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LETTER FROM THE CO-PRESIDENTS
In this fall/winter 2014 issue of the Harvard Science Review, we are
pleased to focus on International Science. As our lives cross national boundaries
both scentifically and socially, opportunities arise for innovative international
collaborations - from tackling the problem of new sources of energy like shale gas
to effectively and efficiently defeating diseases like Ebola.
In the spirit of this international collaboration, we are proud to announce
the publication of the first issue of the International Collegiate Science Journal
(ICSJ), which we co-founded with eight other international presitgious universities. The mission of ICSJ closely aligns with our own and provides a collaborative
and innovative outlet for science writing to inform readers at our schools and
across the world. You can check out our inaugural issue in print on campus, as
well as on the ICSJ website, at icsjournal.org.
We hope that you enjoy this latest issue of the HSR on International Science, and that you browse through the joint effort of students around the world
in the inaugural issue of ICSJ!
Alexandra Rojek and Roxanna Haghighat
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Image from World Health Organization.

DEFEATING MALARIA:
A VISION FOR THE FUTURE

A

bout 207 million people were
diagnosed with malaria in 2012
(1). An estimated 627,000 deaths
occurred that year due to malaria, 90% of
which occurred in sub-Saharan Africa (2).
Yet, these numbers mark a 42% decrease
in mortality rate since 2000 (1). Globally, 40% of the population is at risk of
contracting malaria (1). Both the devastation and the global scale of the malaria
crisis necessitate that international efforts
be expended on conducting research and
sending aid to quell the flow of cases.
Malaria thrives in tropical and subtropical environments, especially Sub-Saharan
Africa, Asia and South America, where
muggy weather allows for ideal mosquito

By Serena Blacklow

breeding conditions. Children under the
age of 5 and pregnant women are the most
susceptible subpopulations to contracting
the disease. In Africa, malaria kills one
child per minute (1).

INFECTION

Malaria is caused by a parasitic microorganism from the genus Plasmodium. There
are 4 main species that infect humans: P.
falciparum, P. vivax, P. ovale, and P. malariae. Mosquitoes successfully infect an
individual during a bite by transferring parasites into the bloodstream. The parasites—
at this point called sporozoites—travel to
the liver, where they mature and reproduce
(3). At this stage, they reenter the blood-

stream as merozoites, which further infect
red blood cells and reproduce inside them.
When these red blood cells burst, usually within 48-72 hours of infection, they
release more pathogens into the body, and
the cycle continues.
Symptoms range from feverishness
to organ failure and commonly include
headaches, nausea, vomiting, aches, and an
enlarged liver. However, in more severe cases—such as an infection by P. falciparum—
other health problems can arise. Anemia
(decreased amount of red blood cells in the
bloodstream), respiratory difficulties, low
blood pressure, kidney failure, hypoglycemia (low blood sugar levels), and cognitive
dysfunction are other potential symptoms.
Harvard Science Review
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Malaria can also result in death (4).

TREATMENTS AND RESISTANCE

The first effective treatment for malaria
was quinine. Quinine remained the
primary treatment until the 1920s, when
researchers began developing and testing
new drugs. By the 1940s, chloroquine
replaced quinine as the go-to treatment
for a malarial infection. Resistance to
chloroquine developed quickly, however,
so its use declined, whereas quinine continues to be used as a first- or secondline treatment (5).
More recently, artemisinin derivatives
have been incorporated as active ingredients into treatments. Experts recommend artemisinin-based combination
therapy (ACT) as a first-line treatment
for malaria when it is available because
of fear of rising resistance to pure artemisinin. The four recommended ACTs,
according to the World Health Organization, are artemether-lumefantrine,
artesunate-amodiaquine, artesunatemefloquine, and artesunate-sulfadoxinepyrimethamine (6).
There are official, unofficial, and
counterfeit drugs distributed as malaria
treatments. Official drugs are those
endorsed by institutions such as the
CDC and administered by the WHO
to the Ministries of Health in countries
of need. Unofficial drugs are provided
by countries such as China, Brazil, and
India in “exchange” for something else in
the future (7). On the other hand, locals

provide counterfeit drugs, and these
drugs are usually composed of a mix of
other drugs plus a small amount of active
anti-malarial drug such as artemisinin.
These low-quality “treatments” can result
in health issues due to the other drugs
that are mixed in. Even more significantly, they encourage drug resistance;
the small amount of active ingredient is
not enough to treat the patient, but it
is just enough to expose the parasite for
long enough to adapt resistance (7).

PREVENTION METHODS

The most common prevention methods for malaria include indoor residual
spraying and mosquito netting. These
relatively inexpensive solutions disincentivize mosquitoes from biting by creating
either a chemical or physical barrier between the mosquito and the vulnerable
human. Since a mosquito bite is the primary means of malarial transmission and
mosquitoes are most active between dusk
and dawn, these methods are among the
most successful prevention methods.
In a modern compilation of these
methods, Insecticide-Treated Bed Nets
(ITNs) are now being endorsed by the
Center for Disease Control (CDC) as
effective protection for sleeping families
in high-risk areas (8). The newest development related to ITNs are long-lasting
insecticide-treated bed nets (LLINs).
LLINs are nets that have pyrethroid
insecticide woven into their fabric, and
they last three to five years before they

need to be replaced, with each one
costing $2.10 (9, 10). Though the use of
these nets has been effective, resistance
to pyrethroid is an emerging concern,
since other insecticides have not yet
been tried with nets and are certain to
increase costs (10).
In sub-Saharan Africa, a total of 450
million nets are needed to protect all
at-risk households, which corresponds to
new net donations of 150 million annually, since they last about three years. In
2004, manufacturers distributed only 6
million nets, but, in 2010, they distributed 145 million. In 2011 and 2012,
however, these numbers fell substantially—to 92 and 70 million respectively,
though numbers began to rise again,
to 136 million in 2013 and a projected
200 million in 2014 (2). These delivery
numbers need to remain high to ensure
continual universal coverage. Any sag in
coverage leaves the population vulnerable to malaria resurgence, since the use
of nets is one of the most useful forms of
protection.

IMMUNITY AND VACCINES

Natural immunity provides another
form of protection to some individuals.
There is remarkable overlap between
malaria-dense regions and those populated by sickle-cell heterozygous individuals. Those who are heterozygous
for the sickle-cell trait do not have the
same symptoms as diseased homozygous
individuals, but they have the ability to

Elevated occurrence
of chloroquine- or
multi-resistant malaria
Occurrence of
chloroquine-resistant
malaria
No Plasmodium falciparum or chloroquineresistance
No malaria

Figure 1: Map showing distribution of malaria in the world. Image from Wikipedia.
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produce sickled red blood cells, and
malarial parasite infection can catalyze
this event. Sickled cells are more quickly
removed from circulation, and this quick
clearing provides natural immunity; the
parasites are unable to mature and reproduce in the short time that the sickle
red blood cells are in the bloodstream
(11). Though fully developed sickle cell
anemia has its own health concerns,
this temporary response works in an
individual’s favor in the case of malaria
infection.
Natural immunity is not universal, and
the work towards eradication requires
more than just administering treatments. Vaccines are also necessary to
ensure protection for future generations.
There is one malaria vaccine candidate
finishing its Phase III clinical trial:
RTS,S. The Malaria Vaccine Initiative, run by PATH, reports that “over
18 months of follow-up, RTS,S was
shown to almost halve the number of
malaria cases in young children (aged
5-17 months at first vaccination) and to
reduce by around a quarter the malaria
cases in infants (aged 6-12 weeks at first
vaccination)” (12). The exact mechanism of RTS,S is unclear, however. The
WHO could recommend RTS,S for use
as early as 2015 (12).

DISTRIBUTION AND
REPORTING

Distribution of bed nets and treatments from the World Health Organization goes through the Ministries of
Health. Limitation of this central supply
is an obstacle in providing communities with the treatment and protection
they need, but there are larger supply
chain issues that interfere with efficient
distribution. Though treatments are
delivered free in many places, the availability of those treatments in the places
of need is a focal issue. There are many
reasons for this issue. Distributors will
not provide treatments until a test has
returned positive, and delivery timelines are not always met. Also, since a
government may base its distribution on
previous data about outbreak patterns in
particular areas, if there is in fact a large
outbreak somewhere unexpected, redistribution is not efficiently and effectively
done (7).
Correct distribution of malarial drugs
would be efficiently implemented if
there were universal diagnostic testing.

Figure 2: Mosquitoes are the major carrier for malaria throughout certain parts of the
world. Image from Wikipedia.
Currently, people are so accustomed to
encountering malaria in their everyday
lives that they sometimes incorrectly
assume that anyone with a fever has malaria. Self-diagnosis results in ineffective
use of antimalarial agents and unnecessary depletion of resources, undermining
long term drug resistance and elimination visions (7). Implementing diagnostic tests, such as the Rapid Diagnostic
Test (RDT), and opening their availability to the private sector will help
with self-diagnosis and alleviate this
strain on already-scarce resources.
Village health care workers ensure
compliance and work in delivery teams.
They are usually localized grassroots
organizations. Health care workers and
volunteers use cell phones to report cases back to clinics using rapid reporting
systems. These volunteers are not paid,
so the Ministries of Health and partners
such as PATH reward them with free
cell phones and bikes (13). In the future,
rewards should include free cell phone
minutes, which will help them make
more reporting calls for free.

COSTS AND GLOBAL
INITIATIVES

The World Health Organization
estimates total international funding
towards malaria in 2012 was the equivalent of 2.5 billion U.S. dollars. Universal
malaria control and care would require
at least $5.1 billion in global resources
per year between 2011 and 2020, so current efforts are falling short by at least
50% (2).
A web of organizations lays the
foundation for the international combat
against malaria. Below is a list of initiatives that have been taken to help reduce
the threat of malaria worldwide:

