Pathology of Perinatal e
Disorders

updates

Dalen Agnew, DvM, PhD, Diplomate ACVP

KEYWORDS
e Abortion ® Canine ® Feline ® Neonatal death e Pathology e Stillbirth

KEY POINTS

e Perinatal death is a very common, but poorly studied, occurrence in small animal
theriogenology.

e A complete postmortem examination, including collection of fetal and placental tissues for
histopathology, microbiology, nutritional, and toxicological testing, can identify most
causes of neonatal death but may require multiple animals, sometimes from consecutive
litters.

e Common causes include viral infections, maternal bacteremia and sepsis, and congenital
or developmental abnormalities.

e Further study and comparison to diseases in other species will likely yield a more thorough
understanding of perinatal disease.

INTRODUCTION

Death of a single fetus or neonate, let alone an entire litter, can be devastating for a
breeder of cats or dogs, regardless of their experience or goals. Significant time and
money is typically involved, and the potential secondary effects to the dam’s fertility
must also be considered. In light of this interest in fertilty, it is surprising that the amount
of research or diagnostics invested in perinatal mortality in small animals is scant
compared with that in production food animals. In some purebreds, neonatal mortality
approaching 25% can be considered “normal,” and is an accepted cost of business.’
Clearly, there is room for considerably more interest and effort in the investigation of
perinatal deaths in companion animals.

STANDARDIZED APPROACH TO POSTMORTEM EXAMINATION

More is missed by not looking than by not knowing.
—Thomas McCrae (16 December 1870-30 June 1935), Professor of Medicine
at Jefferson Medical College
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The key to identifying the cause of death in any animal, but particularly perinatal
deaths, is a thorough postmortem examination, including appropriate sampling for
microscopic examination and ancillary testing. Unfortunately, there are few patho-
gnomonic lesions in perinatal deaths, particularly in companion animals where
research lags other domestic species, so additional testing is often required and still
a cause may not be definitively determined in too many cases. However, the breeder
should be reminded that there is virtually no chance of identifying a cause if an ex-
amination is not performed.

There are many appropriate approaches to an examination of a fetus, stillborn, or
neonate; the key to success is to develop a protocol that allows the prosecutor to
examine the entire animal in an organized and repeatable fashion so that nothing is
left unexamined.? Sample collection should also be done in a standardized
fashion—an example of a sample collection checklist is provided in Table 1. Note
that all samples do not need to be analyzed but should be collected if possible to
ensure they are available later if they are needed.

Unfortunately, in perinatal death investigations, there are few pathognomonic lesions,
and these diagnostic workups are notoriously unrevealing, grossly and even microscop-
ically. Autolysis is often advanced and lesions subtle. Laboratory testing is critical for a
diagnosis and even so, the number of cases that result in no diagnosis can be disap-
pointing to the veterinarian and the client. If multiple aborted fetuses or dead neonates
are available, testing more than one can provide a better chance of finding a cause. A
complete history, including nutrition, parity, and health history of the dam, is critical.

A minimum sample set would include the following:

1. Fetal membrane (chorioallantois, not amnion), including transfer zone, marginal
hematoma, and chorioallantois, fixed and fresh

2. Lung, fixed and fresh
3. Liver, fixed and fresh
4. Kidney, fixed and fresh
5. Brain, fixed and fresh
6. Spleen, fresh
7. Stomach contents, fresh
Table 1
A complete sample set for follow-up testing after a gross examination is critical to success
Sample Histopathology Virology Parasitology Bacteriology Nutrition Toxicology
Placenta X X
Lung X X X
Liver X X X X
Kidney X X X X
Brain X X
Stomach X
contents
Spleen X
Dam serum/ X X X X
fetal thoracic
fluid

Note that the following minimum sample collection protocol does not include samples for karyo-
typing, which may depend on the laboratory used for testing. In selected cases, additional samples
may be needed.
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8. Dam serum, acute (at abortion) and convalescent (3—4 weeks later); Alternatively,
fetal thoracic fluid can be used for antibody detection, although hemolysis in the
sample can substantially impair many assays.

9. Other optional tissues include thyroid (fixed and fresh), tongue (fixed), and skin or
eyelid (fixed)

10. If karyotyping is indicated, whole blood collected antemortem from the neonate is
the most commonly accepted sample but others such as skin or spleen may be an
option depending on the laboratory.

