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ABSTRACT

Case history: Necropsies on Toggenburg goats culled from a small farm in the Manawata
district of New Zealand, performed at Massey University (Palmerston North, NZ) over a
period of 29 years (1991-2019), revealed soft tissue mineralisation, particularly of
cardiovascular tissues. The farm spans 10 acres and runs between 15 and 30 Toggenburg
goats. The goats are predominantly on pasture comprising a variety of types.

Pathological findings: Necropsies were performed on all adult goats (n = 45) that died or were
euthanised. Histopathology was performed on 42 goats (93%), of which 33 (73%) included
sufficient tissues diagnostically relevant to soft tissue mineralisation. The most significant
gross findings were in various arteries, with the aorta most commonly affected, followed by
the heart and lungs. The aortic intima showed prominent, multifocal to coalescing, raised,
wrinkled, white plaques. Microscopically there were multiphasic lesions of mineralisation,
chondroid, and osseous metaplasia in the elastic arteries, aorta, heart and lungs. A lumbar
vertebra from one goat had prominent, basophilic, fibrillar, tangled matrix lining Haversian
canals and lamellae.

Laboratory findings: Blood samples were collected from 15 adult goats in the affected herd
and from 10 adult Toggenburg goats from an unaffected herd. Samples were collected by
jugular venipuncture at 2-month intervals for 12 months (April 2018-March 2019).
Concentrations of calcium, phosphorus, 25-hydroxyvitamin D, and Dz (250HD,, 250HD3) in
serum were analysed. The concentration of total 250HD in serum was 34.2 (95% Cl=18.9-
49.4) nmol/L (p <0.001) higher in goats from the affected herd than in goats from the
unaffected herd. Serum 250HD, concentration was 46.2 (95% Cl=39.2-53.2) nmol/L higher
(p<0.001) in goats from the affected herd compared to the unaffected herd. Serum Ca
concentrations in affected goats were 0.101 (95% Cl =0.005-0.196) mmol/L higher (p = 0.039)
than unaffected goats, but remained within the reference range. There was no evidence of a
difference in serum 250HD; and P concentration between the herds.

Vegetation survey: All paddocks on the property were surveyed every 2 months along evenly
spaced line transects, and then further traversed perpendicularly to form a grid. No known
calcinogenic species were identified. Known plant sources of vitamin D identified on the farm
included mushrooms (species not defined), Dactylis glomerata, lichen, pine pollen, and algae.

Diagnosis: Soft tissue mineralisation and enzootic calcinosis.

Clinical relevance: Veterinarians are alerted to the possibility of either enzootic calcinosis in
goats and the potential occurrence of calcinogenic plants in New Zealand; or chronic vitamin
D toxicosis of non-plant origin.

Abbreviations: 1,25(0H),D5: 1,25-dihydroxyvitamin Ds; 250HD3: 25-hydroxyvitamin Ds;
250HD,: 25-hydroxyvitamin D,; Total 250HD: 25-hydroxyvitamin D, and Dz; LC-MS/MS:
Liquid chromatography-tandem mass spectrometry
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Introduction

Soft tissue mineralisation secondary to metastatic miner-
alisation can occur in a number of different species.
Potential causes of metastatic mineralisation include:
granulomatous disease resulting in activated macro-
phages (which can produce 1,25-dihydroxyvitamin D)
(Lopez et al. 2021), neoplasia producing calcinogenic
compounds, chronic kidney disease, and vitamin D toxi-
cosis (Miller et al. 2022). Additionally, an inherited

disorder of arterial calcification should be considered as
a cause of widespread vascular mineralisation.

