
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Infectious Diseases 121 (2022) 195–202 

Contents lists available at ScienceDirect 

International Journal of Infectious Diseases 

journal homepage: www.elsevier.com/locate/ijid 

Infectivity versus fatality of SARS-CoV-2 mutations and influenza 

Ling Xue 

a , Shuanglin Jing 

a , Kai Zhang 

a , Russell Milne 

b , Hao Wang 

c , ∗

a College of Mathematical Sciences, Harbin Engineering University, Harbin, Heilongjiang, 150 0 01, China 
b Department of Applied Mathematics, University of Waterloo, Waterloo, Ontario N2L 3G1, Canada 
c Department of Mathematical and Statistical Sciences, University of Alberta, Edmonton, Alberta T6G 2G1, Canada 

a r t i c l e i n f o 

Article history: 

Received 18 March 2022 

Revised 3 May 2022 

Accepted 11 May 2022 

Keywords: 

Death rate 

Effective reproduction number 

Influenza 

Omicron variant 

Transmission rate 

a b s t r a c t 

Objectives: Because of the spread of the Omicron variant, many countries have experienced COVID-19 

case numbers unseen since the start of the pandemic. We aimed to compare the epidemiological charac- 

teristics of Omicron with previous variants and different strains of influenza to provide context for public 

health responses. 

Methods: We developed transmission models for SARS-CoV-2 variants and influenza, in which transmis- 

sion, death, and vaccination rates were taken to be time-varying. We fit our model based on publicly 

available data in South Africa, the United States, and Canada. We used this model to evaluate the relative 

transmissibility and mortality of Omicron compared with previous variants and influenza. 

Results: We found that Omicron is more transmissible and less fatal than both seasonal and 2009 H1N1 

influenza and the Delta variant; these characteristics make Omicron epidemiologically more similar to 

influenza than it is to Delta. We estimate that as of February 7, 2022, booster doses have prevented 

4 . 29 × 10 7 and 1 . 14 × 10 6 Omicron infections in the United States and Canada, respectively. 

Conclusion: Our findings indicate that the high infectivity of Omicron will keep COVID-19 endemic, sim- 

ilar to influenza. However, because of Omicron’s lower fatality rate, our work suggests that human popu- 

lations living with SARS-CoV-2 are most likely. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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On January 30, 2020, the World Health Organization (WHO) de- 

lared COVID-19, which is caused by SARS-CoV-2, to be a public 

ealth emergency ( World Health Organization, 2021c ). The ongoing 

OVID-19 pandemic presents great threats to public health and sig- 

ificant challenges to global economic development. As of February 

0, 2022, the COVID-19 epidemic has caused more than 422 mil- 

ion confirmed cases worldwide and a number of confirmed deaths 

pproaching 5.8 million ( World Health Organization, 2021a ). The 

apid mutation rate of the COVID-19 virus is also an important rea- 

on for its great and long-lasting impact ( Yu et al., 2022 ): the suc-

essive emergence of SARS-CoV-2 variants has caused a worldwide 

ulti-wave epidemic of COVID-19. In November 2021, the Omicron 

ariant (B.1.1.529) was first discovered in Gauteng, South Africa; 

ts swift spread led to the fourth wave of the COVID-19 pandemic 

 Maslo et al., 2022 ; Planas et al., 2022 ). 
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In the first 2 months after its discovery, the Omicron vari- 

nt was identified in 110 countries across all six WHO regions 

 World Health Organization, 2021b ), and its infection rate has been 

dentified as being significantly faster than that of the Delta vari- 

nt ( Wei et al., 2021 ; World Health Organization, 2021b ). As a

esult of its fast spread, Omicron has come under intense study 

 Cameroni et al., 2022 ; Cao et al., 2022 ; Cele et al., 2022 ; Liu et al.,

022 ; Planas et al., 2022 ). Using high-throughput yeast display 

creening, Cao et al. (2022) found that mutations present in Omi- 

ron allowed it to escape from more than 85% of tested neu- 

ralizing antibodies targeting its receptor-binding domain. Further- 

ore, Liu et al. (2022) found that Omicron is markedly resis- 

ant to neutralization by serum not only from convalescent pa- 

ients but also from individuals vaccinated with one of four widely 

sed COVID-19 vaccines (Pfizer, Moderna, J & J, and AstraZeneca). 

