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36  ABSTRACT:
37  Allergic disease is common in both adults and children. Identification of the causative
38 allergens is significant in disease management and prevention. However, a specific
39 immunoglobulin E (IgE) measurement system with a high price-performance ratio is lacking in
40 mainland China, especially in the primary care hospitals. This paper describes the principle
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comparison with ImmunoCAP (System 1), the BiolC System (System 2) has good precision and
sensitivity in detecting serum-specific IgE against various inhalant and food allergens but with
a significantly lower cost. It can serve as a good alternative to System 1 in primary care
hospitals in mainland China who have lower financial affordability.

INTRODUCTION:

The prevalence of allergies has increased steadily in the past decades and is affecting 20%—
30% of the global population?. Identification of the causative allergens has important
significance in managing the diseases. In China, since registered in vivo skin prick tests are not
available in the country, in vitro determination of serum-specific IgE is the most important and
commonly used tool for type | allergy diagnoses?. This is similar to practices in the Western
world, but although System 1, a fluorescence enzyme-linked immunosorbent base system, is
perceived as the gold standard for in vitro allergy diagnosis?, its usage in China is very limited
due to its high equipment and reagent price. Hence a new alternative allergy diagnosis system
with a high price-performance ratio is badly needed.

The BiolC System (System 2) is a microfluidic cartridge-based system based on the
chemiluminescence principle for multiplexed assays of serum-specific IgE. With a size of 7 cm
x 4 cm, the microfluidic cartridge is composed of three layers of injection-molded plastic. The
upper part is 3 mm-thick transparent polycarbonate which carries good stability during
thermal assembly processes. Together with the 3 mm-thick bottom layer constructed from a
copolymer of acrylonitrile, butadiene, and styrene (ABS), it sandwiches the 0.5 mm-thick
middle layer made of silicone rubber. Being black in color, the middle layer offers lower
background during chemiluminescence detection. On top of the silica gel, a thin layer of
nitrocellulose membrane (NC membrane) is sprayed at the position corresponding to the
reaction zone, which allows the spotting of different allergenic proteins. The purpose of this
study is to evaluate the clinical performance of the microfluidic system for the multiplexed
determination of allergen-specific IgE in serum.

PROTOCOL:

This study and the use of human serum samples were approved by the Ethics Committee of
The First Affiliated Hospital of Guangzhou Medical University (GYYY-2016-73). All participants
have given their written consent independently or through their parents (in the case of
children).

1. Basic information of the study group

NOTE: The Allergy Information Repository of the State Key Laboratory of Respiratory Disease
(AIR-SKLRD) is a large serum bank established inside the Guangzhou Institute of Respiratory
Hospital (GIRH). Initiated in the last decade, the AIR-SKLRD has already started to collect and
store serum samples from patients with allergic diseases, together with their clinical
information (Table 1)*°. The current study was performed with sera from the AIR-SKLRD.

1.1. Search the AIR-SKLRD’s database for sera collected from January 2015 to June 2018 and
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select the patients with allergic disease, who were found to be sensitive to the common
allergens in the region.

1.2. Ensure that all selected patients have allergic-related diseases, such as allergic rhinitis and
or asthma, allergic dermatitis, and/or urticaria, and that the serum of these patients contains
multiple serum allergen-specific immunoglobulin E (sIgE) sensitizations of common allergens
in this region, detected by the System 1.

1.3. Exclude patients with incomplete medical records, those lost to follow-up, those who
refuse to give informed consent regarding the use of their serum samples for scientific
purposes, those with an identified immunodeficiency, those currently on immunotherapy or
immunomodulatory agents, or those found to have parasitic infections.

1.4. Ensure no treatment or drug prescription was given prior to the serum collection so as to
minimize interference to the laboratory findings. All serum samples that do not fulfill the
criteria were rejected.

2. Study flow and measurements of interest

NOTE: The microfluidic system needs 100 pL of serum for determining 19 allergens. Venous
blood (5 mL) was collected from each patient using a vacuum blood vessel containing
separating gel. After centrifuging for 10 min at 1,000 x g, the upper layer was collected for
testing. Unused serum was stored at -80 °C. Prior to testing, the serum was kept at room
temperature for 30 min and was shaken with a vortex mixer. Repeated freeze-and-thaw cycles
were avoided.

