
 

Spring 2014 Volume 13, Issue II

A Publication of TuftScope, the Student Bioethics Organization of Tufts University

Th e Pl i g h T o f  T h e Ba n a n a

Sh o u l d w e e aT i n  v i t r o  m e aT?
le e c h e S i n  me d i c i n e:  fr i e n d o r fo e?

on e he a lT h ed i T i o n

TuftScope
The Interdisciplinary Journal of

Health, Ethics, and Policy



JOURNAL HISTORY
Since 2001 TuftScope: The Interdisciplinary Journal of Health, 
Ethics, & Policy has provided an academic forum for discus-
sion of pertinent healthcare and biosocial issues in today’s 
world.  The journal addresses different aspects of healthcare, 
bioethics, public health, policy, and active citizenship.  It 
is operated and edited by undergraduate students of Tufts 
University and is advised by an Editorial Board composed of 
Tufts undergraduates and faculty.  Today the journal is one 
of the few peer reviewed undergraduate published journals 
in the country. 

PUBLISHER AND PRINTER
TuftScope is published by the TuftScope Journal organization 
at Tufts University. The journal is printed by Puritan Press, 
NH (http://www.puritanpress.com). 

COPYRIGHT TUFTSCOPE 2014
TuftScope is an open-access journal distributed under the 
terms of the Creative Commons Attribution License, which 
permits use, distribution, and reproduction in any medium, 
provided the original author and source are credited. The 
statements of authors within this journal do not reflect the 
views or opinions of TuftScope Journal or Tufts University.  

SUBMISSIONS INFORMATION
Submissions on health, ethics, and policy topics from 
students, faculty, and individuals are welcomed.  For more 
information please visit the “Submissions” page on the 
TuftScope Website at www.tuftscopejournal.org. 

SUBSCRIPTIONS TO TUFTSCOPE
Subscriptions to the print edition of TuftScope may be 
obtained by mailing in the Subscriptions Form on the      
TuftScope website.

COVER IMAGE

TuftScope is using the image under the terms of the Creative 
Commons licensing CC BY-NC-SA 2.0.  Image provided by 
Flickr user Random Cliche at https://flic.kr/p/4Sf6Zj

FUNDING
TuftScope is funded by grants from the Tufts Community 
Union Senate.  

CONTACT US
Email: TuftScope@gmail.com
Website: www.tuftscopejournal.org
Address: Available on back cover. 
ISSN: 1534-7397

EDITORIAL STAFF

Editors-in-Chief 
Ariel Lefland

Prachi Sharma

Managing Editor  
Joseph St. Pierre

Senior Financial Officer 
Elizabeth Keys

Faculty Advisors 
Harry Bernheim, PhD

Frances Sze-Ling Chew, PhD
David Gute, PhD

Acquisitions Editor
Elizabeth Keys

Internet Editor 
Ayal Pierce

 News and Analysis Editor
Evan Balmuth

Research Highlights Editor
Caroline Russell-Troutman

New Media Editors
Alejandra Garcia
Alison Pinkerton

Manuscript & Layout
Allison Kuperman

Copy Editor 
Joshua Dower

Staff

John T. Armstrong
Alice Chan

Ravi Chinsky
Kelsey Davenport

Catie Donion
Hanna Ehrlich

Betty Fong
Bassel Ghaddar
Kathryn Gibb

Judy Hess
Lucia Joseph

Kanika Kamal
Collette King
Mingqian Lin

Nikhil Manocha
Lushna Mehra

Rohan Rao
Shayna Schor
Avneet Soin
Sam Kessel

Samantha Fine
Lena Chatterjee
Jessica Newfield



 Spring 2014 • Volume 13, Issue II⏐  TuftScope 3

INSIDE THIS ISSUE

TuftScope  ⏐   Spring 2014 • Volume 13, Issue II

LETTER FROM THE EDITORS 
”Scoping” New Perspectives.........................................................5  
Ariel Lefland and Prachi Sharma

NEWS BRIEFS
Selections from our news analysis weblog....................................6
TuftScope Staff

FEATURE INTERVIEW
A Discussion with David Meyers, Founder of the Village 
Zero Project...................................................................................8
Mingqian Lin

OPPOSING VIEWPOINTS
Should We Eat In Vitro  Meat?....................................................10
Mary Lipscomb and Lena Chatterjee

COMMENTARY
Finding the Right Balance for Malaria Prevention via 
Mosquito  Control........................................................................30
Caroline Russell-Troutman

INSIGHT
Man’s Best Friends: The Human-Animal Bond.............................22
Joseph St. Pierre

SCIENCE REPORTS
The Impact of Community Water Fluoridation on the 
Prevention of Dental Decay.........................................................28
Nikhil Manocha

Sexual Side Effects of SSRIs: Where Antidepressant Specificity Can 
Make the World Happier..............................................................32
Evan Balmuth

EDITORIAL
Legalizing Euthanasia for Children in Belgium: Did it Truly 
Solve Anything?...........................................................................20
Rohan Rao

TUFTSCOPE  ABROAD
China California Heart Watch: A Model Organization for 
Targeting Cardiovascular Disease in Developing Countries.........36
Bassel Ghaddar



4 TuftScope  ⏐ Spring 2014 • Volume 13, Issue II

Visit TuftScope Online at     
www.tuftscopejournal.org

for more articles, express release 
papers, and news and views from 

our editors and contributors.

ORIGINAL ARTICLES
Leeches in Medicine: Friend or Foe?..................................................................14
Ai Yamasaki 

The Ethics and Inequity of HIV Treatment in Developing Countries....................18
Kim Ritraj, Linda Jiang, and Nicholas Roberts

Ethno-medicinal Plant Use in Response to Changing Vegetative Status in 
Buger Village, Tanzania.......................................................................................24
Mara Rettig

Methodologies and Challenges to the Eradication of Poliomyelitis....................38
John W. Ramatowski

The Dog as a Model of Human Behavioral Abnormalities..................................40
Kathleen Kuperman

Cover Image: In this issue, TuftScope discusses a 
wide variety of topics on One Health.

Get Published!
Submit to TuftScope at 
TuftScopeJournal.org

INSIDE THIS ISSUE

TuftScope  ⏐   Spring 2014 • Volume 13, Issue II



 Spring 2014 • Volume 13, Issue II⏐  TuftScope 5

LETTER FROM THE EDITORS

“Scoping” New Perspectives
Dear Reader, 

We are closing out the 2013-2014 academic year with a special One Health edition of TuftScope. One 
Health is the idea that human, animal and environmental health are inextricably linked. By uniting these 
three branches of health and understanding how they affect each other, we will be able to develop and 
implement effective interventions for all species. Each article in this issue touches upon the growing 
importance of our relationship with the ecosystem around us, how animals and plants can both help and 
harm us and how we can help and harm them. 

As Tufts University is in a unique position to incorporate One Health into its curriculums and research 
efforts at the undergraduate and graduate levels, we aim to highlight the multitude of ways in which One 
Health is already in action and the new ways in which we can incorporate it into our healthcare system. 
The papers that follow examine healthcare from new and alternative perspectives. Mingqian Lin sits down 
with Tufts alumnus David Meyers of The Village Zero Project to discuss the growing importance of One 
Health and how The Village Zero Project is incorporating it into its research. Caroline Russell-Troutman 
delves into the growing importance of zoonotic diseases by investigating the efficacy of malaria prevention 
techniques, while Nikhil Manocha looks at the importance of fluoride in our water supplies. We are also 
happy to include a special look at One Health overseas in “TuftScope Abroad” in which Bassel Ghaddar 
discusses his experience with healthcare in the Yunlong County, Yunnan, China. 

The collaborative and interdisciplinary approach to healthcare inherent to One Health is embodied in 
this issue. This spring marks the start of new partnerships we hope to grow in the future. Members of Tufts 
Sustainability Collective give us new insights into the advantages of in vitro meat and the growing con-
cern over diminishing banana crops, GlobeMed discusses HIV transmission and treatment in developing 
nations, and John Ramatowsi of the Tufts One Health Student Advisory Board discusses the eradication 
of poliomyelitis. 

This semester brings to a close an exciting year for TuftScope and is ending with a panel on the emer-
gency response during the Boston Marathon with Tufts Emergency Medical Services, the Pre-Medical 
Society, and the Office of Emergency Management. 

We thank our staff, faculty advisors, and each of the organizations that have helped us to create this 
special edition. If you are interested in joining TuftScope next fall, please email us at TuftScope@gmail.com.

We hope you enjoy the issue!

Sincerely, 

Ariel Lefland & Prachi Sharma
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NEWS BRIEFS

Selections From Our News Analysis Weblog 
The Next Step in the Fight Against 

Infective Endocarditis
Rohan Rao

R esearchers at Virginia Commonwealth University have 
taken a monumental step forward in the fight between 

human and bacteria. A study conducted at the VCU Philips 
Institute for Oral Health Research determined that a particu-
lar bacterium, Streptococcus sanguinis, which is responsible for 
infective endocarditis, has a vital dependence on the element 
manganese to survive and function. Infective endocarditis, a 
disease afflicting the heart valves, is difficult for doctors to treat 
and can be fatal, resulting in death for more than 20 percent 
of patients who contract the disease. These scientists showed 
in their study that one of the crucial enzymes the bacterium 
requires for DNA synthesis relies on manganese to maintain its 
function. By genetically knocking out this particular enzyme 
as well as the enzyme that attaches manganese to the former 
enzyme, the bacterium loses its capability to cause disease.  
     It is agreed upon in the field that the most effective antibiot-
ics are able to attack aspects of bacteria that are necessary for 
their survival and will not negatively influence humans. Luck-
ily, an antibiotic that would attack the manganese-requiring 
enzyme meets both requirements, as it is certain that man-
ganese is necessary for the bacterium’s survival and humans 
have a different mechanism for DNA synthesis, so there are 
assumed to be no adverse effects. Moving forward, there is 
still much research to be done in the way of developing anti-
biotics; however, the vast importance of this breakthrough 
is unequivocal and has the potential to save many lives. 

Help for a Scarred Heart: Scarring Cells 
Turned to Beating Muscle

Prachi Sharma

B iomedical engineers at the University of Michigan have 
made groundbreaking progress in cell reprogramming, 

transforming cells from scar tissue into beating heart cells. 
Previous studies have generally yielded less successful results, 
as they have not considered the environment the cells were in 
for gene expression. Scientists first infected fibroblasts from 
mouse embryos with a virus that carried mouse transgenes. 
These transgenes allowed the fibroblasts to transform into 
stem cell-like cells, and promoted cell division and growth. 
The team of scientists then added a protein that encourages 
heart tissue growth into the mixture, and found that nearly 
half the colonies of fibrin and fibrin-collagen mixes, in par-
ticular, were converting spontaneously into heart muscle.  
       Researchers are currently looking to explain why fibrin 
is particularly successful in heart cell reprogramming, while 
many of the other mixtures seemed to weaken under strain. 
Though the team’s findings have the potential to bring 

scientists closer to creating regenerating tissue damaged from 
heart attacks, numerous challenges exist. These range from 
using safer viruses to promote stem cell activity, to ensuring 
that the new newly formed heart cells will be safely accepted 
by bodies. 

Scientists Uncover Drug Resistance 
Mechanism That Could Impact Development 

of Two Antibiotic Drug Candidates
Lucia Joseph

According to the Centers for Disease Control, antibiotic-
resistant infections impact more than two million people 

every year, and tens of thousands die as a result of ineffec-
tive treatments. Recently, a team of researchers from The 
Scripps Research Institute in Florida uncovered a drug resis-
tance mechanism in Streptomyces platensi bacteria, which 
could help with the development of new antibiotic candidate 
drugs. Streptomyces platensis comes from a family of bac-
teria, which produces antibiotics as a defense mechanism 
against other bacterium. In fact, two thirds of the naturally 
occurring antibiotics used in clinical practice today come 
from this family. Yet the question remains: how are these 
antibacterial compounds – platensimycin and platencin – 
produced so that they are capable of killing other bacteria 
while leaving the host Streptomyces platensis undamaged?      
         The recent study found that platensimycin and platencin 
function as antibacterial agents due to their interference in 
fatty acid synthesis – fatty acids are required for the con-
struction and maintenance of bacterial cell walls. It turns out 
that Streptomyces platensis has two complementary mecha-
nisms, which confer resistance to platensimycin and pla-
tencin. A pair of complementary genes drastically simplifies 
fatty acid biosynthesis, subsequently conferring antibacterial 
resistance. Ultimately, such an understanding of this self-
protective mechanism might allow us to assess how similar 
drug resistant characteristics occur and may be transferred to 
other bacteria.
 

Common Infections May Increase Risk for 
Memory Decline

Alice Chan

Research studies have previously reported that cer-
tain kinds of infections increase the risk of stroke and 

Alzheimer’s disease. The results of a recent study further sug-
gest that even mere exposure to infections can impact cog-
nitive functioning. Dr. Clinton Wright, scientific director of 
the Evelyn F. McKnight Brain Institute at the University of 
Miami, collaborated with researchers at Columbia Univer-
sity on the Northern Manhattan study, a five-year investi-
gation of the risk factors for cognitive performance decline.                                                      
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588 participants completed brain function tasks and provided 
blood samples for the study. Five years later, half of the origi-
nal participants recompleted the brain function tasks.       
     The research team discovered that exposure to infections 
such as Chlamydia pneumonia and herpes simplex viruses 1 
and 2 was associated with weakened cognitive functioning, 
namely memory/mental processing speed and increased 
risk for stroke. The relationship between the infections and 
impaired cognitive performance remains unknown to the 
authors of the Northern Manhattan study. Dr. Wright sug-
gests that “it could be caused by an immune system response 
to the infections or the infection itself could result in clini-
cal damage that we’re not aware of.” As for treating the infec-
tions examined in the Northern Manhattan study, he adds 
that “there is no evidence yet that treating these infections is 
beneficial … it would be great if treatment prevented these 
bad outcomes, but we’re very far away from having that type 
of evidence.”

New Clues May Link Hereditary Cancer Genes 
to Increased Risk of Cancer from Alcohol

Catie Donlon 

Scientists at John Hopkins Kimmel Cancer Center have 
found that alcohol can cause an increased risk of cancer in 

people carrying mutations in the genes BRCA2 and PALB2. 
When these two genes function normally, they help protect cells 
from a toxin called acetaldehyde, which is a DNA-damaging 
substance. Acetaldehyde is created when alcohol is metabolized 
and is the cause of “hangovers.” However acetaldehyde is also 
found in other natural sources like apples. BRCA2 and PALB2 
repair the DNA damage caused by acetaldehyde by binding to 
one another, protecting cells from 96 percent of the toxicity 
of acetaldehyde. However, when there are mutations in these 
genes, the DNA repair mechanism is no longer functional, 
resulting in more damage and an increased risk of cancer.  
      Scott Kern and his research team at Johns Hopkins studied 
human cell lines lacking the BRCA2 and PALB2 genes and 
observed the cells’ growth after exposure to acetaldehyde. The 
mutant cells grew 25 times less than normal cells with func-
tional BRCA2 and PALB2, concluding that cells with muta-
tions in these two genes are more susceptible to the DNA 
damaging effects of acetaldehyde which can result in cancer. 
Kern says that these findings could help develop cancer treat-
ments and drugs in the future.

Effect of Chloride and Oxytocin on Autism
Lushna Mehra

Animal models have shown that high chloride levels at 
birth are potent indicators of autism spectrum disorder. 

Yehezkel Ben-Ari, Research Director at the Mediterranean 
Institute of Neurobiology, recently discovered that oxytocin, 
which is a hormone that causes labor, aids in controlling chlo-
ride levels at birth (and thus in controlling the expression of 
autism). High chloride levels in the embryonic phase initially 
cause the neurotransmitter GABA to send excitatory signals 
that facilitate the creation of the brain, but later they cause 

GABA to act as an inhibitor that regulates and reduces chlo-
ride levels throughout adolescence and adulthood. Dr. Lem-
onnier and Ben-Ari’s teams conducted a clinical trial in 2012, 
hypothesizing that autistic patients had high chloride levels in 
their neurons. They were able to administer diuretics in order 
to reduce neuronal chloride levels. However, the team was 
unable to prove that children with autism had high neuronal 
chloride levels, so the treatment could not be entirely validated.  
   Currently, researchers incorporate two animal mod-
els of autism into their studies: a model dealing with a 
genetic mutation common in autism and a model cre-
ated by inserting sodium valproate, a known cause of birth 
abnormalities, into pregnant mice. The control mice did 
not seem to exhibit a decrease in neuronal chloride levels 
from before to after birth; thus, the animal models failed 
to show that integral aspect of neuronal chloride levels at 
birth. In administering diuretics to the mother animals one 
day before delivery, however, there was a blatant decrease 
in neuronal chloride levels several weeks after treatment. 
This treatment is thought to have diverted any potential 
autistic behavior or brain activity in animals by adulthood. 
     The effect of oxytocin in the animal models appeared to 
have been akin to that of the diuretic in lowing neuronal 
chloride levels. In testing the effect of oxytocin in prenatal 
models, researchers injected a drug that blocks oxytocin into 
pregnant mice. They determined that the offspring were born 
with autism syndromes in terms of electrical and behavioral 
signs. Therefore, the team was able to conclude that oxytocin 
plays an essential role in decreasing chloride levels and was 
able to validate treatment via diuretics, which reduce chlo-
ride levels and control autistic expression. Ben-Ari insists 
that more information on the brain’s development as well as 
on the effect of genetic mutations and the environment that 
regulate the brain’s activity are essential for improved treat-
ment of autism spectrum disorders. 

A Cure for Breast Cancer?
Sam Kessel

An early stage study conducted at the Henry Ford Hospi-
tal has shown that melatonin, a hormone that is released 

naturally in the body to regulate sleep, could potentially be 
used to treat triple negative breast cancer. The researchers 
observed that mice treated with melatonin had tumors that 
significantly decreased in size, while the untreated mice suf-
fered substantial tumor growth in the 21-day study. The rea-
son melatonin seemed to work is because it acts as an antioxi-
dant and prevents tumors from growing a blood supply from 
the body. These promising results suggest that more basic 
research needs to be done in order to figure out how melato-
nin impacts blood vessel growth in various types of cancers 
before clinical testing on humans can start.

References for News Briefs may be found online at 

Tuftscope.Blogspot.com.
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FEATURE INTERVIEW

In recent years, we have encountered a transient phase in the world in which 
many things appear to be in constant flux. From the advent of novel infectious 
diseases like the most recent H7N9 influenza to health complications involving  cli-
mate change, we are faced with new challenges that  test the limits of our resilience 
and innovations. However, these new challenges also bring about new solutions 
and unique ways of thinking. One of these novelties is the One Health Initiative, a 
perspective that captures the essence of interdisciplinary collaboration in stressing 
the important interplay between health in the environment, animals, and humans.    

The Village Zero Project is a start-up organization founded by three recent 
Tufts alumni, which embodies the spirit of One Health in its approach towards 
improving public health, starting in resource-limited settings. I had the privilege of 
interviewing one of the founding members, David Meyers, the Chief Technology 
Officer, about the organization, its projects, and its role in the One Health initiative. 
Here is our conversation:

Can you start by telling a bit about what the Village Zero 
Project is?
The Village Zero Project is a research initiative working 
to track outbreaks of endemic cholera across Bangladesh. 
There is a lot of data that shows cholera comes inward from 
the coast and has two seasonal themes. When it comes in 
from the coast, it first infects communities close to the coast-
line and then spreads inland. Our goal is to figure out which 
communities are first to get outbreaks of cholera (“village 
zeros”), to target them and to build up infrastructure to pre-
vent cholera from spreading inland. We want to figure out 
how cholera is transmitted.

What inspired you and your colleagues to start this project?
The three of us were in the same group in the Epidemio-
logic Methods class with Professor Woodin. I came in with 
a mobile health background with cell phone interventions. 
Maia [Majumder] (CEO) has done a lot of work on cholera 
in Bangladesh. Kate [de Klerk] (CFO) has a lot of experi-
ence working on the business side of things, and we decided 
to come together, to combine our interests and to come up 
with a plan to use cell phones to track the spread of cholera. 
By the end of the semester, Maia passed this idea along to 
her colleagues in Bangladesh and they found it very appeal-
ing, and so this collaboration and this project began.

What are some projects your team has been working on?
Mostly research data side of things. We have a few sets of data 
from a few parts of Bangladesh, and we are now in the phase 
of analyzing the data in order to launch surveillances for the 
future. Essentially we are trying to investigate outbreaks sea-
sonally with a method called harmonic regression, where we 
attempt to track when these seasonal outbreaks occur. We’ve 
also been looking at a certain river in Bangladesh that has 
been thought to be responsible for large amounts of cholera 
and are looking at its relationship with cholera.

What do you see as some major challenges and break-
throughs in the field of public health right now?
A big breakthrough is the explosion of new technology that 
is playing a role in public health. Cell phones are being used 
in different contexts to track outbreaks of disease, to treat, 
and to diagnose them. This is going to change the game in 
research statistics in that it allows us to diagnose a condi-
tion, text it out to a lab, and then figure out what’s going on 
without being there in person. This is especially important 
in resource-limited settings. A challenge would be how we 
are going to scale this up to an entire region or country from 
one small community.

