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ABSTRACT OF THE PROJECT 

A NOVEL CELL LYSING SYSTEM FOR PATHOGEN 

DETECTION AND REMOVAL APPLICATIONS 

by 

Sahil Patel 

Masters of Engineering in Manufacturing and Design 

San Diego State University, 2006 

 For applications such as pathogen detections in a given sample as well as in 

molecular diagnostics, the lysing (breaking) of cell membranes is an important and 

sometimes a challenging task. In this research, a novel device component that uses ultrasonic 

waves for lysing is reported. The component forms part of an integrated ‘sample-to-answer’ 

device with applications in pathogen detection and removal. The component called LYSE 

Chip is micromachined at a MEMS foundry. The research also presents a commercialization 

plan for this chip based on sound business and engineering principles.  
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CHAPTER 1 

1. INTRODUCTION 

Inspired by Richard Feynman’s Talk in 1959, “There is a plenty of room at the 

bottom” (1), the emerging technologies of MEMS (Micro Electromechanical Systems) and 

NEMS (Nano Electromechanical Systems) have made a significant progress in the past 

decades. MEMS have also made in-roads in the life sciences spawning a new industry in the 

so-called  “Lab-on-a-Chip” (LOC) that has evolved over the years beginning from the 1990s.  

The fields have now entered main streams generating a multi-billion dollar industry. Mainly 

driven by technological innovations, the main vision in LOC is to develop a biological and 

chemical laboratory on small chip size silicon or a polymer substrate.  Miniaturizing 

everything to a chip scale is now a popular trend in industrial fields related to MEMS and 

NEMS. The idea of developing a lab on a chip is not only very promising but it is already 

offering quite substantial benefits. For example, a linear reduction in length, width and 

breadth dimensions by a factor of 10
3
 amounts to a total volume reduction by a factor of 10

9
.   

This ultimately means that integrating well established manufacturing and fabrication 

protocols available in microelectronics industry would allow creating miniature systems 

which can process a sample of nano- or micro-liter size. Handling minute quantity of sample 

allows fast analysis, efficient detection schemes and analysis even when the large amounts of 

samples are available. A small volume of the overall processing system also offers 

compactness and great portability.   

Creating such miniature devices is, however, far complex than we really think!  For 

example, a typical micron liter size human blood sample contains approximately 5 million 

red blood cells, 5000-10,000 white blood cells and 150,00- 350,000 platelets  counts.  

Selectively manipulating, transporting and processing these cells according to their kinds is a 

very challenging task, especially on a chip level platform. A lot of research is being reported 

every year suggesting how better we can process such biological samples for diagnosing 

various diseases.  
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While manipulations of DNA has successfully been demonstrated in microchips (2, 

3), tremendous research activities continue in miniaturizing the conventional DNA analytical 

procedures in microchip platforms. A typical DNA analyzer method consists of sample 

collection, preparation and detections. The implementations of these functionalities on chip 

have been individually optimized prior to integration. For instance, Northrup (2, 4) 

developed DNA amplification chips and where as Woolley (3) developed capillary 

electrophoresis chip. In order to form a micro size DNA analyzer, they combined those 

modules in a single chip.  In a similar way, Wilding studied DNA amplification (5, 6, 7) and 

cell separation (8, 9) separately. Later, these amplification and sample preparations steps 

were integrated in to a single chip (10).  Most of the micro fluidics chip available in the 

market have been mainly targeted towards central, clinical, and research laboratories usage 

but have not been really applied to patient’s bedside, doctor’s office and battlefield yet. For 

these markets to achieve commercial success, these future handheld devices should have 

simplicity, versatility and multiplexing capability of the systems in order to gain wide 

acceptance.  

A typical biological testing procedure requires the following multiple step procedure 

as shown in Figure 1.  Cell isolation is the first procedural step to isolate or enrich only 

certain type of cells from the complex sample mixture for further treatment while keeping the 

unwanted and interfering substances away. The degree of the complexity for cell isolation is 

highly dependant on the “cleanliness” of the sample. Based on the method of immobilization, 

the cell isolation takes place in two ways. In one method, the cells required for further 

process are immobilized in same chamber and the rest of the sample mixture is eluted. In the 

second method, the sample mixture remains immobilized in the same chamber and only 

useful cells are carefully separated out and transported to other chamber for further treatment. 

Both the methods hold good and are employed in use depending on the convenience.  

Once the cell isolation is completed, it is required to disrupt the intact frame of the 

cell membrane to extract Nucleic acid (NA), Deoxyribonucleic acid “DNA” or Ribonucleic 

Acid “RNA” from the cell nucleus. Various cell lysing or disruption methods help achieve 

this purpose. Cell disruption, also known as a cell lysing technique, is a method to release the 

biological molecules from inside the cells by breaking the cell membrane. It is the membrane 

of the cell which holds all the intracellular components together by remaining intact in frame.  



 

 

3 

In cases of rare cell detection, the amplification of genetic material is required to 

enhance the sensitivity of test. Following Polymerase Chain Reaction (PCR) protocol, the 

detection limits are further enhanced by amplifying the rare bio molecules. The efficiency of 

the cell lysis and the procedure for harvesting target DNA are factors that can limit the 

sensitivity of the PCR assay (11).  

 

 

Figure 1. Biological sample testing procedure (12).  

 

There are various methods and instruments currently available in the market for cell 

lysing. Selecting the right disruption method for sample preparation, one should consider 

various factors such as the quantity and sensitivity of the sample to be disrupted, severity of 

the disruption process, the equipment, the quantity of reagents needed, and the ease of use.   

Therefore, it is clear that cell disruption lysing is an important and integral part of many lab-

on-a-chip applications. 

 This research is part of an ongoing effort to develop a fully integrated system 

(Lab-on a-chip) for pathogen detection with simplicity, versatility and multiplexing 
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capability. Considering this interest, this project particularly focuses on developing a 

prototype device for lysing biological cells available in the sample (a process step required 

for sample preparation). The lysing chip developed here will be integrated to another device 

called “FETCh”, which is designed and micromachined for separation of pathogens from a 

given sample. The relevant information on FETCh is described in Appendix A. Further, this 

project suggests the extension of such technology for particular applications in HIV/AIDS 

disease treatment that represent potential venture opportunities. In addition to the technology, 

this study pays particular attention to the marketing of the proposed product using sound 

business principles and practices. 

 This research report is organized in the following order: Chapter 1 covers 

introduction to cell lysing, Chapter 2 covers literature survey, with Chapter 3 covering the 

design concept generation for the lysing chip. In Chapter 4, the micromachining of the 

proposed device is discussed followed by Chapter 5 that covers the commercialization plan 

for the extension of the lysing chip to disease treatment. Chapter 6 gives the final conclusion.  
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CHAPTER 2 

2. LITERATURE REVIEW 

In this section, a detailed literature survey is carried out to review prior work in cell lysing as 

a part of pathogenic detection and molecular diagnostic devices. The review focuses on 

studying various techniques for cell lysing and current efforts in cell lysing.  

 

2.1 DISRUPTION METHODS 

Miniaturization of chemical and biological analysis system has recently gained a lot of 

attention (13-16) , with the hope that miniaturization of various electronic components will 

allow better management of complex, time consuming and expensive processes by providing 

ease of operation, high speed output and low cost.  A number of schemes have been 

developed for cell disruption in conventional formats, which include chemical, electrical, 

thermal, and mechanical formats.  Different methods for on chip cell lyses have been 

reported depending on the assay requirement. Here, we review these methods and report their 

pros and cons. 

2.1.1 Chemical Lysing Methods 

 The most common lysing method is the chemical method because the protocols are 

well-established (17). Successful implementation of chemical lysing has been demonstrated 

in microchips (18) and compact discs (19) using capillary electrophoresis. For example, 

detergents such as sodium dodecyl sulfate (SDS) and Triton X-100 have been used 

successfully for cell lysing (11). Adding reagents to the process, mixing and homogenizing 

necessitates using complex (20-22). Pressure flow provides better and efficient design over 

the self-diffusion based flows because self-diffusion based flows are considered time-

consuming at micron level; hence in turn losing the competitive advantage of faster and 

accurate detection. The self-diffusion coefficient of a 250-bp DNA fragment in water at room 

temperature is 2 X 10
-7

 cm
2
/s, and thus, its diffusion time along a length of 500 µm is 100 

min (8). This inefficient diffusion greatly limits the throughput of sample analyses.  In 
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addition, detergents will often interfere with downstream assays and sometimes are not 

strong enough to affect lysis as in the case of spores (23). Detergents have been shown to 

interfere with quantitative PCR (24, 11). Some of the reagents used in the method are quite 

expensive and not environmental friendly. Chemical lysing step often required following an 

additional nucleic acid  (NA) extraction and purification steps to eliminate the chaotropic 

agents and PCR inhibitors (25, 8).  

2.1.2 Electroporation Lysing Method   

 Using irreversible electroporation (EP), successful lysing has also been shown (17, 

26). To achieve EP, it is necessary to create high electric field strengths and field gradients. 

Saw teeth shaped electrodes are generally employed because they meet both objectives (17). 

The electrodes being sharp at the edge offer higher field gradient as compare to wide flat 

surface which may require comparatively higher magnitude of voltage supply to do so.  Fluid 

containing cells to be lysed is allowed to flow across the narrow passage of channel mounted 

with saw-tooth shape electrodes on both the sides of wall with the sharp edges facing each 

other. The cell membrane breaks open when the two point edge electrodes generate enough 

transmembrane potential exceeding the value of 1 V (27). For a spherical cell, the 

transmembrane potential can be expressed as (28). 

