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Abstract

From 2002 to 2007, 101 camelid abortions and stillbirths were submitted to the Veterinary
Diagnostic Laboratory at Oregon State University (84 alpacas, 13 llamas, four unknown). For
most of the cases (n=67) a cause was not determined by routine testing. Eighty-five submissions
included placenta for microscopic examination of which 55 were from abortions to unknown
causes (idiopathic). Microscopic features of placentas from abortion/stillbirth were compared
with those from 19 camelids delivered normally (six alpacas, 12 llamas, one unknown) and those
from four alpaca fetuses of known gestational age collected during the dam’s necropsy. The
most common microscopic findings in abortion/stillbirth placentas were mineralization (n=57)
and mucinous edema (n=27) of the chorioallantoic stroma. One or more of these features were
also observed in 22/23 placentas from normal pregnancies/deliveries and therefore interpreted as
incidental findings. The comparison of alpaca placentas after matching for gestational
parameters (crown rump length, weight, days of gestation; n=41) revealed hypoplasia of
placental villi in 5/22 idiopathic abortions and in one abortion due to umbilical torsion, and was
suspected in an additional six abortions of unknown and two abortions of known cause. The
identified villous hypoplasia is assumed to have resulted in placental insufficiency. When
placental insufficiency is included as cause, idiopathic abortions are reduced from 66.2% to
47.9% of alpaca cases with histopathological examination of placenta and from 66.3 to 52.5% of
alpaca and llama abortions overall. This study also permitted the generation of a linear

regression curve correlating alpaca fetal crown-rump length with fetal age.

Key words: abortion, alpaca, histopathology, llama, mineralization, mucin, placenta, villous

hypoplasia
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Annual infertility rates of alpacas and Ilamas range from 30 to 50%, with abortions and stillbirths
adding approximately 10% to reproductive losses.®” In most cases, the etiopathogenesis of
alpaca and llama abortions remains undetermined.®?**” The large percentage of idiopathic
abortions and stillbirths in New World camelids combined with the void in the current literature
on abortions and their causes in these species presents a problem for attending veterinarians and

diagnosticians,?%3"4°

and precludes the development of preventative strategies. In cattle, a
portion of idiopathic abortions may be due to abnormal genetic, hormonal, metabolic or
developmental factors, which are difficult to identify in routine diagnostic laboratory
submissions.* Placental abnormalities including placental insufficiency that may result in fetal
distress syndrome and death are commonly diagnosed causes of equine abortions and
stillbirths.***%3 As in the horse, the placenta of alpacas and llamas is epitheliochorial and
diffuse, and the maternofetal interface develops synchronously.**#®? This raises the question as
to whether microanatomic anomalies of the placenta contribute to the large percentage of
abortions with undetermined cause in alpacas and llamas. In order to objectively evaluate
placental development, accurate estimation of the gestational age is imperative. Charts
correlating gestational parameters, specifically fetal crown rump length (CRL) to gestational
fetal age, have been published for other species including cattle and horses.*** Changes in CRL
during gestational age have been described for [lamas and for early but not late gestation of

alpacas,*?*°

revealing another gap in our knowledge of camelid reproduction.
The specific aims of the study presented here were twofold. The primary purpose was to
test the hypothesis that a portion of alpaca and llama abortions currently classified as idiopathic

are due to microanatomic anomalies of the placenta similar to those seen in cases of placental

insufficiency in other species. The secondary purpose of this study was to provide a means to
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estimate fetal gestational age based on other gestational parameters, specifically fetal CRL and

fetal weight.

Materials and Methods:

Cases

Cases retrieved from the database — retrospective study. Entries in the database of the
Veterinary Diagnostic Laboratory (VDL) at Oregon State University (OSU) from 2002-2007
were analyzed to identify cases of camelid abortions and stillbirths (n=98). Further case
information was retrieved from the original submission sheets as needed. The diagnostic codes
used to identify the 98 abortions and stillbirths were: bacterial, idiopathic, nutritional, parasitic,
toxic, twinning, viral, and “other” abortions; placentitis; anomaly/congenital defect; and
dystocia.

Case submissions — prospective study. Additional cases were collected from camelid farms
to generate reference material for samples of placenta and/or gestational parameters (n=36). A
questionnaire was designed to collect measurements of the placenta (weight) and fetus (CRL,
weight and gender), gestational age at delivery, and species. The questionnaire also provided a
schematic depicting placental sites to collect for histopathology and check-off boxes to record
sample collection (gravid horn, non-gravid horn and body of the allantochorion; allantoamnion).
Cases reported as normal deliveries (n=27) were entered into the database as such. The cases
reported as abortions (n = 3) were added to the abortion cases retrieved from the VDL database.
Examination was limited to gross morphological evaluation of the fetus in one of these three

cases, whereas the other two were worked up by routine abortion screen. In addition, four
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fetoplacental units with known gestational age were collected during necropsy of the dam and

utilized as part of the cohort of normal tissues.

Gestational parameters

Gestational parameters of alpacas were collected from abortions, normal deliveries, and fetuses
harvested during necropsy of the dam when available and included gestational age provided by
the breeder (denoted as “term” or listed as days), fetal CRL (cm, measured as curved CRL), and
fetal weight (kg). Cases with and without histology samples where included. Curves were
calculated using these data to obtain a best fit model between gestational age and the other
gestational parameters measured (see Statistical analysis). Gestational parameters were used to
identify alpaca fetuses aborted at the same or a similar gestational age for evaluation and
comparison of placental development and to generate graphs correlating CRL or fetal weight

with gestational age (see Statistical analysis).

