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the 324G(D/N)IR327 motif (Fig. 3c,d and Supplementary Table 5). 
Viral sequences comprised a mixture of different variants, all of which 
were closely related to pre-infusion day-0 viruses, which highlights the 
multiclonal origin of rebound viremia (Fig. 3a and Supplementary 
Fig. 4). Mutations at AA positions 325, 332 and 334 were mutually 
exclusive with mutations at only one of three positions in any given 
virus (Supplementary Fig. 4). Two of the most frequent mutations, 
S334N and N332S, were found in 12/13 (S334N) and 11/13 (N332S) 
of the individuals analyzed (Fig. 3c,d and Supplementary Fig. 4).

On the nucleotide level, 99% (319 out of 322) of mutations affect-
ing the PNGS at N332 were due to a single change relative to day 0 
(Supplementary Fig. 7). The majority of these mutations were tran-
sitions, consistent with reverse transcriptase (RT) errors46. Day-0  
viruses from 10 out of 13 individuals who responded to 10-1074 infu-
sion carried the triplets AAC-ATT-AGT at positions 332–334 in 99%  
of their pre-infusion sequences (Supplementary Fig. 7). Notably, 
these individuals exhibited a very similar spectrum of AA escape 
mutations at week 4 (Fig. 3d and Supplementary Fig. 7). By con-
trast, individual 1HD6K, who maintained viral suppression for over 
8 weeks, exhibited a different set of codons, i.e., AAT-ATT-TCT, in 
the antibody target region. This probably resulted in a different spec-
trum of escape mutations, which indicates that the codon composi-
tion in this region might influence viral escape from 10-1074 (Fig. 3d  
and Supplementary Fig. 7).

To determine whether loss of the PNGS at position N332 or 
324G(D/N)IR327 mutation is associated with resistance to 10-1074, 
we performed neutralization assays on 114 pseudoviruses express-
ing envelope proteins derived from circulating viruses on day 0 (55 
pseudoviruses) and 4 weeks (59 pseudoviruses) after 10-1074 infusion 
(Fig. 3e, Supplementary Fig. 4 and Supplementary Table 6). The 
pseudoviruses were tested against antibodies currently in, or being 
considered for, clinical testing. These include 3BNC117 and VRC01, 
which target the CD4 binding site34–36,38; 10-1074 and PGT121, which 
recognize the base of the V3 loop and surrounding glycans11,12; and 
PGDM1400, which recognizes a conformational epitope at the top of 
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Figure 3 Viral evolution after 10-1074 infusion in participants with HIV-1 
infection. (a) Maximum-likelihood phylogenetic tree of single-genome-
derived env gene sequences obtained from plasma before (day 0, gray) 
and 4 weeks after 10-1074 infusion (week 4, red). Asterisks indicate 
nodes with bootstrap support of 100% (100 replicates). (b) Frequency of 
resistance mutations found in circulating viruses by SGS before infusion 
for each individual. Gray indicates the absence of potential resistance 
mutation at positions 325, 332 and 334. Colors correspond to mutations 
indicated in c. For all pie charts, the number of analyzed sequences 
is shown in the center. (c) Amino acid frequencies at three recurrently 
mutated 10-1074 contact sites for all pooled circulating virus sequences 
obtained by SGS 4 weeks after infusion. Outer rings indicate position  
of mutation (orange, 325; blue, 332; green, 334; gray, not mutated).  
(d) As in c, but for each individual. Colors indicate the type of mutation. 
For 1HD6K and 1HD10K, both week 4 and week 8 were included in c and d.  
(e) Sensitivity to the indicated anti-HIV-1 antibodies of 114 different viral 
isolates obtained from 11 individuals before (gray, 55 isolates) and  
4 weeks after 10-1074 infusion (red, 59 isolates) with IC80 values (Mg/ml) 
on the y axis (log10 scale). Each dot represents one viral isolate. Lines 
indicate geometric mean. Samples were run in duplicate.
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Figure 4 Temporal evolution of escape from 10-1074 over time in 
individuals 1HB1, 1HB3, 1HC1, 1HD1, 1HD6K and 1HD10K. Plots 
display relative frequencies of escape mutations observed in SGS data 
at envelope positions 325, 332 and 334 as shaded areas over time. 
Sequencing was performed on day 0 (all subjects) and at week 1 (1HB3, 
1HD1), week 2 (1HB3), week 4 (all subjects), week 8 (1HD6K, 1HD10K), 
week 12 (1HD6K, 1HD10K), week 16 (1HB3), week 20 (1HD6K) and 
week 24 (1HB1, 1HC1, 1HD1) (see Supplementary Table 5 for absolute 
numbers). White line indicates serum concentration of 10-1074 as 
determined by TZM.bl assay (Supplementary Table 3). White circles 
without border depict 10-1074 serum levels below the limit of detection.
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Statistical inference in B-cell & T-cell repertoires
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QUANTIFICATION OF THE DIFFERENCE IN SELECTIVE PRESSURE BETWEEN CYTOTOXIC AND HELPER T-CELLS
Isacchini Giulio, Armita Nourmohammad, Aleksandra Walczak, Thierr y Mora
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NEXT STEPS

T Cells Receptors (TCRs) are all different. Their diversity is initially 
produced by a rearrangement scheme called V(D)J recombination. 
This initial diversity is subsequently reduced though a selection 
process which happens in the thymus were T cells are tested 
against self-peptides. 

Another different process happens at the same time:  T cells 
differentiate into cytotoxic (CD8) T cells which are specialised in 
killing other infected cells and helper (CD4) T cells which regulate 
and assist the immune response. 