 

 cos5.1  Ea    (2.1) 

where, 

 

  =  The angle between the field line and the normal to the point of interest in the 

membrane (degree) 

   =  The transmembrane potential induced in the cell (V) 

E  =  External electric field of intensity (V/m) 

a  =  Radius of the cell (m). 

 

Typical challenges in microfluidic sample preparation include high voltage 

requirement and low yield because of clogging. Optimizing the yield in EP process by 

solving these two major problems is a very complex task. For instance, the electroporation 

method in general consumes a lot of electrical energy as it requires a very strong electric field 

gradient. (DC of 900 V/cm) (29). Higher applied voltage application for the process causes 

multiple problems such as high power consumption, frequent agglomeration at sites due high 
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concentration of voltage (30), bubble formation and joule heating of sample at the interface 

of fluid and electrode (29). Making narrow channel with saw-teeth shape electrode would 

help as narrow channels maintain the higher value of electric field intensity by lowering the 

distance between electrodes. However, narrowing channels down to 30 micron increases the 

risk of clogging the channels due to higher viscosity (29, 30). After lysing, lots of debris and 

NA are released in the sample fluid as the cells break open. This dramatically increases the 

viscosity of sample. It takes relatively more than double the amount of higher pumping force 

to meet the same volumetric discharge requirements with equivalent amount of pressure head 

to counteract the raised magnitude of surface tension, value of Reynold’s number and 

increased viscosity of the same fluid as a latent effect of lysing. Moreover, the bubble 

formation due to electrolysis and joule heating phenomena impedes the viscous flow by 

further narrowing down the passage. 

 Solving such problems translates to added costs, increment in size, and additional 

components in the circuit which in turn results in higher power consumption. Thus, there is a 

direct trade off between the electrode distance and voltage requirement. In an on-chip 

diagnostic study (8), Motorola “e- sensor” team reported that the whole analysis takes a total 

time of 3.5 hours from loading a sample to detection. The total duration for various 

operations includes 50 min for sample preparation, 90 min for PCR amplification, 10 minutes 

for pumping and valving and finally 90 min for hybridization. The ideal design should 

function not only accurately but also must offer the competitive advantage of high 

throughput analysis in minimum operation time with a cheaper build-up and running costs. 

Such an ideal design for lysing would accomplish its goals by keeping the flow length 

minimum, allowing fewest or no modification in existing infrastructure, performing the 

process faster and accurately with least no of components and within optimum power 

consumption conditions.  

 

2.1.3 Thermal Lysing Method 

Thermal lysing methods are often used as PCR itself as both procedures require 

heating the sample at higher temperature (31- 39). This lysing technique does not show any 

interference with the quantitative PCR (40). Moreover, it is easily adaptable with 
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microfabricated amplification systems as the initial high-temperature step (95
◦ 
C) employed 

to denature the double-stranded (ds) DNA template is powerful enough to open up the cell 

(41). But in some cases, intracellular biomolecules can not be accessed using thermal or 

chemical treatments alone because of the many protective protein layers (42). Thus, such a 

secondary lysing technique requires additional stand alone powerful lysing technique to 

cover broad range of pathogenic detection. 

 

2.1.4 Sonication Method  

Using micro-sonicators (as opposed to macro-sonicators) to disrupt the cells for on chip 

sample preparation is a relatively new concept in the industry (29).  Sonicators, when 

integrated at the chip level, offer unique advantages. For example, as shown in Figure 2, only 

cavitational collapse using sonication can produce highest pressure (~1000 atmosphere) in 

the smallest time (~10
-10

 sec) with an intense local heating (~5000 K) and enormous heating 

and cooling rates (>10
 9

 K/sec) (43). 
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Figure 2. Chemistry: the interaction of energy and matter. The three axes represent 

duration of the interaction, pressure, and energy per molecule. The labeled islands 

represent the nature of the interaction of energy and matter in various different kinds 

of chemistry (43). 

 

 Such a high pressure can disrupt cells even when the sample is continuously flowing 

at a very high speed and hence saving in operating time (10). Depending on the design, the 

method is very fast. It takes only 3sec (HL-60 cells) to 30 sec (Bacterial subtilis spores) for 

effective cell lysing of whole batch (43). Spores are considered to be the most challenging 

target to lyse because of the cortex which is highly resistant to harsh physical and chemical 

treatments. However, utilizing the most effective and very powerful high throughput 

sonication lysing method, it is now possible to lyse spores in a matter of seconds (43, 10).  

This method does not really require any structural modification of existing parts for 

integration as it can be manufactured separately, bonded anywhere underneath the substrate 
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and still functions effectively using indirect sonication.  Depending on the position of 

vibrating probe of sonicator, the sonication method can be classified in two categories.  If the 

probe is kept immersed in the sample during the sonication, it is called ‘direct method of 

sonication’. All the conventional sonication devices require the manual placement of an 

ultrasonic probe directly in to the liquid. In the case of ‘indirect sonication method’, the 

probes are not directly immersed in to the sample. Both are effective disruption methods.  

With indirect sonication method, the probe does not have to be immersed in the sample, only 

the sample is required to be irradiated with ultrasound (44, 45, 9, 10). This allows a single 

sonicator chip to disrupt cells in multiple channels filled with different samples containing 

wide range of pathogens and therefore help achieving the high throughput goal. However, 

sonications are relatively new for Lab-on- a-chip applications and the exact sound intensity 

and frequency requirement have not yet been formatted for given sample type, quantity and 

atmospheric conditions (9). A single sonicator chip not only lyses effectively but can also 

help in several other ways as shown in Figure 3(43). 

 

Figure 3.  Classification of the chemical and physical effects of ultrasound. (46). 

Cavitation micro streaming caused by sonication  not only provides rapid lateral mass 

transport of fluidic elements but also enhances the vertical mass transport and hence offer 

best mixing capabilities by increasing diffusion rate (8). The micro-sonicator consumes 



 

 

11 

lowest power (2 mW) and offers low cost (8).  Comparing the above methods, it seems 

sonication has more advantages for applications considered in this study. 
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CHAPTER 3 

3. DEVICE CONCEPT GENERATION 

This chapter concentrates on designing the lysing chip that will be integrated to a complete 

sample-to-answer pathogen detection system. The focus of this research is specifying the 

physics, mechanism of chip, and   geometry of the lysing device.  For convenience, the 

microsonicator would be addressed as “LYSE Chip” from now onwards. The chapter 

emphasizes the details of lysing integration concept development. The micromachining of the 

same will be discussed in chapter 4.  

 

3.1 SONICATION:  THE PHYSICS 

Sonication is a process of dispersing, disrupting or deactivating various biological materials 

using sound waves in the ultrasonic range. As shown in Figure 4, sound can be basically 

summarized as waves of compression and expansion passing through gases, liquids or solids.  

When a liquid is irradiated with ultrasounds, it produces bubbles. During the expansion cycle 

of sound the bubble grows while it shrinks during the compression phase. When the 

surrounding forces cause in equilibrium under the effect of compression-expansion cycle, the 

grown bubble can undergo a violent collapse which generates very high pressure and 

temperature. This process is basically known as a cavitation. 
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Figure 4. Micro streaming of bubble during Cavitation (46). 

Cavitaion is summarized as a formation, growth and implosive collapse of bubbles in the 

fluid. As shown in Figure 5, the dynamics of cavity growth curve is highly dependant on 

local environmental conditions. Cavity growth depends on various factors such as the 

frequency and intensity of the sound, physical properties of a medium etc. At high intensity a 

small cavity may grow and implodes rapidly. At lower intensities, cavity growth and 

implosion can occur but at a slower rate as it takes many cycles for the cavity to grow under 

such effect. 
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Figure 5. Life cycle of Bubble in cavitation (46).  

 

3.2 INSIDE LYSE CHIP 

LYSE Chip is a micro-sonicator which will generate ultrasonic range of sound waves. To 

achieve the purpose, LYSE-Chip will have to employ a vibrating beam mechanism. Figure 6 

and 7 depict the inside structure of LYSE Chip. The chip will be micromachined separately 

in two different parts, bottom and top part, and will be bonded together to form a single 

piece. When voltage is applied to the metal beam (located on bottom part) and electrode 

(located on top part), the beam will deflect up and down from its neutral state and act as 

resonator. The nature of the deflection is shown with dotted lines in both figures.  



 

 

15 

 

Figure 6. Resonating Beams: Inward deflection in resonating beam due to repulsive 

forces. 

As shown in Figure 6, when both electrodes are biased with the same polarity the 

resonating beam resonates in inward direction because of the repulsive force. However, with 

opposite polarity (Figure 7), the beam resonates in outward direction because of the attraction 

force. Under no voltage bias, the resonating beam will attain its original non deformed state. 

Thus, by vibrating a beam in a controlled cyclic fashion of inward-to-outward and outward-

to-inward directions would generate sonic waves. In such a case, the magnitude of the 

resonating frequency will highly depend on the structural strength of beam and applied 

voltage frequency.   
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Figure 7. Resonating Beams: Outward deflection in resonating beam due to attractive 

forces. 

3.3 INTEGRATION CONCEPT: LYSE CHIP 

The following is the conceptual design explaining how the chip works together with the 

FETCh device. For better understanding, it is explained in a number of stages.   

