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Detection of Kaposi’s Sarcoma Associated 

Herpesvirus Nucleic Acids Using a Smartphone 

Accessory 

Matthew Mancuso
a
, Ethel Cesarman

b
, and David Erickson

* ,c
  

Kapos i’s sarcoma (KS) is an infectious cancer occurring in immune-compromised patients , 

caused by Kapos i’s sarcoma assoc iated herpesv irus (KSHV). Our v is ion is to s implify the 

process of KS diagnos is through the creation of a smartphone based point-of-care system 

capable of yielding an actionable diagnostic readout start ing from a raw  biopsy sample. In this 

w ork w e develop the sensing mechanism for the overall system, a smartphone accessory 

capable of detecting KSHV nuc leic ac ids. The accessory reads out microfluidic chips f illed w ith a 

colorimetr ic nanopartic le assay  targeted at KSHV . We calculate that our f inal device can read out 

gold nanopartic le solutions w ith an accuracy of .05 OD, and w e demonstrate that it can detec t 

DNA  sequences from KSHV dow n to 1 nM. We believe that through integration w ith our 

prev iously developed components, a smartphone based system like the one studied here can 

prov ide accurate detection information, as w ell as a s imple platform for  f ield based c linical 

diagnos is and research.  

Introduction 

Kapos i’s sarcoma (KS) is an opportunist ic infectious cancer 

that first became widely known during the acquired 

immunodeficiency syndrome (AIDS) epidemic of the 1980s1- 4.  

During this time period, the appearance of KS sy mptoms, red 

les ions on the skin, became signs that an individual was  

infected with human immunodeficiency virus (HIV), and KS 

itself became known as an AIDS-defining illness. As the battle 

against AIDS waged on, the introduction of highly act ive ant i-

retroviral t herapy (HAART) helped reduce KS incidence 5.  

Years later, however, HIV infect ed individuals still contract KS 

at a higher occurrence than when compared to t he pre -AIDS 

era6. Cons idering its prevalence in HIV infect ed individuals, 

KS if often found in regions with high levels of AIDS. KS is  

the fourth leading cancer in sub-Saharan Africa, and in some 

countries , such as Uganda, is the most prevalent cancer in men7-

8.  

 

The root cause of KS is the Kapos i’s sarcoma associated 

herpesvirus (KSHV), also called human herpesvirus  8 (HHV-

8)9-10. While the virus is often asy mptomat ic in healthy  

individuals, a number of populations, including those immun e-

compromised by HIV, are vulnerable to its symptoms and 

aggressive disease. The virus is commonly believed to be 

transmitted through saliva11. It rapidly spreads beginning in 

childhood and in some regions eventually reaches  

seroprevalences of over 50%8, 12. Like other herpesviruses, 

KSHV can establish a latent infection, and can remain without  

caus ing any disease for life in most infected hosts, being 

necessary but not sufficient for KS development. Cons idering 

this, one of the biggest challenges in diagnosing KS involves  

having to detect KSHV in a biopsy sample and not simply a 

blood draw. 

 

If typical hematoxylin and eos in (H&E) staining is applied to a 

KS biopsy section a number of unique features can be observed, 

including many and large vascular spaces  as  well as  high 

numbers of spindle cells thought to be of ly mphatic endot helial 

origin13-14. However, due to t he exist ence of similarly  

presenting diseases, such as bacillary angiomatos is (BA), 

ident ification of these features is frequent ly not sufficient for 

diagnos is of KS15. In modern hospitals, this is solved through 

immunohistochemistry staining for protein markers of KSHV, 

or through application of PCR for KSHV sequences.  

