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Entire DNA of fetus revealed through risk-free testing

Researchers use blood from the mother and saliva from the father to determine a
fetus' entire DNA sequence. If refined, the technique could provide a risk-free way to
screen for genetic disorders.

By Rosie Mestel, Los Angeles Times

5:44 PM PDT, June 6, 2012

Scientists have pieced together the entire DNA sequence of
an 18-week-old fetus without having to use any invasive tests
that could result in a miscarriage — an advance that offers a
glimpse of the future of prenatal testing.

Using blood drawn from the mother and a sample of saliva
from the father, the researchers were able to scan the fetus'
genome and determine whether it contained any of the myriad
single-letter changes in the DNA code that can cause a
genetic disorder. They could even pinpoint which mutations
were inherited from Mom, which came from Dad, and which
were brand-new.

If the technique is refined and the technology becomes
inexpensive — as many experts anticipate — this type of
prenatal testing could provide prospective parents with a
simple, risk-free way to screen for a broad array of simple genetic disorders, according to the authors of a
report in Thursday's edition of Science Translational Medicine.

The work is based on the fact that small fragments of fetal DNA circulate in the blood of pregnant women.

Several biotech companies are developing tests that capture those DNA fragments and screen them for signs
of Down syndrome and other disorders that result from having an extra copy of an entire chromosome.

But that type of screening is far easier than searching for single-letter variations in individual genes, said
senior author Jay Shendure, a geneticist at the University of Washington in Seattle.

An additional chromosome is "the equivalent of an extra chapter in a book," he said. "What we're trying to do
is pick up a typo in a word."
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To set about their task, Shendure's team started by sequencing the genome of an anonymous pregnant
woman, using a complete sample of her DNA obtained from her blood cells. They also sequenced free-
floating DNA fragments extracted from her blood plasma, repeating their work until they had decoded every
part of the human genome 80 times.

That plasma contained a mix of 10% fetal DNA and 90% maternal DNA, all in tiny fragments. The scientists
needed to be able to tell which pieces were from the mother and which belonged to the fetus.

To solve that problem, the scientists relied on the fact that genetic material is inherited in long strands of
DNA, called chromosomes — and that tiny genetic variations on the same chromosome are usually inherited
together, in blocks known as haplotypes. If a given haplotype was present in the fetus as well as in the
mother, it would be detected in the plasma in extra amounts.

The scientists also sequenced the father's DNA, which was extracted from saliva. This allowed the team to
figure out whether genetic variations in the fetus that didn't match the mother were inherited from the father
or were new mutations. On average, about 50 new mutations show up in a fetus.

The scientists checked their results against a blood sample taken from the baby's umbilical cord after birth.
Their calculations were more than 98% correct, they found, and they had detected 39 out of the 44 new
mutations. None of those mutations had known medical consequences, the researchers said.

This approach could be used to devise a single test to screen for the 3,000 known disorders that are caused by
mistakes in single genes. Individually, they are rare, but together they affect about 1% of births.

Technology like this could lead to more widespread screening of fetuses for genetic disorders that could
benefit from early treatment, said Dr. Joe Leigh Simpson, senior vice president for research and global
programs for the March of Dimes in White Plains, N.Y. It might even help doctors identify women at
heightened risk for problems such as pre-term birth, he said.

rosie.mestel@latimes.com
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DNA Blueprint for Fetus Built Using Tests
of Parents
By ANDREW POLLACK

For the first time, researchers have determined virtually the entire genome of a fetus using only a
blood sample from the pregnant woman and a saliva specimen from the father.

The accomplishment heralds an era in which parents might find it easier to know the complete
DNA blueprint of a child months before it is born.

That would allow thousands of genetic diseases to be detected prenatally. But the ability to know so
much about an unborn child is likely to raise serious ethical considerations as well. It could
increase abortions for reasons that have little to do with medical issues and more to do with
parental preferences for traits in children.

“It’s an extraordinary piece of technology, really quite remarkable,” said Peter Benn, professor of
genetics and developmental biology at the University of Connecticut, who was not involved in the
work. “What I see in this paper is a glance into the future.”

The paper, published Wednesday in the journal Science Translational Medicine, was written by
genome scientists at the University of Washington. They took advantage of new high-speed DNA
sequencing and some statistical and computational acrobatics to deduce the DNA sequence of the
fetus with about 98 percent accuracy.

The process is not practical, affordable or accurate enough for use now, experts said. The
University of Washington researchers estimated that it would cost $20,000 to $50,000 to do one
fetal genome today.

But the cost of DNA sequencing is falling at a blistering pace, and accuracy is improving as well.
The researchers estimated that the procedure could be widely available in three to five years.
Others said it would take somewhat longer.

It is already possible to determine the DNA sequence of a fetus by acquiring fetal cells through
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amniocentesis or chorionic villus sampling, which involves testing the placental tissue. But these
procedures are invasive and carry a slight risk of inducing a miscarriage.

For couples worried about passing on a genetic disease, it is also possible to use in vitro
fertilization and have an embryo genetically tested before implantation into the womb.

But the technique described in the paper would not require complete cells from the fetus and
would make such DNA testing easier and less risky.

“If this sort of thing is ever to be used on a widespread basis, I think it necessarily has to be
noninvasive,” said Jay Shendure, associate professor of genome sciences at the University of
Washington, who supervised the research team.

The genome was determined from blood samples taken 18.5 weeks into the pregnancy, although
the researchers said the technique could probably be applied in the first trimester, as early as or
even earlier than some invasive techniques.

The technique takes advantage of the discovery in the 1990s that fragments of DNA from the fetus
can be found in a pregnant woman’s blood plasma, probably the result of fetal cells dying and
breaking apart.

These fragments can be genetically analyzed, providing that the fetal DNA fragments can be
distinguished from the far more numerous fragments that come from the mother herself.

The analysis of fetal DNA fragments found in a pregnant woman’s blood is already used in new
commercially available tests of the fetus’s gender, its paternity and whether it has Down syndrome.
But reconstructing an entire genome from DNA fragments is much more difficult.

Such information would allow detection of so-called Mendelian disorders, like cystic fibrosis, Tay-
Sachs disease and Marfan syndrome, which are caused by mutations in a single gene.

More than 3,000 such diseases collectively occur in about 1 percent of births. The mutations can be
inherited from the parents or they can arise spontaneously in the fetus.

