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Preface 

This carefully presented collection is the first atlas focusing on the diagnostic pathology in 
nonhuman primates (NHPs). Compiled by an international team of expert contributors, this 
work offers extensive image material describing classic and unusual lesions in NHP diseases 
and pathological conditions. 

The chapters are arranged around infectious and non-infectious diseases. Viral, bacterial, 
fungal, and parasitic diseases as well as nutritional, toxic, and metabolic causes are comprehen-
sively covered. Contributions on genetic, age-related, neoplastic, and non-infectious inflamma-
tory conditions complete this atlas. 

Recent scientific evidence supports that NHP remain an indispensable resource for efficacy 
and safety evaluation of novel therapeutic strategies that target clinically important human 
diseases. Research with monkeys is critical to preventing and treating emerging infectious 
diseases such as Zika, Ebola, Middle East respiratory syndrome (MERS), SARS, pandemic flu, 
and many more. 

This book will guide professionals in the diagnostic process toward optimal clinical 
diagnoses. Not only veterinary practitioners in university facilities, zoos, and biotechnological 
and pharmaceutical companies but also clinicians, researchers, and students engaged in NHP 
research will find this atlas of considerable value. 

Rijswijk, The Netherlands 
Cambridge, MA 
Ithaca, NY
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Viral Diseases in Nonhuman Primates 1 
Kerstin Mätz-Rensing and Keith G. Mansfield 

Abstract 

Viral infections remain an important threat to nonhuman 
primate colonies and range in severity from unrecognized 
subclinical infections that may impact research to severe 
epizootics associated with significant morbidity and mor-
tality. Many may cause serious zoonotic infections. Histo-
logical evaluation and molecular localization studies 
utilizing immunohistochemistry and in situ hybridization 
are important tools that may assist in rapid diagnosis of 
such infections. This chapter will review the pathology 
and diagnosis of common viral infections of nonhuman 
primates. 

Keywords 

Nonhuman primate · Viral infections · Epizootic · Zoo-
nosis · Pathology · Diagnosis · Immunohistochemistry 

Viral infections remain an important threat to nonhuman 
primate colonies and range in severity from unrecognized 
subclinical infections that may impact research to severe 
epizootics associated with significant morbidity and mortal-
ity. Many may cause serious zoonotic infections. Histological 
evaluation and molecular localization studies utilizing 
immunohistochemistry and in situ hybridization are impor-
tant tools that may assist in rapid diagnosis of such infections. 
This chapter will review the pathology and diagnosis of 
common viral infections of nonhuman primates. 
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1.1 Enveloped DNA Viruses 

1.1.1 Poxviridae 

Poxviruses are large brick- to ovoid-shaped enveloped DNA 
viruses and have a characteristic morphology on ultrastructural 
examination. Their genomes are complex often encoding more 
than 100 polypeptides that play a role in viral pathogenesis and 
virulence. The family includes the orthopoxvirus, 
Yatapoxvirus, and molluscipoxvirus genera, all of which con-
tain viruses that infect nonhuman primates. Several species are 
also susceptible to variola and vaccinia infection and serve as 
important animal models for human infection [1]. 

1.1.2 Monkeypox 

Monkeypox is an orthopoxvirus with natural rodent reservoirs 
restricted to the Congo Basin and West Africa. Infection has 
been recognized in a variety of New World Primate (NWP) 
and Old World Primate (OWP) species [2, 3]. It is an 
enveloped DNA virus 200–250 nm in diameter with a brick-
like shape. Two clades based on geography are recognized 
with the Congo basin (CB) more virulent than the West Afri-
can (WA) clade. The virus is thought to infect a number of 
small African rodent species including Funisciurus sp. (rope 
squirrel), Cricetomys sp. (Gambian-pouched rat), and 
Graphiurus sp. (African dormouse) which have also served 
as vectors in a North American outbreak. While African in 
origin, the first cases were diagnosed in Asian-origin 
M. fascicularis housed in an animal facility located 
in Copenhagen, Denmark, shortly after importation in 1958 
[4]. A second outbreak occurred in macaques housed in 
Philadelphia, United States in 1959 in both M. fascicularis 
and M. mulatta [5, 6]. Two forms of the disease were reported 
with an acute form characterized by facial edema resulting in 
dyspnea and asphyxiation and accompanied by a papular 
exanthema on haired skin, oral mucosa ulcerations, and



lymphadenopathy. In this severe form, lesions were often 
hemorrhagic. A second form presented with skin lesions but 
no other clinical signs and took a more prolonged course. 
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Histologically, the skin lesions progress through an initial 
phase followed by proliferative acanthosis and hydropic 
degeneration (Fig. 1.1). This leads to vesiculation and either 
erosion/ulceration or a region of central necrosis surrounded by 
proliferative epithelium termed umbilication or “pock lesion.” 
Eosinophilic intracytoplasmic viral inclusions are evident in 
infected cells (Fig. 1.2). Lesions often first involve the hands, 
feet, or face and spread centripetally to the trunk. Experimental 
inoculation of M. fascicularis in which the disease is more 
severe has been used to further our understanding of 
orthopoxvirus pathogenesis, prevention, and treatment [7–11]. 

Fig. 1.1 Monkeypox virus (orthopoxvirus genus). Proliferation and 
hydropic degeneration of mucosal epidermal cells (Macaca mulatta, 
oral mucosa, H&E) 

Fig. 1.2 Monkeypox virus (orthopoxvirus genus). Hydropic degenera-
tion and pale eosinophilic intracytoplasmic inclusion bodies (Macaca 
mulatta, oral mucosa, H&E). This proliferative phase precedes vesicu-
lation and umbilication 

1.1.3 Cowpox 

Cowpox is orthopoxvirus which is carried by rodent vectors 
and may be inadvertently transmitted to nonhuman primates 
(NHPs) including callitrichids and macaques. NWPs develop 
typical pox-like lesions on the face, scrotum, and soles and 
palms [12–14]. The animals succumb to the viral infection 
and secondary bacterial pathogens. Typical histologic 
changes are observed in skin. The condition has been termed 
“Calpox” due to the susceptibility of callitrichids. A severe 
epizootic has also been described in a colony of Tonkean 
macaques (Macaca tonkeana). Severe pulmonary involve-
ment was observed in animals that died within 48 h of disease 
onset and animals that survived longer developed a vesicular 
exanthema on the face, oral cavity, tongue [15], and inguinal 
region. Multifocal hepatic necrosis and interstitial pneumoni-
tis were also noted. A modified Vaccinia virus Ankara 
(MVA) vaccine was used to protect remaining animals. His-
tologically, the skin lesions with cowpox infection are typical 
of orthopoxvirus and progress through proliferation, vesicu-
lation, and umbilication phases, and large, brightly eosino-
philic intracytoplasmic inclusion bodies were evident 
(Fig. 1.3). 

Cowpox can infect humans and an asymptomatic occupa-
tional transmission has been reported in one epizootic 
[16]. The virus must be distinguished from other 
orthopoxviruses and molecular techniques may be required 
for definitive diagnosis. 

Fig. 1.3 Cowpox virus infection (orthopoxvirus genus). Vesiculation 
of epidermis with brightly eosinophilic intracytoplasmic inclusions 
along remaining basal layer and within adjacent sebaceous gland 
(Callithrix jacchus, skin, H&E)
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1.1.4 Yatapoxvirus 

The Yatapoxviruses contain two virus groupings: the Yaba 
monkey virus and the Tanapox-like viruses. Yaba monkey 
virus was first recognized as a cause of subcutaneous tumors 
in a group of captive macaques in 1957. Natural outbreaks 
are characterized by the appearance of multiple subcutaneous 
masses varying in size from small papules to nodules. These 
masses often are observed on the face and extremities. Larger 
masses may ulcerate and masses regress after 6–8 weeks. 
New lesions may develop as older lesions regress. Few 
naturally occurring infections of African species have been 
described but captive-born animals are susceptible 
suggesting pre-existing immunity and widespread infection 
of wild-caught animals with Yaba or a closely related virus. 
The characteristic lesion consists of large pleomorphic 
histiocytes forming a nonencapsulated and infiltrative mass 
[17]. Mitotic figures may be frequent and large eosinophilic 
intracytoplasmic inclusions may be evident (Fig. 1.4). 
Regression is associated with erosion, ulceration, and forma-
tion of multinucleated giant cells. Natural infection of 
humans has previously been described [3, 18]. 

Fig. 1.4 Yaba virus (Yatapoxvirus genus). Neoplastic spindleoid cells 
within the dermis, some with intracytoplasmic inclusion bodies. Small 
numbers if infiltrating mononuclear cells are evident (Macaca mulatta, 
dermis, H&E) 

Tanapox was first isolated in 1957 and 1962 from humans 
living along the Tana River Valley in Kenya. A second 
closely related agent named Yaba-like disease (YLD) virus, 
Or-Te-Ca poxvirus, or benign epidermal monkeypox 
(BEMP) was isolated from animal care takers following an 

outbreak recognized in 1965–67 in Oregon, Texas, and 
California. Initially thought to represent the same virus as 
tanapox it is now recognized as a distinct agent. The diseases 
caused by tanapox and YLD viruses are biologically identi-
cal. YLD virus is a relatively benign infection which 
progresses from small red papules to raised circumscribed 
nodules up to 1 cm in diameter. Characteristically, these areas 
are flat and round and often appear on the face or extremities. 
Focally extensive regions of epidermal proliferation, balloon-
ing degeneration, and eosinophilic intracytoplasmic 
inclusions are observed. Lesions regress and become umbili-
cated in 3–4 weeks. The agent may be transmitted by fomites 
such as tattoo needles or insects. Infected humans developed 
typical pox-like lesions and constitutional symptoms. The 
natural reservoir of these viruses is unknown. 

1.2 Herpesviridae 

Herpesviridae are spread worldwide and can be identified in 
many species. In their natural hosts, they generally do not 
cause a fatal disease course. However, cross-species infection 
can cause acute severe illness and death. Based on biological 
and genetic sequence characteristics, the Herpesviridae fam-
ily contains the alphaherpesvirinae, betaherpesvirinae, and 
gammaherpesvirinae subfamilies, all of which contain viral 
agents known to infect nonhuman primates. 

1.2.1 Alphaherpesvirinae 

Human Herpesvirus 1,2 (HHV1,2) (Herpes Simplex 
1, 2 (HSV-1,2) 
HHV1 causes in its natural host (human) only mild facial 
lesions like gingivostomatitis or keratitis or inapparent infec-
tion. Only in neonates or immune-compromised individuals, 
can fatal encephalitis or systemic disease occur [19]. In 
humans, infection with HHV1 is lifelong because of viral 
latency in sensory neurons. When immunity is compromised 
through stress or disease, it becomes activated through sup-
pression of the latency-associated transcript genes. It can be 
shed even in the absence of visible lesions. 

Several nonhuman primate species are susceptible to 
infection with human herpesviruses. Old World Primates 
like gorillas (Gorilla gorilla), bonobos (Pan paniscus), 
white-handed gibbons (Hylobates lar), and chimpanzees 
(Pan troglodytes) can be naturally infected with HHV1 [20– 
25]. Although single fatal disease outcomes have been 
described, their virus–host relationship seems to be similar 
with that in humans, as they usually show only mild 
symptoms (lesions in mucocutaneous tissue, skin, conjunc-
tiva). However, New World monkey species and prosimians 
are highly susceptible to HHV 1 infections [26–29]. Typical



lesions are erosions and ulcers of oral mucous membranes, 
especially on the tongue, and mucocutaneous junctions of the 
lips. Severe necrotizing hepatitis (Figs. 1.5 and 1.6) and 
multifocal nonsuppurative meningoencephalitis often occur. 
In the brain, lymphocytic perivascular cuffing and 
intranuclear viral inclusions are observed (Fig. 1.7). 
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As a group callitrichids are highly susceptible to severe 
HHV1 infections. The contact of callitrichids with latently or 
symptomatically infected humans should be reduced and 
prophylactic strategies like face masks are strongly 
recommended to reduce the risk of infection. 

Fig. 1.5 Human herpesvirus 1 (Herpes simplex virus 1; simplexvirus 
genus). Multifocal to coalescing hepatic necrosis (Aotus trivirgatus) 

Fig. 1.6 Human herpesvirus 1 (Herpes simplex virus 1; simplexvirus 
genus). Focal hepatocellular necrosis with pyknotic debris and eosino-
philic intranuclear inclusion bodies present within adjacent hepatocytes 
(Callithrix jacchus, liver, H&E) 

Fig. 1.7 Human herpesvirus 1 (Herpes simplex virus 1; simplexvirus 
genus). Viral dissemination is common to the central nervous system 
and may be accompanied by a mixed inflammatory cell infiltration, 
necrosis, and intranuclear inclusion bodies (Callithrix jacchus, brain, 
H&E) 

Macacine Herpesvirus 1, Herpesvirus B, Herpes 
Simiae, B Virus (BV) 
BV is an alphaherpesvirinae within the simplexvirus genus 
found enzootically in all species of macaques kept in captivity 
and results in lifelong infection [17]. Specific strains  of  BV  
have been identified associated with individual macaque spe-
cies and may potentially differ in their virulence [30]. Disease 
in macaques is usually mild or asymptomatic and in conven-
tional colonies seropositivity may reach 70–90% in adults. The 
virus is transmitted in saliva and other mucosal secretions. 
Primary infection and seroconversion in breeding colonies 
occur in juvenile animals and at the time of sexual maturity. 
Following primary infection, there may be conjunctivitis, vag-
initis, or oral vesicles/ulcerations. Lesions heal rapidly and 
latent infection is established in sensory ganglion [31]. Reacti-
vation and shedding may occur during periods of stress such as 
breeding, parturition, or concurrent illness. These may or may 
not be associated with any visible clinical signs of disease. 

Rarely in young animals or animals with concurrent ill-
ness, severe primary or reactivation disease may be 
observed. This may be characterized by more severe 
involvement of mucosal surfaces (Fig. 1.8), involvement of 
haired skin, and dissemination to multiple internal organs 
including lung, liver (Figs. 1.9 and 1.10), kidney, adrenal 
gland (Figs. 1.11 and 1.12), and central nervous system. In 
the liver, multifocal hepatic necrosis is observed and 
inclusions can be visualized in remaining hepatocytes at 
the leading edge of the expanding lesion (Fig. 1.13). In 
these cases, the clinical presentation may not obviously 
suggest BV and a high degree of clinical suspicion should



be maintained for BV in conventionally reared animals. 
Immunohistochemistry can be used to confirm the presence 
of viral antigen (Fig. 1.14). 
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Fig. 1.8 Macacine herpesvirus 1 (B virus; simplexvirus genus). Syncy-
tial cells with intranuclear viral inclusions accompanied by neutrophilic 
infiltrate (Macaca mulatta, tonsil, H&E) 

Fig. 1.9 Macacine herpesvirus 1 (B virus; simplexvirus genus). Multi-
focal to coalescing hepatic necrosis evident as pale foci in liver of 
neonatal rhesus macaque (Macaca mulatta, subgross liver, H&E) 

Fig. 1.10 Macacine herpesvirus 1 (B virus; simplexvirus genus). Foci 
of coagulative hepatocellular necrosis mixed with pyknotic debris 
(Macaca mulatta, liver, H&E) 

Fig. 1.11 Macacine herpesvirus 1 (B virus; simplexvirus genus). Focus 
of adrenal necrosis and hemorrhage in neonatal macaque with 
disseminated B virus infection (Macaca mulatta, adrenal gland, H&E)
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Fig. 1.12 Macacine herpesvirus 1 (B virus; simplexvirus genus). 
Abundant lightly basophilic intranuclear inclusions evident within 
adrenocytes (Macaca mulatta, adrenal gland, H&E) 

Fig. 1.13 Macacine herpesvirus 1 (B virus; simplexvirus genus). Foci 
of coagulative hepatocellular necrosis mixed with pyknotic debris. 
Intranuclear inclusions and rare syncytia are evident at the interface of 
necrosis and remaining hepatocytes (Macaca mulatta, liver, H&E) 

Fig. 1.14 Macacine herpesvirus 1 (B virus; simplexvirus genus). 
Immunohistochemistry demonstrates simplex viral antigen at interface 
of viable and necrotic hepatocytes (Macaca mulatta, liver, avidin biotin 
immunostain, 3,3’-diaminobenzidine (DAB) chromogen) 

Transmission to other NHP species may result in a more 
severe disease process and resemble HSV or HVT infection 
described in callitrichids. Transmission to other primate spe-
cies can result in fatal disease. African green monkeys, 
marmosets, Owl monkeys, gibbons, bonnet monkeys, 
Barbary macaques, and DeBrazza’s monkeys are reported 
to be susceptible [32]. A report describes asymptomatic 
infections of capuchin monkeys housed with macaques 
[33]. B virus is a serious zoonotic disease and transmission 
has occurred through bites, splashes, scratches, or fomites 
contaminated with monkey saliva. Disease in affected 
humans is characterized by ascending paralysis, encephalitis, 
and death. Specific pathogen free (SPF) breeding colonies are 
now widespread; however, facilities that house macaque 
species or work their unfixed tissues must have a BV preven-
tion and control plan regardless of SPF status [34, 35]. 

Cercopithecine Herpesvirus 9, Simian Varicella 
Virus (SVV) 
Simian varicella viruses (SVVs) are a group of 
alphaherpesviruses including the closely related Liverpool 
vervet virus, Medical lake virus, and Delta herpesvirus first 
recognized in 1967–1968. These viruses are antigenically 
related and cause a similar exanthematous disease [17]. Dis-
ease has been recognized in Vervet and Patas monkeys and a 
variety of macaque species. In African OWPs, the disease 
may be severe and initially recognized as a cutaneous exan-
thema progressing to disseminated disease and death within 
48–72 h. Following experimental inoculation, animals may 
have a neutrophilic leukocytosis and elevations in liver 
enzymes. Mortality may vary and may be dependent on stress 
and other co-factors.
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Vescicular dermatitis appears 6–8 days following experi-
mental inoculation and appears to be the primary lesion. The 
rash often appears in the inguinal region and spreads centrip-
etally to the face and extremities (Fig. 1.15). In contrast to 
pox virus infections usually spare the soles and palms 
[26]. Cutaneous lesions are characterized by multiple vesicles 
that contain debris, erythrocytes, acantholytic keratinocytes, 
and less commonly syncytial cells (Fig. 1.16). Intranuclear 
inclusions can be found in adjacent dermis (Fig. 1.17). 
Syncytia are occasionally seen but not prominent 
(Figs. 1.1–1.18). Viral antigen can be found widely 
disseminated by 8 days including within lung, liver, adrenal 
gland, skin, and trigeminal ganglion. In severe cases, vesicles 
may appear blood filled and indicate disseminated infection 
with involvement of the vasculature (Fig. 1.19). During 
periods of immunosuppression, latent virus may become 
reactivated and the infection can disseminate and impact 
various organs including the gastrointestinal tract, adrenal 
glands, lungs, and liver (Figs. 1.20 and Fig. 1.21) [36]. This 
can happen following whole body irradiation or use of solid 
organ transplantation regimes. In disseminated cases, exten-
sive lymphoid necrosis may be evident (Fig. 1.22). Differen-
tiation from disseminated BV should be considered: (1) BV 
does not normally cause epizootics in macaques; (2) BV does 
not normally produce extensive cutaneous involvement; 
(3) vesiculation with SVV generally occurs higher in the 
epidermis; and (4) SVV does not cross react with 
simplexvirus immunohistochemistry. Definitive diagnosis 
may require viral isolation and/or molecular techniques 
[37]. Transmission of SVV to humans has not been 
documented. 

Fig. 1.15 Cercopithecine herpesvirus 9 (Simian varicella virus; 
varicellovirus genus). Viral exanthema on abdomen due to simian vari-
cella virus infection. In severe cases, lesions may appear as blood filled 
vesicles (Patas monkey) 

Fig. 1.16 Cercopithecine herpesvirus 9 (Simian varicella virus; 
varicellovirus genus). Large intraepidermal vesicle containing exudate 
and acantholytic keratinocytes (Macaca mulatta, skin, H&E) 

Fig. 1.17 Cercopithecine herpesvirus 9 (Simian varicella virus; 
varicellovirus genus). Small intraepidermal vesicle containing 
acantholytic keratinocytes (Macaca mulatta, skin, H&E)
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Fig. 1.18 Cercopithecine herpesvirus 9 (Simian varicella virus; 
varicellovirus genus). Edge of large intraepidermal vesicle 
demonstrating viral syncytial cells and poorly defined intranuclear 
inclusions (Macaca mulatta, skin, H&E) 

Fig. 1.19 Cercopithecine herpesvirus 9 (Simian varicella virus; 
varicellovirus genus). Endothelial necrosis with intranuclear viral 
inclusions in a small dermal capillary. Vascular involvement can be 
seen with disseminated disease and result in blood filled vesicles 
observed clinically (Macaca mulatta, skin, H&E) 

Fig. 1.20 Cercopithecine herpesvirus 9 (Simian varicella virus; 
varicellovirus genus). Focal hepatic necrosis with swelling and disorga-
nization of surrounding hepatic cords (Macaca mulatta, liver, H&E) 

Fig. 1.21 Cercopithecine herpesvirus 9 (Simian varicella virus; 
varicellovirus genus). Intranuclear viral inclusions are often evident in 
hepatocytes directly adjacent to areas of necrosis (Macaca mulatta, 
liver, H&E)
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Fig. 1.22 Cercopithecine herpesvirus 9 (Simian varicella virus; 
varicellovirus genus). Lymphoid necrosis is observed in advanced dis-
ease. Intranuclear inclusions are more difficult to recognize but are 
usually present (Macaca mulatta, spleen, H&E) 

Saimirine Herpesvirus 1 (Also Known 
as Herpesvirus Tamarinus; HVT) 
Saimirine herpesvirus 1 is an alphaherpesvirus in the 
simplexvirus genus found as an enzootic infection of squirrel 
monkeys [12, 17, 38]. In the natural host, few clinical signs 
are recognized. Greater than 95% of adult squirrel monkeys 
are seropositive. However, it is only rarely associated with 
oral vesicles and ulcerations during primary infection in this 
species. 

Disease is more severe in Owl monkeys, tamarins, and 
marmosets. Animals may present with conjunctivitis and 
oral ulcerations progressing to more severe clinical disease; 
death may be the presenting clinical sign. The virus may be 
transmitted through bites or fomites. Once established 
within a Callitrichid or Owl monkey colony, spread may 
be rapid leading to an epizootic of high morbidity and 
mortality. In Owl monkeys, tamarins, and marmosets, 
HVT causes a disseminated cytolytic viral infection initially 
involving the mucosa and later multiple internal organs 
including the lymphoid tissue (Fig. 1.23), central nervous 
system, lungs, liver, and kidney. The lesion is characterized 
by multifocal to coalescing areas of necrosis and neutro-
philic infiltration with syncytia and intranuclear viral 
inclusions (Figs. 1.24 and 1.25). In peracute disease, the 
inflammatory reaction to infection may be minimal. Strict 
separation of NHP species is recommended. There is no 
known zoonotic potential. 

Fig. 1.23 Saimirine herpesvirus 1 (Herpesvirus tamarinus; 
simplexvirus genus). Early intraepidermal vesicles may be accompanied 
by minimal inflammatory response due to the rapidly progressive nature 
of the disease (Aotus trivirgatus, oral mucosa, H&E) 

Fig. 1.24 Saimirine herpesvirus 1 (Herpesvirus tamarinus; 
simplexvirus genus). Lymphoid necrosis with rare intranuclear viral 
inclusion (Aotus trivirgatus, lymph node, H&E)
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Fig. 1.25 Saimirine herpesvirus 1 (Herpesvirus tamarinus; 
simplexvirus genus). Forming intraepidermal vesicle containing viral 
syncytial cells and acantholytic keratinocytes. Numerous intranuclear 
viral inclusions are evident adjacent to the vesicle and in basal epithelial 
cells (Aotus trivirgatus, oral mucosa, H&E) 

1.2.2 Betaherpesvirinae 

Cytomegalovirus 
CMVs are described in a variety of NWP and OWP species 
[17]. Infection of the normal mature host is usually asymp-
tomatic and serosurveys reveal that greater than 95% of adult 
animals may be infected. Disease becomes apparent during 
periods of immunosuppression or immunodeficiency follow-
ing reactivation and dissemination. Clinical signs relate to 
organ system affected and may include diarrhea, respiratory 
compromise, paralysis, or CNS signs. CMV is a common 
opportunistic infection in macaques infected with simian 
immunodeficiency virus (SIV) or simian retrovirus (SRV) 
and may also be seen in measles virus infected animals 
[39]. After reactivation, a generalized infection may occur 
with necrotizing meningitis, neuritis, vasculitis, enterocolitis, 
and interstitial pneumonia. The histopathologic hallmarks are 
karyomegaly and large basophilic intranuclear inclusions 
(Figs. 1.26 and 1.27) and eosinophilic granular 
intracytoplasmatic inclusion bodies (Fig. 1.28) [39]. The 
intranuclear inclusions are often said to have an “owl’s eye” 
appearance. The inflammatory infiltrate is often neutrophilic 
and may produce discrete plaque-like lesions in the gastroin-
testinal tract when accompanied by epithelial proliferation 
[40]. Ulceration of the tongue (Fig. 1.29) may be associated 
with neuritis of branches of the hypoglossal nerve (Fig. 1.30). 

Fig. 1.26 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Necrotizing neutrophilic orchitis can be 
observed in primary CMV infection and with reactivation of latent 
infection with immunomodulation (Macaca mulatta, testes, H&E) 

Fig. 1.27 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Typical “Owl eye” type intranuclear 
inclusion in a pancreatic acinar cell (Macaca mulatta, pancreas, H&E)
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Fig. 1.28 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Poorly defined intracytoplasmic baso-
philic inclusions. These inclusions can help differentiate CMV infection 
from other viral infections associated with karyomegaly, intranuclear 
inclusions, and neutrophilic infiltrates such as adenovirus and SV40 
(Macaca mulatta, testes, H&E) 

Fig. 1.29 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Ulceration of the lingual surface 
associated with CMV neuritis of the hypoglossal nerve. Clinically, this 
may appear similar to a late B virus infection; however, the CMV lesion 
does not progress through a vesicular stage (Macaca mulatta, tongue, 
H&E) 

Fig. 1.30 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Neuritis of the hypoglossal nerve with 
karyomegaly, “Owl eye” intranuclear viral inclusions, cytoplasmic 
viral inclusions, and neutrophilic inflammatory response. This combina-
tion of findings would be pathognomonic for CMV infection (Macaca 
mulatta, tongue, H&E) 

This clinical presentation may be similar to BV infection; 
however, syncytia are absent and both intracytoplasmic and 
intranuclear inclusion are present. CMV neuritis has been 
associated with self-injurious behavior [41]. Immunohis-
tochemistry or in situ hybridization may be used to confirm 
the diagnosis [37]. Often molecular localization techniques 
detect a greater number of infected cells than recognized on 
H&E evaluation (Figs. 1.31 and 1.32). CMV myocarditis can 
be observed in immunomodulated macaques and can be 
difficult to diagnose due to the absence of typical neutrophils 
and inclusion bodies (Fig. 1.33). It can be confirmed with 
molecular localization techniques (Figs. 1.34 and 1.35) 
[37, 42]. CMV infection should be differentiated from ade-
novirus and SV40 infections which can also be observed in 
immunocompromised animals and can produce karyomegaly 
and intranuclear inclusions. There is no known zoonotic 
potential.
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Fig. 1.31 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Immunohistochemistry for CMV 
immediate-early protein demonstrates infected cells within the hypo-
glossal nerve (Macaca mulatta, tongue, ABC immunostain; DAB 
chromogen) 

Fig. 1.32 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). CMV may cause interstitial pneumonitis 
in immune modulated primates. In situ hybridization demonstrates a 
large number of virally infected cells when only small numbers of cells 
with viral inclusions were recognized (Macaca Mulatta, lung, in situ 
hybridization, DAB chromogen) 

Fig. 1.33 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Interstitial pneumonitis with in situ 
hybridization positive cells and accompanying neutrophilic infiltration 
(Macaca Mulatta, lung, in situ hybridization, DAB chromogen) 

Fig. 1.34 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Lymphocytic myocarditis can result 
from CMV reactivation in the myocardium with immune modulation. 
While karyomegaly and heterochromatic nuclei are observed, definitive 
identification of viral inclusions can be difficult (Macaca fascicularis, 
heart, H&E)
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Fig. 1.35 Macacine herpesvirus 3 (rhesus cytomegalovirus; 
betaherpesvirinae subfamily). Immunohistochemistry for immediate-
early protein can positively identify cells in the myocardium when 
these are difficult to visualize on routine examination (Macaca 
fascicularis, heart, ABC immunostain technique, DAB chromogen) 

1.2.3 Gammaherpesvirinae 
(Lymphocryptoviruses 
and Rhadinoviruses) 

The gammaherpesvirinae subfamily is divided into two dis-
tinct lineages: the gamma-1 (lymphocryptoviruses) and 
gamma-2 (rhadinovirus) groupings. Both contain important 
viruses that infect NHPs. 

Macacine Herpesvirus 4 (Lymphocryptovirus) 
A number of simian lymphocryptoviruses (LCV) (gamma-1 
herpesviruses) have been isolated from OWPs and NWPs and 
infect in a species-specific fashion [43]. All are related genet-
ically to the type strain human herpesvirus 4, the Epstein– 
Barr virus (EBV). There are two distinct lineages of rhesus 
lymphocryptovirus (RhLCV) which differ in the sequence of 
their EBNA genes [44]. These viruses are readily transmitted 
in NHP colonies resulting in high seroprevalence rates. While 
a common, infection is generally asymptomatic and goes 
unrecognized. Pathology develops when animals become 
immunocompromised through concurrent disease or experi-
mental manipulation. In SIV-infected rhesus and cynomolgus 
macaques, LCV-infections may cause lymphoproliferative 
disease and malignant lymphoma similar to the development 
of non-Hodgkin lymphoma in HIV-infected AIDS patients 
[45]. These are typically B cell lymphomas that develop at 
extranodal locations like the gastrointestinal tract, kidney, 
central nervous system, nasal cavity, skeletal muscle, or in 
the periorbital tissue (Fig. 1.36) [46–49]. These Burkitt-like 

lymphomas are often classified as centroblastic, 
immunoblastic, or large cell phenotypes (Fig. 1.37) [50]. 

Post-transplant lymphoproliferative disease (PTLD) may 
arise following solid organ transplantation regimes and also 
commonly affects extranodal sites such as liver (Fig. 1.38) 
and kidney (Fig. 1.39) [51]. 

Fig. 1.36 Macacine herpesvirus 4 (rhesus lymphocryptovirus; 
gammaherpesvirinae subfamily). Lymphoma in diaphragmatic skeletal 
muscle. Reactivation of LCV during immune modulation can result in 
extranodal B cell lymphomas and is common finding in SIV-infected 
macaques (Macaca mulatta, diaphragm, H&E) 

Fig. 1.37 Macacine herpesvirus 4 (rhesus lymphocryptovirus; 
gammaherpesvirinae subfamily). SIV-associated lymphomas share 
features with AIDS associated non-Hodgkin’s lymphomas in human 
patients and may demonstrate different phenotypes such as an 
immunoblastic form here on H&E evaluation. These are invariably 
CD19 positive B cell lymphomas but can contain a considerable CD8 
T cell infiltration (Macaca mulatta, lymph node, H&E)
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Fig. 1.38 Macacine herpesvirus 4 (cynomolgus lymphocryptovirus; 
gammaherpesvirinae subfamily). Reactivation of LCV in cynomolgus 
macaques can occur with immunosuppression induced on solid organ 
transplantation studies and result in post-transplant lymphoproliferative 
disease (PTLD). These are often extranodal and may involve the liver 
(Macaca fascicularis, liver, H&E) 

Fig. 1.39 Macacine herpesvirus 4 (cynomolgus lymphocryptovirus; 
gammaherpesvirinae subfamily). Early PTLD in kidney (Macaca 
fascicularis, kidney, H&E) 

An epidermal proliferative lesion termed “oral hairy leu-
koplakia” has been described in human AIDS patients and 
SIV-infected rhesus macaques. Leukoplakia is characterized 
by proliferative pale swollen acanthocytes causing a raised 
plaque often on mucosal surfaces and less commonly haired 
skin (Fig. 1.40) [52, 53]. Intranuclear viral inclusions are 
often recognized in middle and superficial epithelial layers 
(Fig. 1.41). Infection can be confirmed by 

immunohistochemistry for latent membrane protein 
1 (LMP1) or Epstein–Barr nuclear antigen 2 (EBNA2) and 
by in situ hybridization for EBER1 and 2 (Fig. 1.42) [54, 55]. 

Fig. 1.40 Macacine herpesvirus 4 (rhesus lymphocryptovirus; 
gammaherpesvirinae subfamily). LCV may also cause epithelial 
proliferations during immunodeficiency. These often appear on mucosal 
surfaces but can appear on adjacent haired skin and are termed 
leukoplakias. Raised plaques are visualized due to proliferation and 
hydropic degeneration of keratinocytes (Macaca mulatta, esophagus, 
H&E) 

Fig. 1.41 Macacine herpesvirus 4 (rhesus lymphocryptovirus; 
gammaherpesvirinae subfamily). LCV intranuclear inclusion in mucosal 
epithelial cell of leukoplakia present in the esophagus (Macaca mulatta, 
esophagus, H&E)
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Fig. 1.42 Macacine herpesvirus 4 (rhesus lymphocryptovirus; 
gammaherpesvirinae subfamily). Immunohistochemistry for the LCV 
protein EBNA2 demonstrating infected epithelial cells in esophagus 
(Macaca mulatta, esophagus, ABC immunostain, DAB chromogen) 

Macacine Herpesvirus 5 (Rhadinovirus) 
and Retroperitoneal Fibromatosis Herpesvirus 
Rhadinoviruses (gamma-2 herpesviruses) include the Human 
herpesvirus 8 (HHV8) also known as the Kaposi’s sarcoma 
herpesvirus (KSHV) and several important viruses of NHPs 
including retroperitoneal fibromatosis-associated herpesvirus 
(RFHV), rhesus rhadinovirus (RRV) and Herpesvirus 
saimiri. RRV and RFHV are closely related to Human her-
pesvirus 8 (HHV-8) the causative agent of Kaposi’s sarcoma 
(KS) [56, 57]. RRV was initially recognized in rhesus 
macaques and subsequently related viruses have been 
identified in additional macaque species. Infection occurs 
commonly early in life but is unrecognized and not associated 
with clinical signs. Seroprevalence in surveys of infected 
colonies indicates that more than 90% of animals have 
antibodies and are infected for life. RHFV is commonly 
found in conjunction with RRV and is also asymptomatic in 
immunocompetent animals. It was first identified in tissues 
from animals with retroperitoneal fibromatosis (RF) and sub-
cutaneous fibromatosis (SF). Histologically, these lesions 
show parallels to KS in human AIDS patients [58–61]. RF 
generally arises from the mesentery at the ileocecal junction 
and progressively infiltrates the mesentery, mesentery lymph 
nodes and gastrointestinal tract resulting in their encapsula-
tion by dense fibrous tissue. SF produces multiple small 
expansile and ulcerating subcutaneous masses. Both RF and 
SF are associated with RFHV infection secondary to SRV 
type 2 immunosuppression (see below). Microscopically, 

these lesions characterized by spindle-shaped cells are 
arranged in intersecting fascicles often with a mononuclear 
inflammatory cell infiltrate and abundant collagen deposition 
(Fig. 1.43). The tumor cells are desmin, vimentin, and 
smooth muscle actin positive and express ORF73 (latency-
associated nuclear antigen (LANA)) [59, 62, 63]. 

RF and SF are largely historical diseases as SRV type 
2 has been eliminated from most macaque breeding colonies. 
However, RFHV continues to circulate widely in macaque 
colonies in conjunction with RRV [56] and has been 
identified in intestinal stromal tumors. These are well-
circumscribed tumors consisting of benign appearing stromal 
cells which arise in the context of immunodeficiency 
(Figs. 1.44 and 1.45). Infection may be confirmed using an 
antibody against the LANA protein of HHV-8 which cross 
reacts with the homologous RFHV protein and produces a 
characteristic punctate intranuclear pattern (Fig. 1.46) [63]. 

Fig. 1.43 Retroperitoneal fibromatosis virus (rhadinovirus genus; 
gammaherpesvirus subfamily). Retroperitoneal fibromatosis consisting 
of immature spindleoid cells admixed with a variable mononuclear cell 
infiltration. This process often originates in the mesentery and is 
associated with simian retrovirus type 2 induced immunosuppression 
and RFHV infection (Macaca mulatta, mesentery, H&E)
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Fig. 1.44 Retroperitoneal fibromatosis virus (rhadinovirus genus; 
gammaherpesvirus subfamily). Gastrointestinal stromal tumor in 
muscularis layer of the intestine. This mesenchymal proliferative disease 
is seen in immunodeficient animals and associated with RFHV infection 
(Macaca mulatta, intestine, H&E) 

Fig. 1.45 Retroperitoneal fibromatosis virus (rhadinovirus genus; 
gammaherpesvirus subfamily). Gastrointestinal stromal tumor in 
muscularis layer of the intestine demonstrating benign spindleoid cells 
arranged in loose bundles and fascicles (Macaca mulatta, intestine, 
H&E) 

Fig. 1.46 Retroperitoneal fibromatosis virus (rhadinovirus genus; 
gammaherpesvirus subfamily). Immunohistochemistry for the viral 
LANA protein demonstrating characteristic punctate intranuclear pat-
tern indicating RFHV infection (Macaca mulatta, intestine, ABC 
immunostain, DAB chromogen) 

Herpesvirus Saimiri (HVS), Saimirine Herpesvirus 
2 or Herpes Saimiri 
HVS is a gamma-2 herpesvirus in the rhadinovirus genus 
related to HHV-8/KSHV. It is a common enzootic infection 
of squirrel monkeys in which it causes no recognized disease 
[64–66]. Serological surveys reveal that greater than 95% of 
adult squirrel monkeys are infected. However, transmission 
of HVS to susceptible tamarins, owl monkeys, or marmosets 
causes an acute lymphoproliferative disorder that resembles 
malignant lymphoma and has been used as an animal model 
of herpesvirus acute oncogenesis. Animals infected with 
HVS subtype C develop clinical signs of anorexia and weight 
loss within 2–3 weeks of infection. Hepatosplenomegaly may 
be identified as well as enlargement of peripheral lymph 
nodes. Leukemia may be seen in blood smears. 

A distinct characteristic of gamma herpesviruses is their 
ability to establish latent infections in lymphoid cells and 
their close association with abnormal lymphoid proliferation 
and cancer in a number of primate species. The first open 
reading frame of the primate gammaherpesviruses has been 
shown to directly contribute to virus associated pathogenesis. 
All of these gene products are capable of eliciting cellular 
signal transduction events resulting in cell growth transfor-
mation. The marmoset model has been used to evaluate the 
in vivo significance of oncogene deletion or substitution. 
Following infection infiltrates of neoplastic lymphocytes are 
observed within multiple organs including GI tract, spleen, 
liver, and kidney [67–69]. These infiltrates are primarily 
CD3CD8 positive T lymphocytes and often appear to initially 
infiltrate along blood vessels. A related rhadinovirus,



herpesvirus ateles, may induce similar pathology with cross-
species transmission [61]. 

1 Viral Diseases in Nonhuman Primates 17

1.3 Hepadnaviridae 

1.3.1 Hepatitis B Virus (HBV) 

HBV belongs to the Orthohepadnavirus grouping and is a 
major cause of human hepatitis worldwide. Other important 
viruses in this group include the woodchuck hepatitis virus, 
duck hepatitis virus, and ground squirrel hepatitis virus. It is a 
small enveloped DNA virus with a genome consisting of a 
single strand of circular DNA. HBV infection has been pri-
marily described in anthropoids including chimpanzees and 
gorillas [70]. A single report suggests infection of 
cynomolgus macaques in association with nonsuppurative 
hepatitis, and more recent work has suggested that infection 
of Mauritian origin animals may be common [71, 72]. The 
pathology in anthropoids is similar to that described in 
humans with the exception that progression to cirrhosis and 
hepatocellular carcinoma is not observed. In these species 
findings vary from essentially normal hepatic parenchyma to 
multifocal nonsuppurative inflammation involving the portal 
tracts and extending into the hepatic parenchyma. The typical 
ground glass hepatocytes containing viral nucleic acid may 
be evident. Several reports suggest macaque species may be 
susceptible to experimental inoculation but pathology has not 
been adequately described. 

HBV has been studied experimentally in chimpanzees and 
has been transmitted to anthropoids inadvertently. It 
represents a zoonotic risk when working with these species 
or their tissues. Species-specific strains have been identified 
in chimpanzees and gibbons suggesting the existence of 
unique variants or strains that circulate within primate 
populations. While such infections of gibbons have recently 
been recognized, hepatic pathology has not been described. 
The zoonotic potential of these strains is not known. 

1.4 Nonenveloped DNA Viruses 

1.4.1 Adenoviridae 

More than 30 serotypes of adenoviruses have been isolated 
from a variety of nonhuman primates including both OWP 
and NWP species [73, 74]. Although adenoviruses have been 
confirmed as causing mild to severe respiratory and gastroin-
testinal disease in monkeys, many of the isolates have been 
made from otherwise healthy animals. More severe disease 
has been described in chemically or virally 
immunosuppressed animals as well as neonatal animals. 
The virus is readily transmitted by the aerosolized or fecal– 

oral route. In most cases, infection of normal animals is 
asymptomatic but may occasionally be associated with respi-
ratory or gastrointestinal symptoms especially in young 
animals. In immunodeficient animals, more severe signs 
may be noted and related to hepatic, gastrointestinal, or 
pancreatic involvement [75]. The disease course in immuno-
deficient animals may be chronic active, associated with 
significant fibrosis in some tissues and prolonged. 