2.1. Primarily test the serum samples for slgEs to whole allergens of Dermatophagoides
pteronyssinus (d1), Dermatophagoides farinae (d2), Blomia tropicalis (d201), cat dander (el),
dog dander (e5), Bermuda grass (g2), timothy grass (g6), cockroaches (i6), Aspergillus
fumigatus (m3), Candida albicans (m5), ragweed (w1), egg white (f1), milk (f2), wheat (f4),
peanut (f13), soybean (f14), almond (f20), crab (f23), and shrimp (f24). Follow the instructions
given in section 3.

NOTE: sIgE determination was done with the allergen-specific IgE assay kit (see the Table of
Materials) and measured by a chemiluminescence analyzer.

2.2. Randomly select three samples from among the samples with enough serum (at least 900
uL) for a reproducibility study. Keeping all the conditions unchanged, measure the three sera
for allergen slgEs daily for 9 consecutive days (i.e., a total of 100 x 9 = 900 pL of serum).

3. Semi-automation test procedure of the microfluidic system

NOTE: The System 2 is the integration of automatic microfluidic technology, protein microarray,
cold light analysis, parallel Ig analysis, and image processing technology. The testing protocol
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is divided into four parts: preparation of the equipment, sample loading, incubation, and
measurement.

3.1. Preparation of the equipment
3.1.1. Turn on the PC and the analyzer power.
NOTE: The power switch is on the left of the base.

3.1.2. Start the LabIT program on the PC. If the Dark Frame warning window pops up, click OK
to run LEAK Test. Afterward, click the center logo to enter the operation interface.

NOTE: The system will remind the user to run LEAK Test if it is idle for more than 24 h.

3.1.3. Check the Reaction Temp and CCD (charge-coupled device) Temp at the lower right
corner of the screen. The Reaction Temp should rise to 37 °C £ 1 °C in about 10 min, and the
CCD Temp should drop to -15°C+ 1 °C.

3.1.4. Run the LEAK Test after the CCD Temp has dropped to -15 °C + 1 °C. Before running the
LEAK test, make sure there are no other items left inside the instrument and close the door.
Click Tools | System Test | LEAK Test. Do not open the door during testing. When the test is
finished, the report window will pop up.

3.2. Sample loading

3.2.1. Add 620 puL of wash buffer, 120 uL of blocking buffer, 60 uL of conjugates A and B, 60 uL
of substrate A and B, and 100 pL of serum samples to the corresponding reagent tank on the
microfluidic cartridge.

3.3. Incubation

3.3.1. Click on Cartridge ID, use the barcode scanner to scan the serial number of the cartridge,
enter the sample ID, put the cartridge into the analyzer and close the door, and click Analyzer
and Run to start the analysis.

3.4. Measurement

3.4.1. Export the results to statistical software (e.g., Excel) after the measurement.

NOTE: After 30 min of incubation, the analyzer automatically performs the measurement and
reports the result.

3.5. Switching off of the analyzer
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3.5.1. For routine maintenance, after finishing the test, remove the cartridge and wipe the
analyzer’s internal heating iron and electromagnet lightly with 75% alcohol.

NOTE: Do not press hard or shake the electromagnet.

3.5.2. Close the LabIT window. The temperature monitoring window will pop up. It will
automatically close when the CCD warms up to the 5 °C protection mode. By then, it will be
safe to turn off the power of the analyzer and PC.

NOTE: Do not manually close the temperature monitoring window before the CCD Temp has
risen to 5 °C, and do not turn off the power of the analyzer nor the PC during the CCD warm-

up.
4. Definition of sIgE reactivity

NOTE: For an undiluted serum specimen, the detection range of the System 2 is 0.21-100
IU/mL.

4.1. Based on the threshold value of 0.35 IU/mL, consider an sIgE level exceeding 0.35 IU/mL
to be positive®’. Rate the reactivity of the sIgE tests as®: class 1 (=0.35 and <0.70 IU/mL), class
2 (20.70 and <3.50 IU/mL), class 3 (>3.50 and <17.50 IU/mL), class 4 (217.50 and <50.00
IU/mL), class 5 (=50.00 and <100.00 IU/mL), and class 6 (=100.00 1U/mL).

5. Statistical analysis

5.1. Use a histogram to show the positive rate of the 19 allergens (Figure 1) and use the Levey-
Jennings curve to demonstrate the repeatability of the detection system (Figure 2)°.