lanas et al. (2022) found that Omicron often escapes from mono- 

lonal and vaccine-elicited antibodies. However, their results also 

ncluded that antibodies generated by a recent booster vaccine 

ose could neutralize Omicron ( Planas et al., 2022 ), albeit less ef- 

ectively than other SARS-CoV-2 variants. 
iety for Infectious Diseases. This is an open access article under the CC BY license 
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Mathematical models can be used to understand the dynamics 

f SARS-CoV-2 variants and help inform effective control strate- 

ies, and many modeling studies have hence been performed to 

ake projections about the spread of these variants ( Liu and Rock- 

öv, 2021 ; Yu et al., 2022 ). In a literature review, Liu and Rock-

öv (2021) found that estimates of Delta’s basic reproductive num- 

er ranged from 3.2 to 8, with a mean of 5.08, much higher than

hat of the ancestral strain. Yu et al. (2022) used mathematical 

odels to estimate the relative transmissibility of Omicron using 

ariant proportion data in South Africa, finding that it is more 

ransmissible than Delta by a factor of approximately 3.8. Similarly, 

hen et al. (2022) found that Omicron is more transmissible than 

elta by a factor of 2.8 using an AI model. However, as the Omi- 

ron variant is still new, our understanding of its infectivity and 

atality, and how these compare to other variants, is still evolv- 

ng. Additionally, to the best of our knowledge, the question of 

ow the epidemiological properties of Omicron compare to those 

f other fast-spreading viruses such as influenza has not yet been 

ddressed. To evaluate the properties of the Omicron variant, we 

evelop a mathematical model in which transmission, death, and 

accination rates are all time-varying. 

We fit our model using the numbers of new confirmed cases of 

he Delta and Omicron variants, and all other variants in aggregate 

e.g., Beta, Gamma, Epsilon), in South Africa, the United States, and 

anada, and the number of individuals who have been fully vac- 

inated and who have received booster doses in those countries. 

fter this, we computed the transmission rate, death rate, and ef- 

ective reproduction number of Delta, Omicron, and the other vari- 

nts in each study jurisdiction. We also computed these statistics 

or seasonal influenza and the 2009 strain of H1N1 influenza in 

he United States and Canada by fitting case and death data to an- 

ther model (see Supporting Information Appendix). The epidemic 

urves produced by our model fit the data very well, indicating 

hat our model captures the dynamics of the COVID-19 virus vari- 

nts. 

aterials and Methods 

ata collection and analysis 

To understand the impact of the SARS-CoV-2 variants on the 

pread of the COVID-19 epidemic, we collected data on the pro- 

ortions of all SARS-CoV-2 infections that each of the variants ac- 

ounted for ( Our World in Data, 2021 ). These data were reported 

very 2 weeks from May 18, 2020, to February 7, 2022, in South 

frica, the United States, and Canada (Figure A1). We also collected 

aily numbers of new confirmed cases and new deaths ( Centers for 

isease Control and Prevention, 2021 ; Our World in Data, 2021 ) 

nd the number of fully vaccinated individuals, broken down into 

hose with and without booster doses ( Mathieu et al., 2021 ). We 

sed the relative prevalence of the SARS-CoV-2 variants to calcu- 

ate the daily numbers of new confirmed cases infected by Delta, 

micron, and all other variants in our study countries. Similarly, 

e calculated the daily number of new deaths in the study coun- 

ries from Delta, Omicron, and all other variants by scaling total 

OVID-19 deaths by the proportions of each SARS-CoV-2 variant 

rom 2 weeks before. 

odel formulation 

To mimic the spread of COVID-19, we constructed a disease 

ransmission model with vaccination. The total population (de- 

oted by N) is divided into eight classes, namely S(t) , V f (t) , V b (t) ,

(t) , A (t) , I(t) , R (t) , and D (t) , representing the numbers of individ-

als who were (1) susceptible; (2) fully vaccinated, without having 

eceived booster doses; (3) fully vaccinated, with booster doses; 
196 
4) exposed; (5) infectious (asymptomatic); (6) infectious (symp- 

omatic); (7) recovered; and (8) dead of the infection, respectively. 

he baseline infection probability among susceptible and vacci- 

ated individuals is defined as 

( t ) = 

β( t ) ( θE ( t ) + δA ( t ) + I ( t ) ) 