Infection in very young or immunodeficient animals may 
cause severe disease [76]. The respiratory airways and lungs 
are common sites of adenovirus infection. Grossly the 
affected portions of the lungs have patchy areas of firmness 
and gray-white to red areas of discoloration. Microscopically, 
epithelial cells of the trachea, bronchi, and alveoli are vari-
ably necrotic and contain basophilic intranuclear inclusions 
(Figs. 1.47 and 1.48) which can be confirmed as adenoviral 
by immunohistochemistry (Fig. 1.49). A severe epizootic 
with pulmonary involvement and transmission to human 
contacts has been reported in Titi monkeys (Callicebus 
cupreus) (Figs. 1.50 and 1.51) [77, 78]. 

Fig. 1.47 Adenovirus (adenoviridae family). Severe bronchointerstitial 
pneumonia with alveoli filled with pyknotic and karyorrhectic debris 
and numerous cells with intranuclear adenoviral inclusions (Macaca 
mulatta, lung, H&E)
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Fig. 1.48 Adenovirus (adenoviridae family). Severe bronchointerstitial 
pneumonia with intranuclear adenoviral inclusions. Pale eosinophilic 
foamy material represents concurrent pneumocystis infection in immu-
nocompromised animal (Macaca mulatta, lung, H&E) 

Fig. 1.49 Adenovirus (adenoviridae family). Immunohistochemistry 
for adenovirus demonstrating infection of type 1 and 2 pneumocytes 
and extensive septal thickening (Macaca mulatta, lung, ABC 
immunostain technique) 

Fig. 1.50 Adenovirus (adenoviridae family). Severe diffuse 
necrohemorrhagic pneumonitis (Titi monkey, lung, H&E) 

Fig. 1.51 Adenovirus (adenoviridae family). Severe diffuse 
necrohemorrhagic pneumonitis with scattered intranuclear adenovirus 
inclusions and neutrophilic foci (Titi monkey, lung, H&E) 

Hepatic involvement characterized by multifocal to coa-
lescing hepatic necrosis can be seen in juvenile animals. 
Intranuclear inclusion bodies are evident along the leading 
margin of necrosis (Fig. 1.52) and the findings must be 
distinguished from BV infection which may appear similar. 
Involvement of the gastrointestinal tract is also frequent and 
may or may not be found in association with epithelial cell 
necrosis and loss [75, 76]. Increased numbers of tingible 
body macrophages in the lamina propria suggest increased



epithelial cell turn over (Fig. 1.53). In the absence of necrosis 
or epithelial cell hyperplasia the role adenovirus infection in 
clinical disease may be unclear. Histologically, intranuclear 
inclusions (Fig. 1.54) are often seen in tissues and must be 
distinguished from herpesviruses including CMV and 
BV. This sometimes can be difficult and may require ultra-
structural examination or immunohistochemistry (Fig. 1.55). 
Occasionally, adenovirus infection can produce karyomegaly 
(Fig. 1.56) and can be difficult to distinguish form CMV. 
Adenovirus inclusions are often preferentially found in epi-
thelial cells of the villus tips of the small intestine and 
glandular epithelial cells of the colon, whereas CMV will 
target stromal cells. 
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A well-characterized form of chronic active pancreatitis is 
frequently observed in SIV-infected macaques [79, 80]. The 
condition develops during periods of immunodeficiency and 
is recognized as multifocal areas of exocrine pancreatic 
necrosis in which adenovirus inclusions can be visualized 
in acinar cells (Figs. 1.57 and 1.58). Pancreatic necrosis may 
be noted grossly. Examination of the pancreas may reveal 
areas in different stages of disease varying from acute necro-
sis to lobular fibrosis and chronic active inflammation. 

Fig. 1.52 Adenovirus (adenoviridae family). A focus of hepatocellular 
necrosis with neutrophilic infiltration and large adenoviral intranuclear 
inclusions (Macaca mulatta, liver, H&E) 

Fig. 1.53 Adenovirus (adenoviridae family). Intestinal villous tip with 
increased tingible body macrophages, pyknotic debris, and rare 
intranuclear inclusions typical of adenoviral enteritis (Macaca mulatta, 
small intestine, H&E) 

Fig. 1.54 Adenovirus (adenoviridae family). Intestinal villous tip with 
adenoviral intranuclear inclusions (Macaca mulatta, small intestine, 
H&E)



20 K. Mätz-Rensing and K. G. Mansfield

Fig. 1.55 Adenovirus (adenoviridae family). Immunohistochemistry 
for adenovirus protein demonstrating infection of enterocytes on intesti-
nal villous (Macaca mulatta, small intestine, ABC immunostain 
technique) 

Fig. 1.56 Adenovirus (adenoviridae family). Large intranuclear 
inclusions present within gastric epithelial cells (Macaca mulatta, stom-
ach, H&E) 

Fig. 1.57 Adenovirus (adenoviridae family). Chronic active pancreati-
tis with extensive acinar cell necrosis and adenoviral intranuclear 
inclusions (Macaca mulatta, pancreas, H&E) 

Fig. 1.58 Adenovirus (adenoviridae family). Chronic active pancreati-
tis with karyomegaly of acinar cells and adenoviral intranuclear 
inclusions (Macaca mulatta, pancreas, H&E) 

1.5 Polyomaviridae 

1.5.1 SV40 

SV40 is a common latent infection of feral and captive Asian 
macaques and was first isolated from primary macaque kid-
ney cell lines used in polio vaccine production. Because of 
the oncogenic potential in suckling hamsters, SV40 has been 
extensively studied and is now a common laboratory contam-
inant. As a result, identification of SV40 sequences by



molecular techniques in clinical samples should always be 
viewed critically. While SV40 has been linked with human 
disease, this association is controversial. A closely related 
SV40-like virus has been recognized in M. fascicularis and 
termed Cynomolgus papovavirus (CPV). 
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SV40 is a common infection of virtually all macaque 
species kept in captivity. It appears to be readily transmitted 
and most adult animals will be seropositive unless colonies 
are developed to be free of the agent. It does not appear to be 
associated with disease frequently in normal animals but may 
cause a number of clinical conditions in immunosuppressed 
animals. Clinical signs may relate to CNS, pulmonary, or 
renal involvement. They are generally slowly progressive. 

Pathology is usually not observed in normal animals and 
the occurrence of disease should prompt a search for under-
lying immunosuppressive disease. Concurrent natural or 
experimental infection with SIV has been demonstrated in 
multiple cases and should be considered in others. Animals 
receiving drugs for solid organ transplantation may be sus-
ceptible [81]. Lesions are generally confined to the brain, 
lungs, and kidney. 

Progressive Multifocal Leukoencephalopathy (PML) is a 
condition observed in human patients infected with JC virus 
[82]. A similar condition has been described in immunode-
ficient rhesus macaques. The lesion is characterized by mul-
tifocal to coalescing areas of demyelination and gliosis 
throughout the white matter and subependymal regions 
(Fig. 1.59). Demyelination results from direct viral infection 
and destruction of oligodendrocytes. Large basophilic 
intranuclear inclusions can be found to enlarge and fill nuclei 
of oligodendrocytes and astrocytes and less frequently 
neurons (Fig. 1.60) [83, 84]. A distinct form of SV40-
induced meningoencephalitis has been described in 
SIV-infected macaques in which infection of astrocytes and 
not oligodendrocytes appears to predominate [84]. Sequence 
analysis suggested infection with a distinct SV40 variant. 
SV40 immunohistochemistry for the large T antigen and 
viral isolation may be used diagnostically. 

Renal lesions are found primarily within the inner cortex 
and medulla (Fig. 1.61). Affected medullary tubules are lined 
by hypertrophied and hyperplastic epithelial cells (Fig. 1.62) 
that contain intranuclear basophilic inclusions. Inclusions are 
often very large and visible under lower magnification. Occa-
sionally, affected renal tubular epithelial cells form fronds 
which project into tubular lumens and appear dysplastic. 
Renal involvement is often associated with chronic 
tubulointerstitial nephritis. In mild cases, the number of rec-
ognizable inclusions on H&E stains (Fig. 1.63) may be scant 
and immunohistochemistry will reveal many more infection 
cells (Fig. 1.64). 

Fig. 1.59 SV40 (Polyomaviridae family). Progressive multifocal 
leukoencephalopathy characterized by demyelination of white matter 
and gliosis (Macaca mulatta, brain, H&E) 

Fig. 1.60 SV40 (Polyomaviridae family). Progressive multifocal 
leukoencephalopathy with intranuclear viral inclusion (Macaca mulatta, 
brain, H&E)
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Fig. 1.61 SV40 (Polyomaviridae family). SV40-induced chronic inter-
stitial nephritis (Macaca mulatta, kidney, H&E) 

Fig. 1.62 SV40 (Polyomaviridae family). SV40-induced chronic inter-
stitial nephritis with proliferative renal tubular epithelial cells (Macaca 
mulatta, kidney, H&E) 

Fig. 1.63 SV40 (Polyomaviridae family). SV40-induced interstitial 
nephritis with rare intranuclear inclusion bodies (Macaca mulatta, kid-
ney, H&E) 

Fig. 1.64 SV40 (Polyomaviridae family). Immunohistochemistry for 
SV40 large T antigen demonstrating abundant infected renal tubular 
epithelial cells (Macaca mulatta, kidney serial section adjacent to 
Fig. 1.63, H&E) 

Pulmonary involvement is seen less frequently and 
consists of a proliferative interstitial pneumonitis with 
inclusions present within hypertrophied type 2 pneumocytes 
(Figs. 1.65 and 1.66). Hepatic involvement has also been 
recognized in immunodeficient macaques. Poorly defined 
brightly eosinophilic inclusions were identified in periportal 
hepatocytes (Fig. 1.67) and were positive for large T antigen 
by immunohistochemistry (Fig. 1.68). 

Fig. 1.65 SV40 (Polyomaviridae family). SV40-induced interstitial 
pneumonitis with mixed inflammatory cell infiltrate (Macaca mulatta, 
lung, H&E)
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Fig. 1.66 SV40 (Polyomaviridae family). SV40-induced interstitial 
pneumonitis with intranuclear inclusions (Macaca mulatta, lung, H&E) 

Fig. 1.67 SV40 (Polyomaviridae family). Large amphophilic 
intranuclear inclusions within periportal hepatocytes (Macaca mulatta, 
liver, H&E) 

Fig. 1.68 SV40 (Polyomaviridae family). Immunohistochemistry for 
SV40 large T antigen demonstrates infection of a large number of 
periportal hepatocytes (Macaca mulatta, liver, ABC immunostain tech-
nique, DAB chromogen) 

1.6 Papillomaviridae 

Papillomaviruses are spherical double-stranded DNA viruses 
with capsids composed of 72 capsomeres. Infection of rhesus 
and cynomolgus macaques, chimpanzees, and Colobus 
monkeys has been demonstrated and infection has been 
suspected in many other species [85–88]. Infection of rhesus 
may or may not be associated with papillomas. Often there is 
serologic evidence of infection without clinical signs. 
Serosurveys indicate that viral transmission occurs often at 
sexual maturity. When lesions are present, they are observed 
on mucosal surfaces or haired skin. They have the appearance 
of a proliferative exophytic mass that is described to have a 
cauliflower-like appearance. Histologically, there is massive 
hyperplasia of the stratum spinosum and corneum. 
Intranuclear basophilic inclusions may be observed but are 
often absent. Infection in macaques has been associated with 
penile carcinoma and with cervical vaginal dysplasia/inva-
sive carcinoma in macaques (Fig. 1.69) [89, 90]. In these 
lesions, viral inclusions are generally absent and infection 
can be confirmed by immunohistochemistry. 

In chimpanzees, focal epithelial hyperplasia is a 
recognized lesion and characterized by multiple well-
circumscribed proliferative structures at the oral mucosa 
[91–93]. These may persist for extended periods before 
undergoing spontaneous regression. Typical basophilic 
intranuclear inclusions may be observed.
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Fig. 1.69 Papilloma virus (Papillomaviridae family). Cervical carci-
noma induced by papilloma virus infection (Macaca mulatta, cervix, 
H&E) 

1.7 Parvoviridae 

1.7.1 Simian Parvovirus (SPV) 

Parvoviruses are some of the smallest known vertebrate 
viruses. They are nonenveloped and contain a genome of a 
single strand of DNA. SPV has recently been described in 
cynomolgus and rhesus macaques and shares 65% homology 
with human B19 virus within the major capsid protein 
[94, 95]. The virus is difficult to culture in vitro. 

SPV has been recognized in association with anemia in 
cynomolgus macaques coinfected with SRV-D and less com-
monly SIV. Affected animals had clinical signs of anemia, 
diarrhea, weight loss, and dehydration [96]. It is unclear 
which clinical signs can be directly attributed to SPV infec-
tion as these are frequently observed in SRV-D infected 
animals. Similar findings have also been recognized in 
cynomolgus macaques receiving post-transplantation chemo-
therapy and SIV infection [97, 98]. 

Examination of bone marrow has revealed marked 
dyserythropoiesis with a loss of mature erythroid precursors 
(Fig. 1.70). Large intranuclear inclusion bodies are evident in 
some animals (Fig. 1.71). Ultrastructural examination and in 
situ hybridization may be used for diagnosis. Seroreactivity 
to SPV has been detected in individuals with and without 
primate contact [99]. The significance of this findings is not 
known. 

Fig. 1.70 Simian parvovirus (Erythrovirus genus). Marked 
dyserythropoiesis and loss of mature erythroid precursors in bone mar-
row (Macaca mulatta, bone marrow, H&E) 

Fig. 1.71 Simian parvovirus (Erythrovirus genus). Large eosinophilic 
intranuclear inclusions within erythroid precursors (Macaca mulatta, 
bone marrow, H&E) 

1.8 Enveloped RNA Viruses 

1.8.1 Rhabdoviridae (Rabies Virus) 

Rabies is a well-known enveloped RNA virus within the 
lyssavirus genus. Infection of NWPs and OWPs has been 
recognized. The occurrence of rabies in domestic captive-
bred NHP is extremely rare; however, exposures may occur 
but it should be considered in sporadic cases of encephalitis 
particularly in outdoor animals raised in regions where rabies 
is enzootic. In these regions, rabies virus infection of NHP



species may occur and these species may represent vectors 
for transmission to humans. The disease has also been studied 
experimentally in NHPs. Recent reports have documented 
transmission of rabies from common marmosets to human. 
Limited sequence data suggests the establishment of an enzo-
otic marmoset cycle [100–102]. 
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Both furious and paralytic forms of rabies have been 
described in NHPs. Following experimental inoculation, the 
furious clinical signs developed in 15–35 days, whereas the 
paralytic form was delayed and developed up to 105 days 
postinfection [17]. Histopathology is similar to that recognized 
in other species and may vary from few recognized changes to 
formation of glial nodules, perivascular nonsuppurative 
encephalitis, and neuronal degeneration. Negri bodies may 
be evident and immunofluorescence assays may be used for 
diagnosis. NHPs may be vaccinated with killed vaccine but the 
efficacy is unknown. Rabies is a serious zoonotic risk and 
NHP to human transmission has been recognized. Due to the 
long incubation period, typical quarantine requirements may 
not be adequate to prevent importation from geographic 
regions in which rabies virus is enzootic. 

1.8.2 Filoviridae 

Marburg Virus and Ebola Viruses 
Marburg virus is the prototypic filovirus. It was first 
recognized as a cause of hemorrhagic fever in laboratory 
workers preparing cell lines derived from African Green 
monkey tissue in Marburg and Frankfurt, Germany in 1967 
[103, 104]. During the initial outbreak, 25 primary cases and 
a number of secondary and tertiary cases were recognized. 
Filoviruses are anti-sense single-stranded RNA viruses with a 
relative small genome of 12.7Kb. They have a characteristic 
long filamentous appearance in tissue or cell culture. 

A second group of closely related viruses were recognized 
in 1976 as the etiology of human hemorrhagic fever in Zaire 
and Sudan [105, 106]. The agent named after the Ebola river 
in northwest Zaire caused a clinical syndrome in humans 
similar to Marburg and has been identified periodically in 
sub-Saharan African. A distinct filovirus subtype named 
Ebola Reston was identified in 1989 and 1990 during an 
outbreak of hemorrhagic fever in newly imported Asian 
macaques from the Philippines [107, 108]. The source of 
infection in these animals is unknown but concurrent infec-
tion with Simian Hemorrhagic Fever Virus (SHFV) initially 
suggested exposure and transmission from an African source. 
Additional infected macaques were identified in mid- and 
late-1990s and 2015, all originating from the same geo-
graphic location in the Philippines [109, 110]. Subsequent 
work has demonstrated infection of pigs and potential reser-
voir in bats [100, 101]. 

The severity of clinical signs varies depending on the 
filovirus strain and host. No clinical signs were recognized 
in African green monkeys during the initial Marburg out-
break and Ebola Reston did not produce illness in humans. In 
contrast, significant die-off events have been observed in 
wild chimpanzee populations due to Ebola virus infection 
in association with human cases [111, 112]. 

Following experimental inoculation with Ebola virus, 
there is an incubation period of 7–14 days. Once clinical 
signs develop, progression to death is rapid and usually 
occurs within 24 h. Cardiovascular collapse occurs followed 
by severe depression, coma, and death. Petechiae are noted 
on the face, chest, and medial aspects of the arms and thighs. 

Pathologic findings are similar to Simian hemorrhagic 
fever from which it must be distinguished. There is extensive 
lymphoid necrosis and deposition of fibrin within splenic 
white and red pulp (Fig. 1.72). A characteristic lesion within 
the liver is a multifocal random hepatic necrosis accompanied 
by a mild mononuclear inflammatory cell infiltrate 
(Fig. 1.73). Large amorphic intracytoplasmic inclusions are 
observed in hepatocytes (Fig. 1.74). Similar necrosis is seen 
within the zona glomerulosa of the adrenal gland. Adrenal 
and hepatic lesions help distinguish filovirus infection from 
SHFV. In addition to these findings, an interstitial pneumo-
nitis has been described and seen in conjunction with 
disseminated intravascular coagulation (Fig. 1.75). Serology 
can be used to determine previous exposure of animals to 
filoviruses and may be required by some facilities prior to 
importation and quarantine of animals. 

Fig. 1.72 Ebolavirus (Filoviridae family). Lymphoid necrosis and 
extensive fibrin deposition in red pulp of spleen (Macaca mulatta, 
spleen, H&E)
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Fig. 1.73 Marburg virus (Filoviridae family). Multifocal random 
hepatic necrosis (Callithrix jacchus, liver, H&E) 

Fig. 1.74 Marburg virus (Filoviridae family). Large amphophilic 
intracytoplasmic viral inclusion within hepatocyte (Macaca mulatta, 
liver, H&E) 

Fig. 1.75 Ebolavirus (Filoviridae family). Necrotizing interstitial pneu-
monitis (Macaca mulatta, lung, H&E) 

1.9 Arteriviridae 

1.9.1 Simian Hemorrhagic Fever Virus (SHFV) 

SHFV belongs to the Simartevirus genus in the arteriviridae 
family, and represents a group of closely related viruses that 
may infect a variety of African primates subclinically [113]. 
It is a positive-stranded RNA virus and is related to equine 
arteritis virus, lactate dehydrogenase elevating virus of mice 
and porcine infertility and respiratory syndrome virus. 

African OWPs including patas monkeys, African Green 
Monkeys, and baboons are the natural hosts and the disease is 
generally mild in these species. Transmission to Asian spe-
cies of macaques results in an epizootic of high morbidity and 
mortality [114–117]. Strains differ in their ability to cause 
persistent infection and disease in the African host species. 

In macaques, experimental infection is uniformly fatal 
following inoculation in 5–7 days. Animals develop hemor-
rhagic diarrhea and respiratory distress followed by death. 
Petechiae may be observed especially on mucosal or serosal 
surfaces. Initial infection of macaques appears to require 
parental exposure to infected blood or tissue from infected 
carrier species. Once established in macaque colonies the 
disease may spread rapidly through aerosolization, direct 
contact, or fomites resulting in an epizootic of high morbidity 
and mortality. Infection of African species is usually asymp-
tomatic. Different viral strains have been identified that 
vary in their ability to produce antibody responses and occa-
sionally disease in patas monkeys. Strains that produce a 
strong antibody response may be more likely associated 
with disease (anorexia, lethargy, petechiation) and viral 
clearance.



1 Viral Diseases in Nonhuman Primates 27

In macaques, SHFV infection causes clinical signs com-
patible with a hemorrhagic fever and the virus may spread 
rapidly through a colony. At necropsy, there is often exten-
sive hemorrhage and congestion in the duodenum and similar 
foci may be found throughout the GI tract. Small 
hemorrhages may also be found in the liver, renal capsule, 
retrobulbar tissue, subcutis, and lungs. Microscopically, char-
acteristic lesions are found in the lymphoid tissue and consist 
of extensive lymphoid necrosis and congestion. Perifollicular 
hemorrhages may be evident and the sinuses may be 
distended with fibrin (Fig. 1.76). 

Fig. 1.76 Simian hemorrhagic fever virus (arterivirus genus). Lym-
phoid necrosis and fibrin deposition in red pulp (Macaca mulatta, 
spleen, H&E) 

Overt necrosis with germinal centers is prominent. 
Lesions elsewhere relate to the development of disseminated 
intravascular coagulation. 

Differential diagnosis in macaque species includes hemor-
rhagic fever viruses (Ebola, Marburg, Kyasanur forest disease 
virus) and the absence of adrenal necrosis and absence of viral 
inclusions in SHFV may be helpful in ruling out these 
diseases. Filoviruses produce intracytoplasmic inclusion bod-
ies. Strict separation of African and Asian OWPs should be 
maintained. Potential fomites such as tattoo needles, clippers, 
and other instruments should be thoroughly disinfected. 

1.10 Flaviviridae 

1.10.1 Yellow Fever Virus (YFV) 

YFV is a member of the Flaviviridae family and may natu-
rally infect and cause disease in humans and nonhuman 
primates. Mosquitoes of the genera Aedes and Haemagogus 
serve as vectors with A. aegypti the most important, as the 
virus may persist in this species through the dry season by 
transovarian transmission. 

YFV may produce a severe epizootic hemorrhagic fever 
syndromes in both NWP and OWP. Infection on OWP has 
been studied as an experimental infection but the disease may 
cause epizootics in NWP in their natural setting [118]. In 
these instances, disease is usually first recognized as die-offs 
in NHP populations occasionally in association with human 
cases. The disease may be severe in Howler (Alouatta spp.), 
spider (Ateles spp.), and squirrel (Saimiri sciureus) monkeys 
[119, 120]. 

As a naturally occurring disease, YFV infection is seen in 
NHP in their normal environment. However, the pathogene-
sis has been studied extensively in macaque species as an 
animal model of disease in man. Following experimental 
inoculation, there is an initial round of replication in regional 
lymph nodes with subsequent dissemination to multiple 
organs. In the liver, virus is first identified in Kupffer cells 
and then hepatocytes. Histologically, liver lesions are 
characterized by multifocal hepatic necrosis with formation 
of Councilman and Torres bodies [121]. These changes are 
often accompanied by fatty degeneration of the remaining 
hepatocytes. Depletion of lymphoid tissue and periarterial 
sheaths may be prominent. In humans, three diagnostic 
hallmarks are said to be characteristic and are most pro-
nounced 3–8 days postinfection: (1) midzonal hepatic necro-
sis, (2) eosinophilic degeneration, and (3) fatty 
metamorphosis. 

1.10.2 West Nile Virus 

West Nile virus is a single-stranded RNA virus in the family 
Flaviviridae which has recently been introduced into the 
USA and associated with high mortality in wild and captive 
bird populations and the occurrence of encephalitis in human 
patients. Serologic evidence indicates that infection of cap-
tive primates is common but asymptomatic in animals housed 
in outdoor corrals during epizootics in wild bird populations 
[122–124]. While clinical signs were not observed in these 
spontaneous cases, fever and encephalitis were described 
following experimental inoculation. Following experimental 
inoculation, animals remained persistently infected for 
prolonged periods and developed morphologic evidence of 
nonsuppurative encephalitis [125]. 

1.11 Arenaviridae 

1.11.1 Lymphocytic Choriomeningitis Virus 
(LCMV) 

Callitrichid hepatitis is caused by LCMV, a member of the 
arenaviridae family which are pleomorphic enveloped 
viruses containing two segments of RNA that encode at 
least three viral proteins. A characteristic feature of



arenaviruses is that they cause lifelong persistent infection of 
the definitive rodent host. Such hosts show no clinical signs 
and may shed virus in body secretions leading to contamina-
tion of environment. In addition to LCMV, a number of 
arenaviruses have been identified as important exotic 
pathogens of man including Lassa fever virus, Mopeia 
virus, Junin virus, and Machupo virus. 
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LCMV has been recognized as a cause of rapidly progres-
sive viral hepatitis in NWP species including tamarins and 
marmosets [126]. Clinical signs include dyspnea, anorexia, 
weakness, and lethargy. Animals may become jaundiced and 
evidence of a coagulopathy may develop. In some cases, 
sudden death with no clinical signs may be seen. Epizootics 
of LCMV hepatitis were associated with the feeding of 
infected neonatal mice to primates. If this practice is used, 
colonies should be screened for the presence of LCMV. In 
addition, contact of NWP species with wild rodents should be 
prevented and if biologics of murine origin are to be used, 
they should be tested for the presence of LCMV. 

Hepatosplenomegaly, pleural and pericardial effusions, 
jaundice, and subcutaneous and intramuscular hemorrhages 
are characteristic findings on necropsy. Histologically, multi-
focal hepatic necrosis with infiltration by lymphocytes and 
neutrophils may be seen (Figs. 1.77 and 1.78) [127, 128]. Aci-
dophilic apoptotic hepatocytes termed Councilman bodies 
may be evident within sinusoids. Necrosis may also be evi-
dent within other tissues including mesenteric lymph nodes 
and GI tract. LCMV is a zoonotic agent and seroconversion 
of veterinarians in contact with infected marmosets has been 
described. 

Fig. 1.77 Lymphocytic choriomeningitis (Arenaviridae family). Mul-
tifocal mononuclear cell infiltrates accompanied by hepatocellular 
swelling and degeneration (Leontopithecus rosalia, liver, H&E) 

Fig. 1.78 Lymphocytic choriomeningitis (Arenaviridae family). Hepa-
tocellular swelling and degeneration with biliary stasis (Leontopithecus 
rosalia, liver, H&E) 

1.12 Paramyxoviridae 

1.12.1 Measles Virus 

Measles virus is a member of the Paramyxoviridae family 
and is an enveloped RNA virus. Measles virus infection was 
once a common and devastating disease of recently captured 
NHPs. It has been described in many OWP and NWP species 
and is less frequent now with the control of measles in the 
human population particularly in the USA [129]. 

In OWP species, the disease may be mild to asymptomatic 
unless animals are stressed by concurrent illness or are immu-
nodeficient. The incubation period varies from 6 to 10 days 
and is followed by a fever and maculopapular exanthema 
(Fig. 1.79). 

Fig. 1.79 Measles virus (Paramyxoviridae family). Desquamative viral 
exanthema involve face, thorax, and axilla in juvenile macaque (Macaca 
mulatta)
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The rash is most pronounced on the ventral body surface 
and generally spares the plantar and palmar surfaces of the 
feet and hands. The rash progresses to a dry or scaly 
desquamative dermatitis and may continue for 2–3 weeks. 
In severe cases, respiratory illness may develop and produce 
a conjunctivitis and cough. Abortion and neurologic signs 
may occur in some individuals. In NWP, the disease may be 
more severe producing an epizootic of high morbidity and 
mortality. The characteristic exanthema is lacking and gas-
trointestinal signs predominate. Edema of the periorbital 
region may be observed and mortality may approach 100%. 

Initial transmission is from human handlers to animals. 
The virus is transmitted by the aerosolized route and there is 
an initial round of viral replication within regional lymph 
nodes followed by hematogenous spread. In OWPs, it is 
during the terminal phases of this viremia that the character-
istic cutaneous exanthema is observed and appearance of the 
rash coincides with the appearance of neutralizing antibodies. 
Histologically, there is mild erythema and parakeratotic 
hyperkeratosis. Multinucleated syncytial cells with typical 
inclusions may be found within the epidermis. Epithelial 
necrosis and such inclusions may be most prominent within 
hair follicles. 

Eosinophilic intracytoplasmic and intranuclear inclusions 
are found within epithelial cells of affected organs. In OWP, a 
necrotizing bronchointerstitial pneumonia may be evident 
(Fig. 1.80) [130–132]. 

Fig. 1.80 Measles virus (Paramyxoviridae family). Viral 
bronchointerstitial pneumonia with syncytial cells demonstrated by 
immunohistochemistry for measles virus (Macaca mulatta, lung, ABC 
immunostain technique, DAB chromogen) 

Abortions and still births occur [133]. In NWP, the disease 
is often centered on the GI tract resulting in a necrotizing 
gastroenteritis. In these species, the disease may be particu-
larly severe resulting in destruction of virtually all epithelial 
cells. Viral isolation, immunohistochemistry, and ultrastruc-
tural examination may be useful in diagnosis. Grossly, small 
white foci within the oral mucosa rimmed by a thin raised red 
border (termed Koplik spots) are pathognomonic of measles 
virus infection but are infrequently observed. Giant cells 
(Warthin–Finkeldey cells) lacking viral inclusions may be 
found within lymphoid tissue. 

In the later stages of infection, viral-induced immunosup-
pression may develop due to the viral effect on thymic 
function and viral inhibition of interferongamma-gamma 
upregulation of major histocompatibility complex II antigen 
and widespread necrosis of lymphocytes. This dysfunction 
has been implicated in false negative intradermal tuberculin 
tests and in the reactivation of latent infections such as CMV. 
A modified live vaccine is available and can be used in NWPs 
and OWPs. Although the source of infection in NHPs is often 
an infected human, once established in primate colonies, the 
virus may be transmitted back to human handlers. 

1.12.2 Canine Distemper Virus 

An outbreak of canine distemper in multiple Chinese 
macaque colonies has recently been described and resulted 
in epizootics of morbidity and mortality [134–136]. Cutane-
ous involvement characterized by hyperkeratosis of the face 
and hands/feet was common (Fig. 1.81) similar to hard pad 
disease described in dogs. Vaccination for measles virus may 
offer protection [137]. 

Fig. 1.81 Canine distemper virus (Paramyxoviridae family). Hyperker-
atosis of palm resembling hard pad disease of dogs (Macaca mulatta)
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1.13 Retroviridae 

1.13.1 Orthoretrovirinae 

Simian Retrovirus 
Type D retroviruses are unique to nonhuman primates and 
may exist as endogenous and exogenous forms. The original 
type D retrovirus was isolated in 1970 from a mammary 
neoplasia of a female rhesus macaque and designated the 
Mason-Pfizer monkey virus (MPMV). Disease conditions 
are variable and antibody-negative viremic, and antibody-
positive nonviremic and viremic states are observed 
[17]. Clinically affected animals are usually viremic and 
often show signs of chronic diarrhea and weight loss 
accompanied by anemia or pancytopenia. Such animals 
may acquire a number of opportunistic infections including 
CMV, Rhodococcus, candidiasis, cryptosporidiosis, and 
noma. SRV-D infected animals appear to be more susceptible 
to infection with pyogenic bacteria and less susceptible to 
M. avium, Pneumocystis, SV40, and adenovirus infection 
than SIV-infected animals [138, 139]. This may be related 
to the wider viral tropism of SRV-D and the occurrence of 
pancytopenia rather than the selective loss of CD4 T cells. 
Retroperitoneal fibromatosis is uniquely associated with 
SRV-2 infection and is a fibroproliferative disorder most 
frequently observed originating at the ileal–cecal junction 
and root of the mesentery. Histologically, the lesion shows 
some similarities to Kaposi’s sarcoma of human AIDS 
patients and there is evidence that a macaque rhadinovirus 
(RFHV) may play a causative role in the face of immunosup-
pression [59, 61]. A subcutaneous form may also be noted. 

A case definition of SRV-D retrovirus-induced simian 
AIDS has been developed and includes generalized lymph-
adenopathy and/or splenomegaly accompanied by at least 
four of the following clinical and laboratory findings: 
(1) weight loss >10%, (2) fever (>103F), (3) persistent 
refractory diarrhea, chronic or opportunistic infections unre-
sponsive to treatment, (4) retroperitoneal or subcutaneous 
fibromatosis, and (5) hematological abnormalities (including 
anemia <30, neutropenia <1700, lymphopenia <1600, 
thrombocytopenia <50,000) [8]. 

The virus is readily transmitted within macaque colonies 
and the seropositivity rate may vary depending on husbandry 
and housing practices. SRV-D may be isolated from the 
saliva of diseased or carrier animals and is horizontally trans-
mitted through fighting and as a sexually transmitted disease. 
Vertical transmission may also occur from infected dam to 
the neonate. SRV-D has a wider cellular tropism than SIV 
and may infect a variety of cell types including B and T (CD4 
and CD8) cells, macrophages, hematopoietic progenitor 
cells, and epithelial cells (e.g., salivary glands and gastroin-
testinal tract) [138]. The mechanism by which the virus 
produces severe immunosuppression is unknown. Animals 
may harbor the virus for extended periods with few or no 

clinical signs. Only a subset of animals will progress to 
clinical disease initially recognized by a lymphadenopathy 
characterized by varying degrees of follicular and 
parafollicular hyperplasia progressing to marked lymphoid 
atrophy and complete effacement of lymph node architecture. 

Effective vaccines have been developed experimentally 
but are not available commercially. SPF colonies have been 
developed through a test and remove strategy. The antibody-
negative viremic animal may represent an important reservoir 
for transmission and use of antibody detection and viral 
isolation or PCR are required to detect all infected animals 
within a colony and eliminate the virus. The zoonotic poten-
tial of SRV-D is unclear. A single report claims identification 
of SRV-D in an AIDS patient with skin disease by PCR. 
However, the individual had no contact with NHP, and it is 
unclear how this infection may have occurred. Occupational 
exposure has resulted in seroconversion but viral sequences 
could not be detected [140]. 

Simian T-Lymphotropic Virus (STLV) 
STLV or Primate T-lymphotropic viruses (PTLV) are com-
monly found in numerous OWP species and show close 
homology to the human pathogen HTLV-1. Strict species 
specificity is not observed and cross-species transmission 
may be associated with disease. Three groups of STLV 
agents are recognized: STLV-1, STLV-2, and STLV-L. A 
single report of an STLV-2 virus in spider monkeys has not 
been confirmed and infection appears to be limited to OWP 
species. SIV-infected rhesus macaques are susceptible to 
HTLV-1 inoculation and develop an atypical lymphocytosis. 
There is evidence that HTLVs are derived from PTLVs and 
that multiple cross-species transmissions have occurred 
through consumption of bushmeat [141, 142]. 

In most instances, infection is asymptomatic and not 
associated with clinical signs [143, 144]. While STLV-1 
infection of macaques is common, it has not been associated 
with overt clinical disease in normal or immunosuppressed 
animals. Infection in baboons has been associated with 
malignant lymphoma and leukemia and is believed to have 
resulted from cross-species transmission of the agent with 
resulting epizootic [145, 146]. 

In baboons, infection has been characterized by depres-
sion, anorexia, regional or generalized lymph node enlarge-
ment, and hepatosplenomegaly. Pulmonary involvement may 
be frequent. Cutaneous involvement, hypercalcemia, and 
pleural effusions are observed less frequently. Multilobulated 
neoplastic cells are observed within peripheral blood of the 
majority of cases. 

Serologic assays indicate a high seropositive rates within 
many wild and captive populations of African green 
monkeys, macaques, and baboons. The virus is likely readily 
transmitted by the parenteral and sexual routes. In most 
species, infection is not associated with pathology. 
Epizootics of malignant lymphoma have been observed in



baboons and believed to be caused by cross-species transmis-
sion of the virus. In these epizootics, involvement of the 
lymph nodes, spleen, liver, skin, and lungs is common 
[145, 146]. Overt leukemia may be observed and pulmonary 
involvement is characteristic. Most cases have been 
CD3CD4 T cell infiltrates consisting of neoplastic 
lymphocytes and accompanied by multinucleated giant 
cells, necrosis, and inflammatory cells. A subset of cases 
express CD30 a marker consistent with large cell anaplastic 
lymphoma of man. 
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Simian Immunodeficiency Virus (SIV) 
Primate lentiviruses have a genome of about 10 kb encoding 
9 open reading frames that produce 15 distinct proteins. The 
prototypic primate lentivirus HIV was first recognized in the 
early 1980s and isolated in 1983. The first isolation of a 
related nonhuman primate virus was made a year later. Like 
other primate lentiviruses, SIV is a diploid virus having two 
positive-sense RNA genomes which are contained within the 
conical core of a single virion. The virus may infect termi-
nally differentiated cells like tissue macrophages but its prin-
cipal target during acute infection is the replicating CCR5 
positive CD4 T lymphocytes within the GI tract. The virus 
uses a trimeric env or envelop protein to bind to CD4 and 
chemokine coreceptors to infect cells. Two important 
coreceptors are CCR5 and CXCR4, both chemokine 
receptors involved in immune regulation. 

SIVs were first identified as a cause of naturally occurring 
immunosuppressive disease in macaques at several National 
Primate Research Centers NPRCs in the 1970s and 1980s. 
Inadvertent transmission of SIVsm from sooty mangabeys to 
macaques likely initiated these epizootics. 

Pathogenesis and associated pathology differ between 
African and Asian species: 

African species SIV variants infect more than 35 species of 
African nonhuman primates throughout sub-Saharan Africa 
[147–149]. Following infection viruses replicate to high titer 
targeting lymphoid tissue and gut. The viruses are readily 
transmissible leading to high seroprevalence in some 
populations. The founder effect has produced populations 
that are free of viral infection. While infection is common, 
disease is rare. Following infection, high viral loads are 
observed and are accompanied by modest CD4 T cell deple-
tion. Animals develop antibody and cellular immune 
responses. CD4 T cell numbers stabilize and there is no 
correlation between viral load and CD4 T cell number. 
Lower expression of activation and proliferation markers on 
CD4+ T-cells suggests decreased activation-induced cell 
death (AICD). Understanding how these species co-exist 
with chronic SIV infection without disease progression may 
give insight to the disease process in man. 

Animals have peak viremia of 107 to 108 copies/ml of 
plasma at 2 weeks and an immune response is established 

leading to a reduction in viral load to a set point of 106 o 107 . 
Following inoculation, there is a modest dip in CD4 T cell 
number but these then stabilize. During this acute period, 
there is a rapid increase in the number of proliferating CD4 
T cells that is likely able to compensate for CD4 T cell loss. 
Despite high viral loads, most animals do not develop pro-
gressive loss of CD4 T cells. The reason African species can 
support vigorous viral replication but do not develop AIDS is 
an area of intense research as this may lead to insights to the 
mechanism of AIDS in humans. Pathology is most frequently 
lacking. Rarely disseminated giant cell disease and opportu-
nistic infections have been described. 

Asian macaques SIV was first identified at several NPRCs 
in the early 1980s as a cause of spontaneous immunodefi-
ciency in animals that had developed opportunistic infections 
including disseminated Mycobacterium avium com-
plex dMAC, pneumocystis, and PML [150]. The first virus 
was isolated from rhesus macaques and named SIVmac. It 
was later shown to have a high degree of similarity to SIVsm, 
a virus of sooty mangabeys. In fact, SIVmac was probably 
established in rhesus colonies through the inadvertent expo-
sure of macaques to sooty mangabeys or their tissue. This is 
supported by the fact that SIV is not identified as an indige-
nous infection of macaques in their natural habitat. Infection 
of these animals causes progressive loss of CD4 T cells and 
eventually AIDS mimicking the clinical course of disease in 
humans [79, 80]. 

In African species, SIV agents are readily transmitted at 
about the time of sexual maturity leading to high seropositiv-
ity rates. In Asian species, transmission by the parenteral and 
mucosal routes is observed. Initiation of naturally occurring 
epizootics in macaques is believed to have developed due to 
exposure of macaques to sooty mangabeys or their tissues in 
the late 1960s and early 1970s. 

While infection of CD4 positive cells is a hallmark of HIV 
infection, the mechanism of CD4 T depletion and the devel-
opment of immunodeficiency are more complex and not fully 
understood. In all likelihood, a combination of the following 
mechanisms may be responsible: (1) Direct viral cytolytic 
infection of CD4 T cells; (2) Destruction of CD4 cells by 
viral specific cytotoxic T cells; (3) Antibody-dependent cell-
mediated cytotoxicity (ADCC); (4) Activation-induced cell 
death (AICD); and (5) Destruction of normal lymph node and 
thymic architecture leading to dysfunction in regenerative 
capacity. 