Researchers led by Dennis Lo at the Chinese University of Hong Kong first showed in 2010 that
reconstructing a fetal genome would be possible. Other work toward this goal has been done by
Stephen Quake and colleagues at Stanford University.

But Dr. Lo’s team used a maternal sample obtained invasively. And it could determine only the
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inherited mutations, not the spontaneous ones.

The University of Washington researchers, using an approach partly developed by a graduate
student, Jacob O. Kitzman, did not need an invasive test. And they were able to detect 39 of 44
such spontaneous mutations, though with a huge number of false positives.

“This will be a step toward having a better and better prenatal diagnosis that detects more and
more at a reliable cost,” said Dr. Arthur L. Beaudet, chairman of molecular and human genetics at
Baylor College of Medicine in Houston.

Dr. Beaudet, who was not involved in the work, said that spontaneous mutations account for about
10 percent of cases of mental retardation and other learning disabilities.

The ability to sequence an entire fetal genome is likely to raise numerous issues. “There are some
scenarios that are extremely troubling,” said Marcy Darnovsky, associate executive director of the
Center for Genetics and Society, a public interest group in Berkeley, Calif. The tests will spur
questions on “who deserves to be born,” she said.

Use of the approach could lead to an increase in abortions because some parents might terminate
the pregnancy if the fetus was found to have a genetic disease. But it is also possible that parents
may be tempted to terminate if the fetus lacked a favorable trait like athletic prowess.

“You could start doing things more toward the direction of positive selection,” said Dr. Stephen A.
Brown, associate professor of obstetrics and gynecology at the University of Vermont.

Moreover, a full fetal genome sequence would turn up numerous mutations for which information
is lacking as to whether they cause disease, posing a dilemma for expectant parents and their
doctors.

“Our capacity to generate data is outstripping our ability to interpret it in ways that are useful to
physicians and patients,” the University of Washington researchers wrote their paper. “That is,
although the noninvasive prediction of a fetal genome may be technically feasible, its interpretation
— even for known Mendelian disorders — will remain a major challenge.”

The researchers sequenced the genomes of the mother and father. They then sequenced nearly
three billion DNA fragments from the mother’s blood. The samples, obtained from a tissue bank,
were from unknown donors.

Since people have two copies of each chromosome, they have two versions of each gene. Only one
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version is passed to the baby.

Determining which version at any given spot in the father’s genome was passed to the fetus was
fairly straightforward, since any fragments of DNA in the mother’s blood containing a sequence
unique to the father had to have come from the fetus.

Determining which of two variants at a given location — call them A and B — the fetus inherited
from the mother was more difficult. If the fetus inherited version A, then fragments containing A
(which could come from either the fetus or the mother) would outnumber fragments containing B
(which could come only from the mother). But since there are relatively few fetal fragments, the
difference would be small and hard to detect.

The researchers used an approach they developed to figure out which variations in the mother’s
genome were likely to be passed to the baby together. That made the problem more tractable than
trying to make a call individually at three million locations in the genome.

After it was determined what the fetus inherited from the mother and father, what was left in the
fetus’s DNA was considered a possible spontaneous mutation. There were initially 25 million such
candidates, though statistical approaches narrowed that to 3,800. That still vastly exceeded the 44
such spontaneous mutations found after the baby was born and its cord blood sequenced. Having
so many false positive findings of spontaneous mutations could worry parents and doctors.

“There’s definitely plenty of room for improvement,” Professor Shendure said. But, he added, “This
is not science fiction anymore.”
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Before Birth, Dad’s ID
By ANDREW POLLACK

It is an uncomfortable question that, in today’s world, is often asked by expectant mothers who had
more than one male partner at the time they became pregnant. Who is the father?

With more than half of births to women under 30 now out of wedlock, it is a question that may
arise more often.

Now blood tests are becoming available that can determine paternity as early as the eighth or ninth
week of pregnancy, without an invasive procedure that could cause a miscarriage.

Besides relieving anxiety, the test results might allow women to terminate a pregnancy if the
preferred man is not the father — or to continue it if he is.

Men who clearly know they are the father might be more willing to support the woman financially
and emotionally during the pregnancy, which some studies suggest might lead to healthier babies.

And if the tests gain legal acceptance, some lawyers say, women and state governments might one
day pursue child support payments without having to wait until the birth. Under current law, “until
and unless the pregnancy produces a child, any costs associated with it are regarded as the
woman’s personal problem,” said Shari Motro, a law professor at the University of Richmond.

The testing itself, however, can be awkward because it requires a blood sample from at least one of
the possible fathers.

Courtney Herndon, after breaking up with her boyfriend, had a brief relationship with a man she
regarded more as a friend. She found herself pregnant at age 19, without knowing which man was
the father.

The friend also wanted to know, so he agreed to the testing. He turned out to be the father, and the
two agreed on child support even before the baby was born.

“I got the test done and was able to go on with my life,” said Ms. Herndon, who lives in Fort Polk,

http://www.nytimes.com/adx/bin/adx_click.html?type=goto&opzn&page=www.nytimes.com/printer-friendly&pos=Position1&sn2=336c557e/4f3dd5d2&sn1=93743b0d/888159f0&camp=FSL2012_ArticleTools_120x60_1787507c_nyt5&ad=BOSW_120x60_June13_NoText&goto=http%3A%2F%2Fwww%2Ewelcometothebathtub%2Ecom
http://topics.nytimes.com/top/reference/timestopics/people/p/andrew_pollack/index.html
http://topics.nytimes.com/top/news/health/diseasesconditionsandhealthtopics/pregnancy/index.html?inline=nyt-classifier
http://health.nytimes.com/health/guides/disease/miscarriage/overview.html?inline=nyt-classifier


6/21/12 4:55 PMPaternity Blood Tests That Work Early in a Pregnancy - NYTimes.com

Page 2 of 4http://www.nytimes.com/2012/06/20/health/paternity-blood-tests-that…k-early-in-a-pregnancy.html?pagewanted=2&src=recg&pagewanted=print

La.

Estimates of the extent of paternal uncertainty vary.

Studies have found a discrepancy rate — when the presumed father is not the biological father — of
anywhere from 0.8 percent to 30 percent, with the median being 3.7 percent, according to one
review of such studies. Another study found that about 9 percent of birth certificates in Florida,
even excluding births to teenage mothers, did not list the full names of the father, though it was not
clear how much of this was related to uncertainty. Infant mortality was higher in those cases than if
the father’s name was on the birth certificate.

