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LABORATORY FINDINGS IN HEMOPHILIA A AND B
(Human and Canine}
Test Hemophilia A Hemophilia 8
Clotting Time Prolonged Prolonged
Bleeding Time Normal Normal
Secondary Bleeding Time Prolonged Prolonged
Prothrombin Time Normal Normal
Platelets Normal Normal
Partial Thrombaoplastin Time Prolonged Prolonged
Thromboplastin Generation Test Prolonged Prolonged
Correction with normal serum No Yes
Correction with Ba(S04)
adsorbed plasma Yes No
Factor VI Assay <1% Normal
Factor 1X Assay Normal <1%

clinically normal, but manifesting heterozygotes occasionally
occur. (8) A canine plasma bank is essential for the support of
a colony of hemophilic dogs; transfusion therapy is necessary
to maintain the affected animals.

Comparisons with Human Disease: Human hemophilia
occurs in various degrees of severity, and based on blood AHF
or PTC levels is classified as severe, moderate, mild, and

subclinical. (2) Canine hemophilia appears identical to severe
human hemophilia in symptomatology, inheritance, and
.coagulation defects. Although female hemophilic dogs of both
types are common in our colony, (9) no human homozygotes
for either disease have been reported that unconditionally
satisfy all of the modern laboratory and genetic criteria for
diagnosis of hemophilia. This is thought to be due to the
paucity of matings that could produce such cases. In our
colony, we can identify hemophilia A or B heterozygotes by
their plasma AHF or PTC levels, respectively. (8) Human
heterozygotes likewise have reduced plasma AHF or PTC
levels, but diagnosis is less specific than in dogs. (10) Lyon’s
hypothesis would explain these findings. (11) In affected
human and canine populations, there may be considerable
difference in the clinical severity of the disease from individual
to individual within the same family, although their AHF or
PTC levels may be equivalent. Several hypotheses have been
advanced to explain this phenomenon. (12,13)

Locations of Colonies of Hemophilia A Dogs: University o
North Carolina at Chapel Hill; (5) College of Veterinary
Medicine, Oklahoma State University, Stillwater, Oklahoma;
(14) Division of Laboratories and Research, New York State
Department of Health, Albany, New York. (15)

Locations of Colonies of Hemophilia B Dogs: University of
North Carolina at Chapel Hill; (7) Division of Laboratories and
Research, New York State Department of Health, Albany,
New York (15)
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Gross Congenital Anomalies

Human Disease: Congenital Malformations due to Vitamin A

Animal Model: Treatment of Various
Species with a Large Dose of Vitamin A
at Known Stages in Pregnancy

Contributed by Ray E. Shenefelt, MD, Children's Hospital Research Foundation,
Cincinnati, Ohio 45229,

Biologic Features

Large doses of vitamin A given to pregnant mammals produce many
types of gross structural malformation in high incidence. This is true
in the rat, mouse, golden hamster, guinea pig, and rabbit, and in limited
experiments on monkeys, pigs, and dogs. The types and incidence of
malformations depend on stage of pregnancy and dose, and to a lesser
extent on species and strain. Doses used are hundreds of times the daily
requirement. Most investigators use multiple treatments, but it is now
clear that a single administration is just as effective if time and dose are
chosen carefully. This model was discovered in 1953, and there are 167
papers on hypervitaminosis A teratogenesis in mammals in vivo (a
bibliography is available from the author).

Comparisons with Human Disease

Malformations produced by hypervitaminosis A mimic human mal-
formations of genetic, environmental and unknown causes. Malforma-
tion types can usually be divided into subtypes that vary in details of
morphology and morphogenesis, and it is not possible at present to
draw exact parallels between subtypes of most human malformations
and experimentally produced malformations. More than 70 types of
malformation are produced by hypervitaminosis A. In the hamster, 18
types could be produced at more than 90% incidence, and 28 types at -
10-90%.* Some of these are shown in Figures 1 and 2.
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Fig 1—Left, normal near-term hamster fetus. Right, hamster fetus after retinoic acid
(vitamin A, acid) at 22-26 somite stage shows cleft lip, digit reduction, no tail. Middle,
4-week-old hamster after retinoic acid at presomite stage shows situs inversus.