Microscopy

Microscopic evaluation was performed on all available placentas from abortion cases, normal
deliveries, and cases collected at necropsy of the dam. Of the 101 abortion cases and 27 normal
deliveries, 85 and 19 samples were available for histological examination, respectively. Multiple
samples of placenta were collected for histopathology during necropsy of four pregnant alpacas.
Placentas submitted fresh were examined grossly and samples from the gravid horn, non-gravid
horn and body of the allantochorion were collected into buffered formalin. Care was taken to not
sample the physiologically poorly villous areas of the allantochorion along the medial aspect of

the horns. When allantoamnion was available, a random sample including prominent arteries
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was collected and formalin-fixed. None of the cases included a sample of the “fourth”
membrane, a thin membrane comprising multiple layers of keratinocytes that covers the entire
fetus and whose function is undetermined. These samples and formalin-fixed placental samples
from normal deliveries collected in the field were trimmed into 3 mm by 22 mm strips and
routinely processed. If the topographic location of the sample had been recorded, sections were
arranged in the order of gravid horn, body and the non-gravid horn in the cassette to allow
identification of anatomic sites in histological preparations. Three to five micrometer sections of
paraffin-embedded placentas stained with hematoxylin and eosin (HE) were evaluated by light
microscopy by two of the authors (DLS, CVL). The quality of cellular infiltrates, deposits of
acellular material within the tissues and exudate on the placental surface or in the stroma were
described. Villus architecture was recorded in terms of villus size (length of villus in relations to
its width: short = length of villus less or equal to 2x the width of the villus, medium = length of
villus more than 2x and less than 4x the width of the villus, long = length of villus more than 4x
the width of the villus) and degree of folding and branching on a subjective scale (poor,
moderate, complex). When indicated, serial sections were stained with Alcian blue pH 2.5 stain
to demonstrate mucin, VVon Kossa stain to highlight mineralization, Prussian Blue for iron
deposits, and Gram and Periodic Acid Schiff’s (PAS) stains for identification of microorganisms.
Microanatomic and histopathological findings were recorded for all available sections of
placenta and categorized according to several microanatomic criteria as placentitis,

mineralization, mucinous edema (mucin) and villous hypoplasia.

Statistical analysis
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The program package Statsgraphics® was used to determine whether data had a normal
distribution, to calculate medians and means, and to generate plots of fitted models for the
correlation of CRL (n=45) and fetal weight (n=21) versus gestational age. The program package
was also used to calculate the correlation coefficient, r-value, standard error of the estimate, and

mean absolute value.

Results

Abortions

Of the 101 reported cases of abortions, 13 were llamas and 84 alpacas. In four cases the species
was not provided on the submission sheet. For 67 of 101 abortions (66.3%) a cause was not
identified (idiopathic abortion category).?* Among the remaining cases, the most common
causes of abortion included bacterial infections, umbilical torsion/asphyxiation, anomalies, and

placentitis without identification of a causative agent by routine abortion screen.?

Gestational parameters

One or more gestational parameter was available for 94 of 101 abortions (93%), 25 of the 27
normal deliveries (92.6%) and the four fetuses collected at necropsy of the dam, represented by
80 alpacas and 13 llamas, 10 alpacas and 15 llamas, and 4 alpacas, respectively. The animal
species was not identified on the submission sheet for one abortion for which gestational
parameters were available. The gestational age was provided by the referring veterinarians or
animal owners either on the VDL submission sheet or the questionnaire for 54 alpacas and 20
Ilamas, and one case in which the species was not identified. Estimated gestational duration of

normal deliveries ranged from 329 to 361 days for llamas (mean=344.8). Only for one normal
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alpaca delivery was the gestational duration reported in days (350 days). Reported gestational
age at time of abortions ranged from 48 to 365 days for alpacas (median = 243) and 105 to 385
days for llamas (median = 304). The range of fetal weight, provided by animal owners for
normal deliveries or recorded during necropsy at the VDL, was as follows: 0.012 to 9 kg for 26
aborted alpacas (median=4.3), 1 to 11.4 kg for five aborted llamas (median=2.5), 7.4 to 9 kg for
nine normally delivered alpacas (mean=8.29), and 8.64 to 14.5 for 16 normally delivered llamas
(median=13.18). The range of the crown rump length (CRL) in centimeters, provided by animal
owners for normal deliveries or recorded during necropsy at the VDL, was as follows: 6 to 87 for
66 aborted alpacas (median=54.5), 4.5 to 86 for ten aborted llamas (median=70.5), 47 to 66 for
seven normally delivered alpacas (mean=59.3) and 57.1 to 78.7 for 16 normally delivered Ilamas
(mean=68.8). The relationship of fetal weight and estimated gestational age follows a hyperbolic
curve (Fig. 1a). A linear relationship was identified for fetal CRL and estimated gestational age
(Fig. 1b). Calculation of the statistical significance at the 95.0% confidence level resulted in a p-
value of 0.297 and 0.657 and a correlation coefficient of 0.824 and 0.884, respectively.
Calculations based on fitted curves for the examined comparisons are as follows: Gestational age
vs. fetal weight: Gestation Age = 156.902 + 23.2697*Fetal Weight (Kg); Gestational age vs.

CRL: Gestational Age = 72.8968 + 3.60853*Crown Rump Length (cm).

