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Abstract
Rudolf Virchow, considered by many the Father of Pathology, established a clear link between human and animal health. 
From that idea emerged the “one medicine” concept, which evolved into “one health” concept many years later. Nevertheless, 
only recently has there been a renewed interest in the subject, and this for three main reasons: i) The recognition that an 
extraordinary high percentage of infectious diseases in human were zoonosis; ii) The advances in the knowledge of the 
genome in man and animals; iii) The huge and rapid scientific progress achieved in recent years in the medical field. Time 
has come for physicians and veterinarians to recognize the value of the close relationship between human and veterinary 
medicine. Here, after a brief summary of the meaning of “one health” concept, and following a strict morphological 
approach - revolving around the life cycle, anatomy of development, failures of the system and domestic mammals - I 
report that there is enough evidence for considering that the developmental anomalies are relevant health issues for man 
and animals. Therefore, I suggest that such exciting and complex subject definitively integrates the “one health” concept.
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Introduction
Most experts in health are strongly convinced of the 

close relationship between human and veterinary medi-
cine, and that benefits arisen from such connection may 
result very noticeable when analysed in the right context 
[1-3]. The relevance of this conception has been high-
lighted by several international organisms. The World 
Health Organization (WHO), the World Organisation 
for Animal Health (Office International des Epizoot-
ies, OIE), the Food and Agriculture Organization of the 
United Nations (FAO), the American Medical Associa-
tion (AMA) and the American Veterinary Medical Asso-
ciation (AVMA) [4-6], to cite some of the most relevant, 
have pointed out its importance.

Many sources may help prove the truthfulness of 
the relation referred. The most objective data probably 
comes from a singular dimension of the disease itself: its 
transmission from animals to humans, or classical zoon-
osis [7-9], and from humans to animals, or zooanthro-
ponosis [10].

Other equally interesting, relevant and illustrative ap-

proaches are animal testing, animal transplantation and 
animal research [11], which have led, among other achieve-
ments, to the transplantation of organs from animals to 
man or xenotransplantation [12,13]. Especially relevant are 
the cases where pigs are used as donors [14-16]. The pro-
gress made in understanding the genome of man and other 
species has helped to bring together, and strengthen, the re-
lationship between human and veterinary medicine [17,18].

Some medical specialities that could provide valuable 
additional approaches are unfortunately not being tak-
en into account. One of them is the presentation of mal-
formations, dysmorphias or anomalies [19-22], which is a 
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well-studied subject in human medicine, not so thoroughly 
treated in veterinary medicine, and less of all from a com-
parative point of view.

The present article addresses several particularities of 
malformations in the context of veterinary science, more 
specifically in the field of domestic mammals, from the 
“one health" concept perspective.

“One Health” Concept
At the end of the nineteenth century, the eminent pa-

thologist Rudolf Virchow had the conviction that it was 
necessary to establish a solid link between human and 
veterinary medicine [23]. Virchow argued that “between 
animal and human medicine there are no dividing lines 
- nor should there be. The object is different but the ex-
perience obtained constitutes the basis of all medicine” 
[24]. Virchow's idea was assumed by many of his stu-
dents, who became committed to disclosing it, and one 
of them - William Osler - coined the expression “one 
medicine” [25]. Nonetheless, Calvin Schwabe is the au-
thor credited for the rebirth of the modern "one medi-
cine" movement [26].

Despite the effort done by distinguished physicians 
and veterinarians to convince their colleagues of the im-
portance of developing Virchow's idea, it remains unno-
ticed over decades. In the XXI century, however, there 
is strong evidence to believe that approximately 75% of 
new emerging human infectious diseases are zoonotic 
[7]. The subject began to be taken seriously and some 
professional groups became aware of its relevance [27]. 
As a result, it was suggested that “one medicine” revival 
strategies should involve medical and veterinary educa-
tion, clinical care, public health and biomedical research 
[9].

New ideas on the subject start piercing, drawing the 
"one medicine" idea to evolve over time, thus leading to 
the emergence of new terminologies, among which "one 
health" was broadly accepted. Some authors suggested 
that the “one health” concept should be considered at the 
same level of importance as any of the practical methods 
belonging to the field of integrated disease surveillance, 
joint animal-human epidemiological studies and health 
services development. This is expected to serve as a dis-
cussion basis for mutually agreed practical cooperation 
between human and animal health [3]. In other words, 
“one health” could be defined as a collaborative effort 
among multiple disciplines working locally, nationally 
and globally to attain optimal health for people, animals 
and the environment [28].

