Primate Models


#3  Acute Toxoplasmosis
Human Dz:  Toxoplasmosis

Animal Model:  Toxoplasmosis

Toxoplasma gondii in the woolly monkey (Lagothrix lagothricha and Lagothrix sp.), squirrel monkey (Saimiri sciureus) and ocelots, pumas, macaws, and spider monkeys.  Usual source is raw meat.

#11 (S) Lead Poisoning
Human Dz:  Lead poisoning, Lead Encephalopathy, Plumbism, Saturnism

Animal model:  Lead Poisoning in Nonhuman Primates
Manifests as numerous neurologic, gastrointestinal, hematologic and renal disorders.  Often manifests as a demyelinating syndrome in monkey that is not commonly seen in man.  Key:  Basophilic stippled erythrocytes.

#13  Gross Congenital Anomalies (several species)
Congenital malformations due to Vitamin A.

Human:  Large doses of vitamin A given to pregnant mammals produces many types of gross structural malformations in high incidence.

Animal:  Structures affected (and analogs of human malformations) include the following: brain (anencephaly), spinal cord (spina bifida), face (cleft lip, cleft palate, micrognathia), lungs, GI (imperforate anus, omphalocele), liver and gallbladder, urinary (renal agenesis, hydronephrosis), genital, pituitary, thyroid, skull, vertebrae, ribs, extremities, muscles, situ inversus.

#25  Mongolism; Down's Syndrome
Human Dz:  Down's Syndrome

Animal Model:  Down's Syndrome in a Chimpanzee
Extra chromosome condition (49 as compared to 48 normal in chimps) that manifests as syndactyly of toes w/ clinodactyly, prominent epicanthal folds, hyperflexibility of joints, muscle hypotonia and a short neck w/ excessive skin folds.

#29  Thalidomide Syndrome
Human Dz:  Thalidomide syndrome

Animal Model:  Thalidomide syndrome in simian primates.

Only upper limb defects seen in the bonnet macaque (Macaca radiata).  Six other simian species show both upper and lower limb defects.  Thalidomide effects not seen in rabbits, mice and rats at same higher pathways.

#31   Cardiopulmonary Disease:  Endocardial Fibroelastosis (Rhesus monkey)
Animal:  Pulmonary hypertension, Cor pulmonale and Endocardial Fibroelastosis in monocrotaline-intoxicated (pyrrolizidine alkaloid) Nonhuman Primate.

Macaca arctoides (stump tailed macaque)
#59  Oxygen Toxicity
Human Dz:  Oxygen Toxicity 

Animal Model:  Oxygen Toxicity in Nonhuman Primates
Baboons (Papio sp.) and macaques (rhesus and cyno) exhibit disease similar to man, but the baboon is the animal most commonly used in research of the syndrome.  Involves rapid loss of ability to utilize available oxygen until anorexia, depression, and cyanosis lead to death.  Initial hyperplasia w/ type 2 pneumocytes in typical "respirator lung" response.

#60 (S)  Malignant Lymphoma
Human Dz:  Burkitt's Lymphoma, Malignant Lymphoma and Lymphocytic Leukemia

Animal Model:  Herpesvirus-Induced Malignant Lymphoma in Nonhuman Primates
Herpesvirus saimiri is isolated from squirrel monkeys (Saimiri sciureus) and causes inducible malignant lymphoma in the spider monkey (Ateles geoffroyi), marmoset (Saguinus oedipus) the owl monkey (Aotus trivirgatus), and the rabbit.  Herpesvirus ateles isolated from the spider monkey causes malignant lymphoma in the squirrel monkey. 

#62  Hemolytic Anemia due to Vitamin E Deficiency
Human Dz:  Hemolytic Anemia of Premature Infants Associated w/ Vitamin E Deficiency

Animal Model:  Hemolytic Anemia in Monkeys Deficient in Vitamin E

Tocopherol deficiency secondary to chronic malabsorption as occurs w/ abetalipoproteinemia or cystic fibrosis.  (Also seen in pigs under experimental conditions).  Well established experimentally in the rhesus, but easier to induce in the cebus (C. albifrons and C. apella).  Takes up to two years to develop in the cyno.

