency hopes to build an inventory with 
about 25,000 mouse lines—although a few 
practical hurdles remain.

With an initial $10 million, the NIH has 
already purchased 251 knockout mouse 
lines from Deltagen and Lexicon Genetics, 
the two primary suppliers. In exchange, 
the companies will curtail intellectual 
property rights and provide data on the 
physical characteristics of each mouse 
line. Depending on the response from the 
research community, the NIH may buy up 
to 2,500 more lines from the companies, says 
Chris Austin, director of the NIH Chemical 
Genomics Center.

Researchers rely on knockout mice, which 
lack specific genes, to study disease and 
screen drugs. Of the nearly 25,000 genes in 
the mouse genome, about 10,000 have thus 
far been knocked out. Of those, about one-

third of the mouse lines are owned by private 
companies or scattered among various 
academic and nonprofit labs. Three mouse 
banks partially funded by the NIH store 
most of the remaining lines.

Making a new knockout line is not easy: it 
can take up to a year and cost up to $100,000, 
notes Muriel Davisson, director of genetic 
resources at The Jackson Laboratory in Bar 
Harbor, Maine, one of the three NIH mouse 
banks.

Buying a mouse line from a company is 
no cheaper. For instance, California-based 

Deltagen charges $26,200 for two pairs of 
live knockout mice. Additional embryos, 
sperm and embryonic stem cells can run up 
another $15,000. Even then, the mice often 
come attached with intellectual property 
strings. Company employees sometimes co-
author papers and some companies demand 
royalties on any discoveries or products.

The NIH mouse banks charge about $115 
per mouse and hold no licensing restrictions 
for academic researchers. The agency plans 
to move the purchased lines to mouse banks 
at the Jackson Laboratory, the University 
of California in Davis and the University of 
North Carolina. It will also build a catalog of 
mice made in academic labs and collaborate 
with other international programs, including 
one in the European Union, to avoid 
duplication, Austin says.

The mouse banks will store the majority of 
the mice as frozen embryos and thaw them 
as needed. But researchers often prefer live 
mice, says Austin, and cages take up a lot of 
space, leading to concerns about the banks’ 
storage ability. “It’s a very real problem,” 
says Austin. “The repositories will have to 
add capacity in order to take on this large 
amount of mice.”

Emily Waltz, New York

Mighty mouse: Making a single line of knockout 
mice can take up to a year and cost $100,000.
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Caution on circumcision cuts South Africa’s AIDS researchers
When scientists announced in July that 
circumcising adult males can drastically cut the 
rate of HIV infection, international agencies 
urged caution, saying it would be best to wait for 
results from further studies. But in South Africa, 
where HIV prevalence is the highest in the world, 
some experts say there’s little time to waste.

Since 1986, there have been more than 40 
observational and biological studies indicating 
that circumcision can protect men from HIV 
infection (Lancet 5,165–172; 2005, AIDS 14, 
2361–2370; 2000). But the latest study, led by the 
Agence Nationale de Recherches sur le SIDA in 
Paris, is the first randomized control trial.

The researchers followed 3,274 sexually active 
men between the ages of 18 and 24 in the poor, 
high-risk community of Orange Farm near 
Johannesburg. Circumcising the men cut their 
risk of infection with HIV by about 60%, they 
found. Two other large randomized trials funded 
by the US National Institutes of Health are under 
way in Uganda and Kenya (PLoS Med. 2, e293).

In some studies, as many as 70% of participants
said they would be willing to be circumcised if 
it could protect them from HIV infection, notes 

Bertran Auvert, lead investigator of the French 
study. The next step, he says, is to implement 
circumcision along with other interventions such 
as condoms and STD clinics.

But others are more cautious. “I think if the 
studies consistently show an effect, then we’re 
looking at a potentially valuable intervention 
for controlling HIV transmission,” says Jimmy 
Volmink, director of the South African Medical 
Research Council’s Cochrane Centre. Although 
the study shows some protection, it’s not clear 
whether that protection will remain effective in 
the long term, he says. “I feel one controlled trial 
done in a particular context is not sufficiently 
strong evidence to start implementing wide-scale 
policy change.”

Before applying the results, scientists will 
have to consider cultural issues, Volmink adds. 
For example, some South African tribes such 
as the Xhosa and the Pedi follow certain rituals 
in circumcising young men. In July, local news-
papers reported that more than 20 young men 
had died in South Africa as the result of botched 
circumcisions. In some cases, practitioners 
use the same blade to circumcise several boys, 

potentially increasing the risk of HIV infection. 
Spreading the message that circumcision prevents
HIV infection could increase the number of
unskilled—and unsafe—practitioners, he says.