Following inoculation of Asian species of macaques, three 
infection profiles may be observed: normal progression pro-
file, rapid progression profile, and elite controller profile. 
Normal progression profile is seen in 75% of animals and is 
characterized by peak viral loads of 107 at 2 weeks. A 
humoral and cellular immune response develops that is



partially effect in controlling infection with viral set-points of 
105 . Progressive loss of CD4 T cells is observed with acqui-
sition of OIs when absolute counts drop below 300–400 cells/ 
mm3 . Mean survival is 18 months. Rapid progression profile 
is seen in 20% of animals and is characterized by peak viral 
loads of 108 . Viral set point is not established and loads 
remain high throughout the course of infection. An aborted 
or truncated antibody response is observed and survival is 
only 3–6 months. Animals may die with normal CD4 counts 
with no OIs. Giant cell disease is often evident in many 
organs. Elite controller profile is seen in 5% of animals with 
peak viral loads of only 105 RNA copies/ml plasma. A 
vigorous immune response develops consisting of humoral 
and cellular immune elements and viral replication is eventu-
ally controlled below the limit of detection. Genetic basis of 
control may be related to MHC type or polymorphisms in 
other innate immune system factors. 
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When absolute CD4 T cell count drops below 300–400 
cells/mm3 , animals develop opportunistic infections through 
reactivation of latent infections or acquisition from the envi-
ronment. The spectrum and histologic picture of these 
changes show remarkable similarities to the diseases 
recognized in human HIV patients. In addition to opportunis-
tic infections, there are a number of viral specific diseases 
such as AIDS enteropathy, lymphocytic interstitial pneumo-
nitis, giant cell pneumonia, and SIV arteriopathy that the 
virus may induce in-and-of itself (Fig. 1.82), lungs 
(Fig. 1.83). SIV encephalitis is a frequent disease entity in 
macaque species showing similarities to HIV encephalitis in 
human AIDS patients (Fig. 1.84) [151–158]. These are viral 
syncytial cells containing large amounts of viral antigen 
(Fig. 1.85). 

Fig. 1.82 Simian immunodeficiency virus (Lentivirus genus). Large 
multinucleated syncytial cell in lymphoid of SIV-infected macaque 
(Macaca mulatta, lymph node, H&E) 

Fig. 1.83 Simian immunodeficiency virus (Lentivirus genus). Giant 
cell pneumonia in an infected macaque. Eosinophilic foamy material 
represents concurrent pneumocystis infection (Macaca mulatta, lung, 
H&E) 

Fig. 1.84 Simian immunodeficiency virus (Lentivirus genus). SIV 
encephalopathy with multinucleated viral syncytial (giant) cells 
(Macaca mulatta, brain, H&E)
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Fig. 1.85 Simian immunodeficiency virus (Lentivirus genus). 
Immunohistochemistry for SIV p27 antigen demonstrating viral infected 
syncytial cells (Macaca mulatta, brain, ABC immunostain, DAB 
chromogen) 

In humans, this causes HIV dementia and motor cognitive 
impairment. The pathogenesis involves the recruitment and 
activation of macrophage/microglia to the CNS. These cells 
then elaborate mediators of neuroinflammation that then 
cause neuronal apoptosis and loss. Histologically, the lesion 
is characterized by the accumulation of perivascular 
macrophages, formation of giant cells, gliosis, and 
demyelinization in deep white matter. Perivascular cells 
often express p28 antigen and IHC will reveal large numbers 
of CD68 positive macrophages/microglia. CD163 a marker 
of microglia hyper-ramification is observed in affected 
animals. A number of diagnostic tools are available and 
include (1) Antibody response by ELISA and Western blot; 
(2) Antigen detection by Gag antigen capture; (3) Viral iso-
lation (Co-cultivation with CEMx174 cells); (4) PCR or Q 
RT PCR sensitive to <30 RNA copies/ml plasma; and 
(5) ISH/IHC. 

Infection of laboratory workers has occurred on several 
occasions [159]. An anonymous serosurvey performed in the 
early 1990s revealed 3 of 472 (0.6%) researchers had 
antibodies to HIV2 or SIV. A SIV prevention and control 
plan should be developed by facilities housing potentially 
infected animals and follow the OSHA bloodborne pathogen 
standard to include: (1) Universal (standard) precautions; 
(2) Medical surveillance, (3) Personal protective equipment, 
(4) Appropriate training, (5) Sharps injury prevention plan 
(hierarchal control), and (5) a post-exposure plan to include 
risk assessment and stratification, assessment and treatment 
by physician experienced in HIV/SIV exposure and post-
exposure prophylaxis [160]. 

1.13.2 Spumaretrovirinae 

Simian foamy viruses (SFV) have been recognized in many 
OWP species but have not yet been definitively identified in 
NWPs. Serosurveys reveal greater than 95% of adult 
macaques are chronically infected but there is no known 
disease association. Zoonotic transmission to laboratory and 
zoo workers has been identified [161, 162]. The virus does 
cause cytopathic effect and cytolysis in long-term primary 
cell cultures such as bronchoalveolar macrophages and the 
veterinary pathologist may be called upon to identify the 
etiologic agent in cultures where such cytopathic effect is 
noted. Well-characterized viruses include SFV-1 in rhesus 
macaques, SFV-3 in African green monkeys, and SFV-6 in 
chimpanzees [163–165]. 

1.14 Nonenveloped RNA Viruses 

1.14.1 Picornaviridae 

1.14.2 Hepatitis A Virus (HAV) 

HAV is a common cause of human hepatitis and human 
isolates may experimentally infect a variety of NHP species. 
In addition, serologic evidence suggests natural infection of a 
number of NWP and OWPs [166]. The relationship between 
human HAV isolates and those associated with naturally 
occurring disease in NHPs remains unclear. Isolates from 
Aotus, M. fascicularis, and C. aethiops have been shown to 
differ substantially from human clinical isolates suggesting 
that despite antigenic similarities HAV represents a heterog-
enous group of viruses [167–169]. 

Clinical signs are uncommon in natural infections. 
Elevations in ALT and AST may be observed as well as 
mild increases in bilirubin [170]. Inadvertent infection may 
confound experimental work. Transmission is thought to 
occur through the fecal–oral route. Most work suggests that 
animals become infected and shed virus for short periods. 
Exposure to conspecifics and stress during transportation 
may initiate epizootics. A single report suggests a carrier 
state may exist. 

Following infection, a prolonged incubation period of 
20–50 days is observed followed by an increase in liver 
enzymes. Virus may be shed in the feces for an additional 
10–30 days before resolution. This incubation and shedding 
may surpass the standard quarantine period used at most 
facilities. Histologically, there is a multifocal nonsuppurative 
hepatitis mediated by CD8 T cells (Figs. 1.86 and 1.87) and 
abundant HAV nucleic acid detected by in situ hybridization 
in hepatocytes and sinusoidal cells (Fig. 1.88). There may be



mild hyperplasia of biliary epithelium. The zoonotic potential 
of simian HAV isolates is unknown; however, HAV variants 
appear to lack species specificity. The efficacy of the human 
HAV vaccine against simian variants is unknown. 
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Fig. 1.86 Hepatitis A virus (hepatovirus genus). Multifocal portal and 
periportal mononuclear cell infiltrate (Macaca mulatta, liver, H&E) 

Fig. 1.87 Hepatitis A virus (hepatovirus genus). Multifocal portal 
mononuclear cell infiltrates extending past the limiting plate into the 
adjacent hepatic parenchyma (Macaca mulatta, liver, H&E) 

Fig. 1.88 Hepatitis A virus (hepatovirus genus). In situ hybridization 
demonstrating abundant viral RNA in hepatocytes and sinusoidal cells 
(Macaca mulatta, liver, in situ hybridization, DAB chromogen) 

1.14.3 Cardiovirus (Encephalomyocarditis Virus; 
EMCV) 

EMCV is a nonenveloped RNA containing virus within the 
picornavirus family and has been recognized to cause myo-
carditis and abortion in several nonhuman primate species 
[171–175]. Five strains are identified by hemagglutinin 
assays including Mengo-, MM-, Columbia-SK, ME-, and 
encephalomyocarditis viruses. As with other picornaviruses, 
they may be highly resistant to environmental influences. 
Affected primates are usually found dead with no premoni-
tory clinical signs. In less acute cases, tachypnea, dyspnea, 
and frothing from the nostrils have been recognized and fetal 
death has been suspected. In experimental cases, the incuba-
tion period has been variable from 4 to 41 days. 

The viruses are carried by a variety of rodent species and 
shed in bodily fluids that may then contaminate the environ-
ment. Epizootics have been recognized in both OWP and 
NWP species. Several outbreaks have been noted in baboon 
species suggesting a unique sensitivity [173]. While the virus 
has been identified in mice, epizootics have been most fre-
quently linked to rats. Once established in a species, it may be 
propagated through intraspecies transmission. Disease is due 
to the primary effect of viral replication and inflammation 
within the myocardium and central nervous system. Viral 
particles may be found within cardiomyocytes and endothe-
lium. At necropsy, pulmonary congestion, pericardial effu-
sion, and mottling of the myocardium may be noted. 
Histologically, there is a necrotizing multifocal myocarditis 
(Figs. 1.89 and 1.90) and may be accompanied by minerali-
zation (Fig. 1.91). Karyomegaly of cardiomyocytes may be 
evident but intranuclear and intracytoplasmic inclusions, as 
seen with CMV, are absent.
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Fig. 1.89 Encephalomyocarditis virus (cardiovirus genus). Severe 
locally extensive myocarditis (Macaca mulatta, heart, H&E) 

Fig. 1.90 Encephalomyocarditis virus (cardiovirus genus). 
Nonsuppurative myocarditis with cardiomyocyte degeneration (Macaca 
mulatta, heart, H&E) 

Fig. 1.91 Encephalomyocarditis virus (cardiovirus genus). Necrotizing 
myocarditis with dystrophic mineralization of cardiomyocytes (Macaca 
mulatta, heart, H&E) 
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Abstract 

A variety of bacterial infections are common in nonhu-
man primate colonies and can be a significant factor for 
morbidity and mortality in experimental settings and in 
the wild. Proper postmortem diagnosis based on macro-
scopic and histopathological findings along with the clin-
ical history and results from microbiological analyses will 
ensure the elimination of the infection, will improve the 
treatment strategy and will reduce the mortality. This 
chapter will address the pathology and diagnostic 
methods of common bacterial diseases in nonhuman 
primates (NHPs), with addition of some uncommon 
pathogens that can initiate large-scale epidemics and are 
mostly used in experimental settings. The emphasis will 
be on images of macroscopic and histologic lesions of the 
given disease. 

Keywords 

Nonhuman primates · Bacterial infections · Etiologic 
agents · Zoonosis · Gross pathology · Histopathology · 
Diagnosis 

2.1 Introduction 

Bacterial diseases can be a major problem for the health of 
nonhuman primates (NHPs) living in experimental settings, 
zooparks, and in the wild. Some of these infections can lead 
to tremendous morbidity and mortality and can have a 

significant impact on colony management, breeding 
programs, and experimental research. Rapid identification 
of the bacterial causative pathogen is needed to limit the 
spread of infection. This involves recognition of etiological 
agent by proper diagnostic methods including micro-
biological, histopathological, biochemical, serological, and 
molecular analyses. The correct identification will guarantee 
the control and elimination of the infection and will mini-
mize the risk of transmission to personnel when the disease 
is zoonotic. 
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This chapter will address the pathology and diagnostic 
methods of common bacterial diseases in NHPs, with addi-
tion of some uncommon pathogens that can initiate large-
scale epidemics and are mostly used in experimental settings. 
The emphasis will be on images of macroscopic and histo-
logic lesions of the given disease. 

2.2 Gram-Positive Bacteria 

2.2.1 Mycobacteria 

Mycobacteria are a group of Gram-positive, aerobic, 
rod-shaped, nonmotile, acid-fast bacilli. Some atypical spe-
cies as M. avium and M. intracellulare frequently cause 
opportunistic infections in immunocompromised animals. 
The species of greatest concern are M. tuberculosis and 
M. bovis. These two pathogens present a significant challenge 
in the experimental settings because of their zoonotic poten-
tial and ability to establish latent infection. The lack of a 
practical, sensitive, and specific antemortem diagnostic test 
remains a challenge in maintaining a tuberculosis-free 
colony. The intradermal skin test with mammalian old



tuberculin remains the standard tool for screening animals in 
the colonies. Culture and isolation is the gold standard for a 
positive diagnosis of M. tuberculosis. 
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Mycobacterium tuberculosis 
Mycobacterium tuberculosis (Mtb) is a pathogenic bacterium 
and the causative agent of tuberculosis—an infectious dis-
ease of man which is easily transmitted to NHPs. The organ-
ism is spread by the aerosolized route often acquired from 
animal caretakers and may lead to an epizootic of high 
morbidity and mortality. Infected primates may pose a further 
risk to human handlers. The pathogen is a significant threat in 
animals imported from regions of the world with high rate of 
human infection [1]. 

Mycobacterium bovis 
Mycobacterium bovis (Mb) is a zoonotic pathogen closely 
related to Mtb which can infect humans and a broader range 
of mammalian hosts including NHP. The transmission occurs 
by ingestion and aerosolized route. Mtb and Mb are intracel-
lular pathogens best visualized by acid-fast stain. The differ-
ence in species susceptibility is similar to what was reported 
with Mtb. 

Severe outbreaks of tuberculosis caused by Mtb are mostly 
observed in Old World primates (OWPs). New World 
primates (NWPs) seem to be more resistant. Clinical disease 
may vary dependent on the species. Tuberculosis in OWPs 
generally results in a rapidly progressive, debilitating disease. 
Clinical signs may include weight loss, anorexia, and respi-
ratory signs including coughing, dyspnea, and hemoptysis. 
NHPs are important model for the disease because of their 
genetic, immunological, and physiological similarities to 
humans and ability to generate clinical correlates of infection 
[2, 3]. Viral-induced immunodeficiency increases the suscep-
tibility in NHPs as is suspected in humans [4]. 

Because of the high susceptibility of NHPs to these path-
ogenic mycobacteria, intradermal skin testing with mamma-
lian old tuberculin and more recently interferon-based 
immunologic tests have been done for many years in captive 
colonies (Fig. 2.1)  [5]. Dual skin testing can be done to 
distinguish Mycobacterium avium complex (MAC) from 
Mtb infections [6]. Culture and isolation remain the gold 
standard for a positive diagnosis of Mtb but may take several 
months to complete. Of the OWPs, rhesus and cynomolgus 
macaques appear the best suited as animal models for TB 
with rhesus macaques somewhat more susceptible [7, 8] and 

less protected by vaccination with Mb bacillus Calmette-
Guerin (BCG) [9]. 

Fig. 2.1 An image of a positive reaction to Old Tuberculin skin test 
reagent given intradermally in the left eyelid of an infected rhesus 
macaque shows severe edema after 48 h 

Naturally acquired infections of Mtb may present as soli-
tary grey to white or hemorrhagic firm granulomas in the lung 
(Fig. 2.2) or as red to brown, grey multinodular lobar disease 
(Fig. 2.3). In natural and experimental disease, hilar and 
mediastinal lymph nodes are typically markedly enlarged 
and caseous or sometimes suppurative (Fig. 2.4a, b). Experi-
mentally, it can be shown that low dose, low pathogenicity 
organisms initially produce small focal lesions that may 
eventually resolve into a chronic or clinically latent state, 
while high dose and longer duration of disease with higher 
pathogenic strains produce lethal lobar disease [7]. In the case 
of aerosol administration, miliary pulmonary lesions can be 
observed (Fig. 2.5). Besides the lung and hilar lymph nodes, 
granulomas can be found in different visceral organs 
(Figs. 2.6, 2.7, 2.8, and 2.9).
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Fig. 2.2 Mycobacterium tuberculosis. Gross pathology image of sub-
clinical tuberculosis in a rhesus macaque. Several greyish-white firm 
nodules and a firm hemorrhagic area in the right lower lobe. Skin test 
was positive after natural exposure to a roommate with clinical disease 
due to Mtb 

Fig. 2.3 Mycobacterium tuberculosis. Gross pathology image of 
parenchymal consolidation and tan to hemorrhagic lobar to lobular 
discoloration of the right pulmonary lobes (rhesus macaque with natural 
clinical infection of Mtb) 

Fig. 2.4 Mycobacterium tuberculosis.  (a) Macroscopic image of cross 
section of enlarged hilar lymph node with yellow, cheesy-appearing 
caseous necrosis and markedly thickened capsule (rhesus macaque 
experimentally infected with Mtb). (b) Mycobacterium tuberculosis. 
Macroscopic image of cross section of an enlarged bronchial lymph 
node with thickened, laminated capsule, and focal pockets of liquid 
suppuration (rhesus macaque experimentally infected with Mtb)
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Fig. 2.5 Mycobacterium tuberculosis. Gross pathology image of lung 
with multifocal granulomatous disease. All pulmonary lobes exhibit 
miliary 2–3mm white granulomas and patchy areas of congestion and 
hemorrhage (rhesus macaque experimentally infected via aerosol with 
Mtb CDC155, courtesy of D. Kaushal) 

Fig. 2.6 Mycobacterium tuberculosis. Gross pathology image 
presents miliary white to red 2–4-mm granulomas in the spleen and 
widely scattered granulomas in the liver demonstrating septic distribu-
tion of Mtb from the lung after aerosol inoculation and IV challenge 
with SIVmac239. (rhesus macaque, spleen and liver, courtesy of 
D. Kaushal) 

Fig. 2.7 Mycobacterium tuberculosis. Gross pathology image of dif-
fusely thickened pericardial sac of rhesus macaque. The lesion is caused 
by granulomatous inflammation after infection via aerosol with Mtb 
CDC1551 and subsequent challenge with SIVmac239 and CD4 deple-
tion by monoclonal antibody (rhesus macaque, pericardium, courtesy of 
D. Kaushal)
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Fig. 2.8 Mycobacterium 
tuberculosis. (a) Macroscopic 
image of myocardial tubercular 
granuloma in the right ventricle of 
unvaccinated rhesus macaque, 
endobronchially inoculated with 
Mtb strain Erdman K01 with 
approximately 15 CFU (rhesus 
macaque, formalin fixed heart, 
vaccine study; courtesy of 
Dr. F. Verreck, BPRC, The 
Netherlands). (b) 
Photomicrograph of myocardial 
granuloma from (a) (H&E stain). 
(c) Visualized rare intracellular 
bacilli (arrows) in the same 
granuloma (Ziehl–Neelsen stain)
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Fig. 2.9 Mycobacterium tuberculosis. (a) Macroscopic image of tuber-
culous, granulomatous inflammation of the eye and the optic nerve 
(panuveitis and optic neuritis) from unvaccinated, Mtb infected animal 
(rhesus macaque, eye, vaccine study; courtesy of Dr. F. Verreck, BPRC, 
The Netherlands). (b) Electron micrograph of (a) showing Mtb (center) 
surrounded by necrotic cellular debris of TB ocular granuloma (electron 

microscopy, magnification bar = 0.5 microns; courtesy of Prof. Eugenio 
Bertelli, University of Siena, Italy). (c) Photomicrograph of the optic 
nerve granuloma from (a) (optic nerve, H&E stain). (d) Visualized few 
acid-fast bacteria (arrows) in the necrotic center of the optic nerve 
granuloma. (ZN stain) 

The hallmark of TB is the formation of granuloma with 
specific structural organization called tubercule. There are 
different patterns of histological presentation of the 
granulomas in different organs (Figs. 2.10, 2.11, 2.12, and 
2.13). Histologically, TB granulomas in macaques are com-
posed of discrete aggregates of epithelioid macrophages with 
a few multinucleated giant cells surrounding a variably sized 
central zone of necrosis with neutrophils and a peripheral 
layer of lymphocytes that may form lymphoid aggregates 

(Fig. 2.14). Many of these lymphoid cells are antigen-specific 
T-cell lineage with chemokine CXCR3 expression and inter-
feron production that correlates with mycobacterial memory 
[8, 10, 11]. Skin test lesions in contrast are characterized by 
edema of palpebral or abdominal subcutaneous tissue with 
modest mixed inflammatory infiltrates including neutrophils, 
lymphocytes, some macrophages, and rare eosinophils 
(Fig. 2.15).
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Fig. 2.10 Mycobacterium tuberculosis. Photomicrograph of pulmo-
nary TB granulomas with variably sized central areas of necrosis 
(rhesus macaque with natural TB infection, lung, H&E stain) 

Fig. 2.11 Mycobacterium tuberculosis. Photomicrograph of pulmo-
nary, multifocal to coalescing granulomas creating a serpentine pattern 
of necrosis (rhesus macaque, lung, H&E stain) 

Fig. 2.12 Mycobacterium tuberculosis. Photomicrograph of a center of 
pulmonary granuloma composed of necrotic macrophages and polymor-
phonuclear (PMN) leukocytes adjacent to degenerating syncytial giant 
cell surrounded by sheets of epithelioid macrophages and a peripheral 
syncytial giant cell. (SIV-infected rhesus macaque, lung, H&E stain) 

Fig. 2.13 Mycobacterium tuberculosis. Photomicrograph of typical 
TB granuloma with central area of necrosis and dystrophic mineraliza-
tion, surrounded by sheets of epithelioid macrophages mixed with a 
few polymorphonuclear cells and a distinct peripheral collar of 
lymphocytes. (rhesus macaque, liver, natural infection, H&E stain)
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Fig. 2.14 Mycobacterium tuberculosis. Immunofluorescence image of 
a single experimental TB granuloma stained for macrophages (CD68, 
green), activated T lymphocytes expressing the chemokine marker 
CXCR3 (red), and CD4-positive lymphocytes (blue). Macrophages 
surround a single CD68 positive giant cell mixed with a few 
lymphocytes and surrounded by a collar of lymphocytes, many of 
which co-express CD4 and CXCR3 (pink). Peripheral aggregates of 
co-expressing lymphocytes are near or in the outer edge of the granu-
loma [10]. (rhesus macaque experimentally infected, lung, IFA, courtesy 
of Dr. Uma Shanmugasundaram) 

Fig. 2.15 Mycobacterium tuberculosis. Photomicrograph shows posi-
tive TB test site in eyelid skin which contains diffuse subcutaneous 
edema, widely scattered polymorphonuclear cells, macrophages, and 
aggregates of lymphocytes. A few adjacent skeletal muscle bundles 
are swollen and hyalinized (rhesus macaque, eyelid skin, natural infec-
tion, H&E stain) 

Mycobacterium avium Complex (MAC) 
Mycobacterium avium complex (MAC) is a group of respira-
tory pathogens composed of common environmental bacteria 
M. avium and M. intracellulare which may cause systemic 
infection in immunocompromised animals [12, 13] and may 
also occur in immunologically normal NHPs. The pathogens 
infect the digestive tracts and less frequently the lung in a 
wide range of immunodeficient mammals, birds, and reptiles. 

MAC infections occur subclinically in immunocompetent 
NHPs with rare thoracic disease, but viable organisms can be 
cultured from bronchial lymph nodes [13]. Exposure is 
through food, water, soil, and dust. Granulomatous enteritis 
(Fig. 2.16) occurs in immunocompromised NHPs 
accompanied by enlargement of mesenteric lymph nodes 
(Fig. 2.17). Acid-fast bacilli in lesions caused by Mtb may 
be found within the caseous core or within the surrounding 
macrophages, but often multiple sections and granulomas 
must be examined to identify the pathogen. In contrast to 
TB granulomas where acid-fast Ziehl–Neelsen stain detects 
rare organisms, MAC bacteria are detectable in vast numbers 
within epithelioid macrophages of the gut (Fig. 2.18) and 
liver (Fig. 2.20). The lamina propria of the small intestine 
(less frequently the colon) and sinuses of the mesenteric 
lymph node (Fig. 2.19) are packed with epithelioid 
macrophages. Syncytial giant cells are rare. Lymphoid infil-
tration is difficult to recognize in tissues with a constitutive 
lymphoid population. Usually less granulomatous inflamma-
tion is found in the liver (Fig. 2.20) and spleen. 

Fig. 2.16 Mycobacterium avium. Macroscopic image of irregularly 
thickened section of jejunum from rhesus macaque infected with 
SIVmac251 and spontaneously became infected with M. avium



2 Bacterial Diseases in Nonhuman Primates 49

Fig. 2.17 Mycobacterium avium. Macroscopic image of markedly 
enlarged mesenteric lymph nodes from naturally infected cynomolgus 
macaque with M. avium. The imported animal had positive skin test 
during the quarantine period 

Fig. 2.18 Mycobacterium avium. Photomicrograph of small intestinal 
mucosa from macaque with an opportunistic M. avium infection. Epi-
thelioid macrophages in the lamina propria of jejunum are filled with 
acid-fast bacilli in red (rhesus macaque, jejunum, Ziehl-Neelsen stain) 

Fig. 2.19 Mycobacterium avium. Photomicrograph of mesenteric 
lymph node from rhesus macaque infected with M. avium. Epithelioid 
macrophages fill the subcapsular and cortical sinuses (H&E stain) 

Fig. 2.20 Mycobacterium avium. Photomicrograph of granulomatous 
micronodule that contains acid-fast bacteria (red) and is composed of 
epithelioid macrophages and small numbers of lymphocytes 
(SIV-inoculated rhesus macaque, M. avium infected, liver, Ziehl-
Neelsen stain)
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Mycobacterium avium Paratuberculosis (Johne’s 
Disease) 
M. avium paratuberculosis is a common pathogen of 
ruminants and causative agent of paratuberculosis. The infec-
tion can be acquired from contaminated soil, water, and 
paratenic insects. Clinically affected animals develop diar-
rhea and weight loss. A positive TB test can be the only 
indicator of infection. An outbreak has been reported in 
OWPs. The lesions resemble Johne’s disease in cattle. Typi-
cal macroscopic lesions are granulomatous enterocolitis and 
enlarged mesenteric lymph nodes. Histologically, the intesti-
nal mucosa is infiltrated by epithelioid histiocytes in which 
numerous positive bacilli can be detected by acid-fast stain. 
Isolation of the organism is by culture, or PCR and 
subsequent DNA sequencing. 

Mycobacterium leprae 
Mycobacterium leprae is an obligate intracellular pathogen 
and causative agent of leprosy. Natural infections are rare, 
but a case was reported in a cynomolgus monkey [14]. Trans-
mission is through respiratory route or through infected skin 
lesions. The disease is chronic and granulomatous and affects 
the dermis and track along the nerves. The involvement of the 
nerves is pathognomonic. Nodules are observed on the 
hands, face, feet, and tail and are associated with paralysis 
and deformities of the extremities. Acid-fast bacilli can be 
visualized within the nerves. 

Mycobacterium kansasii 
Mycobacterium kansasii is an atypical, environmental 
mycobacteria that may induce disease in NHPs. Infection is 
usually not associated with clinical signs but may cause false 
positive intradermal TB tests. Infection occurs by inhalation 

and can induce granulomatous inflammation of the tracheal-
bronchial lymph nodes. The disease is frequently reported in 
squirrel monkeys and have been diagnosed in rhesus 
macaques [15]. 

2.2.2 Listeria monocytogenes 

Listeria monocytogenes is ubiquitous, facultative anaerobic, 
intracellular Gram-positive coccobacillus. The organism is 
widespread in the environment living as a saprophyte in 
decaying plant material, soil, and water. L. monocytogenes 
is the causative agent of listeriosis, a bacterial infection that 
has a worldwide distribution and affects a wide range of 
mammals and birds, including human beings [16]. The infec-
tion can become endemic in group-housed animals. Cases of 
spontaneous listeriosis among nonhuman primates in captiv-
ity are sparse [17, 18], and more experimental infections have 
been reported recently (Fig. 2.21a–c) [19–21]. Cases in 
NHPs have been associated with reproductive failure 
manifested by miscarriage and neonatal death or cerebral 
inflammation. Lesions are usually present in the placenta 
and the aborted fetus and consist of diffuse fibrinopurulent 
placentitis and multifocal splenic and hepatic necrosis on the 
fetus. The CNS lesions due to L. monocytogenes are primar-
ily superficial, involving the meninges, choroid plexus, and 
ependyma. In humans and macaques, the infection of the 
brain occurs via hematogenous route, after entry through 
the gastrointestinal tract and proliferation of the pathogen in 
the liver [17]. Following the histopathological findings, addi-
tional diagnostic methods for detection of L .monocytogenes 
include Gram-positive special stain, culture from sterile site, 
and PCR test.



2 Bacterial Diseases in Nonhuman Primates 51

Fig. 2.21 Placental listeriosis in rhesus macaques. (a) A gestational 
day 49 primary placental disc with multifocal pallor visible through the 
chorionic plate. (b) Photomicrograph of (a) with marked multifocal 
necrotizing placentitis with loss of villous architecture (H&E). (c) Pho-
tomicrograph of a GD 58 rhesus macaque placenta with Gram-positive 

L. monocytogenes within the villous parenchyma. Bacteria are not noted 
within the syncytiotrophoblasts (Gram stain). Case material and images 
provided by Thaddeus Golos, Bryce Wolfe, and Heather A. Simmons 

2.2.3 Rhodococcus equi 

Rhodococcus equi is a Gram-positive, nonmotile, obligate 
aerobe that is an important pathogen of immunocompromised 
animals and humans. The organism is widespread in the soil 
of farms and grazing fields, and it is carried in the gut of many 
herbivores [22]. Major rout of acquisition for animal and 
human infection is likely the exposure to soil contaminated 
with herbivore manure. The infection can be acquired by 
inhalation or ingestion of contaminated material as well as 
traumatic inoculation of wounds or mucous membranes [23]. 

R. equi can cause chronic pyogranulomatous pneumonia in 
foals and immunocompromised humans. In foals and 

immunosuppressed macaques, dissemination from the lung to 
the intestinal tract is common, and, in the context of immuno-
suppressive SRV infection, R. equi infection can have a similar 
microscopic appearance to MAC [24]. Clinical signs may be 
nonspecific and include anorexia, weight loss, and diarrhea 
[25]. Microscopic lesions are observed primarily in the lung, 
large intestine, and draining lymph nodes and are characterized 
by pyogranulomatous inflammation. Specimens typically con-
tain a dense, histiocytic infiltrate with an eosinophilic, granular 
cytoplasm, and intra-histiocytic coccobacilli. Gastrointestinal 
tract lesions may be associated with mesenteric lymphadenop-
athy. The organism can be identified in culture and tend to have 
a pale salmon pink color on solid media [26].
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2.2.4 Clostridium 

Bacteria of genus Clostridium are Gram-positive, spore-
forming, and anaerobic bacilli. Species of Clostridium 
inhabit the soil and intestinal tract of animals and humans. 

Clostridium tetani (Tetanus) 
Clostridium tetani is a Gram-positive, spore-forming, obli-
gate anaerobe widely found in the soil and feces of animals 
and humans. It is the cause of neurological disease tetanus. 
External abrasions, punctures, or trauma wounds can be 
easily contaminated with C. tetani spores from the environ-
ment. The optimal anaerobic conditions, tissue necrosis, and 
presence of foreign material may promote germination and 
development of the disease. The location and type of wounds 
can influence the risk of infection [27, 28]. The bacterium is 
difficult to isolate, and no pathologically characteristic lesion 
is present during infection. The disease has been reported in 
OWPs and NWPs and can be problematic in free-ranging and 
outdoor-housed animals [29, 30]. Tetanus diagnosis is based 
on tetanus-specific clinical symptoms. In the early stage of 
disease, animals exhibit stiffness and reluctance to move, 
difficulty eating and swallowing, and extensor rigidity. As 
disease progresses trismus, opisthotonos, and status 
epilepticus may occur (Figs. 2.22 and 2.23). The disease 
progression may take 1–10 days when respiratory paralyses 
and exhaustion can result in death. Tetanus is caused by a 
powerful neurotoxin tetanospasmin produced by C. tetani 
that inhibits the function of Renshaw cells that control the 
duration and intensity of motor neurons leading to continuous 
stimulation of skeletal muscles. Previous episodes of tetanus 
are not protective. As prevention for institutions housing 
NHPs outdoors, immunization program is suggested [31, 32]. 

Fig. 2.22 Clostridium tetani Tetanus. (a, b) Opisthotonos in a Japanese 
macaque (Macaca fuscata). Case material courtesy of Professor 
Dr. Yumi Une, Okayama University of Science (OUS), Japan 

Fig. 2.23 Clostridium tetani Tetanus. A one-year-old female rhesus 
macaque exhibiting adduction of the pectoral limbs and rigid extension 
of the hind limbs 

Clostridium difficile 
Clostridium difficile is an anaerobe, Gram-positive, spore-
forming bacillus that is naturally found in the gastrointestinal 
tract of humans, animals including NHPs, and in the environ-
ment. The organism is the causative agent of 
pseudomembranous colitis. Clinical disease occurs second-
ary to antibiotic exposure when alteration of the normal flora 
leads to proliferation of the organism and toxin production 
[33]. In OWPs the history of prolonged treatment with beta-
lactam antibiotics precedes the onset of diarrhea. In NWPs 
disease is sometimes associated with stress or chronic 
maladies such as diabetes [34, 35]. Clinical signs of disease 
can range from mild to life-threatening pseudomembranous 
colitis. Infected animals with mild disease develop profuse 
watery diarrhea that may resolve after antibiotic therapy is 
withdrawn. In severe cases gross findings are characteristic 
and diagnostic and consist of multifocal pseudomembranes 
that appear as pale plaques adhered to ulcerated areas of the 
colon. The adjacent mucosa is hyperemic and inflamed. His-
tologically, areas of micro-ulcerations are accompanied by 
sloughed mucosa, fibrinous exudate admixed with 
neutrophils, erythrocytes, and cellular debris covering the 
mucosa with flat pseudomembranes. Microscopically the 
lesion appears as a volcano. Diagnostic methods include 
toxigenic culture (TC), gross and histological findings, and 
PCR test. 

Clostridium piliforme (Tyzzer’s Disease) 
Clostridium piliforme is an obligate intracellular spore-
forming pathogen and the etiologic agent of Tyzzer’s disease 
[36]. The organism has been isolated from domestic, wild, 
and experimental animals with intestinal and hepatic disease 
[37]. Cases of Tyzzer’s disease in humans and nonhuman 
primates are rare, with one report in Old World nonhuman 
primates [38]. Clinical disease has been reported in cotton-
top tamarins [39, 40]. Affected animals developed disease at



2–6 months of age and died acutely or developed rapidly 
progressive diarrhea. Microscopic examination revealed 
necrotic and marked inflammatory lesions in the gastrointes-
tinal tract (predominantly cecum, colon), liver, and myocar-
dium accompanied by abundant C. piliforme bacteria in the 
periphery of the lesions visualized by silver stains. Histologi-
cally lesions are similar to those described in other species. 
Cases of animals with compromised immune system were 
recognized. 
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2.2.5 Bacillus anthracis (Anthrax) 

Bacillus anthracis is a soil-dwelling spore-forming Gram-
positive bacillus typically causing a septic condition called 
anthrax in grazing livestock, livestock keepers and 
processors, and free-ranging ungulates in Eurasia, Africa, 
and North America [41]. The pathogenesis of the disease 
depends on the route of infection. There are three routes 
reported: inoculation, ingestion, and inhalation. Cutaneous 
exposure is by inoculation of anthrax spores through a break 
in the skin with low mortality that accounts for most human 
cases. Gastrointestinal exposure with higher mortality rates 
occurs when wildlife and livestock are exposed through 
ingestion of spores, and local epidemics lead to zoonotic 
infections in humans. In tropical locations, synanthropic 
flies (the house fly, family Muscidae, and blowflies, family 
Calliphoridae) have been shown to be mechanical vectors for 
a number of pathogens including B. anthracis in wild nonhu-
man primate social groups of mangabeys and chimps 
[42]. Anthrax has been linked by flies to deaths of multiple 
species of monkeys and other mammals in the rain forest 
[43]. Respiratory exposure, known as wool-sorter’s disease 
in man, is rare [44] but important now for addressing threats 
from bioterrorism [45, 46]. 

In an experimental setting, the clinical responses of the 
rhesus macaques to respiratory exposures of B. anthracis are 
described as undramatic and inconstant. Some animals develop 
fevers, others develop respiratory distress prior to death, and 
some show depression and convulsions before death. Signs are 
similar in rhesus macaques [47], African green monkeys [48], 
and cynomolgus macaques [49] with lethality at higher dose 
levels in less than 10 days. Thoracic lymph node and splenic 
enlargements two- to three fold are typical. 

Animals in experiments with pulmonary exposure to 104 

to 107 spores of B. anthracis exhibit edema, congestion, 
hemorrhage, fibrin, and hyaline membrane deposition in the 
lung (Fig. 2.24) and pleural and pericardial serosanguinous 
effusions, subcutaneous edema, mediastinal edema, and hem-
orrhage, frequent ecchymotic, and severe hemorrhages in the 
meninges (Fig. 2.25), gastric mucosa, adrenal glands 
(Fig. 2.26), liver, and near ovaries and testes. Infected 
animals died with terminal bacteremia. 

Fig. 2.24 Bacillus anthracis. Gross pathology image of lung with 
patchy hemorrhage and congestion with septal edema in monkey that 
received aerosolized B. anthracis 6 days earlier (pig-tailed macaque, 
lung) 

Fig. 2.25 Bacillus anthracis. Gross pathology image of brain from 
macaque 7 days after aerosol exposure. Diffuse hemorrhage in the 
meninges replicates the classic “Cardinal’s Cap” sign of anthrax in 
humans. More often, meningeal hemorrhage is mild, patchy, or not 
apparent grossly (pig-tailed macaque, brain)
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Fig. 2.26 Bacillus anthracis. Photomicrograph of adrenal gland from 
pigtail macaque with aerosol exposure to B. anthracis. The adrenal 
cortex exhibits marked multifocal hemorrhages (pig-tailed macaque, 
H&E stain) 

Microscopically, hemorrhage is the most common finding 
in many organs including the brain (Figs. 2.27 and 2.28), 
bronchial and mediastinal lymph nodes, gastrointestinal tract, 
heart, and adrenal often accompanied by edema and fibrin 
deposition in the lung (Fig. 2.29). Sepsis can be identified in 
multiple tissues, particularly vessels in the meninges 
(Fig. 2.30), sinusoids of the lymph nodes and spleen, the 
glomeruli (Fig. 2.31), and the heart (Fig. 2.32). Suppurative 
responses are minimal, scattered, and found in groups of 
alveoli, localized portions of bronchial nodes, and meninges. 
Lymphocytolysis is present sporadically in bronchial and 
mediastinal nodes and splenic corpuscles. Vasculitis is 
noted in the lung and occasionally in the brain where it may 
account for thrombosis and focal spongiosis, gliosis, and 
neuronal necrosis [48]. 

A review of older literature [47] suggests that 
macrophages transport spores via lymphatics to regional 
lymph nodes and sites of unrelated previous injury (natural 
lung mite lesions) where bacilli multiply and disseminate via 
vascular necrosis into the circulation. Sepsis due to anthrax 
induces disseminated intravascular coagulation (DIC) when 
bacterial peptidoglycan activates tissue factor which activates 
plasma coagulation Factor VII producing TF-VIIa tenase that 
inhibits coagulation [50]. The result can produce hemorrhage 
and edema in the meninges, lung, mediastinum, and spleen 
whether the challenge originated in the lung, skin, or gut. 
Anthrax is diagnosed by cultures from blood, respiratory 
secretion, or skin sores and by PCR test. 

Fig. 2.27 Bacillus anthracis. Photomicrograph of acute hemorrhage 
accompanied bymixed inflammatory cells (neutrophils and macrophages) 
in the subarachnoid space and around small vessels in the outer cortex of 
the occipital lobe (pig-tailed macaque, brain, H&E stain) 

Fig. 2.28 Bacillus anthracis. Photomicrograph of subarachnoid space 
contains extravasated erythrocytes, numerous mononuclear, and poly-
morphonuclear leukocytes and extravascular B. anthracis (pig-tailed 
macaque, Gram stain, University of Nottingham method)
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Fig. 2.29 Bacillus anthracis. 
Photomicrograph of pulmonary 
lesions in macaque 6 days after 
aerosol exposure. Alveolar spaces 
are filled with fibrin, edema, 
hemorrhage, and few 
inflammatory cells (pig-tailed 
macaque, lung, H&E stain) 

Fig. 2.30 Bacillus anthracis. 
Photomicrograph of brain with 
vasculitis demonstrated in a 
congested meningeal vessel with 
an edematous wall infiltrated with 
polymorphonuclear cells and a 
few macrophages in a 
hemorrhagic subarachnoid space 
(pig-tailed macaque, brain, H&E 
stain)
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Fig. 2.31 Bacillus anthracis. 
Photomicrograph of renal lesion 
showing aggregated intravascular 
bacilli in the glomerulus without 
other inflammatory changes 
(pig-tailed macaque, kidney, H&E 
stain) 

Fig. 2.32 Bacillus anthracis. 
Photomicrograph of heart from 
macaque with sepsis inoculated 
via aerosol with B. anthracis. 
Aggregates of bacilli are found 
within the left ventricle (pig-tailed 
macaque, heart, H&E stain) 

2.2.6 Streptococcus Genus 

Streptococcus spp. are Gram-positive coccoid, chain-forming 
bacteria and some of the most invasive species in man and 
animals. The group includes alpha- and beta-hemolytic 
organisms. Streptococci are part of the normal flora of the 
skin, nasal and oral cavities, upper respiratory tract, and 
intestine. As pathogens they cause meningitis, sepsis, otitis, 
pneumonia, serositis and arthritis [51–53]. 

