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stat: an abbreviation for the Latin statim, an adverb that signals a need—
for a surgical instrument, a medical supply or, as in this magazine, a short,
compelling story—to be met without delay.
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RHYTHMIC ENTRAINMENT—the neurological capacity to
synchronize with a beat—may offer therapeutic applications for
Parkinson’s disease. The Mark Morris Dance Group is one of several
groups using a music-based movement program to assist people with the
disease. Its work, begun in 2001, has shown that one or two 75-minute
classes per week may help patients address the challenges of gait,
rigidity and facial expression. Still uncertain are the hows and whys; one
study suggests that music can help patients relearn how to perform basic
rhythmic movements, such as walking without shuffling. The Mark Morris
program has gained traction worldwide, as has associated research.
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What Veterinarians Can Teach Us
BY MEERA LEE SETHI
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Whatever makes us human, it’s not our diseases, says
Barbara Natterson-Horowitz, a cardiologist at the
University of California, Los Angeles. Our shared
evolutionary history means the rest of the animal
kingdom is also subject to virtually all of our
afflictions. That’s the insight behind NattersonHorowitz’s book (with co-author Kathryn
Bowers) Zoobiquity: What Animals
Can Teach Us About Health and the
Science of Healing. A comparative approach has long been a cornerstone of veterinary education, but physicians aren’t taught to
examine illness in other species. If they were,
new medical insights might result.
Q: Does veterinary science really
know anything medical science
doesn’t?
A: Yes. I was consulting on a case
of heart failure in an emperor
tamarin at the Los Angeles Zoo.
The veterinarian warned that if I
looked directly into the monkey’s
eyes, I’d give her capture myopathy—
a form of heart failure triggered by
intense fear. Human medical researchers “discovered” a similar syndrome in
the early 2000s, but vets have been aware
of it for nearly 40 years. Veterinarians are
taught that restraining a fearful animal carries
a physical risk to the animal—something most
human physicians just don’t think about.
Q: What about mental illnesses?
A: Like human “cutters,” some stallions deliberately injure themselves by biting their own flanks.
Parrots can develop a feather-plucking disorder
that closely resembles trichotillomania (hair-pulling) in humans. A human psychiatrist is likely to see
self-injury as a sign of a personality disorder or a history
of emotional trauma. But animal experts know that
self-injury can be triggered by isolation and boredom.
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So they place self-injuring animals in
closer proximity to one another, encouraging socialization. They also create activities that make the animal forage and
work harder to get at its food or work
at grooming activities. The veterinary
approach to self-injury focuses on how
the environment can be changed, as
opposed to human medicine, which may
focus on changing the individual.
Q: In 2012 hundreds attended your
second Zoobiquity conference.
A: The Zoobiquity conferences bring

groups could be relevant to treating the
disease in humans.

BY THE NUMBERS //

Q: What’s the difference between
comparative medicine and traditional laboratory animal research?
A: Traditional laboratory medicine typically creates models of human disease in
animals. But another important source
of knowledge comes from the hundreds
of billions of animals in the wild, on
farms and in our homes who sometimes
get sick, just as we do. For example,
some animals (lions and jaguars) are

0 Number of cesarean (or “C”)

DENISE BOSCO FOR PROTO

Some of the most humanistic medicine
today is being practiced by doctors
whose patients are not human.
together academic veterinarians and
physicians who treat the same diseases.
One discussion at our first conference
illustrated the potential of this interprofessional approach. A veterinarian mentioned that New World monkeys with
diabetes develop larger and more numerous islets (insulin-generating organs),
in contrast to humans and Old World
monkeys with diabetes, whose islets get
damaged by amyloid deposition. Watching the physician do a double-take as
he heard this confirmed my belief that
important information is hiding in plain
sight and accessible through interdisciplinary exchanges. A significant number
of New World monkeys at the Los
Angeles Zoo appear to go into remission
from diabetes. Figuring out the mechanism of remission and understanding
why it may be limited to certain monkey

more susceptible to breast cancer, while
others (dairy cows and goats) seem to be
relatively protected.
Q: How has talking to veterinarians
changed you as a physician?
A: I recall a chimpanzee I consulted on
with a severe form of heart failure. Had
she been my human patient, I would
have referred her for a heart transplant
evaluation. Watching the veterinarians
approach this problem was fascinating
for me. The basic medical approach
was very similar to human medicine’s,
but deeply informed by the patient’s
ability to enjoy life and by consideration
of patient suffering. I have come to
believe that some of the most humanistic medicine today is actually being
practiced by doctors whose patients are
not human.

