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HA1

Viral genomic data

• Accumulation of viral genomic 

data.

Background

Influenza A viruses pose a major global health threat due to their high mutation rates and pandemic potential. 

Vaccination is a cornerstone 

strategy for controlling both 

seasonal and avian influenza.

• Labor-intensive, time-consuming, 

and low-throughput.

Serological assays



Background

Machine 

learning

Antigenic 

map

Deep 

learning

• Racmacs

• AntigenMap 3D

• MC-MDS

• PREDAC

• MFPAD

• AdaBoost

• PN-AgEvaH1

• CNN-M23

• CNN-PSO

• PREDAC-CNN

• IAV-CNN

• FluAttn

• PREDAC-Transformer



FluNexus: antigenic prediction and visualization platform

https://flunexus.com/ 

Overview of FluNexus.

https://flunexus.com/


Highlights

◼ FluNexus features a data preprocessing 
module for HA1 and HI data of influenza 
A viruses;

◼ FluNexus facilitates online antigenic 
prediction, utilizing ten state-of-the-art 
antigenic prediction tools, and offers 
practical guidance based on a 
comparative evaluation of their 
performance;

◼ FluNexus provides a visualization module 
for mapping antigenic evolution of 
influenza A viruses, incorporating a novel 
manifold-based method for antigenic 
cartography.



Data preprocessing

https://flunexus.com/Da

taPreprocessing.html/ 

FluNexus features a data preprocessing pipeline for users to process their own uploaded data 
on the “Data Preprocess” page.

https://flunexus.com/DataPreprocessing.html/
https://flunexus.com/DataPreprocessing.html/


Antigenic prediction tools

https://https://flune

xus.com/Antigenic

Prediction.html/ 

FluNexus provides both online and open-source implementations of ten sequence-based 
tools for antigenic  prediction. The integrated tools comprise PREDAC, CNN-M23, CNN-PSO, 
MFPAD, PREDAC-CNN, AdaBoost, IAV-CNN, PN-AgEvaH1, PREDAC-Transformer, and FluAttn.

https://https/flunexus.com/AntigenicPrediction.html/
https://https/flunexus.com/AntigenicPrediction.html/
https://https/flunexus.com/AntigenicPrediction.html/


Benchmarking of antigenic prediction methods

Comparison of the ability to discriminate antigenic variants from non-variants across methods.
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Benchmarking of antigenic prediction methods

Comparison of the ability to discriminate antigenic variants from non-variants across methods.
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Benchmarking of antigenic prediction methods

Comparison of the accuracy in inferring antigenic distances across methods.
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Benchmarking of antigenic prediction methods

Comparison of the accuracy in inferring antigenic distances across methods.

Retrospective test

Cross-validation

Retrospective testCross-validation

H
1

H
3

H
5

(A)

(B) (C)

(D)

CNN-M23

MFPAD

AdaBoost

CNN-PSO

PREDAC-CNN

PREDAC

Deep
learning
based

Machine
learning
based

PN-AgEvaH1

IAV-CNN

FluAttn

PREDAC-Transformer

Method

H1 H3 H1 H5H3

ROC-AUC MAE MSE

H5 H1 H5H3

PR-AUC

H1 H3 H5

Meta information

Distance

: Not applicable : Capable of predicting antigenic distance : Incapable of predicting antigenic distance

E
n

c
o

d
in

g
 t

im
e

 (
s
)

Number of samples
400003000020000 25000 5000035000 45000

400

500

600

100

300

200

PN-AgEvaH1

PREDAC-Transformer

IAV-CNN

FluAttn

CNN-PSO

PREDAC-CNN

AdaBoost

AdaBoost (Sparse One-Hot)

MFPAD

CNN-M23

PREDAC

20000

25000

5000

15000

10000

PN-AgEvaH1

PREDAC-Transformer

IAV-CNN

FluAttn

CNN-PSO

PREDAC-CNN

AdaBoost

AdaBoost (Sparse One-Hot)

MFPAD

CNN-M23

PREDAC

T
ra

in
in

g
 t

im
e

 (
s
)

