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ABSTRACT: Miranda’s donkey is an autochthonous asinine breed from northern Portugal classified as endangered by the Food and Agriculture
Organization. Research on Miranda’s donkey in several scientific areas is important to standardize the breed and to assist the breed’s preservation.
Reference values in clinical pathology are used to determine the health status of individuals and herds, and to control the evolution of diseases
and their response to therapy. This review summarized the studies performed on Miranda’s donkey and evaluated the state of the art concerning
studies performed in the clinical pathology field. Thirty-seven publications on Miranda’s donkey published between 2000-2023 in various
scientific areas were found. In conclusion, research on Miranda’s donkey is scarce, and further studies are needed, especially in hematology
and clinical biochemistry areas with respect to physiological and pathological changes that affect the breed, thus helping its conservation.
Key words: autochthonous breed, clinical pathology, conservation, Miranda’s donkey.

O burro de Miranda: uma revisio dos estudos publicados com perspetivas de investigacio em
patologia clinica para a preservacio da raca

RESUMO: O burro de Miranda ¢ uma raga autdctone asinina do norte de Portugal classificada como em perigo pela Organizagdo das Nagdes
Unidas para a Alimentagdo e a Agricultura. Pesquisas sobre o burro de Miranda em diversas areas cientificas sdo importantes para padronizar a
raga e auxiliar na sua preservagdo. Os valores de referéncia em patologia clinica sdo utilizados para determinar o estado de satide dos individuos
e rebanhos, controlar a evolugdo das doengas e a sua resposta a terapéutica. O objetivo desta revisdo ¢ apresentar os estudos realizados no
burro de Miranda e avaliar o estado da arte dos estudos realizados no campo da patologia clinica. Foram encontradas trinta e sete publicagdes
sobre o burro de Miranda publicadas entre 2000-2023 em varias areas cientificas. Em concluséo, as pesquisas sobre o burro de Miranda séo
escassas, sendo necessarios mais estudos, especialmente nas areas de hematologia e bioquimica clinica, com respeito a alteragdes fisiologicas
e patologicas que afetam a raga, ajudando assim a sua conservagao.

Palavras-chave: burro de Miranda, conservagio, Patologia clinica, raga autoctone.

INTRODUCTION

A breed is designated as native or
autochthonous when adapted locally and present in
a country long enough to have developed genetic
characteristics for one or more traditional production
systems (INGRASSIA et al., 2006). In Portugal, there
are currently two autochthonous donkey breeds with
different phenotypic characteristics: the Graciosa’
donkey, from the island of Graciosa in Agores, and
Miranda’s donkey, which inhabits the Planalto
Mirandés (DGAY, 2021).

The Miranda’s donkey was first described
in 1999, during a project on the donkeys of the Douro
Internacional Natural Park and the importance of these
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animals for the local community. During the project
development, the researchers noticed that some
of the donkeys were physically different from the
breeds previously described in the region and could
constitute a new Portuguese breed (SAMOES, 2000).
The breed was recognized in 2002 by the Ministry
of Agriculture, Rural Development, and Fisheries of
Portugal, reinforcing the importance of these animals
for the genetic diversity of Portuguese breeds, as
for the cultural and economic local development
(MARQUES, 20006).

Autochthonous breeds constitute a
unique and irreplaceable genetic heritage that
must be preserved and valued, having been created
Portuguese and european strategies and programs
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for the conservation and improvement of Miranda’s
donkey and other autochthonous breeds (MARTA-
COSTA et al., 2016). Initially, these efforts consisted
of determining its genotypic and morphological
characteristics and  geographical distribution
(ALFRANCA, 2001).

The determination of hematological and
biochemical reference values is also important for the
preservation of endangered breeds, physiologically
characterizing the breed, providing relevant clinical
information about the health status of an animal or
herd, severity and systemic effects of a disease,
and to assess the response to treatment prescribed
by veterinarians (SEDLINSKA et al., 2017). When
possible, these studies should be performed in all
breeds, because factors such as geographic location,
climate, feed and types of handling, even in animals
of the same species, can interfere with biochemical
and hematological parameters (JORDANA et al.,
1998; SEDLINSKA et al., 2017).