Streptococcus pneumoniae 
Streptococcus pneumoniae is a Gram-positive encapsulated 
bacterium that produces alpha-hemolysin on blood agar and 
is the most frequent cause of meningitis in NHPs. When 
meningitis develops in some cases, the course of disease is 
rapidly progressive, and death could occur without prodro-
mal clinical signs [54]. Animals are often febrile and show 
neutrophilia with a left shift. Usually, the neurological signs 
include ataxia, cervical rigidity, nystagmus, blindness, and 
paresis. S. pneumoniae could be anthropozoonotic and is 
responsible for 95% of the pneumonia in NHPs. The



organism resides asymptomatically in healthy carriers typi-
cally colonizing the nasopharynx. Predisposing conditions 
for the host may include stress, transportation, and viral 
infections such as RSV, PIV-3, and influenza 
[55]. S. pneumoniae may cause epizootics of bronchopneu-
monia. Infected animals may exhibit respiratory signs of 
cough and dyspnea which may be followed by the develop-
ment of arthritis or meningitis. Transmission of the organism 
occurs by contaminated fomites or by the aerosolized route. 
Diagnosis in culture is confirmed by optochin disk sensitivity 
(Fig. 2.33). Pulmonary lesions are consistent with fibrinous 
and suppurative pleuritis and bronchopneumonia (Figs. 2.34 
and 2.35). Histology confirms fibrinopurulent exudate with 
hemorrhage and often accompanied by necrosis (Figs. 2.36, 
2.37, 2.38, and  2.39) and thrombosis (Fig. 2.39a) [51, 55, 56]. 
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Fig. 2.33 Streptococcus pneumoniae. confirmed by culture on blood 
agar plate demonstrates alpha hemolysis and zone of inhibition created 
by diffusion from an optochin (ethylhydrocuprein hydrochloride) disk 

Fig. 2.34 Streptococcus pneumoniae. Gross pathology image of hem-
orrhagic lobar pneumonia 4 days postinfection with S. pneumoniae 
(rhesus macaque, lung) 

Fig. 2.35 Streptococcus pneumoniae. Gross pathology image of lobar 
pneumonia and fibrinous pleuritis 8 days postinfection with 
S. pneumoniae (rhesus macaque, lung)
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Fig. 2.36 Streptococcus 
pneumoniae. Photomicrograph of 
lung from infant rhesus macaque 
with fibrinopurulent 
bronchopneumonia due to 
naturally acquired S. pneumoniae 
infection (H&E stain) 

Fig. 2.37 Streptococcus 
pneumoniae. Photomicrograph of 
the lung from immunodeficient 
infant rhesus macaque infected 
with SIV that developed lobar 
pneumonia with alveolar edema, 
dense infiltration of neutrophils 
and macrophages, and areas of 
hemorrhage due to opportunistic 
infection with S. pneumoniae 
(H&E stain) 

Fig. 2.38 Streptococcus 
pneumoniae. Photomicrograph of 
lung from rhesus macaque. 
Multiple confluent zones of 
necrosis within consolidated lobes 
after naturally acquired 
S. pneumoniae infection (H&E 
stain)
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Fig. 2.39 Streptococcus 
pneumoniae. (a) Photomicrograph 
of lung from rhesus macaque with 
fibrin thrombi in alveolar 
microvasculature after naturally 
acquired S. pneumoniae infection 
(H&E stain). (b) Photomicrograph 
of the lung from the same rhesus 
macaque. The pleura is markedly 
expanded by thick fibrinous 
exudate forming layers and 
cavities filled with fluid and 
neutrophils (H&E stain) 

In cases with meningitis, meninges of the brain are cloudy 
to hemorrhagic (Figs. 2.40, 2.41, 2.42, and 2.43) with areas 
of malacia and abscess formation. Histology confirms 
fibrinopurulent exudate with hemorrhage and abscess forma-
tion often accompanied by necrosis. 

In addition, peritonitis, epicarditis, corneal ulcers, and 
otitis media may be observed in multiple nonhuman species. 
In marmosets, disease is rapidly progressive involving 
meninges, serosal surfaces, and joints [53]. In human patients 
that survive long term, adverse cardiac events are now 

described and associated with formation of perivascular 
microcolonies without inflammatory response. The lack of 
response in the myocardium is unexplained compared to the 
vigorous response in the pericardium, lung, middle ear, and 
CNS of the same patient [57, 58]. We have not observed 
bacterial colonies without inflammation in rhesus monkeys 
although the incidence of myocardial abscess (Fig. 2.44) 
and myocarditis (Fig. 2.45a, b) due to pneumococcus is low 
(unpublished, Didier). Streptococci are readily identified by 
culture.
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Fig. 2.40 Streptococcus pneumoniae. Macroscopic image of brain 
from a 1-year-old rhesus macaque with suppurative meningitis due to 
naturally acquired S. pneumoniae infection 

Fig. 2.41 Streptococcus pneumoniae. Macroscopic image of brain 
from a 26-day-old rhesus macaque with fibrinopurulent hemorrhagic 
meningitis due to naturally acquired S. pneumoniae infection 

Fig. 2.42 Streptococcus pneumoniae. Photomicrograph of brain stem 
and meninges from infant rhesus macaque. The meninges are densely 
infiltrated with polymorphonuclear cells due to naturally acquired 
S. pneumoniae infection (H&E stain) 

Fig. 2.43 Streptococcus pneumoniae. Photomicrograph of the cere-
bellum from an infant rhesus macaque with hemorrhagic meningoen-
cephalitis due to naturally acquired S. pneumoniae infection (H&E 
stain) 

Fig. 2.44 Streptococcus pneumoniae. Photomicrograph of the heart 
from rhesus macaque with a subendocardial abscess filled with 
neutrophils and colonies of S. pneumoniae (H&E stain)
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Fig. 2.45 Streptococcus pneumoniae. (a) Photomicrograph of heart 
form rhesus macaque showing edema, myocardial degeneration, and 
necrosis with infiltration of polymorphonuclear cells and macrophages 
after naturally acquired infection with S. pneumoniae (H&E stain). (b) 
Higher magnification shows polymorphonuclear cells and numerous 
diplococci in edematous spaces between myocardiocytes (H&E stain) 

Streptococcus equi Subspecies Zooepidemicus 
Streptococcus equi subspecies zooepidemicus is a beta-
hemolytic streptococcus which can be found in the nasophar-
ynx and respiratory tract of healthy horses and cattle but can 
cause infections in foals and young horses. The organism can 
be transmitted through direct contact or droplets. Outbreaks 
can affect NWPs and OWPs. Transmission in zoo-housed 
callitrichids may occur via ingestion of infected horse meat 
being fed to other species in exhibits [59] or from animal 
caretakers in contact with horses carrying the organism. 
Infected animal die within a few days after developing 
signs of infection [60]. 

2.2.7 Staphylococcus Genus 

Staphylococcus spp. are aerobic, nonsporing, Gram-positive 
bacteria with spherical shape which form clusters, pairs, or 
short chains in culture. They are common commensals 
identified in skin and nasopharyngeal cultures of NHPs. 

Staphylococcus aureus 
Staphylococcus aureus is common secondary pathogen and 
can be characterized by the production of coagulase. The 
organism is colonizing the nares, axillae, vagina, pharynx, 
and damaged skin in macaques [61]. Predisposing conditions 
like compromised immunity, stress, diabetes mellitus, 
ectoparasites, endocrinopathies, renal and heart disease, and 
indwelling catheters allow infection of the skin and deep 
tissues [62, 63]. Mortality in humans can be 20–50% despite 
treatment. The organism often contaminates surgical sites 
and complicates bite wounds. It is one of the most common 
bacteria isolated from purulent inflammation. S. aureus 
evolve along different animal and human lineages [64] by  
point mutation of the chromosome and selection and horizon-
tal transfer of prophages, plasmids, transposons and larger 
pathogenicity islands [65]. 

Diagnosis of S. aureus is made by obtaining a culture from 
the area of suspected infection. Cytologically the presence of 
degenerate neutrophils with intracellular bacteria is required. 

The pathogenicity of S. aureus is related to variety of 
factors and has evolved a complex regulatory network. One 
of the main functions of this interconnected network is to sense 
various environmental cues and respond by altering the pro-
duction of virulence factors. Potential virulence factors include 
(1) surface proteins that promote colonization of host tissues, 
(2) factors that probably inhibit phagocytosis (capsule, 
immunoglobulin-binding protein A and (3) toxins that damage 
host tissues and cause disease symptoms [66]. These complex 
systems engage when S. aureus transitions from carrier state to 
infection of tissue or blood. In blood stream infections, hepatic 
Kupffer cells phagocytize bacteria, but survivors redistribute 
and infect peritoneal macrophages and circulating neutrophils 
that amplify the inflammatory response. Toxins and 
superantigens activate and kill leukocytes, activate comple-
ment and T cells which promote platelet aggregation, endothe-
lial damage, and exposure of underlying collagen, and 
reinforce bacterial adherence and thrombosis [63]. 

The ability to bind to endothelium and infect leukocytes is 
key to spread S. aureus from skin and mucus membranes 
[67]. Pustular dermatitis and furunculosis [62] are suppura-
tive conditions described for skin and hair follicles 
(Fig. 2.46a, b). Isolation of S. aureus from NHP mammary 
gland is far more frequent than disease (Didier unpublished), 
but abscess formation with suppuration and fibrous capsule, 
lobular mixed inflammation, and adjacent cellulitis are com-
parable to published reports (Fig. 2.47).
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Fig. 2.46 Staphylococcus 
aureus. (a) Gross pathology 
image of infant rhesus macaque 
with ulcerative, pustular 
dermatitis. S. aureus is cultured 
from the exudate. (b) 
Photomicrograph of (a) with 
subcutaneous abscess (rhesus 
macaque, H&E stain)
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Fig. 2.47 Staphylococcus aureus. Photomicrograph of skin abscess 
obliterating scattered mammary gland lobules in a 17-year-old female 
rhesus macaque infected with SIV (S. aureus cultured, H&E stain) 

Acute necrotizing bronchopneumonia, furunculosis, cuta-
neous abscess, and severe necrotic skin infections have been 
linked with production of Panton-Valentine leukocidin and 
could be enabled by exposure of basement membrane 
collagens by prior viral infection (Figs. 2.48, 2.49, and 
2.50) [68]. 

Airsacculitis is described in macaques [69]. In an experi-
mental setting with a single virulence factor, aerosol expo-
sure of rhesus macaques to Staphylococcal enterotoxin B 
(SEB) produces extremely edematous lungs with multifocal 
hemorrhage, severe diffuse interstitial edema with fluid and 
fibrin in alveolar spaces accompanied by foamy 
macrophages, and small numbers of polymorphonuclear 
cells (Fig. 2.51a, b) [70]. Endocarditis is described in NHP 
particularly with the use of indwelling catheter (Fig. 2.52) 
[71]. Distribution to the meninges is reported in a tamarin and 
a cynomolgus monkey [67]. Identification of S. aureus in 
multiple surgical sites suggests the possibility that toxic 
shock [72] could have complicated trauma cases before sup-
purative lesions become apparent. Similarly, postpartum 
intrauterine infections and chorioamnionitis could be the 
source of or sequala of staphylococcal sepsis. 

Fig. 2.48 Staphylococcus aureus. Macroscopic image of the lung from 
rhesus macaque with multifocal pulmonary abscesses secondary to 
trauma due to fighting. Abscesses are ringed by hemorrhage. S. aureus 
was cultured from the lung 

Fig. 2.49 Staphylococcus aureus. Macroscopic image of the liver 
abscesses in infant rhesus macaque with infected joint and skin wound. 
All sites of infection contained hemolytic coagulase positive S. aureus 

Fig. 2.50 Staphylococcus aureus. Macroscopic image of the lateral 
aspect of the left leg (below the knee) from rhesus macaque infected 
with SIV. In the center large subcutaneous abscess involves muscle 
fascia and fills the subcutis. Hemolytic coagulase positive S. aureus 
was cultured from the exudate
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Fig. 2.51 Staphylococcus aureus. Photomicrographs of pulmonary 
lesions in rhesus macaque 48 h after receiving aerosolized SEB toxin. 
(a) Diffuse pulmonary edema and fibrin with mild interstitial inflamma-
tion. (b) Marked peribronchial and perivascular edema accompanied by 
fibrinous strands and small numbers of mixed inflammatory cells (H&E 
stain) 

Fig. 2.52 Staphylococcus aureus. Gross pathology image of a heart 
from rhesus macaque inoculated with SIV. Nodular fibrinous to fibrous 
growth attached to the right atrioventricular valve (tricuspid) and 
extending into the pulmonary artery. The animal has a history of multi-
ple long intravenous procedures, multiple isolations of hemolytic coag-
ulase positive S. aureus from the nasal cavity, and recovery of 
non-hemolytic coagulase negative Staphylococci spp. from the lung 
and brain at necropsy 

2.3 Gram-Negative Bacteria 

2.3.1 Escherichia coli 

Escherichia coli is a diverse species of Gram-negative bacteria 
in the family Enterobacteriaceae, living in the gut of 
vertebrates often as a commensal and as a free-living organism 
in water and sediment. The genus is genetically diverse due to 
gene gains and losses, and through horizontal transfer of 
bacteriophages, plasmids, genomic islands, transposons, and 
insertion elements [73]. The types of E.coli that are capable 
of causing disease in healthy individuals are pathogenic E.coli 
[74]. Different pathogenic E. coli strains cause diverse intesti-
nal and extraintestinal diseases by means of virulence factors 
that affect a wide range of cellular processes. Members of this 
group are responsible for gastroenteritis with watery or bloody 
diarrhea, pneumonia (Figs. 2.53 and 2.54) and myocardial 
infarction, urinary and renal infections (Fig. 2.55), septic 
shock, meningitis and wound infection, prostatitis, osteomyeli-
tis, and peritonitis [75–77]. Pathogenicity is determined by the 
presence of a broad range of factors including toxins, adhesins, 
lipopolysaccharides, polysaccharide capsule proteases, and 
invasins that may increase competitiveness and ability to
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Fig. 2.53 E. coli. (a) Macroscopic image of hemorrhagic bronchopneu-
monia in a 3-month-old female found dead without previous clinical 
signs (rhesus macaque, lung). (b) Photomicrograph of the lung shows 
multifocal hemorrhage and congestion surrounded by dense infiltration 
of polymorphonuclear cells and macrophages adjacent to a necrotic 
center. E. coli was isolated in pure culture (rhesus macaque, lung, 
H&E stain) 

Fig. 2.54 E. coli. (a) Macroscopic image of fibrinous pleuritis and 
bronchopneumonia in macaque complicated by coinfection with SRV 
and herpes virus in the pancreas (rhesus macaque, lung). (b) Colonies of 
E. coli within cellular exudate of the lung (rhesus macaque, lung, Brown 
and Brenn Gram stain) 

Fig. 2.55 E.coli-UPEC. Photomicrograph of severe suppurative pyelo-
nephritis. Renal tubules are lined by swollen and degenerated epithe-
lium, and some are filled with polymorphonuclear infiltrates, sloughed 
epithelial cells, and isolated colonies of bacteria. The interstitium 
contains lymphocytic and neutrophilic infiltrates accompanied by hem-
orrhage. (cynomolgus macaque infected with Uropathogenic E. coli— 
UPEC, kidney, H&E stain)



colonize, as well as to kill cells and rearrange the cytoskeleton 
[77, 78].
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Among the diarrheagenic E.coli, there are six categories: 
enteropathogenic E. coli (EPEC), enterohaemorrhagic E. coli 
(EHEC), enterotoxigenic E. coli (ETEC), enteroaggregative 
E. coli (EAEC), enteroinvasive E. coli (EIEC), and diffusely 
adherent E. coli (DAEC). These groups are defined based on 
the underlying mechanism of disease pathogenesis, presence 
of specific genes encoding virulence factors, and in vivo and 
in vitro growth [74]. 

Enteropathogenic E. coli 
Enteropathogenic E. coli (EPEC) is a major cause of infant 
diarrhea often causing mortality in children worldwide 
[79]. In macaques infection may be associated with a persis-
tent nonhemorrhagic diarrhea seen primarily in infant or 
neonatal animals. Infected NWPs frequently exhibit clinical 
signs of acute hemorrhagic diarrhea accompanied by severe 
blood loss and hypovolemia. In OWPs and NWPs, a chronic 
and persistent form is also observed [80–82]. The disease is 
zoonotic and the transmission of the pathogen is by the fecal 
oral route. 

The EPEC infection is characterized by unique intestinal 
histopathology known as “attaching and effacing” (A/E) 
lesions. The bacteria adhere to the intestinal epithelial cells 
causing cytoskeletal changes. The arrangement of colonic 
surface epithelium is altered by the intimate association 
with the bacterium. In young immunodeficient rhesus 
macaques and in NWPs with experimental EPEC infections, 
histological lesions include adherence of bacilli to surface 
epithelium (Figs. 2.56 and 2.57) [80–82, 83,84] accompanied 
by individual cell necrosis, crypt hyperplasia, “cobblestone” 
appearance of surface epithelium, flattened squamous mor-
phology, and effacement of microvilli [82]. 

Adherent bacteria have pilus antigens that form a 
localized attachment to the surface epithelium which is 
enhanced by intimin, an outer membrane colonization factor, 
encoded by the locus of enterocyte effacement (LEE) chro-
mosomal island, and injected into the host enterocyte by type 
III secretion system [74]. This process produces attachment 
and effacement of enterocyte microvilli, increased permeabil-
ity of tight junctions, and fluid loss. 

The diagnosis in immunodeficient humans and animals 
may be obscured by the presence of multiple agents, and 
EPEC is likely to be missed. Appropriate identification of 
EPEC requires a systematic approach including the use of

Fig. 2.56 E. coli-EPEC. Petechia of colon mucosa in common 
marmosets experimentally infected with Enteropathogenic E. coli 
(ID no. 2 in the high-concentration group) at 3 days post-inoculation 
(top, petechia from the serosal side; bottom, hemorrhage from the 
mucosal side). (From Hayashimoto et al. [84]; Creative Commons 
Attribution 4.0 International [CC BY 4.0]; https://creativecommons. 
org/licenses/by/4.0) 

Fig. 2.57 E. coli-EPEC. Photomicrograph of a section of cecum from 
common marmoset no. 1 in the high-concentration group at 3 days post-
inoculation. Bacilli were attached to epithelial apical membranes (inset) 
and desquamated epithelial cells, as visualized by H-E staining. (From 
Hayashimoto et al. [84]; Creative Commons Attribution 4.0 Interna-
tional [CC BY 4.0]; https://creativecommons.org/licenses/by/4.0)



histological analyses of biopsies, adhesion assays, and 
molecular identification of virulence genes.
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2.3.2 Salmonella 

Salmonellae are Gram-negative facultative anaerobic motile 
bacteria that occur worldwide, inhabiting variety of verte-
brate species. The commonly encountered isolates that pro-
duce disease in nonhuman primates are S. typhimurium and 
S. enteritidis. The pathogen is acquired by NHPs in captivity 
from exposure to infected humans or contaminated water. 
Transmission is by the fecal-oral route in both humans and 
NHPs. Salmonellosis is rarely reported in established 
colonies [83]. 

Clinical signs include watery diarrhea secondary to 
enterocolitis, fever, and extraintestinal infections as neonatal 
septicemia, abortion, osteomyelitis, and pyelonephritis. In 
SIV-infected animals and macaques with AIDS, necrotizing 
thymitis and mediastinal abscessation have been observed. 
Colonization of the small and large intestine by the bacteria 
alter the normal electrolyte and fluid balance of the intestinal 
mucosa. The combination of the inflammation caused by 
bacterial-mediated endocytosis and the disruption of tight 
junctions is thought to contribute significantly to the induc-
tion of diarrhea [85]. 

Microscopic lesions in the intestines are nonspecific and 
nondiagnostic and include villi shortening within the small 
intestine accompanied by epithelial hyperplasia and edema in 
the lamina propria and villous tips. In the colon, hyperplasia 
of the crypt epithelial cells with microabscess formation are 
observed, and the lamina propria often contain large numbers 
of neutrophils and edema. Diagnosis is through stool culture 
and biochemical typing of isolates. 

2.3.3 Shigella 

Shigellae are Gram-negative, nonmotile facultatively anaero-
bic bacteria without flagella or adherence factors that are 
closely related to Escherichia coli. Based on 0-specific poly-
saccharide typing of their lipopolysaccharides (LPS), there 
are four subgroups: S. dysenteriae, S. boydii, S. flexneri, and 
S. sonnei [86]. S. flexneri is the most prevalent isolated strain 
associated with disease in NHPs and the common cause of 
hemorrhagic colitis (bacillary dysentery). Disease has been 
described in different species of OWPs and only rarely in 
NWPs [87]. Humans and nonhuman primates are considered 
natural hosts [88]. Shigella is a highly infectious microorgan-
ism since as few as 10–100 bacteria are sufficient to produce 
diarrhea in humans [89]. The infection is transmitted via the 
fecal-oral route, through direct contact or indirectly through 

contaminated food, water, or fomites, and by fly transmission 
[86, 90]. 

Infection may result in mild clinical signs with production 
of loose stools containing blood and mucus and histologic 
evidence of multifocal superficial colonic erosions with 
edema and acute inflammation that are more severe distally 
[91]. In severe cases infection results in bacillary dysentery in 
NHPs characterized clinically by weakness, prostration, and 
liquid stool with mucus and blood (Fig. 2.58). Histologically 
purulent, hemorrhagic exudate with pseudomembrane and 
shallow circumscribed ulcers (Figs. 2.59, 2.60, and 2.61) 
can develop in 24 hours and can become diffuse by 
48 hours [92]. Thickening around ulcers is produced by 
edema, muscular hypertrophy, fibrosis, and lymphoid hyper-
plasia (Didier, unpublished) (Figs. 2.62 and 2.63). Ulcers 
may extend to the serosa and rarely perforate [86]. 

Complications in primates include ulcerative gastritis with 
gingival inflammation and progression to necrotizing gingi-
vitis with alveolar bone loss [93]. Gingival forms may persist 
for prolonged periods and such animals can be carriers. Some 
animals that recover from the enteric form of disease may 
develop a neutrophilic mono- or polyarthritis. 

Fig. 2.58 Shigella flexneri. Gross pathology image of colon from 
rhesus macaque presented with weight loss and expanded abdomen 
due to gaseous distention of the colon. The mucosa is covered by 
thick necro-hemorrhagic purulent exudate. S. flexneri was cultured
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Fig. 2.59 Shigella flexneri. Photomicrograph of thickened colonic 
mucosa with focal necrosis infiltrated by polymorphonuclear cells and 
extending into the muscularis mucosa and submucosa and accompanied 
by multifocal hemorrhage and edema (rhesus macaque, colon, H&E 
stain) 

Fig. 2.60 Shigella flexneri. Photomicrograph of submucosal 
abscess subjacent to ulcerated colonic mucosa with fragments of a 
fibrinopurulent pseudomembrane in the lumen (rhesus macaque, 
colon, H&E stain) 

Fig. 2.61 Shigella flexneri. Macroscopic image shows multifocal, 
deep, chronic ulcerations of the middle and descending colon in rhesus 
macaque
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Fig. 2.62 Shigella flexneri. 
Macroscopic image of a stricture 
in the descending colon (S) of 
rhesus macaque with 
compensatory proximal dilatation 
of the middle and ascending colon 
(C). Hemorrhagic ulcerated 
mucosa (U) is noted between the 
stricture and the anus (A). (rhesus 
macaque, S. flexneri was cultured) 

Fig. 2.63 Shigella flexneri. Photomicrograph of the stricture from 
Fig. 2.62. Ulcerated areas are covered by pseudomembrane surrounding 
residual hyperplastic mucosa. Submucosa is infiltrated with mixed 
inflammatory cells and thickened by accumulation of fibroblasts and 
collagen (fibrosis). Smooth muscle layers are hyperplastic and contain 
prominent lymphoid follicles. ( rhesus macaque, colon, H&E stain) 

The association in humans of shigellosis and 
spondyloarthropathies in individuals with HLA-B27 genetic 
markers has not been found in NHPs [94]. 

Diagnostic of shigellosis can be established by culture and 
PCR test. 

2.3.4 Leptospira 

Leptospiras are Gram-negative, tightly coiled, spiral-shaped 
bacteria. They are obligate aerobes which are found through-
out the world and can occupy diverse environments and 
habitats with warm, humid conditions, high stagnant water, 
and during rainy seasons in warm-climate regions. The genus 
Leptospira contains pathogenic species, (e.g., 
L. interrogans), nonpathogenic saprophytes (e.g., 
L. biflexa), and species of indeterminate pathogenicity (e.g., 
L. inadai). Transmission of the spirochetes is through inges-
tion and direct contact with infected animals, skin wounds, 
and mucous membranes or placental transfer. Possible mech-
anism of infection is also the indirect transmission through 
contact with contaminated fomites, soil and water, and inha-
lation of microscopic droplets [95, 96]. 

Pathogenic Leptospira spp. are the cause of worldwide 
distributed zoonotic disease leptospirosis which now has 
been identified as emerging infectious disease. Rodents and 
other animals are chronic carriers that excrete pathogenic 
Leptospiras in their urine and contaminate the environment 
[97]. The organism can infect most mammalian species, 
including wildlife, domestic animals, humans, and nonhu-
man primates. Natural-acquired disease in NHPs is uncom-
mon, but cases have been reported in squirrel monkeys, 
black-tufted marmoset, and capuchin monkeys [98– 
100]. Leptospiral seroprevalence was found in captive neo-
tropical nonhuman primates suggestive that they are asymp-
tomatic carriers [97, 101, 102]. The report of an outbreak in 
squirrel monkeys described acute illness with jaundice, hem-
orrhagic syndrome, and miscarriages in pregnant monkeys 
[98]. Natural cases of leptospirosis in humans and nonhuman 
primates often include flu-like symptoms and jaundice. Left 
untreated, leptospirosis can lead to multiorgan failure and



ultimately, death. In a report of Leptospira interrogans infec-
tion in a free-ranging, black-tufted marmoset in Brazil gross 
and histopathological findings of icterus, pulmonary hemor-
rhage, interstitial nephritis, and hepatocellular dissociation 
are main pathological changes observed (Figs. 2.64 and 
2.65). Diagnostic conformation is based on specific immuno-
histochemical and PCR assays for Leptospira species [99]. 
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Fig. 2.64 Leptospira interrogans. Gross pathology images of fatal 
leptospirosis in a free-ranging marmoset. (a) Diffuse subcutaneous 
yellow discoloration-jaundice (asterisk). (b) Multifocal hemorrhages of 
the lung. (Courtesy of Prof. Marcio Botelho De Castro, College of 
Agronomy and Veterinary Medicine, University of Brasília, Brazil)
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Fig. 2.65 Leptospira interrogans. Photomicrographs of pulmonary, 
hepatic, and renal lesions in the same free-ranging marmoset. (a) Severe 
intra-alveolar hemorrhage, edema, and fibrin in the lung (H&E). (b) 
Lymphoplasmacytic tubulointerstitial nephritis (asterisk), with tubular 
degeneration, necrosis, and luminal neutrophils and necrotic debris 
(arrowheads) (H&E). (c) Immunostaining of spirochetes and fragments 

within renal tubular epithelium and interstitium (IHC). (d) Mild hepato-
cellular dissociation with mild sinusoidal leucocytosis (arrow), and 
multinucleated hepatocytes (arrowhead) (H&E). (Courtesy of Prof. 
Marcio Botelho De Castro, College of Agronomy and Veterinary Medi-
cine, University of Brasília, Brazil) 

Mechanisms that Leptospira spp. use to cause disease 
are not clearly understood. Potential virulence factors include 
immune mechanisms, toxin production, adhesins, and other 
surface proteins. Diagnostic can be done by culture of the 
organism from affected animal, PCR test, and demonstration 
of rising antibody titers. Histologic diagnosis by silver 
impregnation staining and immunohistochemical staining 
offers high sensitivity and specificity. Most leptospirosis 
cases are diagnosed by serology. The reference standard 
assay is the microscopic agglutination test (MAT) [95]. 

2.3.5 Yersinia 

Yersinia pseudotuberculosis 

Yersinia enterocolitica 
Yersinia spp. are Gram-negative pleomorphic facultative 
anaerobes in the family Yersiniaceae. Y. pseudotuberculosis 
and Y. enterocolitica are two species of Yersinia associated 
with diseases in nonhuman primates. Infections are described 
in variety of NWPs and OWPs. Transmission is by the fecal-
oral route through contaminated food and water in a wide 
range of species including fish, reptiles, birds, nonhuman 
primates, and other mammals [103, 104]. Bird and rodent 
feces may be an important reservoir in NHP colonies housed 
outdoors [105, 106]. Clinical signs may be nonspecific and 
include diarrhea, dehydration, and depression. Acute
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morbidity and mortality are prominent in NWPs, but chronic 
debilitating cases are often observed. The infection can be 
associated with abortion and stillbirth. The disease can 
become enzootic in zoological settings with seasonal occur-
rence. Outbreaks of yersiniosis in NHPs are reported fre-
quently and are usually characterized by ulcerative 
enterocolitis, mesenteric lymphadenopathy, and hepatic 
and/or splenic necrosis and abscess formation [104]. When 
bacteria cross the intestinal epithelium via M cells and repli-
cate in the Peyer’s patches and draining lymph nodes of the 
gut, this results in transmural intestinal ulceration and 
through the hepatic portal system and lymphatics leads to 
septicemic dissemination [107, 108]. Unique virulence 
factors of Yersinia spp. enable them to invade the enterocytes 
and to disarm the host immune response [109]. Macroscop-
ically the lesions in the spleen and liver are recognized as 
spleno- or hepatomegaly with multifocal small (1–4 mm
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Fig. 2.66 Yersinia enterocolitica.  (a) Macroscopic image of liver with 
multifocal hepatic necroses evident as white-yellow foci (common mar-
moset, liver). (b) Microscopic findings of necrotizing hepatitis. Focal 
area of necrosis comprised of granular eosinophilic and karyorrhectic 
debris accompanied by mixed inflammatory cells in the periphery, and 
large lobulated colonies (arrowheads) of coccobacilli (common marmo-
set, liver, H&E stain)
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Fig. 2.67 Yersinia 
pseudotuberculosis. (a) 
Photomicrograph of 
necrosuppurative enteritis with 
superficial mucosal fibrinous 
pseudomembrane and large 
colonies of bacteria (pig-tailed 
macaque, jejunum, H&E stain). 
(b) Photomicrograph of 
necrosuppurative gastritis with 
penetrating ulcer and numerous 
large bacterial colonies (the same 
animal, stomach, H&E stain) 

Fig. 2.68 Yersinia pseudotuberculosis. Microscopic findings of necro-
tizing colitis with prolapsed necrotic mucosa extended into the submu-
cosal lymphoid tissue, with large colonies of coccobacilli (baboon, 
colon, H&E stain)



white-yellowish foci and histologically are characterized by 
necrosuppurative hepatitis (Fig. 2.66a, b), splenitis, and 
lymphadenitis [110]. Gross lesions of ulcerative enterocolitis 
involve reddened mucosa, confluent erosions, and ulcerations 
in the gut. Histologically, mucosal necrosis often overlays 
lymphoid follicles and contains necrotic debris, admixed with 
large colonies of coccobacilli (Figs. 2.67, 2.68, 2.69, 2.70, 
and 2.71) [111, 112]. Inflammatory response to 
Y. pseudotuberculosis is granulomatous rather than a histio-
cytic response to Y. enterocolitica [105]. Occasionally, the 
organism may be associated with pneumonitis and meningi-
tis. The presence of large intralesional colonies of Gram-
negative organisms within regions of necrosis is indicative 
of the diagnosis. Isolation (culture) and identification are 
required for confirmation and differentiation of 
Y. enterocolitica from Y. pseudotuberculosis.

74 P. J. Didier and I. I. Kondova-Perseng

Fig. 2.69 Yersinia pseudotuberculosis. Photomicrograph of necrotic 
foci in the liver comprised of numerous epithelioid macrophages (gran-
ulomatous) admixed with cellular and necrotic debris, and inflammatory 
cells in the periphery (rhesus macaque, liver, H&E stain) 

Fig. 2.70 Yersinia pseudotuberculosis. Photomicrograph of lymphade-
nopathy due to yersiniosis. Medullary sinuses contain increased num-
bers of histiocytes. Culture of the colon identified Y. pseudotuberculosis. 
Histiocytosis is not a specific response and may be observed with 
Y. enterocolitica and other pathogens (rhesus macaque, mesenteric 
lymph node, H&E stain) 

Fig. 2.71 Yersinia enterocolitica. Photomicrograph of ulcerative 
fibrinohemorrhagic colitis with intralesional large bacterial colonies 
(pig-tailed macaque, colon, H&E stain) 

2.3.6 Klebsiella pneumoniae 

Klebsiella pneumoniae is a Gram-negative, nonmotile, 
lactose-fermenting bacillus with prominent capsule.



Typically, it is part of the normal fecal and oral flora, found 
worldwide on surface mucosa of animals and in the environ-
ment but can act as an opportunistic agent causing septice-
mia, arthritis, peritonitis, pneumonia (Figs. 2.72 and 2.73a), 
and meningitis (Fig. 2.73b) in both OWPs and NWPs [113– 
115]. The organism usually is contracted from environmental 
sources such water and fomites. Pathogenic strains of inva-
sive organisms like hypervirulent K. pneumoniae (hvKp) 
have been reported in humans and in some NHPs and have 
been associated with severe complications [113, 114, 116, 
117]. These strains expressing virulence factors like rmpA 
(regulator of mucoid phenotype), mag4 (mucoviscosity 
gene), and K24 (capsule-associated gene) [118, 119] may 
acquire drug-resistance and can increase the risk of recurrent 
morbidity and difficult elimination. The hypermucoviscosity 
phenotype can be diagnosed by a positive string test 
(Fig. 2.74). Klebsiella infections are diagnosed by bacterial 
culture test and PCR-ELISA methods. 
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Fig. 2.72 Klebsiella pneumoniae. Gross pathology image of lung 
(dorsal aspect) from rhesus macaque inoculated with SIVmac251. The 
right lower pulmonary lobe is hemorrhagic and consolidated with simi-
lar but smaller areas of consolidation in the left lung 

Fig. 2.73 Klebsiella pneumoniae. (a) Gross pathology image of lung 
from a mangabey with petechial and ecchymotic hemorrhages in all 
lobes. (b) Brain from the same animal with ecchymotic hemorrhages in 
the meninges 

Fig. 2.74 Klebsiella pneumoniae. Hypermucoviscosity phenotype can 
be detected by classic “String Test” formation of mucoviscous string 
from a new colony in culture that is greater than 5 mm in length 

Klebsiella pneumoniae infections are reported in different 
NHPs including OWPs and NWPs [120–122]. In OWPs, 
K. pneumoniae usually affects individual animals and can 
cause secondary bacterial infection in animals with 
compromised immune system due to stress or concurrent 
disease. The organism uses virulence factors like pili, capsu-
lar polysaccharide to form biofilms that protect bacterial



colonies from host compliment and antimicrobial peptides. 
There are known resistance genes for aminoglycosides, 
quinolones, B lactam, polymyxin, and tigecycline [113]. 
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In OWP a clinical syndrome defined by pneumonia and 
meningitis produces nonspecific clinical signs like dyspnea, 
anorexia, and lethargy. Lungs contain multiple abscesses,

Fig. 2.75 Klebsiella pneumoniae. Photomicrograph of necrotic abscess 
formation with central coagulative necrosis in the lung of rhesus 
macaque (H&E stain) 

Fig. 2.76 Klebsiella pneumoniae.  (a) Photomicrograph of the lung 
from a SIV-infected rhesus macaque with hemorrhagic pneumonia and 
fibrinous pleuritis (H&E stain). (b) Enlargement of box in (a) 
demonstrating large numbers of Individualized bacteria within 
subpleural alveolar spaces with characteristic individual spacing due to 
the capsule (H&E stain)



lobar areas of dark consolidation, and sheets of fibrin on 
pleural surfaces. Suppurative peritonitis accompanies pneu-
monia with thick yellow to tan fluid. Abscess in the lung and 
liver have extensive central necrosis filled with fluid, necrotic 
debris, and bacteria. Surrounding parenchyma is infiltrated 
with polymorphonuclear cells and macrophages (Figs. 2.75, 
2.76, and 2.77) [122]. In the brain meninges are hemorrhagic 
accompanied by encephalitis, meningitis, optic neuritis, and 
all associated with suppuration, intralesional bacteria, 
perivascular cuffing, and fibrinoid vasculitis. In these cases, 
the organism may be more difficult to observe but can be 
visualized in impression smears obtained from exudates. In 
NWPs common clinical syndromes include pneumonia, 
enterocolitis, and neonatal septicemia. Environmental con-
tamination with virulent strains in facilities housing NWPs 
may result in epizootics of high morbidity and mortality. A 
gastrointestinal route of entry is most frequently suspected.
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Fig. 2.77 Klebsiella pneumoniae. (a) Photomicrograph of abscess 
formation in the lung of 5-year-old rhesus macaque shows aggregation 
of polymorphonuclear infiltrates in an area of severe hemorrhage (H&E 
stain). (b) Inset. Enlargement of (a) shows collection of degenerating 

polymorphonuclear cells and macrophages on the edge of the hemor-
rhagic zone (H&E stain). (c) Photomicrograph of distended large airway 
with suppurative exudate which demonstrates airway disease as well as 
sepsis (H&E stain) 

2.3.7 Francisella tularensis (Tularemia) 

Francisella tularensis is a pleomorphic Gram-negative 
coccobacillus, and it is the causative agent of tularemia, 
known as rabbit fever or deer-fly fever. Some nonpathogenic 
members of the genera are found in the environment. Natural 
infections of NHPs has not been reported often but cases has 
been described in some NWPs [123, 124] and OWPs 
[125, 126]. The organism is transmitted by arthropods and 
biting ticks and fleas, ingestion of contaminated food and 
water, and aerosols from infected tissues fluids 
[123, 127]. Because of its low infectious dose, ability to be 
aerosolized, and potentially fatal outcome, F. tularensis is 
considered a Class A select agent [127, 128]. 

Multiple clinical forms are described based on disease 
characteristics linked to the route of exposure: 
ulceroglandular, glandular, oculoglandular, oropharyngeal, 
pneumonic, typhoidal, and septic. The typhoidal form



describes a systemic illness without anatomic location 
[123, 128]. In squirrel monkeys white necrotic foci are pres-
ent in the liver, spleen, and mesenteric fat with hemorrhage in 
the lung and kidney that can include fibrinous to suppurative 
foci [123]. In cynomolgus monkeys lingual ulcers and 
abscess with submandibular lymphadenopathy accompanied 
multifocal necrotizing hepatitis, splenitis, and granulomatous 
bronchopneumonia [129]. In young rhesus macaque, white 
necrotic variably sized nodules in the liver, spleen, and lymph 
nodes were accompanied by lymphatic and intravascular 
thrombosis, and multifocal septal necrosis in the lung with 
neutrophilic and histiocytic infiltration [126]. 
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Several NHP species have been used to characterize an 
aerosol model of infection. Necrotizing to pyogranulomatous 
lesions were produced in the lung, lymph nodes, spleen, and 
bone marrow [130]. In the marmoset model, severe hemor-
rhage and suppurative bronchopneumonia, multifocal 
pyogranulomatous hepatitis, splenitis, and lymphadenitis 
were observed. Primates are the only experimental model 
that develop ulcerations of the skin and lymphadenitis 
[131]. Diagnosis of tularemia requires a high degree of clini-
cal suspicion and can be confirmed by serology and culture. 

2.3.8 Campylobacter 

Campylobacter spp. are Gram-negative, microaerophilic, 
motile bacteria with curved or spiral shape and one of the 
most common causes of human gastroenteritis worldwide. 
The disease caused by the organism is zoonotic, and trans-
mission occurs by the fecal-oral route through ingestion. The 
sources of infections include wild and domestic birds, 
mammals, and contaminated water [132, 133]. In primate 
colonies, Campylobacter spp. are associated with recurring 
enterocolitis and are a main cause of morbidity [134]. The 
infection closely mimics the disease and immune response 
seen in humans. The bacteria are commonly isolated from 
OWPs especially macaques. The incidence of C. jejuni in 
sick monkeys is higher (70% v 51%) in multiple species and 
92% in sick rhesus macaques [135]. However, it must be kept 
in mind that Campylobacter spp. are commonly isolated 
from healthy macaques not associated with disease or pathol-
ogy. The most important isolates from NHPs are C. jejuni and 
C. coli. The clinical spectrum of Campylobacter varies from 
mild watery diarrhea to severe dysentery according to the 
present strain and toxins released. 

Culture results from natural infections in the colony of 
Tulane Primate Center tend to support partial immunity 
observations. Frequently, rhesus macaques with persistent 
or periodic episodes of diarrhea often produce initial isolates 
of C. jejuni followed by subsequent isolation of C. coli and 

rarely C. fetus as individual or combined isolates (Didier, 
unpublished). A lack of normal flora may be noted. The 
typical lesions in these animals are mild to moderate 
lymphoplasmacytic colitis with suppurative cryptitis and 
lymphoid hyperplasia in submucosa and mesenteric lymph 
nodes (Fig. 2.78). The small intestine is involved occasion-
ally and histologically may exhibit villous blunting and 
fusion (Fig. 2.79). It is also observed that some animals 
presenting with these signs and lesions lack identifiable 
pathogens in their gut. These animals fail to respond to

Fig. 2.78 Campylobacter coli. Photomicrograph of colonic mucosa 
with lymphoplasmacytic and histiocytic colitis, suppurative cryptitis, 
and reduction in goblet cells in 1.6-year-old animal with clinical history 
of profuse, watery diarrhea (rhesus macaque, colon, H&E stain) 

Fig. 2.79 Campylobacter jejuni. Photomicrograph of 
lymphoplasmacytic enteritis in 3.5-year-old animal. Small intestinal 
mucosa exhibits severe villous blunting and fusion (rhesus macaque, 
jejunum, H&E stain)



treatment and the term idiopathic chronic diarrhea (ICD) has 
been used. Diseases such a campylobacteriosis in NHP may 
be due as much to distortions in commensal flora that cross 
feed and support invasion by opportunists prolonging 
inflammation.

