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ABSTRACT 

APPLICATION OF HYDROGEL NANOPARTICLES FOR DETECTION OF 

DENGUE VIRUS 

Ji-Hyun Lee, M.S. 

George Mason University, 2017 

Thesis Director: Dr. Aarthi Narayanan 

 

Dengue infection is one of the most important mosquito-borne viral diseases whose 

origins can be tracked to hundreds of years ago. Over the years, the infection numbers 

and range have spread widely with significant amplification in the number of incidents 

and epidemics occurring. Factors, such as misdiagnosis, have been a contributing 

problem in our ability to control the incidence of disease across the world. Although there 

are diagnostic methodologies to detect dengue infection, many existing methods are not 

sensitive enough to detect early infections, making it possible to have many false-

negatives. With no FDA approved vaccines or therapeutic options for treatment of 

dengue infection related disease manifestations including Dengue Hemorrhagic Fever 

(DHF) and Dengue Shock Syndrome (DSS), there has been increasing interest to find a 

sensitive assay to detect and quantify virus, especially at the early stages of infection. As 

viral titers at the early stages of infection is too low to diagnose with current diagnostic 
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methodologies, we hypothesize that Nanotrap sample preparation technology will 

enable enhanced detection at the lower limits of the virus using RT-qPCR. Nanotrap 

technology are hydrogel particles that have been engineered and tailored with specific 

size-sieving shell and chemical dye baits. In this study, four types of Nanotrap particles 

were screened to identify a particle architecture that best enriches DENV-2: CN1030, 

CN2010, CN2080, and CN400. CN1030 has a reactive red bait without a shell, CN2010 

has a cibacron blue bait with a shell, CN1080 has an acrylic acid bait with a shell, and 

CN400 is a 1:1:1 ratio of CN1030, CN2010, and CN1080. Out of these Nanotrap 

particles, CN1030 have been found to provide the best enrichment of DENV-2 from our 

initial Nanotrap particles screening experiment yielding with a 10-fold enrichment. 

Using CN1030, we further tested limit of detection range and compared the detection 

range of the DENV-2 with and without CN1030. We found in absence of CN1030, 

DENV-2 was detected at 1.00E1 PFU/mL, but with CN1030 DENV-2 was detected at 

1.00E-1 PFU/mL; this shows a 100-fold enrichment in detection. Ongoing studies are 

evaluating these particles for their ability to capture and enrich the other serotypes of 

DENV, namely DENV-1, -3, and -4 from urine. In addition, the ability of these particles 

to stabilize and preserve virus is also being evaluated, using DENV-2 as a prototype.  
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CHAPTER ONE: INTRODUCTION 

Dengue Virus 

Dengue virus (DENV) belongs to the genus Flavivirus from family Flaviviridae 

and includes 4 serotypes: DENV-1, DENV-2, DENV-3, and DENV-4. Flaviviruses are 

small viruses of 40-50mm diameter and spherical with a lipid envelope (Gubler 1998). 

DENV transmission occurs by Aedes aegypti mosquitoes, mainly during rainy season, in 

which humans are bit by these infected mosquitoes (Gubler 1998; Hasan et al. 2016). 

Once bitten by an infected A, aegypti DENV is incubated for 3-14 days in which a person 

will experience acute fever with nonspecific symptoms, the primary infection (Gubler 

1998). The severity of symptoms ranges from asymptomatic fever to complications, such 

as hemorrhagic fever and shock syndrome (Pang et al. 2017; Hasan et al. 2016). Common 

symptoms include, acute-onset fever, muscle/join pain, myalgia, cutaneous rash, 

hemorrhagic episodes and circulatory shock (Hasan et al. 2016). 

The World Health Organization (WHO) classifies DENV into either 

uncomplicated or severe; severe cases include excessive hemorrhage, organ impairment, 

or severe plasma escape while the other cases are considered uncomplicated (Hasan et al. 

2016). However, DENV is further divided into undifferentiated fever, dengue fever (DF), 

and dengue hemorrhagic fever (DHF) (Hasan et al. 2016). Undifferentiated fever is 

mostly seen during the primary infection, but it often remains undiagnosed due to 

difficulties differentiating from other viral diseases (Hasan et al. 2016). DF on the other 
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hand occurs during both primary and secondary infection, but occurs more frequently in 

adults and older children; characteristics include biphasic fever that occurs for several 

days up to a week, myalgia, joint pain, metallic taste, appetite loss, diarrhea, vomiting, 

stomachache, and cutaneous rash, which is initially due to capillary dilation (Hasan et al. 

