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Due to the burden of infectious diseases, human life expectancy at birth remained about 20-25 years until the end of the 19th
century, implying that host defense—which operates at the individual level, and only poorly at that—is barely sufficient at
population level. Microbes preceded us by three billion years and evolve much more rapidly. Moreover, protective immunity
has been selected at the evolutionary cost of allergy, autoinflammation, and autoimmunity. It is therefore no exaggeration to
predict that almost all humans carry inborn errors of immunity, with insufficient or excessive responses to some environmental
triggers, infectious or otherwise. Thanks to the remarkable power of its concepts and recent progress in its methods,
genetics has finally made it possible to investigate the mechanisms of human immunity at the molecular and cellular levels.
Human inborn errors provide countless opportunities to analyze immunity and its derailments in natural conditions, at an
unprecedented scale, and are thus a unique asset from both biological and medical perspectives. Hence, the Journal of Human

Immunity.

Introduction

I am both thrilled and daunted by the prospect of writing this
inaugural editorial of the Journal of Human Immunity. I am sure
that it has not escaped the notice of readers that the title of this
new journal is similar in structure to those of the other three
major journals published by the Rockefeller University Press:
the Journal of Experimental Medicine, the Journal of General Phys-
iology, and the Journal of Cell Biology. Stepping into the shoes of
three giants—William Welch in 1896, Jacques Loeb in 1918, and
George E. Palade in 1955—in 2025 is irresistibly exciting and
terrifying.

A new scientific journal is needed when a new field of
study matures to such a point that it can no longer be con-
sidered adequately or sufficiently covered by existing jour-
nals. In other words, a new journal is needed when the
scientists in the field concerned feel the need to have their
own venue for publication. This time typically coincides with
the moment at which a scientific community becomes aware
that its growth and success depend on it having a medium for
communication not only within, but also beyond, the field.
With hindsight, given the spectacular medical and biological
contributions of human inborn errors of immunity since the
1950s, this launch of the Journal of Human Immunity is long
overdue.

Human inborn errors
As a tribute to Archibald Garrod, monogenic disorders in this
field are referred to as “inborn errors,” despite the old-fashioned

nature of this term. They can also be described as conditions due
to single-gene mutations or variants. With his “inborn errors of
metabolism,” Garrod is arguably the founder of human genetics,
and certainly the founder of its Mendelian branch (1). As an
introduction to the workings of the extraordinary mind of
Garrod, I recommend that my trainees and younger colleagues
read the biography written by Alexander G. Bearn, an eminent
and erudite physician-scientist who was on the faculty at
Rockefeller before becoming a trustee (2).

George Beadle, who, together with Edward Tatum, devel-
oped the one gene-one enzyme paradigm, famously asserted
that they merely rediscovered in molds what Garrod had
discovered four decades earlier in humans (3). He rightly saw
Garrod as the founder of biochemical genetics and stressed
that Garrod, like Mendel and his peas before him, was way
ahead of his time. As we all know, European scholars re-
mained ignorant of Mendel's breakthrough for four whole
decades.

Paradoxically, the Mendelian school of genetics, with its
simple solutions to complicated problems, has always been less
popular than the biometrician school and its more complicated
solutions. More than a few geneticists interested in physiology
or medicine have preferred to follow the approaches of Francis
Galton and Karl Pearson, inspired by the brilliant mathematical
equations of these scientists despite their uncertain physiolog-
ical relevance.

In some circles, a prejudice against inborn errors still persists
in 2025. The human genetics landscape today is reminiscent of

1St. Giles Laboratory of Human Genetics of Infectious Diseases, The Rockefeller University, New York, NY, USA; 2Howard Hughes Medical Institute, New York, NY, USA;
3Laboratory of Human Genetics of Infectious Diseases, INSERM, Necker Hospital for Sick Children, Paris, France; “Imagine Institute, Paris Cité University, Paris, France;

>Department of Pediatrics, Necker Hospital for Sick Children, Paris, France.

Correspondence to Jean-Laurent Casanova: casanova@rockefeller.edu.

© 2025 Casanova. This article is available under a Creative Commons License (Attribution 4.0 International, as described at https://creativecommons.org/licenses/by/4.0/).

