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Introduction
Genus Equus is composed of three zebra species, 
namely Grevy’s (E. grevyi), mountain (E. zebra) 
and plains (E. quagga) (Harley et al., 2009). Plains 
zebras are widespread across Africa, but in many 
countries are only found in protected areas and zoos 
(King and Moehlman, 2016). This species can be held 
successfully in captivity, when provided with a large 
open enclosure and access to shelter, shade, food, and 
water (Husher, 2010). They are seasonally polyestrous 
and the gestation period takes roughly 375 days. In the 
wild, foals are born throughout the year with peaks 
during the rainy months; however, in zoos, zebras have 
given birth in every month of the year, with clusters in 
spring and summer (Smuts, 1976; Nunez et al., 2011). 
The mechanics and labor stages of zebra’s parturition 
are very similar to those of domestic horses (Nunez et 
al., 2011). After birth, the foal must be able to get up 
and start walking and should be fed within 67 minutes 
after birth (Husher, 2010). The passive transfer of 
immunoglobulins through colostrum is essential for 
strengthening the foal's immune system in the neonatal 
period (Rizzoni and Miyauchi, 2012). Sometimes, due 
to multifactorial neonatal pathologies, the foal hardly 
gets up and starts suckling, which can determine the 
foal's life or death. 

In this report, we describe the clinical, macro-, and 
microscopic findings of a newborn zebra victim of both 
congenital and traumatic fatal cervical injuries. 

Case Details
A female E. quagga was born in Maia Zoo in Porto, 
Portugal (41°14'.25" N, 8°37'47.2" W). After natural 
fertilization, the mother normally delivered the foal 
without any human assistance on a cold, rainy night of 
January 2021. The dam was multiparous, and shared 
with the male and another female, an outdoor space 
of about 600 m2 with two collection parks. In the zoo, 
there were only records of aggression of the male 
zebra toward other mature males and never toward 
the offspring. In addition, the zookeepers have never 
witnessed any kind of hostile behavior by the female 
zebras against newborns. In the morning, the newborn 
was found in hypothermia semi-submerged and lying 
in the mud, unable to get up. Commercial artificial 
colostrum was administered, and after heating, the 
foal was able to get up with human help for some 
instants and seemed to be recovering from the shock. 
Both mother and foal were then isolated in one of the 
collection parks. On the next day, the newborn's clinical 
condition worsened and the animal was referred to the 
UP Clinical Equine Center where it was admitted 36 
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Abstract
Background: In this report, we describe the clinical, macro-, and microscopic findings of a newborn zebra victim of a 
fatal trauma and its possible causes are discussed in detail.
Case Description: A plains zebra (Equus quagga) born in a Portuguese zoo was found in hypothermia and unable to 
get up. The animal was admitted to the hospital 36 hours later and, after the first hour of treatment and no attempts 
to get up, it began to convulse and died. At necropsy, subdural hematoma and atlantoaxial dislocation were the main 
findings.
Conclusion: The inability to pinpoint the exact moment of the lesions’ onset determines the importance of a thorough 
surveillance of the periparturient period and parturition of captive animals. Furthermore, literature concerning zebras, 
their reproduction, and neonatal period is scarce, reinforcing the need to report these cases.
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hours after birth in decubitus and shock, prostrate and 
listless. 
The clinical examination revealed hypothermia 
(35°C), tachycardia (>120 bpm), congestive mucous 
membranes with increased CRT, and absent intestinal 
motility in the four quadrants of the abdomen. A blood 
sample was collected, and the results are summarized 
in Table 1.
The treatment started with IV fluid therapy: Gelaspan 
(40 mg/ml), Ringer’s Lactate (20 mg/kg in the first half 
hour and then 4 ml/kg/hour), and Glucose 5% (4 mg/
kg/minute). Dexamethasone (0.05 mg/kg, IV) was also 
administered. Nasogastric intubation was performed 
and no gastric reflux was observed. After the first hour 
of treatment, the animal’s clinical condition improved 
but no attempts to get up were noted. From then on, 
the situation worsened, and the foal began to convulse. 
Diazepam was administered, initially via rectal and IV, 
and butorphanol (0.1 mg/kg, IV) as an analgesic, but 
both were apparently ineffective in controlling seizures. 
The baby zebra went into respiratory arrest and died. 
As the musculature of the cervical region was 
macroscopically deformed and presented increased 
stiffness, a radiographic examination was carried out before 
necropsy. Laterolateral and ventrodorsal radiographs of 
the cervical spine were carried out revealing atlantoaxial 
joint deviation, C2–C3 subluxation, C3 cranial vertebral 
body surface flattening, and multiple fracture lines in the 
cranial vertebral body of C3 (Fig. 1).
The corpse was submitted for necropsy examination 
to the Institute of Biomedical Sciences Abel Salazar 
(ICBAS)-UP Veterinary Pathology lab (Fig. 2a).

