Investigating Waning of Influenza Vaccine Induced Immunity with a Multi-Scale Modeling Approach

Ariel Nikas*, Zheng-Rong Tiger LI, Rustom Antia, & Veronika Zarnitsyna
Emory University, Atlanta, GA

summary Cox Proportional Hazard Model Additional Scenarios
- - o A common method of determining vaccine efficacy and whether it —ontrol: Constant Complete Frotection Leaky Protection: 807

Vaccm?on s the besﬁlvvay tohproltect ag? nst mﬂgenzs, and studies in wanes in human studies is the Cox proportional hazard model:

MIce SNOW we can achieve a nign level of protection but It wanes over

time[ | ]. Although it is un|<novvngﬂovv this waning time scale translates h(t) = ho(t)eﬁ1x1+ﬁ2x2+...+ﬁnxn % | o 0 2| % | lo0%

from mice to humans, studies of influenza vaccine efficacy suggest that where ho(t) is the baseline hazard function and f5.is the i-th covariate. 00%  100%  100% 800%  8l6%  822%

brotection may wane Intra-seasonally. Many studies attempt to estimate Waning Is determined by calculating the Schoenfeld residuals anc o | son ok sae | ool | a0seo

influenza vaccine efficacy and waning but the results are contradictory. determining If they statistically significantly varied from the linearrty | | | | |

Different levels of prior immunity and vaccination distrlibution timing assumption. Waning Protection Over 60 Days: 80%- 50% We repeated this analysis for

complicate Interpretation of the results when attempting to estimate several other scenarios to

vaccine efficacy and its waning in humans. determine If waning Is ever

EFxample of Wani ng Detection 926%  100% 100% spuriously detgcted and.to

We modeled a scenario of waning vaccine-induced protection from [00% to S1.9%  653%  724% ~OMpare Vattine efﬂc; e
0% protection over 60 days since vaccination under 3 different vaccination Scenarps Whgre Vaceine
strategies: | day pulse, 30 day spread, or 60 day spread. Sl Bl B protection Is iIncomplete but

constant are defined as “leaky.”
Waning Protection Over 60 Days: 00%- 0%

98.3% 100% 100%

ulti-Scale Model - -
x| wex | e Discussion

Vaccinated Unvaccinated

* (Captures the individual level of

response to infection based on Comparing Vaccine Efficacy & Waning Over Time

prior iImmunity

Working within the vaccine efficacy framework developed in [2]:
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