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SUMMARY  

 

The present disclosure relates to paper-based sensor for simultaneously determining a 

plurality of biomarkers present in a biological sample, said paper-based sensor comprises:  

a) a sample zone for receiving said biological sample containing said plurality of biomarkers; 5 

and 

b) a plurality of detection zones in fluid communication with said sample zone, each of said 

plurality of detection zones comprising sensing material specific to said plurality of 

biomarker, 

wherein said plurality of biomarkers are selected from the group consisting of temperature, 10 

trimethylamine (TMA), pH, moisture and uric acid. 

In one aspect, the present disclosure relates to a paper-based sensor for simultaneously 

determining a plurality of biomarkers present in a biological sample, said paper-based sensor 

comprises:  

a) a sample zone for receiving said biological sample containing said plurality of biomarkers; 15 

and 

b) a plurality of detection zones in fluid communication with said sample zone, each of said 

plurality of detection zones comprising sensing material specific to each of said plurality 

of biomarkers, 

wherein said plurality of biomarkers comprise uric acid and one or more biomarkers 20 

selected from the group consisting of temperature, trimethylamine (TMA), pH and moisture, and 

wherein the sensing material for said uric acid biomarker comprises uricase enzyme in a 

stabiliser solution in an enzymatic substrate in sodium 3,5-dichloro-2-hydroxybenzenesulfonate 

(DHBS) with horseradish peroxidase (HRP) in stabilizer solution on a biopolymer matrix. 

Advantageously, the paper-based sensor may provide a quantitative characterization of 25 

multiple wound biomarkers simultaneously, such as temperature, trimethylamine, pH, moisture 

and uric acid, to monitor wound infection and inflammation. 
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Further advantageously, the paper-based sensor may be manufactured into a flexible 

wound sensor patch which can be integrated in combination with other wound dressings for in-

situ analysis without the need to remove the wound dressing. As such, the risk of wound infection 

and additional trauma to the wound may be significantly reduced. 

Further advantageously, the paper-based sensor may provide a quicker assessment of the 5 

wound health within minutes and may also provide a real-time assessment of wound healing. 

Further advantageously, as the paper-based sensor is not an electrochemical sensor, the 

paper-based sensor may not require a power source to work, may be light-weight and can be easily 

integrated into various kinds of wound dressing for in situ detection. 

The present disclosure relates to a method of manufacturing the paper-based sensor as 10 

described herein, comprising the steps of: 

a) providing a pattern having a first area and a second area on a base substrate, wherein the 

first area defines a sample zone and a plurality of detection zones in fluid communication 

with the sample zone and wherein the second area is the remaining portion of the base 

substrate that is not covered by the first area; 15 

b) printing a hydrophobic material or ink onto the second area of the pattern of step (a);  

c) heating the hydrophobic material or ink in the second area to demarcate the sample zone 

and the plurality of detection zones in the first area; and 
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d) treating each of the plurality of detection zones with a sensing material that is specific to 

a biomarker selected from the group consisting of temperature, trimethylamine (TMA), 

pH, moisture and uric acid.  

In another aspect, the present disclosure relates to a method of manufacturing the paper-

based sensor as described herein, comprising the steps of: 5 

c) providing a pattern having a first area and a second area, wherein the first area defines a 

sample zone and a plurality of detection zones in fluid communication with the sample 

zone and wherein the second area is the remaining portion of the base substrate that is not 

covered by the first area;  

d) printing a hydrophobic material or ink onto the second area of the pattern of step (a);  10 

e) heating the hydrophobic material or ink to demarcate the sample zone and the plurality of 

detection zones in the first area; and 

f) treating one or more of said plurality of detection zones with a sensing material that is 

specific to uric acid biomarker and each of the remaining detection zones with a sensing 

material that is specific to a biomarker selected from the group consisting of temperature, 15 

TMA, pH and moisture, 

wherein the sensing material for said uric acid biomarker comprises uricase enzyme in a 

stabiliser solution in an enzymatic substrate in sodium 3,5-dichloro-2-hydroxybenzenesulfonate 

(DHBS) with horseradish peroxidase (HRP) in stabilizer solution on a biopolymer matrix. 

Advantageously, the paper-based sensor as prepared by the method described herein may 20 

be stored at room temperature for at least two weeks without significant decay in the enzyme 

activity. 

In another aspect, the present disclosure relates to a use of the paper-based sensor as 

described herein for wound monitoring. 

In another aspect, the present disclosure relates to a kit comprising the paper-based sensor 25 

as described herein, a device for capturing images and a software for image analysis. 

In another aspect, the present disclosure relates to a method of diagnosing wound health, 

comprising the step of applying the paper-based sensor as described herein onto a wound directly 

or in combination with other wound dressings. 