ZAMBIA: A BRIEF CASE STUDY

The President’s Malaria Initiative
has provided Zambia with $127 million since 2005. In 2012, it provided
3 million RDTs, and it will supply 3.5
million more in 2014 (18). Currently,
a mass drug administration is being
tested in Zambia to see if this mass
administration will yield a decrease in
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Roll Back Malaria: Roll Back Malaria is a global partnership comprising more than 500 foundations, organizations, and institutions from both
malaria-endemic countries and their supporters (14). Its overall strategy toward fighting malaria is outlined in the Global Malaria Action Plan, which
details goals to reduce malaria mortality and reach elimination, as well strategies and funding needs to reach those goals.
The Global Fund: The Global Fund to Fight AIDS, Tuberculosis, and Malaria is an international nonprofit organization founded in 2002 that has
since provided the equivalent of $8.8 billion for malaria programs in 97 countries. It has many partners, including the World Health Organization and Roll
Back Malaria (15).
Global Health Initiative: President Obama announced the Global Health Initiative in 2009 in an effort to address gender equity but also to
strengthen health systems, encourage partnerships, and promote research (16). The President’s Malaria Initiative is a core component.
The President’s Malaria Initiative (PMI): The President’s Malaria Initiative was established in 2005 with the goal to cut in half the number of
malaria cases in 70% of affected places in sub-Saharan Africa from 2000 to 2014 (17). New goals for 2015-2020 include cutting by 33% the malaria mortality rate in countries of focus (18). From 2000 baseline levels, these goals will result in an 80% reduction of mortality rates by 2020.
The World Health Organization (WHO): The World Health Organization provides Ministries of Health with antimalarial drugs and other
prevention methods, such as nets. They provide detailed annual reports on funding; vector control; use of treatments, nets, and diagnostic tests; and case
monitoring, among other data.
United States Agency for International Development (USAID): USAID is a U.S. government agency that supports a large spectrum of
international investments in humanitarianism. Its malaria programs support Roll Back Malaria’s Global Malaria Action Plan and the President’s Malaria
Initiative (19).
Malaria Consortium: The Malaria Consortium has been working against malaria since 2003. The non-profit organization, in collaboration with the
Global Fund, local governments, and the President’s Malaria Initiative in Uganda, distributed 10 million LLINs in 2013, trained 13,000 community health
workers, and diagnosed and treated over 1 million malaria cases (15). It is funded in part by Comic Relief, a funding source from the U.K.
PATH: PATH is an international non-profit organization that, through the Malaria Vaccine Initiative and The Malaria Control and Elimination Partnership
in Africa, collaborates with other partners to come up with innovative ways of developing and delivering malarial treatments and prevention measures,
from diagnostic tests to vaccines (12).
Worldwide Antimalarial Resistance Network (WWARN): The Worldwide Antimalarial Resistance Network aims to research antimalarial drug resistance and map its emergence on the world stage. It advocates investment in better surveillance methods and better tracking of the effects of
counterfeit or other ineffective drugs (20).
Center for Disease Control (CDC): The CDC helps set standards for malaria policies and also monitors these policies around the world. It collaborates with the World Health Organization, the President’s Malaria Initiative, and Roll Back Malaria (21). In the US, the CDC helps ensure that malaria
does not reemerge as a threat and informs travelers of the threat of malaria abroad.

malaria cases or a change in the genetics of
the parasite population (7). Hopefully, tests
such as this one will pave the way for the
most efficient distribution of treatments: will
administration decrease case counts most effectively if the drugs are distributed en mass,
by household if there is at least one infected
person, or on a case-by-case basis (7)?
We are so close yet still so far from
eliminating malaria as a global public health
threat. Complete elimination is a vision for
the future, but what we do now will have an
enormous impact on that future.

Serena Blacklow ‘17 is a sophomore.
References

[1] World Health Organization (2014). Malaria. Retrieved October 2014 from http://goo.gl/vekhxg
[2] World Health Organization (2013). World Malaria Report 2013. Retrieved October 2014 from
http://goo.gl/sC4rl9
[3] A.D.A.M. Medical Encyclopedia (2013). Malaria.
Retrieved October 2014 from http://goo.gl/Ns7dyI
[4] Bartoloni, A., et al. (2012). Mediterr. J. Hematol.
Infect Dis. 4(1).

05

[5] Achan, J., et al. (2011). Malaria Journal.
10(144).
[6] World Health Organization (2008). World Malaria Report 2008. Retrieved October 2014 from
http://goo.gl/yQp2QB
[7] Sarah Volkman (Principal Research Scientist,
Dept. of Immunology and Infectious Diseases,
Harvard School of Public Health; Director, Malaria
Diversity Project, Broad Institute) personal communication, October 16, 2014
[8] Centers for Disease Control and Prevention
(2014). Insecticide-Treated Bed Nets. Retrieved
October 2014 from http://goo.gl/Zdo8NU
[9] Global Malaria Programme. Insecticide-Treated Mosquito Nets: a WHO position statement.
Retrieved October 2014 from http://goo.gl/0OjlvS
[10] Toé, Kobié H., et al. (2014). Emerging Infectious Diseases. 20(10).
[11] Hedrick PW (2011). Heredity. 107(4): 283–304.
[12] Malaria Vaccine Initiative (2014). Malaria vaccine candidate reduces disease over 18 months
of follow-up in late-stage study of more than
15,000 infants and young children. Retrieved
October 2014 from http://goo.gl/doRz4h
[13] Cheers, Imani M. “How Cell Phones Are Helping Fight Malaria.” PBS NewsHour, Health. April
25, 2013. Retrieved October 2014 from http://goo.
gl/Fi4m7Y
[14] Roll Back Malaria (2014). RBM Mandate. Retrieved October 2014 fromhttp://goo.gl/nFM1N4
[15] The Global Fund to Fight AIDS, Tuberculosis
and Malaria (2014). Malaria. Retrieved October

2014 from http://goo.gl/dkQ8HE
[16] United States Department of Health and
Health Services. Global Health Initiative. Retrieved October 2014 from http://goo.gl/n7hVwZ
[17] President’s Malaria Initiative (2014). About.
Retrieved October 2014 from http://www.pmi.
gov/about
[18] President’s Malaria Initiative (2014). President’s Malaria Initiative Malaria Strategy 20152020 Draft for External Review. Retrieved October
2014 from http://goo.gl/kzkIxF
[19] USAID.gov: http://goo.gl/1ePX9n
[20] Worldwide Antimalarial Resistance Network
(2014). Our Work. Retrieved October 2014 from
http://www.wwarn.org/about-us/our-work
[21] Centers for Disease Control and Prevention
(2012). CDC’s Global Malaria Initiatives. Retrieved
October 2014 from http://goo.gl/7AcZAf
[22] Kaiser Family Foundation (2013). Estimated
Malaria Cases, 2012. Retrieved October 2014 from
http://goo.gl/4MTEUE
[23] Dondorp, A. M., et al. (2010). Nature Reviews
Microbiology. 8: 272-280.
[24] Rector and Visitors of the University of Virginia (2007). The Mosquito Net. Retrieved October
2014 from http://goo.gl/j6JwBI
[25] Malaria Consortium (2013). 2003-2013: a
decade in communicable disease control and
child health. Retrieved October 2014 from http://
goo.gl/K5R8nX

Harvard Science Review

Serena.indd 4

1/30/15 00:36

FEATURE ARTICLES

MONARCH BUTTERFLIES

AND THE PLIGHT OF MIGRATORY SPECIES
By Caitlin Andrews

E

ach year, on the last day of October, people in Mexico honor their
ancestors and deceased loved ones
during the holiday of Day of the Dead.
Over three days of celebration, they march
in parades wearing colorful masks and
costumes, build ornate altars, and decorate
gravestones with orange marigolds—gifts
to the departed. Everywhere, there is color,
and nowhere is this as true as in forests
of central Mexico, where, each year, the
holiday coincides with the arrival of millions of monarch butterflies. At the end
of a two month, nearly 3,000 mile journey
taking them from across the United States
and Canada to the same patch of Mexican forest each year, the monarchs have
always appeared with such regularity that
the local villagers have incorporated them
into their traditions. These butterflies, or
mariposas, the people say, are the souls of
departed loved ones descending from the
heavens and returning for a visit to Earth
(1).
Yet, in 2013, as Day of the Dead
came and passed, there was something
noticeably missing from the festivities. At
first, people assumed that the monarchs’
absence meant that there was simply a
delay in their migration cycle, since a
cold spring that year had prevented the
monarchs from returning to the north on
time (2). But, while 33 million monarchs
eventually arrived at their winter roosts in
the forest, this number paled in comparison with the astounding 60 million butterflies estimated in the 2012 migration
(3, 4). It was a record low both in terms
of population size and forest coverage,
with butterflies spanning only 1.5 acres, or
approximately half of the previous year’s
coverage. Most troubling of all, these
numbers merely lent support to a long-observed pattern of decline in the butterflies’
populations, suggesting that this was not
a matter of normal fluctuation but a sign
that there were serious threats facing the
monarch butterfly—an icon of Mexico’s

ecology and culture (2).

THE PLIGHT OF MIGRATORY
SPECIES

In the natural world, there are few sights
more breathtaking than the migration:
whether one is witnessing flocks of birds
navigating over the Appalachians, pods of
whales coming up for air on their tireless
journeys across oceans, or herds of zebras
traversing the African plains. When we
witness events like these, it is as if we are
temporarily immune to the problems of
our world. After all, it can be difficult to
associate these throngs of animals with
thoughts of endangered species or ecological destruction. However, we may be too
quick to assume that animals that come in
the thousands or millions, like monarch
butterflies, are not worth our time or in
need of protection. Recently, a group of
conservationists has been calling for a
reexamination of the threats to migratory
species.
This movement could not have
come at a better time, as migratory and
non-migratory species, alike, are facing
increasing pressures from a multitude of
sources, including habitat loss, urbanization, overexploitation, and climate change.
In some ways, migratory species are able
to reap the benefits of their mobility,
especially in light of rising global temperatures. As warm temperatures move
northward, it may be easier for migratory
species to shift their ranges in response,
while non-migratory species might find
it difficult to cover the necessary distances. However, migratory species also
face unique challenges as a result of their
lifestyles. First, climate change can disrupt
important signals that animals use to decide when to begin their migrations, such
as seasonal light and temperature changes
(5). Additionally, because they travel over
long distances, migratory animals often
pass through many different habitats;
thus, they may be more vulnerable to a

range of threats at each stop along the
way, while species with smaller ranges
are likely exposed to a more limited set
of dangers (6). Urbanization introduces
new obstacles, which can be physical
or chemical. On land, migration can be
severely impeded by fences and dams,
while marine and freshwater animals can
face salinity changes and chemical pollutants. These barriers not only act to slow or
prevent movement but can also cause serious injury and even death to animals who
come across them (7). Also, when animals
gather in large herds or flocks during their
migratory season, it is an open invitation
for hunters and poachers to exploit these
large assemblies for mass killings—and
quick profits (6).
However, perhaps the greatest
challenge facing migratory species is the
fact that, unlike humans, animals do not
recognize park boundaries or international
borders. Even if animals are protected
within a park or country, their migrations
will likely take them outside of these areas,
into territories where they may or may
not be safe. For example, American bison
frequently stray out of Yellowstone National Park during their winter migrations;
beyond the protection of the park, they

Figure 1: Monarch butterflies fill the skies,
trees, and ground with color when they
arrive in Mexico each fall, yet fewer and
fewer have been arriving each year. Image
from Wikipedia.
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may be killed by livestock herders, who
fear that the bison will transmit diseases
to their cattle (5). In some cases, it can be
difficult to determine who is responsible
for the protection of migratory species.
This is especially true for oceanic species, as
it can be unclear who “owns” the ocean and
has the duty and authority to lead marine
conservation efforts. More often than
not, however, the greatest issue is coordination. When a species migrates across
many borders, it can be difficult—if not
impossible—to get every country within
its range to cooperate, particularly if there
are preexisting political disputes between
them. Unfortunately, whenever politics
are involved, conservation is bound to be
pushed to the side (5).