2 Bacterial Diseases in Nonhuman Primates 79

In NWPs Campylobacter is often associated with disease 
[136]. Clinically affected animals have watery diarrhea that 
may contain blood or mucous. The animals most likely 
become infected from human handlers or through direct 
contact with OWPs or contaminated fomites. Histological 
lesions reveal neutrophilic colitis with occasional crypt 
abscesses. In captivity strict separation of NWPs and OWPs 
should be maintained. 

Diagnosis of Campylobacter infections can be challeng-
ing because the organism is difficult to isolate, grow, and 
identify. Several methods for detection of Campylobacter 
include culture, stool immunoassays for Campylobacter-spe-
cific antigen, and molecular tests [132]. 

2.3.9 Helicobacter 

Helicobacter is a genus of Gram-negative, microaerophilic, 
curved or spiral bacteria that has been isolated from the 
gastrointestinal mucosa of many mammals including humans 
and NHPs. The number of species in the genus is rapidly 
expanding, and the frequent changes in the nomenclature are 
causing perplexity [137]. NHPs can be infected with diverse 
helicobacter organisms, some of which may represent 
commensals that may cause disease in stressed or immuno-
compromised animals (Figs. 2.80, 2.81, 2.82, 2.83, and 2.84).

Fig. 2.80 Helicobacter sp. Photomicrograph of gastric mucosa from 
SIV-infected rhesus macaque. The mucosa exhibits polymorphonuclear 
(PMN) infiltrates in the lumen of a gastric gland, intraepithelial PMN 
cells, and squamous metaplasia of glandular epithelium (rhesus 
macaque, stomach, H&E stain) 

Fig. 2.81 Helicobacter sp. Photomicrograph of gastric mucosa from a 
12-year-old rhesus macaque with ectatic glands lined by metaplastic 
epithelium. Adjacent glandular epithelium has severe hydropic swelling 
(rhesus macaque, stomach, H&E stain)
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Fig. 2.82 Helicobacter sp. (a) Macroscopic image of stomach from 
SIV-infected rhesus macaque presented with a focal hemorrhagic ulcer. 
(b) Histological examination reveals necrosis of superficial and glandu-
lar epithelium, accompanied by hemorrhage and fibrin deposition, and 
infiltration of polimorphonuclear cells and macrophages (rhesus 
macaque, stomach, H&E stain) 

Fig. 2.83 Helicobacter sp. Photomicrograph of gastric mucosa from 
baboon with individual and clumps of Helicobacter in the lumen and on 
the surface of glandular epithelium (baboon, stomach, Warthin-Starry 
stain) 

Fig. 2.84 Helicobacter sp. Photomicrograph of gastric mucosa from 
SIV-infected rhesus macaque with a partially healed ulcer covered with 
metaplastic squamous epithelium. Glandular epithelium is reduced and 
residual glands are hyperplastic. Lamina propria contains large numbers 
of lymphocytes and plasma cells (rhesus macaque, stomach, H&E stain) 

Fig. 2.85 Helicobacter sp. Photomicrograph of gastric mucosa from 
rhesus macaque with moderate lymphoplasmacytic gastritis and promi-
nent nodular lymphoid hyperplasia, a sequel of Helicobacter infection 
(rhesus macaque, stomach, H&E stain)



H. pylori, a spiral-shaped bacteria 3–4 μm × 0.5–1 μm, oxi-
dase and urease positive, was first found in humans and 
implicated as a causative organism of mild to moderate 
gastritis, duodenal ulcer, and a risk factor for adenocarcinoma 
and mucosa-associated lymphoma [137, 138]. Infections in 
the stomach of OWPs due to H. pylori are frequently asymp-
tomatic. Natural acquisition of the infection occurs early 
during the first year of life with 40% of the newborn infected 
by 12 weeks and more than 90% of animals infected by 
1 year of age. The infection is through close contact with 
infected mothers, and it is most consistent with an oral-oral 
means of transmission [139]. In NHP lesions include minimal 
to moderate lymphoplasmacytic gastritis with intraglandular 
and luminal spiral bacteria, infrequent PMN infiltration of the 
lamina propria, and lumina of the gastric glands [140]. Some-
times, changes like gastric gland hyperplasia, depleted mucin 
production, squamous metaplasia, cytoplasmic vacuolation, 
glandular atrophy, and lymphonodular hyperplasia are 
observed (Figs. 2.81, 2.83, and 2.85). The loss of mucin 
can be transient [141].
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Other helicobacter species, like H. heilmannii (formerly 
Gastrospirillum hominis), are larger tightly coiled gastric 
helicobacter, 7–9 μm × 0.1–1 μm in size located in the 
mucus of the surface epithelium, in the lumina of gastric 
pits and glands of the stomach fundus and body. 
H. heilmannii are reported in OWPs and produce minimal 
gastritis or parietal cell damage and hyperchlorhydria 
[142, 143]. Typically, there is less intense gastritis, absence 
of epithelial damage, infrequent lymphoid hyperplasia, and 
epithelial metaplasia. There are more than 32 species with 
this highly coiled morphology that can be grouped by 
16 SrRNA analysis into two types: Type 1 is exemplified 
by H. suis reported in rhesus macaque [140] and Type 2, a 
larger group that includes H. felis, H. bizzozeronii, and 
H. salomonis [137]. 

In addition to the gastric helicobacter species, there are 
reports of helicobacter isolates from intestinal and 
hepatobiliary tracts that are called enterohepatic Helicobacter 
species (EHS) [144]. A novel EHS isolated from cotton-top 

tamarins was associated with chronic colitis and colon cancer 
[145]. Multiple EHS including H. macacae [146] of rhesus 
and cynomolgus monkeys were linked to idiopathic colitis 
and years later to adenocarcinoma suggesting that persistent 
EHS infection in aged NHP may have a role in intestinal 
neoplasia [144]. 

Pathogenicity features of helicobacter are encoded in the 
Cag pathogenicity island that utilize 27 genes and a Type IV 
secretion system [147]. Factors include outer membrane 
proteins (OMP), BabA, a binding protein for fucosylated 
blood group antigens on gastric epithelium, LPS, phospholi-
pase, mucinase that disrupts gastric mucus coat, and urease. 

Different Helicobacter spp. can be histologically distin-
guished on the base of their shape (H. heilmannii appear 
more tightly coiled), size, and location in the gastric lesions. 
Additional diagnostic tests include silver stain, IHC, 
and PCR. 

2.3.10 Burkholderia 

The genus Burkholderia contains two species of medical 
significance, B. pseudomallei and B. mallei. Both are classi-
fied as Tier 1 select agents and share 99% genetic homology 
[148, 149]. The Burkholderia genome codes for a long list of 
virulence factors including capsule, flagella, pili, LPS, quo-
rum sensing, and secretory systems. B. pseudomallei and 
B. mallei are diagnosed by culture from blood, sputum, 
urine, and throat swab and by serology. 

Burkholderia pseudomallei 
B. pseudomallei is a Gram-negative aerobic, motile bacte-
rium, and environmental saprophyte found in soils and water 
in tropical and subtropical locations most frequently in Asia 
and Australia. The organism is the causative agent of an 
important zoonotic infectious disease melioidosis 
[150, 151]. Incubation period can be up to 21 days with a 
mortality rate from 16 to 50%. Melioidosis may also remain 
latent for years before symptoms develop. Transmission can
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Fig. 2.86 Burkholderia. (a) Gross image of fibrinopurulent, hemor-
rhagic bronchopneumonia in rhesus macaque experimentally challenged 
by aerosol with B. pseudomallei 16 days earlier. (b) Photomicrograph 
shows marked pulmonary polimorphonuclear infiltrates and 
macrophages accompanied by fibrin thrombi, edema, hemorrhage, and 

congestion (rhesus macaque, lung, H&E stain). (c) Alveoli are filled 
with degenerated and necrotic PMN infiltrates, macrophages, and 
degenerated multinucleated giant cells (arrows) (rhesus macaque, lung, 
H&E stain)



be through cutaneous wounds, inhalation, and ingestion 
[148, 151]. The disease is characterized by necrotizing 
abscesses in multiple tissues and is common in zoo animals 
in endemic areas with cases reported in multiple species of 
NHPs including stump-tailed macaques, rhesus macaques, 
and apes [151].
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Fig. 2.87 Burkholderia. (a) Gross image of seminal vesicle from 
rhesus macaque that developed a spontaneous B. pseudomallei infection 
with septicemia and draining abscess in the inguinal skin. The gland is 
swollen and contains numerous suppurative foci. (b) Photomicrograph 

of necrotizing hepatic granuloma with multinucleated cells (arrow) 
(rhesus macaque, liver, H&E stain). (c) Photomicrograph of necrotizing 
granulomatous orchitis with effacement of seminiferous tubules and 
stroma (rhesus macaque, testis, H&E stain) 

Clinical signs vary and depend on the primary system 
involved. In a zoological setting, NHPs with melioidosis 
exhibit lethargy, fever, lymphadenopathy, fibrinopurulent 
pneumonia, and coalescing abscesses in the spleen, liver, 
and less often the heart and testicle (Fig. 2.86a–c) and 
(Fig. 2.87a–c). Orangutans seem highly susceptible with 
death occurring within a week of signs [151]. Histological 
lesions include suppurative inflammation and multifocal 
abscesses. Exudate in the lung is purulent to mucopurulent 
with the presence of multinucleated giant cells. 

Burkholderia mallei 
B. mallei is a Gram-negative, aerobic, nonmotile bacillus that 
infects horses, mules, and donkeys. It is a host-adapted bac-
terium in its equine reservoir. The organism is the causative 

agent of zoonotic disease glanders. Transmission is through 
skin wounds and the respiratory route. Humans, goats, dogs, 
cats, rabbits, and carnivorous predators can become infected.

Fig. 2.88 Burkholderia. Gross image of the lung from rhesus macaque 
experimentally challenged with B. mallei 12 days earlier. Multiple large 
pyogranulomas often associated with hemorrhage are present in all lobes



Glanders is difficult to diagnose and treat. Reports of 
B. mallei infection in NHPs are limited to experimental 
work. Four days after respiratory exposure, marmosets 
develop signs of fever, myalgia, fatigue, and lymphadenopa-
thy and progress to pneumonia with necrotizing abscesses 
and dissemination to the liver, spleen, nasopharynx, and 
lymph nodes [152]. Lesions are mucopurulent to 
pyogranulomatous with multinucleated giant cells. In rhesus 
macaques clinical signs include fever, myalgia, head ache, 
and fatigue followed by diarrhea and weight loss before 
pneumonia and pulmonary abscess become apparent 
(Figs. 2.88, 2.89, 2.90, and 2.91) [153]. Histologically on 
day 1 polymorphonuclear infiltrates are present in alveoli 
followed by necrosuppurative bronchopneumonia and 
pleuritis. Longer surviving rhesus macaques have lesions 
with lymphoplasmacytic inflammation, fibrosis, and type II 
pneumocytes hyperplasia [154].
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Fig. 2.89 Burkholderia. Photomicrograph of bronchial lymph node 
from rhesus macaque experimentally challenged by aerosol with 
B. mallei 20 days prior to collection (H&E stain). Medullary sinuses 
contain large numbers of polymorphonuclear cells mixed with 
macrophages and occasional multinucleated giant cells (arrow, inset, 
H&E stain) 

Fig. 2.90 Burkholderia. Photomicrograph of lung from rhesus 
macaque experimentally challenged by aerosol with B. mallei 20 days 
earlier. Pleura is thickened by mononuclear inflammatory cells and 
fibrosis. Adjacent alveolar epithelium is hyperplastic, and the underlying 
granuloma contains a central core of PMN infiltrates (rhesus macaque, 
lung, H&E stain) 

Fig. 2.91 Burkholderia. Photomicrograph of necrotizing 
pyogranulomatous dermatitis. The animal received aerosolized 
B. mallei 22 days prior to collection and developed a focal ulcer on 
the back. Necrotic epithelium overlies multiple pyogranulomas in the 
upper dermis (rhesus macaque, skin, H&E stain)
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Fig. 2.92 (a) Macroscopic image of NOMA. Avascular necrosis of the 
face and lip in a 6-year-old rhesus macaque. Hemolytic coagulase 
positive S. aureus along with Providencia rettgeri, Stenotrophomonas 
maltophilia, and Moraxella spp. were cultured from the nasal and lip 
wound. (b) Retraction of the lip exhibits retraction of the gums and 
dissolution of the nasal septum 

2.4 Polymicrobial (NOMA) 

Acute necrotic stomatitis, called NOMA, is described in 
rhesus macaques, tamarins, and cynomolgus monkeys and 
is attributed to combination infections by staphylococcus, 
streptococcus, micrococcus, Fusobacterium necrophorum 
with viral initiators like SRV. NOMA presents as expansive 
necrotizing ulcerative gingivitis with destruction of facial soft 
tissue and oronasofacial bone. Poor nutrition or poor dental 
hygiene are identified as underlying diseases (Fig. 2.92a, b) 
[155]. Histologically, ulcerative lesions progress to 
coagulative necrosis with infiltration of polymorphonuclear 
cells, macrophages, and giant cells in underlying collagen, 
muscle, and bone [156, 157]. Methicillin-resistant S. aureus 
(MRSA) have been associated with NOMA and reported in 

rhesus monkeys [158]. Mandibular osteomyelitis is described 
in a squirrel monkey and derived from an infected 
tooth [159]. 
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3.1 Protozoa 

3.1.1 Enteric Flagellates 

Giardia 
Giardia lamblia (synonym G. lamblia, duodenalis) is a path-
ogenic enteric flagellate found within the small intestine of 
humans and nonhuman primates, including macaques, 
baboons, marmosets, and chimpanzees [1–4]. Transmission 
occurs via ingestion of food or water contaminated with 
Giardia sp. cysts. Infected animals can develop a subclinical 
carrier state or exhibit clinical signs including vomiting and 
diarrhea [5]. Giardia sp. trophozoites are microscopically 
identified within the small intestine, but do not typically 
result in macroscopic lesions. Trophozoites are characterized 
as bilaterally symmetrical pear-shaped organisms approxi-
mately 5–15μm wide and 9–21μm long, with an anterior 
ventral sucker disk, two axostyles, eight flagella, and two 
anterior nuclei located above a pair of curved median bodies 
resulting in the appearance of a face with eyes and mouth 
[1, 6]. Giardia cysts are approximately 7–10μm wide and 
8–12μm long [6]. 

Hexamita 
Hexamita pitheci is an enteric flagellate identified in the large 
intestines of rhesus macaques [7, 8]. Transmission presum-
ably occurs through ingestion of contaminated water. Gross 
and microscopic lesions in nonhuman primates are not 
described. Trophozoites are approximately 1.5–4μm wid



and 2.5–6μm long [6–8]. A related flagellate belonging to the 
genus Spironucleus can cause disseminated disease in immu-
nodeficient macaques. Colitis, multifocal abdominal 
abscessation, and lymphadenitis suggest an enteric origin of 
the infection and have also been associated with extensive 
pyogranulomatous pneumonia (Figs. 3.1, 3.2 and 3.3). The 
characteristic morphology can be most readily identified in 
impression smears (Fig. 3.4). 
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Fig. 3.1 Spironucleus sp. Enlarged mesenteric lymph nodes within the 
root of the mesentery (Macaca mulatta, mesenteric lymph nodes) 

Fig. 3.2 Spironucleus sp. Pyogranulomatous lymphadenitis with 
intralesional basophilic protozoa (Macaca mulatta, lymph node, H&E) 

Fig. 3.3 Spironucleus sp. Pyogranulomatous lymphadenitis with 
intralesional Periodic acid-Schiff (PAS) positive protozoa (Macaca 
mulatta, lymph node, PAS) 

Fig. 3.4 Spironucleus sp. Protozoa demonstrating apically oriented 
nuclei and bilateral cytopharynxes which appear as negatively staining 
lines (Macaca mulatta, lymph node impression, Wright–Giemsa stain) 

Trichomonas 
Tritrichomonas mobilensis is a pathogenic enteric flagellate 
identified within the large intestine of squirrel monkeys 
[9, 10]. Transmission occurs through oral ingestion. 100% 
of squirrel monkeys appear to be infected by 8 weeks of age 
and infection is thought to be lifelong [11]. Trichomonads 
frequently fill crypt lumina and invade the mucosal epithe-
lium, where they are occasionally associated with mucosal 
ulceration, cryptitis, and epithelial necrosis [9, 10]. However, 
they are frequently identified in areas void of inflammation 
[10]. T. mobilensis is thought to be responsible for two 
manifestations of gastritis in SIV-infected rhesus macaques. 
The first is a lymphoplasmacytic gastritis with intraglandular
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trophozoites, while the second is a necrosuppurative gastritis 
with intralesional protozoa [12]. Trophozoites are approxi-
mately 1.3–3μm by 7–10μm, with three anterior flagella and 
a trailing posterior flagellum [9]. 
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Trichomonas tenax (synonyms Tetratrichomonas 
buccalis, Trichomonas buccalis) is a nonpathogenic enteric 
flagellate identified in between the gums and teeth of 
macaques, baboons, and chimpanzees [9]. Trophozoites are 
ovoid, ellipsoid, or pyriform and approximately 2–15μm by  
4–16μm, with four anterior flagella [6, 9]. 

Pentatrichomonas hominis 
Pentatrichomonas hominis is a nonpathogenic enteric flagel-
late that has been identified in the cecum and colon of 
numerous nonhuman primates, including macaques, 
marmosets, chimpanzees, and orangutans [2, 13–15]. Trans-
mission occurs through oral ingestion of trophozoites or 
pseudocysts excreted in feces and reproduces via longitudinal 
binary fission [9, 13]. While this organism is commonly 
identified in the feces of diarrheic animals, it is not 
recognized as a cause of diarrhea [6]. Trophozoites are 
approximately 3–14μm wide and 8–20μm long, with four 
anterior flagella, one posterior flagellum, and one free-trailing 
flagellum [6, 9]. 

Chilomastix spp. 
Chilomastix mesnili (synonyms Chilomastix suis, 
Chilomastix hominis, Macrostoma mesnili) is a nonpatho-
genic enteric flagellate that has been identified in the cecum 
and colon of chimpanzees, orangutans, marmosets, 
macaques, sooty mangabeys, colobus [9, 16, 17]. Transmis-
sion occurs through fecal–oral route or ingestion of 
contaminated food or water. Pear-shaped trophozoites are 
approximately 3–10μm wide and 6–24μm long, with three 
anterior flagella and a spiral groove across the middle half of 
the body [9]. Cysts are lemon-shaped and contain a single 
nucleus and cytostome and are approximately 6–10μm i  
diameter [9]. 

Enteromonas hominis 
Enteromonas hominis (synonyms Octomitus hominis, 
Tricercomonas intestinalis, Enteromonas bengalensis) is  
nonpathogenic enteric flagellate that has been identified in 
the cecum of chimpanzees and macaques [9]. Transmission 
occurs through ingestion of the organism passed in feces 
[18]. Spherical or piriform trophozoites are approximately 
3–6μm wide and 4–10μm long and have three short anterior 
flagella and one posterior flagellum, as well as multiple food 
vacuoles [6, 9]. Mature cysts are ovoid and have four 
nuclei [6]. 

Retortamonas intestinalis 
Retortamonas intestinalis (synonyms Embadomonas 
intestinalis, Waskia intestinalis) is a nonpathogenic enteric 
flagellate that has been identified in the cecum of 
chimpanzees and rhesus macaques [6, 9]. Transmission 
occurs through ingestion of contaminated stagnant water 
[9]. Pyriform or fusiform trophozoites possess an anterior 
nucleus, two anterior flagella, a posterior flagellum that arises 
from the cytostomal groove, and a large anterior cytostome 
[6, 9]. Trophozoites are approximately 3–4μm wide and 
4–9μm long [6]. Pyriform or ovoid cysts are approximately 
3–5μm wide and 4–7μm long and have one to two nuclei [6]. 

Dientamoeba fragilis 
Dientamoeba fragilis is generally a nonpathogenic flagellate 
that was originally classified as an amoeba and is now classi-
fied as a trichomonad [9]. It is identified in the cecum and 
colon of rhesus macaques, cynomolgus macaques, and 
baboons [18–20]. Transmission occurs through ingestion of 
organisms in feces. Trophozoites are approximately 3–22μm 
in diameter, with 1–2 vesicular nuclei [9]. 

Enterocytozoon bieneusi 
Enterocytozoon bieneusi is a microsporidia identified in the 
biliary tract, intestines, or feces of rhesus macaques, 
cynomolgus macaques, pigtailed macaques, Formosan rock 
macaque, and orangutans [6, 21, 22]. Enterocytozoon is 
generally considered a subclinical infection in immunocom-
petent nonhuman primates, however can be identified as an 
opportunistic infection in the gallbladder and biliary tract in 
simian immunodeficiency virus-infected macaques, 
contributing to the development of diarrhea [9, 22– 
24]. Transmission is fecal–oral, with ingestion of 
contaminated food or water. Gross and microscopic lesions 
include cholecystitis and cholangitis, with organisms primar-
ily identified in the cytoplasm of epithelial cells of the gall-
bladder, common bile duct, and intrahepatic bile ducts where 
the organism is found adjacent to the host cell nucleus 
[23]. Other lesions include biliary epithelial hyperplasia 
with periportal fibrosis (Figs. 3.5, 3.6, 3.7 and 3.8) 
[6]. Sporozoites are approximately 1μm by 1.5μm and can 
be identified in the cytoplasm of infected cells as small ring-
like basophilic structures on hematoxylin and eosin-stained 
sections (Figs. 3.9 and 3.10)  [9].
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Fig. 3.5 Enterocytozoon bieneusi. Diffuse thickening of the common 
bile duct (Macaca mulatta, liver and gallbladder) 

Fig. 3.6 Enterocytozoon bieneusi. Liver demonstrating bridging biliary 
hyperplasia and epithelial thickening of septal ducts (Macaca mulatta, 
liver, subgross H&E stain) 

Fig. 3.7 Enterocytozoon bieneusi. Proliferative choledochitis, with 
lymphocytic, plasmacytic, and eosinophilic inflammatory infiltrates 
(Macaca mulatta, common bile duct, H&E) 

Fig. 3.8 Enterocytozoon bieneusi. Bridging biliary hyperplasia 
accompanied by scant lymphoplasmacytic infiltrate (Macaca mulatta, 
liver, H&E stain) 

Fig. 3.9 Enterocytozoon bieneusi. Exfoliated biliary epithelial cells 
present within mucous layer and demonstrating intracellular ring-like 
structures (sporozoites) (Macaca mulatta, gall bladder, H&E stain)
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3.1.2 Hemoflagellates 

Trypanosoma cruzi 
Trypanosoma cruizi (synonyms Schizotrypanum cruzi, 
Trypanosoma lesourdi, Trypanosoma rhesii, Trypanosoma 
prowazekii, Trypanosoma vickersae) is a hemoflagellate and 
the causative agent of Chagas’ disease [9]. T. cruzi has been 
identified in several species of wild and captive-born nonhu-
man primates including rhesus macaques, pigtailed 
macaques, ring-tailed lemurs, squirrel monkey, yellow 
baboon, and chimpanzees [6, 25–32]. Transmission occurs 
via the insect vector triatomine bugs or “kissing bugs” 
[9]. Clinical signs include anemia, generalized edema, 
hepatosplenomegaly, and lymphadenitis [9]. Microscopic 
lesions in the heart are characterized by infiltration of 
lymphocytes and plasma cells, with disruption of myocardial 
fibers by pseudocysts (Fig. 3.10) [9, 33]. In acute cases, the 
trypomastigote for4m can be identified in blood smears 
stained with Giemsa [9]. Trypanosomes are approximately 
16–20μm long with a trailing flagellum and a large subtermi-
nal kinetoplast [9]. Amastigotes are approximately 1.5–4μm 
in diameter and can be found in skeletal and cardiac muscle, 
as well as the reticuloendothelial system [9]. 

Fig. 3.10 Trypanosoma cruzi. 
Numerous protozoal amastigotes 
within the myocardium (Macaca 
fascicularis, heart, H&E)
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3.1.3 Ciliates 

Balantidium coli 
Balantidium coli (synonyms Balantidium aragaoi, 
B. cunhamunizi, B. philippiensis, B. rhesum, B. simile, 
B. suis, B. wenrichi) is a ciliated protozoan commonly 
identified in the cecum and colon in numerous species of 
nonhuman primates, including rhesus macaques, 
cynomolgus macaques, bonnet macaques, baboons, 
orangutans, chimpanzees, and gorillas [2, 6, 19, 34– 
38]. Transmission occurs through the ingestion of cysts 
[6]. B. coli is a secondary invader in lesions resulting from 
pathogenic bacteria [6, 39]. Pleomorphic motile trophozoites 
are approximately 25–120μm diameter and 30–150μm long 
and are covered with longitudinal rows of cilia [6]. Cysts are 
approximately 40–60μm diameter and contain a large 
kidney-shaped macronucleus [6]. Generally, B. coli is not 
considered pathogenic in macaques and can often be found 
in the lumen of the colon in considerable numbers and may 
invade the mucosa and submucosa postmortem (Figs. 3.11 
and 3.12). This should not be mistaken for a pathogenic 
infection. 

Fig. 3.11 Balantidium coli. 
Large number of Balantidium coli 
present within the colonic mucosa 
and submucosa likely occurring as 
a postmortem artifact due to the 
lack of necrosis and inflammation 
(Macaca fascicularis, colon, H&E 
stain)
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Fig. 3.12 Balantidium coli. B. coli trophozoites demonstrating ciliated 
morphology, large basophilic nucleosome, and cytostome (Macaca 
fascicularis, colon, H&E stain) 

3.1.4 Coccidians 

Cryptosporidium spp. 
Cryptosporidium spp. is a coccidian parasite found in the 
small intestine of several nonhuman primates including 
macaques, baboons, marmosets, and lemurs [9, 40, 
41]. Infections are common in juvenile animals and those 
infected with simian immunodeficiency virus, where 
organisms have been identified in the stomach, intestines, 
gallbladder, bile and pancreatic ducts, and respiratory tract 
(Figs. 3.13 and 3.14)  [9, 42–44]. Hepatic involvement is 
common in immunodeficient macaques and most be 
differentiated from E. bieneusi (see Sect. 3.1.1.9). In contrast 
to the bridging biliary hyperplasia observed with E. bieneusi, 
hepatic C. parvum is more necrotizing and often 
accompanied by concentric (onion skin) fibrosis and neutro-
philic infiltrates. The organism may be identified on the 
luminal aspect biliary epithelial cells as small basophilic 
spherical bodies (Figs. 3.15 and 3.16). Transmission is ani-
mal to animal via a fecal–oral route [9]. Clinical signs include 
dehydration, depression, weight loss, and diarrhea 
[9, 42]. Gross lesions include intestines distended with gas 
and liquid feces, as well as mesenteric lymphadenomegaly 
[42]. Microscopic lesions include small intestinal villous 
blunting and fusion, with enterocyte necrosis [9]. The apical 
aspect of enterocytes is frequently lined by variably round 
approximately 1–4μm trophozoites [9, 42]. Ovoid or spheroi-
dal oocysts are approximately 3.5 by 5.0μm and can be 
identified with Ziehl–Neelsen stained fecal smears or hema-
toxylin and eosin-stained histology sections [9]. 

Fig. 3.13 Cryptosporidium sp. Liver demonstrating concentric fibrosis 
and inflammatory infiltrates surrounding septal ducts. Contrast with 
E. bieneusi infection in Fig. 3.3 (Macaca mulatta, liver, subgross 
H&E stain) 

Fig. 3.14 Cryptosporidium sp. Septal duct demonstrating mixed 
inflammatory cell infiltrate with attenuation and erosion of luminal 
biliary epithelium (Macaca mulatta, liver, H&E stain)
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Fig. 3.15 Cryptosporidium 
sp. Basophilic protozoa line the 
apical epithelial cells of the 
common bile duct (Macaca 
mulatta, common bile duct, H&E) 

Fig. 3.16 Cryptosporidium sp. Small basophilic organisms located on 
the luminal surface of biliary epithelial cells (Macaca mulatta, gall 
bladder, H&E stain) 

Toxoplasma gondii 
Toxoplasma gondii is a protozoan parasite identified in the 
brain, lungs, liver, heart, lymph nodes, kidney, and blood of 
prosimians, Old World monkeys and New World monkeys; 
the latter are more sensitive to infection [33, 45–47]. Trans-
mission occurs via transplacental transmission, ingestions of 
tissue cysts or oocysts [33]. Clinical signs are nonspecific and 
include weakness, respiratory distress, anorexia, malaise, 
hypothermia, and sudden death [45, 46]. Gross lesions 
include pulmonary congestion, pulmonary edema, spleno-
megaly, and lymphadenomegaly [45, 46]. Microscopic 
lesions include necrosis within the liver (Figs. 3.17 and 

3.18) and spleen, myocarditis, lymphadenitis, and interstitial 
pneumonia with necrosis [45, 46]. Frequently, organisms 
were identified within necrotic foci [45, 46]. Round to oval 
oocysts are approximately 11–15μm by 8–12μm, while 
sporulated oocysts contain two ellipsoidal sporocysts approx-
imately 6 × 8.5μm that each contains four sporozoites 
[9]. Tachyzoites develop within vacuoles and are approxi-
mately 6–8μm throughout multiple cell types, including 
hepatocytes, myocardial cells, reticular cells, and fibroblasts 
[9]. Tissue cysts are found within the liver, lung, muscle, and 
brain and are approximately 100μm in diameter and contain 
several lancet-shaped bradyzoites [9]. 

Fig. 3.17 Toxoplasma gondii. Multifocal hepatic necrosis (Saimiri 
sciureus, liver, H&E stain)
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Fig. 3.18 Toxoplasma gondii. Focal hepatic necrosis with intralesional 
tachyzoites (Saimiri sciureus, liver, H&E stain) 

Eimeria spp. 
Eimeria spp. are not thought to be a significant source of 
disease in nonhuman primates [9].

• Eimeria ferruginea: prosimians
• Eimeria galago: prosimians
• Eimeria lemuris: prosimians
• Eimeria modesta: prosimians
• Eimeria otolicni: prosimians
• Eimeria pachylepyron: prosimians
• Eimeria tupaiae: prosimians 

Isospora spp. 
Cystoisospora arctopitheci (synonym Isospora arctopitheci) 
is a coccidian of unknown pathogenicity found in the small 
intestine of New World monkeys [6, 48]. Transmission 
occurs through ingestion of sporulated oocysts, which are 
approximately 25–30μm by 23–25μm and ellipsoidal 
[6, 49]. Sporocysts are also ellipsoidal and are approximately 
10 by 10μm, with four elongate sporozoites [49]. Develop-
mental stages are found within the distal two-thirds of the 
jejunal villi [50]. 

Other species of Cystoisopora include [6, 50–55]:

• Cystoisospora callimico: New World monkeys, small 
intestines

• Cystoisospora papionis: Old World monkeys, small 
intestines

• Cystoisospora endocallimici: Goeldi’s marmosets, feces
• Cystoisospora scorzai: Uakari monkey, feces

• Cystoisospora cebi: Cebus albifrons, feces
• Cystoisospora sp. in apes 

Plasmodium spp. 
Plasmodium spp.. are haemoprotozoal parasites that cause 
malaria in nonhuman primates in tropical and sei-tropical 
regions [9]. These organisms are classified based on the 
species of host infected, parasite morphology, and the type 
of cyclical fever induced [9]. Fevers produced include quo-
tidian which lasts for 24 h, tertian which lasts for 48 h, and 
quartan which lasts for 72 h [9, 33, 56]. Transmission occurs 
via a mosquito insect vector, who injects a sporozoite into the 
vertebrate host [9, 56]. Once in the liver the sporozoite 
produces pre-erythrocytic schizonts which contain numerous 
merozoites that are released into the bloodstream and where 
they invade erythrocytes and take on a small ring-shaped 
appearance [56]. The shape and size of this ring form vary 
between species [56]. The ring stage is followed by the 
trophozoite stage, characterized by a large uninucleate 
appearance that fills, enlarges, and distorts the red blood 
cells [56]. Trophozoites undergo nuclear division to form 
an erythrocytic schizont that contains numerous merozoites 
that are eventually released into the bloodstream to infect 
additional red blood cells [56]. Gross lesions include 
hepatosplenomegaly and lymphoid hyperplasia 
[9, 33]. Microscopic lesions include myeloid hyperplasia in 
the bone marrow, as well as hemozoin pigment deposition in 
Kupffer cells of the liver and macrophages in the splenic red 
pulp and bone marrow (Fig. 3.19)  [9, 33]. This hemozoin 
pigment may impart a brown coloration to tissues such as the 
liver, brain, lung, and spleen (Figs. 3.20, 3.21, 3.22, and 3.23, 
respectively) Intraerythrocytic organisms are visible with 
Giemsa or Wright–Giemsa stained blood smears (Fig. 3.24 
and 3.25) [9, 33]. 

Fig. 3.19 Plasmodium sp. Hemozoin pigment in Kupffer cells of liver 
(Macaca fascicularis, liver, H&E stain)
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Fig. 3.20 Plasmodium cynomolgi (Berok strain). Diffuse dark brown 
malarial (hemazoin) pigment deposition (Macaca mulatta, liver) 

Fig. 3.21 Plasmodium cynomolgi (Berok strain). Diffuse faint brown 
malarial (hemazoin) pigment deposition (Macaca mulatta, brain) 

Fig. 3.22 Plasmodium cynomolgi (Berok strain). Diffuse dark brown 
malarial (hemazoin) pigment deposition (Macaca mulatta, lung) 

Fig. 3.23 Plasmodium cynomolgi (Berok strain). Diffuse dark brown 
malarial (hemazoin) pigment deposition (Macaca mulatta, spleen)
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Fig. 3.24 Plasmodium 
cynomolgi (Berok strain). 
Numerous intraerythrocytic 
trophozoites, with variable 
amounts of malarial (hemazoin) 
pigment, and a single schizont 
containing high numbers of 
merozoites (Macaca mulatta, 
blood smear, Wright–Giemsa) 

Fig. 3.25 Plasmodium sp. Intraerythrocytic ring-form trophozoites 
observed in blood smear of immunosuppressed cynomolgus macaque 
(Macaca fascicularis, blood smear, Wright–Giemsa stain)

• Malaria of prosimians 
– Plasmodium hylobati: gibbons, quartan malaria 
– Plasmodium jefferyi: gibbons, tertian malaria 
– Plasmodium eylesi: gibbons, tertian malaria 
– Plasmodium youngi: gibbons, severe tertian malaria 
– Plasmodium girardi: lemurs, quartan malaria 
– Plasmodium lemuris: lemurs, tertian malaria

• Malaria of Old World monkeys 
– Plasmodium knowlesi: Old World monkeys, quotidian 

malaria 
– Plasmodium cynomolgi: Old World monkeys, tertian 

malaria 
– Plasmodium fieldi: pigtailed macaques, tertian malaria 
– Plasmodium gonderi: mangabeys and mandrills, ter-

tian malaria 

– Plasmodium fragile: macaques, tertian malaria 
– Plasmodium simiovale: Old World monkeys, tertian 

malaria 
– Plasmodium coatneyi: macaques, tertian malaria 
– Plasmodium inui: macaques, quartan malaria 
– Plasmodium shorti: toque monkey and bonnet 

macaques, quartan malaria
• Malaria of New World monkeys 

– Plasmodium simium: New World monkeys (Howler 
monkeys, spider monkeys, capuchin, woolly monkeys, 
squirrel monkeys), tertian malaria 

– Plasmodium brasilianum: New World monkeys 
(Howler monkeys, spider monkeys, capuchin, woolly 
monkeys, squirrel monkeys), quartan malaria

• Malaria of apes 
– Plasmodium rodhaini (synonym Plasmodium 

malariae): Chimpanzees and gorillas, quartan malaria 
– Plasmodium pitheci: orangutans, tertian malaria 
– Plasmodium silvaticum: orangutans, unknown form of 

malaria 
– Plasmodium reichenowi: apes, tertian malaria 
– Plasmodium schwetzi: chimpanzees and gorillas, ter-

tian malaria 

Sarcocystis spp. 
Sarcocystis sp. are generally considered nonpathogenic 
coccidian parasites found in the striated, cardiac, and smooth 
muscle fibers of the rhesus macaque (Sarcocystis kortei, 
Sarcocystis nesbitti), baboons, and New World monkeys 
[6, 18, 56–60]. Transmission occurs through ingestion of 
the organisms in muscle or oocysts in feces [6]. Mature 
sarcocysts are cylindrical, spindle, or ellipsoidal shaped and 
are approximately 1.5 mm long, thin-walled, with protrusions 
approximately 13μm long (Fig. 3.26)  [9]. The size of the 
banana-shaped mature trophozoites varies based on the
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species [6]. Although not always present, inflammatory 
infiltrates surrounding cysts consist of lymphocytes, plasma 
cells, and eosinophils, as well as possible scar tissue forma-
tion (Fig. 3.27) [33, 61]. 
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Fig. 3.26 Sarcocystis sp. Tissue cyst present in skeletal muscle 
myocyte with minimal host reaction (Macaca mulatta, skeletal muscle, 
H&E stain) 

Fig. 3.27 Sarcocystis sp. Tissue cysts present in myocardium 
accompanied by myocardial degeneration and lymphoplasmacytic 
infiltrates (Macaca fascicularis, heart, H&E stain) 

Cyclospora spp. 
Cyclospora cayetanensis is a coccidia found in the small 
intestines of multiple species of nonhuman primates, includ-
ing chimpanzees and baboons [9]. Clinical significance in 
nonhuman primates is not clear, but transmission is through 
ingestion of sporulated infective oocytes [9, 33]. Oocysts are 
approximately 8–10μm in diameter and contain 2 sporocysts, 
which each contains 2 sporozoites [9]. 

Entopolypoides macaci 
Entopolypoides macaci is a mildly pathogenic Babesia-like 
piroplasm found in the erythrocytes of baboons, patas 
monkeys, macaques, guenons, and chimpanzees [6, 62– 
66]. Clinical signs are limited to mild anemia, despite 
prolonged parasitemia [6]. Early forms of E. macaci include 
fine rings with a large vacuole, whereas later stages are 
consistent with appliqué forms and Maltese cross 
formation [6]. 

Babesia spp. 
Babesia pitheci is a piroplasmid parasite found in the 
erythrocytes of macaques, baboons, mangabeys, and 
marmosets [6, 33, 67]. Transmission occurs through an 
arthropod vector, presumably a tick [6]. Clinical signs 
include anemia and fever [56, 68, 69]. Gross and microscopic 
lesions included pericardial effusion and leukocytic infiltra-
tion of the liver and kidney, as well as hemosiderin deposi-
tion [56, 68, 69]. Pyriform piroplasms are approximately 
2–6μm long [9]. 

Hepatocystis kochi 
Hepatocystis kochi (synonym Hepatocystis simiae)  is  a  
intraerythrocytic parasite found in Old World monkeys, 
gibbons, and orangutans [6, 9]. Transmission occurs via the 
insect vector, the Culicoides spp. midge [6, 9]. Gross lesions 
include multiple gray-white foci (mature merocysts) on the 
surface of the liver [9]. Microscopically, intact cysts are 
surrounded by neutrophils, while ruptured cysts are 
associated with granulomatous inflammation, as well as lym-
phocytic infiltrates (Figs. 3.28 and 3.29)  [9]. Intraerythrocytic 
parasites are apparent with a Giemsa stain revealing a large, 
pink, oval nucleoplasm that contains abundant red chromatin 
granules [9].
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Fig. 3.28 Hepatocystis kochi. Myriad of schizonts present within 
mature merocyst (Papio sp., liver, H&E stain) 

Fig. 3.29 Hepatocystis kochi. Remnant H. kochi infection 
demonstrating pyogranulomatous inflammation with multinucleated 
giant cells and eosinophils and absence of visible organisms (Papio 
sp., liver, H&E stain) 

Klossiella 
Klossiella sp. is classified in the suborder Adeleorina in the 
family Klossiellidae; it is generally considered nonpatho-
genic and has been identified in a galago [9, 70]. Oocysts 
are found within renal tubules and contain numerous 
sporocysts approximately 9–10μm in diameter, each 
containing multiple sporozoites approximately 1.3–1.9μm 
wide and 8–10μm long [70]. Transmission occurs through 
ingestion of sporocysts passed in the urine [9]. 

3.1.5 Amoeba 

Entamoeba (E. histolytica, E. dispar, E. gingivalis) 
Entamoeba histolytica (synonyms Entamoeba dysenteriae, 
Endamoeba histolytica) is a pathogenic protozoa found in 
the large intestine, liver, lungs, spleen, stomach, and/or rarely 
the brain of rhesus macaques, cynomolgus macaques, 
baboons, chimpanzees, spider monkeys, proboscis monkeys, 
colobus monkeys, silver leaf monkeys, and langurs 
[9, 71]. Transmission is through the ingestion of food 
and/or water contaminated with cysts shed in the feces. 
Infections range from asymptomatic to animals that experi-
ence diarrhea, dehydration, weight loss, anorexia, and emesis 
[9]. Microscopic lesions include small colonies of amoebae 
in the mucosa, submucosa, and muscularis of the large intes-
tine exacerbated by co-infection with pathogenic bacteria 
where they can be associated with neutrophilic infiltrates 
(Fig. 3.30) [9]. 