It is equally true that "one health" was not the only 
novel paradigm appearing from the original "one medi-
cine". For instance, the "eco health" or "ecosystem health" 
which, theoretically at less, goes far beyond the health-

care field [29-31]. This has caused some controversy con-
cerning the conceptual meaning of the different para-
digms used [32-34], although it is generally assumed that 
there is a conceptual convergence between "one health" 
and "eco health" [35,36].

In this article, “one health” has been chosen as pre-
ferred term, even allowing that it is a holistic concept, 
because it clearly reflects the original Virchow notion 
[37-39] and avoids getting into discussions that belong 
way beyond the scope of the present work.

Life Cycle and Anatomy of Development
An easy way to understand the meaning of the mal-

formations in veterinary science consists in analysing 
some basic, general and essential concepts of the life cy-
cle [40], which could be represented by the typical Gauss-
ian curve, projected onto a Cartesian coordinate system 
(Supplementary data 1.1). To achieve what is intended in 
this section, the curve in question needs to be modified, in 
this case by drawing segments on it. The zero-zero point 
of the system corresponds to fecundation (fertilization), 
and from there onwards there is a series of phases, clearly 
distinguishable from one another before birth, and diffuse 
after birth. Before birth, the divisions into germinal, em-
bryonic or organogenetic, and foetal periods are evident. 
After birth, the only well-defined phase is between birth 
and puberty, after which it is no longer possible to estab-
lish properly defined stretches of time with in adult period; 
the adult organism undergoes senescence and dies (Sup-
plementary data 1.2). Some changes will be introduced in 
the representation of the life cycle at the moment of reach-
ing puberty, when animals have the ability to procreate. 
Therefore, the graph of an individual organism leads to 
one showing the true concept of the cycle, which encom-
passes the whole species. This change requires considering 
the addition of an extra phase, the gametogenesis.

The gametogenesis, or development of gametes, is an 
essential requirement for fertilization and has been repre-
sented before the zero-zero coordinates of the system, albe-
it there are certain connotations worthy to be mentioned. 
Firstly, and most relevant concerning the primordial germ 
cells, or precursor gametes cells, which are formed during 
the blastula sub-period, perform migration and finally colo-
nize the gonadal ridge, where they evolve to female or male 
gametes. The use of different types of arrows has been found 
useful to make the corresponding representation, resulting 
a "vital adapted cycle" (Supplementary data 1.3).

Some important issues drawn from the “vital adapted cy-
cle” are briefly commented next, for the time lapse between 
fecundation and puberty, paying most exhaustive attention 
to the morphological events. The cellular activity during the 
germinal period, which starts with the first segmentation 
division, leads to successive cleavages, the formation of a 
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morula, a blastula and then a gastrula, which is equivalent to 
a trilaminar germ. From this early germ, the three layers of 
metazoan are finally defined: ectoderm, mesoderm and en-
doderm. That means that the organism, in this first period 
of the cycle, undergoes a series of changes that may be called 
“creative variations”. Changes of this type are also common 
during the embryonic period, although by then it is already 
possible to differentiate tissues and later on organs.

Changes will continue occurring after the embryonic 
period, although they are of different nature from foe-
tal period onwards: now the organism mainly grows and 
the previously formed structures are strengthened. These 
changes are referred to as “growth variations”; and con-
tinue happening after birth until puberty (Supplementa-
ry data 1.4).

Any reasonable conceptual approach states that be-
tween fecundation and birth a new organism is being 
constituted and organized. That means that, from a 
strictly morphological point of view, the developmen-
tal anatomy should be, during this stage, the speciality 
in charge of the analysis of the subsequent changes oc-
curring and the report of them through the appropriate 
descriptions.

Such descriptions are addressed by classical and new 
text books of human embryology [41-44] and veteri-
nary embryology [45-48]. Other authors who approach 
embryology in a multidisciplinary way recognize that 
“the basis of all research in developmental biology is the 
changing anatomy of the organism” [49].

The continuous morphological events that happen 
during the different periods of the life cycle are regulated 
by a systematically repeated complex molecular mech-
anism [50-54]. Before birth, such mechanism controls 
those changes, regardless of the type. The causal embry-
ology or molecular embryology is the discipline in charge 
of its study [55-57]. Unfortunately, the functioning of 
the molecular mechanism is not always perfect and even-
tually miss-reads its own code, more frequently than we 
could expect and hope [58]. The mistakes made by the 
code are responsible, on the one hand (before birth), for 
the incidence of defects or failures in the programmed 
morphogenesis (see below) and, on the other hand (after 
birth), for the occurrence of diseases.