Number of samples

400003000020000 25000 5000035000 45000

M
A

E

Datasets

M
A

E

M
S

E
M

S
E

DatasetsDatasets

Datasets

H1 H3 H5

H1 H3 H5 H1 H3 H5

H1 H3 H5

AdaBoost MFPAD CNN-M23 FluAttn

0.4

0.2

0.0

1.6

1.4

1.2

1.0

0.8

0.6

0.5

0.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

3.0

2.5

2.0

1.5

1.0

10

8

6

4

2

0

0.730.67

0.51

0.620.58 0.63
0.58

0.74

1.32

0.960.94

1.25

0.670.70
0.60 0.68

0.940.83
0.76

0.94

3.14

1.87
1.78

2.78

0.78

1.09

0.71

0.89 0.98
1.010.89

1.17

2.29
2.12

2.19

2.41

0.99

2.21

1.01

1.33 1.51
1.681.49

2.04

8.67
7.23

8.34 8.96

T
ru

e
 p

o
s
it
iv

e
 r

a
te

T
ru

e
 p

o
s
it
iv

e
 r

a
te

T
ru

e
 p

o
s
it
iv

e
 r

a
te

False positive rate Recall False positive rate Recall

False positive rate Recall False positive rate Recall

False positive rate Recall False positive rate Recall

P
re

c
is

io
n

P
re

c
is

io
n

P
re

c
is

io
n

T
ru

e
 p

o
s
it
iv

e
 r

a
te

T
ru

e
 p

o
s
it
iv

e
 r

a
te

T
ru

e
 p

o
s
it
iv

e
 r

a
te

P
re

c
is

io
n

P
re

c
is

io
n

P
re

c
is

io
n

0.4

0.0

1.0

0.8

0.6

0.2

0.40.0 1.00.80.60.2 0.40.0 1.00.80.60.2 0.40.0 1.00.80.60.2 0.40.0 1.00.80.60.2

0.40.0 1.00.80.60.20.40.0 1.00.80.60.20.40.0 1.00.80.60.20.40.0 1.00.80.60.2

0.40.0 1.00.80.60.2 0.40.0 1.00.80.60.2 0.40.0 1.00.80.60.2 0.40.0 1.00.80.60.2

0.4

0.0

1.0

0.8

0.6

0.2

0.4

0.0

1.0

0.8

0.6

0.2

0.4

0.0

1.0

0.8

0.6

0.2

0.4

0.0

1.0

0.8

0.6

0.2

0.4

0.0

1.0

0.8

0.6

0.2

1.0

0.9

0.8

0.7

0.6

0.5

0.70

0.65

1.00

0.95

0.90

0.85

0.80

0.75

1.00

0.98

0.96

0.94

0.92

1.0

0.9

0.8

0.7

0.6

0.5

1.0

0.9

0.8

0.7

0.6

1.00

0.95

0.90

0.85

0.80

PN-AgEvaH1 (AUC = 0.725)

PREDAC-Transformer (AUC = 0.794)

IAV-CNN (AUC = 0.501)

FluAttn (AUC = 0.805)

CNN-PSO (AUC = 0.792)

PREDAC-CNN (AUC = 0.799)

AdaBoost (AUC = 0.810)

MFPAD (AUC = 0.810)

CNN-M23 (AUC = 0.788)

PN-AgEvaH1 (AUPRC = 0.765)

PREDAC-Transformer (AUPRC = 0.793)

IAV-CNN (AUPRC = 0.445)

FluAttn (AUPRC = 0.800)

CNN-PSO (AUPRC = 0.790)

PREDAC-CNN (AUPRC = 0.798)

AdaBoost (AUPRC = 0.841)

MFPAD (AUPRC = 0.804)

CNN-M23 (AUPRC = 0.796)

PN-AgEvaH1 (AUC = 0.671)

PREDAC-Transformer (AUC = 0.658)

IAV-CNN (AUC = 0.496)

FluAttn (AUC = 0.728)

CNN-PSO (AUC = 0.691)

PREDAC-CNN (AUC = 0.710)

AdaBoost (AUC = 0.718)

MFPAD (AUC = 0.758)

CNN-M23 (AUC = 0.679)

PN-AgEvaH1 (AUPRC = 0.748)

PREDAC-Transformer (AUPRC = 0.676)

IAV-CNN (AUPRC = 0.479)

FluAttn (AUPRC = 0.747)

CNN-PSO (AUPRC = 0.705)

PREDAC-CNN (AUPRC = 0.738)

AdaBoost (AUPRC = 0.793)

MFPAD (AUPRC = 0.786)

CNN-M23 (AUPRC = 0.718)

PN-AgEvaH1 (AUC = 0.731)

PREDAC-Transformer (AUC = 0.866)

IAV-CNN (AUC = 0.499)

FluAttn (AUC = 0.858)

CNN-PSO (AUC = 0.863)

PREDAC-CNN (AUC = 0.876)

AdaBoost (AUC = 0.884)

MFPAD (AUC = 0.861)

CNN-M23 (AUC = 0.878)

PREDAC (AUC = 0.715)

PN-AgEvaH1 (AUPRC = 0.929)

PREDAC-Transformer (AUPRC = 0.956)

IAV-CNN (AUPRC = 0.777)

FluAttn (AUPRC = 0.952)

CNN-PSO (AUPRC = 0.955)

PREDAC-CNN (AUPRC = 0.961)

AdaBoost (AUPRC = 0.965)

MFPAD (AUPRC = 0.953)

CNN-M23 (AUPRC = 0.961)

PREDAC (AUPRC = 0.890)

PN-AgEvaH1 (AUC = 0.681)

PREDAC-Transformer (AUC = 0.627)