5.2. Select the three most common inhalant allergens and food allergens (in total, six allergens)
and compare the results to the | System 1 to evaluate its clinical diagnostic performance!®!?,
Include the concordance rate, sensitivity, specificity, positive and negative predictive values,
and the area under the receiver operating characteristic (ROC) curve (AUC) as the evaluation
criteria.

5.3. Apply Spearman’s correlation analysis*? to describe correlations between the two systems
and use kappa value for consistency. Categorize the kappa value as almost perfect (0.8—-1.0),
substantial (0.6—0.8), moderate (0.4—0.6), fair (0.2—0.4), or poor (<0.2)*3. Use SPSS 23.0 and
MedCalc 11.0 statistical analysis and define P < 0.05 as statistical significance.

REPRESENTATIVE RESULTS:
Positive rates for 19 common allergens

The results on 293 sera are shown in Figure 3. Among all the inhalant allergens, D. farinae had
the highest positive rate (80.89%, 273/293), followed by D. pteronyssinus (78.84%, 231/293).
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Among the food allergens, crab has the highest positive rate (20.48%, 60/293), followed by
13.65% (40/293) for shrimp. The total positive rate for inhalant allergens was higher than that
for food allergens.

Repeatability of the microfluidic system

Repeatability results for cat dander, dog dander, and cockroach, based on nine rounds of
testing, were 32.98 + 8.94, 1.61 £ 0.48, and 0.76 = 0.18, respectively, and the consistency
levels were 100% (9/9), 100% (9/9), and 67% (6/9). Distribution of the results is shown with
the Levey-Jennings curve in Figure 2. All data are within the range of X + 2 x SD, which is
consistent with the maximum allowable clinical error®4.

Comparison of two systems

Qualitative results showed that cat dander had the highest concordance to System 1 (95.33%,
243/150). The lowest concordance was seen in shrimp (40.75%, 88/216). The total
concordance among inhalant allergens ranged from 92.00% to 95.33%. For food allergens, the
concordance range was 40.74%—72.39%. The highest sensitivity for inhalants was seen in
Dermatophagoides farinae (93.94%), with a 100% specificity. Among food allergens, the
highest sensitivity was seen in peanut (54.55%), with a specificity of 80.65%. Table 2 also
shows that all the evaluation results for inhalant allergens were superior to food allergens.
Since the AUC values showed a range from 0.613 to 0.984 and the AUC for the three inhalant
allergens was greater than 0.950, it can be concluded that the System 2 has a high accuracy
with reference to System 1.

Consistency analysis for the two systems showed that the kappa values for the three inhalants
were between ~0.727-0.876, with the highest value seen in cat dander as 0.876 (95% ClI,
0.0.786—0.965). They were all better than the kappa values for food allergens which, in general,
fell <0.400. The lowest kappa value was 0.112 in shrimp (95% Cl, 0.062—-0.162) (Table 3).
Spearman’s correlation analysis showed that the best correlation was seen in peanut and cat
dander, with correlation coefficients as r = 0.942 (95% Cl, 0.907—-0.965; p < 0.0001) and r =
0.927 (95% Cl, 0.900-0.947; p < 0.0001), respectively.

In Figure 3, a scatter plot is constructed with System 2’s results along the x-axis and System
1’s along the y-axis to show the distribution of the sIgE concentration results from the two
systems for D. pteronyssinus, D. farina, cat dander, milk, shrimp, and peanut. For a
concordance and discordance analysis, the allergens that showed * 1 class difference were D.
pteronyssinus (91.60%, 229 vs. 250), D. farinae (81.25%, 91 vs. 112), cat dander (98.00%, 147
vs. 150), milk (83.58%, 112 vs. 134), shrimp (59.72%, 129 vs. 216), and peanut (76.56%, 49 vs.
64). The combined total concordance rate was 81.75% (757 vs. 926).

FIGURE LEGENDS:
Figure 1: The positivity rates of the detection of 19 common allergens by the microfluidic

assay. d1 = Dermatophagoides pteronyssinus, d2 = Dermatophagoides farinae, d201 = Blomia
tropicalis, el = cat dander, e5 = dog dander, g2 = Bermuda grass, g6 = timothy grass, i6 =
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cockroaches, m3 = Aspergillus fumigatus, m5 = Candida albicans, w1 = ragweed, f1 = egg white,
f2 = milk, f4 = wheat, f13 = peanut, f14 = soybean, f20 = almond, f23 = crab, and f24 = shrimp.

