Chapter 11

11.  Primates


Primates

INTRODUCTION
A.
Taxonomic Considerations

· Order:  Primates

· Suborder:
Prosimii, small to medium sized animals, squirrel or foxlike appearance.  Most have moist, naked, cleft nose.  Highly arboreal, nocturnal and insectivorous.

· Suborder:
Anthropoidea includes six families; 2 NWM, OW monkeys, lesser apes, greater apes and man.

· New World Monkeys

· Platyrrhini: flat nose w/ large oval nares directed laterally, separated by a broad internarial septum.  Tympanic bulla formed by an expanded middle ear, no cheek pouches or ischial callosities, no sigmoid flexure of colon.

2 Families:

1. Callitrichidae
· smallest and most primitive

· two major groups

a) Tamarins; spatulate incisors and well developed canines

Two genera: Leontopithecus and Saguinus
b) Marmosets; caniniform incisors that blend w/ the canines

Two genera: Cebuella and Callithrix
2.
Cebidae
· All other NWs, 11 genera and 30 species

· Aotus, Saimiri, and Cebus

· Callimiconidae has only one species.  Seldom used.

· Old World Monkeys

· Place in the infraorder Catarrhini:  found mostly in Africa and Asia

· Two subfamilies

1. Colobinae
· large sacculated stomachs

· lack cheek pouches

· leaf eaters

· difficult to maintain, rarely used in research

2.
Cercopithecinae
· includes most of OWM used in research

· Cheek pouches

· Ischial callosities

· Species most commonly used in research belong to 3 Genera: Cercopithecus (guenons), Macaca (macaques), and Papio (baboons)

· Other genera: Cercocebus (mangabeys) and Erythrocebus (patas monkeys) used in specialized projects.

B.
Availability

1. New World Monkeys

PAHO–NIH agreement did make some monkeys available from countries that otherwise have an export embargo.  Few callitrichids are available for research.

Most of these monkeys have been placed in Appendix I CITES.  Federal law and the international convention have provisions to protect imperiled species by prohibiting capture, interstate commerce, importation, or exportation except under special permit.

2. Old World Monkeys

Ban on export from India in 1978 eliminated primary source of rhesus.

Total decline in numbers used due to increased cost, decreased availability, decrease in federal spending on research, and more effective use of NHP.

In 1978 the Primate Supply Information Clearinghouse was established.

· Primates represent <0.1% of total animals used in research.  CT (35(6)
PART A.  BIOLOGY AND DISEASES OF OLD WORLD PRIMATES

I.
RESEARCH CONSIDERATIONS

A.
Research Use

· The rhesus monkey is the standard lab primate, although the cynomolgus monkey has gained in research use.

· Some species of OWM are used because of the occurrence of a spontaneous disease, such as diabetes mellitus in the celebes black ape (Macaca nigra), or a susceptibility to a particular disease, such as the susceptibility to leprosy observed in the sooty mangabey (Cercocebus torquatus atys).

B.
Laboratory Management

1. Housing

· Rooms equipped w/ a window and door opens inward.  Important when potentially dangerous animals are housed.
· Cages constructed of stainless steel or aluminum alloy.
2. Sanitation

· Chemical burns of the skin and eyes can occur when using disinfectant soln.

· Cages should be changed a minimum of once every 2 weeks and washed in a cage washer attaining 82.2(C (180(F).

3. Vermin Control

· Primates will eat cockroaches
 and the feces of wild rodents
4. Handling

· Transfer cage for use only in that room.

· Male macaques and baboons should be handled only while under chemical restraint. Standard practice to extract or cut the canine teeth in male OWM.
5. Nutrition

· Water intake is 1 ml/kcal of gross energy consumed.  Rhesus monkey 80ml/kg/day.  Commercial diets should be stored in a cool, dry, vermin-free location and used w/in 90 days of their milling dates.
· Require source of ascorbic acid (vit C).

· Should be fed twice daily to avoid gastric dilatation (bloat).

6. Preventive Medicine

Most important tool for maintaining health.

a. Quarantine

· Imposition of strict isolation to prevent the spread of disease.  Also serves as a conditioning period and used for defining basic physiological parameters.

· It is best accomplished in a separate building, no equipment transfer.

· On arrival, collect data on weight, TB test at 2 wk intervals, tattooed for identification, CBC, rectal swab, stool sample and reference serum sample.

· Minimum of 31 days.

b. Frequent Observation of the Animals

At least once daily.  Primates can mask signs of illness.

c. Hospitalization of Ill Animals

d. Pathology

e. Routine Physical Exams

Attention to dental hygiene.  NHPs on commercial diets will develop calculi, which predispose to gingivitis and periodontitis.  Periodic scaling.

f. Periodic Weighing

Monthly to semiannual basis to detect individuals w/ chronic disease.

g. Tuberculin Testing

· Most reliable indicator in NHPs.  On arrival and at 2 wk intervals during quarantine for a minimum of 5 consecutive negative tests
.  The colony should be tested every 3-6 months.

· Thoracic radiographs used for initial and final evaluation.  Findings of disseminated interstitial pulmonary dz w/ mediastinal lymphadenopathy suggests TB.

· Standardized grading system.

· Reaction grades 1 and 2 are considered negative, 3 is suspicious, and 4 and 5 are considered positive
.
h. Medical Records

Essential for proper management due to long life span and multiple protocol usage.  Record systems are essential for efficient management.  The publication, Laboratory Animal Records (U.S. DHEW), defines the data elements that are required for an effective record system.

i. Personnel Health Program

Zoonoses.  Preemployment physicals and periodic TB tests. Personal protective equipment.

II.
BIOLOGY

A. Physiology

Physiological parameters: see tables, large variation in values
B. Biology of Reproduction(Breeding Systems

· Menarche or onset of menstruation in the macaque at approx. 2 years.

· All OWMs have menstrual cycles, and many species (e.g. rhesus) show external signs of menses.  Some species, such as the pigtailed macaque and the baboon, have marked changes in the perineal sex skin that correlate w/ phases of the menstrual cycle.

· Time of first conception in macaques is usually 3-4yrs of age, as late as 5-6yrs.  Female baboons attain sexual maturity at 3½-4yrs of age.  Males generally reach sexual maturity one year later.

· Cycle length is usually consistent, rhesus 28d and baboons’ 36d.

· Optimum day for conception = mean duration of last 3 cycles, divided by 2, and 3 days is subtracted from this number.

· Take female to males’ cage this number of days after last onset of menstruation.

· Hormonal assays, bimanual rectal palpation, or ultrasound can detect pregnancy.

· Gestation: rhesus and cynos = 161-175 d, baboons = 164-186 d.  Births usually occur at night and babies weigh 0.4-0.55 kg.

· Types of breeding systems: single caged, harem or multiple male. 

C.
Infant Rearing

· Normal development requires exposure to individuals of the same species.
· Neonates have poor thermoregulation, maintain at temps between 30-32(C (85-90(F).

· Fed 5% dextrose soln during first 24 hrs of birth.  Food intake should be 10% of body weight for first several days.  Birth weight should be reattained by 7 days.  By 2 months of age can be pair housed.  Weaning can be 1-9 months usually at 3 months.

III.
DISEASES

A.
Bacterial

· Enteric dz is the primary cause of morbidity and mortality in OWMs.  Etiology of primate diarrhea difficult to determine, usually multifactorial.  Attempt to determine the primary pathogen and treat w/ the appropriate antibiotic.  Maintenance of proper fluid and electrolyte balance.

