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The first coronavirus disease 2019 (COVID-19) case, 
caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) virus, was reported by offi-
cials in December 2019 in Wuhan, China. The COVID-
19 has since spread worldwide, leading to the ongoing 
pandemic.

There have been a few waves of infection caused by 
different COVID-19 variants of concern. The Omi-
cron (B.1.1.529), the newly emerged variant of concern, 
has fueled a surge in daily cases in recent months than 
any previous variants. To inform response measures to 
COVID-19, we provide what we learned from the pan-
demic caused by the Omicron variant.

1  The dynamics of the Omicron variant spread
The Omicron variant is more transmissible than any pre-
vious variants of concern (Accorsi et  al. 2022; Andrews 
et  al.  2022). Early studies suggested that the Omicron 
variant was 2.6 to 3.7 times more contagious than the 
Delta variant among vaccinated people (Accorsi et  al. 
2022). This is also supported by an alarming spike in daily 
confirmed cases in late January2022 driven by the Omi-
cron variant, which broke records in most countries in 
the world (Fig. 1).

A comprehensive analysis of SARS-CoV-2 individual 
clearly resolved outbreaks in 113 world locations shows 

that the growth of a COVID-19 pandemic follows a 
Gompertz growth function (Buchan et al. 2022). Like the 
outbreaks caused by previous COVID-19 variants of con-
cern, the count of confirmed cases and deaths caused by 
the Omicron variant also follows the Gompertz growth 
function and is predictable and self-limiting (Fig.2) 
(Buchan et al. 2022; Cai et al. 2022). In addition, the tra-
jectory of the COVID-19 pandemic is universally consist-
ent across countries with differences in social structures 
and preventive and treatment measures responding to 
the virus (Figs. 3 and 4). Because of this property of the 
COVID-19 pandemic, the entire trajectory can be pre-
dicted early, which might be used to guide preparation 
and resources allocation.

2  Disease burden of Omicron variant
The illness caused by the Omicron variant is gener-
ally milder than that associated with SARS-CoV-2 wild 
type and other variants of concern. In an analysis of 
161,328 individuals with COVID-19 diagnosed between 
October 1, 2021 and December 6, 2021in South Africa, 
the odds of hospital admission for patients infected 
with the Omicron variant was 80% (95% CI: 70%, 90%) 
lower than other SARS-CoV-2 variants during the same 
period, and the odds of severe disease was 70% (95% 
CI: 50%, 80%) lower among patients infected with the 
Omicron variant versus the Delta variant in earlier epi-
demic waves (Cheung et al. 2022). A non-peer-reviewed 
report of 52,297 Omicron cases and 16,982 Delta cases 
in the United States (US) reported that the infection of 
the Omicron variant was associated with a 53% (95% CI: 
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38%, 65%) lower risk of symptomatic hospitalization, 
74% (95% CI: 27%, 90%) lower risk of intensive care unit 
admission, 91% (95% CI: 25%, 99%) lower risk of death, 
and 52% (95% CI: 36%, 64%) lower risk of any subsequent 
hospitalization as compared to the infection of the Delta 
variant (UK Health Security Agency 2021). The reduced 
risk of hospitalization for the Omicron variant was also 
reported in many other countries, such as the United 

Kingdom (Ferguson et  al.  2022), and Canada (Garret 
et al. 2021).

In terms of the death burden of the Omicron variant, 
we compared the death rate between SARS-CoV-2 wild 
type and influenza in the US. The Diamond Princess 
Cruise ship can be seen as an unintended experiment to 
infect all the passengers with the SARS-CoV-2 wild type, 
representing the worst-case scenario in regard to disease 

Fig. 1 Seven-day rolling average of daily new confirmed COVID-19 cases per million people in selected countries between January 23, 2021, and 
January 24, 2022

Fig. 2 Properties of the Gompertz growth function
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spread. Approximately 1,690 people on the Diamond 
Princess were over 65 years old, and only 20% of people 
were infected, and the death rate was 0.41%. By compari-
son, from 2017 to 2018, the death rate for the influenza 
population was 0.096% in the US (Levitt et al. 2020). This 
means that if COVID-19 spreads everywhere as influ-
enza has, it will be 4.3 times more lethal than influenza 
was to people in the US over 65 years of age from 2017 to 
2018. If the older people on the cruise were particularly 
unhealthy or the illness caused by the Omicron variant 

was milder than that associated with SARS-CoV-2 wild 
type, the difference in death rate between Omicron vari-
ant and influenza would be much less.