There are biological reasons that might explain 
how circumcision cuts HIV risk. Langerhans 
immune cells found under the foreskin are prime 
targets for HIV. The virus can also survive longer 
in the moist environment between the glans and 
foreskin. Because lesions from sexually transmit-
ted diseases that increase the risk of HIV infec-
tion often occur under the foreskin, removing 
it could reduce the risk. Circumcision may also 
reduce the risk of invasive penile cancer in men 
and cervical cancer in their female partners.

The ongoing studies are likely to confirm
circumcision’s protective effect in HIV infection,
so policymakers should start planning to 
implement it now, says Francois Venter, clinical 
director of South Africa’s Reproductive Health  
Research Unit. “If we had an AIDS vaccine this 
good, we would roll it out tomorrow,” he says. 
“There wouldn’t be a debate. We would vaccinate 
the whole country.”

Lauren Beukes, Cape Town
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Changing ethics rules land Spanish stem cell scientist in hot water
The Spanish health ministry is considering legal 
action against one of the country’s top stem cell 
scientists, saying he conducted research without 
proper authorization.

But the researcher, Carlos Simón, and the local 
government in Valencia, where he works, say the 
ministry’s actions are politically motivated.

Simón, scientific director of the Valencian 
Infertility Institute, created two undifferentiated
embryonic stem cell lines in March 2004. Two 
months later, along with former health minister
Ana Pastor and Vicente Rambla, head of 
Valencia’s health department, he publicly 
presented the lines.

He and his colleagues also published a full char-
acterization of the lines in January (Fertil. Steril. 
83, 246–249; 2005). He now says he has succeeded 
in differentiating them into cells resembling those 
in the pancreas, heart and brain.

But in late September, the central health 
ministry announced that the cell lines could no 
longer be used for research. Roberto Rodríguez, 
a spokesperson for the ministry, says Simón did 
not have informed consent from parents for the 
40 embryos he used for his research, nor did 
he have formal approval from the ministry. 
“That is a clear violation of the current rules,” 
Rodríguez says.

Simón says his stem cell lines 
were developed during the previous 
administration, when a different law 
on assisted human reproduction 
was effective. That law, approved in 
November 2003, allowed research 
on stem cells from spare embryos 
donated before it took effect.

After the Socialist Party came to 
power in April 2004 it enacted a new, 
less restrictive, law that allows the use 
of embryos for research purposes at 
any time and set up informed-con-
sent procedures. In November 2004, 
the new government also created a 
health ministry committee to evalu-
ate research on human embryos.

In January 2005, Simón requested formal 
approval for his projects from this new commit-
tee and obtained informed consent from parents 
of the 40 source embryos. But it was too late. The 
ministry says the informed consents do not apply 
because they were signed after the embryos were 
already used.

But the ministry granted approval to similar 
projects by Catalan and Andalusian scientists, 
where the regional governments are socialist, 
notes Rambla.

“Our research is halted because of 
political motives,” adds Simón. “If we stick 
to scientific, legal, ethical and rational 
parameters, we are unable to understand 
the decision.”

The ministry is contemplating penalizing
the scientists for violating the law. In the 
meantime, Simón—with the support of the 
Valencian government—is continuing work 
on his cell lines.

Xavier Bosch, Barcelona

Scrambled eggs: Spanish scientist Carlos Simón is under 
fire for developing stem cells without proper consent.
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Blood pressure vaccine shot down by safety concerns
A new vaccine for high blood pressure has 
sparked a debate on the long-term safety of the 
approach.

Vaccines for hypertension would solve one 
of the most vexing problems facing doctors: 
individuals who don’t take their drugs 
properly. Promising candidates periodically 
emerge but remain dogged by concerns 
about unintended immune responses.

In the latest venture, Swiss company Cytos 
Biotechnology is proposing a vaccine that 
targets the renin-angiotensin system, which 
is key to the regulation of blood pressure. 
The researchers reported at a conference in 
November that a peptide vaccine derived 
from angiotensin II, the hormone that causes 
arteries and veins to constrict, produces an 
antibody response in humans. In earlier rat 
studies, the same response translated to a drop 
in blood pressure, the researchers say.

High blood pressure is a pervasive problem, 
affecting one in three Americans and nearly 
1 billion people worldwide. There is a growing 
list of effective drugs, including those that 
block angiotensin’s effects, diuretics and 
calcium-channel blockers. Still, hypertension 
remains a problem, in part because many 

of those affected do not take the daily drugs 
regularly.