Stage 1:  Initial Step 

Figure 8 shows a LYSE Chip micro-sonicator device bonded below the FETCh Device.  In 

the initial stage, when sample is introduced in the separation unit chamber of FETCh with 

bulk flow, it contains all kinds of cells. Figure 8 represents two kinds of species shown with 

two different colors: red species and white species. Depending on the net charge or 

polarazability of cells, each cell would be sensitive to the particular range of applied 

frequency and voltage combinations. Experimentally derived range of voltage-frequency 

combination for the polarization of the cells of interest is applied at FETCh electrodes. Let us 
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assume  in the sample with white and red species, red species represents the pathogens 

(Figure 8 -11). 

 

 

Figure 8. LYSE Chip integration with FETCh. Unprocessed sample just allowed to flow 

in FETCh. 

Stage 2: Separation and Washing 

Under a given applied frequency and voltage, those pathogenic cells (shown in Figure 9 as 

red species), would start diffusing towards the electrodes and immobilize themselves on the 

surface of the electrodes. This effect is called dielectrophoresis. The unwanted cell (shown in 

Figure 9 as white species) would be accumulated in the center or away from electrode 

surface, as they are not polarizable at that particular frequency-voltage combination range. 

Residuals can be easily eluted under pressurized flow once all the cells important for 

detection are immobilized on the surface of the electrode. Figure 9 shows red species 

immobilized on the surface of electrodes while the unwanted white species remain 

suspended. The white species can be washed away under pressurized flow and only red 

species can be retained in the chamber for further process, as can be seen in Figure 9. 
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Figure 9.  LYSE Chip integration with FETCh. Condition representing successful 

separation of cells (RED color cells) after applying EP or DEP in FETCh.  

Stage 3:  Lysing with Sonication 

When the LYSE Chip that is bonded underneath or on top of FETCh  is activated, it starts 

radiating the ultrasonic sound waves.  These sonic waves propagate through the fluidic 

sample and cause cavitations. Microbubbles form due to cavitations, growing to certain size 

and burst in the same medium. Figure 10 shows the bubble with same size for only better 

envisioning.   
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Figure 10.  LYSE Chip integration with FETCh. Condition representing unwanted cells 

eluted, EP or DEP sensitive cells remain immobilized in FETCh, Bubble formation by 

LYSE Chip Sonication.  

Stage 4: Release of Intracellular Components 

When the bubbles burst, they release a shock wave with lots of heat in a local region. This  

shock with the enormous heat energy is utilized to rupture the intact membrane frame of 

pathogenic cells surrounded by that local region. A continuous cavitation cycle produces 

never ending loop of bubbles formation until the device is shut off. The continuous shock 

waves due to  repetitive bubble burst not only disrupt the intact cell membranes but also help 

to release the intracellular components in to medium from the debris.  The cavitation 

microstreaming also helps removing debris away from NA. In case, the purification is 

planned using beads, the micro streaming helps enhancing the diffusion of beads and NA to a 

great extent.  Figure 11 depicts debris with irregular shapes near by the wall while the 

released NA is found in the central region.  
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Figure 11. LYSE Chip Integration with FETCh. Condition explaining Nucleic Acid 

release due to cavitiation caused by LYSE Chip sonicator. 

The present chapter has described  how the LYSE Chip can be integrated and the mechanism 

of sonication in the device. As mentioned earlier, micro-sonicators are relatively new and 

therefore industrial standards are not fully derived yet (9). Sound engineering judgment and 

experimental iterations are employed for the engineering development. Significant attempt is 

made in the design process to meet the carefully estimated requirements. Table 1 summarizes 

the carefully estimated values for an optimum functioning of LYSE Chip sonicator. The basis 

for these requirements range from micromachinability to the physics of sonication discussed 

early. 

Table 1. Estimated design requirement for LYSE Chip.  

Terms Estimated requirement 

Chip Size < 500 x 500 micron 

Total no of resonating beam 20 - 30  

Frequency Range in MHz region 

Amplitude < 500 micron 

Attenuation (90 % ) >500 micron 
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CHAPTER 4 

4. MICROMACHINING OF LYSE CHIP 

4.1 POLYMUMPS: THE MICROFABRICATION PROCESS 

 

The LYSE Chip is micromachined using standard Polymumps process (47). As shown in 

Figure 12, a standard Polymumps process is a kind of MEMS fabrication process which 

allows deposition of total three polysilicon and one metal as a structural layer.  It restricts the 

deposition of all the four structural layers (three polysilicon and one metal layers) using only 

one additional insulting layer of silicon nitride and two sacrificial oxide PSG layers.  

 

Figure 12.  Polymumps Process:  Order of depositing one insulating layer (Nitride), 

three polysilicon layers (Poly 1, Poly2, Poly 3), Two sacrificial layer (oxides), one metal 

layer (47).  

The PolyMUMPS process offers an economical solution; therefore it was selected as a 

micromachining of choice for the LYSE Chip. The process is different from most customized 

surface micromachining processes in a sense that it is designed to be as general as possible, 

and support many different designs on a single silicon wafer. Because the process is not 
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optimized with the purpose of fabricating any one specific device; the thicknesses, deposition 

orders, and layout design rules for the each structural and sacrificial layers are set up 

conservatively to guarantee the highest yield possible. For example the type of material, its 

deposition thickness, etching depth, the orders of deposition and etching various layers, use 

of total no of masks, safest minimum geometrical resolution in design and reserved space on 

the wafers are some of the predefined limitations associated with the use of process (47). 

Including these, several other manufacturing constraints in Polymumps process put up a lot 

of limitations on the freedom of the design of sonicator device. 

4.2 POLYMUMPS PROCESS LAYOUT  

Using CoventorWare MEMS software for CAD applications, a complete process layout of 

Polymumps is prepared (Figure 13). The image describes the process in a step by step format 

according to the Polymumps specification. The digitally prepared process layout is an 

identical match for real Polymumps process in all the views such as execution orders, 

materials and tolerances etc. 

The typical process starts with depositing an insulating silicon nitride layer on a 

silicon wafer. Then the first polysilicon layer (Poly0) is deposited using LPCVD process. 

Subsequently, a sacrificial layer of glass oxide is deposited and patterned. The other two 

polysilicon layers are deposited and patterned using a similar procedure. The final process 

consists of metal deposition through a ‘lift-off’ process.  

 

Figure 13. Polymumps process layout: Step by step format 
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4.3 DIMENSIONS OF RESONATING BEAM MODELS  

Figure 14 and Table 2 summarize the dimensions for all four beams (gold material) used for 

simulations to determine the structural strength and highest possible resonating frequency 

output. As we see, it is noticeable that each beam is common in shape but vary in its size 

proportions.  

 

Figure 14.  Dimensions of resonating beams. 

Table 2.  Dimensions of various Beam Models considered for simulation.   

Dimension 

 (unit: micron) 

Beam1  

(Gold) 

(micron) 

Beam2 

(Gold)  

(micron)  

Beam3 

(Gold)  

(micron) 

Beam4 

(Gold)  

(micron) 

w 60 40 10 5 

b 60 40 10 5 

L 80 80 80 5 

h (as per Polymumps) 0.75 0.75 0.75 0.75 

t (as per Polymumps) 0.5 0.5 0.5 0.5 
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4.4 MASK LAYOUTS 

 

As per the specifications mentioned in Figure 14 and Table 2, two individual mask layouts 

were prepared using the CoventorWare layout editor. For each case, its respective beam 

model is treated as the smallest constructive element in the chip and complete layouts are 

accomplished by following an additive pattern. Considering the microfabrication limitations, 

mask design is divided in two parts, the top part and the bottom part. Both parts would be 

individually fabricated using their respective layouts. For each of the four beam modals, all 

the mask layouts are identical in shape but vary in size proportion. For better understanding, 

two mask layouts, for top and bottom part of beam 4 modal, are only illustrated in Figure 15. 

 

Figure 15.  LYSE- Chip Micromachining layout: Top and bottom parts. 
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4.5 MODAL ANALYSIS OF 3-D MODELS  

 

As shown in Figure 16 and 17, the 3-D models according to beam 4 specifications (Figure 14 

and Table 2)   representing top part and bottom part are digitally structured using 

CoventorWare by employing the same masks (Figure 15) and process (Figure 13) layouts 

mentioned above. As can be seen in Figure 16, the top part contains two leads of gold 

electrodes. The walls on the two extreme edges (the third polysilicon layer) represent mating 

surface when bonded to bottom part. 

 

 

Figure 16. LYSE Chip: 3 D model of Top part (according to Beam 4 specifications). 

The bottom half has four rows where each row contains a series of total six simply supported 

resonating beams (Figure 17).  Both the halves have bump pads where the external power 

supply is attached. 



 

 

26 

 

Figure 17. LYSE Chip: 3-D model of bottom part (according to beam 4 specification) 

Once they are manufactured separately, both the halves can be glued together to form a 

single chip.  The 1
st
 and 2

nd
 row on the top part and 1

st
 row on the bottom half actually form 

together a single circuit. In a similar way, the 3rd and 4th rows on top part and 2
nd

 row on the 

bottom part form another circuit. The alignment (bonding) marks are clearly visible in Figure 

18. 

 

Figure 18. LYSE Chip: Bonding two parts to form one piece chip. 
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In a typical sonicator, the probe resonates in the ultrasonic frequency range. Each designed 

beam is simulated using CoventorWare’s Memmech modal analysis module to predict the 

best possible resonant frequency of the structure in ultrasonic range. The beam structure 

offering the highest possible resonance frequency range is selected.  

4.5.1 Theory of Memmech Analyzer  

A Memmech modal analysis calculation computes the natural resonant frequencies of a 

mechanical structure. The physics used behind the computation is explained as per below.  