2016). DHF on the other hand is more common during the secondary DENV infection 

and has become a leading cause of hospitalization and death among children; typically, 

this is associated with vasculopathy, deficiency, and dysfunction of platelets and defects 

of the blood coagulation, causing it to be highly dangerous due to many factors of 

pathogenesis (Hasan et al. 2016; Gubler 1998; Kosasih et al. 2016). Decrease in platelets 

production and increase in platelet destruction have a highly negative effect for those 

who are classified with DHF because it results in thrombocytopenia and blood vessels 

become fragile, causing hemorrhage (Hasan et al. 2016). Skin hemorrhages, such as 

petechiae, purpuric lesions, and ecchymoses are very skim hemorrhages of DHF, but less 

common symptoms are epistaxis, GI hemorrhage, and hematuria (Gubler 1998). DHF 

also may result in a hypovolemic shock syndrome, dengue shock syndrome (DSS), in 

which symptoms include unstable pulse to the point blood pressure cannot be detected, 

narrow pulse pressure, restlessness, cold, clammy skim, and circumoral cyanosis (Hasan 

et al. 2016; Martina et al. 2009; Henchal et al. 1990).  

There is controversy of the pathogenesis of DHF and DSS; however, the 

commonly accepted theory is the secondary infection or immune enhancement 

hypothesis, insinuating patients with secondary infection with DENV serotype have a 

higher risk of developing DHF and DSS. It is thought that prior infection enhances 
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infection and replication of DENV in mononuclear cells, causing vascular permeability 

that leads to shock (Gubler 1998). Studies also suggest tertiary infections do occur in 

patients with DF, indicating previous infection does not protect individual against future 

DENV infections with other serotypes; however, infection of any of the four serotypes 

will give an individual lifelong immunity to only that specific serotype (Kosasih et al. 

2016; Murray et al. 2013). People have proposed other theories, such as the assumption 

DENV vary and change genetically due to selection pressures as any other virus, leading 

to a widespread epidemic (Gubler 1998). However, the mechanism of immune response 

to DENV still remains unknown (Diamond et al. 2015).  Although pathology of DHF and 

DSS have been extensively studied in literature, DENV infections have not. There are 

many complications to study the pathogenesis because fatal cases of DHF/DSS are rare 

and occurs where appropriate laboratory technology is lacking; however, a skewed age 

distribution makes it harder to interpret pathological findings along with different 

techniques that are used to confirm a patient is symptomatic with DHF/DSS (Martina et 

al. 2009). There has been ongoing research with pathologic changes in the brain, but only 

edema and hemorrhage have been observed instead of encephalitis (Gubler 1998). 

However, there has been findings that DENV can cross the blood-brain barrier (Gubler 

1998). A reason pathogenesis is hard to study is that there is a lack of a good animal 

model; although primates are the hosts for DENV, those that have been infected and 

studied usually show no sign of the DHF or DSS and usually titers are barely detectable 

in 103 PFU/mL (Gubler 1998). Furthermore, other limitations include a lack of early 
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DENV detection in hospital studies to determine laboratory predictors of DHS/DSS 

(Kosasih et al 2016). 

DENV is a public health challenge in tropical and subtropical nations and is 

ranked one of the top emerging infectious agents in Asia and Latin America, with 

infections resulting in about a 100 million cases of dengue fever, 500,000 cases of DHF, 

and 25,000 deaths annually (Pang et al. 2017; Gubler 1998; Hasan et al. 2016). DENV 

infections became a global epidemic mainly after World War II, primarily due to 

increased transmission by mosquitoes (Gubler 1998). Dengue fever has re-emerged over 

the years causing expanding geographic distribution, increasing epidemic activity, and 

developing hyperendemicity (Gubler 1998). It continues to affect Southeast Asia, Pacific 

coast, and mostly East Africa and Middle East, but North America has not been affected 

to the same extent because the mosquito vector, Aedes aegypti, was eradicated from 

Central and South America; however, once the eradication program was discontinued in 

1970s the species re-invaded America (Gubler 1998). New DENV strains and serotypes 

were introduced in America, such as DENV-2 in 1994, DENV-4 in 1981, and DENV-3 in 

1994 (Gubler 1998). Factors responsible for increased incidence in the world were global 

population growth, urbanization, lack of effective mosquito control in areas where DENV 

was epidemic, increased air travel, and decay in public health infrastructures, especially 

in tropical developing countries (Gubler 1998). Another factor is global warming due to 

mosquito populations increasing as a result of increased temperature, which makes 

conditions favorable for mosquito breeding (Rico-Hesse 2010). The impact of DENV 

worldwide is hard to pinpoint due to poor disease surveillance, low numbers of reports, 
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low fatality rate, difficulties in diagnosis, and inconsistent comparative analysis; 

however, many speculate DENV will increase in the future (Murray et al. 2013).  