Enzootic calcinosis is a syndrome of extensive min-
eralisation of soft tissues in grazing animals caused by
the ingestion of plants that contain increased concen-
trations of vitamin D, in particular 1,25-dihydroxyvita-
min D (active form) which may be in the form of
glycosides (Japelt and Jakobsen 2013; Machado et al.
2020a). Plants known to contain these vitamin D
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compounds include members of the Solanaceae and
Poaceae (Riet-Correa et al. 2023). Three species
known to have calcinogenic properties have been
identified in New Zealand: Trisetum flavescens (three
plants are catalogued), Solanum torvum (a single speci-
men identified several years ago in Auckland) and Nier-
embergia rivularis syn. repens (identified in Wairarapa,
Whanganui and Christchurch) (Anonymous 2013). Fur-
thermore, outbreaks of enzootic calcinosis with
unknown aetiology have occurred worldwide
(Machado et al. 2020a).

Animals affected by enzootic calcinosis develop
anorexia, emaciation, and stiffness (Machado et al.
2020a). They may become recumbent and have
difficulty rising. Those with severe cardiovascular min-
eralisation may develop dyspnoea, cardiac arrhythmia
and pulmonary oedema. On post-mortem examination
affected animals have mineralisation of the elastic and
muscular arteries, the heart (particularly the left side)
and lungs, along with nephrocalcinosis. Some
animals have tendon mineralisation and osteopetrosis.
Mineralisation of medium and large-sized arteries is
considered to be the hallmark of enzootic calcinosis
(Machado et al. 2020a).

Necropsies on Toggenburg goats culled from a
small farm in the Manawatid district of New
Zealand have been performed at Massey University
(Palmerston North, NZ) over a period of 29 years
(1991-2019). These have revealed soft tissue miner-
alisation, particularly of cardiovascular tissues con-
sistent with enzootic calcinosis. This report
describes an investigation into enzootic calcinosis
in this herd, including macroscopic and microscopic
findings, assessments of serum Ca, phosphorus (P)
and 25-hydroxyvitamin D concentrations within the
herd, and the presence of sources of vitamin D
such as calcinogenic plants on the farm. While
enzootic calcinosis occurs around the world, this is
the first report of an enzootic calcinosis-type syn-
drome in New Zealand.

Case history and clinical findings

All goats (n =45, age 4-16 years) selected for culling
from a small dairy goat farm in the Manawati district
during the period 1991-2019 were subjected to
euthanasia and necropsy at the Massey University
School of Veterinary Science (Palmerston North, NZ).
Animals were necropsied after they died or were
culled due to a variety of clinical signs, most com-
monly ill thrift, scouring or advanced age. Only one
animal presented with lameness, and none with
severe cachexia.

The farm runs between 15 and 30 Toggenburg
goats, of which bucks or wethers comprise 20% of
the herd, the remainder being lactating females and

their offspring. Full details on farm characteristics, veg-
etation information, supplementary feeding and treat-
ments, fertiliser application and pest control are
included in Supplementary Information 1.

Pathological findings

A retrospective study of gross and microscopic
necropsy reports (n=45) was performed, and all
glass slides retrieved (n=42) and examined under
light microscopy by author SEB. Tissues had been
fixed in 10% neutral buffered formalin for>
24 hours, processed, embedded, and sectioned at
4 uym. All sections had been stained with H&E, and
selected sections with Von Kossa stain for calcium,
Masson’s trichrome stain for collagen and smooth
muscle, Alcian blue pH 2.5 and periodic acid-Schiff
stain for mucopolysaccharides, and Verhoeff-Van
Gieson stain for elastin.

In the absence of a grossly visible soft tissue miner-
alisation, sufficient tissues had been sampled from 33
goats to allow for microscopic assessment of soft
tissue mineralisation (i.e. lung, heart, aorta, kidney, gas-
trointestinal tract, thyroid, parathyroid gland). A
description of the spectrum of histopathological
findings was compiled for each organ. Cases were
classified as either affected or not-affected by mineral-
isation, and affected or not-affected by osseous and
chondroid metaplasia, and animals with mineralisation
and/or osseous and chondroid metaplasia were con-
sidered to have enzootic calcinosis.