At necropsy, the tracheal lumen presented white foam. 
Edema and congestion of the larynx were observed. The 
lungs showed a general bright red color, more evident 
in the right lobe. The upper third of the esophageal 
mucosa exhibited a reddish color, suggesting congestion 
and inflammation. The left temporomandibular joint 
showed signs of subluxation associated with periocular 
tissue’s hematoma and hyphema of the left eye (Fig. 
2c). The head presented several concussions and 
bruises with approximately 6.0 cm of diameter, located 
in the left supraorbital fossa and with sizes varying 
between 5.0 × 2.0 and 3.0 × 2.5 cm in the dorsal region 
of the nose (Fig. 2b and c). A subdural hematoma (Fig. 
2d) and an atlantoaxial dislocation were also identified. 
Representative samples of lung, liver, spleen, kidney, 
heart, gastrointestinal (GI) tract, and central nervous 
system (CNS) were collected and fixed in 10% neutral 
buffered formalin for histopathological examination. 
Tissue samples were routinely processed and paraffin-
embedded and 2 μm thick sections were routinely 
processed. 
Histologically, the lungs showed signs of pulmonary 
immaturity and moderate, acute, and multifocal 
interstitial pneumonia with the presence of mixed 
inflammatory infiltrate, composed of neutrophils, 
eosinophils, and some macrophages, associated with 
some bacillary Gram-positive bacteria. Areas of alveolar 
septal thickening and widespread congestion were 
observed. Microscopically, the cerebellum revealed 
diffuse multifocal edema between the pia mater and the 
cerebellar cortex. In the cerebrum, discrete edema of 
the leptomeninges and focal subarachnoid hemorrhage 
were also observed. In the remaining tissues, no 
relevant microscopic alterations were detected.

Discussion
The lack of information regarding the parturition 
and pre- and post-parturition periods precludes the 
determination of the pathological circumstances 
underlying these lesions, namely their causes and 
chronological sequence. 
 Many common diseases of domestic horses have never 
been reported in zebras, probably due to incomplete 
documentation of zebras in captivity rather than a true 
absence of disease; therefore, one should be aware of 
the potential for any equine disease to develop in wild 
equids (Wiedner et al., 2012). 
According to the clinicopathological findings, some 
differential diagnoses shall be considered. Pathologies 
that affect equine neonates may have noninfectious, 
infectious, immunological, and traumatic causes 
(Rizzoni and Miyauchi, 2012). 
Hypoxic ischemic encephalopathy (HIE), known as 
dummy foal syndrome and as neonatal maladjustment 
syndrome, remains a systemic manifestation of 
perinatal asphyxia syndrome. HIE attempts to describe 
the suspected underlying pathophysiology of the 
syndrome, which is related with peripartum hypoxia. 

Table 1. Changes in hematological and biochemical 
parameters of a zebra’s blood sample. Reference values are 
in accordance with Husher (2010).