A vaccine that is given only a few times a 
year might solve that problem, says Martin 
Bachmann, chief scientific officer at Cytos. 
The Cytos vaccine uses a noninfectious virus-
like particle to carry the immunogen. The 
company is also testing this carrier in clinical 
trials for vaccines against Alzheimer disease, 
obesity, nicotine addiction and allergies.

Experts say the company’s data are 
promising but preliminary. Scientists have 
experimented with vaccines against the renin-
angiotensin system for more than 50 years, 
notes Jean-Baptiste Michel, director of hema-
tology at the Xavier Bichat Hospital in Paris.

Last year, researchers at Cambridge 
University and UK-based Protherics tested 
a high blood pressure vaccine that targeted 
angiotensin I, a precursor to the more 
powerful angiotensin II. The approach 
generated antibodies but did not significantly 
modify blood pressure, Michel says.

Merely generating antibodies does not 
guarantee that those antibodies can bind and 
inhibit angiotensin II in tissues—a necessary 
but risky step, he says. In the early 1990s, 

Michel himself developed a renin vaccine 
that blocked the generation of angiotensin in 
both plasma and tissues. The vaccine induced 
antibodies in marmosets and reduced the 
animals’ blood pressure. But both primates 
and rats developed autoimmune disease. 
Based on his data, Michel says it may not 
be possible to block angiotensin without 
targeting it in tissues, which he predicts 
would inevitably trigger an autoimmune 
reaction.

Others say a sustained immune response 
might also have other long-ranging effects.

“High blood pressure is a long-term issue,” 
says Walinjom Muna, chief of cardiology 
at the University of Yaoundé in Cameroon. 
“What are the long-term consequences of 
permanent receptor blockade in humans or 
closely related species?”

The Cytos studies do not yet have data to 
respond to those concerns, says Bachmann, 
but a phase 1 study showed that antibody 
levels dropped close to background levels 
within a few months. There have also been no 
signs of kidney disease or elevated levels of 
immune complexes, he adds.

Tinker Ready, Boston
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HapMap yields clues
to human diseases

A catalog of human genetic variations published 
in October may give researchers a faster and 
cheaper way to search the human genome for 
variations that can cause disease.

In the past, researchers trying to identify a 
gene that causes a specific disease spent months 
testing patients and sorting through about 
10 million variations, or single-nucleotide 
polymorphisms (SNPs). The new catalog, 
dubbed HapMap, maps the genome into families
of genetic variation called haplotypes and helps 
researchers identify disease markers within them. 
The map could result in an estimated 10- to 
20-fold reduction in cost.

Researchers based the DNA samples on 269 
people from four geographic regions. Critics 
question how useful the HapMap will be in 
analyzing other populations. Several researchers
have already used the catalog finding, for 
instance, a genetic variation that increases the 
risk of age-related macular degeneration more 
than sevenfold (Science 308, 385–389; 2005). The 
HapMap researchers are working on the second 
phase of the project, in which they will add 
2.6 million additional SNPs.—EW

News briefs written by Emily Waltz and

David Cyranoski

Immunologist admits
to falsifying data

Several journals and institutions are 
assessing the validity of research conducted 
by a Massachusetts Institute of Technology 
(MIT) biologist who was fired in October for 
falsifying data. Luk Van Parijs, 35, is suspected 
of submitting fraudulent data in a research 
manuscript and grant applications and has 
admitted to fraud in one paper, according to 
the university.

Van Parijs has been on leave from MIT 
since August 2004, when his colleagues at the 
university raised concerns about his work. 
MIT officials declined to reveal which paper 
contains falsified data until the Office of 
Research Integrity in the US Department of 
Health and Human Services completes its 
federal investigation.

Prior to joining MIT in 2000, Van Parijs was 
a graduate student at Harvard University and 
then a postdoctoral fellow at the California 
Institute of Technology. He has co-authored 38 
papers since his graduate work at Harvard and 
was considered a rising star in immunology.

Harvard, Caltech and the journal Immunity 
are also assessing his publications, and as 
news spreads, more journals are considering 
looking into the matter. Between 1995 and 
2004, there were 129 findings of research 
misconduct, according to the Office of 
Research Integrity.—EW

Bush’s bird flu plan
promotes vaccines

Eight years after the first human deaths 
from the H5N1 strain of avian influenza, 
the US government announced its first 
substantial plan to thwart a flu pandemic. 
In November, President Bush proposed 
a $7.1 billion investment in vaccine 
development and other preparations—
10-fold more than spending on such 
research in the past two years combined. 
The World Health Organization and 
others proposed another $1.5 billion 
worldwide over the next three years.