In total, 35 animals had either a macroscopic diag-
nosis of soft tissue mineralisation made at necropsy
(n=25) and/or had sufficient tissues sampled to
allow a microscopic diagnosis of soft tissue mineralis-
ation (n=33). Overall, 32/35 (91%) goats were
affected by mineralisation. Macroscopic lesions were
present in 25/32 (78%) affected goats, while the
remaining seven goats had microscopic lesions only.
Peaks in numbers of affected goats necropsied
occurred in 2003 and 2012. The mean lifespan of
affected goats (7 male, 25 female) was 9.9 (min 4,
max 16) years, while for non-affected goats (1 male,
2 female) it was 7.7 (min 7, max 8) years.

The most common gross findings were in various
arteries, with the aorta most commonly affected
(Figure 1a), followed by the heart (Figure 1b), and
lungs (Figure 1c). The aortic intima showed prominent,
multifocal to coalescing, raised, wrinkled, white
plaques (Figure 1a). In severe cases the aortic wall
was diffusely thickened and rigid. Variably, the
carotid, brachial, coronary and mesenteric arteries
were rigid and brittle. In mild cases, plaques were
restricted to the distal abdominal aorta, in some
cases to foci less than 2 cm in diameter. Microscopi-
cally there were multiphasic lesions of mineralisation,



Figure 1. Photographs of tissues from a 13-year-old female
Toggenburg goat with soft tissue mineralisation showing a)
thoracic aorta with raised, white intimal plaques; b) heart
with white mineralised plaques on the aorta, left atrioventricu-
lar valves and aortic outflow tract; and c) lung with raised, firm,
mineralised nodules.

chondroid, and osseous metaplasia in the elastic
arteries and aorta (Figure 2a and b). Microscopic evi-
dence of mineral was also present in abomasal
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muscular arteries, atrioventricular valves and atria of
the heart, coronary arteries, and hilar and arcuate
arteries and arterioles of the kidney.

In the heart, there were multifocal, 1-3-mm firm,
gritty nodules on the aortic valve semilunar cusps, or
the left atrioventricular valve leaflets and chordae ten-
dineae (Figure 1b). The right atrioventricular valve was
only sporadically involved, and the pulmonary valve
was spared.

In the lung, mineralisation of the dorsocaudal
lungs was evident macroscopically in 8/32
affected goats and comprised numerous (10-50)
gritty, pink-white, 1-10-mm nodules, which coa-
lesced to form irregularly stellate concretions of
mineralised parenchyma up to 4x5x15cm
(Figure 1c). Microscopically, in the lung, the alveo-
lar septa, peribronchial interstitium, and tunica
media of large vessels were multifocally expanded
by amorphous basophilic granular mineral, which
stained positively with Von Kossa for Ca. Multifo-
cally alveolar septa were expanded by osteoid
(osseous metaplasia) (Figure 2c and d). Chondroid
metaplasia was infrequent.

Figure 2. Photomicrographs of tissues from Toggenburg goats with soft tissue mineralisation. a) Mineralisation of small muscular
artery in the abomasal submucosa in an 11-year-old female goat (H&E; bar = 100 um). b) Osteochondroid metaplasia of aorta with
osteoid in areas where vessels have infiltrated mineralised foci in a 6-year-old male goat (H&E; bar =400 pum). c) Extensive baso-
philic amorphous mineral and early osseous metaplasia expanding alveolar septa of the lung in an 11-year-old female goat (H&E;
bar =400 pum). d) The presence of mineral in alveolar septa is highlighted by Von Kossa stain showing a honeycomb arrangement

in a 9-year-old male goat (bar =200 um).
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Figure 3. Photomicrographs of sections of bone from a
lumbar vertebra of a 13-year-old female Toggenburg goat
with soft tissue mineralisation showing abnormal basophilic
floccular matrix lining a) bone lamellae and b) osteons (H&E;
bar 100 um).

