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Of Mice and Schoolchildren: A
Conceptual History of Herd Immunity

David Robertson, MA

33 See also Jones, p. 1376.

This article explores a tension at the core of the concept of herd immunity that has been overlooked in

public and scientific discussions—namely: how can immunity, a phenomenon of individual biological

defenses, be made relevant to populations? How can collectives be considered “immune”? Over the

course of more than a century of use of the term, scientists have developed many different

understandings of the concept in response to this inherent tension. Originating among veterinary
scientists in the United States in the late 19th century, the concept was adopted by British scientists
researching human infectious disease by the early 1920s. It soon became a staple concept for

epidemiologists interested in disease ecology, helping to articulate the population dynamics of diseases
such as diphtheria and influenza. Finally, though more traditional understandings of the concept

remained in scientific use, in the era after World War I, it increasingly came to signal the objective and
outcome of mass vaccination. Recognizing the complexity of scientific efforts to resolve the paradox of
herd immunity may help us consider the best distribution of immunity against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). (Am J Public Health. 2021;111(8):1473-1480. https://doi.org/

10.27105/AJPH.2021.306264)

uring the COVID-19 pandemic, no
D scientific term has been the sub-
ject of more dispute than “herd im-
munity.” Debate over the concept has
taken the appearance of a disagree-
ment over the scientific viability and
ethics of achieving herd immunity via
infection." This appearance, however,
has obscured a deeper intellectual ten-
sion at the heart of the concept: how
can immunity, a condition constituted
in the biological defenses of the individ-
ual, be attained by a population? How
can collectives be thought to have be-
come “immune”? While scientists and
historians have long discussed the cen-
trality of the analytic of self-other in im-
munology,” herd immunity points to
the ongoing problem of articulating the
immunological defenses of collectives.
Some recent examples make clear that

different solutions to this core conun-
drum are resulting in the term being
used to denote very different phenom-
ena during the ongoing pandemic.
Invoking a relatively recent under-
standing as it pertains to disease elimi-
nation via vaccination, one virologist
recently wrote that herd immunity has
“never been achieved through naturally
acquired infections and is only possible
at global population scale through
mass immunization.”® Yet, drawing on
an older but equally widespread under-
standing of the concept as the point at
which an epidemic subsides and a new
pathogen becomes endemic, another
virologist suggested that 10 previous
influenza pandemics, including that of
1918-1919, ended “most likely, by a
herd immunity mechanism, when at
least 30% of the population had been
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infected.” To add further confusion,
the term is sometimes deployed in a
nonspecific sense, with one promi-
nent British scientist recently stating
that London has “quite a lot of herd

immunity.”

These few examples dem-
onstrate some of the ways scientists
have conceptualized immunity as an
attribute of populations. This article
suggests that the long history, begin-
ning in the late 19th century, of scien-
tific efforts to think of populations as
immune may offer insight into the
relevance of the concept to the

ongoing pandemic.

EARLY RUMINATORS

The earliest use of the concept uncov-
ered by an extensive literature review
was in 1894 by America's first doctor of
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FIGURE 1— Inside the Laboratory for Animal Pathology at the Bureau of
Animal Industry, 1894, Washington DC.

Note. Depicted from left to right: medical illustrator W.S.D. Haines and bacteriologists and patholo-
gists C. F. Dawson, R. Stewart, and Veranus Alva Moore.

Source. Courtesy of Special Collections, USDA National Agriculture Library (https://www.nal.usda.gov/
exhibits/speccoll/items/show/8226). Published with permission.

veterinary medicine and the first director
of the US Department of Agriculture’s
Bureau of Animal Industry, Daniel Elmer
Salmon. In that year, Salmon, after
whose research Salmonella was later
eponymously dubbed,® used the term in
a report on animal nutrition given to the
American Veterinary Medical Association.
Salmon reported that, in addition to the
selective breeding of animals, their
“hardiness and vigor ... may be aided by
intelligent care and by scientific feeding.”
He frowned upon the “exclusive feeding
of corn so largely practiced in hog-
raising,” which led to the “abnormal de-
velopment of the animal body” and
weakened its “powers of resistance and
predisposes to disease.” Experience of
disease outbreaks in swine fed a poor
diet and those fed a more nutritious diet
demonstrated that the former were far
likelier to succumb to disease. “These
facts show something besides individual
immunity,” Salmon reported. “They

Peer Reviewed  Robertson

demonstrate the possibility of obtaining
herd immunity.” Though there remained
“much still to learn about this subject,”
he believed that “with hygienic surround-
ings, proper exercise, proper food, and
by practicing the principles of breeding
already enumerated,” farmers could de-
velop “animals with more than ordinary
power of resisting both sporadic and epi-
zootic diseases.”” In what appears to be
the earliest published use of the term,
“herd immunity” indicated the “powers
of resistance” against disease in general
attained through good breeding, sanitary
conditions, and scientific nutrition.
Salmon's understanding of immunity
was very different from that held by sci-
entists today, a fact he articulated in
1886 when he criticized none other than
Louis Pasteur. Scorning the Frenchman's
extrapolations from the laboratory to life
in the field, Salmon insisted that the
“body is very different from a culture
flask to which nothing gains entrance

and from which nothing is eliminated. . . .
Immunity is probably never absolute, but
simply relative” and because of the “vital
resistance” of cellular life, even “the tis-
sues of the most susceptible individuals
are not suited to the growth of microbes
when the functions of the cells are nor-
mally performed.” Problems for the or-
ganism arose when “the resistance of
the tissues is in some way overcome, the
microbes multiply and the disease is
produced.”® His subsequent description
of the concept of herd immunity re-
flected his understanding of immunity as
the vital resistance of cellular life to
agents of disease, a vitality that could be
cultivated by proper scientific
management.