Flaviviruses have common morphology, genomic structure, antigenic 

determinants, and group epitopes on envelope protein, making it hard to diagnose them 

due to extensive cross-reactions in serologic tests such as the most frequently used test 

hemagglutination inhibition (HI), leading to significant numbers of misdiagnosis because 

HI test lack specificity and HI antibody titers begin to fall after 30-40 days (Gubler 1998; 

Henchal et al. 1990). With HI, primary and secondary infection can be differentiated 

because when virus is introduced to the red blood cells for the first time, 

hemagglutination is observed, but if it was a secondary infection antibodies would be 

present to inhibit hemagglutination (Gubler 1998). Other serological techniques for 

diagnosis than HI are IgM antibody capture enzyme-linked immunosorbent assay (MAC-

ELISA) and IgG ELISA (Gubler 1998). Although these assays are specific and primary 

and secondary infection can be identified by the ratio of IgM and IgG, these assays do not 

allow detection of DENV at the early stages of infection. Not only that, but also DENV 

and other flaviviruses, such yellow fever virus, Japanese encephalititis virus, and West 

Nile virus have serological cross reactions, making it hard to diagnose DENV using these 

methods (Henchal et al. 1990). RT-qPCR has been the primary tool to detect DENV and 

is FDA approved to determine DENV serotype; however, it is not sensitive enough to 

detect early infections (Andries et al. 2015). Although these diagnostic methodologies 

detect DENV, they are not sensitive enough to detect early infections due to low 

concentration in body fluids, which are masked by high abundance proteins, such as 
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albumin and immunoglobins, and are labile, leading to the stage of untreatable symptoms 

by the time there is a definitive diagnosis (Shafagati et al. 2013; Tamburro et al 2011). 

This underscores the need for a sensitive diagnostic assay that can facilitate early 

detection of the virus in a quantitatively reliable manner. 

With the progressing transmission of Aedes aegypti and severity of DENV 

infection, there has been increasing need to develop a vaccine; however, it is hard to 

develop a vaccine to protect against all four serotypes (Hasan et al. 2016; Diamond et al. 

2015). Currently, no FDA approved vaccines or therapeutic options exist for prevention 

or treatment of DENV infections, addressing to the growing threat of DENV (Pang et al. 

2017; Murray et al. 2013). Hurdles, such as co-circulation of multiple serotypes, 

unknown viral pathogenesis, no reliable animal model, and complex host immunological 

mechanisms contribute to the lack of effective medical intervention strategies (Pang et al. 

2017). 

Nanotrap Technology 

 Nanotrap particle technology can be used to capture, concentrate, and protect 

biomarkers from complex biofluids, thus enhancing diagnostic methodologies (Longo et 

al. 2009; Shafagati et al. 2014). As commercial grade particles as well as integrated 

sample processing devices and solutions, developed by Ceres Nanosciences, they have 

high affinity for specific low abundance analytes, such as platelet derived growth factor 

and nucleoprotein of Rift Valley fever virus and have the capability to capture live 

infectious virus, viral RNA, and viral proteins (Longo et al. 2009; Tamburro et al 2011; 

Shafagati et al 2014) in a relatively nonspecific manner with specificity afforded by 

downstream technologies that can be tailored to the specific analyte in question. Previous 
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studies showed Nanotrap particles, hydrogel particles that have been tailored with 

specific size-sieving shell and chemical dye baits, are capable of RVFV and HIV-1 

capture, enrichment, and protection of virions (Shafagati et al. 2013; Jaworski et al. 

2014). They are a great tool for analyte sequestration due to their versatility, low 

production costs, and stability in biofluids, creating a large surface area that will allow 

complete capture of target analyte (Shafagati et al. 2014). They also only require small 

sample volume and a short incubation period of 30 minutes at room temperature, offering 

many advantages with its rapid sample preparation.  

Nanotrap particles are hydrogel particles that range from 300nm to 3000nm 

(Shafagati et al. 2015). They are made of cross-linked polymeric networks of N-

isopropylacrylamide (NIPAm), the most strongly explored thermoresponsive hydrogel, 

co-monomers such as acrylic acid (AAc), allylamine (AA), or methacrylate (MA), and 

N,N′-methylenebisacrylamide (BIS) as cross linker; these networks imbibe a high volume 

of water (up to 95% of particle volume), allowing small molecules to reach the core 

without significant diffusion barriers (Shafagati et al. 2015; Shafagati et al. 2014; Luchini 

et al. 2008; Jaworski et al. 2014). NIPAm in particular is appealing for diagnosis and 

drug delivery due to its stability, uniformity, and versatility with temperature change; 

therefore, it is included in the Nanotrap particles’ architecture and it gives the particles 

the high-water content they need to allow targeted small analytes to the core (Luchini et 

al. 2008). There are many bait chemistries that selectively bind and concentrate 

biomarkers, such as charged based baits of AAc and AA (Longo et al 2009). These 

charged based affinity baits capture concentrate, and trap target proteins to prevent it 
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from exiting the Nanotrap particles, and function by copolymerization and covalent 

binding to their core and shells components (Shafagati et al. 2015; Shafagati et al. 2013; 

Longo et al 2009). Each Nanotrap particle architecture may have either a negative, 

positive, or a combination of negative and positive charged functional groups that will 

attract the opposite charge of the targeted analyte; AAc is negatively charged because it is 

deprotonated at pH greater than 3.5, thus it targets positively charged polypeptides and 

proteins while AA targets negatively charged analytes since it is positively charged 

(Shafagati et al. 2013; Longo et al 2009).  