“AN ENDANGERED PHENOMENON”: A REBRANDING OF CONSERVATION
Fortunately for the monarch butterflies and
other migratory animals, a new understanding of the plight of these species has
begun to take hold in the conservation
movement. These efforts have largely been
spearheaded by a group called The Convention on the Conservation of Migratory
Species of Wild Animals (“CMS”). Backed
by the United Nations, CMS states its
mission as bringing together “the States
through which migratory animals pass…
[and laying] the legal foundation for
internationally coordinated conservation
measures throughout a migratory range”
(8). CMS is the only global convention
focusing entirely on the conservation of
migratory species, and, since its establishment in 1979, it has made great strides
in uniting countries behind conservation
efforts. One of its greatest successes came
just recently, with the enactment of “The
Gorilla Agreement” in 2008. This legallybinding treaty was the first of its kind to
focus on issues of gorilla conservation
across all ten range nations, most notably
the Democratic Republic of Congo and
Rwanda. It was unclear whether these two
nations would be willing to put aside their
long-term political conflicts for the sake
of the gorillas, but they ultimately did, and
the agreement will ensure that all range nations agree to work toward improving the
conservation of these incredible animals
going forward (8).
Beyond issues of politics, there is
another issue that CMS and other orga-
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nizations must face, and that is an issue
of the image of migratory species. In his
article “Animal Migration: A Migratory
Phenomenon,” Princeton Professor David
Wilcove explains that migratory species,
like the monarch butterfly, may be on the
decline but are not necessarily “endangered” in terms of their overall numbers;
therefore, they are often overlooked by
conservationists, who tend to focus on animals facing imminent extinction. However,
Wilcove writes, “migration is fundamentally a phenomenon of abundance and must
be protected as such” (6). He advocates for
a rebranding of “endangered species” to
include a separate scale for migratory animals, in which species are ranked based on
patterns of population decline and habitat
loss, and not simply based on numbers. By
describing animal migration as an “endangered phenomenon,” Wilcove believes,
conservationists may begin to rethink what
it means for a species to be worth conserving today.

A RETURN TO MEXICO: THE HISTORY OF MONARCH BUTTERFLY
CONSERVATION
While the monarch butterfly is commonly
viewed as one of the most iconic migratory
species, the US, Canada, and Mexico have
failed to launch a unified effort to conserve
the habitats along the monarchs’ migratory
route. For many years, the majority of the
threats facing monarchs appeared to be in
Mexico, with illegal logging decimating the
pine and fir tree forests where the monarchs roost each winter (2). Tree coverage is
not only crucial for providing the monarchs
with places to roost, but it also keeps the
understory relatively warm and dry, which
is essential during winters in the high altitude Mexican forests (1, 2). Fortunately, in
the past decade, the Mexican government
has recognized the value of the monarch
butterfly, both ecologically and economically, as huge numbers of tourists flock to
Mexico to witness the arrival of the butterflies each year. Large-scale illegal logging
peaked in 2007 and has nearly become a
non-issue, so it is with great bewilderment
that Mexicans have continued to observe a
decline in the number of monarchs returning to the forests each winter (2).
The fact of the matter is that
Mexico can do all that it can to conserve
the monarchs, but, if the butterflies are
not protected along the rest of their 3,000

mile route, then a winter safe haven is just
that—a temporary, seasonal sanctuary. All
throughout the United States, monarchs
are facing a threat arguably more potent
than deforestation. In the Midwest in
particular, industrial farmers are using herbicides that kill all ground cover except for
their crops, which have built-in, engineered
immunity. As a result, the abundance of
milkweed—the plant that sustains newlyhatched monarch caterpillars—has drastically declined, with some states seeing as
much as a 90% reduction in milkweed (3).
Since 2000, farming has destroyed approximately 100 million acres of monarch
habitat in the Midwest, and this number is
only growing (2).
There have been some efforts
to replant milkweed in the US, but most
have failed. First, replanting is typically
a losing battle against the ever-growing
industrial farms that just end up spraying more herbicide each growing season.
Also, a campaign encouraging residents to
plant milkweed in their backyards ended
up backfiring when people began to plant
tropical varieties of milkweed. Because
these varieties persisted through the winter,
monarchs failed to recognize when it was
time to migrate south, and many populations faced devastating losses as the weather grew too cold (2). Other campaigns
have initiated citizen science projects for
monitoring monarch populations, but this
has only provided estimates of population
size—and, as of yet, no solutions (1).
It is unclear what lasting effects
decreasing populations will actually have
on the monarchs’ migration, but we can
only assume that, if current trends continue, the future of these butterflies and
the ecosystems they inhabit may be
grim. One of the most amazing aspects
of the monarch migration is that the
northward journey is undertaken by
four successive generations of butterflies, each of which completes one leg of
the trip. This means that the individuals making the journey south for the
winter are not the same butterflies
that previously roosted in Mexico.
So, how do they find their way to a
patch of forest that they have never been
to? Some hypothesize that these individuals use chemical signals left behind by their
predecessors. But, with fewer butterflies
leaving Mexico at the end of the winter,
there will be weaker signals left behind,
and the monarchs going to Mexico the
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next year may have trouble finding their way
without a strong signal to guide them home
(4).

TOWARD THE FUTURE

With the passing of another year and another Day of the Dead in Mexico, it remains to
be seen whether the monarch butterfly population has continued to dwindle. However,
it is important to remember that, even after
the monarchs have departed for their winter
roosts, our obligation to the monarchs—and
to Mexico—does not end. Even though the
monarchs only bring color to our backyards
for part of the year, it does not mean that
our responsibility leaves with them. We must
remember to hold up our end of the bargain
for the sake of the monarchs, and for the
sake of the communities and ecosystems all
along their migratory route.
The same holds true for other migratory species, both in the US and around
the world. While range countries, in particular, have a duty to protect the species that
pass through their land, the threats facing
migratory animals are not local issues. Climate change and many other environmental
problems are global threats, and, therefore,
are the responsibilities of all of us. We have
to ask ourselves what the world would look
like without great migrations. Would we
feel the same sense of awe at the sight of
a lone wildebeest crossing the African
plains or a single starling flying
overhead as we would if an entire
herd or flock of these animals
passed before us? How
colorless would our lives
become if schools of

salmon never made their upriver journey or
the monarchs never returned in springtime?
While this might seem a far-off fantasy, we
must protect these species now if we wish to
preserve these sights—not only for ourselves
but for future generations, as well.
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Cabot House concentrating in Organismic and Evolutionary Biology.
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FEATURE ARTICLES

MORTALITY AND MORALITY
THE ETHICS OF EBOLA

I

f not controlled within sixty days, the
United Nations warned recently, the
current Ebola outbreak will lead to an
unprecedented and unplanned situation
(1). Over the past year, the epidemic
has been building in three countries in
West Africa: Liberia, Guinea, and Sierra
Leone. Outside of public health circles,
the outbreak remained largely under the
radar until recently, seen as just another
bout of disease in a far-off land. Beginning in March 2014, twenty-three
deaths were attributed to a mysterious
hemorrhagic fever (2). It was not until
August that the World Health Organization (WHO) declared the outbreak
in West Africa an international public
health emergency, a full five months and
over three thousand deaths later (3).
Recently, the first cases of Ebola were
confirmed in the United States and Europe, as the death toll surpassed 4,000
in West Africa (2). When coupled with
a 70-90% mortality rate, the ominous
CDC prediction of 1.4 million cases by
January 2015 is a clear indication that
the world must act (2).
This outbreak has brought to light
many bioethical issues that are often
not considered until an epidemic occurs.
For example, much of the confusion
in the initial stages of Ebola resulted
from problems with the coordination
of efforts to combat the disease (3). In
a case like Ebola, we must ask which
agency should be responsible for leading
the international effort. Individually, the
CDC, WHO, or groups like Doctors
without Borders are unable to completely manage an epidemic of this scale (3).
Clearly, there is a need for coordinated
efforts by national governments, humanitarian aid organizations, pharmaceutical
groups, and public health agencies like
the CDC and WHO. However, this
raises more questions related to power
structure, ability to adjust to changing
circumstances, and unified efforts for
containment.
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By Jackson Allen
Secondly, the worldwide community
must examine why quarantine—typically the most effective method of stopping disease spread—was ineffective at
containing this epidemic. Ebola is not
an airborne illness; it is only spread by
contact with the blood or bodily fluids
of those suffering from the disease. Thus,
the outbreak should have been relatively easy to contain by isolating sick
individuals (2). Still-increasing death
tolls clearly demonstrate that something
went wrong with this response. Fear of
Western medicine, cultural differences,
and inadequate resources all contributed
to the unraveling of the situation in
West Africa. Though the problem here
is clear in hindsight, a better process for
controlling this type of outbreak has
eluded us thus far.
Finally, the world has recently seen the
rise of several experimental drugs for the
treatment of Ebola (4). The rush to produce an effective treatment raises many
ethical questions. And if the world’s
scientists were to find an effective treatment that is considered safe after very
limited human trials, it remains unclear
to whom the vaccine would be distributed, and how. Suggestions include vaccinating healthcare workers and military
personnel first (5). Other arguments can
be made that citizens of the affected
countries should be among the first
vaccinated. However, there are serious
ethical pitfalls with either route.

medical clinics are overrun by those
fearing foreign intervention and medical
practices that are not well explained or
understood (6). The violence and fear
accompanying the outbreak create a
very difficult environment in which to
manage an epidemic (7). The geography
of West Africa also makes widespread
quarantine efforts more difficult, as
rural villages often have no resources
for medical treatment, and people are
unable or too afraid to seek treatment
(3, 7). Doctors Without Borders, an
international humanitarian organization,
found that their resources to contain the
outbreak were wholly insufficient, even
after expanding their operations (7). As
the only available medical treatments for
Ebola focus on quarantine and giving
fluids, lack of supplies is clearly a major
problem. In
August, a

QUARANTINE

The primary public health procedures for treating a disease like Ebola
focus on quarantine, which requires
health care workers to isolate those
affected for up to a few weeks (2). This
is typically most effective in countries
where governments and public health
experts are able to take control swiftly
and without opposition. In the chaos of
this epidemic, however, quarantine has
been largely ineffective (2). Frequently,
Image from CDC.
1/30/15 00:46

Doctors Without Borders report noted, “It is
not currently possible to administer intravenous treatments” (7). The report also cited
lack of safety equipment and problems with
disposing of bodies as grave concerns for the
future (7). As a result, many medical triages
have been forced to shut down or drastically
reduce their ability to care for patients.
A swift response in the early stages of the
outbreak would likely have contained the virus while building trust among those living in
affected countries. But by now, the outbreak
is too large for quarantine alone to constitute
a sufficient response. Even so, the world must
continue its efforts to slow the spread of disease and save lives. The best method for doing so, however, remains unclear. Quarantine
enforced by military personnel is one
option, albeit one that would be
costly, slow, and likely to further
alienate the very people needing
treatment. The world is unlikely to support such action in
a sovereign country.
Other methods

of enforcing quarantine come with similar
problems. For example, humanitarian organizations lack the power and jurisdiction to
enforce quarantines. Additionally, containment efforts must not ignore the human side
of this epidemic. In light of reports that those
brought to medical centers often disappear
into quarantine and are never seen again, we
must place a high importance on communication with the families of those affected
(7). The Agence France-Presse put a face on
this aspect of the tragedy in a report from
outside a Red Cross clinic in Monrovia, the
capital of Liberia (7). A mother in the crowd
described her worst fears over her son in the
clinic: “We get no record from the authorities. They always say we should wait. I come
here every day. I want to see my son! Maybe
he is already dead” (7).