· Most common organisms:  Shigella flexneri, S. sonnei, and S. boydii.

· Shigella flexneri most common species.

· CS:  Acute colitis w/ passage of foul smelling liquid stools containing blood, mucus, and necrotic colonic mucosa (dysentery).  Colonic mucosa is usually covered w/ a fibrinopurulent exudate, intestinal wall is edematous and hemorrhagic w/ focal areas of ulceration (Fig. A.1).  More common is a subacute to chronic diarrhea, stool is liquid to semisolid.

· Enrofloxacin (5 mg/kg IM SID/10 days) eliminates Shigella spp. and prevents carrier state in Cynos.  LAS 47(6): 602-605.

· Campylobacter jejuni causes diarrhea.

· Other bacterial agents of enteric dz.

· Salmonella- not common, mild to marked gastroenteritis and may become systemic w/ complications such as endocarditis or meningitis.  Localizes in the ileum, unlike Shigella which is in the colon.

· Yersinia pseudotuberculosis and Yersinia enterocolitica.  Wild birds and rodents reservoirs.  Ingestion of contaminated food.  Difficult to isolate on routine culture, cold enrichment and culture at 20(C.  Acute deaths or acute to chronic enteritis, septicemia.  RX:  Chloramphenicol, Trimethoprim-Sulfa, gentamicin, and kanamycin.

· Respiratory Diseases- the second most common problem

· Animals w/ acute lobar pneumonia have facial cyanosis, grasp bars to keep sitting position.

· May have viral etiology and be complicated by bacterial pneumonia (Klebsiella pneumoniae, Strep pneumoniae, Bordetella bronchiseptica, and Pasteurella multocida).

· Pneumonia caused by Strep. pneumoniae may have meningitis.

· RX:  long acting Penicillin

· Tetanus- seen in outdoor colonies

· CS:  depression, difficulty eating and progressive stiffening and adduction of pectoral limbs, bipedal w/ hopping gait.  Trismus, piloerection, and increasing extensor rigidity follows.  Spasm of the facial muscles leads to flattening of the ears, risus sardonicus.  Death due to respiratory paralysis.

· Circulating toxin neutralized by administering tetanus antitoxin.  Treatment of wound.

· Protect w/ immunization.  Juveniles at 4 & 12 months

· Tuberculosis- the most insidious threat to OWM

· Mycobacterium tuberculosis or M. bovis.

· Usually contracted from humans.

· Route of infection is inhalation.

· Dz is slowly progressive, may require up to 1 yr from infection to death in rhesus.  Clinical signs are usually absent.  It is easily spread through a colony.

· Most reliable diagnostic test is Intradermal tuberculin test.  Detects delayed hypersensitivity to the tuberculin, requires minimum 3 wks of infection.  Test biweekly for a minimum of 5 consecutive (-) tests.

· The ID skin test requires 0.1 ml of undiluted tuberculin in upper eyelid.  Minimum of 1500 tuberculin units recommended dosage for eliciting a positive.  27g needle.

· Examine at 24, 48, 72 hours for presence of hyperemia, edema, and induration.

· Swelling of the palpebrum w/ a drooping of the eyelid noted at 48 and 72 hr signifies a positive rxn.

· Prevent using a 90 day quarantine w/ biweekly testing of new animals.

· Dz due to infections w/ Mycobacterium avium and other atypical mycobacteria reported in macaques.

B.
Parasitic

Infections common in wild caught animals.
1.
Protozoa

· Trypanosoma cruzi

· Species most commonly identified include Trichomonas and Giardia.
· Entamoeba histolytica characteristic flask-like amebic intestinal lesions.

· Cryptosporidium responsible for diarrhea in patients w/ diminished immune responses.
· Plasmodium inui, P. cynomolgi, and P. knowlesi are some species of malarial organisms observed.  Rarely produce clinical dz unless immunosuppressed or splenectomized.  Dx based on presence of malarial organisms in the erythrocytes in thick blood smears.  Rx chloroquine phosphate (erythrocytic) and primaquine phosphate (hepatic)
.

· African NHPs are also infected w/ a malarial org. Hepatocystis kochi.  Trans by midges.  Exoerythrocytic phase is present in the liver, and large cysts are produced that are visible on the surface of the liver.

· Pneumocystis carinii observed w/ resp dz in macaques.

2.
Helminths

· Whipworms, Trichuris ssp. frequently seen in baboon stool samples.

· Strongyloides fulleborni 
· Three pathways of infection: ingestion of infectious larvae, penetration of the skin by infectious larvae, or autoinfection where larvae developing in the hosts intestine penetrates the bowel and migrates thru the body.

· RX: Thiabendazole

· Oesophagostomum (nodular worm) the commonest nematode of OWM.  Ingest infective larvae, penetrate intestinal wall and nodules rupture in 5-7 days in animals not previously infected.  In previously infected, parasite remains in nodule for long periods of time.

· Anatrichosoma cutaneum found in nasal mucosa of rhesus, life cycle unknown.  Creeping eruption on hands, feet, and faces of cynos.

3.
Cestodes: uncommon in conditioned animals
· Hymenolepis nana, the dwarf tapeworm, observed in OW primates maintained outdoors.

· Larval form of Taenia solium (Cysticercus cellulosae).

· Larval form of Echinococcus granulosus.  Larvae develop into hydatid cysts, which are slow growing structures found in the abdominal cavity, liver, lungs, and CNS.

4.
Mites

· Lung mite, Pneumonyssus simicola, very common parasite of wild-caught rhesus.

· Found in nodules near the surface of lung, produce bronchiolitis (Figs A.7-A.9, p. 315-316).

· Rupture of nodules may occur producing pneumothorax and occasionally hemothorax.

· No treatment currently

C.
Fungal

· Dermatophytosis not commonly seen.

· Lesions characterized primarily by scaly patches of alopecia w/ broken hair shafts.

· In OW most commonly due to Microsporum canis.
· Candida albicans is a common saprophyte of the skin, digestive and reproductive systems.  Mild lesion usu localized on the dorsum of the tongue and the m.m. of the oral cavity.  Raised white plaques.

· Nocardia sp. are aerobic, G+, partially acid-fast.  Produce granulomatous lesion that may be confused w/ TB.  Usually due to Nocardia asteroides, common soil saprophyte.

· Coccidiodomycosis a systemic mycosis caused by soil saprophyte, Coccidiodes immitis.  Inhalation of spores.

D.
Viral

· Seen less now due to separation of species. i.e., Marburg outbreak

· Measles or rubeola

· CS: exanthematous rash, mild conjunctivitis, gingival ulcerations.  Large outbreaks cause high mortality in NWM.  Giant cell pneumonia can be complication.  Can interfere w/ TB testing by temporarily altering immune function.

· Herpesvirus simiae
 or B virus is the counterpart to the Herpes simplex in man.

(Alpha herpesvirus)

· Infants are probably infected while still protected by maternal immunity.  Subclinical but results in latent infection that persists for life.

· May see labial or lingual ulcerations.  These lesions are rich in virus and hazardous to humans.  Fatal encephalomyelitis in man.

· Rhesus monkey is the most commonly recognized host.