Rockefeller University Press
J. Hum. Immun. 2025 Vol. 1 No. 1  e20250001

W) Check for updates

https://doi.org/10.70962/jhi.20250001

GZ0Z Yoien 1| uo3senb Aq 4pd°1000520Z Ul/¥LS6€61/L000652028/ L/ 1 /3pd-ajone/yl/Bio sseidny/:dpy wouy pepeojumoq

lof1l


https://orcid.org/0000-0002-7782-4169
mailto:casanova@rockefeller.edu
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.70962/jhi.20250001
http://crossmark.crossref.org/dialog/?doi=10.70962/jhi.20250001&domain=pdf

that at the turn of the 20th century; the rift between Mendelians
and biometricians has not fully healed. Despite the avalanche of
sensational achievements by molecular Mendelians, from Linus
Pauling and Vernon Ingram’s discovery of the molecular basis of
sickle cell disease onward (4, 5), some modern biometricians still
do not fully appreciate the importance of inborn errors.

Inseparable from Mendel’s notion of monogenic inheritance
lies Garrod’s seminal but insufficiently appreciated notion of
“chemical individuality” (1). It implies that causality and the
mechanism of human health and disease operate at the indi-
vidual, as opposed to population, level. This profound idea is
consistent with Ernst Mayr’'s “population thinking,” through
which he stressed that populations were exceedingly heteroge-
neous (6). Inspired by the concepts of Mendel and Garrod,
studies of human inborn errors may stand the test of time. We
should be proud of our heritage and try to maintain this illus-
trious tradition.

Inborn errors of immunity

In the field of inborn errors of immunity, as in other fields, facts
have much more impact than words, and the extraordinary
success of this field already attests to its viability and vitality. At
least 600 human inborn errors of immunity have been charac-
terized at both the molecular genotypic and clinical phenotypic
levels (7, 8). The rate of discovery of single-gene lesions affecting
immunity has grown exponentially since 1985, when Stuart
Orkin discovered the molecular basis of autosomal recessive
adenosine deaminase deficiency (9).

The transition from classical to molecular genetics made it
possible to characterize biochemically complete or partial de-
fects underlying autosomal or X-linked recessive disorders (10,
11, 12) and even pseudoautosomal recessive disorders (13). It also
revealed the existence of semi-dominant inborn errors and led
to the classification of dominant disorders into three major
groups—operating via haplo-insufficiency, negative dominance,
or gain of function—or, more rarely, by the creation of a novel
function (14), or by the separation of functions (15), reminding
us that genes can be pleiotropic. Finally, the high degree of ge-
netic and allelic heterogeneity underlying almost any clinical or
immunological phenotype was soon found to be matched by the
unsuspected wide range of phenotypes resulting from different
genotypes at almost any given locus (16, 17).

Inborn errors of immunity were initially thought to be
Mendelian traits with complete clinical penetrance, but molec-
ular genetic studies have revealed that many, probably even
most, display incomplete penetrance and thus should be seen as
“monogenic but not Mendelian.” Clarifying the mechanism of
incomplete penetrance holds the tantalizing hope of molecularly
mapping the uncharted regions of “non-Mendelian genetics.”
Approaches benefiting from both a solid base camp (a causal
monogenic lesion) and a set compass (an immunological mech-
anism of disease) have the edge over purely mathematical ap-
proaches (18, 19, 20, 21).

Now, inborn errors of immunity are probably more often
sporadic than familial due to incomplete penetrance, the oc-
currence of conditions caused by de novo mutations and the
decline in sibship size worldwide. There has been a gradual
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transition from studies of multiplex to sporadic kindreds. More-
over, forward genetics approaches in patients with no immu-
nological phenotype have identified surprising causal genes and
mechanisms of disease (10, 11). These discoveries have also led
to a gradual shift of the field from immunologically to clinically
defined conditions.

The alleles underlying the three known examples of mono-
genic resistance to infection are common due to pathogen-
driven natural selection, but it was traditionally thought that
inborn errors of immunity were necessarily due to rare alleles,
especially for those underlying infections (22). Surprisingly,
some have turned out to be due to common alleles. This is il-
lustrated not only by MEFV variants common in the Mediter-
ranean basin that underlie familial Mediterranean fever in a
semi-dominant manner (23, 24), but also by a TYK2 variant
common in Europeans, in whom it underlies a recessive sus-
ceptibility to tuberculosis (25), and even IFNARI- and IFNAR2-
null variants common in the Pacific and Arctic regions,
respectively, and underlying viral diseases in a recessive
manner (26, 27, 28).

Finally, the field of human inborn errors of immunity has
expanded with the description of “clinical phenocopies,” such as
those driven by somatic genetic variants (29), and autoanti-
bodies neutralizing components of host defense (30). Admit-
tedly, these autoantibodies may be genetically driven, in which
case they are not phenocopies in the strict sense of the term (31).
They could then be seen as consequences of a distinctive set of
inborn errors of tolerance to self. Moreover, some somatic def-
icits do not even have a known germline counterpart (32), and
germline and somatic lesions can act in concert (33).