The porous hydrogel particle shell may include a chemical species, vinylsulfonic 

acid (VSA) that selectively repels albumin and albumin fragments. The shell acts as a 

molecular sieve and can be modified to include or exclude high abundant large 

molecules, such as albumin, by either increasing or decreasing pore size or percentage of 

BIS (Shafagati et al. 2015; Shafagati et al. 2013; Tamburro et al. 2011). Therefore, only 

small proteins can enter through the shell and are captured by specific dye chemistries in 

the core that have high affinity for certain proteins; the specificity of the organic dyes, 

such as Cibacron Blue F3GA, and protein interaction depends on hydrophobic interaction 

(Tamburro et al. 2011). Dye binding site of the surface of the target protein is a nonpolar 

pocket that is surrounded by hydrophilic amino acid residues and the dyes can insert 

aromatic rings into these hydrophobic pockets; however, the protein sites and dyes have 

limited conformations, resulting in specificity for certain proteins (Tamburro et al. 2011).  

Not only do the specific dyes give specificity for every Nanotrap particle, but 

also varying the amount or functionality of cross linking monomers provides as a means 
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for achieving specificity. By changing the percentage, type, and location of cross-linking 

monomers into particle architecture, particle size and effective porosity can be controlled; 

for example, Nanotrap particles with smaller percentage of cross linker display capture 

of larger analytes, such as viral particles (Shafagati et al 2014; Luchini et al. 2008). 

However, the core-shell Nanotrap particles increase sensitivity by molecular size 

sieving, target analyte affinity sequestration, and protection of captured analyte 

(Shafagati et al. 2015; Shafatagti et al. 2014).  

The purpose of our study was to determine if the Nanotrap technology platform 

technology provides the ability to enhance early detection of DENV-2 and improve 

detection at lower limits in urine, which is an ideal biological fluid for clinical analysis 

because it is simple, economic, non-invasive, and easily accessible in large quantities 

(Fredolini et al 2008; Hirayama et al. 2012). DENV can be detected in urine up to 16 

days after fever; however, DENV in serum or plasma is detected 2-7 days after fever 

(Hirayama et al. 2012). Our long-term goal is to extend this approach for sensitive 

detection and quantification of DENV-2, -3, and -4 viruses. 
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CHAPTER TWO: MATERIALS AND METHODS 

Cell Lines and Viruses 

African green monkey kidney epithelial cells (vero cells) were maintained in 

DMEM with 10% fetal bovine serum (FBS), 1% Penicillin/Streptomycin, and 1% L-

Glutamine at 37C and 5% CO2. DENV1-4 serotypes were obtained though 6 serial 

passages in VERO cells and experiments were performed in BSL-2 conditions. 

 

Enrichment of DENV using Nanotrap particles 

DENV was spiked in urine to 1x106 PFU/mL and 1mL of the virus/urine was 

added to the microcentrifuge tube. Each tube had 100L aliquot of batch specific NT 

added. The samples were then inverted for 30 minutes at room temperature and 

centrifuged for 10 minutes at 4 at max speed. 100L of the supernatants were removed 

without disturbing the pellets and placed into microcentrifuge tubes labeled “unbound”; 

the rest of the supernatants were discarded until only the pellet remained. The pellet was 

re-suspended in 100L RNase/DNase free water and was mixed thoroughly by pipetting 

up and down many times. 

 

 

Plaque Assay 
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 DENV-2 titers were quantified and determined by plaque assay. Vero cells were 

seeded in 12-well plates. The next day, dilutions of DENV-2 were made in serum free 

media, 1X MEM, and added to the appropriate wells. Plates were infected for 1 hour at 

37C, 5% CO2 and rocked every 15 minutes. An overlay consisting of 1mL of 1:1 ratio of 

2X EMEM, with 10% fetal bovine serum (FBS), 1% penicillin/streptomycin, 1% L-

Glutamine, 1% non-essential amino acid, and 1% sodium pyruvate, and 1% agarose was 

added to each well. Plates were incubated for 72 hours at 37C, 5% CO2 and then a 

second overlay consisting of 1mL of 1:1 ratio of 2X EMEM and 1% agarose were added 

along with 3.33% Neutral Red solution. However, for DENV-1 and DENV-4 the second 

overlay was added after plates were incubated for 144 hours at 37C, 5% CO2 while 

DENV-3 requires 2 hours of infection and the second overlay is added after plates were 

incubated for 120 hours at same conditions. Once the second overlay was added, the 

plates were incubated for an additional 48 hours then fixed with 10% formaldehyde for at 

least 1 hour at room temperature. Plaques are visible with the Neutral Red solution, but if 

they were not clear agarose plugs were removed by rinsing with distilled water and each 

well had 1% crystal violet was added to each well. Plates were rinsed with distilled water 

after briefly rocking the plates and visible plaques were counted. 

