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Table S1. Summary of the existing HCV detection methods illustrating the comparison of target 
used, detection time and limit of detection (LOD), along with the limitations. 

 
Method Target LOD time Limitations 

Microfluidic chip 
(from this paper) 

RNA 500 copies per mL 45 min  

RT-PCR1,2  RNA/DNA 
5000 copies per 

mL 
 

2-4 h 

Require expensive thermocycler 
Time consuming 

Minute contamination could lead to false 
negative results 

Transcription Medi-
ated Amplification 

(TMA) 3 
RNA/DNA 1,000 copies/mL 

 
1-2 h 

Requires pre-heating 
Non-specific binding due to low tempera-

ture amplification 

Rolling Circle Amplifi-
cation (RCA) 4 

RNA/DNA 1 pmol/L NA 
Non-specific binding of the primers 

Extensive study is required to validate the 
RCA method.  

Label-free DNA analy-
sis in the microdroplet5 DNA  As low as 500 fM NA Required excitation source for operation 

RNA- oligonucleotide 
nanoparticle assay6  HCV viral protein  1 ng/mL NA Centrifugation is required 

TaqMan Array Cards 
(TAC) 7 RNA 100 IU per/mL 4 h 

Low sensitivity in comparison to other as-
says 

Quantum dots- based 
RNA aptamer system 8 Viral protein 5 ng/mL NA Multiple centrifugation steps are involved 

GenMark eSensor 
HCV genotyping 9 RNA 175 IU/mL NA Contamination issues 

Homogeneous elec-
tronic monitoring plat-

form10  
DNA 2.3 pM NA It requires immobilization DNA sensing 

probe and probe labeling  

LAMP-based lab-on- 
disk system 11 DNA 60 copies per mL More than 1 h 

Complicated equipment is required for 
operation 

Genedrive HCV assay 
12 RNA 2362 IU/mL NA 

Semi-automated system therefore trained 
personnel are required 



Magnetic bead single-
stranded DNA glu-

cose-loaded lipo-
somes13 

RNA NA More than 2 h Require glucose- loaded nanoliposomes  

OraQuick HCV Rapid 
Antibody Test14,15 HCV antibodies  20 IU/mL 20-40 min 

Lower sensitivity 
RNA is testing is required to validate the 

initial results. 

Protein microarray 
and ELISA16  

HCV antibodies 0.1 ng/mL 20 min 
Complex process 

Sophisticated equipment’s are required 
for processing 

Chembio, MedMira, 
and OraSur 17 

HCV antibodies  Less than 40 
min 

Weak in-field performance  

OTCA and EIA18  HCV core antigen 10 000 UI/mL NA Low sensitivity and specificity 
Magnetic microparti-

cle-based assay19 HCV core antigen 
10 000 

copies/mL NA Low sensitivity 

Resonant microcantile-
ver arrays20 HCV antigen  0.1 ng/mL 30 min Flow cell must be wet for processing 

NAAT 21 HCV core antigen 
500 to 3000 

IU/mL 
Less than 60 

min 
Expensive and complex method 

 
 

Table S2. Microfluidic chip dimensions and thickness of various layers. 

Microfluidic Chip Thickness layers Dimensions 
1 Top- loading layer 750 𝜇𝜇𝜇𝜇 70 × 75 𝑚𝑚𝑚𝑚 
2 Middle- Well layer 1.5 𝑚𝑚𝑚𝑚 70 × 75 𝑚𝑚𝑚𝑚 
3 Bottom- Base layer 750 𝜇𝜇𝜇𝜇 70 × 75 𝑚𝑚𝑚𝑚 
4 Double Sided Adhesive (DSA)  75 𝜇𝜇𝜇𝜇 70 × 75 𝑚𝑚𝑚𝑚 

 

Table S3. List of the reagents loaded in the microfluidic chambers along with the volume. 

1 Lysis/Binding buffer 110 𝝁𝝁𝝁𝝁  
2 Proteinase K 20 𝜇𝜇𝜇𝜇  
3 Iso-propanol 30 𝜇𝜇𝜇𝜇 Inlet chamber 
4 Dyna magnetic beads 15 𝜇𝜇𝜇𝜇  
5 Wash buffer 1 (1:1) with DI water 45 𝜇𝜇𝜇𝜇 Buffer 1 chamber 
6 Wash buffer 2 (1:1) with DI water 45 𝜇𝜇𝜇𝜇 Buffer 2 chamber 
7 LavaLAMP MasterMix 25 𝜇𝜇𝜇𝜇  
8 HCV RT-LAMP primers 5 𝜇𝜇𝜇𝜇  
9 Elution buffer 19 𝜇𝜇𝜇𝜇 Reaction chamber 

10 MgSO4 2.4 𝜇𝜇𝜇𝜇  
11 SYBR green 1 dye 1 𝜇𝜇𝜇𝜇  
12 Mineral oil (14.50 mPa.s at 25 ℃) 150 𝜇𝜇𝜇𝜇 (each chamber) Valving chambers 

 

Table S4. Table illustrating the magnetic actuation time in each chamber. 

Chambers DYNA beads incubation time 
Inlet chamber (a) 5 min 

Washing buffer 1 (b) 1 min 30 s 
Washing buffer 2 (c) 1 min 30 s 



Reaction chamber (d) 3 min 
  

 

Table S5. List of the materials and cost required for the molecular diagnostic set-up fabrication. 

 Microfluidic Chip Cost ($) 
1 Poly(methyl methacrylate) (PMMA)  $0.1 
2 Double Sided Adhesive (DSA)  $0.1 
3 Chip reagent/oil loading  $2 
 TOTAL COST  $2.20 
 Assay Runtime  9 min 

3-D PRINTED PLATFORM ELEMENTS 
1 Arduino Uno R3 Microcontroller (2) $14.00 
2 Zip ties  $0.15 
3 Screws  $0.50 
4 Aluminum rails  $1.50 
5 Neodymium Disc Magnets N48  $6.00 
6 Surface heater $14.10 
7 Sensor $12.99 
 TOTAL COST $49.24 

 

 
Figure S1. Design of the microfluidic chip illustrating the dimensions of the chip and chambers. 



 
Figure S2. 1.5% gel electrophoresis results stained with Bromophenol blue dye (lane L contains 1 
kbp size DNA ladder). Sharp bands in the wells containing the LAMP amplification product of HCV 
target and no band formation observed in the well holding HIV, ZIKA and SARS-CoV-2 target. 

 
Figure S3. 1.5% gel electrophoresis results stained with Bromophenol blue dye (lane L contains 1 
kbp size DNA ladder). Sharp bands in the wells holding the RT-LAMP amplification product of 
HCV (2.8 × 107 to 282, and slightly with 28 HCV copies/mL) clearly show the specificity of the de-
signed primers and also provide the sensitivity up to 28 HCV copies/mL. 
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