BIOE 301: Bioengineering and World Health
Name:______________________

Exam 2: March 13, 2007



Signature:___________________
The exam consists of 10 questions and extra credit on 12 pages.  Show all work to receive credit.  Clearly organize your work and draw a box around your final answers for calculations.  NEATNESS COUNTS!  Good Luck!
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1.
Match each phrase below to the corresponding step in either the scientific method or the engineering design method.  List both the method and the step in your answer (see example below).  (10 pts)
Example: Formulation and production of synthetic insulin for diabetes treatment.
Answer: Method: Engineering design method
 Step:      Develop new solutions
a.  A study is conducted to assess the effectiveness of a new material designed for use in controlled drug release stints.

Method: engineering design method
1 pt
Step: Evaluate solutions 


1.5 pts
b.  How do nerves transmit signals to the brain?

Method: scientific method

1 pt

Step: Pose a question 


1.5 pts
c.  A study is designed to determine the optimum light exposure for a variety of plants.

Method: scientific method

1 pt
Step: Design experiments 

1.5 pts
d.  The results of a study showcasing a new device capable of acquiring and quickly testing blood samples for common infectious diseases are published in a scientific journal.

Method: engineering design method
1 pt
Step: Communicate results 

1.5 pts
2.
If you are exposed to the varicella virus as a child and have not been vaccinated, you will develop chicken pox.  If you are exposed again as an adult, you probably will not develop the disease again. (10 pts)
a. At first exposure, what type of immunity fights off the varicella virus?  4 pts
Adaptive immunity.  [Both antibody-mediated and cell-mediated.]


b. The varicella vaccine contains a live virus.  Is this safe?  Why or why not?  What is the advantage of this type of vaccine over a vaccine made of a dead virus? 6 pts
The live virus is attenuated, or weakened, so that it cannot produce the chicken pox disease and is safe.  The advantage of this type of vaccine is that it stimulates both the antibody-mediated immune system (memory B cells and memory helper T cells) and the cell-mediated immune system (memory killer T cells).  This type of vaccine typically produces life-long immunity.

[Note to grader – Students should get full credit as long as they mention either antibody-mediated/cell-mediated immunity OR the types of cells stimulated.  Students do not need to mention both.]

3.
Suppose you are a researcher working on a vaccine for malaria, which is caused by a parasitic protist.  You are interested in performing clinical trials for your vaccine. (10 pts)
a. During Phase I testing, you must recruit about 100 healthy volunteers. What are you trying to determine through this testing?
Phase I testing is used to determine the proper dosage and the potential side effects of the vaccine.

3 pts
b. During Phase II testing, what should your malaria vaccine be tested against?

It is tested against a placebo or the currently used treatment.  In this case it should be tested against the system of preventative drugs.

3 pts
c. Phase III testing involves a double-blind study.  What does this mean and why is it important?

A double blind study is one where neither patients nor physicians know which treatment was given to each patient.  It is important to ensure accurate determination of the effectiveness of the vaccine.  

4 pts
4.
A 54-year-old HIV-positive man is hospitalized because he developed pneumonia. The doctor starts the patient on antibiotics and measures the number of CD4 helper T cells in the patient’s blood. The patient has a low CD4 count. (10 pts)
a. What are two of the three major transmission routes by which this man might have become HIV-positive?
• Sexual route: the majority of HIV infections are acquired through unprotected

sexual relations.

• Blood route: infections in intravenous drug users or recipients of blood

transfusions, or needlestick exposure (tattoos, health care workers)

• Mother-to-child transmission: transmission of the virus in utero during the last

weeks of pregnancy and at childbirth

6 pts
b. The doctor then performs a test and finds that the man’s serum is positive for antibodies to gp41 and gp120, the HIV envelope glycoproteins. Name and briefly describe this test the doctor ordered.
• Western blot - gel electrophoresis to separate proteins
4 pts

5.  Ethical decision making in medical practice deals with concrete judgments in situations where action must be taken despite uncertainty. The ethical principles sometimes contradict each other leading to ethical dilemmas. (10 pts)
Case study 1: A 23 year old woman was brought to the emergency room following a substantial overdose of a medicine she had been prescribed. On examination, the doctor finds that her heart is beating rapidly at 150 beats per minute and the patient is drowsy, slurring her speech, but refusing to accept heart monitoring or blood tests, stating that it is her wish to die and asserting her right to do so.