Has working on the Village Zero Project affected the way 
you view health and healthcare?
It definitely has in that I think a lot of what we’re finding is 
just that very basic data on case counts on time, tempera-
ture, et cetera. They really have a lot of analytic potential and 
you can really go a long way in gathering research and data 
in different settings and putting it to good use in impacting 
people’s lives.

How do you see the synergy, if any, between the environ-
ment and human health through the lens of One Health?
The environment plays and enormous role. With what we 
do with cholera, climate change changes the way these pat-
terns of outbreaks happen; it is involved in the changing of 
water conditions, dynamics, and seasonal patterns. What’s 
more is that in 10 years, there could be a totally different 
pattern. Cholera thrives in the Bay of Bengal in different 
shell fish like oysters, so there’s definitely a zoonotic com-
ponent and animal considerations. We need to think about 
how it’s getting into human populations and how animal 

Mingqian Lin is staff writer for TuftScope. He can be contacted at 
Mingqian.Lin@tufts.edu.

PHOTO OF DAVID MEYERS

A Discussion with David Meyers, Founder of the Village Zero Project 
Mingqian Lin
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reservoirs allow it to happen over and over again. Addition-
ally, climate change is already changing the dynamic for a lot 
of infectious diseases like malaria and the West Nile virus.

Do you think that The Village Zero Project serves as a 
good example of One Health in action?
I think we do; it’s as a priority. If we want to deal with out-
breaks in human populations, we need to understand how 
both animal and human populations in those areas interact 
with each other and the environment; therefore we need to 
constantly think about building these relationships into our 
projects.

What’s been most exciting working on Village Zero?
I think it’s figuring out patterns of disease transmission. 
Some people have been impacted and some people haven’t 
been, and knowing what we do can impact other people’s 
lives down the road is the most exciting. We’ve traveled to 
Bangladesh to gather this data and just knowing that what 
we’re doing in the computer lab and GIS can impact peo-
ple’s lives down the road is pretty phenomenal!

What do you think is the hardest part about improving 
population health through the principles of One Health?
One of the challenges that still exists is that too many fields 
are still too silo’d. I think the number of One Health mis-
sions are growing, but there are too few medical teams who 
don’t work in environmental and public health and this col-
laboration isn’t taken advantage of. Another challenge is just 
that the places where One Health is going to have the biggest 
impact are those that are so traditionally under-served and 
underprivileged, which makes it a struggle to show the need 
to work in these spaces. It’s just difficult with how the world 
is set up in terms of privileges and funding and we need to 
ensure fair distribution of the resources.

How do you see One Health influencing health research 
and healthcare in the future?
I think that there needs to be more collaboration between 
disciplines of science and health, so I think that is going to 
influence surveillance and data gathering from animal and 
human health outbreaks, which will influence the types of 
interventions that are going to be needed to put into place.

Does Village Zero have any exciting upcoming plans?
Right now we’re still digging into the rich data sets that we 
have and we are planning on submitting some papers to be 
published hopefully in the upcoming months. Hopefully 
we’ll leverage this to get some funding and do more grass-
roots research.

For more information about the Village Zero Project, visit 
www.villagezeroproject.org. For any questions, feel free to 
contact David Meyers at david@villagezeroproject.org.

RESEARCH HIGHLIGHTS: 

London Public Bike-Sharing Programs May 
Improve Some Aspects of Citizen Health 

Caroline Russell-Troutman

In an era of sedentary lifestyles and environmental pol-
lution, the idea of a “healthy city” that promotes walking and 
cycling in lieu of motorized transport has become increas-
ingly popular. In 2010, the government of London, UK intro-
duced a public bike sharing system that allows citizens to rent 
bikes from various stations located all over the city. A study 
published in the British Medical Journal examined whether 
this new system actually improves the health of citizens and 
makes London a “healthier city”. 578,607 London bike users 
over the age of 14 participated in this study by renting bikes 
between April 2011 and March 2012. Experimenters set up 
two scenarios: one in which the bike-sharing system existed 
and one in which it did not, and then modeled changes in 
user physical activity, intake of PM2.5 air pollutants, and 
incidence of road accidents in each scenario as ways of com-
paring user health. 

 Physical activity was measured in metabolic equivalent 
of tasks (MET). The results of this study showed that MET 
improved by 0.06 per week per person when citizens used 
the bike sharing system. This is not very significant on an 
individual scale, but would lead to a huge improvement in 
citywide health if applied to all citizens. The largest health 
benefit for men was reduced risk for heart disease, while for 
women it was reduced risk for clinical depression. 

 Inhalation of air pollutants did not improve much with 
bike usage: although bike users were more removed from 
sites of high air pollutant concentration (i.e. busy roads 
and London Underground tunnels), bike users experienced 
more frequent breathing as a result of their exercise and thus 
inhaled a similar level of air pollutants to non-cyclists. Results 
also showed that road accident rates decreased for bike users, 
though this was only shown to be statistically significant for 
small injuries. 

One prominent weakness of the study was that the road 
accident component of this study relied on police injury 
reports, not hospital records, to estimate a bike user’s risk 
of injury. Thus, experimenters likely overestimated the risk 
level of using public bikes. Additionally, experimenters were 
unable to measure baseline health and physical activity of the 
participants, so the estimated health benefits of public bikes 
may be inaccurate. However, overall, the study relied on an 
effective model that, despite some limitations, showed bike-
sharing systems to benefit the physical activity and health of 
bike users in some ways. More research is needed to deter-
mine the full health benefits of bike sharing programs, as this 
study was specific to London and applied only in the short to 
medium term. 

 
BMJ 2014;348:g425
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Mary Lipscomb is a member of the Tufts Sustainability Collective. She can be contacted at 
Mary.Lipscomb@tufts.edu. 

Image Source: https://flic.kr/p/fiDdKS

OPPOSING           
VIEWPOINTS

Should We Eat 
In Vitro Meat? 
Mary argues that 
in vitro meat is a more sustainable 
and humane option, but Lena asserts 
the idea is not realistic.

YES 

The opinions expressed in these 
articles do not necessarily reflect 
those of the author.

References for these articles can be found at 

TuftScopeJournal.org.

     In vitro meat, test-tube meat, shmeet, even Frankenmeat - call it what you will, 
it promises a more sustainable, ethical, and well-fed future. This sci-fi fantasy was 
patented back in the 90s, and its earliest incarnations were chewed, swallowed, 
and digested successfully in 2002.1 In 2009 it was listed in Time Magazine’s “50 
Breakthrough Ideas,”2 and in 2013 the first ever in vitro burger was eaten at a news 
conference in London.3 The technology is upon us, and with the Dutch govern-
ment investing heavily in research4 and the international In Vitro Meat Consor-
tium working tirelessly, we must embrace this superior alternative as it becomes 
economically viable through large-scale production and technological advances. 
     In vitro meat is far preferable to modern day methods in terms of envi-
ronmental sustainability. The meat industry is currently responsible for about 
18% of the world’s greenhouse gas emissions, which is more than the entire 
global transportation system.5 A study by Oxford University estimates that 
large scale in vitro meat production would result in about 14% less green-
house gas emissions than conventional methods of meat production, reduce 
the energy requirements of producing meat by about 45%, and require about 
2% of the land that conventional methods require.6 In vitro Meat Facilities 
additionally have the potential to burn the very methane gas they produce 
via methane digesters, further reducing their impact on the environment.7  
     As for that euphemistic term “conventional methods,” the current reality of 
the meat industry is horrific mass brutality. From birth to death, millions of 
living creatures are housed in crates so small they are never able to stand up, 
are constantly defecated on by those stacked above them, resort to self-harm, 
and, especially in the case of pigs, develop clear cases of insanity.8 As for those 
who argue that in vitro meat production is unnatural, the diets and drugs fed 
to the animals raised for slaughter in the United States are not at all natural 
and result in mutilated and debilitated animals.9 No aspects of their lives are 
natural, in fact. After these miserable lives, animals are often fully aware when 
they are about to be slaughtered and, struggling and screaming, are then killed 
inefficiently, resulting in death by slowly bleeding out.10 These are the condi-
tions under which 98% of meat produced in the United States is generated.11 
The majority of people I know eat meat, and the majority of them are not in 
such denial as to say that this practice is ethically defensible. People do not 
want to reconcile with reality through the sacrifice of a large part of their 
diet. The compromise of using meat that never had to experience any of this 
horrible agony seems like a no-brainer. These animals did not ask to be bred 
for lives of agony and inhumane slaughter, and the reduction in the popula-
tion of animals that have to experience this can be nothing but a good thing. 
    Finally, it has been claimed that under ideal conditions, in vitro meat produc-
tion could produce 50,000 tons of pork from ten pork stem cells in two months.12 
The resources required for in vitro production are diminutive when compared to 
those required for the “conventional methods” of raising meat, making it ideal 
for a world trying desperately to support the weight of 7 billion human beings. 
    The meat industry has a lot of money and political clout. This is a large part of 
why its unconscionable practices have been tolerated for so long, despite being 
brought to the attention of the public. It is incredibly important to support in 
vitro meat production, which faces such a formidable opponent, in the interest 
of creating a more just, sustainable, humane, bearable world.
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NO  
 
 

     Meat grown in a laboratory was always a dream of scien-
tists, but has recently become a reality. On August 5, 2013, 
Mark Post and his University of Maastricht colleagues served 
their laboratory made hamburger in London. Post, along 
with a food author and food scientist, were part of the first 
public taste testing of edible in vitro meat.1 Although this 
day marked a significant milestone for in vitro meat, it was 
indicative of debate around cultured meat. The burger was 
described as dry and flavorless, and food author Josh Schon-
wald said the meat had a taste “like an animal-protein cake.” 
The lackluster burger may have served as a scientific accom-
plishment, but it came at a cost of two years and $325,000.2  
     Despite Post’s hamburger, in vitro meat production is still 
premature. The project is relatively new across the globe. The 
idea was not taken seriously as a possibility until close to the 
turn of the 21st century when Willem van Elen was granted a 
Dutch patent in 1999. He began to earn patents internation-
ally. By 2005, the Dutch government decided to give $2 mil-
lion grants to fund the project.3 This began a combined effort 
between Dutch universities and scientists, who were assigned 
to research different aspects of the project. Although they 
were able to grow small amounts of muscle tissue in the lab, 
the meat’s texture was chewy, and the process merely high-
lighted the obstacles in growing cultured meat. 
     In vitro meat is made by isolating stem cells from an ani-
mal, culturing them to grow and divide, differentiating the 
cells into muscle cells, and, lastly, building the strength of 
such cells (referred to as “bulking up”). Although isolating 
stem cells has become a common and easy process for sci-
entists, culturing animal stem cells into muscle has become 
difficult and hard to control. While stem cells from animals 
like humans and monkeys have been successful in the past, 
farm animal stem cell lines have been less manageable. “If 
10 cells differentiate, you want at least seven or eight to turn 
into muscle cells, not three or four. We can achieve 50 per-
cent now,” says Bernard Roelen, a scientist who worked on 
van Elen’s project at Utrecht University.3 The cells have a ten-
dency to develop into neural cells instead. Although scientists 
thought they could bypass this problem by using adult stem 
cells, which are more likely to develop into a particular type 
of cell, adult stem cells do not proliferate like embryonic cells.  
     As hard as it is to isolate muscle cells, culturing the cells to 
grow presents another issue. Many supporters of in vitro meat 
see it as a humane alternative to farming animals, but the 
media currently used to give the cells their required nutrients 
comes from slaughtered animals. Although alternatives have 
been found from plant products, they are much less efficient 
and even more costly. With the current media, a pound of meat 
requires funds of about $50,000.3 Using alternative medias 
makes the process exorbitantly expensive and is another part of 
the in vitro meat that would require research and refinement.  
     Scientists are also struggling on how to proceed once the 
muscle cells are supplied. These cells need to be stimulated 
in order to grow, but finding an efficient way to bulk them 
up has not been fruitful. One way to do so utilizes electrical 

impulses, but this only helps grow about 10% of the cells 
and is, yet again, expensive. Post has found an alternative, 
cheaper, method using chemicals to induce micropulses,but 
has also conveyed technological problems with this process.3  
     The overall in vitro meat development has many com-
plications to evaluate before it becomes a viable scientific 
process, much less a commercial prospect. Even if in vitro 
meat was produced on a larger scale, many people are skep-
tical and the success of such a venture cannot be assumed. 
Cor van der Weele of Wageningen University has researched 
a response to cultured meat so prevalent, it has been named 
the “ick” or “yuck” factor. Many people do not find cultured 
meat appetizing and simply do not want to eat or buy any 
such products.4 People also associate in vitro meat with 
genetically modified foods or the meat industry. Geneti-
cally modified foods are unfavorable in Europe, decreas-
ing the general interest in in vitro  meat.3 People also view 
the meat industry negatively, and carrying this associa-
tion narrows the market for cultured meat. Although these 
mental connections are not necessarily true, educating the 
general population is yet another obstacle to overcome.  
     In vitro meat is an ingenious idea and offers many solu-
tions to the food deficiency and ecological problems our 
world faces, but the scientific complexity makes it hard to be 
a reality. The process is not only riddled with difficulties and 
doubts, but also has an irrefutable uncertainty. The time and 
monetary investment required is still unknown. Dr. Post him-
self has estimated that it will be more than 10 years before 
cultured meat can be regularly produced, and would cost 
more than $30 per pound of beef.2 Although in vitro meat is a 
novel concept and a solution to many global issues, the world 
is currently left with nothing more than Dr. Post’s London 
hamburger. 
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INSIGHT

Panama Disease: The Plight of the Banana
Deanna Bessy

Have a banana Laffy Taffy. Throw back a few banana 
nerds. Crunch some banana Runts, or maybe devour a 
banana BB Bat if you’re feeling old-timey. Anything banana-
flavored will do. Think about that sticky-sweet flavor that 
hangs around in your mouth after you’re done. Now think 
about every banana you have ever eaten. This real flavor 
probably only weakly shadows its artificial “equivalent.” And 
there is a good reason. Artificial banana flavoring is based 
on the banana of the 1950s - the ‘Gros Michel’ banana.1 
This banana, deemed “Big Mike,” was sweeter and less mealy 
than the bananas of today. It was shorter and plumper, with 
thicker skin.2 It shipped well, not bruising or mashing easily 
like today’s bananas.2 It stocked 50’s 
supermarket shelves the same way 
the bananas of today stock ours. 

But in the early 1950s, a deadly 
disease began obliterating Big Mike 
populations. Beginning in the 
roots, this disease spreads up the 
plant, discoloring the stem a red-
dish brown.3 If the infection takes 
hold, the entire plant will wilt and 
die within months.4 The disease is 
called Fusarium wilt after the fun-
gus that causes it, Fusarium oxyspo-
rum f.sp. cubense. More commonly 
it is referred to as Panama disease, for the place that devas-
tating damage first became obvious. Fusarium wilt affects 
many different types of bananas, not just the Big Mike. In 
many species, however, the plant is able to stop the infection 
before it spreads out of the root.4 Big Mike plants are par-
ticularly susceptible to Panama disease because they do not 
recognize the fungus’ presence early enough to effectively 
contain it to the roots.3

Although Panama disease was first reported in 1876, 
the rate at which it spread to new banana-growing regions 
did not become a concern until the early 1920s. 6It became 
clear then that Panama disease was spreading at extremely 
fast rates, and attempts to save crops from the fungus were 
failing.3 Crop growers tried fungicides and moving banana 
crops to new, uninfected soil to no avail. Even where Panama 
disease was successfully defeated, the lull was temporary 
- infection would pop up again after a few years of seem-
ingly healthy growth.5 The fungus can travel from plant to 
plant through soil and water with little being able to stop it. 
Not only was the disease showing no signs of stopping, but 
growers were losing large amounts of money continually 
fighting the disease.6 By the time the 1960s rolled around, 
the Gros Michel banana was all but extinct.7

Destruction of a crop on a comparably large scale is vir-
tually unheard of – Panama disease destroyed over 40,000 
hectares (a hectare is 10,000 square meters) of the Gros 
Michel banana.7 Other crops can be infected by Fusarium 
wilt, including peppers, tomatoes, and potatoes.8 None 
of these crops suffer as extensively as the banana, how-
ever. This is not because the strains that infect bananas are 
unusually strong or infectious, it is because bananas are the 
perfect target. Prior to domestication, bananas contained 
large, black seeds in the fleshy fruit.9 This was not ideal for 
human consumption, so seeds were bred out in all of the 
banana species that are consumed today. Unfortunately, this 

seedless state was achieved by cross-
ing two different wild banana variet-
ies, resulting in a triploid plant - the 
banana that we know today.10 Trip-
loidy causes the seeds of the banana 
to not develop fully, making them 
more appetizing and easy to eat. 

This condition does come with 
its downsides, however. Banana 
plants cannot reproduce sexually, 
because when triploid cells attempt 
to undergo meiosis to form repro-
ductive cells, the result are cells that 
contain the incorrect amount of 

DNA that is also mangled beyond repair.10 Banana plants 
are instead propagated by separating and then growing off-
shoots of other mature plants.10 Consequentially, within the 
various banana cultivars, every banana is genetically iden-
tical.11 That was the underlying reason why Gros Michel 
eventually failed so completely. Every single Gros Michel 
plant in existence was identical, meaning that there was no 
variation in levels of resistance to Panama disease. Thus, all 
of the Big Mike bananas being grown for export perished 
together. 

The only solution for banana growers was to find a dif-
ferent, Panama disease-resistant banana cultivar to grow in 
absence of the Gros Michel. That cultivar is the Cavendish, 
which we eat today. The Cavendish succeeds where the Gros 
Michel failed, proving resistant to the strain of Panama dis-
ease that decimated Big Mike. It is, however, generally con-
sidered to be less flavorful, inferiorly textured, and harder to 
ship.3 During the early 1960s, just when it became obvious 
that the Gros Michel couldn’t be saved, cultivators picked 
up the Cavendish banana as a crop and never looked back.5 
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“Most people would 
never guess that just 

55 years ago, the entire 
banana market was on 
the brink of collapse.” 
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The banana business now operates much like it used to, pro-
ducing massive amounts of genetically identical bananas for 
export. The sole difference is the type of banana. 

Regardless of whether bananas were once more appetiz-
ing or easier to ship, the banana business certainly does not 
seem to be hurting for it today. Americans eat more bananas 
than apples and oranges combined.1 Bananas are Wal-Mart’s 
best-selling item of all time.1 Bananas are a household sta-
ple, present in the everyday lives of most Americans. Most 
people would never guess that just 55 years ago, the entire 
banana market was on the brink of collapse. 

Even more people would not guess that, once again, such 
a collapse is potentially on the horizon. Cavendish bananas 
are certainly resistant to the strain of Panama disease that 
plagued the Big Mike, but other than that, have no better 
defenses if they were to face a strain to which they are sus-
ceptible. Which is exactly what has happened. 

Reports of a new strain of Panama disease affecting 
Cavendish bananas, deemed “tropical race four,” or TR4 
for short, began circulating in the early 1990s.6 This new 
Panama disease has already swept through Asia and Austra-
lia, leveling almost all banana farms in Malaysia in a period 
of five years.11 Luckily, Fyfes and Chiquita, the two biggest 
banana suppliers to the US, import bananas exclusively 
grown in Central and South America, where the blight has 
not yet reached.13,14 However, articles dating back to 2008 
give the new Panama Disease only five to, at max, 20 years 
until arrival to this continent.12 That lower time estimate has 
already been passed, meaning that it is a matter of when, 
not if, Panama disease reaches Central and South America. 
If the decline of Malaysian banana farms is any indicator of 
what will happen when TR4 arrives, then the disease will rip 
quickly through farms, sparing nothing. We could realisti-
cally face another round of the 1950s banana disaster. 

The real question is how it will be dealt with. Anyone 
who has walked into a grocery store in the past year can tell 
you there is no magical new strain of banana being mar-
keted to the public at large. Our banana supply is just as 
undiversified, and, therefore, as unprepared for disaster as 
it was sixty years ago. The solution to the current banana 
“situation” is unclear. Will the scientists of today engineer 
a fancy new banana that is both tasty and resistant to this 
new disease? Will they instead solve the problem of triploidy, 
solving all future banana crises in one fell swoop? Or will we 
become the next generation to have the bananas we know 
and love ripped from our hands, replaced with some slightly 
inferior imposter? Perhaps it is simply the end of an era, and 
we will become the last American generation to even know 
the banana. Only time will tell. 

RESEARCH HIGHLIGHTS: 

BGS Traps Could Help Control the Spread 
of Dengue Fever

Caroline Russell-Troutman
Mosquitos have long been considered a dangerous disease 

vector in certain parts of the world, spreading not only malaria 
but other potentially fatal diseases such as dengue fever. Female 
Aedes aegypti mosquitos transmit this disease to as many as 100 
million people every year and about 2.5 billion people currently 
live in areas with a high risk of dengue infection. There is no 
vaccine available for this disease, so health professionals must 
turn to mosquito control in dengue-endemic areas in order to 
limit infection rates. One proposed method of control is the use 
of BG-sentinel (BGS) traps: mass-trapping devices that lure in 
mosquitos and kill them.  