Born This Way
sections likely undergone by Julius
Caesar’s mother, who survived his birth
to see his triumphs at a time when the
procedure was performed only on the
dead or dying (the word may actually
come from the Latin caedere, “to cut”)
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15 “Optimal” maximum C-section

percentage rate set by the World Health
Organization in 1985; the WHO has
since modified the recommendation,
stating in 2009 that “the optimum rate
is unknown” but that “both very low and
very high rates of cesarean section can
be dangerous”

32.8 Percentage of U.S. births by
C-section in 2010; common medical
reasons include breech positioning,
previous C-section, stalled labor and
the placenta blocking the cervix

60 Percentage increase in U.S.

C-section deliveries from 1996 to 2009

46 Percentage of births that occur
by C-section in China, one-quarter of
which have no medical basis

20 Percentage of C-sections

necessitated by failed attempts to induce
labor in first-time mothers, according to
one study

$13,400 Average amount

charged by Massachusetts hospitals for
a C-section, compared with $9,700 for
an uncomplicated vaginal delivery

$50 million Estimated

amount saved annually in Utah after
the Intermountain Healthcare hospital
system banned labor inductions that
had no medical reason; the savings
were attributed to a drop in resulting
C-section rates
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Los Angeles
International
Airport, LAX

14 // SEA

Going Airborne

19 // PDX

Honolulu
International
Airport, HNL

“JFK and LAX are the most
extreme superspreaders
because they combine high
volume and connection with
other important airports that
are influential spreaders,”
says Christos Nicolaides, a
graduate student at MIT and
first author of the publication.
“The LAX-JFK route is one of
the busiest routes inside the
country, with approximately 3
million passengers per year.”

BY KRISTEN COSBY // INFOGRAPHIC BY CARL DETORRES

Air travel can serve as a handy conduit for
contagion—and researchers in MIT’s Department
of Civil and Environmental Engineering have
developed a computer model that identifies which
U.S. airports are best at spreading disease. The
study, led by Ruben Juanes, a computational
geoscientist at MIT, and recently published in
the journal PLoS One, predicts the “footprint of
disease”—how far it’s likely to have spread—
during the first 14 days of a pandemic. Though the
model is still under development, the results have
attracted the attention of the International Society
for Disease Surveillance and are an important
first step toward accurately predicting epidemic
patterns in real time. Unlike previous studies that
presumed that early spread of contagions would be
predicted solely by traffic volume, MIT’s list yielded
some surprising results—namely, that bigger isn’t
always badder. Here are a few examples.

RANK 3

“Honolulu Airport ranks
third despite having only a
quarter of the traffic and
connectivity of JFK and
LAX,” says Nicolaides. “This
is because it is dominated
by long-range travel both
westward and eastward;
and it is well connected to
massive hubs, which are
powerful spreaders.” Honolulu is only the 25th busiest
airport in the United States.

27 // SMF

4 // SFO
18 // LAS
20 // SLC

2 // LAX
39 // ABQ
HIGH SPREADER

LOW SPREADER

36 // FAI (ALASKA)

3 // HNL (HAWAII)

21 // ANC (ALASKA)

12 // PHX
22 // SAN
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Sanitary engineer George Soper was the

Victim or Villain?

first to pinpoint Mallon as the link between

By the time of her death nearly 75 years ago,

1907 in well-to-do households in the city and

Irish immigrant Mary Mallon had spent 26

on Long Island—an anomaly, given that the

years living under quarantine at Riverside

disease was typically associated with the poor.

Hospital on an island in New York City’s East

A cook who had worked in at least six homes,

River. And to the end, Typhoid Mary—as Mallon

Mallon had left sickness—and at least one

was nicknamed by the press—refused to

death—in her wake.

acknowledge her role in the spread of typhoid

several typhoid fever outbreaks from 1900 to

Unable to comprehend the concept of a

fever, because she had never suffered from the

healthy carrier of disease, and likely bristling

disease herself.

at Soper’s classist overtones, Mallon denied

28 // TUS

RANK 21

RANK 8

Ted Stevens Anchorage International Airport, ANC

Hartsfield-Jackson
International
Airport, ATL

“Anchorage is the gateway from the contiguous United States to almost all the
places in Alaska,” says Luis Cueto-Felgueroso, an MIT scientist and second author
of the publication. “One can call it a ‘regional’ superspreader since a disease starting from there will easily spread to the Alaskan state. However, the small amount
of traffic to other important hubs in the United States ranks ANC in 21st place.”

17 // MSP

ATLANTA
“In contrast to Honolulu, ATL
ranks eighth despite being
the busiest airport in the
world. Much of the traffic
through ATL flies to airports
that are not strong spreaders,” says Cueto-Felgueroso.
Approximately 90% of ATL’s
flights are regional, “leaving
the airport relatively unconnected to far-off locations
that would boost its ability to
spread infection.”

