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Introduction Modeling for T Cell Responses
Vaccination is the most effective and economical intervention for Clinical Trial Data
controlling the spread of epidemics, and various techniques have been ® |FN-y-producing cell count by ELISPOT assay in phase 1/2 [2], 2/3 [5], and 3[7] [8]
employed in the development of SARS-CoV-2 vaccines [1]. S-268019-b is studies of S-268019-b.
a recgmbinant protein vaFcine comprising a mofﬁﬁed recombinant spike v" The participants who received a primary vaccination of protein-based vaccine
protein of SARS-CoV-2 with a squalene-base adjuvant [2]. Although some (N=178) or other vaccines (N=22), and a single booster vaccination of protein-
studies have investigated using mathematical modeling approaches based vaccine (N=30) or mRNA-based vaccine (N=29).
about dynamics of antibodies following mRNA vaccination against SARS- Model and Parameter Estimation
CoV-2 [3, 4], there have been no reports addressing the dynamics of ® This model assumes that the response (t), proliferation or differentiation or
antibodies following vaccination with protein vaccines and dynamics of T disappearance (Bg;) of two types of T cells, effector T cells (ET) and memory T
cell responses. Those models are expected to contribute to a better cells (MT), to vaccine stimulation changes before and after the time elapsed
understanding of the immunological mechanisms involved in vaccine- after vaccination (1), and RESP, kin, and kout explain &t:
induced protection and inform future vaccination strategies. 506) = R.ESP - kin (e-koutt _ g-tin)
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To characterize immune responses following protein- or mRNA-based ‘I S e f;rametirs (RESB Idn ;ui’ Ber 2 Yigif&?&te
vaccines of SARS-CoV-2 based on mathematical models for neutralizing =Ing the non-iinear mixe e? ects model ( . ,)
. . (1) primary: vaccination ~ t days (2) primary: T days ~ next vaccination
antibody titers and T cell responses. 1) 5
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Modeling for Neutralizing Antibody Titers ! e differentiate into memory T cells (MT).
. . . u v
Clinical Trial Data (3) booster: vaccination ~ t days (4) booster: T days ~ next vaccination
® Neutralizing antibody titers in phase 2/3 study of S-268019-b [5] were 5(t) ) Bur

= ET| Rur  mm) | ET —- Proliferated memory T cells (MT)

used for our StUdy- immediately change state to

v" The participants who received a single booster vaccination of KL Memory T cells (MT) pl Ber effector T cells (ET).
. . proliferate after
prOtem_baSEd vaccine (5'268019'b1 N=102) or mRNA-based booster vaccinations. 3# (3) and (4) are repeated with each subsequent vaccination.
vaccine (Tozinameran, N=104), [ Parameters |_—units | Values | :
, - . Age effect = N —
Model and Parameter Estimation RUVprop - AT 1+ exp[AGESLP - (AGE = AGESO)]
. . Age effect N :
® The model consists of three compartments representing the amount RUVadd - 9.87 > The magnitude of the
of vaccinated protein or mRNA, the number of antibody-secreting RESP cells 919 . 'rr;]r,nﬁn; rel,s'oons?t'h
.. . . . i -1 \ whic eclines wi age,
cells, and the neutralizing antibody titer at time t. hin &y 0102 \ with ag
. K h . f lizi kout day! 0.567 could be quantitatively
Two key parameters (the maximum rate constant for neutralizing for day e . evaluated.
antibody increase [y] and decrease rate constant for the number of day -
- . - 2 ay 02(fxed) - predicted and observed values for each participant
antibody-secreting cells [8]) were estimated. Ryr day! 0.4 (fixed) P ey = Indwidual predicted values
) X . . - (randomly selected results for some studies) o P vatve:
v" Using the non-linear mixed effects model (MONOLIX2023R1) Bur day 10 (fixed) - Observed valves
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* Ry (day™): Replication of CMT cells in response to revaccination (fixed) > Our model could well capture

* By (day™): CMT cell transition to ET cell type after replication in

v" Reconstructed and observed values for each participant esponse to revaccination (fixed) .
(randomly selected results for some participants) + x (day): Time that CMT cell replicate in response to revaccination the dynamics of T cell response

¢ ¢ . — z}r:::;'zzdv‘i?:;e v Using the post-hoc values from the
) N N 3 phase 2/3 study, three feature values Protein- mRNA-based
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parameter, § i for the protein-based vaccine AU (e (5929) (2901)
we reconstructed : i H compared to the mRNA-based vaccine. Mean (SD)
neutralizing antibody *' ¢ g BE "
dynamics for each
E W SN Vacneme We constructed new models to characterize immune responses following mRNA-

participant. "™ Oays afe vaccinaton
v' Three features of the reconstructed antibody dynamics for each

participant were calculated.

or protein-based vaccines of SARS-CoV-2. Those models facilitate more precise
interpretation of individual immune response.

Protein-based mRNA-based In the future, we plan to integrate these models (neutralizing antibody titers and
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