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Currently, 20% of all deaths worldwide are due to sepsis, making it an 
international concern. We considered various risk factors that affect the 
health burden that sepsis represents in different areas of the world. I 
invited various iGEM teams from around the world to fill out the form 
about statistics and policies regarding sepsis in various countries. 
Additionally, our team organized Sepsis Awareness Symposium to 
inform communities about sepsis. Many iGEM teams were invited. 
Based on our research, we also proposed certain policies that could be 
taken to alleviate the health burden of sepsis.
I also collaborated with various iGEM teams (from Brazil, Lithuania, the 
Netherlands, etc.) where we presented our project and addressed 
various aspects of our project.

Sepsis is a condition characterized by a life-threatening organ dysfunction caused by a dysregulated host response to an infection. Every year, 
approximately 1.7 million American adults develop sepsis, and 270,000 people die from sepsis. In fact, one-third of all patients who die in 
American hospitals have sepsis. As terrible as these statistics are for wealthy countries like the United States, the problem is even more severe in 
poorer countries. 85% of worldwide sepsis cases occur in low-mid income countries. The most reliable technique for diagnosing sepsis is to make 
a blood culture. Unfortunately, this takes 24 hours. As a member of the International Genetically Engineered Machine (iGEM) 2021 Team, my 
team and I wanted to make a difference and introduce a quicker, non-invasive method of diagnosing sepsis using biomarkers in sweat. We made 
a functioning proof-of-concept aptasensor that could reliably differentiate between various biomarker concentrations in sweat. The team focused 
on safety, inclusivity, and ethics and we did outreach and education programs with local organizations and consulted with medical professionals. 

Our device was innovative for two reasons: it uses sweat instead of blood
for non-invasive diagnostics, and it includes continuous monitoring of
biomarkers in sweat that can alert physicians to any changing condition.
After purchasing materials for the device, I found that the total cost of
manufacturing is around $375. We visited the ICU to understand how the
device will be integrated for post-operative patients and we considered
FDA regulations.

My team and I reached out to as many diverse
communities as possible to present various topics
in synthetic biology at an accessible level. I helped
with developing microfluidics lessons for
different age groups. Through REJI, we shared
synthetic biology material with incarcerated
individuals at a correctional facility located in
Upstate New York. I presented microfluidics and
talked about our project for Prison Education
Project Video. Finally, to expand the audience and
reach out to the Bosnian community with facts
about sepsis and synthetic biology, I translated
information for a series of informational posts,
and I sent articles about our project to the
prominent media in Bosnia and Herzegovina.

Our project encompassed knowledge and expertise from biology,
chemistry, math, and engineering. I used mathematical modeling to
help hardware and wetlab. We collaborated and met with scientists
from all around the world and global health experts that offered
various perspectives and helped with developing the diagnostic
proof-of-concept device. We also focused on safety, inclusivity, and
ethics to develop our device and make it as accessible and useful as
possible.

When we chose sepsis as the model disease, we chose a set of six
biomarkers that are present in sweat and together can provide
sufficient information regarding the patient’s health condition. In
hardware, we developed a sleeve-like microfluidic aptasensor that
incorporated: reduced graphene oxide, screen-printed electrodes
and microfluidics to monitor the changing levels of relevant
biomarkers in patients. When designing the biosensor, we realized
that we would be dealing with very small amounts of sweat. To
overcome the issue of not having enough sweat for the detection of
biomarkers, we decided to use microfluidics to collect, handle, and
transport sweat to the electrodes, and we optimized the
manufacturing process to be accessible and cheap.
Once biomarkers bind to the reduced graphene oxide (rGO) on
electrodes, there will be a detectable change in impedance which
will be quantified and used to calculate the concentrations of the
biomarkers. Finally, each biomarker sweat patch will be connected
to an individual circuit for signal amplification and readout.

Since we could not find a potentiostat on campus and these devices
were around $9000 on the market, we decided to build our own,
accessible potentiostat. Additionally, to calculate the desired fluid
flow in a microfluidic device, I incorporated Navier Stokes
equations and binding theory in MATLAB.