Appropriate fixation requires samples to be less than 4 mm (about 0.25 inch) thick in
at least one dimension with a 10:1 ratio of formalin to tissue. To ship samples, the
formalin can be drained after 24 to 48 hours and the tissues wrapped in formalin
soaked paper towels to minimize weight and leakage during transportation. If shipping
in the wintertime, consider adding 10% ethanol to the formalin to prevent freezing.

Fresh unfixed specimens should be refrigerated and not frozen if possible; however,
this can depend on how long it takes for the samples to reach the laboratory. If a spec-
imen will not arrive at the laboratory within 2 to 3 days, it may be better to freeze the
sample so there is minimal bacterial overgrowth even though this may decrease the
ability to grow some pathogens. Regardless, ample ice packs should be used to
keep the sample at temperature until its arrival at the laboratory.

Pooling of samples should be done with caution as not all animals in a litter may be
affected and pooling can dilute the diagnostic information. It is best to keep the sam-
ples unpooled and allow the laboratory to pool later if indicated.

Note that even though samples seem autolyzed, they will still have value, especially
for molecular testing. Fetal tissues have a higher percentage of water content making
them seem edematous and more friable. Brain is often especially liquefied due to
autolysis and incomplete myelination but will congeal when poured into formalin
and lesions can be identified histologically. The stress of dystocia or perinatal stress
can also leave characteristic but nonspecific lesions including green meconium stain-
ing of tissues as well as histologic evidence of meconium and squamous epithelial
cells within the pulmonary airways.

Although many practitioners prefer to conduct their own in-house postmortem ex-
amination and collect samples as described above to decrease costs and maintain
control of the diagnostic process. In many cases, it may be prudent to send the entire
neonatal carcass, placenta, and serum from the dam to a diagnostic laboratory expe-
rienced in diagnostic investigations.

Placenta can be a very challenging organ to examine, grossly and histologically, but
this can be very fruitful in identifying a cause.>* Another challenge is that the bitch or
queen will often eat the placenta shortly after delivery —the breeder needs to be aware
of this and cautiously collect the placentas when possible. Gloves are important in
handling placenta to prevent contamination and to protect the handler from possible
zoonotic diseases. Placental compromise can lead to weakness in a neonate, which
does not manifest until days after birth, so it is worthwhile for breeders to collect
the placentas and store them (refrigerated or frozen) for a few days after birth in
case the tissues are needed for diagnostics later.

The placenta in cats and dogs is similar, following the zonary pattern of most carni-
vores (Fig. 1).>° The site of maternofetal attachment forms a girdle around the midsec-
tion of the fetus. The attachment is considered endotheliochorial, meaning the
chorionic epithelium invades and contacts the endothelium of maternal endometrial
blood vessels during placental attachment and development forming a labyrinth,
which becomes thicker and more complex as gestation progresses. This region is
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Fig. 1. Canine placental anatomy and procedure for placental sample collection for histopa-
thology. In the carnivore zonary placenta, there are 3 important zones: the transfer zone (T)
where the maternal-fetal interface is located, the marginal hematoma (M) where iron storage
and transfer occur, and the chorioallantois (CA), which surrounds the allantoic cavity which in
turn contains the amnion, amniotic cavity, and fetus. The “Swiss roll” method for placental
sample collection involves cutting a 1 to 2 cm wide strip of chorioallantois, marginal hema-
tomas, and transfer zone, incorporating any visible lesions (A). The strip is then gently rolled
around a pair of forceps (B-D) and then pierced with a hypodermic needle to hold its position
during fixation (E). After fixation in formalin (10:1 ratio of formalin:tissue), a cross-section (F)
is cut from the center of the roll (arrow) indicates a larger view (G), laid in a cassette, and pro-
cessed normally for a histopathology section stained with hematoxylin and eosin (H).

often called the “transfer zone.” At the margins of this girdle or “zone,” there are re-
gions of iron deposition called the pigmented zone, perizonal hematomas, or marginal
hematomas that are much more obvious in dogs than in cats. These are dark green to
black regions at the border of the girdle and serve to transfer iron to the fetus. The
remaining poles of the placenta are covered by the translucent chorioallantois. Within
the chorioallantois and zonary regions is the allantoic cavity and within that cavity is
the amnion and amniotic cavity.

One method for collecting a suitable sample of the placenta for histopathology is the
“swiss roll” method (see Fig. 1). Briefly, a 1-cm wide strip of placenta is cut extending
from one pole to the other through the pigmented and transfer zones as well as the trans-
lucent chorioallantois (see Fig. 1A). This strip is then rolled carefully and pinned in place
with a hypodermic needle (see Fig. 1B-E). It can then be fixed in formalin and a cross-
section cut from the center of the roll for histology, providing a large, oriented sample
of placenta for microscopic examination (see Fig. 1F-H). Although there may be some
value in examination of the amnion, the chorioallantois is usually more diagnostic.

