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Definition of the “standard” LFIA 
 We refer to a standard format of LFIA and note variations from this format, where 
present and significant. Fig. 1 is a schematic showing the physical components of this 
default format. Fig. 1 also serves to provide the basis for a common terminology, since 
many publications use a variety of terminologies to refer to the physical components. The 
upper part of Fig 1 shows an exploded view and the lower shows the components in 
physical contact. The liquid sample is applied to the conjugate pad, from where is 
migrates into the membrane. As it flows past the capture and control  
 
 
pad is a fibrous or macroporous pad which contains a dried first, labeled, antibody against 
one epitope or set of epitopes. The conjugate pad is in physical contact with one end of 
the microporous membrane. The micoporous membrane is backed with a plastic support 
laminated to it, which provides structural integrity, and also confines the 
chromatographic flow. The membrane has a capture zone with a second antibody against 
another epitope or set of epitopes, and a control antibody which serves to verify that the 
procedure functioned. In contact with the other end of the membrane is a reservoir pad, 
which serves to take up excess sample liquid. All of the proportions in Fig. 1 are arbitrary 
and meant to show the  
elements with greatest clarity, but are not intended to represent any realistic size or 
geometry. The immunoassay as described is a sandwich assay. The sample liquid 
saturates the conjugate pad, solubilizes the conjugated antibody, and the first binding 
reaction begins to take place between an analyte antigen and the conjugate. The pad will 
be oversaturated with liquid, which will then flow through the area of contact into the 
membrane. While the two pads are such that they will simply fill with liquid, the flow 
through the membrane is “chromatographic” and resembles classic thin layer 
chromatography, except that here the sample liquid drives the chromatographic flow, and 
no separate solvent is used for that purpose. A liquid front moves through the length of 
the membrane and into the  
Fig. 1 
Illustration of main functional parts of LFIA. Upper: exploded view. Lower: 
components in contact. 
 
zones, the complex of conjugated antibody and antigen, where present, is bound by the 
capture antibody. This results in an increase in localized concentration of the label, which 
then becomes visible, or detectable above a background of excess unbound label.  
 This description applies to a sandwich immunoassay. Alternatively, a competitive 
immunoassay may be used. There, the sample is initially mixed in the conjugate pad with 
a labeled analyte or analyte analogue. The labeled analyte or analogue presents the same, 
or overlapping, epitope as the analyte antigen, to the immobilized capture antibody. In 
this case, in the absence of analyte, the label is directly bound as it flows laterally past the 
capture antibody. In the presence of analyte, the competition reduces or eliminates the 
binding to the capture antibody. In general, while the competitive immunoassay may be 



the only realistic one for small molecules which do not have multiple epitopes, the lower 
detection limit is intrinsically compromised, compared with the direct sandwich assay. 
We therefore made no attempt to convert limits of detection data for competition assays 
into molarities for further analysis in this review. 
 In practice, additional elements are present in order to achieve a practicable 
format. The porous membrane is usually fragile and may be laminated to a more robust 
backing. Alternatively, the membrane may be cast on a plastic support by the 
manufacturer. The whole may be mounted in a protective housing or cassette, or provided 
with additional layers of lamination to provide a self-contained, sealed unit. The housing 
may have sample addition ports and viewing ports. 
 For consideration in this work, the standard LFIA, as most widely used, is defined 
as one where the microporous membrane is nitrocellulose membrane and colloidal gold is 
the label. Significant variants from the standard format are investigated for possible 
improvement in performance. 
 

