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Abstract

Vaccines are the most cost-effective drugs available to date as they play an
Iimportant role in the primary prevention of infectious diseases with a high
percentage of efficacy, but they also prevent severe presentations of many
illnesses when protection of contagion does not happen. The studies re-
garding their safety are also the most rigorous and highly powered among
the field of medicine. Despite thig, many concerns have been raised regard-
ing the new anti-SARS-CoV-2 vaccines. In such setting it is important to
remember what vaccines can do for the prevention and eradication of in-
fectious diseases.
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1. Early history of vaccination

Smallpox was a viral disease that produced a persistent fever of 38-40°C, attack
to the general state, headache, vomiting and, importantly, bulging skin eruptions
that tended to fill themselves with liquid to form blisters that depressed in the
middle and fell off to leave the dermis, and sometimes the sub-dermis, exposed
in multiple sites of the body. Thus, these pustules posed an increased risk for
infected patients to develop bacterial skin coinfections, which worsened the
prognosis. The illness also made many survivors blind for life. In this way Small-
pox had a lethality of 20-60%, and killed 70% of pregnant women that became
infected, and the survivors were always scarred for life (Fig. 1) <.

There are no records of the date of origin of this disease, but it is believed that it
dated back to the Egyptian Empire around the 3™ century BCE, and by the 16™
century it had spread worldwide. In this way, it is impossible to make an accurate
assessment of how many people was killed by smallpox, but it is estimated that
this disease killed 400,000 Europeans each year in the 18" century 2, and killed
300 million people in the 20% century alone. Thus, it is considered as the disease
that has killed more people in the history of mankind *. The dread it caused has
been an important subject of public knowledge and popular culture since the or-
igins of civilization, but it all came to an end with the practice of vaccination.

Vaccination originated from an ancient Asian practice called variolation, which
congisted on making incisions on the shoulders or arms of the patients and in-
oculating them with materials from drying pustules of emallpox infected patients.
Variolation was the best prophylactic measure against such a dreadful disease
that was available in the 18™ century, as it reduced the lethality of the disease to
1in 50 in its beginnings, and to 1 in 500 when the technique was further refined
°, but it could not reduce its incidence. Moreover, this practice was deemed as
unsafe as it produced strong fevers, and sometimes the patients that were in-
tended to be protected became infected (if the materials from the pustules were
not dried, and thus inactivated, enough), or developed further infections that led
to amputations or septic shocks (as the pustules tended to contain live bacteria
or bacterial spores).

Edward Jenner (Fig. 2), the father of immunology, virology and vaccinology was
one of those patients whom recalled with horror the strong fevers and fears that
came in the post-variolation isolation periods, as he was variolated as a boy. De-
gpite this, he still performed variolation with his patients as he believed in the
preventive power of such practice, but he was in constant fear for his patients’
health after such immunizations. On the other hand, he was aware of the country
lore that milkmaids who became infected with cowpox from their cows were un-
able to catch smallpox later. He then, in 1976, extracted the liquid from the pus-
tules of a local milkmaid, named Sarah Nelmes, who had cowpox at that time, and
inoculated such fluids to James Phipps, his gardener’s son. Afterwards he ex-
posed the boy to smallpox, only to find him immune to such disease °. Jenner
published his results two years later 7, to induce controversy within the scientific
community, but also a general acceptance by the general public, as his vaccine
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(named after the Latin vacca, or cow), provided a more effective and safe ap-
proach to smallpox prevention than variolation.

Since prior to vaccination nearly everyone contracted the disease at some point
in their lives, being that smallpox possessed a basic reproductive number esti-
mated between 3 and 6 (meaning that each infected person would transmit the
disease to an average of 3 to 6 other patients), vaccination came to grate success
to the general public’s opinion, and thus it started to being spread throughout the
world &. Jenner himself devoted his life to apply his vaccine freely to anyone who
requested it, while other physicians did the same outside of England.

After the introduction of smallpox to the Americas in 1520, Jenner’s vaccine was
a necesgity in the newly discovered continent, until Alonso Nuriez de Haro in 1863
donated part of his properties to constitute the first vaccination center in the
Americas. The vaccine had to be carried from Europe by a serial vaccination of
the crew members of a ship, in order for it to arrive viable into the new continent
I, Later in 1966, the World Health Organization (WHO) embarked on a program to
completely eradicate smallpox from the entire world, following the idea that John
Haygarth and Jenner himself originally proposed at their time. That vaccination
campaign was the biggest in history and continued until in 1979 the world saw its
first day without a single case of smallpox. A condition that remained a year later,
causing the WHO's declaration of eradication to come, and has fortunately
enough maintained until today.

In this instance, the WHO considers that the smallpox vaccine has saved more
than 10 billion lives since its invention, and $1,000 million of USD every year, re-
garding Jenner as the man who has saved more lives in the history of mankind °,
and vaccines as the most cost-effective and beneficial drugs of all time.