N 

, 

here β(t) denotes the transmission rate, E(t) /N, A (t) /N, and 

(t) /N are the probabilities of randomly encountering infected in- 

ividuals in compartments E(t) , A (t) , and I(t) , respectively, and δ
nd θ represent the probabilities of transmission in asymptomatic 

nd exposed individuals, respectively. Susceptible and vaccinated 

ndividuals who have encountered SARS-CoV-2 become exposed at 

he rates λ(t) , η f λ(t) , and ηb λ(t) , where 1 − η f and 1 − ηb denote

he reduction in susceptibility to infection conferred by a com- 

leted vaccine series and a full vaccine series plus a booster dose, 

espectively. Susceptible individuals transfer to the fully vaccinated 

nd recovered classes by vaccination at the rates ( 1 − q f ) p f (t) S(t) 

nd q f p f (t) S(t) , respectively, where q f is the probability of com- 

lete protection from COVID-19 after full vaccination, and p f (t) 

enotes the rate of vaccine series completion. q b and p b (t) are 

he analogous values for individuals receiving a booster dose. Ex- 

osed individuals can become asymptomatic and symptomatic in- 

ected individuals at the rates ρσE(t) and ( 1 − ρ) σE(t) , respec- 

ively, where ρ denotes the proportion of infected individuals who 

re asymptomatic and 1 /σ denotes the mean length of COVID-19 

ncubation period. Eventually, all cases in A (t) and I(t) will either 

ecover or die at the transition rates γA and γI , which are the re- 

iprocals of asymptomatic and symptomatic infection periods, re- 

pectively. The death rate of asymptomatic infected individuals is 

xtremely low, so we only considered the death rate of symp- 

omatic individuals, μ(t) γI , where μ(t) denotes their probability 

f death. Our model is given by 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d S ( t ) 
d t 

= −λ( t ) S ( t ) − p f ( t ) S ( t ) , 
d V f ( t ) 

d t 
= 

(
1 − q f 

)
p f ( t ) S ( t ) − η f λ( t ) V f ( t ) − p b ( t ) V f ( t ) , 

d V b ( t ) 

d t 
= ( 1 − q b ) p b ( t ) V f ( t ) − ηb λ( t ) V b ( t ) , 

d E ( t ) 
d t 

= λ( t ) 
(
S ( t ) + η f V f ( t ) + ηb V b ( t ) 

)
− σE ( t ) , 

d A ( t ) 
d t 

= ρσE ( t ) − γA A ( t ) , 
d I ( t ) 

d t 
= ( 1 − ρ) σE ( t ) − γI I ( t ) , 

d R ( t ) 
d t 

= q f p f ( t ) S ( t ) + q b p b ( t ) V f ( t ) + γA A ( t ) + ( 1 − μ( t ) ) γI I ( t ) , 
d D ( t ) 

d t 
= μ( t ) γI I ( t ) . 

(1) 

The model time step is 1 day. p f (t) , p b (t) , μ(t) , and β(t) are

ll time-varying parameters, which were dynamically fitted using 

n Markov Chain Monte Carlo (MCMC) method ( Haario et al., 2001 , 

006 ). All parameters are listed in Table 1 ; model parametrization 

s detailed in the Supporting Information Appendix. 

According to the next generation matrix approach ( van den 

riessche and Watmough, 2002 ), the effective reproduction num- 

er, R e (t) , can be expressed as 

 e ( t ) = 

S ( t ) + η f V f ( t ) + ηb V b ( t ) 

N 

(
β( t ) θ

σ
+ 

β( t ) ( 1 − ρ) 

γI 
+ 

β( t ) ρδ

γA 

)
, (2) 

ncorporating the daily numbers of new cases generated by ex- 

osed, symptomatic, and asymptomatic individuals. The basic re- 

roduction number is commonly used to measure transmission po- 

ential at the beginning of an epidemic ( Diekmann et al., 1990 ). 

owever, transmission potential varies over the course of an out- 

reak, and it can be measured at any time by the effective repro- 

uction number. 

esults 

nfectivity 

For each SARS-CoV-2 variant, we estimated its transmission 

ates in South Africa, the United States, and Canada based on 



L. Xue, S. Jing, K. Zhang et al. International Journal of Infectious Diseases 121 (2022) 195–202 

Table 1 

The parameter description of Model (1). 