Further reference to herd immunity
does not seem to appear in publications
for another 20 years. However, the fact
that later reference to the term came
from within the same bureau of which
Salmon had been director suggests it
was probably used privately within the or-
ganization across this period. In a recent
history, Jones and Helmreich discussed
use of the term by two veterinarians in
the bureau beginning in 1916. Research-
ing brucellosis among cattle, a disease
also known as “contagious abortion” be-
cause of the miscarriage it caused, scien-
tists George Potter and Adolf Eichhorn
suggested overturning the practice of de-
stroying infected heifers in favor of isola-
tion until they had recovered and could
be reintroduced into the herd.? Experi-
ments suggested that cattle recovered
from the disease usually developed im-
munity to future disease. As a degree of
immunity seemed to be passed on to fu-
ture calves, the pair suggested that “a
herd immunity seems to have developed
as the result both of keeping the aborting
cows and raising the calves."™°

While Potter and Eichhorn evidently
thought of immunity to brucellosis as a
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more specific quality than Salmon’s
“powers of resistance,” their understand-
ing of the concept did not appear to be
limited to inherited, partial immunity.
They often emphasized the role of
breeding and sanitation and wrote of re-
sistance as more than immunity. In
1920, Potter insisted that “the mode of
living” of the range cow gave it "greater
resistance to ward off the effects of the
disease” than the dairy cow, the latter liv-
ing in a less salubrious environment and
“subjected to the weakening influence of
the artificially stimulated function of milk
production.” Resistance was more ex-
pansive than acquired or inherited im-
munity, and farmers were encouraged
“to build up herd immunity through the
selection of prolific, resistant and im-
mune cows and their offspring.”"" Nur-
turing immune herds entailed more
than simply raising the calves of heifers
recovered from the disease.

THE ECOLOGY OF
HERD IMMUNITY

As other historians have noted, the first
to use the term with a bearing upon
human infectious diseases were British
bacteriologists William Whiteman Carl-
ton Topley and Graham Selby Wilson."?
Crucial to their understanding of the
concept was its irreducibility to the sum
of individual immunities within a popu-
lation. In 1923, they described findings
from experimental epidemics they had
conducted on caged mice populations.
Unsurprisingly, these experiments
showed “a decreasing mortality with an
increasing proportion of immunized
mice.” However, the pair insisted that
immunity in collectives was not merely
the sum of the number of immune indi-
viduals and that “the question of immu-
nity as an attribute of a herd should be
studied as a separate problem, closely

related to, but in many ways distinct
from, the problem of the immunity of
an individual host.""® As historian Olga
Amsterdamska clarified, Topley ap-
proached epidemics “as events affect-
ing collectives rather than individuals”
and insisted that they “could not be re-
duced to individual cases of disease.”"*

For Topley and Wilson, herd immu-
nity described an uneven, nondeter-
mined formation of resistance across
a population operating to restrict dis-
ease transmission. The notion of re-
sistance captured a gradation of im-
munity to infection and disease.
Within any given population, individu-
als did not fall into the simple binary
of immune or susceptible but were
positioned along a continuum of re-
sistance itself conditioned by the dis-
tribution of resistance in the sur-
rounding population. As Topley
explained in 1935: “With herds, as
with individuals, there are, of course,
all gradations between complete im-
munity and complete susceptibility.”"?
The resistance of the individual was in-
timately enmeshed in the resistance
of its “herd,” and the resistance of that
herd was greater than the sum of its
parts. The pair clarified the implica-
tions of this insight for public health
when they asked:

Assuming a given total quantity of re-
sistance against a specific bacterial
parasite to be available among a con-
siderable population, in what way
should that resistance be distributed
among the individuals at risk, so as
best to ensure against the epidemic
spread of the disease, of which the
parasite is the causal agent?'®

In later years, they understood the
spread of disease to be conditioned by
a population’s “herd structure,” which
included its “spatial relationships,” “as
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well as all those environmental factors
that favor or inhibit the spread of infec-
tion from host to host.”"” Attempting to
capture the nature of immunity at the
population level, Topley and Wilson de-
ployed the concept of herd immunity to
understand how populations might
best prevent the spread of disease.
This interpretation arose from the un-
fortunate fact that, for most diseases,
there were no vaccines, forcing public
health strategists to consider the most
effective use of natural immunity.

Precisely how and when the term
crossed from American veterinary sci-
ence to British bacteriology and epide-
miology remains unclear. Epidemiolo-
gist Paul Fine claimed that Wilson told
him in 1981 he first heard the term
from Major Greenwood, an influential
British physician and epidemiologist.'®
Perhaps Greenwood had encountered
the term when he studied outbreaks of
swine fever in herds of pigs in the early
1910s.' Greenwood, however, does
not appear to have used the concept in
a publication before 1925, when he
and Topley complained that in
“immunological, as in clinical studies,
the great majority of investigators have
been so occupied with the individual
that they have neglected the herd.”
Echoing Salmon'’s criticism of Pasteur’s
laboratory studies four decades earlier,
the pair were critical of the work of
“modern experimenters in the labo-
ratory” who, though having “elucidated
many particular problems of immunity
and susceptibility,” had “not given a
bird's-eye view of the course of events
in an epidemiological unit, a herd."?°
Irrespective of precisely when it was
adopted, the concept of herd immunity
was embraced by British scientists to
close the gap between immunological
studies of the individual and epidemio-
logical research on populations.
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In the interwar era, the problem of
immunity in collectives became particu-
larly appealing to British epidemiolo-
gists attracted to an ecological interpre-
tation of disease. Historian J. Andrew
Mendelsohn demonstrated that, in the
early 20th century, notions of equilibri-
um came to challenge the often myopic
focus of bacteriology on pathogens.?’
Similarly, historian Warwick Anderson
notes that during this era "an ecologi-
cal perspective on infectious diseases
sought a means to relate microbiolog-
ical processes to larger environmen-
tal or biological forces” thereby cap-
turing “the interactive, dynamic
relationships between host and para-
site and physical milieu.”?? In the con-
text of an emergent interest in the
ecology of infectious disease, herd
immunity was often drawn upon to
articulate the equilibrium of host,
parasite, and environment.

