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ABSTRACT 

Objective: Quantitative point-of-use assay platforms for the simple, rapid and accurate detection of 
aeroallergens in non-laboratory settings are fundamental to investigate their aerodynamics and imple-
ment preventive interventions for aeroallergen-associated diseases. Here, we demonstrate the appli-
cation of the novel assay platform Magnetic Immuno-Chromatographic Test (MICT) for the quantitation 
of fungal alpha-amylase in one step and with a total assay time of 30 minutes. MICT is a magnetic-
based lateral flow immunoassay (LFIA) integrated into a lab-on-a-chip format and here developed with 
a novel built-in hook alert function.  

Method: The superparamagnetic nanoparticle probes and the magnetic detection technology makes 
MICT superior over traditional chromophore-based LFIAs and allow a sensitivity and accuracy compa-
rable with central laboratory immunoassays. The alpha-amylase MICT was adjusted to a dynamic range 
of 0.1 to 22.3 ng/mL showing an accuracy at 99.6% (%CV 9.5). The strong analytical performance of 
MICT in aeroallergen studies was demonstrated by spiking air sampling filters and performing air sam-
pling trials and the results were compared with ELISA. 

Result: The principal setup shows a novel, transferable and flexible approach for quantitation of various 
occupational allergens. The MICT offers the required functionalities to become the new versatile lab-
on-a-chip tool for hazard prevention and control of occupational allergy and asthma by allowing contin-
uous surveillance of the allergen levels in the working environment. 

Keywords:  Aeroallergens; Enzyme exposure assessment; Immunochemical quantitation; Magnetic 

Immuno-Chromatographic Test (MICT); Occupational hygiene 

1. Introduction 

Occupational allergic respiratory diseases and 

asthma are disorders caused by exposure to certain 

airborne particles at the workplace [1–8]. Development 

of respiratory allergy follows a two-step process: (1) 

Continuous exposure to the aeroallergen leading to 

sensitization of the individual and upon repeated expo-

sure (2) induction of  allergy with accompanying 

symptoms like sneezing, runny nose, watery eyes and 

cough, which eventually could lead to development of 

asthma [9,10]. Aeroallergen exposure studies and in-

dustrial hygiene surveillance programs are essential to 

elucidate the exposure problems and implement haz-

ard controls [11,12]. These include regular monitoring 

of the occupational air quality by air sampling, filter ex-

traction and measurement by bioanalytical assays. 

While the conventional enzyme-linked immunosorbent 

assay (ELISA) is used in some specialized laboratories, 
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there is no standardized bioanalytical platform for occu-

pational aeroallergen exposure assessments, limiting 

the comparability between routine occupational hy-

giene surveys and epidemiological studies [13]. More-

over, the time-consuming and labour-intensive process 

of ELISA and the necessity of professional expertise 

and advanced laboratory facilities, obstacle the efficacy 

and point-of-use needs of the exposure assessment 

analyses. 

 

Lateral flow immunoassays (LFIAs) merge the tech-

nology of ELISA and chromatography and provide a 

sensitive, simple and rapid point-of-use bioanalytical 

platform [14,15]. LFIAs have the advantage of simple 

instrumentation, portability, low operational cost, rapid-

ity and user friendliness. The assay platform has a 

broad range of applications in analysis of various ana-

lytes and, indeed, the variety of clinical and non-clinical 

commercial applications of LFIA-based devices is still 

increasing [16]. Compared with ELISA, LFIA is flexible 

and can be tailored to meet the needs of a specific ap-

plication and testing environment with no need of infra-

structure. Moreover, the ongoing advances in materials 

and facilitative technologies have moved LFIA towards 

a versatile technology with an analytical performance 

comparable to ELISA [17]. 

 

Magnetic Immuno-Chromatographic Test (MICT) is a 

LFIA-based lab-on-a-chip assay using superparamag-

netic nanoparticles (SPNP) for signal generation and 

detection, which has been demonstrated to provide 

higher analytical sensitivity and quantitative capacity 

when compared with other common chromophore-

based LFIA systems [16,18–21]. In addition, the MICT 

is here developed with a build-in alert function rejecting 

results from antigen overload. In this study, we devel-

oped and validated a MICT for the quantitative analysis 

of the occupational aeroallergen, fungal alpha-amylase. 