Biological and medical breakthroughs

Work in this field has demonstrated that human infection, in-
flammation, virus-induced cancer, autoimmunity, and allergy
can be genetic. Examples include pneumococcal disease in
patients with agammaglobulinemia (34) and papillomavirus-
induced skin cancer in humans with epidermodysplasia ver-
ruciformis (35, 36). The impact of the field on the study of
immunity to infection has been remarkable, with the discovery
that genetic heterogeneity underlies physiological homogeneity
in almost every infection studied (37, 38). Evidence that auto-
immunity can be genetic was also provided by the discovery
that deficits of certain complement components underlie sys-
temic lupus erythematosus (39, 40).

The concept of autoinflammation was born in this field with
the descriptions of Mediterranean fever and Aicardi-Goutiéres
syndrome (41, 42). Although not strictly speaking, allergic, he-
reditary angioedema paved the way for a series of elegant mo-
lecular studies on allergy (43, 44). Within each of these five
categories—human infection, inflammation, virus-induced can-
cer, autoimmunity, and allergy—genotypic studies have revealed
a much wider range of clinical phenotypes than was initially
suspected (45). We may now even wonder whether there is any
severe clinical phenotype that cannot, in principle, be caused by
an inborn error of immunity (46).

Listing all the molecular triumphs of the field would require a
book (47), but we can cite a few breakthroughs here (10, 11). New
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gene products of the utmost importance have been discovered,
including BTK and AIRE, which play fundamental roles in B and
T cell biology, respectively (48, 49, 50, 51, 52, 53). In the myeloid
lineage, the important gene products discovered include CYBB
and other proteins responsible for the phagocytic respiratory
burst (54, 55). This field has also defined the physiological range
of ubiquitously expressed type I IFNs, both genetic deficits and
excesses of which are pathogenic, results reminiscent of the
findings of endocrinologists in their studies of hormones (56).
Finally, the first mutations of a nuclear RNA gene were found in
patients with cartilage hair hypoplasia (57), whereas the first
mutations affecting epigenetic processes were found in patients
with immunodeficiency, centromere instability, and facial ab-
normalities (58).

This field has also broken new ground in the realm of
treatment, including the first successful immunoglobulin treat-
ment (59), the first successful hematopoietic stem cell trans-
plantation (60), the second successful enzyme treatment (61),
and the first evidence for beneficial somatic genetic reversion of
a germline defect (62), paving the way for the first encouraging
results for gene transfer (63) and gene editing therapies (64).
Finally, it also provided the first population-based evidence of a
mechanism and of the benefits of a newborn screening pro-
gram, as children with severe combined immunodeficiency
diagnosed on the basis of low circulating levels of TRECs at
birth had better outcomes than those diagnosed later due to
the possibility of performing hematopoietic stem cell trans-
plantation at a younger age, enabling these children to re-
main free from infection (65).

Overall, countless patients worldwide have benefited from
progress in this field, in which many scientific breakthroughs
have been made. It is hard to think of a more successful field in
biomedical research today, from both medical and biological
angles, particularly in areas relating to genetics, immunity, in-
fectious diseases, and pediatrics. The breadth and depth of this
field are both unprecedented and unparalleled, with monu-
mental advances in terms of both basic biology and public
health.

Our field is still moving forward at an ever-increasing pace,
with no signs of an inflexion point on the horizon. Thanks to the
in-depth mechanistic nature of immunological studies, we can
even rigorously incriminate lesions of known or new genes in
single patients (66). Moreover, while many causal genes affect
cell components that are specifically involved in host defense,
often in leukocytes, other defects affecting ubiquitously ex-
pressed housekeeping genes have also been identified that un-
derlie not only broad (67, 68), but also very narrow, clinical
phenotypes (69, 70). Thus, only the tip of the iceberg has been
revealed, with much left to discover.

A need for greater financial support

The advent of molecular genetics has brought the field to a new
dimension. For four decades, from the 1940s onwards, only
about a dozen inborn errors of immunity were known; their
definition was phenotypic and they were considered to be
familial and rare (about 40 were known in 1983, including 12
disorders of complement [71]). The genotypic redefinition of
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inborn errors of immunity, from the 1980s onwards, revealed
the existence of hundreds (nearly 600 in 2025) (7, 8) of such
defects and showed that they could be sporadic or common.