The most prolific scientist to advance
an ecological vision of herd immunity
was the British Surgeon Commander
Sheldon Francis Dudley. Professor of Pa-
thology and Lecturer in Tropical Dis-
eases at the Royal Naval College, Green-
wich, Dudley, born of a Quaker family,
was attracted to the term because it
suited his ecological approach to study-
ing disease.”? In 1929, he argued that
“the ecological point of view” conceptual-
ized "epidemics as manifestations of a
loss of balance between the mutual ad-
justment of host and parasite.” He envi-
sioned public health as a form of
“applied ecology . . . based on the study
of the mutual relationships between
man, other living organisms, and the en-
vironments they occupy, and the way
these relationships affect human
health.”** Elsewhere he argued that
the "amount of disease in a communi-
ty is a function of the herd immunity,
the type of infecting parasite, and the
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character of the environment.”*® By
1936, he was declaring that “scientific
epidemiology is medical ecology.”?®
For scientists deploying the concept in
the interwar period, herd immunity
captured the dynamic, unstable
equilibrium between humans and
other organisms in an unavoidably
shared environment.

Emerging in an era before wide-
spread vaccination, retention of the
word “herd” signified more than a lin-
guistic relic from the concept’s days in
the paddock. It captured the disease
burdens facing specific subgroups of
the population, making it possible to
think of collectives as having acquired
“immunity,” understood to be a balance
between host and pathogen. Foresha-
dowing similar concerns voiced today,
Dudley pointed out that “the term ‘herd’
has been criticized as out of place
when applied to human beings,” yet he
defended its use because it was not co-
terminous with the population at large
but identified subgroups for targeted
interventions. “When we pass from the
family to the institution, ship, or
barracks,” he wrote, “it becomes more
obvious that the primary duty of the
herd doctor is to keep his herd in as
high a degree of health as possible.” A
seaman seemingly recovered from tu-
berculosis, for example, was best isolat-
ed from the rest of the crew (his “herd”),
as it would not be wise “to let him re-
turn to the mess decks and risk his re-
lapsing and infecting others.”?” Dudley
regularly utilized the concept in his
studies of diphtheria among British
schoolchildren,?® probably the most
common social group to have this term
applied to them in the interwar era.

Speaking before the British Medical
Association in 1927, physician Graham
Forbes discussed his research on diph-
theria among schoolchildren.

Paradoxically, Forbes argued that,
among poorer schoolchildren, over-
crowded housing conditions could miti-
gate the damage caused by diphtheria,
keeping its transmission “in check by the
degree of herd immunity maintained by
repeated exposure to small doses of
infection.” This was only the case, howev-
er, up to a certain point, as “the more
crowded the rooms, the greater the risk
of close contact with massive infection
capable of overcoming acquired partial
immunity.”*? In Forbes's analysis, the en-
vironment shaped the degree and inten-
sity of exposure to a pathogen, condi-
tioning the group's resistance to serious
disease. Other physicians speculated
that a common test for immunity to
diphtheria—the Schick test—elicited
temporary immunity, which, when prev-
alent among enough schoolchildren,
could confer partial immunity in an oth-
erwise susceptible group.®® For these
scientists, herd immunity signaled an
equilibrium preferable to the likely
outcome of having a group of children
entirely susceptible to diphtheria, a con-
dition conducive to an epidemic. Herd
immunity did not mean that outbreaks
would not recur; nor did it describe a
specific quantity of immunity. Rather, it
underlined an ecological balance struck
between host and pathogen, a balance
that was dependent on some degree of
continued population exposure.

This ecological vision of herd immuni-
ty as an equilibrium reached between a
host and a pathogen sharing an envi-
ronment came to inform decades of
research on influenza. As early as 1929,
the Chicago Daily Tribune paraphrased
Dudley's interpretation of the
1918-1919 influenza pandemic as “a
by-product of the more than 4 years of
world war” during which time “the
infection gained virulence and the

mass of people lost herd immunity.”'



In 1951, Irish virologist Patrick Meenan,
who would soon collaborate with
Albert Sabin and Jonas Salk on their
polio vaccines, and coauthor M. Clarke
attributed the recent influenza epidem-
icin Ireland to the diminished “degree
of herd immunity” following more than
a decade without an epidemic.®* Two
years later, British virologist Christopher
Andrewes, then head of the World Influ-
enza Center overseen by the World
Health Organization, noted the relation-
ship between the capacity of influenza to
rapidly mutate and the adaptability of its
host population’s immunity:

Over a period of years, variations
may be played upon one antigenic
theme, but after some time the pos-
sibilities will be exhausted (the herd
will be generally resistant to closely
related variants), and the introduc-
tion of a new motif will be necessary
to keep things alive.

An important determinant of influen-
za outbreaks was “the immunity-level of
the population,” and it was “doubtless a
rise in this which determines the end of
an outbreak.”*? Later that decade, dur-
ing the so-called "Asian flu” pandemic of
1957, the American microbiologist Mau-
rice Hilleman explained to the Baltimore
Sun that, following mutation of the influ-
enza virus, “there is a loss of ‘herd im-
munity’ because the population has not
encountered this virus, nor anything
sufficiently similar to it, to develop im-
munities.”** Nearly half a century later,
following an illustrious career in which
he helped develop several vaccines,®
Hilleman noted that “Influenza viruses
travel rapidly and induce herd immuni-
ty, requiring the virus to mutate and
change its antigenic specificity to contin-
ue to infect.”*® Continuing to think of
herd immunity as an ecological equilib-
rium, scientists in the second half of the

20th century advanced the concept to
explain the interaction between the
evolutionary adaptations of influenza,
the development and fading of host im-
munity, and seasonal outbreaks.