 

However, neither of these techniques are readily adaptable for 

point of care s ituations in limited resource settings, where KS is  

most prevalent. Our long term goal is to create a biopsy 

diagnost ic that can be used in this scenario, enabling the entire 

process from sample collect ion to diagnost ic readout. In 

previous work, we began address ing this challenge to creat e 

point of care biopsy diagnost ics for KS by creating a 
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colorimetric nanop article based detection system, s imilar to the 

works of Thompson et al.16 and Storhoff et al. 17-19 , that was  

capable of detecting KSHV DNA20. However, one of the 

short comings of the system is  that without laboratory  

technology, the test can only be read out as a binary assay, and 

thus the amount of information it could provide was limited.  

 

Recent ly, a number of mobile health technologies have been 

developed that seek to solve this  problem of quantifiable point  

of care diagnos is. These devices t ake advant age of all of the 

comput ational, connectivity, display, and other functionality 

already built into a smartphone and use it to create better point -

of-care devices. Further, they capitaliz e on the ubiquitous  

nature of smartphones, and the near universal ability to use 

them. A number of pap ers have been published in the lit erature 

showing how smartphones can be used as field-portable 

microscop es21- 24,  as  colorimetric test strip readers25-27,  as rapid 

diagnost ic test readers28, for allergen det ect ion 29, and even for  

label free detection 30. More recent work even extends the stat e-

of-the-art to include multiplexed rat iometric nanoparticle 

measurements, and fluorescence measurements of s ingle 

viruses31- 32. T hese devices  have proven extremely useful for 

portable imaging and in cases where diagnostic tests are 

commercially available. They advance the st ate of the art  

towards biochemical t esting, y et are currently limited to only a 

few tests.  

 

In this work we creat e a smartphone accessory capable of 

measuring KSHV DNA concentrations. We develop a working 

accessory, a smartphone app, and disposable microfluidic chips, 

then demonstrate how we can det ect KSHV DNA in a PDM S 

microfluidic chip. Overall, we show that we can measure 

nanoparticle solutions down to nanomolar concentrations, and 

det ect KSHV DNA at similar levels. We hope that in the future 

the detection technology develop ed here will be int egrat ed with 

other components, including syringe biopsy technology and 

solar t hermal DNA amp lification33 , to fully enable point-of-care 

biopsy based KS detection.  

Experimental 

Two smartphone accessories were creat ed capable of reading 

out nanoparticle aggregat ion assays in st andard laboratory  

cuvettes and 1 cm long microfluidic channels. T he cuvette 

based reader was used as a proof-of-concept device to 

det ermine how t o creat e the optical system. The rest of the 

work focuses on the microfluidic system, composed of a 

smartphone accessory, disposable microfluidic chips and 

nanoparticles. T he accessory connects to Android devices and 

is controlled by an Android app lication to obtain absorbance 

readouts across microfluidic chips. T he microfluidic chips  

contain gold nanoparticle conjugates functionaliz ed for the 

det ect ion of KSHV DNA. Figure 1 illustrates  the system and its  

three components.  

Software Development 

The smartphone app was developed in Eclipse (Eclipse 

Foundation, Ottawa, Canada) for the Android platform 

(Google, Mountain View, CA). The code was written in J ava 

and used the Android SDK tools (Google, Mount ain View, 

CA). The software was written to communicat e with a USB 

accessory in accessory mode (host mode for the cuvette 

prototype), allowing the Android device to provide power for 

the smartphone accessory. When triggered via a button press in 

the app int erface (see F igure 2), a s ignal is sent to the 

smartphone accessory requesting a read-out of the current  

absorbance. The app then receives this read-out, displays it to 

the user, and saves it in t emporary memory. As  results are 

collected, t hey can also be automatically tagged with user 

information, t ime st amps, and locations to provide relevance to 

 

Fig. 1 (a) An image of the entire smartphone system is shown including the Android application, the smartphone accessory, and a microfluidic cartridge 
being inserted. (b) The inside of the smartphone accessory is shown, with some wiring disconnected for easier display. (c) An example microfluidic 
cartridge is shown illustrating the 1 cm optical path the light travels through and the magnetic latch to help align the chip with the reader. 

