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Supplementary Notes

Note S1. Calculation of limit of detection (LOD)

The calculation of LODs in this manuscript followed the equation R1.

LOD = k- C,- ofl #(R1)

where the k is a constant, and its value depends on the distribution and
confidence interval of the sample detection data; C, is the lowest concentration of the
sample detected in the concentration gradient of the standard curve; o is the standard
deviation of the data from the repeated detection of the sample with lowest
concentration; | is the average value (color intensity) of the detection results of the
sample with lowest concentration.

Firstly, we evaluated the normal distribution and confidence intervals of detection
data of different inflammatory markers using the Shapiro Wilk test (Fig. S11).

The results indicated that, the detection data of CRP standard sample followed a
normal distribution with a confidence interval of 99.7%. Therefore, the value of k was

taken as 3, and the calculation formula of LOD was expressed as equation R2.

The detection data of PCT standard sample followed a normal distribution with a
confidence interval of 99.7%. Therefore, the value of k was taken as 3 and the

calculation formula of LOD was expressed as equation R3.

LODper =3 C, - o/l #(R3)

The detection data of IL-6 standard sample followed a normal distribution with a
confidence interval of 99.7%. Therefore, the value of k was taken as 3, and the

calculation formula of LOD was expressed as equation R4.

The detection data of SAA standard sample followed a normal distribution with a
confidence interval of 99.7%. Therefore, the value of k was taken as 3, and the

calculation formula of LOD was expressed as equation R5.



In this way, by substituting the corresponding value of C,, o and linto equations

R2-R5, the LOD of each biomarker can be obtained.
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Fig. S1 The design concept of the CAPC chip.
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Fig. S2 The channel parameters and the layout distribution of the CAPC chip. (A) The
layout distribution of multiple channels on the CAPC chip. The channels are arranged
along the circumference of a circle with radius R, and the distance between each
channel is d. (B) Top view and parameters of a single channel. r and h represent the
radius and height of the cylindrical through-hole, respectively. L, W, and H represent

the length, width, and height of the straight channel, respectively.



A it)

e e

Pour PDMS mixture
l on metal mold. +
Cure at 80°C for 30 min.

Al foil paper

Flat straight channel

PDMS layer Assembled CAPC chip

Punch the inner and outer
through-holes onto PDMS layer.

Through-hole

PDMS layer with microstructure

Metal mold PDMS layer with microstructure

oo \/
Flat glass
Peel off the cured PDMS. Aline and seal by
O, plasmatreatment.

‘-‘5-.' n-N
Assembled CAPC chip

Modified with
antibody solution.

.

l' Blocked with BSA.

S

|

Assembled CAPC chip
for immunoassay

Fig. S3 The schematic diagram showing the fabrication process of the chip. (A) The

fabrication process of the CAPC chip. i) The fabrication process of a PDMS layer with

microstructure. ii) The assembling process of the CAPC chip. (B) The antibody-modified

assembled CAPC chip for immunoassay.
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Fig. S4 The images of CAPC chips prepared in different batches.
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Fig. S5 The pressure control device used for controlling the reciprocating-flow of
liguids in the channels of the CAPC chip. (A) The pressure control device, consisting of
a bidirectional air pump, a tube and a pressure cover. (B) Top view of the pressure
cover which sealed the six inner holes of the chip for applying pressure. (C) Side view

of the pressure cover which sealed the six inner holes of the chip for applying pressure.



Fig. S6 Images illustrated the reciprocating-flow of red ink within the channels of CAPC

chip over 10 cycles using the pressure control device.
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Fig. S7 The flow behavior of liquid in the channels of the linearly-aligned parallel

channel chip (LAPC chip). (A) The top-view image of the LAPC chip. (B) The column

lengths (L;) of residual red ink in the channels of the LAPC chip at 0 s and 6 s in two

flow directions.
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Fig. S8 Theoretical analysis of the relationship between the pressure applied at inlet
and the column length of the residual liquid in the channel. (A) A single channel and
its structure parameters. V is the volume of the loading liquid, S; is the cross-sectional
area of the cylindrical through-hole, and S, is the cross-sectional area of the straight
channel. (B) The diagram illustrates the process of the liquid flowing from the inlet to
the outlet under applied pressure (Py). The formula shows that the column length of
the residual liquid in the channel (L) is influenced by Pg after the flow, when Sy, S, and
V are kept unchanged. hg and h; represent the height of the liquid column in the inlet

and outlet, respectively.
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Fig. S9 Bar chart showed the colorimetric results of human IgG sample solution (37

ug/mL) using three CAPC chips from different fabrication batches after different

storage durations.
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Fig. S10 The plot showed the relationship between the color intensities and the

concentrations of (A) CRP, (B) PCT, (C) IL-6, (D)SAA, in the sample solutions.
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Fig. S11 Q-Q plots demonstrated the distribution of detection data for standard

samples of four inflammatory markers: (A) CRP, (B) PCT, (C) IL-6, and (D) SAA.
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Fig. S12 Images of detection results of clinical serum samples obtained by CAPC chip.

Supplementary Tables

Table S1. The diagnostic thresholds of four inflammatory markers and LODs obtained

by the CAPC chip proposed in this work.

Inflammatory Diagnostic thresholds ~ LODs in this work
markers (g/mL) (g/mL)

CRP 1.00E-5 9.22E-11

PCT 5.00E-10 5.89E-11

IL-6 7.00E-12 7.26E-13

SAA 1.00E-5 5.89E-11




Table S2. Representative application scenarios of combined detection of four

inflammatory markers in clinical practice.

Inflammatory Markers
Scenario Representative Application
CRP PCT IL-6 SAA

Testing for viral infections

! v v (CRP: 10-25 pg/mL, SAA: 10-100 pg/mL)% 2.
Testing for bacterial infections
2 v v (CRP: > 50 pg/mL, SAA: 100-500 pg/mL)* 2,
Testing for viral infections such as influenza and
3 v v coronavirus infections (e.g., COVID-19)34.
4 v v y Testing for severe systemic bacterial infections

such as sepsis and severe septicemia® .




Table S3. The qualitative detection results of clinical serum samples reported by the
hospital and the qualitative detection results of clinical serum samples obtained by

CAPC chip.

Inflammatory Clinical CAPC chip
Sample No. Consistency
marker detection results  detection results

CRP + +
PCT + +

1 Yes
IL-6 + +

SAA + +

CRP - -
PCT - -

2 Yes
IL-6 - -

SAA - -

CRP - -
PCT - -

3 Yes
IL-6 - -

SAA - -

CRP - -
PCT - -

4 Yes
IL-6 - -

SAA - -




Table S4. Comparison between traditional immunoassay methods and CAPC chip-

based ELISA method.

Inflammatory markers Detection speed
Method LOD ] o

detected in each assay (Detection time)
THA 1.0E-9 g/mL CRP. SAA Fast (10-15 min)
ELISA 1.0E-12 g/mL CRP. PCT. IL-6. SAA Slow (2-4 h)
CLIA 1.0E-12 g/mL CRP. PCT. IL-6. SAA Fast (20-30 min)

CAPC (this work) 1.0E-12 g/mL CRP+PCT+IL-6+SAA Fast (5 min)




Supplementary Movie

Movie S1. Movie demonstrating the process of ELISA detection using the CAPC chip.
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