 

A compact description of the damping model would be that it is where externally applied 

force on the system is resisted by the sum of internal forces set up in the system: the stiffness 

force, damping force, and the inertial force. Hence Newton’s law yields, 

0 PIuM   (4.1) 

where,  

M is the mass of the structure, 

ü is the acceleration of the structure, 

I is the internal forces in the structure 

P is the applied external forces, and 

KuuCI     (4.2) 

where,  

K is the stiffness of the structure, 

C is the damping matrix for the structure and 

u is the velocity of the structure.  

Further, if the mass vibrates with a simple harmonic motion described by 

tuu sin  (4.3) 

where, 

u is the instantaneous amplitude of the motion, u the maximum amplitude and  the natural 

angular frequency of the vibration, it can easily be shown that the undamped 
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  is, 

M

K
  (4.4) 

The relationship between the damped natural frequency and the undamped natural frequency 

for each mode is, 

21    (4.5) 

where,  

 is the damped natural frequency of the structure. 

Co

C
  is the fraction of critical damping. 

C is the damping of that mode shape, and 

MKCo 2 is the critical damping. 

Using Memmech simulations different designs of beams are verified for stress and 

resonance frequency. Structure in beam 4 responded with highest possible resonance 

frequency (in Mega Hertz region) while keeping the stress within the elastic limit. The 

dimensions of beam 4 are considered as finals and the respective mask layouts design were 

sent to a MEMS foundry for microfabrication. 

 

  

Figure 19. Vibration modes of beams: (a) first mode (b) second mode, (c) third mode. .  
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Figure 20.  Resonating frequency for each beam model simulated using CoventorWare. 

 

4.6 LYFE-CHIP DEVICE: PROTOTYPE AND 

SPECIFICATION 

 

Using the digitally prepared information, the final prototypes are micromachined in a 

cleanroom at micromachining foundry at the MEMSCAP Company (47). Figure 21 shows 

SEM (Scanning Electron Microscope) images of the completed prototype. Comparing the 

SEM images of the chip prototype with the 3-D model image (Figure 16, 17), it can be 

concluded that the micromachining was successful.   

 

Figure 21. SEM image of LYSE chip prototype 
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As shown earlier in Figure 18, both the halves would be now bonded to form a single piece 

of LYSE Chip.  Evenly distributed 24 resonating beams provide nearly 80% coverage of 

FETCh base. The cheap can produce 26 MHz frequency sound at an intensity of 1.04 W per 

sq. meter.   

When sound travels through a medium, its amplitude diminishes with distance. 

Ultrasonic attenuation is the decay rate of the wave as it propagates through material.  As can 

be seen in Table 3 and Figure 21, the 90% of amplitude loss due to attenuation takes place at 

a distance of 1.056 x 10
-3

 meter in pure water. Writing the same result another way it 

suggests at a distance of 25 millimeter around 15% of amplitude loss is estimated. As we see 

both the numbers are far larger than the total height of FETCh device.  

 

Table 3. Specification of Lyse-Chip. 

Term Specification 

Size 395 X 395 micron 

Resonator Beams: 

Total Row: 

Beams in each Row 

Total Beams: 

 

4 

6 

24 

Dimension of Beam: 

Span: 

Anchor: 

Thickness 

 

5 X 5 micron 

5 X 5 micron 

0.5  micron 

Frequency ( f ) 26 MHz 

Sound intensity (I) 1.04 W/sq. meter 

Particle velocity in medium ( ) 8.55 x 10
-4

 meter/sec 

Wavelength  () of  Sonics 5.51 x 10
-5

 m 

Attenuation co efficient () * 

90 % loss of Amplitude (in water) 

Depth for 15% loss of amplitude (in water) 

260 db/meter 

1.056 x 10
-3

 meter 

25 millimeter. 
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Figure 22. Amplitude loss in pure water.  

The distance “Z” in Figure 22 represents 90% loss in amplitude from the source as sound 

propagates in “Z” direction. 

4.7 VALUE ADDITION  

Summarizing the function of FETCh device in short, it can precisely sort out particles or 

biological cells from the sample mixture. But it does not have any ability to process it further 

besides separation, collection and transportation. Subsequently, it would add a great value to 

the device, if we integrate a new design to the same device which can perform an additional 

task or operation on those sorted out cells. Considering this requirements of research interest 

and market opportunities, we have decided to integrate a LYSE Chip (as a part of my project 

activity) which can lyse those sorted cell and release the intracellular components. Being 

very cheap, small in size, this kind of devices can be widely used as a On-chip sample 

preparations in biological labs.   
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CHAPTER 5 

5. CASE STUDY:  A NOVEL LYFE CHIP HIV 

PURIFICATION SYSTEM FOR ANTI HIV/AIDS 

TREATMENT 

The chapter presents a commercializing case study representing a possible future 

marketing application for the LYSE Chip and FETCh chip technologies, if developed 

together.   

5.1 OBJECTIVE  

Suggesting the strategic development of a not fully developed technology to create valuable 

products and translate it into a successful venture is a very challenging task. Technology 

assessors often deal with partially developed technology with no experimental proof and ill 

defined product concept whose commercial applications are not fully explored and 

commercial use is not fully understood.  Envisioning a strategic development to such 

technology requires a thorough study of market in the context of driving forces, research 

developments and regulations, trend analysis, possible funding opportunities, market 

readiness, identifying less or highly competitive categories, opportunity identification and  

giving details to the  product shaping, cost based analysis etc.  

While several realistic marketing applications are feasible with the technology, the 

present case reconsiders a possible innovation to envision how the same technology may fit 

in to a new market. The core objective of the context is to foresee the strategic development 

of LYFE Chip technology as possible effective therapy treatment to fight against HIV/AIDS 

infection. The speculative study would try to be optimistic in views by justifying the possible 

valuable offerings using two different kinds of lenses, marketing and technology, for the 

assessment.  
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LYFE Chip is basically a mechanical device designed to selectively sort out micron 

particles (pathogens) and lyse them in real time. Using electrophoresis, dielectrophoresis and 

sonication simultaneously, this device can separate pathogens from a blood and subsequently 

lyse them. With this, there is a greater likelihood LYFE may be used as a micro-hemo-

purification treatment used to fight various diseases in addition to sample preparation for 

diagnostic application. For real time application, it may require some structural modifications 

to make it biocompatible. Utilizing such tools, LYFE chip can be further developed as a 

biochip (like a hemo purifier) to separate HIV virus from the blood in real time, transport 

them to the remotely located lysing chamber and lyse them simultaneously to suppress the 

viral counting in blood.  With a ‘one time possible healthcare investment’, the device may 

work along with other existing antiretroviral therapy and definitely be a great help to 

minimize the risk against progression of disease and the side effects. 

 

5.2 TECHNOLOGY BACKGROUND 

 

The LYFE chip technology consists of basically two chips “LYSING Chip” and “FETCh 

Chip”, bonded with (or apart from) each other to form a biochip device “LYFE chip”. The 

term “LYFE Chip (“LY” - Lyse and “FE” - Fetch chips)” is used in the discussion 

throughout the document to address the combined BioMEMS. The complementary chips 

work on their own individual principles. While the main focus of the study is to suggest an 

extension of LYFE chip, it would be a help to facilitate the discussion, if the technology is 

briefly described here.  

 

5.2.1 Technology of the LYFE chip  

LYFE Chip is basically mechanical device designed to selectively sort out micron particles 

(pathogens) and lyse them accordingly in real time. The FETCh of LYFE chip depending on 

the nature of sample utilizes the principle electrophoresis or dielectrophoresis to selectively 

separate the micron size particles from the given fluidic simple. These principles are 

explained below.  
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5.2.1.1 ELECTROPHORESIS  

Electrophoresis (EP) is a separations technique that is based on the mobility of ions in an 

electric field. Positively charged ions migrate towards a negative electrode and negatively-

charged ions migrate toward a positive electrode. Generally one electrode is usually at 

ground and the other is biased positively or negatively. Ions have different migration rates 

depending on their total charge, size, and shape, and can therefore be separated. 

5.2.1.2 DIELECTROPHORESIS  

Dielectrophoresis (DEP) is phenomenon in which the force is exerted upon the dielectric 

particle when it is subjected to a non uniform electric field. This force doesn’t require a 

particle to be charged as in case of EP. All particles are sensible to DEP force in the presence 

of electric field.  The magnitude of the force depends of chemical make up, size, shape, and 

applied frequency of electric field and can therefore be separated selectively. 

At frequencies, cells are selectively controlled due to their inherent intramembrane 

polarizability characteristics, which cause them to respond uniquely from other cells at 

specific AC frequencies. Genetically or geometrically similar cells have more similar, but 

still distinct, responses at given frequencies. The DEP force acting on the polarized cell 

causes it to move either up or down the electric field gradient created by the non- uniform 

electrode geometry. 

After their selective isolation and recovery by DEP, cells remain viable for further 

analysis, processing or cell therapy. Multiple parameters on individual live cells can be 

determined and, if desired, specific cell types can be collected. DEP can also operate under 

sterile conditions. 

 

5.2.1.3 SONICATION 

It is the process of disrupting the cells using the sound wave energy. Generally, when the 

fluid sample is irradiated with ultrasonic sound waves, it results in cavitation process. 

Cavitation can be summarized as a complete cycle of formation, growth and violent collapse 

of bubbles in the fluid. Only cavitational collapse using sonication can produce highest 

pressure (~1000 atmosphere) in the smallest time (~10
-10

 sec) with an intense local heating 

(~5000 K) and enormous heating and cooling rates (>10
 9

 K/sec). The magnitude of the force 

http://elchem.kaist.ac.kr/vt/chem-ed/sep/sepintro.htm
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can be easily varied from a non-harming to extreme disruption level just by varying the 

sound intensities and frequencies controlling through voltage. Depending on its set up, single 

sonicators can be effectively used for wide different applications. For instance, separating 

plasma from blood (99 % efficiency) is completed without harming the residuals.  