 A study recently published in the Journal of Medical Ento-
mology has examined the efficacy of BGS traps in controlling 
mosquito populations. The study took place in the Cidade Nova 
neighborhood of Manaus, Brazil, a dengue-endemic area, and 
approximately 121,135 local residents participated. The study 
period lasted from February 2009 until June 2010. Experiment-
ers observed twelve clusters of households, each consisting 103-
151 households, where six clusters were the experimental group 
and the other six clusters were the control group. Experimenters 
installed BGS traps in households that were part of the experi-
mental clusters while the control cluster households received no 
mass-trapping devices. Experimenters also set up “monitoring” 
traps in all households to catch mosquitos that were not stopped 
by BGS traps and thus determine the efficacy of the BGS traps. 
Experimenters collected these traps biweekly, then examined 
and counted the trapped mosquitos. 

 All households also completed questionnaires regarding 
number of household members, ages of household members, 
education, neighborhood familiarity and solidarity, current 
application of mosquito control measures, and other factors 
that could affect the differences between the control and experi-
mental groups, and thus affect the accuracy of the study results. 
Though these questionnaires showed statistically significant dif-
ferences in neighborhood solidarity and familiarity between the 
two groups, all other variables were similar between the groups. 

 The results of this study showed that households using 
BGS traps had reduced numbers of female Aedes aegypti mos-
quitos present in their homes during rainy months, but there 
was no difference in mosquito populations during dry months. 
Though fewer cases of dengue infection were reported among 
households using BGS traps than the control households, this 
difference was not statistically significant. Therefore, though this 
study showed BGS traps to be a potentially effective solution for 
mosquito control under some circumstances, these results do 
not provide evidence for the efficacy of BGS traps on a larger 
scale. More research is thus needed to fully understand the role 
of newer mass-trapping techniques in mosquito control.  

 
J. Med. Entomol. 2014; 51(2): 408-420

References for this article can be found at 

TuftScopeJournal.org.
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ORIGINAL ARTICLE

Leeches in Medicine: Friend or Foe? 
 Ai Yamasaki

INTRODUCTION

The term ‘leech’ tends to evoke quite a graphic and fear-
ful image in a person’s mind as bloodthirsty parasites that 
seek to attack their unsuspecting victims.  Popular media 
has not helped their case.  The 1959 film “Attack of the Giant 
Leeches” follows the story of a group of people who are 
abducted and killed by intelligent, 
larger-than-life sized leeches.1  
The dictionary defines a leech as 
“a person who clings to another 
for personal gain, especially with-
out giving anything in return, and 
usually with the implication of 
exhausting the other’s resources.”2   
A discussion of the medicinal 
leech—its anatomy and physiol-
ogy, as well as tracing its uses in 
history through to the modern 
period—should dissipate such 
dreadful fears.  The use of medici-
nal leeches has been documented 
since Graeco-Roman antiquity.  In the Middle Ages, leeching 
was largely consistent with prevailing Hippocratic humoral 
theory, and in 17th through 19th century Europe, leeching 
as a bloodletting technique became as popular as Advil for 
headaches is today.  After a brief hiatus, leeching now plays 
an important role in modern surgery and postoperative care, 
and demonstrates a promising future in the field of medicine. 

LEECH ANATOMY AND PHYSIOLOGY

More than 300 species of leeches are classified in the Phy-
lum Annelida, Class Hirudinea.3 They typically live in the 
freshwater ponds, streams, and marshes of North America 
and Europe.4 Although most are not parasitic, some are par-
asites that feed on the blood of other organisms for suste-
nance.  Disturbances in the water in which leeches live stimu-
late their feeding behavior, as do the proximity of high body 
temperatures typical of mammals.  They are hermaphrodites, 
but cannot self-fertilize, requiring humid and shaded areas to 
lay their eggs inside of small cocoons.4 

The most commonly used species of medicinal leech is 
Hirudo medicinalis.5  The leeches of this species have been 
known to consume up to 9 times their own body weight, 
which ranges between 5 mL and 15 mL of blood.  This vol-
ume can sustain them for anywhere between 3 months to one 
year.4  Once they are satiated, they do not feed again until 
digestion is fully complete.3 

The anatomy of Hirudo medicinalis is relatively simple.  
Their bodies are divided into 102 annuli (segments).  Its 

average adult resting length is about 4 cm, and its coloration 
varies from green to brown.  It has a small anterior sucker 
for feeding, and a large posterior sucker for movement.  At 
its anterior end lie 10 small eyes and 32 brains that coordi-
nate a fairly complex nervous system.7  It should be noted 
that when a leech is injured, for instance the tail is cut off, it 

is able to regenerate the lost body 
part as well as regain motor and 
sensory functions.3  This is quite 
remarkable, given most animals 
are unable to regrow their neural 
synapses.  Not all leeches bite, but 
among those that do, inside the 
anterior sucker are 3 jaws con-
taining roughly 100 small teeth 
each to incise the host’s skin.7   
Their bite leaves a pattern in the 
skin that has often been likened 
to the Mercedes-Benz symbol.9 

Leech physiology is more 
complex, as their saliva contains 

a diverse mix of chemicals, including an anesthetic, antihista-
mines, hyaluronidase, and hirudin.3  The anesthetic and anti-
histamines help the leech remain unnoticed while it feeds, as 
the host will not experience discomfort or pain during the 
process.  Hyaluronidase increases the permeability of the 
host’s tissue to ensure efficient delivery of its chemicals, and 
is also postulated to increase blood flow to the wound made 
by the leech.10  Hirudin, arguably the most notable compo-
nent of leech saliva, is the most potent natural anticoagulant 
currently known.3  Normally, when blood is running from a 
recent wound, an enzyme called thrombin converts the mol-
ecule fibrinogen into fibrin, which in turn agglomerates with 
platelets to achieve hemostasis.  However, when a leech bites, 
the hirudin in its saliva works by inhibiting thrombin, pre-
venting coagulation of the host’s blood.  The preservation in 
its liquid form allows the leech to consume, store, and subse-
quently digest large amounts of blood.  Hirudin is extremely 
potent—on average, blood from a leech bite on a human will 
bleed for more than 10 hours if left untreated.3 

Leeches entirely lack digestive enzymes.5 Hirudo medici-
nalis has developed a symbiotic relationship with a bacte-
rial species, Aeromonas hydrophila, which lives inside of its 
gut.  In return for a safe place to grow and reproduce, the 
bacterium secretes several digestive enzymes to aid in break-
ing down the erythrocytes and hemoglobin in the ingested 
blood, providing energy for the leech.9  The bacterium also 
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“After a brief hiatus, leech-
ing now plays an important 
role in modern surgery and 

postoperative care, and dem-
onstrates a promising future 

in the field of medicine.” 
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MIDDLE AGES

The etymology of the term ‘leech’ has its origins in the 
Middle Ages.  It was first derived from an Old English word 
meaning ‘worm,’ and it also possessed another meaning—
‘one who heals,’ or ‘physician.’  Eventually the two meanings 
overlapped, and doctors became known as leeches.8

The most common technique of bloodletting practiced 
throughout antiquity was venesection, the incising of veins 
in specific locations, typically in the arm or leg, to withdraw 
blood and secure humoral balance.8  Venesection could also 
be used with cupping, where after the incision, a heated 
bronze cup was applied over the site, and the amount of 
blood withdrawn would be proportional to the size of the 
cup and the vacuum created.  Others used a scarifier, also 
known as a fleam, which was a knife with several small sharp 
blades, or with a needlelike lancet.13  These methods, however, 
were often very painful, if not dangerous, because carelessness 
or lack of skill could damage an artery or a nerve.  Medical 
leeching had considerable advantage over such techniques, as 
it was less painful, more reliable, slower, and allowed better 
access to certain hard-to-reach parts of the body, such as the 
nostril or esophagus.3  These areas were sought out for leech-
ing because generally, the leeches would be placed as near as 
possible to the site of complaint to maximize effect.8  

In this period, barber-surgeons, rather than physicians, 
were primarily responsible for bloodletting.9  They were 
equipped with a staff for their patients to grasp to encour-
age their veins to stand out, a basin to catch excess blood or 
to hold leeches, and linen bandages.13  In fact, the barber’s 
pole originated as bloodstained bandages wrapped around 

the barber-surgeon’s staff with a 
leech basin sitting on top.13 

In the early Renaissance 
period, a Frenchman named 
Ambroise Paré, a pioneer in sur-
gical techniques and battlefield 
medicine, articulated his opin-
ions about the medicinal leech.  
In his 1634 work, he cautions: “if 
the leeches be handled with the 
bare hand, they are angered…
and will not bite; wherefore you 
shall hold them in a white and 
clean linen cloth…[and] they 
will take hold of the flesh.”14  To 

determine the exact quantity of blood removed, he recom-
mends that one “sprinkle them with salt…for thus they will 
vomit up what blood soever they have sucked.”  If more 
blood needed to be removed than the leech was capable of 
removing, he suggested “cut(ting) off their tails as they suck, 
for thus they will make no end of sucking.”  Paré also men-
tioned that “leeches by sucking, draw the blood not only from 
the affected part whereto they are applied, but also from the 
adjacent and distant parts.”14  This theory was illustrated by 
the French author Pierre Boaistuau, who depicted the ‘tyrant 
Denis Heraclet’ being leeched for obesity.15  He wrote “the 
story of a king who was so fat, he needed to use leeches to 
suck out his excess fat.”16  

secretes an antibiotic that prevents the growth of other bacte-
rial species.  This is to preserve the blood from putrefaction 
during the long-term storage inside of the gut.9  This sym-
biotic relationship is not entirely beneficial for the purposes 
of human leech therapy, however, as the bacteria can cause 
serious wound infections.  So, modern medical procedures 
require the use of prophylactic antibiotics before and after 
leech therapy.5

GRAECO-ROMAN ANTIQUITY

In Graeco-Roman antiquity, leeches were used for the 
treatment of a wide range of ailments, including eye disease, 
epilepsy, nasal congestion, and stomach ailments.  

Nicander of Colophon, a Greek physician of the second 
century BC, wrote a medical poem called Theriaca about 
poisons and their antidotes.  He described the medicinal 
use of the leech for the first time in medical history, recom-
mending it for the extraction of blood after being bitten by 
a poisonous animal.10  

Later, in the first century AD, Pliny the Elder, a distin-
guished Roman encyclopedist, wrote a 37-book work on 
natural history.  He states, “leeches [are] used…to relieve 
the body of superfluous blood, and to open the pores of the 
skin.”  He also writes, “leeches may be successfully applied in 
cases of gout.”11

In the second century AD, Galen, a highly influential 
Greek physician and philosopher, advocated leech therapy 
according to Hippocratic humoral theory, as is made clear 
in his treatise Definitiones Medicae.12  Humoral theory 
dictated that health was a balance of the four humors—
blood, yellow bile, black bile, and 
phlegm—which correlated to the 
four elements—air, fire, earth, 
and water—as well as to the four 
seasons.  Furthermore, it insisted 
that an imbalance in these 
humors caused disease.  Since 
blood was the dominant humor, 
bloodletting was regarded as an 
effective therapeutic method for 
rectifying any imbalances.8 

Galen described in his work, 
Opera Omnia, the steps involved 
in leech therapy.12  He suggested 
that after catching a leech to 
store it in a jar for at least a day to reduce the ‘poison’ that 
it inherently possessed.  Then, to prepare the patient’s skin, 
the desired area was cleaned and shaved, scratched lightly 
with the nails, and smeared with animal blood, warm oil, 
milk, or sugar-water to encourage the leech to bite.  After a 
sufficient quantity of blood had been removed, salt or frank-
incense ash was sprinkled on the leech’s mouth to detach it.  
Blood from the wound continued to be removed by cupping 
or letting the blood run freely.12   In retrospect, this was wise 
because it was less likely for the Aeromonas hydrophila bac-
terium to remain in the wound and cause an infection.  A bit 
of flour or cumin, along with a bandage, would eventually 
stop the bleeding.12 

“In Graeco-Roman antiqui-
ty, leeches were used for the 
treatment of a wide range of 
ailments, including eye dis-
ease, epilepsy, nasal conges-
tion, and stomach ailments.”  
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17TH THROUGH 19TH CENTURY EUROPE

The 17th through the 19th centuries were marked by a 
dramatic rise in the medicinal use of leeches, particularly 
in Europe.  The technique was popularized by Dr. François 
Broussais, a surgeon in Napoleon’s Grand Army and a profes-
sor of general pathology in the Paris Academy of Medicine.16 

His 1816 work L’Examen des doctrines médicales explained 
that all symptoms of ill health were not caused by disease, 
but rather by the inflammation of the gastrointestinal tract.  
According to his theories, these malicious symptoms spread 
to other organs “sympathetically,” and he believed that in 
order to alter this ‘sympathy,’ the body must be weakened 
before it was cured.16   He advocated a starvation diet and 
much bloodletting via leeches, applying up to fifty leeches 
at one time to any given patient.  He claimed that leeching 
could treat a wide variety of diseases, including typhoid fever, 
syphilis, tuberculosis, and several mental illnesses.16   He even 
developed a habit of prescribing leeches to newly admitted 
hospital patients even before seeing them.9 

Broussais’ theories were widely accepted in the West, trig-
gering an international “leeching craze” between 1825 and 
1850.17  Hirudo medicinalis was 
particularly popular due to its abil-
ity to draw larger volumes of blood 
than other species.17  Leeches were 
exported in huge quantities from 
Germany, Poland, Turkey, and 
Egypt.  At the peak, France, Russia, 
and the United States each imported 
30 million leeches per year, and over 
673,000 kg of blood were drawn from patients in Paris hospi-
tals alone.17   It is estimated that France imported more than 1 
billion leeches between 1800 and 1900.  

The “leeching craze” led to the invention of various tech-
nologies to make their use more convenient.  In 1824, Dr. 
Richard Reese presented a device he called the ‘leech glass’ in 
London’s Monthly Gazette of Health.18  It was a small glass 
tube used to place leeches precisely on the desired spot on 
the patient’s body.  Reese invented this device after receiving 
complaints from his fellow physicians about the difficulty of 
wandering leeches.  In such cases, leeches were sometimes 
threaded at the tail with silk thread to ensure safe removal, 
as some patients suffocated after a satiated leech detached 
itself in the esophagus.8  One would have to be sure that it was 
threaded from the dorsal to ventral side, as not to cause harm 
to the leech’s own blood vessels.  

With the advent of modern physiology, pathology, and 
microbiology, leeching fell out of favor by the early 20th cen-
tury, as the emphasis upon experimental, rather than empiri-
cal, methods increased.  In this way, the harmful affects of 
leeching were recognized.  In the 1820s, the French physi-
cian Pierre Louis concluded that excessive bloodletting via 
leeches was in many cases useless, and was in fact harmful 
rather than beneficial.17  He conducted a study finding leech 
therapy patients suffering from blood loss, infection by the 
leech’s gut bacteria, and the spread of blood-borne diseases, 
including syphilis.  Because the demand for leeches was so 
high, there was pressure to use them on multiple patients, 

significantly increasing the risk of disease transmission.  The 
high demand for a dwindling supply also caused the leech to 
join the endangered species list in Europe, and it still remains 
on this list today.17   By the end of World War II, leeching was 
no longer accepted as a medical cure.

MODERN USES

In the latter half of the 20th century, however, medicinal 
leeching experienced a revival that continues to the present 
day.  Its contemporary uses include applications in micro-
surgery, maxillofacial, reconstructive and plastic surgery.19  
When appendages are re-attached, excessive blood clotting 
in the veins of the attached portion often lead to necrosis 
and eventual rejection of the new parts.9   Leeching has been 
found to relieve this type of venous congestion in skin grafts 
and implanted appendages such as the fingers, ears, and nose 
tips.  On average, it takes about 5 to 10 days of leech therapy 
to induce revascularization.9  For example, a patient whose 
thumb had suffered severe trauma at the tip underwent 
reconstruction using a skin graft.20  Immediately following 
graft attachment, the finger seemed to be healing normally.  

However, post-operative leech ther-
apy was needed when the graft por-
tion began to show signs of venous 
congestion, as it became purple 
and swollen.  After 3 days of leech 
therapy, normal blood flow was re-
established, and the finger success-
fully healed and also regained func-
tion after about one year. 

Yet leech therapy is not limited to implants and skin 
grafts, as it has been proven to reduce pain and stiffness in 
the joints of osteoarthritis patients, and is also known for its 
efficacy in the treatment of complicated varicose veins, peri-
orbital hematoma (black eye), and purpura fulminans.19 

The modern process of applying medicinal leeches is sim-
ilar to the steps described by Galen, with extra precautions for 
accuracy and for minimizing the risk of infection.  Leeches 
are kept in refrigerated containers filled with spring water or a 
special saline solution, and instead of scratching the patient’s 
skin with the nails, a drop of glucose solution encourages the 
leech to attach.3  Gloves are worn so that the leech attaches to 
the right person, and a gauze ring is placed around the area 
to guide it.21  An alcohol swab is typically used to remove it, 
or, in the rare case it resists, a topical cocaine solution is used 
to paralyze it.  It is important to note that leeches are never 
removed forcibly, because if their teeth remain in the skin, the 
risk of subsequent infection is very high.21 

Past and present research has given hope for future uses 
of medicinal leeches. In 1884, Dr. John B. Haycraft success-
fully isolated the anticoagulant hirudin from leech saliva.9   
Hirudin was purified and crystallized by Dr. Fritz Markwardt 
in 1957, and produced by genetic engineering in 1986.  In 
the words of Markwardt, “the introduction of hirudin into 
clinical medicine would be a decisive progress in prophylaxis 
and therapy of thrombosis.”9   Hirudin has shown promising 
results of its potential use in the re-establishment of blood 
flow in coronary and arterial thrombosis after angioplasty.

“Past and present research 
has given hope for future 

uses of medicinal leeches.”
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Other studies have been done to investigate the possibility 
of eliminating the risk of bacterial infection after leech ther-
apy.22   This is because prophylactic medication is not always 
cost-effective, and infection remains the predominant risk of 
undergoing leech therapy today.  It has been proven that the 
treatment of medicinal leeches with the antibiotic ciprofloxa-
cin rids them completely of the Aeromonas bacteria, without 
hindering their ability to remove blood.22   Although these 
results are still preliminary, it is a promising step towards 
making modern leech therapy a safer process.

 In 1850, a medical journal published in London featured 
an advertisement for ‘Kidston’s Mechanical Leech,’ with illus-
trations demonstrating its features accompanied by several 
very positive testimonials.23   One surgeon states that “the fol-
lowing are its advantages: it is always available, the mode of 
using it is very simple, it can be applied to any part of the 
body, and any quantity of blood may be drawn, and that 
in much less time than by leeches.”23  Inspired by Kidston’s 
design, engineers at the University of Wisconsin-Madison are 
currently developing a new mechanical leech, which dispenses 
the synthesized anticoagulant to compromised human tissue 
better than an actual leech.13   The prospect of diminishing 
the qualms of patients who are uneasy about attachment of a 
live leech for treatment is enticing, as such a highly effective 
treatment should not be neglected.  The mechanical leech is a 
closed glass contraption, with a suction tube for excess blood, 
an air inlet, and a drug dispenser with a microporous disk at 
its base.13  

CONCLUSION

In conclusion, as stated in a 7th century Latin riddle 
regarding the leech, “I bite unfortunate bodies with three-
furrowed wounds/And bestow a cure from my healing lips.”3  
Indeed, despite their negative reputation for being harmful 
and terrifying parasites, it is apparent that leeches have been 
used extensively throughout medical history, and remain in 
vogue today for a number of medical treatments.  Although 
they may never again be as popular as they were in 19th cen-
tury Europe, leeches seem to be much more of a friend than 
a foe to mankind with regard to their use in medicine from 
antiquity to the present day. 
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leads to an increase in infection of their families.1

UNAIDS estimates that there are currently 33 million 
people living with HIV/AIDS, and of those, 95% are living 
in developing nations, with almost two thirds in sub-Saharan 
Africa. Much of the strategy regarding HIV/AIDS has focused 
on prevention and education, including screenings that tar-
get populations that are most at risk of infection. Although 
there has been an increased effort in recent years to expand 
access to ARTs in developing countries, treatment has lagged 
behind prevention efforts in both assistance and funding. 
While prevention efforts have had a wide impact and should 
not be diminished, it is essential that people in developing 
countries also have access to quality, affordable treatment for 
HIV. Despite the barriers to implementation and success of 
ARTs, there is an ethical obligation to provide existing treat-
ments to people in developing countries.