Inborn errors of immunity and their phenocopies have
turned out to be collectively much more common than initially
thought. Some are even individually common. This notion is
groundbreaking, from a public health angle, and it is regrettable
that it remains under the radar of most governmental organ-
izations. For example, autoantibodies neutralizing type I IFNs
are found in about 0.5% and 5% of individuals under and over 70
years old, respectively, corresponding to about 100 million in-
dividuals worldwide (72, 73), and can account for an unprece-
dented proportion of cases of infectious diseases (74).

Human inborn errors of immunity and their phenocopies
may be the rule, rather than the exception, in human pop-
ulations (46). Probing this prediction will require not only fur-
ther forward genetics studies, but also reverse genetics
programs. The genomes or exomes of millions of people are
now known. Most, if not all, viable knockout genotypes may be
present in the seven billion people currently alive. There may
even be deficits of each isoform and RNA gene.

Querying the growing number of large genetic databases
corresponding to healthy and sick individuals in an agnostic
manner, starting with a gene of interest, with no preconceived
hypothesis about the phenotype, will be rewarding. As some
genotypes may be lethal in utero, it may also be useful to as-
semble genetic databases for miscarriages. The field of inborn
errors of fetal immunity also remains unexplored. Why do some
fetuses suffer or even die from severe cytomegalovirus or zika
virus infection, for example, whereas others do not?

Indeed, it is important to bear in mind that most human in-
born errors of immunity are life-threatening, often affecting
young patients, and that all affect global fitness. This field does
not focus on the genetic basis of height, weight, or sleeping
pattern. We study human death, including the patient’s death or
its equivalent, an inability to reproduce, at population level. This
is more than just a detail, as many scientific administrations like
to restrict what they call “Mendelian genetics” (with no clear
definition) to what they call “extreme phenotypes” (with no
better definition).

We humbly suggest that death may be seen as an extreme
phenotype, perhaps the most extreme. In this light, we see no
reason for not expanding our search for “non-Mendelian mono-
genic death,” especially in patients who fall ill before puberty
or during their reproductive years. We thus encourage gov-
ernmental agencies and philanthropic foundations worldwide
to consider the extraordinary achievements of the field over the
last 80 years, as well as its even greater potential, in terms of
both basic biology and public health, and to provide much more
funding for such research than they currently do.

From immunology to immunity

In this context, why not call this journal the Journal of Human
Inborn Errors of Immunity? There are three reasons for not doing
so, in increasing order of importance: (1) this title would be too
long, even without “Human,” which cannot be deleted; (2)
phenocopies of inborn errors of immunity are one of the most
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active areas of research in the field; and (3) we believe that
human immunity generally is best studied with a knowledge of
its genetic basis. We hope to convince human immunologists not
familiar with genetics to rally to our field and to adopt our fertile
and versatile approach to revisiting immunology. Hence, the
Journal of Human Immunity.

So, why a journal of human immunity and not a journal
of human immunology? Obviously, the aim is to be consistent
with “inborn errors of immunity.” In addition, immunology
spent its first 60 years as an “immunochemistry” focusing on
antibodies and the next 60 years focusing on lymphocytes after
becoming an “immunobiology” with the discovery of T and B
cells in the 1960s. Myeloid cells were not rediscovered until later
by immunologists, mostly as antigen-presenting cells rather
than effector cells. As Tom Kindt and Don Capra elegantly put it,
the history of immunology is essentially the pursuit of the
“antibody enigma” (75); it has not been a pursuit of the “infec-
tion enigma” (37).

There is every reason to think that host defense is the task of all
>500 cell types in our body, if only because a myriad of pathogens
can attack them all. Fending off microbes can hardly be a mission
exclusive to the leukocytes of the “immune system,” even if all
microbes crossed an epithelial barrier via a purely mechanical
breach. Not only are epithelial barriers involved, but so must be
most, if not all, of the cells of the body, as recently illustrated by
the genetic dissection of herpes simplex encephalitis, which has
already identified 20 inborn errors of brain immunity (76). The
production of most complement components in the liver had al-
ready been reported by the end of the 1960s (77). Observations of
the production of antiviral type I interferons by fibroblasts and
other non-leukocytic cells were also amply documented in the
1960s (78). Nevertheless, both complement and interferons have
long remained at the margins of mainstream immunology.

Thus, we can consider any cell or molecule controlling in-
fection as contributing to immunity. By inference, any abnor-
mality of the processes in which these cells and molecules are
involved, even in the absence of infection, may be considered a
derailment of immunity. Blood- and tissue-resident leukocytes
and their products remain central to host defense, operating as
connectors, like neurons and vessels, or hormones and metab-
olites. However, all tissues contribute to protective immunity
against microbes, the derailment of which, in any direction, can
underlie “immunological” clinical phenotypes.