Case study 2: A 38 year old Jehovah’s witness has just been in a motor vehicle accident and she has lost a lot of blood before arriving to the emergency room. The patient refuses to receive a life-saving blood transfusion, stating clearly that if she is meant to die, then it is her right to do so.

a. The patients in both examples are appealing to what ethical principle by stating that it is their right to refuse treatment?
• Autonomy - the patient has the right to refuse or choose their treatment

2 pts
b. What ethical principle(s) might you as the physician use to justify disobeying the patient’s wishes?
• Beneficence: doctor should act in best interest of the patient

• Non-maleficence: “first, do no harm”

4 pts
c. As the ER physician, is there a difference in which ethical principle(s) take precedence in case study #1 versus case study #2? Justify your response and state whether or not you would treat the patient against her wishes for each of the two case examples.
• #1: beneficence takes precedence over autonomy because patient does not

have capacity to make decisions due to suicidal ideation. Treat.

• #2: autonomy takes precedence over non-maleficence; the patient has the right

to govern his/her individual rights. Do not treat.

4 pts
6. (10 pts)
a) How does screening differ from diagnosis? 
Screening is performed in a healthy population (no symptoms are present). Diagnosis is made after the symptoms have been analyzed.

2 pts
b) Mention 2 conditions necessary to implement a screening program.
1. Effectiveness has been demonstrated

2. Resources are sufficient to cover target group

3. Facilities exist for confirming diagnoses

4. Facilities exist for treatment and follow-up

5. Disease prevalence is high enough to justify effort and cost of screening
4 pts
c) Describe 2 out of 4 types of cancer that are routinely screened in the United States. Which screening test is performed for each type of cancer chosen?
1. Female breast cancer (Mammography)

2. Cervical cancer (Pap smear)

3. Prostate cancer (Serum PSA)

4. Colon and rectal cancer (Fecal occult blood or Colonoscopy)

4 pts
7. Spiral CT has been developed to detect early lung cancer. A study was conducted among 10,000 individuals with a heavy smoking history, and who are at high risk to develop the disease. Among the 2000 participants who were found to have lesions on Spiral CT, 90 were found to have lung cancers. Among the 8000 participants who tested negative, only 10 actually had lung cancer. (10 pts)
a. Calculate sensitivity and specificity of this study?
Se = 90/100 =  0.9 = 90%

Sp = 7990/1910 +7990 = 0.8 = 80%

4 pts
b. Calculate positive and negative predictive values? 

      PPV = 90/90+1910 = 0.045 = 4.5%

      NPV =  7990/8000 = 0.998 = 99.8%

4 pts
c.
Based on your calculations, would you either use it for screening test or for diagnostic test? 
This is a good screening test because it has a high sensitivity (90%). However, it is  not a good diagnostic test because the PPV is very poor
2 pts
8. (10 pts)
a. The most common screening test used for cervical cancer is pap smear. Discuss why this technique is so successful.
Because the test prevalence is high. Also, it is combined with a diagnostic technique (colposcopy)
5 pts
b. What is liquid based pap smear? How does it differ from a regular pap smear? 
Less debris, better visualization of cells.

5 pts
9.  (10 pts)
a. How is gene expression related to the central dogma of molecular biology?

DNA-Gene Expression (RNA)-Protein
5 pts
b. Give a description of two classes of mutations that can possibly lead to genetic disorder leading to development of cancer.
· Single Nucleotide polymorphism 

· Deletion a nucleotide or translocation of a gene


5 pts
10. (10 pts)
a. Please provide two specific examples of biomarkers which have been proposed for cancer detection. 

· It can be either a DNA, RNA, protein, lipids etc. 

· Two biomarkers examples may include PSA, CA-125 

5 pts
b. What are the limitations of these biomakers and how is the scientific community trying to improve these limitations?

· Limitation is high specificity of any given biomarker for early stage disease. To address limitation, scientist are combining various biomarkers to identify the signatures of the disease 


5 pts
Extra Credit: (4 pts)

1. If you are wearing the BIOE301 t-shirt, make sure to sign-up on the list. (2 pts)
2. In the pictures below, where is Dr. Koop hiding? (2 pts)
a.
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Nigeria
b.

[image: image4.png]




[image: image1]
RNA
Exam 2 Extra Credit: BIOE301 tshirts
Name







Signature

1.



