Placental microanatomy and histopathology

Placenta was available for microscopic evaluation from 85 of 101 abortion cases (84.2%), 19 of
27 normal deliveries (70.4%), and all four cases collected at necropsy of the dam. Of the
histologically examined cases, 71 abortions were from alpacas (83.5%), ten from llamas (9.9%)

and four from an unspecified camelid species (4.7%), whereas six normal deliveries were from
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alpacas (31.6%), 12 from llamas (63.2%), and one from an unspecified camelid species. All four
cases collected at necropsy of the dam were alpacas. Care was taken to not sample the
physiologically hypovillous areas of the allantochorion along the medial aspect of the horns of
the placenta (Fig. 2).

Microanatomic architecture recorded for abortions ranged from simple, semicircular to
circular (balloon-shaped) placental villi without branching (Fig. 3) to short with plump short
chorionic projections (Fig. 4) to long, and intricately folded placental villi (Fig. 5). All normal
deliveries had long and intricately folded placental villi typical of term alpaca and llama
fetuses.?® In all cases with semicircular to balloon-shaped or marginally branching villi, there
was some degree or form of stromal mineralization (n=33). Mineralization presented either in
form of sickle shaped to semicircular apical mineral deposits (dubbed “mineralized caps”; Fig. 3)
or, rarely, as diffuse linear mineralization along the superficial chorionic stroma at the junction to
the trophaoblast cell layer. This second type of placental mineralization was more commonly
seen in placentas with well developed, long and slender villi with prominent ramifications in
form of linear deposits of variable thickness ranging from 1 to 100 um and was usually limited to
the apical portion of villi (n=24; Fig. 6). Both types of mineral deposits stained brown to dark
brown in von Kossa stained recuts (Fig. 7). Linear mineralization occurred either alone or in
combination with mucin deposits (edema) or, rarely, in combination with poorly developed
placental villi. Mucin was present in the chorion of most placentas either as band-like stromal
deposit of variable thickness along the basement membrane zone (Fig. 8) or as diffuse expansion
of the chorionic stroma including that of placental villi (Fig. 9). In Alcian blue stained recuts,
mucin was highlighted in the characteristic bright blue (Fig. 10). Placentitis was diagnosed in

ten of the 85 placentas available from abortions. Placentitis presented as neutrophilic to
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lymphoplasmacytic and histiocytic infiltration of the chorioallantoic stroma (Fig. 11) with or
without accumulations of neutrophils, cellular debris and/or fibrin on the placental surface and,
rarely, with short segments of trophoblast necrosis. Acute suppurative to necrotizing placentitis
was present in 4/5 cases for which an etiology was determined and 3/5 cases for which an
etiology was not determined, whereas subacute suppurative to lymphoplasmacytic inflammation
was diagnosed in one case with a known cause and two idiopathic abortion. The described
microanatomic features of placentas from abortions and stillbirths are summarized in Table 1.

Two to three sections of placenta each from 19 normal deliveries were examined. In 15
cases, allantochorion and allantoamnion were collected, in four cases allantochorion only. Of the
19 normal deliveries, one showed minimal placentitis in combination with mucin deposits; one
had segmental villous hypoplasia and diffuse mucin deposits; three showed mineralization; one
had mineralization and mucin deposits; and 13 had mucin deposits only (Table 1).

Four cases of fetal death occurred secondary to maternal death. The death of the dam of
case #1 was attributed to a perforated gastric ulcer with septic peritonitis. The male fetus had a
CRL of 55 cm and weighed 3.6 kg at an estimated gestational age of 252 d. The placenta
weighed 1 kg and showed marked mucin deposits and long broad villi with minimal to mild
branching in one section each taken from the body and gravid horn of the placenta. The
allantoamnion had multifocal squamous metaplasia. The dam of case #2 was euthanized due to
right sided heart failure and had endocarditis, suppurative bronchopneumonia, and chronic
passive congestion of the liver. Its male fetus had a CRL 69 cm and weighed 12 kg at an
estimated gestational age of 309 d. The placenta weighed 2.2 kg and villi in a section from the
body were long and intricately folded and in a section from the gravid horn long and mildly

folded. There were no other significant findings in the allantochorion or the allantoamnion. The
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dam of case #3 died of metabolic derangement with severe hepatic lipidosis and had a uterine
torsion. The male, near-term fetus had a CRL of 76.2 cm and weighed 10.9 kg. The placenta
weighed 1.82 kg. Placental villi were long, those of the body intricately folded, those of the
gravid horn long and moderately well folded. Chorionic stroma in both locations had moderate
amounts of mucin. The dam of case #4 had severe aspiration pneumonia and was euthanized.
The alpaca’s male fetus at an estimated gestational age of 300 d had a CRL of 46 cm and weight
2.75 kg. The placenta weighed 1.25 kg. On histopathology, the three sections had elongated
thick villi with plump branches and diffuse marked mucin deposits.

Additional histological findings were noted in several abortions and normal deliveries
including hemorrhage, hyperemia, pigment deposits, and amniotic plagues. Hemorrhage was
noted in placentas of 28 abortion cases and five normal deliveries. It occurred predominantly in
a mild, multifocal pattern. It was severe and diffuse in two of the abortion cases, one idiopathic
and one case of twinning. Hyperemia, mainly within capillaries of placental villi, was noted in
24 abortion cases and 17 normal deliveries. A brownish-tan pigment was noted within the
trophoblast cells of placental villi in 30 abortion cases and one normal delivery. Special stains
were not done to determine whether the pigment was hemosiderin or phagocytosed meconium.