Fig 2—A litter of hamster fetuses after retinoic acid at 5-~9 somite stage. Multiple mal-
formations include sympodia, exencephaly and omphalocele.
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Structures affected (and analogs of some human malformations) in-
clude the following: brain (anencephaly), spinal cord (spina bifida),
face (cleft lip, cleft palate, micrognathia), éye (microphthalmia), all
parts of the ear, teeth, salivary glands, aortic arch (malformations of
several types), heart (ventricular septal defect), lungs, gastrointestinal
tract (imperforate anus, omphalocele), liver and gallbladder, urinary
system (renal “agenesis,” hydronephrosis ), genitalia, pituitary, thyroid,
thymus, skull, vertebrae, ribs, extremities (phocomelia, digit malforma-
tions ), muscles, and situs inversus.

Usefulness of Model

A potential use of the model is the study of sequential stages in the
morphogenesis of malformations. Alternative routes of morphogenesis
are readily conceivable for most malformations, and have been demon-
strated for some. Sequential studies have been done on a number of
hereditary malformations. There are surprisingly few studies of the
morphogenesis of malformations after treatment with a teratogen. The
malformations produced by hypervitaminosis A that have been sequen-
tially studied are microphthalmia,? inner-ear malformations,® anen-
cephaly,* hydronephrosis® and cleft palate.® The high incidence and
known time of treatment are advantages in these studies; simultaneous
effects on other organs with possible secondary effects are disadvan-
tageous. The multiplicity of effects is an advantage in studying rela-
tionships of malformations. The biochemical basis is not known for
the toxicity of vitamin A, or indeed for most of its physiologic func-
tions, so other models are better at present for studying biochemical
bases of teratogenesis. Necrosis® and prolongation of cell generation
time” have been described in treated embryos, but the relationship of
these and other changes of cell behavior to malformations have not
been clarified. Some newborns with malformations from hypervita-
minosis A can be raised but this has not been systematically explored.
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!eeded: an animal model for Cystic Fibrosis

Human Disease. Cystic Fibrosis of the Pancreas, Mucovis-
cidosis

Animal Model: None known.

Contributed by
Ella H. Oppenheimer, M.D.
and
James B. Brayton, D.V.M., M.D.
The Johns Hopkins University, School of Medicine
Baltimore, Maryland 21205

Biological Features: Cystic fibrosis is a hereditary autosomal most frequent substantially lethal genetic disease among white
recessive disease of children, adolescents and young adults due children. It occurs infrequently in blacks and orientals.
to a generalized dysfunction of the exocrine glands. The Pathology: Since cystic fibrosis of the pancreas is a multi-
nature of the basic defect is not known. Its earliest manifesta- system disease involving exocrine, mainly mucus-secreting,
tion is meconium ileus in the neonatal period. Pancreatic glands it is associated with lesions throughout the body.
deficiency with malabsorption, malnutrition, diabetes mellitus However at autopsy, the findings vary with the length of the
and chronic pulmonary disease are seen in older infants and patient’s survival and a selective distribution of the disease in
children. Cirrhosis of the liver and genito-urinary system various organs.

volvement may also occur in adolsecents and young adults. Since meconium ileus is found at birth in 10 to 15% of all

rinical diagnosis is most frequently made by analyzing the patients with cystic fibrosis, a complication of this condition is
sweat for electrolyte content since abnormally high sweat the usual cause of death in the neonatal period. Persisting
electrolyte levels are characteristic of the syndrome. Further dilatation of the ileum, distal to the area of obstruction may
diagnostic tests are stool analysis for trypsin activity and . be present; relative narrowing of the colon is sometimes
analysis of nail clippings for Na concentration. Patients with interpreted as “hypoplasia”. Meconium peritonitis may result
cystic fibrosis who are homozygotes manifest the clinical from rupture of the ileum; when this has occurred in utero,
picture in varying degrees of severity and heterozgotes do not healing of the ilegl lesion simulates a ‘fcongenital” atresia (Fig.
have clinical disease. More than 25,000 white people in the 1). Other complications of in utero ileal rupture may occur,
United States have cystic fibrosis; 5% of the white population such as a shortened or atrophic mesentery, and “congenital
are carriers. On this basis, cystic fibrosis appears to be the fibrous bands between loops of intestine. Volvulus is present

in about 20% of cases with meconium ileus.
Pancreatic achylia is considered the main cause of me-
conium ileus, but abnormal intestinal secretions from hyper-

OGS s Y By
Fig. 1. ' y 28 I

o R L N
rupture at lower right. Calcified meconium is present in remaining ileal Fig. 2. A. Hyperplastic Brunner’s glands in infant with meconium ileus.
*umen and also in the reparative lumenal fibrosis that has produced A clump of calcified meconium is present in ileal lumen.

