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Abstract

Our objective is to build a safe system for infecting small animals with a Biological Safety Level 3 pathogen.  The system should infect only the lungs of the animal and not affect the rest of the animal’s body.  The device should be able to infect between five and twenty animals at one time.  The design must also incorporate safety features to prevent the escape of the infectious materials from the infection chamber to the surrounding environment.  The research will be used to study pathogenesis of tuberculosis.  Ultimate outcome of this study is the development of novel drugs and vaccines that can cure tuberculosis patients.

Background
Problem Statement

  Our goal this semester is to design a device which will be used to safely infect lab animals with a biosafety level 3 (BSL3) pathogen via an inhalation system.  It must be able to infect lab animals of various sizes including mice, rats, and rabbits.  In order to ensure safety in the surrounding environment, the device must be equipped with pathogen escape prevention mechanisms.

Background of Biosafety Level 3
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A biosafety level 3 pathogen is one that is described as “suitable for work with infectious agents which may cause serious or potentially lethal disease as a result of exposure by the inhalation route” (CDC 2000).  Some examples of BSL3 pathogens include M. tuberculosis, St. Louis encephalitis virus, and Coxiella burnetii.  Laboratories working with this level of pathogen are aimed at the control of infectious aerosols.  
[image: image8.png]



Figure 1: BioSafety Cabinet [3]

Consequently, they are equipped with double door entry, directional inward airflow, and single-pass air with ten to twelve air changes per hour.  In this specific lab, the client has a biosafety cabinet equipped with HEPA filters and UV lamps (Figure 1).  Researchers working with these agents must wear personal protective clothing including gloves, gowns, and eye and facial protection.  All surfaces used with the pathogen need to be non-porous and easily cleaned.  An autoclave is required in the work zone to disinfect items used in conjunction with the pathogen [1].  
Current Devices

Currently there are several major device on the market used specifically for the respiratory infection of animals.  The Glas-Col Inhalation Exposure System (Figure 2) is a free standing system that more efficiently and realistically simulates deep-lung infections.  The system includes programmable control devices to vary air flow rate, pathogen concentration, and time of exposure.  It has an extensive HEPA filtration system, a vacuum pump, UV lamps, and an incinerator to ensure no leakage of the pathogen.  It has five compartments that can each hold 20 mice or one rabbit.  It is a complete system that is ideal for anyone interested in this manner of infecting animals.  However, the down side is the price at an estimated retail value of $15,000.  
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                                   Figure 2: Glas-Col Inhalation System [2]
The UW-Madison Machine Shop also manufactures a model for approximately $33,000 (Figure 3).  This design is a free-standing system with automated controls to regulate pathogen flow and chamber pressures.  It is composed of a stainless steel cylinder with inlet and outlet nozzles and three magnetic circulation fans on the inside.  The seal of the chamber is created with stainless steel toggle clamps holding on the lid to create an air-tight seal.  
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Figure 3: UW-Madison Inhalation System

The device currently used by the client is a simple and inexpensive design that can be assembled effortlessly by lab technicians (Figure 5)  The client created his device using Rubbermaid containers attached to a nebulizer and a simple filtration system.  As opposed to the free standing Glas-Col model, this design must be used within a biosafety cabinet as it has many leaks.  The system uses the lab air supply which feeds to the nebulizer.  The nebulizer is a small device that holds a liquid sample of the pathogen and converts it into an extremely fine mist that combines with the air supply as shown in Figure 4.  The output from the nebulizer then leads to the main container which has small cages within holding the lab mice.  On the opposite end of the main container is an output that goes to an ethanol trap and a series of HEPA filters.  This system is very rudimentary and inefficient.  
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         Figure 4: Nebulizer                    Figure 5: Client’s Device
Design Constraints  