This review analyzed the published
literature on Miranda’s donkey and evaluate which
areas have been studied and those needing further
research and development, namely on the clinical
pathology field. The investigation was divided
into two parts: 1) Published research on Miranda’s
donkey, 2) Clinical pathology research conducted on
Miranda’s donkey and on other European breeds.

Web based search

Search was conducted on websites such
as Google Web, Google Scholar, ResearchGate and
PubMed from January-October 2023. Scientific
articles published in journals, PhD Thesis, master
dissertations and conference proceedings, in English
or Portuguese language were considered. In case the
research results were published in article and thesis/
dissertation format, only the results published in
article format were considered for this study, to avoid
duplication of information. The search terms were
Miranda’s donkey and Planalto Mirandés. Thirty-
seven publications on Miranda’s donkey from 2000-
2023 on various topics were identified and analyzed.
The articles published on Miranda’s donkey are
summarized in figure 1.

Publications on Miranda's donkey
History and demographics

Six articles were found on the physical
characteristics of the breed, number of animals,
challenges and future perspectives (QUARESMA et
al., 2005; MARQUES et al., 2006; QUARESMA et
al.,, 2013; QUARESMA et al., 2014; QUARESMA

et al., 2016; BATISTA et al.,, 2022). The first
record in the literature on Miranda’s donkey was
published in 2000 (SAMOES, 2000), but only in
2002 this breed was officially recognized as an
autochthonous breed and presented to the scientific
community (QUARESMA et al., 2005). Some of
the morphological characteristics of Miranda’s
donkey described in the Regulation of Zootechnical
Registration of the Breed are shown in figure 2.

Most of the animals live in Planalto
Mirandgs, in the municipalities of Miranda do Douro,
Braganca, Vimioso, and Mogadouro (Figure 3). These
animals may have developed well in the region due
to their good adaptability to poor quality forage and
water scarcity. In addition, donkeys were initially used
for traction, saddle, loading and production of mules
for being rustic, resistant and docile (QUARESMA
et al., 2005).

Subsequently, an extensive study was
performed on the importance of Miranda’s donkey
as a cultural and economic heritage by analyzing
its involvement in the daily life of Miranda. A
chronology was created considering the first reports
of the breed, the creation of the Association for the
Study and Protection of the Donkey Cattle (AEPGA
- Associagdo para o Estudo e Protecdo do Gado
Asinino), official recognition, and the change in the
perception of the donkey by breeders and incentive
programs (MARQUES, 2006).

Researchers and protection organizations
have monitored and updated the number of animals.
In 2003, 255 animals (213 females, 40 castrated males,
and 2 males) were reported (QUARESMA et al,
2005). In 2013, this number increased to 760 animals
(681 females, and 79 males), but only 589 were able to
reproduce (545 females and 44 males) (QUARESMA
et al., 2013). In 2019, 840 animals (780 females and
60 males) were registered. In 2020, there was a decline
in the population, with a total of 816 specimens (756
females and 60 males) (FAOSTAT, 2023). According to
the latest survey, released in 2023, the current number
of sexually mature Miranda’s donkey consists of 761
animals, 652 females and 109 males (SPREGA, 2023).
Despite efforts, according to the Food and Agriculture
Organization classification for breeds, Miranda’s donkey
remains endangered as it has less than 1000 females and
20 males of breeding age (FAOSTAT, 2023).

Several authors have studied the viability
of the breed, the factors that limit the increase in
the herd, and alternatives to prevent extinction.
The limiting factors are related to characteristics
of the breed, herd handling (mainly reproductive),
and socioeconomic factors (mechanization, aging
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Figure 1 - Studies on Miranda’s donkey published between 2000-2023 and their respective topics.
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of owners, and rural exodus), (QUARESMA et al.,
2005; QUARESMA et al., 2013; QUARESMA et al.,
2014; QUARESMA et al., 2016). The alternatives
suggested and implemented over the years are
government incentives, rural tourism, use as pet
animals, participation in cultural events, assisted
activities with donkeys, milk production for human
consumption, cosmetics production, vegetation
control and landscape maintenance (QUARESMA et
al., 2005; QUARESMA et al., 2013; BATISTA et al.,
2022; AEPGA, 2023).