Why has the contribution of non-leukocytic cells to immu-
nity not yet become mainstream immunological knowledge
despite emerging interest in non-leukocytic “intrinsic immu-
nity” (79, 80, 81, 82)? Scientific enterprise is a human endeavor.
Scientific communities inevitably tend to become prisoners not
only of their own data, but also of assumptions, interpretations,
and inferences, which Thomas Kuhn collectively called “para-
digms” and Michael Polanyi called “tacit knowledge” (83, 84, 85).
The edifice holds until there are too many observations that do
not fit, and there is then a shift of paradigm.

A good example in endocrinology was provided by Roger
Guillemin, who identified hypothalamic hormones that regulate
the pituitary gland (86). After years of debate, endocrinology
finally extended from the classical endocrine glands to
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incorporate a region of the central nervous system; neuroen-
docrinology had a molecular basis. Whole-organism physiology
can reveal surprising paradigm-shifting connections. In this
context, our choice of “immunity” is a reminder that while we
should not be quixotic, we should also not be prisoners of the
current immunological paradigm, which remains centered on
the immune system and its leukocytes.

Historical roadblocks in human immunology

And why a journal of human immunity? First, because what we
learn about human immunology has medical implications, di-
rectly when we study pathological problems and indirectly
when we study physiological problems. Physiology and pathol-
ogy are two sides of the same coin, studies in each of these fields
nurturing the other. If Rockefeller’s motto, “science for the
benefit of humanity,” were to be taken literally, or even only
seriously, immunologists would prioritize human studies. Hu-
man immunopathology, as a discipline, necessarily relies on the
incessant study of human immunological conditions, as exem-
plified at Rockefeller by the work of Henry Kunkel (87).

An equally important, but sometimes neglected, reason is
that the study of humans taps into a unique resource of seven
billion individuals continuously exposed to immensely diverse
environmental challenges. Despite the considerable heteroge-
neity of medical care, no other species is “phenotyped” in nat-
ural conditions as closely as ours is at this gigantic scale. What
is discovered in humans is therefore of enormous biological
value to anyone interested in the immunological interface of
host-environment interactions.

Mark Davis graciously adopted an expression we proposed in
2002: the “human model” (88, 89). Of course, as humans, we
cannot see ourselves as a model organism, or the conditions that
occur in humans as models of these conditions. The human
“model” is therefore not really a model in the literal sense of the
term, but it is so figuratively, as there is no better living species
in which to study host defense and its many derailments in
natural conditions (90).

Nevertheless, immunologists historically turned to animal
studies, and for two good reasons: genetic and moral. One was
that this made it possible to control the germline genetic basis of
host responses to challenges, antigenic, infectious, or otherwise,
which seemed technically impossible in humans. Studying im-
munity in a human population of unknown genetic structure is
of course even more challenging than studying randomly se-
lected crosses of randomly selected inbred C57BL/6, DBA/2,
BALB/c, or other strains of mice.

Human immunology has always been limited by our im-
mense interindividual genetic diversity. It is possible to test
whether some features documented in an animal species are
valid in humans, but they must, by definition, be common to all
or most humans tested. Such features can delineate a general
architecture of immunity, but their low granularity is an in-
herent biological and medical limitation, as the seven billion
humans on Earth are all different, particularly when con-
fronted with infectious agents and other environmental
challenges, and understanding these differences is the ulti-
mate goal of immunology.
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The other major problem with human studies has been the
moral barrier to experimentation. Exceptions included vacci-
nations and, in rarer circumstances, inoculations with live
pathogens under medical surveillance. Despite the power of
human-induced pluripotent stem cell-based studies in vitro (91)
and creative approaches to the study of human tissues ex vivo
(92), there is no doubt that a much broader range of experi-
ments can be performed in inbred mice or other animals than in
human cells or tissues (93). Both the genetic and experimental
problems seemed unsurmountable. For this reason, immunol-
ogists turned to other vertebrates, and even invertebrates (94,
95). Meanwhile, of course, studies of plant immunity were
following their own magnificent path (96), and evolutionary
immunologists elegantly studied many other species (97), but in
neither case were these organisms considered to be “models” for
humans.

On the shoulders of genetics

In this context, a small group of physician-scientists launched
the field of human inborn errors of immunity. Rolf Kostmann
and Ogden Bruton are widely seen as the two founders of the
field, with their descriptions of autosomal recessive congenital
neutropenia and X-linked recessive agammaglobulinemia in
1950 and 1952, respectively (34, 98). Wilhelm Lutz was recently
recognized as another unsung hero, with his description of ep-
idermodysplasia verruciformis, an autosomal recessive predis-
position to viral skin warts, in 1946 (35).

