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Abstract
History doesn’t repeat itself but it often rhymes, as said Mark Twain. It often guides the future. The authors discuss some of the key 

historical pandemics and mankind’s response to them, along with the development of pandemic vaccines. Currently the key strategy 
arguably rests on the discovery of a vaccine for Covid-19, presumably, the only escape route from the current crisis. While our scien-
tists endeavour to find the vaccine, washing hands, social distancing and treatment advances remain the pillars for fighting COVID 
with a number of unsolved questions for any potential vaccines.
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Introduction
The more you know about the past, the better you are pre-

pared for the future, said Theodore Roosevelt. History might be a 
humanities subject, but there is nevertheless a scientific approach 
to its content, especially in the context of biomedical sciences [1]. 

As optimism gathers about the ongoing vaccine trials for COVID19 
by Oxford and other world renowned institutions, researchers and 
the general population look towards the future. However, we peek 
into the past in an attempt to predict the future! 

This article discusses some of the key historical pandemics and 
mankind’s response to them, along with the development of pan-
demic vaccines that could potentially help us to understand the 
challenges we currently face. At this moment in time, the stakes 
could hardly be higher; and the key strategy arguably rests on the 
discovery of a vaccine for Covid-19 - presumably, the only escape 
route from the current crisis.

History of vaccines

The practice of immunisation dates back hundreds of years 
from Buddhist monks [2] in China to Ayurvedic [3] Indian texts. 
Traditional vaccines work by creating a weakened or killed form 
of the virus, similar enough to the original that the immune system 

will be forearmed if the person is exposed to a full infection in fu-
ture. The approach has led to some of the most successful vaccines 
in our history, but carries an inherent risk as a newly developed at-
tenuated virus may not be as innocuous as the hoped by the scien-
tists [4]. Clinical trials have to be approached cautiously and slowly 
to ensure safety as well as efficacy, which is certainly not ideal in 
a pandemic given the race against time. This article discusses the 
alternatives later.

The term vaccine is derived from the Latin word for cow, reflect-
ing the origins of the smallpox vaccination. Initially, the terms vac-
cine or vaccination referred only to smallpox, but in 1881 Louis 
Pasteur proposed that in honour of Edward Jenner, a late 18th Cen-
tury British doctor who discovered that milkmaids infected with 
cowpox seemed immune to smallpox, the terms were widened [5].

Small pox

Smallpox is thought to date back to the Egyptian Empire around 
the 15th century BC based on a smallpox-like rash found on three 
mummies [6]. It was endemic to Europe, Asia and Arabia for cen-
turies, killing 30% of those infected, and leaving the survivors with 
scars! Jenner famously inoculated his gardener’s 9-year-old son, 
James Phipps with cowpox from a local milkmaid and then exposed 
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him to the smallpox virus with no ill effect. However, Jenner was 
not the first to try cowpox inoculation but was the first to publish 
his evidence and distribute the vaccine freely [7].

The smallpox vaccine was the first vaccine to be developed 
against a contagious disease but it was only in 1980, after a global 
vaccination campaign, almost two centuries after the invention of 
the vaccine, that the WHO declared smallpox eradicated from the 
face of the earth. This is often considered as one the most remark-
able feats in public health in the history of humankind [7], especial-
ly as the scientific community continues to strive hard to achieve 
similar results in several other common infections.

Plague

The ‘Bubonic Plague’ is an infectious disease caused by the ba-
cillus Yersinia pestis, a very pathogenic organism which is still en-
demic in rodent populations of Americas, Africa and Central Asia 
[8]. In epidemics, plague is transmitted to humans by the fleas on 
the rats.

Yersinia Pestis caused three of the deadliest pandemics in the 
recorded history. The first plague pandemic was as far back as in 
541 AD and lasted 8 years. Originating in central Africa and spread-
ing to the rest of the world, this plague was responsible for the loss 
of 15-100 million lives [8,9], roughly half of the world’s popula-
tion. To make matters worse, aside from the horrific death toll that 
shook the globe, the Justinian Plague was only the first of about 
eighteen waves in the first plague pandemic series [9]. If one was 
to compare with that to the current COVID-19 pandemic, it would 
probably give a very optimistic feel. 

