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In 2023…

39 million people living with HIV

1.3 million new infections – Majority 

via sexual transmission

Antiretroviral therapy (ART)

Prevent HIV acquisition Suppress virus and prevent transmission 

No vaccine or cure

Pre/post-exposure Prophylaxis Treatment after infection

Human Immunodeficiency Virus

CD4+ T cellDendritic 
Cell

Macrophag
e

A better understanding of the early HIV 
transmission events is vital for development 

of a vaccine and more targeted therapies



Collaborations with Clinicians Access to every tissue exposed to HIV

What are the early determinants in HIV infection?
Aim to explore dynamics between HIV and immune cells 

in tissue during transmission



2 hours
Collaborations with Clinicians

Human in situ 
transmission model

What are the early determinants in HIV infection?
Aim to explore dynamics between HIV and immune cells 

in tissue during transmission



Collaborations with Clinicians

What are the early determinants in HIV infection?
Aim to explore dynamics between HIV and immune cells 

in tissue during transmission



Detecting HIV interacting with target cells in situ

Nicolas 
Canete
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These lymphoid aggregates 
may play a role in the early 

transmission of HIV to T cells

Lymphoid 
Aggregate

Lymphoid aggregates (LAs) are clusters of immune 
cells found naturally in healthy human gut tissues – 

their role is currently poorly understood



Detecting HIV interacting with target cells in situ

We wanted to investigate how the composition of the 
lymphoid aggregate changes during HIV transmission

We wanted to explore the diversity and distribution of 
immune cells in lymphoid aggregates 
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Increasing our parameters!!!

Imaging mass cytometry
37 parameters + HIV RNA

Spatial transcriptomics
1000 genes + HIV RNA

Iterative fluorescence 
microscopy

6 parameters + HIV RNA



Part 1: Cellular 
Segmentation

Outline cell borders in 
the image

Raw Image: Poor Segmentation 

Part 2: Extract Cell 
Features

Determine each cell’s 
characteristics

Measuring 
marker 

expression 
in each cell

Using spatial maps 
to calculate distance 

metrics

Part 3: Cell 
Annotation

Classify the types of 
cells present

Using user-friendly 
software to classify 

and visualise cell 
populations

Cell type #1
Cell type #2
Cell type #3

Marker #1

Marker #2

Marker #3

Marker #4

Registered Image: Better Segmentation 

Oscar
Dong

Workflow:

https://github.com/CVR-MucosalImmunology/IMC

User-friendly & end-to-end analysis pipeline 



20 immune populations identified in the LA



Lymphoid Aggregates are organised

B cell 
subsets
(located 

centrally)

T cell subsets
(located 

peripherally)

Myeloid cell subsets, 
including dendritic cells
(dispersed throughout)

Unlabeled microscope image



0 1

Langerin+ cDC2 Traffic HIV to the centre of LAs

Centre 
of LA

Edge of 
LA

Langerin+ cDC2 cells carrying HIV are more localised 
toward the centre of the LA (p = 0.0429)

HIV+

HIV-

Langerin- cDC2



Summary

• Physiologically relevant human in situ transmission model

• An end-to-end analysis pipeline for imaging mass cytometry analysis, focusing on improving cell 
segmentation, tissue compartmentalisation and user-friendly application.

• Lymphoid aggregates are:

• A viral sanctuary during early HIV transmission

• A dense and diverse microenvironment containing several immune subsets in organised 
compartments

• A site of rapid HIV trafficking, notably by subsets of dendritic cells such as Langerin+ cDC2



Development of mucosal vaccines
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What are the early determinants in HIV infection?

Simian Immunodeficiency 
Virus Model

Hypothesise that viral transfer to T cells occurs at the site of infection Dendritic cells transfer virus to T cells in lymph node

Aim to explore dynamics between HIV and immune cells 
in tissue during transmission



0 1

Langerin+ cDC2 Traffic HIV to the centre of LAs

Centre 
of LA

Edge of 
LA

Langerin+ cDC2 cells carrying HIV are more localised 
toward the centre of the LA (p = 0.0429) Untreated 

sample

HIV 
treated 
sample

DNA Langerin HIV

HIV+

HIV-

• Previous findings supported by new high parameter spatial imaging
• Further analyses are required to determine exactly which cells these 

langerin+ cDC2 cells are interacting with 

Langerin- cDC2



HIV primarily interacts with dendritic cells

Iterative fluorescence microscopy
(high resolution images + HIV RNA)

CD4+ T cell Dendritic Cell Macrophage

Nicolas 
Canete

p=0.0006 ns ns ns

HIV PercentageCell Percentage

Epithelium
Lamina Propria

p=0.003 ns nsns

HIV PercentageCell Percentage

p=0.02 ns p=0.004 ns

Lymphoid 

aggregate

HIV PercentageCell Percentage

Not CD4+ T cells!
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HIV induces cell-cell interactions suggestive of viral 
transfer

HIV+

HIV-

Cell type 

HIV status

Percentage of images with 
significant interaction
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difference in % images with significant 
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Lymphoid aggregate play a substantial role in 
early HIV transmission
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p=10^-5

p=3x10^-4

Compartments

LA EP LP SM

p=0.028

30 minutes post-exposure
HIV rapidly 

accumulates in 

lymphoid aggregates

LAs are poorly understood
(aka Lymphoid follicle)

Likely related to tertiary
lymphoid structures

Composition and purpose in 
unaffected tissues unexplained



Lymphoid aggregate play a substantial role in 
early HIV transmission

HIV rapidly 

accumulates in 

lymphoid aggregates

p=0.039p=0.034 nsns
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CD4+ T cells and 

dendritic cells with HIV 

were accumulating 

around lymphoid 

aggregates



Lymphoid aggregate play a substantial role in 
early HIV transmission

HIV rapidly 

accumulates in 

lymphoid aggregates

CD4+ T cells and 

dendritic cells with HIV 

were accumulating 

around lymphoid 

aggregates
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Concentric intervals from 

LA outer edge

HIV+ dendritic cells 

accumulate at the 

centre of the lymphoid 

aggregate



Lymphoid aggregate play a substantial role in 
early HIV transmission

HIV rapidly 

accumulates in 

lymphoid aggregates

CD4+ T cells and 

dendritic cells with HIV 

were accumulating 

around lymphoid 

aggregates

HIV+ dendritic cells 

accumulate at the 

centre of the lymphoid 

aggregate

Model LP LA

β p val β p val

SM~LA + LP -0.10 0.67 0.90 0.003

SM ~ LA 0.83 0.0003

SM~LP 0.54 0.04

LP~LA 0.71 0.004

EP

LP
LA

SM

HIV may reach the 

submucosa through 

the lymphoid 

aggregates



Summary

4 minutes to get here

• Physiologically relevant human in situ transmission 
model

• HIV interacts with all 3 target cells in human gut tissue 
within 2 hours

• HIV localises to dendritic cells in mucosal tissues

• HIV causes it’s target cells to form clusters, inducing 
rapid viral transfer

• Lymphoid aggregates appear to be an early viral 
sanctuary 
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