Summarizing shortly, in LYFE chip, FETCh basically separates and recovers the cells 

from complex sample and the LYSE Chip disrupts those isolated cells. 

5.2.2 Status of the Technology 

 

The LYFE chip is in very early prototype stage. Because of its early prototyping stage, the 

technology has no experimental proof or performance data. The aim is to develop a complete 

on chip sample preparation which includes separation, processing and detection functions. 

However, at the time of this study, the detection system is not yet being developed neither 

integrated with such device.  

5.2.3 Extension of LYFE Chip Technology 

Figure 23 shows a possible novel extension of LYFE Chip as an HIV purification system. 

The objective of the concept is to describe how it is possible to separate HIV particles from 

human blood using modified LYFE Chip Technology.  Here, we suggest a path to be 

followed to attain an optimum solution. One of the main goals of the anti HIV treatment is 

maximum and durable suppression of HIV counts in patients. To attain the goal, the novel 

design of LYFE chip treatment utilizing mechanical and electrical forces (a combination of 

forces to which HIV can’t develop resistance by mutation) in a following unique way to 

separate and disrupt the HIV counts and syncitia (the viral replication sites in blood).  

 Dialysers for hemo purification are widely used for patients with renal disease. 

Similar to dialysers in some of the aspects, LYFE chip based HIV purification system works 

on different principals of sonications, electrophoresis and magnetophoresis. With minimal or 

major surgery like a nephrologists do, two access points, entry “A1” and exit “A5” can be 

created in human body to extract blood in to LYFE Chip system using grafting and catheters.  

Reservoir “R1” collects the controlled intake of blood stream “H” from main vein under 

pressure driven flow condition.  Through an enclosed channel, a continuous quantity of blood 

is pumped to a main LYFE Chip unit(s) “A5” which consists of LYSE Chip “L” and 
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modified FETCh “A3, A4”. Ports “C1” facilitates removal of cartridges filled with HIV 

lysates, non useful nano beads coated with anti HIV antibodies (monoclonal or polyclonal, 

anti HIV gp120 or gp41) while “C2” allows inserting new cartridges filled with same kind of 

new nano beads coated with antibodies. When infected blood “H1” enters in to “A3”, the 

(electrophertically or magnetophoretically) diffused nano particles “B1” would immobilize  

 

Figure 23.  Extension: LYFE Chip HIV purification system. 

HIV particles “V” on them (as shown by “B2”) using antigen-antibody affinity model.  The 

antigen - antibody is highly specific (with sensitivity about 10
8 

orders) and very quick in 

operation. Once bonded, the nano particles “B2”are transported to separate chamber “A4” 

(path shown by green color arrow “→”) by applying a controlled electric (or magnetic) field 

in a moving conveyor belt fashion individually to all electrode sites “E”. Using some sort of 

elevation difference or non return valve mechanism (as shown here with “U” tube shape), the 

blood flow stream can be restricted entering in to chamber “A4” and prevented mixing up 
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with chemical fluids. “A4” is another extension of FETCh underneath which the LYSE Chip 

“L” is externally bonded.  

The higher sonication magnitude from LYSE chip and static chemical fluids in “A4” 

help retrieve the nano particles “B1” free of  HIV “V” by breaking antigen-antibody bond 

mechanically and chemically respectively. “B3” represents retrieved nano particles without 

HIV particles “V” on them.  The disassociated blood born pathogens “V” are now trapped in 

“A4” and would be lysed away (lysed or deactivated HIV virus “VL”) in the same 

environment using an ongoing powerful sonication effect. The sonication by LYSE Chip not 

only lyse the HIV virus but also help retrieving nano beads. The endless cavitiation also 

emulsifies nano beads in chemical solution. Using electrophoresis (or magnetophoresis) 

modified FETCh act as a supportive transporting and separating system.  If practically 

appropriate, by applying fields in “A4”  (voltage-frequency or magnetic), same way as 

previously done in “A3”,  to which the HIV counts “V” are not sensitive at all, the same nano 

particles “B3” can be transported back again to “ A3” to trap new virus particles “V". The 

residuals of batch process can be removed through “C1”.   

The design can be made high throughput by changing variables such as scaling the 

overall size, attaching multiple process units, using polyclonal antibodies instead of 

monoclonal antibodies to bind multiple virions, using mixers to enhance bonding etc.  

Depending on the design, it may also be possible to immobilize HIV infected CD4 cells, 

called “Syncytia”, (larger than un-infected CD4 cells and about 1 % in proportion to total 

CD4 population) using  highly efficient  electrophoresis separation principles or  micro filters 

“A2” . The purified blood stream “H2” is returned to human body through exit point “A5”.  

Thus maximum and durable suppression is attained as the viral strains can be sensitive to 

drug reactions but not to the mechanical or electrical forces.  

 

 

5.2.3.1 ENGINEERING RATIONALE OF 

LYFE CHIP 

As known with reliable and far advanced dialyses technology, it is now possible to achieve 

safe purification practice by eliminating various problems such as clogging, critical nutrient 
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and water level without harming the other ingredients of flowing tissue. A lot different in 

design from dialyzers, LYFE Chip system may not use membranes for diffusing away 

syncitia and viral particles from blood. The proposed novel concept of LYFE chip, 

“Separating the HIV particles and syncitia from a blood flow and lysing them in an isolated 

chamber” is rational and optimistic because of the following technological proofs 

demonstrated by other researchers.  

1. Each cell has inherent intramembrane potential; they surrender their mobility control at a 

unique frequency-voltage response. Genetically similar cell may have same sensible 

frequency range but still with a difference in size, genetic modification (e.g. cancer cell 

or infected HIV cell) would have a still distinct response. The following research 

outcomes have justified magnificent separation capabilities of EP and DEP forces. 

 Using DEP forces, the separation of Herpes Simplex Virus (HSV type1) is completed 

successfully on a microchip (48).  The mammalian virus is highly infectious and 

largest in size (approx. 200-250 nano meter in size, only 80-130 nanometer lager than 

HIV virus) causes cold sores.  Patients with developed AIDS are often seen with 

sever Herpes symptoms caused by incurable HSV-1 type. 

 The four major leukocyte subtypes, namely, T- and B-lymphocytes, monocytes, and 

granulocytes were separated using DEP (49). Cells were separated according to 

differences in their size, density,
 
and membrane properties with high purity and good 

separation performance
 
under the continuous flow condition.  

 The combination of white blood cell lysis with EP, DNA binding to beads and silica 

bead separation using DEP has been successfully shown on a single DEP micro 

fluidic chip. (50) 

 The performance of the DEP chips is validated by concentration of E.-Coli bacteria; a 

separation efficiency of 99.93% was achieved. (51) 

 DEP has been also used for the separation, characterization, and investigation of other 

bioparticles on the micron scale, such as cells (52) and (53) (54), bacterias (55, 56), 

yeasts (57), neurons (58), viruses such as Tobacco mosaic Virus and Rod shape virus 

(59). 
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2. Usage of ultrasonic waves to process various materials is emerging concept in MEMS, 

because of its familiarity in macro application.  The concept is very promising especially 

in our context because: 

1. Only cavitational collapse using sonication can produce highest pressure (~1000 

atmosphere) in the smallest time (~10
-10

 sec) with an intense local heating (~5000 K) 

and enormous heating and cooling rates (>10
 9

 K/sec) (43). 

2. More than 99% of E. coli cells was inactivated (lysed) within 180-s sonication (44). 

3. The disinfection by ultrasonic irradiation is applicable to the inactivation of 

pathogenic protozoa such as Cryptosporidium parvum that has high resistance to 

germicides because of its very hard oocysts (45). 

4. For a successful Virus extraction for making experimental vaccines, ultrasonic 

resonators are widely used for breakage of virus/antibody bonds. Virus can be 

extracted at low power without damage, or broken at high power (61). 

5. Usage of micro fluidic sonicator for real time disruption of eukaryotic and bacterial 

spores is quite interesting contribution for DNA analysis. (62) 

6. It is now even possible to captured 83-100 % of total HIV- 1 particles from an 

infected blood using anti HIV antibodies covalently coupled with agarose beads (63). 

5.3 PAINS WITH THE CURRENT ANTI HIV/AIDS 

TREATMENTS 

The following are the pains with the current Anti HIV/AIDS treatments.  

 

1)  Delay in immediate treatment response , hence lowering the survival benefit. 

2)  Side effect of ARV treatments.  

3)  Inconsistent patient adherence and pill burden. 

4)  Higher expenses and Limited Funding 

Above mentioned pain points are discussed in detail below. 

5.3.1 Delay in Immediate Treatment, Hence 

Lowering the Survival Benefit 

When to start the Antiretroviral Therapy (abbreviated as “ARV”, the only available therapy 

for HIV patient) is a very complex question. Because of the following limitations, even 
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though taking patient immediately on the medication seems to be an obvious choice for a 

benefit of better health, doctors can’t really start the treatment at an early stage and hence 

allowing the disease to deteriorate the health. Respective research counterclaims, if the 

treatment is initiated in very early stage, a compelling advantage definitely exists for better 

chances of survival. 