The US funds would be used to develop 
technologies for rapidly making an influenza 
vaccine, build stockpiles of antiviral drugs
and experimental vaccines and support
the efforts of local governments. In 2004
and 2005, US Congress allocated a total of 
$689 million to the Department of Health 
and Human Services for pandemic vaccine 
development.

Meanwhile, the World Bank estimates 
$1 billion to stop the spread of the flu in 
poultry and to prepare for a potential human 
pandemic. The World Health Organization 
says another $500 million would be needed 
to buy antiviral drugs for developing 
countries that can’t afford them and to fund 
research and development of vaccines for 
humans.—EW

South Korea’s stem cell star accused of ethics breach
A high-profile scientific collaboration ended 
dramatically last month when the University 
of Pittsburgh’s Gerald Schatten accused Woo-
Suk Hwang, South Korea’s celebrated stem cell 
researcher, of lying about ethical issues.

Schatten’s statement, issued 12 November by 
his university, cited a report in Nature last May that 
suggested Hwang may have used eggs from junior 
laboratory members to clone a human blastocyst 
and derive stem cell lines from it (429, 3; 2004). 
Hwang has denied the reports, but in his statement 
Schatten said he now has reason to doubt Hwang's 
assertions.

Schatten was scheduled to be named chairman 
of Hwang's World Stem Cell Hub, a Seoul-based international network for sharing stem cell 
lines, launched in October. Following Schatten’s statement, other stem cell researchers said 
they would not join the hub if the allegations are proven true. Many added that the dramatic 
episode and resulting confusion are a setback for a field that is already beset by controversy.

Schatten did not reveal further details about his information, but his colleagues and 
bioethicists say they hope he will come forward with the evidence. Schatten and Hwang 
had worked together for 20 months, during which time they created patient-specific 
embryonic stem cells and cloned a dog.—DC

Risk of birth defects
rises with men’s age
The chance of having babies with birth defects 
increases with age: that maxim isn’t true only 
for women. Researchers said in November that 
older men are more likely to father babies with 
Down syndrome or limb defects.

Compared with men aged 20–29, men older 
than 45 are more than three times more likely 
to have a child with Down syndrome. For men 
over 50, the risk increases nearly fourfold, 
Danish researchers found (Hum. Reprod. 20, 
3173–3177; 2005).

Scientists collected data on more than 
70,000 couples from the Danish Fertility 
Database and compared it against diagnoses 
of birth defects in children from a nationwide 
hospital registry. Unlike most studies on the 
effects of paternal age, all mothers in the study 
were younger than 30. “You’d have to come 
to Hollywood to find a larger sample of this 
type,” says lead researcher Jorn Olsen.

Since the 1950s, scientists have known that 
the number of mutations in sperm increases 
as men age. There are now about 20 different 
disorders linked to paternal age, including 
schizophrenia and dwarfism.—EW
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The year that was...
26 December 2004: 
Southern Asia and 
eastern Africa are hit by 
a massive tsunami that 
goes on to kill more than 
280,000 people.

9 February 2005: Six 
years after Jesse Gelsinger died in a gene 
therapy trial, the Justice Department reaches 
a $517,496 settlement with the University 
of Pennsylvania and restricts the research 
activities of three scientists involved.

28 February: The US Food 
and Drug Administration 
(FDA) pulls the multiple 
sclerosis drug Tysabri 
from the market after two 
individuals develop a rare 
neurological disease.

10 March: Episodes of 
clinical malaria were at 515 million in 
2002, 50% higher than World Health 
Organization estimates, researchers 
announce. Nature 434, 214–217

17 March: 
The human X 
chromosome is 
sequenced, revealing 
that women are 
more different from 

men, and from each other, than previously 
believed. Nature 434, 325–337

13 May: Herceptin, the targeted anticancer 
drug, halves the risk of breast cancer 
recurrence when given for 
one year after standard 
chemotherapy, scientists 
announce at a cancer 
conference in Florida.

27 May: The European 
Centre for Disease 
Prevention and Control opens its doors at 
the Karolinska Institute in Stockholm.

17 June: The FDA rules to restrict the use 
of Iressa, the much-hyped drug for non–
small-cell lung cancer, after a follow-up 
study fails to show survival benefit.

23 June: The FDA approves the first race-
based drug, BiDil, to treat severe heart 
failure in blacks.

15 July: The genomes of 
three parasites that afflict 
the developing world—
Trypanosoma brucei, which 
causes sleeping sickness; 
T. cruzi, the culprit behind 
Chagas disease; and 
Leishmania 

major, which causes 
severe skin lesions—
are sequenced.

18 July: The fledgling 
European Research 

Council nominates 
22 members for its Scientific 
Council.