Figure 2: Levey-lennings graphs of the three allergens repeatedly detected by the
microfluidic system. (A) Cat hair, (B) dog hair, and (C) cockroach were selected for
repeatability evaluation. The black, green, yellow, and red lines represent the mean (X), the
mean * the standard deviation (X * SD), the mean + the standard deviation times two (X *
2SD), and the mean + the standard deviation times three (X £ 3SD) of multiple measurements,
respectively.

Figure 3: Scatter plots of six allergen sIgE concentrations measured by System 1. System 1
(Y-axis) and the System 2 System (X-axis). Each line in the plot represents class cutoffs (class
0: 0.35, class 1: 0.35-0.7, class 2: 0.7-3.5, class 3: 3.5-17.5, class 4: 17.5-50, class 5: 50-100,
and class 6: >100 kUA/L). Shaded boxes are concordant areas in the concentration class.

Table 1: Patient demographic characteristics. In total, 293 subjects were found who fulfilled
the inclusion criteria, with an average age of 23 (with a range from 8 to 36 years old). Among
them, 170 (58.02%) were male and 123 (41.98%) were female. Also, 92 (31.40%) of them had
allergic rhinitis, 117 (39.93%) had allergic asthma, 36 (12.29%) had comorbidity of rhinitis and
asthma, and 48 (16.38%) had other allergic diseases, such as a food allergy or skin allergies.

Table 2: Clinical performance between the two systems. d1 = D. pteronyssinus, d2 = D. farina,
el = cat dander, 2 = milk, f13 = peanut, and f24 = shrimp. CAP = ImmunoCAP, + = positive, —
= negative, SE = sensitivity, SP = specificity, PPV = positive predictive value, NPV = negative
predictive value, AUC = area under the ROC curve. For the AUC values, the 95% interval value
(95%, Cl) is also shown in the table.

Table 3: Correlation and agreement between the two systems. d1 = D. pteronyssinus, d2 = D.
farina, el = cat dander, f2 = milk, f13 = peanut, and f24 = shrimp. For kappa and Spearman’s
Rho values, the 95% interval value (95%, Cl) is also shown in the table.

DISCUSSION:

Similar to the results from many other studies'>’, the results from the microfluidic system
based on sera from 293 allergic patients showed that house dust mites (including D.
pteronyssinus, D. farinae, and B. tropicalis) are the main inhalant allergens leading to allergic
diseases in southern China, whereas for food, milk, peanut, shrimp, and crab are the
commonest allergens that cause allergic symptoms. With regard to the reproducibility study
done on three allergens, all of them showed good results, with an overall repetition rate of
88.89%, which means it met the maximum allowable error.

Using System 1 as reference, the current study evaluated the clinical diagnosis efficacy of the
System 2. With a serum sIgE level of 0.35 IU/mL as cutoff?, a sample with sIgE > 0.35 IU/mL
implies that the patient is sensitive to the allergen, and the higher the titer, the better
correlation to the patient’s symptoms?*®. The results show that the concordance rate of the
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three inhalant allergens were all more than 90%. In addition to the results for food allergens,
which had a concordance of ~40.74%—-72.39%, the total concordance was 81.75% (757/926).
The kappa value of D. pteronyssinus, D. farina, and cat dander were 0.778, 0.663, and 0.860
(p <0.001), respectively. The kappa values for food allergens were all below 0.4. For the three
major inhalant and food allergens, a significant correlation of quantitative results was seen
between the two systems (rspearman = 0.681-0.969, p < 0.01).

It was noticed that while the rs coefficient for peanut was 0.969, the kappa value of the
consistency evaluation index was only 0.349 (95% Cl, 0.129-0.569). Such discrepancy might
be due to the low prevalence of peanut sensitivity in the region and, hence, most of the
recruited sera were negative for that specific IgE. Many studies have indicated that a
significant discrepancy could be seen between sIgE titer and clinical symptoms of food
allergens. The use of different assay systems for food-specific IgE determination could also
create big variations®. This might be due to the fact it is not the raw ingested food which
triggers the allergic symptoms, but the modified components generated during cooking or
digestion. The use of different raw materials by different manufacturers to make the allergens
can also contribute to the result discrepancy?°.

