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Executive Summary 
 

Cystic Fibrosis is a terrible disease that is affecting individuals around the world. This hereditary disease 

is a mutation of the CFTR gene which can cause fill the lungs with mucous [1] [2]. In addition, this 

disease also targets the “pancreas, liver, intestines, sinuses, and sex organs”. Currently there is no cure 

for this disease and a mortality rate of about 2% [3]. While treatments exist to improve the quality of 

care, detection is the priority. Because testing of the high cost to test for the mutated gene, pre-

screening tests are done to help reduce the amount of applicants that need to be tested.  

 

The sweat test is the current pre-screening test used widely today. This test involves inducing a sweat 

and sending the results to a lab for further analysis. This is an unrealistic standard for developing 

countries as the current infrastructure may not be available to send lab sample of all children born to 

the lab.  

 

In our project we are going to engineer the CF scanner. This product will replace the sweat test in 

developing countries that are unable to afford the infrastructure or proximity to medical professionals. 

We will be implementing many of the sweat test features such as the induced sweating and small 

electric current to control the sweating environment. The CF scanner will however give results in real 

time by testing the properties of the sweat, such as resistance and pH.  

 

Our goal with this product is to maintain the reliability that the current pre-screening sweat test has, 

while reducing the cost that Is required to maintenance of the infrastructure. The cost of the CF scanner 

will therefore be less than the current solution, while still using the same scientific process to screen for 

CF.CF is a disease that is not only affecting Canadians but citizens around the world. Pre-screening tests 

such as the CF scanner can not only raise awareness but improve the quality of life for individuals 

around the world.   
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1. Introduction 
 
Cystic fibrosis (CF) is the most common fatal genetic disease affecting children and young adults. It is a 
multi-system disease that affects mainly the lungs and the digestive system. CF is caused by the 
presence of mutations in both copies of the gene for the cystic fibrosis transmembrane conductance 
regulator (CFTR) protein [1]. The protein is involved in production of sweat, digestive fluids, and mucus. 
The malfunction of the CFTR protein causes the secretion of mucus become thicker than normal which 
can lead to severe lung conditions such as coughing and shortness of breath [3].  
 
There is no cure for CF at the moment, whereas, the outlook for patients with the disease has improved 
steadily over many years, largely as a result of earlier diagnosis. Therefore, early detection is extremely 
important in order to keep the disease under control. CF is diagnosed by a sweat test and genetic 
testing. The sweat test is considered the gold standard for screening CF due to its distinct symptom of 
five times the normal amount of sodium and chloride in patient’s sweat [1].  
 
Unfortunately, research has shown that the current sweat test has several disadvantages such as 
inconsistent results due to human error during the test and high cost. The average cost of performing 
sweat test is around $400 in Canada. These drawbacks of the current sweat test lead to the 
development of CF Scanner. CF Scanner is a reliable, cost effective, and fast screening technology for CF. 
CF Scanner modifies the existing sweat test technology to reduce the cost and increase the accessibility 
of the test by removing the necessity of medical professionals to perform CF screening. 
 
The CF Scanner developing by CFTR Solutions has two major objectives. One is to create a user friendly 
and real time medical device that can be used to detect the amount of sodium and chloride that exists 
within a patient’s sweat in a non-invasive manner. The other goal is to provide an affordable and reliable 
screening test for CF in third countries. The product will be carefully designed in such a way that it is 
easy to use by any individual, and will be able to provide consistent and accurate measurements of 
sodium and chloride content to provide reliable testing result. With the technology, CFTR solutions 
believes that we can help to fight cystic fibrosis.    
 