The villus architecture of placentas from idiopathic abortions was compared to that of
age-, size- and/or weight-matched abortions with an identified cause and, when of a similar
gestational age, to placentas from four alpaca fetuses at 252, 300 or 309 d of gestation or near
term obtained during necropsy of the dam. Only placentas from alpaca abortions (n=41) were
compared as too few placentas from Ilama abortions were available. Placentas from fetuses of
up to 152 d of gestation with a CRL below 31 cm and a weight of up to 0.3 kg were from five

idiopathic and two bacterial abortions and one abortion with umbilical torsion. All eight
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placentas had only simple, balloon-shaped chorionic projections of approximately equal height
and width that lacked branching (Fig. 3). Placentas from fetuses with a CRL ranging from 31 to
42 cm, a weight ranging from 0.3 to 1.5 kg, and an estimated gestational age of 153 to 243 d
included six abortions of undetermined cause, two abortions due to twinning and one abortion
each due to umbilical torsion and bacterial infection. Placental villi from all idiopathic, the
bacterial and one twinning case were simple, short, plump chorionic projections that lacked
branching similar to those of the less mature fetuses mentioned above, whereas placentas from
one case each of umbilical torsion and twinning had plump but slightly elongate chorionic
projections with primitive ramification (Fig 4). Placentas from 11 idiopathic abortions and 12
abortions with an identified cause had a CRL of more than 43 cm, a weight of 1.5 kg or more,
and an estimated gestational age over 243 days. Five of the idiopathic and one umbilical torsion
case had primitive, short chorionic projections with minimal ramification to moderately elongate
chorionic projections with plump short branches. In contrast, placentas from all remaining
abortions in this group (idiopathic n=6, bacterial n=3, umbilical torsion and placentitis n=2), one
case of dystocia, and the fetuses collected at necropsy of the dam had placental villi that ranged
from moderately elongate to long with moderate plump ramification to very long with abundant
and intricate ramification (Fig. 5). Poor development of placental villi was diagnosed in ten
cases and suspected in four of the 41 cases available for the direct comparison by gestational
parameters and was interpreted as villous hypoplasia rather than atrophy. Interestingly, villous
hypoplasia was neither observed as sole change nor in combination with both mineralization and
mucin deposits.

For allantochorion from three normal deliveries and all four cases collected at time of

necropsy of the dam, samples with topographic identifiers (uterine body, gravid and non-gravid



252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

horn) were available. Comparison of villus development across these three different locations
revealed no readily identifiable differences in the subjectively determined villus length and
branching patterns with one exception. One case had a segment of marked reduction in villus
length and complexity of branching and was interpreted as a sample collected from the transition
of the hypovillous to avillous band along the medial aspect of the uterine horns (Fig. 2) to villous

allantochorion.

Discussion

Proper development of the maternofetal interface is absolutely essential for successful
establishment of a pregnancy and continuation to term. Placentation in alpacas and Ilamas is

epitheliochorial and diffuse with a synchronously developing maternofetal interface.?®%

Placentation is most similar to that in Old World camelids and horses followed by that in pigs.®
Placental insufficiency due to villous hypoplasia is an accepted cause of equine abortions and is
characterized by markedly attenuated microcotyledons with absence or poor development of
chorionic villi.***®3 Routine microscopic examination of alpaca and llama placentas as part of
diagnostic abortion screens in our study suggested poor development of placental villi in a
portion of cases originally classified as idiopathic.?* To examine if this change corresponded to
villous hyoplasia of the equine placenta, a detailed comparison of placentas from idiopathic
abortions to placentas from age-, weight- and/or size (CRL)-matched fetuses from abortions with
known causes first required an examination of the relationship of the utilized gestational
parameters as well as a comparison to previously published data,’ as gestational age was not

included in all case histories. There were strong similarities between conceptus-related

measurements found in our study to previous reports in both cattle and horses. Similar to the
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situation in bovine®>*2

and equine fetuses,* and in contrast to previous observations in alpacas,’
a strong linear relationship was identified between gestational age and fetal CRL in alpacas (Fig.
1a). When fetal growth of alpacas and Ilamas is measured by biparietal diameter, it follows a
linear function until day 150 of gestation after which the distribution apparently becomes

exponential.*?

A hyperbolic relationship was identified for gestational age and fetal weight in
the alpaca population examined in our study (Fig 1b). This type of relationship is also seen in
cattle and horses,* and it is in line with previously reported rapid increase in body weight of
alpaca, llama and camel fetuses in the last trimester,>®3** put differs from the linear relationship
of fetal weight to gestational age of llamas after 185 d of gestation reported by others.™® The
pattern suggests that any retardation of fetal growth that might have occurred with some causes
of abortion or stillbirth had either no influence or a negligible effect on our overall data set.
Seasonal changes in gestational length and birth weights in alpacas, as reported by others,” and
their possible effects on fetal development were not evaluated in this study.

In camelids, trophoblast projections and uterine depressions are almost perfectly
interlocked.’?*%* At the beginning of the third trimester, elongation and branching of villi are
evident, and ramification becomes remarkably more intricate from that point forward.?*?* The
rudimentary placental villi of all alpaca fetuses aborted before day 152 of gestation with a CRL
of up to 31 cm and weight up to 0.3 kg (n=18) corresponded to those of the normal developing
alpaca fetus experimentally harvested at day 150 of gestation.?® Placental villi from alpaca
fetuses aborted between 153 and 243 days of gestation with a CRL of 31 to 42 cm and weight of
0.3 to 1.5 kg were expected to be further developed with a villus length of 2-3 times its width
and short plump branches. Six idiopathic abortions matched for gestational parameters, one case

of twinning and the single bacterial abortion in this group had balloon-shaped villi with
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mineralized caps. Even though differences were less striking in this group than in placentas from
the third trimester (see below), this finding was interpreted as villous hypoplasia, and placental
insufficiency was suspected as cause of or contributing factor to abortion. Placentas from fetuses
with a CRL of more than 43 cm, weight of 1.5 kg or more, and estimated gestational age over
243 days (third trimester) were expected to have placental villi ranging from moderately elongate
to long with moderate ramification to very long with abundant and intricate ramification similar
to those of normal alpaca fetuses experimentally harvested at or after 264 d of gestation.?® In
contrast, five of the idiopathic and one umbilical torsion case in this group presented with
primitive, short chorionic projections with minimal ramification to moderately elongate
chorionic projections with plump short branches. The lack of more advanced stages of placental
development was interpreted as villous hypoplasia and identified as cause of abortion based on
similarities to equine placental insufficiency.'®333:%