· Simian Hemorrhagic Fever- highly infectious fatal viral disease of macaques. (Arterivirus)

· The patas monkey may be the reservoir host.

· Baboons and African greens are susceptible but usually not fatal.

· Macaques are susceptible and die due to acute hemorrhagic disease.  Animals can be viremic for long periods of time w/out clinical evidence of the disease.

· CS:  fever, facial edema, cyanosis, epistaxis, melena, multiple cutaneous hemorrhages.  Pathognomonic lesion hemorrhagic necrosis of the proximal duodenum stopping abruptly at the pylorus.

· Spread by direct contact, aerosol and other means.  Peritoneal MO cultures provide a promising in vitro test for detection of the virus.

· Yellow Fever (Flavivirus)

· Endemic and epidemic forms in tropical America and Africa but not Asia.

· In Africa sylvatic cycle occurs between monkeys and Aedes mosquitoes.  In African monkeys the disease is rarely severe or fatal.

· Asia monkeys (i.e., rhesus) are susceptible to experimental infection.

· Liverpool vervet monkey virus, Medical lake macaque herpes virus and Delta herpes virus 

· 3 antigenically related herpesviruses that produce dzs resembling varicella (chicken pox).

· Liverpool virus is highly fatal in vervet monkeys w/ vesicular lesions and focal necrosis in parenchymal organs.

· Delta produces similar dz in patas.

· MLM produces less fatal dz in macaques.  Lesions primarily a vesicular dermatitis that usually resolves spontaneously.

· SVV PCR assay.  Simian varicella virus DNA is readily detected in skin rash specimens and PBLs of infected monkeys during early stages of clinical varicella.  LAS 48(1): 45-49

· Hepatitis A (Picornavirus)
· Viral dz of man.  Fecal-oral.

· Chimpanzee is easily infected, but rarely shows clinical signs.

· Monkey Pox

· Orthopox virus immunologically similar to smallpox.  Zoonosis.  Clinically resembles smallpox, characterized by vesicular lesions.

· Outbreak of any poxlike dz in a group of primates reportable immediately to CDC.

· Yaba virus

· Caused by a poxvirus immunologically unrelated to smallpox but capable of infecting and causing lesions in man.

· In macaques and baboons, lesions are large, subcutaneous nodules located on head and limbs, resolve spontaneously.

· Benign Epidermal monkey pox caused by a virus immunologically related to Yaba virus
.

· Characterized by multiple raised plaques on head and limbs.  Lesions are not vesicular and involve the epidermis, Yaba is localized to the subcutis.

· Transmissible to man.

E.
Miscellaneous

· Neoplastic disease- rare, but now that colonies are older?

· Trauma, as a result of aggression, is a common clinical problem in group-housed OW monkeys.  IV fluid and electrolyte therapy must be rapidly instituted to combat the deleterious effects of muscle crushing that occurs w/ such injury.

· Acute gastric dilatation should be relieved by passing a stomach tube and removing the gas and fluid.  Place on restricted diet and monitor for 7–10 dys.

· Foreign objects.

· Diarrhea and Peritonitis Due to Traumatic Perforation of the Stomach in a Rhesus Macaque (Hardware Disease).  Contemporary Topics 35(5): 57-59

· Survey radiography of the abdomen revealed numerous, elongated foreign bodies of metallic radiodensity scattered throughout the abdominal cavity.

· Recommended that automobile tires used for environmental enrichment in monkey pens be monitored carefully and replaced if damaged by the animals.

· Polychlorinated biphenyls (PCB’s) toxicity associated w/ concrete sealers.

· CS:  photophobia, alopecia, gingivitis, periodontitis, diarrhea and emaciation.  The ducts of the Meibomian glands become distended resulting in drooping eyelids.

· PM - mucinous gland hyperplasia involving the mucosa and submucosa of the stomach.

· Hypothermia and hyperthermia in animals kept outdoors.

· Sunburn.

PART B.
BIOLOGY AND DISEASES OF CEBIDAE

I.
RESEARCH CONSIDERATIONS
A.
Research Use

· Cebid monkeys have been little used as research subjects

· relatively dissimilar to human compared w/ the Old World monkeys and apes

· quite rare

· difficult to maintain under laboratory conditions

· knowledge of the biology is quite meager

· Among the cebids, only 3 genera have received much attention.

· Aotus
· Used in infectious dz research susceptible to human malarial parasites, trachoma ocular infections, and a number of herpes viruses

· Cebus monkeys

Used in

· Pharmacological and toxicological studies

· Viral oncogenesis

· Herpesvirus hominis type 2; develop genital infections

· Purine metabolism have high blood and urine uric acid concentrations

· Atherosclerosis; 1st primate used to study this.

· Saimiri
Used in

· Pharmacological and toxicological studies

· Research on neuroanatomy and neurophysiology

· Behavioral studies

· Atherosclerosis and cholesterol metabolism

B.
Laboratory Management

II.
GENERIC PROFILES AND BIOLOGICAL CHARACTERISTICS

A.
Alouatta (Howler Monkeys)

· among the largest of the New World monkeys

· sexual dimorphism

· greatest range of the NWM

1.
Unique Biological Characteristics

· Specialized hyoid apparatus of the larynx hyoid bone expanded into an egg-shaped sacculation forming a resonance chamber

· Have prehensile tails

· Hands have the first two fingers opposable to the other three

2.
Normal Values
see table B. II, page 322

3.
Nutrition

· Primarily vegetarian

· Only new world monkey known to feed extensively on leaves

· Also eat soft fruits and other plant parts

4.
Reproduction and Behavior

· Live in multiple male-female groups of up to 50 animals

· Females sexually mature at 3-3.5 years

· Estrous cycle about 16 days

· Gestation 186 days

· Do not participate much in allogrooming nor in self-grooming

5.
Laboratory Management

· difficult to keep in captivity

· essentially have not been used in research

B.
Aotus (Night Monkeys, Owl Monkeys, Douroucoulis)

· Weigh 800-1250 grams

· Geographic distribution northern Argentina to western Panama

· Variations in animals from area to area

1.
Unique Biological Characteristics

· Only nocturnal simian primate

· Have about 50 times more rods than cones

· Form permanent pair bonds

· Males active in rearing young

· A. nancymai ( gallstones; same type as humans, taurocholic acid.  Spontaneously develop cholesterol rapidly w/ dietary induction.