It has already been possible to determine paternity during pregnancy using amniocentesis or
chorionic villus sampling, the same medical procedures used to test a fetus for Down syndrome.
But those procedures are invasive and carry a small risk of inducing a miscarriage, so they are
rarely used for paternity testing.

By contrast, the new tests require only blood samples from the pregnant woman and the potential
father. And doctors generally do not have to be involved.

That could vastly expand testing, said Sara Katsanis of Duke University’s Institute for Genome
Sciences and Policy. She is planning a study with one of the testing companies to see if prenatal
paternity testing can reduce a pregnant woman’s stress.

Some noninvasive paternity tests have been offered over the Internet for about a decade, and there
have been various complaints about inaccurate or even fraudulent results.

But experts say the technology has advanced to the point that such testing can now be done
reliably. A brief paper describing one such test, developed by a company called Ravgen, was
published recently in the prestigious New England Journal of Medicine.

“I have no doubt that these tests will work clinically,” said Dr. Mark I. Evans, a professor at the
Mount Sinai School of Medicine and director of Comprehensive Genetics, a medical practice in
New York that specializes in prenatal testing.

The tests analyze fragments of DNA from the fetus that are present in the mother’s blood in tiny
amounts. The same approach is now also being used to noninvasively determine the gender of the
fetus or whether it has Down syndrome. And researchers recently demonstrated that they could
even determine a fetus’s entire genome this way.
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Ravgen, a small company in Columbia, Md., has been offering its test on a limited basis and
charges $950 to $1,650, depending on the circumstances, said Dr. Ravinder Dhallan, the chief
executive.

Another test was developed by a company in Silicon Valley called Natera, and is marketed by DNA
Diagnostics Center, a leading provider of conventional paternity tests. Thousands of the prenatal
tests have been ordered since going on sale last August, executives say. The price is $1,775,
compared with around $500 for a conventional postbirth paternity test.

Neither test has received a certification for accuracy that is necessary for use in child custody cases,
though Natera has applied. The certifying organization, the AABB, is seriously considering whether
it should certify prenatal tests, said Eduardo Nunes, senior director for policy, standards and global
development at the organization, formerly known as the American Association of Blood Banks.

Still, some experts urge caution. Natera has not yet published any data about its test in peer-
reviewed journals. Ravgen’s paper in The New England Journal of Medicine discussed just 30
samples. (The test correctly distinguished the father from a randomly chosen man in all 30 cases.)

The tests could generate controversy if they led to more abortions. However, Matthew Rabinowitz,
chief executive of Natera, said that if a woman were intent on terminating a pregnancy based on
paternity, she could still get an invasive test. And Dr. Dhallan of Ravgen said the test could
persuade women who learned they were pregnant after a rape to keep the baby if they learned the
rapist was not the father.

Ravgen’s test has been used in a murder case. In 2008, Michael Roseboro, a funeral home director
in Lancaster County, Pa., was accused of killing his wife, Jan, whose body was found in the family
swimming pool.

To establish a motive, prosecutors wanted to prove that Mr. Roseboro was having an affair with
another woman, who was pregnant. But they did not want to wait until the baby was born.

“We became concerned that she might have an abortion, or something would happen and we’d
never be able to determine whose child it was,” said Craig Stedman, the district attorney in
Lancaster County.

The evidence from the prenatal test was not introduced at trial, however, because Mr. Roseboro
eventually conceded that he was the father. Mr. Roseboro, who still proclaims his innocence in his
wife’s death, was sentenced to life in prison.
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It is possible that early testing could mean more paternal support for a pregnant woman.

One Seattle-area woman said that when she was pregnant, with two possible fathers, “Neither one
really wanted to be involved and then find out the baby wasn’t theirs later.”

When the prenatal test showed that the father was her former boyfriend, he attended the delivery
and supported the child. The woman spoke on the condition of anonymity, explaining, “I’m not
proud of not knowing who my son’s father was.”

In some cases DNA is not destiny. Ms. Herndon’s test showed that the baby was not her ex-
boyfriend’s. But they got back together and married, and he accepted the child, who is now 16
months old.

“We view our daughter as ours, mine and my husband’s,” Ms. Herndon said. The biological father
sends gifts and pays child support.
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Perils of Newborn Screening 
Doctors  may  be  testing  infants  for  too  many  diseases  

often appear a month or two after birth. 
The babies’ muscles sti!en. They lose their hearing and vision, 
stop sleeping and scream in pain. Some develop seizures. By the 
time many parents learn that their children have Krabbe dis-
ease—a rare genetic disorder that degrades nerve cells—it is too 
late for the only viable treatment, a transfusion of umbilical 
cord blood stem cells from healthy donors. Children with full-
blown Krabbe who do not receive medical treatment, as well as 
many who do get treated, usually die by age two.

In some cases, doctors can prevent this grim outcome by 
screening infants at birth for genetic harbingers of disease. Right 
now such tests are mandatory in only a few states—something 
that many parents want to change. “If we don’t screen for this 
disease at birth, those children will never have a chance at life,” 
says Jacque Waggoner, CEO of Hunter’s Hope Foundation, one of 
several advocacy groups lobbying state politicians to add man-
datory tests for Krabbe and other rare diseases. The politicians 
are starting to listen. In the past year four states have passed leg-
islation that requires hospitals to check newborns for abnormal 
enzyme levels linked to as many as seven new diseases.

Within the medical community, however, doctors are debat-
ing the rapid expansion of screening programs. As a whole, the 
programs have saved many lives. But some experts worry that 
states may be aggressively demanding tests for diseases that do 
not always develop in those who show signs of risk or cannot be 
safely or e!ectively treated even when they are caught. Doctors 
who have recently started screening for Krabbe and similar rare 
diseases are swiftly realizing that, in many cases, the results of 
such mandatory tests unnecessarily frighten parents and fail to 
help the children the tests were designed to save.

THE BIRTH OF NEWBORN SCREENING
THE CURRENT DEBATE has origins in the earliest forms of newborn 
screening. By the early 1960s microbiologist Robert Guthrie had 
perfected a test for phenylketonuria (PKU) that simply required 
a drop of blood from a baby’s heel. Children with PKU su!er 
brain damage and seizures because they cannot break down the 
amino acid phenylalanine, which is found in high-protein foods.