26 July: Based on a South African 
clinical trial, scientists announce at a 
conference in Brazil that circumcision 
cuts the rate of HIV infection by 
60%.

29 July: After an embattled year, the 
US pharmaceutical industry announces 
voluntary guidelines on direct-to-
consumer advertising.

4 August: South Korean veterinarian 
Woo-Suk Hwang 
presents Afghan 
hound Snuppy, the 
first cloned puppy. 
Nature 436, 641

19 August: Texas 
jury rules against 
Vioxx manufacturer 
Merck and awards 
a $254 million settlement.

29 August: The eye of Hurricane Katrina 
makes landfall in Louisiana at 6:10 a.m. 
local time, flooding New Orleans, killing 
1,302 people and causing damages of up 
to $130 billion.

9 September: The California Institute 
for Regenerative Medicine 
announces its first set of training 
grants, totaling $39 million, to 16 
institutions.

23 September: Lester Crawford 
abruptly steps down as 
commissioner of the FDA after only 
two months on the job.

8 October: A 7.6 magnitude quake strikes 
close to Muzaffarabad 
in Pakistan, killing at 
least 73,000 people.

13 October: Avian 
flu hits Europe, 

with reports 
that poultry 
in Turkey are 
infected with 
the deadly 
H5N1 flu strain. Infection of 
Romanian birds is confirmed two 
days later.

19 October: South Korea launches the 
World Stem Cell Hub with Woo-Suk Hwang 
at the helm.

20 October: Scientists raise concerns 
about the long-awaited oral diabetes drug 
Pargluva one month after an FDA panel 
recommends approval.

26 October: The catalog of 
human genetic variations 
debuts, promising to speed up 
the search for genetic origins 
of disease.

3 November: New York State 
Attorney General Eliot Spitzer 
sues Guidant for concealing 
information about a design 
flaw linked to 28 defibrillator failures, 
including one death.

3 November: Jury in second Vioxx 
lawsuit in New Jersey finds that Merck 

did not commit fraud.

8 November: The 
US state of Kansas 
approves science 
standards for 
public schools that 
cast doubt on evolution.

11 November: University 
of Pittsburgh researcher 
Gerald Schatten ends his 
collaboration with South 
Korean stem cell guru 
Woo-Suk Hwang, saying 
Hwang had lied about the 
source of eggs used in his 
experiments.
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The year in numbers...

16 Percent of all scientific papers published 
by Asian scientists in 1990

25 Percent of all scientific papers published 
by Asian scientists in 2004

39 Percent of all scientific papers published 
by American scientists in 1990

33 Percent of all scientific papers 
published by American scientists in 2004

14 Fold increase in number of scientific papers published by 
South Korean scientists between 1988 and 2001

1.1 Fold increase in number of scientific papers published by 
American scientists in that same time period

Thomson Scientific; NSF Science and Engineering Indicators 2004

82 Percent of Americans who believe that 
humans were either created

 by God in their present form or
 that God guided the process

57 Percent who think that the biblical 
account of creation is more likely

 than evolution

44 Percent who believe that God created
the world in six days

12 Percent who think only evolution should
be taught in public schools

23 Percent who think only creationism
should be taught in public schools

CBS/NYT Poll; NBC News Poll; Harris Poll

New York City scientists in February triggered a massive alarm, 
announcing that they had detected a ‘superstrain’ of HIV that 

sped the onset of AIDS. They later admitted
that they could not rule out whether the 
man was instead infected with two different 
viral strains.

Lancet 365, 1031−1038 and 1923−1924; Nat. Med. 11, 810

Harvard University president Lawrence Summers sparked controversy when 
he suggested on 14 January that innate differences 
between men and women might account for the dearth 
of women among top scientists. 
He later apologized and set 
aside $50 million for Harvard 
to address gender equality.

200,000 Maximum salary in dollars for intramural 
employees of the US National Institutes  

 of Health (NIH)

15,000 
Upper limit on value of pharmaceutical or 
biotechnology company stock senior

 NIH employees and their families are
 permitted to own

200 Number of senior NIH 
scientists who may need to

 divest excess stock

103 Number of NIH employees 
subjected to internal

 investigation for ethics
 violations

44 Number cited by NIH director Elias Zerhouni as having 
violated NIH ethics policies

8 Number of cited employees who have left the agency

NIH; Washington Post

The Bill and Melinda Gates Foundation 
stayed course on its public health mission, 
pledging $750 million in January for childhood 
vaccinations, $436 million in June toward
its ‘Grand Challenges in Global Health’
projects and $258 million in October for
malaria research.