HIV researchers have demonstrated that every single point HIV mutation may occur 

more than 10,000 times a day in a HIV patient (64). With such a nature, it is most alarming 

that persons living with HIV can harbor multiple drug resistant viruses. HIV tends to attack 

mainly on CD4 cells including several other types to replicate in to the system. Normal CD4 

counts in adults range from 500 to 1,500 cells per cubic millimeter of blood (65). However, 

Department of Health and Human Services (DHHS) suggests not initiating the treatment in 

patients unless they don’t loose the CD 4 counts 500 cells/ µl to 350 cells/ µl or the viral load 

grows 0 to at least 30,000 (bDNA). In general, DHHS suggest the initiation of treatment 

response to patient falling largely in either of the cases mentioned below: 

 Patient with CD4 count is less than 350 cells/ µl and viral load to any value 

 Patient with CD4 count is greater than 350 cells/ µl but  viral loads are greater than 

30,000 (bDNA) or 55,000 (RT-PCR) 

Behind such a contrary suggestion from DHSS, there lies a very convincible reason. In 

reality, if one takes in to account the treatment benefits for suppressing the viral load verses 

the possible risks of viral resistance to drugs, the life threatening toxicity and side 

complications and associated reduction in the quality of life, the drug benefits loose against 

those optimistic risks which most often appear in cases with later stages. Even though ideally 

these all don’t favor the patient’s illness, there has been a rethinking in the treatment 

approach. As a consequences, it has been now a general medical practice to start the life 

prolonging treatment (Suggested by Highly Active Antiretroviral Therapy abbreviated as 

‘HAART’ under DHHS) actually in a later stage as oppose to immediate response, so that the 

therapy remains effective till the end against the virus and be helpful to the patient when it is 

really needed.   

Analysis has concluded that an ample survival benefit definitely exists, if antiretroviral 

therapy is started in patients with more than 350 CD4 cells/µl (66). Also lower viral loads 

imply longer time period to full-blown AIDS and hence the increased survival chances.  
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Table 4. Predicted six month percentage risk of developing AIDS, according to age, 

viral load and CD4 counts (67).  

 

Thus, due to possible consequences of the drug’s ineffectiveness due to viral 

resistance and life threatening side effects, the merit of early protection or immediate 

treatment response is not operative. 

 

5.3.2 Side Effects in ARV Treatments 

HIV-positive individuals who take HAART are more likely to experience a serious or 

life-threatening treatment side-effect than the possible chances of developing an AIDS-

defining condition (68).  Despite of access to ARV treatments, what really kills people with 

HIV/AIDS is pitiful to realize from an IAPAC survey of HIV clinicians and clinical 

researchers who believes wide range of drug related reasons can be held as a one of the 

primary causes of death in patient with HIV/AIDS. As can be understood from survey in 

Figure 24, including the side complications (e.g. Liver organ failure, Cardio Vascular 

complications) and toxicity of drugs, several other drug related matters are associated as a 

leading cause of death.  
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Figure 24. Survey: “What kills HIV patients today?” by IAPAC. Factor, highest time 

cited by leading researchers and clinicians, would lead top (69). 

An Italian-British study looked at 862 people who began taking anti-HIV drugs for 

the first time. Within a year, 21% had stopped treatment due to side-effects whereas only 5% 

stopped due to treatment failure. Clearly, side-effects are often the reason people stop 

treatment. (70). Considering the adverse side effect of NNRTI drug product, Boehringer 

Ingelheim issued important new safety information in February 2004. The information 

specifically relates to potentially fatal liver toxicities associated with Nevirapine (NVP). 

While NVP is the only drug carrying such a warning about the fatal hepetotoxicity, Efavirenz 

(EFV), stavudine (d4T) (71) and the protease inhibitors (PIs) (especially ritonavir (RTV)-

boosted PIs) (72) can also rile liver enzymes Appendix B is a comprehensive summery of 

FDA approved drugs describing the side effects and drug interaction on individual basis. 

Study revealed, 28.5% of patients were drug resistant in year 2001 and carefully estimated 
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that such population is expected to increase to over 40% by 2005 (73). While each drug type 

(NNRTI, NRTI, PI) has its own importance and must not be neglected because of its 

independent site of action in combination HAART, patients have no choice left but to accept 

harmful complications of drugs along with the life prolonging treatment. The ability of the 

patient to tolerate side effects may make a major difference in predicting adherence to a 

prescribed HIV therapeutic regimen and eventually, the effectiveness and success of the 

administered HAART.   

Research continues to combine selected ARV drugs in suitable dosages in such 

manner that the effectiveness of the combined therapy is enhanced while adverse reactions 

are minimized. Pipeline drugs are also being individually researched and developed with the 

dual objective of higher efficacy and greater safety. But, so far up to the best knowledge, 

there is no such success available yet. 

 

5.3.3 Inconsistent Patient Adherence and Pill 

Burden 

If 5 % of the prescribed pills are not taken, treatment success becomes precarious (67). 

The more the number of drugs and their quantity in terms of tablets and frequency, greater 

are the chances of the patient forgetting to take some of them.  This situation is called 'pill 

burden' in simple terms. ‘Adherence’ is a dedicated partnership between a healthcare 

provider and patient to treat the disease successfully. Compliance with prescribed therapy is a 

widespread problem in medicine and is a directly related to pill burden and adherence.  

Analysis of two prospective studies, indicate that patients with a compliance of 100 %, 80-

99 % and 0-79 % experienced reductions in viral load by 2.77, 2.33 and 0.67 logs after one 

year. At the same time, the CD4 cell count rose by 179, 159 and 53 cells/µl, respectively 

(74).  

For maximal results with HIV medications, a patient need to take virtually every dose 

of his medication every day and obey the requirements in terms of number of pills, doses, 

and food requirements of those medications through out his life. For a frightened and 

discouraged patient, it is a very tough commitment requiring deep faith in drugs and 

regularly taking them without being demoralized.   What is more helpful to the patient is if 
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the pill burden is lowered (75).  Doctors have long suggested that by reducing the pill burden, 

there is a greater likelihood patients will adhere to their regimens. Because of progression of 

weak immune response to the infection, even today it is very obvious for patients with 

developed side effects or opportunistic infection symptoms are required to take about a 

bunch of pills on a daily basis. To a great extent, this hassle makes the patient physiologically 

feel weaker and weaker.  

The Department of Health & Human Services (DHHS) Guidelines for the use of 

antiretroviral agents in HIV-infected adults and adolescents were revised. The revisions were 

made to reflect the importance of adherence in prescribing treatment regimens (67). 

Developing once-a-day pill or automatic monitoring alarming system which not only reminds 

them for the dose but also intervenes the drug automatically for combination therapy regimen 

(the most prescribe regimen) would reduce pill burden to a great extent.  

5.3.4 Higher Expenses and Limited Resources   

Antiretroviral therapies are expensive. Individual drugs cost between $200 and $2,000 per 

month, depending on the drug and the country in which it is prescribed (67).  AIDS Drug 

Assistance Program (ADAP) monitoring report noted that the monthly per capita spending 

for an ADAP client was $831, or $9,972 per year, nearly 29% less than the Average Whole 

Sale Price paid for a typical HAART combination therapy (76). The expenditures for the 

treatment are outreach for a patient with low/moderate family income.  

The pool of people living with AIDS is growing (77). About 40 million people are 

living with HIV/AIDS globally today. The number of people receiving combination 

antiretroviral therapy (ART) for HIV/AIDS in developing countries is increasing 

significantly – more than doubling from 400,000 in December 2003 to approximately 1 

million in June 2005. However, access to HIV treatment continues to fall short of the 

growing needs (78). As we saw organizations like Medicaid or ADAP ca not provide the 

fully financial support for treatments to even low income demographics living with life 

threatening infection, on the other side with the all kinds of limited resources including low 

sustainable financing, WHO and UNAIDS (the largest global health organizations) together 

could only aimed to treat only 3 million patients in developing countries against the total 

number of 40 million globally (79).  
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With an ongoing 24x7 observation by analysts and investors, companies are required 

to achieve performance related milestones. Being in a high risk- high competition business 

environment, it is appropriate for companies to charge adequately for their drug products not 

only to make profit but also to survive in market and keep on developing new drugs to offer 

better healthcare solutions consecutively.  

While National Institute of Health has refused to intervene an ARV drug price 

increment issue (80), organizations like ADAPs and its supporters (e.g. AIDS healthcare 

foundation-AHF) are doing their best to pressurize the HIV/AIDS drugs manufacturers  to 

lower the prices (81). Such a temporary prize freeze would help all kinds of end users and the 

corporation would appear as the most socially responsible company. However, being a 

temporary solution, the problem is still remained unsolved.  

 “Who can bring the treatment cost down and how would it be possible? Can a 

technology answer to this question? How long will it take to do so?” are some of the 

questions which will still puzzle for at least the next couple of years. 

 

5.4 SOLUTION 

Summarizing the essence of market pains shortly, it makes a very clear sense that there is an 

undeniable demand for a treatment which can offer,  

 Less or no side effects. 

 Cheaper and Faster treatment option. 

 Maximum and durable suppression of viral load. 

 Improvement of quality of life. 

LYFE Chip is MEMS-based HIV hemo-purification treatment system, which can 

fulfill all the requirements mentioned above simultaneously. LYFE chip - the extra corporeal 

device may offer the greatest help achieving the survival benefit without deteriorating the 

quality of life. The efficacy of such HIV purification system remains unaffected even with 

increased viral resistance. For a healthcare provider and patients, this adds a new degree of 

freedom to control the replication growth in wide range of situations such as recent HIV 

infection, developed drug resistance, less tolerance to HAART regimen, full blown AIDS, 

age related situations etc. The high through put device can lower the viral loads in hours as 
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compare to the drugs which takes months. It may reduce the pill burden to a great extent and 

helps maintaining the compliance and adherence of a patient to the HAART. The maximum 

and durable suppression with low toxicity help patient live much longer.  Such a win- win 

relationship makes it an ideal choice among the Healthcare providers, patient – the end users 

and insurance companies as it may offer cheaper and effective solution. 

