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Trace mineral and vitamin deficiencies / imbalances are sig
nificant contributors to foetal, neonatal and postnatal losses, 
as well as having important impacts on reproductive per
formance in cattle and small ruminants. Micronutrient im
balances are also emerging disease factors in the mushrooming 
wildlife farming industry as intensification gains momentum. 
The major effects of micronutrient deficiencies / imbalances 
in the perinatal period include degenerative musculoskele  tal 
disorder, immunesuppression and endocrine disruptive 
effects with resultant abortion, stillbirth or neonatal death. 
Vitamin A, vitamin E, iodine, selenium, copper, iron, zinc and 
man ganese are the micronutrients most commonly associated 
with perinatal losses. 
Damage, perinatal age, supplementation 
history, soil composition, pasture type / 
total mixed ration constitution, geo
graphic location, potential for colos
trum ingestion and water quality are all 
significant contributing factors to the 
micronutrient status of the foetus / 
neonate.
Liver samples collected during post
mor tem examinations of aborted foe
tuses, stillbirths or neonatal deaths can 
be used to establish the micronutrient 
status of the animal. Such analyses 
allow for investigation of the potential 
role of trace mineral and vitamin 
nutrition in the disease process. There 
are major shifts in micronutrient uptake 
and metabolism from the foetal period, 
at birth and through the first few weeks 
of life. Therefore, normal reference 
ranges vary during these periods and 
this is important to remember when 
interpreting the laboratory data to 
ensure the correct deductions are made.

Indicator Gross Pathology
When examining aborted foetuses, still
births and neonatal deaths, there are 
certain indicator lesions that may allude 
to underlying micronutrient issues. 
These include:
• Features of foetal heart failure – asci

tes, anasarca, hydropericardium, car

 diac dilatation, pulmonary oedema, 
hepatic cyanotic induration. The vol
ume of ascitic fluid within the perito
neal cavity often results in visible ab
dominal distention. Cardiac ventricu
lar dilation is usually bilateral with 
thickening of the ventricular walls 
sometimes present. Marked pulmo
nary oedema with prominent inter
lobular septae. Liver is enlarged with 
diffuse, fine to course nodularity of 
the surface and accentuated lobular 
pattern on cut surfaces (Fig 1, 2, 3 
& 4).

• Musculoskeletal degeneration and 
ske  letal deformities – skeletal muscle 
(major muscle groups in hind 
quarters, dia phragm, tongue, oeso
phagus, myo  car dium, intercostal) are 
the muscle groups most commonly 
affected. Suckling animals (neonates) 
fre  quent ly have lesions in the highly 
active tongue and neck muscles as 
well as diaphragm and intercostals 
muscles. In aborted foetuses and still
births the myocardium is the primary 
site for lesions. Arthrogryposis, lor
dosis and scoliosis are the skeletal 
abnormality most commonly asso
ciated with micronutrient deficien 
cies (Fig 5, 6, 7 & 8).

• Thyroid goitre – enlarged thyroid 
glands (hyperplastic goitre) in late
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Fig 3: Bovine foetus – enlarged heart, pulmonary 
oedema and hepatic cyanotic induration with 

cobblestoned appearance to the liver

Fig 1: Cardiac failure foetus

Fig 2: Selenium-deficiency cardiomyopathy
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stage abortions, stillbirths, 
perinatal deaths or weak neo
nates suggest potential issues 
with deficiencies of iodine, se
lenium, and / or vitamin E. 
(Fig 9 & 10).

• Thymic atrophy – lymphoid 
depletion of the thymus, lym
phnodes and gutassociated 
lymphoid tissues are features 
which have been observed 
with zinc and copper deficien
cy (Fig 11).

• Inutero growth retardation (IUGR)  
these aborted faetuses / stillbirths and 
neonates typically have short, broad 
heads with bulging forehead, retruded 
upper jaw and a slight ly pro truding 
mandible. The basiphenoid bone fre
quently protrudes due to premature 
closure of the synchondroses. In          
bovines the ratio of the metacarpal 
length: diameter is a useful method to 
dis tinguish between chondrodysplastic 
dwarfs, IUGR foetuses and normally 
developed foetuses. In true dwarfs this 
ratio is <4. while ratios of >4.5 are con
sidered normal. IUGR have ratios of 
44.5 (Fig 12).