 

 

RNA Elution and Isolation 

 

Qiagen RNEasy kit was used to isolate RNA. The reagents were made following 

the manufactory’s instruction. 350L of the prepared 1:100 2-mercaptoethanol:RLT 

buffer mix were added to each sample, which includes DENV-2 NT and unbound NT and 
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no NT control. All samples were vortex for 15 minutes at high speed at room temperature 

before centrifuging at max speed for 10 minutes at room temperature to pellet NT, in 

which supernatants were transferred to new tubes and pellets were discarded. 350L of 

70% Ethanol was added to each sample. The supernatants were added to spin column and 

centrifuged at 10,000 rcf for 20 seconds at room temperature. Flow through were 

discarded and once all of the RLT/Ethanol mixture ran through column, 700L Buffer 

RW1 was added to column and centrifuged at 10,000 rcf for 20 seconds at room 

temperature. Flow through was discarded and 500L Buffer RPE was added, then 

centrifuged at 10,000 rcf for 2 minutes at room temperature. The flow through was 

discarded and the column was placed in new tubes that are labeled correctly with the 

samples. 30L RNase/DNAse free water was added to the columns to elute the RNA and 

columns was centrifuged at 10,000 rcf for 30 seconds. RNA samples were stored at           

-80C until they are ready for real-time polymerase chain reaction (RT-qPCR) to detect 

genomic copy numbers. 

Qia-AMP Viral RNA kit was also used to isolate RNA. Reagents needed were 

made following the manufactory’s instruction. 560L of prepared buffer AVL and carrier 

RNA-buffer AVE were added to each sample, which includes DENV-2 NT, unbound, 

and control. All samples were vortex for 15 seconds at high speed at room temperature 

before briefly centrifuging at max speed for a couple seconds. 560L of 100% ethanol 

were added to each sample. The supernatants were added to Qia-Amp Mini column and 

centrifuged at 8000 rpm for 1 minute at room temperature. Flow through were discarded 

and once all buffer AVL, carrier RNA buffer AVE, and ethanol ran through column, 
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500L Buffer AW1 was added to column and centrifuged at 8000 rpm for 1 minute at 

room temperature. Flow through was discarded and 500L Buffer AW2 was added, then 

centrifuged at 14,000 rpm for 3 minutes at room temperature. The flow through was 

discarded and column was placed in new tubes that are labeled correctly with the 

samples. 60L of Buffer AVE was added to the columns to elute the RNA and columns 

were centrifuged at 8,000 rpm for 1 minute. RNA samples were stored at -80C until they 

are ready for RT-qPCR. 

 

RT-qPCR for DENV RNA 

DENV-2 standards and DENV-2 specific primers and probes were used to target 

and amplify the virus. Primer and probe sequences were obtained from Walter Reed 

Army Institute of Research as shown in figure 1. A working stock of 10M of primers 

and probe were prepared from 100M stocks. 100M primers were prepared by adding 

10L of 100M forward primers (CTG CAR GGA CGA GGA CCA TTA) and 10L of 

100M reverse primers (GGG ATT GTT AGG AAA CGA AGG A) to 80L 

DNase/RNase free water. 10M probe (TTG AAA CTG TTC ATG GCC CTG GTG) 

was prepared by adding 10L of 100M probe to 90L DNase/RNase free water. The 

RNA standards were serially diluted 10-fold starting from 107 per 5L to 101. Each well 

of a MicroAmp Fast 96-Well Reaction Plate had 20L of the PCR Master Mix, consisted 

of SuperScript II RT/Platinum Taq mix, SuperScript III Platinum 2X Reaction Mix, 6mM 

MgSO4, 200nM probe, 500nM Forward/Reverse primers, 25 μM ROX Reference Dye, 
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and RNase/DNase free water, and 5L of sample or standard into appropriate well. The 

no template control had 5L of RNase/ DNase free water. The plate was sealed with 

MicroAmp Optical Adhesive Film Applied Biosystems and was centrifuged for 3min at 

7000 rcf. The samples were heated at 50C for 30 minutes, 95C for 2 minutes, and at 

95C and 53C for 40 cycles using StepOnePlusTM systems. The following are the same 

for DENV-1, -3, and -4. 