5.5 THE COMPETITIVE LANDSCAPE 

Great Technologies are very nice, exciting and may be quite challenging to develop.  It takes 

a lot of commitment and effort to develop a great technology. After all, behind these all 

exercises and expenditures of resources, there is only one motivation. That motivation is to 

develop valuable technological competitive products which can justify the return on huge 

investments with satisfactory revenue flow. Only competitive products with competitive 

prices can be sold successfully to consumers in the market. Healthy profits are harvested 

from such inflow. A portion of the profits is returned to the investors and the rest goes again 

in the business as a new investment. The endless flow cycle keeps on running in all industry.   

Universities are well known as ‘Labs’ for deriving or developing new technologies. 

The motivation of educational institutions is little offset from what industry believes. They 

are highly motivated to derive new technology and making it more mature so that innovation 

can offer enough capabilities to allow making competitive products. It is the industry which 

sweeps away selectively most promising lab developed new technologies through 

commercialization procedures, develop them further and make it available in a usable form 

for the ease of consumer. While not all the new technologies have potent to be turned in to a 

great technologies, the selection criteria’s for commercialization are kept tuff and 

competitive.      

Ventures play very crucial role in commercializing the technology which is not fully 

understood and not being fully developed. They risk their money in such uncertain business 

model by betting on uncertain success in the expectation of largest returns. “One- Ten-

Thousand” the set in stone investment rule in VC industry mentions that out of 1000 different 

business models exposures, VCs finds only 10 to worth paying close attention for detail 

assessment and in the end only 1 could hardly meet their harsh investment criteria. 
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Popular since the 1980s, Lab On a chip (LOC) is relatively new to world with at least 

about 100 companies established globally who actively researching in micro fluidics (64).  

LOC is expected to bring profound impact mainly on analytical laboratory instrumentation 

market place. It is well said expert opinion that soon the micro arrays based on LOC almost 

equal to a credit card size would perform multiple tests consuming less amount of reagent 

and small volume sample size nearly at 1% cost of bench size lab instrument. Besides the 

portability and automation of the tests using LOC would help bring the through put with 

minimum personal attention. 

Roche and Affymetrix are the first companies to known to receive FDA approval for 

a biochip-based, molecular diagnostic test and instrument system (85). GeneChip System 

(GCS) 3000Dx chip reader instrument and Amplichip are now overnight hot commodity. The 

genotype system may help the doctor determine if a patient is at risk of adverse drug 

reactions or sub-optimal drug response by finding a mutation in patient’s CYP4502D6 gene 

which affect the ability to metabolize certain drugs.  

Micro fluidic Systems Inc. California based company found in year 2001, receives 

exclusive rights of a micro-sonicator device for lysing application from Lawrence Livermore 

National Laboratory. The company has cleared their “what to do” intentions with such 

technology under an independent contract with Roche for the development of Sample 

processing application. Company also secures additional 1.5 million funding from DARPA 

to develop a product, called RAIDDS (Rapid, Autonomous, Integrated DNA/RNA Detection 

System), which will be capable of simultaneously identifying over 10 different pathogens in 

an automated fashion without the use of robotics or human intervention.  

With the first success having an FDA approval in the industry as a whole, there are 

more inventions down the FDA road expected to saturate the diagnostic market offering new 

tools and capabilities to detect but not to fight the disease. Currently multiple micro fluidic 

chips are being sold in the market for various application such as pharmacogenomics, 

Genotyping applications mainly supporting the research and developing. But the first FDA 

approvals have turn the environment within industry in to a great competition landscape.  
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Product positioning is a great matter of concern which in most of the cases being 

ignored at the developing stage especially observed in Universities. While it would be hard to 

mention precisely “who is doing what?”, In various signaling it makes clear sense that  the 

industry as a whole is committed to develop various kinds of molecular test for defense, 

healthcare, environmental, food and water applications. Developing a pathogenic detection 

system which almost can do multiple tests at a time e.g. X+Y tests instead of X numbers of 

tests may be great matter of technological deal but from the investor’s (VCs)  perspective it 

represents only another additive solution. New money can’t be invested for such kinds of 

solution which is not disruptive because according to the Competition Syndrome by the time 

the new launched start up comes up with final product, the competition within the market 

would develop the resistance by responding with optimum design development. “Invest first 

and Harvest later” makes a great sense that for any other business there has to be the first an 

investment. VC investments in biotechnology overall declined 24% from Q4 2005. 

Investments in Later Stage companies remained relatively flat with 253 companies capturing 

$2.4 billion. Funding dollars for Startup and Early Stage companies dropped 14% in Q1 to 

$931 million in 219 companies, a 10% decline in deals. Accordingly, the average deal size 

for these companies also dropped, falling 5% to $4.3 million in Q1 from $4.5 million in the 

prior quarter.  Clearly, market is acting more competitive to secure investment especially in 

biotech at seed stage.  

To the best knowledge, developing the cheap for curing a disease is a novel 

application. The site of action for this technology is in blood out side the infected cells, 

widely termed as a “Entry Inhibitors” in industry, as oppose to all ARV drugs that act in 

blood within the infected cells only.  With totally different objective set and technologically 

non similar to current dialysis models, LYFE chip can still be categorized as a one of the 

family member of Hemo Dialysis Systems. For the ease, it can be conceptualized as an 

artificial kidney machine which is not meant to do its regular job but to separate out and lyse 

off the HIV particles only in real time blood flow.  Under circumstances of having no ability 

to remove toxic substances, the dialysis technology has been not widely used in cases with 

chronic and acute renal failure but also be used to quickly remove drugs or poisons in acute 

situations to help patient purify the blood With today’s most sophisticated technological 

http://www.lifespan.org/adam/healthillustratedencyclopedia/1/002215.html
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advancement in dialysis, patient himself can now perform dialysis remaining at home 

without significant monitoring, 2-3 times a week, during a day or at night in sleep. For a 

patient with End Stage Kidney Disease (ESRD), it is not so unusual to be totally dependant 

on a dialysis system for complete purification. About more than 400,000 people in US only 

are on long-term dialysis living their own life with piece and better comfort with at least 

meeting a decade. 

LYFE chip, a novel HIV hemopurifier micro system, can solve current restraints exist in the 

market. For such a great disruptive technology, current restraints are the main drivers which 

help fuel its consumption for the following identified reasons: 

Table 5. Competitive analysis between treatments: LYFE Chip Vs. ARV 

 LYFE Chip ARV Drug  

Strength Weakness Strength Weakness 

Resistance and Cross 

resistance: 

 

Efficacy is 

unaffected in both 

cases. ---- ---- 

Efficacy 

decreases and 

can approach 

to not helpful 

level. 

Side Effects Risk 

 

 

Not fatal Side 

effects 

Minor 

symptoms 

may 

present. 

---- 

Fatal Side 

effects (Figure 

24, 26 -29). 

Degree of freedoms: 

Initiation and stopping 

treatment at any stage: 

 

 

 

Attainable without 

worrying viral 

resistance.  

Benefits: 

Most helpful to 

---- ---- 

 

Not wise to 

start after 

recent 

infection. 

Treatment 

interruption is 
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patient with recent 

infection, full 

blown aids status, 

less tolerability to 

drugs, Older age, 

and complications 

due to side fatal 

side effects.  

 

must in 

patients with 

less 

tolerability, 

symptoms 

with fatal side 

effects or viral 

resistance. 

Viral Suppression Level Within matter of 

days, it can bring 

the viral counts 

down to a 

satisfactory level. 

Benefits: 

Faster, Maximum 

durable 

suppression. 

---- ---- 

Takes months 

to bring the 

viral counts 

down to a 

satisfactory 

level. 

Site of Action On virus,   Not in 

infected 

cells. 

On Virus, 

and Within 

infected 

cells. 

---- 

Pill or Treatment burden 2-3 times a week 

only. 

 

---- ---- 

Every Day 

bunch of pills. 

95 % 

adherence is 

minimum. 
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1. Resistance and cross-resistance potential  

Due to highly erroneous function system of RT enzyme, the virus develops resistance to the 

drugs. In some worst cases, the virus develops resistance to the extent where any of drugs 

from single category remains no more effective. Such situation has created lots of demand to 

develop new therapies against the infection. Being novel (Mechanically separating and lysing 

HIV),  it can be highly effective and insensitive to viral resistance in nature and hence LYFE 

chip may fulfill such requirement. 

2. Wide range of adverse reactions linked to current ARVs therapy 

As mentioned earlier (Figure 24, 26-29), ARVs causes wide adverse reaction in to the patient 

with any age and gender at any stage of progression. LYFE chip being mechanical type of 

device offers very minor side effects and hence this propels its consumption in wide range of 

patient those who want delay or minimize the possible adverse effects and would be give 

prime priority. 

3. Degree of freedom to initiate and stop treatment at any stage 

Patients with recent infection or Full blown AIDS, old age patient, Patients with virologic 

failure, patients who has less tolerability to drugs would propel market.   