Alpha-amylase has long been used as a supplement in 

flour in several baking products to improve the dough 

quality. Various studies have shown that exposure to 

flour and flour supplements in bakeries is a risk factor 

for the development of symptoms of occupational aller-

gic respiratory diseases and asthma. These symptoms 

have commonly been attributed to wheat flour proteins 

and fungal alpha-amylase but other components of 

flour dust may also play a role in respiratory symptoms 

[22–24].  

 

Based on the present knowledge, continuous moni-

toring of alpha-amylase exposures by MICT would aid 

in the control of the risk of sensitization and develop-

ment of respiratory symptoms. Although a few assays 

have been reported in the literature, the alpha-amylase 

MICT is the first commercially available point-of-use as-

say for the detection and quantitation of alpha-amylase 

exposure [25,26]. In addition, to distinguish between 

endogenous alpha-amylases and supplemented alpha-

amylases, the assay cannot be activity-based and only 

immuno-based methods are applicable. Here, the per-

formance of MICT was compared to that of a specific 

alpha-amylase ELISA by using spiked filter samples 

and air samples from a controlled exposure trial. The 

simplicity and rapidity of the assay combined with the 

high accuracy and sensitivity promise an analytical tool 

for quantitative analysis of various occupational aeroal-

lergens in non-laboratory environments and has the po-

tential to be a key enabling platform in industrial hy-

giene surveillance programs. 

2. Materials and Method 

2.1 Anti-alpha-amylase IgG for the immunoas-
says 

A fungal alpha-amylase was recombinantly ex-

pressed and purified by Novozymes A/S, Denmark. 

The concentration of purified alpha-amylase was calcu-

lated from the enzyme activity and its specific activity. 

Polyclonal anti-alpha-amylase IgGs were produced by 

Dako, Denmark. Four rabbits and two goats were im-

munized by subcutaneous injection with 0.1 mL emul-

sion of 0.1 – 0.2 mg purified alpha-amylase protein 

mixed with Freund’s incomplete adjuvant in equal vol-

umes. Four consecutive immunizations were per-

formed with 2-week intervals and the animals were bled 

14 days after the last immunization. After week 4, injec-

tions were given at 4-week intervals until stable titer lev-

els were reached and the animals were bled 14 days 

after each immunization. Serum titers were assessed 

by direct ELISA and Mancini's radial immunodiffusion 

test. The rabbit and goat IgGs were enriched by ammo-

nium sulphate precipitation and purified by ion ex-

change chromatography. The rabbit IgGs were further 

purified on a Protein A column (Thermo Fischer Scien-

tific, USA). The purified IgGs were dialysed against 

0.01 M PBS and stored at 4 °C upon addition of 0.02% 

(w/v) sodium azide (Sigma, USA).  

2.2 Preparation of IgG-SPNP conjugates 

SPNPs were conjugated to the rabbit anti-alpha-

amylase IgG for the test conjugate and goat IgG (Arista 

Biologicals, USA) for the control conjugate using cross-

linking chemistries as previously described16,18,27. 

Briefly, carboxylated SPNPs (300 nm, Ademtech, Pes-

sac, France) were activated with N-hydroxy-succin-

imide (NHS) and 1-ethyl-3-[3-
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dimethylaminopropyl]carbodiimide (EDC) in MES buff-

ered saline, pH 4.7, to form an amine reactive sulfo-

NHS ester. Anti-alpha-amylase IgGs and control IgG 

were added to the activated SPNPs in 50 mM borate 

buffer, pH 8.5, resulting in an amide bond between the 

IgGs and the SPNPs. Residual active coupling sites 

were blocked by addition of 5% amicase for 30 min at 

37 ºC followed by washing. The rabbit anti-alpha-amyl-

ase conjugate was mixed with goat IgG conjugate at 

appropriate ratio and lyophilized in a buffer containing 

3% sucrose, 1% trehalose, 2% BSA, 1% Tween 20 in 

10 mM Tris-HCL, pH 8 in microtubes. The conjugate 

tubes were stored in desiccated condition until further 

packaging into assay device.  