The second pandemic plague kicked off with the infamous Black 
death of 1346 [9]. It claimed 75-200 million lives, originating in 
Asia and spreading possibly through merchant ships [10]. This 
plague became endemic in most places but unfortunately, Lon-
don never really got rid of it for a long time. The plague resurfaced 
roughly every 20 years from 1348 to 1665 - a total of forty out-
breaks in three hundred years. In each new plague epidemic, 20% 
of London’s population was wiped out. Three hundred years later, 
the Great Plague of 1665 was the last and one of the worst ones, 
killing quarter of Londoners in just seven months [11]. It must be 
the population density and people’s movement in London that re-
sulted in the epidemic to be intense and wide spread even hun-
dreds of years ago. 

Many of the techniques used to battle COVID-19 result because 
of the lessons learnt from centenaries of this contagion. While there 
was no scientific understanding, people realised the importance of 
proximity or ‘social distancing’. That’s why forward-thinking of-
ficials in Venetian port city decided to keep newly arrived sailors 
in isolation until they could prove they weren’t sick- the very first 
quarantine [10], something that the current governments are try-
ing to formulate. England also imposed a ‘lockdown’, banning all 
public events and introduced laws to separate and isolate the sick. 
Homes stricken by plague were marked with a bale of hay strung 
to a pole outside. If one had infected family members, they had to 
carry a white pole when going out in public [12] - an analogue ver-
sion of the track and trace app! 

Despite the Series of Pandemic Plagues there is no vaccine to 
date, though there is treatment with antibiotics. Centuries of the 
fight with plague has been won not on the basis of a vaccine, but 
better sanitation and use of antibiotics. This helps us to realise that 
there may never be a successful vaccine to COVID-19 but rather a 
treatment like with plague, Malaria, and HIV, which still remain an 
enigma to scientists so far as vaccine development is concerned.

Polio

The first major polio epidemic in the United States occurred in 
1894 and the world saw sporadic epidemics of polio in the early 
twentieth century until a vaccine was later developed in 1954, at 
least 60 years after the first major outbreak. Before that 1935 two 
separate teams, had developed polio vaccines and reported their 
results at an annual scientific meeting of in the US. The principle 
was to inject killed polio virus. Despite promising results, both 
trials were cancelled as a result of the angry reaction from other 
researchers, as vaccinated children had died in both studies [13]. 
Annual cases increased in the US and a big surge was seen in 1952 
and 53. The high number of cases reignited the race for a vaccine 
and millions of dollars were invested. However, the principle aban-
doned 20 years ago was used again by Jonas Salk who developed 
his successful vaccine in 1954 [14]. Another vaccine, based on live 
but attenuated virus was developed around the same time by Sa-
bin [15]. Because Salk’s vaccine had been started to be used suc-
cessfully in the United States, Sabin was not able to get support for 
a large-scale, controlled field trial and had to move to Russia and 
Mexico for the same. 

The two vaccines, by Salk and Sabin, have eliminated polio from 
most of the world, with the last polio case in the United States be-
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ing reported in 1979 and only 22 reported cases in 2017 in the 
whole world [16]. A remarkable feat - and another battle won only 
after decades of hard work and dedication of scientists, clinicians 
and volunteers.

Ebola

Interestingly, an Ebola vaccine was in fact developed much be-
fore the pandemic in 2014 but never trialled on humans due to lack 
of funding and commercial viability. Ebola was sporadic only in 
pockets in Africa and did not pose a threat to the World until 2014 
to consider major investment in its vaccine. The vaccine was used 
under emergency protocol after hastened trails after the pandemic 
in 2015 to curb it. It eventually gained approval in 2019, five years 
after the Pandemic. The collaboration and complex negotiations 
between the countries and different pharmaceutical companies 
was deemed an unparalleled achievement [17]. This is remarkable 
as the full approval was not feasible for over four years of its initial 
use during the pandemic. It is entirely likely that COVID-19 vac-
cine follows the same course by being used under the emergency 
protocol. Some relief however could be drawn from the fact that the 
Ebola vaccine was effective in controlling the epidemic and is not 
known to have caused any significant or unexpected complications 
even after full trails and human use with only emergency testing 
during the pandemic times.

Influenza/Flu

There are four varieties of influenza viruses. Influenza A and B 
are the most well-known strains and are the ones that cause the 
annual epidemics and typically only one of them comes a year, usu-
ally type A. Influenza C causes a mild respiratory illness and doesn’t 
typically cause epidemics. Finally, influenza D mostly affects cattle 
and, at least for now, is not known to infect people [18].