The barriers to the scaling up of ARTs include drug prices, 
infrastructure, reluctance of organizations, and adherence. 
Fortunately, the price of the first-line HIV drugs recom-
mended by the WHO has fallen by 19% within the last year, 
and the price of second-line drugs has also decreased.2 The 
problem remains that second-line drugs are far more expen-
sive than first-line. The future of patents for new HIV medi-
cation will be a significant determinant of sustainable treat-
ment plans for countries without access to a generic option, 
because patents keep prices high. Health care infrastructure is 
less stable in developing nations, and if there is no consistent 
medical support available for patients to stay on track with 
their treatment, adherence suffers. The consequence is resis-
tance to first-line drugs, necessitating the use of second-line 
drugs that are much more costly.

Aside from the enormous cost barrier between developing 
nations and life-saving antiretroviral therapies, there has also 
been disagreement over whether effective treatment of HIV/
AIDS in developing countries is even a possibility. Because 
adherence is crucial in treating diseases such as HIV, there 
has been concern that providing first-line drugs to coun-
tries would ultimately fail due to unavoidable factors such as 
cost or transportation to treatment facilities. This, however, 
is an untrue conjecture since adherence in many rural areas 
around the world is often the same or greater than in devel-
oped nations. In a study that looked at 225,000 HIV patients 

The human immunodeficiency virus (HIV) infects the 
cells of the immune system and progresses to acquired immu-
nodeficiency syndrome (AIDS), a disease for which there is no 
cure. HIV transmission occurs through contact with blood, 
semen, vaginal fluid, or breast milk of an infected individual. 
AIDS was recognized as a disease in 1981 and has since become 
a global pandemic. Although there is no cure, antiretroviral 
therapy (ART) can be used to stop the progression of the 
disease and prevent transmission of HIV. ARTs are combina-
tions of multiple drugs that are often quite costly and usually 
require frequent doses, which is why adherence to the regimen 
is often a problem. The first drug to treat HIV was approved in 
1987 and since then, 27 more have been released and approved 
to treat patients. While the costs of these therapies have fallen 
over the years as more generic drugs increase competition in 
the market, newer medicines are still out of the price range for 
the majority of people living with HIV/AIDS. 

Countries with a heavy burden of HIV infection also expe-
rience its economic consequences. Since HIV infects people in 
the labor force who are in the prime of their healthy years, 
economic growth is hindered when they can no longer work. 
This exacerbates impoverishment and poor health of vulner-
able communities. As of 2004, the World Bank estimates that 
24 African countries forego 0.5%-1.2% per capita growth per 
year due to the costs of HIV. Breaking this cycle of poverty 
and disease has proven to be a difficult undertaking. Poverty 
and poor health are not independent, but rather are inextrica-
bly linked, so that often an improvement in one area will gen-
erate an improvement in the other. Perhaps governments and 
foreign aid donors either do not recognize this or are unable 
to tackle such a large issue, but overall poverty reduction and 
health promotion should ideally be targeted simultaneously. 
This is usually not the case, however, with HIV.

OneHealth is the idea that the health of humans, ani-
mals, and the environment are all linked, and that a global, 
interdisciplinary approach is necessary to improve health and 
save lives. This concept is relevant to HIV/AIDS for many 
reasons; primarily, the virus is believed to have originated in 
primates and transferred to humans. This can also be applied 
to the idea that if effective, life-saving treatment is available 
in wealthy countries, it should be made available in poorer 
places where it is needed. Furthermore, it is imperative to 
improve access to treatment worldwide because in a global 
economy, one country reducing its incidence of HIV is not 
enough to protect its border and its citizens from the virus. 
For example, most men in rural western Nepal are forced to 
be migrant workers because of the lack of jobs where they live, 
so they work in India for months at a time to provide for their 
families. Many of these workers contract HIV in India, which 
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“If companies were more 
concerned with affordably 
curing diseases than with 
profit, the world would be 

much closer to an 
AIDS-free generation.” 

References for this article can be found at 

TuftScopeJournal.org.

in sub-Saharan Africa, the average retention rate was found 
to be 70%. This is significantly better than the average reten-
tion rate among HIV patients in North America of 55%. It is 
clear that when given the resources, impoverished commu-
nities can overcome barriers to access and implement more 
effective treatment plans compared to wealthy communities.3 

Bayalpata hospital is run by Nyaya Health, a non-gov-
ernmental organization in Acham, a district of rural west-
ern Nepal. Nyaya Health has studied the factors of successful 
implementation and the causes of non-adherence in Acham 
through a survey of over 100 patients receiving ART at their 
hospital. The population that utilizes Bayalpata hospital is a 
diverse group, consisting primarily of two castes with vary-
ing levels of education and socioeconomic status, although 
most are poor and uneducated, with an illiteracy rate of 
70.6%. Most work agricultural jobs, and they all live vary-
ing distances from the hospital. In six months, the rate of 
missed dosage in the hospital was 25%, which is comparable 
to rates in the United States.4 This level of adherence shows 
that people in Nepal understand 
the importance of treatment for 
their own health, and that this 
strategy can be cost-effective. 
The cost-effectiveness of ARTs 
in the developing world is also 
shown by a large 2007 study in 
South Africa, which found that it 
was most beneficial to follow the 
same treatment guidelines used 
in the developed world.5 Travel 
distance, work obligations, and 
physician wait times were found 
to be the most important fac-
tors adversely affecting adher-
ence. Stigma, discrimination, 
and religious obstacles were also significant. A factor that 
increases adherence is a hospital atmosphere that creates a 
collaborative relationship between doctors and patients. This 
is a simple and inexpensive change that hospitals can make 
to improve the effectiveness of treatment, even in rural areas 
where there are other factors contributing to patients’ access 
to treatments. Most importantly, adherence is made possible 
by healthcare providers who are supportive and who give 
clear instructions to enable patients to succeed.4, 6  

Under guidelines set by the World Health Organiza-
tion (WHO), nearly 26 million HIV patients are eligible for 
antiretroviral therapy, yet only 9.7 million have access to it. 
Although the outreach of prevention strategies is an invalu-
able component to ending the unequal burden of HIV on 
impoverished countries, the fact that millions of infected 
patients would benefit from treatment they cannot access 
must be addressed. The excuse that treatment is costly and 
adherence to medication will prevent the success of ART 
programs is unacceptable when solutions to these problems 
already exist and are being practiced on a small scale. In terms 
of adherence, organizations in low-resource settings have 
proven that treatment programs that outperform programs 
in the United States can be implemented. In reality, treatment 

is a form of prevention because transmission rates decrease 
with the use of antiretroviral therapy.

Realistically, advocacy can only go so far; the greatest 
potential for affecting change lies with the drug compa-
nies. As mentioned earlier, drug companies that patent their 
products, thereby inhibiting the production of a generic ver-
sion, prevent access to life-saving drugs where they are most 
needed.7 If companies were more concerned with affordably 
curing diseases than with profit, the world would be much 
closer to an AIDS-free generation. While it is unlikely that 
drug companies will become non-profit in the near future, 
there are other ways the industry could help. For example, 
drugs should be developed with key populations in mind, 
such as those in poor countries. Four antiretroviral drugs 
were created to address the needs of these populations specifi-
cally, proving that drugs can be made affordable, simpler to 
adhere to, and compatible with particular patient profiles in 
certain areas.8 Pharmaceutical companies should fund more 
projects like this to reduce the inequity in drug availability 

between the developed and develop-
ing worlds.

Looking forward, public policy 
will play a major role in shaping 
access to HIV treatment. Interna-
tional donors and organizations 
fund the vast majority of treat-
ment provided in resource-poor 
countries; this has been effective 
so far, but will not be sustainable 
when countries or donors begin 
to pull back from their financial 
commitments. Governments have 
the responsibility to ensure that all 
patients who are currently receiving 
antiretroviral therapy will continue 

treatment without disruption, even if external funding for 
HIV changes. This involves a huge undertaking for health care 
systems that are already strained, and increased cooperation 
across political, economic, and health sectors. Recommenda-
tions for countries in need of a self-supporting HIV treat-
ment plan include integrating antiretroviral therapies into 
the primary health care system. Although the WHO has also 
recommended that countries adopt universally free access to 
HIV treatment, many countries lack the human and financial 
capital necessary to facilitate an influx of demand for treat-
ment and other health services. HIV treatment free of charge 
along with increased access to health care facilities is the ulti-
mate goal. There is evidence supporting the claim that even 
the smallest user-fee for HIV treatment discourages patients 
from seeking health care and has a negative effect on adher-
ence.9 Developing countries that have heavily depended on 
international aid to supply ARTs, however, will need to slowly 
transition to economic independence by building stronger 
health infrastructure. 
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The topic of death is one that makes even the strongest 
uncomfortable, especially when it is in regards to a loved one 
or close friend.  What can make this situation even more dif-
ficult is when that loved one has to decide, or must have his 
relatives decide for him, whether it is worth prolonging life, in 
spite of the agony and suffering. In several countries, patients 
and/or their families are given a particularly controversial 
option: to end life and suffering through means of euthana-
sia. In recent news, Belgium has swept international head-
lines and has sparked international debates by signing into 
legislation the option of euthanasia for terminally ill children.

The best place to start a conversation about euthanasia 
is to properly define it. Euthanasia is the action taken by a 
medical physician “that intentionally ends the life of a person 
at his or her request.”1 In con-
trast, although often confused 
with euthanasia, physician-
assisted suicide requires no 
direct action from the physi-
cian. A common practice for 
physician-assisted suicide has 
the physician prescribe the 
lethal dose of a drug, and the 
afflicted self-administers the 
dosage. The Netherlands, Luxemborg, and Belgium have 
legalized euthanasia; the United States still holds the practice 
as illegal. However, states such as Washington and Oregon 
currently permit physician-assisted suicide.1

In the countries that have legalized euthanasia, physi-
cians can choose to practice either active or passive euthana-
sia; the distinction is derived from the physician’s actions in 
the process. Active euthanasia is whereby a physician actively 
administers medication to the patient with the intent of caus-
ing death.2 Passive euthanasia, on the other hand, is when a 
physician withdraws all food, water and medical treatments 
from the patient and allows the patient to pass at a natural 
rate.3 The majority of this article will deal with active eutha-
nasia, not passive euthanasia.

Ever since Dr. Jack Kevorkian put his Suicide Machine 
into practice and aided the first physician-assisted death (this 
was euthanasia, not physician-assisted suicide) in 1990, there 
have been stark divisions between those who support eutha-
nasia and those who oppose it.4 Two of the more universal 
supporting arguments of euthanasia are that it keeps the best 
interest of the person who is suffering in mind and that peo-
ple, in good mental capacity, have an innate right to die. Pro-
ponents of the former posit that no one should be forced to 
suffer excessively when steps can be taken to mitigate his suf-
fering. Although for terminal patients the option of palliative 
care is available, it is not always successful in curbing pain and 

may cause the afflicted to suffer more than necessary. With 
regard to the latter, advocates especially in the United States 
believe that there is an inherent right to die embedded in the 
Declaration of Independence.5 Essentially, this group believes 
the right to life, one of the inalienable rights, also implies that 
one automatically inherits the right to die. Finally, support-
ers justify euthanasia by employing the Doctrine of Double 
Effect. This basically states that if an action has a positive side 
effect and a negative side effect, the action is morally right if 
the intention of the action was not the negative side effect.6

Opponent of euthanasia rally around the points that 
legalizing euthanasia would place unfair pressure on vul-
nerable, sick people in the hospital and that it would put 
the country on a slippery slope, which would end with the 

practice of involuntary 
euthanasia becoming a com-
monplace practice.7 Patients 
in a terminal state may feel 
as though they are being 
a burden to their families 
emotionally and financially, 
especially if the illness has 
been prolonged. Feeling 
depressed considering what 

their family is enduring for them may make them want to 
take an easy exit.

There does not seem to be an end in sight to the debate of 
whether or not to give patients the decision to die. Belgium’s 
latest legislation to legalize euthanasia for minors seems to 
have polarized groups even further. The bill, signed into law 
by King Philippe, provides children who are in severe pain 
the option to request euthanasia, and would require the con-
sent of the child’s parents, physicians and a psychiatrist who 
would evaluate the mental capacity of the child.8 The bill is 
receiving heavy objection from Christian Democratic and 
Flemish political groups, as well as a conservative Spanish 
lobby that petitioned to veto the bill. In addition, a group of 
175 physicians drafted a letter asking the legislature to reflect 
on the bill longer before making a final decision.9 The main 
point of the letter was that currently in Belgium there is no 
pressing medical need for such a revolutionary bill and the 
measure was unnecessary. Despite these forces, the bill passed 
86-44, with 12 abstentions, in the Belgian House of Represen-
tatives and was consequently approved in the Senate.8 How-
ever, it is expected that in the upcoming months, the Euro-
pean Court of Human Rights may become involved in the 
matter as the debates persist. 

“It seems overly optimistic that 
children are mentally capable of 
making decisions regarding the 
permanence of their own lives.”

EDITORIAL

Legalizing Euthanasia for Children in Belgium: 
Did it Truly Solve Anything?
 Rohan Rao

Author Contact: Rohan Rao is a Junior at Tufts University. Address 
correspondence to Rohan.Rao@tufts.edu.



 Spring 2014 • Volume 13, Issue II⏐  TuftScope 21

In my opinion, this bill is a myopic piece of legislation 
that was forced through the Belgian legislature without truly 
examining future ramifications. Primarily, it is incredibly dif-
ficult for children, especially younger children, to grasp the 
concept of death and its finality. Without this understanding, 
it is hard to expect children to be able to make an informed 
decision regarding their own lives. The trouble arises when 
children begin to think of euthanasia as a one-step way to stop 
the pain they have been enduring for months or even years. 

“We want for those children to be able to talk about eutha-
nasia and to ask those questions and if they really want to say, 
‘Stop, this is it, I don’t want it anymore,’ that they can have a 
choice,” says Mother Linda von Roy, a proponent of the bill.9 

While a valid point, this requires a level of comprehension 
that cannot be expected from children who are in pain. 

A second point that legislators seemingly overlooked 
is how impressionable and vulnerable children are when it 
comes to dealing with uncomfortable situations. It is charac-
teristic of children to aim to please their parents or say what 
they believe their parents would like to hear. If a terminally ill 
child is aware of the financial burden his parents are undergo-
ing to keep him in the hospital, along with medications and 
surgical procedures, the child may feel dejected and tell his 
parents that he would like to opt for euthanasia, seeing this 
as doing right by his parents. Similarly, the reality of having a 
young child who may not live more than a year can also put 
an incredible amount of strain on familial relationships, espe-
cially between two parents doing their best to deal with the 
situation at hand. If a child encounters fighting between the 
parents, he may quickly assume that he is the root of all this 
fighting and push for euthanasia to make his parents happy, 
even if he does not necessarily need the treatment. 

Finally, a large group of physicians in Belgium agreed, say-
ing that there is no urgent need for a bill like this. Passing such 
ground-breaking legislation incorrectly implies that there is 
some immediacy for children to be able to decide for them-
selves whether euthanasia in the right step for them. While 
proponents say this bill is more about principle than urgency, 
it seems as though a gradual process with more foresight and 
open discussions with professionals would have been the 
more logical route to take for legislation of this magnitude.

Dealing with terminal illness in the family can be both 
an emotionally and physically taxing process. In an attempt 
to create an open discussion and facilitate this whole process, 
it feels as though the Belgian legislature has produced more 
woes than cheers. In short, it seems overly optimistic that chil-
dren are mentally capable of making decisions regarding the 
permanence of their own lives. The bill also created a feigned 
sense of urgency, and may not have taken into account how 
easily children will blindly follow an idea when they think 
it will make their parents’ lives easier. I hope to see this bill 
modified and regulated in the future, with measures to pre-
vent abuse and protect terminal children who already have 
enough strain. 
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INSIGHT

Man’s Best Friends: The Human-Animal Bond
 

Joseph St. Pierre

Human-animal relationships, as with any other form 
of emotional exchange, have been shown to contribute to 
the emotional and physical well-being of both parties. The 
occurrence of this human-animal bond (HAB) — also 
referred to as “human-animal relationships” (HARs),6 and 
“human-companion animal bond”(HCAB),3 depending on 
context and specificity — has been the topic of multiple stud-
ies over the past decades, and is recognized by the American 
Veterinary Medical Association (AVMA), which characterizes 
the term as follows:

The human-animal bond is a mutually beneficial and 
dynamic relationship between people and animals that is influ-
enced by behaviors that are essential to the health and well-
being of both. This includes, but is not limited to, emotional, 
psychological, and physical interactions of people, animals, and 
the environment.1

Perhaps most the well-known form of HAB is that 
which manifests between pet owners and their respective 
companion(s). However, as evidenced by multiple stud-
ies, HAB formation is widespread throughout a variety of 
professions involving human-animal interaction, notably 
zookeepers,3,6 laboratory animal caregivers,5 and even live-
stock owners.4 Inevitably, HABs vary depending on the type 
and duration of interaction, as well as the animal species 
involved.3,6 However, there appears to be a general consensus 
that all forms of HAB exhibit the following characteristics: 
(1) HABs constitute a personal relationship formed between 
two individuals. However, said relationship is not exclusive. 
Therefore, multiple bonds of varying nature and intensity 
can be formed between multiple individuals simultaneously.4 
(2) HABs are described as reciprocal and persistent in nature. 
That is, both the human and the animal share a mutual emo-
tional investment, unique from other relations, which per-
sists from exchange to exchange. However, it should be noted 
that the mutuality underscoring HAB does not imply parity. 
Indeed, the interspecific nature of the bond almost ensures 
that both parties reciprocate their relation through different 
means and varying intensity.4 (3) HAB, by nature of its own 
definition, benefits the well-being of both parties.1,2,3,4,6

The claims of these three characteristics, especially the 
third, have been the subject of many studies, experimental 
or otherwise. In particular, clinical studies have discovered a 
wealth of benefits found to correlate with individuals mani-
festing a HAB. As a brief caveat before discussing the research, 
please note that most, if not all, of the referenced studies sug-
gest an association between HAB and health benefits. No 
study proves a causal link beyond this correlation. 

 

STUDIES EVIDENCING THE BENEFITS OF THE HAB 
At the core of the many benefits correlated with the for-

mation and maintenance of HABs lies the element of com-
panionship, especially with regards to the lonely and socially 
isolated. Studies seem to suggest that there is a correlation 
between pet ownership and decreased psychological distress 
and loneliness. Therefore, ownership correlates with the 
decreased occurrence of the negative physiological changes 
accompanying said distress.3 One common theme current 
research illustrates is the association between pet ownership 
and the decreased rates of loneliness and social anxiety, sug-
gesting that pet ownership, especially dog ownership, seems 
to not only reduce psychological distress by providing com-
panionship, but also facilitates the formation of various other 
interpersonal relationships by serving as social facilitators.3

In addition, HAB is also associated with increased job 
efficacy and psychological well-being in professions revolv-
ing around human-animal interaction.3,4,5 A 2010 study 
conducted by Hosey and Melfi found that the majority of 
zookeepers caring for a wide variety of species self-reported 
having formed bonds with the animals they cared for, with 
many reporting multiple perceived benefits.4 These ben-
efits were both operational and affective in nature, implying 
HAB to lead to better and more efficient husbandry, as well 
as improved emotional satisfaction on the part of the zoo-
keepers, respectively.6 A similar study conducted in 2002 by 
Chang and Hart indicated caregivers of laboratory animals to 
also exhibit feelings of increased well-being when interacting 
positively with the animals they cared for,5 further suggesting 
HAB formation to correlate strongly with improved caregiv-
ing and husbandry. Consequently, it has been suggested that 
caring for livestock in the context of HAB could also provide 
similar benefits for both the caretakers and animals involved.4

Because of the emotional benefits and the various prop-
erties relating to improved husbandry and care associated 
with HAB, it comes as no surprise that multiple studies 
also suggest HAB, and perhaps the improved psychological 
well-being accompanying it, is significantly correlated with 
improved cardiovascular health and functional status. As one 
notable example, dog ownership was found to have a posi-
tive association with one year survival rates amongst patients 
admitted to a coronary care unit.3

 
BRINGING HAB-RELATED BENEFITS TO THERAPY AND 
SOCIAL WORK

Beyond ownership and professional interaction, HAB 
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animals so as to avoid the spread of disease, especially with 
regards to facilities servicing the elderly, HIV patients, or 
those undergoing immunosuppressive treatment.3 Pet own-
ers, often due to lack of education, are also vulnerable to the 
transmission of zoonotic disease, as physicians and other 
healthcare professionals are often unfamiliar with handling 
zoonotic infection. As such, collaboration between veterinar-
ians and physicians is necessary for maximizing animal care 
while minimizing the health risks of the humans involved.3

Concerning animal welfare, neglect and abuse are both 
warranted concerns. While professional caregivers are often 
trained and assessed in the handling of the animals, and bla-
tant neglect and abuse is judicially regulated, a universal stan-
dard of care does not exist regarding the maintenance and 
husbandry of livestock and laboratory animals.3,5 In addition, 
research suggests additional support is needed amongst labo-
ratory caregivers forming HAB with their subjects, especially 
when they are professionally required to euthanize the ani-
mals they study.5

 
SUMMATION AND CONCLUSION

As indicated by the referenced literature, the existence 
and maintenance of HAB is a not only acknowledged by the 
much of the scientific community, but extensively studied as 
well. The occurrence of HAB extends beyond that which is 
manifested in pet owners and patients involved with ther-
apy or assistance animals, and is suggested to be widespread 
amongst zookeepers, livestock farmers, and even laboratory 
animal caregivers. HAB, especially those relating to dog own-
ership,3 has been statistically correlated with multiple short-
term and long-term benefits to both human and animal 
well-being and productivity, and some of these facets are now 
emulated through multiple therapeutic applications, most 
notably animal-assisted therapy (AAT) and the employment 
of assistance animals to facilitate care, mobility, and psycho-
social well-being of disabled individuals.2,3  

Therefore, as a response to the recognition and utilization 
of HAB as a therapy as well as both a social and professional 
facilitator, it has been acknowledged that for the future: (1) 
the extensive applications of HAB necessitates a standard-
ization of care for the well-being of the animals involved;2,3 
(2) caregivers working with animals not used in psychosocial 
therapy— including, but not limited to, zookeepers, livestock 
caregivers, and laboratory researchers and technicians— are 
also shown to form HAB with the animals they work with, 
and as such could benefit from additional support with 
regards to balancing the care of their animals with fulfilling 
their professional responsibilities,2,4,5 especially with regards 
to euthanasia;5 and (3) While HAB is shown to derive mul-
tiple benefits for those involved, human-animal interaction is 
not without risks. Of particular concern is the transmission 
of zoonoses to caregivers; pet owners were identified as being 
particularly vulnerable.3 Physician-veterinarian collaboration 
is an integral component for a maximization of animal care 
while minimizing health risks.3

formation and maintenance has also manifested in various 
forms of animal-assisted intervention (AAI),2 many of which 
are accepted therapeutic methods and catalysts for social 
work. Though there is no mode of standardization to formally 
distinguish the different manifestations of AAI, any form of 
intervention is often categorized under one of the following 
methods: animal-assisted activities, animal-assisted therapy, 
and the employment of assistance animals.  