Reproduction

Reproduction was the topic with the highest
number of studies (n = 15), possibly due to their impact
on reproduction rates. The topics involve physiology,
pathologies of the female and male reproductive
systems, development and use of new technologies to
improve reproductive indices (PAYAN-CARREIRA
& QUARESMA, 2010; QUARESMA et al., 2011;
QUARESMA & PAYAN-CARREIRA, 2015;
QUARESMA et al., 2015; MOREIRA et al., 2015;
CARVALHO, 2016a; CARVALHO et al., 2016b;
FREIRE, 2020; MARTINS-BESSA et al.,, 2021a;
CUSTODIO, 2021; MARTINS-BESSA et al., 2021b;
MARTINS-BESSA et al., 2021c; QUARESMA
et al., 2021; QUARESMA et al., 2022; RADAR-
CHAFIROVITCH et al., 2022).

Parasitology

Parasites, especially those of the
gastrointestinal tract, are clinically relevant in
donkeys, and are present in animals of the Miranda’s
donkey breed in rehabilitation centers, small herds and
on dairy farms. Seven studies on parasitology were
reported, most were about epidemiology and control
of gastrointestinal parasites, such as those of the genus
Strongyloides, Triodontophorus, Trichostrongylus,
Cyathostomum and Oxyuris equi, and another on the
prevalence of protozoa of the genus Toxoplasma gondii
and Leishmania spp. (LOBO & MATHEUS, 2012;
CUNHA et al., 2012; SOUSA et al., 2012; COUTO et
al., 2016; GOMES, 2017; RODRIGUES et al., 2019;
SOUSA et al., 2021).

A seroprevalence analysis was performed
to assess susceptibility to infection by Toxoplasma
gondii and Leishmania spp. Although, a low number
of reactive animals was identified it was confirmed
that donkeys in northern Portugal are exposed to
these parasites (RODRIGUES et al., 2019).

Dentistry

Two studies were carried out on the
prevalence of incisor and cheek teeth disorders in
the Miranda’s donkey. Both studies reported several
changes that compromised the welfare of animals and
reinforced the importance of regular dental care in
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HEAD: Voluminous, with a straight profile; forehead broad
and slightly concave in the midline covered with abundant fur;
prominent orbital arcades; short face; thick and strong lips;
ears large and broad at the base, rounded at the tip and
directed forward; small eves.

SIZE: Average height in adult animals, greater
than 120 m. The recommended heightis 1.35m.

BODY: Strong and rustic.

-

L4
AL

L d

NECK: Shortand thick. |

THORAX: Wide chest; deep thorax;
haunch higher than the withers; curved
side; short shoulder blades.

Figure 2 - Some of the morphological characteristics of Miranda’s donkey (AEPGA, 2023), (Photo credit: Claudia Costa).

LEGS: Thick legs with
voluminous joints,
provided with
abundant fur covering
the broad hooves.

FUR: Dark brown with lighter shades on the sidewall and bottom
surface of the trunk, white muzzle and around the eyes, with
hirsutism accented in broadsides, face and edges of ears and
extremities, and abundant manes.

endangered breeds, improving their well-being and
contributing to their preservation (RODRIGUES et
al., 2013a; RODRIGUES et al., 2013b).

Clinical handling

Two studies that used technology and
anatomy to facilitate veterinarians’ handling of these
animals were identified. The first study determined
the best body points to evaluate the body condition
score through ultrasonography, more accurate
method than the traditional subjective visual methods
(QUARESMA et al., 2012). The second consisted
of the development of a weight tape for determining
the animals weight without the need for a scale
(QUARESMA et al., 2019).

Behavior

Only one study was reported in the area of
behavior (PINTO, 2017). The researchers studied the
individual and social behavior of Miranda’s donkey
and showed that these animals spend approximately
70% of their time feeding, 20% at rest and 10%
in other activities, varying the frequency of these
according to age and reproductive status. This

information helps in the management and interaction
of these animals, improving research, the management
of food resources and time, and the physical and
psychological well-being of animals (PINTO, 2017).