Page 3 of 9 Lab on a Chip

La
b

on
a

C
hi

p
A

cc
ep

te
d

M
an

us
cr

ip
t



Lab on a Chip ARTICLE 

This journal is © The Royal Society of Chemistry 2014 Lab Chip,  20 14,  00,  1 -3  | 3 

the results. Figure 2c illustrates the process flow of the 

software.  

 

In addit ion to the app’s core funct ionality, utilities were added 

to email results to other experimenters  or medical professionals, 

to store results as text files on a connected Google Drive 

account, or even to create keyhole mark-up language files  

(KML files) that can be opened in Google Maps, Google Earth, 

or many other geographic applications (Figure 2b). Using these 

functions  together, a s imple dat abase of t est read -outs from 

numerous devices can be creat ed, similar to that detailed in 

other work28 . Eventually, records from s imilar accessories  

could be uploaded directly to patient’s electronic medical 

records.  

Optical Readout Circuitry 

The accessory contains  an LED light source at the p eak 

wavelengt h of the nanoparticles resonance (520 nm) and a 

photocell, placed across a 1 cm gap where a sample is placed 

(Figure 2a). The photocell is connected via a pull-down resist or 

and measurements of the volt age drop across the photocell are 

made to determine luminos ity. This  results in an inversely  

proportional relationship between the output of the volt age 

measurement and the amount of light illuminatin g the photocell 

described by: 

     
          

                     
 (1) 

Where V is the voltage drop across the photocell, V in is the 

power supplied to the resistor-photocell system, and RPhotocel l 

and RPull-down are the res istance of the photocell and pull-down 

res istor respectively. If we also consider that the logarithm of 

the res istance of a phot ocell is proportional to the logarithm of 

the intens ity of incident light given by :  

                 (2) 

Where RI is the resist ance for a given int ens ity, I, and m and k 

are constants relating to the sp ecific photocell,  and that  

absorbance t hrough a medium varies  according to the Beer-

Lambert law given by: 

  
 

  
         (3) 

Where T is transmitted light, I is tr ansmitted Intensity, I0 is  

initial int ens ity, ε is molar absorptivity, l is the optical path 

length, and c is  concentration then we can see t hat our volt age 

output is proposal to a s igmoid funct ion of concentration:  

     
       

                 
 (4) 

By choos ing the pull-down res istors res istance to make sure 

that typical concentrations fall in the middle of this range, a 

linear fit can then be used to describe the relation between 

voltage and optical density. 

Cuvette Based Reader Proof of Concept and Circuitry 

An accessory capable of reading out absorbance measurements  

across  a cuvette was created to first demonstrat e a smartphone’s  

ability to measure nanoparticle absorbance and to test our 

optical comp onent. This early prototype was based on an IOIO 

microcontroller board (Sparkfun, Boulder, CO) which enabled 

simple communication with the smartphone, but required 

ext ernal power and use of the USB Host interface. The 

microcontroller was connected t o the LED and pull-down 

 

Fig. 2 Screenshots show (a) the Android application including where measurement output is recorded, how measurements are triggered, and (b) additional 

functionality for emailing and saving data. (c) A flow chart illustrates the high level operation of the software running on both the Android phone and the 
Arduino microcontroller when a measurement is taken. 
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res istor and communicated measurement results with the 

smartphone.  

All of the controlling electronics and measurement circuitry are 

house in a cas ing was print ed using an Objet Connex500 3D 

printer (Stratasys, Eden Prairie, MN). This early prototype was  

battery powered, and connected via a USB cable to the Android 

phone. 

Microfluidic Smartphone Accessory Design 

The final microfluidic smartphone accessory draws power from 

and communicates with most modern Android smartphones and 

tablets via µUSB. T he device cons ists of an 8 MHz Pro Micro 

Arduino (Sp arkfun, Boulder, CO), which controls the same 

type of LED and photodetector as used in the earlier prototype. 