Animal-assisted activities (AAA) are generally references 
to relatively informal activities which are usually not part 
of therapeutic interventions. Visits to hospitals and nursing 
homes by handlers and animals are all examples of AAA. As 
these interactions are primarily social in nature, the objective 
of AAA usually is to emulate pet ownership, though the vari-
ability of such interactions renders their benefits much more 
difficult to study.2

 By contrast, animal-assisted therapy (AAT) is far more 
objective in nature, with practitioners employing animals as a 
vehicle for therapeutic treatment and/or social intervention.2,3 
Animals are often regarded co-therapists throughout the pro-
cess, and have been utilized to great effect.  AAT methods have 
been shown to be particularly effective towards improving 
the mental state of child, and adolescent psychiatric patients. 
Clients distressed by developmental issues often receive AAT 
as part of their therapy, as both experimental and anecdotal 
evidence has shown animals serve as vehicles through which 
patients can project needs and insecurities.2 AAT has also 
proven itself to be effective in improving classroom behavior 
of children with emotional or developmental disabilities.3

Finally, the use of assistance animals employs trained ani-
mals to perform assistive tasks for the people with disabilities 
such as vision and hearing loss.3 Assistive animals have been 
shown to so be adept in their role that, in accordance with 
Title III of the 1990 Americans with Disabilities Act, approved 
service animals have been granted public access to various 
facilities where other animals are not allowed.3 In addition to 
physically assisting their clients, evidence also shows that the 
presence of assistance animals increases the functional abili-
ties of their clients by facilitating exercise.3 Additional psy-
chosocial benefits, as discussed with pet ownership, have also 
been shown to apply in cases involving assistance animals, 
lowering anxiety rates and improving patient mood.3

 

REGULATIONS AND CONCERNS REGARDING  
HAB-ASSOCIATED ACTIVITIES

Due to the interspecific interaction that inevitably comes 
with HAB-related activity, benefits cannot be achieved with-
out placing both humans and animals at risk. While the use 
of therapy and assistance animals has been shown to improve 
patient health and well-being, special veterinary care must be 
taken to avoid compromising the health of the animals in the 
process.3 Reciprocally, animals employed for the performance 
of various assistive and therapeutic tasks must be selected, 
screened, and specially trained so as to minimize patient risk.2 

One potential concern for caretakers and pet owners alike 
is the spread of interspecific, or zoonotic, diseases from ani-
mal to human. For this reason, many health care facilities 
minimize, or even forbid, the presence of assistive or therapy 
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ORIGINAL ARTICLE

Ethno-medicinal Plant Use in Response to Changing 
Vegetative Status in Buger Village, Tanzania
 Mara Rettig

INTRODUCTION

Reliance on natural resources has always been a key char-
acteristic of local, rural peoples within Tanzania. Plants have 
historically been utilized for many purposes among rural 
communities, one particular use being the creation of drugs 
from ethno-medicinal plant species. Ethno-medicine, also 
referred to as traditional or herbal medicine, has been around 
for thousands of years in many different forms across the 
world. It has been defined by the World Health Organization 
(WHO) as the “sum total of all the knowledge and practice” 
used in disease prevention and treatment, and it has been 
based “exclusively on practical experience and observations 
handed down verbally or in writing from generation to gen-
eration.” Traditional medicine is, in many rural villages, the 
only medical resource available to people. Even with access 
to modern medical facilities, many individuals (both literate 
and illiterate) treat themselves with a combination of con-
ventional and plant-based medicines.1 The WHO reports 
that 80% of the global population uses traditional medicine.2

There is little information available about the use of 
medicinal plants within the Iraqw tribe, and there is no pub-
lished information about the use of ethno-medicinal plants 
within the specific villages of Buger, Kambi ya Faru, and 
Kansay. Obtaining this information could help organizations 
more accurately plan healthcare programs by helping them 
understand what locals will be most receptive to.

With so many reliant on specific plants for traditional 
medicinal remedies, a change in status of these plants within 
the region could cause a fundamental shift in the way in 
which medicine is handled in rural areas. This study aims 
to examine how medicinal plant use may be changing in the 
coming years, and to understand how it has already changed 
in the recent past in relation to forest status. The eventual 
goal is to apply this research towards improving the overall 
community health of these rural peoples.

Objectives:  
 1) To assess the perceptions and adaptation strategies of 
rural peoples to the status change of ethno-medicinal plants 
in the study area. 
 2) To assess the role of modern medicine in the area as an 
alternative to traditional medicinal use. 

MATERIALS AND METHODS

     The villages of Buger, Kansay, and Kambi ya Faru are 
located within the Lake Manyara ecosystem of Tanzania. The 
ecosystem is characterized by Lake Manyara, the Lake Man-
yara National Park (a protected area) and forested regions 
with surrounding rural villages.3 There are two drainage 
areas, Msasa and Endabash, and three perennial rivers.4 The 
mean annual rainfall is 650 mm, and the main vegetation in 
the area includes Acacia woodlands, Cynodon grasslands, 
and Sporabolus grasslands.5 Tanzania houses more than one-
third of the total number of plant species found across the 
African continent; this amounts to over 12,700 species that 
are unevenly distributed across the country.6 
     The Lake Manyara region has been inhabited since the 
18th century by Maasai pastoralists, and is now occupied by 
members of the Iraqw, Gorowa, and Mbugwe tribes. These 
tribes are primarily agro-pastoralist and there has been a 
huge increase in agricultural cultivation over the last 50 
years. Crop output is high with irrigation systems, and this 
productivity has drawn immigrants to the area, increasing 
the economic status of the area and insularizing the pro-
tected areas controlled by the government. The population 
in the Lake Manyara region is well above carrying capacity, 
and overconsumption of natural resources and land areas is 
of top concern. Many villages have developed regulations to 
protect forests and other community resources, but these are 
often hard to enforce. This area is a central area of study to 
look at the effects of human activities on the environmental 
resources in East Africa.7 
     Researchers used interviews and focus groups to speak 
to community members in the villages of Buger, Kansay, and 
Kambi ya Faru to discover local insight on environmental 
changes. Pairs of researchers traveled between households, 
interviewing adults according to the principles of Participa-
tory Rural Appraisal (PRA), a technique for working with 
rural peoples to learn about, and attempt to remedy, local 
community issues. It empowers rural peoples through educa-
tion and ‘handing over the stick’ to encourage locals to direct 
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This study is aimed to document the use of traditional medicine within the villages of Buger, Kambi ya Faru, and Kansay and 
the community forest. Understanding medicinal plant use within this community will allow organizations to help with local 
healthcare and to secure ethno-medicinal plant resources. Vegetative sampling was conducted in the community forest and 
local opinions on traditional medicine were sought. The status of medicinal plants, according to community perception, has 
decreased in past years. Modern medicine and a lack of traditional knowledge have been strong influences in the decline of 
ethno-medicinal plant use. Modern influence seems to have been a large factor in the community shift away from traditional 
medicine. In the future, the villages should cooperate in resource sharing to enable individuals to easily access medicinal 
plants and hospitals.
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plant-based medicine. The other 76.04% said they did not 
use any sort of plant-based medical care. Of the 52 individu-
als who reported using traditional medicine, 21 individuals 
reported a decline in the availability of medicinally relevant 
species within the community forest. Data on medicinal plant 
use were then broken down by village, age group, and gender 
to determine if correlations existed between medicinal plant 
use and these variables. There were considerable percentage 
differences within the villages; of those in Buger village, 30% 
reported using traditional medicine, while only 15% of those 
in Kansay reported use. Kambi ya Faru fell in the middle, 
with around 22% using traditional medicine. This data is sig-
nificant when tested with a chi-squared goodness of fit test 

(p<0.05).
      The next variable 
examined was medici-
nal plant use by age. 
Interviewees ranged in 
age from 18 years to a 
reported 113 years. Age 
brackets were in 10-year 
increments for the pur-
pose of this analysis. 
The highest reported 
percentage of medici-
nal plant use, at 54% of 
interviewees, was among 
those aged 73-83 (Fig 1). 
It should be noted that 

only 5% of participants 
fell into this age bracket. 

The lowest reported use of medicinal plants at 19%, was 
among those aged 51-61. This age bracket represents 12% of 
the interviewed population. Only one individual was between 
ages 84 and 94, and he did not report using traditional medi-
cine. The largest group, 33% of participants, was composed 
of those ages 40-50. This data is significant when tested with a 
chi-square goodness of fit test (p<0.01). Lastly, ethno-medic-
inal plant use was assessed in accordance with gender. Of the 
217 individuals interviewed, 165 were women and 52 were 
males. Males reported a higher percentage of ethno-medici-
nal plant use than females, at 38% compared to the female’s 
19%.  Upon conducting a chi-squared analysis, this data was 
found to be significant (p<0.05).
      Focus group discussions were conducted in two vil-
lages, Kambi ya Faru and Kansay. Only individuals in Kansay 
reported any medicinal plant use when asked, “Do you use 
traditional (plant-based) medicine?” Those in Kansay sub-
sequently believed that traditional medicine was effective, 
while those in Kambi ya Faru did not. Although the villagers 
in Kambi ya Faru said that traditional medicine was not used, 
community leaders responded to the question “How do you 
treat a minor ailment such as a headache or stomach ache?” 
with the names of a plant species commonly used to treat dis-
ease. Kansay village also gave a list of plant species. The list of 
plants and the usages is portrayed in Figure 2. Both villages 
reported a decline in the availability of ethno-medicinal plant 
species within the community forest.

the discussions. PRA is adaptable to different socio-economic, 
environmental, or cultural restraints.8 
     Household interviews were conducted to gain an under-
standing of the use of ethno-medicinal plants, using semi-
structured questions designed to encourage discussion about 
the species, abundance, and uses of different ethno-medicinal 
plants within the community. Locals were questioned about 
whether or not they are using traditional medicines or con-
ventional, modern medicines. Interviews were conducted 
with the aid of a translator who spoke Kiswahili, the Iraqw 
language, and English. Interviews were conducted in different 
subvillages within the villages of Kambi ya Faru and Kansay. 
The ultimate goal of this was to discern individual perceptions 
of traditional medi-
cine in today’s society. 
     Focus group discus-
sions also occurred as 
a technique for assess-
ing local perceptions 
about medicinal plant 
use. These focus group 
discussions, another 
technique of PRA, 
involved a large group 
of community mem-
bers, primarily leaders. 
Two discussions were 
conducted: one in the 
village of Kambi ya 
Faru, and the other in 
Kansay village. These 
discussions helped the researchers learn about community 
views on ethno-medicinal plant use, changes in vegetative 
density and quality within the forest, and other similar top-
ics. These discussions were a good tool for obtaining informa-
tion about community views in order to compare those views 
with the data from household interviews. For focus group 
participants who claimed to not use traditional medicine, 
a pair-wise ranking system, part of the PRA technique, was 
administered to help determine the main reason for avoiding 
medicinal plant use. 
     The statistics examined and tested in this study were meant 
to assess the community and individual perspectives on the 
availability and use of ethno-medicinal plants. Charts and fig-
ures were utilized to visualize patterns and trends. Individual 
use of ethno-medicinal plants was calculated to determine 
the percent of individuals using traditional medicine in com-
parison to the percent using only modern medicine. This data 
was used to assess if any relationship existed between village, 
subvillage, gender, or age and medicinal plant use. Chi-square 
analyses were done using Microsoft Excel to determine if 
these relationships were statistically significant. 

RESULTS

     Between the spring semester and the fall semester of 
2013, a total of 217 household interviews were conducted in 
Buger, Kambi ya Faru, and Kansay villages. Of the 217 indi-
viduals interviewed, 52 (23.96%) reported using traditional, 
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Figure 1. Individuals Using Medicinal Plants Within Age Brackets
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     In Kambi ya Faru, a pair-wise matrix ranking was con-
ducted to discover why locals were not using plant-based 
medicine. Community members were asked to rank religion, 
lack of availability of medicinal plants, education about ill-
nesses, availability of modern medicine, and lack of knowl-
edge about traditional medicine in terms of importance in 
the choice to not use tra-
ditional medicine. Lack of 
knowledge about tradi-
tional medicine was ranked 
as the most important and 
most influential factor, 
having been selected for on 
four occasions during the 
matrix-ranking exercise.

DISCUSSION

     As there is no published 
data available about the 
vegetative status of the 
community forest, deter-
mining change in medici-
nal plant availability must be based upon community per-
ceptions. Of those interviewed who said they used medicinal 
plants (52 individuals), 21 reported a decrease in the avail-
ability of those plants within the forest; at slightly less than 
50%, this data is inconclusive about the change in vegetative 
status (given that a few participants responded with “unable 
to tell” as an answer to the “yes” or “no” question). 
      During the focus group discussions, the leaders in both vil-
lages reported a decline in the availability of ethno-medicinal 
plants. One community member in Kambi ya Faru noted that 
plant availability was decreasing to such an extent that those 
who know about the plants are “keeping it a secret” so that 
others cannot “take the plants to make a revenue” and that 
this has lead to locals getting medicine at pharmacies. This 
community opinion is the only conclusive evidence pointing 
towards a decrease in medicinal plant availability in the forest.
      Traditional medicine is still considered to be prevalent in 
most rural African communities, but in past years, there has 
been a large decline in this practice due to a loss of traditional 
knowledge. The indigenous knowledge is “rapidly dwindling 
due to changes towards a more Western lifestyle and the 
influence of modern tourism.”9 This study aimed to look at 
traditional medicinal use in the Buger area community for-
est. Most individuals interviewed reported that they did not 
use traditional medicine. Many individuals instead reported 
using modern medicine exclusively. Individuals were able to 
identify the hospitals nearest to their homes and reported 
going to the hospital to receive treatment for diseases such 
as malaria. Furthermore, some individuals reported that they 
sleep with mosquito nets as a form of modern preventative 
healthcare to protect themselves from malaria. The use of 
modern medicine within the Iraqw community is evidence of 
the decline of traditional medicine as a result of the increase 
of availability of modern medicine in rural parts of Tanzania. 
     Several variables were tested against the use of ethno-
medicinal plants in this study. The first was village residency. 

The residents of Buger village showed a 30% use of tradi-
tional medicine, while the residents of Kambi ya Faru showed 
a 21% use, and the residents of Kansay showed only a 15% use 
of plant-based medicine. This data were statistically signifi-
cant (c²=4.10, df=1, p<0.05), signifying that village residency 
is influential in the use of traditional medicine. The 21% use 

of traditional medicine 
in Kambi ya Faru is in 
opposition to the report 
that was given during 
the focus group discus-
sions, that traditional 
medicine was not used. 
This is due to a mis-
understanding of the 
definition of traditional 
medicine, which could 
be due to a transla-
tional error or a differ-
ence in what traditional 
medicine entails from a 

native perspective versus 
a western perspective. The influence of residency on medici-
nal plant use may be due to different distances to the com-
munity forest, for instance those in Kansay reported being too 
far from the community forest to use its resources. This is in 
accordance with Kansay having the lowest percentage of tra-
ditional medicine users. This may also be due to distance to 
hospitals or other modern medical facilities. 
     The next variable tested against medicinal plant use was 
age. The age range with the most traditional plant use was the 
group of 73-83 year olds. This data is significant (c²=8.22, 
df=1, p<0.01) indicating that age is correlated to ethno-
medicinal plant use. Further research needs to be done as to 
why these age ranges are divided — the data does not fol-
low the pattern of younger generations using less traditional 
medicine as theories about modernity and tourism influenc-
ing traditional medicinal use may indicate.9 
      Lastly, gender was tested as a variable against use of tradi-
tional medicine. Within the group of males interviewed, 38% 
reported using traditional medicine. Within the group of 
females interviewed, however, only 19% reported using tradi-
tional medicine. When tested with a chi-squared goodness of 
fit mechanism, this data was found to be significant (c²=5.99, 
df=1, p<0.05). This can be extrapolated to mean that males 
within these villages are more likely to use traditional medi-
cine than their female counterparts. More research needs to 
be done in order to assess why this gender divide is occurring 
in favor of men using traditional medicine. Studies have sug-
gested that women are more likely to use traditional medicine 
than men due to a lower sense of health awareness as well as 
an increased concern for social stigma.10 This increased social 
stigma could correlate, in this instance, to women failing to 
report use of traditional medicine due to embarrassment or 
a sense of distrust of the interviewer. Use of traditional medi-
cine is a sensitive subject for many locals and thus a height-
ened social stigma may lead to unreported use, additionally 
compounded by the fact that there were male translators 

              Figure 2. Names of Medicinally Important Plants for Minor Ailments and Their Uses
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aiding the researchers which may have made the female 
interviewees uncomfortable discussing personal matters in a 
culture where women are taught to keep quiet about certain 
matters in mixed gender company. 
     When individuals were asked to identify why traditional 
medicine is no longer used, “lack of availability” of medici-
nal plants was not identified as the cause. There seems to 
have been a shift in definition of what ‘traditional medicine’ 
encompasses, and although locals admit to using ethno-
medicinal remedies for treating minor ailments, the use of 
traditional medicine is on the decline, with less than a quar-
ter of those interviewed taking part in the practice. This shift 
away from traditional medicine is a by-product of modern 
medicine availability and a loss of orally transmitted tradi-
tional knowledge as western influence and modern times 
come into the rural regions of Tanzania. 

Limitations
     The history of traditional medicine must be examined in 
order to understand if this data is an accurate portrayal of 
medicinal plant use within the Iraqw community. There is a 
disconnect between the rural peoples’ perception of what clas-
sifies as traditional medicine and what westerners consider to 
be plant-based medicine. This disconnect may be traced back 
to historical events in East Africa. In 1925, traditional medi-
cine was outlawed in Kenya, the closest neighboring nation to 
the Buger-area Iraqw community. This law was encompassed 
in the larger “Witchcraft Act,” parts of which were revoked in 
the 1960s with the onset of Kenyan independence.9 As a prac-
tice kept secret within most communities, and passed down 
only in an oral manner through the generations, this outlaw-
ing of traditional medicine may have caused a loss of knowl-
edge of traditional medicine within communities. “Loss of 
knowledge about traditional medicine” was ranked as the 
number one reason, in Kambi ya Faru, for no longer using 
traditional medicine, as discovered using a pair-wise matrix 
ranking system during the focus group discussions. 
     Additionally, the outlawing of traditional medicine by 
white colonialists could lead to a sense of secretiveness, or 
even embarrassment, over the use of traditional medicine 
while being interviewed by American students in an area 
where wazungus (the Kiswahili term for white individuals) 
are a rare sight. Many individuals being interviewed believed 
the students to be part of the police, government, or some 
other organization seeking to discover illegal behavior, con-
cerning forest use, within the area. Thus, many individuals 
were reluctant or hesitant to answer some of the interview 
questions posed by the researchers. This is another indicator 
that the 23% who reported using traditional medicine may in 
fact be only a small percentage of the individuals who actually 
use plant-based medicine on a regular basis. 
     The lack of trust that occurred between the community 
members and the researchers was a big limitation in this study, 
as was the language barrier. The language barrier held serious 
implications during the interview process, as some questions 
seem to have been translated incorrectly and often there was 
confusion with understanding the answers translated back 

to the researchers. Having the interview questions written in 
Kiswahili and the Iraqw language prior to starting the inter-
view process may help to ease this language divide in future 
studies. 
 