The field rapidly made considerable contributions to immu-
nology. The clinical and immunological differences between the
forms of agammaglobulinemia described by Bruton and Hitzig
played a key role in the delineation of T and B cells by Max D.
Cooper and Robert A. Good in the early 1960s (99, 100, 101) but
had less influence on Jacques F.A.P. Miller (102). Di George’s
syndrome soon enriched the landscape (103). Other pioneers
included Charles Janeway, David Gitlin, and Henry Kunkel. The
rest is history (104).

The advent of human inborn errors of immunity offered the
possibility of long-term solutions to the two problems of human
immunology: the unknown and diverse genetic background, and
the moral impossibility of performing most experiments in
humans. Analyses of the impact of a single-locus genotype
across many families and ethnicities offered greater genetic
robustness than the study of single mutants in a single strain of
inbred mice (93). A genetic lesion underlying a phenotype in
patients of Inuit, Pygmy, and French descent is more robustly
causal than a genetic deficiency engineered and tested in
C57BL/6 mice.

Moreover, experimentation by humans was not required, as
nature performs its own experiments. This concept of “experi-
ments of nature” was pioneered by William Harvey, Thomas
Addison, William Osler, Pierre Marie, and others and was re-
lated to genetics by Archibald Garrod, as beautifully reviewed by
Irvine McQuarrie (105). Garrod remarkably asserted that “One
of Nature’s experiments, the placing of a lesion in some partic-
ular spot, may serve to reveal the functions of the part affected”
(106). Reminiscing about his own career, Robert A. Good wrote
about his mentor in Minnesota that “McQuarrie’s concepts
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concerning the importance of Experiments of Nature shaped all
of my research in immunology” (107).

Nature brings human genes and environmental triggers into
confrontation in natural conditions, thereby revealing a great
many phenotypes and genotypes. Known triggers include the
thousands of known pathogens, the far greater number of other
microbes, and countless allergens and carcinogens. Importantly,
infectious agents have co-evolved with us. The species barrier,
resulting from three billion years of evolution, is a fundamental
concept in host-pathogen interaction and renders attempts to
rely on animal species that are “permissive” to human pathogens
a challenging endeavor of uncertain physiological and patho-
logical relevance.

We do not call into question here the immense strides made
with animal studies, nor their bright future, if only because of
the almost unlimited range of experiments that can be per-
formed with animals (93). That would be utterly foolish. It
would be equally foolish, however, to think that human studies
have not and cannot make considerable contributions. We
question the idea that animal models represent the only way
forward and that such studies are the alpha and omega of im-
munology. We think that the study of humans, rooted in ge-
netics, is enlightening, thanks to the immense heterogeneity of
hosts challenged naturally in a diversity of environmental cir-
cumstances. Our own population is a promised land for immu-
nological expeditions.

Human biology

Human biology neatly illustrates Krogh’s principle (108); it does
not contradict it. This idea that one can find an ideal living
species to tackle any biological problem was earlier proposed by
Claude Bernard (109, 110). Ilustrious examples include Esche-
richia for the operon, Neurospora for the one gene-one enzyme
concept, Drosophila for the linkage of genes, Caenorhabditis for
the development of neurons, and Tetrahymena for the histone
code.

These extraordinary achievements do not imply that every
biological problem must be tested in the most remote or exotic
species, and particularly not in humans. Molecular, cell, and
even whole-organism biology has thrived in non-human species.
However, with recent progress in genetics, human studies have
proved to be of added value in all branches of whole-organism
biology. Sydney Brenner, whose launch of the study of C. elegans
was met with enormous enthusiasm, unfortunately gained less
traction for his late epiphany concerning the tremendous po-
tential of human genetic studies (111, 112).

Defining what genes do in natural, as opposed to experi-
mental, conditions through genetic studies of experiments of
nature is a unique asset of human biology. Genetics is the only
discipline at the intersection of the two branches of biology:
physiology and evolution. The field of human inborn errors is
therefore of direct evolutionary relevance. These studies, im-
munological or otherwise, shed light on the evolutionary forces
operating here and now on human genes.