In short, if the infection is allowed to run its course and 
infects a large fraction of the population, the expected 
death toll will be 2 to 4 times higher than that of the 
worst influenza in the past decade; in other words, the 
additional deaths would be equal to approximately 1 to 
2 months of natural deaths each year, with the majority of 
deaths occurring among the elderly.

Fig. 3 The exponential growth of COVID-19 cases and deaths decreases linearly as expected for the Gompertz growth function by countries or 
districts in 2020. Source: adapted from Levitt et al. (2020) (Buchan et al. 2022).
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Fig. 4 The Gompertz growth curve of COVID-19 cases in (a) the United States, (b) Japan, and (c) Shanghai, China in 2022



Page 5 of 5Sun et al. Current Medicine            (2022) 1:14  

3  COVID‑19 vaccines are effective against severe 
conditions

The evidence from epidemiologic studies regarding the 
effectiveness of vaccines against the Omicron variant is 
accumulating (Lewnard et  al. 2022; Lyngse et  al. 2021; 
Thompson 2022). Emerging evidence suggests that peo-
ple who received the COVID-19 vaccine have a substan-
tially reduced risk of severe illness and death from the 
Omicron variant than unvaccinated people (Lewnard 
et  al. 2022; Lyngse et  al. 2021; Thompson 2022). For 
example, in a US multistate analysis of 222,772 emer-
gency room and urgent care encounters and 87,904 hos-
pitalizations among adults with COVID-19 like illnesses 
between August 26,2021 and January 5, 2022, Thomp-
son et al. (2022) found that the effectiveness of prevent-
ing emergency room and urgent care six months after 
two mRNA vaccine doses for Omicron variant was 38%, 
and after a third mRNA vaccine, the protection was up 
to 82%. For hospitalization, vaccine effectiveness of two-
dose protection for Omicron infection was 57%, and 
vaccine effectiveness of three-dose protection was 90% 
(Lyngse et  al. 2021). In Hong Kong, the death rate dur-
ing the fifth wave of COVID-19 was 0.4% among unvac-
cinated individuals, 0.09% among individuals having first 
dose vaccination, and 0.01% among individuals having 
second/ booster dose COVID-19 vaccination (Levitt 
et al. 2020).

Taken together, although the Omicron variant is more 
contagious than any previous variants of concern, the 
trajectory of the pandemic is predictable and self-lim-
iting. Moreover, even if the Omicron variant is allowed 
to spread out of control, the death toll will be ~ 4 times 
higher than that of the worst influenza in the past decade.

4  Looking ahead
The SARS-CoV-2 is constantly evolving by acquiring 
mutations over time. The emerging Omicron sub-lineage 
BA.2 is the most transmissible among all existing strains 
of SARS-CoV-2, driving the rising in daily cases in some 
countries. The Omicron variant has a much higher rate 
of silent SARS-CoV-2 carriers than the earlier variants 
(Wolter et al. 2022). These silent carriers are contagious 
and contribute to the rapid spread of SARS-CoV-2 in the 
community. It is now widely believed that non-pharma-
ceutical interventions (e.g., mask-wearing, enhanced 
testing, social distancing, and reducing mass gatherings) 
alone might not be sufficient to prevent the outbreak 
caused by the Omicron variant (Zonta et al. 2021).

What we have learned from the Omicron variant in 
terms of the dynamics of viral spread, the death bur-
den, and the vaccine effectiveness might be valuable for 
regions that may anticipate the outbreaks caused by the 
Omicron variant.

Authors’ contributions
The author(s) read and approved the final manuscript.

Funding
None.

Declarations

Competing interests
The author Rui Chen is an Associate Editor for this journal Current Medicine. 
The paper was handled by the other Editor and has undergone rigorous peer 
review process. Author Rui Chen was not involved in the journal’s review of, or 
decisions related to, this manuscript.

Author details
1 School of Public Health, Capital Medical University, Beijing 100069, China. 
2 School of Life Sciences, Jiangsu Normal University, Xuzhou 221116, China. 
3 Department of Structural Biology, Stanford School of Medicine, Stanford, CA 
94305, USA. 