Figure 1. Vaccinated and unvaccinated twins. The twin on the right received
proper vaccination at a younger age, while the twin at the left was not vac-
cinated and therefore became ill with smallpox. The picture shows the typical
scarring that smallpox produced in its survivors.
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Figure 1. Edward Jenner. Oil painting from an unknown author. Dr. Jenner's
house. Museum and garden. Berkeley, England.

2. 'The golden age of vaccines

After Jenner’s work no other vaccines were developed due to the lack of
knowledge in immunology and microbiology, nonetheless, in 1878 Louis Pasteur
discovered that the passage of one microbe through several in vitro cultures
caused the attenuation of the microbes, a knowledge that paved the way for the
development of other vaccines. Thus, in 1881 Pasteur was able to develop an anti-
anthrax vaccine, and four years later he was able to develop the anti-rabic vac-
cine. Several new vaccines were developed in the following decade by attenuating
the microorganisms that caused the diseases, either by the Pasteur’s technique
or by physical and chemical means. The next leap on vaccine technology came
from Emile Roux and Alexandre Yersin, who recognized the importance of the
bacterial toxins in diphtheria and tetanus, isolated the toxins and chemically in-
activated them, thus leading the development of sub-unitary vaccines, a tech-
nology where subunits of the disease-causing microorganisms is used to im-
munize the patients ©.

It was later discovered that immunization, and therefore vaccines, work by mim-
icking an infection in the body of a patient, through the administration of i) a live,
but attenuated microorganism (like Pasteur’s vaccines), or alternatively with mi-
croorganisms that are not infectious to humans but possess an analogical struc-
ture to the ones that do (like Jenner’s vaccine), and finally ii) with subunits from
the human pathogens. These biologic preparations are thus unable to cause dis-
ease, but nonetheless produce an immune response where the lymphocytes that
possess the specific receptors to recognize the antigens in the vaccine proliferate
copiously. Many of these lymphocytes will destroy the components of the vaccine
and die after =21 days, but about 30% of them will prevail as memory cells. In the
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event of a further exposition to the same antigens that formulated the vaccine
(and therefore the pathogen that produces them), these memory cells are able to
quickly proliferate and attack the microbe before it has time to colonize and affect
the host .

3. The benefits of vaccination

No other human disease has ever been eradicated; nonetheless it is believed that
poliomyelitis would be the next illness to be eradicated, as it is now endemic to
only Pakistan, Nigeria and Afghanistan, where continued war and extreme pov-
erty have obstructed the humanitarian vaccination efforts.

Vaccines can effectively protect 39 to 98% of vaccinated people 2, of 27 vaccine-
preventable diseases %, thus lowering the rate of transmission even for non-vac-
cinated people, or patients whom received a vaccine but the drug did not pro-
tected them, as vaccines can produce herd immunity when =/0% of population
has been vaccinated ™. Even when a vaccine does not prevent disease, it can
lower the severity of disease presentation . Thus, there has been a 99% decrease
in incidence for the nine diseases for which vaccines have been applied univer-
sally, accompanied by a similar decline in mortality and disease sequelae °, sav-
ing at least 6 million lives annually . This has impacted on the elimination of sev-
eral digseases from many countries where extensive vaccination is applied, and
led to the complete eradication of smallpox and of two of three types of poliomy-
elitis '8,

Global economy also benefits from vaccination as such strategy was estimated
in 2003 to cause savings in the order of tens of billions of dollars each year ° (Fig.
3). Moreover, the reduction of the incidence of diseases by vaccination programs
impacts directly in healthcare and treatment costs ?°, decreasing both medical
interventions and population’s time off work “.. A good example of the economic
benefit of vaccines is the smallpox eradication, allowing millions of dollars saved
annually, as mentioned previously. Additionally, vaccination effects in morbidity
and mortality lead to more children surviving to adulthood, representing an in-
crease in economically active population #-%?, Moreover, vaccines in epidemics
and pandemics can mitigate economic outcomes, leading to an effective control
measure of emerging pathogens and their consequences #°. In such setting, it is
expected that anti-SARS-CoV-2 vaccines will help to stabilize the current public
health and economic crisis and lay the basis for a future response to infectious
diseases.
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Figure 1. Vaccine benefits. Vaccines reduce the probability of patients to be-
come infected; moreover, when enough patients have been vaccinated the
probability of people that have not received the vaccine to become ill lowers as
well, because the number of potential transmitters becomes reduced. As a con-
sequence, disease incidence and prevalence becomes reduced, saving lives and
money.

4, Conclusions

Since ancient time, infectious diseases have represented an important public
health problem and are responsible of high morbidity and mortality rates. Vac-
cines development passed through several years of experimentation, and with
science progresses, their diversity, effectiveness and security were improved.
Thus, vaccination constitutes a highly cost-effective measure to prevent and
control infectious diseases. Even though only few pathogens have been eradi-
cated, vaccines have led to a considerable decrease of the incidence and severity
of these illnesses, which finally represent millions of lives saved.
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