 

 

 

 

 

Oligo names Sequences Labeling/modification at 5’ and 3’ 

ends 

DEN1-TMF GCA TTY CTA AGA TTT CTA GCC ATA CC N/A 

DEN1-TMR  TCG CTC CAT TCT TCT TGA ATG AG N/A 

DEN1-Probe    AAC AGC AGG AAT TTT GGC TAG ATGGG 5’: 6-FAM; 3’: black hole quencher 

DEN2-TMF CTG CAR GGA CGA GGA CCA TTA N/A   

DEN2-TMR GGG ATT GTT AGG AAA CGA AGG A N/A 

DEN2-Probe  TTG AAA CTG TTC ATG GCC CTG GTG 5’: FAM; 3’: black hole quencher 

DEN3-TMF   TCG CTC TGT CTC ATG ATG ATR TT N/A 

DEN3-TMR  TCT CCA TCG CGT GAA GTC AA N/A 

DEN3-Probe    CCA GCA ACA CTT GCT TTC CAC TTGA 5’: 6-FAM; 3’: black hole quencher 

DEN4-TMF   TCT CTG GAA AAA TGA ACC AAC GA N/A 

DEN4-TMR   CGG TTT CTC TCG CGT TTC AG N/A 

DEN4-Probe     GGT GGT TAG ACC ACC TTT CAA TAT GCT G 5’: FAM; 3’: black hole quencher 

Table 1: Primers and probes sequences for each serotype. Forward and reverse primers’ sequences 

used in RT-qPCR for DENV-1-4 are listed. Probes’ sequences are listed along with the labels at 5’ and 

3’ ends. All sequences were provided by Walter Reed Army Institute of Research. 
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CHAPTER THREE: RESULTS AND DISCUSSION 

CN1030 particles effectively enhanced detection of DENV-2 

Previous data have demonstrated Nanotrap particles can enrich RNA and DNA 

viruses, such as human coronavirus (HCOV), adenovirus, and influenza A, and Rift 

Valley fever virus (RVFV) (Shafagati et al. 2015; Shafagati et al. 2013). We determined 

whether Nanotrap particles of different bait chemistries could capture and enrich 

DENV-2; therefore, we performed a Nanotrap screen of four types of Nanotrap 

particles. CN1030 (red NT) were core particles, whereas CN2010 (blue NT), CN2080 

(white NT), and CN400 (mixed NT) had core-shell architecture. CN400 (mixed NT) had 

a mixture of 1:1:1 ratio of red, blue, and white Nanotrap particles. DENV-2 was spiked 

to 1E6 PFU/mL in urine and 1mL of the virus was incubated with each type of 

Nanotrap particles. High speed centrifugation separated the pellet, which is the 

contained NT with virus bound (+NT sample), and the supernatant, which is any virus 

that did not bind to the NTs (unbound samples), and they were analyzed by RT-qPCR to 

quantify DENV-2 RNA capture. Results showed all Nanotrap particles have different 

efficiency of enriching for DENV-2 RNA; however, CN1030 showed the best enrichment 

(Figures 1A-D) with the highest fold change of 2.92-fold (Figure 1C) and highest 

percentage of bound virus 95.99% (Figure 1D). Other Nanotrap particles did not have 

the same efficient enrichment; however, the CN400 had the next best enrichment (Figure 
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1B) with 2.45-fold enrichment (Figure 1C). CN1030 was able to capture and enrich 

DENV-2 better than the other three Nanotrap particles with CN400 following the next 

best for enrichment capability due to a mixed ratio that included CN1030 (Figure 1A-D). 

Although CN1030 showed the highest fold change, it was not high as expected because 

there was at least 10-fold enrichment in Zika and Chikungunya viruses; therefore, the 

experiment was repeated with the same method that was approached, but used Qiagen 

RNeasy kit to extract viral RNA than Qia-AMP viral RNA kit.  
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CN1030 consistently had the highest fold change of 10-fold change as the average 

of four experiments with CN400 following second best of about 5-fold change, proving 

CN1030 is the best Nanotrap particle to use for enhanced detection of DENV-2 (Figure 

2B). However, overall the Qiagen RNeasy kit was more efficient in eluting viral RNA 

from the Nanotrap particles because the fold change was overall higher, except for 

CN2010 which stayed around the same fold change (Figure 2A). Therefore, all 

subsequent experiments were performed using Qiagen RNeasy extraction kit. 