Search criteria 
 While the term “lateral flow immunoassay” is now generally recognized, this was 
not the case for earlier publications. Various terms were used, such as “self-performing”, 
“one step”, “immunochromatographic” or merely reference to a specific commercial 
product name without further characterization. We attempted to capture all relevant 
publications in order to achieve a comprehensive survey of the literature. Searching was 
done entirely within PubMed. We have not attempted to include the extensive patent 
literature on the subject here. Design and performance information that may have been 
included in patents, where significant, eventually found its way into the published 
literature in the form of demonstrations of performance, or of clinical studies for the 
validation of commercial products. 
 After several iterations, the following search logic was used (July 2007): 
 

("lateral flow" AND immunochromatograph*) OR ("lateral flow" AND test) OR 
(("one step" OR "one-step") AND immunoassay) OR “Oraquick” OR “Directigen EZ” 
OR “Binax Now” OR (Rapiscan NOT microplate) OR “Testpack plus” OR Micral 
 
This search was built up by an iterative process by using terms that captured known 
publications. No attempt was made to search comprehensively for all names of 
commercial product. However, when product names were found in publications during 
the screening process, then additional searches were made based on those product names 
only, and the incremental hits resulting from this process are shown in Fig. 2. The term 
Rapiscan appears to include both lateral flow and microplate assays, so the logic “NOT 
microplate” was used to limit the search to LFIA.  
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Fig. 2
Logical steps in literature search on Medline. Each box represents a sequential logical step in the search 
process. The area of each box is proportional to the cumulative number of hits at that step, while the number in each 
box represents the incremental number of his resulting from the preceding step. The flags show the key words or 
phrases used in the search.



 
All of the hits obtained were imported into a FileMaker Pro database. The fields 

captured were title, journal citation, authors, abstract and date of publication. The 
resulting database was used as a tool for subsequent analysis. This strategy was 
deliberately broad in order to minimize the risk of missing significant publications. On 
the other hand, large numbers of irrelevant publications were captured which could easily 
be ruled out from the title, by reading the abstract. When necessary, publications were 
ruled irrelevant by reading of the entire contents. Fig. 2 shows that 859 of the 
publications initially capture were ruled irrelevant by this process. The literature search 
process was deliberately “high sensitivity, low specificity”. 
 Micral® is  microalbuminuria test commercialized by Roche Diagnostics, and was 
initially partially captured by our criteria. Subsequent search in PubMed on the term 
“Micral” resulted in 63 hits. This relatively high number of publications citing the use of 
the test does not reflect any commercial uptake of the tests. Commercial considerations 
are outside of the scope of this work. Micral, however, appears to be in a gray zone in 
terms of the definition of LFIA used here. The Micral publications also make a major 
contribution to the number of hits prior to 2000 in the plot of Fig 3. In the original form, 
it is was a competitive format using enzyme-labeled albumin. There was no readout from 
a capture zone, but the label released under the action of the competition arrived in a 
downstream pad. There the visible signal resulted from the presence of chromogenic 
substrate for the enzyme in the pad. In a newer version, Micral II, colloidal gold label is 
used In both versions, the result is semi-quantitatively determined by visual color 
comparison with a printed color scale for 0, 10, 20 or 50 mg/L.  
 There remain 217 relevant publications. It is interesting from the historic 
perspective to note the time course of appearance of relevant publications. This is plotted 
as a function of year in Fig 3. 
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Fig. 3 
Chronology of publications. The number of publications has been updated to include 
all of 2007, grouped by year of publication, and the number per year plotted. 
 

Results of the Search 
Publications were few in the first 8 years following the first publication in 1990, 

after which there was a surge up to the present. The decline for 2007 is an artifact due to 
the fact that the search only covered the first half of the year. This does not imply that it 
took 8 years for the technology to be recognized. On the contrary, that earlier period was 
characterized by rapid commercialization of physicians’ office tests and of over-the-
counter tests. There was also very active patent filing during that period. Only in 2000 
did publications begin to appear with tests fabricated from commercially available 
devices and reagents, such as printing or striping devices. Small runs of devices could 
readily be fabricated at the bench top. This brought the creation of LFIA from industrial 
to research settings. A proliferation of more exploratory uses, rather than clinically 
established targets, then began to appear in the scientific literature. 