• Hydrocephalus – hypovitaminosis A
induced epithelial changes in the 
arachnoid villi interfere with the flow 
of cerebrospinal fluid through the ven
tricular system resulting in increased 

intracranial pressure and 
the development of hy
drocephalus and cere
bellar herniation (Fig 13).
Correlation of micro
nutrient levels to 
pathological findings
1.  Selenium
Selenium has the ability 
to cross the placenta in 
both cattle and small ru
minants to be sequestered 
in the foetal liver, even 
with low availability in 
the dam. Therefore, nor
mal selenium reference 
ranges are significantly 

higher in the foetus / stillborn com
pared to the adult (up to double the 
adult range). 
Similarly, normal neonatal liver sele
nium levels are also significantly 
higher than in adults. However, there 
is no association between liver con
centrations in neonates and whether 
the herd uses selenium injections in 
newborns or whether there is seleni
um supplementation of the herd.
2.  Copper
The liver is the primary storage 
organ for copper and is considered 
the best indicator of copper status.      
A liver store of copper in the foetus 
is im portant to meet postnatal             
re quirements as bovine milk is           
low in copper. In the perinatal        
period copper deficiency has been                     

Fig 6: Bovine neonate diaphragm revealing pale streaking due to myofibre 
necrosis and replacement fibrosis

Fig 7: Bovine neonate thoracic wall revealing necrosis of intercostal 
muscles

Fig 8: Bovine foetus heart: multifocal myocardial 
haemorrhages with pale streaking of the 

myocardium due to necrosis

Fig 9: Thyroid gland, bovine foetus: Hyperplastic 
goitre

Top: Fig 4: Goat 
neonate: hepatic 

cyanotic induration 
due to heart failure

Left: Fig 5: Bovine 
foetus skeletal muscle 
(gluteus muscle), pale 
streaking due to 
myofibre necrosis
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asso ciated with immunodeficiency,     
anae mia, musculoskeletal degene ra 
tion, skeletal abnormalities, inutero 
growth retardation and hypomylino
gene sis.
3.  Zinc
Analysis of liver for zinc can reflect 
zinc deficiency but is not a reliable 
tissue for zinc adequacy. Calf liver 
zinc levels are significantly higher in 
animals originating from herds that 
supplemented trace minerals com
pared to those that do not. Clinical 
syndromes observed in zincdeficient 
neonates include stiff gait and 
swelling of the distal extremities, 
parakeratosis and deformed hooves.
4.  Manganese
Foetal liver levels are below normal 
and only reach normal levels when 
the calf gets to 23 weeks of age. 
Musculoskeletal degeneration and 
skeletal abnormalities are associated 
with manganese deficiency.
5.  Iron 
Excess dietary iron can induce iron 
overload disorders as well as inter
fering with copper absorption. 
Pathology is characterised by accu
mulation of iron pigments pre
dominantly in the liver associated 
with hepatic degeneration and 
necrosis.
6.  Vitamin A
Calves, lambs and kids are born with 
very limited vitamin A stores and 
must get most of their vitamin A from 
colostrum ingestion. Low levels of 
vitamin A in neonates suggest that 
death has occurred prior to colostrum 
ingestion or colostrum is of poor 
quality due to cows having depleted 
stores of vitamin A. Pathology 
associated with vitamin A deficiency 
includes retinal dysplasia, hydro
cephalus with cerebellar herniation, 
defects in bone growth and defects in 
growth and differentiation of epi
thelial tissues.
Green feed is the major source of 
vitamin A and cattle build up body 
stores while grazing on pastures 
during summer. These stores begin to 
deplete within 23 months of moving 
into winter. Another important factor 
is that vitamin A is not stable in 
stored feed (hay, silage, etc.) and can 
be depleted by up to 50% within a 

