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Figure captions 652 

Fig 1: Model schematic. The box at the top left shows the epitopes of the WU- and OM-vaccines. Epitope 653 
C (shown in orange) is common to both vaccines. Epitopes W (blue) and V (green) are unique to the WU 654 
and OM respectively. Antibodies specific to these epitopes can bind to these epitopes and prevent them 655 
from stimulating B cells for the same epitope. The different antigen states generated and the B cells they 656 
stimulate are shown in the top right and bottom panels respectively. The bottom panel illustrates that 657 
binding of antigen to B cells stimulates their clonal expansion and the production of antibodies. 658 
 659 
 660 
Fig 2: The model recapitulates antibody responses to CoV-2 following vaccination and infection. (A) 661 
We show data for immunization of mice with 2 doses of either the WU- or the OM-vaccine. We see that 662 
high antibody titers to a given antigen (WU or OM) requires 2 vaccinations incorporating that antigen. 663 
(B) Our model recapitulates the saturation of antibody titer following repeated immunization or infection. 664 
The left panel shows data for the virus titer in naive (grey) and CoV-2 infected and recovered (black) 665 
individuals following two doses of the WU-vaccine. We see that the titer of antibodies in recovered 666 
individuals saturates after a single vaccination, while that in naive individuals is boosted by the second 667 
vaccination. The middle panel shows data following four doses of the WU-vaccine and shows that the 668 
virus titer is boosted and reaches a plateau after vaccination #3. Simulations of repeated immunizations 669 
with the WU-vaccine at times indicated by the yellow triangles show that the antibody response to the 670 
WU-virus increases substantially after the first two vaccinations. Further boosts with the same vaccine 671 
results in little further increases in the titer of antibody. (C) We plot data from a human study showing 672 
that OM infection causes higher antibody titers to OM compared with WU in unvaccinated individuals 673 
(compare purple bars), but the converse in WU-vaccinated individuals (pink bars). 674 
 675 
 676 
Fig 3: Simulation of the experimental data for boosting. (A) Individuals were vaccinated at times 677 
indicated by the yellow triangles), initially with the WU-vaccine on days 0 and at 28. The authors found 678 
that a second boost (vaccination #3) at day 287 (week 41) with either the WU- or OM-vaccine resulted in 679 
comparable titers to the OM virus two weeks later. This trend is captured by the model. (B) We show this 680 
in more detail by reproducing the results of Gagne et al. (28), which shows antibody titers at three 681 
timepoints: just after the second vaccination, prior to the third vaccination and 14 days following the third 682 
vaccination. The top plot shows that in the experiments of Gagne et al., vaccination #3 with WU- or OM-683 
vaccines caused a similar increase in the titer of antibodies to the OM variant (the color coding is the same 684 
as in the legend for panel C). This is consistent with the changes in titers of antibodies to the OM variant 685 
in our simulations as indicated in the lower plot (C). 686 
 687 
 688 
Fig 4: Simulation of third and fourth boosts with the OM-vaccine show generation of higher titers 689 
to OM antigen than boosting with the WT-vaccine. (A) We plot antibody titers to WU and OM 690 
(subscripts) after WU-WU-WU-WU-WU and WU-WU-OM-OM-OM vaccinations. Titers to OM are 691 
similar after vaccination #3 with the WU-vaccine and OM-vaccine (solid light green and dashed dark 692 
green lines). However, a further vaccination #4 reveals substantially higher antibody titers to OM when 693 
the OM-vaccine is used rather than the WU-vaccine (compare solid light green and dashed dark green 694 
lines). The bar graph at the right shows that vaccinations #3-#5 are with the OM-vaccine (light green bars) 695 
result in much higher antibody titers to OM compared to when the WU-vaccine is used (dark green bars). 696 
(B) We plot antibody titers to the OM-specific versus conserved epitopes following WU-WU-OM-OM-697 
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OM vaccination. We see that the overall increase in titers to OM (light green line) following vaccinations 698 
#4 & #5 arises from increases in the OM-specific antibody titer (dashed green line) and responses to the 699 
conserved epitopes do not increase (dashed brown line). This is shown in the bar-plot to the right where 700 
we see the antibody titer to the OM-specific epitopes (green bars) and shared epitopes (brown bars). 701 
 702 
 703 
Fig 5: The model captures the observations for influenza vaccination. The left plot shows data for the 704 
fold change in antibody titer to epitopes on the head (red) and stem (black) of influenza hemagglutinin 705 
(HA) antigen following prime and boost with a H5 vaccine. The first immunization with H5 results in a 706 
larger fold increase in antibodies to the conserved stem (shared with H1 viruses), and a significant fold-707 
increase in antibody titers to the unique head epitopes is only seen following the second H5 immunization 708 
(boost) (31).  709 
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