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• Detection of antibodies to pathogens forms an integral part of the diagnostic 
process and is essential for surveillance studies

• Inherently difficult to perform and interpret

• Non-specific cross-reactivity

• Multi-serotype viruses – cross-reaction

• Timing of collection

• Time consuming

• Gold standard VNTs often require high biocontainment

• Reagent production requires high biocontainment

• Lack of standardisation

• Lack of validation data

Traditional serology for EADs



• Most commonly used:

• ELISA (different formats e.g. indirect, direct, sandwich, capture, 
competition) – inactivated whole Ags vs. recombinant Ags

• Haemagglutination inhibition (HAI)

• PRNT and VNT

• Immunofluorescence antibody test (IFAT)

• Lateral flow devices (field)

• Luminex (multiplex up to 100 analytes) – emerging technology

• Multiple assays required per single sample in diagnostic setting

• Targeted sero-surveillance (100s to 1000s samples) focuses on a single 
target (virus and/or serotype) to remain feasible 

Traditional serology for EADs



• Distinguishing cross-reactive antibodies to similar viruses

• Single test vs. multiple tests

• Higher resolution (epitope vs. whole virus/protein antigen)

• Serotyping without VNT in containment

• Syndrome-based diagnostic tool vs. disease/virus specific

Filling the gaps requires a unique approach



Developments in human health research



Autoimmune disease research

Larman et al., 2011, Nat Biotechnol



Infectious disease research

Mohan et al., 2018, Nat Protoc
Xu et al., 2015, Science
Monaco et al., 2018, bioRxiv

93,904 peptides from 206 viral species



Infectious disease research

Sanchez-Lockhart et al., 2018, Cell Reports



Conventional serology methods Phage and peptide libraries

• One test per virus

• Non-specific cross-reactivity

• Difficult to perform and interpret

• Time-consuming

• Viral neutralisation tests require 
high biocontainment

• Single one-pot test (~1 µl serum)

• High resolution

• Simple, standardised workflow

• Results in as fast as 2 days

• Does not require high 
biocontainment

Ladner, J. T. et al. (2021). Cell Reports Medicine, 

2(1).

Infectious disease research



PhiP-Seq vs. traditional approaches



• Foot-and-mouth disease

• Single assay to distinguish between 6 serotypes (serotype C was last 
recorded in 2004 in the Amazon province, Brazil; is considered extinct)

• Differentiating Infected from Vaccinated Animals (DIVA) in FMD-free 
countries when emergency vaccination is considered – SP vs NSP

• Bluetongue disease

• Single assay to distinguish between serotypes of importance in Australia

• BVDV, BDV, CSF and other diseases caused by pestiviruses of importance

• Single assay to distinguish between different pestiviruses

• Differential tool for CSF vs. ASF

• Species specific syndromic diagnostic tool

How can we apply it to improve EAD serology?



• Literature review and bioinformatics for design of Oligonucleotide Library 
Synthesis (OLS)
• FMD all 7 serotypes, 6 proteins 

– A, O, Asia-1, C, SAT1, 2 and 3

– VP1 (1D); VP2 (1B); VP3 (1C); VP4 (1A); 2B; 3ABC

• Collapse FMD sequences to 85% identity (serotype differentiation threshold at aa 
level)

• pepsyn tool used:

• peptide length 36 aa

• tile every 7 aa (thus overlap 29 aa)

• remove duplicate peptides (100% identity, cd-hit)

• reverse translate peptides to nucleic acid sequences
– E. coli codon optimised

• Immunoprecipitation reaction (serum + phages + protein A/G magnetic beads)

• Perform barcoding and sequencing of enriched phages

• Determine enriched peptides to characterise reactive antibodies in serum sample

Typical design process and workflow
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