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By Deon Canyon, Sebastian Kevany and Michael S. Baker *

Mutations are caused by random, spontaneous errors in the RNA-based genetic code of viruses that occur 

as the virus replicates within a host. The process of continually emerging, small mutations is called 

antigenic drift. In influenza and Covid, these mutations are often noticeable by observing changes in viral 

surface proteins, otherwise known as antigens. The human immune system identifies and reacts to foreign 

antigens by producing antibodies that target the infection. Most vaccines work by presenting a harmless 

version of the foreign antigen to train the immune system to be able to recognize and respond to the real 

virus. Table 1 shows the current Covid variants and mutations of concern and interest. 

The small antigenic drift changes result in the gradual evolution of viruses into phylogenetic trees, and it is 

the reason why a new flu vaccine is required each year. The immune system provides cross-protection 

when it recognizes a similar Covid virus that contains mutations. The 

accumulation of mutations may differentiate a virus to the extent that it 

creates a different branch on the phylogenetic tree and is called a variant 

(image right). When a variant moves into a population that has not yet 

experienced it, cross-protection may not be as effective and illness may 

result. 

Variants may behave in different ways depending on the types of mutations that have occurred. Variants 

may have different transmissibility, morbidity, mortality, ability to detect with tests, susceptibility to 

antiviral drugs, susceptibility to neutralizing antibodies, and ability to evade natural immunity. This might 

allow them to cause recurrent infections, allow them to infect vaccinated individuals, result in long-term 

morbidity, or show an affinity for particular demographic groups, such as children or 

immunocompromised individuals. The implication for influenza is that global surveillance is necessary to 

identify new variants for designing new annual vaccines. While Covid does not mutate as fast as influenza, 

its significant mutations require global surveillance and perhaps even ongoing vaccine revisions.  

                                                             
*Drs. Canyon and Kevany are professors at the Daniel K. Inouye Asia-Pacific Center for Security Studies (DKI APCSS) in Honolulu, 

USA.  Dr. Baker is a retired U. S. Navy rear admiral. The views expressed in this article are the author’s alone, and do not necessarily 

reflect the official position of the DKI APCSS or the United States Government.  

https://www.cdc.gov/flu/about/viruses/change.htm
https://sciencespeaksblog.org/2021/02/02/covid-mega-variant-and-eight-criteria-for-a-template-to-assess-all-variants/
https://www.newindianexpress.com/nation/2020/oct/07/covid-second-infection-can-be-worse-than-first-for-some-shows-study-2207097.html
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Viruses typically show little variation when it comes to factors that impact the severity of human infection 

and transmissibility, however, they may decrease or increase in certain factors that are relevant to health 

security. For instance, the B.1.1.7 variant has 22 coding changes in its genome and is up to 70% more 

transmissible. 

Most mutations in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are inconsequential, but 

one emerged in the United Kingdom that is more transmissible and two emerged in Brazil and South Africa 

that are able to escape the human immune response, even though vaccines are still effective against them. 

These variants are responsible for infection surges in many countries and already exist in the United States. 

If they build to critical mass before enough vaccinations can stop the spread, similar case surges will be 

seen in the U.S. 

Table 1: Covid variants and mutations of concern and interest in the US.* 

Variants of 
Concern/ Interest 

Mutations of Concern/Interest Average Daily 
Prevalence US/world 
(nations with cases) 

B.1.1.7 Emerged 
09/20 U.K. 

• 50-70% more transmissible 

• 64% more lethal 

• More cases in <60 year olds and children  

• N501Y - increases load x3 and evades immunity 

• P681H - improves entry and replication in cells 

• E484K - facilitates viral entry in cells and evades 
neutralizing antibodies by escaping from immune 
recognition - more easily infects those with 
waning infection immunity, or sub-par vaccine 
response. This variant is starting to acquire this 
mutation. mRNA vaccines may not work as well. 