2.0 Amount in billions of dollars the Global Fund says it 
needs to continue funding approved grants

1.4 Amount in billions of dollars pledged by the US, 
Europe, Japan and others to the UN’s Global Fund to

 Fight AIDS, Tuberculosis and Malaria in 2005

414 Amount in millions of dollars pledged by the US

0.003 Percent that amount 
represents of the US

 gross national income

181 Amount in millions of dollars 
pledged by France

0.009 Percent that 
amount represents

 of France’s gross
 national income

Global Fund, OECD

Atkins Nutritionals, which first spawned the low-carb craze, 
declared bankruptcy in August.
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200,000 Estimated number of HIV-infected 
individuals in India in 1990

1.75 million Estimated number in 1994

5.1 million Estimated number in 2004

520,000 New HIV cases reported in India in 
2003

28,000 Disputed estimates of new 
HIV cases in India in 2004

1.12 Percent HIV prevalence in the 
Indian city of Mumbai

40 Percent HIV prevalence among drug 
users in Tamil Nadu state

United Nations, India’s National AIDS Control Organization

836,036 Number of 
physicians in  

 the US

82,100 Number of physicians 
in all of sub-Saharan  

 Africa

293 Number of physicians per 
100,000 people in the US

31 Number of African countries with fewer than 32 
physicians per 100,000 people

13,272 Number of doctors who trained in sub-
Saharan Africa and work in the US, UK,

 Canada and Australia

50 Percent unfilled nursing positions in Kenya and Ghana

50,000 Number of new US visas for nurses and 
their families

1 Rank of staffing needs as an impediment to AIDS treatment 
in sub-Saharan Africa

N. Engl. J. Med. 353, 1810–1818 and 1761–1763; WHO; Lancet 364, 103–107

Effectively curbing the competition, 
pharmaceutical giant Pfizer announced 
in March that torcetrapib, a new drug 
that increases levels of good cholesterol 

or HDL, would 
only be sold in 
a combination 
pill with Lipitor, its blockbuster LDL-
lowering drug—thus preventing people from 
choosing to take torcetrapib either alone or in 
combination with other LDL-lowering drugs.

500,000 Number of worldwide cervical cancers 
diagnoses each year

100,000 
Number of cervical cancer diagnoses in 
India each year

75 Percent of women infected at least once in their lifetime with 
human papillomavirus (HPV), which causes cervical cancer

99 Percent protection from HPV 
infection with new vaccines from

 GlaxoSmithKline

3 Vaccine doses needed for full 
protection

? Estimated cost in dollars for each 
dose

500 Average annual income in 
dollars per person in India

International Network for Cancer Treatment and Research

The Bush administration demanded in June that international AIDS 
groups that receive US funding formally oppose prostitution. Critics 
say the pledge could undermine efforts to 
reach high-risk populations most vulnerable 
to the disease. Some groups have already 
discontinued programs to help sex workers.

Nat. Med. 11, 697

14.9 Amount in billions of dollars spent on clinical trials 
in the US in 2002

2,519 
Number of ongoing clinical trials in the US in 
2002

32 Percent of clinical trials from 1990 to 2003 that later 
studies could not replicate

325 Number of drugs approved from 1992 to 2004

3.1 Percent of drugs approved from 1994 to 2004 that 
were later withdrawn

270 Percent increase in reports of postmarketing adverse 
event reports from 1994 to 2004

Business Company Communications; JAMA 294, 218-228; FDA
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In a controversy-packed year, the generosity of some pharmaceutical 
companies almost went unnoticed. Novartis 
extended to 2010 its multimillion-dollar 
program donating antileprosy drugs to 
developing countries. And Bristol-Myers 
Squibb and Merck gave away rights to two 
key compounds in experimental anti-HIV 
microbicides.

180 Upper limit of median lifespan in days for those 
diagnosed with advanced pancreatic cancer

12.8 Days those individuals gain with the drug Tarceva

2,000 Cost in dollars of Tarceva per month

300 Anticipated annual sales in 
millions of dollars of the drug

6 Rate of increase of stroke in those 
taking Tarceva

? Days of improved quality of life gained

Los Angeles Times, The San Francisco Chronicle

A referendum to reverse strict fertility 
laws in Italy failed in June because 
not enough people turned up to vote. 
The laws prohibit donation of eggs and 
sperm, limit artificial insemination 
to heterosexual couples in a stable 
relationship and 
ban screening 
or freezing of 
embryos.