MASS VACCINATION AND
THE PROBLEM OF
HETEROGENEITY

As is clear from the careers of scientists
like Hilleman, the concept of herd immu-
nity was not irrelevant to diseases for
which immunizing agents existed. By the
early 1930s, Topley was investigating the
contribution of naturally acquired versus
artificially induced immunity among his
unfortunate mice populations, and Dud-
ley referred specifically to the value of
smallpox vaccination among naval
"herds.”®’” The analysis of herd immunity
arising from infection was sometimes
crucial to understanding the viability of
vaccination. A 1948 article in The Lancet
argued that if natural immunity to an in-
fluenza strain “lasts only a few weeks,” as
suggested by animal studies, then
“artificial immunization must be relatively
hopeless.” If, on the other hand, “the du-
ration of immunity for a human herd is
really as long as 4 years, possibly be-
cause herd immunity is far more com-
plex than the summation of individual
host resistances, then there is some
hope for artificial immunization.”*®
Indeed, recognition of the collective
benefits of herd immunity arising from
low-level diphtheria exposure was lever-
aged by British public health experts ad-
vocating state-funded immunization in
the 1920s.*

The expansion of mass vaccination as
a public health strategy following World
War Il produced further diversity in
formulations of herd immunity. As vac-
cines against diseases such as whoop-
ing cough (1940s), polio (1950s), and
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measles (1960s) were developed, and
mass vaccination became a crucial pil-
lar of the public health landscape, the
concept came to indicate a targeted
percentage of immunity induced within
a population.”® Jonas Salk captured the
rising optimism for vaccination and its
implications for the concept of herd
immunity when, speaking before the
Royal Society of Health about his polio
vaccine in 1959, he claimed that emerg-
ing vaccines “will make it possible to
bring under effective control ... many
of the viral pathogens.” Reporting
Salk's speech, the Daily Boston Globe
suggested that “Salk Expects Herd Im-
munity From Vaccine.""’

In fact, Salk does not appear to have
used the term herd immunity but,
rather, suggested that “application of a
vaccine to a sufficient segment of the
population should induce what is
usually referred to as a herd effect."*?
Obviously not the first use of the term,
an extensive online search only turned
up one earlier reference to “herd effect”
pertaining to human infectious disease.
This was a comment by Salk himself in
relation to vaccination during the 1957
influenza pandemic.*® Herd effect indi-
cated the indirect protection conferred
to those remaining susceptible in a
population of increasingly immunized
individuals. Salk expanded on the con-
ceptin 1963, noting that vaccines
“brought about protective effects be-
yond those attributable to the number
of persons who have been vaccinated.”
He wondered if “in a given population,
the number of seedings can be re-
duced to a point approaching condi-
tions for extinction.”** Though he for-
mulated this effect as a byproduct of
herd immunity, the two terms soon be-
came regularly conflated.*®

In 1970, dean of the London School
of Hygiene and Tropical Medicine
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Charles Edward Gordon Smith pub-
lished a simple model in which the rate
of transmission of a pathogen—its
RO—determined the percentage of im-
munity required for local elimination.*®
As other scientists quickly highlighted,
however, the model entailed a simplifi-
cation of the population.*’ In Smith's
model, individuals were designated as
either immune or susceptible, an un-
derstanding that was very different
from earlier notions of “resistance.”
Moreover, the model did not address
differences in the social interactions of
individuals, meaning it did not account
for variations in an individual's contribu-
tion to transmission.*® While it offered
clear guidance for vaccination strate-
gies against known diseases, it was not
intended to articulate the population
dynamics of immunity acquired
through infection, a field of research
that continues to draw upon older
formulations of herd immunity.*°

As global vaccination programs ex-
panded in the 1980s and 1990s, the
conceptual connection between herd
immunity and vaccination tightened.
Research in the field modeled the
complexity of the effects of vaccines
in heterogenous populations. Two of
the most prolific scientists in this
field, Robert May and Roy Anderson,
designed complex mathematical
models incorporating such
considerations as

the demography of the host popula-
tion, the duration of acquired immuni-
ty and maternally derived protection,
age-related changes in the degree of
intimacy of contacts among people,
and the prevailing levels of genetic,
spatial and behavioural heterogeneity
in susceptibility/resistance to infection.

The heterogeneity of different popu-
lations meant it was “not necessary to

Robertson

vaccinate everyone within a community
to eliminate infection; the level of herd
immunity must simply be sufficient to
reduce the susceptible fraction below
the critical point.”*° As mass vaccination
aided global efforts to control infec-
tious diseases, scientists again strove
to fashion notions of immunity that
could account for the variation of hu-
man populations.

CONCLUSION

For more than a century, scientists
have struggled to formulate the individ-
ualistic concept of immunity as one
pertaining to collectives. Responses to
this tension have sometimes involved
thinking of immunity as vitality or
resistance. Other times, they have
complicated the notion of population,
conceptualizing a herd structure or
modeling heterogeneity. Whether it
was the triad of host-parasite-environ-
ment embraced by disease ecologists,
or Potter's contrast of the “mode of liv-
ing” of the range cow versus the dairy
cow, accounting for the environment
has always been important in scientific
efforts to think of populations as
“immune.” This article has attempted to
do justice to the depth of the concept.
Much of the public discussion during
the ongoing pandemic has focused on
the merits of obtaining herd immunity
via natural infection. Yet precise defini-
tions of what that condition equates to
are rarely being made explicit. This his-
tory suggests three ways such discus-
sions may benefit by acknowledging
the complexity of this crucial concept.

First, the ambiguous nature of the
term is resulting in different, at times
conflicting, applications during the
pandemic. Scientists sometimes make
opposing claims while not clarifying the
precise understanding they are

invoking, such as its meaning vis-a-vis
mass vaccination and disease elimina-
tion®! versus that pertaining to the pro-
cess by which a novel pathogen be-
comes endemic.>? As this article has
demonstrated, throughout its history,
the concept has referred to both of
these formulations. The problem is not
that some are using the term correctly
and others not, but that precisely what
understanding of an “immune” popula-
tion is being invoked is not always being
made explicit.

