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Abstract. The systematic study of the evolution of the concept of vaccination constitutes a fascinating journey
through time and the scientific development of effective and safe vaccines against infectious diseases is one
of the greatest achievements in the history of medicine. In the western world vaccination dates back to the
eighteenth century, a period in which smallpox was a diffused and often lethal disorder, and in many countries
attempts at the prevention of such a medical and social threat were conducted. The English surgeon Edward
Jenner (1749-1823) is commonly considered the discoverer of the vaccination for smallpox. Moving from re-
mote history to recent periods, the ongoing 2019-2021 coronavirus disease (COVID-19) pandemic has posed
a tremendous challenge to the health systems of the countries involved. It has triggered all over the world the
rapid development of several effective vaccines, never before prepared in such a brief span of time. It must be
acknowledged that modern vaccinology as a science stands at the crossroads of multiple medical specialties
and scientific disciplines. In turn, twentieth century explosive progress in the field of vaccination has triggered
the development of other important medical areas, from immunopathology to infectious diseases therapy,
and from prevention to anti-cancer treatment. Nowadays, effective and diffused control of infectious diseases
cannot be done without vaccines, as the COVID-19 pandemic has once again demonstrated, and the role of
well structured vaccine programs and of capillary and systematic vaccine campaigns has become central for
the health of entire populations all over the world. (www.actabiomedica.it)
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The systematic study of the evolution of the con-
cept of immunization constitutes a fascinating journey
through time and the scientific development of effec-
tive and safe vaccines against infectious diseases is one
of the greatest achievements in the history of medicine
and public health.

In the western world, vaccination dates back to
the eighteenth century and involves the administra-
tion of an antigenic substance capable of stimulating a
human protective immune response against an infec-
tious pathogen (1). In the Enlightenment Europe of
the seventeen hundreds smallpox was a diffused and

often lethal disorder, and in many countries attempts
at prevention of such a medical and social threat were
conducted during the entire century (2).

The English surgeon Edward Jenner (1749-1823)
is commonly considered the discoverer of the vaccina-
tion for smallpox (3). In his time, in the second half of
the eighteenth century, the only intervention deemed
useful in contrasting smallpox was the so-called vario-
lation, a technique aimed at infecting healthy people
by means of the “matter” obtained from sick persons
affected by a mild-moderate form of the infectious dis-
ease. Jenner had observed that people suffering from an



Acta Biomed 2021; Vol. 92, Supplement 6: 2021453

attack of cowpox, a not very serious pathology affect-
ing cattle, were protected from contracting the human
disease named smallpox. This British physician there-
fore concluded that, on the one hand, cowpox was an
animal disease that generally protected against human
smallpox, and on the other, that cowpox, through the
application of pathological matter taken from the
lesions of sick persons, could be deliberately transmit-
ted from one single individual to another as a protec-
tive presidium. In 1796 Jenner obtained matter from
cutaneous lesions of a dairymaid, affected by cowpox,
and inoculated a healthy boy, who became mildly ill in
the week subsequent to the inoculation, recovering by
day ten after Jenner’s preventive maneuver. Fifty days
later Jenner inoculated the same boy with smallpox
matter and, since he could not observe any pathologi-
cal alteration in his small patient, he concluded that
protection was complete at that time. After having
accurately collected and described many other cases,
two years later Jenner published a book entitled “An
Inquiry into the Causes and Effects of the Variolae
Vaccinae”, a milestone in the history of vaccine pro-
grams in the United Kingdom.

The clinical application devised by Jenner found
many and not rarely important followers all over
Europe and, with specific reference to Italy, the phy-
sician Luigi Sacco (1769-1836), who today gives his
name to a well-known hospital of the city of Milan,
propagated the Jennerian method in northern Italy (4).
It should be underlined, however, that in the eight-
eenth century, infectivology as a specific discipline did
not exist, and even medical notions relative to infec-
tious diseases were generally confused and often mis-
leading. Not by chance, many scholars believe that,
in the course of the nineteenth century, the applica-
tion of material obtained from lesions of smallpox
patients contributed to the diffusion of other infec-
tious pathologies, among them, in particular, syphilis
(5). Moreover, the idea that a physician should deliber-
ately determine a disease in healthy people, even if for
preventive-protecting purposes, was often refused by
many persons who had always seen in physicians, on
the contrary, the professionals devoted to cure of sick
people (6). In any case, in the course of the eighteen
hundreds vaccination spread widely and in this same
century it acquired a scientific basis, especially thanks
to the work of Louis Pasteur (1822-1895).