Fig. 3.30 Entamoeba histolytica. Invasive amoebiasis with irregularly 
shaped trophozoites present with the submucosa (Macaca mulatta, 
colon, H&E stain) 

Amoeba can enter the lymphatics and migrate to the liver 
and other organs, where they form abscesses 
[9]. E. histolytica trophozoites range from 12–15μm t  
20–30μm in diameter with a nucleus with a small central 
endosome and few scattered chromatin granules, as well as 
mature cysts approximately 10–12μm with four nuclei 
[9]. E. dispar is morphologically identical to E. histolytica 
but is considered nonpathogenic [6]. 

E. gingivalis is a nonpathogenic protozoa found in the oral 
cavity of rhesus macaques, cynomolgus macaques, baboons, 
and chimpanzees with underlying gingivitis [6, 18]. Transmis-
sion occurs through oral contact [6]. Trophozoites range from 
approximately 5–35μm long to 10–20μm long, have a
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nucleus with a small central endosome and a ring of periph-
eral granules, and lack a cyst form [9]. 
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Balamuthia mandrillaris 
Balamuthia mandrillaris is a pathogenic amoeba recognized 
in the brains of a mandrill, white-cheeked gibbon, western 
lowland gorillas, and a colobusmonkey [6, 72]. Transmission 
occurs through ingestion of food or water contaminated with 
amoeba. Clinical signs included progressive limb paresis or 
paralysis, depression, and weakness [72]. Gross lesions 
within the central nervous system were either absent or 
included cerebral malacia and hemorrhage [72]. Microscopic 
lesions range from acute to subacute necrotizing meningo-
encephalitis to granulomatous amoebic meningoencephalitis 
with extraneural fibrogranulomatous inflammation 
(Figs. 3.31 and 3.32) [72]. Disseminated infections were 
evident as multifocal masses throughout the abdomen or 
within multiple organs [72]. Round trophozoites are approx-
imately 15–30μm in diameter with a 3–5μm eccentric 
nucleus [72]. Cysts are approximately 10–15μm i  
diameter [72]. 

Fig. 3.31 Balamuthia mandrillaris. Rare trophozoite identified 
accompanied by extensive gliosis and mixed inflammatory cell infiltrate 
(Gorilla gorilla, brain, H&E stain) 

Fig. 3.32 Balamuthia mandrillaris. Multifocal chronic 
pyogranulomatous hepatitis (Gorilla gorilla, liver, H&E stain) 

Endolimax nana 
Endolimax nana (synonyms Amoeba limax, Entamoeba 
nana, Endolimax intestinalis, Endolimax suis, Endolimax 
ratti) is a nonpathogenic amoeba found in the cecum and 
colon of several nonhuman primates including rhesus 
macaques, cynomolgus macaques, baboons, chimpanzees, 
and gorillas [6]. Transmission occurs through ingestion of 
food or water contaminated with cysts [73]. Trophozoites are 
approximately 6–15μm diameter and mature cysts are oval 
and approximately 8–10μm long with four nuclei [9]. 

3.2 Metazoa 

3.2.1 Nematodes 

Ancylostomids (Hookworms) 

Ancylostoma, Necator 
Ancylostoma duodenale and Necator americanus are 
hookworms that are primarily found in humans but have 
been uncommonly reported in wild and laboratory primates 
(baboons, chimpanzees, gibbons, gorillas, mandrills, patas 
monkeys, and spider monkeys), which appear to be only 
incidental hosts [6, 33, 74–77]. Infection occurs through 
ingestion or larval penetration of the skin [6]. Gross lesions 
include worms attached to the intestinal mucosa, thickening 
and hemorrhage of the intestinal wall, and organ pallor due to 
anemia [6, 74, 75, 77]. Ancylostoma duodenale worms are 
8–13 mm long; eggs are 60 by 40 μm. Necator worms are 
7–11 mm long; eggs are 64–76 μm  by  36–40 μm 
[6, 74]. Ancylostomid worms (platymyarian, smooth and 
thick cuticle, vacuolated lateral chords, and an intestine that
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is large and lined by few multinucleate enterocytes with a 
brush border) and eggs (elliptical, thin-shelled and contain a 
morula) are very similar to strongylids and are easily 
misidentified [78, 79]. 
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Ascarids (Roundworms) 
Ascarids are a common finding in the digestive tract of 
nonhuman primates and worms are indistinguishable from 
Ascaris lumbricoides in humans [33]. They have been 
reported in chimpanzees, gibbons, gorillas, orangutans and 
rhesus macaques [6, 33, 74, 75, 77]. Infections occur through 
ingestion and are typically subclinical, consisting simply of 
worms within the intestinal lumen [6]. Rare fatalities thought 
to be due to high parasite load, intestinal obstruction and 
migration of worms into the liver and bile duct exist in 
chimpanzees and macaques [80, 81]. Visceral migration of 
ascarid larvae, especially Baylisascaris procyonis, i  
paratenic primate hosts can also cause severe disease, espe-
cially when larvae migrate through the central nervous sys-
tem. Published and unpublished reports exist from a wide 
range of primate species, including lemurs, bushbabies, 
marmosets, tamarin, titi monkeys, spider monkeys, 
macaques, gibbons, and orangutans [82–90]. Histologic 
lesions consist of granulomatous inflammation and larvae in 
non-central nervous system viscera. In the brain and spinal 
cord, migration tracts consist of malacia, microcavitation, 
foamy macrophages (Gitter cell), hemorrhage, and leukocyte 
infiltration (need to characterize). Mononuclear and eosino-
philic perivascular cuffing, gliosis, astrocytosis, astrocytic 
scarring, and granulomatous or lymphoeosinophilic enceph-
alitis can also occur [6, 33, 74, 75]. Larvae can be difficult to 
capture in histologic section in the brain and may be distant to 
migration tracts. Adult ascarids are large worms (in the range 
of 15–50 cm long by 2–6 mm wide) with coelomyarian 
musculature and an intestine that is large and lined by many 
uninucleate cuboidal to columnar cells with a low brush 
border. Many ascarid larvae (including Baylisascaris 
procyonis) have prominent lateral alae and an excretory col-
umn between the intestinal tract and the lateral chords. 
Baylisascaris procyonis larvae specifically are 60–80 μm in  
midbody diameter. Ascarid eggs are typically approximately 
90 μm by 40–50 μm with a thick shell and uninucleate zygote 
[6, 78, 79]. 

Filariids 
Filariids are long, thin worms that live outside of the diges-
tive tract. Females produce microfilariae that live in the 
peripheral blood, lymph, skin, or intermuscular tissue of the 
definitive host. Microfilariae can be sheathed or unsheathed 
and may have a diurnal or nocturnal periodicity to their 
peripheral blood circulation in the host [6, 33, 74]. Infection 
occurs when the intermediate host, a biting or sucking insect, 
transmits microfilaria while feeding on the definitive host 

[6]. Most often, filariae live in the subcutaneous tissues and 
induce little to no inflammation. Adults can also live in the 
peritoneal or pleural cavity where heavy infections can result 
in fibrinous adhesions and fibrinopurulent pleuritis/peritonitis 
[6, 74, 91]. Filariids have coelomyarian musculature and 
most have a very small intestine. Free microfilariae may be 
visible in the uteri of females, although some “primitive” 
filariids have thick-shelled eggs containing the larvae 
[78, 79]. 

Dirofilaria 
Dirofilaria corynodes is the most commonly reported species 
of African Old World monkeys (colobus monkeys, guenons, 
mangabeys, patas monkeys, and vervet monkeys) and has 
also been found in langurs [6, 33, 74, 77, 91–93]. Worms 
typically reside in the subcutis of the trunk and lower 
extremities with minimal tissue reaction. Male worms are 
approximately 8 cm long while females are 20–30 cm long; 
microfilaria are 250–290 μm long [6]. Other reported species 
and hosts include D. magnilarvatum and D. macacae in the 
subcutis and peritoneal cavity of cynomolgus and rhesus 
macaques; D. immitis (syn. D. pongoi) in the heart of an 
orangutan and saki monkey and the peritoneal cavity of an 
orangutan [33, 92]. 

Dipetalonema, Mansonella, Sandnema, 
Tetrapetalonema 
This family of worms has been challenging for taxonomists 
to classify and species have been moved between related 
genera over the years [94]. Dipetalonema caudispina, 
D. gracile, D. marmosetae, and D. tamarinae are most com-
monly reported with fewer reports of D. graciliformis, 
D. freitasi, D. obtusa, D. parvum, D. robini, and D. tenue. 
Many species of Mansonella have been reported from 
primates, including M. atelense (syn. D. atelense), 
M. colombiensis, M. mystaxi, M. ozzardi, M. panamensis, 
M. perstans (syn. Dipetalonema perstans), M. rodhaini 
(syn. Dipetalonema rodhain), M. streptocerca (syn. 
Dipetalonema streptocerca), and M. vanhoofi (syn. 
Dipetalonema vanhoofi). These genera of filariids primarily 
infect New World monkeys (callitrichids, capuchins, lorises, 
owl monkeys, spider monkeys, squirrel monkeys, and woolly 
monkeys), although M. streptocerca, M. rodhaini, and 
M. vanhoofi are found in chimpanzees and Sandnema 
digitatum is reported from gibbons [6, 74, 77, 94]. Mixed 
infections can occur. M. streptocerca and M. rodhaini are 
unique in that microfilariae are present in the subcutis and not 
the peripheral blood. Adults range from approximately 
2–20 cm long with females being much larger than males; 
microfilaria are 130–430 μm long [6].
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Other Filariids 
Edesonfilaria malayensis is described in cynomolgus and 
rhesus macaques [6, 33, 74]. Adults typically reside free in 
the peritoneal cavity or within the subserosal connective 
tissue. In few reports, worms are associated with retroperito-
neal or serosal nodules consisting of fibrosis/fibroplasia, 
granulation tissue, hemorrhage and lymphocytic and eosino-
philic inflammation [33]. Macacanema formosana is 
reported in the peritracheal connective tissue and diaphragm 
of macaques [6, 33, 74, 95]. Loa papionis and L. loa are 
reported in the subcutis and peritoneal cavity of baboons, 
drills, guenons, gorillas, and mangabeys, occasionally micro-
filaria can elicit granulomatous nodules on the superficial red 
pulp of the spleen. Brugia malayi and B. pahangi are reported 
in the lymph nodes and lymphatics of macaques, leaf 
monkeys, and slow lorises with no associated lesions. 
Meningonema peruzzii are reported in the subarachnoid 
space of the dorsal brainstem of vervet monkeys and talapoin 
monkeys with no associated lesions [96]. Onchocerca volvu-
lus has been reported in a subcutaneous nodule from a gorilla 
[6, 33, 74]. 

Oxyurids (Pinworms) 

Enterobius, Trypanoxyuris 
Trypanoxyuris, Oxyuronema, and Enterobius spp. are most 
commonly reported and have been found in a range of New 
and Old world monkeys, great apes and prosimians, includ-
ing baboons, callitrichids, capuchins, chimpanzees, gibbons, 
gorillas, howler monkeys, lemurs, lorises, night monkeys, 
orangutans, rhesus monkeys, spider monkeys, squirrel 
monkeys, and woolly monkeys [6, 33, 74–77, 97, 98]. Infec-
tion occurs through ingestion of infective eggs [6]. Adults 
reside in the cecum and colon. Oxyurid infections are typi-
cally subclinical and gross lesions are often restricted to self-
mutilation of the perineum due to perineal/anal pruritus. 
Subclinical infections lack histologic lesions aside from 
adult worms in the intestinal lumen. Fatal Enterobius 
infections have been reported in chimpanzees due to ulcera-
tive enterocolitis and granulomatous peritonitis, lymphadeni-
tis, and hepatitis [97, 98]. Adult worms are approximately 
2–13 mm long by 100–500 μm wide with platymyarian 
musculature, many uninucleate cells lining the intestine and 
most have a rhabditoid esophagus with a corpus, isthmus and 
bulb and lateral alae. Eggs are 50–60 μm by 20–30 μm, 
slightly flattened on one side, thick-shelled and contain an 
embryo [6, 78, 79]. 

Rhabditoids 

Strongyloides 
Strongyloides cebus, S. fuelleborni, and S. stercoralis are the 
most commonly reported species with fewer reports of 

S. simiae and S. papillosus. Reported host animals for 
strongyloides sp. include baboons, capuchins, cebus 
monkeys, chimpanzees, cynomolgus and rhesus macaque, 
gibbons, gorillas, guenons, Japanese monkeys, lemurs, 
lorises, marmosets, orangutans, patas monkeys, spider 
monkeys, squirrel monkeys, and woolly monkeys [6, 33, 
74–77, 99]. Infection occurs when larvae penetrate the 
host’s skin or digestive tract mucosa after ingestion 
[6]. Only adult females and larvae are present in the gastroin-
testinal tract and migrating filariform larvae are found in 
lungs and other parenchymal organs. Gross lesions include 
catarrhal, hemorrhagic, or necrotizing enterocolitis occasion-
ally with secondary peritonitis and pulmonary hemorrhage. 
Histologic lesions include erosive and ulcerative enteritis 
with adults, larvae, and eggs that are mainly in intraepithelial 
tunnels in the mucosa or in intestinal gland lumina. Neutro-
philic inflammation is common with fewer eosinophils and 
neutrophils and lymphoid hyperplasia. Villous blunting, loss, 
and fusion may occur in severe infections. Invasion of larvae 
into the deeper lymphatics and mesenteric lymph nodes may 
result in granulomatous lymphangitis, lymphangiectasia, 
edema, and fibrosis. Larvae that migrate to parenchymal 
organs may be unaccompanied by a tissue response or can 
produce hemorrhage and serosal granulomas. Larvae in the 
lungs are associated with interstitial pneumonia and mild to 
severe hemorrhage [6, 33, 75, 99]. Adult female worms are 
2–5 cm long by 30–80 μm wide with a short pointed tail. 
First-stage larvae are 150–800 μm in length and 12–20 μm in  
width. Eggs are 40–70 μm by 20–30 μm, thin-shelled and 
initially uninucleate but embryonate in the tissue in most 
hosts [6]. Worms have platymyarian musculature, an intes-
tine with uninucleate cells, a paired genital tract, and a 
rhabditiform muscular esophagus with a corpus, isthmus, 
and bulb; however, the small size of these worms may 
make it difficult to appreciate these features or capture them 
in histologic sections [78, 79]. 

Spirurids 

Trichospirura 
Trichospirura leptostoma have been reported from New 
World monkeys, including marmosets, tamarins, owl 
monkeys, and tamarins [6, 33, 74, 77, 100]. Route of infec-
tion is presumed to be ingestion [6]. Infections are often 
subclinical, but heavy worm burdens are associated with 
pancreatitis in marmosets and owl monkeys and wasting 
syndrome in common marmosets [100]. Gross lesions are 
typically absent, and worms are found in the inter- and 
intralobular pancreatic ducts incidentally on histologic exam-
ination (Fig. 3.33).



3 Parasitic and Fungal Infections in Nonhuman Primates 107

Fig. 3.33 Trichospirura leptostoma. Spirurid nematode present in 
pancreatic duct of common marmoset with minimal host reaction 
(Callithrix jacchus, pancreas, H&E stain) 

There is mild, if any, tissue reaction (duct ectasia, epithe-
lial attenuation, periductal fibrosis, lymphoeosinophilic 
peridochitis, and parenchymal necrosis and atrophy) [6, 33, 
74]. Adult worms are up to 20 mm long [33, 74]. They have 
typical spirurid features, including coelomyarian muscula-
ture, eosinophilic fluid in the pseudocoelom, lateral chords, 
an esophagus with an anterior muscular portion and posterior 
glandular portion, an intestine lined by many uninucleate 
cuboidal to columnar cells, and extensive uteri containing 
embryonated eggs [78, 79]. Eggs are 50–55 μm by 23–30 
μm, thick-shelled and contain an embryo/larva with a large 
hook and several rows of spines on the anterior end [74]. 

Gongylonema 
Gongylonema macrogubernaculum and/or G. pulchrum have 
been reported New and Old World monkeys and prosimians, 
including baboons, callitrichids, capuchins, gibbons, 
guenons, lemurs, macaques, patas monkeys, spider monkeys, 
squirrel monkeys, and varis [6, 33, 74, 76, 101, 102]. Route 
of infection is ingestion, often of an insect intermediate host 
[6]. Infections are typically subclinical; callitrichids can 
exhibit facial pruritus and ptyalism. Gross lesions are rare 
and worms are often only found incidentally on histology. 
Esophageal squamous cell carcinoma was attributed to 
Gongylonema infection in a vari [101]. Adults are present 
in tunnels in the stratified squamous epithelium of the lips, 
oral cavity, and esophagus with little to no tissue reaction 
(Fig. 3.34). 

Fig. 3.34 Gongylonema pulchrum. Intraepithelial nematode present 
with oral mucosa (Macaca fascicularis, H&E stain) 

Empty tunnels may contain eggs and few granulocytes. 
Swallowed or aspirated eggs may be found in the stomach 
and bronchi. Cytological diagnosis can be made via tongue 
scraping [102]. Adults are 5–55 mm long and the anterior end 
has several rows of conspicuous, round to oval, cuticular 
bosses [74]. They have typical spirurid features, including 
coelomyarian musculature, eosinophilic fluid in the 
pseudocoelom, lateral chords, an esophagus with an anterior 
muscular portion and posterior glandular portion, an intestine 
lined by many uninucleate cuboidal to columnar cells, and 
extensive uteri containing embryonated eggs [78, 79]. Eggs 
are 50–70 μm by 25–35 μm, ovoid, thick-shelled and contain 
an embryo/larva with a large hook and several rows of spines 
on the anterior end [74]. 

Pterygodermatites 
Pterygodermatites (syn. Riticularia) nycticebi and/or P. alphi 
have been reported in capuchins, guenons, gibbons, 
marmosets, tamarins, and slow lorises [6, 33, 75, 76, 
103]. Route of infection is ingestion, often of an insect 
intermediate host [33]. In golden lion tamarins, adult worms 
can be found grossly in the intestinal tract lumen. On histol-
ogy, adult worms are anchored in the mucosa by their anterior 
end and larvae are in the deeper submucosa. Rarely, worms 
may be present in the tunica muscularis and pancreatic ducts. 
Small intestinal villi may be blunted and overlain by a 
necrotic pseudomembrane containing spirurid eggs 
[33, 103]. Adults are approximately 9–30 mm long and 
0.5–1 mm wide; they have typical spirurid features, including 
coelomyarian musculature, eosinophilic fluid in the 
pseudocoelom, lateral chords, an esophagus with an anterior 
muscular portion and posterior glandular portion, an intestine 
lined by many uninucleate cuboidal to columnar cells, and



extensive uteri containing embryonated eggs 
[78, 79]. P. nycticebi have sublateral alae. Eggs are 39–45 
μm by 26–36 μm, thick-shelled and contain an embryo/larva 
with a large hook and several rows of spines on the anterior 
end [103]. 
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Streptopharagus 
Streptopharagus armatus and/or S. pigmentatus have been 
reported in baboons, gibbons, guenons, macaques, and patas 
monkeys [6, 33, 75, 104]. Adults are found in the lumen of 
the stomach. Route of infection is ingestion, often of an insect 
intermediate host [104]. Pathogenic effects are not well-
documented. Adults are 30–56 mm long by 0.75–1.3 mm 
wide; they have typical spirurid features, including 
coelomyarian musculature, eosinophilic fluid in the 
pseudocoelom, lateral chords, an esophagus with an anterior 
muscular portion and posterior glandular portion, an intestine 
lined by many uninucleate cuboidal to columnar cells, and 
extensive uteri containing embryonated eggs [6, 78, 
79]. Eggs are 28–38 μm by 17–22 μm, thick-shelled, asym-
metrical and contain an embryo/larva with a large hook and 
several rows of spines on the anterior end [6]. 

Physaloptera 
Nine species within the genus Physaloptera have been 
reported in nonhuman primates, including Physaloptera 
dilatata in the stomach of capuchins, lemurs, marmosets, 
saki monkeys, titi monkeys, and woolly monkeys; P. 
tumefaciens in the stomach of Asian macaques; Physaloptera 
(syn. Abbreviata) caucasica in esophagus, stomach, and 
small intestine of baboons, orangutans, and rhesus macaques; 
and Physaloptera (syn. Abbreviata) poicilometra in the stom-
ach of guenons and mangabeys [6, 33, 74, 76]. Route of 
infection is ingestion, often of an insect intermediate host 
[6]. Worms found at necropsy in the lumen of the infected 
organs. Attachment to the wall can produce local inflamma-
tion, erosion, and ulceration. Hyperplasia, lumen obstruction, 
perforation, and death are rarely reported [6, 33, 74, 
76]. Worms are thick and muscular, resembling ascarids, 
and approximately 15–60 mm long [6]. They have typical 
spirurid features, including coelomyarian musculature, eosin-
ophilic fluid in the pseudocoelom, lateral chords, an esopha-
gus with an anterior muscular portion and posterior glandular 
portion, an intestine lined by many uninucleate cuboidal to 
columnar cells, and extensive uteri containing embryonated 
eggs [78, 79]. Eggs are 39–50 μm by 23–34 μm, thick-
shelled, asymmetrical and contain an embryo/larva with a 
large hook and several rows of spines on the anterior end [6]. 

Other Spirurids 
Other spirurids have been reported from nonhuman primates, 
including Spirura guianensis in the esophagus of tamarins 
and squirrel monkeys, Chitwoodspirura serrata in the 

stomach and small intestine of chimpanzees and gorillas, 
Protospirura muricola in the esophagus and stomach of 
Cebus monkeys, Metathelazia ascaroides in the lungs of 
guenons, and Thelazia callipaeda in the eyes of monkeys 
[6, 33]. 

Strongylids 

Oesophagostomum (Nodular worm) 
Oesophagostomum aculeatum, O. apiostomum, O. bifurcum, 
and O. stephanostomum are the most common species 
(although there are many others) and have been reported 
from baboons, chimpanzees, gibbons, gorillas, guenons, 
macaques, mangabeys, and orangutans [6, 33, 74, 75, 
105]. These worms are rare in New World monkeys. Infec-
tion occurs through ingestion of infective larvae [6, 33]. Infec-
tion is typically mild and subclinical. Within the host, worms 
reside within a 2–4 mm diameter, smooth, firm, nodule 
within the intestinal wall, most often within the serosa or 
mesentery of the cecum or colon. Less frequently they may 
be found in the diaphragm, kidney, liver, lung, omentum, 
peritoneum, or small intestine. Nodules may be red, brown, 
or black when they contain hemorrhage or white or yellow if 
they are older and contain caseous material or mineralization. 
In the acute stages, intact and viable worms are visible within 
nodules. Occasionally, a mucosal ulcer and a fistulous tract 
can be found connecting the site of mucosal penetration to the 
nodule. Secondary bacterial infection can result in ulceration, 
perforation, peritonitis with fibrous adhesions and septice-
mia. When infection results in hypoproteinemia, 
hydropericardium and hydrothorax may occur. On histology, 
worms are surrounded by necrotic cellular debris, hemor-
rhage, and/or mixed inflammatory cells (neutrophils, 
macrophages, multinucleated giant cells, eosinophils, 
lymphocytes, and plasma cells), with a variably thick and 
mature fibrous capsule depending on the chronicity 
(Fig. 3.35). In rhesus macaques, granulomatous lesions 
lacking caseation have been reported in the colon, kidney, 
prostate, pancreas, and heart [6, 33, 74, 75, 105]. Worms are 
8–11 mm long by 200–300 μm wide; eggs are approximately 
60–85 μm  by  25–55 μm, elliptical, thin-shelled and contain a 
morula [6]. Oesophagostomum has a thick and smooth cuti-
cle, platymyarian musculature, vacuolated lateral chords, and 
an intestine that is large and lined by few multinucleated cells 
with a prominent brush border [78, 79].
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Fig. 3.35 Oesophagostomum sp. Pyogranulomatous inflammation 
with eosinophils and intralesional nematode present in submucosa of 
colon (Macaca fascicularis, colon, H&E stain) 

Ternidens 
Ternidens deminutus has been reported in baboons, 
chimpanzees, gorillas, guenons, and macaques [6, 33, 
74]. Infection occurs through ingestion of infective larvae 
[6]. Infection is typically subclinical and lesions are often 
limited to worms in the small and large intestinal lumen that 
occasionally cause mucosal damage, cystic nodules, luminal 
hemorrhage, and anemia [6, 33, 74]. The morphology of 
Ternidens is similar to Oesophagostomum (eggs 57–65 μm 
by 36–45 μm) [6]. 

Trichostrongylids 

Molineus 
Molineus elegans, M. torulosus, M. vexillarius, and 
M. vogelianus are all reported, although only M. torulosus 
appears to be pathogenic. Infection has been documented in 
capuchins, night monkeys, pottos, squirrel monkeys, and 
tamarins [6, 33, 77, 106]. Route of transmission is unknown. 
Worms are small, slender (3–5 mm long), pale red and reside 
on (but unattached to) the mucosa of the stomach and duode-
num, and less often in the pancreas and intestinal mesentery. 
M. torulosus produces necrotic ulcers and hemorrhage in the 
intestinal wall [6]. Serosal nodules that contain worms and 
communicate with the intestinal lumen through an ulcer have 
been documented in capuchins [106]. Histologically, nodules 
consist of a granuloma with a central core of worms and eggs 
surrounded by eosinophilic debris and mixed leukocytes. In 
pancreatic infections, chronically inflamed pancreatic ducts 
contain worms and eggs [33]. Worms have platymyarian 
musculature, evenly spaced external longitudinal cuticular 
ridges, and an intestine that is large and lined by few 

multinucleated cells with a prominent brush border 
[78, 79]. Eggs are elliptical, 40–52 μm by 20–30 μm, thin-
shelled and contain a morula [6]. 

Nochtia 
Nochtia nochti has been reported in rhesus, cynomolgus, and 
stump-tailed macaques [6, 33, 74, 77]. The worms reside 
within the mucosa at the junction of the fundic and pyloric 
stomach. Route of infection is presumed to be ingestion and 
infections are typically subclinical [6]. The gross lesion is a 
reddened, bosselated, polypoid mass. Histologically, the 
polyp consists of benign papillary projections of hyperplastic 
gastric mucosa supported by a fibrovascular stalk. In the 
gastric glands, there is marked hyperplasia of mucous neck 
cells that replace parietal cells (metaplasia). There may be 
proprial or submucosal infiltrates of lymphocytes, plasma 
cells and eosinophils, edema and fibrosis [6, 33, 
74]. Worms and eggs are in the deep mucosa or submucosa. 
Worms are bright red, small, and slender (5–10 mm long by 
100–170 μm wide) with typical trichostrongylids features 
(platymyarian musculature, evenly spaced external longitudi-
nal cuticular ridges, and an intestine that is large and lined by 
few multinucleated cells with a prominent brush border 
[6, 78, 79]. Eggs are thin-shelled, elliptical, 60–80 μm b  
35–42 μm and contain a morula [6]. 

Other Trichostrongylids 
Additional reports of trichostrongylids include 
Trichostrongylus colubriformis in baboons, chimpanzees, 
and rhesus macaques, Pithecostrongylus alatus in guenons 
and orangutans, Graphidiodes berlai in spider monkeys and 
woolly monkeys, Nematodirus weinbergi in chimpanzees, 
and Longistriata dubia in howler monkeys, squirrel 
monkeys, and tamarins [6]. In all of these cases, worms 
inhabit the intestinal lumen of the host but produce minimal 
disease. 

Metastrongylids 

Filaroides, Filariopsis 
Filaroides barretoi, F. gordius, and Filariopsis arator are 
lungworms that are most commonly reported from New 
World monkeys, including capuchins, cebus monkeys, 
howler monkeys, marmosets, squirrel monkeys, and 
tamarins. Route of infection is unknown. Most infections 
are subclinical. Gross lesions are subtle and include small, 
slightly elevated subpleural nodules in the lung that may be 
darkly pigmented. First-stage larvae can be found in the 
feces. Histologically, worms are within bronchioles and 
alveoli and there may be variable levels of atelectasis as 
well as little or no chronic inflammation in the alveolar 
lumina and interstitium. Worms are slender and fragile 
[6, 33, 74]. Morphological descriptions of the species



affecting primates are lacking, but the more well-studied 
Filaroides osleri worms are 5–14 mm long with eggs mea-
suring 80 by 50 μm [6]. Like all other metastrongylids, these 
worms have coelomyarian musculature, an intestine that is 
large and lined by few multinucleated cells with a prominent 
brush border, and typically have accessory hypodermal 
chords [78, 79]. 
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Angiostrongylus 
Angiostrongylus (syn. Parastrongylus) costaricensis and 
A. cantonensis (P. cantonensis) have been reported to pro-
duce disease in callitrichids, gibbons, night monkeys, 
orangutans, owl monkeys, and siamangs similar to that in 
rats and humans [6, 33, 75, 107–109]. Grossly, thickening, 
discrete granulomas and/or hemorrhage are present in the 
small intestinal wall and mesenteric artery (A. costaricensis) 
or pulmonary vessels (A. cantonensis). Intact worms can 
sometimes be recovered from the mesenteric vessels, pulmo-
nary vessels, or heart. Histologically, microgranulomas/gran-
ulomatous inflammation in all tunics of the intestine was 
accompanied by larvae and eggs that are within blood vessels 
or in the interstitium. Larvae can also be found within portal 
triads [33, 109]. A. cantonensis can also produce eosinophilic 
meningoencephalitis and/or myelitis [109]. Morphological 
descriptions of Angiostrongylus costaricensis are lacking, 
but metastrongylids in general have coelomyarian muscula-
ture, an intestine that is large and lined by few multinucleated 
cells with a prominent brush border, and typically have 
accessory hypodermal chords [78, 79]. 

Trichurids 

Trichuris (Whipworms) 
Trichuris sp. have been reported from a wide range of New 
and Old World monkeys, prosimians, and apes, including 
African green monkeys, baboons, chimpanzees, gibbons, 
howler monkeys, lemurs, lorises, macaques, squirrel 
monkeys, woolly monkeys [6, 33, 74]. The route of infection 
is ingestion and adult worms reside in the mucosa of the 
cecum and colon. Infections are usually subclinical unless 
worm burden is heavy, in which typhlocolitis can occur and 
sometimes result in death [6]. Adults are approximately 
30–50 mm long and the anterior end is embedded in the 
intestinal mucosa and is much thinner than the thicker and 
more blunt proximal portion (Fig. 3.36 and 3.37) [6, 74]. Like 
all aphasmids, Trichuris has bacillary bands rather than lat-
eral chords and a row of basophilic esophageal glands that 
forms a stichosome surrounding the esophagus [78, 79]. Eggs 
are brown, ovoid with bipolar plugs and 50 × 22 μm [6, 74]. 

Fig. 3.36 Trichuris trichiura. Numerous thin white nematodes embed-
ded within the cecal and ascending colonic mucosa. Mucosal thickening 
was attributed to concurrent infection with Campylobacter coli (Macaca 
mulatta, cecum and ascending colon) 

Fig. 3.37 Trichuris trichiura. Cross section of the anterior end of a 
trichurid embedded within the superficial ascending colonic mucosa. 
The section demonstrates a stichosome surrounding the esophagus, 
stichosome nucleus, bacillary bands (Macaca mulatta, ascending 
colon, H&E) 

Capillaria 
Capillaria hepatica (syn. Calodium hepatica) has been 
reported from a wide range of New and Old World monkeys 
and apes, including callitrichids, chimpanzees, baboons, 
cebus monkeys, gorillas, lemurs, rhesus macaques, saki 
monkeys, and spider monkeys [6, 33, 74, 75, 110, 
111]. The route of infection is ingestion of embryonated 
eggs, typically from environments that are contaminated by 
decomposed liver or feces of predated natural rodent hosts



[6]. Adults reside in the liver parenchyma where they deposit 
eggs. Gross lesions include white or yellow plaques or 
nodules on the liver. Histologic lesions include adult worms 
and eggs that are surrounded by fibrous connective tissue, 
chronic inflammatory cell infiltrates, granulomatous inflam-
mation, and multinucleated giant cells. Eventually, hepatic 
lesions are replaced by fibrosis, and cirrhosis can occur 
[6, 33, 74, 75, 110, 111]. Fatal hepatitis has been reported 
[74]. Adults are 17–100 mm long by 40–200 μm wide 
[6]. The anterior end of the worm is thinner than the posterior, 
similar to Trichuris but less pronounced. Like all aphasmids, 
Capillaria has bacillary bands rather than lateral chords and a 
row of basophilic esophageal glands that forms a stichosome 
surrounding the esophagus [78, 79]. Eggs are ovoid, 48–62 
μm long by 29–37 μm wide, with bipolar plugs and many 
small perforations in the shell giving it a pitted appearance 
[6, 74]. 
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Anatrichosoma 
Anatrichosoma cynomolgi (syn. A. cutaneum, A. rhina, or 
A. nacepobi) had been reported from a wide range of New 
and Old World monkeys and apes, including baboons, 
gibbons, langurs, mangebeys, marmosets, orangutans, patas 
monkeys, siamangs, talapoin monkeys, and vervets [6, 33, 
74, 75, 77]. The route of infection is unknown. Adults 
migrate through the stratified squamous epithelium of the 
nares or skin of the extremities, where they form tunnels 
and deposit eggs. Gross lesions include white serpentine 
tracks in the palmar and plantar skin that may have seropuru-
lent discharge or vesicle, bulla or pustule formation. Regional 
lymph nodes may be enlarged. Histologic lesions include 
squamous hyperplasia, parakeratotic hyperkeratosis, and 
lymphoplasmacytic dermatitis/rhinitis associated with 
intraepithelial adults and larvated eggs [6, 33, 74]. Adults 
are 60–200 μm wide and like all aphasmids have bacillary 
bands rather than lateral chords and a row of basophilic 
esophageal glands that forms a stichosome surrounding the 
esophagus. Eggs are ovoid, 60–67 μm by 40–48 μm with 
bipolar plugs and contain a larva (unlike Trichuris and 
Capillaria that lack larvae) [6, 78, 79]. 

3.2.2 Cestodes (Tapeworms) 

Many cestodes, or tapeworms, have been reported from non-
human primates, often with little to no clinical disease or host 
response; only the most commonly reported and significant 
are discussed below. Adults reside in the intestinal tract 
where they rarely cause disease. Larval cestodiasis occurs 
when nonhuman primates act as the intermediate host for 
several tapeworm species. Larvae can occur in solid 
(sparganum) or bladder forms (cysticercus, coenurus, hydatid 
cysts, and tetrathyridium) depending on the species. 

Anoplocephalids, Davaineids, Dilepidids, 
Hymenolopids 
Adults of these families of cestodes live in the small intestine 
of nonhuman primates, but rarely cause clinical disease or 
pathological lesions. Bertiella spp., Hymenolepis spp., 
Raillietina spp., and Dilepis sp. are the most commonly 
reported [6, 33, 75–77, 112]. Hymenolepis nana can cause 
catarrhal enteritis, obstruction, and abscessation of 
mesenteric lymph nodes. The route of infection for most is 
ingestion of an intermediate host; H. nana can be transmitted 
directly through ingestion of eggs passed by the definitive 
host [6, 33]. Adult cestodes have body segmentation includ-
ing an anterior segment, called a scolex, with suckers and/or 
hooks that act as a holdfast, followed by a series of develop-
ing proglottid segments. Each proglottid has an external 
tegument and a parenchymus body that lacks a cavity and 
digestive tract but has muscle fibers, excretory canals, baso-
philic calcareous corpuscles, and both male and female repro-
ductive organs [78, 79]. 

Diphyllobothrids 
Diphyllobothrium and Spirometra are the most important 
genera, whose plerocercoid larva, called spargana/ 
sparganum, infect the intermediate nonhuman primate host. 
Infection (sparganosis) has been reported in New and Old 
World monkeys, including baboons, cynomolgus macaques, 
marmosets, rhesus macaques, squirrel monkeys, talapoin 
monkeys, and vervet monkeys [6, 33, 112–115]. The route 
of infection is ingestion of infected primary (crustacean) or 
secondary intermediate hosts (amphibian, reptile) [6]. Most 
infections are subclinical. Grossly, there are small nodules in 
the subcutis, skeletal muscle, pleural and peritoneal cavities, 
retroperitoneal tissues, and parenchymal organs. Often, live 
spargana are encased in a thin connective tissue capsule, 
sometimes called a larval cyst, and elicit minimal host reac-
tion; when larva die or migrate through tissues they can cause 
local inflammation, hemorrhage, necrosis, and/or edema. 
Spargana are white, ribbon-like and range from a few 
millimeters to 30 cm long [6, 33, 112, 113]. Histologically, 
spargana have a solid, parenchymus body that is covered in 
tegument and contains muscles, basophilic calcareous 
corpuscles, and excretory canals but lacks scolices, suckers, 
a body cavity, and a digestive tract [78, 79]. They are typi-
cally between 250 and 500 μm in diameter. The capsule wall 
encasing spargana is often infiltrated by lymphocytes and 
plasma cells. Macrophages, multinucleated giant cells, 
lymphocytes, and eosinophils may surround the intact and 
degenerate spargana within the capsule. Free larva may result 
in a more florid granulomatous reaction with lymphocytes 
and eosinophils [113].



112 A. L. Johnson et al.

Mesocestoidids 
The tetrathyridial larva of Mesocestoides spp. uncommonly 
parasitize Old World monkeys and apes, including baboons, 
gibbons, guenons, rhesus and cynomolgus macaques, and 
vervet monkeys, as intermediate hosts [6, 33, 77, 112, 
116]. Infection is typically subclinical with little to no host 
response. Tetrathyridiosis is similar to sparganosis, in which 
larvae are loose within body cavities or are surrounded by a 
thin fibrous capsule (i.e., encysted) within the thoracic and 
abdominal organs. Tetrathyridial larvae are 2–70 mm long, 
flat and have a contractile body. The anterior end is knob-like 
and has an invaginated holdfast with four suckers and no 
hooks [6, 33, 112]. Larva have typical histologic 
characteristics of cestodes (a parenchymus body that is cov-
ered in tegument and contains muscles, basophilic calcareous 
corpuscles, and excretory canals but lacks a true body cavity 
and a digestive tract) [78, 79]. 

Taeniids 
The larval stage of these cestodes is either a cysticercus, 
coenurus, or hydatid depending on the species. Larva resem-
ble a fluid-filled cyst with an anterior scolex and neck that are 
invaginated into the posterior, fluid-filled, bladder end of the 
worm. Nonhuman primates act as intermediate hosts and 
become infected following ingestion of eggs shed in the 
feces of the definitive host. Infections are typically subclini-
cal. Cysts may compress adjacent tissue as they enlarge and 
as they degenerate they may elicit more florid inflammation 
or become mineralized. Histologically, cysts are surrounded 
by a fibrous connective tissue capsule and variable infiltrates 
of lymphocytes, plasma cells, macrophages, multinucleated 
giant cells, and eosinophils [6, 33, 112, 117–119]. Larva have 
typical histologic characteristics of cestodes, including a 
parenchymus body that is covered in tegument and contains 
muscles, basophilic calcareous corpuscles (that are numerous 
in the scolex and neck but rare in the bladder), and excretory 
canals but lacks a true body cavity and a digestive tract 
[78, 79]. 

Taenia crassiceps, T. crocutae, T. hydatigena, and 
T. solium have a cysticercoid larva that has been reported in 
New and Old World monkeys, apes, and prosimians, includ-
ing baboons, chimpanzees, gibbons, langurs, lemurs, 
mangabeys, marmosets, patas monkeys, squirrel monkeys, 
and vervet monkeys [6, 33, 75, 77, 112, 119]. Cysticerci 
have a dilated, bladder-like posterior end into which a single 
scolex with four suckers is invaginated [78, 79]. They are 
found in the pleural and peritoneal cavities, subcutis, heart, 
liver, and central nervous system [33, 112]. 

Taenia (syn. Multiceps) multiceps, T. serialis, and 
T. brauni have a coenurus larvae that have been reported in 
Old World monkeys and prosimians, including baboons, 
guenons, lemurs, macaques, and vervet monkeys [6, 33, 77, 
112]. Coenuri are similar to cysticerci but contain multiple 

invaginated scolices in the bladder segment. Coenuri can 
produce both internal and external daughter coenuri. They 
are found in the subcutis, skeletal muscle, pleural and perito-
neal cavities, liver, brain, and other organs [6, 33, 112]. 

Echinococcus granulosus, E. multilocularis, and E. vogeli 
have hydatid larvae that have been reported in a wide variety 
of New and Old World monkeys, apes, and prosimians, 
including baboons, chimpanzees, colobus monkeys, gibbons, 
galagos, gorillas, guenons, lemurs, macaques, mandrills, 
mangabeys, marmosets, and orangutans [6, 33, 75–77, 112, 
117, 118]. Hydatid cysts can be found in the subcutis, pleural, 
or peritoneal cavities, liver, lung, retrobulbar tissue, and other 
organs. E. granulosus cysts are unilocular and have a thick, 
hyaline, laminated cyst wall. E. multilocularis has 
multiloculated cysts. The inner layer of the hydatid wall is 
lined by germinal epithelium that buds inward to produce 
numerous brood capsules/secondary cysts that are 
surrounded by clear fluid. Each brood capsule contain multi-
ple protoscolices. The size of the cyst and the nature of the 
host response depend on the age and location of the hydatid 
cyst. Distension or swelling of the affected cavity/organ often 
occurs without clinical signs [6, 33, 112]. Hepatic infections 
may have granulomatous hepatitis and abundant fibrosis that 
cause atrophy, necrosis, or replacement of large sections of 
the liver [117, 118]. Occasionally, cysts will rupture releasing 
hydatid sand containing free hooklets, protoscolices, and 
calcareous corpuscles into the abdomen or thorax which 
may be identified on cytological preparations of effusions 
(Fig. 3.38). 