The kidneys were macroscopically unremarkable
but microscopically, mineral expanded the renal inter-
stitium, lined tubular basement membranes and
replaced tubular epithelial cells. In the medulla and
at the corticomedullary junction tubular lumina also
contained mineral.

There was no microscopic evidence of hyperplasia
in the internal parathyroid gland or of C-cells in the
thyroid gland. The parathyroid glands were small or
normal-sized.

There was no macroscopic mineralisation of muscu-
loskeletal tissues, or osteosclerosis. Bone was micro-
scopically examined in four goats. A lumbar vertebra
from one goat had prominent, basophilic, fibrillar,
tangled matrix lining Haversian canals and lamellae
consistent with chronic vitamin D toxicosis (Figure 3a
and b). In this goat, rare osteoclasts were present.
However, there was no evidence of osteocyte necrosis,
or trabecular sclerosis.

Laboratory findings

Blood samples were collected from 25 adult goats. The
sampled animals were from two different herds. The
first group were from the affected herd described

above with soft tissue mineralisation, and comprised
15 adult Toggenburg does (n=13) and wethers (n =
2). Lactating does within the affected herd (n=3)
received goat pellets (Reliance Goat Performance,
Reliance Feeds, Rolleston, NZ) providing approximately
2 pg/goat/day (80 IU) of vitamin D (unspecified as to
vitamin D, or Ds). The second group was a herd of 10
Toggenburg goats with no history of soft tissue miner-
alisation (unaffected herd), comprising does (n = 7) and
bucks (n=3), from a small herd in the same region,
reared in full sunshine but with access to shade and
fed ad libitum pasture and a salt lick with no added
vitamin supplementation. During the period of
sampling there were three lactating does in the
unaffected herd. This herd was chosen for comparison
due to being the same breed, having a similar sex distri-
bution, and living in the same area, in a similar farm
environment to the herd with soft tissue mineralisation.
The mean age of goats in the unaffected herd was 4
(min 1, max 11) years, and in the affected herd with
soft tissue mineralisation was 4.8 (min 1, max 9) years.

Blood was collected from all 25 goats by jugular
venipuncture into 10-mL plain vacutainer tubes (BD,
Plymouth, UK) at 2-monthly intervals for 12 months
(April 2018-March 2019). Serum was separated by cen-
trifugation at 3500 g for 15 minutes within 5 hours of
collection and transferred to 1.5-mL tubes for storage
at —20°C until further analysis. All procedures involving
animals were approved by the Massey University
Animal Ethics Committee (protocol 17/24).

Serum 25-hydroxyvitamin D, (250HD,) and 25-
hydroxyvitamin D3 (250HDs3) concentrations were
measured using isotope-dilution liquid chromato-
graphy-tandem mass spectrometry (LC-MS/MS) at Can-
terbury Health Laboratories (Christchurch, NZ). Assays
conducted by this laboratory have a lower quantifiable
limit for 250HD, and 250HD; concentration of
4 nmol/L, and limit of detection of 1 nmol/L. Serum
phosphorus and total Ca concentrations were
measured using a Roche Hitachi 911 chemistry analy-
ser (Roche Diagnostics, Indianapolis, IN, USA) at
IDEXX/New Zealand Veterinary Pathology (Palmerston
North, NZ).

Statistical analyses were performed using Rstudio (R
Foundation for Statistical Computing, Vienna, Austria)
with the ggplot2 (Wickham 2016) package for plots
and the Ime4 package (Bates et al. 2015) for the
model. Serum concentrations of total Ca, P, 250HD,,
250HD;3 and total 250HD were expressed as absolute
values and plotted per sample month.

A linear mixed effects model was developed for
each serum analyte (Ca, P, total 250HD, 250HD, and
250HD3) to analyse the relationship between each
analyte and class (affected vs. control goats). For
each analyte, the level analyte; for goat i during
month j was modelled allowing average levels to
differ by month (May, July, September, November,



January, March) and class; (affected vs. control), and
accounting for goat variation via a random effect goat;.

mean(analyte;) = month; + class; 4 goat;

All models were repeated in a reduced form that
excluded the fixed effect of class (affected vs. control)
and compared with their original by likelihood ratio
testing with ANOVA to obtain p-values, and thus deter-
mine whether there was a significant difference result-
ing from class (affected vs. control).