#69 (S)  Varicella
Human Dz:  Varicella

Animal Model:  Varicella-like disease in Nonhuman Primates
Commonly studied in the African Green Monkey (Cercopithecus aethiops) w/ a similar disease pattern seen in the patas monkey (Erythrocebus patas).  Manifests as elevation of serum aminotransferase levels indicative of hepatic damage and a generalized skin rash 7 to 9 days after experimental challenge.  The various simian varicella virus isolates are Liverpool vervet virus, patas herpesvirus, Medical Lake macaque virus and Delta herpesvirus.

#74 (S) Cholelithiasis
Human Dz:  Cholelithiasis

Animal Model:  Cholelithiasis in Brazilian Squirrel Monkeys
Cholesterol gall stones in adult squirrel monkeys fed atherogenic diet.  Macaques do not show the same propensity to develop gallstones even when fed a high cholesterol diet.  The African green monkey did show a 1 in 7 predilection for gallstone development.

#78  Malaria
Human Dz:  Malaria

Animal Model:  Aotus trivirgatus
Chills, fever, anemia, splenomegaly, hepatomegaly and prostration due to Plasmodium falciparum in humans is paralleled by Plasmodium vivax in the owl monkey.

Note *  chills and fever not as common in the monkey.

#80  Endometriosis
Human Dz:  Endometriosis

Animal Model:  Endometriosis in Rhesus Monkeys
Presence of stromal or glandular endometrial tissues in aberrant locations.  Adenomyosis  (internal endometriosis) is the presence of these tissues within the myometrium of the uterus.  It is termed external endometriosis if it is outside of the uterus.  Seen as a sequela to uterotomy and latent effect radiation.

#81 (S)  Diabetes Mellitus
Human Dz:  Diabetes mellitus (Type 1, IDDM)

Animal Model:  Diabetic Syndrome in Macaca nigra 
Defined in monkey as nondiabetic (ND), overtly diabetic (OD), or borderline diabetic (BD).  Main criteria for classification are glucose clearance (K), insulin response (DIRI) and glucose tolerance test (IV-GTT).  Significant amyloid infiltration into the Islets of Langerhans.

#86  Bacillary Dysentery, Shigellosis
Human Dz:  Bacillary Dysentery, Shigellosis, Shigella Dysentery

Animal Model:  Monkey Shigellosis or Dysentery

Gorillas seem very susceptible while Panamanian monkeys seem resistant.  Shigella species recovered from nonhuman primates = S. flexneri, S. dysenteriae, and S. sonnei.  Distended large intestine w/ edematous, hemorrhagic mucosa.

#97 Gonorrhea
Human DZ:  Gonorrhea

Animal Model:  Experimental Gonorrhea in the Chimpanzee
Neisseria gonorrhoeae introduced to the chimp by intraurethral inoculation

#100   Enteropathogenic Escherichia coli Infection (apes)
Same serotypes causing disease in humans cause disease in the orangutan.

#108  Periodontitis
Human Dz:  Chronic Destructive Periodontitis (Periodontal Disease, Pyorrhea Alveolaris, Pyorrhea)

Animal Model:  Chronic Destructive Periodontitis in Marmosets
Natural progression of disease as seen in man.

Note* scaling alleviates the disease before it becomes a real problem.

#115 (S) Urinary Bladder Carcinoma Due to Schistosoma haematobium
Human Dz:  Carcinoma of the Urinary Bladder in Schistosoma haematobium Infection

Animal Model:  Proliferative Urothelial Lesions in Nonhuman Primates Infected w/ Schistosoma haematobium.

Tissue reaction to eggs trapped in tissues.  Granulomatous and diffuse exudative inflammatory response producing an acute to chronic cystitis.  Seen commonly in the capuchin (Cebus apella).

#163  Congenital Hydrocephalus
Human Dz:  Congenital Hydrocephalus

Animal Model:  Congenital hydrocephalus Produced by Attenuated Influenza A Virus Vaccine in Rhesus Monkeys.
In utero inoculation of the rhesus fetus between days 100 and 105.  Virus affects ependymal cells causing destruction and aqueductal stenosis.  Model may be a casual relationship between mumps and human hydrocephalus.