7.2 Percent risk of death in individuals 
30 days after being treated with  

 the heart failure drug Natrecor

4.0 
Percent risk of death in 
individuals treated with

 nitroglycerin

500 Cost in dollars of a single dose 
of Natrecor

10 Cost in dollars of a single dose of 
nitroglycerin

20 Percent drop in sales of Natrecor from 2004 to 2005

1-877-4-NATRECOR
 Toll-free hotline provided by Scios allegedly to help
 doctors get reimbursed for off-label use of Natrecor

JAMA 293, 1900-1905; N. Engl. J. Med. 353, 113–116; The New York Times

Brazil in October threatened to break 
Abbott Laboratories’ patent on the HIV 
drug Kaletra, forcing the company to 
slash the drug’s price from $1.17 to 
$0.63 per pill. In May, the country also 
took a public stand against the Bush 

administration’s antiprostitution pledge by spurning $40 
million in US AIDS grants.

54 Percent of US postdoctoral fellows 
who are not US citizens or permanent

 residents

13.68 Wages in dollars per hour of 
foreign US postdocs

15.38 Wages in dollars per hour of 
postdocs who are US

 citizens or permanent
 residents

38,000 Median yearly postdoctoral salary in dollars

45,000 Median yearly salary in dollars of an 
individual with a bachelor’s degree

Sigma Xi; Nature 434, 426

1.3 billion Estimated number of
smokers worldwide

84 
Percent of smokers worldwide who live in developing and 
transitional economy countries

5 million Estimated number of tobacco-related 
deaths each year

121 billion Combined 2002 revenue in dollars 
of the world’s three largest tobacco

 companies

27 billion Gross domestic product of Cambodia

86 Proportion of men who smoke in Cambodia’s rural areas

110 Number of countries that 
have ratified a treaty to

 curb tobacco use

58 Number of countries, including 
Cambodia and the US, that have

 yet to ratify the treaty
WHO, CIA, World Bank
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“In the autumn, a band of disgruntled scientists will march towards Brussels and 
besiege the headquarters of the European Framework program. While they use the 

massive paperwork from their Framework applications to fuel a bonfire, the 
architects of the program will have realized their 

ultimate goal: collaboration of scientists from all over 
Europe to achieve a common goal.”

–Ton Schumacher, The Netherlands Cancer Institute

“We will see a continuation of the brazen 

imposition of ideology where scientific evidence should be 

informing policy decisions. As with the so-called ‘prostitution 

pledge,’ this regime will likely continue to coerce governments 

and nongovernmental organizations worldwide.”

–Judith Auerbach, American Foundation for AIDS Research

“Dick Cheney may have another myocardial infarction requiring stem cell therapy.”

–Shahin Rafii, New York Weill Cornell Medical Center

“Pharmaceutical companies will ask for and receive extended patent protection for their drugs, 
particularly those that reverse hair loss and correct penile dysfunction. The NIH pay line for 
investigator-initiated grants will dip below the 10th percentile.”

–Steve Wolinsky, Northwestern University

“2006 will herald
a very major debate

and revision of what is a
genuine embryo.”

–Alan Trounson, Monash Immunology and Stem Cell Laboratories

“The wild duck will act as a Trojan horse 
and bring bird flu to the US.”

–Robert Webster, St. Jude Children’s Research Hospital

“Prediction is very difficult, especially about the future.” Yes, we agree with Neils Bohr, but just 

for a lark, we asked a few experts to look into their crystal balls. Here’s what they said:

“In 2006, I predict that...
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“The hygiene hypothesis for allergies is replaced with Lunar 
Moon theory or 11th planet gravitational pull hypothesis. The 

price of transgenic hypoallergenic cats drops to $1,999.”

–Marc Rothenberg, Cincinnati Children’s Hospital Medical Center

“The cannabinoid antagonist 

rimonabant (Acomplia) will hit 

the US market, revolutioniz-

ing therapies for obesity and 

tobacco addiction—and 

raising concerns about safety.”

–Daniele Piomelli, University of California, Irvine

“New nanosensors with exquisite 
sensitivity and injected nano-

probes for therapy and imaging 
will start to change the landscape 

of medicine.”

–Sam Gambhir, Stanford University

“The first genome-wide SNP analyses of some of

psychiatry’s most genetic disorders, including bipolar illness. 

What emerges may well lead us away from the usual suspects.”

–Huda Akil, University of Michigan

2 0 0 5  I N  R E V I E W

“The approval of at least two new COX-2 inhibitors—
etoricoxib and lumiracoxib—and the reintroduction 

of one, if not two more: valdecoxib and perhaps even 
Vioxx, at least outside the US.”