2. Background 
 

There are currently about 30,000 people living with cystic fibrosis CF in the United States and more than 
80,000 worldwide. In addition, statistics reveal that approximately 1,000 new cases of CF are diagnosed 
in the country each year. However, the diagnosis of the disease is still often delayed or mistakenly 
conducted. Based on the statistics, the rate of misdiagnosis of CF is about four percent. [4] 
 
CF was first identified by Dr. Dorothy Anderson in 1938. It is the most common lethal genetic disease. In 
the 1950s, median life expectancy for patients with CF was a few months. The median age of survival 
has increased progressively over the past 60 years and it is now more than 40 years in developed 
countries. [3] 
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CF is caused by a mutation in a gene that encodes cystic fibrosis transmembrane conductance regulator 
(CFTR) protein, which is expressed in many epithelial cells of many organs including the lung, liver, 
pancreas, and digestive tract etc. [5] CFTR protein functions as an ATP-gated anion channel, increasing 
the conductance for certain anions, chloride for instance, to flow down their electrochemical gradient. 
Aside from that, the protein plays many important regulatory roles in human physiology including 
inhibition of sodium transport through the epithelial sodium channel, regulation of ATP channels, and 
regulation of intracellular vesicle transport etc. Figure 1 shown the basic function of CFTR protein. [5] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Malfunction of CFTR protein can lead to respiratory system and digestive system symptoms such as 
sputum, a persistent cough that produces thick mucus, breathlessness, repeated lung infections, poor 
weight gain and growth, and meconium ileus, intestinal blockage occur in newborns. Most deaths 
related to CF are due to severe lung disease. [5]  
 
Unfortunately, there is no cure for CF at the moment. It can only be treated by taking antibiotics, anti-
inflammatory medicines, and bronchodilators to prevent lung diseases and taking medicine like oral 
pancreatic enzymes and vitamin supplements to improve digestive system health. [1, 4, 5] 
 
The overall quality of life and life expectancy of CF patients have improved significantly over the past 
two decades, largely as a result of earlier diagnosis, more advanced therapy, and provision of care in 
specialized CF centers. [5] Research has shown that newborn screening reduces the disease severity, 
burden of care, and costs of care. The diagnosis of CF is usually done by a screening sweat test followed 
by a genetic testing if the screening result is positive. The sweat test remains the most common and 
readily available way of screening of CF provided as CF has a distinct symptom of five times the normal 
amount of sodium and chloride in patient’s sweat. [4] The sweat test is done by applying pilocarpine 
onto the person being tested to induced sweating and sweat is collected for 30 minutes.  Several 
laboratory methods are then used to determine the sodium and chloride concentrations in the sweat 
quantitatively. [5] 
 
Although the sweat test is considered the gold standard for screening CF, it has several significant 
disadvantages. First of all, the sweat test is prone to human error occurred during the test which can 
lead to inconsistent results. The common factors that can lead to false positive or false negative 

Figure 1: Illustration of the Function of CFTR Protein [1] 
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screening results are shown in figure 2. [5] Furthermore, the average cost of the sweat test is around 
$200 to $400 in developed country like Canada, and it will be more expensive in third world countries 
due to the shortage of trained medical professionals and medical laboratories. False results can be fatal 
to the patients and be expensive to the health care system. Therefore, having a reliable and cost 
effective way of screening CF is needed in order to further improve the current CF diagnosis and 
treatment.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: List of Factors Lead to False Positive and 
False Negative Sweat Test Result [5] 
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Figure 3: State Diagram 

3. Scope, Benefits and Risks 

3.1 Scope 
There is currently an existing solution for pre-screening, when trying to detect Cystic Fibrosis, known as 
the “sweat test”. The sweat test is the most common method on the market today which detects the 
amount of sodium and chloride that is found in a controlled sweating environment. This test uses a 
chemical placed on the patient’s skin, such as pilocarpine [6], to induce sweating. The sweat is then 
collected; a process that can take approximately 30 minutes and can be administered to children as 
young as 48 hours old [7]. These sample are then sent to a lab to determine if the salt and chloride 
content is two to five times higher than normal [8]. Our goal in this project is to expedite the time 
required to test the chemical contents of sweat for a patient with CF. This will not only improve the 
response time but allow this medical technology to be used in places that do not have the current 
infrastructure to run chemical analysis tests. In addition, it will also reduce the amount of trained 
personnel required to administer this pre-screening test.  
 