Fig. 3.38 Hydatid sand. (Macaca fascicularis, abdominal effusion, 
Wright–Giemsa stain)
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3.2.3 Trematodes (Flukes) 

Many trematodes, or flukes, have been reported from nonhu-
man primates, often with little to no clinical disease or host 
response; only the most commonly reported and significant 
are discussed below. The histological features that are char-
acteristic of trematodes include a tegument that may or may 
not contain spines; an oral sucker at the anterior end (some 
having additional ventral suckers); parenchymatous tissue 
that surrounds the internal organs rather than a body cavity; 
paired ceca that often contain brown to black pigment from 
blood breakdown; and peripherally located reproductive 
organs consisting of an ovary, two testes, and vitellaria 
(yolk producing glands) [78, 79]. Most trematodes have 
both male and female reproductive organs (i.e., 
hermaphrodites), with the exception being schistosomes. 

Athesmia 
Athesmia foxi, sometimes referred to as A. heterolecithodes, 
is reported in New World monkeys, including cebus 
monkeys, tamarins, and titi monkeys [6, 33, 77]. The route 
of infection is unknown. Adults, which are long and thin (8.5 
by 0.7 mm) live in the bile ducts. Infections are typically 
subclinical, but heavy infections can result in duct enlarge-
ment, biliary obstruction and stasis, biliary epithelial hyper-
plasia, and peribiliary fibrosis. Scant epithelial necrosis and 
inflammation rarely occur. Histologic features of adult 
trematodes are described above. Eggs are ovoid, golden 
brown, and 27–34 μm by 17–21 μm [6, 33]. 

Gastrodiscoides hominis 
Gastrodiscoides hominis is reported in rhesus and 
cynomolgus macaques [6, 33, 77]. The route of infection is 
ingestion of metacercariae [6]. Infection is typically subclini-
cal with low numbers of worms, but heavy infections can 
produce chronic typhlocolitis. Adults live in the cecum and 
colon and are orange-red, 6 by 3 mm with a conical anterior 
end and a cupped discoid posterior. Histologic features of 
adult trematodes are described above. Eggs are 150–152 μm 
by 60–72 μm, spindloid with rounded ends and a single 
operculum. Histologically, the mucosa at the site of attach-
ment may be hyperemic, ulcerated, necrotic, and/or infiltrated 
by neutrophils. The submucosa may contain fibrosis and 
lymphoplasmacytic infiltrates [6, 33]. 

Paragonimus 
Paragonimus westermani is reported from cynomolgus 
macaques [6, 33, 120]. The route of infection is ingestions, 
typically of infected raw crustaceans or mollusks that act as 
the intermediate hosts for metacercariae [6]. Adults typically 

live in the lungs, but occasionally are found in the brain and 
liver. Gross lesions include pulmonary emphysema, pleural 
adhesions, and small (2–3 cm diameter), soft, red-brown 
cysts that are scattered throughout the lungs and contain 
one or more worms. Adults have a plump, ovoid, brown 
body with many scale-like spines and measure 
7.5–12.0 mm long by 4–6 mm wide by 3.5–5.0 mm thick. 
Histologic features of adult trematodes are described above. 
Eggs are ovoid, golden brown, a partly flattened operculum 
on one end and measure 80–118 μm by 48–60 μm. Histolog-
ically, cysts consist of a fibrous capsule that contains the adult 
worms and is surrounded by erythrocytes, neutrophils, and 
fluke eggs. There may also be lymphoplasmacytic and eosin-
ophilic bronchopneumonia, and bronchial epithelial and sub-
mucosal gland hyperplasia [6, 33, 120]. 

Schistosoma 
The most commonly reported species of schistosomes 
include Schistosoma mansoni, S. haematobium, and 
S. mattheei, with fewer reports of S. japonicum and 
S. bovis. They have been reported from a wide range of 
New and Old World monkeys and apes, including African 
green monkeys, baboons, chimpanzees, guenons, 
mangabeys, patas monkeys, rhesus macaques, squirrel 
monkeys, and vervet monkeys [6, 33, 75, 77, 120]. The 
route of infection is penetration of the skin by cercariae; 
ingestion of cercariae in contaminated water is also possible. 
Infections are typically subclinical. Adults are 1–3 cm long, 
typically in constant copulation and reside in the mesenteric, 
pelvic, or portal veins of the definitive host [6]. Eggs are 
carried in the bloodstream and lodge in the intestine, urinary 
bladder, liver, pancreas, lung, and various other organs. 
Grossly, adults often go undetected despite sometimes caus-
ing phlebitis and thrombosis. Eggs may cause thickening or 
stenosis of the intestinal or urinary bladder wall and small 
nodules in other affected organs. Histologically, adults 
induce eosinophilic phlebitis with thrombosis. Histologic 
features of adult trematodes are described above. Heme 
pigments are present in affected tissues and regional lymph 
nodes. Eggs, which may be mineralized, are surrounded by 
granulomatous inflammation/microgranulomas, multinucle-
ated giant cells, and eosinophils. Lymphoplasmacytic inflam-
mation or microabscesses with neutrophils and eosinophils 
can also occur (Fig. 3.39). Affected livers have fibrosis, 
particularly around portal vessels [6, 33, 120]. S. mansoni 
eggs are 114–175 μm  by  45–68 μm, elongated-ovoid, round 
at both ends, and have a lateral spine. S. haematobium eggs 
are 112–117 μm  by  40–70 μm, elongated-ovoid, rounded at 
the anterior end, and have a posterior terminal spine [6].
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Fig. 3.39 Schistosoma sp. Pyogranulomatous inflammation with rem-
nant of a brown refractile schistosome egg present in the center 
(M. fascicularis, liver, H&E stain) 

3.2.4 Acanthocephalans (Thorny-Headed 
Worms) 

Prosthenorchis elegans is the most commonly reported acan-
thocephalan, or thorny-headed worm, of nonhuman primates 
with fewer reports of P. spirulina and Moniliformis 
moniliformis. They have been documented in a wide variety 
of New and Old World monkeys, apes, and prosimians, 
including callitrichids, capuchins, chimpanzees, galagos, 
gibbons, lemurs, macaques, pottos, spider monkeys, and 
squirrel monkeys [6, 33, 76, 77, 121, 122]. The route of 
infection is ingestion of an infected arthropod intermediate 
host [6]. Adults are white to yellow, cylindrical, transversely 
wrinkled and reside in the ileum, cecum, and colon where 
they are anchored to the mucosa by a proboscis containing 
several rows of hooks. A small, white, firm nodule at the site 
of attachment can sometimes be seen from the serosal side of 
the intestine. Mucosal hyperemia and regional 
lymphadenomegaly may occur. [6, 33, 121]. If worms 
completely penetrate the intestinal wall, there may 
fibrinosuppurative peritonitis with free worms in the abdom-
inal cavity [122]. Heavy infections can cause obstruction, 
intussusception, or rectal prolapse. P. elegans adults are 
20–55 mm long [6]. Histologically, the proboscis is deeply 
embedded in the mucosa, and sometimes the submucosa and 
muscularis, and is accompanied by mucosal ulceration, 
necrosis, granulomatous enteritis or abscess formation, and 
secondary bacterial infection [6, 33, 121]. Characteristic his-
tologic features that help distinguish acanthocephalans from 
other metazoan worms include a spined proboscis at the 
anterior end; a thick hypodermis that has a thinner felted 
layer beneath the cuticle and deeper, thicker layer of cross 

fibers with lacunar channels; a pseudocoelom lined by thin 
muscular layer that has both circular and longitudinal 
components; and no digestive tract [78, 79]. 

3.2.5 Arthropods 

Arthropods have some combination of the following histo-
logic features: chitinized exoskeleton, jointed appendages, 
setae or chitinized “hairs,” striated skeletal muscle, mouth 
parts, a body cavity with a simple digestive tract lined by 
columnar to cuboidal cells, chitinized tracheal ring system, 
and reproductive structures [78, 79]. 

Insects 

Phthirapterids (Lice) 

Anoplurids (Sucking Lice) 
Numerous species of sucking lice, including the genera 
Pedicinus and Pediculus, have been reported from New and 
Old World monkeys, apes, and prosimians, including 
baboons, chimpanzees, colobus monkeys, galagos, gibbons, 
gorillas, green monkeys, guenons, howler monkeys, langurs, 
lemurs, macaques, marmosets, tamarins, sakis monkeys, 
siamangs, spider monkeys, and uakaris [6, 33, 75, 76, 
123]. Aside from finding the lice and eggs in the hair of 
primates, there are minimal lesions. Alopecia, anemia, and 
pruritic self-mutilation can occur in heavy infestations [6, 33, 
75, 76, 123]. 

Mallophagids (Biting Lice) 
Numerous species of biting lice have been reported in New 
and Old World monkeys and prosimians, including colobus 
monkeys, howler monkeys, indri, lemurs, lorises, rhesus 
macaques, owl monkeys, and woolly monkeys [6, 33, 75, 
76, 123]. 

Siphonapterids (Fleas) 

Tunga penetrans 
Tunga penetrans, also called stick-tight flea, chigoe flea, or 
jigger, has been reported in wild-caught baboons, gorillas, 
guenons, and howler monkeys [6, 33, 75, 76, 123]. The 
female is 1 mm long and brown and invades the epidermis 
of tail and limbs, especially the ischial callosities. Grossly, 
they appear as firm, brown nodules that contain friable dark 
brown material on cut section. Histologically, the flea is 
embedded within epidermal/dermal cavity lined by stratified 
squamous epithelium. The anterior end of the flea faces the 
dermis while the posterior end is oriented toward the skin 
surface. There is epidermal ulceration, acanthosis, 
parakeratotic hyperkeratosis, dermal and epidermal necrosis,



hemorrhage and eosinophilic and granulomatous dermatitis 
[6, 33, 77, 123, 124]. 
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Other Fleas 
Fleas that are the natural parasites of some domestic animals, 
including Ctenocephalides canis, C. felis, and Echidnophaga 
gallinacea, can opportunistically infest nonhuman primates, 
although they appear to be of minimal importance. 

Dipterids (Flies) 
The larvae of several species of flies, including Cuterebra 
sp., Cochliomyia hominivorax, Cordylobia anthropophaga, 
Dermatobia hominis, and Alouatta sp., can infest New and 
Old World monkeys and prosimians [6, 33, 75, 76, 123]. The 
larvae, or bot, resides within a fistulous swelling containing a 
central pore in the skin and subcutis, often in the cervical 
region. Chronic inflammation surrounds the bot and second-
ary bacterial infection sometimes occurs [6, 33, 76, 77, 123]. 

Arachnids 

Acariformes (Mites) 
In addition to the histologic features of arthropods listed 
above, mites also have brightly eosinophilic yolk material 
within eggs and the yolk glands of female mites [79]. 

Cutaneous Mites 
Sarcoptiform Mites 
Sarcoptes scabiei is the most common cause of sarcoptic 
mange in nonhuman primates, although many other mites, 
including Prosarcoptes pitheci, Dunnalges lambrechti, and 
Rosalialges cruciformis, have been reported. New and Old 
World monkeys and apes have been found to be affected, 
including African green monkeys, baboons, cebus monkeys, 
chimpanzees, drills, gibbons, gorillas, marmosets, 
orangutans, owl monkeys, and siamangs [6, 33, 75, 77, 
123]. Gross lesions include alopecia and thickening and 
scaling of the skin that most often occurs over the back, 
neck, and shoulders and less commonly over the lower 
trunk and extremities. Self-mutilation due to intense pruritus 
can result in hemorrhage and secondary bacterial infections. 
Histologic lesions include acanthosis, parakeratotic hyper-
keratosis, crusting, and epidermal tunnels containing mites 
and eggs [6, 33]. Adult mites are broadly oval, 170–270 by 
220–380 μm, and translucent white [6]. 

Trombidiformes Mites 
Several species of trombidiformes mites can cause cutaneous 
lesions similar to sarcoptic mange. Demodectic mange 
caused by Demodex spp. is the most well-known. Rare 
mites can be found in the hair follicles of clinically normal 
animals; animals that develop symptoms of demodectic 
mange are often young, old, or immunocompromised. 

Gross lesions include alopecia, crusting, erythema, and for-
mation of nodules, pustules, or plaques (Fig. 3.40). Adult 
mites reside with hair follicles and sebaceous glands and are 
100–300 μm long by 30–50 μm in diameter, with a tapered 
posterior end and four pairs of short legs at the anterior end 
(Fig. 3.41)  [6]. Affected hair follicles have mild 
lymphoplasmacytic folliculitis with epidermal hyperplasia. 
When furunculosis occurs, mite fragments and keratin induce 
granulomatous dermatitis [6, 125, 126]. 

Fig. 3.40 Demodex sp. Generalized hyperkeratosis (erythema is repre-
sentative of sex skin) (Macaca mulatta, caudal thigh skin) 

Fig. 3.41 Demodex sp. Intrafollicular mite (Macaca mulatta, fascial 
skin) 

Pulmonary Mites 
Pulmonary acariasis is caused by at least ten species of mites 
within the genus Pneumonyssus, with Pneumonyssus 
simicola being the most commonly encountered, as well as 
Pneumonyssoides stammeri. They have been reported in a
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wide variety of New and Old World monkeys and apes, 
including baboons, chimpanzees, colobus monkeys, gorillas, 
guenons, howler monkeys, langurs, macaques, mangabeys, 
orangutans, patas monkeys, proboscis monkeys, and woolly 
monkeys [6, 33, 75, 77, 81, 127]. P. simicola is extremely 
common in imported rhesus macaques. Suggested routes of 
transmission include inhalation, ingestion during grooming, 
or through feces [6, 127]. Gross lesions include 1–7 m  
diameter, translucent yellow to white to gray, soft, cystic 
bullae that are throughout the surface and deeper parenchyma 
(Fig. 3.42). These so-called mite houses contain adult and 
larval mites and eggs that can be seen under a dissecting 
scope. Adjacent lesions may become confluent. Those in 
the periphery of the lung are nodular and elevate the pleura. 
There may be fine, fibrous adhesions between the visceral 
and parietal pleura, bullous emphysema, and hemorrhage. 
There are reports of pneumothorax, pleuritis, pericarditis, 
and pulmonary arteritis associated with mite infections. His-
tologically, there is granulomatous bronchiolitis and 
peribronchiolitis, often with a mixture of neutrophils, 
eosinophils, lymphocytes, plasma cells, and macrophages 
that thicken the bronchiolar wall. Bronchiolar epithelial 
loss, bronchiectasis, bronchiolar smooth muscle hypertrophy, 
peribronchiolar lymphoid aggregates, interstitial fibrosis, 
alveolar emphysema, and atelectasis may also be present. 
Macrophages, areas of peribronchiolar and peribronchial 
inflammation, and blood vessel walls contain mite excrement 
with golden brown to black, birefringent, granular pigment, 
and needle-like crystals [6, 33, 127, 128]. Adult P. simicola 
mites are yellow-white, elongate-ovoid, and 500–850 μm 
long; eggs are white, spherical, and 250–450 μm in diameter 
(Fig. 3.43) [6]. 
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Fig. 3.42 Pneumonyssus simicola. Multifocal tan nodules expand the 
pulmonary parenchyma, often centered on bronchioles (Macaca 
mulatta, lung) 

Fig. 3.43 Pneumonyssus simicola. Once common, P. simicola is now 
rare with the widespread use of ivermectin. Note striated muscle present 
within the halarachnid mite (Macaca mulatta, lung, H&E stain) 

Nasal Mites 
Rhinophaga cercopitheci, R. dinolti, R. elongata, 
R. papionis, and  R. pongicola have been described within 
the nasal cavity and sinuses of Old World monkeys and apes, 
including baboons, bonobos, gorillas, guenons, macaques, 
and orangutans [6, 33, 75, 127]. The host response to nasal 
mites is typically limited to a small mucosal polyp or nodule. 
R. cercopitheci, R. dinolti, and R. papionis have also been 
found in the lungs where they cause pneumonitis and exces-
sive mucus production [6, 33, 127]. Mites have the following 
histologic features: chitinized exoskeleton, jointed 
appendages, striated skeletal muscle, a body cavity with a 
digestive tract and reproductive structures, and yolk material 
within eggs and the yolk glands of female mites [78, 79]. 

Parasitiformes (Ticks) 
A variety of hard (ixodid) and soft (argasid) ticks have been 
reported from numerous nonhuman primates [6, 33, 75–77, 
123]. Most tick infestations are asymptomatic as engorged 
ticks disengage from the host following feeding. Heavy 
infestations can cause weight loss and anemia. Only a mild 
inflammatory reaction consisting of hyperemia, edema, and 
hemorrhage is induced, unless there is secondary bacterial 
infection [6, 33]. 

Pentastomids 
Armillifer sp., Linguatula serrata, and Porocephalus sp. are 
the most commonly reported pentastomes of nonhuman 
primates. They have been reported in New and Old World 
monkeys, apes, and prosimians, including baboons, 
chimpanzees, galagos, guenons, macaques, mangabeys, 
marmosets, squirrel monkeys, tamarins, and titi monkeys



[6, 33, 77, 129]. Primates act as the intermediate host for the 
nymphal stage of these highly aberrant arthropods and 
become infected by ingesting eggs within food or water that 
is contaminated by the feces or respiratory mucus of the 
definitive host [6]. Encysted nymphs are typically found 
incidentally at necropsy in the lung, liver, mesenteric lymph 
nodes, brain, omentum, and the parietal or visceral pleura and 
peritoneum (Figs. 3.44 and 3.45) [6, 33, 129]. Nymphs are 
white, “C”-shaped, flattened (Linguatula) or cylindrical 
(Porocephalus and Armillifer) with spinous body rings or 
annulations and two pairs of hooks on the anterior end. 
Linguatula serrata are 4–6 mm long with approximately 
90 annulations; Porocephalus are 7–15 mm long with 
30–45 annulations; and Armillifer are 13–22 mm long with 
15–22, thick, projecting annulations [6]. Dead nymphs 
invoke a foreign body response and overwhelming intestinal 
infections can cause fatal peritonitis [33, 129, 130]. Charac-
teristic histologic features that help distinguish pentastomes 
from other metazoan worms include a pseudosegmented 
body (when section longitudinally); a cuticle with sclerotized 
openings; striated musculature; two pairs of hooks 
surrounding the mouth; and an intestine that is multicellular 
and bordered by two acidophilic glands [78, 79]. 
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Fig. 3.44 Pentastomiasis (Armillifer sp). Large pentastomes present in 
the serosa demonstrating pseudosegmentation (Macaca fascicularis, 
serosa, H&E stain, case courtesy of Dr. K. Matz-Rensing) 

Fig. 3.45 Pentastomiasis (Armillifer sp). Pentastome demonstrating 
cuticle, acidophilic glands, and striated muscle (Macaca fascicularis, 
serosa, H&E stain, case courtesy of Dr. K. Matz-Rensing) 

3.2.6 Annelids (Segmented Worms) 

Dinobdella ferox 
The leech Dinobdella ferox has been reported in rhesus and 
Formosan macaques that have been obtained from the wild 
[6]. They are acquired when drinking and reside in the nasal 
cavity and pharynx. The leeches are 3.5–6.0 cm long by 
0.5–0.8 cm wide, dorsoventrally flattened, and become dark 
red when engorged. Infections are typically subclinical; 
heavy infection can result in anemia, epistaxis and asphyxia-
tion. Histologically, there is localized chronic inflammation 
at the site of attachment and mucous cell hyperplasia. 

3.3 Fungal Infections 

3.3.1 Pneumocystis Species 

Pneumocystis species are extracellular obligate fungal 
pathogens. The organisms have high host specificity and 
isolates from individual hosts should be considered distinct 
species. Nomenclature is in flux and the organism infecting 
humans has recently been renamed P. jirovecii, the 
organisms infecting rats named P. carinii and 
P. wakefieldiae, and the organism infecting macaques 
P. macacae. Multiple genetically distinct strains identified 
based on mitochondrial sequences may circulate concurrently 
within populations [131]. Disease has been described in a 
variety of new world primates (NWP) and old world primates 
(OWP) but is most frequently observed in immunodeficient 
macaques [132, 133].
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The organism is transmitted by the aerosolized route. 
Infection of neonatal animals is likely uniform and not 
associated with overt disease. These infected neonatal 
animals most commonly clear infection but more infre-
quently become carriers for variable periods of time serving 
as reservoirs within a population. The juvenile carrier animal 
plays an important role in propagation and survival of the 
organism in colonies. While reactivation of latent infection 
was believed to play a role, more recent evidence suggests 
acquisition of the organism during periods of immunosup-
pression as the most common timing of infection leading to 
overt disease. An epizootic has been described in a colony of 
immunocompromised macaques [134]. 

In debilitated or immunosuppressed animals, 
Pneumocystis may cause pneumonitis (often abbreviated 
PCP) likely resulting from re-acquisition of the organism 
from carrier animals [135]. Disease appears to develop 
slowly allowing time for compensation which may manifest 
as an increase in blood hemoglobin content or packed cell 
volume (PCV). Cough is uncommon with the most frequent 
clinical sign being dyspnea or tachypnea at rest. Grossly 
lesions vary from a multifocal to coalescing interstitial pneu-
monitis in milder cases to multifocal gray to white nodules in 
severe cases (Figs. 3.46 and 3.47) [136]. 

Fig. 3.46 Pneumocystis macacae. Diffuse interstitial pneumocystis 
pneumonitis (PCP) (Macaca mulatta, lung) 

Fig. 3.47 Pneumocystis macacae. Diffuse interstitial pneumonitis 
(Macaca mulatta, lung, subgross H&E stain) 

Histologically, the organism can be recognized on H&E 
sections as pale pink foamy material within alveolar spaces 
(Fig. 3.48) [133, 137, 138]. Inflammatory infiltrates are mild 
consisting of lymphocytes, plasma cells, and macrophages 
found within alveoli and the interstitial space. There is often 
pronounced type II pneumocyte hyperplasia (Fig. 3.49). 
Pneumocystis spores can be demonstrated with Grocott’s 
methenamine silver stains. Infection is often complicated by 
other opportunistic infections in the simian acquired immu-
nodeficiency syndrome caused by experimental inoculation 
of macaques with the simian immunodeficiency virus (SIV) 
and immunohistochemistry may be used to assist diagnosis in 
mild cases (Fig. 3.50). A second angiocentric form has been 
recognized in severe cases. In this instance, organisms appear 
to proliferate within alveolar as well as the periarterial spaces 
[139]. Very rarely infection may disseminate to region lymph 
nodes and the thoracic wall. 

There is no known zoonotic potential for Pneumocystis 
species infecting OWP. Prevention is difficult but separation 
of adult immunodeficient animals from potential juvenile 
carrier animals may be of some benefit. Alternatively, pro-
phylaxis with Trimethoprim-sulfamethoxazole may be used 
[140]. Experimental vaccines have also shown efficacy in the 
SIV model [141].
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Fig. 3.48 Pneumocystis macacae. Septal thickening accompanied by 
marked type II pneumocyte hyperplasia and mixed inflammatory cell 
infiltrate (Macaca mulatta, lung, H&E stain) 

Fig. 3.49 Pneumocystis macacae. Characteristic foamy eosinophilic 
appearance of pneumocystis casts consisting of cysts and trophozoites 
admixed with cellular exudates (Macaca mulatta, lung, H&E stain; 
insert GMS stain demonstrating cysts) 

Fig. 3.50 Pneumocystis macacae. Immunohistochemistry may be used 
to detect pneumocystis organisms when typical histological features are 
missing (Macaca mulatta, lung, ABC immunostain technique, Clone 
3F6, DAB chromogen) 

3.3.2 Dermatophytosis 

Dermatophytosis is rarely described in OWPs and NWPs and 
has been caused by fungi within the genera Microsporum and 
Trichophyton [142]. Clinical signs vary from diffuse alopecia 
to the typical ring-shaped areas of crusts and alopecia. Diag-
nosis is based on morphologic features of the fungal 
organisms within and around hair follicles and positive der-
matophyte cultures. Neutrophilic folliculitis accompanied by 
orthokeratosis and parakeratosis is observed histologically. 

3.3.3 Coccidioides immitis 

C. immitis is a saprophytic soil fungus that may 
opportunistically cause disease in a variety of mammals. 
Distribution is limited to semiarid areas of the southwestern 
US and Central and South America. Infection of nonhuman 
primates is uncommon but has been reported in baboons, 
chimpanzees, and gorillas housed in the southwest 
[143, 144]. Transmission occurs through inhalation of 
arthrospores that contaminate dry environments. 

Clinical signs are dependent on the primary system 
involved and may be related to pulmonary disease or osteo-
myelitis [145]. Respiratory signs such as cough and dyspnea 
are commonly described. C. immitis infection may result in 
disseminated disease involving the lungs, bone, spleen, liver, 
and kidneys (Figs. 3.51 and 3.52). Histologically, 
pyogranulomatous inflammation with multinucleated giant 
cells is observed (Table 3.1). The characteristic organism 
may be visualized in these areas as large 10–60μm diameter



thick-walled spherules which contains 2–4μm diameter 
endospores (Fig. 3.53). The wall appears double-contoured 
and refractile. No capsule or budding is observed. 
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Fig. 3.51 Coccidioides immitis. Pyogranulomatous inflammation 
surrounding spherules (Macaca fuscata, lung, H&E stain) 

Fig. 3.52 Coccidioides immitis. Pyogranulomatous inflammation with 
thick-walled spherule containing endospores (Macaca mulatta, lung, 
H&E stain) 

Fig. 3.53 Coccidioides immitis. Ruptured spherule releasing 
endospores (Macaca mulatta, lung, H&E stain)



m
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Table 3.1 Systemic mycosis 

Agent Size Appearance Budding 

Hyphomycetes 

Coccidioides immitis 20–200 
μm 

Thick-walled (double contoured and refractile) spherule containing 2–4 
μm endospores 

None; 
endosporulation 

Histoplasma capsulatum var. 
capsulatum 

2–5 μm Thin-walled yeast; found intracellularly with histiocytes Single, narrow 
based 

Histoplasma capsulatum var. 
Duboisii 

8–15 μm Thick-walled yeast; no capsule Single, narrow 
based 

Sporothrix schenkii 2–6 μm Oval to cigar shaped; pleomorphic 1–2, narrow based 

Paracoccidioides brasiliensis 8–20 μm Spherical yeast Multiple peripheral 
buds 

Blastomycetes 

Blastomyces dermatitidis 5–25 μm Double contour and refractile Single, broad based 

Cryptococcus neoformans 2–10 μ 2–8 μm thick capsule Narrow-based 
budding 

Candida albicans 3–5um Yeast, Pseudohyphae, and blastospores One or more buds 

3.3.4 Candida albicans 

C. albicans is a common saprophytic agent that colonizes 
mucosal surfaces shortly following birth. In most animals, it 
exists as a commensal agent and does not produce clinical 
signs. It is a dimorphic fungus that grows on Sabouraud and 
blood agar. Localized and systemic forms of disease are 
recognized in young and immunocompromised or debilitated 
animals [146, 147]. The localized form also known as thrush 
occurs along mucous membranes principally the oral mucosa 
and esophagus (Fig. 3.54) [148]. It is common in young 
nursery reared animals and SIV-infected macaques 
[138]. The condition can be painful and stop animals from 
eating and swallowing normally. Less frequently, over-
growth of Candida may be detected along the course of the 
gastrointestinal tract often in association with prolonged use 
of antibiotics and associated with diarrhea. 

Systemic infection is rarely observed but can develop in 
debilitated animals treated with antibiotics and in animals 
with other current diseases such as diabetes mellitus that 
may adversely impact the host’s immune system. In these 
cases, the animals present with evidence of severe sepsis 
(febrile and hypotensive shock). Systemic disease has also 
been recognized in animals on immunosuppressive therapy. 

Thrush appears grossly as pale tan to white plaques that 
are tightly adhered to the underlying epithelium which may 
be proliferative and raised. These plaques termed 
pseudomembranes are composed of masses of pseudohyphae 
and blastospores mixed with degenerate and sloughed epithe-
lial cells, neutrophils, and proteinaceous exudates (Fig. 3.55) 
[146]. The organisms stain well with Grocott’s methenamine 
silver (GMS) (Fig. 3.56) or periodic acid-Schiff stains 
(Figs. 3.57 and 3.58). In disseminated forms, 
pyogranulomatous inflammation is observed. 

Fig. 3.54 Candida albicans. Thick mat of budding yeast admixed with 
keratin and cellular debris with spongiosis of adjacent epithelium 
(Macaca fascicularis, esophagus, H&E stain)
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Fig. 3.55 Candida albicans. Blastoconidia budding from the 
pseudohyphae invading the underlying epidermal mucosa (Macaca 
mulatta, oral mucosa, PAS stain) 

Fig. 3.56 Candida albicans. Blastoconidia budding from the 
pseudohyphae invading the underlying epidermal mucosa (Macaca 
mulatta, oral mucosa, GMS stain) 

Fig. 3.57 Candida albicans. Diffuse candidiasis of the gastrointestinal 
tract in an immunosuppressed baboon (Papio anubis, colon, subgross 
PAS stain) 

Fig. 3.58 Candida albicans. Diffuse candidiasis of the gastrointestinal 
tract demonstrating pseudohyphae with invasion of the submucosa 
(Papio anubis, colon, subgross PAS stain) 

3.3.5 Histoplasma capsulatum var. capsulatum 
and duboisii 

H. capsulatum var. capsulatum is a soil-borne fungus that is 
found in association with soil contaminated with the feces of 
bats and birds [149]. While disease has rarely been reported 
in NHPs, serologic surveys suggest that exposure may be 
common in NWPs. Disease has been recognized in squirrel 
monkeys, owl monkeys, and rhesus and may be produced 
experimentally in macaques [150–153]. Morphologically 
disseminated microgranulomas are observed in multiple 
organs and are typical of those seen in other species. These 
granulomas are composed of large numbers of histiocytes 
and giant cells that contain the characteristic 2–4μm diameter 
thin-walled yeast forms (Figs. 3.59 and 3.60). Rarely disease 
has been recognized in SIV-infected macaques.
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Fig. 3.59 Histoplasma capsulatum var. capsulatum. Intracellular yeast 
with histocytes (Macaca mulatta, liver, H&E stain) 

Fig. 3.60 Histoplasma capsulatum var. capsulatum. Silver stained 
used to detect small 2–5 μm diameter yeast forms with narrow-based 
budding (Macaca mulatta, lung, GMS stain) 

H. capsulatum var. duboisii is a saprophytic soil fungus 
originally found naturally in Africa. The organism appears to 
have been imported with NHPs to Texas [154–156]. All cases 
to date have been described in baboons of the genus Papio 
and Cynocephalus. The disease caused by H. capsulatum 
var. duboisii is primarily manifested as multiple cutaneous 
nodules that appear as papules and pustules that may ulcerate 
and reach 2–3 cm in diameter. Radiographically involvement 
of underlying bone may be observed. 

Transmission of H. capsulatum var. duboisii is through 
direct contact with contaminated soil or animals. Dermal, GI, 
and respiratory routes have been observed. The epizootic in 
Texas was likely propagated through direct contacts between 
animals. A long incubation period may be possible. Histo-
logically, pyogranulomatous inflammation with large 

numbers of histiocytes and multinucleated giant cells is 
observed [154]. Nodules often ulcerate and secondary bacte-
rial infections may be observed. The organism may be found 
in the areas of inflammation and are thick-walled unicellular 
yeast forms that reproduce through single narrow based bud-
ding (Figs. 3.61 and 3.62). Histiocytes or multinucleated cells 
may contain large numbers of organisms. 

Fig. 3.61 Histoplasma capsulatum var. duboisii. Pyogranulomatous 
inflammation in skin with myriad of thick-walled yeast (Papio anubis, 
skin, H&E stain) 

Fig. 3.62 Histoplasma capsulatum var. duboisii. Intra- and extracellu-
lar thick-walled yeast 8–15 μm in diameter with no capsule (Papio 
anubis, skin, H&E stain) 

3.3.6 Cryptococcus neoformans 

C. neoformans is a saprophytic fungal organism that has 
world-wide distribution and is commonly found in pigeon 
droppings [157]. The organism may be transmitted by the 
aerosolized route or through direct contact. Clinical disease 
has been recognized in a variety of NWP and OWPs. The



organism disseminates to bone and the CNS and clinical 
signs often relate to neurologic involvement [158, 159]. 
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The organism disseminates and gross lesions may be 
found in multiple organs. Mass lesions may appear gelati-
nous due to the organism’s capsule. Histologically, the lesion 
is characterized by masses of yeast organisms that infiltrate 
and replace normal tissues. There is often remarkably little 
inflammatory response. The yeast appear as small 2–20 μm 
diameter forms that reproduce by narrow based budding and 
are surrounded by a wide polysaccharide capsule (Figs. 3.63 
and 3.64). This capsule stains clear with H&E and may be 
accentuated by carminophilic stains. 

Fig. 3.63 Cryptococcus neoformans. Perivascular neutrophilic and 
histiocytic infiltrate with 2–10 μm diameter yeast forms with thick 
non-staining capsule (Lemur catta, brain, H&E stain) 

Fig. 3.64 Cryptococcus neoformans. Histiocytic infiltrate with 2–10 
μm diameter yeast forms with thick non-staining capsule (Mandrillus 
sphinx, H&E stain) 

A related organism Cryptococcus gattii has recently be 
recognized in SIV-infected rhesus macaques causing pulmo-
nary lesions [160]. Morphologically similar to C. neoformans 
polymerase chain reaction on formalin fixed paraffin embed-
ded tissue and sequencing was required to differentiate. 

3.3.7 Sporothrix schenckii 

S. schenckii is a saprophytic dimorphic fungus that is found 
in soil, moss, and tree bark. Disease has been rarely reported 
in NHP but serological data suggests exposure may be com-
mon in NWPs [161]. Initially, lesions arise on distal 
extremities and appear as multiple small nodules that coa-
lesce and may following draining lymphatics. Infection is 
initiated through injuries or small punctures induced by 
thorns or other objects. The organism causes 
pyogranulomatous inflammation with extensive necrosis in 
which the pleomorphic yeast may be visualized. These are 
often ovoid or cigar shaped 2–6 μm in size and reproduce by 
narrow-based budding. 

3.3.8 Paracoccidioides brasiliensis 

P. brasiliensis is an endemic dimorphic fungus native to 
South America. It is the most common systemic mycoses in 
humans in this region of the world but has been rarely 
described in NHPs [162]. A single case has been reported 
in a squirrel monkey recently imported from Bolivia 
[163]. The organism is a large oval yeast 8–50 μm in diameter 
which reproduces by multiple buddings along the periphery. 

3.3.9 Aspergillosis 

Aspergillus fumigatus is the most common agent of aspergil-
losis. While a ubiquitous saprophytic fungi found in decaying 
vegetation and soil, it has been infrequently reported as a 
cause of disease in NHPs. A single epizootic has been 
reported in a zoological collection in association with an 
outbreak of tuberculosis. We have recognized it as a cause 
of disseminated disease in chemically immunosuppressed 
baboons and cynomolgus macaques and in a rhesus macaque 
with chronic diabetes mellitus. In all cases, the histologic 
picture was similar consisting of disseminated 
microgranulomas in the lung, liver, kidneys, and spleen. 
Clinical signs were nonspecific and included intermittent 
fever, anorexia, and depression prior to euthanasia. Histolog-
ically, hyphae appear as uniform and septate with a diameter 
of 3–6 μm. Hyphae branch at 45 degree angles.
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Table 3.2 Systemic Hyphal Infections 

Agent Appearance Size 

Hyphomycetes 

Aspergillus Septate hyphae; branching at 45 degree angle 3–6 μm with uniform diameter 

Zygomycetes 

Mucorales Irregularly branching, bulbous, rare septate 4–24 μm diameter; 10–60 μm in  
length 

Entomophthorales Irregularly branching; thin-walled hyphae; may be associated with Splendore– 
Hoeppli reaction 

6–12 μm diameter 

Other systemic mycosis have been recognized in NHPs 
and include Paecilomyces, Mucorales, and 
Entomophthorales (Table 3.2). Of these, members of the 
mucorales grouping have been most commonly observed in 
NHPs. This includes the genera Absidia, Rhizopus, 
Rhizomucor, Mucor, and Mortierella. Three clinical forms 
are observed, including cutaneous, rhinocerebral, and sys-
temic. In all cases, granulomatous inflammation with 
angioinvasion and thrombosis predominate. Cases are usu-
ally observed in animals debilitated by concurrent disease or 
under immunosuppressive therapy. 
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Abstract 

In humans, a plethora of metabolic diseases exists, 
i.e. disorders that disrupt the cell’s ability to process or 
transport proteins, carbohydrates, or lipids. It is likely that 
in nonhuman primates, the same variety of diseases exists 
as in humans, but much less is known from those species, 
which are primarily housed in laboratories under con-
trolled conditions and for a limited life span. In striking 
similarity to humans, the most common metabolic 
diseases in captive nonhuman primates are obesity and 
diabetes. These disorders bear striking similarity to the 
human counterpart and are associated with a high-caloric 
diet and insufficient exercise. Amyloidosis is a well-
known age-related phenomenon in nonhuman primates 
and is only diagnosed at necropsy unless it has reached a 
critical stage. Fatty liver syndrome is a syndrome that 
occurs in overweight animals which rapidly loose body 
weight for any reason. It is rare today, but has been well 
described in the literature. Other metabolic diseases of 
primates, such as metabolic bone diseases, are rarely 
reported in modern-day humans but can be relatively 
common in captive nonhuman primates. Metabolic bone 
disease in common marmosets has proven to be a difficult 
disease to manage due to differing clinical and pathologic 
case presentations and undetermined cause, although a 
metabolic pathogenesis such as vitamin deficiency is 
suspected. 
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4.1 Fatal Fatty Liver Syndrome 

A syndrome in which obese rhesus macaques die after rapidly 
losing about 30% body weight is known as “fatal fatty liver 
syndrome” or “fatal fasting syndrome” [1]. This syndrome 
has mainly been observed in female animals above 8 years of 
age. The reason for the anorexia can be manifold, 
e.g. changes in the housing environment or social hierarchy. 

Common histological findings in this condition are severe 
fatty change in the liver and in proximal convoluted renal 
tubules, occasionally associated with renal tubule atrophy. 
Other histopathological findings that have been described in 
this condition are pancreatitis, pancreatic ductal ectasia, and 
pancreatic necrosis (Fig. 4.1) [2].
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Fig. 4.1 Fatal fatty liver syndrome/fatal fasting syndrome in a 23-year-
old female rhesus macaque. (a, b) Macrovesicular fatty change in 
hepatocytes with displacement of nuclei to the periphery 

4.2 Amyloidosis 

Spontaneous amyloidosis occurs in many nonhuman primate 
species, particularly associated with advanced age [3]. Amy-
loid deposits are characterized by deposition of amorphous to 
fibrillar, acellular, eosinophilic, congophilic material which 
aggregates in interstitial spaces. Depending on the extent of 
amyloid deposition, cellular function may become impaired 
resulting in organ dysfunction. 

Visceral amyloidosis is a common finding in baboons [4], 
where it may be found in various tissues such as intestine, 
adrenal gland, kidney, prostate, spleen, lymph node, liver, 
gall bladder, stomach, tongue, urinary bladder, or salivary 
gland [5]. It is also known in pigtail macaques [6] and in 
rhesus macaques, where amyloid is predominantly deposited 
in the small intestine, spleen, large intestine, liver, lymph 
nodes, stomach, and adrenal gland [7]. Amyloid deposition 
in the liver typically starts in the space of Disse and expands 
outwards, eventually compressing and replacing normal 
hepatic parenchyma (Fig. 4.2). Amyloid in the gastrointestinal 
tract deposits primarily in the mucosal lamina propria, while 
adrenal amyloidosis is typically localized to the 
corticomedullary junction.
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Fig. 4.2 Hepatic amyloidosis in a 24-year-old male rhesus macaque. 
(a, b) Amorphous to fibrillar, extracellular, eosinophilic AA-type amy-
loid expands the space of Disse in the liver and compresses adjacent 

hepatocytes, with cord disruption and mononuclear inflammatory cell 
infiltration; (c, d) Amyloid is pinkish-orange and has apple green bire-
fringence under polarized light (Congo Red) 

Visceral amyloidosis in primates are most frequently sec-
ondary to chronic inflammation, also known as secondary 
systemic or reactive amyloidosis, and increased serum amy-
loid A (SAA) can be found circulating in the blood as a 
precursor to systemic amyloid deposition [8]. Many rhesus 
macaques with visceral amyloidosis also show histological 
evidence of colitis, lung mites, or arthritis [9]. Visceral amy-
loidosis carries a grave prognosis once animals become clin-
ically ill [10]. Subclinical disease may be indicated by 
elevation of alkaline phosphatase, aspartate aminotransfer-
ase, lactate dehydrogenase and decreased concentrations of 
albumin and total cholesterol [10]. Serum amyloid A can also 
serve as an effective noninvasive biomarker for amyloidosis, 
and minimally invasive biopsies from liver or intestine can be 
used to confirm the diagnosis [8]. 

Amyloidosis of pancreatic islets is reported in macaques, 
baboons, and other Old World species where it is strongly 
associated with diabetes mellitus (see below). Amyloid in 
pancreatic islets originates from a 37 amino acid polypeptide 
known as islet associated polypeptide (IAPP). 

Cerebral amyloidosis occurs in various nonhuman primate 
species, particularly in squirrel monkey (Saimiri sciureus). It is 
characterized by beta-amyloidosis mostly located in the basal 
prefrontal gyrus and the amygdala [11]. Cerebral amyloid 
plaques may be associated with angiopathy, known as “cere-
bral amyloid angiopathy.” It is independent of visceral amy-
loidosis, although both disease may concur in the same animal. 
Cerebral amyloidosis is strongly associated with age [12–14]. 