2.3 Fabrication of alpha-amylase MICT cas-
sette 

The MICT devices were fabricated as described 

[16,18,27]. Briefly, rabbit anti-alpha-amylase IgG, 1.5 

mg/mL, and donkey anti-goat IgG, 0.75 mg/mL, (Bio-

sPacific, USA) in 10 mM potassium phosphate buffer 

were dispensed separately onto a nitrocellulose mem-

brane (Hi Flow plus HF75; Millipore, MA, US) to consti-

tute the test line (T) and control line (C) using a Biodot 

RR4500 liquid dispenser (Biodot Inc., Irvine, CA, USA).  

 

Purified alpha-amylase antigen was also dis-

pensed on the same membrane as a hook alert line (H) 

to prevent high dose hook effect causing reporting er-

rors28. The membrane was dried at 45 ºC, followed by 

blocking as previously described to reduce nonspecific 

particle binding on membrane [18]. The dried nitrocel-

lulose membrane was laminated onto a MICT base 

card (US 20070287198A1) with microfluidic flow chan-

nel, adsorbent pad and cover tape. The fully assembled 

card was cut to 5 mm strips using a customized Biodot 

CM4000 cutter (Biodot, CA, US) and incorporated into 

a plastic cassette (MagnaBioAnalytics, CA, US). The 

positions of T, C and H lines on the fully assembled 

MICT test strip is illustrated in Fig. 1.  

2.4 Calibration of MICT device 

The MICT alpha-amylase device was calibrated 

using alpha-amylase calibration standard in 0.01 M 

PBS, 0.023% Brij 30 (v/v), 0.5% BSA (w/v). Alpha-am-

ylase calibrators covering a range of 0 – 750 ng/mL 

were tested in three to eight replicates in a single MICT 

reader over three days. Regression analysis of data 

from 0 – 22.3 ng/mL alpha-amylase were performed us-

ing average results from three MICT readers to gener-

ate standard curve coefficients for reporting alpha-am-

ylase concentration based on measured T line and C 

line signals. Data from calibrators with alpha-amylase 

concentrations greater than 50 ng/mL were used to de-

termine the cut-off value for reporting extremely high al-

pha-amylase concentrations. All calibration information 

was encoded in a 2D barcode on the test cassette as 

illustrated in Fig. 1. 

2.5 MICT reader 

To achieve a quantitative measure, a Magnetic As-

say Reader (MAR) technology was used (US 

6275031B1, US 6607922B2 and US 7547557B2). The 

MAR system uses two sensors which are placed on the 

surfaces of two magnetic pole pieces containing a high 

frequency alternating magnetic field (Fig. 2). The strip 

of the MICT cassette fits between these pole pieces 

and between the magnetic sensors. The sensors are 

configured as a gradiometer designed to produce an 

electric signal when an inhomogeneous magnetic field 

is detected.  

As the SPNPs immobilized on the reaction lines of 

the strip pass through the magnetic field and over the 

sensors, the superparamagnetic properties of the par-

ticles cause them to align with the magnetic field and 

disrupt the field passing through the sensors, thus cre-

ating an inhomogeneity that is proportional to the total 

mass of the particles. This creates a signal in the sen-

sors that is directly proportional to the mass of the par-

ticles trapped in the reaction lines and is reported as 

Relative Magnetic Units (RMU). By quantitating the 

RMU signals produced by each line on the assay de-

vice, the reader can use the ratio of the signals pro-

duced by both the T line and the C line (T/C) as well as 

the H line and C line (H/C) as independent variables in 

computing the dependent concentration values. This 

reduces the test-to-test variations associated with sys-

temic variables such as sample volume, temperature 

and magnetic calibration. Each test cassette incorpo-

rates a 2D barcode that contains the information 

needed by the reader to locate and quantitate the sig-

nals produced by the reaction lines and contains the lot-

based information needed to convert these to analyte 

concentrations along with the limits of detection for the 

given assay. 