The microfluidic cartridge is composed of five major parts: five storage tanks, five reagent
delivery channels, five unidirectional pumps, a single reaction zone in which allergen extracts
can be immobilized, and a waste tank to collect all reaction by-products. Based on the assay
need, up to 40 allergen extracts can be dotted on the reaction zone. Controlled by the PC, the
five unidirectional pumps guide and coordinate the flow of serum sample, washing buffer,
blocking reagent, conjugates, and subtracts, to finish a two-step enzyme-linked
immunosorbent assay. After the reaction is completed, the chemiluminescence reaction
images are captured by a low-resolution cooled CCD camera and the signals are processed by
the PC to establish the calibration curve and to calculate quantitative and semiquantitative
sIgE results.

The current study shows that the two systems demonstrate good consistency. However,
compared with the System 1, the System 2 is easier to use and has a lower demand for
operator training. Since each microfluidic cartridge has its own quality control curve, the
reliability of the system is greatly enhanced. Other advantages of the system include a light
and small footprint, an expandable modular setup, and the ease with which it is connected to
a PC for operation control. All these advantages greatly reduce the setup and running cost,
and at the same time, they do not jeopardize the accuracy and speed requirements in daily
clinical practice, which makes the system particularly suitable for allergy screening in primary
care hospitals in China. Nevertheless, one major drawback of the microfluidic system is that it
is not a fully automatic system, and frequent intervention is needed during the operation. It
still cannot replace the systems that need to process a big number of samples daily.

Due to the lack of enough positive sera for certain allergens, this study did not cover all the
19 allergens available in the microfluidic cartridge, but just six common ones available in
southern China. More study is needed to elaborate on whether the evaluation is also
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applicable to other allergens.
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Table 1. Patient Demographic Characteristics.

Characteristic No.(%)
Gender, n(%)
Female 123(41.98%)
male 170(58.02%)
Age, year, n(%)
Median (25%,75%) 23(8,36)
<10 97(33.11%)
11-20 37(12.63%)
21-40 101(34.47%)
>41 58(19.80%)
Diagnosis, n(%)
Allergic rhinitis 92(31.40%)
Allergic asthma 117(39.93%)
Allergic rhinitis with asthma 36(12.29%)
Others 48(16.38%)

Totally 293 subjects were found to fulfill the inclusion criteria, with an
average age of 23 (range from 8 to 36 years old). Among them,
170(58.02%) were male and 123(41.98%) were female. 92(31.40%) of
them had allergic rhinitis, 117(39.93%) had allergic asthma,
36(12.29%) with comorbidity of rhinitis and asthma, and 48(16.38%)
had other allergic diseases such as food allergy, skin allergies, etc.
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Table 2.

Table 2. Clinical performance between the two systems.

Click here to access/download;Table;Table 2..xIsx %

Sample CAPY cAP” ang;etr?“:en SE SP PPV NPV AUC(95%,CI)

size “BioIC+ BiolC- BiolC+ BiolC-
d1 250 196 20 0 34 9200% 90.74% 100.00% 100.00% 6296% ) CCRT!
d2 112 93 6 0 13 9464% 93.94% 100.00% 100.00% 68.42% ol cectd!
el 150 34 5 2 109  9533% 6718% 98.20% 94.44% 95.61% oS!
2 134 16 27 10 81  7239% 37.21% 89.01% 61.54% 75.00% 07:3%%‘;“
113 64 18 15 6 25  67.19% 5455% B80.65% 75.00% 62.50% 0';33_%’3'3?6
4 216 36 127 1 52 A074% 2200% 9811% 97.30% 29.05% oot

d1-Der. p1, d2- Der. f1, el1-Cat dander, f2-Milk, f13-Peanut, f24-Shrimp. CAP-ImmunoCAP, +-
positive, —negative, SE-sensitivity, SP-specificity, PPV-positive predictive value, NPV-negative
predictive value, AUC-area under the ROC curve. For AUC values, the 95% interval value (95%,
Cl) is also shown in the table.
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Table 3. Correlation and agreement between the two systems.