Developmental Anomalies
For morphologists Dysmorphia is, in a broad sense, an 

official term to design any abnormality in the shape or other 
features of a body part. The initial idea when undertaking 
the building up of the Terminologia Embryologica [59,60] 
was, and still is, to compile the most comprehensive list of 
dysmorphias as a Nomina dysmorphica. However, in view 
of the magnitude of the problem, the initial strategy does 
not fulfil satisfactory all the needs of such laborious task, 

and alternative approaches have been suggested, as to go 
step by step. Dysmorphias have been classified into differ-
ent organic systems, to subsequently make a representative 
selection within each category and a list of them [61,62].

Two main issues still add difficulty to the subject. In the 
first place, the frequent use of alternative terms like congen-
ital abnormality, congenital defects, congenital malforma-
tion, developmental dysfunction, developmental field de-
fects, malformation, and so on. Those terms have the same 
or a similar meaning to dysmorphia; nonetheless, in some 
instances their use causes confusion or controversy, mainly 
when attempting semantic or terminological classifications 
[63-68]. Secondly, it is patent that dysmorphology has cur-
rently developed into a separate specialty, as is evidenced 
by the extraordinary number of dysmorphic syndromes 
contained in the Winter-Braitser Dysmorphology Database 
[69].

For these reasons, and willing to facilitate the under-
standing of the approach presented in the previous sec-
tion, “Developmental Anomalies” (DA) is the chosen 
term in this article to refer to any kind of malformation 
occurring during development. The key point for stud-
ying and correctly grasping the DA is directly related to 
the exact meaning of the errors made by the molecular 
mechanism regulating the development [58,60]. Such 
errors –from now on system errors– lead  to the occur-
rence of DA, as previously quoted.

The presentation of DA is usually considered to happen 
due to internal and external etiological agents. The relation-
ship between internal causes and system errors is more than 
obvious, but when analysing external causes, it is pertinent 
to bring about some nuances. External causes are linked to 
different environmental influences: physical factors (radi-
ations, temperature, hypoxia, noises), chemical factors 
(side-effects of pharmaceutical products), chemical and 
industrial pollutants (fungicides, herbicides, insecticides, 
pesticides), food and nutrition problems (malnutrition, 
vitamin and mineral deficiency, ingestion of poisonous 
plants), infectious agents (protozoa, fungi, bacteria, vi-
rus), and other factors [40]. In any of those cases, the 
mother is the affected subject, and the problem is trans-
ferred to the embryo/foetus through the placenta, giv-
ing way in each case to different types of malformations. 
Hence, system errors occur during different stages of the 
life cycle, always after the puberty, but at two levels: the 
mother and the placental barrier [70,71].

When looking for a strategy to classify the DA, we 
might encounter similar or even bigger difficulties than 
the previously commented for the case of dysmorphias. 
However, it seems pertinent to highlight the magnitude 
of the matter, from undetected earliest stages (embryos 
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reabsorption, certain miscarriages) to true monstrosities 
(cyclopia, cephalophagus). Within these two edges, there 
is an enormous variety of DA (system errors), many of 
which are undetected either externally or macroscopically 
(different syndromes of the nervous system and sense 
organs).

Several approaches can be used to give an idea of the 
complexity and extent of the matter, and one of them 
is quite appreciated by the students of embryology in 
our Veterinary School. It is a question of allowing the 
students to experience by themselves the mistakes that 
can be made when carrying out an easy mathematical 
calculation. The exercise proposed is the following: 
starting with twelve numbers of one, two or three digits, 
the students must perform sequential simple calculations, 
previously scheduled (such as additions, subtractions, 
multiplications and divisions), with the aim to get a final 
result of eight digits rounded down to eight decimal 
places. When done with the calculation, the students must 
analyse the consequences the mistakes made, if any, on 
the final number they obtained and then, determine if the 
magnitude of the error concerns decimal places or units, 
tens, hundreds, units of thousand, tens of thousands, etc. 
They will finally draw up the analogies they deem relevant 
in relation to the series of system errors involved within 
development. The conclusions reached by the students 
were very interesting (unpublished data).

Domestic Mammals
In the context of the present article, Domestic Mam-

mals (DM) shall mean a group of animals including 
cows, sheep, goats, pigs, horses, dogs and cats. Among 
several reasons, this section is only focused on the DM 
mainly because of three important facts: i) Their close re-
lationship with humans, ii) The high percentage of DA 
they have in common with humans; iii) They are the best 
studied species in veterinary profession. Using a specific 
group of animals, in this particular case the DM, the one 
health concept is thought to be easier to apply and more 
objectively achievable.

