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Data and Tools

Pathogen
- Sequence
- Structure
- Modifications
- Ab Epitopes (linear or discontinuous)

Host
- CTL/HTL Epitopes 
- Presenting HLA
- Immune Response
- Antibodies 
- Ab Neutralizations 
- Ab Features/Contacts
- Patient Database



Many “HIV Immunology” tools 
are broadly applicable

● Tools list is color-coded by range of use



Continuing Efforts
• Curated annotations
• Maintained and updated tools, maps and tables
• Updated Help pages
• Published annual compendium 

HIV Immunology Database - 2022 Additions

Upgrades
• Expanded and searchable patient database, linked Seq and 

Immuno Patient Codes and Database IDs

• HLA nomenclature updated further, consistent with 2022 HLA update

• Somatic hypermutation data added to Neutralization DB 
(=CATNAP)

• API for JSON and CSV download capability expanded
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● Linear Antibody Epitope Search

● Use of HIV Genome Browser Tool

● Find overlapping Helper/HTL Epitopes

● Overlapping CTL Epitope Search

● Discontinuous Antibody Epitope Searches

Rapid Epitope Searches - and Sequential
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Linear Antibody Epitope Search
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https://www.hiv.lanl.gov/mojo/immunology/search/ab/form.html
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https://www.hiv.lanl.gov/content/immunology/maps/ab/gp160.html

(aa 651-700)
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From Linear Ab Epitope Search 
to HIV Genome Browser

https://www.hiv.lanl.gov/content/immunology/maps/ab/gp160.html


https://www.hiv.lanl.gov/content/sequence/
genome_browser/browser.html

HIV GENOME BROWSER 
TOOL

https://www.hiv.lanl.gov/content/sequence/genome_browser/browser.html
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W672: structure & neutralization 
key epitope position

mutating both positions 
672 & 673 to L affects 
neutralization

mutation 
affects 
binding for 
overlapping 
Ab 4E10 
epitope
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fusion heptad-
repeat, HR-2

https://www.hiv.lanl.gov/
content/sequence/
jbrowse/

gp41 trans-
membrane 
domain
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Overlapping 
HTL and CTL 
Epitopes ??
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Overlapping 
HTL Epitope



Overlapping 
CTL Epitope
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https://www.hiv.lanl.gov/mojo/immunology/search/ctl/form.html

Search for 
CTL Epitope

https://www.hiv.lanl.gov/mojo/immunology/search/ctl/form.html


Notes on 
CTL Epitope



Discontinuous Antibody Epitope Search 1
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Discontinuous Antibody Epitope Search 2
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FROM Epitope Search 
TO Pathogen Attributes