2.6 Assay Procedure 

Samples (100 µL) were prepared in 0.01M PBS, 

0.023% Brij 30 (v/v) (Sigma, USA), 0.5% BSA (w/v) 

(Sigma, USA), added to the microtube containing ly-

ophilized SPNP-conjugated rabbit anti-alpha-amylase 

IgG and SPNP-conjugated goat control IgG and mixed 

by pipetting until the pellet was fully dissolved. The en-

tire conjugate/sample content was transferred to the 

sample pad of the MICT cassette and incubated for 30 
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minutes at RT. The T, C and H lines of the assay were 

read by a MAR (MagnaBioscience, LLC). 

2.7 Technical validation 

The accuracy and reproducibility of the alpha-am-

ylase MICT assay were tested by measurement of six 

replicates of seven calibrator samples with concentra-

tion levels covering the dynamic range of the calibration 

curve (0.1 – 22.3 ng/mL) on three days. The position of 

the MICT hook point was verified by measuring of al-

pha-amylase calibrator samples in concentrations up to 

750 ng/mL.  

2.8 Alpha-amylase ELISA 

A 96-well microplate was coated with rabbit-anti-

alpha-amylase IgGs in 0.05 M carbonate buffer (pH 9.6) 

by incubation at 5 ºC overnight. The wells were blocked 

with 2% BSA, 0.01 M PBS at RT for 1 h. Samples were 

serially two-fold diluted in 0.01 M PBS, 0.023% Brij 30 

(v/v) (Sigma, USA), 0.5% BSA (w/v) (Sigma, USA) and 

incubated at RT for 1 h. Goat-anti-alpha-amylase IgG 

in 0.01 M PBS, 0.023% Brij 30 (v/v), 0.5% BSA (w/v) 

buffer was added and incubated for another 1 h at RT. 

Subsequently, bovine-anti-goat IgG-HRP conjugate 

(Jackson ImmunoResearch, UK) was added and incu-

bated at 30 min at 37 °C. The optical densities (ODs) 

were measured at 490/620 nm with a microplate reader 

after colour development with OPD (o-Phenylenedia-

mine dihydrochloride) solution (Sigma, USA) and termi-

nation with 1 M H2SO4. During the steps an ELISA 

washer (BioTek Elx405, BioTek Instruments, Winooski, 

VT, USA) with 0.01 M PBS, 0.05% Tween 20 (v/v) wash 

buffer was used to remove unbound antigens or anti-

bodies. A calibration curve was performed by a 9-point 

dilution of the purified alpha-amylase at 0, 0.11, 0.22, 

0.45, 0.89, 1.06, 1.30, 1.58, 1.86, 2.23 ng/mL.  

2.9 Spiking of filters with known enzyme 
amount 

Teflon filters (37 mm, 1 µm pore size, Millipore) 

were spiked 200 µL buffer solution (0.01 M PBS,  

0.023% Brij 30 (v/v), 0.5% BSA (w/v)) containing alpha-

amylase [Fungamyl 800L, Novozymes A/S], in three 

different concentrations, low, medium and high, giving 

a final enzyme load of 12, 46 and 185 ng/filter, respec-

tively. The filters were dried O/N at RT, thus spiking the 

surface of the filters with enzyme. The spiked filters 

(n=4) were eluted in 5 mL 0.01M PBS, 0.023% Brij 30 

(v/v), 0.5% BSA (w/v) buffer for 30 min with magnetic 

stirring. The eluates were analysed in four replicates by 

MICT and in duplicate over a six 2-fold dilution series 

for ELISA. 

2.10 Exposure with aerosolized enzyme 

To simulate the exposure to alpha-amylase in oc-

cupational settings, a controlled exposure trial was con-

ducted by adopting a standardized experimental set-

up29 (Suppl. Fig. 1). Alpha-amylase, 10 µg/mL, was 

formulated with stabilizing agents (3.33 g/L Model de-

tergent A liquor containing 12% LAS, 11% AEO Biosoft 

N25-7 (Nl), 5% AEOS (SLES), 6% MPG (mono propyl-

ene glycol), 3% ethanol, 3% TEA (triethanolamine), 

2.75% cocoa soap, 2.75% soya soap, 2% glycerol, 2% 

sodium hydroxide, 2% sodium citrate, 1% sodium 

formiate, 0.2% DTMPA and 0.2% PCA (propenoic acid)) 

and applied with a spray bottle to generate aeroallergen 

particles.  