Although most states adopted the procedure, a few doctors 
worried that some babies who did not have PKU would test pos-
itive and su!er malnourishment as a consequence of a low-pro-
tein diet. Ultimately the doctors’ fears proved unfounded. (In a 
2006 review of the medical literature on PKU, Je!rey Brosco and 
his colleagues at the University of Miami found “no published 
cases of children who su!ered permanent harm after an errone-
ous [newborn screening] test and treatment for a condition they 

did not have.”) States soon began using similar tests to screen 
for the likelihood of developing other easily treatable diseases, 
including congenital hypothyroidism and sickle cell disease. 

Today all states require newborn screening for between 28 
and 57 medical disorders. Overall, these mandatory programs 
mark “one of the most significant advances ever in public health,” 
says Stuart Shapira, a medical geneticist at the Centers for Dis-
ease Control and Prevention. Of the four million babies born in 
the U.S. every year, newborn screening identifies 12,500 with 
medical disorders. Catching and treating many of these disor-
ders early, Shapira says, can prevent intellectual and develop-
mental disabilities, organ damage and death.

Recently, however, doctors have raised new concerns, this 
time about the repercussions of widespread newborn screening. 
By the 1990s a tool known as tandem mass spectrometry had 
drastically expanded the number of disorders laboratory techni-
cians could detect with a single drop of blood— from one to as 

HARD TO HEAL: Screening infants’ blood for signs of disease 
may not make sense if e!ective treatment does not exist.

© 2012 Scientific American
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many as 20. A mass spectrome-
ter sorts and counts various - 
ly sized molecules in the blood, 
somewhat like a change machine 
sorts coins. Unusually high levels 
of certain molecules indicate the 
enzymes that normally break 
down these molecules are miss-
ing or deficient, which in turn 
suggests a genetic disorder. 

Before 1995 no U.S. state had 
screened babies for more than 
eight disorders. A decade later 
some states were screening for 
anywhere from seven to 52. 
States lacked clear consensus on 
which dis orders warranted man- 
datory screening, says Michael 
Watson, executive director of 
the American College of Medical 
Genetics and Genomics. To rem-
edy the situation, the Health Re-
sources and Services Adminis-
tration com missioned Watson 
to review the scientific literature 
on 84 disorders and to deter-
mine which of the screens clear-
ly benefited newborns.

In a report made in 2005 
Watson rec ommended that all 
states screen for 29 disorders that doctors could clearly predict 
and treat. He further advised against screening for Krabbe and 
other diseases because there was not enough evidence that early 
intervention did more good than harm. Most states currently 
screen for all 29 recommended disorders, but some, like New 
York, also test for Krabbe or other conditions outside the uni-
form panel—including Pompe (a muscle-weakening disease) and 
Fabry (a metabolic disease causing severe pain). The outcomes of 
New York’s decision to screen for Krabbe underscore why some 
doctors believe that enthusiasm for screening has gone too far.

PREMATURE ENTHUSIASM
SINCE ITS INCEPTION in 2006 New York’s program has tested one 
million babies and identified more than 200 infants with unusu-
ally low levels of some enzymes, indicating risk for Krabbe. Lab 
technicians verify these results with both enzyme and genetic 
tests. What investigators have found has been surprising. 

Of the 228 infants who tested positive for Krabbe, 24 were 
found to have genetic markers associated with the disease. So 
far, however, only four of those children have developed Krabbe 
symptoms, whereas the other 20 continue to appear healthy. In 
the vast majority of cases, symptoms of Krabbe appear in early 
infancy and quickly worsen. A few reports in patient registries 
describe infants who developed symptoms—albeit mild ones—
later in life. The 20 New York infants who screened positive for 
genetic markers of Krabbe but have not yet shown symptoms 
may have this late-onset form of Krabbe.

But researchers do not understand late-onset Krabbe well 
enough to know when, if ever, any of these children will develop 
symptoms. Only when clinicians detect nerve damage in a bat-
tery of invasive neurological exams, including brain imaging 
and a spinal tap, can they be sure that a child has Krabbe. And 
only then are they certain that treatment justifies its inherent 
risks. Studies have shown that early stem cell transplants some-
times stop the disease from progressing, although around 30 
percent of children do not survive the procedure and all who do 
still have trouble speaking and moving their limbs.

Many of the 20 children whose tests suggest late-onset Krabbe 
but who are not yet sick continue to get neurological exams about 
every four to six months. Some researchers call these children “pa-
tients in waiting.” As Jennifer Kwon, a neurologist at University of 
Rochester Medical Center, puts it, “There’s this whole group of 
children nobody expected to find.” The problem, Kwon says, is 
that parents of patients in waiting do not know what to do with 
the information they receive from doctors or even what to expect. 
Parents begin to worry excessively, become overprotective, pursue 
risky tests and procedures, and avoid routine ones. “It’s a huge 
burden for parents to carry around this knowledge that many of 
them didn’t ask for,” agrees Melissa Wasserstein, a pediatrician at 
Mount Sinai Hospital. “Every time their child so much as trips and 
falls, they’re thinking, ‘Oh, my God, does this mean the start?’”

Patricia K. Du!ner, who directs the research arm of Hunter’s 
Hope at the University of Bu!alo, counters that many parents 
prefer to know about their child’s risk because, if symptoms ap-
pear, they will not lose time searching for a diagnosis.

Other experts argue that forcing parents to participate in a 
public health program when the benefits of screening may not 
outweigh the emotional trauma is unfair. “So far what’s come out 
of the Krabbe program is we’ve done a lot of screening, we’ve 
scared a lot of parents and we haven’t truly helped a kid,” says 
Lainie Friedman Ross, an ethicist and pediatrician at the Univer-
sity of Chicago. According to the doctors who cared for the four 
New York infants with early-onset Krabbe, one family refused a 
transplant and the baby died; a second baby died from complica-
tions of a transplant; and a third child’s a0iction continues to 
progress despite a successful transplant. Only one baby has clear-
ly benefited from screening. At three years, though, he is the size 
of a one-year-old and recently lost his ability to walk.

Ross fears that newborn screening is destined for another 
rapid, premature expansion as genome-sequencing technologies 
become inexpensive enough to use routinely. “With these new 
test platforms, there is the potential to test for hundreds of condi-
tions we don’t fully understand,” she says. “If adults can refuse 
these tests, why should we force them on children?”