• H69-V70 & Y144/145 deletions – assist in evading 
some antibodies 

US 54% stable 
World 78% growth 
119 nations 

B.1.351 Emerged 
07/20 South Africa 

• 50% higher transmissibility 

• Reduces the effectiveness of some vaccines 

• Vaccination immunity wanes more quicklyE484K 
& N501Y (see above) 

• K417N – reduce human cell binding – less 
infectious 

• L18F – unsure – increased in frequency 

US 0% decline 
World 2% growth 
81 nations 

P.1 Emerged 12/20 
Brazil 

• 152% higher transmissibility 

• 10x viral load 

• 45% more lethal 

• E484K, N501Y, K417N, L18F (see above) 

US 6% stable 
World 3% growth 
40 nations 

B.1.427 Emerged 
09/20 California 

• 20% higher transmissibility 

• L452R - increases viral infectivity and host 
immune evasion potency 

US 1% decline 
World 0% decline 
29 nations 

https://www.ctvnews.ca/health/coronavirus/scientists-scramble-to-assess-mutated-coronavirus-1.5241380
http://doi.org/10.1101/2020.12.30.20249034
https://doi.org/10.1038/d41586-021-00121-z
https://outbreak.info/situation-reports?pango=B.1.1.7&loc=GBR&loc=USA&loc=USA_US-CA&selected=Worldwide
https://cmmid.github.io/topics/covid19/reports/uk-novel-variant/2020_12_23_Transmissibility_and_severity_of_VOC_202012_01_in_England.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7941603
https://www.news-medical.net/news/20210119/N501Y-mutation-may-be-associated-with-higher-viral-load-says-preliminary-study.aspx
https://www.researchgate.net/publication/348943694_The_mutation_P681H_in_the_B117_variant_of_SARS-CoV-2_probably_enhances_viral_entry_and_replication
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(21)00068-9/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(21)00068-9/fulltext
https://www.sciencemediacentre.org/expert-reaction-to-document-from-phe-about-the-b-1-1-7-variant-including-reference-to-detection-of-the-e484k-mutation-in-some-b-1-1-7-genomes/
https://www.sciencemediacentre.org/expert-reaction-to-document-from-phe-about-the-b-1-1-7-variant-including-reference-to-detection-of-the-e484k-mutation-in-some-b-1-1-7-genomes/
https://www.sciencemediacentre.org/expert-reaction-to-document-from-phe-about-the-b-1-1-7-variant-including-reference-to-detection-of-the-e484k-mutation-in-some-b-1-1-7-genomes/
https://www.sciencemediacentre.org/expert-reaction-to-document-from-phe-about-the-b-1-1-7-variant-including-reference-to-detection-of-the-e484k-mutation-in-some-b-1-1-7-genomes/
https://www.nytimes.com/interactive/2021/health/coronavirus-variant-tracker.html
https://www.nytimes.com/interactive/2021/health/coronavirus-variant-tracker.html
https://outbreak.info/situation-reports?pango=B.1.351&selected=ZAF&loc=ZAF&loc=USA&loc=USA_US-CA
https://www.ecdc.europa.eu/en/publications-data/covid-19-risk-assessment-spread-new-variants-concern-eueea-first-update
https://www.bloomberg.com/news/articles/2021-01-25/moderna-plans-to-test-booster-shot-against-south-africa-strain
https://www.biorxiv.org/content/10.1101/2021.01.10.426143v1
https://www.biorxiv.org/content/10.1101/2021.01.10.426143v1
https://www.nature.com/articles/s41586-021-03402-9
https://outbreak.info/situation-reports?pango=P.1&selected=BRA&loc=BRA&loc=USA&loc=USA_US-CA
https://www.medrxiv.org/content/10.1101/2021.03.03.21252706v2
https://en.wikipedia.org/wiki/Lineage_P.1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7941639
https://outbreak.info/situation-reports?pango=B.1.427&loc=USA&loc=USA_US-CA&selected=USA_US-CA
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7987058
https://www.biorxiv.org/content/10.1101/2021.02.22.432189v1
https://www.biorxiv.org/content/10.1101/2021.02.22.432189v1
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B.1.429 Emerged 
07/20 California 

• 20% higher transmissibility 

• L452R (see above) 

US 1% decline 
World 1% decline 
30 nations 

B.1.526.1 Emerged 
10/20 New York 

• D235G - may reduce efficacy of neutralizing 
antibodies 

• L452R (see above) 

