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all determined from the calibration curve) were tested in six replicates (6 strips with 10 

capillaries; 60 capillaries in total). The average Abs values and the standard deviation for each 

sample were calculated and the Coefficient of Variation (CV) was also determined for each 

concentration within a given assay run. The Inter-Assay Calibration was determined by running 

three assays in different days and using different MSA devices, in which samples were analysed 

in duplicate, using the same three concentrations of recombinant proteins (corresponding to 

LLoQ, MR and HLoQ). The average and the standard deviation for each sample were calculated 

and the CV determined for each concentration between the assay runs. Typical CVs for ELISA 

in 96-well MTP are in the range of 10–20%. 3,4 

Accuracy or Recovery was also determined from the calibration curve by comparing the 

expected value with the actual cytokine concentration in the assay. The expected versus the 

average of the measured values was determined for each sample, by calculating the %Recovery= 

assay value/expected value x 100. The typical range for accepted accuracies is 80-120%.3 

 

Qualitative Duplex Assay 

In order to demonstrate the ability of the new miniaturized platform to detect simultaneously 

more than one cytokine a simple qualitative duplex assay was developed with of IL-1β and IL-6 

reagents. For this purpose, solutions containing IL-1β or IL-6 capAb were injected into each 

individual capillary using a small syringe needle. The MCF strip was then incubated for 2 hours 

at room temperature, and then further incubated for 1.5 h with the blocking solution and washed 

with PBS-T. The strips were then trimmed into 30 mm long individual test strips and attached 

onto the MSA. Equal concentration of recombinant proteins (0.5 ng/ml) and detAb (10 g/ml) 

were then used. All subsequent steps followed same sandwich ELISA procedure described in the 

main manuscript. 

 

Quantitative Triplex Assay 

A quantitative triplex assay consisting of full response curve for each cytokine was performed 

for simultaneous quantitation of IL-1β, IL-12 and TNFα. Individual capillaries on a 25 cm long 

fluoropolymer MFC strip (containing 10 capillaries) were injected and incubated into one pair of 

capillaries each with one of the following solutions: PBS (overall negative control), 3% BSA 

(blocking solution control) or IL-1β, IL-12 capAb or TNFα at 20 µg/ml. All subsequent ELISA 
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steps were as already described for the singleplex and duplex assays, with the exception that 

standard curves were prepared using a 1:3 dilution series of recombinant protein. All 

recombinant proteins and detAb solutions for each cytokine were combined at same 

concentration, which ultimately represents 3 times higher protein content on each solution well 

when compared to singleplex detection. Combining different biotinylated detAb for multiplex 

ELISA detection was found to significantly affect the individual cytokine performance by 

increasing the background, therefore it was necessary to re-optimise the multiplex assay, in 

respect to detAb and enzyme concentration, to maintain similar signal-to-noise ratios to 

singleplex assays. This is described in Supplementary Results section. 

  

SUPPLEMENTARY RESULTS 

Assay Optimisation 

The first two parameters tested were the incubation times of the capAb and recombinant 

proteins. Two hours incubation at room temperature was sufficient to fully immobilize the capAb 

by passive adsorption, as no differences were detected in signal strength and signal-to-noise ratio 

(Fig. S4a). This had the advantage of saving the typical overnight incubation required for MTP 

sandwich ELISAs. Equally, the incubation of recombinant protein for sensitive detection could 

be reduced to 30 min in the fluoropolymer MCF without compromising sensitivity (Fig. S4b). 

This is linked to the very short diffusion distances in the plastic microcapillaries. A parameter 

found paramount in controlling the signal-to-noise ratio in the fluoropolymer MCF ELISA was 

the blocking solution, for that reason few different formulations were tested. BSA and FBS are 

commonly used for blocking non-specific binding sites in plastic surfaces. Although no 

significant difference could be detected in respect to Abs signal intensity, the kinetic analysis of 

the OPD conversion in the capillaries for different cytokine concentrations revealed poor 

performance for both 1% BSA or 2.5% FBS in respect of background development. Fig. S4c 

shows the initial rates of assay; in that plot the initial velocity v0 corresponded to the rate of 

generation of absorbance in the MCF during the first few minutes of OPD conversion in the full 

cytokine sandwich ELISA. BSA and FBS have similar proteins in size and molar rations on their 

composition, since BSA is the main compound present in FBS; however on both cases a high 

background was detected (Abs0≈0.05). In order to reduce the background which directly controls 
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to the sensitivity of the assays, a synthetic SuperBlock blocking solution from Thermo Scientific 

was tested, which revealed lower backgrounds (Abs0≈0.02) (data not shown). 

The use of higher capAb concentrations of 40 μg/ml and above resulted in increased 

background and reduced signal (Fig. S4d), suggesting FEP antibody adsorption and/or 

orientation was not favored by the presence of a very high capAb concentration. This is 

presumably linked to the orientation of the surface adsorbed capAb molecules.5 

The effect of detAb concentration was tested for a range between 0 and 20 μg/ml, and it 

was also observed a benefit in using 10 μg/ml (Fig. S4e). Again, this is significantly higher than 

the concentrations normally used for sensitive sandwich ELISA in MTPs and the increase in the 

signal can be explained based on the same binding equilibrium principle. A large solution excess 

of detAb favors the formation of the complex capAb-Ag-detAb at the surface of the plastic 

capillaries, which is linked to the larger SAV ratio in small bore microcapillaries. 
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Fig. S4 Optimisation of IL-1 cytokine immunoassay measurement in the fluoropolymer MCF. 

a) and b) show effect of of incubation time of capAb and recombinant protein, respectively. c) 

Initial rates of colourimetric signal generation in the MCF strips for different blocking solutions 

(BSA 1% and FBS 2.5%). d) Effect of capAb concentration (20 μg/ml). e) Effect of detAb 

concentration for two different capAb concentration coatings. Assays conditions are detailed in 
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Experimental Design section in the manuscript. The optimised concentrations for capAb and 

detAb were considered 20 μg/ml and 10 μg/ml, respectively 

Limit of Quantitation of the Colorimetric Detection Device 

A series of dilutions of 2,3-diaminophenazine (DAP), the final product of the conversion of the 

substrate OPD by the immunoassay enzyme HRP, were scanned in MCF with a flatbed scanner 

starting at a concentration of 2 mg/ml, and in parallel peak absorbance (450 nm) of the same 

dilutions was measured in a 96-well MTP using a microplate reader (Fig. S5). The DAP 

absorbance in the blue channel of the scanned image was calculated by image analysis. 

 

 

Fig. S5 Response curves for DAP detection in the MCF with flatbed scanner and 96 well MTP 

with microplate reader (450 nm). Only concentrations corresponding to the range of DAP 

concentration versus normalised Abs are presented for the MTP and fluoropolymer MCF 

 

Qualitative Duplex Detection 

To demonstrate the capability of simultaneous detection of two or more cytokines on each 

fluoropolymer MCF strip, a duplex qualitative assay using IL-1β and IL-6 was performed and 

analysed. All capillaries showed a positive color signal according to the capAb coating pattern 

(Fig. S6), which confirms the possibility of detecting simultaneously more than one cytokine 

from a single sample. The main assay conditions used on each MCF strip in the 8-channel MSA 

device are shown in Fig. S6b. The higher signal observed for IL-1β cytokine was possibly due to 
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