Our product will allow a trained administer to see the chemical breakdown of the induced sweat by the 
patient in real time. This will greatly improve on the current market and allow for early detection of CF. 
The sweat should contain more than 60 mmol/L of Chloride for an adult or child to indicate that they are 
highly likely to have cystic fibrosis [14]. Ranging between 0-29 mmol/L results will conclude that it is 
unlikely and 30-59 mmol/L is considered to be intermediate. 
 
The state diagram, shown in figure 3, shows the process of conducting our sweat test. This is largely 
similar to the current sweat test but the final stage would be to send the results to a lab for further 
analysis. Whereas our test will give real time results. First the patient must apply the chemical and 
electrodes to their skin and wait 30 minutes. After that they will apply our second set of sensors and 
determine the amount of salt content in the sweat through a combination of conductivity and pH 
sensors.
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Figure 4: Block Diagram 

Figure 4 shows a general layout of our schematic. We will fabricate our own PCB but initially we design 
our system using Raspberry Pi. This is because of the low initial cost and the lack of additional 
components such as Wi-Fi and bluetooth that the Raspberry Pi allows. This will help our R&D not to be 
limited by hardware components in our design phase. Our power supply will initially be used as a wall 
outlet, but once we have fabricated our board, we will analyze the amount of power consumed and 
determine the optimal battery type. The gel that is applied to the skin along with the electrodes are 
applied for 30 minutes to induce a controlled sweat. Next, the sweat detection sensors will relay the 
information back to the Raspberry Pi where they are finally displayed on the screen/app. 



 

 

 

   

 

  

10 

The UI, as shown in figure 5, is a prototype for an app that is associated with our device. We have 
included both a built in screen or an app depending on the market that the product is specifically 
targeting. There are several key features that are shown here such as the age. This will need to always 
be input as the test results vary depending on if the patient is older than two years of age. Parents 
history is also a key factor as parent who have been previously tested may already be carriers; as a result 
of that, their children will be at higher risk. This is also where we will display the salt content detected in 
the sweat and where the results will be displayed. Note that UI will change throughout the project and 
may vary on built in screen 

 
Figure 5: User Interface 

 

 

3.2 Benefits 
The medical industry is a massive market with the US value surpassing 3 trillion dollars [12]. It is 
estimated that cystic fibrosis receives as much as 83 million dollars in funding in 2016, and we hope to 
help and improve on the existing technology. Despite the amount of funding, a simple sweat test can 
still cost as much as 200 to 400 dollars [15]. This is expensive by western standards and unaffordable for 
developing countries to conduct the test on every child once they are born. Our product will benefit the 
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CF community by creating a faster and more affordable device that can show you your results in real 
time.   
 
CF Scanner aims to reduce the time it takes to process the results of the sweat test. In first world 
countries, labs with trained technicians are able to give feedback within a few days. But this is not 
always the case in developing countries. Our device will give real time feedback to the sweat that is 
being analyzed in our controlled environment and give reliable results to communities that do not have 
access to hospitals or trained lab technicians. Our product will therefore have a larger benefit for 
developing countries as they lack the infrastructure. It was initially thought that CF only affected 
Caucasians with one out of every 3,600 children born in Canada are born with this disease [9]. But it is 
now known that CF is a disease that affects the entire world.  

 
”Cystic fibrosis (CF), earlier believed to be non existent in non Caucasians, is now a pan ethnic disease, 
having being reported from various regions of the world over last decade.”  [10] 
 
This is now an issue that is affecting the entire world and while many first world countries have an 
existing infrastructure to help deal with this disease, there is still no cure [8]. 4,100 children are currently 
attending specialized CF clinics; and the pre-screening for CF so treatment may start as soon as possible 
is in treating this disease.  
 