Parameters Description (units) Value Source 

1 /σ Mean duration of COVID-19’s incubation period (day) 5.2 Li et al. (2020) 

δ Probability of transmission for asymptomatic infected 

individuals (dimensionless) 

0.55 Li et al. (2020) 

Hao et al. (2020) 

θ Probability of transmission for exposed individuals 

(dimensionless) 

0.55 Li et al. (2020) 

Hao et al. (2020) 

ρ Proportion of infected individuals who are asymptomatic 

(dimensionless) 

60% Qiu (2020) 

1 / γA Infectious period of asymptomatic individuals (day) 8 Maier and Brockmann (2020) 

1 / γI Infectious period of symptomatic individuals (day) 14 Kumar et al. (2021) 

1 − η f Protection against infection generated by a full vaccine 

series, without booster doses (dimensionless) 

80% or 20% Ye et al. (2022) , AHIR (2021) , 

Ontario (2021) 

1 − ηb Protection against infection generated by receiving a 

booster dose (dimensionless) 

80% or 70% Ye et al. (2022) 

National Health Service (2022) 

q f Probability that an individual will be completely 

protected from COVID-19 after two doses of vaccine 

(dimensionless) 

0 estimated 

q b Probability that an individual will be completely 

protected from COVID-19 after booster doses of vaccine 

(dimensionless) 

0 Estimated 

μ(t) Probability of deaths among symptomatic individuals 

(dimensionless) 

see Figures 1 , B2, B3 Estimated 

p f (t) Proportion of fully vaccinated individuals who have not 

received any booster doses ( da y −1 ) 

see Supporting 

Information 

MCMC 

p b (t) Proportion of fully vaccinated individuals who have 

received booster doses ( da y −1 ) 

see Supporting 

Information 

MCMC 

β(t) Transmission rate ( da y −1 ) see Figures 1 , B2, B3 MCMC 

N Total population (South Africa) 

Total population (United States) 

Total population (Canada) 

55700000 

329500000 

38000000 

World Health Organization (2021e) 
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ata from the time periods in each country during which it first 

merged. We performed our analysis with both raw case numbers 

 Figures 1 , B2, and B3) and 7-day averaged data (Figures E10, E11, 

nd E12). The two cubic splines that we used for transmission rate 

based on the raw and smoothed data) were highly similar for all 

ariants and countries ( Figures 2 , E13, and E14), showing the ro- 

ustness of our methods. 

In South Africa, the average transmission rate of the Omicron 

ariant was 0.4201 from November 1, 2021, to December 26, 2021 

 Figure 1 A). For Delta, this was 0.1264 from March 9, 2021, to May

, 2021 ( Figure 1 C), and for all other variants, it was 0.1629 from

arch 5, 2020, to April 28, 2020 ( Figure 1 E). We estimate that

micron’s transmission rate is 3.3 times that of Delta and 2.6 times 

hat of the other variants in South Africa; these values are consis- 

ent with previous studies ( Chen et al., 2022 ; Yu et al., 2022 ). 

In the United States, Omicron’s average transmission rate was 

.6794 from November 21, 2021, to December 26, 2021 (Figure 

2A). This was 0.1981 for Delta from May 2, 2021, to June 6, 2021

Figure B2C), and 0.3299 for other variants from January 23, 2020, 

o February 27, 2020 (Figure B2E). In the United States, the trans- 

ission rate of Omicron is higher than that of Delta and other vari- 

nts by factors of 3.4 and 2.1, respectively. 

In Canada, Omicron had an average transmission rate of 0.5735 

rom November 15, 2021, to December 26, 2021 (Figure B3A), 

hereas that of Delta was 0.0373 from February 23, 2021, to April 

, 2021 (Figure B3C), and the rate for the other variants was 0.1693 

rom January 26, 2020, to March 7, 2020 (Figure B3E). Omicron’s 

ransmission rate in Canada is 15.4 times and 3.4 times that of 

elta and other variants, respectively. 

atality 

We estimated the lethality of the different variants by using 

heir average death rates. For Delta, Omicron, and other variants 

n aggregate, these are 0.0020, 8 . 741 × 10 −4 , and 0.0022 in South 

frica ( Figures 1 B, D, F), respectively. There, Delta’s death rate is 

.3 times that of Omicron, whereas the death rate of the variants 
197 
ther than Delta and Omicron is 1.1 times and 2.5 times those of 

elta and Omicron, respectively. In the United States, we found 

hat the death rates of Delta, Omicron, and the other variants are, 

n order, 8 . 282 × 10 −4 , 1 . 758 × 10 −4 , and 0.0019 (Figures B2B, D,

). There, the death rate of Delta is 4.7 times that of Omicron, and 

he death rate of the other variants is 10.8 times that of Omicron. 