Furthermore, and because the one health concept 
goes beyond the dimension of the strictly healthcare-re-
lated, the presentation of DA in DM produces different 
types of negative effects: economic, environmental, emo-
tional, and so on, with greater or lower impact depend-
ing on the nature of the DA in question and the species 
suffering from it.

The anomalies that have traditionally drawn the atten-
tion of the specialists are those showing macroscopic and 
external symptoms, and more particularly major mal-
formations or monstrosities (see embryology text books 
previously cited). It is widely agreed that ruminants and 
pigs belong to a group called production animals or an-

imals for slaughter, horses are mainly used for sport and 
leisure purposes, and dogs and cats are pet or companion 
animals. Since the breeding and rearing system is also 
different for each species, the effects of DA -not count-
ing the effects on health, of equal nuisance to all animals 
-could be summarized as: for production animals the 
biggest will be economic and environmental impacts; for 
horses, economic and emotional impacts; for pets, emo-
tional impact.

As mentioned above, the DA in veterinary science 
have not been subject of exhaustive study in the field of 
DM, although there are enough well documented cases 
[46,72], many of which are common to humans. Four 
examples, found with relative frequency in cows, have 
been chosen from our collection: hydrocephalus (Figure 
1), bicephalous (Figure 2), cleft palate or palatoschisis 
(Figure 3), and congenital flexed pastern (Figure 3), the 
last one described in humans as congenital wrist flexion 
contracture, a kind of arthrogryposis.

A particular boost to the original Virchow’s idea, and 
consequently to “one health” concept, was provided by the 
advances in knowledge of the genome of different species. 
In that regard, dogs have been considered an excellent 
model among mammals [73-75] for mapping both simple 
and complex traits and diseases [76,77]. Several authors 
have put an increasing emphasis on it [78-80], and Elaine 

         

Figure 1: Lateral view of two different cases of hydrocephalus 
in cattle, showing marked enlargement of the head. Top, 
shows the head size in two unborn litter mates.
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dogs have undergone a strong artificial selection [94,95], 
which is the cause of molecular genetic changes and mu-
tations in individual lineages [96,97].

Concluding Remarks
In the globalized and interconnected world, we live, 

it is not surprising that Virchow’s initial idea has deeply 
rooted and, after that idea, new concepts have emerged. 
In addition to pointing out the close relationship between 
human and veterinary medicine, one of the aims of the 
more recent initiatives has been to broaden the scope of 
“one medicine” to the environment, the economy, the 
society, the psychology, and many others. There is a lot of 
information addressing these matters, published by different 
institutions, particularly international organisms (WHO, 
OIE, FAO, AMA, AVMA), but within the published data, 
malformations or developmental anomalies are neither 
included nor mentioned.

Fully aware of the fact that the presentation of DA has 
a huge significance in health and that a high percentage 
of malformations are common to human and animals, 
it is of utmost importance to consider the theme as a 
crucial topic within the “one health” concept. Nonethe-
less, the complexity of linking DA to the “one health” 
concept would need to follow certain guidelines, and 
the proposed hereafter appear to be reasonable. Firstly, 
stress is put on the need to specify the type of animals 
involved; in the present article, we have selected domes-
tic mammals, with the advantage that they are under a 

Ostrander has clearly expressed the key point [81]: for 
nearly 350 years, veterinary medicine and human medicine 
have been separate entities, with one geared toward the 
diagnosis and treatment in animals and the other toward 
parallel goals in the owners. However, that model no longer 
fits, since research on diseases of humans and companion 
animals has coalesced. The catalyst for this union has been 
the completion of the human genome sequence [82,83], 
coupled with draft sequence assemblies of the genome of 
dogs [84].

Concurrently, the study of the dog genome has pro-
vided a lot of relevant information, closely related to the 
presentation of certain DA due to breeding genetic pro-
pensity or predisposition (Canine Inherited Disorders 
Database [85], Guide to Congenital and Heritable Disor-
ders in Dogs [86], Inherited Diseases in Dogs [87], List of 
Inherited Disorders in Animals [88], Online Mendelian 
Inheritance in Animals database [89]). The importance 
of this matter has led to the strengthening of certain in-
ternational projects, as for example the LUPA project 
[90] whose data are updated periodically since its incep-
tion [91].