Je! Botkin, a medical ethicist at the University of Utah School 
of Medicine, has similar concerns. “I think people sometimes for-
get that we’re talking about the state mandating these tests. 
That’s a big deal. If we’re going to say to parents, ‘You don’t have 
a choice,’ there ought to be clear justification for doing a test. We 
shouldn’t just add these things because we can.” 
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When Should 
Doctors Screen?
According  to  guidelines  
proposed  by  the  World  
Health  Organization  in  1968,  
doctors  should  screen  for    
a  medical  condition  only  if:

The  condition  is  an    
important  health  problem.  

  
treat  the  condition.

treatment.  

Doctors  can  recognize    

  
an  accurate  test  for    
the  condition.

The  general  population  
understands  the  rationale  
behind  such  tests.

Doctors  understand  how    

Doctors  agree  on  which    
patients  should  be  treated.

Doctors  plan  to  continue  
screening  new  generations  
of  children.  
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n years gone by, if colon cancer ran in your 
family all you could do was wait and worry 
about whether you might get it, too. Today a 

genetic test can determine whether you have 
inherited a greater-than-average risk of the dis-
ease and so could benefit from preventive care. 
The more doctors know about your genes, the 
better able they are to prevent, treat or cure 
illnesses.

Excitement about such prospects surrounded 
the start of the Human Genome Project in 1990. 
But the enthusiasm was soon tempered by wide-
spread concern about the need to protect the 
privacy of a person’s genetic information. Sim-
ple tests that could readily reveal an individual’s 
genetic endowment could also readily cause em-
barrassment or stigma. Furthermore, insurers 
could deny people health coverage or raise the 
premiums they have to pay. And employers see-
ing the results could deny people jobs or fire 
them. At the same time, scientists and public 
health officials recognized that the potential to 
improve health care based on genetic studies 
across large populations could never be achieved 
if legions of people refused to participate out of 
fear that the results could be misused.

Worries about discrimination have not come 
true—yet. Even though the Human Genome 
Project was completed in 2003, genetic testing 
has not become widespread, so there is little in 
the average person’s health record to divulge. 

And genome-wide analyses remain costly—as 
much as several thousand dollars each. What is 
more, scientists still lack standard techniques 
for making whole-genome scans useful for 
health risk assessment.

Nevertheless, in many societies—particular-
ly the wealthy ones—genetic testing for multiple 
disorders will soon become routine. New tech-
nologies and scientific discoveries are making 
the tests more useful and affordable. The health 
care sector’s sweeping transition from paper to 
electronic records will also make genetic infor-
mation more readily accessible. Safeguarding 
genetic privacy is more complicated than many 
people realize, and recently enacted laws such 
as the 2008 Genetic Information Nondiscrimi-
nation Act offer little protection. Better regula-
tions must be developed soon, before testing 
spreads and abuses grow.

More Information Everywhere
Figuring out how best to secure genetic privacy 
would be simpler if “genetic information” and 
“genetic conditions” were easy concepts to de-
fine. But they are not. Medical investigators are 
finding that almost all illnesses have a genetic 
component. Distinguishing between genetic 
and nongenetic health information is becoming 
increasingly meaningless. Yet policymakers 
have been inclined to give special protection to 
genetic information. For legal purposes, the 

KEY CONCEPTS
 Genetic testing will 
expand quickly and soon, 
adding highly targeted 
data to people’s medical 
records. As those records 
go electronic, outsiders 
will find it increasingly 
easy to peruse an individu-
al’s health information.

 Able to uncover private 
details, health and life 
insurers could deny cover-
age to someone with a 
complex medical condi-
tion, and employers could 
fire or refuse to hire the 
person to avoid burdening 
the company health plan. 

 Existing laws offer weak 
protection at best; legisla-
tion is needed to give indi-
viduals more control over 
their own data, to limit 
unauthorized disclosures 
by others and to penalize 
wrongdoers.

 —The Editors

In spite of recent legislation, tougher laws are needed to prevent insurers 

and employers from discriminating on the basis of genetic tests 

By Mark A. Rothstein

GENES PRIVATE
KEEPING YOUR

ONLINE MEDICINE
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most common definitions include the results of 
an individual’s genetic tests, those of his or her 
family members, and the health histories of all 
these people (because disorders that run in fam-
ilies typically have a genetic link).

The data that fit into these categories are ex-
panding noticeably. In the past decade genetic 
research and its clinical applications have shift-
ed from disorders linked to a single gene, such 
as cystic fibrosis and muscular dystrophy, to 
more common and complex ills characterized 
by the interactions of multiple genes and envi-
ronmental factors, including asthma, cancer, 
cardiovascular disease and diabetes. More than 
1,500 genetic tests are now in use, and hundreds 
more are being developed. As these tools be-
come part of standard medical practice, includ-
ing primary care, most, if not all, health records 
will contain substantial genetic information.

Genome-wide analyses could vastly expand 
those contents. These tests can look for single 
changes in hundreds of thousands of nucleotide 

bases—the famous A, T, C and G “letters” of 
DNA code—associated with particular illnesses 
and conditions. Although most scientists think 
that it is premature to apply this technology rou-
tinely, some companies such as 23andMe in 
Mountain View, Calif., and deCODE Genetics 
in Reykjavik, Iceland, have started aggressively 
marketing genome-wide scans, even if they do 
not have a license to operate as a medical labo-
ratory. Within a decade, whole-genome se-
quencing that reads all three billion bases in  
human DNA might well be available for less 
than $1,000.

At least two other factors will add to the 
amount of information in health records. The 
great desire for personalized medicine—drug 
therapies tailored to each person’s body to im-
prove effectiveness and reduce side effects—de-
pends on genome-wide analytical tools. This 
“pharmacogenomic” testing is already becom-
ing standard practice in selecting drugs and dos-
es for treatment of certain cancers, and the trend 
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A full report is not needed to render effective 
care, however. A physician treating a sprained 
ankle does not need to know if a patient has a 
predisposition to breast cancer. A dentist filling 
a cavity does not need to find out about a family 
history of Huntington’s disease.

To protect patients from unnecessary disclo-
sures of sensitive information, countries such as 
Canada, the Netherlands and the U.K. are con-
sidering ways to restrict which information is 
revealed to which health care providers. These 
measures include giving patients complete con-
trol of their health records, permitting individu-
als to remove certain old information, limiting 
disclosures only to details needed for a given di-
agnosis or type of provider, applying special 
rules to sequester especially sensitive informa-
tion, creating a subset of basic health data that 
would be available to all providers and estab-
lishing independent health record banks to dis-
close files according to a patient’s direction. In 
Denmark’s EHR network—one of the most ad-
vanced—people can “block” any information in 
their records. Although this option is rarely ex-
ercised, it is greatly valued.