n Canada, the death rate of Delta is 5 . 816 × 10 −4 , whereas this is

 . 887 × 10 −4 for Omicron and 0.0014 for the other variants (Fig- 

res B3B, D, F). Delta’s death rate in Canada is higher than that of 

micron by a factor of 3.1; for the other variants, this factor is 7.4. 

he previously mentioned analysis shows that Delta and especially 

micron have lower death rates than previous variants. 

ffective reproduction number 

To calculate the effective reproduction numbers for each SARS- 

oV-2 variant, we substituted the estimated parameters into 

q. (2) ( Figure 3 ). We subsequently found the average effective re- 

roduction numbers for the considered regions, considering the 

ime from the date the first case was reported until 1 month 

ater. We found that for Omicron, the average effective reproduc- 

ion numbers in South Africa, the United States, and Canada are 

.39, 6.34, and 5.44, respectively. For Delta, these are 0.78, 1.50, 

nd 0.31, and for variants other than Omicron and Delta, these are 

.24, 3.74, and 1.57. Thus, Omicron’s average effective reproduction 

umber is 8.2 times that of Delta in South Africa, 4.2 times that of 

elta in the United States, and 17.5 times that of Delta in Canada. 

ikewise, the average effective reproduction number for Omicron 

as 5.2, 1.7, and 3.5 times that of variants other than Omicron and 

elta in those three countries. 

ooster dose effectiveness 

We additionally determined the protection rate of booster doses 

gainst infection by Omicron in the United States and Canada, as 

hown in Figure 4 (Because the distribution of booster doses in 

outh Africa began on January 17, 2022, we did not consider the 
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Figure 1. Model fitting based on data for COVID-19 cases and deaths in South Africa. Panels A, C, and E show the fitting of the transmission rates for variants other than 

Delta and Omicron, the Delta variant, and the Omicron variant, respectively, based on daily numbers of new confirmed cases of these variants. Panels B, D, and F show 

the fitting of the variants’ death rates (in the same order), based on daily numbers of new deaths because of each variant. The transmission rates were taken to be cubic 

spline functions, with numbers of nodes n β equal to 13 for variants other than Delta and Omicron, seven for Delta, and six for Omicron. In each subplot, the red curve 

represents the mean simulated number of cases or deaths, and the blue curve represents the transmission or death rate. The 95% PI and CI are plotted in pink and magenta, 

respectively. CI, confidence interval; PI, prediction interval. 
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ffectiveness of booster doses on Omicron there.). As of February 

, 2022, we found that vaccination has reduced the number of in- 

ected people by 4 . 29 × 10 7 and 1 . 14 × 10 6 in the United States

nd Canada, respectively, and reduced the number of deaths by 

 . 32 × 10 5 and 4 . 17 × 10 3 in those countries. These results im- 

ly that with 70% protection against Omicron (see Table 1 ), booster 

oses of currently available vaccines can significantly reduce mor- 

ality. 

OVID-19 and seasonal influenza 

To estimate the transmission and death rates of seasonal in- 

uenza, we collected weekly numbers of new confirmed cases and 

eaths from August 6, 2017, to December 22, 2019, in the United 

tates and Canada. We used these to fit a seasonal influenza trans- 

ission model (see Supporting Information Appendix). Our param- 

ter fitting, using the same methods as for model (1), is shown 

n Figures D6 and D7. We then compared these rates with the 

orresponding ones for Omicron over the full course of its out- 

reak to capture transmission dynamics in all outbreak phases. We 

hose a longer interval to model dynamics over because seasonal 

nfluenza is not an emerging disease. In the United States, the av- 

rage transmission rates of seasonal influenza and Omicron were 

.120 and 0.407, respectively; the rate for seasonal influenza ranged 

rom 0.041 to 0.202, whereas that of Omicron ranged from 0.0418 

o 1.064. The average death rate of seasonal influenza in the United 

tates was 0.0064 (ranging from 0.0013 to 0.0202), whereas that of 

micron was 1 . 758 × 10 −4 (ranging from 0 to 5 . 987 × 10 −4 ). In
198 
anada, seasonal influenza and Omicron had average transmission 

ates of 0.158 (ranging from 0.0183 to 0.266) and 0.360 (ranging 

rom 0.0817 to 0.838), respectively. The average death rates of sea- 

onal influenza and Omicron were 0.0019 and 1 . 887 × 10 −4 , re- 

pectively, with ranges from 0 to 0.0816 for seasonal influenza and 

rom 0 to 0.0018 for Omicron. These results indicate that Omicron’s 

rofile (high transmissibility, low mortality) is a more exaggerated 

ersion of seasonal influenza, suggesting that Omicron outbreaks 

ay be more like those of seasonal influenza than those of Delta. 