The etiopathogenesis of placental villous hypoplasia is poorly understood. Improper
development of the materno-fetal interface in general with villous hypoplasia may be the result
of low maternal body weight as seen in the mare and ewe, in which maternal body size seems to
control for fetal growth via gross area of the allantochorion, and microcotyledon density and
complexity."? Maternal weight was not recorded in the study presented here. Localized villous
hypoplasia in the horse may be observed in areas of endometrial fibrosis, in the uterine horns in
cases of body pregnancies, and the contact area of placentas of twin pregnancies.'®***° It is
possible that at least some of the cases with villous hypoplasia may have been caused by similar
underlying problems. The areas of villous hypoplasia detected in three alpaca abortions due to

twinning may have been collected from the placental contact area. Pregnancies in the alpaca and

llama are usually carried in the left horn.? It is not possible to determine with certainty which
y
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horn carried a pregnancy by examination of fetal membranes only. Uterine body pregnancies are
a recognized cause for abortion in the horse.*® Our study did not identify any abortions due to
uterine body pregnancies in alpacas and Illamas. However, this condition can be easily missed
and is impossible to diagnose on submissions including an incomplete placenta. In human
pregnancies with chromosomal anomalies, an association is found between placental villous
hypoplasia and fetal cardiovascular defects and it is hypothesized that decreased villous
circulation and reduced nutrient supply are responsible.!” Placenta was available for
histopathologic examination only from one alpaca and one llama fetus with congenital anomalies
- neither sample had villous hypoplasia and neither fetus had cardiovascular defects.

When placental insufficiency due to villous hypoplasia is considered as possible cause of
abortion, the percentage of idiopathic abortions in alpacas in this study is reduced from 66.2% to
47.9% of the microscopically examined cases and 67.9% to 51.2% of all alpaca abortions,
whereas idiopathic abortions of alpacas and llamas overall are reduced from 66.3% to 52.5%.
This places the percentage of abortions for which a cause is not identified more in line with those

3162122252635 placental insufficiency may result in fetal distress

in other large animal species.
syndrome due to hypoxia to the fetus, and/or diminished fetal growth. A possible association of
villous hypoplasia and fetal distress syndrome, as defined by defecation of meconium and
aspiration of fetal fluids in utero, was beyond the scope of the study presented here. Too few
placentas from idiopathic and other llama abortions were available for comparison based on
gestational parameters in this species. Therefore, the importance of villous hypoplasia in
pregnancy failure in llamas remains speculative at this point in time. When evaluating the

area runs longitudinally along the medial aspect of each horn (Fig. 2). This area was observed in



344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

all placentas examined grossly and interpreted as physiologic phenomenon. It was avoided in
collection of placenta samples for histopathology from normal deliveries, cases of fetal death
secondary to maternal death and abortions and stillbirths examined at the laboratory (Fig. 2).
The observation of a segment of poorly developed placental villi in the allantochorion from a
single, normally delivered alpaca was interpreted as sampling error as the fixed sample of
placenta originated from a submission collected in the field.

The most common histopathological features identified in placentas from alpaca and
Ilama abortions other than architectural anomalies of placental villi were stromal deposits in
form of mineralization (57/85) and mucin (27/85), with one case containing both. Surprisingly,
stromal deposits of mucin (16/19) and mineral (4/19) were a common finding in placentas from
normal alpaca and llama deliveries and were also present in 3/4 placentas collected at necropsy
of pregnant dams. Mineralization was present along the junction of chorionic stroma and
trophoblast layer or as caps or spheres in the stroma of hypoplastic villi. It was noted as a
concurrent lesion in all but one case with villous hypoplasia. Mineralization was less commonly
seen in abortions with identified causes, 2/3 of the anomalies, 6/11 bacterial cases, one case each
of the two cases of stillbirths and placentitis, and all cases of twinning and umbilical torsion.
Deposition of mineral occurs in the placenta of many species from about the end of the first to
the middle of the second trimester.®* The degree of mineral deposition is quite variable, and it is
undetermined why mineral is deposited nor what, if any, place it has in placental economy.®
Based on the large percentage of concurrent mineralization and villous hypoplasia, it is
conceivable that mineral deposits interfere with adequate nutrient supply to villi and lead to
inadequate villus growth and formation. Alternatively, an underlying unidentified problem like

inadequate vascularization may cause poor development of villi as well as their mineralization,
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or mineral may accumulate after fetal death as trophoblasts continue to transport calcium across
the maternofetal interface even though utilization by the fetus has ceased. With the information
currently available, it cannot be determined whether the mineralization seen in the camelid
placentas was a result of metastatic mineralization as in human placentas or due to other
mechanisms of mineralization.'®*033

Mucin, a carbohydrate, was seen in the placental stroma of idiopathic abortions, abortions
and stillbirths of known causes, normal deliveries and placentas harvested at necropsy of
pregnant dams. It was identified in 27/85 (31.8%) of all abortion cases and in 17/55 (30.9%) of
the idiopathic subgroup. Even though there is a paucity of literature on the occurrence of
placental mucin deposits, its identification in 16/19 (84.2%) of the normal alpaca and llama
deliveries and 3/4 placentas from pregnant dams at necropsy suggests that the presence of mucin
is an incidental histological finding in the allantochorion of alpacas and llamas. Mucin deposits
are interpreted as a form of placental edema and in very severe cases an underlying problem like
circulatory disturbances may be suspected as the most severe case of mucin deposits was
observed in the placenta of a prematurely delivered alpaca fetus diagnosed with an enlarged
ductus arteriosus.