CHAIN OF COMMAND

Another serious problem with
the initial response to the
outbreak stems from
confusion over the

role of different leading health authorities.
The CDC, for example, was very active in the
initial stages of the epidemic but has since
taken a less active role as WHO and others
joined the fight against Ebola (3). For its part,
WHO was lackluster in its initial response
to the outbreak. “There’s no doubt we’ve not
been as quick and as powerful as we might
have been,” noted WHO Assistant Director
General Dr. Marie-Paule Kieny (3).
Budget cuts in recent years have forced
reallocation of emergency preparedness
funds to other WHO programs, limiting the
response of the primary health agency of the
United Nations, which recently estimated $1
billion would be necessary to stamp out the
disease in West Africa (7). Recently the epidemic response department of WHO, which
included anthropologists working to overcome cultural differences during outbreaks,
was closed due to lack of funding (3). Much
of the mistrust of Western
healthcare workers results from
the limited
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ability of the countries affected—primarily Guinea, Sierra Leone, and Liberia—to
contribute mightily to the containment
effort. As the world’s health needs vastly
outpace WHO funding, Director General
Dr. Margaret Chan has called on the countries affected to take primary responsibility for management of the outbreak (3).
WHO simply lacks the resources necessary
to take control in the manner the world
would like to see during an epidemic. This
problem becomes much graver when epidemics hit countries that cannot contribute
much to the public health response, as is
the case with Ebola. The entire annual
budget of Guinea, for example, is only $1.8
billion, less than WHO’s (8).

EXPERIMENTAL DRUGS

In the months since the first cases of
Ebola, the world has seen an incredibly
swift response from scientists rushing to
produce any potential vaccine. The leading
drug candidate, called ZMapp was rushed
into use before even beginning human
clinical safety trials with the FDA (5). The
first doses of ZMapp were given to two
American aid workers. The two Americans
recovered, as did two Liberian doctors
and a British nurse who also received the
experimental therapy. Two other patients
treated with ZMapp died from Ebola (5).
The release of this news provoked outrage
in both the West and in the countries
currently affected by the outbreak. Three
leading experts on Ebola, including Peter
Piot, co-discoverer of the virus, called for
the treatment to be given to patients in
West Africa, invoking notions of Western
insensitivity from many Africans on the
front lines of the outbreak (4). While the
decision to give the experimental drug
to Westerners first may seem questionable, the argument can also be made that
“experimenting” on African patients before
examining the safety of ZMapp is just as
slippery a slope. It would be tremendously
morally reprehensible to give it to underinformed citizens who lack knowledge of
the drug’s adverse side effects.
However, the use of ZMapp in a few
cases raises further ethical questions as
Mapp Biopharmaceuticals ramps up its
production capacity (9). As the world’s
supply of ZMapp is built up over the
coming months, a system for allocation of
the drug must be worked out. Healthcare
workers are most likely to receive ZMapp
first if they fall ill with Ebola, following
the logic that these people are vital if other
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patients are to continue being treated (4).
American military or government personnel would likely be very high on the list as
well, especially given that development of
ZMapp and other experimental treatments was partially funded by the National
Institutes of Health (9). Though supplies
of an experimental therapy would be very
limited, giving a working treatment to as
many people in Africa as possible represents the hope of building trust in Western
medicine in Liberia, Sierra Leone, and
Guinea. Though supplies of an experimental therapy would be very limited, there
could be tremendous benefit from treating
as many people in West Africa as possible.
Currently, the CDC estimates that Ebola
cases total two and a half times the official
figure (2). Demonstrating that doctors
can provide curative treatment could lead
to increased reporting of Ebola cases and
cooperation with efforts to quarantine
the sick. Then again, one must carefully
consider how people would react to the
knowledge that a very limited supply of
treatments exists.
In the near future, modern science will
likely produce therapies to combat the
Ebola virus. Soon after will come the arguments for and against every conceivable
group receiving treatment first. Doing so
invokes parallels to Seattle’s “God committee,” which in the 1960s infamously
used social criteria like church membership
and earnings to justify the distribution of
extremely limited kidney dialysis treatments to terminally ill patients at Seattle’s
Swedish Hospital (2).

THE FUTURE

The future for this year’s Ebola outbreak
is foreboding, but the challenge of containment is not insurmountable. Recently,
WHO reported to the United Nations that
drastic changes to the worldwide response
must be seen within sixty days, or the
world may “face an entirely unprecedented
situation for which we do not have a plan”
(1). The epidemic could grow to 10,000
new cases per week (1). The death rate has
also risen simultaneously and may continue
to climb as the infrastructure for providing
medical care becomes overwhelmed (1).
In the coming months, the world’s
scientists, humanitarian organizations, and
leaders must find ways to shift the tide of
the epidemic. This response must primarily
focus on new treatments, safety procedures,
and the expansion of access to medical
care in West Africa. The world’s efforts
will focus entirely on reducing R0, or the

basic reproduction number, associated with
the Ebola virus. The current R0 indicates
that a contagious person can infect about
two new people with Ebola (10). Bringing R0 below one new person per infected
individual will cause the disease to die out
(10). This can be accomplished through
treatments, vaccines, quarantine, sanitation,
as well as other factors.
Yet, in these efforts to combat the
outbreak, the world must not lose sight
of ethical principles. Bringing the ethical
issues of an epidemic to public discourse
is crucial to our management of outbreaks.
With all of the resources the developed
world can—and presumably will—bring to
bear on Ebola, we cannot ignore the common responsibility to do our best to assist
those in need. Lackluster responses to even
the first Ebola deaths in Africa have been
the greatest ethical pitfall of the outbreak
thus far. Looking toward the future, it is
imperative that the worldwide response
avoids repeating mistakes already made
and works to overcome dilemmas already
foreseen.

Jackson Allen ‘18 is currently a freshman.
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FEAR VS.
FACT
“It just
seemed
like it was
impossible,”
said Kathryn
Riffenburg,
a resident of
nearby Chicopee,
Massachusetts.
“We went from sitting in the hospital
day by day, waiting
for him to get better
for almost two weeks,
to doctors telling us
we had a 50/50 chance
he was going to make
it.” Two years ago, “he”
was Brady Riffenburg —
Kathryn’s newborn son
who, at the beginning of
his 9-week life, was born
healthy. But soon after birth,
Brady contracted whooping
cough, a disease named after
the uncontrollable coughing fits
it gives those afflicted with the
disease, preventing them from
breathing. Complications are even
more serious, ranging from brain
swelling to seizures. When Brady
succumbed to the disease, the disease
caused swelling so severe that he was
unrecognizable; his body was so ravaged by the disease that Kathryn chose
to have a closed casket funeral (1).
Yet Brady’s tragic death could
have been easily prevented. In fact, a
vaccine that Kathryn could have gotten
during pregnancy would likely have saved
Brady’s life. Unfortunately, what happened
to the Riffenburgs is becoming increasingly
more common today, as vaccine rates for
preventable diseases are dropping. For example,
new measles cases in the United States tripled
Image courtesy of Wikimedia Commons
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The Modern
Anti-Vaccination
Movement
by Brendan Pease

in 2013, with outbreaks in eight distinct communities (2). California had 14,921 kindergartners this year who were not vaccinated because
of their parents’ beliefs, the highest number of
any state. From January to March this year, there
were 49 reported cases of measles in California; over the same time period in 2013, there
were four (1). Estimates on preventable deaths
caused by low vaccination rates vary greatly, but
many hover at around 1,000 per year, a rate that
most agree is currently increasing (3). As more
and more Americans forego vaccinating their
children, is there any scientific basis to the claims
that vaccines are harmful?
Vaccines: An Overview
In short, no. Vaccines work in a simple and
elegant way. When humans get sick, our immune
systems recognize the bacteria or viruses causing
the disease and produce proteins called antibodies. In addition to helping the immune system
kill the foreign invaders, antibodies remain in
our blood and will recognize and quickly destroy
foreign invaders before they have a chance to
invade further and cause sickness. The role of
a vaccine is to introduce a weakened or dead
pathogen so that our immune system can create
antibodies without getting sick in the first place.
Getting vaccinated and getting sick produce the
same antibodies for each disease; vaccines simply
prevent us from having to experience the disease
in the first place. This is especially important for
diseases with high mortality that our bodies cannot combat effectively if we do not already have
immunity to them. If enough people within a
population get vaccinated, they are considered to
have “herd immunity,” because the disease cannot
spread if so many people are immune (4).
Contrary to popular belief, vaccines have been
around far longer than most of modern medicine.
According to HistoryOfVaccines.org, a project
by the College of Physicians of Philadelphia,
there is evidence of smallpox inoculation occurring as early as 1000 CE in China. HowHarvard Science Review
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Figure 1: Miner’s children being given a pre-school examination and a
smallpox vaccination. Image courtesy of Wikimedia Commons.
ever, vaccines did not become prevalent
until Edward Jenners first used cowpox
material to confer smallpox immunity in
1796. Two centuries later, small pox was
eradicated in the 1970s using the same
scientific principle, albeit with some minor modifications. The number of vaccines
burgeoned in the early and mid-1900s as
biologists gained more knowledge about
the DNA structure and various microbiological mechanisms (5). Today, the CDC
recommends that children get vaccines to
cover 16 different diseases, from Hepatitis
A to Tetanus (4).
Although vaccines are overwhelmingly
helpful for human health, they are not
entirely without their flaws. As the CDC
states on their website, “Like any medication, vaccines, can cause side effects. The
most common side effects are mild. On
the other hand, many vaccine-preventable
disease symptoms can be serious, or even
deadly.” (4). However, these side effects
are so rare that they are vastly outweighed
by their benefits to public health. These
risks are also mitigated by guidelines set
by the CDC that dictate who should
not get vaccinated — namely, those who
are on immunosuppressive drugs, are
not feeling well, or are allergic to ingredients of the vaccine (4). Vaccines are
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also remarkably safer than they were 50
years ago, with adverse reactions and side
effects becoming increasingly rare (2). In
summation, the benefits of vaccination far
outweigh the rare drawbacks.
The Anti-Vaccination
Movement
Opposition to vaccines is nothing
new; there are records of people harassing smallpox inoculators in the 1700s (5).
However, the modern anti-vaccination
movement has its origins in a study
published in The Lancet, a highly influential peer-reviewed medical journal,
in 1998. The study, “Ileal-lymphoidnodular hyperplasia, non-specific colitis,
and pervasive developmental disorder
in children,” suggests a link between the
measles, mumps, and rubella (MMR)
vaccine and autism. Following a sample
of 12 children, 11 of whom were boys, the
study concluded that “onset of [autism]
behavioral symptoms was associated, by
the parents, with measles, mumps, and
rubella vaccination in eight of the 12 children, with measles infection in one child,
and otitis media in another” (6). The study
was widely criticized as being “filled with
false and fraudulent data,” and was fully