A French chemist and microbiologist, Pasteur
is retained by many medical historians to be one of
the major founders of microbiology, thanks also to
his research in methods that could hamper the viru-
lence of pathogenic agents. Pasteur created the first
live attenuated bacterial vaccines, such as that against
chicken cholera (1870), and developed the first forms
of preventive microbiological measures effective
against anthrax and rabies (1885), thus paving the way
for the development of immune theories in human
beings. His studies opened the scientific scenario for
the identification of etiologic agents responsible for
cholera, typhus and tuberculosis (7).

With regard to this, the French bacteriologist
Albert Calmette (1863-1933) a pupil of Louis Pasteur,
together with his younger co-worker Camille Guérin
(1872-1961), developed the Bacillus Calmette-Gué-
rin, or BCG (1909), a vaccine that was soon exten-
sively adopted both in Europe and in America in the
fight against the largely diffused disease known as
tuberculosis (8).

It is not by chance that the birth of the two
medical-scientific disciplines fundamental for the
historical development of vaccines, namely infectivo-
logy (before) and immunology (after) can be collo-
cated appropriately between the end of the nineteenth
century and the beginning of the twentieth century,
a period particularly favorable for the discovery of
infectious agents and the elaboration of the first struc-
tured theories regarding human immune responses, in
particular in French speaking and German speaking
countries. Already some decades before, in the course
of the nineteenth century, the first great vaccination
campaigns had been put into action in Europe, start-
ing from English speaking countries and moving to
German speaking ones (9).

In 1890 the Danish professor of internal medi-
cine Knud Faber (1862-1956) showed the existence
of tetanus toxins and the German bacteriologist Emil
von Behring (1854-1917) and the Japanese physi-
cian Shibasaburo Kitasato (1853-1931) demonstrated
the elaboration, on the part of immunized animals, of
antitoxin substances against tetanus toxins (10). These
last two scientists also experimentally demonstrated
that serotherapy was effective against the so-called
“strangling angel”, i.e. diphtheria (11). As evidenced
in the the first half of the nineteen hundreds by the
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pionieristic research of the French veterinarian of the
Pasteur Institute Gaston Ramon (1886-1963), tox-
oids, which were modified forms of exotoxins, could
be used as vaccines given their capability to induce
an immune response against the basic toxins (12). To
preserve antigenicity and to reduce toxicity, Ramon
adopted formaldehyde and heat in the preparation of
an anatoxin, a toxoid vaccine effective against diph-
theria and tetanus. According to Ramon, the efficacy
of this anatoxin could be heightened by adding spe-
cific substances boosting antibody responses, includ-
ing aluminum hydroxide; this consideration led to the
conceptual frame of currently used vaccine adjuvants.
In the twenties the British immunologist Alexan-
der Glenny together with his co-workers (Wellcome
Research Laboratories, London, UK) started to con-
duct experiments using vaccines prepared from toxoids
(deactivated toxins). He demonstrated that whole bac-
teria were not mandatory in order to generate immu-
nity, and elaborated a toxoid diphtheria vaccine in
1923 followed by a tetanus vaccine in 1926 (13). This
research opened the way for the diffused adoption of
tetanus toxoid vaccine among the soldiers involved in
the second World War, contributing to the saving of
the lives of many individuals.

After World War II, in the course of the fifties,
further great developments were accomplished in the
area of vaccines. The US physician Jonas Salk (1914-
1995) elaborated the first effective and safe vaccine to
inject in humans against poliomyelitis, composed by
dead poliovirus (1952-5). The Polish American micro-
biologist Albert Bruce Sabin (1906-1993) hypoth-
esized that orally administered, attenuated (meaning
weakened live organisms) virus could furnish immunity
for a longer time period if compared to dead injected
virus, and he developed the first oral polio vaccine
(1956-7) (14). Between this date and the early eighties
of the twentieth century, when vaccines for hepatitis
B became available, a number of other vaccines were
introduced in routine vaccine programs, ranging from
pertussis to measles, from rubella to epidemic parotitis
and spread rapidly (15).