Kappa(95%,Cl)

Spearman'rho(95%,Cl)

d1 0.727(0.617 to 0.838) 0.896(0.869 to 0.918)
d2 0.783(0.617 to 0.948) 0.731(0.631 to 0.807)
el 0.876(0.786 to 0.965) 0.927(0.900 to 0.947)
f2 0.293(0.122 to 0.463) 0.681(0.579 to 0.763)
f13 0.349(0.129 to 0.569) 0.969(0.949 to 0.981)
f24 0.112(0.062 to 0.162) 0.833(0.788 to 0.870)

di1-Der. pl, d2- Der. f1, el-Cat dander, f2-Milk, f13-Peanut, f24-Shrimp. For
kappa and Spearman’ rho values, the 95% interval value (95%, Cl) is also
shown in the table.
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Name of Material/ Equipment Company Catalog Number Comments/Description

Agnitio Science &

Agnitio BiolC Analyzer Technology(Taiwan, China) BA-G2000
Foto G vk M L
BiolC Cartrideg Placement plate Techﬁglrc])ig;)('?;:\?vg? ghina) T20SET
BiolC Reagent Dispenser Techﬁglgi;i;('ls';ii\?vgf ghina) DS-1
e e ey NS

Agnitio Science &

Technology(Taiwan, China) Version 2.4.12

Software Package, LabIT

Haimen Kylinbell Lab

Lastruments Co., Ltd. VORTEX-5

VORTEX-5 Vortex Mixer
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: 7[1[0;{;' n 030 hiochip microfluidic tedmolo to detect serum
é ergen fgpea;fic i,m’rﬁwwgwbulin E(slgE) ik

Author(s):

Thifery Huang , Wenting Lo, Xcongwet Zow , Xiaoqing Lsu , Chuanxu (e,
7ehomdWu 5 Hodsheng Hu , Baoging Sun

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

I:lOpen Access

The Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JOVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JOVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JOVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7 Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JOVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12 Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JOVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13, Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal
document20190118.docx

Dear review editor,

We wish to thank you for the time and effort you have spent reviewing our paper. We are

pleased to note that you have pointed out some problems to help us improve the quality of

our work. This revised manuscript of our resubmitted letter has been improved as follows:

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there

are no spelling or grammar issues.

Answer 1: We have re-corrected the words and grammar of the full text to ensure that no
such problems have occurred.

2. In editorial manager, you selected standard access. However, in the author license

agreement, the open access box is checked. Please use a new form, check the standard

access box, sign it and upload it to your editorial manager account when you submit your

revision.

Answer 2: We have re-signed the new author license agreement and will re-upload the
new version.

3. JoVE policy states that the video narrative is objective and not biased towards a

particular product featured in the video. The goal of this policy is to focus on the science

rather than to present a technique as an advertisement for a specific item. To this end, we

ask that you please reduce the number of instances of "BiolC" within your text. The term

may be introduced but please use it infrequently and when directly relevant. Otherwise,

please refer to the term using generic language.

Answer 3: Revised as required. After repeated consideration, we have minimized the use
of the term "BiolC" in the full text, or use other words instead. But we think that "BiolC"
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represents a method/system without commercial meaning, just like "ImmunoCAP".

4. Please ensure that all text in the protocol section is written in the imperative tense as if
telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.).

5. Step 1.1: Please write this step in the imperative tense.

6. 1.2: Please write this step in the imperative tense.

7. 1.3.1-1.3.6: Please write each step in complete sentences and in the imperative tense.
8. 1.5: Please write this step in the imperative tense.

9. 2.1: Please write this step in the imperative tense.

10. 2.2: Please write this step in the imperative tense.

11. 3.4.1: Please write this step in the imperative tense.

12. 4.1: Please write this step in the imperative tense.

13. 4.2: Please write this step in the imperative tense.

14. 5.1: Please write this step in the imperative tense.

15. 5.2: Please write this step in the imperative tense.

16. 5.3: Please write this step in the imperative tense.

17. 5.4: Please write this step in the imperative tense.

Answer 4-17: we have all revised as the above requires. Please see the Protocol
section/line 71-201.

PROTOCOL

This study and the use of the human serum samples have obtained approval from the
Ethics Committee of The First Affiliated Hospital of Guangzhou Medical University
(GYYY-2016-73). All participants have given their written consent independently or
through their parents (in the case of children).

1. Basic information of the study group

NOTE: The Allergy Information Repository of the State Key Laboratory of Respiratory



Disease (AIR-SKLRD) is a large serum bank established inside the Guangzhou Institute
of Respiratory Hospital (GIRH). Started from the last decade, AIR-SKLRD has already
started to collect and store serum samples from patients with allergic diseases,
together with their clinical information®>. The current study was performed with the
sera from AIR-SKLRD.