· A. vociferans ( malaria

2.
Normal Values

· see table B. III, page 323

· chromosomal polymorphism 7 different karyotypes

3.
Nutrition

· Thought to be principally frugivorous but diet includes foliage, insects, bird eggs, and small birds and animals

· Aotus not very good at manipulation w/ hands and may drop pelleted food

4.
Reproduction

· Monogamous

· Attempts to house together other than in breeding pairs usually results in conflict and injury

· Recognition of karyotypes has increased success of breeding

· Births usually occur during light portion of the day.  Labor lasts about 30 minutes

· Infants are carried exclusively by their mother during the first 3-4 days

· By two wks of age father plays more active role in carrying and feeding the young

· Nonseasonal reproductive cycles

· Estrous cycles probably about 10-15 days

· No menstruation

· Gestation 120-140 days

· Birth weights 92 ( 21 grams

5.
Behavior

· Aotus form strong pair bonds and are normally found in family units

· Sleep during daylight hours

· Self-grooming is common but allogrooming is not

· Olfactory signals appear important in communication

· Scent mark by rubbing a brown, oily substance from glands located on the ventral surface of the tail base.  Marking behavior is exhibited in hostile situations

6.
Laboratory Management

· Tranquil setting improves adaptation to captivity handling and restraint should be kept to a minimum

· Rooms should be kept at 70-80°F and from 30-60% humidity

· Agonistic behaviors have been observed between family groups in natural habitats

· May be housed singly, in male-female pairs, or in family groups

· Perches should be provided

· Nest boxes provide a secluded place for sleeping and may also be used for capture without causing undo disturbance in the colony

C.
Ateles (Spider Monkeys)

· 2N=34

· Adults weigh up to 8 kg

· Thumbs are vestigial or absent and hands function as suspending hooks

· Use brachiation-type locomotion.  Walk either quadripedally or bipedally on the ground

· Primarily frugivorous but also eat leafy material.  Have been maintained on commercial monkey chow

· Are not seasonal breeders

· Menstrual cycle 24-27 days

· Gestation about 7 months

· Housing should allow for brachiation-type movement

D.
Brachyteles (Woolly Spider Monkey)

· Similar to the common spider monkey

· 2N=34

· Quite rare and found only in forests in southeastern brazil

E.
Cacajao (Uakaris)

· Weigh approximately 4 kg

· Have bare faces and bald heads

· Differ from other cebids in having very short tails

· Black uakari is considered distinct species

· Live in groups in the wild

· Exhibit allogrooming

· Essentially have not been used in research

F.
Callicebus (Titis)

· weigh approximately 1 kg

· sexual dimorphism not readily apparent

· highly arboreal

1.
Unique Biologic Characteristics

Live in family units and are highly territorial

2.
Nutrition

Basically frugivorous but also eat leaves, insects, bird eggs, and small birds

3.
Reproduction and Behavior

· Form pair bonds

· Males participate in the rearing of the young

· Grooming is an important and frequent activity

4.
Laboratory Management

· Very difficult to establish in captivity.  70% die within the first 3 months of captivity, may be stress related.  Succumb to pneumonia, gastrointestinal illnesses, or a ketosis-like syndrome.

· Usually housed in adult, mixed sex pairs

· Animals are highly territorial should provide visual screening

· Housing should accommodate their normal leaping activity

· Perches should be provided

· Will use open-faced nest boxes

· Should maintain temperature from 70-85°F and humidity from 30-60%

G.
Cebus (Capuchins)

· Are the hardiest and most adaptive of all of the Cebidae

· Weigh up to 4 kg

· Have opposable thumbs and prehensile tails

· Geographic distribution Central and South America to northern Argentina

1.
Unique Biological Characteristics

· Appear to be the most intelligent of the New World primates

· Have relatively high blood and urine concentrations of uric acid

2.
Normal Values
see Tables B. VIII and B. IX.
3.
Nutrition

· Omnivorous; fruits, flowers, insects, bird eggs, young birds, nesting squirrels, and small lizards.

· Have been used in nutritional studies including deficiency studies and atherosclerosis.

4.
Reproduction

· Found in multi-male-multi-female groups

· Appear to mate polygamously

· Reproduction under natural conditions tends to be seasonal but throughout the year in captivity.

· Menstrual cycle 15-21 days

· Menstruation is not marked, may not be externally visible, lasts for 2-4 days.

· Breeding programs of placing females w/ males on alternate 14-30 day cycles have been effective.

· Gestation 162 days

· Mother provides most of the infant care

5.
Behavior

· Allogrooming is a common behavior

· Under natural conditions will associate w/ other genera - Saimiri, Alouatta, and Ateles (Sympatric)
6.
Laboratory Management

· Temperatures should be maintained from 70-80°F

Models
· #247:  Adenosis of the vagina and cervix; adenosis and clear cell adenocarcinoma

· #400:  Megaloblastic anemia induced by folate deficiency

H.
Chiropotes (Bearded Sakis)

· Weigh from 2.7 to 3.2 kg

· Known by their distinctive beards, bulbus tufts of hair on either side of their head, long bushy tails, and rather short body fur

· Principally frugivorous and/or seed eaters but will eat meal worms, grasshoppers, other insects, young mice, and small birds

· Difficult to maintain in captivity

· Essentially have not been used in medical research

I.
Lagothrix (Woolly Monkeys)

· Highly arboreal

· Weigh up to 10 kg

· Have prehensile tails w/ hairless tactile pads on the ventral surface near the tip (dermatoglyphs)
1.
Normal Values

· see table B.XI for serum chemical values

2.
Nutrition

· Principally frugivorous but eat insects, small birds, monkey chow, vegetables, bird eggs, cheese, butter, meat, fish, and cow's milk

3.
Reproduction

· Breeding activity occurs throughout the year

· Menstrual cycle about 3 weeks

· Mating occurs about 10 days after the cessation of menstruation

· Gestation about 7.5 months

4.
Behavior

· Under natural conditions live in groups of up to 25 monkeys

5.
Laboratory Management

· Used very little in research

· Difficult to maintain under laboratory conditions

· Should be housed in groups or pairs if possible

J.
Pithecia (Sakis; 2 Species, 2 Subspecies)

· Weigh from 1.4 to 2.25 kg

· Have non-prehensile tails

· The innermost two fingers on each hand are opposable to the other three fingers

· Thought to be basically frugivorous but also eat seeds, flowers, leaves, insects, and mealworms

· Thought to mate monogamously and form lasting pair bonds

· Difficult to maintain and essentially has not been used in medical research

K.
Saimiri (Squirrel Monkeys; 2 Species, 8 Subspecies)

· Weigh between 500 and 1100 grams

1.
Unique biological Features

· Most commonly used New World monkey in research

· Both sexes exhibit reproductive seasonal changes; females have very short estrous cycles and males have seasonal enlargement of the testes

· Have very high blood cortisol concentrations

· Natural occurrence of arteriosclerosis and have propensity to develop atherosclerosis when fed dietary cholesterol

· Highest complement of any NHP, even higher than GPs.

2.
Normal Values
see Tables B. XII-B. XIX

3.
Nutrition

· Are omnivorous, eat fruits and insects

· Require a diet of high caloric density

· Require vitamin D3 or ultraviolet light and vitamin C.

· Have a high dietary requirement for folic acid

4.
Reproduction

· Have seasonal reproductive cycles

· Females do not menstruate but are seasonally polyestrous

· Estrous cycle about 7 to 13 days; shortest
· Males undergo weight gain (fatted male phenomenon), increased testicular size, spermatogenesis, and elevated plasma testosterone concentration

· Gestation about 145 to 150 days

· Births usually occur at night

· Newborns less than 90g rarely survive

· Other females may carry infants (aunting behavior)

· Adult males generally do not interact w/ the infants

· Females usually sexually mature from 2.5 to 3.5 years and males by 3.5 years

5.
Behavior

· Under natural conditions associate in large bisexual groups

· Adult females form the central social structure of the group

· Adult males remain peripheral to the group except during the breeding season

· Allogrooming does not frequently occur

6.
Laboratory Management

· Acclimatization to captivity should include avoidance of stress, avoidance of environmental changes, and feeding of diet to which they have been acclimated

· Can be maintained on commercial diets w/ or without fruits and vegetables

· Maintain temperature from 70-80°F and humidity from 30-70%

· Once established, mixed groups are quite stable

· Breeding paradigms single male-multi-female or multi-female-multi-male groups; one adult male may be housed w/ up to 12 female monkeys

Models
· #74:  Cholelithiasis in Brazilian squirrel monkeys (S. sciureus), and Guyanese

· #306:  Gilberts dz; Nonhemolytic unconjugated hyperbilirubinemia in S. boliviensis

III.
DISEASES

A.
Bacterial

1.
Respiratory Disease

· Bordetella bronchiseptica, Pasteurella multocida, Klebsiella pneumoniae, and Streptococcus pneumoniae associated w/ acute respiratory infection

· Usually stress related

· Dz may take form of rhinitis, pharyngitis, and/or pneumonia.