Our goal with this device that we will create over the next 8 months is to give real time result of the 
amount sodium and chloride that exists within a patients sweat. We will not change the process that 
exists; but will improve on the detection process. By bringing this technology to developing countries, 
we can increase the amount of screening tests being performed, therefore allowing more individuals to 
seek medical attention if necessary. This will overall improve the quality of life and the standard of living 
for CF communities and CF individuals that do not have easy access to medical professionals.  
 
Our company is building upon the existing sweat tests, maintaining the level of accuracy that is currently 
on the market. The main purpose is to create a product that increases accessibility to screening by 
having a real-time sweat test that provides a result prior to conducting a more advanced genetic test. 
The product is not designed to detect CF.  Combining the existing medical practices methods with new 
sweat detection technology, it will benefit communities around the world.  
 

3.3 Risks 
As a medical company, mitigating risk will be a large part of our project over the coming months. The 
current sweat test has no existing health issues as it is monitoring the level of sweat in a very small area 
and can be administered to infants as young as 48 hours old. There is no needles or any procedure that 
needs to be initiated prior to the test being administered. As a result, our focus will be on the accuracy 
of detection. As this is a pre-screening test it is designed with a large margin of error to ensure that all 
applicants are recognized. We will be producing a large number of false positives to ensure that no 
individuals are ever overlooked. This matches the current margin of error exists today, with only a 95% 
accuracy rate on the existing sweat test [11]. Our goal with this project is to perform at the same level of 
accuracy that the current sweat test performs at. 
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Throughout this process we will be working with several different chemicals, as previously discussed. 
These chemicals can be bought off the shelf and can be placed on infants’ skin. These chemicals should 
not be ingested or consumed and we will take any necessary safety precautions to ensure that they are 
handled with the upmost care. We will be working with these chemicals in labs here on campus and will 
be reaching out to members in the chemistry department. 
 

4. Market Research Rationale 
In accordance to Cystic Fibrosis Canada, CF is one of the most common fatal genetic diseases affecting 
Canadians. An estimate of 1 in every 3600 children born in Canada has CF and at this present time CF 
can only be treated, as it has no cure.  The progressive nature of mucus building up within the body 
creates complications such as lung damage, difficulties in digesting fats and proteins, an inability to 
absorb nutrients causing malnutrition and much more. The disease is only present if a child inherits both 
the defected genes from each parent. Carriers will suffer none of the related symptoms, however, if 2 CF 
carriers have a child, there is a 25% chance that their child will be born with CF [16].  

 
                                                           Figure 6: CF Genetic Chart [22]  

Current Solutions 

“Newborn screening for cystic fibrosis leads to a reduction in prevalence, as couples are empowered to 
make better-informed reproductive choices.”                                                        - Cystic fibrosis – ERS [23] 

 

In first world countries such as Canada and the US, newborn screenings are a crucial part in early 
diagnosis of CF [17][18]. The precaution of this procedure greatly improves life expectancy as it helps 
reduce side effects of cognitive functions, and weight loss. In Canada, sweat test usually cost between 
$200-$400 dollars[19]. With the absence of basic health care in developing countries, patients 
diagnosed with CF are not expected to live past the age of ten[20]. Existing solutions in developing 
nations require patients to travel extensive distances where they are examined by inadequate 
pediatricians at underfunded clinics. All expenses incurred are to be paid out of their own personal 
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pockets [21]. Our goal for CF scanner is to create an affordable sweat test that rural communities will 
have easy access to. This eliminates the dreary travel time for the patient; it also saves the clinic money, 
as they do not have to invest in new training exercises for nurses. The difference between CF 
Scanner and commercially available sweat test is that our device uses conductivity instead of chloride to 
measure the salt contents collected from the sweat sample. This alternative method is verified as a 
laboratory in Brazil conducted study groups in which the conductivity sweat test yielded a high degree of 
diagnostic accuracy, the journal can be found in reference under the title “Sweat Conductivity: an 
accurate diagnostic test for cystic fibrosis?” [24] As recent studies reveal more populations being 
affected by this disease in developing countries, a cost effective sweat test is vital. Thus, the intent of CF 
scanner will bridge the needed gap of cost efficiency and the improvement of screening in rural 
communities. 
 