Are these two process related? And how?

Through data-driven models of recombination and selection we will 
try to address this question in a quantitative way.

We applied the two stochastic models on annotated TCR repertoire 
data from [ 3 ] on distinct CD4 and CD8 pools.  (see Mikhail poster!)

CLASSIFICATION BETWEEN CD4/CD8

giulio.isacchini@ds.mpg.de

IGoR [ 1 ] is a comprehensive tool 
for estimating the generation 
probability of  T (and B) cell 
receptors in a data-driven fashion.

For more infos about it check the 
posters of Nathaniel and Cosimo!

Elhnati et al have proposed in [ 2 ] a sequence-specific selection 
model with a factorised structure of the form:

We subdivided the 3 pairs of twins (P1,P2,Q1,Q2,S1,S2) in two 
groups TW1=(P1,Q1,S1) and  TW2=(P2,Q2,S2) in order to reduce 
the dependence on the single individual. We then inferred selection 
models on both CD4 and CD8 pools for each group. 

The model predicts well both generation and post-selection 
probability in the data. Below an example for the CD8 pool of  TW1.

We looked at the correlation between selection factors (q) in the 
inferred models and found:
- consistency between the 2 groups for the same cell (CD4 and CD8)
- difference in selective pressure between CD8 and CD4 cells

We then performed rejection sampling with respect to the selection 
models and found higher selective pressure for CD8 cells. 
If we compare the acceptance frequency A, we find:

A(CD8)=4.7    0.1 %± A(CD4)=14.6    0.6 %±
This result is consistent with the idea that CD4 cells need to be less 
specific, since they bind with self peptides too.
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We can test the separation power of these model by looking at 
the log-likelihood ratio:

R( ⃗τ, V, J) = log
PCD8

post ( ⃗τ, V, J)
PCD4post ( ⃗τ, V, J)

We cross-test the model 
inferred on one group with 
respect to the opposite 
group and obtain the 
following ROC curve:

model: TW1, test: TW2
model: TW2, test: TW1

In opposition to black-box approaches, this model structure 
allows the characterisation of the contributions of each selection 
factor. If we assume that the generation probability is equal 
between the two models, we can compute easily the KL-
Divergence of a specific selection factor i from:

DKL[PCD8
post | |PCD4

post ] = "
PCD8

post [log
PCD8

post

PCD4post ] = "
PCD8

post [log
QCD8

post

QCD4post ] = ∑
i

"
PCD8

post [log
qCD8

i

qCD4
i ] + log

ZCD8

ZCD4

We implement these two stochastic models on CD4/CD8 
annotated TCR repertories and compare their difference
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adaptive immunity: evolution within us 
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How to interpret immune repertoire data?
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How to interpret immune repertoire data?
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Differential selection on receptor statistics across cohorts

• V-gene usage biases in monoclonal antibodies 

Yuan et al, Science 2020



Differential selection on receptor statistics across cohorts
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Clonal dynamics in response to SARS-CoV-2
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• IgG and IgM reactivity to RBD increases over time

• Clonal expansion in response to immune challenge

T-cell Interlude: 
Identifying significantly expanded CD8+ T-cells  in 
response to yellow fever vaccine


[deWitt et al 2015]



Clonal dynamics in response to SARS-CoV-2
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• IgG and IgM reactivity to RBD increases over time

B-cell expansion analysis messier than T-cells

• Clonal expansion in response to immune challenge

late

early
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1. Use replicate data to calibrate significance (under-sampling)

2. Normalize for primer-specific amplification biases  
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Clonal dynamics in response to SARS-CoV-2

• Clonal expansion for up to 15% of lineages an order of magnitude  
too large! Why?
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• Over-abundance of plasma B-cells in  
expanded lineages (reassuring) 



Sharing of B-cells among patients

Sharing of B-cell clonal lineages is ubiquitous.

shared 
 progenitor

ind 1

ind 2

Should we be surprised?
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Yes only for rare BCRs  
(public vs. private repertoire)

For T-cell sharing, see: Pogorelyy et al; eLife 2018 

Pshare = probability to find a BCR in X inds, given its Ppost 

Compute sharing probability:



Sharing of B-cells among patients shared 
 progenitor

ind 1

ind 2

Pshare = probability to find a BCR in X inds, 
             given its Ppost 

equi- Pshare

2% of clonal lineages 
(167 lineages)

38 rare shared expanded lineages

30 rare shared lineages, with plasma
Plasm

a
expanded

Candidates for response !!!

167 lineages



Bulk 
+ 

Plasma

NTD-specific  
mABs (53)

RBD-specific 
mAbs (1122)

RBD-sorted 
SC (237)

NTD-sorted 
SC (330)

lineage clustering to map functional data (single cell and mAbs) to repertoires 

• Sharing of epitope sorted receptors (13+13) 

• Sharing of verified mAbs (21+ 1) 

• Verified mAbs tend to be rare 

• Repertoire-mapped mAbs are very common

specific responses to SARS-CoV-2



Summary

i. Dynamics useful in characterizing acute (& chronic) repertoire responses 

ii. Sharing is mostly not so surprising. Put a number on it. 

iii. Bulk + Plasma is powerful in assessing response 

iv. Moving beyond simple statistics: combining functional data with repertoires 

Dynamics of B-cell repertoires and emergence of cross-reactive responses in COVID-19 patients 
with different disease severity 

Montague et al; medRxiv 2020.07.13.20153114 StatPhysBio/covid-bcr
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