Briefly, in a closed room with no ventilation each 

spray (n=4) was applied to a vertical target surface of 

framed fabric by executing five trigger-spray events 

with a frequency of 1 event (∼1 g) per second at a dis-

tance of 15 cm while air was sampled in four replicates 

using air sampling pumps (25 L/min) and air-sampling 

heads mounted with teflon filters (37 mm, 1 µm pore 

size, Millipore) over a period of 11 min where the air-

sampling was started 1 min prior to the applications and 

stopped 10 min after (Suppl. Fig. 1). The room was ven-

tilated between each spray bottle replicate and back-

ground monitoring was conducted prior to each cycle. 

The collected air-sampling filters were eluted in 5 mL 

0.01 M PBS, 0.023% Brij 30 (v/v), 0.5% BSA (w/v) 

buffer for 30 min with magnetic stirring. The eluates 

were analysed in four replicates by MICT and in dupli-

cate over a six 2-fold dilution series for ELISA.  

2.11 Data analysis 

All data were analysed by JMP® Software 14.0 

from SAS Institute. The agreement between MICT and 

ELISA was assessed by constructing Bland-Altman 

plots with the mean differences between MICT and 

ELISA measurements and the 95% limits of agreement 

(LOA)30. A standard least squares regression analysis 

was used to analyze the method comparison for the da-

taset with air filters spiked with a known enzyme 

amount. A p-value of < 0.05 was deemed statistically 

significant. 
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3. Results 

3.1 Principle of MICT  
 

The alpha-amylase MICT is a two-site sandwich 

immunoassay in a direct flow format, part microfluidic 

and part capillary membrane (Fig. 3). In the first step 

SPNP-conjugated anti-alpha-amylase IgG specifically 

bind to the target molecule in a liquid sample. Upon ap-

plication of the SPNP-IgG-alpha-amylase complex to 

the cassette, the complex migrates along the strip by 

lateral flow, entering the nitrocellulose membrane and 

is captured by the alpha-amylase-specific IgG immobi-

lized on the T line.  

 

The residual SPNP-antibody conjugates continue 

migrating along the membrane and are detected on the 

hook line. A SPNP-goat IgG conjugate is applied to-

gether with the specific conjugate as a built-in proce-

dural positive control and is detected by donkey anti-

goat IgG on the C line. Data is reported as the intensity 

of the magnetic signal which is proportional to the 

amount of SPNP-antibody-antigen complex formed in 

the T line normalized with intensity from the C line (T/C). 

The intensity of the hook effect alert line is inversely 

proportional with alpha-amylase concentrations allow-

ing detection of alpha-amylase concentrations signifi-

cantly greater than 50 ng/mL. 

  

3.2 Evaluation of technical parameters 
 

Several assay parameters were optimized before 

evaluation of the technical performance of the assay, 

including the concentration of IgGs, conjugate volume 

and different buffering solutions. The dynamic range of 

the alpha-amylase MICT was set to be 0.1 – 22.3 ng/mL. 

The assay accuracy was defined as percent relative to 

target concentration and determined as 99.6% with 

a %CV of 9.5 (Suppl. Table 1). 

 

The MICT dose-response curve shows a hook ef-

fect at high concentrations of the analyte, giving a 

falsely low result (Fig. 4) [28,31,32]. The high-dose 

hook effect occurs when a large excess of analyte binds 

to both the capture and detection antibody and pre-

vents the formation of immune complexes, resulting in 

a decrease in assay signal. Therefore, an analyte ex-

cess alert function is programmed into the MICT soft-

ware. In case of an analyte concentration exceeding 

the dynamic range of the assay, the operator is warned 

and must re-test at higher dilution. The MICT dose-re-

sponse curve shows increasing signals proportional to 

the analyte amount loaded from 0.1 ng/mL to 150 

ng/mL, where the signal starts to level off. The hook 

threshold of the alpha-amylase MICT was set as > 50 

ng/mL corresponding to three times lower than the ob-

served value. 

