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Rationale and objective: The rationale of this study lies in the ongoing public health concern posed by 
seasonal influenza, which has considerable health and economic impacts globally. A key challenge in 

preventing and controlling influenza epidemics is the antigenic evolution of the viruses - they change over 

time, making it difficult to develop vaccines that are effective for a long duration. 

The objective of this research was to create and use a novel modeling framework that accounts for these 

antigenic changes, to gain a better understanding of the evolution and transmission dynamics of H1N1 and 

H3N2 influenza viruses in the United States. This model was built on changes in the viruses' amino acid 

sequences and epidemiological data from October 2002 to April 2019. The researchers aimed to investigate 

how the antigenic changes influence disease transmission and how they can be incorporated into models 

for better predictive ability.   

Summary: This study aimed to better understand and model the evolution and transmission of H1N1 and 

H3N2 influenza viruses, focusing on their antigenic changes. We developed a novel modeling framework 

based on changes in the viruses' amino acid sequences and relevant epidemiological data from the United 

States spanning October 2002 to April 2019. 

We used this framework to calculate the time-varying disease transmission rate from reported influenza 

cases and the time-varying antigenic change rate from the changes in amino acid sequences. By 

incorporating the time-varying antigenic change rate into the transmission models, we were able to capture 

the evolutionary transmission dynamics of the influenza viruses more accurately. 

The findings suggest that the antigenic change of the virus plays a crucial role in the dynamics of seasonal 

influenza. This research enhances our understanding of the factors influencing influenza transmission, 
which could inform future efforts to predict and control influenza outbreaks. 
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Graphical summary: Schematic of the evolutionary transmission model. The flow diagram of the evolutionary transmission model 

of the A(H1N1) and A(H3N2) influenza viruses with the selective competition. 

Outcome: The key insight this research provides is the critical role of antigenic changes in the virus in 

influencing the dynamics of seasonal influenza. Understanding this could significantly improve our ability to 

predict and manage annual epidemics. The novel modeling framework that was developed could be used 

to predict the evolutionary dynamics and transmission patterns of the influenza virus based on its antigenic 
changes. 
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where S, I, R, and C represent the number of susceptible, infectious, 
recovered, and cumulative infected individuals, respectively. In this 
model, we assumed that the newborns are susceptible, and the number 
of natural births and deaths are balanced at a rate μ so that the total 
population size is constant. The parameters descriptions and the values 
used in the model are summarized in Table 1. 

2.4. Evolution and transmission model with selective competition 

Several influenza virus strains can co-circulate in a population 
leading to selective competition in susceptible hosts (Zinder et al., 2013; 
Zhang et al., 2013; Kamo and Sasaki, 2002; Latorre-Margalef et al., 
2017; Andreasen et al., 1997). The co-circulation of influenza viruses 
could result in heterosubtypic cross-immunity and mediate the ecolog-
ical competition between different strains (Andreasen et al., 2008; 
Kucharski and Edmunds, 2015). The heterosubtypic cross-immunity is 
immune cross-reactivity that occurs among different subtypes of influ-
enza viruses (Andreasen et al., 2008). Infection to one subtype of 

influenza virus could confer protective immunity to other subtypes 
(Andreasen et al., 2008; Kucharski and Edmunds, 2015; Andreasen and 
Sasaki, 2006). For the modeling pursued here, we constructed an 
evolutionary transmission model considering heterosubtypic cross- 
immunity and selective competition of the A(H3N2) and A(H1N1) 
influenza viruses. The schematic for the model with selective competi-
tion is shown in Fig. 1(B). Similar to the model with no competition, the 
population was categorized into three groups, namely, susceptible (S), 

Fig. 1. Schematic of the evolutionary transmission model. (A) The flow diagram of the evolutionary transmission model of the A(H1N1) and A(H3N2) influenza 
viruses with no competition and (B) with the selective competition. 

Table 1 
Model parameters and their values.  

Parameter Definition Value References 

βi(t) Monthly transmission rate 
of influenza subtype i =
[H3N2 or H1N1] 

[0.001–10] Estimated 

γ Recovery rate 1/5 per day (Carrat et al., 2008; 
Nsoesie et al., 2012; 
Modchang et al., 2012) 

μ Natural birth and death 
rate 

1/67 per 
year 

(Xu et al., 2010) 

ε0 Natural waning rate of 
immunity 

1/20 per 
year 

Estimated 

Ψ Heterosubtypic cross- 
immunity induced by 
primary infection 

0.7 (Zhang, 2015; Truscott 
et al., 2012; Furuse and 
Oshitani, 2016) 

α The steepness of antigenic 
change 

2 Assumed 

N Population size 3.25 × 108 (Population 0000)  
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