Of course, these studies do not tell us what happened in the
past. As a means of gaining evolutionary insights, population
genetic studies, including studies of ancient DNA, have unique
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added value (113). The synergy between patient-based physio-
logical studies and population-based evolutionary studies is
considerable, whereas combining patient-based evolutionary
studies and population-based physiological studies does not
readily rescue the intrinsic weaknesses of either approach.
Indeed, inspired by Garrod, we believe that it is better to
understand one patient (almost) completely than to understand
a thousand (at most) partially. Population geneticists attempting
to solve physiological or pathological problems by means of
candidate gene or genome-wide studies have met with little
success, albeit with a few remarkable exceptions, such as the
BCL1IA modifier gene underlying the clinical presentation of beta
hemoglobin disorders at population level (114), common variants
at the type III IFN locus affecting both the spontaneous clearance
of hepatitis C and the response to type I IFN therapy in associ-
ation studies (115, 116, 117, 118), and the high risk of Crohn’s
disease in homozygotes for NOD2-null alleles in linkage studies
(119, 120). In our view, large population-based studies are more
suitable for use in evolutionary than in physiological biology.
Galton’s misconception in his attempt to discover the laws of
inheritance was perhaps related to the “tacit knowledge” that
populations have genes (121). They don't. Cells, tissues, organs,
and organisms have genes. A group of organisms does not form a
meta- or supra-organism. Genes do not operate, physiologically
or pathologically, in populations. They operate in individuals.
Both physiology and pathology are therefore best studied in or-
ganisms and families, not populations. This may be why Mendel
cracked the laws of inheritance: he studied individual pea pods
and their offspring, not randomly assembled populations of peas.

Of genetics and immunology

In this light, we see “rare” versus “common” conditions as a false
dichotomy (122). All human beings are unique, not only in terms
of their position but, more importantly, in terms of their com-
position. This notion stems back to Claude Bernard (109). Dis-
eases are “words.” The only reality is the patient. Thus, human
genetics should serve physiological and pathological endeavors
in individual patients and families. Each patient should be
studied individually, deciphering a molecular chain of causes
and consequences between genotype and phenotype (66).

The extraordinary genetic heterogeneity of humans was
obvious to astute observers of human phenotypes, from Garrod
onward, decades before its confirmation by genome sequencing.
How could an almost unlimited phenotypic heterogeneity not be
due to an even greater genetic heterogeneity? This diversity has
contributed to the spectacular success of “vertical,” family-based
genetics in human medicine and the relatively disappointing
results for “horizontal,” population-based genetic studies per-
formed for the same purpose (123).

Consistently, we are mindful that pediatrics is the gate to
medicine and that genetics is its key. The genetic study of young
patients is more likely to be fruitful. It can reveal a general
physiological mechanism that may be disrupted in older patients
by other, more common, causes. This notion has been neatly
illustrated by the studies of tuberculosis and COVID-19, which
were built on the studies of Mendelian susceptibility to myco-
bacterial disease and influenza (124).
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We are also aware that the somatic genetic nature of adaptive
immunity, with the creation of a gigantic repertoire of B and T
cell receptors, which developed twice during the evolution of
vertebrates by convergent evolution, attests to the need for
evolution to mitigate the rigidity and insufficiency of the
germline (97). We are well aware that this history explains the
somatic, as opposed to germline, inclination of most immu-
nological schools.

Nevertheless, genetics has driven at least three most ex-
traordinary immunological achievements. MHC-based allor-
eactivity (125, 126), MHC restriction (127), and microbial sensors
(128) were all discovered by unbiased genetic studies in mice for
the last three studies and in humans for the first. Forward ge-
netic studies of infection in mice have also been most successful,
from the discoveries of MX and Nrampl onward (129, 130). With
modern tools, the potential of human genetics for studying im-
munity is even greater. There is little doubt that human genetics
will play an increasing role in immunology, as in biology and
medicine in general.

An extraordinary resource is around us, with billions of
children, adults, and elderly people in need of a molecular and
cellular explanation for their immunological illness. The pre-
requisites for the exploration of this uncharted terrain are now
to hand: a medical team, genome sequencing, and a scientific
team. It is clear to anyone whose vision is not obscured by the
lens of habit that studying human immunity via the dissection of
inborn errors is destined for a glorious future.

Conclusion

What do we intend to publish? A journal publishes what its
editors like. It is a matter of taste. We can only hope that the
readers will appreciate our taste, which is based on the con-
viction that the determinism of human life operates in ever-
changing, unique individuals and that inborn errors of
immunity offer a unique opportunity to rethink and rewrite
immunology (131) while offering patients and their families
new life-saving opportunities.