Second, the overwhelming focus of
the public discussion on what percent-
age of immunity is required before herd
immunity is attained has simplified the
complexities of the concept, detracting
from its possible insights.> Scientific ef-
forts to analyze the role of population
heterogeneity to the trajectory of the
pandemic have received little public dis-
cussion.>* From Salmon's emphasis on a
wholesome diet to Anderson and May's
efforts to model heterogeneity, scientists
have long considered a population’s re-
sistance to disease as more comprehen-
sive than a percentage of individuals
with antibodies.

Lastly, while the arrival of vaccines
may appear to make deeper consider-
ation of the concept redundant, the dis-
tribution and delivery of limited resour-
ces raises the perpetual problem of
herd immunity: how to realize immunity
most effectively in a population. Should
vaccines that were assessed in double-
dose trials be given as single shots to
twice the number of people?°® Is wider
dissemination of partial immunity pref-
erable to that which is more robust, but
less widely dispersed?°® Should states
vaccinate the portion of the population
at greatest risk of serious disease®’ or
focus on creating the greatest quantity
of immunity in their population?®® Rec-
ognizing the complexities of this



concept may help us actualize the most
effective and egalitarian distribution of
immunity across the population. Ulti-
mately, how we achieve this will define
how our era resolves the ongoing co-
nundrum of herd immunity. 4JPH

ABOUT THE AUTHOR

David Robertson is a doctoral candidate in the
Program in the History of Science, Princeton Uni-
versity, Princeton, NJ. He is affiliated with the pro-
ject “Rethinking Science and Public Participation”
(PI: Bruno J. Strasser), University of Geneva,
Switzerland.

CORRESPONDENCE

Correspondence should be sent to David Robert-
son, 129 Dickinson Hall, Princeton University,
Princeton, NJ 08544 (e-mail: davidjr@princeton.
edu). Reprints can be ordered at http://www.ajph.
org by clicking the “Reprints” link.

PUBLICATION INFORMATION

Full Citation: Robertson D. Of mice and school-
children: a conceptual history of herd immunity.
Am | Public Health. 2021;111(8):1473-1480.

Acceptance Date: February 27, 2021.
DOI: https://doi.org/10.2105/AJPH.2021.306264

ACKNOWLEDGMENTS

The author wishes to thank Lucas Mueller, Peter
Doshi, Katja Guenther, Warwick Anderson, Angela
Creager, and Keith Wailoo for comments on earli-
er versions of this article. He also wants to ac-
knowledge feedback from four anonymous re-
viewers and the assistance of archivists at the
National Agricultural Library of the US Depart-
ment of Agriculture.

CONFLICTS OF INTEREST

The author has no conflicts of interest to declare.

ENDNOTES

1. Talha Khan Burki, “Herd Immunity for COVID-19,"
The Lancet Respiratory Medicine 9, no. 2 (2021):
135-136, https://doi.org/10.1016/52213-
2600(20)30555-5; Jeanne Lenzer, “COVID-19: Ex-
perts Debate Merits of Lockdowns Versus
‘Focused Protection,” British Medical Journal 371,
no. m4263 (2020): 1-2, https://doi.org/10.1136/
bmj.m4263.

2. Macfarlane Burnet, Self and Not-Self: Cellular Im-
munology, Vol. 1 (Melbourne, Australia: Mel-
bourne University Press, 1969); Alfred I. Tauber,
ed., Organism and the Origins of Self (Dordrecht,
The Netherlands: Kluwer Academic, 1991); Alfred
I. Tauber, “Immunology and the Enigma of Self-
hood,” in Growing Explanations: Historical Perspec-
tives on Recent Science, ed. M. Norton Wise
(Durham, NC: Duke University Press, 2004),
201-221; Warwick Anderson and lan R. Mackay,
Intolerant Bodlies: A Short History of Autoimmunity

(Baltimore, MD: Johns Hopkins University Press,
2014). The tension of individuality and collectivity
has, however, been a focus of cognate areas of
the history of science and medicine. See: Scott
Lidgard and Lynn K. Nyhart, eds., Biological Indi-
viduality: Integrating Scientific, Philosophical, and
Historical Perspectives (Chicago, IL: The University
of Chicago Press, 2017).

. Angela Rasmussen, “Vaccination Is the Only Ac-

ceptable Path to Herd Immunity,” Med 1, no. 1
(2020): 21, https://doi.org/10.1016/j.med}].2020.
12.004.

. José Esparza, “Lessons From History: What Can

We Learn From 300 Years of Pandemic Flu That
Could Inform the Response to COVID-19?," Ameri-
can Journal of Public Health 110, no. 8 (2020):
1160, https://doi.org/10.2105/AJPH.2020.305761.

. Andrew Gregory, “Neil Ferguson Puts His Faith in

the Herd,” The Sunday Times, January 10, 2021,
https://www.thetimes.co.uk/article/neil-ferguson-
puts-his-faith-in-the-herd-dnvqjgg70 (accessed
January 14, 2021).

. Claude E. Dolman and Richard J. Wolfe, Suppress-

ing the Diseases of Animals and Man: Theobald
Smith, Microbiologist (Boston, MA: Medical Library
in the Countway Library of Medicine, 2003), 87.

. Daniel Elmer Salmon, “Report of Committee on

Animal Food,” Journal of the American Veterinary
Medlical Association 30 (1894): 323-324.

. Daniel Elmer Salmon, "The Theory of Immunity

From Contagious Diseases,” Botanical Gazette 11,
no. 9 (1886): 242-243.

. David S. Jones and Stefan Helmreich, “A History

of Herd Immunity,” The Lancet 396, no. 10254
(2020): 810, https://doi.org/10.1016/S0140-
6736(20)31924-3; Adolf Eichhorn and George M.
Potter, “The Present Status of the Abortion Ques-
tion,” Journal of the American Veterinary Medical As-
sociation 50, no. 3 (1916): 305.