‘esia, B. Early focal biliary cirrhosis in another infant with meconium ileus.
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plasic Brunner’s glands (Fig. 2a) and altered secretion of bile
when focal biliary cirrhosis is present (Fig. 2b), may be other
factors. Extra-pancreatic causes for the thickened meconium
have been suggested, since in some cases the pancreas appears
normal. Indeed, irrespective of the age of the patient at death,
although the pancreas is the main area of mucus abnormality,
it is not invariably involved.

The earliest alteration in the pancreas (Fig. 3a) consists of
inspissated pink secretions in pancreatic acini and ducts
throughout the organ. With increasing obstruction, dilatation of
acini, ductules and large ducts occurs and interstitial fibrosis is
conspicious. Eventually most of the parenchyma may be
replaced by dense connective tissue orfat in which the cystic
remains of dilated structures are embedded, producing the
typical picture of “cystic fibrosis” (Fig. 3b). Depending on the
severity of the disease, this end result may appear early in
infancy as well as in adult survivors. A more moderate change
may also be encountered in every age period.

Diabetes mellitus is an occasional finding in older children
and adults and results from depletion of islets of Langerhans
by pancreatic fibrosis. However in the majority of cases, the
islets seem intact.

By far the most serious complication of cystic fibrosis is
persistent pulmonary infection. Substitution enzyme and
vitamin therapy may prevent malabsorption syndromes, but
cystic children even with continuous antibiotic therapy are
peculiarly susceptible to pulmonary infection. Hyperplasia of
respiratory mucus glands and possible loss of the protective
action of ciliated epithelium in the upper respiratory tract may
be factors for increased pulmonary vulnerability. Repeated
episodes of pneumonia lead to bronchiectasis, chronic infec-
tion and pulmonary fibrosis (Fig. 4). In the adult, emphysema
and cor pulmonale may result. Prophylactic antibiotic therapy
has reduced the incidence of staphylococcal infection but
Pseudomonas continues as the main cause of pulmonary

Fig. 3. A. This pancreas from a two-month infant with cystic fibrosis
demonstrates a fairly early stage of inspissation of secretions and
dilatation of ducts and acini.

B. The pancreas of a 10-month old baby shows complete ““fibro-cystic’
replacement of the organ.

There are numerous areas of incidental non-lethal alteration
in mucous producing tissues. In the biliary system mucous
metaplasia of gall bladder epithelium may lead to occlusion of
the cystic duct; focal biliary cirrhosis is also a common finding
and although it may be of little significance, occasionally it
leads to severe cirrhosis. Hyperplasia of mucous secreting
salivary glands is common and may account for the alteration
in the composition of saliva. No lesion has been demonstrated
in sweat glands to explain the increased electrolyte concentra-
tion of sweat.

The genito-urinary tract may show important incidental

« .
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Fig. 4. The gross appearance of the fung in a cystic child of 11 years
shows bronchiectasis, disseminated abscesses and focal pneumonia.
Pseudomonas was cultured at autopsy.

survival age of cystic fibrosis patients. In the male, decreased
fertility is associated with atrophy, scarring or atresia of the
vas deferens and terminal epididymal ducts. This has been
interpreted both as a congenital malformation or, as-in other
systems, the result of obstruction by abnormal mucus. In the
female, hyperplasia of cervical glands may produce a tenacious
mucus that fills and probably obstructs the cervical canal. This
occurs three times as frequently in cystic females as in
non-cystics.

No adequate animal model for this important disease has
been recognized, which obviously hampers research efforts. If
veterinarians and other persons working with animal diseases
were familiar with the condition, it would improve the chances
of recognizing an animal counterpart if such exists. It may be
profitable to look for typical early lesions. For example,
intestinal obstruction in neonatal animals due to altered
meconium has been recognized, particularly in puppies and
calves, and should be investigated more fully.
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Hydranencephaly and Porencephaly

Human Disease: Congenital Malformation of Viral Etiology

Animal Model: Bluetongue-vaccine-virus
Infection in Fetal Lambs

Contributed by: B.l. Osburn, DVM,PhD, Department of Pathology, School of
Veterinary Medicine, University of California, Davis, Calif, and A.M. Silverstein, PhD,
Wilmer Institute, Johns Hopkins University School of Medicine, Baltimore, Md.

Biologic Features

Cerebral malformations, including hydranencephaly and porencephaly
have been reported in lambs and calves whose dams received a live
attenuated bluetongue virus vaccine or contacted bluetongue infection
during pregnancy.'* Experimental studies, utilizing intrafetal inocula-
tion at different stages of the 150 days gestation, indicated that the type
of congenital anomaly found depended on the age of the fetal lamb at
the time of inoculation.’