1.1. Search the database for sera collected from January 2015 to June 2018 in AIR-
SKLRD and select the patients with allergic disease and were found to be sensitive to
the common allergens in the region.

1.2. Ensure that all selected patients have allergic-related diseases such as allergic
rhinitis and or asthma, allergic dermatitis, urticaria, And the serum of these patients
were multiple sIgE sensitization of common allergen in this region detected by
ImmunoCAP method.

1.3. Exclude patients with incomplete medical records, those lost to follow up, those
who refuse to give informed consent regarding the use of their serum samples for
scientific purposes, those with identified immunodeficiency, those currently on
immunotherapy or immunomodulatory agents, or those found to have parasitic
infections.

1.4. Ensure no treatment or drug prescription was given prior to serum collection so
as to minimize the interference to the laboratory findings. All serum samples not
fulfilling the criteria were rejected.

2. Study flow and measurements of interest

NOTE: Use the microfluidic System needs 100 pul serum for determining 19 allergens.
Venous blood (5 mL) was collected from each patient using a vacuum blood vessel
containing separating gel. After centrifuging for 10 minutes at 1000 (x g), the upper
layer was collected for testing. Unused serum was stored at -80°C. Prior to testing,
serum was kept at room temperature for 30 minutes and was shake with vortex mixer.
Repeated freeze and thaw were avoided.

2.1. Primarily test the serum samples for slgEs to whole allergens of
Dermatophagoides pteronyssinus (d1), Dermatophagoides farinae (d2), Blomia
tropilcais (d201), cat dander (el), dog dander (e5), Bermuda grass (g2), timothy grass
(gb), cockroaches (i6), Aspergillus fumigatus (m3), Candida albicans (m5), ragweed
(wl), egg white (f1), milk (f2), wheat (f4), peanut (f13), soybean (f14), almond (f20),
crab (f23) and shrimp (f24).. Follow the instructions in Section 3. Note: sIgE
determination was done with the allergen specific IgE assay kit (see table of materials)
and measured by a chemiluminescence analyzer.

2.2. Randomly select three samples among the samples with enough serum (at least



900 pl) for reproducibility study. Keeping all the conditions unchanged, measured the
three sera for allergen slgEs daily for 9 consecutive days, i.e. totally 100x9 = 900 pl
serum.

3. Semi- automation test procedure of the microfluidic System

NOTE: BiolC system is the integration of automatic microfluidic technology, protein
microarray, cold light analysis, parallel IgE analysis and image processing technology.
The testing protocol is divided into four parts: preparation of equipment, sample
loading, incubation, and measurement.

3.1. Preparation of equipment

3.1.1. Turn on the PC and analyzer power. Note: The power switch is on the left of
the base.

3.1.2. Start the LabIT program on the PC. If the “Dark Frame” warning window pops
up, click “OK” to run LEAK Test. Afterwards, click the center logo to enter the operation
interface.

Note: the system will remind user to run LEAK Test if it is idle for more than 24 hours.

3.1.3. Checkthe Reaction Temp and CCD (Charge-coupled Device) Temp at the lower
right corner of the screen. The Reaction Temp should rise to 37 °C £ 1 °C in about 10
minutes, and the CCD Temp should drop to -15 °C £ 1 °C.

3.1.4. Run the LEAK Test after the CCD Temp has dropped to -15 °C + 1 °C. Before
running the LEAK test, make sure there is no other items left inside the instrument and
close the door. Click Tools > System Test > LEAK Test. Do not open the door during the
testing. When the test is finished, the report window will pop up.

3.2. Sample loading

3.2.1. Add 620 ul wash buffer, 120 ul blocking buffer, 60 pl of conjugates A and B, 60
ul of substrate A and B, and 100 pl of serum samples to the corresponding reagent
tank on the microfluidic cartridge.

3.3. Incubation

3.3.1. Click on “Cartridge ID”, use the barcode scanner to scan the serial number of
the cartridge, enter sample ID, put the cartridge into the analyzer and close the door,

click “Analyzer” and “Run” to start the analysis.

3.4. Measurement



3.4.1. Export the result to statistical software (e.g., Excel) after measurement. Note:
after 30 minutes of incubation, the analyzer automatically performs the measurement
and reports the result.