. Adolf Eichhorn and George M. Potter, Contagious

Abortion of Cattle (Washington, DC: US Depart-
ment of Agriculture, 1917), 9.

. George M. Potter, “Field Observations in the Con-

trol of Abortion Disease,” Journal of the American
Veterinary Medical Association 57, no. 1 (1920):
157-158, 154.

. William Whiteman Carlton Topley and Graham

Selby Wilson, “The Spread of Bacterial Infection.
The Problem of Herd-Immunity,” The Journal of
Hygiene 21, no. 3 (1923): 243-249; Paul E. M.
Fine, "Herd Immunity: History, Theory, Practice,”
Epidemiologic Reviews 15, no. 2 (1993): 266,
https://doi.org/10.1093/oxfordjournals.epirev.
a036121; Paul Fine, “The Spread of Bacterial In-
fection, the Problem of Herd Immunity: Topley
WWC, Wilson GS 1923; 21: 243-249," Epidemiolo-
gy and Infection 133, no. S1 (2005): S35, https:/
doi.org/10.1017/50950268805004309; Jones and
Helmreich, “A History of Herd Immunity,” 810.

. Topley and Wilson, “The Spread of Bacterial In-

fection,” 244-246, 243.

. Olga Amsterdamska, “Standardizing Epidemics:

Infection, Inheritance and Environment in Prewar
Experimental Epidemiology,” in Heredity and Infec-
tion: The History of Disease Transmission, eds.
Jean-Paul Gaudilliere and llana Lowy (London,
England: Routledge, 2001), 143.

. William Whiteman Carlton Topley, “Some Aspects

of Herd Immunity,” The Journal of the Royal Society
for the Promotion of Health 56, no. 3 (1935): 123.

. Topley and Wilson, “The Spread of Bacterial In-

fection,” 248-249.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

RESEARCH & ANALYSIS

. William Whiteman Carlton Topley, Graham Selby

Wilson, and Arnold Ashley Miles, Topley and Wil-
son’s Principles of Bacteriology and Immunity, 4th
ed., Vol. 2 (Baltimore, MD: The Williams & Wilkins
Company, 1955), 1437.

. Fine, "Herd Immunity: History, Theory, Practice,”

266; Anne Hardy and Eileen M. Magnello,
“Statistical Methods in Epidemiology: Karl Pear-
son, Ronald Ross, Major Greenwood and Austin
Bradford Hill, 1900-1945," Sozial-Und
Praventivmedizin 47, no. 2 (2002): 80-89, https://
doi.org/10.1007/BF01318387.

. Major Greenwood and G. Udny Yule, “The Statis-

tics of Anti-Typhoid and Anti-Cholera Inocula-
tions, and the Interpretation of Such Statistics in
General," Proceedings of the Royal Society of Medi-
cine 8 (1915): 158-163.

Major Greenwood and William Whiteman Carlton
Topley, “A Further Contribution to the Experi-
mental Study of Epidemiology,” The journal of Hy-
glene 24, no. 1 (1925): 52, 56.

J. Andrew Mendelsohn, “From Eradication to
Equilibrium: How Epidemics Became Complex Af-
ter World War I,” in Greater Than the Parts: Holism
in Biomedicine, 1920-1950, eds. Christopher Law-
rence and George Weisz (Oxford, England: Ox-
ford University Press, 1998), 303-331.

Warwick Anderson, “Natural Histories of Infec-
tious Disease: Ecological Vision in Twentieth-Cen-
tury Biomedical Science,” Osiris 19 (2004): 61,
https://doi.org/10.1086/649393; Also see: Mark
Honigsbaum and Pierre-Olivier Méthot,
“Introduction: Microbes, Networks, Knowledge—
Disease Ecology and Emerging Infectious Dis-
eases in Time of COVID—19," History and Philoso-
phy of the Life Sciences 42, no. 3 (2020): 1-9,
https://doi.org/10.1007/s40656-020-00318-x.

John Smith Knox Boyd, “Sheldon Francis Dudley.
1884-1956," Biographical Memoirs of Fellows of
the Royal Society 2 (1956): 85.

Sheldon F. Dudley, “Herds and Individuals,” Public
Health 42 (1929): 221, 219.

Sheldon F. Dudley, “The Control of Diphtheria in
Crowded Institutions,” Public Health 42, no. C
(1928): 54.

Sheldon F. Dudley, “The Ecological Outlook on
Epidemiology,” Proceedings of the Royal Society of
Medicine 30, no. 1 (1936): 58.

Dudley, “Herds and Individuals,” 224.

Jones and Helmreich, “A History of Herd Im-
munity,” 810-811.

J. Graham Forbes, “Diphtheria Prevalence in
Hampstead and the Need for Its Prevention,” The
Journal of Hygiene 27, no. 1 (1927): 62.

Alexander Thomas Glenny and K. Allen, “The
Schick Dose of Diphtheria Toxin as a Secondary
Stimulus,” The Journal of Hygiene 21, no. 1 (1922):
104-111.

W. A. Evans, “How to Keep Well: Colds Follow the
Flag," Chicago Daily Tribune, July 27, 1929: 8.

Patrick N. Meenan and M. Clarke, “Influenza in
Ireland, 1950-1951," Journal of the Irish Medical
Association 29 (1951): 10.

Christopher Howard Andrewes, “Epidemiology of
Influenza,” Bulletin of the World Health Organiza-
tion 8, no. 5-6 (1953): 603, 608.

Mary H. Cadwalader, "How Dangerous Is the
Far East Flu?," The Baltimore Sun, September 8,
1957: A3.