The U.S. has no such measures in place. This 

will continue. Likewise, “toxicogenomics”—the 
use of genome-wide tools to study how individu-
als respond to toxins—is becoming more impor-
tant in assessing a person’s health risks in the 
workplace and in the general environment.

Networks Amplify Risk
The challenge of protecting health information 
is compounded by an increasing reliance on dig-
ital data. Medical records of all kinds are shift-
ing from largely paper-based systems to elec-
tronic health records (EHRs), which should im-
prove the quality of care and reduce its cost. The 
transition is under way in many developed coun-
tries. In the U.S., a Nationwide Health Informa-
tion Network (NHIN) is being developed as a 
“network of networks.” Its key goal is establish-
ing electronic formats that will make records of 
all kinds compatible and thus easy to transport 
across networks and across the country. Ulti-
mately, a person’s EHR will include all his or 
her medical information from “cradle to grave.” 
The Office of the National Coordinator for 
Health Information Technology in the Depart-
ment of Health and Human Services is leading 
the NHIN’s development, but state govern-
ments and the private sector are engaged in re-
search, development and trial implementation.

The NHIN raises contentious issues. In a pa-
per-based system, privacy is mainly protected by 
chaos. Precisely because the system is fragment-
ed, people find it impossible to compile, or even 
to locate, an individual’s records from a multi-
tude of providers in different locations over ex-
tended periods. But comprehensive, longitudinal 
records will inevitably contain sensitive infor-
mation. Individuals will no longer have the op-
tion of “selective recall” in giving facts to health 
care providers or of obtaining care from one pro-
vider without the knowledge of another. Unlike 
today, an old diagnosis of depression made at a 
college mental health clinic or the results of a ge-
netic test taken because of family history will be-
come a permanent part of one’s EHR. Many 
people with conditions that might stigmatize 
them, such as a history of substance abuse, might 
delay or forgo treatment. Such a result could be 
disastrous for individuals and for public health. 

INTRIGUED  
BUT WARY
According to a May 2008  
Knowledge Networks survey:

Forty-seven percent of Americans are 
interested in using online personal 
health record services such as Google 
Health or Microsoft HealthVault. The 
services allow consumers to control 
their own medical records online.

Ninety percent of the respondents, 
however, indicated they would be 
wary about the services’ ability to 
keep records private.

In response, the Markle Foundation 
has recommended ways to make 
such systems as private as possible. 
Provisions would allow consumers to 
audit who is accessing their medical 
data and to dispute information 
provided by health care providers. 

People fear they might  

not get a job if they could  

be a burden to the  

company medical plan.
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past February the National Committee on Vital 
and Health Statistics (which advises the secre-
tary of health and human services) recommend-
ed that individuals be able to prevent the routine 
disclosure of sensitive health information in 
predefined categories, such as domestic vio-
lence, substance abuse, mental health, sexually 
transmitted diseases and genetic information. 
But methods for doing that have yet to be creat-
ed. And how to strike the right balance between 
broad and narrow disclosure remains unclear. 
If patients have too much control, physicians 
will not have confidence in the accuracy or com-
pleteness of the records. In response, they will 
likely feel compelled to retake histories and or-
der new tests, undermining the efficiencies of 
networks and adding cost to care. On the other 
hand, if patients have too little control, many 
may engage in defensive steps such as opting out 
of networks, paying cash for off-record services 
or declining certain care altogether.

Other issues must also be resolved. For ex-
ample, should privacy rules be set for systems 
that scan electronic records and advise clini-
cians on possible drug interactions, so the sys-
tems do not divulge actual drugs taken? Should 
health care providers see an electronic notation 
in a patient’s file indicating that certain health 
information has been made unavailable at the 
patient’s request? And in such cases, will doc-
tors have a way to lift those restrictions if the 
person needs emergency care?

Weak Laws
With more genetic information and far-reach-
ing electronic networks on the horizon, legisla-
tion protecting health privacy is essential. Un-
fortunately, comprehensive laws do not exist in 
the U.S. The closest thing to a national safe-
guard is the 1996 Health Insurance Portability 
and Accountability Act (HIPAA) and the 2003 
Privacy Rule attached to it. The Privacy Rule 
spells out the permissible uses and disclosures 
of individual health information by providers, 
plans and record clearinghouses.

There is a big loophole, however: the Privacy 
Rule applies only to entities that handle health 
claims data electronically. Hundreds of thou-
sands of providers still do not, including doctors 
who take cash payments exclusively, fitness 
clubs that ask for medical information when 
putting members on workout plans and health 
care providers who work under contract to third 
parties, such as personnel in on-site employer 
clinics. A related problem is the lack of enforce-

ment. About 36,000 complaints related to the 
Privacy Rule were filed with the Department of 
Health and Human Services’s Office for Civil 
Rights between April 2003 and May of this 
year. Although corrections were made, only one 
civil monetary penalty has been assessed to 
date. Wrongdoers face few deterrents. 

In addition, HIPAA only applies to entities in-
volved in health care. The public, however, is 
most worried about stigma or discrimination 
from others. People fear complications when ap-
plying for a job, obtaining a life insurance policy 
or filing for workers’ compensation benefits. Yet 
it is common for administrators involved in these 
and other everyday situations to require people 
to sign an authorization directing their provid-

Should Family Members  
Be Warned?
Sarah, a 40-year-old mother of three, has found out from various tests that she has an 

elevated risk of Alzheimer’s disease, as well as of breast cancer. Does she have a legal 
or moral obligation to tell her children or close relatives that they, too, might be at high 
risk of getting these illnesses in the future?

The legal issue is straightforward: no court has held an individual liable for failing to 
warn a relative about genetic test results. The moral issue depends on many factors, 
including the severity of a genetic condition, the number of years before it is likely to pro-
duce symptoms, and whether the condition is treatable. The nature of relationships (par-
ent and child) and their emotional closeness matter, too, as do relatives’ ages, their inter-
est in knowing about the chance of future ills, and the individual’s own concern about not 
divulging his or her personal problems.

The nature of the danger often plays a strong role. In rare cases, genetic conditions 
can be lethal if combined with environmental stressors. For example, individuals with the 
genetic mutation for malignant hyperthermia can die during surgery if certain anesthesia 
is used. People with hypertrophic cardiomyopathy can suffer sudden death from strenu-
ous exercise. The potential for these types of harm warrant notifying at-risk relatives.