 

3.3 Comparison between ELISA and MICT 
 

A method-comparison study was conducted to 

compare the analytical performance of the alpha-amyl-

ase MICT against an established fungal alpha-amylase 

ELISA. Two sets of air sample filters were prepared and 

analysed in both MICT and ELISA. The first set of sam-

ples were prepared by direct spiking of air filters with 

three known alpha-amylase concentrations at low, me-

dium and high levels (Fig. 5). The agreement between 

the fungal alpha-amylase MICT and ELISA was evalu-

ated by a standard least squares regression analysis 

showing no significant difference between the meas-

urements of the two methods (p < 0.05) at any of the 

tested concentrations. 

 

The comparison of MICT and ELISA was further 

assessed by construction of Bland-Altman plots show-

ing a strong agreement and verifying the interchangea-

bility of the two methods with a mean difference of 0.02 

– 1.59 ng/filter (p > 0.05) (Fig. 6, Suppl. Table 2). The 

ELISA and MICT measurements are giving somewhat 

lower values than the activity-based pre-adsorption 

amount, which most likely is a consequence of loss of 

surface structures when the alpha-amylase is adsorbed 

to the filters or loss of protein during filter elution. 

 

The second set of air filter samples were collected 

from an aeroallergen exposure trial, simulating an in-

tensive presence of airborne fungal alpha-amylase in 

an occupational setting. A previously described stand-

ardized lab-scale exposure set-up was used to create 

conditions simulating human inhalation of an aeroaller-

gen [29]. The alpha-amylase was aerosolized by spray-

ers, and the enzyme aerosols were trapped on filters 

connected to a sampler simulating a nasal airflow. The 

Bland-Altman difference plots showed a good agree-

ment in alpha-amylase levels measured by MICT and 

ELISA supporting the interchangeability of the two 

methods (Fig. 7, Suppl. Table 3).  

 

Of unidentified reasons one of the sprayers 

showed a significant negative bias (p < 0.03), with a 

mean of 29.33 ng/mL or 16% in MICT compared with 

the ELISA method (Fig. 7.D). Overall, the MICT meas-

urements of filters from the exposure trial were found to 

be slightly below the ELISA method. The absence of a 

gold standard method and the fact that the analyte con-

centration in the air is unknown, could imply a system-

atic underestimation of alpha-amylase in the MICT 
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method. However, the strong method agreement in the 

spike trial, where three known concentrations were 

tested, excludes a systematic discrepancy between the 

two methods. In seek of an explanation, it could be 

speculated if the stabilizing agents in the spray formu-

lation could impact either of the assays in spite of sub-

stantial dilution during the filter elution. 

4. Discussion 

Alpha-amylase and other enzymes of bacterial and 

fungal origin have numerous applications as biocata-

lysts in industrial products and have a long history of 

safe use. They have the advantages of being biode-

gradable, water soluble and non-toxic. Enzymes, like 

other proteins, are aeroallergens and may induce sen-

sitization and development of respiratory allergy in 

workers upon inhalation of airborne enzymes at occu-

pational settings [1].  

 

The first incidences of enzyme-related occupational 

allergy were seen during the 1960s because of intro-

duction of subtilisin in the detergent industry [33]. Dec-

ades of preventative approaches like encapsulation of 

processes, ventilation and use of personal protection 

equipment as well as improvements of enzyme prod-

ucts towards safer formulations have minimized the ex-

posure rates among workers [34,35]. However, there 

are still processes in some industrial settings that put 

employees at risk for enzyme exposure, emphasizing 

the importance of routine occupational hygiene surveys 

and epidemiological studies. Despite the decades-long 

knowledge of the risk with enzymes in occupational al-

lergy, there is still no standardized analysis tool for 

measuring occupational airborne exposures to en-

zymes. The lack of a standardized analysis tool ham-

pers the industry-wide implementation of routine occu-

pational hygiene programs and limits the comparison 

between aeroallergen exposure studies. 