OVID-19 and 2009 H1N1 influenza 

To compare the transmission and death rates of the 2009 strain 

f H1N1 influenza with those of Omicron, we collected daily num- 

ers of cumulative confirmed cases and deaths of H1N1 from April 

3, 2009, to July 6, 2009, in the United States and Canada. We used 

he same model for H1N1 as for seasonal influenza; the parameter 

tting is shown in Figures D8 and D9 (see Supporting Information 

ppendix). We subsequently found the average transmission and 

eath rates for the considered regions, calculated using the rates 

rom the date the first case was reported until 2 months later. In 

he United States, the average transmission rate of H1N1 was 0.347 

ranging from 0.0783 to 0.590), and that of Omicron over a simi- 

ar time period of approximately 2 months from the first detec- 

ion was 0.509 (ranging from 0.142 to 1.064). The average death 

ates of H1N1 and Omicron were 0.0020 and 1 . 372 × 10 −4 , re- 

pectively, with ranges from 1 . 751 × 10 −4 to 0.0125 for H1N1 and 

rom 0 to 5 . 553 × 10 −4 for Omicron. In Canada, the average trans- 
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Figure 2. Estimation of transmission and death rates in South Africa using actual data versus a 7-day rolling average. Panels A, C, and E show transmission rates for variants 

besides Delta and Omicron, the Delta variant, and the Omicron variant, respectively. Panels B, D, and F show the variants’ death rates, in the same order. 
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ission rates of H1N1 and Omicron were 0.320 and 0.470, respec- 

ively; the rate for H1N1 ranged from 0.0903 to 0.751, whereas that 

or Omicron ranged from 0.0893 to 0.8383. The average death rate 

f H1N1 in Canada is 6 . 257 × 10 −4 (ranging from 1 . 424 × 10 −4 

o 0.0024); for Omicron, this is 8 . 522 × 10 −5 (ranging from 0 to 

 . 372 × 10 −4 ). Hence, compared with those of H1N1, Omicron’s 

verage transmission rate was 46% higher in the United States and 

7% higher in Canada, whereas Omicron’s average death rate was 

7% lower in the United States and 90% lower in Canada, results 

nalogous to how Omicron is more transmissible and less deadly 

han seasonal influenza. 

iscussion 

The successive emergence of COVID-19 virus variants has 

aused multiple COVID-19 outbreak waves across the world. In Oc- 

ober 2020, the Delta variant (B.1.617.2) was discovered in Maha- 

ashtra, India ( del Rio et al., 2021 ), which was a driving factor in

he second wave of COVID-19 in that country. In November 2021, 

he Omicron variant (B.1.1.529) was first discovered in Gauteng, 

outh Africa, and quickly spread to other countries ( Maslo et al., 

022 ; Planas et al., 2022 ). This led to the fourth wave of the

OVID-19 pandemic: Omicron replaced Delta as the dominant 

train after 8 weeks in South Africa and later accounted for more 
199 
han 90% of all cases after 8 and 10 weeks of circulation in the 

nited States and Canada, respectively. 

To understand the SARS-CoV-2 variants’ epidemiological prop- 

rties, we developed a model describing their dynamics, featuring 

ime-varying rates of transmission, death, and vaccination. We cre- 

ted an inverse method to estimate the time-varying death rate 

f the COVID-19 virus variants, which greatly simplifies the com- 

lexity of parameter estimation. Using this method, we found that 

he transmission rate of Omicron is 3.3 times that of Delta in 

outh Africa, and the death rate of Delta is 2.3 times that of Omi- 

ron there. Correspondingly, these numbers are 3.4 and 4.7 in the 

nited States and 15.4 and 3.1 in Canada. This makes it clear that 

micron is more infective but less lethal than Delta. We also found 

hat with a complete vaccine series plus a booster dose provid- 

ng 70% protection against Omicron, vaccination has reduced the 

umber of infected people by 4 . 29 × 10 7 and 1 . 14 × 10 6 in the

nited States and Canada, respectively. 