In recent decades vaccine technology has made
great strides, and this is particularly important since
SARS-CoV-2 vaccines technologies are based on dis-
coveries made after polio vaccines. The last fifty years
have seen the identification of genes of pathogenic

microorganisms that are able to determine clini-
cal diseases and that encode the proteins stimulat-
ing human immune responses against the pathogens
themselves. As a consequence, medical laboratories of
the third millennium have been able to prepare anti-
gens adopted in the generation of modern vaccines.
Even more recently, pathogenic microorganisms have
been genetically modified in order to elaborate virus
strains which are weakened to provide an effective and
safe basis for attenuated vaccines (16). With reference
to viruses difficult to cultivate in the laboratory, and
also with regard to particularly hazardous pathogenic
microorganisms, the technology based on recombi-
nant DNA has been demonstrated to be of great use.
DNA vaccination appears as a potentially effective
means of inoculating a host with genes. The latter
encode immunogenic proteins from pathogens, and
when the genes are inserted into the host cells, they
access transcriptional and translational machinery. The
elaboration of proteins within the cells allows the pro-
cessing into epitopes and the subsequent presentation
on the part of MHC-I and MHC-II. Once the host
cells have been used to produce elevated levels of target
proteins, the result is a strong cell mediated immune
response. While DNA vaccination by means of plas-
mids has usually involved vectors targeted to transient
antigen expression in injected tissues, future-genera-
tion plasmids are designed for site-directed integra-
tion of transgenes into safe sites in host genomes, so
furnishing an original method for a sustained and
stable expression of antigens for vaccination (17). In
synthesis, nowadays vaccines are complex preparations
not only containing antigens, but also all the sub-
stances useful for maintaining the vaccines themselves
effective and safe, including preservatives, stabilizers,
surfactants and sometimes adjuvants. Moreover, thera-
peutic vaccines today represent a stimulating tool for
the active immunotherapy of malignancies and aim at
managing late-stage diseases by utilizing the immune
system of the patients themselves (18).

In the last two years, the ongoing coronavirus
disease (COVID-19) pandemic has posed a tremen-
dous challenge to the health systems of the coun-
tries involved (4). It has triggered all over the world
the rapid development of several effective vaccines,
that have never before been prepared in such a brief
span of time. Once again, in this specific scenario
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too, knowledge of medical history is fundamental for
understanding how such extremely rapid achievements
have been possible. In effect, as has been recently
clearly and authoritatively noted on scientific-technical
grounds, the initial stage of the design and evolution
of SARS-CoV-2 vaccines is not to be ascribed to the
year 2020, but dates back to years before, in which the
use of extremely adaptable vaccine platforms (among
others in particular RNA) and the tailoring of struc-
tural biology instruments for the production of immu-
nogens strongly stimulating human immune systems
were being elaborated and redefined in research labo-
ratories (19). At the level of communication, the rapid
preparation of SARS-CoV-2 vaccines has posed addi-
tional, new challenges to correct information regard-
ing the benefits and risks of vaccination. It was only
about forty years ago, in 1976, that the first vaccine
patient information sheets elaborated by the US Cent-
ers for Disease Control and Prevention were released,
but since then ethical, scientific and legal issues have
led to a profound reconsideration and improvement
in vaccine information statements, as they are called
today (20). Last but not least, the recent history of
the COVID-19 pandemic and of the development of
SARS-CoV-2 vaccines poses challenges on economic
grounds too, considering the unprecedented need for
worldwide supplies and for timely and quantitatively
adequate availability of targeted vaccines (21). Conse-
quently, the theme of the appropriate equality in access
to these vaccines, on a planetary scale, constitutes a
further ethical-economical issue in the complex and
evolving scenario of vaccination campaigns against
COVID-19.

In conclusion and at the end of this journey
through “medical” time, it must be acknowledged that
modern vaccinology as a science stands at the cross-
roads of multiple medical specialties and scientific
disciplines, being in particular debtor both to health
care branches born and developed at the end of the
nineteenth century (infectivology) and those at the
beginning of the twentieth (immunology). In turn, the
explosive progress in the field of vaccination during
the twentieth century has per se triggered the devel-
opment of other important medical areas, ranging
from immunopathology to infectious diseases therapy,
and from prevention to anti-cancer treatment, as the

universal program of vaccination against human papil-
lomavirus has clearly shown in more recent times.

Today, effective and diffused infectious diseases
control and containment cannot be done without vac-
cines, as the last two years of COVID-19 pandemic
has once again demonstrated, and the role of well
structured vaccine programs and of capillary and sys-
tematic vaccine campaigns have become central for the
health of entire populations all over the world.
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