redacted in 2010 (2).
But once the study was published in
the first place, the damage was already
done. Vaccination rates plummeted,
especially in the United Kingdom and
the United States, and have stayed lower
ever since, as anti-vaccination activists continue to cite the infamous study.
After over a decade of lower vaccination
rates, the damage to human health is
evident. For example, in 2010, there were
nearly 10,000 cases of whooping cough
in California alone, “causing the deaths of
10 infants under the age of 1 – the most
in the state since 1947” (2). From 2007 to
2014, over 100,000 people have caught
preventable illnesses that have widelyavailable vaccines (3). Decades of progress
in vaccine research has been nullified by
anti-vaccination advocacy based largely on
a redacted scientific study.
So if the anti-vaccination movement
does not have science behind it, how
exactly does it spread? One factor behind
the spread of the movement is that several
celebrities have participated in anti-vaccine activism. These celebrities include a
number of actors, including Rob Schneider, who campaigned against a bill in
California that would have made it harder
to get personal exemptions from vaccine
requirements (7). Another infamous antivaccine activist is Jenny McCarthy, who
co-hosted the View for one season and
spread her anti-vaccine views through the
show; she has since backpedaled on some
of her views (8). Another reason that the
movement is able to persuade parents is
because it uses a lot of fear-mongering
and scare tactics to frighten parents into
not vaccinating their children. These tactics range from blatant fact denial and bad
science to naming ingredients in vaccines
that seem harmful and unnatural to those
without a scientific background (9).
These scare tactics are apparent on
VacTruth.com, a popular anti-vaccination
website with over 58,000 likes on Facebook. The website was founded in 2009
by Jeffry Aufderheide, whose first son
stopped reaching developmental milestones around the time he was vaccinated.
One page of the website lists ingredients
of vaccines such as “monkey kidney tissue” and “mouse brain,” taking advantage
of the “ick” factor of animal brains and
kidneys rather than discussing the science
behind the ingredients. Package inserts—
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the pages of information listing possible
rare side effects and ingredients that
often come with vaccines—are viewed as
evidence that vaccines are unsafe, despite
the fact that all medications have similar
warnings. Headlines under the News section include, “Boy Gets Diagnosed with
Autism After 32 Shots,” “The CDC: A
Truly Corrupt and Dangerous Organization,” and “The Scary Truth About the
New York City Flu Mandate.” People
who support vaccination are labeled “vaccine pushers,” and scientists and CDC
workers are referred to as “liars” and “evil”
(10). In essence, many anti-vaccination
sites such as VacTruth.com gain followers through fear mongering rather than
reason.

that vaccines are safe and natural—have
gained traction online. Other websites
target those who are anti-vaccination
and provide support for people who were
once against vaccinating but whose views
have changed. For instance, the website
voicesforvaccines.org cites scientific studies that prove the efficacy of vaccines and
has posts written by parents who used to
be anti-vaccination. In her post “Leaving
the Anti-Vaccine Movement,” Megan
Sandlin addresses the intense backlash
she got from friends when she became
pro-vaccine, saying that she lost friends
and was told that her daughters were going to get autism (9). Though the internet
has allowed anti-vaccine communities to
grow, it has also given rise to pro-vaccine
websites and communities for newly proThe Pro-Vaccination Response vaccine parents.
In addition, celebrities who oppose
Although the anti-vaccination
vaccination are commonly called out
movement continues to grow, efforts
for their false and damaging beliefs and
to convince parents to vaccinate their
will occasionally face professional consechildren have also increased. Websites
quences. State Farm recently dropped an
like historyofvaccines.org—that are run
ad campaign in September that featured
by physicians and seek to convince people actor and anti-vaccination activist Rob
Schneider (7). When it was
announced that Jenny McCarthy, who re-popularized
the claim that vaccines
cause autism, would co-host
the seventeenth season of
The View, a pro-vaccination
website with statistics on
how many people have died
from preventable illnesses
was created at the domain
JennyMcCarthyBodyCount.com (3). Despite the
fact that fewer parents are
vaccinating their children,
the vast majority of Americans thankfully continue
to believe that vaccines
help human health; thus,
advocating against vaccines
remains socially and politically unpopular.
Yet despite pro-vaccination efforts, vaccination
rates are still decreasing. So
what can be done to ensure
that further outbreaks of
Figure 2: Anti-vaccine movement activist, Jenny Mcdiseases such as measles and
Carthy, has been an influental supporter through her
rubella do not occur? From
presence on the View. Image courtesy of Wikimedia
a policy standpoint, states
Commons.
could lower the number

of vaccine exemptions they give. Currently, 19 states allow certain children
to be exempt from vaccine requirements
due to their parents’ beliefs (2). However,
eliminating or reducing these exemptions
could be viewed as excessive government
intervention in medical care, potentially
making these efforts politically unpopular. The simplest way to raise vaccination
rates is to continue awareness campaigns
so that anti-vaccination celebrity activists will lose their influence. At times, it
can be difficult to argue and engage with
people who ignore scientific consensus
and use incendiary rhetoric; however, the
most convincing pro-vaccination efforts
have not stooped to ad hominem attacks.
To raise vaccination rates, the scientific
community must ultimately do what it
does best: remain objective and offer recommendations based on well-tested facts.

Brendan Pease ‘17 is a Molecular
and Cellular Biology concentrator in
Kirkland House.
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SLIME MOLD

The Small, Ugly, and
Extraordinary
By Tristan Wang

S

lime molds are some of the world’s ancient mysteries. From the
independent unicellular amoeba to the cooperation of many
individuals, these globs of ooze share biological functions that
few other species or even kingdoms exhibit. Even though they are
not seen conspicuously in our day-to-day lives, slime molds may hold
the key to understanding fundamental problems in biology, such as
spatial memory and altruism, through their social behavior.

OVERVIEW OF MYCETOZOA

Historically, scientists have not had much luck in classifying these
mysterious critters. Animal biologists liked to point out the animalistic behavior of these slug-like creatures, while plant enthusiasts noted
their stalk-like structures. Mycologists, in the meantime, argued
that the root-like arms of feeding slime molds resembled a feeding
fungus—an argument that eventually positioned the slime molds at
the base of the fungal lineage (1).
Nowadays, scientists have classified these creatures under the
infraphylum of Mycetozoa within the kingdom of Amoebozoa — or
amoebas — which are commonly known to be tiny slug-like creatures that move via the flow of internal fluids within cells, a process
called cytoplasmic flow (1). For easier classification, Amoebozoa is
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Mycetozoa from Ernst Haeckel’s 1904 Kunstformen der Natur. Image from Wikipedia.
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often referred to as a part of the kingdom
of protists, a group that excludes fungi,
plants, and animals. Within Mycetozoa,
slime molds are further categorized into
two main groups: cellular (dictyostelic)
and plasmodial (myxogastric) slime molds.
Plasmodial slime molds live most of
their lives as masses of protoplasm, a form
of slime that crawls around before finding a suitable food substrate, like bacteria
or other organic matter (2). Often, these
masses of slime can be found in cool,
moist areas, but, during reproduction, they
move to a more open location where their
spores can be carried by the wind (2). Cellular slime molds, on the other hand, live
mostly as independent amoebas that feed
until there is an external stimulus, such as
a change in environment or food source,
which prompts the individual amoebas to
congregate into a slug-like form (2). This
mass of cells ultimately forms a stalk with
a clump of spores sitting on top, where
they can released into the air (2).

PLASMODIAL SLIME MOLDS AND
NAVIGATION

One of the most fascinating abilities of
slime molds is their ability to solve mazes.
There are several well-known videos attesting to the mold’s ability to not only
navigate labyrinths but also find the most
efficient route from the entrance to the
exit (3). From this, it is not too far of a
leap to find a use for these critters. Scientists have applied the mold’s ability to
organize itself to model the shortest distance between city train stations, using a
miniaturized model with oatmeal flakes to
represent train stops (4). Simulations like
these show that the shape in which the
slime mold organizes its protoplasm often
resembles actual railway networks (4).

Behind this phenomenon of connecting different parts of slime molds is the
process of shuttling nutrients around the
protoplasm called cytoplasmic streaming (5). These protoplasmic connections
allow efficient transportation between food
sources and growing parts of the organism
(5). In addition, scientists have explored
the processes that occur during movement
of slime molds. According to a paper in
the Proceedings of the National Academy
of Sciences, a slime mold’s plasmodium is
made up of individual “oscillating units”
that are influenced by external stimuli
from neighboring units and the environment (6). When food is detected by recep-

tor molecules, the cell membrane closest
to the food allows cytoplasm to flow into
that area of the attractant (6). As a result,
it looks like the slime mold is growing
towards a specific location.
Even more interesting is the ability of
slime mold to find its way to food sources,
a phenomenon known as “spatial memory,”
which is often only associated with organisms with higher mental capacities. When
slime molds move, they leave behind a
mass of extracellular slime that contains
distinctive sugar polymers (6). Slime
molds have been shown to be very repulsed by the slime they produce, thereby
allowing the individual organisms to mark
the territory that they have already traveled through (6). It has been theorized
that this rudimentary spatial memory is
the predecessor to the more sophisticated
memory of other organisms (6).

CELLULAR SLIME MOLD AND
ALTRUISM

Altruism is selfless concern for others
over concerns for oneself. In biology, however, this practice is rarely found outside
of animals. Currently, it is thought that
motives for altruism either involve selection for closely related kin (much like how
worker bees work for the queen bee) or
the expectation of reciprocation from the
benefiting party (7).
When reproduction occurs in cellular slime molds, some individuals of the
population must create a stalk that holds a
mass of spores for dispersal (2). While the
spores on top get the opportunity to reproduce, the individual amoebas that create
the stalk die and do not get the chance to
pass on their genes (2). However, in biology, there is always a catch.
One study that looked at pure cultures of
cellular slime molds and their reproduction
found that combinations of less related
slime molds created a much smaller stalk
relative to the spore capsule than did pure
cultures of either variety (8). These results
imply that when populations of differing
slime molds encounter each other, neither
invests heavily in a needed structure (9).
Indeed, some studies have even noted
that cheating occurs with coexisting slime
molds. “Cheater” cultures may sometimes
invest a smaller portion of cells to the
formation of the stalk when cooperating
with other populations (7). As a result,
these unfair cultures are in an evolutionarily more advantageous position in terms
of reproductive advantage. Exactly how

can a system of altruism still exist when
there is an unfair advantage? It has been
shown that, when this trend of cheating is
allowed to occur, it leads to the development of slime molds with and without
stalks (7). When both populations coexist,
the stalk-less slime mold takes advantage
of the stalked population, but the stalk-less
population cannot persist on its own, while
the stalked population can (7). Thus, in a
sense, nature punishes cheaters.

CONCLUSION

The study of slime molds has revealed
these organisms to be not just a mass of
slime on the forest floor but very charismatic organisms that are able to solve
mazes, modeling city planning. Not only
do slime molds play an integral part of
our ecology, but their social behavior also
provides important insight into the inner
workings of communication, movement,
and altruism. At least in biology, slime
molds are truly extraordinary.