The model showed that the total serum 250HD con-
centration from goats in the affected herd with soft
tissue mineralisation was 34.2 (95% Cl=18.9-49.4)
nmol/L greater (p <0.001) than in goats from the
unaffected herd, when controlling for the month of
sampling. Similarly, serum 250HD, concentration was
also higher (p <0.001) in the goats from the affected
herd compared with goats from the unaffected herd
by 46.2 (95% Cl =39.2-53.2) nmol/L. However, no evi-
dence for a difference in serum 250HD; concen-
trations was found (95% Cl=-1.77 to 25.8 nmol/L;
p=0.084) (Figure 4). Although the means of total
serum calcium concentrations in goats from the
herds with and without soft tissue mineralisation
remained within the laboratory reference interval
(2.0-2.52 mmol/L), serum Ca concentrations were
0.101 (95% CI=0.005-0.196) mmol/L higher (p=
0.039) in goats from the affected herd compared
with goats from the unaffected herd. There was no evi-
dence for a difference in serum P concentration
between goats in the two herds (95% Cl for difference
between herds =—0.056 to 0.682 mmol/L; p =0.092).

120
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Vegetation survey

Pasture, shrubs and trees on the property were sur-
veyed every 2 months during the year of blood
sampling along evenly spaced line transects through
all paddocks at even widths, which were further tra-
versed perpendicularly to form a grid array. The prop-
erty was assessed for the following known
calcinogenic plants: T. flavescens, S. glaucophyllum,
Cestrum diurnum, N. veitchii, N. rivularis; any plant
sharing these genera; and other plants known to
contain vitamin D (mushrooms, lichen, algae, cocks-
foot (Dactylis glomerata), capsicum (Capsicum
anuum)). Grass specimens were sent to the Allan Her-
barium (Manaaki Whenua - Landcare Research,
Lincoln, NZ) and the Dame Ella Campbell Herbarium
(Massey University, Palmerston North, NZ) for identifi-
cation. Exclosure cages were placed in three paddocks
for 12 months to permit seed-head maturation for
grass species identification. A vegetation survey of all
identified grasses, weeds, shrubs and trees and their
location was compiled (see Supplementary Table 1).

No known calcinogenic species were identified.
Known plant sources of vitamin D identified on the
farm included mushrooms (Laccaria sp., Cortinarius
sp. and Leucoagaricus sp.) in March-May; cocksfoot
(D. glomerata) and lichen (probable Cladina sp.) year
round; and pine pollen (Pinus radiata) and algae
(species unidentified) in July.

Discussion

The main finding in this study was mineralisation of the
aorta, heart valves and blood vessels throughout the
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Figure 4. Graph of absolute values for concentrations of (a) 25-hydroxyvitamin D, (250HD,; nmol/L), (b) 25-hydroxyvitamin D3
(250HDs3; nmol/L), (c) 25-hydroxyvitamin total D, and D3 (250HD total; nmol/L), (d) calcium (Ca; mmol/L), and e) phosphorus (P;
mmol/L) in serum between April 2018 and March 2019 for goats from a herd affected by soft tissue mineralisation (n = 15; grey
solid line), and an unaffected herd (n = 10; grey dotted line). Overlaid are the results of the linear mixed effects model for affected
goats (black solid line) and unaffected goats (black dashed line), with the grey shading indicating the 95% Cl. (f) Graph of monthly
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body with macroscopic and microscopic lesions con-
sistent with published reports of enzootic calcinosis,
albeit at the mild end of the spectrum. This New
Zealand goat herd had only a single case of lameness
accompanied by musculoskeletal mineralisation, and
no cachexia, whereas these are the predominant clini-
cal signs observed in severe enzootic calcinosis out-
breaks overseas (Krook et al. 1975; Braun et al. 2000;
Gufler et al. 2005). However, other studies do report
more subtle clinical signs, such as decreased body
weight, stiffness and decreased reproductive perform-
ance with vascular mineralisation (Schild et al. 2021),
which are more comparable to the findings in this
case series.