· Symptoms nasal exudates, coughing and sneezing, dyspnea, lethargy, anorexia, and fever

· Peracute septicemia may occur w/ monkey found dead

· Septicemia may result in spread of infection to other sites

· Streptococcus, Klebsiella, and Pasteurella infections may result in suppurative meningitis

2.
Tetanus

· Clostridium tetani
· Report in Bolivian squirrel monkeys housed in outdoor pens directly on the ground

· Signs incl. slow deliberate and slightly stiffened gait, trismus, extensor rigidity, opisthotonos, and death

· Prophylaxis consisting of three 0.25 ml intramuscular injections of tetanus toxoid given at monthly intervals appeared effective

3.
Leptospirosis

· Has not been reported as a naturally occurring dz in NW monkeys

· Squirrel monkeys can be experimentally infected w/ Leptospira icterohemorrhagica which is sometimes fatal.

4.
Tuberculosis

· Mycobacterium tuberculosis and possibly Mycobacterium bovis
· Reported in Saimiri, Aotus, Ateles, and Cebus
· Infection may occur by the alimentary or respiratory routes

· Miliary lesions appear as firm white nodules in many organs and tissues, especially in spleen, liver, kidney, and various lymph nodes

· Clinical signs weight loss, lethargy, coughing, unthrifty appearance, and anorexia

· Reliability of tuberculin testing in New World monkeys and interpretation of test results are uncertain

· Infection of squirrel monkeys w/ Mycobacterium gordoneae as well as mycobacteria of the avium-intracellulare group caused positive tuberculin skin tests; however, the animals had neither gross nor microscopic lesions of tuberculosis

5.
Gastrointestinal Disease

· low rates of infection which are usually asymptomatic associated w/ Salmonella, Shigella, and Escherichia
· Yersinia pseudotuberculosis and Y. enterocolitica associated w/ dz

· Clinical signs lethargy, anorexia, dehydration, and severe diarrhea or dysentery

· Peracute dz resulting in death without prior signs

· Necrotizing to ulcerative enterocolitis

· May take a more chronic, indolent course w/ caseous abscess formation of the lymph nodes, liver, spleen, lung, and kidney

· Most cases have occurred in animals in indoor-outdoor facilities

6.
Streptothrichosis

· Dermatophilus congolensis
· Papillomatous lesions on the chin, eyelid, lips, and extremities including the tail; lesions may be hairless and covered w/ red-brown crusts that are cracked and fissured

B.
Parasitic

1.
Protozoa

a.
Malaria

· Plasmodium brazilianum (more common) and Plasmodium simium naturally occurring.

· Natural infection has been found in most Cebidae

· P. simium has been found only in Alouatta and Brachyteles
· Two forms of infection erythrocytic and hepatic

· Initial infections are characterized by rising numbers of parasites that peak in 1-3 weeks and may be associated w/ anorexia, cyclic fever, and anemia

· Infections w/ P. brazilianum may persist for years as low or subpatent infections

· Natural infection of P. simium in Alouatta and Brachyteles have been light parasitemias w/ little evidence of illness

· Most striking gross pathologic change associated w/ P. brazilianum infection is splenomegaly
· Diagnosis is made by demonstrating the parasites in the erythrocytes

· Chloroquine is effective against erythrocytic phase.

· Primaquine is effective against hepatic phase.

· Drugs should be given separately because of increased toxicity when given together.

b.
Hemoflagellates

· Trypanosoma cruzi and Trypanosoma rangeli and rangeli-like organisms

· Infection transmitted by reduviid bug

· T. rangeli is essentially nonpathogenic

· T. cruzi is the cause of Chagas' dz in humans

· Necrosis and inflammation of the heart, brain, lymph nodes, liver, and spleen often occurs.

· Humans w/ chronic dz myocarditis, myocardial fibrosis, cardiac enlargement, conduction defects, especially right bundle branch block, and heart failure

· Pathologic changes in NWP caused by T. cruzi mostly are findings of leishmanial forms in cardiac muscle cells and varying degrees of associated myocarditis.

· T. cruzi infections in NWP usually not associated w/ clinical dz

· Squirrel monkeys and capuchins of feral origin have been found to have a high frequency of right bundle branch block

· Parasites can be demonstrated by: examination of fresh or stained blood films, animal inoculation w/ suspect blood and demonstration of trypanosomes in the recipient's blood or tissues, culture of blood on NNN medium, and xenodiagnosis

c.
Tissue Cyst-Forming Coccidia

i.
Toxoplasma gondii
· Definitive host is the cat

· Has an enteric cycle in the cat but may parasitize many tissues in both the definitive and intermediate hosts

· Human infection is most often manifested as lymphadenopathy which may or may not be associated w/ fever

· More serious illness, such as encephalitis, myocarditis, and pneumonitis may occur

· Naturally occurring infections w/ Toxoplasma have been found in most of the Cebidae

· Many of the cases were reported from a zoo where raw meat comprised part of the diet.

· In all cases the animals were found dead w/ no prior signs or had a short duration of illness of 1 day to 1 week

· Signs included pyrexia, anorexia, lethargy, somnolence, progressive weakness, dyspnea, circling, grasping and holding of the head, leaning head against or hitting head on cage, ataxia, and convulsions

· Clinical diagnosis is difficult but may be aided w/ serology, CF, IFA, indirect HAI, and mouse inoculation of biopsy specimens

· Sabin-Feldman dye test
· History of feeding raw animal tissues, exposure to cats, lymphadenopathy, or evidence of encephalitis are situations or conditions that may support a decision to initiate antitoxoplasma therapy

· Effectiveness of chemotherapy is unknown in monkeys

· In humans treatment used is pyrimethamine and a sulfonamide

· Treatment in primates, human pediatric dose may be a good starting point

· Pyrimethamine may depress the bone marrow

· Folic acid may be given to alleviate bone marrow depression

ii.
Sarcocystis sp.

· Coccidia w/ a two-host life cycle

· Definitive hosts dogs, cats and other carnivores

· Intermediate hosts herbivores, rodents, primates, and probably other animals

· Essentially non-pathogenic in NWP.

d.
Intestinal Flagellates and Ciliates

· Occasional reports of Chilomastix, Embadomonas, Giardia, Trichomonas, and Balantidium

· Organisms appear to be essentially non-pathogenic.

· Balantidium may cause mucosal erosion and ulceration of the large bowel

· Giardia may cause diarrhea and steatorrhea

· Treatment w/ metronidazole is usually effective

e.
Amoebae

· Entamoeba histolytica

· May cause mucosal erosions and ulceration of the large bowel

· Produces ulcers that are flask-shaped in cross section

· May spread to the liver and induce amoebic abscesses

· Two races of E. histolytica exist, the larger one being pathogenic

· Infected monkeys pass cysts in feces and are the most important source of infection for other monkeys.  Infected humans, flies, and cockroaches may be sources of infection

· Dz may be severe and even fatal in Ateles and Lagothrix.
· Microscopically the main change is that of necrosis w/ amoebae at the edges of the lesions.