Tristan Wang ‘16 is an Organismic
and Evolutionary Biology concentrator in Kirkland House.
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SHALE GAS
The Future of Energy Production?
By Eleni Apostolatos

S

cience classes introduce us to the rather abstract concept
of energy—a system’s ability to do work. The world’s
current energy dependency proves the basis of this physical fact; from charging our phones to powering our hospitals,
energy drives humans’ daily activities. Regardless of where in
the globe we stand, we all need energy to do work.
Energy use has increased considerably over the past decades,
and it is predicted to continue escalating in years to come. With
global warming on the radar, the stakes for finding environmentally clean sources have never been higher. One energy
source in particular has captured the attention of the energy
sector and has recently surged in popularity: shale gas. However, the scientific community and environmentalists alike remain
divided on many key aspects of the energy source. Is shale gas
the future of energy production, or is it a hazardous energy
source that is not clean or safe enough for the future?

SHALE GAS: THE BASICS

Shale gas is a natural gas that is found within a special form
of sedimentary rock termed shale rock. Sedimentary rocks
result from the gradual buildup of rich organic matter at the
Earth’s surface over time; these rocks contain large deposits of
natural gas trapped within them. Unlike common sedimentary
rocks, like sandstones and limestones, shale rocks have extremely low permeability; in other words, they restrict outward gas
flow. Shale gas is thus considered an unconventional gas.
Unconventional gas was previously deemed unproductive and
expensive due to the number of wells that accessing a section
of sedimentary rock required. Over the past six decades, two
methods to obtain shale gas have resulted in the more efficient
release of the firmly contained gas: horizontal drilling and
hydraulic fracturing.
Horizontal drilling, as its name suggests, consists of the
90-degree turn of drill bits to drill into the rocks. It is effective
by permitting contact with greater lengths of shale without
demanding as many wells (1). The second method, hydraulic
fracturing, is a more elaborate and controversial process. Also
known as fracking, hydraulic fracturing ruptures shale rocks
by forcing thousands or millions of gallons of water and other
fluids into the shale formations. Sand and other chemicals
are then immediately pumped into the openings to prevent
the fractures from closing. The released gas flows out of the
well—its path determined by whether the wells were drilled
horizontally, vertically, or directionally—and is used to generate
energy. The combination of fracking with horizontal drilling
is generally most efficient, as it makes previously unproductive
rock units prolific sources of energy.
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Figure 2: Resource estimates from around the world have been compiled by the US Energy Information Administration. Image
from eia.gov (4).
Like all fossil fuels, shale gas is mostly
composed of hydrocarbons, or carbonhydrogen bonds. When fossil fuels are
burned, the combustion reaction converts hydrocarbon molecules into carbon
dioxide, water, and heat. The formation
of these new bonds results in an output
of energy that can then be expended for
other purposes, while carbon dioxide
typically dissipates into the air.
So how clean is the combustion of shale
gas? Many environmentalists prefer natural gas to other fossil fuels, namely coal or
oil, because it emits less carbon dioxide.
Daniel P. Schrag, the Sturgis Hooper
Professor of Geology and Professor of
Environmental Science and Engineering
at Harvard University, writes: “Natural
gas has roughly half the carbon content
of the average coal per unit energy, thus
producing half as much carbon dioxide
when combusted for heat or electricity.”
He claims that “burning natural gas. . .
results in a reduction in carbon dioxide
emissions of nearly a factor of three” (2).
Additionally, unlike other fossil fuels,
such as oil, natural gas requires minimal
processing in its preparation for use.

NATURAL GAS BY THE TRENDS

As global energy demand has grown

through the years, the world has become
increasingly reliant on natural gas. Global
natural gas consumption has quadrupled
from 23 trillion cubic feet (Tcf ) in 1965
to a whopping 104 Tcf in 2009. The rise
of natural gas outpaced the global rise in
energy consumption; the proportion of
global energy consumption that derives
from natural gas rose from 15.6% in 1965
to 24% today. In a study on natural gas
released by the MIT Energy Initiative
in 2011, researchers found that “over the
past half century, natural gas has gained
market share on an almost continuous
basis” (3).
One factor contributing to the rise
of shale gas is its availability in many
countries with high energy demands.
Indeed, rock formations across the world
provide the reserves necessary to support
a continued reliance on natural gas use.
In mid-2013, the United States Energy
Information Administration (EIA)
released an assessment of global shale gas
resources, reporting that the estimated
shale gas reserves in the U.S. and 41 other
countries add up to 32% of the world’s
recoverable natural gas resources (4). Of
the countries analyzed for the purposes of
the report, China, Argentina, Algeria, the
U.S., and Canada rank as the five with the

most shale gas reserves; North America has the most supply, with the U.S.,
Canada, and Mexico all leveling high.
According to MIT’s report, the
increased use of natural gas around the
globe is attributed to it being “one of the
most cost-effective means by which to
maintain energy supplies while reducing
CO2 emissions. In a carbon-constrained
economy, the relative importance of natural gas is likely to increase even further”
(3). With the wide availability of shale
gas, there is great potential for a transition to natural gas.

Figure 1: Geographically diverse regions from around the world have shale
resources which can be recovered as
reported by the US Energy Information
Administration. (16)
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CRITICISMS OF SHALE GAS

However, the hard data on carbon dioxide emissions and worldwide trends do
not tell the whole story of shale gas; some
residents near fracking sites have claimed
that the chemicals used in the process are
contaminating their water and soil. In contrast to common assumptions, natural gas
isn’t the main subject of controversy—the
handling of natural gas is. Most concerns
relate to the chemicals used in fracking,
which can contaminate underground
aquifers, polluting water and leaking into
places where human activity is likely.
Additionally, the contact of these toxic
chemicals with fish or farming areas can
prove damaging, as unknown and possibly
harmful substances can enter the food
chain (5). The wastewater produced, which
is around 30-50% of the initial fracking
fluid, can be radioactive depending on the
chemicals that are injected into the rock
formations (6). Many times, the composition of the fracturing fluids is kept hidden
by companies that do not want to disclose
this knowledge due to competitiveness (5).
For example, consider the experiences
of Pam Judy, a resident of Carmichaels,
Pennyslvania, who claims that shale gas
operations near her home polluted her water and property with dangerous chemicals.
Judy noticed that, after activity began on
a shale gas compressor station built 780
feet from her family’s house, they began
to suffer from “extreme headaches, runny
noses, sore/scratchy throats, muscle aches
and a constant feeling of fatigue.” She tells
of her two children’s nose bleeds and her
own “dizziness, vomiting and vertigo to
the point that [she] couldn’t stand and was
taken to an emergency room.” Her daughter commented that, at times, she felt as
though she had “cement in her bones” (7).
To understand these symptoms, Judy
performed blood and urine tests, which
revealed that her body contained “measurable levels of benzene and phenol.” She
then convinced the Pennsylvania Data
Execution Prevention (DEP) to perform
air quality studies of the organic compounds found in her yard. After a 24 hour
canister air sampling of four days, the
results verified the presence of “16 chemicals including benzene, styrene, toluene,
xylene, hexane, heptane, acetone, acrolein,
propene, carbon tetrachloride and chloromethane to name a few” (7).
A number of residents near sites handling shale gas are alarmed; many have
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Figure 3: US natural gas production comes from a number of different sources as reported by the US Energy Information Administration. Image from eia.gov.
experienced symptoms similar to the ones
Judy’s family has suffered from, and others
claim to be in more alarming situations.
Even though it is complicated to prove
causality in these cases, the conditions are
strange and dangerous enough to require
further analysis that protesters in different areas of the world have already begun
demanding action—with “Fracktivists”
having organized rallies like these in the
United Kingdom, Romania, France, and
Spain (8).
In response to wastewater, John H.
Quigley, previous secretary of Pennsylvania’s Department of Conservation and
Natural Resources, declared, “In shifting
away from coal and toward natural gas,
we’re trying for cleaner air, but we’re producing massive amounts of toxic wastewater with salts and naturally occurring
radioactive materials, and it’s not clear
we have a plan for properly handling this
waste” (5). In the past, companies have
disposed of the wastewater by keeping it
stored in wells under impermeable rock or
isolated basins, leaving it out to evaporate,
or simply filtrating it to later dump it into
the sea. The risk for leaks is very high and,
according to some confidential studies by
the United States Environmental Protection Agency (EPA) and the drilling

industry, “radioactivity in drilling waste
cannot be fully diluted in rivers and other
waterways”(5).
Another concern with the fracking of
shale gas is that methane gas can inadvertently escape during the extraction and
transfer of shale gas. Shale gas contains
high levels of methane gas, and methane
leaks can be disastrous—as it is 10 times
more potent as a climate-altering agent
than carbon dioxide (6). Scientists at Cornell University investigated this question,
considering the methane emissions in the
production, distribution, and consumption of natural gas. They conclude that the
production of shale gas causes methane to
leak at as much as twice the rate of conventional gas wells (2). They explain that
the leak is a result of the completion phase
that finalizes fracking.
On the other hand, a number of tests
managed by the EPA and the Ground
Water Protection Council (GWPC) “have
confirmed no direct link between hydraulic fracturing operations and groundwater
contamination” (9). Additionally, an indepth study conducted by MIT concluded
that, “with 20,000 shale wells drilled in the
last 10 years, the environmental record of
shale-gas development is for the most part
a good one” (10).
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Different studies often provide conflicting results and conclusions. Some say that
wastewater from fracking can contaminate
water supplies easily and cause devastating
medical effects, while others argue that the
process is safe and that claims of pollution
are a result of fear-mongering and defective
science. Most argue more research must be
done before an accurate judgment on the
safety of fracking can be made. According
to Durham University geoscientist Professor
Andrew Aplin, “We need more data before
we can decide whether shale gas could, or
should, be part of our energy mix” (11).
While some countries and regions agree
with this logic and have placed a moratorium on fracking, others have already given
shale gas the pass and have adapted procedures and regulations as more tests are being
performed.

THE FUTURE OF SHALE GAS

The discovery of large shale gas reservoirs
has prompted some to refer to North America as “the next Middle East” (12); the U.S.’s
leadership as the innovative producer of
shale gas in recent years has established it as
a possible catalyzer for global energy change.
The University of Pennsylvania’s Wharton School published the statement, “U.S.
companies have sparked a shale gas revolution: U.S. shale gas production climbed from
virtually zero in 2000 to a level where it is
contributing a quarter of U.S. natural gas
today” (13). The Wharton School’s claim
was made in 2012. Over a third of natural
gas consumed by the U.S. now consists of
shale gas—and the transition into natural
gas is anticipated to continue (14).
The U.S. has a number of major shale
plays, including the Eagle Ford Play, which
runs 400 miles from Southwest Texas to
East Texas; the Bakken Shale Play in the
Williston Basin, around the Montana and
North Dakota area; and the Marcellus Shale
Play, in West Virginia and Pennsylvania,
which in July was recorded to account for
40% of the U.S. shale gas production (15).
Judy’s personal anecdote refers to shale gas
handling in the latter region.
In its Annual Energy Outlook 2014
projections report, the EIA estimates that
the U.S.’s total natural gas consumption will
increase from 25.6 trillion cubic feet (Tcf )
in 2012 to 31.6 TcF in 2040. Along with
consuming a greater amount of natural gas,
the U.S. is also estimated to become a net
exporter due to “production [levels growing]
faster than use” (15). Projections indicate

that the U.S. will go from being a net importer of 1.5 TcF of natural gas in 2012 to a
net exporter of 5.8 TcF by 2040, with 56%
of the increase in natural gas production
resulting from the growing development of
shale gas. According to the EIA, “Shale gas
provides the largest supply of growth in U.S.
natural gas supply” (16).
Through its greater reliance on natural
gas and its shale gas initiatives, the U.S. has
already begun prompting other countries
to venture into shale gas drilling; about a
dozen countries have performed experimental tests on shale gas wells, and some, such
as Canada and China, have already begun to
register commercial production of shale gas
(17).
“The role of natural gas in the world is
likely to continue to expand under almost
all circumstances, as a result of its availability, its utility and its comparatively low
cost,” predicts MIT’s report (3). KPMG
International Cooperative, a Swiss entity,
reiterates the same point in one of their
publications on global energy use: “Shale gas
has the potential to turn the world’s energy
industry on its head. It’s abundant. It’s
cheap. It burns cleaner than fossil fuels. And
it’s being found almost everywhere” (18).
Even though it is still early to declare with
full certainty that shale gas will have larger
stakes in global energy production in future
years, it is safe to say that it has the potential
to promote a new trend and revolutionize
the energy industry. As more studies are
still aiming to confirm shale gas’s benefits
and ensure that properly-regulated production will not lead to negative environmental
consequences, their results will be crucial in
determining shale gas’s presence in the near
and far future.