Surprisingly, placentitis was seen in only 10/85 (11.8%) of alpaca and Ilama abortions
with histologically examined placenta. Bacteria were the only identified infectious cause of
placentitides and were isolated from 5/10 cases. The other half of the placentitis cases were of
undetermined etiology.

In summary, the detailed comparison of placentas from idiopathic abortions and
stillbirths to those from age-, weight- and/or size (CRL)-matched fetuses from abortions and

stillbirths with known causes in our study determined that villous hypoplasia occurs in alpacas
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aborted in the third trimester and possibly second trimester and may contribute to pregnancy
failure in this species. Care should be taken to avoid the band-like hypo- to avillous areas
running longitudinally along the medial aspect of the horns when collecting placental samples
from alpacas and llamas to prevent incorrect diagnoses of villous hypoplasia. Based on anatomy
and function of the digestive tract, alpacas and llamas are often considered “small ruminants”.
Given the placental anatomy as well as our findings of microanatomic placental anomalies in
alpacas and llamas, camelid abortions and stillbirth have more commonality with those in horses

than those in sheep or goats.>'621:22.2627

Acknowledgements

This article is dedicated to Glen Pfefferkorn in recognition of his generous support of
research projects on alpaca and llama diseases conducted by faculty at Oregon State University
(OSU). We thank our colleagues Drs. Beth Valentine, Jerry Heidel and Howard Gelberg for the
routine diagnostic work-up of some of the cases, the local Ilama and alpaca owners for
submission of samples and data recording sheets, and Misty Corbus, Kay Fischer and Renee
Norred for excellent assistance with histotechnology. This study was supported by the Merck
Merial Veterinary Scholar Program (DLS) and matching funds from the College of Veterinary
Medicine at OSU. The work was presented at the 2010 Annual Meeting of the American
College of Veterinary Pathologists in Baltimore, MD. Dr. Schaefer now works at Aumsville

Animal Clinic, Aumsville, OR, USA.



412

413
414

415
416
417

418
419
420

421
422

423
424

425
426
427

428
429

430
431
432

433
434

435
436

437
438

References:

10.

11.

Alexander G. Studies on the placenta of the sheep (Ovis aries L.). Placental size. J
Reprod Fertil. 1964;7:289-305.

Allen WR, Wilsher S, Turnbull C, Stewart F, Ousey J, Rossdale PD, Fowden AL.
Influence of maternal size on placental, fetal and postnatal growth in the horse. I.
Development in utero. Reproduction. 2002;123(3):445-53.

Alves D, McEwen B, Hazlett M, Maxie G, Anderson N. Trends in bovine abortions
submitted to the Ontario Ministry of Agriculture, Food and Rural Affairs, 1993-1995.
Can Vet J. 1996;37(5):287-8.

Anderson ML. Infectious causes of bovine abortion during mid to late gestation.
Theriogenology. 2007;68:474-86.

Bravo PW, Varela MH. Prenatal development of the alpaca (Lama pacos). Anim Reprod
Sci. 1993;32,(3-4):245-252.

Curtis C. Highlights of camelid diagnoses from necropsy submissions to the Animal
Health Laboratory, University of Guelph, from 1998 to 2004. Can Vet J. 2005;46(4):317-
8.

Davis GH, Dodds KG, Moore GH, Bruce GD. Seasonal effects on gestation length and
birth weight in alpacas. Anim Reprod Sci. 1997;46:297-303.

El-Wishy AB, Hemeida NA, Omar MA, Mobarak AM, El Sayed MA. Functional
changes in the pregnant camel with special reference to foetal growth. Br Vet J.
1981;137(5):527-37.

Fernandez-Baca S. Manipulation of reproductive functions in male and female New
World camelids. Anim Reprod Sci. 1993;33(1):307-323.

Foster RA. Female reproductive system. In: McGavin MD, Zachary JF, eds. Pathologic
basis of veterinary disease. 4™ ed. St. Louis, M1, USA: Mosby Elsevier; 2007:1263-1316.

Fowler ME, Olander HJ. Fetal membranes and ancillary structures of llamas (Lama
glama). Am J Vet Res. 1990;51(9):1495-500.


http://www.ncbi.nlm.nih.gov/pubmed/14180723
http://www.ncbi.nlm.nih.gov/pubmed/11882022
http://www.ncbi.nlm.nih.gov/pubmed/11882022
http://www.ncbi.nlm.nih.gov/pubmed/8705972
http://www.ncbi.nlm.nih.gov/pubmed/8705972
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-49NP622-T&_user=576687&_coverDate=09%2F30%2F1993&_alid=1650481405&_rdoc=22&_fmt=high&_orig=search&_origin=search&_zone=rslt_list_item&_cdi=4963&_sort=r&_st=13&_docanchor=&view=c&_ct=76&_acct=C000029364&_version=1&_urlVersion=0&_userid=576687&md5=c5a88cdd373601780b55c4d3118750a0&searchtype=a
http://www.ncbi.nlm.nih.gov/pubmed/15943116
http://www.ncbi.nlm.nih.gov/pubmed/15943116
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hemeida%20NA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Omar%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mobarak%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22El%20Sayed%20MA%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Br%20Vet%20J.');
http://www.animalreproductionscience.com/issues?Vol=33
http://www.animalreproductionscience.com/issues/contents?issue_key=S0378-4320%2800%29X0187-X
http://www.ncbi.nlm.nih.gov/pubmed/2396800
http://www.ncbi.nlm.nih.gov/pubmed/2396800