IAV-CNN (AUC = 0.506)

FluAttn (AUC = 0.712)

CNN-PSO (AUC = 0.570)

PREDAC-CNN (AUC = 0.690)

AdaBoost (AUC = 0.694)

MFPAD (AUC = 0.715)

CNN-M23 (AUC = 0.679)

PREDAC (AUC = 0.745)

PN-AgEvaH1 (AUPRC = 0.881)

PREDAC-Transformer (AUPRC = 0.814)

IAV-CNN (AUPRC = 0.733)

FluAttn (AUPRC = 0.864)

CNN-PSO (AUPRC = 0.781)

PREDAC-CNN (AUPRC = 0.853)

AdaBoost (AUPRC = 0.852)

MFPAD (AUPRC = 0.864)

CNN-M23 (AUPRC = 0.844)

PREDAC (AUPRC = 0.874)

PN-AgEvaH1 (AUC = 0.637)

IAV-CNN (AUC = 0.497)

FluAttn (AUC = 0.917)

CNN-PSO (AUC = 0.870)

AdaBoost (AUC = 0.946)

MFPAD (AUC = 0.900)

CNN-M23 (AUC = 0.916)

PN-AgEvaH1 (AUPRC = 0.975)

IAV-CNN (AUPRC = 0.935)

FluAttn (AUPRC = 0.993)

CNN-PSO (AUPRC = 0.987)

AdaBoost (AUPRC = 0.995)

MFPAD (AUPRC = 0.991)

CNN-M23 (AUPRC = 0.992)

PN-AgEvaH1 (AUC = 0.584)

IAV-CNN (AUC = 0.472)

FluAttn (AUC = 0.667)

CNN-PSO (AUC = 0.667)

AdaBoost (AUC = 0.754)

MFPAD (AUC = 0.745)

CNN-M23 (AUC = 0.560)

PN-AgEvaH1 (AUPRC = 0.986)

IAV-CNN (AUPRC = 0.971)

FluAttn (AUPRC = 0.983)

CNN-PSO (AUPRC = 0.983)

AdaBoost (AUPRC = 0.992)

MFPAD (AUPRC = 0.991)

CNN-M23 (AUPRC = 0.978)



Benchmarking of antigenic prediction methods

Comparison of feature encoding and training time across methods.
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Overview of method performance.

Benchmarking of antigenic prediction methods
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Improved mapping of antigenic evolution and visualization

The FluNexus web platform incorporates two interactive visualization modules:

https://https://flunexus.co

m/atmap.html/

Antigenic map:

https://https://flunexus.co

m/mcl.html/  

Antigenic cluster: 

 Antigenic cluster  Antigenic map 

https://https/flunexus.com/atmap.html/
https://https/flunexus.com/atmap.html/
https://https/flunexus.com/mcl.html/
https://https/flunexus.com/mcl.html/


Improved mapping of antigenic evolution and visualization

Antigenic maps generated by 
FluNexus, Racmacs, UMAP, 
PCA, and t-SNE using the HI 
data under temporal sampling.
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Improved mapping of antigenic evolution and visualization

Antigenic maps generated by 
FluNexus, Racmacs, UMAP, 
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Summary

❑ In this study, we present FluNexus, a one-stop-shop web platform that streamlines antigenic 
prediction and visualization for influenza A viruses.

❑ FluNexus is a versatile platform that integrates interactive modules for data preprocessing, 
online antigenic prediction with practical guidance for researchers, and visualization of 
influenza A virus antigenic evolution.

❑  The core workflow and visualization framework of FluNexus can also be applied to other 
pathogens when assay-derived antigenic measurements and corresponding genomic 
sequences are available.

❑  Website: https://www.flunexus.com/ 
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iMeta: To be top journals in biology and medicine

“iMeta” launched in 2022 by iMeta Science Society, impact factor (IF) 33.2, ranking top 65/22400 in the world. It aims to publish 

innovative and high-quality papers with broad and diverse audiences. Its scope is similar to Cell. The average citation is > 40 in 2025, 

similar to Nature and Science. Its unique features include video abstract, bilingual publication, and social media with 600,000 

followers. Indexed by SCIE/ESI, PubMed, Google Scholar etc.

“iMetaOmics” launched in 2024, indexed by ESCI, PubMed, Google Scholar, with a target IF>15, and its scope is similar to 

Nature Communications, Science Advances, Advanced Science, Nucleic Acids Research, etc. 

“iMetaMed” launched in 2025, with a target IF>15, similar to Med, Cell Reports Medicine, eBioMedicine, eClinicalMedicine etc.

Society: http://www.imeta.science  
Publisher: https://wileyonlinelibrary.com/journal/imeta 

iMeta: https://wiley.atyponrex.com/journal/IMT2 
Submission: iMetaOmics: https://wiley.atyponrex.com/journal/IMO2 
                     iMetaMed: https://wiley.atyponrex.com/journal/IMM3  
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