Note**  Influenza A, parainfluenza viruses Type 2, reovirus Type 1, Ross River virus, and Newcastle disease vaccine virus selectively infect ependymal cells.  Often leads to aqueductal stenosis and obstructive hydrocephalus in mice, ferrets, hamsters and monkeys.
#199  Toxemia of Pregnancy
Human Dz:  Toxemia of Pregnancy, Pregnancy Toxemia, Preeclampsia, Toxemia, Eclamptogenic Toxemia, Hypertensive Disorders of Pregnancy

Animal Model:  Toxemia of Pregnancy in Patas Monkeys (Erythrocebus patas)
Spontaneous occurrence.  Abrupt onset between day 7 prepartum and parturition.  Proteinuria, hypoproteinemia, and hypertension.  Typically seen in primiparous monkeys.  Incidence in humans and patas similar at 6%.

#210   Fetal Pneumonia (rhesus monkeys)
Human:  Fetal pneumonia

Animal:  Experimental  Adenovirus SV-20 Pneumonia in Rhesus Monkey Fetuses

No known adenoviral pneumonias in humans’ fetus, but disease in rhesus parallel other idiopathic pneumonias seen in human fetuses.

#212  Baldness
Human Dz:  Common baldness, Male pattern Baldness, Androgenetic Alopecia

Animal Model:  Common Baldness in Stumptailed Macaques (Macaca arctoides)
Pattern baldness similar to that seen in man.  Seen as early as 3 to 5 years of age in the stumptail.  Follicular activity covers gamut from growing (anagen) to resting (telogen).

#221  (S)  Non-A, Non-B Hepatitis
Human Dz:  Non-A, Non-B hepatitis

Animal Model:  Experimental Non-A, Non-B Hepatitis in Chimpanzees
Not caused by hepatitis B virus (HBV) associated w/ antigen (HbSAG) or hepatitis A virus (HAV).  No clinical signs in the chimp.

#240  Hepatitis B virus
Human Dz:  Hepatitis B Virus Infection

Animal Model:  Chimpanzee Hepatitis B carriers

Inducible by vertical and horizontal transmission.  No male predominance in the chimp as seen in man.

#243   Chlamydial Genital Tract Infections (non-human primates)

Human Dz:  Chlamydial Genital Tract Infections

Animal:  Experimental Infection of the Primate genital Tract w/ Chlamydia trachomatis
The baboon (Papio cynocephalus), the chimpanzee, rhesus, pigtailed macaque, grivet monkey (Cercopithecus aethiops), marmoset (C. jacchus) and Taiwan Monkey (M. cyclopis) have all been shown to be susceptible to infection.

#247  Vaginal adenosis
Human Dz:  Adenosis and Clear Cell Adenocarcinoma of the Vagina

Animal Model:  Adenosis of the Vagina and Cervix Induced by in utero Exposure of Cebus apella monkeys
Vaginal adenosis is the presence of columnar epithelium on the surface of the vagina or a glands in the lamina propria.  Comparable condition seen in Cebus after DES exposure as seen in humans.

#283   Bancroftian Filariasis (monkeys)
Human Dz:  Bancroftian filariasis

Animal:  Wuchereria bancrofti Infection in the Silvered Leaf Monkey (Presbytis cristatus)
Indistinguishable from infection in man.

#286  Colonic Adenocarcinoma
Human Dz:  Colonic Adenocarcinoma

Animal Model:  Spontaneous Colorectal Adenocarcinoma in Cotton-Top Tamarins
Spontaneous primary adenocarcinoma of the cecum, colon, and rectum in the cotton-top tamarin (Saguinus oedipus oedipus).  Propensity for early metastatic spread.

#287  Tetanus
Human Dz:  Tetanus, Lockjaw

Animal Model:  Tetanus in Rhesus Monkeys
Reported in rhesus, bonnet, and tonque macaques as well as squirrel monkeys.  Clostridium tetani induced trismus, extensor rigidity, and opisthotonus.

