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Introduction:
Key advances in healthcare have arisen from the implementation 
of point-of-care (PoC) testing in minimally equipped laboratories 
or at home. PoC tests are used in the detection of various 
analytes, biomarkers, and pathogens, and are widely used due to 
their convenience, low cost and reliability. One of the best-known 
PoC tests is a lateral flow immuno-chromatographic assay (LFA) 
for the detection of the pregnancy hormone, human chorionic 
gonadotropin (hCG). Readouts for LFAs have ranged from 
colorimetric, to magnetic readings, to chemiluminescence in 
order to achieve high sensitivity. 

M13 Phage Reporters

Conclusions:
• Validated M13 phage as a reporter particle
• Demonstrated a freeze-drying recipe for the best release of                                                                     

reporter particles
• Developed a full-fledged assay for the detection of human                        

chorionic gonadotropin
• Demonstrated our assay’s performance in blood
• Achieved a limit of detection of 1 pg/mL in blood
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Bacteriophage Lateral Flow Assays
Results

hCG Detection in Blood

Freeze-Dried Buffer Optimization

LFA strips without and with 
anti-M13 antibody

The following figures (A-C) demonstrate strips that were dried in two different conditions 
(black bars represents air-dried and white bars represents freeze-dried) and were run 
withM13 bacteriophage, anti-M13-HRP enzyme and a chromogenic substrate (TMB) to result 
in a colorimetric readout. Images were taken by an iPhone 6 and densitometry was by ImageJ.

The above figures demonstrate the blood-filtering capacities of 
filters from different manufactures, (L-R; GX, MF1, GR, and NX).

The above figures demonstrate strips that were freeze-dried and run with 
bacteriophage in blood, anti-M13-HRP and a chromogenic substrate to 
result in a colorimetric readout. Images were taken by a iPhone 6 and 
densitometry was performed through ImageJ.

We noted that the structure of a M13 
bacteriophage is advantageous in lateral flow due 
to its high surface area to volume ratio and its 
ability to be chemical modified. Bacteriophages 
have been explored in recent years as reporters for 
immunoassays that have enabled improved 
recognitions and enhanced signal readout. 

Materials and Methods
Here, we developed a rapid and 
sensitive lateral flow assay, and 
demonstrated its stability and 
use in blood, through the 
optimization of lateral flow 
components.

The figure above represents the many, diverse particles 
employed in LFAs.

Figures D and E represent M13 phage 
conjugated to an anti-hCG antibody through 
thiol maleimide chemistry. This is further 
demonstrated on working strips and in plastic 
cassettes without and with hCG antibody.
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hCG Detection in Blood
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Testing Conjugate  Release padsM13 in Buffers and Sugars

M13 anti-hCG Conjugate

Citrate &
Trehalose

Citrate &
Lactose

Succinate &
Lactose

Succinate &
Trehalose

1

2

3

4

Y

TMB
TMB

sample

[A] Schematic of a bacteriophage lateral flow assay, with test 
and control lines. [B] Membranes involved in a LFA, with 1 as 
the sample pad, 2 as the conjugate release pad, 3 as the 
membrane, and 4 as the absorbent pad.
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