Recommendations
      Research should be done on the health of male Iraqw 
locals to assess if the increased percentage of use of tradi-
tional medicine in men (as compared to women) is having 
any health effects. This would allow health organizations to 
cater their services to men if there was a need, or to incorpo-
rate some of these traditional medicinal remedies into their 
pharmacies if the health of men is improved compared to that 
of women. Additionally, having separate focus group discus-
sions and interviews that are composed of singular genders 
(including having female translators aiding in interviewing 
female locals) could help break down gender biases to get 
more accurate data. 
     Collaboration should be encouraged between the vil-
lages, with government aid and support, to establish a sys-
tem of preservation and distribution of medicinally impor-
tant plant species. This would help the villagers in Kansay 
who are unable to easily access the forest products available 
in the community forest. It would also help reduce competi-
tion between locals if the government, or a local community 
board comprised of individuals from all three villages, was 
responsible for overseeing the distribution and use of medici-
nally important species. 

Conclusions
       Ethno-medicinal plant use in the villages of Buger, Kambi 
ya Faru, and Kansay is on the decline. The reasons for no lon-
ger using traditional medicine transcend the simple lack of 
availability of plant resources, and instead stem from a chang-
ing local perspective about healthcare. A system of forest shar-
ing between the three communities would allow equal access 
to medicinal plants for all villagers and would thus break 
down the influence of village residency upon medicinal plant 
use. Controlling the use of medicinal plants through a phar-
macy-type mechanism would also ensure that the plants are 
being used in a sustainable manner and would allow a panel 
of locals to control distribution if the availability of plants 
in the community forest became too low. Creating a system 
for modernized ethno-medicinal plant use could help remove 
the stigma that has been placed on traditional medicine by 
foreigners and could make locals more comfortable talking 
about their actual health care habits. This in turn would cre-
ate an open dialogue with the government and other orga-
nizations to get a more accurate picture of how traditional 
medicinal plant use has been declining and how cooperation 
between villages and organizations could help safeguard these 
resources in a manner that keeps tradition alive while protect-
ing the forest. 
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The Impact of Community Water Fluoridation 
on the Prevention of Dental Decay
 Nikhil Manocha 

ABSTRACT

Found in both topical (such as toothpaste and mouth-
wash) and systemic sources (such as water), fluoride has 
been a crucial tool in reducing the prevalence of dental car-
ies at rates of up to 40% in adults.1 Hailed by the Centers 
for Disease Control and Prevention as one of the ten greatest 
public health achievements in the twenty-first century, water 
fluoridation has come to play an increasingly important 
role in expanding access to oral healthcare. However, water 
fluoridation is still not implemented in all American water 
systems, thereby denying many the health benefits of fluo-
ride. This article explores the discovery and merits of water 
fluoridation, its biological mechanisms and population-level 
impacts, and the future challenges to implementing further 
fluoridation.

HISTORICAL AND TECHNICAL BACKGROUND

In the United States, over 204 million people drink fluo-
ridated water, a practice that began in the mid-twentieth cen-
tury. Noticed by Dr. Frederick S. McKay in 1901, fluoride was 
found to reduce the occurrence of dental caries, or decay.1,2 
At the time, these intrusions on tooth structure frequently 
warranted painful extractions of the whole tooth. In a major 
1945 field study on the impact of fluoridated water on dental 
caries, it was found that fluoridated water, at concentrations 
of 1.0-1.2 parts per million, caused up to a 50-70% reduction 
in the prevalence of cavities in children.1 This research led the 
United States Public Health Service in 1962 to recommend 
that water be fluoridated at concentrations ranging from 0.7 
to 1.2 parts per million.3 For reference, 1 part per million 
refers to 1 milligram per liter.

Known as “nature’s cavity fighter,” fluoride is derived 
from elemental fluorine and is naturally found in rocks and 
soil. Therefore, all water is already fluoridated.4 In this paper, 
the term “fluoridation” refers to the optimization of fluo-
ride concentrations in water to the aforementioned USPHS 
recommendations.

To understand the importance of fluoride, it is imperative 
to provide an overview of the human tooth’s anatomy. The 
outermost part, also know as the enamel, is the surface that 
is exposed to the mouth’s saliva and food. Next comes the 
dentin layer, which serves as an extremely thin intermediate 
between the enamel and the third and innermost section, the 
pulp. The pulp holds the blood vessels and acts as the life-
line of the tooth. When cavities form on the enamel, they can 
grow and penetrate these inner layers. Once a cavity reaches 
the pulp, the patient can suffer from tooth loss, pain, bacterial 
infection, and, in some cases, systemic infection.1

BIOLOGICAL MECHANISMS OF FLUORIDE

In order to prevent tooth decay, public water systems 
are consistently fluoridated. There are three major ways that 
fluoride acts on the tooth: by inhibiting demineralization, 
by enhancing remineralization, and by inhibiting bacterial 
activity.1

The enamel and dentin layers of the tooth are composed 
of calcium and phosphate mineral crystals. When bacteria 
in the mouth metabolize carbohydrates (for example after a 
meal or a sugary snack), they produce acid as a byproduct. 
This acid dissolves the crystals, allowing the creation of den-
tal caries, or holes in the tooth’s structure. Fluoridation of 
water concentrates fluoride in the enamel surface and there-
fore inhibits the effects of the acid on the tooth.

Furthermore, fluoride builds up the tooth. The fluoride 
ions adsorb to the tooth surface and attract calcium ions from 
the saliva. By uniting the calcium and phosphate ions, fluo-
ride assists in the production of a fluorapatite surface, which 
is much more insoluble in acid than the default hydroxypatite 
surface.4

Third, fluoride acts directly on the bacteria. When 
ingested by the cariogenic bacteria, it interferes with the 
acid-catalyzing enzymes and controls the pH of the cell. As 
a result, it reduces the acid production and thus slows the 
rate of enamel dissolution. By participating in these complex 
chemical reactions, fluoride acts as a natural defense against 
dental decay.
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Figure 1. Tooth Anatomy 
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the “mottling” of enamel resulting from excess fluoridation. 
This condition occurs when children under the age of eight 
(whose permanent teeth have not erupted yet) are exposed 
to significant levels of fluoride. The results range from mild, 
unnoticeable discoloration of the tooth to severely spotted 
teeth, depending on the concentration.

Another significant challenge is the concern over the 
safety of fluoride. Since 1950, critics have claimed that fluo-
ride increases risk factors for diseases ranging from cancer 
and Down Syndrome to osteoporosis and Alzheimer’s dis-
ease.1 While fluorosis is certainly a possibility in young chil-
dren, Armfield has summarized the situation in a balanced 
manner: the concentration is very important. At “very low 
levels,” it is not believed to be harmful.1 Furthermore, there 

have been no scientific studies to 
corroborate the previously men-
tioned claims of illnesses.3

Today, lack of access to fluori-
dated water remains a major prob-
lem in United States. Sixty-seven 
percent of teenagers below the age 
of 17 and 94% of adults above the 
age of 18 have caries in their perma-
nent teeth. Furthermore, as lifespan 
increases, fluoridation takes on an 
increasingly important role in pro-
tecting tooth structure. Still, over 

100 million Americans lack access to this resource.2 Rea-
sons for the reduced rate of fluoridation are varied. As the 
frequency of multiple caries in each person, which was very 
high in the early 1900s, has fallen, so has the interest of poli-
cymakers and the public in perceiving dental caries as a seri-
ous public health problem.1 Furthermore, it can be difficult to 
institute fluoridation policy and monitor it in water systems. 
A third reason includes the fear in some that fluoridation 
is dangerous to oral and overall health. Finally, the cost per 
capita increases in small, rural populations. Combined, the 
challenges to water fluoridation are great.

CONCLUSION
Water fluoridation has played a major role in protecting 

the oral health of Americans. When distributed at the recom-
mended concentrations of 0.7-1.2 parts per million, it is an 
affordable and effective way to provide healthcare to the con-
sumers of public water systems while avoiding the unpleasant 
side effects of dental fluorosis. While it faces a wide variety of 
challenges such as fears about its safety, it is widely embraced 
by the dental community and the government and continues 
to grow in the United States and reduce the amount of people 
who do not receive fluoridated water.

BENEFITS OF FLUORIDATION

Two immediately visible benefits of water fluoridation 
are its safety and its affordability. Water fluoridation hap-
pens under strict regulations and oversight. The American 
Water Works Association quality standards and the National 
Sanitation Foundation Standard 60 for quality include provi-
sions such as material handling, safety concerns, purity, and 
contaminants.5 In addition to following these rules, water 
fluoridation is consistently monitored. In Massachusetts, for 
example, the Department of Public Health checks and ensures 
optimal levels of fluoridation.

However, there are often questions regarding possible side 
effects of ingesting fluoride. The conclusion that fluoridation 
is safe and effective has been found in multiple research stud-
ies. In 2006, the Australian 
National Health and Medi-
cal Research Council, inter-
ested in exploring the effect 
of fluoridation against car-
ies as well as potential health 
risks, conducted a systematic 
review of publications from 
1996 onwards. After vetting 
out all but 77 publications, 
the research team found that 
“[f]luoridation of drinking 
water remains the most effec-
tive and socially equitable means of achieving community-
wide exposure to the caries prevention effects of fluoride. It is 
recommended that water be fluoridated in the target range of 
0.6-1.1mg/L, depending on the climate, to balance reduction 
of dental caries and occurrence of dental fluorosis.”6 

Furthermore, fluoridation is an inexpensive way to pro-
vide oral health support to underserved populations in rural 
locations. Purchasing fluoride toothpaste or mouthwash is 
economically infeasible for many. However, while brushing 
the teeth or applying mouthwash may depend on individual 
circumstances and behaviors, the distribution of water does 
not.1 As a result, fluoridation helps reduce health disparities. 
In the United States, the cost of water fluoridation ranges from 
approximately $0.50 to $3.00 per person per year. In addition 
to being relatively inexpensive, fluoridation provides a strong 
return on investment both in terms of health and finance: 
one study found that every dollar spent on water fluoridation 
saved $38 on restorative dental procedures.4

Indeed, the cost of not providing fluoridated water is 
great. According to a report from the Surgeon General, caries 
prevalence increased when water fluoridation was ceased. The 
report cites the example of Wick, Scotland, where water fluo-
ridation was stopped in 1979, a decade after it commenced. 
Over a five-year research study from 1979 to 1984, it was 
found that the frequency of dental caries increased at a rate of 
27% in five- and six-year-olds.

CHALLENGES TO FLUORIDATION

Water fluoridation initiatives continue to face challenges 
today. One frequently cited issue is the occurrence of den-
tal fluorosis. Primarily an aesthetic condition, fluorosis is 

“Fluoridation of drinking wa-
ter remains the most effective 
and socially equitable means 

of achieving community-wide 
exposure to the caries preven-

tion effects of fluoride.”
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Finding the Right Balance for Malaria Prevention 
via Mosquito Control
 Caroline Russell-Troutman

Though malaria may sometimes seem like a remote prob-
lem in the Western world, its prevalence and the dangers that 
it poses should not be underestimated. The malaria parasite 
has been ever-present in the course of human life, evolving 
alongside us and infecting us since the dawn of agriculture, 
and possibly earlier.1 Yet throughout thousands of years of 
advances in medicine and public health, malaria remains a 
significant issue in the modern world, as millions of people 
are infected with the malaria parasite ever year.2 

The mechanism by which malaria spreads is no mys-
tery: female Anopheles mosquitos carry the malaria parasite 
and transfer it into the human bloodstream.3 As the parasite 
spreads in the body and infects a numerous amount of blood 
cells, the host experiences symptoms such as nausea, fever, and 
body aches.4 As the disease grows more severe, it may result 
in seizures, increased blood and tissue acidity, lung inflam-
mation, severe anemia, organ failure, and, if left untreated, 
death.4 Public health researchers found that, in 2010, approx-
imately 660,000 people died from malaria and 216 million 
received clinical treatment for 
malaria symptoms.2 Further-
more, 3.3 billion people – about 
half of the world’s population 
– currently live in areas where 
malaria risk is very high.2

Community education can 
be an important first step in 
combatting this disease. A study 
of Kenyan youth showed that 
making schoolchildren more 
knowledgeable about malaria 
curbed local incidence of the 
disease by 25%.5 Though early 
malaria symptoms bear some similarities to influenza or the 
common cold, residents of areas with high rates of malaria 
infection often recognize these symptoms as indicative of 
malaria, and the disease may be treated before it progresses 
to a more severe case.4 Awareness and understanding of this 
disease are thus vital to combatting malaria in high-risk com-
munities. However, awareness alone is not enough: doctors 
must be able to provide adequate clinical care to treat malaria 
infections. Antimalarial drugs exist and have been very use-
ful in curing infected patients, but some individuals experi-
encing severe malaria may not receive treatment in time, as 
the disease can progress very rapidly and may even develop 
drug resistance.6 For this reason, antimalarial drugs alone are 
sometimes not enough to prevent deaths. Researchers have 
reported 10-15% mortality rates for children treated for 
severe malaria in Sub-Saharan Africa, and even up to 20% 

mortality rates for Asian adults with sever malaria, despite 
receiving antimalarial drugs.7 Clearly, antimalarial drugs and 
community awareness together still are not perfect solutions 
for malaria endemic countries. The malaria infection must 
be controlled so that fewer individuals are infected to begin 
with. This prevention measure means addressing the mos-
quito population responsible for infection and implementing 
measures to control transmission from mosquitos to humans.  

Defenses against mosquito bites are already being imple-
mented globally. Current technologies and strategies to 
combat malaria include insecticide-laced bed nets, residual 
insecticides sprayed in homes or on one’s body, and drain-
age of swamps where mosquito larvae may hatch.8 There 
are, however, many problems with these technologies. The 
environmental effects of insecticides are still not well under-
stood, and these sprays may have negative impacts on both 
environmental and human health.8 Inhabitants of malaria 
endemic countries must also consistently use insecticide 
sprays and bed nets in order to remain safe, so this method 

of malaria control relies entirely 
on regular distribution and cor-
rect usage of these technolo-
gies.8 Another major issue with 
insecticide sprays is the poten-
tial for mosquitos to develop a 
resistance to these chemicals.9 In 
India especially, there have been 
many issues with malaria resur-
gence due to insect resistance in 
response to prolonged insecticide 
spraying programs.9 It seems that 
defense against mosquito bites is 
not an entirely effective solution 

– but what about targeting the mosquitos themselves? 
One potential way to control the outbreak of malaria 

infection in high-risk countries is to eliminate the local mos-
quito population entirely. Mosquito extermination is usually 
achieved by chemical means such as widespread insecticide 
spraying with intent to actively kill mosquitos rather than 
just repel them.10 However, female Anopheles mosquitos, the 
carriers of malaria, make up only a small fraction of all mos-
quito populations.8 The widespread extermination of mos-
quitos would thus mean unnecessarily killing mosquitos that 
do not carry the malaria parasite and thus are of no threat 
to human life. Furthermore, taking such drastic action could 
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mapping have allowed researchers to target specific areas 
that are high in mosquito breeding, which can make larvae 
control more selective and more efficient.13 IVM also reduces 
human-mosquito contact through the development of hous-
ing placed at strategic points, far from mosquito breeding 
areas or areas high in malaria transmission.13 These settle-
ments also have structural protection, which include having 
houses with effective window screens and mosquito nets.13 

Beyond providing health benefits, IVM has also shown to be 
cost-effective for disease control 
and has benefited the local econ-
omy of areas where it has been 
implemented.13

In spite of the numerous short-
comings of the available methods, 
there have been many examples 
of successful malaria control and 
prevention in high-risk commu-
nities. In most of these cases, a 
combination of different methods 
led to better malaria prevention 
and control, thus providing more 
evidence for the efficacy of inte-
grated techniques. For example, 
in a district of Madhya Pradesh, 
India, a combination of spraying 

insecticides in homes and the use of biological controls like 
larvae-eating fish led to successful malaria control.14 In Indo-
nesia, drainage of rice fields and pond cleaning significantly 
reduced malaria incidence.10 Successes in malaria control 
already exist in individual cases, but researchers must find 
a way to apply this success on a global scale. IVM supports 
using different mixes of malaria control strategies on a case-
by-case basis.13 All areas at high risk for malaria are somewhat 
different in terms of local ecosystems, disease rates, medical 
and educational resources, and environmental management, 
and thus the residents of these areas must approach malaria 
control in a way that is specific to their “eco-setting”.13 

Therefore, like many current health issues, malaria con-
trol is a multifaceted problem and has no single blanket solu-
tion. As long as there are mosquitos that carry the disease 
and humans to feed on, malaria infection will persist in the 
modern world. A balance must be reached between limiting 
environmental damage or ecological disruption and pro-
tecting people from a disease that has afflicted mankind for 
thousands of years. Some ecological risks will likely have to 
be taken in the name of public health, but ongoing research 
is allowing us to come ever closer to reaching this balance. In 
the meantime, a combination of community education, con-
tinued use of antimalarial drugs for the infected, and control 
of mosquito populations via integrated methods is likely the 
best hope for the half of the world living in high-risk malaria 
zones.

have serious ecological repercussions.8 Commonly used insec-
ticides could also have negative impacts on the environment: 
for example, the Environmental Protection Agency put a con-
ditional ban on DDT, a popular insecticide.10 DDT may not 
be used for anything other than malaria control due to serous 
environmental concerns.10 Overall, the mosquito population 
must be controlled in more specific ways so there is no risk to 
damage the environment or to disrupt complex ecosystems. 

Researchers have begun looking into malaria prevention 
strategies that do not involve the 
extermination of mosquitos, but 
merely render the insects incapa-
ble of transmitting the disease. In 
2002, scientists developed trans-
genic mosquitos, which are resis-
tant to infection by the malaria 
parasite and are also capable of 
competing with wild-type mos-
quitos that do carry the para-
site.11 Despite these innovations, 
many researchers are questioning 
how transgenic mosquitos would 
affect the local ecosystems.8 In 
order for transgenic mosquitos 
to be effective as a malaria con-
trol solution, they would need to 
replace the wild-type population. This would likely require a 
“gene drive system” – a mechanism that increases frequencies 
of a new transgene within a population at a much higher rate 
than would occur naturally, effectively forcing the transgenic 
mosquitos to outcompete their wild-type counterparts.8 This 
could have negative impacts on the biodiversity of mosquito 
populations, as transgenic Anopheles mosquitos could come 
to outcompete all mosquito types, not just wild-type Anoph-
eles.8 There has been some recent evidence to suggest that 
transgenic mosquitos could outcompete wild-type Anoph-
eles naturally. A 2007 study allowed groups of transgenic and 
non-transgenic mosquitos to feed on infected mouse blood 
and found that transgenic mosquitos were able to reproduce 
more and had lower mortality rates than the non-transgenic 
group.12 Could a gene drive system thus be unnecessary for 
spreading this new transgene? Perhaps, but more research in 
this field is needed and is still underway. For now, transgenic 
species do not yet provide a conclusive or well-understood 
solution to malaria control.12

What lies in store for the future of malaria prevention 
and mosquito control? Many researchers and public health 
officials are turning towards Integrated Vector Management 
(IVM), which involves using many malaria control strate-
gies simultaneously.10 IVM places emphasis on minimizing 
environmental damage, so insecticides and other methods of 
mosquito control that could have adverse effects on local eco-
systems are used only when absolutely needed.13 Instead of 
ecologically unsafe practices, IVM focuses on environmental 
management to control mosquito breeding and larvae devel-
opment (i.e. draining swamps, cleaning ponds), and the use 
of biological controls such as fish or other animals that natu-
rally prey on mosquito larvae.13 Innovations in geographical 
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Sexual Side Effects of SSRIs: Where 
Antidepressant Specificity Can Make the 
World Happier
Evan Balmuth

INTRODUCTION
Contemporary treatment of mental disorders is taking 

an enormous shift toward pharmacological approaches. In 
particular, sales and prescriptions of antidepressants are 
soaring – not only in the U.S., but also on a global scale, 
especially in nations such as China, Australia, and several 
countries throughout Europe.2 In the past ten years, the pre-
scription rate of antidepressants 
has doubled in the UK, and Ice-
land has come to hold the high-
est prescription rate in the world 
at approximately 106 daily doses 
per 1,000 people.2 However, 
this dramatic trend presents an 
unusual paradox: several studies 
have shown that overall, antide-
pressants have minimal efficacy 
in reducing symptoms of depres-
sion. Along the lines of other 
recent inquiries, a meta-analysis 
of data from the National Insti-
tute for Health and Clinical 
Excellence showed that selective 
serotonin reuptake inhibitors 
(SSRIs), the most commonly 
prescribed antidepressants, “do 
not have a clinically meaningful 
advantage over placebo.”10 

As many antidepressant 
mechanisms are still misunder-
stood, so are the reasons behind 
this low efficacy.  However, an 
abundance of side effects may be one primary contribut-
ing factor to the issue. One common and largely misunder-
stood side effect of SSRIs is sexual dysfunction, a problem 
that could have major effects on one’s mood and on the 
efficacy of antidepressants. Although estimates on the rate 
of sexual dysfunction from SSRIs are rough, prevalence has 
been shown to lie between 34 and 70 percent based on self-
report.3 Ultimately, investigation of possible mechanisms 
behind this prominent yet frequently-overlooked side effect 
can reveal areas of improvement that are essential for the 
effectiveness of antidepressant treatments globally.