The device will be operated by a technician in a lab setting with normal temperature, humidity, and pressure levels and will operate within a fume hood / biosafety cabinet.  The maximum dimensions of the device, while still allowing it to be fully contained in the biosaftey hood, are 6'x2'x2'.  Along with the cabinet, it will be attached to a HEPA filtration system to insure safety while working with the biosafety level 3 pathogens.  The system will be used as frequently as every day during the course of a study (approximately 100 iterations) and needs to have an efficiency rate of 1,000 to 10,000 pathogens delivered from a possible 1 million.   The device must be light enough to be lifted into the cabinet by the lab technician and should therefore weigh no more than 25 pounds.  All materials used in the device must be autoclavable, consequently meaning they must be capable of withstanding temperatures of 200ºC.  A full product design specification may be seen in Appendix 1.
Alternative Desgin 1: Nose Cone Design
 Our alternative design involves a clear box made out of an autoclavable plastic, such as polymethylpentene (Figure 6).  It will be about 36 inches in length, 18 inches in height, and 24 inches in depth.  The chamber will be divided in to four compartments.  The nebulizer will feed into one tube, which will employ a router to split into four separate tubes, each leading to its own compartment.  Having all of the tubing come from one source will provide for the most even dispersal of BSL3 agents.  

[image: image10.wmf]
Figure 6:  Top view of final system.

One mouse will fit in each compartment and will have its own nose piece (Figure 7).  This nose piece will not actually fit on the mouse’s head, but be mounted to the compartment wall, creating a consistent spray of agent in the direction of the mouse’s nose and mouth.  The tubing coming from the nebulizer will be slit and caulked, creating a slight flair, like a small cone around the mouse’s head region.  This nose piece design creates a spray of agent that is more direct and the likelihood of most of the agent being inhaled is greatly increased from the method of simply spraying the agent into the entire chamber.  
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Figure 7:  Nose cone.


 A “wall” of elastic material, such as latex, with a small hole in the center will be placed about 1.5 inches from the nose piece so that the material fits snuggly around the mouse’s neck, creating a seal to protect the rest of the body from infection and also helping to restrain the mouse.  The compartments will also have a movable piece behind the mice to further restrain the mice and allow for size variance among the mice.


Inside each head compartment will be a hole with a filter and tubing that will once again join into one tube with a router.  This one tube will then lead to an ethanol trap and a HEPA filtration system to kill any infectious agents that were not inhaled by the animal subjects.   An additional outgoing tube may be needed for the body compartment if there is any leakage into this area.  All parts of the system will be easily sanitized because all materials will be able to withstand the heat of an autoclave.  Any additional surface cleaning could be done with 10% chlorine bleach.

While this design provides an even and direct application of the infectious agent and also contains the agents to the head region, it is not a feasible choice for us to manufacture.  For this design it is most likely that for the mice to be completely stationary, they will have to be anesthetized which can cause many complications and deaths during the experiment and is therefore not a feasible option.  Also, the apparatus only infects four mice at a time and that is not a sufficient amount for the client’s experiment.  Since the chamber is designed to be built out of plastic, it is simply too expensive for us to manufacture.  This design is not a practical option for us to make when the cost and experimental errors are taken into consideration. 

Alternative Design 2: Jar and Diaphragm 

A stainless steel or Plexiglas cylinder is the base of this solution (Figure 8).  The cylinder will have a radius of one foot and a height of nine inches.  This cylinder will be supported by four legs of height four inches.  The nebulizer will be placed under the cylinder and plastic tubing will attach the nebulizer to the center of the bottom base of the cylinder.  An exhaust tube will be placed in the center of the top base of the cylinder. This plastic tubing will lead to an ethanol trap.  Within the interior of the cylindrical base a small air circulation fan will be installed.  Around the nine inch wall perimeter of the cylinder will be fifteen circular holes; twelve of the holes will be designed for mice and three of the holes will be designed for rabbits.  Attached to each of the holes will be a latex diaphragm (Figure 9) designed to make an airtight seal around the head of mice and rabbits.  
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Also attached at the holes will be a threading attachment.  Two jar sizes will be created (one for rabbits and one for mice). These jars will screw onto the threading attachment on the cylinder.  Latex tape and O-rings can be used to ensure a tight seal in the threading.  The entire mechanism will be placed under an existing fume hood designed for BSL 3 pathogens.  