· Signs: apathy, diarrhea, and gradual weight loss

· Affected monkeys usually continue to eat and are afebrile

· Treatment see Table B.XXII

f.
Encephalitozoon cuniculi

· Infection usually in rabbits and rodents but has been found in carnivores and primates

· Parasite has predilection for cells of the brain and renal tubules

· Evidence of in utero infection

· Newborns and neonates may exhibit intermittent petit mal seizures

· Infection in adults is apparently latent

· Lesions consist of granulomatous encephalitis, hepatitis, and nephritis

· Can be differentiated from Toxoplasma by staining w/ H&E.

· Toxoplasma stain moderately well w/ H&E, are gram-negative, and do not stain well w/ Goodpasture stains.

· IFA and intradermal skin test using Encephalitozoon antigens appear to be effective means for identification of latently infected animals

· No known chemotherapeutic treatment available

2.
Metazoan Parasites

a.
Helminths

i.
Nematodes

(a)
Strongyloides

· Strongyloides cebus

· Infest the duodenum and jejunum w/ little pathologic change

· Heavy infestation may affect absorptive processes and cause diarrhea

· Female worms are parthenogenetic

(b)
Molineus

· Trichostrongyle common in NWM

· Minute, slender, pale red worms found in the duodenum and pyloric portion of the stomach.

· M. torulosus has been found in Cebus and Saimiri, and M. elegans in Saimiri.

· M. torulosus may produce severe lesions in Cebus monkeys.

· Submucosal granulomas develop that appear as nodules protruding from serosal surface.

(c)
Filaroides

· Lung worms commonly found in NWM

· Worms inhabit bronchioles, alveolar ducts, and alveoli.

· See elevated nodules on the pleural surface on the lung.

· Usually do not cause overt clinical dz

(d)
Trypanoxyuris

· Pinworms commonly found in NWM

· Adults inhabit the cecum and large bowel

· Diagnosis by finding eggs in feces or adults in bowel

(e)
Protospirura

· P. muricola is a spirurid nematode which is principally a parasite of feral rodents

· Found in the lumen of the terminal esophagus and in the stomach (Cebus, Ateles, Aotus).

· Heavy infestation may result in obstruction and tissue invasion

· The dusty-tailed or Surinam cockroach, Leucophaea maderae may serve as an intermediate host

(f)
Trichospirura

· Trichospirura leptostoma found in the pancreatic ducts of Callitrichids and also Callicebus, Saimiri, and Aotus

· Occasionally have been associated w/ mild pancreatic acinar atrophy and inflammation and rarely acute pancreatitis.

· Physical obstruction of the pancreatic ducts by T. leptostoma is the probable cause of chronic pancreatitis, w/ secondary pancreatic insufficiency resulting in a state of malnutrition.  CT 36(1): 52-55

· Blatella germanica and Supella longipalpa are the intermediate hosts.

(g)
Physaloptera

· Found in the stomach where they attach to the gastric mucosa

· Light infestations are usually asymptomatic

· Requires an arthropod intermediate host

(h)
Dipetalonema and Tetrapetalonema

· Most species found in the subcutaneous tissues or in the serous cavities of the body

· Tetrapetalonema have been found in the connective tissues over the back, in and around the scapulae.

· Dipetalonema are found in periesophageal CT, in the serous cavities, predominantly in the peritoneal cavity, but also occasionally in the pleural cavities and in the pericardial sac.

· Usually do not induce much of an inflammatory response.  Heavy infestations in the serous cavities sometimes associated w/ a fibrinous peritonitis

· Microfilariae circulate in the blood

· Culicoides flies may transmit dz

· Diethylcarbamazine is effective treatment

(i)
Gongylonema

· These worms are found in tunnels that they produce in the stratum malpighii of the mucosa of the esophagus

· Eggs are laid in these tunnels and are eventually shed at the surface of the mucosa and passed in the feces

· Arthropod intermediate host is necessary

ii.
Acanthocephalans

· Prosthenorchis probably the most pathogenic of all the helminth parasites of South American monkeys

· P. elegans and P. spirula have been found

· Adults inhabit the bowel, attaching to the terminal ileum

· Cause localized inflammation and sclerosis w/ occasional penetration into the peritoneal cavity where they cause peritonitis

· Heavy infestations may cause obstruction and intussusception

· German roach, Blatella germanica and several beetles may serve as intermediate hosts

iii.
Trematodes

· Infestation depends upon the habitat, feeding habits, and availability of multiple mollusk intermediate hosts

· Prevalence of infection has been low and worm burdens light w/ little pathologic change

· Phaneropsolus intestinal flukes

· Controrchis and Athesmia liver flukes

iv.
Cestodes

· Indirect life cycle

· Sparganum plerocercoid larvae of Spirometra have been found in the connective tissues of Saimiri

b.
Pentastomes

· Nymphal forms of tongue worms that are arthropod endoparasites of snakes

· NWM may become infected w/ Porocephalus by ingesting water and food contaminated w/ excreta of infected snakes

· Eggs hatch in the intestine and larvae migrate through the bowel into the tissues

· Larval forms go through a metamorphosis into a nymphal stage that may be found in any organ or tissue

· Usually found in the lungs, liver, or in the mesentery

c.
Ectoparasites

· A louse similar to the human louse, Pediculus humanus have been reported in spider monkeys

· Biting lice of the genus Trichodectes also are common parasites of howler monkeys

· Squirrel monkeys have been found to be infested w/ the mite Fonsecalges saimirii

C.
Rickettsial

Eperythrozoon and Haemobartonella

· Thought to be spread by arthropods to include lice, fleas, and biting flies

· Transmission can also occur by injection of blood or blood-containing tissues from infected animals

· Significance and prevalence of these infections in South American monkeys is not known.

· Typically produce inapparent infections in normal animals.

· Infection may be exacerbated following splenectomy.

· Clinical and pathologic changes are the results of erythrocyte destruction and anemia.

· CF, IFA, or indirect HAI may be useful in diagnostics.

D.
Viral

a.
Herpesvirus platyrrhinae (tamarinus)
· Causes latent infection in Saimiri, Cebus, and Ateles among others.

· Overt dz is not common but signs include oral, lingual, and labial ulcers.

· Recurrence of lesions are not known to occur but the virus is shed periodically.

· Virus causes pantropic infections in marmosets and owl monkeys spreading rapidly and causing high morbidity and mortality.

b.
Herpesvirus hominis

· Causes a dz in owl monkeys that is indistinguishable from H. platyrrhinae.

c.
Herpesvirus saimiri

· Found in squirrel monkeys of feral origin.

· Infection is latent.

· Virus persists in latent state in lymphocytes and shares several common properties w/ Epstein-Barr virus and Marek's dz virus.

· When inoculated into owl monkeys or marmosets, develop malignant lymphoma of the reticulum cell type and die in 3-6 wks.  #60: Burkitts lymphoma.

d.
Measles

· Saimiri and Cebus have been affected.

· Signs include lethargy, dyspnea, serous nasal exudate, and conjunctivitis; Capuchins have a diffuse erythematous rash on abdomen and inner aspects of thigh.