Karyotyping is another important but too infrequently used diagnostic technique to
complement gross and microscopic examination. In all unexplained perinatal deaths,
particularly with purebred animals, the possibility of chromosomal abnormalities
should be considered. There are a few academic and private laboratories currently
providing this testing and the particular tissue requirements and preservation proto-
cols will vary by laboratory.

VIRAL CAUSES OF PERINATAL DEATH

Herpesviruses can lead to abortion in most species.® In dogs, canine alpha-herpesvirus is
a particularly common cause of neonatal weakness and death. In cats, feline herpesvirus-
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1 (FHV-1) isacommon pathogen but only rarely leads to abortion or stillbirth. It can, how-
ever, play a significant role in neonatal death in kittens by causing severe respiratory
compromise and systemic generalized infection.

Canine herpesvirus is characterized grossly by subcapsular hemorrhages extending
over the entire cortical surface (Fig. 2). Similar hemorrhages may be noted on other
viscera such as the lung, liver, and spleen as well as on the meninges. Histology shows
multifocal hemorrhage and necrosis in the kidney, lung, liver, spleen, and adrenal
gland. Intranuclear inclusion bodies are commonly found adjacent to areas of necro-
sis. Confirmation via polymerase chain reaction (PCR) of fresh or frozen tissue, immu-
nohistochemistry (IHC), or in situ hybridization (ISH) is most common, although virus
isolation and serology tests may also be available in some laboratories.

In cats, FHV-1, infection of the kittens may occur at birth or systemically during gesta-
tion but determining the pathogenesis can be challenging due to the commonly observed
carrier state in many cats.” However, identifying virus in diseased lung or other respiratory
tissues by PCR, IHC, or ISH is highly suggestive in the absence of other lesions.

Parvoviruses are also common pathogens with notable effects in the perinatal
period in companion animals. In dogs, the minute virus of canines (canine
parvovirus-1) can lead to abortions and weak neonates.® These neonates typically
develop enteritis with necrosis and intranuclear inclusion bodies within the entero-
cytes. Crypt necrosis as seen in canine parvovirus-2 infections has not been
described. Interestingly, canine parvoviral DNA has been found in neonatal cerebellar
hypoplasia cases but the link has not been well defined.®

In cats, cerebellar hypoplasia or abiotrophy is commonly associated with feline pan-
leukopenia virus (feline parvovirus).'® Early in infection, intranuclear inclusions can be
seen in dying cells of the cerebellar external germinal layer but these disappear within
2 weeks when the infected cells die. Purkinje cells are also infected but do not have
inclusions, although nuclei show vacuolation and eosinophilia. Visceral organs in the
fetus may also be infected but only mild renal hypoplasia is reported.

Canine adenovirus type 1 has also been reported to cause stillbirths, neonatal
deaths, and puppies with systemic viremia; however, this may more often be a
sequela to disease and compromise of the dam than a fetal infection itself because
abortions have been seen with and without CAV-1 in the fetal tissues."

Fig. 2. Whole open carcass of neonatal puppy, postmortem. Multifocal petechial hemor-
rhages and ecchymoses on the renal capsule as well as less prominent hemorrhages and
edema in the lung and liver are characteristic of neonatal infection with canine herpesvirus
1. (Courtesy of Dr. Zachary Millman and Courtesy of Dr. Scott Fitzgerald, Michigan State Uni-
versity Veterinary Diagnostic Laboratory.).
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Both feline leukemia virus and feline immunodeficiency virus have been associated
with fetal death, weak kittens, decreased litter sizes, and transplacental infection is
likely with both viruses. Although the pathogenesis of these viruses’ effects on preg-
nancy is still being worked out, recent study has shown that pregnancies are compro-
mised by placental inflammatory dysregulation when the dam is infected with feline
immunodeficiency virus (FIV).'%"8

Other viruses have been associated with fetal and neonatal death, such as canine dis-
temper virus, feline coronavirus, or feline calicivirus but these may be a result more of
the compromise of the dam than direct viral effects on the fetus or neonate. Notably,
placental lesions are rare to nonexistent in uncomplicated viral infections.™"'*

