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Why the sudden surge in variants at the end of 2020? 

https://www.medrxiv.org/content/10.1101/2021.02.23.21252268v2
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Within host dynamics

Metcalf et al. 2020. PloS Pathogens
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•Prospects for SARS-CoV-2 virulence evolution remain uncertain


•Vaccines have theoretical potential to select for increased 
virulence if they fail to provide URT protection 

•Clear benefits of vaccines vastly outweigh risks


•Virulence evolution should be monitored


•Costs of virulence evolution would likely fall on those without 
access to vaccines

Vaccine driven evolution: virulence? 
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Infection Symptoms Recovery Exposure ??

Re-infection? 
Symptoms?

??

For endemic coronaviruses, Callow et al. (1990) suggest 
that reinfection can occur within a year, but symptoms are 
mild, and the virus is cleared more quickly. 
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An intermediate model 



Secondary infections?

Range of epidemiological outcomes depending on assumptions related to 
strength and duration of adaptive immune responses following primary and 
secondary infections.

Saad-Roy, Wagner et al. 2021. Science
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Vaccination Immunity develops Delay booster?

??

Epidemiological issue (potential burden of symptomatic 
disease) but also an evolutionary one (evolution of immune 
escape).

Add vaccination?
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An intermediate model with vaccination

Saad-Roy et al. 2020. Science



Relative rate of net adaptation

One dose strategy 24 week inter-dose period Recommended 2 dose

Saad-Roy et al. 2021. Science



• Burden and timing of SARS-CoV-2 infections and potential for viral 
adaptation are shaped by immune responses following natural 
infection and one or two vaccine doses in the short and longer term


• A one dose strategy may be good in short term to increase the 
number of people immunized and reduce infections, but in the longer 
term the recommended two doses should be given to mitigate the 
potential for antigenic evolution or later epidemics due to immune 
waning  

• Vaccines must be distributed rapidly and equitably globally – 
antigenic evolution in one location will rapidly spread

Selection for immune escape?

Saad-Roy et al. 2021. Science
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Getting Vaccines

https://www.nature.com/articles/d41586-020-02774-8

“Africa will need about 1.5 billion doses of vaccine. (Its population is 
1.2 billion, and most vaccine candidates require two doses.) The cost of 
the vaccine and of building systems and structures required for delivery 
is estimated at between $7 billion and $10 billion, according to Africa 
CDC. For comparison, the 2020 US PEPFAR budget was $6.9 billion.”

John N. Nkengasong (director of Africa CDC), Nicaise Ndembi 
(senior science adviser at Africa CDC),  Akhona Tshangela 
(programme manager for mortality surveillance at Africa CDC), 
Tajudeen Raji (head of the division of public-health institutes and 
research at Africa CDC).




Rice et al. 2021. Nature Medicine

Limits of surveillance

Assuming 40% infection, local 
demography from worldpop, 
age IFR from Verity et al. 

Reporting of cases, and even of deaths may be extremely low, yielding a very 
incomplete picture of the state of the pandemic in much of the world.



A Global Immunological Observatory
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Use of serological surveys to generate key insights into the 
changing global landscape of infectious disease
C Jessica E Metcalf, Jeremy Farrar, Felicity T Cutts, Nicole E Basta, Andrea L Graham, Justin Lessler, Neil M Ferguson, Donald S Burke, 
Bryan T Grenfell

A central conundrum in the study of infectious disease 
dynamics is to defi ne the landscape of population 
immunity. The proportion of individuals protected against 
a specifi c pathogen determines the timing and scale of 
outbreaks, and the pace of evolution for infections that 
can evade prevailing humoral immunity. Serological 
surveys provide the most direct measurement to defi ne 
the immunity landscape for many infectious diseases, yet 
this methodology remains underexploited. To address this 
gap, we propose a World Serology Bank and associated 
major methodological developments in serological testing, 
study design, and quantitative analysis, which could drive 
a step change in our understanding and optimum control 
of infectious diseases.

Epidemic dynamics result from an interaction between 
the contagious spread of infection, the resulting depletion 
of population susceptibility, and its replenishment via 
births, immigration, or waning immunity. Under-
standing this interaction is key to assess the eff ect of 
vaccination, which artifi cially reduces the number 
of people susceptible to infection.

