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LANL’s HIV database complements IEDB:

● WHOLE PATHOGEN Database

Contains actively curated, comprehensive HIV data
- Also find limited Covid information.

And lists of immunogenic CD8+ (CTL) and CD4+ (HTL) T-cell epitopes 
- Lists of all DB-annotated immunogenic HIV epitopes
- Best-defined HIV CTL epitopes

But has more than epitopes
- Linked to HIV SEQUENCE DATABASE 
- Antibody annotations from literature
- Antibody  neutralization data
- Patient information (for both Sequence and Immunology data)
- VARIANTS of T-cell epitopes (TCE)

Data Analysis Tools for defining epitopes, generating vaccines, 
identifying neutralizing antibodies and analyzing sequences

- Most can be used for any organism
- Covid CATNAP with neutralization data and analyses



Part I (Elizabeth-Sharon Fung)

T cell epitopes – entries and searches  

Part II (Jennifer Mamrosh)

Research example– T cell epitope search
Antibody searches
Tools for HIV antibodies

Part III (Jennifer Macke)

Antibodies and Neutralization Data
   New! SARS-Cov-2 CATNAP

       Tools for T cell epitope vaccine design

 

Today’s agenda: 
Please feel free to follow along using our database online

Questions are welcome at any time!

hiv.lanl.gov

http://hiv.lanl.gov


https://www.hiv.lanl.gov



https://www.hiv.lanl.gov



https://www.hiv.lanl.gov/content/immunology/index.html

Multiple search options 
via drop-down menus 
or clickable links.

https://www.hiv.lanl.gov/


Epitope alignments: 
(Sequence DB) epitopes aligned to HIV subtype Reference sequences in Fasta format

Immunogenic peptide maps (with HLA and other patient data)



p17 CTL/CD8+ Genome Browser and Epitope Map

www.hiv.lanl.gov/content/immunology/maps/maps.html

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

https://www.hiv.lanl.gov/content/sequence/jbrowse/?loc=Gag%3A249..303&tracks=PROTEIN%2CSub-protein_map%2CCTL_epitopes&data=hivdata%2FEpitope-protein&highlight=


CTL/CD8+ Epitope Summary (B-list) 
~ 2067 CTL epitopes ● Experimentally validated optimal epitopes with 

known HLA presenting molecules
● Defined/curated by Christian Brander and colleagues

Best-defined CTL Epitope Summary (A-list) ~ 280

www.hiv.lanl.gov/content/immunology/tables/ctl_summary.html www.hiv.lanl.gov/content/immunology/tables/optimal_ctl_summary.html

Searchable epitope variants (~3500 CTL variants) from literature 

www.hiv.lanl.gov/content/immunology/pdf/2010/escape_article_supplement.html



https://www.hiv.lanl.gov

CTL epitope search:



CTL/CD8+ Search 

● Search by HIV protein, Epitope 
Sequence, Subtype, 
Immunogen, Vaccine Details, 
Species, presenting MHC/HLA, 
Author, Country, Keywords

● Search on epitope location and 
find fuzzy matches, overlaps 
and embedded epitopes

● Search examples:

● Example:
● SLYNTVATL – 319 

entries
● Narrow the search with 

keyword “escape” – 38 
entries

Search for ISPRTLNAW with the first author Pillay



Variant details with annotator’s notes

Link to Epitope Alignment

Link to Epitope Maps

Immunological, 
virological, 
epidemiological 
contexts



Aligns epitope under study to latest premade HIV web 
alignment available through HIV Sequence database

Epitope Alignment

www.hiv.lanl.gov/content/sequence/QUICK_ALIGNv2/QuickAlign.html



Variant details

Link back to epitope entry

Note describing why the variant was designated 
as a particular mutation type

Mutation type
Mutation type examples:

❑ E escape
❑ IE inferred escape
❑ DR diminished response
❑ SF susceptible form
❑ etc…



Research Example- Mutations in the Gag protein in HIV long-term non-progressors:

• Consider the following research example: (Ammaranond, Kelleher, et al., 2011; PMID: 21115730)

• 19 individuals were identified as long-term non-progressors and were not being treated with antiretrovirals

• These individuals carried MHC Class I allele HLA-B*27, which is more frequently found in long-term 

non-progressors

• Plasma viral load, CD4 count, and Gag sequencing were performed at study start & last follow-up (avg. 14 years)

• During the course of the study, some of the individuals had their disease progress



Research Example- Mutations in the Gag protein in HIV long-term non-progressors:

• Certain mutations were identified in the Gag protein, some of which appeared over time:

individual # Gag aa263-272 sequence, 
study start

Gag aa263-272 sequence, 
last follow-up

“WT” sequence KRWIILGLNK KRWIILGLNK
1 -----M---- -----M----
2 -----M---- -----M---- 
3 -----M---- -G--------
4 -K--VI---- -K--VI----
5 ----------  -----M---- 
6 -Q---M---- -Q---M----
7 -----M---- -----M---- 
8 ---------- ----------
9 -----M---- -----M----
10 -----M----
11 ----------
12 -----M---- -----M----
13 -G-------- -G--------
14 -K---M----
15 -----M----  -----M----
16 ----------
17 -----M---- -----M----
18 ---------- ----------
19 -K---M----

• Do any of these mutations contribute 
to disease progression in certain 
individuals? 



Research Example- Are there Gag R264 mutations in antibody or T cell epitopes?

• Let’s consider mutations at Gag amino acid R264, particularly R264K mutations:

• How can we know which epitopes might contain this mutation?