439
440
441

442
443
444

445
446

447
448

449
450
451
452

453
454

455
456
457

458
459

460

461
462

463
464

465
466

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Gazitua FJ, Corradini P, Ferrando G, Raggi LA , Parraguez VVH. Prediction of gestational
age by ultrasonic fetometry in Ilamas (Lama glama) and alpacas (Lama pacos). Anim
Reprod Sci. 2001;66:81-92.

Giles RC, Donahue JM, Hong CB, Tuttle PA, Petrites-Murphy MB, Poonacha KB,
Roberts AW, Tramontin RR, Smith B, Swerczek TW. Cause of abortion, stillbirth, and
perinatal death in horses: 3527 cases. J Am Vet Med Assoc. 1993;203:1170-5.

Ginther OJ. The nature of embryo reduction in mares with twin conceptuses: deprivation
hypothesis. Am J Vet Res. 1989;50(1):45-53.

Herrera EA, Riquelme RA, Sanhueza EM, Raggi LA, Llanos AJ. Use of fetal biometry to
determine fetal age in late pregnancy in llamas. Anim Reprod Sci. 2002;74(1-2):101-9.

Hong CB, Donahue JM, Giles RC Jr, Petrites-Murphy MB, Poonacha KB, Roberts AW,
Smith BJ, Tramontin RR, Tuttle PA, Swerczek TW. Equine abortion and stillbirth in
central Kentucky during 1988 and 1989 foaling season. J Vet Diagn. Invest. 1993;4:560-
6.

Jauniaux E, Hustin J. Chromosomally abnormal early ongoing pregnancies: Correlation
of ultrasound and placental histological findings. Hum Pathol. 1998;29:1195-9.

Jauniaux E, Poston L, Burton GJ. Placental-related diseases of pregnancy: Involvement
of oxidative stress and implications in human evolution. Hum Reprod Update.
2006;12:747-55.

Jeffcott LB, Whitwell KE. Twinning as a cause of foetal and neonatal loss in the
thoroughbred mare. J Comp Pathol. 1973;83(1):91-106.

Johnson LW. Llama reproduction. Vet Clin North Am Food Anim Pract 1989;5:159-182.

Kirkbride CA. Diagnosis in 1784 ovine abortions and stillbirths. J Vet Diagn Invest.
1993;5:395-402.

Kirkbride CA. Etiologic agents detected in a 10 year study of bovine abortions and
stillbirths. J Vet Diagn Invest. 1992;4:175-80.

Klisch K, Mess A. Evolutionary differentiation of cetartiodactyl placentae in the light of
the viviparity-driven conflict hypothesis. Placenta. 2007;28:353-60.


http://www.ncbi.nlm.nih.gov/pubmed/2645818
http://www.ncbi.nlm.nih.gov/pubmed/2645818
http://www.ncbi.nlm.nih.gov/pubmed/12379379
http://www.ncbi.nlm.nih.gov/pubmed/12379379
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jauniaux%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Poston%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burton%20GJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16682385
http://www.ncbi.nlm.nih.gov/pubmed/16682385
http://www.ncbi.nlm.nih.gov/pubmed/4731313
http://www.ncbi.nlm.nih.gov/pubmed/4731313

467
468

469
470

471
472

473

474
475
476

477
478

479
480

481
482

483
484

485
486

487
488

489
490
491

492
493
494

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Lohr CV, Bildfell RJ, Heidel JR, Valentine BA, Schaefer DL: Retrospsective study of
camelid abortions in Oregon. Vet Pathol. 2007;44:753.

McEwen B, Archambault M, Carman S, Hazlett M. Equine abortions, 2001/2002. AHL
Newsletter. 2002;6(3):34.

Moeller RB. Causes of caprine abortion: diagnostic assessment of 211 cases (1991-1998).
J Vet Diagn Invest. 2001;13:265-70.

Morris DD. Equine placentitis. Comp Cont Ed. 2001;23(6):573-5.

Olivera L., Zago D, Jones C, Bevilacqua E. Developmental changes at the materno-
embryonic interface in early pregnancy of the alpaca, Lamas pacos. Anat Embryol.
2003;207:207-317.

Olivera L., Zago D, Leiser R, Jones C, Bevilacqua E. Placentation in the alpaca Lama
pacos. Anat Embryol. 2003;207:45-46.

Poggi SH, Bostrom KI, Demer LL, Skinner HC, Koos BJ. Placental Calcification: A
Metastaic Process. Placenta. 2001;22:591-596.

Riding GA., Lehnert SA, French AJ, Hill JR. Conceptus-related measurements during the
first trimester of bovine pregnancy. The Veterinary Journal. 2008;175(2):266-72.

Roberts SJ. Veterinary obstetrics and genital diseases. Woodstock, Vermont. (1986) pp.
19 & 27.

Schlafer DH, Miller RB. Pathology of Domestic Animals. Saunders Elsevier. 2007. 5th
edition. Volume 3. pp. 479.

Smith BB, Timm KI, Reed PJ. Morphometric evaluation of growth in Ilamas (Lama
glama) from birth to maturity. J Am Vet Med Assoc. 1992;200(8):1095-100.