One health

Miranda’s donkeys are present in three
surveys involving One health approach (CARVALHO
et al.,, 2017, MALTEZ, 2018; SILVA et al., 2022).
The first mentioned Miranda’s donkey as a reservoir
of antibiotic-resistant bacteria (Escherichia coli
and Enterococcus spp.), which were found in the
digestive tract of these animals and presented higher
resistance to some antibiotics than those found in
other domestic and wild animal species from Portugal
and Spain (CARVALHO et al., 2017).

The second study used ultraviolet radiation
to reduce the amount the total aerobic microorganisms
in donkey milk used for human food. Donkey milk
is highly suitable for consumption by individuals
with dietary restrictions such as lactose intolerance
(MALTEZ, 2018).

More recently, Staphylococcus aureus was
isolated and identified in oral and nasal swab samples

Ciéncia Rural, v.54, n.12, 2024.
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Figure 3 - Municipalities in northern Portugal with the largest number of Miranda’s donkey.

of Miranda’s donkey and its handlers. The donkey
isolates were different from the human isolates,
suggesting no zoonotic transmission between species.
However, interestingly, Staphylococcus —aureus
isolates resistant to some antibiotics were reported in
both species (SILVA et al., 2022).

Clinical pathology

Only one study was found in the area
of clinical pathology that included 75 healthy
animals (SILVA et al., 2023). This recent study
determined the reference range for the hematological
parameters of Miranda Donkey and evaluated the
influence of gender and age on these parameters. No
significant differences were found between gender
(42 females and, 33 males), but for the age factor
several hematological parameters showed statistical
differences between young (n = 20) and adult (n = 55)
animals (SILVA et al., 2023).

Clinical pathology research conducted on Miranda s
donkey and other european breeds

In Europe, there are currently 28
autochthonous breeds with relatively complete
phenotypic descriptions, and most of them are in
danger of extinction (FAOSTAT, 2023), (Table 1).

Clinical pathology research has been
performed only in 9 of those 28 European breeds,
with a total of 16 published studies: Catalana (n = 2),
Ragusana (n = 1), Ane du Cotentin and Ane Normand
(n = 2), Andaluza (n = 3), Martina Franca (n = 4),
Balkan (n = 1), Herzegovinian (n = 2) and Miranda’s
donkey (n = 1). The summarized results of those
studies are described in table 2.

In all the studies, the authors emphasized
the importance of determining clinical pathology
parameters for the conservation and preservation of
breeds and encourage further research with a larger
number of animals and considering factors such as
gender and age with in each population. Moreover,
they also report that divergences between reference
values of different breeds could also be explained
by geographical, physiological, season, and climate
differences, or even by body conditions of the
animals, management, and sample size.

Future perspectives on clinical pathology setting for
Miranda's donkey

Miranda’s donkey constitutes a valuable
Portuguese genetic heritage that must be protected,
and efforts are still needed to increase the number of
individuals, especially those of reproductive and fertile

Ciéncia Rural, v.54, n.12, 2024.
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Table 1 - List of European donkey breeds, countries of origin, and risk situation in 2022 (FAO).

Country Breed

Trend

Istrian donkey
Croatia
North Adriatic donkey

Ane Bourbonnais

Ane de Provence

Ane des Pyrénées

France Ane du Cotentin

Ane Grand Noir du Berry

Ane Normand
Baudet du Poitou
Hungary
Asino dell’ Amiata
Asino dell’ Asinara
Asino di Pantelleria
Ttaly Asino Sardo
Grigio Viterbese
Martina Franca
Ragusano
Romagnolo
Portugal Burro de Graciosa
Miranda’s donkey
Andaluza

Asno de las Encartaciones

Spain Balear
Catalana
Majorena

Zamorano-Leonés

Serbia Balkan donkey

age, to prevent the extinction of the breed (MARTA-
COSTA et al., 2016). Knowledge on hematology
and serum biochemistry and establishment of the
respective reference values is essential as it allows
to recognize and monitor sick individuals affected
by acute or chronic diseases, as well as to promote
conservation strategies and preservation measures
(SILVA et al., 2023).