The low severity of soft tissue mineralisation in this
herd, the small herd size and small genetic pool of Tog-
genburg goats in New Zealand make a hereditary dis-
order of cardiovascular calcification a possible cause
(Rutsch et al. 2021). However, with soft tissue mineral-
isation identified in 91% of goats analysed by histo-
pathology between 1991 and 2019, this is a higher
prevalence than would be expected for a genetic
disease, even with autosomal dominant inheritance
(Dittmer & Thompson 2015).

In the absence of an obvious genetic cause the most
likely cause of the soft tissue mineralisation is enzootic
calcinosis due to ingestion of a toxic plant containing a
form of vitamin D. The milder disease seen in these
goats compared with much of the disease described
in the literature could hypothetically result from
either a smaller magnitude spike of hypercalcaemia,
a shorter duration of hypercalcaemia, or both. Low-
magnitude hypercalcaemia could result from ingesting
small quantities of plant due to sparse growth on the
farm, low-level hay contamination, or low calcinogenic
potency of the offending plant, whereas a short dur-
ation of hypercalcaemia could be more consistent
with contamination of purchased hay, a short plant-
growth season, or toxicity of a particular life-stage
(e.g. flowering). Experimental intoxication of cattle
with S. malacoxylon (syn. S. glaucophyllum), adminis-
tered as either multiple small doses or a single high
dose, resulted in similar lesions (Done et al. 1976).
Additionally, N. veitchii is considered to be 32-78
times less toxic than S. malacoxylon (syn
S. glaucophyllum), and sheep and cattle fed
N. rivularis have lesions similar to those described in
the goats in this case series (Garcia y Santos et al.
2012; Schild et al. 2021).

Compared with goats from the unaffected herd,
those in the affected herd had significantly increased
concentrations of total 250HD, 250HD,, and total Ca;
however, the Ca concentration remained within the
reference range. Three aspects of the results warrant
consideration. The first is whether the finding that
serum Ca and P concentrations were within the refer-
ence range in affected animals excludes the possibility

of vitamin D intoxication. The second is whether the
total serum 250HD concentration in the present
study constitutes toxic concentrations. Finally, how
does the finding of high serum 250HD, concentration
in the present study affect which plants are identified
as candidates for the cause of vitamin D intoxication
in this herd, given that previous studies have attribu-
ted enzootic calcinosis to plants containing one of, or
a combination of, vitamin Ds, 250HD; or 1,25-dihy-
droxyvitamin Ds (1,25(0OH),Ds) glycosides but not
vitamin D, (Machado et al. 2020a)?

In this study, mean serum Ca and P concentrations in
the affected goats remained within the laboratory refer-
ence ranges, which raises concern over the physiologi-
cal significance of the increased total 250HD
concentration in serum. However, given the infre-
quency of blood sampling, changes in serum Ca and P
concentrations may not have been detected if they
were transient. The half-life of vitamin D is up to 2
months (Jones 2008; Cusano, et al. 2018), that of
250HD is 15-20 days (Jones 2008) and 4-15 hours for
1,25(0OH),D (Gattineni et al. 2011; Cusano et al. 2018).
If ingestion of the calcinogenic plant was sporadic,
the resulting short period of hypercalcaemia could
easily have been missed due to the blood sampling
interval. Additionally, if the calcinogenic principle was
1,25(0H),D, this would not be detected by serum
250HD assays regardless of timing of sampling. Unfor-
tunately, serum 1,25(0H),D analysis is not available
in New Zealand, and given the short half-life it is unli-
kely to have been of diagnostic assistance in this case
series.