The scope of this journal will include immunological and
clinical studies based on genotypes that have a strong, causal
impact on human phenotypes and their phenocopies. We are
interested in reporting causes and consequences that operate in
individual human beings, based on the discovery of inborn er-
rors of immunity, bridging the gap between genotypes and
phenotypes by means of in-depth molecular and cellular mech-
anistic studies. We will also consider studies of modifiers oper-
ating at population level if their impact is firmly established.
Finally, we will welcome non-genetic immunological studies that
pave the way for genetic studies (132, 133, 134, 135).

The study of causes and consequences can be conducted in
any individual at any moment. This would, obviously, be logis-
tically impossible for all individuals. However, we cannot rea-
sonably hope to understand living organisms as we understand
inert matter. Nominalism is inherent to biology, as typology is
inherent to physics. We thus take pride in the publication of case
reports, clinical series, and related papers.

I will close this inaugural editorial by considering the cir-
cumstances that led to the launch of this new journal. It all
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Figure 1. This photo was taken in June 2023 in
Paris. Jean-Laurent Casanova (Editor of the Journal
of Clinical Immunology) was hosting a reunion that
included Vinny Bonagura (Editor of the Journal of
Clinical Immunology), Sudhir Gupta (Founding Edi-
tor of the Journal of Clinical Immunology), Fabio
Candotti (representing the European Society for
Immunodeficiencies [ESID]), Elonora Gambineri
(ESID), Stuart Tangye (Australasian Society of
Clinical Immunology and Allergy [ASCIA]), Tomo-
hiro Morio (Japanese Society for Immunodeficiency
and Autoinflammatory Diseases [JSIAD]), Satoshi
Okada (JSIAD), Surjit Singh (Asia-Pacific Society for
Immunodeficiencies [APSID]), Yu-Lung Lau (AP-
SID), Davood Mansoori (Iranian Primary Immuno-
deficiency Network [IPIN]), Nima Rezaei (IPIN),
Biman Saikia (Indian Society for Primary Immune
Deficiency [ISPID]), Elisaveta Naumova (] Project),
Jingiao Sun (Chinese Society for Inborn Errors of
Immunity [CSIEI]), Dusan Bogunovic (Henry Kunkel
Society [HKS]), Isabelle Meyts (International Union
of Immunological Societies [IUIS], Committee for
Inborn Errors of Immunity), Cecilia Poli (Latin
American Society for Immunodeficiencies [LA-
SID]), Aziz Bousfiha (Arab Society for Primary Im-
munodeficiencies [ARAPID]), Leila Jeddane (African

Society for Immunodeficiencies [ASID]), and Elie Haddad (Clinical Immunology Society [CIS]). A representative of each of these 14 societies in the field of
human inborn errors of immunity serves on the Board of Society Editors of the Journal of Human Immunity.

started with a meeting in Paris in June 2023 with repre-
sentatives from 14 major societies in the field of human inborn
errors of immunity, including the five founding societies of
the International Alliance of Primary Immunodeficiency So-
cieties (IAPIDS) (Fig. 1). The societies and the editors of the
Journal of Clinical Immunology (JoCI) were equally unhappy
with the way Springer envisaged the future of JoCI. The edi-
torial team of the JoCI resigned. The IAPIDS and Rockefeller
University Press (RUP) joined forces in a joint venture, pro-
viding an alternative route and graciously inviting them to
launch this new journal.

Our editors reflect this international effort. Megan Cooper
has kindly agreed to be the Deputy Editor, while Dusan Bogu-
novic, Petter Brodin, Andy Gennery, Elena Hsieh, Isabelle
Meyts, Tomohiro Morio, Cecilia Poli, Anne Puel, Neil Romberg,
Vijay Sankaran, Helen Su, Stuart Tangye, Stuart Turvey, and
Shen-Ying Zhang have agreed to become involved as Associate
Editors and Yanick Crow, Josh Milner, and Luigi Notarangelo
have agreed to be Consulting Editors. We also have a prestigious
Scientific Advisory Board, including 22 members of the National
Academy of Sciences of the USA. Finally, we have a Board of
Regional Editors, with members from almost all nations and
most regions of large countries, and a Board of Society Editors,
with representatives from each of the 14 societies that attended
the Paris meeting.

We now invite all colleagues in the field of human inborn
errors of immunity to submit their best papers to the Journal of
Human Immunity. We also encourage teams studying human
immunity that are not familiar with human genetics to
browse this journal and to think on how they too could

Casanova
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conduct similar studies. They should not hesitate to contact
the many teams in the field, which they will find to be warm,
welcoming, and inclusive. We see this journal as a medium for
allowing our field to continue to grow beyond its current
limits.
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