year. Animals originating from herds 
supplementing micronutrients have 
significantly higher vitamin A levels.
7.  Vitamin E
The foetus relies on colostrum for the 
transfer of vitamin E from the dam to 
the neonate because there is limited 
placental transfer. Vitamin E levels 
decline in the liver during pregnancy. 
Unlike vitamin A, longterm hepatic 
storage of vitamin E does not occur 
and liver levels of vitamin E are a 
measure of recent uptake. Green 
grass is an important source of Vita
min E for grazing ruminants.
8.  Iodine
Historically this condition has been 
linked to livestock being farmed in 
iodinedeficient areas. Supplementa
tion of iodine through the use of 
iodised salt (sea salt) in licks is used 
extensively in these areas to control 
this condition. Problems frequently 
arise when the sea salt source in the 
lick is replaced with pan salt (low 
iodine content). Goitrogenic com
pounds, as found in Brassica spp and 
certain pharmacological agents (sul
phonamides, thiouracil), can also 
induce congenital hyperplastic goitre 
in foetuses when dams are exposed. 
Iodine deficiency can also be induced 
by ingestion of antithyroid com
pounds present in animal feeds. Par
ti cularly important in this regard is 
prolonged lowlevel exposure to the 
cyanates / prussic acidcontaining 
plants (Trifolium spp, Cynodon spp, 
linseed meal, etc.), which function 
via inhibiting iodine trapping.  
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Fig 10: Bovine foetus: hyperplastic goitre and 
hypertrophic cardiomyopathy. These lesions are 
frequently encountered together in micronutrient 

deficiencies

Fig 11: Bovine foetus: thymic haemorrhage

Fig 12: Bovine foetus with inutero growth 
retardation showing bulging of the forehead, 

retrusion of the maxilla and slightly protruding 
mandible

Fig 13: Goat with hydrocephalus and cerebellar 
herniation (arrow)
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Multiplechoice questions
 (Choose one answer)
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SAVC Accreditation Code: AC/1265/14. To answer  the questions visit www.sava.co.za and log into the members 
section. Click on CPD and log in.  VetCPD web system code: a89455 for this article.

Question 1  Which of the following factors would not be 
considered a major effect of micronutrient deficiencies in 
neonatal ruminants?
A. Musculoskeletal degeneration
B. Immunosuppression
C. Abortions
D. Stillbirths
E. Neoplasia

Question 2  Which of the following micronutrient 
deficiencies are most commonly associated with perinatal 
losses in ruminants?
A. Molybdenum, cobalt
B. Selenium, vitamin E
C. Calcium, magnesium
D. Phosphorous, fluoride
E. Vanadium, cadmium

Question 3  Which visceral organ is the target organ for 
micronutrient analysis?
A. Kidney
B. Spleen
C. Heart
D. Liver
E. Lung

Question 4 Which of the following statements about 
micronutrient levels in neonates is TRUE?
A. Micronutrient uptake remains static during the perinatal period
B. Metabolism of micronutrients during the perinatal period remains 

static
C. Normal reference ranges remain static throughout the perinatal 

period
D. Normal reference ranges vary during the perinatal period
E. Neonatal micronutrient levels are identical to adult animals

Question 5  Which of the following gross postmortem 
lesions are not usually associated with foetal heart failure?
A. Splenomegaly
B. Pulmonary oedema
C. Cardiac dilatation
D. Ascites
E. Hydropericardium

Question 6  What is the prime anatomical location for 
degenerative muscle lesions in suckling neonates?
A. Muscles of the hindquarter
B. Muscles of the forequarter
C. Tongue and neck muscles
D. Myocardium
E. Vertebral column

Question 7  Thyroid goitre is associated with deficiency of 
which of the following micronutrients?
A. Calcium
B. Iodine
C. Copper
D. Manganese
E. Magnesium

Question 8  Which of the following metacarpal length : 
diameter ratios are associated with inutero growth 
retardation in bovine foetuses?
A. 4.0–4.5
B. 3.5–4.0
C. <3.5
D. 5.0–6.0
E. >6.0

Question 9  Which of the following in the primary storage 
organ for copper?
A. Perirenal fat
B. Kidney
C. Liver
D. Heart
E. Skeletal muscle

Question 10  Colostrum is the primary source of which of 
the following micronutrients for neonates?
A. Selenium
B. Copper
C. Iron
D. Manganese
E. Vitamin A