Patient with recent HIV infection, most often considered for a risk-benefit analysis of 

ARV treatment as oppose to immediate anti HIV treatment response. This let the infection 

further advance and harms the immune system to a great extent. In most cases with later 

stages of HIV infection, the virus may have become resistance to one or more regimens. This 

leaves less treatment option available for victims.  Patient with old age have very low 

tolerability to side effects of drugs and have weak capacity to restore the lost immune system. 

Life threatening side effects shift the focus of treatment from curing illness to a great extent 

of managing side effects. It is not so uncommon that majority cases with life threatening side 

effects have to stop the Anti HIV treatment.  Even though this is highly risky, Anti HIV 

treatment has to be interrupted.   These all kind of patients requires a therapy which don’t 

cause viral resistance development, no side effect and still fulfill the goals. With unique way 
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of help suppressing the HIV counts, LYFE chip’s early and most promising adopters are 

identified here. 

4. Virus suppression level, site of action, increasing demand for HIV/AIDS Therapies 

Proven hypothetical mathematical model suggests small increases in the rate of virus removal 

using any extracorporeal device can cause a significant decrease in virus levels. It is the same 

virus particle which infects the cells, replicate and then after destroying the same host, free 

them selves to infect  other cells. Removing virus from blood before any more it infects cell 

for multiplication and further advance its fitness against ARV drugs is very crucial. With the 

different site of action, strategically important for complete cure , the chip is only which can 

swiftly accomplish its task maintaining efficacy equally for resistant and non resistant 

viruses. 

With increasing size of HIV/AIDS pool, the faster and cheaper treatment requirements 

are increasing which can serve the goal of treatment with less monitoring. LYFE chip, a one 

time investment- installment hemo purification device, may help providing the support in 

that sense by saving money, minimizing monitoring requirement. (Note: Home Hemo 

Dialysis (HHD) machines are widely used to remove dialysates from blood in case of Renal 

Disease due to acute or chronic kidney function failure.) 

5. Greater daily pill burden results in poor adherence 

Anti HIV treatment requires patient take bunch of pills every day and if 5 % of prescribed 

dosage is missed the case become precarious.  Being mechanical in nature, this device may 

be made biocompatible micro hemo purifier type of device. Once fitted as extracorporeal 

device to the body, the device can selectively trap the virus particles and lyse them without 

causing harm to any other type of cells. With a temporary access to body, at least 2-3 times a 

week, the chip does its job without interrupting routine activities. No matter what is the 

situation (treatment interruption or continuation), the device can be a helping maintain 

maximum durable suppression. 
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May be developing LYFE would require a little more effort, may be all the issues are 

not answered before significant start in that direction, but basic supporting research and 

positive market variables and expert’s opinion (82, 83, 84, 85, 86) provides greatest hopes 

suggesting “It should be DO-ABLE”.  Chip for sample preparation or a pathogenic detection 

is a one more kind of a same solution to the industry. We feel that it will offer better 

operational efficiency but still the scenarios are much more competitive not only from the 

funding perspective but also as the chances of product surviving in the market and making  

satisfactory profits.  The proposed novel idea is unique in positioning. While it offers several 

benefits including highest chances of government funding, possible start up investment from 

VCs and most importantly performance related competitive advantage, currently established 

technological tools should be first utilized to figure out how to accomplish it. Because after 

all “the of value of an idea lies in making use of it” long back said by “Thomas Edison”.  
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CHAPTER 6 

5. CONCLUSIONS 

 

This research has demonstrated a micromachined cell or pathogen lysing chip that works 

through the generation of ultrasonic waves that break the membranes of cells and pathogens. 

The chip forms part of an ongoing effort in producing a complete pathogen detection device. 

Further, the chip is also developed as part of a pathogen separation and removal system that 

will find use in hemo purification device with possible applications in the treatment of such 

diseases as HIV/AIDS. 

 

In summary, these are the contributions of this research work.  

1. contribution 1 

2. contribution 2 

3. con 3 

4. Business wise. Pain Points 1-3 
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APPENDIX A 

FETCH 

Named FETCh (Functionally Extended Trapping Chamber), this device has a final 

dimension of 500 by 500 micron with a height of 500 μm; the total sample across all 

rows will be 1.25 mL.  Though the illustration seen in Figure 28 only reveals a small 

representative portion of the full device, this design can effectively orientate and 

transport particles from the base to the collecting chamber through a combination of fluid 

flow, electrophoresis, and dielectrophoresis.  

 

 

Figure 25 . Final basic design with extended three - dimensional castellated 

electrodes.  E1 – E6 are electrodes biased in steps bringing particles from the base of 

the device to the top (transport distance of 500 μm). 

Solution with the sample particles or molecules to be trapped is introduced to the many 

fluid channels via bulk flow; these channels filter out desired particles in parallel and 

deliver them through a “conveyor belt” of extruded castellated electrodes (with the 
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desired fringe electric fields) to the collecting chamber on the top.  These electrodes may 

be biased independently depending on the known charge of particles within a trap, or to 

selectively capture some charged particles and allow others to be washed away.  The 

illustrated colors represent possible imposed biases: red (lighter) is positive and blue 

(darker) is negative.  The manner in which the biased electrodes are staggered gives rise 

to DEP forces; coupled electrodes with a bias directly across (no change in zeta height) 

are ideal for electrophoresis traps.  The alternating potentials shown “couple” a charged 

particle and would bring it to the top of the chamber where it would pass through the 

shown vias. 

The top collecting chamber utilizes the illustrated flat electrodes as an effective 

electrophoretic trap that forces all particles to adhere or remain close to the substrate 

through their oppositely charged fields until the desired washing occurs.  After washing, 

the electric potential is released and the resulting particles may be collected.  Periodic 

washing and re-introduction of the fluid within the device would lead to a highly 

concentrated solution with the desired micron and nano-sized particle components. 
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APPENDIX B  

ARV DRUGS: SUMMERY OF SIDE EFFECTS, 

DRUG INTERACTION 

 

Figure 26. Summery of Side effects: NRTI type drugs. Potential side effect includes 

pancreatitis enlarged, fatty liver and lactic acidosis.  Individuals react differently to 

the same drug.   
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Figure 27. Summery of side effects: NNRTIs , PIs. Individuals react differently to 

the same drug.   
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Figure  28. Drug interaction chart for NRTI and NNRTI type. Some interactions are 

more serious than others; some drugs may only require a dose adjustment, while 

others may either render the drug completely ineffective, or worse, lead to a 

potentially fatal reaction. 
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Figure 29. Drug interaction chart for PI type. Some interactions are more serious 

than others; some drugs may only require a dose adjustment, while others may 

either render the drug completely ineffective, or worse, lead to a potentially fatal 

reaction. 
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APPENDIX C 

COST ASSESMENT OF EXPENSIVE 

TREATMENT 

The cost based assessment can be classified in two ways: 

(1) Drug related Expenses:  This expense includes the cost of prescribing ARV drugs as 

per standard dosage. The Table 5 shows the cost associated with individual ARV brand 

for standard prescribed dosage on monthly basis. 

Table 6. Anti HIV/AIDS treatment: Cost associated with individual drug (monthly 

basis). (Source: Test Positive Aware Network; "Annual HIV Drug Guide"; 2006.) 

 

COST PER MONTH (estimates) 

Agenerase $772 

Aptivus $1117.50 

Combivir $752.64 

Crixivan $570.96 

Emtriva $347.11 

Epivir 300mg $347.11 

Epzicom $813.55 

Fortovase $263.35 

Fuzeon $2315.40 

Hivid $273.00 

Invirase $748.50 

Kaletra $796.26 
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Lexiva $658.99 

Norvir $321.46 

Rescriptor $316.35 

Retrovir $405.59 

Reyataz $892.91 

Sustiva 600mg $499.43 

Trizivir $1164.35 

Truvada $867.99 

Videx EC 400mg $346.04 

Viramune $442.45 

Zerit $385.88 

Ziagen $466.44 

 

At a time in a combination therapy, doctors generally prescribe at least three different 

kinds of ARV drugs to patient for better chances of survival. The table doesn’t estimates 

additional expenses accrued by other kinds of drugs often prescribed by the doctors. E.g. 

drug which stimulates the immune response, drugs which takes care of side 

complications and helps fight against opportunistic diseases.  

(2) Non Drug related Expenses: Often HIV/ AIDS patient requires visiting doctors 

frequently, doing multiple tests for continuous monitoring of health.  Table 6 summarizes 

all such kind of additional side expenses often required on the top of medication.  
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Table 7. Anti HIV /AIDS treatment: additional non drug related expenses. 

Cost Item Unit 

Cost 

CD4 cell count* 157 

Viral load test 163 

Complete blood count** 2 

Chemistry panel*** 12 

Serum amylase 18 

Transfusion for AZT-induced anaemia 580 

HIV ELISA test 3 

Rapid HIV Test (Capillus) 3 

Rapid HIV Test (Abbot) 10 

Pre-test/post-test Counseling Visit for HIV-person 22/33 

Pre-test/post-test Counseling Visit for HIV+ person 22/77 

Test + counseling 18/12 

Out-patient visit* 

(N.B. This is an average OPD visit cost, not specific to 

ARV therapy-related) 

120 

 

Day in hospital 1150 

 

 assumed to be required once/month by Bozette et al and quarterly by Schulman et 

al ** assumed to be required once/month by both Bozette et al and Schulman 

***assumed to be required quarterly by Schulman et al. 

 The additional medication expenses incurred by the other diseases (often takes 

place in most patients with AIDS stage attainment) are independent and  have not 

been summarized in the table. 

Source: http://www.worldbank.org/aids-econ/arv/floyd/whoarv-webp3.htm#T3 
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