Miranda’s donkey is a relatively recent
identified autochthonous breed considered by FAO
as an endangered breed. Moreover, amongst sexually
mature animals there is a high predominance of
females and elderly animals (QUARESMA et al.,
2016). Although, there is a recent published research
on reference values for this breed (SILVA et al.,
2023), the authors defend continued studies on this
topic as there are several aspects that need to be
clarified. Since the pregnancy in this breed is long (12
months) and decisive for the success of conservation
programs, it is necessary to explore changes on
hematological and biochemical parameters in the
different phases of the gestation period. Additionally,

Littoral Dinaric donkey

Hungarian Plain donkey

Endangered maintained

Endangered
Critical maintained

Critical maintained
Endangered maintained
Endangered maintained
Endangered maintained
Endangered maintained
Endangered maintained
Endangered maintained

Endangered
Endangered maintained
Critical
Critical
Endangered
Critical
Endangered
Endangered maintained
Endangered
Critical
Endangered
Endangered
Critical
Critical maintained
Endangered
Extinct
Endangered
Endangered maintained

it would also be very interesting to understand the
changes associated with the geriatric age phase.
Many animals are now at or over 15 years of age
(data not shown), which is why it is important to
know the physiological variables and how they may
fluctuate in older animals. From the above, much
remains to be studied in this breed. The authors;
therefore, strongly encourage further research in
this area.

CONCLUSION

In the last decade, researchers’ interest
in the Miranda’s donkey has grown and the number
of publications has increased. We concluded that
there are areas of greater interest to researchers,
such as reproduction and parasitology. Clinical
pathology, conversely, is still little explored, despite
its importance, with only one recently published
study. We hope that this review can be a valuable
contribution so that researchers realise the need to
continue studying this breed in greater depth, in all

Ciéncia Rural, v.54, n.12, 2024.
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Table 2 - Studies on the clinical pathology of autochthonous European donkey breeds.

Area of clinical

Country Breed el
Biochemist
Spain Catalana ORI Y 98
Hematology
Spain Catalana Biochemistry 97
Biochemistry
Italy Ragusano 54
Hematology
Normand and Biochemistry
France C . 83
otentin Hematology
Biochemistry
France Normand. ol 140
Cotentin Hematology
Spain Andaluza Coagulation 38
Italy Martina Franca Biochemistry 10
Biochemist
Italy Martina Franca 1OCHEIISHLY 15
Hematology
. Biochemistry
Serbia Balkan 74
Hematology
Bosnia Herzegovinian Hematology 30
Bosnia Herzegovinian Hematology 30
Spain Andaluza Hematology 80
Italy Martina Franca Biochemistry 10
Spain Andaluza Biochemistry 73
Biochemistry
Italy Martina Franca 81
Hematology
Portugal Miranda’s donkey ~ Hematology 75

Gender Age GenderPaLlc(l)zggz G Authors/Year
Gender Age
‘;56% 7217?{ - FOLCH et al. 1997
‘;56% 7216/?{; x x JORDANA et al. 1998
30A;
10Y; X CALDIN et al. 2005
14F
. 32A;
527696” 29Y; X X PITEL et al. 2006
22F
1059; ggéf . COUROUCE-
358 o MALBLANC et al. 2008
209; MENDOZA et al.
184 2011
) D’ALESSANDRO et al.
52; 48 10F X 2012
15F X VERONESI et al. 2014
5222‘;“{ X STANISIC et al. 2015
189;
129 RUKAVINA et al. 2016
189;
123 X X RUKAVINA et al. 2018
X X GONZALEZ, 2017
109 GLORIA et al. 2018
549; PEREZ-ECIJA et al.
138 2020
642; 29A,
17 6’ 36Y; X TRIMBOLI et al. 2020
16F
‘;23% 52%‘?{; X SILVA et al. 2023

Q - Females; & - Males; A — Adults; Y — Young; F — Foals; "Gender and Age effect on Hematology and/or Biochemistry values;.

areas of knowledge and especially in the context of
clinical pathology.
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