The microcontroller connects  to a male µUSB connector in 

order to draw power from and communicat e with the 

smartphone. The entire system is enclosed in a black plastic 

case, printed similarly to the previous cuvette device, to block 

out ambient light.  

 

The case holds the LED direct ly across from the photodiode, 

both behind approximat ely .5 mm apertures. A small magnet is  

connected to the end of the accessory and is used to hold the 

microfluidic chip in alignment. When a microfluidic chip is  

insert ed, the path between t he two components is  filled with a 1  

cm path length fluidic channel full of a nanoparticle solut ion.  

The device can be seen in F igure 1b.  

Microfluidic Chip Fabrication 

Microfluidic devices were made of PDM S and glass and 

plasma-bonded toget her, as done ext ens ively in the literature34-

35. Briefly, a mold was made from laser cut poly acrylic using a 

VersaLASER laser cutter (Hobart Lasers , Kent, UK). This  

technique was chosen over other microfabricat ion techniques  

because larger channels were des ired for alignment, but smaller  

microstructures us ing photolithographic t echniques could be 

easily integrated. The mold was then cast in PDM S, put under 

vacuum to removed trapped air bubbles  and baked overnight.  

 

The resulting PDM S cast was cut from the mold, pay ing careful 

attention to leave 1 mm of PDMS at the end of the sens ing 

channel, enabling a thin interface for optical measurements  

along the width of the chip. Holes were punched at the inlet and 

outlet of the PDM S channels and then both the PDM S and a 

microscop e s lide were plasma treated in a Harrick Plasma 

Cleaner (Harrick P lasma, Ithaca, NY) for 30 s. The treated 

surfaces  were pressed together  and allowed an hour to bond. 

Small magnetic strips are attached to the front of the 

microfluidic chips helping align them when placed in the 

accessory. A sample chip is shown in F igure 1c.  

Gold Nanoparticle Assay  

Short DNA sequences used as probes for KHSV DNA were 

des igned previous ly using BLAST Primer Des ign 36. Briefly, 

oligonucleotides specific to KSHV DNA that codes for vCyclin 

were chosen. Gold nanoparticles were conjugat ed with 

oligonucleotides with 5’ alkyl thiol groups, as  in previous  

work20 . The nanoparticles had an average diamet er of 15 nm, a 

compromise between the higher sensitivity of larger particles, 

and the eas ier to work with nature and stability of smaller 

particles. 100 µL of 100 µM KSHV probes were added per 1  

mL of 3 nM nanoparticle solution, and allowed to react  

overnight. Concentrat ed solutions  of sodium phosphat e and 

sodium dodecyl sulphate (SDS) were then added in order to 

bring the solut ion to 10 mM and .01% concentrat ions, 

respectively, before another overnight period to reaction. Next, 

three additions of sodium chloride were added, resulting in 

concentrat ion of 100 mM, 200 mM, and 300 mM, each with 24 

hrs in between. This process worked to maximiz e the number 

of bound DNAs per particle, making more stable gold 

nanoparticle conjugat es. After this, the resulting solution was  

spun down and resuspended in .01% SDS three times  to remove 

unbound oligonucleotides . Sodium phosphate and Sodium 

chloride were then re-added to the final solut ion, result ing in 

 
Fig. 3 (a) The cuvette based accessory is shown, along with (b) the 
spectrum of five gold nanoparticle solutions used to calibrate the 
accessory. (c) A graph of optical density versus our device’s readout 

shows a strong agreement between the two measurements. The sensitivity 

of the device was .5 V/OD (R
2
 = .99). 
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final concentrations of 10 mM Sodium phosphate and 300 mM  

Sodium chloride. Particles were then st able and usable for over 

a month.  