While hypercalcaemia and hyperphosphataemia are
the hallmarks of vitamin D toxicosis on serum biochemis-
try, in published cases of naturally occurring enzootic cal-
cinosis serum Ca and P concentrations are only reported
sporadically, and of those that do, many animals with
severe mineralisation have normal serum Ca and P con-
centrations at presentation, or a normal mean herd Ca
concentration in serum is reported (Gill et al. 1976;
Gufler et al. 1999, 2005). As such, some authors suggest
that the absence of hypercalcaemia and/or hyperpho-
sphataemia does not rule out a diagnosis of enzootic cal-
cinosis (Machado et al. 2020b). Additionally, rapid
normalisation of increased Ca and P concentrations
after cessation of grazing S. glaucophyllum occurs
within 48-72 hours in cattle (Worker and Carrillo 1967),
and 1 week in goats (Gotardo et al. 2014), and so hyper-
calcaemia and hyperphosphataemia may simply reflect
recent ingestion of the toxic principle (Machado et al.
2020b). In fact, a recent paper has suggested that the
1,25(0H),D3 glycoside binds to vitamin D receptors on
vascular smooth muscle cells resulting in a change in
cell type to one that produces an extracellular matrix
that can undergo mineralisation and subsequently for-
mation of bone and cartilage (Machado et al. 2022); as
such, the serum Ca and P concentrations may be a clinical



sign of poisoning rather than a cause of the soft tissue
mineralisation.

The safe upper limit for serum 250HD concen-
trations in goats is not clear. Published values vary
markedly between serum assay methods (Holick et al.
2011), particularly between radioimmunoassay and
LC-MS/MS, making comparisons difficult. The highest
total 250HD concentration reported in serum of
healthy goats is 261 nmol/L (herd range 117-
261 nmol/L) in a pasture-fed goat at altitude, during
summer, measured by LC-MS/MS (Kohler et al. 2013).
Concentration of total 250HD in serum of affected
goats in the current study exceeded the previously
reported upper normal maximum (261 nmol/L)
reported by Kohler et al. (2013) on only one occasion.
This suggests that the serum total 250HD concen-
trations in these goats may not be toxic, but further
work is required to confirm this.

The affected herd in this study had increased serum
250HD, concentrations compared with the unaffected
herd. Significant vitamin D, is present in good-quality
hay (Japelt and Jakobsen 2013), and the affected herd
had a greater hay intake compared with the unaffected
goats, which may explain the greater serum 250HD,
concentrations. However, as a similar proportion of
hay is commonly included in production animal
rations, the increased 250HD, concentration is unlikely
to be the cause of the soft tissue mineralisation. The
goats from the unaffected herd had similar 250HDs
concentrations to the affected herd, suggesting a
250HD; plant toxin is unlikely. As such, given excessive
250HD of any form is an unlikely cause of the soft
tissue mineralisation, an undetected plant containing
1,25(0H),D5 as the toxic principle is the most likely
cause of enzootic calcinosis in these goats.

One of the limitations of this study is the small sample
size of animals sampled for blood analysis of vitamin D
metabolites, Ca and P, which impacted power of the stat-
istical analysis. Additionally, sampling was not random; all
animals on the farm with no soft tissue mineralisation
were sampled. And, while the number of males,
females, lactating and pregnant animals were similar
between the herds it is possible that these and other
differences between the farms may have contributed to
differences in the analytes. Further limiting these results
is that the affected animals are from a single herd and
the unaffected animals are from a single, different herd.
As such, any differences could be due to farm, rather
than disease status.

In conclusion, goats from a farm in the Manawatu
District were diagnosed with enzootic calcinosis. This
disease affects animals insidiously and in most cases
is due to ingestion of a plant containing 1,25(0H),D3
glycosides, as is likely to be the case in these goats.
Unfortunately, the toxic plant could not be deter-
mined, and additional studies are required to deter-
mine the cause.
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