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Summary of Antibody Diversity Metrics 
Yang and colleagues [1] developed a number of statistical metrics to quantify individual 
antibody profiles of HI titers against 21 tested A/H3N2 strains. In this study, we used three 
of them to assess sex differences, they are:  the area under the antigenic landscape surface 
(Area Under the Curve, AUC), the breadth of antibody profile (Width, W), where the 
breadth is calculated above either detective (1:10) or protective threshold (1:40). The 
statistics are calculated as follows: 

• Area Under the Curve (AUC) estimated the area under the curve of antibody profile 

as  

𝐴𝐴𝐴𝐴𝐶𝐶𝑗𝑗,𝑣𝑣 = �
𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣 + 𝑦𝑦𝑖𝑖+1,𝑗𝑗,𝑣𝑣

2

𝑀𝑀−1

𝑖𝑖=1

(𝑡𝑡𝑖𝑖+1 − 𝑡𝑡𝑖𝑖) 

Equation (1) 

Where 𝐴𝐴𝐴𝐴𝐶𝐶𝑗𝑗,𝑣𝑣 is the area-under the curve of titers by time for person 𝑗𝑗 and visit 𝑣𝑣, 

𝑀𝑀 is the total number of included strains, 𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣 is participant 𝑗𝑗’s log-titer against 

strain 𝑖𝑖 at visit 𝑣𝑣, and 𝑡𝑡𝑖𝑖 is the time of isolation of strain 𝑖𝑖.  

• Width (W) defines the proportion of time during which the antibody profile that is 

greater than or equal to some predefined antibody titer cutoff, 𝑍𝑍. Here, we focus on 

the commonly used cutoff 𝑍𝑍 = 1: 40. When performing the calculation, we 

transformed the threshold to log-scale based on the formula 𝑧𝑧 = log2(𝑍𝑍
5
). Hence,  

𝑊𝑊𝑍𝑍,𝑗𝑗,𝑣𝑣 = �𝑊𝑊𝑍𝑍,𝑗𝑗,𝑣𝑣(𝑡𝑡𝑖𝑖 , 𝑡𝑡𝑖𝑖+1)
𝑀𝑀−1

𝑖𝑖=1

 

Equation (2) 

where, 

𝑊𝑊𝑍𝑍,𝑗𝑗,𝑣𝑣 =

⎩
⎪⎪
⎨

⎪⎪
⎧

𝑡𝑡𝑖𝑖+1 − 𝑡𝑡𝑖𝑖 , 𝑦𝑦𝑖𝑖+1,𝑗𝑗,𝑣𝑣 > 𝑧𝑧 𝑎𝑎𝑎𝑎𝑎𝑎 𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣 ≤ 𝑍𝑍
0, 𝑦𝑦𝑖𝑖+1,𝑗𝑗,𝑣𝑣 < 𝑧𝑧 𝑎𝑎𝑎𝑎𝑎𝑎 𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣 < 𝑍𝑍

(𝑦𝑦𝑖𝑖+1,𝑗𝑗,𝑣𝑣 − 𝑧𝑧)(𝑡𝑡𝑖𝑖+1 − 𝑡𝑡𝑖𝑖)
𝑦𝑦𝑖𝑖+1,𝑗𝑗,𝑣𝑣 − 𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣

, 𝑦𝑦𝑖𝑖+1,𝑗𝑗,𝑣𝑣 ≥ 𝑧𝑧 𝑎𝑎𝑎𝑎𝑎𝑎 𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣 < 𝑍𝑍

(𝑧𝑧 − 𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣)(𝑡𝑡𝑖𝑖+1 − 𝑡𝑡𝑖𝑖)
 𝑦𝑦𝑖𝑖+1,𝑗𝑗,𝑣𝑣 − 𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣

, 𝑦𝑦𝑖𝑖+1,𝑗𝑗,𝑣𝑣 < 𝑧𝑧 𝑎𝑎𝑎𝑎𝑎𝑎 𝑦𝑦𝑖𝑖,𝑗𝑗,𝑣𝑣 ≥ 𝑍𝑍

 