 30 
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DEFINITIONS 

 

Unless specified otherwise, the terms “comprising” and “comprise”, and grammatical 

variants thereof, are intended to represent “open” or “inclusive” language such that they include 

recited elements but also permit inclusion of additional, unrecited elements. 5 

As used herein, the term “about”, in the context of concentrations of components of the 

formulations, typically means +/- 5% of the stated value, more typically +/- 4% of the stated value, 

more typically +/- 3% of the stated value, more typically, +/- 2% of the stated value, even more 

typically +/- 1% of the stated value, and even more typically +/- 0.5% of the stated value. 

 Throughout this disclosure, certain embodiments may be disclosed in a range format. It 10 

should be understood that the description in range format is merely for convenience and brevity 

and should not be construed as an inflexible limitation on the scope of the disclosed ranges. 

Accordingly, the description of a range should be considered to have specifically disclosed all the 

possible sub-ranges as well as individual numerical values within that range. For example, 

description of a range such as from 1 to 6 should be considered to have specifically disclosed sub-15 

ranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as 

well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6. This applies 

regardless of the breadth of the range. 
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CLAIMS 

 

1) A paper-based sensor for simultaneously determining a plurality of biomarkers present in 

a biological sample, said paper-based sensor comprises:  

a) a sample zone for receiving said biological sample containing said plurality of biomarkers; 5 

and 

b) a plurality of detection zones in fluid communication with said sample zone, each of said 

plurality of detection zones comprising sensing material specific to each of said plurality 

of biomarkers, 

wherein said plurality of biomarkers comprise uric acid and one or more biomarkers 10 

selected from the group consisting of temperature, trimethylamine (TMA), pH and moisture, and 

wherein the sensing material for said uric acid biomarker comprises uricase enzyme in a 

stabiliser solution in an enzymatic substrate in sodium 3,5-dichloro-2-hydroxybenzenesulfonate 

(DHBS) with horseradish peroxidase (HRP) in stabilizer solution on a biopolymer matrix.  

2) The paper-based sensor of claim 1, wherein each of said detection zones is connected to 15 

said sample zone via respective channels.  

3) The paper-based sensor of claim 1 or 2, further comprising a base selected from a cellulose 

base, nitrocellulose base or glass microfibers. 

4) The paper-based-sensor of any one of claims 1 to 3, wherein each of said detection zones 

extends radially outwards from said sample zone.  20 

5) The paper-based sensor of any one of claims 1 to 4, further comprising a hydrophobic 

region surrounding said sample zone and said detection zones, wherein said hydrophobic region 

comprises wax.  

6) The paper-based sensor of any one of claims 1 to 5, wherein the plurality of biomarkers 

comprise temperature, and wherein the sensing material for said temperature biomarker comprises 25 

a mixture of cholesteric liquid crystals (CLCs). 

7) The paper-based sensor of any one of claims 1 to 6, wherein the plurality of biomarkers 

comprise trimethylamine, and wherein the sensing material for said trimethylamine biomarker 

comprises a solvatochromic dye dissolved in alcoholic solvent. 

8) The paper-based sensor of any one of claims 1 to 7, wherein the plurality of biomarkers 30 

comprise pH, and wherein the sensing material for said pH biomarker comprises aqueous phenol 

red, neutral blue or bromothymol blue. 
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9) The paper-based sensor of any one of claims 1 to 8, wherein the plurality of biomarkers 

comprise moisture, and wherein the sensing material for said moisture biomarker comprises a 

transition metal salt dissolved in a mixture of polyhydroxyethylmethacrylate/alcoholic solution. 

10) A method of manufacturing the paper-based sensor of any one of claims 1 to 9, comprising 

the steps of: 5 

a) providing a pattern having a first area and a second area, wherein the first area defines a 

sample zone and a plurality of detection zones in fluid communication with the sample 

zone and wherein the second area is the remaining portion of the base substrate that is not 

covered by the first area;  

b) printing a hydrophobic material or ink onto the second area of the pattern of step (a);  10 

c) heating the hydrophobic material or ink to demarcate the sample zone and the plurality of 

detection zones in the first area; and 

d) treating one or more of said plurality of detection zones with a sensing material that is 

specific to uric acid biomarker and each of the remaining detection zones with a sensing 

material that is specific to a biomarker selected from the group consisting of temperature, 15 

TMA, pH and moisture, 

wherein the sensing material for said uric acid biomarker comprises uricase enzyme in a 

stabiliser solution in an enzymatic substrate in sodium 3,5-dichloro-2-

hydroxybenzenesulfonate (DHBS) with horseradish peroxidase (HRP) in stabilizer 

solution on a biopolymer matrix.  20 

11) The method according to claim 10, wherein the treating step comprises treating one or 

more of said plurality of detection zones with a sensing material that is specific to temperature 

biomarker, comprising the steps of:  

a) melting a cholesteric liquid crystal (CLC) mixture at a temperature of 80°C to 120°C for 

30 minutes to 2 hours;  25 

b) depositing a black ink on the temperature detection zone and drying for 5 minutes to 20 

minutes at a temperature of 25°C to 50°C; and 

c) dropping and spreading an amount of the melted CLC of step (a) onto the temperature 

detection zone of step (b). 