BACTERIAL CAUSES OF PERINATAL DEATH

Bacterial causes of abortion, stillbirth, and neonatal death are numerous but most are
secondary to bacteremia in the bitch, damage to and bacterial ascent through the cer-
vix, predisposing conditions, or immune compromise of the bitch rather than patho-
gens that are strictly venereal.>'* The exception in small animal medicine is
brucellosis. Brucella canis, a zoonotic reproductive pathogen, can spread by venereal
and oral means and is an important cause of abortion, weak puppies, and infertility in
female dogs and in male dogs (via prostatitis, epididymitis, and orchitis).'® The organ-
ism is shed in affected animals via the urine, semen, milk, vaginal secretions, and
infected fetal membranes and taken up in a new host via ingestion or venereally.
Once in the body, macrophage traffic the organism to lymph nodes and spleen,
from which bacteremia is initiated. The organism seems to hone to the reproductive
system and frequently becomes persistent, leading to lifelong infection, often despite
treatment. Diagnosis is often made by serology by testing multiple animals in a kennel
because individual titers can be quite variable but culture of the organism is definitive.

Although brucellosis-infected bitches can abort after 50 days of gestation or as early
as 30 days, term fetuses are commonly born alive and die in the first few hours or days
of life.’"15 These fetuses will have gross and histologic evidence of multisystemic
infection, including necrotizing bronchopneumonia, hepatitis, splenitis, lymphadenitis,
nephritis, and endocarditis and culture of most organs or body fluids will yield positive
cultures. Placentas usually have grossly and histologically apparent necrosis with sup-
purative inflammation and abundant intracellular bacteria within trophoblastic cells.
The bitch will also have serosanguinous (and highly infectious) vaginal discharge for
weeks after infection, providing further support for a diagnosis if the fetus or placenta
are not available for diagnostics.

Salmonellosis has been occasionally identified in perinatal deaths but is likely sec-
ondary to maternal bacteremia.>'* Salmonella enterica serovar Poona was cultured
from one periparturient fetal death and was associated with feeding a raw meat diet
to the bitch.

In contrast to B canis, the significance of other bacteria cultured from the bitch, fetus, or
neonatal puppy should always be carefully investigated. Streptococci, staphylococci,
enterococci, mycoplasma, and Escherichia coli are all commensal bacteria in the healthy
vagina and their significance should be interpreted in the context of histopathology, Gram
staining, and whether they are grown abundantly in pure culture (Fig. 3). Culturing the
same bacterium from both the placenta, which is often contaminated, and the fetal lung,
which is not, is also suggestive of a significant bacterial culture. Further examination of
the organism for virulence factors such as adherence factors or toxins may be helpful.
Host factors such as the competence of the bitch’s cervix, immunocompromise, or bacter-
emia; iatrogenic causes such as grossly contaminated transcervical procedures; or poor
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Fig. 3. Canine fetus and placenta, postmortem. Thiszonary placenta was friable and mottled yel-
low, tan, red, and green indicating fibrin and areas of necrosis within the transfer zone. The dark
red margins of the placenta were the marginal hematomas. A portion of the chorioallantois con-
tained clear, red-tinged fluid. Numerous Enterococcus sp were cultured from the placenta and
the fetal lung in which there was histological evidence of pneumonia. (Courtesy of Dr. Joy
Gary and Courtesy of Dr. Jon Patterson, Michigan State University Veterinary Diagnostic
Laboratory.).

hygiene during mating may all be factors leading to infection with these opportunistic
bacteria.

Very recently, evidence has begun to accumulate that cats and dogs can be infected
by Coxiella burnetii (Q fever), leading to abortion, stillbirths, and neonatal cases, as well
as transmit this zoonotic agent; however, there is little description in the literature of the
pathologic condition, although placentitis would be a likely lesion.'® Further investiga-
tions will hopefully shed additional light on this emerging disease.

PROTOZOAL CAUSES OF PERINATAL DEATH

There are several reports of various potential protozoan pathogens such as Leish-
mania donovani, Cytauxzoon felis, and the microsporidian Encephalitozoon caniculi,
which were reported to infect the neonatal dog or cat congenitally or during the imme-
diate perinatal period.?'"-'® A more recent study questions the possibility of placental
transmission of C felis, however, so further study is needed.’® These infections are
likely quite rare and present in only a few case reports in the literature.

Although still relatively rare, toxoplasmosis and neosporosis can be vertically trans-
mitted to the bitch or queen, leading to abortion or more commonly neonatal
death.?®2" In most cases, neurologic signs associated with encephalomyelitis is the
typical presentation, with organisms and associated necrosis and mixed inflammation
observed in the brain as well as skeletal muscle. Although not well documented, infec-
tion of the placenta similar to other species would also be expected. PCR on tissue,
IHC, or ISH on tissue sections would provide a more definitive diagnosis.