31 // BTV

11 // DTW
25 // PIT

5 // EWR

6 // ORD

35 // MCI

15 // BOS

29 // IND
1 // JFK

33 // BNA
34 // MEM

37 // SDF

16 // PHL

10 // DFW

23 // BWI
30 // DCA
7 // IAD

38 // AUS

26 // CLE
24 // CLT

40 // JAN
8 // ATL
9 // MIA
32 // MSY
13 // IAH

responsibility and refused to be tested. To

John F. Kennedy
International
Airport, JFK
NEW YORK CITY
“The total number of passengers moving through an
airport isn’t the deciding
factor for the airport to be
an influential spreader,”
says Nicolaides. “By
that measure, Atlanta’s
airport—the busiest in the
country—would be ideal for
spreading germs. However,
a ‘good spreader’ is the
airport that combines high
levels of traffic, long-range
flights and, importantly,
connectivity with other
hubs. What’s key is how
connected the airport is
to other well-connected
airports. You are a good
spreader if your neighbors
are good spreaders. That’s
what’s really essential.”

a right to restrict people who might harm

protect the public, Soper persuaded the

hospital sickened 25 staff members, two of

others. When Cuba quarantined HIV/AIDS

health commissioner to force Mallon into the

whom died. Soper, called in to investigate,

patients in the late 1980s, for example,

hospital, where tests proved that she was

entered the hospital kitchen to find none

many U.S. public health officials deemed the

indeed a carrier of typhoid bacteria.

other than Mallon. This offense labeled

practice unacceptable. But when avian flu

Mallon a true threat to society, and she was

posed a threat to the United States in 2005,

sent back into quarantine.

quarantining was considered a viable course

Fearing an epidemic, the city detained
Mallon at Riverside Hospital for more than
two years. Despite filing suit for her freedom,
GETTY IMAGES

Then, in 1915, typhoid fever in a maternity
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Barron Lerner, a professor of medicine

of action. No matter how careful officials are,

Mallon remained there until 1910, when a

and public health at New York University

it’s difficult to keep vectors of disease from

sympathetic health commissioner finally

School of Medicine, says Typhoid Mary’s

being stigmatized. “You must be as creative as

released her with the mandate to stay away

saga raises the question of when, and to

you can to come up with alternative solutions

from cooking.

what degree public health officials have

before you lock someone up,” Lerner says.
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Stuck, At Home

10

Consider the job description of a personal care aide or home
health aide: ability to withstand emotionally draining and physically demanding tasks, and inconsistent or part-time hours.
And the pay: average hourly wages of less than $10 and median
annual earnings of $17,000. These are the nation’s fastestgrowing jobs—the U.S. Bureau of Labor Statistics projects a
70% growth rate between 2010 and 2020—yet it’s no wonder
that supply is expected to fall far short of demand, fueled by aging baby boomers who want to avoid living in nursing facilities.
“Our labor policy hasn’t kept up with our health care policy,
which is to take care of people in the community,” says Steve
Edelstein, national policy director for the Paraprofessional
Healthcare Institute (PHI), which represents personal care
aides, who assist people with tasks of daily living; home
health aides, who can also perform simple medical tasks; and
nursing aides, who typically work in nursing homes.
Unlike those in other occupations in which growing demand
leads to higher pay, home health workers still struggle to
earn a living wage. Reimbursement from Medicaid for home
health services is low, as is pay from clients—often on fixed
incomes—who foot the bill themselves. “Medicaid in many
states pays between $10.50 and $16 an hour for home services,”
says Bill Dombi, vice
president for law at
the National Association for Home Care
& Hospice. “At that
fixed rate, a home
health agency can’t
cover a $10-an-hour
wage without taking
a loss.” One approach
to elevating wages is to increase training requirements for
workers. Currently, home health aides and nursing aides must
meet a minimum federal standard of 75 hours of training—
which isn’t enough to prepare them for the demands of the job,
according to PHI and the Institute of Medicine, which recommends 120 hours. “In many states, the person who takes care
of your dog has more training than the person who takes care
of your grandma,” says Thomas Konrad, senior scientist at the
Institute on Aging at the University of North Carolina, who is
participating in a demonstration program funded by the federal
Affordable Care Act (ACA) to recruit and train more personal

Solutions to the
shortage of home
health workers can’t
wait much longer.
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care aides. By turning unskilled workers into credentialed employees, the hope is that payers and employers will be willing
to pay more for their services.
A major provision of the ACA—expanding Medicaid eligibility—might indirectly help agencies recruit or retain directcare workers. If more of these caregivers qualify for Medicaid,
that may increase their willingness to stay employed with
agencies that don’t offer health insurance. Yet at the same time,
the ACA’s mandate that employers provide health insurance to
full-time employees or pay a penalty could cause many home
health agencies to cut their employees’ hours to part time.
Solutions to the shortage of home health workers can’t wait
much longer. “The baby boomers will force us to deal with
questions of long-term care that we have been avoiding for
years,” says Clare Stacey, associate professor of sociology at
Kent State University and author of The Caring Self: The Work
Experiences of Home Care Aides. “Suddenly we’ll have an entire
generation that can’t afford high-quality home care, doesn’t
qualify for Medicaid and doesn’t want to go to a nursing home.
There is a crisis coming.”
What should be done to avert the looming crisis? Tell us what
you think at protoeditor@mgh.harvard.edu.
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Clearing Hep C
BY LAUREN WARE