Equation (3) 

When titers to all strains are above the threshold 𝑍𝑍, the width for an individual given 

the tested strains is at its maximum: 
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max (𝑊𝑊𝑍𝑍,𝑗𝑗,𝑣𝑣) = �(𝑡𝑡𝑖𝑖+1 − 𝑡𝑡𝑖𝑖) = 𝑡𝑡𝑀𝑀 − 𝑡𝑡1

𝑀𝑀−1

𝑖𝑖=1

 

Equation (4) 

we present the width (ranges from 0 to 1) standardized by the maximum width in 

the results: 

𝑠𝑠𝑊𝑊𝑍𝑍,𝑗𝑗,𝑣𝑣 =
1

𝑡𝑡𝑀𝑀 − 𝑡𝑡1
𝑊𝑊𝑍𝑍,𝑗𝑗,𝑣𝑣 

  

Equation (5) 
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Figure S1. Number of observed titers (sample size) by age and age at isolation in females 
(left) and males (right). 
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Figure S2. Summary metrics of antibody profiles by age and sex.  (a) shows the width 
above a titer of 1:10 by sex. Metrics developed by Yang et al. 2021 [18] were calculated 
using pre-birth strains and post-birth strains and normalized by the total number of strains 
tested by the individual. Blue and red represent the metrics measured for serum collected 
from males and females, respectively. Solid lines are predictions of sex differences from a 
generalized additive model, and the grey band represents the corresponding 95% 
confidence band. (b) shows the model-predicted difference between sexes of width for 
titers ≥1:10. Lines with associated 95% confidence intervals above zero indicate a female 
bias while below zero represent a male bias. Significant differences e.g., the confidence 
intervals do not include 0, are marked with red areas when females have higher responses 
and blue areas when males have higher responses. 
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Figure S3. Marginal effects of age at sampling on antibody responses and its 
associated sex difference for F group. (a) shows fitted mean and 95% confidence 
intervals from the generalized additive model for log HI titers against the effect of age at 
time of testing for the only two strains, HK14 and TX12 in F group. (b) shows the fitted 
mean and 95% confidence intervals for sex difference of log HI titers shown in (a). 
Significant differences are marked with red areas when females have higher responses and 
blue when males have higher responses. 
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Figure S4. Marginal effects of age and age at strain isolation on antibody responses 
and its associated sex difference for all three groups defined in Figure 1. (a-b) show 
the model-predicted log HI titers against all studied strains against age and age at isolation. 
Blue and red represent the model-predicted log HI titers for males and females, 
respectively. (c-d) represent the sex difference in the corresponding predictions in (a) and 
(b). Solid lines are predictions of sex differences, and the grey band represents the 
corresponding 95% confidence band. Significant differences are marked with red areas 
when females have higher responses and blue areas when males have higher responses. 
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Figure S5. Marginal effects of age and age at strain isolation on antibody responses 
and its associated sex difference for B group. (a-b) show the model-predicted log2 HI 
titers against statins isolating before birth against age and age at strain isolation. Blue and 
red represent the model-predicted log HI titers for males and females, respectively. (c-d) 
represent the sex difference in the corresponding predictions in (a-b). Solid lines are 
predictions of sex differences, and the grey band represents the corresponding 95% 
confidence intervals. Significant differences are marked with red areas when females have 
higher responses and blue areas when males have higher responses. 
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Figure S6. Marginal effects of age and age at strain isolation on antibody responses 
and its associated sex difference for L group. (a-b) show the model-predicted log2 HI 
titers against statins isolating during participants’ lifetime against age and age at strain 
isolation. Blue and red represent the model-predicted log HI titers for males and females, 
respectively. (c-d) represent the sex difference in the corresponding predictions in (a-b). 
Solid lines are predictions of sex differences, and the grey band represents the 
corresponding 95% confidence intervals. Significant differences are marked with red areas 
when females have higher responses and blue areas when males have higher responses. 
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