Noninfectious Causes of Perinatal Death

In small animals, noninfectious causes of abortion, stillbirth, and neonatal death are
likely more common than infectious causes, at least in North America and Europe.
A variety of insults to the dam can lead to placental insufficiency, poor fetal growth,
or dystocia, which can damage or weaken the fetus leading to neonatal death shortly
after birth. Many of these insults are metabolic such as diabetes mellitus, pregnancy
toxemia, and hypocalcemia (eclampsia). Other “accidents of pregnancy” such as
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uterine torsion, dystocia, or maternal trauma can lead to pregnancy loss or the birth of
compromised neonates. Besides diabetes mellitus where puppies may be unusually
large leading to dystocia, the neonate may have no discernible abnormalities or die
from opportunistic bacterial infections, making it critical that a maternal history and
physical examination be a part of a neonatal death diagnostic workup.

Maternal malnutrition should also not be discounted as a possible cause of perinatal
deaths. Poor caloric intake is the most common type of malnutrition but, historically,
taurine deficiency in queens led to significant reproductive losses. An easy diagnostic
tool is to collect birthweights on puppies and kittens as a tool for quickly identifying neo-
nates that may be at risk and helping narrow down potential causes for neonatal compro-
mise—recent databases provide excellent breed-specific reference data for
birthweights.?>23

Intoxications are common in companion animals but infrequently ascribed as the
cause of perinatal loss. The most likely source of a potential toxin during this period
would be iatrogenic, drugs administered for medical conditions of the dam, particu-
larly if pregnancy was not planned or expected.?* Hormones such as glucocorticoids
can disrupt normal hormonal signaling during pregnancy leading to abortion or prema-
ture birth and weak neonates, although a specific mechanism is unknown. Antifungal
drugs such as ketoconazole or griseofulvin can lead to teratogenic effects on bones,
eyes, and brain, and antineoplastic drugs can similarly have severe teratogenic effects
on a variety of organs. Nonsteroidal anti-inflammatory drugs can cause delayed partu-
rition, with subsequent dystocia or weakened neonates.?®

Hypoluteoidism is likely common in bitches and is commonly defined as deficiency of
progesterone (<5 ng/mL) due to insufficient production by the corpora lutea, which ul-
timately may lead to pregnancy loss. If this happens late in pregnancy, weak neonates
or stillbirths will result. Recent research questions the overall importance of hypolu-
teoidism in companion animal infertility; however, additional research is warranted.?®

Neonatal isoerythrolysis is a condition seen in kittens but not dogs because cats
have 3 distinct blood groups: A, AB, and B.2” When type A or AB kittens nurse from
a type B queen, they will absorb anti-A antibodies from colostrum during the period
before gut closure, leading to systemic distribution of the antibodies and destruction
of red blood cells. Kittens will present in the first few days of life with red-brown urine,
lethargy, failure to thrive, jaundice, and anemia. Disseminated intravascular coagula-
tion and renal failure may follow.

Congenital defects are a common cause of neonatal death. Appreciating the intricate
processes in development confirms the large number of points at which this process can
go wrong and the wide variety of abnormalities that can develop affecting all systems.
Gross examination and description are often sufficient to identify many congenital de-
fects, histologic characterization is necessary for others and may require consultation
with diagnosticians with expertise in a particular system. Although many of these abnor-
malities are nonlethal (in fact, some come to form the basis for breed distinctions), many
can also lead to death outside the womb or compromise the animal in such a way that itis
susceptible to other causes, such as opportunistic bacteria. Not all are inherited and
intense investigation is required to prove causality between a genetic trait and a fatal ab-
normality; many can be secondary to toxins, infectious agents, or random developmental
events. However, it is important to catalog these abnormalities so that trends and asso-
ciations can be identified. Using the extensive human research and literature in naming
and investigating incidents of congenital defects is beneficial.?® Reporting such events
in the veterinary literature or to a research institution may not have immediate value but
over time will affect our understanding of disease.
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Fig. 4. Canine fetus, head, postmortem. Cleft palate or palatoschisis is a common finding in
neonates of all species but in dogs and cats, it is associated with certain breeds, suggesting it
is often a heritable trait. Griseofulvin treatment in queens can result in palatoschisis con-
firming that multiple causes can result in a similar congenital lesion. (Courtesy of Dr. David
Needle and Dr. Ingeborg Langhor.).