SIDE EFFECT DESCRIPTION AND EPIDEMIOLOGY
Rates of sexual dysfunction as a result of antidepressant 

treatment have been difficult to determine, primarily due 
to the symptom’s association with depression itself and a 
lack of self-report.14 However, the signs of this side effect are 
rather clear-cut. Sexual dysfunction from antidepressants 
has been defined as a disruption of any of three sequential 

sexual response phases: sexual desire, 
arousal, or orgasm. 14 If stemming 
from SSRIs, it may include decreased 
sexual interest/ desire, decreased men-
tal or physiological arousal, or absent/
premature orgasm.14 Self-report sur-
veys normally account for sexual 
dysfunction as a degree of dissatisfac-
tion with the above sexual response 
phases.14

 The challenge in determin-
ing the extent of SSRIs’ effects on 
these symptoms has been to dissoci-
ate SSRI-related sexual dysfunction 
from baseline levels of symptoms in 
untreated depressed patients. A study 
of 134 patients diagnosed with major 
depression and not under antidepres-
sant treatment gave some interest-
ing baseline results: more than 40 
percent of women and 50 percent of 
men reported a decrease in sexual 
desire; 40 to 50 percent of both men 
and women reported decreased sexual 
arousal; and 15 to 20 percent of all 

patients reported orgasm dysfunction.8 By comparison, 
general surveys of the whole U.S. population have shown 
low sexual desire in approximately 30 percent of women 
and 15 percent of men; sexual arousal disorders in 10 to 
20 percent of men and women; and orgasmic dysfunction 
in 10 to 15 percent of women/premature ejaculation in 30 
percent of men. 13 (It should be noted that each of these 
symptoms has demonstrated increased prevalence with age. 
13) Together, these data show that depressed individuals are 
more likely to suffer from sexual dysfunction than the gen-
eral population.
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Figure 1. Serotonin stained in the dorsal raphe 
nucleus of a mouse brain. 
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dopamine. Release of this molecule throughout the reward 
circuitry is integral to sexual motivation and pleasure.7 
With regards to serotonin’s influence, fMRI studies have 
shown significantly decreased activity in reward pathway 
(specifically in the ventral tegmental area (VTA) and the 
pregenual anterior cingulate cortex) during sexual stimu-
lation in healthy men given the SSRI paroxetine (brand 
name Paxil).6 On the molecular level, serotonin has shown 
to decrease basal dopamine levels in the mesolimbic dopa-
mine tract (related to motivation and sexual desire) – espe-

cially in the nucleus accumbens, a 
dopaminergic brain region critical to 
motivation. Serotonin has also been 
demonstrated to prevent the nor-
mal increase in nucleus accumbens 
dopamine levels during copulation 
in rats.7 Some hypotheses for the 
cause of this decrease in dopamine 
levels include: serotonin-induced 
feedback by dopamine D

2
 receptor 

auto-inhibition within the VTA (thus 
decreasing dopamine release) and 
serotonin-facilitated inhibition of 
dopamine release in the VTA by the 
inhibitory neurotransmitter GABA.12 
As part of the mesolimbic system and 
dopaminergic reward system, the 
VTA sends projections to the nucleus 
accumbens, prefrontal cortex, hypo-
thalamus and the limbic system and 
is thus tightly involved in emotion, 
motivation and desire.11, 12 All in all, 
SSRI-mediated increases in serotonin 
may inhibit the VTA supply of dopa-
mine to various parts of the brain, 
thus decreasing sexual motivation, 
pleasure, and ultimately desire.

Sexual Arousal
Sexual arousal may be modulated 

by serotonin in the CNS through 
dopaminergic and reflex effects, and 
in the PNS through cardiovascular 
effects. Changes in sexual arousal 
may be directly related to the previ-

ously described effects on dopamine and sexual desire, as 
decreased sexual desire or motivation may be inherently 
paired with decreased mental and physiological arousal. 
However, some of the effects on physiological arousal may 
occur separately through central effects on spinal reflexes 
and peripheral effects on blood flow and sensation.

In the CNS, increased serotonergic transmission from 
the hindbrain to serotonin 5-HT

2C
 receptors on spinal neu-

rons has been shown to inhibit sexual reflexes such as ejacu-
lation and erection.1 In the PNS, the presence of serotonin 
has been demonstrated in different areas of human and ani-
mal genital tissue. Serotonin is known to act as both a vaso-
constrictor through the serotonin 5-HT

2A
 receptor, and as a 

Alongside the above information, an international meta-
analysis of data on antidepressant patients showed that, 
regardless of gender, depressed individuals on SSRIs had a 
prevalence of up to 80 percent for desire dysfunction; 75 
percent for arousal dysfunction; and 60 percent for orgasm 
dysfunction, depending on the prescribed drug. According 
to this meta-analysis, the SSRIs resulting in the highest rates 
of sexual dysfunction were citalopram (brand name Celexa), 
sertraline (brand name Zoloft), and paroxetine (brand name 
Paxil).14 Taking all this into account, depressed patients 
treated with SSRIs are more likely 
to suffer from sexual dysfunction 
than untreated depressed individu-
als and the general population.

SEROTONIN’S ROLE IN SEX
     Serotonin, the target of SSRIs, is 
a versatile molecule involved in the 
regulation of mood, appetite, sleep, 
sexual responses, and other func-
tions through nervous system (neu-
rotransmitter) and cardiovascular 
(hormonal) mechanisms.9 Specifi-
cally, SSRIs aim to block reuptake 
of serotonin in the brain, increas-
ing its presence at synapses and in 
peripheral circulation.9 Thus, the 
modulatory effect of serotonin on 
sexual functioning is integral to this 
discussion. Serotonin is generally 
considered inhibitory upon sexual 
behavior.7 In the central nervous 
system (CNS), it may affect sexual 
functioning primarily through the 
dopaminergic system and the hypo-
thalamus. Serotonin may also have 
different effects in the peripheral 
nervous system (PNS) and cardio-
vascular system, especially pertain-
ing to sexual arousal and orgasm.7 
Specific effects of serotonin can be 
examined with regards to the three 
major categories of the sexual cycle.

Sexual Desire
As this aspect of sexual functioning holds an emotional 

and motivational aspect, causes of its disruption are likely 
to lie in the CNS. The presented findings will suggest that 
serotonin may primarily affect sexual desire through inhi-
bition of the central dopaminergic reward system. To pro-
vide a general basis for serotonin’s inhibitory role in sexual 
behavior, lesions of the raphé nuclei – the primary source of 
serotonin in the brain – have shown increased sexual behav-
ior in rats.1 This finding suggests that a normal presence of 
serotonin balances sexual behavior, and a release of its inhi-
bition can increase sexual responding.

Desire is inherently linked to seeking reward, and the 
brain’s reward system is dominated by the neurotransmitter 

Figure 2. Schematic representation of the inter-
connected neurotransmitter systems within the 
dopaminergic reward pathway. Some mediating roles 
of serotonin (5-HT) are displayed in the VTA. The 
involved brain regions are: ventral tegmental area 
(VTA); substantia nigra (SN); hippocampus (HIPP); 
amygdala; nucleus accumbens (NAC); prefrontal cor-
tex (PFC); basal ganglia; subthalamic nucleus (STN); 
and dorsal raphe nucleus (DRN).12



34 TuftScope  ⏐ Spring 2014 • Volume 13, Issue II

vasodilator through the serotonin 5-HT
1
 and 5-HT

3
 recep-

tors, depending on the type of blood vessel. Thus, imbal-
ance of serotonin in the genitalia may result in abnormal 
blood flow, and consequent disruption of arousal processes 
like erection or clitoral engorgement.5 The 5-HT

2A
 receptor 

could also play a role in inhibiting tactile sensation of the 
genitalia.5 In sum, increased serotonin levels via SSRIs may 
inhibit mental sexual arousal through the dopaminergic sys-
tem and spinal reflexes in the CNS, and it may also inhibit 
physiological sexual arousal through disruption of blood 
flow and tactile sensation in the PNS.

Orgasm
Serotonergic effects on orgasm may also be rooted in both 

the CNS and the PNS. Although some separate causes may 
exist, diminished sexual desire and motivation according to 
the previously described mechanisms could both decrease 
the likelihood of achieving 
orgasm. And as shown above, 
serotonergic input to the spinal 
cord may inhibit ejaculation. 
Yet in addition, elevated levels 
of serotonin have been found 
in the lateral hypothalamic 
area (LHA) immediately after 
ejaculation in male rats, likely 
affecting the 5-HT

2A
 receptor. 

Microinjection of the SSRI ala-
proclate to this area has resulted 
in delays of copulatory activity 
and ejaculation in male rats.7 
Considering the hypothalamus’s roles in satiety and moti-
vation,7 this effect could be a model of sexual satiety reflect-
ing another central serotonergic factor behind inhibition of 
orgasm.

Peripherally, serotonin may affect orgasm by modulating 
blood flow to the genitalia as described above. The 5-HT

2A
 

receptor may also be involved in smooth-muscle contrac-
tions of the uterus during orgasm.5 Overall, SSRI-induced 
increases in serotonin may inhibit orgasm centrally through 
previously described decreases in sexual desire and arousal, 
but also through induction of sexual satiety in the hypo-
thalamus and peripherally through modulation of uterine 
contractions.

THE FUTURE OF ANTIDEPRESSANTS
Based on the prevalence of sexual dysfunction from 

SSRI treatment and the putative mechanisms for serotonin’s 
involvement, ways to improve antidepressant treatment 
should be explored. Two primary means of improving SSRI 
treatments would be to increase the specificity of drugs by 
receptor subtype, and to supplement the broad mechanisms 
of SSRIs with additional modifications affecting other rel-
evant neural pathways.

As shown above, the serotonin receptor that has been 
most commonly implicated in sexual effects has been the 
5-HT

2 
receptor. Thus, antidepressant treatments could 

potentially mitigate sexual side effects through specific 

antagonism of this receptor subtype, in the hopes of pre-
venting its activation of sexual effects. A current SSRI has 
demonstrated the efficacy of this approach: nefazodone 
(brand name Serzone) is an SSRI that simultaneous acts as a 
5-HT

2
 receptor antagonist. 5 As a result of its antagonism, the 

increased concentrations of serotonin at synapses activate 
all present serotonin receptors except 5-HT

2
. Potentially due 

to its increased specificity, nefazodone has resulted in fewer 
sexual side effects by comparison to other SSRIs.5 Further 
investigations into the workings of drugs like nefazodone 
and the biochemistry of specific receptor regulations can 
ultimately reveal key mechanisms of depression pathology 
and long-term antidepressant treatments.

The other main possibility for overcoming sexual side 
effects, by alterations of additional neural pathways, can be 
explored through some evolving treatment options. One 
supplemental neural pathway of interest is the noradren-

ergic system. Norepinephrine 
has been implicated in sexual 
functioning due to its general 
role in physiological arousal 
and its innervation of genital 
organs.4 Thus, scientists have 
hypothesized that supplement-
ing serotonin reuptake inhibi-
tion with norepinephrine reup-
take inhibition might result in a 
noradrenergic counteraction of 
serotonergic sexual side effects. 
Drugs called SNRIs (serotonin-
norepinephrine reuptake inhib-

itors) have been developed more recently along this line of 
reasoning. However, the most common SNRI, venlafaxine 
(brand name Effexor), has been shown to produce compa-
rable sexual side effects to those of conventional SSRIs.1

An even more recent development upon SNRIs has been 
the implementation of triple reuptake inhibitors involving 
serotonin, norepinephrine, and dopamine. This approach 
makes sense when the essential role of dopamine in sexual 
desire and pleasure is taken into account along with the 
potential facilitating effects of norepinephrine, although 
risks may increase as more neural mechanisms become 
involved. One novel drug that operates along these lines is 
DOV 216,303. Preclinical studies have provided promising 
results that this drug may have antidepressant properties 
without noticeable sexual side effects.1 A supplementary 
drug that affects similar neural systems is bupropion (brand 
name Wellbutrin), which functions as a dopamine-norepi-
nephrine reuptake inhibitor (DNRI). This drug has been 
shown to reduce the sexual side effects of SSRIs in human 
clinical trials.1

One final supplemental mechanism that has shown 
promising results deals with the potential peripheral causes 
of sexual dysfunction. As peripheral serotonin may disrupt 
normal blood flow to the genitalia, a drug that facilitates 
blood flow in counteraction could specifically mitigate this 
side effect. The drug sildenafil (brand name Viagra), origi-
nally designed to treat erectile dysfunction, has reversed 

“If we are headed toward a 
world of mass antidepressant 

utilization, these drugs 
should [not be] exacerbating 
issues that could feed back to 

increase depressive symptoms 
all over again.”
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SSRI-induced sexual dysfunction in clinical trials of both 
men and women. Sildenafil works by enhancing the func-
tion of nitric oxide, another neurotransmitter critical to 
genital blood flow.5

CONCLUSION: A NEW APPROACH
As may have become clear, the literature on sexual dys-

function and the role of serotonin in sex yields a plethora of 
information with regards to potential neural mechanisms 
of SSRI-induced sexual dysfunction, right down to the level 
of receptor subtypes. This sort of information is very rel-
evant in the current state of pharmacology, which allows for 
increasing specificity of drugs: in order for antidepressants 
to be effective, they must specifically target the undesired 
characteristics, and to do this, the drugs must have an exact 
molecular target within the body. Narrowing down drug 
receptor specificity is an immense task, yet one that remains 
essential for producing the most effective possible treat-
ment. At the same time, it could result in additional unex-
pected symptoms while the far reaches of neural systems 
continue to be explored.

In the mean time, circumventing side effects through 
alternative pathways may serve as a more realistic approach 
at the moment. Thus, novel drugs that target dopaminergic 
and noradrenergic systems in addition to serotonin such as 
DOV 216,303 could become dominant in the near future. 
Additionally, supplementing common SSRIs with other cir-
cumventing drugs such as bupropion targeting dopamine 
and norepinephrine or sildenafil increasing genital blood 
flow certainly provide hope for reversing conventional anti-
depressants’ sexual side effects without one completely spe-
cific miracle drug.

Ultimately, the world is starting to take increasing 
advantage of antidepressants for better or for worse. Antide-
pressant sales and prescriptions are increasing at a dramatic 
rate on a global scale. So if we are headed toward a world of 
mass antidepressant utilization, these drugs should at least 
be of high quality – by specifically targeting the symptoms 
of depression, and not exacerbating issues that could feed 
back to increase depressive symptoms all over again. To this 
end, psychopharmacology would be most beneficial to soci-
ety by accounting for the vast mechanisms of serotonergic 
action in the body and focusing on ways to target it more 
specifically. It is most certainly possible to develop a drug 
that treats depression symptoms alone, yet this entails the 
arduous process of nailing down the molecular neurobio-
logical causes. Until more certainty is reached in that area, 
drug treatments can be modified and developed according 
to the current extent of our knowledge – that some recep-
tor subtypes contribute to side effects, and some additional 
neural pathways can be modulated to counteract such side 
effects. With this more tailored approach addressing the 
appropriate mechanisms on a more specific level, hope and 
happiness can be renewed for millions of people around the 
globe suffering from depression and the detrimental side 
effects of its current available treatment.
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China California Heart Watch: A Model
Organization for Targeting Cardiovascular 
Disease in Developing Countries
 Bassel Ghaddar

Congenital heart disease (CHD) is characterized by abnor-
malities in the heart or great vessels’ structures that manifest 
during fetal development and are present at birth. CHD is 
the leading cause of birth defect-related deaths and affects 
roughly 1 in 100 children.1 Most types of CHD obstruct or 
cause abnormal blood flow. These include heart valve defects, 
resulting from stenosis (narrowing) of the valves or improper 
valve closing; atrial or ventricular septal defects, or holes in the 
walls between the heart’s four chambers; heart muscle abnor-
malities; and defects in 
the major vessels sur-
rounding the heart.2  
Abnormal blood flow 
is a major problem 
because it can lead to 
deoxygenated blood 
entering the systemic 
system and can cause 
atypical blood pressure 
in various places, which 
ultimately can cause 
damage to the cardio-
vascular structure. 

Many cases of CHD 
do not need treatment, 
but more complex cases 
may require medica-
tion or surgery – early 
detection is crucial. 
In developed nations, 
newborns are examined 
at birth and periodi-
cally throughout childhood by pediatricians for CHD. Ultra-
sounds are performed upon occurrence of symptoms and 
appropriate action is taken. In many developing places, how-
ever, medical providers are inadequately aware or prepared to 
carry out such examinations. Consequently, CHDs are often 
left undiagnosed until it is too late.3 

This is where China California Heart Watch (China Cal) 
comes in; under the guidance of Dr. Robert Detrano MD 
PhD, founder and professor of cardiology at University of 
California at Irvine, China Cal has been targeting cardio-
vascular disease in rural Yunnan province, China. China Cal 
operates in some of the poorest regions of China; though 
focusing on cardiac health, they provide general clinical care 
to patients who often have never seen an extensively trained 
medical professional. They go on week-long excursions of 

pediatric heart screenings and provide grants for children 
in need of expensive procedures, in addition to performing 
hypertension research and running village doctor trainings.4  

I had the pleasure of participating in China Cal’s June 
2013 internship. Our mission was to screen all the elemen-
tary school children in Yunlong County, Yunnan, China. 
We began the month with lectures on heart physiology and 
pathology, and training in basic cardiac auscultation – using 
a stethoscope to listen to four key points on the heart and dis-

tinguish abnormal heart 
sounds, or murmurs. 
During this time Dr. 
Detrano was also seeing 
patients in his free clinic 
in Dali, Yunnan, many 
of whom had travelled 
long distances to come 
to the clinic – some even 
came by horse. Due to 
the area’s inadequate 
medical infrastructure, 
we saw several patients 
with very advanced, rare 
conditions and others in 
near fatal states. 

These real patients 
served as an abrupt real-
ization that even if the 
science is understood, 
sometimes nothing can 
be done. And the hard-
est is giving this news. 

We met one bright 14-year old girl named Yang Tao who had 
seen Dr. Detrano several times. She had an advanced case of 
Eisenmenger’s Syndrome, a condition which leads to abnor-
mally high blood pressure in the right side of the heart as a 
result of a congenital defect. This forces deoxygenated blood 
through the structural defect to the left chambers of the heart, 
and back into the systemic system, without passing through 
the lungs. Yang Tao had been living with this condition her 
whole life; her growth seemed stunted, she got tired easily, 
and due to a lack of oxygen transport to the brain, she had 
started feinting a couple times a day. At this stage, her condi-
tion was inoperable; Dr. Detrano had given her medication, 
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Dr. Detrano performing a cardiac ultrasound on a patient found to have a heart 
murmur. Photo courtesy of Bassel Ghaddar.
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I left this experience with a deep appreciation of the 
effort and persistence necessary to truly make a difference. 
Aside from the discomfort of using a stethoscope to listen to 
hundreds of hearts a day, the noisy classroom setting was also 
not very conducive to detecting faint heart murmurs. It was 
amazing to watch the delicate balance between confidence 

and cautiousness that 
Dr. Detrano and the 
internship leaders dis-
played. As an intern, it 
can be scary thinking 
that your lapse of judg-
ment or attention to a 
child’s heart may let a 
case of CHD go undiag-
nosed; utmost diligence 
is necessary, and when 
in doubt, consultation 
is a must. This work 
required acuity and 
punctuality when con-
sidering all the scientific 
and historical evidence 
for a given case; it was 
often practiced under 
fatigue, but letting that 
affect the outcome can 

be dangerous. At the same time it required compassion and 
composure, an ability to remain poised and take the best pos-
sible action all while connecting to your patient and offering 
emotional support and hope. 

There is great inequity in healthcare, both in the US and 
abroad, but it is sad to realize that a technique as simple as 
listening with a stethoscope could save or prolong so many 
lives. China Cal is a model organization for targeting CHD 
in developing nations. The screening method is simple, but 
the effect China Cal has on the lives of the rural poor, and on 
cross-cultural communication are tremendous. I urge every-
one interested in global health, cardiology, or Asian studies to 
explore further. It was one of the best experiences of my life. 
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but it was becoming less and less effective. There were no solid 
options left; out of desperation, Dr. Detrano gave her a medi-
cine similar to Viagra, which is sometimes used in heart fail-
ure cases. He had no idea if it would work, but it was better 
to keep fighting than to submit. Dr. Detrano thought she only 
had a few months. The girl was bright and optimistic, though 
she fainted in the clinic. 
She understood how 
much and how often to 
take her medicine, told 
us about her school, and 
invited us to dinner at 
her home. Only her par-
ents knew of her likely 
fate; it was hard to hold 
back a tear when look-
ing into her father’s sad 
eyes. 