Nanoparticle Sensitivity Characterization 

Gold nanopart icle solutions of different concentrations were 

created in order to calibrat e the device. 1 OD 15 nm 

nanoparticles were diluted to concentrations of .8 OD, .6 OD, .4 

OD, .2 OD, and 0 OD. The absorbance of these solutions  was  

measured us ing a SpectraMAX photometer (Molecular 

Devices, Sunnyvale, CA).  These solutions were then placed in 

the cuvette based accessory, and read -out us ing an Android 

smartphone. Results were collect ed and plotted as a function of 

optical dens ity. A best fit line was also calculated and plotted.  

 

Similarly, these solutions were inserted into the microfluidic 

chip via syringe, and measured in order to determine the 

devices read-out at these absorbance levels. By mapping these 

results to the sp ectrometer’s output, we created a calibration 

curve for the smartphone accessory. These curves were then 

used in further exp eriments to determine t he optical dens ity of 

solutions aft er the addition of KSHV DNA. Calibration curves  

were individually calculated for separat e microfluid ic chips. 

Measurements across chips were also collected and plotted as a 

function of optical density  to show a measure of inter -chip  

repeatability. 

Quantitative KSHV DNA Experiments 

Gold nanop article conjugat es were mixed with different  

concentrat ions of the target KSHV DNA sequence, ranging 

from 100 pM, to 1 µM. Aft er 24 hrs , the solutions were inserted 

into the smartphone accessory. The solutions were then 

measured by the smartphone, and the results were saved to the 

connected Google Drive for analysis. While solut ions were 

given 24 hrs  to react in this  work, we have carried out similar 

experiments at smaller volumes in as little as  two hours  in 

previous work20, and there is lit erature precedent for fast er 

times18. T he main constraint here was diffus ion in larger sample 

sizes prepared for multip le exp eriments. Resulting solutions  

were then measured us ing both our laboratory spectrometer and 

our microfluidic chip based system. Sensit ivity results were 

calculated, and comparisons were made between the laboratory  

read-outs and our point of care readings.  

Results and Discussion 

Nanoparticle Sensitivity Results 

Our cuvette reader and the results of our initial exp eriments  

using this system can be seen in F igure 3, along with the 

spectrum of the standard solutions used for calibration 

experiments. The change in voltage as a function of different  

optical density solutions can be seen. Error bars are shown, but  

difficult to see, as this init ial system produced very tightly  

reproducible measurements, wit h standard deviations on the 

order of 2 mV. The large volume of gold nanoparticle solution 

used insured that from the perspective of the sensor, the optical 

path was always comp let ely filled. The sens itivity of our reader, 

how much our voltage output changes with changing optical 

density, was roughly .5 V/OD (R2 = .99). Considering this  

sens itivity, our error, Vin = 3.3 V, and that our reading from the 

sensor is 10 bit (1024 values), our sensor can read out optical 

densit ies  to an accuracy of roughly .01 of an OD. This t akes  

into account that the accessory has roughly 150 values in a 1  

OD range with our given sens itivity, and t hat our sens itivity is  

roughly on this scale (+/- 1 value). While this represents a best  

case value, even s ignificantly less sensit ive readings could be 

useful in point-of-care settings.  

 

Figure 4 shows the resulting calibration dat a when comparing 

absorbance in our smartphone accessory to a commercial 

spectromet er. Both single and multiple chip measurements are 

shown, illustrating the intra- and inter- chip variat ions. As we 

 

Fig. 4 (a) Intra- and (b) inter- chip calibration and accuracy are shown for the microfluidic system. The data in (a) was then used as calibration data for the 

detection experiments. Within the single chip shown in (a) the sensitivity of the system was .77 V/OD (R
2
 = .98) and across three chips the sensitivity was 

.82 V/OD (R
2
 = .98), showing a high level of reproducibility. 
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can see from the results, our current prototype allows for highly  

repeatable measurements in a single chip and good 

measurements across chips. We believe that the addit ional 

variation between chips was the effect of channel alignment  

with t he optical p ath, as well as uneven int erfaces where the 

light enters and exits the chip. Toget her, these variations could 

account for unequal optical path lengths in the solution, as well 

as unequal scattering at the int erfaces of the chip. We believe 

that both of these problems can be solved as we develop better 

techniques for repeatedly creating microfluidic chips that are 

measured along their width.  