Parameter Result Reference 
range

Leukocytes (×103/ul) 1.20 8.8 ± 2.7
Neutrophils (×103/ul) 0.32 0.13 ± 0.16

Lymphocytes (×103/ul) 0.85 2.9 ± 1.7
Hematocrit (%) 53.2 42 ± 6

Creatine phosphokinase 
(UI/l) 28,208.5 309 ± 303

Aspartate transaminase 
(UI/l) 1,433.5 303 ± 125

Lactate dehydrogenase 
(UI/l) 4,430.0 604 ± 463

Total protein (g/dl) 4.03 6.3 ± 0.8
Albumin (g/dl) 3.28 2.3 ± 0.28
Globulins (g/dl) 1.02 3.7 ± 0.7
Bilirubin (mg/dl) 5.33 0.58 ± 0.41
Glucose (mg/dl) 61.2 158.4 ± 46.8
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This can affect other organs such as GI, urinary, 
cardiovascular, respiratory, and endocrine systems. 
Affected foals are normal at birth but can develop signs 
of CNS abnormalities within a few hours, varying 
from mild depression with loss of the suck reflex to 
grand mal seizure activity (Wilkins, 2004). Although 
some clinical findings such as suckling difficulty and 
seizures may be consistent, some characteristic signs 
of this pathology were not detected in the presented 
clinical case (hyperexcitability, tremors, and protrusion 
of the tongue) (Toribio, 2019). Additionally, Wobbler's 
syndrome or cervical vertebrae stenotic myelopathy 

is characterized by cervical instability and has been 
reported as a hereditary condition in captive zebras, 
showing signs of ataxia and motor incoordination 
(Wiedner et al., 2012). There are two main anatomical 
characteristics associated with this syndrome: static 
narrowing of the cervical vertebrae canal through 
which runs the spinal cord and dynamic compression 
of the spinal cord by the cervical vertebrae (Rossdales, 
2013). Furthermore, Wobbler’s syndrome has been 
categorized into three main types depending on when 
clinical signs are seen in relation to the positioning of 
the neck (Rossdales, 2013). 

Fig. 1. (a) Ventrodorsal and (b) lateral left-right radiographs of the cranial cervical spine evidencing 
surrounding soft tissue edema, fracture of C3 cranial vertebral body (dislocated dorsally and with 
surface flattening), C2–C3 subluxation, and atlantoaxial joint deviation.

Fig. 2. (a) Zebra (Eqqus quagga) submitted to necropsy. (b) Concussive hemorrhagic lesions located in 
the right dorsal nasal region (arrows). (c) Hematoma in the left supraorbital fossa (arrow) and hyphema 
of the left eye. (d) Subdural hematoma.
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Neonatal septicemia is one of the main infectious 
causes of death in foals and can have a bacterial, 
viral, or fungal origin. Clinical signs depend on the 
type of pathogen involved and of the foal's immune 
system condition, in which the failure of passive 
immunity transfer plays a major role. Early signs 
include depression, decreased sucking reflex, increased 
recumbency, fever, hypothermia, increased respiratory 
rate, injected mucous membranes, decreased capillary 
refill time (CRT), and tachycardia or bradycardia 
(Wilkins, 2004; Rizzoni and Miyauchi, 2012). This 
condition presupposes a generalized infection, for 
which no evidence was encountered in this zebra. 
Equine herpesvirus is another cause of death leading to 
abortion, respiratory disorders, and neurologic disease 
with ataxia. The clinical picture includes feverish 
states, nasal discharge, and petechiae, also not herein 
observed (Husher, 2010).
Immunological causes comprise neonatal isoerythrolysis 
related with type II hypersensitivity reaction and blood 
incompatibility, which usually begins some hours after 
colostrum ingestion (Rizzoni and Miyauchi, 2012). 
To the best of our knowledge, this condition remains 
unreported in zebra or zebroid foals. In this case, the 
absence of anemia with a decrease in hematocrit and 
severe icterus (Wiedner et al., 2012), also makes this 
diagnosis less probable.
Several traumatic causes must also be considered 
including dystocia, trauma at birth, or traumatic 
injuries in the postpartum period. Dystocia can lead 
to neurological conditions due to ischemia and tissue 
hypoxia; however, this birth was apparently normal, 
and it does not explain the macroscopic lesions found. 
Birth trauma occurs due to the pressure exerted on the 
foal during its passage through the birth canal. This is 
not usually a life-threatening condition, and it is more 
common in primiparous mares due to the tightness 
of the birth canal (Elks and Bidstrup, 2008). Thus, 
traumatic injuries in the postpartum period must be 
taken into account, which can be of unknown origin or 
a consequence of mother’s aggression.
Although none of these causes can be completely ruled 
out, the combined imaging and necropsy findings are 
highly suggestive of the occurrence of mixed events, 
being very likely that both congenital malformations 
and traumatic events led to the death of this animal. 
Abnormal cervical vertebrae growth pattern, such as 
flattening of the cranial surface of C3 vertebral body, 
might have conducted to a narrowed spinal canal, or 
a progressive narrowing upon the movement of the 
neck and the vertebrae relative to each other, ultimately 
leading to spinal cord compression. Indeed, cases of 
Wobbler’s syndrome categorized as type 1 rarely occur 
but are usually present since birth, arising from the 
second and third cervical vertebrae where vertebral 
column is fixed in a flexed position at the site of the 
malformation of the cervical vertebrae. In horses, the 