12) The method according to claim 10 or 11, wherein the treating step comprises treating one 30 

or more of said plurality of detection zones with a sensing material that is specific to TMA 

biomarker, comprising the steps of: 

i)  dissolving 1 mg/mL to 10 mg/mL of a solvatochromic dye selected from the group 

consisting of Reichardt’s dye, Nile Red and 3-hydroxychromonesin in an alcohol; 
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ii) treating the TMA detection zone with 1% to 10% perfluorooctyl-trimethoxy silane;  

iii) drop casting 10 µL/cm2 to 30 µL/cm2 of the solution prepared in step (i) into the treated 

TMA detection zone of step (ii); and 

iv) drying the TMA detection zone for 5 minutes to 20 minutes at a temperature of 25°C to 

50°C after step (iii). 5 

13) The method according to any one of claims 10 to 12, wherein the treating step comprises 

treating one or more of said plurality of detection zones with a sensing material that is specific to 

pH biomarker, comprising the steps of: 

i) dissolving 0.02% to 0.10% of phenol red, neutral red or bromothymol blue in water to form 

a solution; 10 

ii) drop casting 10 µL/cm2 to 30 µL/cm2 of the solution prepared from step (i) into the pH 

detection zone; 

iii) air drying the pH detection zone in step (ii) for 5 minutes to 20 minutes at a temperature of 

25°C to 50 °C to create one layer; and 

iv) repeating steps (ii) and (iii) to produce up to 3 layers. 15 

14) The method of any one of claims 10 to 13, wherein the treating step comprises treating one 

or more of said plurality of detection zones with a sensing material that is specific to moisture 

biomarker, comprising the steps of:  

i) dissolving 10 mg/mL to 200 mg/mL of a transition metal salt in 2 wt% (20 mg/mL) 

polyhydroxyethylmethacrylate (pHEMA)/ethanol solution; 20 

ii) drop casting 10 µL/cm2 to 30 µL/cm2of the solution prepared in step (i) into the moisture 

detection zone; 

iii) drying the moisture detection zone in step (iii) in an oven at 20°C to 30°C for 5 minutes to 

20 minutes to create one layer; and 

iv) repeating steps (ii) and (iii) to produce up to 3 layers. 25 

15) The method of any one of claims 10 to 14, wherein the treating step for the sensing material 

for said uric acid biomarker comprises the steps of: 

i) adding 10 µL/cm2 to 30 µL/cm2 of 1 wt% to 100 wt% of a biopolymer matrix with pH 

tuned in the range of pH 5.5 to pH 7.5 to the uric acid detection zone and drying for 5 minutes 

to 20 minutes at room temperature; 30 

ii) adding 10 µL/cm2 to 30 µL/cm2 of 10 mM to 100 mM of 3,3’,5,5’-tetramethylbenzidine 

(TMB),4-aminoantipyrine (AAP), o-phenylenediamine (OPD), o-dianisidine or 2, 2’-Azino-

Bis-3-Ethylbenzothiazoline-6-Sulfonic Acid (ABTS) in 2 mM to 20 mM of 3,5-dichloro-2-
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hydroybenzenesulfonate (DHBS) to the uric acid detection zone in step (i) and drying for 5 

minutes to 20 minutes at a temperature of 25°C to 30°C; 

iii) adding 10 µL/cm2 to 30 µL/cm2 of 0.1 mg/mL to 1 mg/mL of horseradish peroxidase 

(HRP) in stabilizer solution to the uric acid detection zone in step (ii) and drying for 5 minutes 

to 20 minutes at a temperature of 25°C to 30°C; 5 

iv) adding 10 µL/cm2 to 30 µL/cm2 of 10 mg/mL to 100 mg/mL of uricase in stabilizer solution 

to the uric acid detection zone in step (iii) and drying for 5 minutes to 20 minutes at a 

temperature of 25°C to 30°C; and 

v) re-adding of 10 µL/cm2 to 30 µL/cm2 of the AAP solution in step (ii) to the uric acid 

detection zone in step (iv) and drying for 5 minutes to 20 minutes at a temperature of 25°C to 10 

30°C.  

16) Use of the paper-based sensor of any one of claims 1 to 9 for wound monitoring. 

17) The use of claim 15, wherein the paper-based sensor is to be used in combination with 

other wound dressings. 

18) A kit comprising the paper-based sensor of any one of claims 1 to 9, a device for capturing 15 

images and a software for image analysis.  

19) The kit according to claim 18, wherein the device for capturing images is configured to 

capture an optical image of the paper-based sensor according to any one of claims 1 to 9 and 

wherein the captured image is to be analysed by the software for image analysis.  

20) A method of diagnosing wound health, comprising the step of applying the paper-based 20 

sensor of any one of claims 1 to 9 onto a wound directly or in combination with other wound 

dressings. 
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