Lambs infected with bluetongue-vaccine-virus at 50 to 55 days of ges-
tation developed a severe necrotizing encephalopathy and retinopathy
which at 150 days of gestation, the time of birth, manifest as hydranen-
cephaly and retinal dysplasia. *7 Inoculation of lambs at 75 days resulted
in a multifocal encephalitis and selective vacuolation of white matter
which manifest as porencephalic cysts in the newborn. Ocular lesions
were not observed in these newborn lambs. Lesions in brains of lambs
inoculated after 100 days of gestation was confined to a mild focal men-
ingoencephalitis.

The virus selectively parasitized and destroyed immature cells in the
nervous system.® Most of the lesions leading to the anomalies occur prior
to the fetal age at which serum neutralizing antibodies to this virus are
produced.® These observations suggest that virus localization and growth
in the developing nervous system and the late onset of the serum neu-
tralizing antibody response to the virus may be of considerable impor-
tance in the pathogenesis of the viral infection leading to these anomalies.
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Fig 1 (top)—Oval rosettes typical of dysplastic retina in a newborn lamb inoculated with
bluetongue-vaccine-virus at 50 days of gestation or 105 days prior to birth (Masson,
X 140).

Fig 2 (bottom)—Hydranencephaly. There are only modest remnants of neural tissue in
the cranial cavity of this newborn lamb (150 days gestation) infected with bluetongue-
vaccine-virus at 52 days of gestation.
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Intrafetal inoculation with bluetongue vaccine virus (Blucine-Cutter
Labs, Berkeley, Calif) of time-dated pregnant sheep provides the only
known readily reproducible model for studying congenital hydranen-

cephaly and porencephaly.

Comparison with Human Disease

The morphologic features of hydranencephaly, porencephaly and
retinal dysplasia in fetal lambs are very similar if not identical to that in
man. In man, the etiology and pathogenesis of these anomalies are
largely unknown. Defects in embryogenesis, vascular related destructive
lesions and infectious processes have been postulated in some cases;
however the possibility of a viral etiology has not received serious
consideration.

Fig 3—Focal necrosis in subventricular zone of a 62 day fetal lamb 9 days after inocu-
lation of bluetongue-vaccine-virus (H&E, X 200). B
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Fig 4-—Extensive necrosis of the marginal and cortical zones of & 65 day fetal lamb
12 days after inoculation of bluetongue-vaccine-virus (H&E. x 38C-.

Important problems remaining to be solved are the biochemical or
physiologic characteristics of the developing nervous svstem conducive
to virus localization and proliferation, and the modifving effects of the
hosts immune and/or interferon responses on viral activity in the devel-
oping fetus.
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Spinal Bifida, Sacral Dysgenesis and Myelocele

Human Disease: Spina bifida, sacral dysgenesis and Myelocele
Animal Model: Manx cat, spina bifida,
sacrococcygeal agenesis

Contributed by: Hyram Kitchen, DVM, PhD, Ronald E. Murray, DVM, and Beverly
Y. Cockrell, DVM, PhD, Center for Laboratory Animal Resources, Michigan State
University, East Lansing, Mich.

Manx are a clownish breed of cat said to originate on the Isle of Man.
Easily distinguishable by a variety of biologic and morphologic charac-
teristics, they are most noted for their absence of a tail. However, a
peculiar autosomal dominant trait* provides the genetic basis not only
for taillessness and the related traits so prized by cat fanciers, but also
for a number of associated anomalies. Few people realize that the
unique appearance of the Manx actually constitutes the observable,
relatively normal end of a spectrum of genetically controlled breed char-
acteristics which include many serious deficiencies and potentially le-
thal abnormalities.

Biologic Features

Both the “normal” and “abnormal” characteristics express themselves
in a wide variety of phenotypes.*® This intraspecies variation is most
readily evident with respect to tail length. Common Manx characteris-
tics are disproportionately long hind legs, short back, large round head,
round-shaped rump and a distinctive rabbity humpy gait. Manx cats of
show quality must be completely tailless in addition to possessing these
other traits, but Manx litters generally yield some kittens with normal
tails, some with short tails (“stumpies”), and others with a mere rem-
nant of cartilaginous material (“high-riser”), as well as the tailless
“rumpies” who completely lack coccygeal vertebrae. The hollow at the
base of the backbone in “rumpies” indicates total coccygeal agenesis.

Despite their unusual physique, many Manx cats grow to be success-
ful show animals or delightful pets without signs of any other remark-
able disorders. The Manx breeder, however, soon discovers that a con-
siderable percentage of the kittens suffer from severe congenital abnor-
malities primarily related to spinal lesions. These abnormalities range
from fecal and urinary incontinence to a variety of severe spinal lesions—
everything from agenesis of the sacrum to ageiesis of the coccygeal
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~ vertebrae, absence of cauda equina, etc.* Such kittens generally must be
euthanatized.