3.5. Switch off the analyzer

3.5.1. Routine maintenance: After finishing the test, remove the cartridge and wipe
the analyzer’s internal heating iron and electromagnet lightly with 75% alcohol. Note:
Do not press hard or shake the electromagnet.

3.5.2. Close the LabIT window. The temperature monitoring window will pop up. It
will automatically close when the CCD warms up to the 5 °C protection mode. By then,
it will be safe to turn off the power of the analyzer and PC. Note: Don not manually
close the temperature monitoring window before the CCD Temp has risen to 5 °C, and
don’t turn off the power of the analyzer nor the PC during the CCD warm up.

4. Definition of sIgE reactivity

NOTE: For an undiluted serum specimen, the detection range of BiolC System is 0.21-
100 1U/ml.

4.1. Based on the threshold value of 0.35 IU/ml, consider an sIgE level exceeding 0.35
IU/ml to be positive®’. Rate the reactivity of the sIgE tests as®: class 1 (= 0.35 and <
0.70 1IU/ml), class 2 (= 0.70 and < 3.50 IU/ml), class 3 (= 3.50 and < 17.50 IU/ml), class
4 (> 17.50 and < 50.00 1U/ml), class 5 (> 50.00 and < 100.00 IU/ml), and class 6 (>
100.00 IU/ml).

5. Statistical analysis

5.1. Use a histogram to show the positive rate of the 19 allergens and use the Levey-
Jennings curve to demonstrate the repeatability of the detection system?®.

5.2. Select three commonest Inhalant allergens and food allergens (totally six allergens)
and compare to the ImmunoCAP to evaluate its clinical diagnostic performance%!!,
Use include concordance rate, sensitivity, specificity, positive and negative predictive
values and the area under the receiver operating characteristic (ROC) curve (AUC) as
the evaluation criteria.

5.3. Apply the spearman’s correlation analysis'? to describe correlations between the
two systems. And Kappa value for Consistency. Categorize the kappa value as almost
perfect (0.8-1.0), substantial (0.6-0.8), moderate (0.4-0.6), fair (0.2-0.4) or poor (<
0.2)!3. Use SPSS 23.0 and MedCalc 11.0 statistical analysis and define P < 0.05 as
statistical significance.



18. Figure 2: Please add a short description of the figure in Figure Legend.

Answer 18: Revised as required. please see line 256-261.

Figure 2. Levey-Jennings graphs of the 3 allergens repeatedly detected by the
microfluidic System.

Cat hair (A), dog hair (B), and cockroach (C) were selected for repeatability evaluation.
The black, green, yellow and red line represent the mean (X), mean % standard
deviation (X £SD), mean + twice of standard deviation (X £2SD), mean + three times of
standard deviation (X £3SD) of multiple measurements, respectively.

19. Each table must be accompanied by a title and a description after the Representative

Results of the manuscript text.

Answer 19: Revised as required. please see line 269-284.

Table 1. Patient Demographic Characteristics.

Totally 293 subjects were found to fulfill the inclusion criteria, with an average age of
23 (range from 8 to 36 years old). Among them, 170(58.02%) were male and
123(41.98%) were female. 92(31.40%) of them had allergic rhinitis, 117(39.93%) had
allergic asthma, 36(12.29%) with comorbidity of rhinitis and asthma, and 48(16.38%)
had other allergic diseases such as food allergy, skin allergies, etc.

Table 2. Clinical performance between BiolC and ImmunoCAP assays.

dl-Der. p1, d2- Der. f1, el-Cat dander, f2-Milk, f13-Peanut, f24-Shrimp. CAP-
ImmunoCAP, +-positive, —negative, SE-sensitivity, SP-specificity, PPV-positive
predictive value, NPV-negative predictive value, AUC-area under the ROC curve. For
AUC values, the 95% interval value (95%, Cl) is also shown in the table.

Table 3. Correlation and agreement between BiolC and ImmunoCAP assays.

d1-Der. p1, d2- Der. f1, el-Cat dander, f2-Milk, f13-Peanut, f24-Shrimp. For kappa and
Spearman’ rho values, the 95% interval value (95%, Cl) is also shown in the table.

20. Please do not abbreviate journal titles for all references.
21. Please ensure that the references appear as the following:
Lastname, F.l.,, LastName, F.l., LastName, F.l. Article Title. Source. Volume (Issue),

FirstPage — LastPage, (YEAR).



Answer 20, 21: Revised as required. The format of all references has been modified,
please see the Reference section.
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