S
Lab Med Online

Vol. 3, No. 1: 62-72, January 2013
http://dx.doi.org/10.3343/lm0.2013.3.1.62

I|'7'|A|-_ o|o|' |:_|-o|'E HOH=X

L1/ O Hd-

O

X EH 7|Ao|

Discerning Trends in Multiplex Immunoassay Technology with Potential for

Resource-Limited Settings

Julian Gordon, Gerd Michel

Foundation for Innovative New Diagnostics, Geneva, Switzerland

Background: In the search for more powerful tools for diagnoses of endemic diseases in resource-limited settings, we have been analyzing
technologies with potential applicability. Increasingly, the process focuses on readily accessible bodily fluids combined with increasingly powerful
multiplex capabilities to unambiguously diagnose a condition without resorting to reliance on a sophisticated reference laboratory. Although these
technological advances may well have important implications for the sensitive and specific detection of disease, to date their clinical utility has not
been demonstrated, especially in resource-limited settings. Furthermore, many emerging technological developments are in fields of physics or
engineering, which are not readily available to or intelligible to clinicians or clinical laboratory scientists.

Content: This review provides a look at technology trends that could have applicability to high-sensitivity multiplexed immunoassays in resource-
limited settings. Various technologies are explained and assessed according to potential for reaching relevant limits of cost, sensitivity, and multi-
plex capability. Frequently, such work is reported in technical journals not normally read by clinical scientists, and the authors make enthusiastic
claims for the potential of their technology while ignoring potential pitfalls. Thus it is important to draw attention to technical hurdles that authors

may not be publicizing.

Summary: Immunochromatographic assays, optical methods including those involving waveguides, electrochemical methods, magnetorestric-
tive methods, and field-effect transistor methods based on nanotubes, nanowires, and nanoribbons reveal possibilities as next-generation tech-

nologies.
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Table 1. Summary of reports of immunoassays with detection limit information

Technology LoD? Multiplex® Reference
Diffusion driven
LFIA 2x107"? mol/L 1 Parpia et al. [4]
LFIA 6x10™"° mol/L 2 Leung et al. [5]
Triage "Ascend” 3x107 to 6x10°° 7 Buechler et al. [6]
Triage, fluorescent energy transfer 10 to 107" mol/L 3 Buechler et al. [7]
Pillar chip 3x107™" mol/L 2 Melin et al. [15]
Microfluidic
Silver-enhanced gold 10°° 3 Sia et al. [10]
Silver-enhanced gold 7 Chinetal. [11]
Optical biosensors
LFIA SERS® readout 4107 mol/L 3 Doering et al. [16]
Reflectance spectroscopy interferometry 1.5% 10" mol/L 1 Zavali et al. [19]
Octet 4%10™ mol/L 8 Abdiche et al. [22]
Diffraction grating array 6x10™"" mol/L 8 Cleverley et al. [24]
Mag manipulation and OWG mag particles scatter 3107 to 2.5x 10" mol/L 5 Bruls et al. [28]
Optomagnetic OWG, mag particles scatter 102 mol/L 4 Dittmer et al. [29]
Interferometry with spots on spinning disk 2%107"? mol/L 12,500 Wang et al. [30]
Interferometry with spots on spinning disk 1.5x10™ mol/L 96 Wang et al. [31]
Interferometry with microscope, dried read 2x10"? mol/L 128 Zhao et al. [32]
Fluorescence label scanned capillary OWG 7x10° to 7x 10" mol/L 3 Petrou et al. [41]
Fluorogenic label scanned capillary OWG 3x10% to 7x10”° mol/L 2 Niotis et al. [42]
Monolithic device, OWG, Au-Ag label 2x10™* mol/L 3 Petrou et al. [44]
CD Platform
EIA AuAg label, standard CD reader 2x107° to 107" mol/L 2,500 Morais et al. [33]
EIA on CD 10 mol/L 300,000 Morais et al. [34]
EIA AuAg label, standard CD reader, custom detector 2x10™" mol/L 320 Tamarit-Lopez et al. [35]
EIA AuAg label, standard CD reader 10 to 5x10™° mol/L 400 Morais et al. [36]
Dual polarization interferometry 10" to 3% 107 mol/L 64 Tamarit-Lopez et al. [37]
Au.Ag enhanced label, CD reader 3x10? to 3x 107" mol/L 4800 Tamarit-Lopez et al. [38]
Au.Ag enhanced label, CD reader off-shelf software 2x10™° mol/L 5 Lietal. [39]
Electrochemical
eMicrolisa and electroactive product 4%10™ mol/L 8 Elsholz et al. [45]
eMicrolisa and electroactive product 4%10™ mol/L 2 Quiel et al. [46)
EIA and electroactive product 6x101 mol/L 12 Gau and Wong [50]
EIA and electroactive product 10" mol/L 1 Apple et al. [51]
Field effect
FET 5x107 mol/L 1 Park et al. [53]
FET 2x107 to 3x10°° mol/L 2 Bian et al. [54]
Nanowire 5x107' to 2x10™"° mol/L 3 Zheng et al. [55]
Nanowires 107'® mol/L 2 Patolsky et al. [2]
Nanowire 10" mol/L 1 Gong [56]
Nanowire 2x107"° mol/L 1 Patolsky et al. [57]
Nanotube 3x10™ mol/L 1 Briman et al. [59]
Nanowire 10 mol/L 1 Stern et al. [60]
Nanoribbon 10" mol/L 1 Elfstrom et al. [61]
Nanowire 10" to 3% 10" mol/L 1 Chua et al. [62]
Nanogap 107 mol/L 1 Im et al. [64]
Spintronics
GMR 10" mol/L 1 Srinivasan et al. [65]
GMR 4%10™"? mol/L 1 Li et al. [66]
GMR and mag manipulation 10" mol/L 1 Dittmer et al. [67]
GMR 5%10™"° mol/L 64 Hall et al. [68]

*Limits of detection (LOD), converted to common unit of molarity from original, and rounded off to nearest integer. Values may be approximate and derived from the lowest
value reported, not necessarily a complete statistical analysis. Determinations may be on pure substances in diluent with no information on sample matrix effects. Ranges are
given for publications reporting more than 1 analyte; °Not always based on actual number of simultaneous analytes, but may be a potential value based on the number of
sites available in the device; ‘SERS, surface-enhanced Raman spectroscopy; OWG, optical waveguide; EIA, enzyme immunoassay.
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