5. Company Details 
CFTR Solutions is founded by six ambitious engineering student at SFU who decided to engage the world 
and make a difference to cystic fibrosis diagnosis. The following are the members’ profiles: 

 
Johnny Chou – Chief Financial Officer (CFO) 
 
Johnny is a sixth year Systems Engineering student. Johnny has worked at Head Injury Prevention Lab as 
a Research Assistant, and at Broadcom as an Applications Hardware Engineer. He is skilled in electronics 
and with hardware components, such as microcontrollers and custom PCBs. Having project 
management skills and broad working experience in both research and industry makes him a great fit for 
Chief Financial Officer at CFTR Solutions. 
 

Bradley Dalrymple – Chief Executive Officer (CEO) 
 
Brad Dalrymple is a fifth year Computer Engineering at Simon Fraser University. Engineering has always 
been a passion for him, and in his spare time, he participates in many extra circular activities such as 
Hackathons. He competes with a team that was formed at his first Co-op; with Samsung Electronics CA. 
At Samsung, he worked with many cursing edge technologies, primarily with their Knox security 
solutions. He wrote software and produced documentation for developers using the Samsung SDKs and 
has experience in bringing projects to market. Outside of academics, Brad enjoys many different sports 
such as soccer, surfing and biking. Bradley will be the CEO at CFTR Solutions. 

 
Christopher Le – Chief Operating Officer (COO) 
 
Chris is a fourth year Computer Engineering student. His internship at Boeing Canada gives him the 
advantage when developing software to prioritize about risk management and mitigation. Being 
experienced in a wide array of programming languages such as C++, C, SQL and Python allows him to be 
a versatile software developer.  With a great passion for software engineering and biomedical 
applications and having experience working in a big corporation like Boeing makes him a great fit for 
Chief Operating Officer at CFTR Solutions. 
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Ted Lee – Chief Science Officer (CSO) 
 
Ted is a fourth year Biomedical Engineering student. He has worked at STEMCELL Technologies as a 
Biomedical Engineer where he gained experience doing research with biology, chemistry, and medicine 
professionals. He also worked as a Research Assistant at Medica1l Image Analysis Lab at SFU. He has 
experience with image processing using MATLAB and working in a biomedical laboratory environment. 
With a great passion for biomedical engineering and broad background in scientific research, he will be a 
great fit for Chief Science Officer at CFTR Solutions. 

 
Jae Min Song – Chief Communication Officer (CCO) 
 
Jae Min is a fifth year Systems Engineering student with one year Co-op experience at Eight Solutions as 
an IT Support Engineer where he gained various experiences from managing servers to optimizing 
system. Due to the nature of the position, he is confident in working with different Linux OS. Apart from 
that, he is also comfortable with Windows or iMac. He is familiar with communication networks, 
electronics platform such as Arduino, microcontrollers, programming with C, C++, Python, and Bash. 
With his technical skills, interpersonal, and communication skills from solving numerous technical issues 
developers requested, and negotiating with vendors at his Co-op, he will be a great fit for Chief 
Communication Officer at CFTR Solutions. 

 
Winston Ye – Chief Technology Officer (CTO) 
 
Winston is a fifth year Electronics Engineering student who has undergone a 16 month Co-op placement 
at Blackberry Ltd. As a Software Tester within the SV&V department he has developed a strong sense of 
the agile methodology as well as learning the various types of testing techniques. He has learned to 
effectively communicate with both developers and customers whether it be solving technical problems 
or tailoring products to match the needs of the consumer. The application of Solidworks allows him to 
showcase his sharp eye for detail while utilizing his artistic nature into designing a product. Having 
experience working with both developers and consumers makes him a great fit for Chief Technology 
Officer at CFTR Solutions. 