· Dz in Capuchins is mild while dz in squirrel monkeys is severe.

· An extensive maculopapular rash develops over most of body in squirrel monkeys.

· Case fatality rate in squirrel monkeys is about 5%.

· Eosinophilic INIB found in epithelium and giant cells.

e.
Yellow Fever

· Flavivirus

· Transmitted by mosquitoes Aedes in the urban form and Haemogogus in the jungle cycle.

· Urban form involves human to human transmission whereas the sylvatic cycle involves animals.

· Incubation period in monkeys is 3-8 days.

· Serological data suggest that many animals recover.

· Dz is characterized by midzonal necrosis and fatty change of the liver, degeneration of the kidney, and gastrointestinal hemorrhage.

· Necrotic hepatocytes develop a peculiar intracytoplasmic hyaline change called a Councilman body.

E.
Neoplastic

Tumors have not been frequently reported in the Cebidae.

see Table B. XXIV

PART C.
BIOLOGY AND DISEASES OF CALLITRICHIDAE

I. RESEARCH CONSIDERATIONS

A. Use

· Callithrix jacchus jacchus has proved to be most adaptable to captivity.

· Callithrichids have been used extensively in human hepatitis research, notably Saguinus ssp.

· Used in studies of slow viruses, spongiform encephalopathy, mycoplasma, chlamydia, cholera, malaria, and viral oncology.

· Ability of Epstein-Barr virus to cause malignant lymphoma or regressing lymphoreticular hyperplasia is an important biological link between infectious mononucleosis and neoplastic dz associated w/ EBV in man.

· Tumors induced in three callithrichid species w/ Rous sarcoma virus.

B.
Laboratory Management and Husbandry

1. Caging

· Highly territorial and behave aggressively toward conspecifics of the same sex.  Single caging recommended for adults on experimentation.

· Cages should include the following features:  one or more perches, escape proof construction, high location for feed stations, and a nest box, preferably removable w/ closures for easy capture.  Should be tall enough so that a completely relaxed individual can posture normally on perches w/o coming in contact w/ excrement on the cage floor.

· Easiest to manage as nucleus family groups, consisting of the adult male and female and one or more sets of offspring.

2. Sanitation

3. Feeding

· Feed presented twice daily.

· Require high energy diets and usually begin feeding shortly after arising.

· Most callitrichids are nearly totally arboreal.  Prefer to feed from higher points w/i the cage.

· Family groups may contain a dominant individual who will defend as many feeding stations as possible and claim most of the preferred food.  Additional feeding stations may be necessary.

4. Environment

· Callitrichids depend heavily upon vocal communication to maintain contact.

· Methods of capture that conceal the act are highly desirable.

· Agonistic behavior among conspecifics of the same sex may be so marked that aggressive individuals may spend hours staring at other conspecifics in distant cages and pay little attention to the business of raising their offspring.  Recommended that breeding families of the same species be visually screened from each other.

· Closed facilities are rendered more habitable by the addition of UV sunlamps turned on for 30 - 60 min/day.

· UV light produces native vitamin D3 by activating 7-dehydrocholesterol, essential to New World primate calcium metabolism.

· UV light is therapeutic in the treatment and prevention of “cage paralysis” (osteodystrophia fibrosa).

5. Nest Box

· Require a flat surface for sleeping, preferably where a curled posture can be assumed to conserve body heat.

· The lateral opening should be closeable by a slide, and the nest box removable from the cage so that animals can be driven into the box, the opening closed, and the box removed.

6.
Vermin Control

· Feral callitrichids are infected w/ one or two species of thornyheaded worms and the german cockroach, Blatella germanica, is an effective intermediate host.

· Where outdoor facilities are contemplated, consideration should be given to potential vectors of the family Dipetalonematidae, filarial nematodes.  As many as 13 species of microfilaria have been reported in callitrichids.

II.
BIOLOGY

A.
Physiology and Anatomy

· Digits: Possess falcula (claws) rather than ungula (nails) w/ one exception, the hallux.  Thumb is not opposable but the hallux is.

· Lymphatics: Mesenteric lymphatics empty directly into the posterior vena cava in the region of the renal veins.  No cysternal chyli is present.

· Ischial calloses: Absent.

· Mammary glands: Axillary rather than anterior.

· Large bowel: Rudimentary separation of the ascending, transverse, and descending colon.  Fully invested by mesocolon to the level of the distal colon or rectal canal.  Longitudinal taeniae and sacculi are present.  No sigmoid flexure.

· Pancreas: Fairly well-developed head, body, and tail.

· Lungs: Five lobes. R: superior, cardiac, diaphragmatic and postcaval; L: superior and diaphragmatic

· Liver: Four lobes.  R, L, medial, and caudate.  Gallbladder attached to the medial.

· Brain: Possesses a calcarine fissure but the cortex is generally smooth and fissures are few.

· Vision: Binocular.

· Circumgenital glands: Well developed sebaceous glands overlying enlarged apocrine glands covering the labia majora and pudendum in the female and the scrotum in the male.

· Sternal glands: Located on the anterior chest.  May be diffuse or focal in arrangement.

· Chimerism: Normal twinning coupled w/ placental vascular anastomoses, and continuous placental hemopoiesis results in stem cell crossover between developing fetuses; hence all twins and many singletons appear to be permanent chimeras.  Free-martinism does not occur probably because the callitrichid placenta possesses an effective aromatizing enzyme system capable of converting androgens to estrone.
B.
Normal Values

1.
Body Size and Weight

· Exhibit no distinct sexual dimorphism in body size, weight, or appearance.

· Well-developed labia majora and a completely scrotal penis make the sexes of C. j. jacchus especially difficult to distinguish.

2.
Dentition

· Dental formulae for all callitrichids are the same.

· Like other NW primates, have three premolars and two molars, a reversal of the pattern seen in man and OW primates.

3.
Skeletal Growth

4.
Body Temperature

· Normal daytime rectal temp for callitrichids varies b/t 38.5( and 40.0(C.

· Develop a distinct torpor w/ hypothermia (34.0() during sleep.

5.
Karyology

· Callitrichid chromosomes generally bear close physical resemblance to those of man, although smaller.

· Chimerism creates problems for those studying karyology of peripheral leukocytes since it is not possible, except where the chimera is male/female, to establish the identity of the cell source.

· Cebuella

44


Leontopithecus
46

· Callithrix
       44 or 46


Callimico

48

· Saguinus

46

6.
Hematology and Blood Chemistry

· Small numbers of nucleated RBCs are commonly seen in callitrichid blood smears.

C.
Nutrition

· Feral species are omnivorous, feeding on insects, fruits, nectars, tree exudates, and whatever small animals they can capture.

· Marmoset species consume tree exudates and gums from bark wounds inflicted by themselves or caused by other trauma.  Have marked dental adaptation procumbent mandibular incisors to accomplish this.

· Several important rules of callitrichid nutrition management seem apparent: (1) avoid generalizations w/ other primate nutrition requirements;  (2) diets should contain relatively high, readily available, sources of energy; and (3) behavior is an important aspect of callitrichid nutrition

D.
Biology of Reproduction

· Female callitrichids are biovulatory, and dizygotic twinning is the rule, but singleton births, triplets, and even quadruplets are seen.