Eleni Apostolatos ‘18 is currently a
freshman in Greenough Hall.
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GENERAL ARTICLES

CHIMERAS
AND THE
MAKING
OF HUMAN
ORGANS
by Francisco Galdos
Figure 1: Chimeric mouse and
pups. Image from Wikipedia.

F

or centuries, humans have marveled
at the ancient myths of chimeras—
from Homeric references to half
lion-half goat beasts, to Kafka’s frightening tale of the metamorphosis of a man
into an insect, and to the ancient Greek
legend of the horse Pegasus, whose
winged horse body allowed the hero
Bellerophon to kill the wretched chimera (ironic, since Pegasus himself was
a chimeric animal!). Indeed, if one looks
at animals in nature, it does not seem all
that unreasonable to believe that similarities between animals could indeed make
way for fantastic chimeric beasts such as
Homer’s chimera. Those very similarities
between species was what eventually led
Charles Darwin to draft his own theory
of evolution, and it is how evolutionary
biologists today are able to find molecular
evidence towards identifying common
ancestors of various species.
In biology, the term “chimera” refers to
an individual that has cells or tissues from
a different individual. Today, even human
chimeras exist. Patients with failing heart
valves often have their human valves
replaced by pig valves, a process known as
xenotransplantation (1). For patients with
failing organs, scientists and physicians
have even proposed to go a step further
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toward transplanting whole organs from
pigs into humans with organ failure. A
wide range of complications comes with
this idea, however. For one, even transplants between genetically non-identical
humans pose risks of organ rejection by
the immune system, so having transplants
between species has an even greater risk
of immune rejection According to the
United States Organ Procurement and
Transplantation Network, more than
123,000 men, women, and children currently need lifesaving transplants, with
another name being added to the list every 10 minutes. Moreover, organ demand
surpasses organ availability, putting at
risk the lives of many patients in need of
these lifesaving organs (2).
With the rise of the era of regenerative
medicine, scientists have begun to ask
questions as to whether it will be possible
to use a patient’s own cells to regenerate
entire organs. In 2006, Nobel Prize winner Shinya Yamanaka discovered a way to
make pluripotent stem cells from differentiated cells, enabling scientists to use a
patient’s own adult cells to make pluripotent cells that can differentiate into any
cell of the body (3). With the rise of this
technology, scientists have begun exploring the possibility of generating entire

organs for transplantation, a task that
aims to recapitulate the way the body
makes our organs during embryonic development. With this goal in mind, however, Hiro Nakauchi’s group at Stanford
University is taking a different approach
from trying to build organs outside of
the context of normal development. Each
organ in the body fulfills a particular role
and develops within a highly regulated
environment, which makes the engineering of organs an enormous and perhaps
impractical feat. To overcome the barrier
that making whole organs outside of a
developmental context may pose, Nakauchi’s ultimate goal is to grow human
organs in an animal that is anatomically
quite similar to us—the pig.
Several questions arise from Nakauchi’s
work. How do you grow a human organ
in a pig? Don’t pigs have organs for
themselves? Importantly, how do you
solve issues of pig cells getting into the
human organ? Wouldn’t this pose the
same problems as xenotransplantation?
To answer these questions, Nakauchi’s
group published a paper in 2013 that
aimed to make chimeras between two genetically distinct pigs. During embryonic
development, a fertilized egg begins to
divide into exponentially increasing num-
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bers of cells. Eventually, a structure known
as a blastocyst forms, where a small mass
of pluripotent cells inside this spherical
blastocyst go on to develop into any cell
of the body. For organs to develop, certain
genes must be turned on to allow for these
pluripotent cells to start changing their
identity into the specific cells needed to
make particular organs. Take for example,
the pancreas. A protein known as Pdx1
is required in order to turn on genes that
allow for the development of the whole
pancreas. Without Pdx1, an animal can be
born without a pancreas (2). Importantly,
some genetic programs override others;
for example, the protein Hes1 turns on
the genes that make the biliary system,
and this developmental path overrides the
pancreatic path that Pdx1 specifies. To
take advantage of this system, Nakauchi’s
team generated pig embryos that had a
gene that enabled the Pdx1 protein, itself,
to turn on the production of Hes1. This
caused the embryo to be unable to produce
a pancreas, since Hes1 overrides the
pancreatic program in order to produce
the biliary system. The next step was to see
whether the injection of pluripotent cells
from a normal pig without this Pdx1-Hes1
system could complement an embryo that

was unable to produce a pancreas. They
injected the normal pig’s pluripotent cells
into the embryo of the pancreas-defective
pigs and saw that the normal pluripotent cells were able to give rise to a fully
functioning pancreas (4). This process,
known as blastocyst complementation,
occurs because each organ in the body has
a specific function and, thus, occupies a
unique niche. Since normal pluripotent
cells can develop into any cell and, thus,
fill any niche in the body, transplanting
pluripotent cells from a normal embryo
into an organ-deficient embryo can help
replace the missing organ (2).
This remarkable process produces chimeric pigs, since the cells of the pig are
composed of two different individual pigs.
As Nakauchi reports, they have even gone
on to do this with rats and mice, where
mice pluripotent cells are transplanted
into the embryos of rats that are unable
to form a pancreas. In their review, they
report that they were able to see the full
development of the mouse pancreas in
the rat (2). The cross-species boundary is
one that, if crossed, could allow for human
pluripotent cells to be transplanted into
pancreas-deficient pig blastocysts. Since
all of the cells of the pancreas would come

from the human cells, this would enable
embryonic development to guide these
human cells towards making a fully functional pancreas, which could perhaps be
transplanted into patients with diabetes to
effectively cure their disease. Moreover, if
this system can be made for organs such as
the heart, it would be possible to generate
fully functional human hearts in pigs that
could then be transplanted into patients
with heart failure (2).
As Nakauchi’s group reports, there are
various problems that still need to be
solved. One problem includes the possible
mixing of pig cells with the human organs
grown in the pig, which may cause immune problems once the organ is transplanted into humans. Another possible
problem is that these transplanted human
pluripotent cells could give rise to cells
other than the organ of interest, which
may cause the pigs to have human neurons
or other human cells, raising ethical questions about whether this process “humanizes” the pig’s brain or body. If these
problems are addressed, it may be possible
to generate fully functional organs from
patient-derived pluripotent cells that could
allow for these organs to be transplanted
from pigs back into these patients, one day
providing a solution to the organ shortage
problem. If this is achieved, then these
pigs would be acting much like Pegasus—as chimeras majestically conquering
disease in the human body.
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Figure 2: The mythical creature of the chimera has held the fascination of humans for
ages. Image from Wikipedia.
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CURRENT DEVELOPMENTS IN EBOLA
By Carrie Sha
THE ROOTS OF DISEASE

By March of 2014, it was clear that
something was wrong. In treatment
centers throughout Guéckédou, a small
town of 300,000 in Southern Guinea, a
number of patients had high fevers, diarrhea, and unexplainable pain (1). Medical
responders in Médecins Sans Frontières
(Doctors Without Borders) who were
already stationed in Guinea for an earlier
project were puzzled. After initial reports
were sent back to Europe, these responders sent blood samples to European labs
that eventually sequenced the virus. After
a full-length genome sequencing, the
virus was identified as Zaire ebolavirus
(EBOV) (2).
The Zaire virus was by no means
new to Africa. As early as 1976, Zaire
outbreaks had an 88% case fatality in the
Democratic Republic of Congo (3). Yet,
the 2014 outbreak featured a novel strain
of Ebola, one that had evolved in parallel
to strains in the Congo and belonged to a
separate clade. Through the work of epidemiologists, the strain was traced back
to December 2013 and the virus’s host to
the bat family Pteropodidae (2). This was
only the beginning of what, as of now,
has been seven months of grueling effort
in the Côte d’Ivoire to contain the Ebola
spread. While the efforts of humanitarians in Liberia, Sierra Leone, and Guinea
form the backbone of the containment
process, researchers around the globe
have naturally looked to drugs to find a
way to stop the outbreak.

THE POWER OF ANTIBODY
COCKTAILS

After nearly a decade of experimentation in anti-Ebola drugs, the most effective treatments against EBOV turn out
to be cocktails of monoclonal antibodies
(4). The body produces antibodies in
response to antigens—foreign materials, such as viruses. These antibodies are
attached to the surface of B-cells, which
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trigger the immune response. Whereas
polyclonal antibodies are a mixed bag of
receptors that all respond to the same
expressed antigen, monoclonal antibodies
are produced by the same B-cell (5). One
of these antibody treatments is MB003, which has been tested somewhat
successfully in non-human primates,
such as rhesus macaques. While in past
control studies, the monkeys all died approximately ten days post-infection with
EBOV, the experimental monkeys had
a 43% survival rate, meaning that three
out of seven survived (6). Out of the
three that survived, two of the monkeys showed a near-complete recovery,
whereas the third still had symptoms of
the Ebola infection (6). Another antibody drug developed in 2013, ZMAb,
provides a similar effect, allowing two out
of four cynomolgus macaques to survive
after EBOV infection (7). But this time,
the researchers experimented with other
non-antibody drugs in combination with
the ZMAb. They combined ZMAb with
Ad-IFN, an adenovirus vector previously
shown to be effective against Western
equine encephalitis virus in 2007, with a
100% survival rate (8). Although Ad-IFN
alone without ZMAb has no potency
against Ebola, a combination of the two
drugs allowed three out of four cynomolgus macaques and four out of four
rhesus macaques to survive post-infection
(7). While the exact mechanism of how
these drugs interact to enhance survival
remains unknown, the cocktail treatments
surely had their effect, increasing survival
from 50% to 75% and 100%.

WHAT IS ZMAPP?