- HIV protein maps
- HIV Genome Browser
- HIV sites of interest

~~~~~

FROM Epitope Search
TO Host Attributes

- Ab Contacts/Features
- Ab Neutralization 

HOST-PATHOGEN 
INTERACTION

- Vaccine Design



We are happy to help with research questions on 
the use of our tools and database.

We appreciate ideas for further tool development!

Contact us: 
immuno@lanl.gov or seq-info@lanl.gov

https://hiv.lanl.gov/
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Multiple 
paths to
most tools



HIV Tools:
>80% are 

NOT
HIV-specific



Download all contact 
sites (and other 
features) in a single 
spreadsheet

Select “contacts” to 
get discontinuous 
antibody contacts

Almost all features 
are based on 
experimental data; 
any computational 
predictions are 
clearly delineated as 
such

Feature and 
Contacts 
Database



Links to VRC01 
information and 
IC50 data

Logo showing variability 
at this Env position



Provide an alignment 
representing the 
variability of the organism 
(e.g., HCV E2 protein 
alignment)

Choose the positions to 
analyze; possibly the 
location of your favorite 
epitope(s).

Choose a master 
sequence as the basis 
of comparison

Sequence Alignment 
Analysis Tool



An alignment of all 
variants, relative to the 
master sequence chosen 
(including frequency of 
each).

A histogram of the 
number of positions with 
mutations, relative to the 
master sequence.

A list of all variants 
present, relative to the 
selected master 
sequence.

A sequence logo showing 
the variability in the 
alignment.

AnalyzeAlign example output



● Vaccinating a diverse population 
with individual epitopes is 
infeasible

● Escape forms for one HLA are 
frequently sensitive for a different 
HLA

● It may not be necessary to 
predict epitopes — but only to 
deliver them

● Optimized immunogen cocktails 
could deliver most epitopes likely 
to be present in infecting virus

Vaccine Design Tools
HIV epitopes are densely packed 

at the population level



Evaluation tools

Vaccine Design Tools: Mosaic/Epigraph

Design Tools
Generate candidate vaccine protein cocktails that optimize coverage of potential T-cell 
epitopes based on frequencies in sets of natural pathogen sequences 
Mosaic Vaccine Designer — genetic algorithm (Fischer et al. 2007)

Epigraph — graph-theory approach (Theiler et al. 2016)

Epitope Coverage Assessment (EPICOVER)
Alignment-independent “k-mer” coverage by vaccines or peptides.

Positional Epitope Coverage Assessment (POSICOVER)
Alignment-based coverage by vaccines or peptides.



Mosaic Vaccine 
Designer

Method: genetic algorithm

Target set: natural protein sequences from 
a diverse pathogen population 

Cocktail size: how many mosaic protein 
sequences to generate

Epitope length: default is 9 amino-acids



EPIGRAPH

Method: evaluation of acyclic graph

Target set: natural protein sequences for 
the pathogen population 

Cocktail size: how many mosaic proteins 
in the output set.

Epitope length: default is 9 amino-acids.

Advantages over Mosaic

Essentially optimal (fractionally better 
coverage)

Much faster: allows iteration and 
comparison of multiple input sets and 
alternate designs



Mosaic/Epigraph vaccine designs have been applied to many pathogens

Influenza Kingstad-Bakke et al Vaccine, 2019 37:5051, PMID: 31300285; Florik et al, 
PLoS One, 2017 Aug 3;12(8):e0181738; Kamlangdee et al, J Virol. 2016 Jul 
11;90(15):6771-6783 and J Virol. 2014 Nov;88(22):13300-9, PMID:25210173
Dengue Hou et al Front Immunol. 2019 Jun 20;10:1429, PMID: 31281322
Rabies Stading et al, Plos Negl Trop Dis, 2017, PMID: 28976983
Pan-filoviruses Theiler et al, Sci Rep. 2016, PMID: 27703185, Rahim et al, PLoS Pathog. 
2019 Feb 28;15(2):e1007564 PMID: 30817809
Chlamydia trachomatis Badamchi-Zadeh et al, Front Immunol, 2016, PMID: 27199987
Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) Cui et al, PLoS One. 
2019 Jan 31;14(1), PMID: 30794703
Dengue Fever Hou et al, Front Immunol. 2019 Jun 20;10:1429, PMID: 31281322
Hepatitis B Bruening E, Douglas J, Yusim K, et al., being experimentally tested
Hepatitis C Yusim et al., Clin Vaccine Immunol, 2013, PMID: 23221002
Lassa Virus Alex Bukreyev, https://apps.dtic.mil/sti/citations/AD1116972
HIV Chen et al. J Virol. 2022 96(7):e0216121, PMID: 35297660; Barouch et al. 2018 
392(10143):232-243, PMID: 30047376

Vaccine Design Tools: Mosaic/Epigraph

https://apps.dtic.mil/sti/citations/AD1116972


CATNAP (Compile, Analyze and Tally NAb Panels)

What is CATNAP, really?

● A database of HIV antibody neutralization (IC50/80) data.

● A tool to analyze numerical data in association with variable 
sequences from any protein.

(Coming soon: a database of SARS-CoV-2 neutralization data)

https://www.hiv.lanl.gov/components/sequence/HIV/neutralization/index.html

https://www.hiv.lanl.gov/components/sequence/HIV/neutralization/index.html


Download and analyze 
built-in HIV antibody 
IC50/80 data

Analysis of your data for 
any organism: numerical 
data linked to aligned 
sequences

Analysis of built-in 
IC50/80 data together with 
your own HIV antibody 
IC50/80 data



Position analysis of antibody 5-7 at position 17 
of the alignment…

…shows a statistical difference in 
neutralization between glycosylated 
and non-glycosylated N.

IC50 values
UD=undetected

Spike 
sequence 
names

Spike sequence 
alignment; red N’s 
have predicted 
glycosylation

SARS-COV-2 data from Wang et al. 
Nature 2022 Aug;608(7923):603-608

CUSTOM CATNAP



http://cov.lanl.gov

http://cov.lanl.gov


Same tool as AnalyzeAlign, with 
options specific to SARS-COV-2.



Thank you for attending!

We are happy to help with research questions on
the use of our tools and database.

We are thrilled to get ideas for further tool
development!

Contact us: 

seq-info@lanl.gov or immuno@lanl.gov

mailto:seq-info@lanl.gov
mailto:immune@lanl.gov?subject=
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