US 2% decline 
World 1% decline 
15 nations 

B.1.526.2 Emerged 
12/20 New York 

• S477N – affects how virus attaches to cells US 6% growth 
World 2% stable 
6 nations 

B.1.526 Emerged 
09/20 New York 

• E484K, D235G (see above) US 5% decline 
World 1% decline 
19 nations 

B.1.617 Emerged 
09/20 India 

• E484Q – stronger binding to human cell and 
evasion of immune response 

• P681R – boost cell level infectivity 

• L452R (see above) 

US 0% decline 
World 1% growth 
6 nations 

P.2 Emerged 04/20 
Brazil 

• E484K (see above) US/World 0% 
Brazil 3% decline 
32 nations 

*Outbreak.info (data from April 26, 2021) 

Viruses also experience abrupt and large mutations, where many nucleotides and genes are changed in a 

process called antigenic shift (image right). Typically, antigenic shift occurs when two different types of 

virus are found infecting a single host cell. In the process of RNA replication, genetic cross-over occurs 

resulting in new viruses with mixed genomes. Two examples are the 1957 Asian Influenza outbreak 

resulting from a cross between the 1918 Spanish Flu virus and the H2N2 Avian virus; and the 1968 Hong 

Kong Influenza outbreak resulting from a cross between the 1957 virus and the H3 Avian virus.  

Thus, antigenic shift is one explanation for how a virus jumps from 

thriving in a particular animal to thriving in humans. The new mixed virus 

is so different from what people have experienced in the past that their 

immune systems fail to recognize the pathogen and serious disease may 

occur. Antigenic shift is rare, for there have only been four influenza 

pandemics in the last century. 

Covid Mutations 

While Covid was still in China, the D614G mutation appeared and quickly became dominant. In this 

environment a “burst in changes in the virus you wouldn’t otherwise see” may have happened in areas 

where cases were out of control and there were higher levels of community transmission. Wuhan city has 

an incredibly dense population of 10,000-90,000 people/km2 that would have facilitated this process. 

Within 5 to 10 months, several significant Covid mutations evolved and spread (Table 1). 

https://outbreak.info/situation-reports?pango=B.1.429&loc=USA&loc=USA_US-CA&selected=USA_US-CA
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7987058
https://outbreak.info/situation-reports?pango=B.1.526.1&loc=USA&loc=USA_US-NY&selected=USA_US-NY
https://www.medrxiv.org/content/10.1101/2021.02.26.21251868v1
https://www.medrxiv.org/content/10.1101/2021.02.26.21251868v1
https://outbreak.info/situation-reports?pango=B.1.526.2&loc=USA&loc=USA_US-NY&selected=USA_US-NY
https://www.biorxiv.org/content/10.1101/2021.02.14.431043v2.full.pdf
https://outbreak.info/situation-reports?pango=B.1.526&loc=USA&loc=USA_US-NY&selected=USA_US-NY
https://outbreak.info/situation-reports?pango=B.1.617&loc=IND&loc=GBR&loc=USA&selected=IND
https://doi.org/10.1016%2Fj.xcrm.2021.100255
https://doi.org/10.1016%2Fj.xcrm.2021.100255
https://www.forbes.com/sites/williamhaseltine/2021/04/12/an-indian-sars-cov-2-variant-lands-in-california-more-danger-ahead/?sh=1ff3056b3b29
https://outbreak.info/situation-reports?pango=B.1.526.2&loc=BRA&loc=USA&loc=USA_US-CA&selected=BRA
https://outbreak.info/situation-reports?pango=B.1.1.7&loc=GBR&loc=USA&loc=USA_US-CA&selected=Worldwide
https://www.cdc.gov/flu/about/viruses/change.htm
https://www.sciencedirect.com/topics/medicine-and-dentistry/asian-influenza
https://www.sciencedirect.com/topics/medicine-and-dentistry/asian-influenza
https://www.theguardian.com/science/2021/jan/24/the-new-mutants-what-we-know-about-the-covid-variants-worrying-health-officials-worldwide
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The first international variant of concern (B.1.351), emerged in Nelson Mandela Bay, South Africa in July 

2020. It spread faster, was detected more often in young people, and more frequently caused serious 

disease. The population is relatively young with only 6% aged over 64 years old. However the highest 

population density was 500-3000/km2. Likewise, when a variant of concern (P.1) emerged in Manaus in 

the Brazilian Amazonas region in December 2020, it had a similar demographic with only 6% of people 

over 60 years of age and a low population density of 191/km2. The outbreak in Manaus was suspected to 

have been accelerated by dense housing, poor water supplies, and crowding on boats that serve as local 

transportation. It is thought that in these conditions, a very high infection prevalence of 76% resulted in a 

high level of natural immunity which selected virus mutations that could neutralize antibodies. 