James et al* has reported that the monoplegic Manx cat demonstrates
a medial rotation of the metatarsal homologous to the inversion and ca-
vovarus associated with abnormalities of the human foot; this abnormal-
ity causes the distinctive hopping gait in affected Manx cats. The severe-
ly affected cat can travel quickly in a straight line but tends to fall over
when changing direction. Whether the peculiar incoordination of the
hind legs is due to the abnormal pelvic posture or to longer than normal
length of the hind legs is not known.

Most frequently animals with the coccygeal agenesis but normal sac-
rum are free from any clinical disability; however, they can show a
variety of abnormalities without severe hind-limb paralysis. Three cats
who exhibited sacral dysgenesis-were found by James et al* to be either
monoplegic or incontinent in the urine or feces, or both. In one case
where severe defect of the sacrum was associated with incomplete dorsal
laminae (spina bifida), the lower cord of cauda equina was united with
the meninges and covered only a subcutaneous fat and skin resembling
a myelocele in man.* The abnormalities of the sacrum cauda equina ex-
plain the incontinence of urine and feces.

These reports have stimulated the development of a colony of Manx
cats here at the Center for Laboratory Animal Resources. At the present
time, the study has included 6 males and 2 females. Three of the animals
have died during this period. Necropsy of these animals was performed.
The predominant lesion in the first cat was obstruction of the pelvic
urethra. The second cat had a history of urinary and fecal incontinence
and was lacking its coccygeal vertebrae. Changes in the terminal urinary
and intestinal tracts supposedly resulted from functional or anatomical
deficiencies in innervation. The predominant lesion of the third cat was
coccygeal agenesis; the spinal cord appeared somewhat shortened, the
cauda equinae being found in the midsacral region. The cauda equinae
was not fused with the meninges; hence, there was no strong resem-
blance to myelocele or spina bifida in man. Sections of spinal cord from
the sacral, lumbar, thoracic and cervical areas were histiologically normal,
and lacked the dorsal cord lesions associated with human dysraphism.

Of the remaining animals, 2 males exhibit no clinical abnormalities;
1 female has the very distinct hopping gait and previously had 3 litters
of kittens—cesarean section was necessary with all but 1 litter. Only 2
kittens from the litters lived past 3 months of age. The need for cesarean
section was a result of uterine inertia, which may represent lack of nor-
mal nerve innervation. One kittten developed severe clinical signs of
abdominal distention and urinary and fecal ingontinence.

Figure 1 demonstrates one of the more obvious clinical signs, the oc-
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currence of abnormal distention of abdominal cavity and accumulation
of fecal material and distinct intestine dilatation. Dysgenesis or sacro-
coccygeal agenesis is shown in Figure 2.

Comparison with Spina Bifida

Paraplegia and hind limb monoplegia in Manx cats are similar to the
clinical syndrome in some cases of human spina bifida occulta. Spina
hifida, a cleft in the spine, is a congenital abnormality attributed to the

Fig 1—X-ray of a 4-month-old male Manx cat. Note the abnormal distention of the ab-
dominal cavity due to the accumulation of fecal material and intestinal dilation.

Fig 2—X-ray of a 6-month-old Manx cat. Note the agertesis of the coccygeal bones.
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incomplete fusion of the Jaminae to form the vertebral arches. In man
and in cats there may be a steady deterioration after birth; the or-
ganism becomes paraplegic or partially disabled and many remain
stationary.”

Kerruish was the first to describe some of the pathologic characteristics
of the Manx cat and compared them with spina bifida in man.® The
Manx cat would seem to be a particularly valuable animal model not
only for the study of spina bifida but also for understanding the variable
expression of simple autosomal alleles. Further, there is the possibility of
associating these various abnormalities with behavorial characteristics.
These possibilities indicate the Manx to be a highly desirable biomedical
model which merits further investigation.

Spina bifida and sacrococcygeal agenesis have been described in other
cat breeds,* 7 as well as in Swiss mice, calves, dogs and sheep.? ® Experi-
mentally induced spina bifida using trypan blue has also been described.*®
The occurrence of spontaneous abnormalities with a predominant high
frequency certainly underlines the logical use of the Manx cats for bio-
medical models.

Availability

Manx cats are uncommon but certainly not rare; breeders can be
found in most areas of the United States. The spontaneous lesions,
described here, are increased by breeding rumpy phenotypes to rumpy
phenotypes.
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