During the COVID-19 pandemic, comparisons with seasonal in- 

uenza have been frequently made by public officials ( Faust and 

el Rio, 2020 ), and influenza has been used as a point of refer-

nce for clinical studies of patients with COVID-19 ( Brehm et al., 

021 ; Xie et al., 2020 ). Previous variants of SARS-CoV-2 were char- 

cterized by higher mortality than seasonal influenza, even after 

ccounting for the underreporting of influenza deaths ( Faust and 

el Rio, 2020 ). However, our results indicate that the Omicron 
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Figure 3. Effective reproduction number for variants of SARS-CoV-2. Each row of graphs shows different variants within a given country (from top to bottom: South Africa, 

the United States, and Canada). The columns show results for particular variants (from left to right: variants other than Delta and Omicron, the Delta variant, the Omicron 

variant). The 95% CIs are plotted in magenta. CI, confidence interval; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 
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ariant has a lower death rate than seasonal influenza, the op- 

osite of other SARS-CoV-2 variants. Similarly, the COVID-19 pan- 

emic was compared with H1N1 in 2009, only a few months af- 

er the beginning of the former ( Jhaveri, 2020 ). Clinically, the two 

iseases result in similar immune responses ( Morris et al., 2021 ), 

nd many computed tomography imaging features are common to 

oth ( Yin et al., 2020 ). In contrast to early variants of SARS-CoV- 

, which were observed to have higher mortality rates than 2009 

1N1 influenza ( da Costa et al., 2020 ), we found Omicron to be

ess deadly than that strain. We also found Omicron to be more 

ransmissible than the tested varieties of influenza. Our results in- 

icate that although Omicron must be taken seriously because of 

ts high infectivity, its low fatality suggests that it can serve as a 

ess dangerous replacement for other SARS-CoV-2 strains, outcom- 

eting them but causing less damage. 

We found that the Omicron variant is epidemiologically more 

imilar to influenza than previous SARS-CoV-2 variants; this is ev- 

dent by its unique mutations, which confer upon it a different 

volutionary strategy ( Du et al., 2022 ). Hence, we predict that 

ethods for combating Omicron based on previous public health 

esponses to seasonal influenza will be effective. Earlier in the 

OVID-19 pandemic, it was found that nonpharmaceutical inter- 

entions to suppress COVID-19 in China also had the effect of sup- 

ressing seasonal influenza cases because the two diseases share 

imilar transmission methods ( Lei et al., 2020 ). Seasonal influenza 

s characterized by wintertime outbreak peaks and yearly variabil- 

ty in epidemiological characteristics ( Chowell et al., 2008 ). So far, 

he COVID-19 pandemic has also exhibited these features, with 

ew SARS-CoV-2 variants emerging at least once per year. Further 

ariants in Omicron’s lineage have been observed ( Desingu et al., 

022 ), and because of Omicron’s ubiquity, the next dominant vari- 
0

200 
nt may be one of its descendants. Therefore, as the future of the 

OVID-19 pandemic may revolve around managing viruses with 

imilar characteristics as Omicron, applying strategies originally 

esigned for seasonal influenza will prove useful. 

Our study still has several limitations. First, because the num- 

ers of recovered and asymptomatic infected individuals are not 

ublicly available yet, our simulations only used incidence data, 

eath cases, and the number of fully vaccinated individuals. Sec- 

nd, the numbers of new confirmed cases and deaths for each vari- 

nt are intertwined with the reported data and hard to disentangle 

rom it. We used the proportions of cases caused by each SARS- 

oV-2 variant to calculate these numbers. Third, we used model 

1) to fit three SARS-CoV-2 variants under the assumption that an 

ndividual can be simultaneously infected with different variants. 

ourth, we did not consider human mobility and imported cases 

rom overseas or the role of environmental factors; these will be 

tudied when such data become available. 
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Figure 4. Effectiveness of vaccines against the Omicron variant in South Africa, the United States, and Canada. The black boxes, red curves, and green curves represent the 

number of reported cases or deaths, simulated mean under the scenario where booster doses are administered at rates fit to current data, and simulated mean under the 

scenario where no booster doses are administered, respectively. 
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