· Estrous cycle varies between 14 and 18 days.  Characterized by the absence of external signs such as sex skin changes and menstruation.

· Gestation is shortest in the lion tamarins (128 days), but is approx 145 days for other species.

· Pregnancy can be diagnosed as early as 2 weeks by plasma or urine measurement of placental chorionic gonadotropin; however, callitrichids are ideally suited for digital palpation of the pregnant uterus through the abdominal wall.

· Most deliveries occur at night outside the nest box.  Neonates receive little help from the mother and must climb to her back and nipple if they are to survive.

· Placentation is monodiscoid hemochorial and hemodynamically labyrinthine.

· Blood chimerism occurs.  Since many singletons are the result of a twin being resorbed, these are commonly chimeric also; non-chimeric singletons do occur.

· Repro capacity of callitrichids exceeds that of any other simian primate.

· Sex ratios of offspring are 1:1.

· Weaning may begin as early as 45 days and is usu complete by 60 days.

· Callitrichid ovaries are characterized by the accumulation of luteal (interstitial) bodies in the subcortical stroma throughout life.

E.
Behavior

1.
Territoriality and Group Size

· Feral callitrichids are territorial

· Introduction of mature adults into breeding groups in captivity is destabilizing and may result in fierce fighting.

· Group members sleep together.

2.
Infant Rearing

· Infant care is a learned process, and therefore weanlings remain w/ adults through at least one subsequent cycle of infant rearing.

· Virtually all family members participate in infant carrying.

· Active and passive food sharing w/ infants by adults and juveniles.

3.
Intra- and Intergroup Behavior

· Males respond to distress more aggressively than other family members and usually dictate the time of entrance into the nest box for sleeping.

· Lactating females may dominate feeding stations and consume most of the preferred food.

· Females mark more frequently w/ the circumgenital glands and experience increased marking behavior w/ sexual maturation.

· Both sexes mark by rubbing the genitalia, pubis, or chest on the object.

· Both sexes of callitrichids also mark w/ urine, and marmosets, but not tamarins, “posterior present” in the face of a perceived threat.

· Only the dominant male and female reproduce.

· Allogrooming, play, and aggression are normal behaviors.

III.
DISEASES

A.
Bacterial

· Pathogenic bacteria are relatively uncommon.

· Klebsiella pneumoniae occurs principally as a cause of lobar pneumonia in debilitated or sick individuals.  Opportunistic pathogen.

· Salmonella ssp. occasionally cause fatal septicemias.

· Fatal cases characterized by serositis and focal necrosis of liver and lungs.

· Shigellosis; incidence in fecal surveys exceeds incidence of disease.

· Bloody diarrhea, colitis, dehydration, and deaths are attributed to Shigella sonnei.

· Tuberculosis is rare.

· Infraorbital abscess is a common problem in the saddle-back tamarin.

· Osteomyelitis, local or disseminated, is a fairly common problem as a result of puncture wounds or chronic cauditis and is especially common locally in bitten or amputated fingers.

· Osteomyelitis of the tail tip is usually secondary to fecolith formation.  Dramatic cures such as partial tail amputation should be avoided.

· Systemic osteomyelitis occurs occasionally as a result of fight wounds and is usu accompanied by one or more sinus tracks extending from infected bones or joints.  Most animals recover rather rapidly w/ Abiotic therapy.

· Mycotic infections uncommon w/ exception of Candida ssp.

B.
Parasitic

· Table C. XVI, p. 370-371, lists reported parasites of callitrichids.

· Most important are the acanthocephalan worms Prosthenorchis elegans and P. spirula.

1.
Protozoa

· Trypanosomes, including T. cruzi, are common, although dz is uncommon.

· Entamoeba histolytica fairly common, may produce ulcers in the intestines w/ submucosal invasion.

2.
Platyhelminths

· Role of bile duct trematodes uncertain, common in feral animals

3.
Aschelminths

4.
Acanthocephala

· Prosthenorchis spp. most common and serious parasite threat.

· In captivity these worms penetrate the wall of the terminal ileum causing abscesses, peritonitis, and sepsis.

· Most infected individuals have 1-4 parasites situated at the ileocecal valve w/ the head imbedded in the wall of the terminal ileum.

5.
Arthropoda

· Most commonly recognized arthropod is the nymph of Porocephalus clavatus.  Found coiled into a “C” shape and encapsulated in the peritoneal and thoracic cavities. (Fig C. 13)

C.
Viral

1.
Herpesviruses

· Herpesvirus tamarinus (platyrrhinae) (HVT)

· Often fatal systemic dz w/ a broad spectrum of organ involvement.

· Characterized by rhinitis, conjunctivitis, oral and labial vesicles and ulcers, anorexia, lassitude, and ulcerative dermatitis.

· Infected animals sometimes develop hyperesthesia and scratch persistently.

· Postmortem lesions include ulcerations throughout the GI tract.

· Gray-white focal necrosis of the liver and other visceral organs.

· Intranuclear inclusion bodies.

· Natural host appears to be the squirrel monkey.  Should be housed separately from callitrichids.

· Herpesvirus simplex, capable of causing dz similar to HVT in callitrichids.

· Herpesvirus saimiri, Herpesvirus ateles, and Epstein-Barr virus, all produce a rapidly developing fatal, or sometimes regressing, lymphomalike neoplasm.
2.
Poxviruses

· Reported in C. jacchus.

· Typical erythematous papules progressing to encrusted plaques, and ulcers were observed (Fig. C.14).

3.
Myxoviruses

· Measles (rubeola) virus

· Clinical signs included swollen eyelids and lethargy w/ death ensuing less than a day after first observation of illness.

· Histopathological findings included interstitial pneumonitis w/ giant cell formation, multinucleated cells w/ intranuclear inclusion bodies (Fig. C.16), and focal collections of alveolar giant cells including Warthin-Finkeldey types.

4.
Miscellaneous Viruses

· Healthy C. jacchus may carry a syncytium forming foamy virus in the skin and peripheral leukocytes.  Possesses an RNA-dependent DNA polymerase.  No known pathology.

D.
Miscellaneous

· Fighting

· Most common single cause of morbidity in most colonies is diarrheal disease, particularly in tamarins.

· Intussusception is relatively common in callitrichids.  Most originate in the ileum, particularly the terminal ileum, and multiples occur.

· Rectal prolapse.

· Major cause of infant mortality appears to be parental neglect.

· “Wasting marmoset syndrome” (WMS), “wasting dz”, “wasting marmoset dz”.
(1)
Dramatic and persistent loss of weight.

(2)
Anemia and hypoproteinemia

(3)
Carcass is emaciated and unkempt, mucous membranes are pale, muscle mass is reduced, there is an almost total absence of body fat, and the liver may be smaller than normal.

(4)
Found collapsed characterized by marked hypothermia and hypoglycemia.

· Hypovitaminosis D3 clinically manifested as osteodystrophia fibrosa.

E.
Neoplastic

· Cotton-top tamarin is unique in its susceptibility to mucinous adenocarcinoma of the large bowel.

� Blatella germanica ( Prosthenorchis elegans, P. spirula


� Interim Guidelines for Tuberculin Skin Testing of Nonhuman Primates During Quarantine, MMWR 42, No 29, p575


� Bring Every Monkey Down Now


� “Clear Every Hepatic Plasmodium”


� Cercopithecine herpesvirus I


� Yaba protects against BEMP.
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