  

This study investigated the potential of the MICT plat-

form as the first standardized tool for aeroallergen ex-

posure studies. To our knowledge, this is the first com-

mercially available assay for aeroallergen analysis, fa-

cilitating standardization in the field. In contrast to labo-

rious central laboratory immunoassays, the simplicity of 

the one-step MICT assay will allow rapid on-site analy-

sis, wide implementation of exposure assessments and 

comparison of data from different studies.  

 

In the lack of a gold standard method, the analytical 

performance of MICT was compared with ELISA. The 

alpha-amylase MICT was shown to be just as reliable 

fit for quantitative detection as ELISA. Moreover, MICT 

offered a broader dynamic range of ELISA, a total as-

say time of only 30 minutes and a built-in hook alert to 

adjust for assay overload that could otherwise result in 

skewed results. The analytical performance combined 

with rapidity and simplicity makes the MICT platform 

ideal for the analyses of various samples at non-labor-

atory settings with very limited access to infrastructure 

and expert personnel such as for occupational safety 

analyses, food safety analyses and quality tests. Future 

work will further explore the field applications of MICT 

by investigating real-case-scenarios for the use of the 

method. 
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Fig. 1. The assembled MICT cassette (11.5 x 3 x 0.5 cm) containing the test strip and a 2D barcode of assay specifications needed by the 

Magnetic Assay Reader to quantitate the concentration of the analyte. The vertical lines on the lateral flow test strip indicates the T, C and 

H control lines, respectively from the left. 

 

 

 

 

Fig. 2. Illustration of the MAR technology using an array of thin film coil sensors arranged as a gradiometer. The sensors measure the 

magnetic field induced in the SPNPs immobilized in the reaction lines and compare to a master curve using numerical curve-fitting methods. 

The amplitude of magnetic signal is directly proportional to the amount of SPNP conjugates immobilized in the reaction lines 
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Fig. 3. Schematic illustration of the MICT assay. (A) The MICT strip, consisting of a sample pad, conjugate pad, nitrocellulose membrane, 

and absorbent pad. Sample with alpha-amylase is mixed with SPNP-anti-alpha-amylase conjugate and the mixture is transferred to the 

sample pad of the strip. (B) The SPNP-anti-alpha-amylase IgGs complexed with alpha-amylase migrate along the strip and bind to the 

immobilized anti-alpha-amylase antibody on the T line to form a sandwich complex. SPNP-non-specific IgG conjugate is captured by the 

anti-IgG antibody on the C line. The residual SPNP-anti-alpha-amylase conjugates continue migrating along the membrane and are detected 

on the H line which prevents invalid results caused by the hook effect at high analyte concentrations. 

 

Fig. 4. The MICT dose-response curve. The assay signal levels off at approximately 150 ng/mL showing a hook effect for concentrations 

above 150 ng/mL. The dotted line indicates the applied hook cut-off threshold of the alpha-amylase MICT (50 ng/mL). 
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Fig. 5. Alpha-amylase levels measured by MICT and ELISA in air filters spiked with a low (n=4), medium (n=4) and high (n=4) amount 

of alpha-amylase, respectively. Each bar represents a mean of four replicates for MICT and two to eight replicates for ELISA. The error 

bars represent the standard error. 

 

Fig. 6. Bland-Altman plots illustrating the agreement between MICT and ELISA measurements of fungal alpha-amylase levels in air filter 

samples spiked with a known amount of enzyme (A: low, B: medium and C: high). The difference between the measurement of MICT and 

ELISA is plotted as a function of the mean of the two values. The solid and dotted lines represent the bias and LOAs, respectively. The 

Bland-Altman plot was calculated based on mean measurements for MICT and ELISA, which were based on four filter samples for each 

tested concentration (high, medium and low) measured in four replicates for MICT and two to eight replicates for ELISA.  
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Fig. 7. Bland-Altman plots illustrating the agreement between MICT and ELISA measurements of fungal alpha-amylase in air filter samples 

collected during an exposure trial. The difference between the measurement of MICT and ELISA is plotted as a function of the mean of 

the two values. The solid and dotted lines represent the bias and LOAs, respectively. The exposure trial was repeated by using four sprayers 

(A, B, C and D) and four air filters were collected for each, which were measured in four replicates for MICT and two to eight replicates 

for ELISA.  

 

 

 