Each Influenza A virus is defined based on two proteins: the 
envelope of the virus: hemagglutinin (the H in H1N1) and neur-
aminidase (the N in H1N1). Both must be present for the virus to 
reproduce. Hemagglutinin helps the virus attach to the cells in the 
body, and neuraminidase allows the virus to be released from the 
host cell once it has replicated - ultimately spreading the infection. 
The figures determine the subtype of hemagglutinin and neur-
aminidase proteins. Currently, there are 18 known hemagglutinin 
subtypes (H1 to H18) and 11 known neuraminidase subtypes (N1 
to N11), according to the CDC [18].

The difficulty with creating influenza vaccines is that the RNA 
virus is constantly mutating through antigenic drift or antigenic 
shift. As the name implies, antigenic drift is a process in which 
small changes to the virus’s genes are made over time as it repro-

duces. Because these changes are small, the new viruses are closely 
related to the original virus. However, over time, these changes can 
proliferate and ultimately result in a completely foreign virus that 
the body might not recognize. Antigenic shift, on the other hand, 
is the method by which two or more distinct strains of Influenza, 
combine to form a new subtype, having a mixture of the surface an-
tigens of the two or more original strains. This property is unique 
to Influenza A. This means that it can result in new hemagglutinin 
or neuraminidase proteins. When this happens, the entire section 
of the genome has altered, meaning that the very subtype of the 
virus has changed completely [18].

This understanding leads us on to the previous pandemic in 
2009, the Swine Flu. In the spring of 2009 in Mexico, an antigenic 
shift occurred to the circulating flu strain, H1N1, and a completely 
new virus emerged to which people had little or no protection. 
That particular strain was so severe because it was a combination 
of swine, human, and bird flu viruses. Nearly 61 million people 
were infected and 284,000 were killed during the Pandemic. 

Other Influenza pandemics include the 1918 Spanish flu which 
was the first of the H1N1 pandemics. This lasted from January 1918 
to December 1920 and claimed 20 to 50 million lives. The Asian Flu 
or H2N2 strain emerged from Asia in February 1957 and claimed 
1.1 million lives. The 1968 H3N2 was yet another pandemic and a 
fine example of the genetic offshoot of the H2N2 version also re-
sulted in one million deaths despite having a mortality rate of 0.5% 
but this strain continues to circulate each year [18].

This technique of inoculating the virus in chicken eggs was 
first used by Jonas Salk, the developer of the poliovirus vaccine, in 
1938 to protect the U.S. military forces against the flu during World 
War II. Vaccines produced from the 1940s to the 1960s were not 
as purified as more modern vaccines, and the impurities in vac-
cines were thought to contribute to side effects such as fever, aches, 
and fatigue [19]. Scientist are now exploring the possibility of in-
oculating flu in animals cells. This technique is expected to be more 
scalable and avoid problems with eggs, such as allergic reactions 
and incompatibility with strains that affect avian like chickens [20]. 
Much of the research these days relies on the fast-track idea that 
the immune system doesn’t really need to see the entire virus - live 
or killed. Known as a subunit vaccine - wherein if the virus is the 
warship, the theory is that the immune system needs only to see 
the enemy flag to form an immune memory. In the case of Covid-19, 
this flag is the spike protein that forms a halo or “corona” around 
the virus [4].

In the 2009 H1N1 pandemic, health researchers accelerated the 
normal developing, testing, and manufacturing processes so that 
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sufficient quantities of the vaccine could be provided. The World 
Health Organisation had estimated the overall production capacity 
to be around three billion doses of the H1N1 vaccine over a twelve 
month period, which would have covered less than half the world 
population [21]. Similar would be the expected capacity for the 
current COVID-19 situation. In addition, the scientists remain vigi-
lant for new strains of the seasonal flu as well as any shift in the 
COVID-19. Even if a vaccine was developed imminently, the phar-
maceutical companies would need to make several billions cover 
a large proportion of the world population especially if two doses 
were required to achieve effective immunisation.

Conclusion
It is very likely that should a COVID vaccine be made, it would be 

used under a similar emergency protocol without full licence and 
approval as in previous pandemics. While our scientists endeavour 
to find the vaccine, washing hands, social distancing and treatment 
advances remain the pillars for fighting COVID. The big questions 
still remain - if and when the vaccine come to fruition? How long 
would it be effective - a season, a year or life long? And importantly, 
could the virus mutate and come back each year?
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