onset of associated clinical signs is typically between 6 
months and 3 years of age (Rossdales, 2013); however, 
the successive traumatic events must have precipitated 
the development of the clinical picture in this zebra.
Although no aggressive maternal behavior was referred, 
there are reports of zebras’ infanticide where males 
fatally attack foals, being 45% of these directed to 
female foals (Pluháček and Bartoš, 2000). Some hours 
after birth, the foal and the mother were placed together 
in a park apart from the other animals. If there was any 
type of aggression until this isolation, it may have been 
caused by the male. At this time, zookeepers identified 
no suspected lesions; however, as restless and flighty 
animals (Husher, 2010), the mother could have caused 
the trauma by kicking the newborn as an attempt to lift 
her up or frightened by any external stimulus. 
Injuries in periocular tissues occur when there is a direct 
kick to the face, by a falling rock, from running into an 
obstacle, or from a fall (Gelatt, 2021). A more intense 
traumatic injury in the left part of the head, associated 
with the forces caused by the impact and with other 
consecutive traumatic events ended up aggravating 
an already fragile and unstable cervical area. All these 
lesions associated with edema and hemorrhage may have 
resulted in compression of the spinal cord, explaining 
the later neurological signs observed. The concussions 
distributed throughout the cranial cavity, the hyphema 
and the hematoma of the periocular tissues also suggest 
repeated traumatic injuries of lesser intensity or may 
be due to the convulsive condition. Additionally, 
equids often use the head and cervical muscles to lift 
themselves, so failed attempts to rise up can also be 
the cause. The inflammatory processes observed in the 
meninges can be explained as a consequence of the 
vascular impairment and compression of surrounding 
structures.
Furthermore, delayed ingestion of colostrum may have 
resulted in a failure in the transfer of passive immunity 
that did not allow the newborn to react, and thus have 
been primary found fallen, in shock and hypothermic. 
Equids are also susceptible to pneumonia if they 
lie down for an extended period (Cook, 2011). The 
weakened immune system, associated with the muddy 
semi-submerged spot where the zebra was found, 
may have contributed to the bacterial pneumonia 
histologically encountered.
In conclusion, the clinical, macro-, and microscopic 
findings are compatible with both congenital and 
traumatic cervical lesions that contributed together to 
the death of this newborn zebra.
Wild animals are associated with various environments 
(wildlife and captivity) and express a variety of 
behaviors in specific conditions. A previous study 
refers trauma as the second leading cause of death in 
three different Italian zoos, which may occur because 
of fights with conspecifics (Scaglione et al., 2019). 
However, circumstances underlying trauma can be 
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complex, and the causes of death can effectively be 
multifactorial, so the real context is rarely unveiled.
Preventive medicine plays an important role to protect 
the health of captive animals and the information 
retained from postmortem examination can help future 
healthcare decisions in living animals (Scaglione et 
al., 2019). Even though similarities between captive 
zebras and domestic equids can be found, the literature 
concerning zebras, their reproduction, and neonatal 
period is still scarce, which reinforces the need to build 
knowledge and report cases regarding these animals.
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