It is important to bear in mind that the estimated 
number of breeds of dogs is of over 400, of which around 
a half are officially recognized [92,93]. This enormous 
diversity of breeds means that during domestication 

         

Figure 2: Two different cases of bicephalous or two-headed 
in cattle, showing the external head and skeleton (left), and 
the external head and superior and inferior view of the brain 
(right).

         

Figure 3: Top, ventral view of the roof of the oral cavity 
showing a typical case of cleft palate or palatoschisis in 
cattle. Bottom, frontal and lateral views of congenital flexed 
pastern in cattle.
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medicine (as ‘one medicine’). Vet Ital 43: 5-19.

10.	Messenger AM, Barnes AN, Gray CG (2014) Reverse zoo-
notic disease transmission (zooanthroponosis): a system-
atic review of seldom-documented human biological threats 
to animals. PLoS One 9: e89055.

11.	Bradbury G (2015) Ensuring animal welfare is at the heart 
of research. Vet Rec 176.

12.	Kirk AD, Malchesky PS, Shapiro R, et al. (2016) Introducing 
the Wiley transplant peer review network. Am J Transplant 
16: 2505-2507.

13.	Mahou R, Passemard S, Carvello M, et al. (2016) Contribu-
tion of polymeric materials to progress in xenotransplanta-
tion of microencapsulated cells: a review. Xenotransplanta-
tion 23: 179-201.

14.	Cooper DK, Dou KF, Tao KS, et al. (2016) Pig liver xe-
notransplantation: A review of progress toward the clinic. 
Transplantation 100: 2039-2047.

15.	Hawthorne WJ, Lew AM, Thomas HE (2016) Genetic strat-
egies to bring islet xenotransplantation to the clinic. Curr 
Opin Organ Transplant 21: 476-483.

16.	Niemann H, Petersen B (2016) The production of multi-trans-
genic pigs: update and perspectives for xenotransplantation. 
Transgenic Res 25: 361-374.

17.	http://genome.ucsc.edu/

18.	http://www.ensembl.org/index.html

19.	Priester WA, Glass AG, Waggoner NS (1970) Congenital 
defects in domesticated animals: general considerations. 
Am J Vet Res 31: 1871-1879.

20.	Hamori D (1983) Constitutional disorders and hereditary 
diseases in domestic animals. Elsevier Scientific Pub, Am-
sterdam, New York.

21.	Epstein CJ (2008) Human Malformations and their genetic 
basis. In: Epstein CJ, Erickson RP, Wynshaw-Boris A, Inborn 
errors of development. (2nd edn), Oxford University Press, 
New York.

22.	Kumar P, Burton BK (2008) Congenital malformations: Ev-
idence-based evaluation and management. McGraw Hill, 
New York.

23.	Saunders LZ (2000) Virchow’s contributions to veterinary 
medicine: celebrated then, forgotten now. Vet Pathol 37: 
199-207.

24.	Dunlop RH, Williams DJ (1996) Veterinary medicine: an il-
lustrated history. (1st edn), Mosby, New York.

25.	Dukes TW (2000) That other branch of medicine: an histo-
riography of veterinary medicine from Canadian perspec-
tive. Can Bull Med Hist 17: 229-243.

26.	Schwabe CW (1984) Veterinary Medicine and Human 
Health. (3rd edn), Williams & Wilkins, Baltimore, London.

27.	American Veterinary Medical Association (2008) Schools/
Colleges of Veterinary Medicine (Accreditation Status as of 
July 2005). In: Membership Directory and Resource Manu-
al 2006. AVMA, Division of Membership and Field Services, 
Shaumburg, Illinois, 181-198.

28.	Buttke DE (2011) Toxicology, environmental health, and 
the “one health” concept. J Med Toxicol 7: 329-332.

strict control and health surveillance. Secondly, certain 
types of DA, particularly those with external and macro-
scopical apparent signs, should be considered notifiable 
cases, and therefore veterinarians following a basic code 
of ethics should report them. Finally, it would be essen-
tial to organize administrative and support structures at 
local, regional and national levels, making it possible to 
refer-by means of the corresponding application form- 
all diagnosed cases; in other words, a robust network of 
information might be required.

Difficulties linked to the proposal made need to be 
addressed, among other reasons, because it is a require-
ment of the medical science of the XXI century. The over-
specialization of knowledge and the globalization are, to 
some extent, divergent, but it is supposed that sooner 
rather than later the “one health” concept becomes a re-
ality [98], including the different types of DA.
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