While theoretically the design works well, it is not a practical option for us to make.  All of the small parts make it very difficult to manufacture and maintain, and the molding of the Plexiglas takes time and expertise.  Also with all of the materials needed to make this design, it just doesn’t fit into our budget. The circulation fan within the main chamber would allow for even pathogen distribution, but is realistically far beyond our budget and also introduces more parts that need to be cleaned.  Without the fan though, most of the pathogen would just be sent straight up the outlet and not allow for enough to be inhaled by the animals. 

Alternative Design 3: Four-input Dual Chamber System
This design consists of a two-chambered Plexiglas box with four inputs (one low in each corner) and a single outlet located in the lid as shown in Figure 10.  The multiple inputs will allow for a consistent airflow around the entire chamber (Figure 11).   Similar to the system currently used by the client, the output tube will run from the device to an ethanol trap and series of HEPA filters.  The outer chamber will measure about 18 x 24 x 12 inches and will have a lid with a rubber seal and clamps.  Although this system will have a better seal than the current one, the rubber seal would not be autoclavable, therefore complicating the cleaning process.  The inner chamber is also a rectangular box with the same basic design as the outer chamber.  There will be holes with a rubber flange on the side of the inner chamber that will allow for a seal around each animal’s neck.   A head-only exposure system, this design promotes minimal undesired fur and body pathogen exposure.  
However, due to the design of the chamber, the animals would have to be anesthetized during the infection process and this would potentially cause more complications and affect the results of the experiment.  The materials used to manufacture the chamber, specifically Plexiglas, are far too expensive for our budget and the latex flanges cannot be readily made.  The inner chamber is removable and has 20 chambers specifically designed for mice, which does not allow for test subjects of various sizes and species. Also, since there are so many compartments, cleaning would pose a problem.  
       Figure 10: Design 3 Side View                                      Figure 11:  Design 3 Top View      

Final Design: Stainless Steel Stock Pot
Design Overview



The final design provides the most simple, cost effective and user-friendly solution to the client’s request.  It consists of a 48-quart stainless steel stockpot with a wire mesh shelf on the bottom for cages to be stacked on.   The pot is large enough that various size animals can be placed in it, ranging from about 12 mice to 2 rabbits.   In order to create a uniform airflow, a 45 degree stainless steel elbow directs air towards the side of pot so that it will swirl around the entire pot before exiting ensuring even distribution of the pathogen. 
 Although the system will be contained under a safety hood, many measures were taken to create a leak-proof seal.  For instance, the lid is lined with PTFE gasket tape to create an air-tight chamber.  Also, there are 8 draw latch clamps around the top to tightly clamp the lid down.   Each screw has a Teflon gasket on the inside of the pot to prevent any possible leakage.   With the exception of the gasket tape, all of the materials in the system are autoclavable, allowing for easy cleaning.  Due to the gasket tape, the lid will need to be cleaned with bleach.

Design Matrix


As is shown in the design matrix, our final design is better than the other design alternatives (Figure 12).  The decision was based on cost, ease of manufacture, cleaning, and safety.  Our design excels in all of these areas.  

[image: image4.emf]Design Matrix

Design Matrix

Design1

Design1

Design2

Design2

Design3

Design3

Final

Final

Cost

Cost

4    

4    

3

3

2

2

9

9

Ease of 

Ease of 

5

5

6

6

3

3

7

7

Manufacture

Manufacture

Cleaning

Cleaning

5

5

4

4

5

5

8

8

Safety

Safety

7

7

6

6

7

7

7

7

Overall 

Overall 

21

21

19

19

17

17

31

31


Figure 12:  Design Matrix
Manufacturing
The prototype consisted of a 48 quart stockpot used as the main chamber, ½” hose nipples used for the inflow and outflow nipples for ½” plastic tubing, PTFE gasket tape used for the lid seal, Teflon washers used for seals around all drilled screw holes, 12”x12” wire mesh used for an internal shelf, 5/32” screws and nuts to attach clamps and shelf supports, and a 45º elbow attachment (Figure 13).  A table of the materials and cost can be found in the Appendix 2.  