Yet sharing one’s genetic information with family members can be perilous. Testing 
may reveal, for instance, that the man everyone thought was a child’s father actually is 
not, sending a family into turmoil. Genetic counselors can help people decide whether to 
undergo genetic testing and how to respond to possible results, but currently only 2,500 
counselors practice in the U.S. The most common mistake is getting tested and waiting 
for results before considering what to do. Anyone contemplating testing should deter-
mine in advance whether to share the results with close relatives. There is no simple 
answer. The best advice is to consult with professionals and think ahead about the  
possible consequences.   —M.A.R.
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medical information. As a result, 47 states have 
laws that prohibit insurers from denying or re-
stricting coverage or charging different rates, 
based on an individual’s genetic information. 
HIPAA already covers these cases for people in 
employer-sponsored group health plans, howev-
er, so the state laws in effect only extend protec-
tion to people who buy individual insurance.

Other laws in 35 states prohibit employers 
from requiring a genetic test as a condition of 
employment and from using predictive genetic 
information to deny an individual a job. Yet af-
ter a conditional offer of employment, the laws 
allow an employer to require prospective em-
ployees to authorize the release of their health 
records as a condition of being hired. The states 
differ on whether genetic information may be 
disclosed at this time, but that provision is large-
ly immaterial: it is impracticable for anyone to 
excise genetic information from paper records 
and equally infeasible to exclude it from elec-
tronic records until the contextual access algo-
rithms are devised.

Given such shortcomings, Congress has been 
under increasing pressure to improve privacy. In 
May members finally passed the Genetic Infor-
mation Nondiscrimination Act (GINA), which 
had been pending since the mid-1990s. The act 
prohibits health insurance companies from dis-
criminating in providing coverage, and in set-
ting rates, on the basis of genetic predisposi-
tions. Unfortunately, the legislation is not much 
better than or even different from many state 
laws, and it doesn’t cover life, disability or long-
term care insurance. 

Universal Solutions
The flaws in GINA, HIPAA and state regula-
tions are not loopholes or oversights. They are 
the natural result of a health care system in 
which individual coverage is medically under-
written [see “Reflections on Privacy 2.0,” by Es-
ther Dyson, on page 50]. People in the U.S. can 
obtain insurance in one of three ways: a group 
health plan such as that offered by most employ-
ers, individual insurance, or federal programs 
such as Medicare and Medicaid. For group and 
individual plans, underwriters calculate the in-
dividual or collective health risks of those cov-
ered and impose premiums based on the relative 
risk they represent. Of course, one prime pur-
pose is to protect the financial interests of the in-
surer. Insurers want to know about each per-
son’s past ailments and the possibility of future 
illnesses (genetic and otherwise) so they can bet-

ers to release their health information. Accord-
ing to one estimate, at least 25 million such au-
thorizations occur every year in the U.S. 

The parties requiring the disclosures are usu-
ally acting lawfully. And one’s health can have 
legitimate bearing on decisions. An electric 
power company, for example, would not want 
to hire someone who is prone to seizures to fix 
wires at the tops of utility poles. The problem is 
the amount of information disclosed. The elec-
tric company has no need to know whether a job 
applicant has a genetic mutation that may in-
crease susceptibility to heart disease decades 
from now. Judging a worker’s compensation 
claim for a broken leg does not require repro-
ductive health information. An automobile in-
surance adjuster handling a claim for a chipped 
tooth sustained in an accident does not need any 
genetic test result. But most of the laws autho-
rizing disclosure of health information are writ-
ten so broadly that no limits are placed on the 
scope of the requests.

Ironically, EHR networks could solve this 
problem. Software programs could scan elec-
tronic records and select only the data related to 
a specific inquiry. Yet this capability requires 
the use of “contextual access criteria”—soft-
ware algorithms specifying that, for an inquiry 
of type X, only data A, B and C are needed. For 
example, contextual access criteria would dis-
close only information bearing on mortality 
risk to a life insurer. This technology is feasible 
but not yet available. And because commercial 
demand alone probably will not provide ade-
quate incentives to develop the technology, laws 
may be needed to require it.

Legislation of Little Help
Given the general weakness of federal regula-
tions, various state legislatures have enacted their 
own protection laws. In so doing, the states have 
adopted the notion of “genetic exceptionalism”—

that genetic information is treated differently 
from other forms of sensitive health informa-
tion. Whether this approach is desirable is an 
open question, but it parallels how some mental 
health, substance abuse and HIV information  
is handled.

Although the laws vary, 12 states require peo-
ple to give written, informed consent for a genet-
ic test, and 27 states require express consent to 
disclose test results. Nevertheless, these laws, like 
the federal regulations, continue to allow insur-
ers and employers to legally require individuals 
to sign an authorization for the release of their 
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GENE DETAILS 
COMING SOON
The 1000 Genome Project, an 
international research consortium 
started this year, intends to 
create a map of the human 
genome that is five times more 
detailed than the one created by 
the International HapMap Project.

HapMap discoveries spawned 
the recent explosion of genome-
wide studies that have identified 
more than 130 genetic variants 
linked to a range of diseases, 
including type 2 diabetes, 
coronary artery disease, prostate 
and breast cancers, rheumatoid 
arthritis and mental illnesses. 

In the next three years the  
1000 Genome Project hopes to 
sequence the genomes of at  
least 1,000 people drawn from 
populations around the world. For 
more see www.1000genomes.org

© 2008 SCIENTIFIC AMERICAN, INC.



w w w.Sc iAm.com  SC IENTIF IC AMERIC AN 69

The U.S., though, is unlikely to adopt univer-
sal health care anytime soon, even though it is 
front and center in the 2008 presidential cam-
paign. Thus, better privacy laws must be enact-
ed, even though some observers say new genetic 
technologies add little threat to privacy. Al-
though very few legal cases have been brought 
over discrimination in employment or health in-
surance, almost all medical geneticists and ge-
netic counselors know of numerous patients 
who have declined to undergo genetic testing be-
cause they feared possible discrimination or stig-
ma. (According to Francis S. Collins, former di-
rector of the National Human Genome Research 
Institute, one third of eligible people decline to 
participate in genetic research because they fear 
discrimination.) Furthermore, the number of ge-
netic tests and the number of people taking 
them, along with the tests’ usefulness, will in-
crease significantly in the next decade. And EHR 
networks will make it easy to disclose the infor-
mation widely with the click of a mouse. 