#291  Acquired Immune Deficiency Syndrome
Human Dz:  Acquired Immune Deficiency Syndrome

Animal Model:  Acquired Immune Deficiency Syndrome-Like disease in Nonhuman Primates
SIV in Macaca mulatta and Macaca cyclopis.   Decreased CD4: CD8 ratio in circulating cells and varied findings in tissues.

#292   Congenital Neo-natal Pneumonia (monkeys)
Human:  Neonatal Early Onset Group B Streptococcal (GBS) Congenital

Pneumonia and Sepsis

Animal:  Group B Streptococcal infection Induced in Pregnant Term Rhesus Monkeys w/ resultant Congenital Pneumonia and Sepsis in Neonates Pathogenesis model.

#302   Calcium Pyrophosphate Deposition Disease (monkeys)
Human Dz:  Calcium Pyrophosphate Deposition Disease

Animal:  Calcium Pyrophosphate Deposition Disease in NHP

Occurs spontaneously in Rhesus Monkeys.  It is a metabolic disease of human articular cartilage which results in a degenerative arthropathy.  Birefringent crystals, perilacunar in location, can be observed by scanning electron microscope.  Study of pathogenesis.

#306  Gilbert's Syndrome
Human Dz:  Gilbert's Syndrome - Type I

Animal Model:  Nonhemolytic Unconjugated Hyperbilirubinemia in Bolivian Squirrel Monkeys
Not due to a hemolytic process as confirmed by biopsy and lower biliary bilirubin diglucuronimide to monoglucuronimide levels.  Decidedly Gilberts type I since BSP is not altered.  Type I defect is due to defect in hepatic uptake of UB and/or conjugating enzyme defect.

#309   Neonatal Biliary Atresia (monkeys)
Same as in humans where cholestatic syndrome is characterized by obliterative fibrotic lesions of the hepatic and/or biliary duct.

#335   Optic Disk Swelling (several species)
Human:  Optic Disk Swelling

Animal:  Optic Disk Swelling in IDPN treated Animals
ODS is the protrusion of the optic nerve head into the vitreous w/ varying degrees of vascular peripapillary retinal changes.  There have been models for this disease for 20 years (mechanically produced, hard to reproduce, and couldn't be done in the nonhuman primate model).  B,B-imminodipropionitrile (IDPN) is a synthetic nitrile.  Given IP and/ or orally to one monkey, beagle and schnauzer, guinea pig, and albino rats.

#339  Trachoma
Human Dz:  Trachoma

Animal Model:  Chronic Conjunctivitis Due to Chlamydia trachomatis in Cynomolgus Monkeys
Major blinding disease caused by conjunctivitis w/ Chlamydia trachomatis.

#343  Hepatitis A Infection
Human Dz:  Hepatitis A Infection

Animal Model:  Hepatitis A infection in Owl Monkeys

Stump-tailed macaque also becomes infected, but not developed as an animal model.  PA-33 strain and the HM-175 strain produce infection similar to humans in the Owl Monkey.

#344  Adult Respiratory Distress Syndrome
Human Dz:  Adult Respiratory Distress Syndrome

Animal Model:  Sepsis Induced by Escherichia coli in Cynomolgus monkeys
ARDS is final response to pulmonary contusion, gastric aspiration, and severe pneumonia.  Central role of neutrophil mediated pathophysiology.  C5a component of complement cascade acts as chemoattractant at injury site causing sequestered neutrophils and subsequent damage.

#354   Strabismus
Human Dz:  Strabismus

Animal Model:  Strabismus in Nonhuman Primates
Naturally developed by Macaca nemestrina, Macaca fascicularis and Papio cynocephalus.  Paralytic form due to trauma in humans, experimentally induced by extraocular muscle alteration or injection of Botulinum A neurotoxin.

#364   Legionnaire's Disease
Human Dz:  Legionnaire's Dz:

Animal Model:  Legionnaire's Disease in Guinea Pigs (and Monkeys)
Sporadic or epidemic fibrinopurulent bronchopneumonia of man caused by gram-negative coccobacillus Legionella pneumophila.  Associated w/ air cooling systems (In water) 5 mm particle size.  Leukocytoclasis is a prominent histologic feature.  Collison spray nebulizer in a modified Henderson apparatus.  Demonstrated in the Rhesus, vervet, and common marmoset.