The use of a cocktail drug is exactly the
basis for the current drug development
against Ebola, ZMapp. This project, led
by researchers around the world, screens
for the best MAb components, seeking
to combine the benefits of both ZMAb/
Ad-FN and MB-003 (4). In doing so,

the researchers also want to extend the
number of days post-infection that the
drug must be administered in order to
mimic current difficulties in identifying
the infection in West Africa. By testing first on guinea pigs, they identified
c13C6 as the essential component in
MB-003. Then, they combined c13C6
with a number of different components
found in ZMAb, creating three cocktails: Zmapp1, Zmapp2, and Zmapp3.
The guinea pigs who had received the
Zmapp1 treatment, which contains c2G4
and c4G7 components from ZMAb,
showed the greatest survival at four out of
six. Zmapp2 treatment offered moderate
survival, with three out of six guinea pigs
surviving. Both Zmapp1 and Zmapp2
were than used on rhesus monkeys. The
results: six out of six monkeys survived
after Zmapp1, and five out of six survived
after Zmapp2 (4).

FACING THE FUTURE

Despite this improvement in drug
discovery in less than a year, the future of
these drugs remains doubtful. One of the
major problems facing the implementation of antibody cocktails in the field is
the rigorous process and standards of
drug testing. In the words of Armand
Sprecher, a representative of Doctors
without Borders, “There are rumors that
we are spreading disease, harvesting organs, and other horrible things. Bringing
in unlicensed things to experiment on
people could be very counterproductive.”
(9).

Carrie Sha ‘17 is currently a sophomore in Mather House.
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THE MAKING OF A
BETA CELL

Toward a Cure for Diabetes

T

By Francisco Galdos

wo blocks from my apartment in
Bogotá is a small bakery that specializes in making a typical Colombian
bread known as a roscón. Roscones are made
with a sweet bread that is filled with a caramel
like spread known as arequipe and is baked
in the shape of a large donut. Fresh out of the
oven, the roscón is sprinkled with sugar that
melts perfectly at the edges of the delicacy.
If eaten with a fresh cup of Colombian coffee, the sugar from the roscón complements
the smoky taste of the coffee to create an
unforgettable experience, and yet, this is all so
easy. I go to the bakery, sit with my coffee, my
roscón, and simply eat. I don’t really have to
think too much about the process of eating.
In fact, no one really has to think about what
goes on when we eat; our digestive system
simply seems to take care of the whole thing.
The sugars from the roscón are broken down
in the mouth by salivary enzymes, and further
broken down in the intestines, and a spew of
glucose enters the blood stream to circulate
throughout the body. As the levels of glucose
rise, a cell in the pancreas known as the beta
cell detects the rising levels and secretes insulin, allowing my cells to uptake the glucose
in my blood that came from my roscón. The
balance is perfect. I can eat ten roscones in
one sitting, and still my beta cells work to
keep my blood glucose within an ideal range.
I simply go on with my life letting my cells do
all of the work.
Imagine for a day, if I had to do the work
of my beta cell. As soon as I eat the roscón,
glucose begins to be absorbed in my blood,
and if the glucose goes too high above the
ideal range, anything from blindness to severe
nerve damage would eventually take hold.
What is the solution? I take insulin. But wait!
I gave myself too much—now my cells have
eaten up too much of my blood glucose, and
I’m about to go into a coma! You give me a
banana, and here we are again—my glucose
is too high. Somehow, the beta cell is able to
take care of this tedious job, and yet, in 2010,
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more than 25.8 million Americans had to play
the role of their beta cells because of the loss
or dysfunction of these cells due to a disease
known as diabetes.
There are two types of diabetes: type 1 and
type 2. In type 1, patients’ immune systems
attack their own beta cells, leaving them with
fewer beta cells and a lifelong dependence on
insulin shots. In type 2, patients’ bodies become resistant to insulin, and the beta cell often overworks itself to the point that it begins
to malfunction and die, again leaving patients
dependent on insulin. Since Charles Best and
Frederich Banting discovered insulin in 1921,
scientists have long tried to find treatments
and cures for diabetes. In October 2014, scientists published efforts to create an artificial
pancreas that could effectively replace the
beta cell. Even with such refined technology,
however, the pancreatic beta cell still does a
better job than our glucose-sensing computers
and insulin pumps. Physicians have attempted
to transplant beta cells from cadavers into patients with diabetes, and although temporarily
successful, they still only see limited success
in getting patients to be insulin-independent.
Stem cell biologists have studied the development of beta cells and have attempted to
generate them in vitro for transplantation into
patients. Many names were given to the cells
that came out of these efforts: beta-like cells,
polyhormonal cells, fetal-like beta cells, and
the list goes on (1). From all of these attempts
to differentiate pluripotent stem cells into
beta cells, many cells did not end up secreting
insulin according to the amount of glucose
they were exposed to, and some produced
hormones that were not normally made in
beta cells. Essential factors were missing from
the process, and the final step in making
mature beta cells like those found in healthy
patients was missing.
On October 9, 2014, after more than a
decade of work that aimed to generate fully
functional beta cells, a team led by Douglas
Melton at the Harvard Stem Cell Institute

was able to generate beta cells from pluripotent stem cells. When transplanted into
mice with diabetes, these beta cells were able
to better regulate their blood glucose levels,
providing what could be a possible cure for
type 1 diabetes (2). How was Melton’s group
able to achieve such a remarkable success? A
good place to start is an overview of where
beta cells come from. During embryonic
development, the cells of the zygote—the
product of the fertilized egg—begin to divide
and eventually make a structure known as a
blastocyst, which has a group of cells clustered
together to form the inner cell mass. This
blastocyst implants in the uterine wall, and,
as development continues, the cells of the
inner cell mass continue to divide. Eventually,
gastrulation occurs, where the cells begin to
take up their positions and differentiate into
three layers called the “germ layers.” Each of
these germ layers creates specific parts of the
body, with the endoderm specifically making
tissues of the gut, as well as our cell of interest—the beta cell (1). During each step in the
development of a beta cell, specific genes are
expressed that are responsible for specifying the cell’s function and the next step in
the cell’s developmental path. In the case of
the beta cell, the pluripotent cell of the early
embryo develops into definitive endoderm.
Cells from neighboring tissues and cells
send signals to instruct the definitive endoderm to differentiate into the next step in the
developmental pathway to becoming a pancreatic cell (1). Signals from a structure called
the notochord allow for definitive endoderm
to differentiate into pancreatic endoderm,
which begins to turn on key pancreatic genes
necessary for the function of pancreatic cells.
At this point, cells called “pancreatic progenitors” are made, which are capable of making
all of the cells that make up the pancreatic
islets of Langerhans—home of the beta cell
and the neighboring cells that are important for maintaining glucose regulation and
metabolism. Prior to Melton’s discovery,
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scientists were able to make these progenitors
and were even able to make insulin-producing
cells; however, these cells were not able to
secrete insulin according to the amount of
glucose they were given—a key function of a
beta cell—and they often expressed genes that
are not normally expressed in beta cells.
Scientists have used small molecules and
proteins in vitro in order to drive the generation of these various intermediate steps in
the development of beta cells. These small
molecules or proteins often interact with other
proteins in a cell that may activate or inhibit
certain signaling pathways, eventually leading
to changes in gene expression. As a result of
these changes, the cell will differentiate and
change its function, making it challenging to
figure out the right combination of factors
necessary to obtain the right cell. The right
cocktail to get from the pancreatic progenitor
to the fully functional beta cell was missing
from previous studies, and after testing over
150 combinations of over 70 compounds,

Melton’s group found 11 factors that allowed
them to get to the final step of making a
functional beta cell (2). More importantly,
when they compared their derived cell to cells
taken from the pancreata of human cadavers and to the polyhormonal cells that were
previously derived, the stem cell-derived beta
cells responded comparably to the cells from
the human pancreata. This indicated that
they were secreting insulin according to how
they would in beta cells in the human body.
Gene expression analysis also found that the
derived beta cells had similar patterns to that
of the primary cells from human cadavers. As
Melton discusses in his paper, work remains to
be done to understand the molecular biology
of how the factors that they identified are allowing for the progenitors to differentiate into
beta cells. Importantly, if pancreatic progenitors are transplanted into a mouse over a period of six months, they are able to differentiate
and mature into fully functional beta cells, but
the process still remains unknown. Melton’s

group is now beginning trials on non-human
primates. If these trials are effective in controlling glucose levels in primates, it may well
be possible to see the beginning of human
clinical trials that may lead to a treatment and
perhaps an effective cure for diabetes. With
this exciting finding, the field can now begin
to dissect how a beta cell is able to regulate
glucose with such fine-tuned precision, and
scientists may be able to find a solution to one
of the most prevalent healthcare problems in
the world.
Francisco Galdos ‘15 is a Human Developmental and Regenerative Biology concentrator in
Quincy House.
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TO INFINITY AND BEYOND
The Launch of SpaceX’s First Reusable Rocket
In a generation where rapid innovations have
reshaped the way we interact, learn, and work,
Silicon Valley technologist, Elon Musk, is
attempting to revolutionize a field out of this
world - the way we explore space. Since the
1950s, with international tensions soaring
high, space has been a stage for national
competition, with the space race between the
United States and the Soviet Union defining space exploration for a number of years.
However, in the last few years, with the lack
of government funding for nationally affiliated organizations like NASA, international
collaboration has flourished and allowed the
development of progressive steps like the
International Space Station (ISS).
In this new landscape, the previously
dominant national space organizations are
beginning to be challenged by private sector
competition from companies like Musk’s
SpaceX or even Sir Richard Branson’s Virgin
Galactic. As human civilization inches
forward to milestones of progress previously
only considered in science fiction - creating
colonies on Mars or understanding biological
viability in space - these private companies
have begun to accelerate the process and innovate at an unprecedented rate to change the

face of space exploration forever.
One such step came recently with the
launch of SpaceX’s Falcon 9 rocket, one
designed to be reusable by landing back on
a floating platform 200 miles off the Florida
Coast in the Atlantic Ocean. Along with a
Dragon capsule meant to shuttle almost 5,200
pounds of science experiments, spare parts,
food, water, and other supplies, the combined
Falcon 9 and Dragon capsule are meant to
separate from one another. While the Dragon
capsule blasts off to ISS, the Falcon 9 rocket is
designed to use GPS triangulation to make its
descent before landing again without damage.
While perhaps conceptually simple, this
reusability radically advances traditional rocket
design, reducing costs by almost a factor of
100 according to Musk. While each SpaceX
resupply mission previously used a separate
disposable rocket with a price tag of almost
$60 million each, this new design could allow
for reusability. So on January 10, 2015 at 4:47
AM EST, the SpaceX Falcon 9 launched
from Florida’s Cape Canaveral Air Force Station, with 50-50 odds of success.
Ultimately, the 14-story rocket did make it
back to the spaceport, a major success in itself;
however, a hard landing meant the rocket was

by Shree Bose
no longer usable again without new pieces of
equipment. In his tweet about the outcome,
Musk mentioned the entire mission “bodes
well for the future”. And in a world where
progress can be made quickly and efficiently,
this first attempt does point to a future of
cheaper and better space travel. Through these
innovative strategies for cutting costs and optimizing design, maybe in a few years we can
see pushes towards manned Mars missions,
colonizing different planets, and progress for
humankind as a whole.
Shree Bose ‘16 is a Molecular and Cellular
Biology concentrator in Dunster House.
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