Public Health Then & Now  Peer Reviewed  Robertson

8 ON ‘LLL [OA ‘Lz0Z 1sNSnY  HdIV

1479


mailto:davidjr@princeton.edu
mailto:davidjr@princeton.edu
http://www.ajph.org
http://www.ajph.org
https://doi.org/10.2105/AJPH.2021.306264
https://doi.org/10.1016/S2213-2600(20)30555-5
https://doi.org/10.1016/S2213-2600(20)30555-5
https://doi.org/10.1136/bmj.m4263
https://doi.org/10.1136/bmj.m4263
https://doi.org/10.1016/j.medj.2020.12.004
https://doi.org/10.1016/j.medj.2020.12.004
https://doi.org/10.2105/AJPH.2020.305761
https://www.thetimes.co.uk/article/neil-ferguson-puts-his-faith-in-the-herd-dnvqjgg70
https://www.thetimes.co.uk/article/neil-ferguson-puts-his-faith-in-the-herd-dnvqjgg70
https://doi.org/10.1016/S0140-6736(20)31924-3
https://doi.org/10.1016/S0140-6736(20)31924-3
https://doi.org/10.1093/oxfordjournals.epirev.a036121
https://doi.org/10.1093/oxfordjournals.epirev.a036121
https://doi.org/10.1017/S0950268805004309
https://doi.org/10.1017/S0950268805004309
https://doi.org/10.1007/BF01318387
https://doi.org/10.1007/BF01318387
https://doi.org/10.1086/649393
https://doi.org/10.1007/s40656-020-00318-x

RESEARCH & ANALYSIS

36.

37.

38.

39.

40.

41.

AJPH  August 2021, Vol 111, No. 8

45.

46.

47.

48.

1480

42.

43.

44,

Public Health Then & Now

. Reinhard Kurth, “Maurice R. Hilleman

(1919-2005)," Nature 434, no. 7037 (2005):
1083-1083, https://doi.org/10.1038/4341083a.

Maurice R. Hilleman, “Strategies and Mechanisms
for Host and Pathogen Survival in Acute and Per-
sistent Viral Infections,” Proceedings of the Nation-
al Academy of Sciences 101, no. supplement 2
(2004): 14560, https://doi.org/10.1073/pnas.
0404758101.

Major Greenwood, William Whiteman Carlton
Topley, and J. Wilson, “Contributions to the Ex-
perimental Study of Epidemiology: The Effect of
Vaccination on Herd Mortality,” The Journal of Hy-
giene 31, no. 2 (1931): 257-289; Dudley, “Herds
and Individuals,” 225.

“Influenza and the Human Herd,” The Lancet 251,
no. 6513 (1948): 993.

J. Graham Forbes, The Prevention of Diphtheria
(London, England: His Majesty's Stationary Office,
1927), 80.

James Colgrove, State of Immunity: The Politics of
Vaccination in Twentieth-Century America (Berkeley,
CA: University of California Press, 2006); Christine
Holmberg, Stuart Blume, and Paul Greenough,
The Politics of Vaccination: A Global History (Man-
chester, England: Manchester University Press,
2017).

“Salk Expects Herd Immunity From Vaccine,” Daily
Boston Globe, May 2, 1959: Sports, 18.

This quote comes from the article published
from Salk's talk, where he made no reference to
“herd immunity.” Jonas E. Salk, "Vaccination
Against Poliomyelitis: An Ounce of Prevention,”
The Journal of the Royal Society for the Promotion
of Health 79, no. 4 (1959): 321.

Maurice D. Herbert, “Asian Flu Could Go Virulent,
in Recurrence Like 1917," The Newburgh News,
November 7, 1957: 6.

Jonas Salk, “Polio Immunization and the Herd
Effect,” Zentralblatt Fir Bakteriologie, Parasiten-
kunde, Infektionskrankheiten Und Hygiene 191
(1963): 82, 81.

T. Jacob John and Reuben Samuel, “Herd Immu-
nity and Herd Effect: New Insights and Defi-
nitions,” European Journal of Epidemiology 16, no.
7 (2000): 601-606, https://doi.org/10.1023/a:
1007626510002.

Charles Edward Gordon Smith, “Prospects for
the Control of Infectious Disease,” Proceedings of
the Royal Society of Medicine 63, no. 11 (1970):
1181-1190; “Elimination,” or the “reduction to
zero of the incidence of infection caused by a
specific agent in a defined geographical area”
should be distinguished from “eradication” or the
“permanent reduction to zero of the worldwide
incidence of infection caused by a specific agent.”
See: Walter R. Dowdle, “The Principles of Disease
Elimination and Eradication,” Bulletin of the
World Health Organization 76, no. 2 (1998):
22-25.

John P. Fox, “Herd Immunity: Basic Concept and
Relevance to Public Health Immunization
Practices,” American Journal of Epidemiology 94,
no. 3 (1971): 180.

Robert M. May, “Vaccination Programmes and
Herd Immunity,” Nature 300, no. 5892 (1982):
481-483, https://doi.org/10.1038/300481a0; Paul
Fine, Ken Eames, and David L. Heymann, “Herd
Immunity”: A Rough Guide,” Epidemiologic Reviews
52, n0. 7 (2011): 914, https://doi.org/10.1093/cid/
cir007.

Peer Reviewed  Robertson

49, Matthew J. Ferrari et al,, “Network Frailty and
the Geometry of Herd Immunity,” Proceedings
of the Royal Society B: Biological Sciences 273,
no. 1602 (2006): 2743-2748, https://doi.org/10.
1098/rspb.2006.3636; Mark J. Siedner, Edward

T. Ryan, and Isaac I. Bogoch, “Gone or Forgotten?

The Rise and Fall of Zika Virus," The Lancet
Public Health 3, no. 3 (2018): e109-e110,

https://doi.org/10.1016/52468-2667(18)30029-X.

50. Roy M. Anderson and Robert M. May,
“Vaccination and Herd Immunity to Infectious
Diseases,” Nature 318, no. 6044 (1985): 323.