 

Figure 1: Nanotrap screen of DENV-2 in urine. DENV-2 was spiked in urine and diluted to 1.00E6 

PFU/mL, viral RNA was extracted using Qia-AMP Viral RNA, and quantified using Invitrogen 

Superscript III Platinum SYBR Green One-Step RT-qPCR. (A). Nanotrap screen of CN1030, CN2010, 

CN1080, and CN400. (B). Table shows genomic copy numbers for each sample with Nanotrap particles 

(+NT), with no Nanotrap particles (-NT), and unbound. Fold change of +NT over –NT for each sample 

and unbound and percent bound were calculated. (C). Graph shows the fold change for Nanotrap 

particles. (D). Graph shows the percent bound and unbound for Nanotrap particles. 
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CN1030 particles improved detection at lower limits 

In the early stages of viral infection of dengue, viral titers are expected to be low 

and harder to detect. Therefore, we wanted to determine the enrichment capability of the 

top Nanotrap particles candidate from the Nanotrap screen and test limit of detection of 

DENV-2. We hypothesized that a sensitive detection of analyte (viral RNA) will be 

achieved at lower limits of analyte abundance, as quantified by RT-qPCR (Shafagat et al. 

2014). We expect with CN1030 DENV-2 will be detectable at lower limits than in the 

absence of CN1030. For this experiment RT-qPCR was used to show the sensitivity and 

enrichment of the detection at lower limits with CN1030 compared to the control without 

CN1030. We first tested 10-fold dilution from 1.00E6 – 1.00E1 PFU/mL and the control 

without CN1030 was detectable at 1.00E1 PFU/mL, but the unbound could only be 

detected at 1.00E3 (Figure 3A-D).  

To further assess at which dilution DENV-2 will be detected with CN1030 vs. in 

the absence of CN1030, we tested dilutions of 1.00E2 – 1.00E-2 PFU/mL (Figure 3). In 

the absence of CN1030, DENV-2 was detected at the lowest dilution of 1.00E1, but with 

CN1030 it was detected at 1.00E-1 (Figure 3A). CN1030 was not only capable of 

Figure 2: Averages for Nanotrap screen of DENV-2 in urine. DENV-2 was spiked in urine and 

diluted to 1.00E6 PFU/mL, viral RNA was extracted using Qiagen RNeasy, and quantified using 

Invitrogen Superscript III Platinum SYBR Green One-Step RT-qPCR. (A). Averages were calculated 

from four different experiments, Figures 2A-D.  Error bars represent standard deviations calculated 

from the four experiments. (B). Table shows average genomic copy numbers for each sample with 

+NT, -NT, and unbound. Average fold change of +NT over –NT was calculated for each sample. 

Average percent unbound and percent bound was also calculated. (C). Graph shows the average fold 

change for Nanotrap particles. (D). Graph shows the average percent bound and unbound for Nanotrap 

particles. 
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improving the lower limit of detection, but also showed about 8-fold enrichment at 

1.00E1 PFU/mL and 100-fold improvement in lower limit of detection range of 1.00E-1 

(Figure 3A-B). DENV-2 with CN1030 could not be detected at 1.00E-2, showing the 

limitation for lower limit of detection enrichment (Figure 3A). Averages of limit of 

detection were analyzed and variability is high at lower dilutions (Figure 3A-C). 
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 In conclusion CN1030, with reactive red bait and no shell present in its 

architecture, showed the highest enrichment in DENV-2. The Qiagen RNeasy kit was 

more efficient at extracting the bound Nanotrap particles with DENV; therefore, 

subsequent experiments used this kit to extract RNA. CN1030 not only showed 

enrichment, but also detection at the lower limits at which DENV without the presence of 

CN1030 could not be detected. Therefore, this Nanotrap particle will be highly useful 

for detection of DENV at early stage of infection. 

Figure 3 Averages for Limit of Detection of CN1030 Enrichment of DENV-2 in urine. DENV-2 

was spiked in urine, viral RNA was extracted using Qiagen RNeasy, and quantified using Invitrogen 

Superscript III Platinum SYBR Green One-Step RT-qPCR. (A). Averages were calculated from four 

different experiments, Figures 3A-D. Error bars represent standard deviations calculated from the four 

experiments (B). Table shows average genomic copy numbers for +NT, -NT, and unbound for each 

dilution. Average fold change, percent bound, and percent unbound were calculated. (C). Graph shows 

the average fold change at each dilution. (D). Graph shows average percent bound and unbound at each 

dilution.  
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CHAPTER FOUR: CONCLUSION 

Dengue is a mosquitoes-borne virus, affecting people in mostly East Africa and 

Middle East. There are many factors that contributed to global epidemic and are not 

limited to population growth, urbanization, and lack of therapeutic options for prevention 

or treatment. With hemorrhagic fever and dengue shock syndrome as the high severity in 

symptoms, it has become an interest to have a reliable and sensitive assay to diagnose 

people at the early stages of infectious. However, with viral titers that are too low at the 

early stages it is hard to diagnose, leading to many misdiagnoses because RT-qPCR is not 

sensitive enough to detect at lower titers with 1E2 PFU/mL as the current limit of 

detection of DENV. However, with Nanotrap particles the assay has the capability to 

enrich and improve detection at lower limits in urine. Our results showed out of the four 

Nanotrap particles tested, CN1030 had the best enrichment capability to detect DENV-

2, making diagnosis possible at the early stage of DENV infection. In serum/ plasma 

DENV-2 could be detected 2-7 days after fever while in urine DENV-2 is detected 5-16 

days after fever (Andries et al. 2015; Hirayama et al. 2012). Future studies will test 

enrichment and limit of detection of CN1030 in other dengue serotypes, DENV-1, 

DENV-3, and DENV-4 with CN1030.  