The second international variant of concern (B.1.1.7) emerged in September 2020 and was detected in 

December when restrictions did not reduce cases as expected in County Kent, United Kingdom. This variant 

is well on its way to becoming globally dominant. Urban areas in Kent County range in population density 

from 5000 to 10000/km2, but the living conditions are far different from those in Nelson Mandella Bay and 

Manaus. In this environment, the variant is thought to have mutated over a long time (2-4+ months) in 

chronically infected immunocompromised patients. Multiple mutations are more likely to develop in 

response to antibody or convalescent plasma treatment in immunocompromised patients with persistent 

infection. 

More frequent antigenic drift mutations are expected when a virus is under selection pressure from natural 

and vaccine conferred immunity. As we exert more pressure on Covid, more virulent mutations will evolve 

that could directly impact our ability to manage the pandemic. The presence of large numbers of 

unvaccinated people only benefits this process of mutation, since it provides a fresh uninfected group of 

people in which the virus can spread and mutate further. On a positive note, the current U.S. administration 

has just funded a major expansion in virus tracking and gene sequencing. 

Future Covid Threats 

The emergence of Covid variants of concern and unvaccinated segments of the population have the 

following ongoing implications for national security and security sectors in general. 

1. If large segments of the global population remain without immunity, they provide a petri dish for 

mutation 

2. Governments need to accelerate and enforce vaccination policies at every opportunity 

3. Campaigns against misinformation must be led by a government partnership with tech companies 

4. Better funding and more coordination between U.S. CDC and National Center for Medical 

Intelligence (NCMI) along with military forward deployed labs such as Navy Medical Research Units 

(NAMRU) will help to provide an early warning biodefense shield 

5. Timely warning and projection of significant infectious disease and environmental health threats 

will be enhanced by strengthening ties with U.S. allies and partner nations to form a virus 

surveillance network 

6. U.S. intelligence agencies need to ramp up medical threat surveillance capabilities 

Perhaps the most important consequence of mutations for international security dynamics is that 

governments would be potentially remiss in turning away from health security protocols and issues, 

https://www.technologyreview.com/2020/09/22/1008709/brazil-manaus-covid-coronavirus-herd-immunity-pandemic/
https://www.technologyreview.com/2020/09/22/1008709/brazil-manaus-covid-coronavirus-herd-immunity-pandemic/
https://science.sciencemag.org/content/371/6526/288
http://www.imperial.ac.uk/medicine/departments/school-public-health/infectious-disease-epidemiology/mrc-global-infectious-disease-analysis/covid-19/report-42-sars-cov-2-variant/
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://thehill.com/changing-america/well-being/prevention-cures/548717-biden-administration-launching-17-billion
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including funding for variant testing, even after the acute phase of the global pandemic is over. The 

temptation to reallocate scare resources away from public health efforts in the post-pandemic period is, 

though, inevitably going to be a strong and equally compelling one. 

A further argument in favor of increased testing for variants relates to the news media and the high level of 

paranoia that can result from news stories on new strains. With greater funding for variant monitoring and 

testing, fact checks on such stories can be easily and quickly verified from independent and objective 

sources, thereby bringing peace of mind to society. 

None of the above suggests reduced funding and support of vaccine roll-outs, which are and should rightly 

be, the top public health priority worldwide. Only with the US and other developed countries assisting the 

developing world, in fact, can the threat of new mutations and variants be restricted. The longer that the 

developed world goes without comprehensive vaccination programs, the greater the risk of rampant 

infections and further mutation. 

The views expressed in this article are the author’s alone, and do not necessarily reflect the official position 
of the DKI APCSS or the United States Government.  
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