As the U.S. and other countries contemplate 
better ways to deal with genetic information, 
policymakers are seeing that protecting privacy 
is neither cheap nor easy. Improved security 
measures can keep information from being dis-
closed without authorization, but restricting the 
scope of authorized disclosures is equally impor-
tant. It is essential, and challenging, to decide 
which individuals and entities have a right to 
which information and for what purposes.

Effective legislation should, at minimum, in-
clude four elements. First, it should address the 
underlying difficulties in gaining access to health 
insurance and carefully balance the rights of em-
ployers and employees. Second, legislation 
should limit nonmedical uses of predictive health 
information, including for life insurance, dis-
ability insurance and long-term care insurance. 
Third, any legislation should limit the scope of 
disclosures, penalize wrongdoers and provide 
remedies for people harmed by wrongful disclo-
sures. And fourth, EHRs and EHR networks 
should be designed so that they can limit disclo-
sures to relevant health information. Tackling 
these matters will provide an effective first step 
toward shaping the future of medical privacy.  

ter determine price and ward off those who 
might make huge claims.

None of the privacy laws mentioned apply to 
Medicare or Medicaid, because technically 
these programs are entitlements, not insurance. 
Different laws attempt to protect information 
within these programs, but the government has 
no real incentive to look at anyone’s genetic in-
formation because there are no rates to adjust. 

Indeed, concerns about keeping information 
private are best addressed by a national system 
of universal health care, as in Canada. In univer-
sal plans, risk is spread across the entire popula-
tion, and the plan is funded by the entire popu-
lation. Whether any given person has a high risk 
for any disease has no bearing on the equation, 
so there is no incentive for others to seek protect-
ed information. The situation eliminates peo-
ple’s two greatest worries: that they will have 
trouble obtaining or will be dropped from health 
insurance, and that they will be denied a job be-
cause their medical conditions could impose a 
burden on the company’s health plan. 

Complications in obtaining life insurance 
must still be addressed, however. And health in-
formation still has to be made secure so records 
are not stolen or improperly disclosed. But the big 
incentives to discriminate largely disappear.HA
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By AMY DOCKSER MARCUS

Genetic information stored anonymously in databases doesn't always stay that way, a new study
revealed, prompting a debate on how much privacy participants in scientific research can expect
in the Internet era.

Tension has long existed between the need to share data to drive medical discoveries and the fact
many people don't want personal health information disclosed. The growing use of genetic
sequencing makes this even more challenging because genetic data reveals information not only
about an individual, but also about his or her relatives.

In a paper published Thursday in the journal Science,
researchers were able to determine the identities of
nearly 50 people who had submitted genetic
information as part of scientific studies. The people
were told that no identifying information would be
included in the studies but warned of the remote
possibility that at some point in the future, their
identities might become known.

"We have been pretending that by removing enough information from databases that we can
make people anonymous. We have been promising privacy, and this paper demonstrates that for
a certain percent of a population, those promises are empty,'' said John Wilbanks, chief commons
officer at Sage Bionetworks, a nonprofit organization that promotes data sharing, who wasn't
involved in the study.

The public and scientific community are especially concerned about DNA privacy since they worry
that genetic information—which can show susceptibility to certain diseases and other ailments—
might be used by insurers, employers or others to discriminate against people.

In the new study, the researchers, led by the Whitehead
Institute for Biomedical Research in Cambridge, Mass.,
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used genetic information of people whose genomes had
been anonymously published as part of the 1000
Genomes Project, an international collaboration to
create a public catalog of data from at least 1000 people
of different ethnic and population groups.

Using a computer algorithm, the researchers focused
on identifying unique genetic markers on the Y
chromosome of men in the project. They then searched
publicly accessible genealogy databases that contain
both Y chromosome information and men's surnames.

Such genealogy sites, which people join in hopes of
compiling their family tree, sometimes include Y
chromosome data because it is passed from father to
son and can be traced back generations. Some sites
group the genetic information with surnames.

When they got a match to a surname, the researchers
ran numerous Internet searches to collect data on each

individual's family tree, including obituaries, which often list the names of a deceased's family
members. They also searched for demographic data on the public website of the Coriell Institute
for Medical Research, a nonprofit in Camden, N.J., that houses collections of genetic material.

With the family-tree data, they were able to identify nearly 50 men and women who participated
in genetic studies. "It only takes one male,'' said Yaniv Erlich, a Whitehead fellow, who led the
research team. "With one male, we can find even distant relatives.''

Dr. Erlich said the technique works best for people who have the highest participation in genetic
genealogy services, upper- and middle-class Caucasian Americans. Based on their findings, they
estimated their technique would have a success rate in identifying the last names of 12% of U.S.
Caucasian males in similar studies.

The specific people in the Science study who names were discovered weren't disclosed in the
paper.

Hank Greely, director of the Center for Law and the Biosciences at Stanford University, said the
study raises important questions about expectations of privacy. In an age when genetic
information is being collected as part of medical care and can be correlated with the personal
information that people freely post online, Mr. Greely said the medical and scientific communities
needs to be clear that "we cannot promise people confidentiality.''

The issue of protecting privacy in genetic studies isn't new. In 2008, geneticist David Craig
showed that he was able to trace pooled genetic data that was available online back to an
individual who had participated. As a result, the National Institutes of Health and the Wellcome
Trust tightened access to these collections of DNA. The scientific community protested, but
officials felt they had no choice because participants had been explicitly promised anonymity, said
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Eric Green, director of the National Human Genome Research Institute at NIH.

Dr. Green, who co-authored a perspective piece that accompanied Thursday's paper, said steps
have already been taken to make it more difficult for others to duplicate the results of Dr. Erlich's
team. For instance, the ages of the people in the study no longer are publicly available on the
Coriell website, said Courtney Kronenthal, director of communications and development at
Coriell.

David Altshuler, co-chair of the steering committee for the 1000 Genomes Project, said the people
who enrolled in the study were told that all steps would be taken to keep them anonymous, but
that technological advances one day might make it possible to identify them.

Dr. Altshuler said he favors offering research participants a variety of options about how much to
share.

"If they choose to share that's a very admirable thing because by sharing freely, progress for
everyone is accelerated, and if someone is not comfortable we should respect that too and find
ways for them to still participate in research,'' he said.

Write to Amy Dockser Marcus at amy.marcus@wsj.com
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