To confirm CN1030 enrichment follows the same pattern in other serotypes, 

DENV-1, -3, and -4 experiments were done and averages of three experiments were 
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calculated for each serotype. Titers of DENV-1, -3, and -4 were lower than DENV-2; 

therefore, they were diluted to 1.00E5 PFU/mL in urine instead of 1.00E6 PFU/mL 

(Figure 4). DENV-1 showed the highest CN1030 enrichment in urine of 251.51-fold on 

average and had 99.43% bound, which was higher than DENV-2 (Figure 4A-D). 

However, DENV-3 followed a more similar fold change as DENV-2 with an 8.2-fold 

change on average (Figure 4B-C). Also, DENV-3 had 96.36% bound which is very 

similar to DENV-2 (Figure 4D). DENV-4 had a higher fold change than DENV-2 of 

19.89-fold, but lower than DENV-1; however, it had the lowest percentage of bound, 

94.93%, out of all DENV serotypes (Figure 4A-C). DENV-1 showed a particularly high 

fold change compared to the other serotypes there are on-going experiments to confirm 

the results of the high fold change for all serotypes. 
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Another problem in diagnostics is the preservation of samples during transport 

because most viral proteins are degraded in the presence of proteases, which are found in 

sera, and exposure to heat and pH changes increase viral protein degradation; this leads to 

false-negative diagnosis (Shafagati et al. 2015; Shafagati et al. 2014). Therefore, samples 

are placed in -80°C for long-term storage because genomic materials degrade easily. 

However, previous study has shown Nanotrap particles can protect target analytes after 

prolonged storage and elevated temperature (Shafagati et al. 2015). Particles are 

temperature-sensitive and decrease in size with increased temperature due to the 

thermoresponsive nature of NIPAm monomer and with low pH (Longo et al. 2009; 

Shafagati et al. 2014; Shafagati et al. 2013). It was shown that with increased 

temperature, Nanotrap particles was able to protect nucleoprotein (NP) from 

degradation because the particles decreased in size to restrict the RVFV NP inside while 

without the particles, NP was undetectable; therefore, we hypothesize CN1030 will do 

the same and protect DENV-2 from degradation (Shafagati et al. 2015). There are 

ongoing experiments to delve into the stability of CN1030 with exposure of elevated 

temperature (e.g. 37°C) up to 72 hours. Preliminary data show that DENV-2 is highly 

Figure 4 CN1030 Enrichment of DENV-1, DENV-3, and DENV-4 in urine. DENV-1, DENV-3, and 

DENV-4 were spiked in urine and diluted to 1.00E5 PFU/mL, viral RNA was extracted using Qiagen 

RNeasy, and quantified using Invitrogen Superscript III Platinum SYBR Green One-Step RT-qPCR.  

(A). Averages were calculated from three experiments, Figures 4A-D. Error bars represent standard 

deviations calculated from the three experiments (B). Table shows genomic copy numbers for +NT, -

NT, and unbound for each experiment and average. Average fold change, percent bound, and percent 

unbound were calculated. (C). Graph shows the average fold change of CN1030. (D). Graph shows 

average percent bound and unbound. 
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unstable at 37°C and no plaques were seen for DENV-2 with CN1030 and the control, 

DENV-2 without CN1030 (Figure 5A-B). We will change the method to see enrichment 

of CN1030 of +NT because titers of DENV-2 drastically decreased after 0 hour of 

incubation at room temperature of 23°C (Figure 5A). We are currently exploring lower 

temperature (e.g. 4°C) to study CN1030 stability. For this stability experiment, CN1030 

was not centrifuged to pellet out Nanotrap particles; however, for future experiment we 

will centrifuge before plaquing. 
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Figure 5 CN1030 Stability in DENV-2 with Increased Temperature and Prolonged Incubation. 

DENV-2 was spiked in media, diluted to 1.00E6 PFU/mL, and incubated for 30 minutes with CN1030. 

(A). Graph shows titers of DENV-2 with NT and without NT over 0-72hour period and at either room 

temperature of 23C or water bath of 37C (B). Table shows titers of DENV-2 in PFU/mL for each 

temperature and time period condition for +NT and –NT. 
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