Researchers mainly observe infection dynamics and 
the eff ect of population (or herd) immunity in limiting 
spread via surveillance of clinically apparent cases of 
infection or deaths. This method has led to some 
powerful insights;1 however, even in the simplest 
instances in which subclinical infection is uncommon, 
cases only provide information about the dynamics of 
infection. Susceptibility and immunity are hidden 
variables. For infections that people can be completely 
immunised against, such as measles, susceptible 
reconstruction can be used to estimate immune profi les,2 
but infection prevalence and vaccination coverage 
records are frequently inadequate to capture key social 
and geographical heterogeneities. Additionally, inference 
is weakened if the risk of infection is low.

Serological surveys (usually used to quantify the 
proportion of people positive for a specifi c antibody or, 
better yet, the titre or concentrations of an antibody) are 
potentially the most direct and informative technique 
available to infer the dynamics of a population’s 
susceptibility and level of immunity. However, the use 
of current serological tests varies greatly depending on 
type of pathogens and there are major methodological 
gaps in some areas for some pathogens and tests. In 
terms of use of current serological methods, infections 
can be classifi ed into four broad groups (appendix). The 
fi rst group contains acute immunising, antigenically 
stable pathogens (eg, measles, rubella, and smallpox) 
for which serology provides a strong signal of lifetime 

protection and a clear marker of past infection (or 
vaccination).

The second group contains immunising, but 
antigenically variable pathogens (eg, infl uenza, invasive 
bacterial diseases, and dengue). Despite complexities 
(appendix), serology in some cases can provide powerful 
evidence, both for vaccine formulation and pandemic 
planning.3,4 A serum bank would have been extremely 
useful in interpretation of the unusual profi le of 
susceptibility associated with age in the 2009 infl uenza 
pandemic.3 For these fi rst two groups, if suitable serum 
banks existed, the deployment of current serological tests 
could have helped to clarify the association between 
serological profi les and protective immunity.

The third group includes infections for which infection-
induced antibodies are not thought to be protective, such 
as tuberculosis in which the targets of the immune 
response vary with stage of infection; malaria, whereby 
infected erythrocytes generate several antibodies whose 
individual importance has not been fully elucidated (and 
might indicate exposure rather than protection5); and 
HIV. Although antibodies might not be representative of 
immunity against a pathogen, they do show current or 
previous infection.

Finally, the last broad grouping consists of infections 
that do not lead to reliably sustained, measurable 
antibody responses or for which presence of specifi c 
antibodies do not correlate with protection from future 
infection. These include many enteric infections and the 
human papillomavirus. In these cases, serological data 
can nonetheless be valuable to assess a population’s 
coverage of vaccine programmes if vaccination leads to 
long-lasting antibody responses.

In the context of public health, for immunisation 
against group one infections, vaccination programmes 
aim to protect vaccinated individuals and indirectly 
protect unvaccinated individuals by maintaining high 
population immunity.1 If a valid correlate of immunity is 
measurable in sera, serological surveys could be used to 
identify population subgroups in which immunity is 
low, or even to identify individuals in whom immunity 
has waned, and directly inform targeted vaccination 
strategies (appendix).

Household surveys are a major source of data for 
vaccination coverage in low-income countries.6 The 
recent  extension of eff orts to measure biomarkers for 
infections such as HIV (eg, the Demographic Health 
Surveys) could provide infrastructure for sera collection 
for an expanded range of infections, thus leveraging an 
existing platform. For many infections, however, to 
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Convenience samples  
Longitudinal age serology
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Thank you!

Within host dynamics: https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1009105


The next five years: https://science.sciencemag.org/content/370/6518/811.abstract


Selection for immune escape: https://science.sciencemag.org/content/370/6518/811


A Global Immunological Observatory: https://elifesciences.org/articles/58989v1


SARS-CoV-2 in SSA: https://www.nature.com/articles/s41591-021-01234-8


Mortality registration in Madagascar: https://www.sciencedirect.com/science/article/pii/S1201971220324954
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