An example of this approach is the growing body of research examining pulmonary
dysplasia in puppies. Death following respiratory compromise is commonly reported
by breeders who use the nonspecific term “fading puppy syndrome.” Recent research
suggests that developmental lung disease is likely a major factor in these cases, resem-
bling a condition reported in human pediatric patients (K. Williams, unpublished data).®
Pulmonary dysplasia includes the following: underdeveloped alveoli, pulmonary artery
medial hypertrophy, increased numbers of thin-walled venous profiles, and increased
capillary profiles. Three-dimensional reconstructions of affected lungs show lesions sug-
gestive of arteriovenous shunts. Continued research, including genetic analyses, is
required to better understand this condition in dogs and in humans, with rigorous exam-
ination of respiratory disease cases in puppies. Similar comparative, One Health

Fig. 5. Canine fetus, kidney, postmortem. Renal dysplasia can take on a variety of character-
istics, grossly and histologically. In this case, multiple large medullary cysts and dilation of
the pelvis (hydronephrosis) disrupted the normal architecture. Microscopically, lesions of
dysplasia, which include abundant mesenchymal stroma, fetal glomeruli, and variably sized
collecting ducts lined by pseudostratified columnar epithelium. (Courtesy of Dr. Katherine
Olstad and Dr. Dodd Sledge.).
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Fig. 6. Canine neonate, open thorax and abdomen, postmortem. Atresia coli (arrow) is the
congenital condition in which a section of the colon or large bowel is incomplete (often
there is a fibrous remnant still present) or absent. This puppy is the same as illustrated in
Fig. 5 and also had microtia (hypoplastic development of the ear or ears) and palatoschisis.
Another puppy in the same litter had cardiac subaortic stenosis demonstrating the frequent
occurrence of multiple congenital defects in the same animal or litter. (Courtesy of Dr. Ka-
therine Olstad and Dr. Dodd Sledge.).

approaches to other potential developmental diseases would likely yield intriguing results
as examinations of perinatal deaths become more common and thorough.

Other common and lethal defects include cleft palate (Fig. 4), cardiac defects and
vascular transpositions, hydrocephalus, schistosomus reflexus, gastroschisis, ocular
lesions, renal dysplasia (including renal cysts and infantile glomeruli) (Fig. 5), atresia
ani (Fig. 6), and anasarca (Fig. 7).2°% Anasarca is reported but nonspecific finding
in abnormal neonates; the fluid accumulation in multiple cavities and the

Fig. 7. Two canine neonates, whole carcass (A) and open thorax and abdomen (B), postmor-
tem. Anasarca is the accumulation of fluid in the subcutaneous space and body cavities, indi-
cating potential congenital abnormalities in the lungs, heart, liver, kidney, or placenta.
Besides the preexisting abnormalities leading to anasarca, dystocia can be another compli-
cation. One of 2 littermates (left in A; right in B) had severe fluid accumulation in the sub-
cutis, thorax, abdomen, and within the lungs and liver. (Courtesy of Dr. Annie Zimmerman,
Michigan State University Veterinary Diagnostic Laboratory)
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subcutaneous space is suggestive of potential abnormalities in the heart, lungs, liver,
or kidney. Notably, congenital defects often come in groups within a single animal
because there may be a single insult to multiple developmental processes, or one
congenital lesion may cause downstream damage to other organs (eg, pulmonary
dysplasia leading to anasarca and/or cardiac abnormalities).

SUMMARY

We currently have a good understanding of the many potential infectious causes of
perinatal death in cats and dogs. Vaccination, advanced diagnostics and therapies,
and awareness have made these less common. However, many pregnancy and
neonatal losses are unexplained and identifying the causes will require increased
attention from breeders, veterinarians, diagnosticians, and researchers. This will
require increased numbers and more thorough postmortem examinations as well as
more research to characterize the many ways that pregnancy and neonatal life can
go amiss.

CLINICS CARE POINTS

e The placenta is a key diagnostic sample. Fresh and fixed samples of placenta including
chorion, allantois, and amnion should be provided to the diagnostic laboratory and
examined.

Multiple animals (if available) should be submitted for diagnostic testing to ensure that the
most important lesions are available to the diagnostician.

e If the gross and microscopic examinations are done by different individuals, shared digital
photos will be important when sharing information.

Always fix specimens in a 10:1 ratio of formalin: tissue and make specimens no thicker than 4
mm (0.25 inches) in at least one dimension.
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