51. Rasmussen, “Vaccination Is the Only Acceptable
Path to Herd Immunity,” 21.

52. Esparza, “Lessons From History,” 1160.

53. Donald G. McNeil Jr, “Covid-19: How Much
Herd Immunity Is Enough?,” New York Times, De-
cember 24, 2020, https://www.nytimes.com/
2020/12/24/health/herd-immunity-covid-
coronavirus.html (accessed January 13, 2021).

54. Tom Britton, Frank Ball, and Pieter Trapman, “A
Mathematical Model Reveals the Influence of
Population Heterogeneity on Herd Immunity to
SARS-CoV-2," Science 369, no. 6505 (2020):
846-849, https://doi.org/10.1126/science.
abc6810; Maria Chikina and Wesley Pegden,
“Modeling Strict Age-Targeted Mitigation Strate-
gies for COVID-19,” PLoS ONE 15, no. 7 (July 24,
2020): 1-17, https://doi.org/10.1371/journal.

pone.0236237; Istvan Szapudi, "Heterogeneity in

SIR Epidemics Modeling: Superspreaders and
Herd Immunity,” Applied Network Science 5, no.
1(2020): 93, https://doi.org/10.1007/s41109-
020-00336-5; Ricardo Aguas et al., “Herd Immu-
nity Thresholds for SARS-CoV-2 Estimated From

Unfolding Epidemics,” July 23, 2020, https://www.

medrxiv.org/content/10.1101/2020.07.23.
20160762v3 (accessed January 10, 2021). One
example of reporting that recognizes the com-

plexities of this scientific work is Apoorva Manda-

villi, “Covid-19: What If 'Herd Immunity’ Is Closer
Than Scientists Thought?,” New York Times, Au-
gust 17, 2020, https://www.nytimes.com/2020/
08/17/health/coronavirus-herd-immunity.html
(accessed January 14, 2021).

55. Katherine J. Wu and Rebecca Robbins, “As Rollout

Falters, Scientists Debate New Vaccination

Tactics,” New York Times, January 4, 2021, https://

www.nytimes.com/2021/01/03/health/
coronavirus-vaccine-doses.html (accessed Janu-
ary 18, 2021).

56. llan Schwartz and Angela Rasmussen, “For MRNA

Vaccines, We Should Stick to the Schedule,” The
Guardian, January 6, 2021, http://www.
theguardian.com/commentisfree/2021/jan/06/

mrna-vaccines-schedule-covid-19 (accessed Janu-

ary 26, 2021).

57. Kate M. Bubar et al., “Model-Informed COVID-19

Vaccine Prioritization Strategies by Age and
Serostatus,” Science 371, no. 6532 (2021):
916-921, https://doi.org/10.1126/science.
abe6959.

58. “Young People First: Indonesia’s COVID Vaccine
Strategy Questioned,” Al Jazeera, January 13,
2021, https://www.aljazeera.com/news/2021/1/
13/young-people-first-indonesias-covid-vaccine-

strategy-questioned (accessed January 14, 2021).

THe THE
NEW

PUBLIC
HEALTH
LAW

NEW
PUBLIC

EALTH,

LAW

ATransdisciplinary Approach to Practice
and Advocacy

By Scott Burris, Micah L. Berman, Matthew Penn,
and Tara Ramanathan Holiday

® A new and exquisitely accessible
introduction to the theory
and practice of public health law

@ Suitable for students and
professionals in public health,
law, and social work

® Coverage spans the policy life
cycle, from innovation to
evaluation, and for all types of
readers, especially non-attorneys

@ Enriched with discussion topics and
questions for classroom
discussion and further thinking

August 2018 « ISBN: 9780190681050

Hardcover - 328 Pages - $49.95

OXFORD

UNIVERSITY PRESS

f.ﬁ_‘il)l IA PRESS


https://doi.org/10.1038/4341083a
https://doi.org/10.1073/pnas.0404758101
https://doi.org/10.1073/pnas.0404758101
https://doi.org/10.1023/a:1007626510002
https://doi.org/10.1023/a:1007626510002
https://doi.org/10.1038/300481a0
https://doi.org/10.1093/cid/cir007
https://doi.org/10.1093/cid/cir007
https://doi.org/10.1098/rspb.2006.3636
https://doi.org/10.1098/rspb.2006.3636
https://doi.org/10.1016/S2468-2667(18)30029-X
https://www.nytimes.com/2020/12/24/health/herd-immunity-covid-coronavirus.html
https://www.nytimes.com/2020/12/24/health/herd-immunity-covid-coronavirus.html
https://www.nytimes.com/2020/12/24/health/herd-immunity-covid-coronavirus.html
https://doi.org/10.1126/science.abc6810
https://doi.org/10.1126/science.abc6810
https://www.nytimes.com/2020/08/17/health/coronavirus-herd-immunity.html
https://www.nytimes.com/2020/08/17/health/coronavirus-herd-immunity.html
https://www.nytimes.com/2021/01/03/health/coronavirus-vaccine-doses.html
https://www.nytimes.com/2021/01/03/health/coronavirus-vaccine-doses.html
https://www.nytimes.com/2021/01/03/health/coronavirus-vaccine-doses.html
http://www.theguardian.com/commentisfree/2021/jan/06/mrna-vaccines-schedule-covid-19
http://www.theguardian.com/commentisfree/2021/jan/06/mrna-vaccines-schedule-covid-19
http://www.theguardian.com/commentisfree/2021/jan/06/mrna-vaccines-schedule-covid-19
https://doi.org/10.1126/science.abe6959
https://doi.org/10.1126/science.abe6959
https://www.aljazeera.com/news/2021/1/13/young-people-first-indonesias-covid-vaccine-strategy-questioned
https://www.aljazeera.com/news/2021/1/13/young-people-first-indonesias-covid-vaccine-strategy-questioned
https://www.aljazeera.com/news/2021/1/13/young-people-first-indonesias-covid-vaccine-strategy-questioned

Copyright of American Journal of Public Health is the property of American Public Health
Association and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may print,
download, or email articles for individua use.