–Garret FitzGerald, University of Pennsylvania

“Global warming brings malaria to North America.”
–Mark Gladwin, US National Institutes of Health

$1,999

“Unfortunately the runaway train of small clinical stem 
cell studies with uninterpretable results will go unabated.”

–Eric Topol, The Cleveland Clinic
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Controversial advances this year flout 
causes of infertility. In July, doctors 
reported they successfully delivered 
babies born from transplanted ovarian 
tissues. Reversing decades of dogma, 
another team reported in July that 
ovarian stem cells in mouse bone 
marrow can replenish eggs in the 
ovary. Men’s fertility wasn’t left out either: in March, scientists 
identified the factor needed for a sperm’s fusion with an egg.

N. Engl. J. Med. 353, 58–63 and 318–321; Cell 122, 303–315; Nature 434, 234–238

The size and shape of infectious prion 
aggregates were mapped out this year, with 
researchers identifying which types of prions 
can jump within and between species. One 
found prions in inflamed tissues, including 
secretory organs, suggesting that bodily 
secretions such as urine may transmit 
disease. Another developed a blood test to detect prions, 
promising earlier diagnosis.

Nature 437, 257–261; Cell 121, 49–62 and 63–72; Science 310, 324–326; Nat. Med. 11, 982–985

Notable advances                                         in 2005

Three independent teams this year 
simultaneously reported a single-nucleotide 
polymorphism associated with age-related 
macular degeneration, a leading cause of 
blindness in the elderly. The researchers 
found that a polymorphism in the gene for 

complement factor H ups the likelihood of developing the 
disorder by as much as 7.4-fold and could account for up to 
50% of cases.

Science 308, 385–389, 419–421 and 421–424

Stem cell therapies edged closer to reality 
when South Korean scientists generated 
patient-specific embryonic stem cell lines with 
surprising ease. In the US, researchers pursued 
approaches that might mollify ethical objections 
to the use of embryos. One team disabled a 
gene required for implantation of the embryo, 
another used a single cell isolated from an early 

embryo and a third proposed reprogramming the adult somatic 
nucleus using embryonic stem cells rather than eggs.

Science 308, 1777–1783; Nature doi:10.1038/nature04257; /nature04277; Science 309, 1369–1373

Senescence, which sets in after cells exhaust their capacity 
to divide, is proving to be a key factor in cancer. A series of 
studies this year revealed that senescence can retard cancer in 
moles and premalignant lesions.

Mol. Cell. Biol. 25, 2660–2672; Nature 436, 660–665, 720–724 and 725–730

Cross-talk between the brain and liver was clearly illustrated by 
several papers this year, showing that the hypothalamus, which 
controls feeding behavior, directly senses nutrient levels in 
the body. High levels of fats and sugar, as well as insulin, can 
activate the hypothalamus, which in turn directs the liver to 
limit its production of glucose. Perturbations in this cross-talk 
might lead to diabetes, the reports suggest.

Cell Met. 1, 53–61; Nat. Med. 11, 320–327; Science 309, 943–947

Identifying early changes in Alzheimer disease is a key step 
toward preventing the disorder. More than a year before 
symptoms appear, axons in both mouse models and humans 
are swollen, accumulating proteins needed for transporting 
organelles. Impairing the movement of organelles along the axon 
increased the deposition of the amyloid plaques that characterize 
the disorder.

Science 307, 1282–1288

Amid mounting fears of a flu pandemic, 
scientists this year sequenced the genome 
of the 1918 flu virus that claimed more than 
40 million lives, revealing that the avian 
virus may have jumped to humans without 
first recombining with a human strain. 
The resurrected virus is also much more 
virulent in mice than modern influenza viruses, they found. The 
publications fueled concern of accidental or intentional release 
of the highly lethal strain.

Science 310, 77–80; Nature 437, 889–893.

For more than 15 years after the discovery of the hepatitis C 
virus, scientists were unable to grow it in cell culture. Three 
different research groups resolved that impasse this year, 
generating a virus that can replicate in culture and produce 
infectious new viral particles. The method will allow scientists 
to study the viral life cycle and pursue drugs for the estimated 
170 million people infected worldwide.

Science 309 , 623–626; Nat. Med. 11, 791–796; Proc. Natl. Acad. Sci. USA 102, 9294–9299

MicroRNAs had macro visibility this year, with proposed roles 
in cancer, viral infection and cellular defense. About half of 
known human miRNAs are found in chromosomal regions 
thought to be involved in cancer and their expression is generally 
downregulated in tumors, bolstering the idea of microRNAs as 
master regulators of cell proliferation and differentiation.

Nature 435, 834–838; Science 308, 557–560; Science 309, 1577–1581; Cell 120, 635–647
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