The discovery of the hepatitis C virus
in 1989, after more than five years of
searching, used previously untried
techniques and required frequent
leaps of faith. It was one of the triumphs of molecular biology, and the
years that followed saw the introduction of a treatment that cures about half
of the patients who receive it as well
as the possibility of a vaccine, as Proto
related in Summer 2007 (“Out of the
Shadows”). Developments on both the
treatment and vaccine fronts are sorely
needed, given that 170 million people
worldwide are already afflicted with
HCV, and a fifth of those will develop
cirrhosis of the liver.
The current drug regimen for treating hepatitis C—interferon combined
with ribavirin—is less than ideal: It
must be injected, and it can elicit
side effects so unpalatable that many
asymptomatic patients choose to
remain infected. Moreover, the drugs
work better against some of the six
HCV genotypes than others.
Now, several drugs that stop hepatitis
C by blocking different pathways are
nearing FDA approval. Rather than
enduring weekly injections for a year,
patients may swallow two to four pills
daily for roughly 12 to 24 weeks. And the
number of people who achieve a cure
is far greater than with the previous
generation of therapy. “For the typical
patient who harbors the most common
variant of HCV infection, genotype 1,
we’re now looking at a sustained viral
clearance rate of 90% or better,” says
Raymond Chung, director of hepatology at Massachusetts General Hospital
and a researcher of several such drugs.
The new drugs work by hitting three

different targets in the viral replication
pathway. When the hepatitis C virus
enters the cell, it begins to translate its
RNA, or genetic material, into a long
polypeptide, or protein made of roughly
3,000 amino acids. Other proteins
cleave the polypeptide into 10 shorter
proteins, which are then responsible for
replicating the viral genome. One type
of drug blocks a specific viral enzyme,
called protease, that is needed to cleave
the polypeptide. A second class of drug
blocks the action of a different enzyme, polymerase, that the virus needs
to copy its RNA genome. One kind of
polymerase inhibitor uses a molecule
that resembles
a building
block of RNA,
which inserts
itself into the
RNA strand
and shortcircuits the virus’s efforts to
replicate itself.
Another type
of polymerase

inhibitor works by binding to parts of
the enzyme, changing its shape and
thereby making it hard to add more
RNA. The third class of drug binds
tightly to a molecule called NS5A that
is critical for aggregation of the viral
proteins responsible for RNA replication. By combining drugs that inhibit
different parts of the virus’s replication process, not only is effectiveness
increased dramatically, but the likelihood of emergence of viral resistance
to any one class of inhibitors is greatly
reduced. “We may end up with several
versions of successful combination
therapy,” says Chung.
And on the vaccine front, in February
2012, Michael Houghton, a molecular
biologist and Canada Excellence in
Research Chair holder at the University
of Alberta, and one of the team to discover the virus 24 years ago, presented
data that shows the vaccine he and his
colleagues have developed is effective
at neutralizing the in vitro infectivity of
every known strain of hepatitis C. Yet
FDA approval, if it happens, could take
as many as seven more years.
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avatar [av- -tär] n: a term appropriated from virtual role-playing games (and the
eponymous movie) to describe laboratory mice that replicate cancerous cells from specific
patients to test potential treatments.
As doctors race against the clock to find a cancer drug or combination of drugs that works for a
particular patient, mice are becoming valuable stand-ins, so much so that Manuel Hidalgo,
head of the Gastrointestinal Cancer Clinical Research Unit at the Spanish National Cancer
Research Centre in Madrid, co-opted the term “avatar” for them.
After doctors excise cancerous tissue from a patient, researchers graft it beneath the skin of
a genetically engineered mouse whose immune deficiencies hasten the cancer’s spread. The
resulting tumor growth becomes a closely functioning model of the patient’s cancer.
One mouse is rarely enough. To diversify the possibilities for treatments, doctors remove the
tumor after it has had time to grow inside the first mouse, divide it and repeat the process with
other mice. This doesn’t happen swiftly—creating enough avatars for testing can take two to
eight months—and that raises the risk that patients won’t survive to see the results. In a 2011
study, Hidalgo and other researchers tested 63 drugs in 232 treatment combinations for
avatars containing tumors from 14 patients with advanced cancers. One patient died before the
testing was complete, and for two others, no effective treatments were found. For the
remaining patients, however, 17 possible treatments were identified.
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