The next day a 
young couple came in 
with their 21-day old 
baby boy. Using a porta-
ble ultrasound machine, 
Dr. Detrano diagnosed 
him with transposition 
of the great arteries - 
two of the boy’s major 
arteries were switched. This is usually quickly fatal, but the 
boy also had a host of other heart defects, which miracu-
lously allowed his body to get some oxygenated blood, and 
we were able to see these on the ultrasound. Dr. Detrano rec-
ommended immediate surgery. The family had a few hours 
to make a decision, as waiting even another day would make 
the surgery too risky. They would have to take the next flight 
to Chengdu, the nearest capable hospital, and this type of 
procedure had a 10% failure rate. Should they put their baby 
through this risk? Can they take the debt, keeping in mind the 
possibility of failure? It was amazing how Dr. Detrano was 
able to keep calm yet empathetic, get all the necessary infor-
mation, and inform the parents. I had never seen a couple 
more distressed, and realized how utterly human is the medi-
cal endeavor. 

Once we completed our training we set out for the school 
screenings. Our method was tried and tested; in a 2005 study, 
Jiang et al trained village doctors for a single day on basic car-
diac auscultation with a stethoscope, similar to the training 
we received.5 These village doctors then went on to screen 
upwards of 40,000 children and found a prevalence of CHD 
similar to that in developed countries. 

On these premises our team of interns set out. We drove 
in small vans over often unpaved, mountainous roads to each 
village in Yunlong County, Yunnan, stopping at the elemen-
tary and middle schools to perform heart screenings. Those 
students found to have a heart murmur were sent to Dr. 
Detrano for a full cardiac exam, including a history and ultra-
sound, usually set up in an empty classroom, hotel room, or 
community centers. In total we screened roughly 16,000 chil-
dren and found 34 incidences of CHD. 

A typical student screening. Photo courtesy of Bassel Ghaddar. 
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Methodologies and Challenges to the 
Eradication of Poliomyelitis
 John W. Ramatowski

BACKGROUND

In 1988, the World Health Organization (WHO) adopted 
an initiative to eradicate all forms of poliomyelitis by 2019. 
Poliomyelitis is a viral infection transmitted primarily via the 
fecal-oral route and is known to exist in three strains: type I, 
II, and III. The virus infects the central nervous system with 
the potential for paralysis and death within hours of initial 
contact.1 There is 
no cure for polio, 
only preven-
tion techniques. 
Children under 
five are the most 
susceptible to 
the disease. To 
this date, Paki-
stan, Afghani-
stan, and Nige-
ria are the three 
countries where 
polio remains 
endemic. Com-
prehensive erad-
ication plans, 
WHO com-
mitment, and 
robust global 
leadership have 
overcome obsta-
cles with just 223 cases of polio reported in 2012 — the low-
est global incidence ever.2 Vaccines have enabled global eradi-
cation, although setbacks have threatened the success of the 
campaign, as demonstrated in a Nigerian case study.

VACCINATION METHODOLOGY

The first vaccine to prevent polio was developed in 1952 
by Jonas Salk. The inactivated poliovirus vaccine (IPV) con-
tained type I, II, and III poliovirus strains, which conferred 
immunity to all wild polio infections after three doses.3 Since 
this time, several forms of an attenuated trivalent oral polio-
virus vaccine (TOPV) have been developed (Figure 1). The 
WHO has two vaccine recommendations dependent on the 
type of polio endemic to the population. One recommenda-
tion is four doses of TOPV with the first dose at birth, fol-
lowed by three supplementary immunizations at two, four, 
and six months of age for all children. These guidelines were 
amended after research showed an initial TOPV dose at birth 
increased serological antibody levels in neonates and reduced 
the number of susceptible individuals in a population.4

The second recommendation is four doses of a monova-
lent poliovirus vaccine (mOPV) on the same dose schedule 
as TOPV for all children under five. In areas where specific 
strains of the poliovirus have been eradicated, monovalent 
vaccines confer three to four times greater immunity to 
infection from a specific strain when compared with trivalent 
vaccines. 5 This recommendation is effective as long as the 

individual does not 
come in contact 
with a polio strain 
to which they are 
not vaccinated. 

When polio is 
eradicated from 
the world, coun-
tries will have to 
decide whether 
or not they will 
stop vaccination 
efforts altogether 
or switch to IPV to 
prevent the possi-
bility of a mutation 
and reappearance 
from the attenu-
ated virus. A 2007 
study in Cuba con-
cluded the IPV was 
90% as effective 

when serological antibody levels were compared between IPV 
and TOPV on the same dose schedule — a level adequate to 
suppress possible future reinfection.6

OBSTACLES

Eradication efforts have been hindered by personal 
beliefs, government cooperation, and environmental con-
ditions. Pakistan and Afghanistan accounted for 42% of all 
polio cases in the year 2012 with 175 reported cases. Local 
religious practices, personal perceptions, and disapproval of 
vaccination efforts by influential figures were correlated with 
high refusal rates of poliovirus vaccines in endemic areas. 
Some individuals refused the vaccine on the grounds the 
prevention contained contraceptives — a violation of local 
religious practices. Others believed the vaccination efforts 
were part of a foreign conspiracy and were laced with harm-
ful agents.7 
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Figure 1. Representation of four poliomyelitis vaccines currently available for readication efforts. Primary usage 
in listed continents and countries. Serological antiobody effectiveness when evaluated against trivalent oral 
poliovirus vaccine--WHO gold standard vaccine. Variance for vaccine serologic effectiveness based on separate 
studies (Jenkins et al. 2008, Jenkins et al. 2010, Grassly et al. 2007, Galindo et al. 2007, Atkinson et al, 2011). 
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Limitations with respect to the vaccines themselves have 
posed challenges to eradication efforts. The TOPV offers 
improved immunity in temperate climates when compared 
with tropical climates. This has been circumvented when 
a study showed poliovirus antibody levels were higher in 
children who were vaccinated in the winter months when 
compared with those vaccinated in the summer for topical 
climates. With respect to climate, poliovirus antibody levels 
were lower in children of low socioeconomic status when 
compared with children from high socioeconomic status, 
although serologic antibody levels were considered adequate 
for poliovirus immunity.8

NIGERIA CASE STUDY

Nigeria is one of three countries where polio remains 
endemic. In 2003, the Nigerian government stopped polio 
vaccination efforts for twelve months based on a rumor the 
oral vaccine was contaminated with HIV and contraceptives.7 
Presently, type I poliovirus accounts for the majority of polio 
cases in Nigeria. The government has implemented mOPV1 
vaccines to confer the greatest resistance to the infection for 
the un-immunized population.9 However, recent develop-
ments have jeopardized the eradication efforts of the cam-
paign. The wild type strain of polio type II was eradicated 
from all populations in 1999. Since then, efforts have focused 
on eradication of type I and type III strains with monovalent 
vaccines. These efforts were jeopardized in 2009 when a type 
II circulating vaccine-derived Poliovirus (cVDPV) appeared 
with transmission and neurovirulence capabilities in Nige-
ria. Because a large portion of the Nigerian population was 
unvaccinated against the type II strain, the infection was able 
to spread and reestablish endemic levels.10 The Nigerian gov-
ernment is now faced with the decision of whether or not to 
reinstate the usage of trivalent oral vaccines, which are less 
effective at preventing type I infection yet confer resistance to 
type II infections, or to develop a new monovalent vaccine for 
the cVDPV type II strain.

CONCLUSION

The World Health Organization is set to meet the goal of 
polio eradication by 2019. Although obstacles have challenged 
the campaign, development of new vaccines, dosage methods, 
and global cooperation have lead to a 99% reduction in total 
polio cases since the initiative was launched in 1988. When 
polio is eliminated, it will be the third disease to be eradicated 
from the world.2 
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ORIGINAL ARTICLE

The Dog as a Model of Human Behavioral 
Abnormalities
 Kathleen Kuperman 

Canines and humans, like many animals, share a large 
portion of their genomes.  This similarity is a partial explana-
tion for the large number of diseases and genetic disorders 
that affect both dog and human populations.  Canine mod-
els of human behavior, from physiological abnormalities to 
psychological abnormalities, con-
tribute to our understanding of the 
environmental and biological inter-
play in the origins of human disease.  
Scientific research on neurological 
disorders with abnormal behavioral 
components, such as narcolepsy 
and epilepsy, has been furthered 
by the availability of canine ana-
logs of the diseases.  For instance, 
a canine model of narcolepsy has 
been an invaluable tool in the field 
of pharmacological research.1 Fur-
ther, canine models of psychological 
abnormalities can shed light on the origins and neurochemi-
cal processes of compulsive behaviors such as obsessive-com-
pulsive disorder and trichotillomania. In this paper, I will 
argue that canine models are uniquely suited to aid in the 
study of a range of human behavioral abnormalities.

Dogs present a singular opportunity to study variation 
at a molecular level, due in part to “extraordinary levels of 
both interbreed heterogeneity and intrabreed homogeneity” 
in both morphology and behavior.2 Dog models of human 
disorders are facilitated by the fact that the canine and human 
genomes are similar in size and have nearly the same level of 
nucleotide diversity. Furthermore, animal models are an effi-
cient method of studying the biological bases of disease:  ana-
lyzing across dogs within one of five “breed clusters” (dogs 
that often share hereditary mutations), researchers are able 
to pinpoint mutations responsible for disease much faster 
and simpler than if they were working with human subjects.2  
Ewen et al. (2003), in their survey of the canine genome, pro-
mote the study of nonhuman animals as a means of improv-
ing our understanding of the human genome’s relationship 
to good health and normative behavior.  They conclude that 
“[t]he domestic dog is a particularly good example, where an 
unusual population structure offers unique opportunities for 
understanding the genetic basis of […] behaviors, and disease 
susceptibility.”3 Therefore, the development of canine models 
is a valuable contribution to the field of human genetics.

Research on the neurological disorder narcolepsy, partic-
ularly in the area of pharmacology, has been expedited by the 
use of a canine model.  According to the University of Mary-
land Medical Center website, narcolepsy is a sleep disorder 

that results in a variety of abnormal behaviors including 
atypical sleep patterns (sleeping periodically throughout the 
daytime) and automatic behaviors in which an individual 
acts without conscious awareness (from aimless actions like 
“putting socks in the refrigerator,” to behaviors that resem-

ble the symptoms of an epileptic 
seizure).4 Nishino and Mignot 
(1996) review several studies that 
describe the genetics of narco-
lepsy in a variety of dog breeds.  
In Labradors and Dobermans, the 
method of inheritance is autoso-
mal recessive with full penetrance; 
but in the majority of breeds 
(including dachshunds, poo-
dles, and beagles), narcolepsy is 
“genetically complex.”1 Narcolepsy 
manifests in dogs in a very simi-
lar manner as it does in humans, 

including cataplectic attacks and “fragmented sleep patterns,” 
leading to enervation and lower levels of daytime activity, 
which has been confirmed by electroencephalogram (EEG) 
studies. In human participants, narcolepsy has been related 
to a human leukocyte antigen allele; in canine subjects, nar-
colepsy is associated with a segment of DNA that is nearly 
homologous to a human immunoglobin gene, which sup-
ports a new hypothesis that an immune system disorder is at 
the root of narcolepsy.1

Indeed, the administration of thalidomide, an immune-
regulating drug that alters the production of cytokines in the 
brain (impacting the immune response as well as increasing 
REM sleep), has a negative effect on narcoleptic dogs.5 Thus, 
research on the canine model of narcolepsy may lead to the 
development of new pharmacological treatments, including 
the production of medications that act opposite thalidomide 
and therefore moderate, rather than aggravate, the symp-
toms of narcolepsy. Despite progress in the field of pharma-
cological research, as of 2010, the precise pathophysiological 
mechanism of narcolepsy remains unclear. Further use of the 
canine model will offer opportunities to gather data until 
narcolepsy can be successfully treated and eventually cured.

Epilepsy in humans is typically idiopathic and hereditary, 
and presents in much the same way in affected dogs. Epileptic 
seizures are related to a range of abnormal behaviors, includ-
ing outbursts of violence in both canine and human subjects.  
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Rapoport, Ryland and Kriete (1992) performed clinical trials 
to determine whether canine acral lick responds to SRIs in 
kind, which would lend credence to the idea that acral lick 
is a functional model of human obsessive-compulsive disor-
der.  Their results demonstrate that dogs suffering from acral 
lick respond to pharmaceuticals in a notably similar manner 
to humans with OCD. Rapoport et al. draw no conclusions 
regarding the biological basis of canine acral lick or OCD.  
However, they go on to propose further DNA linkage studies 
and pedigree analysis, as well as postmortem examination of 
the brains of dogs with acral lick to search for structural simi-
larities to the brains of obsessive compulsive humans.9

The etiology of compulsive disorders, also known as 
OC-spectrum disorders, remains unclear. Though SRIs are 
known to ameliorate symptoms of the disease, prior studies 
have been unable to discover serotonin transporter (5-HTT) 
mutations common to individuals with OCD.10 However, 
Bengel et al. hypothesized that the problem lies not in the 
5-HTT coding gene, but within the forty-four base pairs of 
5-HTTLPR, a regulatory sequence one kilobase upstream. 
Bengel et al. examined two common alleles of 5-HTTLPR, 
“long” and “short” and found a statistically significant rela-
tionship between OC individuals and the homozygotic long 
genotype.10  Previous studies have revealed no behavioral dif-
ferences between heterozygotes and homozygotic short indi-

viduals, which suggests that the 
short allele is dominant. The 
method of inheritance of canine 
acral lick is even less clear; prior 
studies have failed to discover 
the neurobiological roots of 
acral lick, though EEG studies 
have noted an association with 
activation of the basal ganglia 
and the limbic system.11 Thus, 
canine models of OC-spectrum 
disorders (the origins of which 
are a complex combination of 

psychological and neurobiological influences) are more dif-
ficult to develop and apply than canine models of disorders 
toward the physiological end of the spectrum, like narcolepsy.  
Regardless, Moon-Fanelli et al. express confidence that ani-
mal models are valid, providing “an opportunity to study 
what […] predispositions might be provoked into full phe-
notypic expression by psychic pressures, and […] may shed 
light on why humans develop repetitive behavior disorders.”11

Of course, a major obstacle in the application of ani-
mal models is the general inability to assess the cognitive 
and affective components of animal behavior. It is difficult 
to ascertain whether, for example, dogs suffering from acral 
lick dermatitis are experiencing “obsessions or emotions 
involving tension or gratification,” which are critical cogni-
tive and affective elements of human OC-spectrum disorders, 
or whether investigators are merely projecting human emo-
tions onto instinctual animals.11 To select an example from 
the realm of epilepsy research, it is impossible to determine 
whether canine subjects experience amnesia of their behavior 
during epileptic seizures.  Animal models may have certain 

Shih, Mazwi, Falcao, and Van Gerpen (2009) present the case 
study of an epileptic man who exhibited “florid emotional 
outbursts and aggressive behavior.”6 Under observation dur-
ing a frontal lobe seizure, he lashed out and struck a hand 
held out to him and imitated a gun with his hand while ver-
bally threatening to harm others.  Shih et al. singled out this 
case as an unusual example of seemingly goal-directed violent 
behavior, but undirected abnormal or even violent behavior 
such as “thrashing, kicking, genital manipulation, unusual 
facial expressions and articulate vocalizations” are commonly 
seen in frontal lobe epileptics.6 Similarly, epileptic seizures in 
dogs can induce uncharacteristic, spontaneous aggression, 
including “biting or snapping at imaginary flies” and unpro-
voked fear responses.7 Difficulties have arisen in pinpointing 
a gene responsible for canine epilepsy or even the mode of 
inheritance, as it potentially varies among breeds.7

Epilepsy in Keeshonds appears to be the result of a sin-
gle-gene recessive trait; while epilepsy in Golden Retrievers, 
Bernese Mountain Dogs, and Labradors appears to follow a 
polygenic recessive pattern of inheritance.7 Specific heredi-
tary epilepsies in human families have been associated with 
a wide variety of single-gene mutations in the coding genes 
for ligand-gated and voltage-gated ion channels.8  However, 
the pathophysiology of more common generalized epilepsies 
is largely unknown; a number of relevant loci have been iden-
tified, but attempts to pinpoint the causative genes have been 
unsuccessful. Generalized epi-
lepsies are not the result of a sin-
gle gene mutation, but the com-
plicated interactions of a series 
of “susceptibility genes” that 
combine to present symptoms 
of the disorder.8 Canine models 
present an alternate means to 
study the pattern of inheritance 
of epileptic disorders, which will 
expedite research into the causal 
mechanisms of various epilep-
sies.  Much like the genetic research discussed in Nishino and 
Mignot (1996), which led to new avenues of research into the 
immunological origins of narcolepsy, there is the potential for 
a canine model of epilepsy to reveal genetically homologous 
mutations that would contribute to the comprehension and 
treatment of epileptic seizures in affected humans.

A number of researchers have proposed that acral lick 
dermatitis is a canine analog of human compulsive behav-
ioral disorders such as obsessive-compulsive disorder (OCD) 
and trichotillomania. Canine acral lick is a psychogenic dis-
order that causes dogs to excessively lick and bite themselves 
to the point that they develop ulcers, scarring, and severe 
infections.9 The disease is mostly confined to large dogs such 
as Great Danes, German shepherds, Labradors, and Saint 
Bernards and in some cases appears to be familial, which 
supports the hypothesis that the disorder is at least partly 
genetic in origin.9 Acral lick is a form of “excess grooming,” an 
extremely common component of OCD and a direct charac-
terization of trichotillomania.  Both of these human disorders 
respond positively to serotonin reuptake inhibitors (SRIs), so 

“A major obstacle in the appli-
cation of animal models is the 
general inability to assess the 

cognitive and affective compo-
nents of animal behavior.” 
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restrictions to their application, but there can be little doubt 
that they have advanced research in many domains of scien-
tific research, including the study of human behavior.

Canine models are promising tools for future research in 
biology as well as psychology.  While the genetic components 
and biological roots of many behavioral abnormalities are as 
of yet unknown, every study brings us closer to understand-
ing the mechanisms of disease.  Researchers have the oppor-
tunity to build off each other’s work as well. For instance, 
Rapoport et al. demonstrated that a canine model of obses-
sive-compulsive disorder was indeed experimentally valid 
and had the potential to be a useful tool in research.9  There-
fore, future experimenters can explore further applications of 
the canine model with some degree of confidence that it is 
a reliable and worthwhile enterprise. Future studies should 
examine the human and canine genomic structures and per-
form DNA linkage analysis in the continued effort to uncover 
the biological and genetic components of human and non-
human animal behavior.  The more we are able to compare 
and contrast human and animal disorders, the more we will 
know about how and when to use animal models to develop 
pharmacological and other solutions to the health and social 
problems posed by disease and behavioral abnormalities.
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RESEARCH HIGHLIGHTS: 

Exposure to Air Pollution May Increase Risk 
of Coronary Events

Caroline Russell-Troutman

A study published in the British Medical Journal (BMJ) 
has found strong associations between acute coronary events 
and exposure to air pollution. Air pollution has become an 
increasingly serious problem in the world and may cause 
millions of deaths annually. Recently, many studies have 
suggested that air pollutants could be linked to heart failure 
and other cardiovascular-related deaths. The BMJ study fur-
thered this research by investigating the relationship between 
air pollution exposure and incidence of acute coronary 
events in several European countries.

 Eleven cohort studies conducted in Finland, Sweden, 
Germany, Denmark and Italy made up this entire study. In 
total, 100,166 people with no previous coronary events par-
ticipated. The study enlisted participants from 1997 until 
2007 with the mean participant follow-up time being 11.5 
years. Experimenters recorded air pollution exposure in the 
five European countries by using a series of filters to mea-
sure soot and black carbon levels in the air and by measuring 
nitrogen oxide levels. Experimenters then used participants’ 
hospital records to check the amount of coronary events par-
ticipants experienced throughout the study. Potential con-
founding variables such as the marital status, lifestyle, physi-
cal activity levels, and occupation were also recorded. 

 Of the 100,166 people enrolled in the study, 5,157 expe-
rienced coronary events. Results showed that increases in lev-
els of certain types of air pollutants were strongly associated 
with a 12-13% increased risk of coronary event incidence. 
Experimenters found other smaller associations between air 
pollutants and coronary health but deemed these statistically 
insignificant. Therefore, the results of this study strongly sug-
gest that exposure to air pollution increases an individual’s 
risk of experiencing a coronary event. 

 Though the results of this study agree with past stud-
ies as well as cohort studies conducted in the United States, 
researchers noted that some of the study’s results could have 
been caused by factors other than air pollution. For example, 
cohort studies with younger participants and higher rates of 
smoking among participants showed air pollution to have a 
smaller effect on coronary health. Another weakness of the 
study was that experimenters were only able to examine vari-
ation in air pollution levels within a cohort study (i.e., within 
one area of one country). They were not able to examine 
differences in air pollution between different cohort studies 
in different countries. Overall, however, this study provides 
new information about the serious effects of air pollution on 
individual health and demonstrates the urgency of limiting 
air pollution in the modern world. 
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