• Our database offers a few options:
• Visually look at epitopes on the HIV Genome Browser tool
• Use the Epitope Location Finder tool
• Search for specific sequences (antibody, CTL epitope, or T-helper epitope search interface)
• Search for specific regions of Gag (antibody, CTL epitope, or T-helper epitope search interface)

individual # Gag aa263-272 sequence, 
study start

WT sequence KRWIILGLNK



Research Example- Are there Gag R264 mutations in antibody or T cell epitopes?

• We can look for antibody or T cell epitopes containing the WT sequence or R264 mutation in the HIV Genome Browser:

R264

CTL epitopes

T-helper epitopes

antibody epitopes



Research Example- Are there Gag R264 mutations in antibody or T cell epitopes?

• The Epitope Location Finder (ELF) tool suggests that our unmutated input sequence, KRWIILGLNK, is a CTL epitope:



Research Example- Is this CTL epitope immunogenic? 

• Let’s put our unmutated input sequence, KRWIILGLNK, into the CTL epitope search interface:

Gag protein

input sequence

HLA-B*27



Research Example- Is this CTL epitope immunogenic? 

• This epitope has been reported to be immunogenic in some individuals:

• This is just one of 40 entries in our database for this sequence!



Research Example- Are CTL epitopes with R264 mutations no longer immunogenic? 

• We can find some of this information in the CTL epitope search results

• However, our CTL epitope variant search is more specifically set up to address these kinds of questions

• Let’s put our unmutated input sequence, KRWIILGLNK, into the CTL epitope variant search interface



Research Example- Are CTL epitopes with R264 mutations no longer immunogenic? 

• Let’s put our unmutated input sequence, KRWIILGLNK, into the CTL epitope variant search interface:

R264K



Research Example- Summary 

• There is ample evidence from multiple publications that R264 mutations can confer immune escape in individuals with 
HLA-B*27

• Our database can be used to obtain annotated publication data for HIV immunogenic epitopes, even when the 
epitope location in a sequence is unknown



LANL’s HIV Immunology Database also offers antibody searches:

• Antibody epitopes can be more complex than CTL epitopes:
○ They often depend upon protein folding/can be discontinuous 
○ They can be unknown 

• Our database allows you to search for antibodies or antibody epitopes meeting specific criteria

• Antibodies with HIV neutralizing activity are typically against the Env protein; several regions are of particular interest:

adapted from Hsu et al. 2021 | PMID: 34322136



Antibody search input page

protein

epitope
antibody name

to limit search to antibodies from vaccines

antibody binding type (region of Env or other proteins)

keywords



Antibody search example output page

Antibody name

Data on antibody neutralizing activity

Link to more info on antibody binding

Keywords

Multiple notes (representing publications) are possible per antibody



Additional tools for HIV antibodies  

• We will soon make our CAByN (Choosing Antibodies by Neutralization) tool available, which allows users to search for 
antibodies based on their neutralizing properties: 

Neutralization criteria 
(breadth, potency, etc.)

Limit results to certain viral 
subtypes

Limit results to certain antibody 
binding types



Additional tools for HIV antibodies  

• Immunogen Database
We are in the process of developing a database & associated tools for antibodies elicited by certain types of 
vaccines (“Env immunogens”), to help users investigate what makes a successful vaccine immunogen.



What is CATNAP really?
Compile, Analyze and Tally Neutralizing 
Antibody Panels

• A database of antibody 
neutralization data: IC50, IC80, and 
ID50

• A web tool to analyze that data

• A tool to analyze other numerical 
data in association with variable 
sequences from any protein 
(Custom CATNAP)

CATNAP as a theoretical 
approximation, photo by 
Peter Hraber



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

https://hiv.lanl.gov
/catnap

COV CATNAP

Full DB downloads available



COVID-19 Viral Genome 
Analysis Pipeline

 

https://cov.lanl.gov





Odds ratios <1 indicate that R498 and Y498 are 
associated* with resistant viruses

Odds ratios >1 indicate that Q498 and H498 are 
associated* with neutralized viruses

* these associations are purely statistical, and not 
phylogenetically corrected



Who is CATNAP’ing and why?
● Training data & meta-analysis

○ “Extrapolating missing antibody-virus measurements across serological studies”
■ Einav & Cleary, Cells Systems 2022 

○ “Prediction of HIV sensitivity... using amino acid sequences and deep learning”
■ Dănăilă & Buiu, Bioinformatics. 2022 

○ “Potential neutralizing antibodies discovered for novel coronavirus using machine learning”
■ Magar et al., Sci Rep 2021 

○ “Super LeArner Prediction of NAb Panels (SLAPNAP)”
■ Williamson et al., 2021, Bioinformatics 2021 

○ “Optimizing clinical dosing of combination broadly neutralizing antibodies for HIV prevention”
■ Mayer, et al., PLoS Comput Biol. 2022 

○ “Probabilities of HIV-1 bNAb development in healthy and chronically infected individuals”
■ Kreer, et al., bioRxiv, 2023 

● A suite of tools built to visualize the data
○ U of Minnesota, Herschhorn lab: https://hiresist.umn.edu

https://hiresist.umn.edu/


Our database has additional tools, many of which are not HIV-specific:

■ Mosaic Vaccine Suite and 
Epigraph Vaccine Suite 

(using T-cell epitopes): 

Generate candidate vaccine protein 
cocktails with optimized potential 
epitope coverage, calculate and 
visualize coverage



Vaccine Design Tools: Mosaic and Epigraph

Generate candidate T-cell 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)



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; and 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)

Vaccine Design Tools: Mosaic/Epigraph



Additional tutorials available on our website

hiv.lanl.gov/content/sequence/TUTORIALS/Tutorials.html



Our database depends upon users like 
you! 

We are an NIH-funded resource. Please contact 
us with questions, problems, or suggestions.

immuno@lanl.gov

mailto:immuno@lanl.gov