Received: 20 April 2022   Accepted: 12 May 2022

References
Accorsi EK, Britton A, Fleming-Dutra KE, et al. Association Between 3 Doses 

of mRNA COVID-19 Vaccine and Symptomatic Infection Caused by the 
SARS-CoV-2 Omicron and Delta Variants. JAMA. 2022;327(7):639–51. 
https:// doi. org/ 10. 1001/ jama. 2022. 0470.

Andrews N, Stowe J, Kirsebom F, et al. Covid-19 vaccine effectiveness against 
the omicron (B. 1.1. 529) variant. N Engl J Med. 2022;386(16):1532–46.

Buchan SA, Chung H, Brown KA, et al. Effectiveness of COVID-19 vaccines 
against Omicron or Delta symptomatic infection and severe outcomes. 
medRxiv. 2022. https:// doi. org/ 10. 1101/ 2021. 12. 30. 21268 565.

Cai J, Deng X, Yang J, et al. Modeling transmission of SARS-CoV-2 Omicron in 
China. Nat Med. 2022:1–1. https:// doi. org/ 10. 1038/ s41591- 022- 01855-7. 
Online ahead of print.

Cheung PHH, Chan CP, Jin DY. Lessons learned from the fifth wave of COVID-
19 in Hong Kong in early 2022. Emerg Microbes Infect. 2022;11(1):1072–8.

UK Health Security Agency. SARS-CoV-2 variants of concern and variants 
under investigation in England. Technical briefing 38. https:// assets. publi 
shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ uploa ds/ attac hment_ 
data/ file? 10603 37/ Techn ical- Briefi ng- 38- 11Mar ch2022. pdf. Accessed 29 
Jan 2022.

Ferguson N GA, Hinsley W, Volz E. Report 50: Hospitalisation risk for Omicron 
cases in England. Accessed January 29, 2022, 2022. https:// www. imper 
ial. ac. uk/ media/ imper ial- colle ge/ medic ine/ mrc- gida/ 2021- 12- 22- COVID 
19- Report- 50. pdf

Garret N, Tapley A, Andriesen J, et al. High rate of asymptomatic carriage 
associated with variant strain omicron. MedRxiv. 2021.

Levitt M, Scaiewicz A, Zonta F. Predicting the trajectory of any COVID19 epi-
demic from the best straight line. medRxiv. 2020.

Lewnard JA, Hong VX, Patel MM, Kahn R, Lipsitch M, Tartof SY. Clinical out-
comes among patients infected with Omicron (B. 1.1. 529) SARS-CoV-2 
variant in southern California. medRxiv. 2022.

Lyngse FP, Mortensen LH, Denwood MJ, et al. SARS-CoV-2 Omicron VOC Trans-
mission in Danish Households. medRxiv. 2021.

Thompson MG. Effectiveness of a third dose of mRNA vaccines against COVID-
19–associated emergency department and urgent care encounters 
and hospitalizations among adults during periods of delta and omicron 
variant predominance—VISION network, 10 States, August 2021–January 
2022. MMWR Morb Mortal Wkly Rep. 2022;71(4):139–45.

Wolter N, Jassat W, Walaza S, et al. Early assessment of the clinical severity of 
the SARS-CoV-2 omicron variant in South Africa: a data linkage study. 
Lancet. 2022;399(10323):437–46.

Zonta F, Scaiewicz A, Levitt M. The Gompertz growth of COVID-19 outbreaks is 
caused by super-spreaders. arXiv. 2021.

https://doi.org/10.1001/jama.2022.0470
https://doi.org/10.1101/2021.12.30.21268565
https://doi.org/10.1038/s41591-022-01855-7
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file?1060337/Technical-Briefing-38-11March2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file?1060337/Technical-Briefing-38-11March2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file?1060337/Technical-Briefing-38-11March2022.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/mrc-gida/2021-12-22-COVID19-Report-50.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/mrc-gida/2021-12-22-COVID19-Report-50.pdf
https://www.imperial.ac.uk/media/imperial-college/medicine/mrc-gida/2021-12-22-COVID19-Report-50.pdf

	SARS-CoV-2 Omicron variant: viral spread dynamics, disease burden, and vaccine effectiveness
	1 The dynamics of the Omicron variant spread
	2 Disease burden of Omicron variant
	3 COVID-19 vaccines are effective against severe conditions
	4 Looking ahead
	References