 

When cons idering the sensit ivity of a single microfluidic chip, 

we actually calculate a higher sens itivity of .77 V/OD (R2 =  

.98), a result of a smaller aperture and a different pull-down 

res istor. Cons idering again the accuracy of our device, we now 

have over 230 dist inct vo ltage readings in our 1 OD range.  

However, because of alignment issues insert ing a s ingle chip  

repeatedly, the standard deviations of these measurements were 

approximat ely 9 mV, larger than the voltage difference between 

values.  Cons idering this , our microfluidic reader is accurate to 

roughly .05 OD increments, though this could be improved 

with better alignment, a more sens itive det ect or, or more 

accurate read-outs of the photocell we use here.  

 

While the sens itivity calculated across  three chips was  roughly  

the same (.82 V/OD, R2 = .98) as to the s ingle chip case above, 

the st andard deviation increased to roughly 15 mV, a result of 

alignment differences between chips.  

KSHV Detection and Quantification 

The results of our quantit ative KSHV DNA detectio n 

experiments are summarized in Figure 5. Figure 5a shows the 

sens itivity of our assay, read out by both a sp ectrometer and our 

microfluidic smartphone accessory. Figure 5b compares the 

readouts of these two devices, showing a strong agreement  

between t heir results (best fit slope = .92, R 2 = .96).  Figure 5c 

shows the solut ions test ed at each point and how much KSHV 

DNA was added t o each. Solutions  with higher DNA 

concentrat ions were able to more complet ely react, and to do so 

more quickly, resulting in higher changes in absorbance at 520  

nm. Here our measurements use the calibration data for each of 

three microfluidic chips to calculate an optical dens ity for these 

samples.  

 

Our results indicat e that with the current non-optimized system 

we can det ect KSHV DNA down to 1 nanomolar 

concentrat ions. However, other advances  in nanoparticle based 

det ect ion have been used t o creat e much more sens itive systems 

than here (where a smaller amount of analyte results in a great er 

change in OD), and if integrat ed with our smartphone accessory  

would likely yield more sensitive results.  

 

 
Fig. 5 (a) A graph shows the optical density of the gold nanoparticle solution after the addition of 7 different concentrations of KSHV DNA.  For 
concentration starting at 500 pM and up to 1 µM both the smartphone accessory and the spectrometer were able to detect changes in the color of the 

nanoparticle solution. (b) A plot of the optical density as determined by both the spectrometer and the smartphone accessory is shown, in comparison to a 
line representing parity. A best fit  calculates an agreement of .92 between the two sets of measurements (R

2
 = .96). (c) Images of the seven different 

solutions are shown. 
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Conclusions 

Kapos i’s sarcoma and other infectious diseases represent very  

real risks  to human health both in t he developing and developed 

world. The first step in treating these diseases  is the 

ident ification of individuals affected, and to a lesser ext ent, how 

the disease is spreading. In this work we show how a 

smartphone based system can be cheaply and easily creat ed to 

help solve both of these challenges. We demonstrat e how the 

smartphone accessory we creat e can read out different  

concentrat ions of gold nanoparticles, as well as gold 

nanoparticle aggregation react ions that can be used to t est for a 

number of different diseases. In the fut ure, we hope to integrat e 

this technology with our solar PCR amplificat ion and other 

advanced microfluidics, including new approaches to 

pumping37-39,  to provide a complete sample in, answer out  

system. Additionally, we hop e to demonstrate furt her test ing, 

using the biopsy samp les that would ultimat ely be useful to 

medical professionals.  
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