[image: image5]
Figure 13: Final Design Prototype 

The manufacturing process of the inhalation system began with stabilizing the pot.  An appropriate stand was constructed of 3” diameter PVC piping (Figure 14).  The stand was 15” in length and 13” in width.  The lid was the next piece to construct.  PTFE gasket tape was placed around the edge of the lid using three layers to ensure a tight seal.  After the tape was attached to the lid, clamp placement could be determined based on the desired tightness of the lid and the size of the pot.  The pot had dimensions 16.5” in diameter and 14” tall.  The clamps were placed approximately 1.75” from the top of the pot.  Eight clamps were planned to be placed around the pot at equal intervals of approximately 6.5,” and drilling locations were marked.  Using a 5/32” drill bit, our team drilled eight holes through the pot, which left sharp edges near all the holes.  A deburrer was used to remove metal shards and a file was used to finish the holes.  Diagrams of dimensions can be found in Appendix 3.  
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Figure 14:  Manufacturing of Prototype

The inflow and outflow attachments were planned out next.  The inflow attachment drill location was determined to be optimal at approximately 3.5” from the edge of the pot.  The outflow attachment drill location was determined to be optimal at approximately 3.0” from the edge of the lid.  These locations were determined based upon metal thickness and the desired swirl effect.  Using a step drill bit and a drill press, the two ½” holes were drilled on the bottom of the pot and on the lid.  These holes were also finished using a file and deburrer.  

Two screws were needed for supporting the animal cage shelf.  The locations of these drilling points were determined by the corresponding locations of the inflow and outflow holes.  The 12”x12” wire mesh was placed in the pot, and drilling locations based upon ideal supporting locations for one side of the mesh shelf were determined to be at 12” and 2” from the opening of the pot..  Using a 5/32” drill bit, these holes were drilled and finished.  
Once the holes for the clamps and shelf were drilled, a screw assembly was designed so that there would be minimal leakage through the screw holes.  Ten 5/32” stainless steel screws were purchased.  Using a piece of Teflon plastic, Teflon washers were custom fit to each screw.  The clamps were attached by placing a screw through the hole, with the head on the outside of the pot.  The Teflon washer was placed on the screw shaft on the inside of the pot, followed by a stainless steel nut to secure the assembly.  The same assembly was used for the two shelf support screws, which stopped the mesh shelf from shifting (Figure 15). 
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Figure 15:  Clamp and Screw Assembly

The thickness of the stockpot was a limiting factor for the expertise of our team’s welding proficiency.  The Mechanical Engineering Machine Shop welded the inflow and outflow hose nipples onto the bottom of the pot and the lid.  Prior to submitting the inhalation device to the shop, the 45º elbow was positioned at approximately 45º from the horizon to induce maximum swirl within the chamber.  

Future Work and Ethical Concerns

The ethical issues involved in our project mainly surround the treatment of the animals.  Although our client is infecting the animals with tuberculosis, it is necessary to make certain the animals will not be harmed in any other fashion.  As long as the client follows the proper procedure, our device will not cause any unintentional harm to the animal subjects.  

Future work to be done with this project will consist mainly of testing the prototype, which will be done with water and non-pathogenic bacteria  Before our client can use the device to infect animals, it must first be certain that the stockpot won’t leak the tuberculosis pathogen to the outside environment.  The prototype must also be tested to ensure there is a steady air flow inside the chamber so that each animal will receive an equal amount of pathogen.  Finally, the prototype must be tested to determine the efficiency and consistency of the amount of pathogen delivered to the animals.


Another idea for future work is to modify the cages the animals will be placed in inside the stockpot.  The ideal scenario would be to have a nose only inhalation infection.  If this is not possible, a head only infection would also be an improvement over the current cages.  This improvement would better simulate the pathogenesis of tuberculosis and greatly facilitate our client’s research.
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Figure 9:  Latex Diaphragm





Figure 8:  Jar and Diaphragm Design





Figure 7:  Jar and 





Figure 7:  Circular Jar and Diaphragm Design
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Figure 1:  Biosafety Cabinet
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