Tengelsen LA, Yamini B, Mullaney TP, Bell TG, Render JA, Patterson JS, Steficek BA,
Fitzgerald SD, Kennedy FA, Slanker MR, Ramos-Vara JA. A 12-year retrospective study
of equine abortion in Michigan. J Vet Diagn Invest. 1997;9:303-6.

Tibary A, Anouassi A. Theriogenology in camelidae — anatomy, physiology, pathology
and artificial breeding. Abu Dhabi Printing and Publishing Company, Mina. 1997. 1%
edition. pp. 198-201.


http://www.ncbi.nlm.nih.gov/pubmed/1607314
http://www.ncbi.nlm.nih.gov/pubmed/1607314

495
496

497
498
499

500
501

502
503
504
505

37. Tibary A, Fite C, Anouassi A, Sghiri A. Infectious causes of reproductive loss in
camelids. Theriogenology. 2006;66:633-47.

38. Wilcox AL, Calise DV, Chapan SE, Edwards JF, Storts RW. Hypoxic/ischemic
Encephalopathy Associated with Placental Insufficiency in a Cloned Foal. Vet Pathol.
2009;46:75-9.

39. Wolfsdorf K. Theriogenology question of the month. Placental insufficiency, probably
the result of twin fetuses. J Am Vet Med Assoc. 1996;208(2):201-2.

40. Wright A, Davis R, Keeble E, Morgan KL. South American camelids in the United
Kingdom: reproductive failure, pregnancy diagnosis and neonatal care. Vet Rec.
1998;142(9):214-5.


http://www.ncbi.nlm.nih.gov/pubmed/8567372
http://www.ncbi.nlm.nih.gov/pubmed/8567372
http://www.ncbi.nlm.nih.gov/pubmed/9533292
http://www.ncbi.nlm.nih.gov/pubmed/9533292

Table 1: Histological findings of available placental samples from abortions, stillbirths and normal gestations listed by etiology

Placentitis Villous
Villous Placentitis  Placentits hypoplasia Villous Minera-

hypoplasia Villous Minera- Placentitis Minera- hypoplasia  Minera- lization
Category Placentitis Mineralization hypoplasia lization Mucin lization Mucin lization Mucin  Mucin NSF  Total
Anomaly 1 1 1* 3*
Bacterial 1 1 1 2 4 2* 11*
Idiopathic 1 1 1 10 26 17 55
Placentitis 1 1 1 3
Twinning 1 3 4
Umbilical
Torsions 1 5 6
Stillbirth 1 1 2
Dystocia 1 1
Subtotal 2 1 1 2 4 12 0 41 1 22 0 86*
Normal 1 1 3 1 13 19
Fetal death
secondary
to maternal
death 3 1 4
Subtotal 0 0 0 0 1 0 1 3 1 16 1 23
Total 2 1 1 2 5 12 1 44 2 38 1 109*

NSF: no significant findings
*One case is listed under both anomaly and bacterial abortion categories with a histologic finding of mucinosis.



Fig. 1. Gestational parameters of alpacas. A, Fetal weight (Kg) vs. gestational age (days). A
total of 21 cases were examined, 3 normal deliveries and 18 abortions. The relationship between
gestational age and fetal weight follows a hyperbolic curve and the calculation based on fitted
curves is: Gestation age = 156.902 + 23.2697*Fetal Weight (Kg). B, Crown rump length (cm)
vs. gestational age (days). A total of 45 cases were examined, 4 normal deliveries and 41
abortions. A linear relationship was identified between estimated gestational age and crown
rump length and the calculation based on fitted curves is: Gestational Age = 72.8968 +

3.60853*Crown Rump Length (cm).

Fig. 2. Placenta, alpaca; normal delivery; cria No. 1. The physiologic hypovillous areas of the
allantochorion run along the medial aspect of each horn. Asterisks indicate sites collected for

histopathological examination of allantochorion to include the body and both horns.

.Fig. 3. Placenta, alpaca; idiopathic abortion; fetus No. 1. Chorionic villi during the second
trimester are balloon-shaped and commonly showed stromal mineralization in form of

semicircular to circular “caps” (inset). HE.

Fig. 4. Placenta, alpaca; fetal death secondary to maternal death; fetus No. 2. Chorionic villi
from a fetus collected during necropsy of the pregnant dam during the early third trimester are

longer than they are wide and have plump ramifications. HE.

Fig. 5. Placenta, alpaca; idiopathic abortion; fetus No. 3. Chorionic villi are long, slender and

intricately folded as expected in the third trimester of gestation. HE.



Fig. 6. Placenta, alpaca; normal delivery; cria No. 1. There is severe mineralization of the

superficial chorionic stroma (arrowheads). HE.

Fig. 7. Placenta, alpaca; normal delivery; cria No. 1. Linear deposits of mineralization in the
chorionic stroma (S) are stained dark brown. The superficial epithelial side is labeled “E”. Von

Kossa stain.

Fig. 8. Placenta, alpaca normal delivery; cria No. 2. Basophilic accumulations of mucin (arrows)

form a band-shaped expansion in the superficial chorionic stroma. HE.

Fig. 9. Placenta, alpaca normal delivery; cria No. 2. Large amounts of wispy, palely basophilic

mucin expand the stroma of chorionic villi. HE.

Fig. 10. Placenta, alpaca normal delivery; cria No. 2. Mucin severely expanding chorionic

stroma is stained bright blue. Alcian Blue stain.

Fig. 11. Placenta, alpaca, bacterial abortion; fetus No. 4. The superficial chorionic stroma has a

dense, band-like infiltrate of neutrophils and mild acute hemorrhage. HE.