6. Project Planning 
Documentation 
With one week given to each progress presentation, most of the available time has been assigned to 
functional and design specification which, as a group, were considered to be the most critical 
documentation portion of this project. The proposed timeline for documentation is shown in Table 1. 

 

 
Table 1: Documentation Timeline 
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Hardware 
Hardware development progress has been divided into multiple sections based on priority and 
significance of each topic. Gather key components will have to be done at the earliest phase of the 
project for the further development. Quality assurance steps have also been added after each milestone 
of the project to ensure the robustness and completeness. After the poster presentation, each step will 
be re-evaluated and improved for better performance. Most importantly, plenty of time has been 
assigned to building and producing customized PCB. The proposed timeline for hardware is shown in 
Table 2. 
 

 
Table 2: Hardware Development Timeline 

 
Software and Experiment 
Key concept of the software developing in this project is achieving the main functionalities of the final 
product prior to the poster presentation, so the prototype’s major functions can be demonstrated 
during the presentation. After feasibility and potential of the product have been shown to the experts, 
majority of the software development time will be assigned to enhance and improve the overall 
performance, and reduce the error to absolute zero. The proposed timeline for software is shown in 
Table 3. 

 

 
Table 3: Software and Experiment Development Timeline 
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Table 4: Milestone Chart 

 

7. Cost Considerations 
 
The bill of materials can be seen below in Table 5. We have accounted for any risks associated with 
testing our product by buying spare components, such as electrodes and gel. The budget also accounts 
for a roughly 20% contingency for any unforeseeable costs.  
 

Component Item Description Estimate Cost (CAD) 

Medical Electrodes  Attaches to patients to induce current and 
measure resistance 

$40 [25] 

Casing 3D printed casing $100-$140 

Raspberry Pi 3 Model B  Performs calculations $50-$65 [26] 

Raspberry Pi Casing Holds Raspberry Pi $20 [26] 

Raspberry Pi GPIO 
Extension 

Extends GPIO capabilities $20 [26] 

Power supply Supplies power to device $20 [26] 

Pilocarpine gel Induces sweating to patient $300 [27] 
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Galvanic Skin Response 
Sensor 

Detecting sodium and chloride content $150 [28] 

PCB Custom fabrication $100 [29] 

Contingency Unaccounted expenses $200 

Total Cost:  $1000-1055 

Table 5: Cost Table 

 
The majority of our funding will be supplemented by the ESSS (Engineering Science Student Endowment 
Fund) of the ESSS (Engineering Science Student Society).  We are expecting around $1,000 CAD, which 
will cover the majority of the expected costs. We will be also applying for any outstanding need through 
a foundation set up by Dr. Andrew Rawicz. Finally, we hope to be working on this project closely with Dr.  
Rodney Vaughan and may be able to apply for additional funding. 
 

8. Conclusion 
One of the most common genetic disease, cystic fibrosis, affecting mainly the lungs and digestive system 
can lead to severe consequences if left untreated. In India, with a population of over one billion, 
diagnostic facilities for CF throughout the country altogether is less than 10 [30], meaning a big portion 
of the population are left untested. Research has shown early diagnosis of CF greatly improves the life 
expectancy as it reduces side effects of cognitive and digestive functions. The most common test is the 
“sweat test”, where patients have chemicals put on their skin to induce sweating, then collected and 
sent to the lab for further examination. Instead, by having a device with sensors determining salt 
content through conductivity and pH sensors, used as a pre-screening where it can give you real-time 
results can help expedite the common lab practice. With the lack of accessibility to screening procedure 
of CF in developing or overpopulated countries, we hope this product will give everyone a fair chance at 
proper medical attention. 
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