#375   Meningoencephalocele (monkeys)

Human Dz:  Meningoencephalocele

Animal:  Triamcinolone Acetonide (TAC)-induced Meningocele and Meningoencephalocele in Rhesus monkeys
Sensitive period for induction is during neural tube closure, rostral demarcation of the midbrain and development of the primordial collicular plate and two midbrain neuromeres.  CNS lesion characterized as herniation of the meninges and brain tissue through a midline defect in the occipital squama.  Morphologic similarity to spontaneous condition seen in humans.

#376   Venereal Papilloma and Squamous Cell Carcinoma (NHP)
Human Dz:  Venereal Papilloma and Squamous Cell Carcinoma

Animal:  Venereal Papilloma and Squamous Cell Carcinoma in Nonhuman Primates
Papillomavirus infections have been recognized in nonhuman primates (rhesus), cattle, horses, dogs, and bears.  Squamous cell carcinomas are locally invasive neoplasms of squamous epithelium, which metastasize to regional lymph nodes.  The nonhuman primate can be used to prove that the papilloma virus causes the venereal papilloma that progresses to the squamous cell carcinoma and in use for testing vaccines and treatments.

#378   Parkinsonian Syndrome (NHP)

Human:  Parkinsonian Syndrome

Animal:  Monkeys intoxicated w/ MPTP (1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine)

Similar lesions to those seen in human w/ Parkinson's.  Model for development of new therapeutic approaches.

#382   Scrub Typhus (NHP)

Human Dz:  Scrub typhus

Animal:  Scrub Typhus in Cynomolgus and Silver Leaf Monkeys
Scrub typhus is caused by Rickettsia tsutsugamushi whose vector and principal reservoir is the larval (chigger) stage of the trombiculid mite.  Very similar to human model is used to develop vaccines and for pathology studies.  Wild caught cynos and pigtails have natural infection.

#400  Folate Deficiency Megaloblastic Anemia
Human Dz:  Megaloblastic Anemia

Animal Model:  Megaloblastic Anemia induced by Folate Deficiency in Cebus Monkeys
Condition found in alcoholics, pregnant women, and malabsorption syndromes.  First stage is low serum folate, secondly a decrease in folate levels in RBCs, and finally liver folate stores reach depletion.  At last stage the disease is diagnosed w/ deoxyuridine suppression test.  Cebus albifrons used for this model.

#412  Leprosy (Hansen's Disease)
Human Dz:  Leprosy (Hansen's Disease)

Animal Model:  Experimental Leprosy in "Sooty" Mangabey Monkeys (Cercocebus torquatus atys)

Chronic infectious disease affecting the cooler regions of the body caused by Mycobacterium leprae.  Combined multi-drug therapy involves rifampin, sulfones, and clofazimine.  Leprosy reported in the armadillo in 1975, the chimp in 1977, and the sootey mangabey in 1981.

#421  Experimental Allergic Encephalomyelitis (EAE) in Nonhuman Primates: A Model of Multiple Sclerosis
Human Dz:  Multiple Sclerosis

Animal Model:  Remitting-Relapsing Experimental Allergic Encephalomyelitis (EAE)

Induced in the nonhuman primate by the intradermal injection of homologous myelin basic protein (BP) in complete Freund's adjuvant.  Acute condition driven to remitting-relapsing state by administration of dexamethasone.  MRI used to detect lesions before clinical disease is present.


Lyme Neuroborreliosis in Rhesus Monkeys

Human Dz:  Lyme Neuroborreliosis

Animal Model:  Neuroborreliosis in the Nonhuman Primate

Ten days to two wks following intradermal inoculation of 1 million Borrelia burgdorferi spirochetes along the shaved and cleansed backs of immunocompetent Rhesus monkeys, characteristic erythema migrans is displayed.

Rhesus monkeys infected w/ B. borgdorferi demonstrate many of the clinical and pathological features of the dz in humans including cutaneous rash, myocarditis, CSF pleocytosis and CNS meningitis.

Support the hypothesis that the pathogenesis of LNB is associated w/ direct spirochetal invasion.
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