4.3 Obesity 

Cynomolgus monkeys (Macaca fascicularis) and rhesus 
monkeys (Macaca mulatta) exhibit spontaneous onset of 
obesity in adulthood [15, 16]. Diets containing high amounts 
of fructose induce rapid weight gain and obesity [17, 18]. 

Obesity is associated with enhanced synthesis and excre-
tion of leptin in adipocytes, and high levels of hematocytes. 
Nonhuman primates with obesity show an increased risk to 
develop multiple metabolic sequelae including type



2 diabetes, cardiovascular disease, or fatty liver disease, and 
as such represent a valuable and physiologically relevant 
animal model in metabolic disease research [19]. 
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4.4 Diabetes Mellitus 

Naturally occurring non-insulin-dependent (type II) diabetes 
mellitus (NIDDM) may spontaneously occur in several spe-
cies of Old andNewWorld nonhuman primates [20, 21]. Con-
sequently, nonhuman primates are considered a valuable 
model to study NIDDM and therapeutic effects in humans 
[22]. Diabetes mellitus should be suspected, if a single evalua-
tion of the blood glucose concentration reveals hyperglycemia 
(>5.0 mmol/L; 123 mg/dl), if blood fructosamine values 
reveal hyperfructosaminemia, if a glucose tolerance test is 
positive, or if glucose is excreted in the urine [23]. 

An evaluation in 440 overweight middle-and old-aged 
cynomolgus monkeys revealed an incidence of 69% of animals 
diagnosed with diabetes mellitus [23]. Risk factors that favor 
development of NIDDM in nonhuman primates comprise 

single housing (opposed to social housing), insufficient exer-
cise, high-fat diet, middle to old age, and female sex [24]. 

Fig. 4.3 Type II diabetes in a 19-year-old olive baboon with pancreatic islet amyloidosis. (a, b) Islet amyloid polypeptide (IAPP)-type amyloidosis 
replacing degenerate islet amyloid cells; (c, d) Amyloid is pinkish-orange and has apple green birefringence under polarized light (Congo Red) 

A typical morphological finding in nonhuman primates 
with NIDDM is degeneration of pancreatic beta cells, 
associated with islet amyloid deposits which exhibit typical 
congophilia, green birefringence, and immunoreactivity for 
islet amyloid polypeptide [25, 26]. Although islet amyloid 
can also be found in non-diabetic animals, it is more exten-
sive in diabetics [27]. Nonhuman primates with NIDDM also 
show typical sequela of diabetes such as microangiopathic 
retinopathy [28], or cardiomyopathy [29]. 

NIDDM in nonhuman primates can be controlled by insu-
lin therapy based on fasting glucose levels and glycosylated 
hemoglobin (HbA1c) values, which are determined periodi-
cally by blood sampling, in order to prevent nocturnal hypo-
glycemia and hypoglycemic seizures [30]. Diabetes mellitus 
can also be experimentally induced in nonhuman primates 
either by streptozotocin or by diet [31, 32], and nonhuman 
primates are commonly used as an animal model for NIDDM 
[33]. Less common in nonhuman primates is a form of 
insulin-dependent (type I) diabetes mellitus (Fig. 4.3)  [34].
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4.5 Metabolic Bone Disease 

Common marmosets (Callithrix jacchus) have become an 
increasingly popular experimental animal model over the 
last few decades but colony management issues have plagued 
breeding colonies, in part due to their high susceptibility to 
stress and complex dietary management needs as well as 
institutional variability in dietary management. Metabolic 
bone disease is one of the most commonly reported clinical 
concerns in marmoset colonies, with pathologic fractures as a 
major concern [35]. 

Unfortunately, the clinical and pathologic presentation of 
metabolic bone disease can vary both between institutions and 
even between animals in the same colony. Depending on the 
age of presentation and the colony, marmosets have presented 
with pathologic fractures secondary to bone disease showing 
features of rickets, fibrous osteodystrophy (FOD), diffuse 
osteopenia, and/or segmental osteolysis [36]. Young 
marmosets diagnosed with rickets present with increased 
physeal thickness due to increased numbers of hypertrophic 
chondrocytes on histology and variable metaphyseal flaring 
evident radiographically. In adult marmosets, FOD-like 
lesions and osteopenia may occur concurrently or separately 
and may be diffuse or regionally extensive. Commonly 
affected areas are the mandible and/or maxilla (especially 
with FOD-like lesions) or long bones adjacent to the stifle 
and/or tibiotarsal joint. Although metabolic bone disease in 

marmosets may be challenging to diagnose prior to the devel-
opment of pathologic fractures without regular radiographic 
colony screening, progressive weight loss, gastrointestinal dis-
ease, and increased serum parathyroid hormone (PTH) are 
predictive antemortem biomarkers of bone disease [37]. The 
cause of metabolic bone disease in common marmosets is 
currently unclear, although insufficient absorption of Vitamin 
D or calcium has been considered as potential contributing 
factors although the inconsistent pathologic features do not 
support one definitive pathogenesis [36]. 

Fig. 4.4 Fibrous osteodystrophy-like metabolic bone disease in common marmosets. (a, b) Fibrous osteodystrophy in the ulna (a) and radius (b); 
(c) Marked cortical bony remodeling is present; (d) Osteolysis with myelofibrosis. 

Most other metabolic bone diseases are relatively rare in 
captive primate colonies in the modern era. Vitamin C/ascorbic 
acid deficiency leading to clinical disease (scurvy) in Old and 
New World primates is well documented and varies in presen-
tation by species [38, 39]. Typical lesions include petechiae 
and ecchymoses of the subcutis and gingiva as well as hema-
toma formation due to the essential role that Vitamin C plays in 
collagen fibril synthesis. Squirrel monkeys (Saimiri sciureus) 
are prone to forming characteristic subperiosteal hematomas 
(cephalohematomas) with deformation of the cranial bones 
while rhesus macaques are more susceptible to lameness 
caused by epiphyseal/metaphyseal fractures of the long 
bones; however, these presentations are not absolute and squir-
rel monkeys may also present with lameness. Colony outbreaks 
of scurvy were often attributed to errors in feed manufacturing 
or handling, and treatment with ascorbic acid resolves clinical 
disease in many animals (Figs. 4.4 and 4.5)  [38–40].
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Fig. 4.5 Osteopenia in the common marmoset. (a, b) Severe cortical 
thinning in the sternum (a) and femur (b). 
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Congenital Disorders of Nonhuman Primates 5 
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Abstract 

Congenital anomalies are abnormalities of structure or 
function that occur before birth although they may be 
detected prenatally, at birth, or during postnatal life. A 
number of causes may underlie their development in utero 
including genetic mutations, chromosomal aberrations, 
teratogenic compounds, maternal factors, and infectious 
diseases. The increasing availability of genetic sequencing 
has elucidated the basis of some monogenetic diseases in 
NHP as well as humans. Diseases caused by single gene 
mutations may cause local or wide-ranging effects depen-
dent on where the proteins are normally expressed. 
Defects in genes involved with embryonic patterning and 
organ development often result in early and severe 
malformations. Genetic diseases can result from loss of 
function of proteins such as enzymes, ion channels, and 
structural elements. Gene mutations can also be grouped 
by the affected cellular organelles such as ciliopathies and 
lysosomal storage diseases. The other causes of congenital 
anomalies are much less commonly identified and the 
etiology of a vast majority of congenital defects remains 
unknown. This chapter presents examples of a number of 
spontaneous congenital defects and genetic diseases in 
laboratory NHP. 

Keywords 

Congenital malformation · Congenital anomaly · Heredi-
tary disease · Genetic disease 

Congenital anomalies are abnormalities of structure or func-
tion that occur in utero. They may be detected prenatally, at 
birth, or during postnatal life. A number of causes may 

underlie their development in utero including genetic 
mutations, chromosomal aberrations, teratogenic drugs or 
plants, uterine environment, maternal factors, and infectious 
diseases. Monogenetic diseases may cause local or wide-
ranging effects dependent on where they are expressed. 
They can result from loss of function of enzymes (e.g., 
globoid cell leukodystrophy), ion channels (e.g., CLCN2-
related leukodystrophy), and metabolic pathways (e.g., 
hemochromatosis). Genes involved with embryonic pattern-
ing and organ development often result in early and severe 
malformations (e.g., lethal ciliopathies). Genes involved with 
connective tissue structural elements and adhesion molecules 
can result in defects in tissue integrity and function (e.g., 
epidermolysis bullosa simplex). Gene mutations can also be 
grouped by the affected cellular organelles. A common group 
of inherited diseases with wide-ranging phenotypes are 
ciliopathies which may affect either primary immotile or 
motile cilia. Primary cilia are present on a majority of cells 
in the body where they function in a number of essential 
signaling pathways. Genetic defects resulting in disruption 
of cilia assembly and/or structure are associated with a num-
ber of diseases including polycystic kidney diseases, 
retinopathies, and skeletal malformations. 
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Several surveys of spontaneous congenital malformations 
in nonhuman primate (NHP) populations estimate the inci-
dence between 0.3% and 1.7% [1–4]; however, differences in 
anomaly definition, the number of species assessed, and 
variable population sizes affect these calculated rates. 
Regardless, the overall indication is that these are generally 
rare events in most NHP populations. When compared to 
causes of congenital malformations in humans and other 
animal species, NHPs in laboratory setting are less likely to 
experience exposure to exogenous teratogens and many 
infectious etiologies. Chromosomal abnormalities have been 
described in NHP species [5–9]. Several monogenetic 
diseases are also well described such as globoid cell leuko-
dystrophy [10–12] and achromatopsia [13], both in rhesus 
macaques (Macaca mulatta).
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The availability of affordable genetic sequencing of indi-
vidual animals and access to detailed genomic information 
from reference resources such as the Macaque Genotype and 
Phenotype Resource (mGAP) (https://mgap.ohsu.edu/) have 
led to increased identification of previously unrecognized 
genetic diseases, several of which are described in this chap-
ter. Many of these genetic diseases may serve as important 
models of human disease where murine models fail to ade-
quately recapitulate the human condition. However, as in 
humans and other species, the cause of many of congenital 
anomalies in individual cases remains undetermined. 

The scope of this chapter is presentation of selected 
examples of spontaneous congenital anomalies and genetic 
diseases in laboratory nonhuman primates. The chapter is 
organized by organ system; in many of the cases, multiple 
organ systems were involved and are noted as such. The 
references are provided as guides for further information 
and are not intended to represent a comprehensive review 
of the literature in NHP. 

On a practical note, there are some steps that can be taken 
at postmortem evaluation that may aid the pathologist in the 
subsequent characterization and identification of an underly-
ing etiology. In addition to collection of tissues for micro-
scopic evaluation, routine banking of a frozen tissue sample 
such as liver for later DNA extraction is highly 
recommended. Careful dissection and observation of com-
plex organs such as heart/great vessels in situ may yield 
important information otherwise missed once the structures 
are removed. Postmortem radiographs can be an important 
aid in evaluating the skeletal system. The use of normal 
age-matched archival images and tissues can be invaluable 
when reviewing fetal abnormalities to assess delays in devel-
opment and subtle aberrations from normal morphology. 
Additionally, as many congenital malformations are incom-
patible with postnatal life; affected fetuses often die in utero 
and are presented to the pathologist after delivery with sig-
nificant in utero autolysis. Even in these cases, genomic 
sequencing from liver tissue obtained at necropsy can lead 
to identification of underlying genetic mutations. 

5.1 Defects Associated with Twin 
Pregnancies 

A limited number of congenital defects are specific to mono-
zygotic twin pregnancies. Although twinning is generally 
rare in Old World monkey species, several of these 
conditions have been reported in the literature such as con-
joined twins in rhesus macaques [2, 14]. 

Twin reversed arterial perfusion (TRAP) sequence is 
an extremely rare complication of monochorionic twin 

pregnancy in which one fetus lacks a functional heart. Circu-
latory support of the acardiac twin is provided by the other 
(“pump”) twin through arterio-arterial and veno-venous 
anastomoses in the shared placenta. The acardiac twin 
receives deoxygenated blood through the umbilical arteries; 
the reverse blood flow through the umbilical arteries and 
retrograde up the aorta can be identified in utero on Doppler 
ultrasound [15]. The affected fetus is grossly enlarged and 
deformed, in part, due to marked subcutaneous edema and 
intracoelomic fluid (fetal anasarca). In macaques, where the 
incidence of natural twinning is exceedingly low, only one 
acardiac twin lacking both heart and cephalic structures 
(acardius acephalus) has been described in the literature in 
a cynomolgus macaque (M. fascicularis) [16]. The case 
depicted here is a rhesus macaque. It represents the most 
developed form, acardius anceps, with a recognizable body 
shape and limbs, and poorly developed head and face 
(Figs. 5.1, 5.2, and  5.3). 

Fig. 5.1 Twin reversed arterial perfusion (TRAP) sequence (acardiac 
twin), fetal rhesus macaque. Whole body, ventral aspect. There is severe 
generalized subcutaneous edema (anasarca). The face is flattened with 
small, poorly formed features. The ears are low set with only vestigial 
pinnae visible. The digits of the hand are poorly developed and reduced 
in number



5 Congenital Disorders of Nonhuman Primates 141

Fig. 5.2 TRAP sequence (acardiac twin), fetal rhesus macaque. Whole 
body, dorsal aspect. There is diffuse anasarca. Each foot has the normal 
number of digits in contrast to the hands 

Fig. 5.3 TRAP sequence (acardiac twin), fetal rhesus macaque. Coelo-
mic cavity. The lungs, heart, and thymus are absent. There is no identi-
fiable diaphragm, liver, spleen, or pancreas. The intestines and 
genitourinary tract appear within normal limits 

5.2 Central Nervous System 

A variety of congenital central nervous system disorders 
occur in NHPs; some may be apparent at birth, others may 
be recognized by the development of neurologic signs with 
age. The examples described here are classified by the major 
categories of (a) brain malformations (e.g., neural tube 
defects, lissencephalies, microcephaly), 
(b) neurodegenerative diseases (e.g., leukodystrophies, 
inherited storage disorders), and (c) acquired diseases of the 
nervous system (e.g., ischemic injury). 

5.2.1 Structural Malformations 

Neural Tube Defects 
Anencephaly, or absence of major portions of the brain and 
calvaria, is a severe neural tube defect which occurs due to 
failure of closure of the anterior portion of the tube. The 
resulting exposure of the developing nervous tissue to amni-
otic fluid leads to subsequent degradation. The condition is 
invariably fatal in utero or within days of birth. The degree of 
malformation is variable. The majority of cases in humans 
involve lack of the neocortex; a similar malformation in a 
rhesus macaque is shown in Fig. 5.4. Complete agenesis of 
the majority of cephalic structures can also occur (Fig. 5.5). 
Cranial meningoencephalocele, the protrusion of brain and 
meninges through a defect in the calvaria, is another rare 
form of neural tube defect. In the case depicted here, there 
is a large defect in the calvaria with protrusion of brain and 
meninges into the subcutis (Fig. 5.6). 

Fig. 5.4 Anencephaly, fetal rhesus macaque. The bones and overlying 
skin of the skull are absent as are the cerebral hemispheres and cerebel-
lum. The eyes bulge markedly from shallow orbits
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Fig. 5.5 Acephaly, fetal rhesus macaque. Whole body. There is a 
complete absence of recognizable cephalic structures 

Fig. 5.6 Cranial meningoencephalocele, fetal Japanese macaque. 
Head. A large defect in the calvaria allowed protrusion of the meninges 
and cerebrum into the subcutis with subsequent cerebral necrosis. There 
are additional deformities including low set pinnae, midfacial concavity, 
cleft lip, hypoplastic orbits, and absent right eye 

Holoprosencephaly 
Holoprosencephaly is a disorder of early neural development 
in which the forebrain does not correctly separate to ulti-
mately form two complete cerebral hemispheres. A spectrum 
of disorders may occur with variable severity. The condition 
is often accompanied by facial and ocular malformations. 
Cyclopia represents an extreme end of the phenotypic spec-
trum (Fig. 5.7). 

Fig. 5.7 Cyclopia associated with holoprosencephaly, fetal rhesus 
macaque. Head. Failure of the formation of separate cerebral 
hemispheres is accompanied by severe facial defects including a single 
centrally-located eye 

Callosal Abnormalities 
Agenesis of the corpus callosum is an uncommon defect in 
most species except specific strains of mice (e.g., BALB/c 
and 129). The condition may occur as an isolated defect or be 
associated with multiple congenital abnormalities involving 
both the brain and other organ systems. In humans, genetic 
factors are the most commonly identified underlying cause, 
including chromosomal aberrations, trisomies, and specific 
gene mutations. Less commonly, it may develop secondary to 
viral or toxic etiologies. Agenesis may be complete or partial. 
Causes of corpus callosum agenesis have not been identified 
in NHPs. Partial agenesis is depicted in Figs. 5.8 and 5.9,  in  
which the caudal portions of the corpus callosum are entirely 
absent.
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Fig. 5.8 Partial agenesis of the corpus callosum, rhesus macaque. 
Brain. Coronal sections. The corpus callosum is absent in each section 

Fig. 5.9 Partial agenesis of the 
corpus callosum, rhesus macaque. 
Brain, HE. Coronal sections of 
cerebrum exhibit a vestigial 
callosal structure present only in 
section A 

Malformations of Cortical Development 
Malformations of cortical development frequently manifest 
as changes in the gyration pattern. The brains of Old World 
primates are lissencephalic in early gestation before maturing 
to adult gyri and sulci. Some New World primates are natu-
rally lissencephalic (e.g., common marmoset (Callithrix 
jacchus)). In examining fetal specimens, it is often important 
to have age-matched material for comparison. Sawada et al. 
[17] provide an excellent review of gyrification in the fetal 
cynomolgus macaque. Classical lissencephaly or 
lissencephaly type I features a lack of gyral development 
due to a failure of normal neuronal migration and may be 
caused by several known genetic causes in humans. Cobble-
stone lissencephaly or lissencephaly type II occurs due to 
defects in the pial–glial interface resulting in overmigration 
of neurons in the outer cortex [18]. Cobblestone 
lissencephaly due to a mutation in POMT1 (encoding for 
protein O-mannosyltransferase 1) is represented here 
(Figs. 5.10 and 5.11).
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Fig. 5.10 Cobblestone lissencephaly, fetal rhesus macaque. Head. The 
skull is markedly enlarged and dome-shaped in this fetus homozygous 
for a mutation in POMT1 

Fig. 5.11 Cobblestone lissencephaly, fetal rhesus macaque. Brain. 
Fluid filled, flaccid cerebral hemispheres are devoid of normal cortical 
gyral architecture 

Disorders of Brain Growth 
Micrencephaly refers to small brain size and weight defined 
as three standard deviations below norm. It is usually 
accompanied by microcephaly, a more readily assessable 
parameter clinically. It may be secondary to extrinsic factors 
interfering with brain growth such as in utero infection (e.g., 
Zika virus) and hypoxic injury. Primary micrencephaly arises 
from genetic disorders. Depicted here is severe 
micrencephaly in an animal with a ciliopathic disorder due 

to a TAPT1 (transmembrane anterior posterior transformation 
1) mutation resulting in a syndrome analogous to complex 
lethal osteochondrodysplasia in humans (Fig. 5.12). This 
syndrome is further discussed in the musculoskeletal system 
section (see Sect. 5.4.2 and Fig. 5.60). 

Fig. 5.12 Micrencephaly, rhesus macaque. Brain. On the right is an 
extremely small and lissencephalic brain from a gestational age 136-day 
fetus with multiple congenital abnormalities due to a TAPT1 mutation. 
On the left is a normal brain from an age-matched control fetus. There are 
more images of the affected animal in Fig. 5.60 

Ventriculomegaly 
Ventriculomegaly is defined as abnormal expansion of the 
ventricles; it includes internal hydrocephalus due to increased 
pressure and volume of cerebrospinal fluid as well as other 
causes such as loss of cerebral parenchyma (also termed 
hydrocephalus ex vacuo). The cause of congenital hydro-
cephalus is often unidentified but is generally thought to be 
obstructive. Shown here is internal hydrocephalus in a com-
mon marmoset (Fig. 5.13). Occipital lobe ventriculomegaly 
due to loss of parenchyma and expansion of ventricles is seen 
occasionally as an incidental lesion in rhesus macaques; it is 
thought to be the result of ischemic injury in utero or during 
parturition (Fig. 5.14).
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Fig. 5.13 Hydrocephalus, common marmoset. Brain, coronal section. 
The ventricles are diffusely dilated and there is compensatory loss of 
cortical tissue 

Fig. 5.14 Hydrocephalus, occipital lobes, rhesus macaque. Brain. The 
occipital lobes are bilaterally collapsed due to hydrocephalus ex vacuo 
affecting the cortical tissue 

Intracranial cysts lined by ependyma can occur as 
ependymal cysts, as part of obstructive hydrocephalus, or 
associated with specific genetic disorders such as oral–facial– 
digital syndrome I (OFDS) in humans. Ependymal cyst has 
been reported in a cynomolgus macaque [19]. Shown here are 
multiple cerebral cysts of unknown cause in a rhesus 
macaque [20] (Figs. 5.15 and 5.16). 

Fig. 5.15 Cerebral cysts, rhesus macaque. Brain. There is a fluid-filled 
cyst present in the left temporal lobe 

Fig. 5.16 Cerebral cysts, rhesus macaque. Brain. The right occipital 
lobe is expanded by a large cystic structure. The cyst is collapsed due to 
loss of fluid upon removal of the brain from the calvaria
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5.2.2 Heritable Neurodegenerative Disorders 

Disorders Primarily Affecting Gray Matter 

Neuronal Ceroid Lipofuscinosis (NCL) 
NCLs are a heterogenous group of hereditary neurodegen-
erative diseases characterized by intracellular accumula-
tion of auto-fluorescent pigment and progressive neuronal 
degeneration. In humans, 14 forms have been recognized 
due primarily to defects in genes that code for lysosomal 
enzymes and lysosomal transport proteins. Historically, 
NCLs have been diagnosed by age of clinical onset that 
generally correspond to specific underlying mutations. A 
spontaneous form of NCLs, CLN7 occurs in Japanese 
macaques (M. fuscata) due to a mutation in CLN7, als  
known as the major facilitator superfamily domain-
containing protein 8 (MFSD8) gene [21]. The CLN7 pro-
tein is localized principally in the lysosomes, although its 
in vivo functions are not fully understood. Affected 
macaques are homozygous for a frameshift mutation 
which is predicted to cause production of a truncated 
form of the protein. The disease in Japanese macaques is 
characterized by onset of clinical disease at 4–5 years  of  
age. Neurologic signs include ataxia, incoordination, 
hypermetria, visual deficits, and intention tremor. At nec-
ropsy, the brain is small and discolored (Fig. 5.17). The 
microscopic findings include severe cerebellar atrophy, 
cerebral atrophy, and abundant intracytoplasmic accumu-
lation of lightly pigmented, heterogeneously staining, 
auto-fluorescent material (Figs. 5.18, 5.19, 5.20, 5.21, 
and 5.22). 

Fig. 5.17 Neuronal ceroid lipofuscinosis, CLN7, Japanese macaque. 
Brain, saline perfused. The brain of this 5-year-old Japanese macaque, 
homozygotic for a mutation in CLN7, is diffusely atrophic indicated by 
overall small size, deep cerebral sulci, and narrow gyri. The cerebellum 
is small and the caudal margin does not extend to the caudal margins of 
the occipital lobes. Diffuse tan discoloration is due to accumulation of 
abundant intracellular pigment 

Fig. 5.18 Neuronal ceroid lipofuscinosis, CLN7, Japanese macaque. 
Cerebellum, HE. There is diffuse atrophy of the cerebellar folia which is 
most severe in the dorsal aspect 

Fig. 5.19 Neuronal ceroid lipofuscinosis, CLN7, Japanese macaque. 
Cerebellum, HE. Cerebellar atrophy is evidenced by severe thinning of 
the granular layer, loss of Purkinje cells, and marked hypocellularity of 
molecular layer
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Fig. 5.20 Neuronal ceroid 
lipofuscinosis, CLN7, Japanese 
macaque. Cerebellum, 
HE. Numerous cells (neurons and 
glia) contain abundant lightly 
pigmented, intracytoplasmic 
storage material 

Fig. 5.21 Neuronal ceroid lipofuscinosis, CLN7, Japanese macaque. 
Cerebellum, periodic acid-Schiff (PAS) (left), Sudan black (right). These 
histochemical stains reveal the heterogeneous nature of the storage 
material. PAS highlights glycoproteins (magenta). Sudan black 
demonstrates lipoprotein components (black) 

Fig. 5.22 Neuronal ceroid lipofuscinosis, CLN7, Japanese macaque. 
Cerebellum, unstained tissue. Composite image using DAPI and FITC 
excitation filters on unstained tissue demonstrates abundant 
autofluorescence of heterogenous storage material
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Disorders Primarily Affecting White Matter 

Globoid Cell Leukodystrophy (GCL) 
GCL or Krabbe disease is an autosomal recessive heritable 
lysosomal storage disorder affecting the central and periph-
eral nervous systems (PNS) that occurs in rhesus macaques as 
well as in humans, mice, sheep, cats, and dogs [10, 22]. The 
underlying pathogenesis is deficiency of 
galactocerebrosidase due to a mutation in the encoding 
gene, GALC [22]. Lack of the enzyme causes disruption of 
the myelin turnover pathway and buildup of toxic lipid 
metabolites, most notably psychosine, with toxic effects on 
oligodendrocytes, leading to loss of myelin and inflamma-
tion. The disease has been well described in a colony of 
rhesus macaques [10]. The gross lesions are primarily evident 
in the PNS where there is marked enlargement of peripheral 
nerves and dorsal root ganglia (Figs. 5.23 and 5.24). Micro-
scopically, there is demyelination in both the peripheral and 
central nerve systems and accumulation of characteristic 
globoid cells of microglial/monocyte lineage in the white 
matter (Figs. 5.25 and 5.26). 

Fig. 5.23 Globoid cell leukodystrophy, rhesus macaque. Brachial plexus. On the right is the brachial plexus from an affected animal showing the 
marked thickening and enlargement of peripheral nerves. On the left is the brachial plexus of an unaffected animal 

Fig. 5.24 Globoid cell leukodystrophy, rhesus macaque. Spinal cord. 
On the right is the spinal cord from an affected animal showing the 
marked enlargement of dorsal root ganglia. On the left is spinal cord 
from an unaffected animal for comparison



5 Congenital Disorders of Nonhuman Primates 149

Fig. 5.25 Globoid cell 
leukodystrophy, rhesus macaque. 
Cerebrum, HE. The distribution of 
the lesion is restricted to the white 
matter 

Fig. 5.26 Globoid cell leukodystrophy, rhesus macaque. Cerebrum, 
HE. Image depicts the predominately perivascular distribution of the 
characteristic enlarged histiocytic cells (globoid cells) containing storage 
material 

PLP1 Leukodystrophy 
A hypomyelinating leukodystrophy resembling Pelizaeus– 
Merzbacher disease in humans has been identified in infant 
rhesus macaques [23]. Affected animals have a diffuse pau-
city of myelin in the central nervous system. Clinical signs 
include nystagmus, intention tremors, and difficulty nursing. 
The cause is a missense mutation in the proteolipid protein 

1 gene (PLP1). This gene is carried on the X chromosome 
and all affected animals are hemizygous males. Lack of PLP1 
protein, a major component of myelin, results in diffuse 
central nervous system hypomyelination. The gross findings 
are generally unremarkable and are limited to mild cerebral 
swelling. Microscopically, there is poor delineation between 
gray and white matter regions and relative pallor of white 
matter (Fig. 5.27). In all areas of the CNS white matter, there 
is moderate gliosis and increased numbers of apoptotic glia 
(Fig. 5.28). Luxol fast blue staining demonstrates lack of 
myelin throughout the CNS (Fig. 5.29). 

Fig. 5.27 PLP1 leukodystrophy, rhesus macaque. Cerebrum, 
HE. Image B is tissue from an affected animal showing abnormal 
staining (pallor) of the cortical white matter. Image A is tissue from an 
age-matched control
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Fig. 5.28 PLP1 leukodystrophy, 
rhesus macaque. Cerebrum, 
HE. There is diffuse gliosis with 
increased numbers of apoptotic 
cells in the white matter. The inset 
is from a similar region of 
cerebrum in an age-matched 
control 

Fig. 5.29 PLP1 leukodystrophy, rhesus macaque. Cerebrum, Luxol fast 
blue/Periodic acid-Schiff. Image B is from an affected animal exhibiting 
diffuse absence of myelin as evidenced by lack of staining with Luxol 
fast blue. Image A is an age-matched control showing normal 
myelination at this age 

CLCN2 Leukodystrophy 
A leukodystrophy featuring diffuse white matter vacuola-
tion was identified in a rhesus macaque. The microscopic 
lesions resemble those of several heritable inborn errors of 
metabolism such as branched-chain alpha-ketoacid decar-
boxylase (BCKD) deficiency in Poll Hereford calves 
[24]. The rhesus macaque depicted here (Figs. 5.30, 5.31, 
and 5.32) was identified as homozygous for a mutation in 

CLCN-2 which is associated with CLCN-2 relate  
leukoencephalopathy, an extremely rare genetic neurologic 
disorder in humans [25]. CLCN-2 codes for ClC-2, a chlo-
ride channel with ubiquitous expression. In the brain, it is 
expressed primarily in astrocytes and neurons. CIC-2 
regulates ion and water homeostasis. Defective ClC-2 
results in intramyelinic edema [26]. 

Fig. 5.30 CLCN2 leukodystrophy, rhesus macaque. Cerebrum, 
HE. There is diffuse pallor of the white matter due to severe vacuolation
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Fig. 5.31 CLCN2 leukodystrophy, rhesus macaque. Cerebrum, HE. Vacuolation is less severe in the peripheral portions of the white matter 

Fig. 5.32 CLCN2 leukodystrophy, rhesus macaque. Cerebellum, 
HE. Vacuolation is most severe at the interface of white matter and 
gray matter 

5.2.3 Acquired 

Hydranencephaly is characterized by near total destruction of 
the cerebral hemispheres which are replaced by abundant 
CSF enclosed in a thin walled membrane consisting of 
leptomeninges and remnants of cortical tissue. It results 
from insults early in gestation and may occur secondary to 
a variety of conditions including viral infection, ischemia, 
and, potentially, specific genetic diseases. The head may be 

enlarged or of normal size. The calvarium is intact. It may be 
accompanied by other congenital abnormalities. The case 
shown here (Figs. 5.33, and 5.34) is from the acardiac twin 
previously discussed (see Figs. 5.1, 5.2, and  5.3). In this case, 
hydranencephaly is attributed to in utero hypoxemia/ 
ischemia. 

Fig. 5.33 Hydranencephaly, rhesus macaque. Head. Within the 
calvaria, the meninges form a saccular structure (arrows) containing 
abundant fluid and flocculent yellow-green material. No organized 
brain tissue is identified grossly. This is an image from the acardiac 
fetus depicted in Figs. 5.1–5.3
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Fig. 5.34 Hydranencephaly, 
rhesus macaque. Cerebrum, 
HE. Flocculent material in 
Fig. 5.33 represents remnants of 
poorly organized, necrotic cortical 
tissue 

5.3 Special Senses 

5.3.1 Eye 

Spontaneous defects of eye formation are rarely reported in 
NHP [3, 27]. Agenesis and microphthalmia may occur alone 
or be associated with other defects. Agenesis of the right eye 
was present in the animal with meningoencephalocele (see 
Fig. 5.6). 

Heritable causes of retinal degeneration are rare in NHP; 
however, two forms have recently been described in rhesus 
macaques. Achromatopsia is a retinal cone disorder which 
affects the function of all types of cones and results in loss of 
visual acuity and progressive macular degeneration. In rhesus 

macaques, it is due to an autosomal recessively inherited 
mutation in PDE6C, which codes for phosphodiesterase 6C, 
an enzyme necessary for phototransduction in cones 
[13]. Retinal degeneration due to a heritable ciliopathy has 
been described in related rhesus macaques [28]. A frameshift 
mutation in the Bardet–Biedl syndrome 7 gene (BBS7) 
causes a syndrome analogous to Bardet–Biedl syndrome in 
humans. In affected macaques, there is progressive 
retinal degeneration with loss of photoreceptors and inner 
retinal neurons, with thinning and disorganization of all 
cell layers (Fig. 5.35). In macaques, the mutation is 
associated with renal disease (see Figs. 5.82 and 5.83) and 
hypogonadism; obesity and polydactyly, seen in human 
patients, are lacking.
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Fig. 5.35 Retinal degeneration, Bardet–Biedl syndrome, rhesus 
macaque. Retina, HE. Subgross image shows the overall thinning and 
disorganization of the retinal architecture. Inset A demonstrates the 

diffuse loss of retinal layers. Inset B shows the disorganization of the 
retina near the optic nerve 

5.4 Musculoskeletal System 

5.4.1 Malformations and Limb Deformities 

Arthrogryposis is a condition in which there are multiple joint 
contractures at birth. The underlying common factor is 
thought to be decreased fetal movement in utero. The term 
is descriptive; the condition can arise from a number of 

intrinsic and extrinsic causes. Maternal conditions include 
those resulting in reduced amniotic fluid or constrained uter-
ine size. Fetal conditions associated with arthrogryposis 
include abnormalities in the central and peripheral nervous 
systems, muscles, and connective tissues. The condition is 
associated with a number of genetic and chromosomal 
defects and syndromes. The cases shown here in rhesus 
macaques were both associated with central nervous system 
malformations (Figs. 5.36 and 5.37).
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Fig. 5.36 Arthrogryposis, rhesus macaque. Whole body. There are 
multiple joint contractures as well as facial deformities. The brain of 
this animal is depicted in Figs. 5.8 and 5.9 

Fig. 5.37 Arthrogryposis, rhesus macaque. Whole body. Multiple joint 
contractures are present 

Congenital limb anomalies encompass a variety of 
malformations resulting from failure of formation, failure of 
differentiation, duplication, hypoplasia, and hyperplasia of 
embryonic structures as well as those associated with 
generalized skeletal malformations. Phocomelia (or “seal 
limb”) is a condition of abnormally shortened limbs with 
some preservation of distal extremities. The syndrome is 
widely known because of the use of thalidomide in humans 
during pregnancy in which upper limbs were more com-
monly and severely affected than lower limbs. In the two 
cases of spontaneous phocomelia in rhesus macaques shown 
here, both had more severe lesions in the lower extremities 
(Figs. 5.38, 5.39, and 5.40). Both were associated with other 
congenital defects such as cleft palate and syndactyly. 
Hemimelia is a partial to complete absence of a portion of a 
distal extremity; it may be associated with significant bowing 
of the limb as is evident in a case of bilateral partial aplasia of 
the fibula shown in Figs. 5.41 and 5.42. An isolated unilateral 
malformation of the femoral head is depicted in Fig. 5.43. 

Fig. 5.38 Phocomelia, rhesus macaque. Whole body. In this full-term 
fetal rhesus macaque, the hind limbs are shortened with “flipper-like” 
attachment of the feet to the trunk; there is also marked vertebral 
scoliosis
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Fig. 5.39 Phocomelia, rhesus macaque. Whole body, radiograph. 
Radiograph shows skeletal abnormalities of infant in Fig. 5.38. Most 
notable are the absence/severe hypoplasia of the femurs, tibias, and 
fibulas and marked shortening and bowing of the humeri 

Fig. 5.40 Phocomelia, rhesus macaque. The hind limbs are severely 
shortened due to hypoplasia/aplasia of the long bones 

Fig. 5.41 Hemimelia, rhesus macaque. The lower extremities appear 
abnormally shortened and bowed 

Fig. 5.42 Hemimelia, rhesus macaque. Pelvic limbs. The fibulas are 
bilaterally hypoplastic consisting only of the distal portion. The tibias 
are markedly bowed and deviated medially. Note syndactyly of digits 
2 and 3 and abnormal curvature of digits
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Fig. 5.43 Unilateral malformation of femoral head, rhesus macaque. 
Coxofemoral joint. The femoral head of this 2-year old macaque is 
ovoid with a saddle-shaped central depression 

Digital malformations can represent a variety of underly-
ing pathologies and may occur in isolation or as part of a 
group of malformations. Presentations include increased 
numbers of digits (polydactyly) (Figs. 5.44 and 5.45), 
decreased numbers of digits (oligodactyly) (Fig. 5.46), and 
fusion of digits (syndactyly). Syndactyly represents a failure 
of differentiation resulting in the abnormal interconnection of 
digits. Simple syndactyly involves soft tissue only. Mild 
forms are limited to abnormal interdigital webbing 
(Figs. 5.47 and 5.48). More extensive fusion may involve 
multiple digits and fusion of bone (synostosis) (Figs. 5.49 
and 5.50). 

Fig. 5.44 Polydactyly, rhesus macaque. Hand and foot. There is a 
vestigial digit arising from the fifth digit (post-axial) of the left hand 
(left) and left foot (right) 

Fig. 5.45 Polydactyly, baboon. Hands. There is an additional digit 
arising lateral to the fifth digit (post-axial) on both hands
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Fig. 5.46 Oligodactyly, rhesus 
macaque. Foot. Three digits are 
present on the foot of this animal 
exhibiting multiple congenital 
anomalies including phocomelia 
and cleft palate (Fig. 5.52) 

Fig. 5.47 Syndactyly, rhesus macaque. Hand. Cutaneous webs are 
present between digits 2–5 

Fig. 5.48 Syndactyly, rhesus macaque. Foot. A cutaneous digital web 
is present between digits 2 and 3 on the foot
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Fig. 5.49 Syndactyly, rhesus macaque. Foot. Marked syndactyly 
involving fusion of digits 2–5. Note the difference in pattern of syndac-
tyly in the opposite foot (Fig. 5.50) of this animal. This animal had 
multiple congenital malformations including partial agenesis of the 
corpus callosum (Figs. 5.8 and 5.9) and arthrogryposis (Fig. 5.39) 

Fig. 5.50 Syndactyly, rhesus macaque. Foot. There is extensive fusion 
of all digits 

Craniofacial malformations include those related to failure 
of fusion of embryonic components during development. The 
most common of these in NHPs and other species are cleft lip 
and cleft palate [2, 4]. The two examples of cleft palate in 
rhesus macaques shown here (Figs. 5.51 and 5.52) were 
associated with phocomelia and other skeletal abnormalities. 
Similar deformities may involve the mandible as shown in 
this baboon (Papio sp.) (Fig. 5.53). Abnormalities of jaw 
growth can result in mandibular prognathism, 
i.e. overgrowth of the mandible in relation to the maxilla 
(Fig. 5.54), and brachygnathism, i.e. abnormally short man-
dible (Fig. 5.55). In this case, brachygnathism is associated 

with mandibular hypoplasia and other skeletal and visceral 
malformations. Macroglossia, enlarged tongue, can be 
associated with other facial abnormalities as seen here 
(Fig. 5.56). 

Fig. 5.51 Cleft palate, rhesus macaque. Oral cavity. There is failure of 
midline closure of both the hard and soft palates with exposure of the 
nasal cavity. This animal had multiple congenital malformations includ-
ing phocomelia (Fig. 5.40) 

Fig. 5.52 Cleft palate, rhesus macaque. Oral cavity. There is a large 
defect in the hard and soft palates. This animal had multiple congenital 
malformations including phocomelia and oligodactyly (Fig. 5.46)
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Fig. 5.53 Mandibular schisis, baboon. Head. There is a midline defect 
of the lower jaw involving the skin, mandible, and tongue 

Fig. 5.54 Mandibular prognathism, rhesus macaque. Head. The lower 
jaw projects rostrally beyond the maxilla 

Fig. 5.55 Brachygnathism, rhesus macaque. Multiple facial 
malformations are present including an abnormally short, underdevel-
oped mandible 

Fig. 5.56 Macroglossia, rhesus macaque. The enlarged tongue 
protrudes from the mouth



160 A. D. Lewis

Pectus excavatum is a chest wall deformity in which there 
is concavity of the sternum (“funnel chest”) (Fig. 5.57). Sco-
liosis may also be present. It is a relatively common skeletal 
anomaly in NHP [2, 3]. In humans, it may occur in isolation 
or may be associated with a number of genetic disorders 
including heritable connective tissue disorders. Similarly, 
abnormal curvature of the vertebral column (kyphosis, scoli-
osis, and lordosis) may occur in isolation or associated with 
other musculoskeletal abnormalities. Shown here are 
examples of scoliosis in rhesus macaques (Figs. 5.58 and 
5.59). Both were associated with additional skeletal 
abnormalities. Scoliosis is also present in the case of 
phocomelia depicted in Figs. 5.38 and 5.39. 

Fig. 5.57 Pectus excavatum, rhesus macaque. There is a concave 
deformity in the caudal portion of the sternum 

Fig. 5.58 Scoliosis, rhesus macaque. Body cavity showing ventral 
aspect of spine. This is the thoracic vertebral column of the animal 
depicted in Fig. 5.57 with pectus excavatum. Marked lateral curvature 
is most severe in the caudal thoracic vertebral column 

Fig. 5.59 Scoliosis, rhesus macaque. Dorsal aspect of spine. Abnormal 
curvature of the spine was accompanied in this case by arthrogryposis 
and syndactyly (Fig. 5.48) as well as severe central nervous system 
degeneration 

5.4.2 Skeletal Dysplasias 

Skeletal dysplasias are heritable disorders of bone and carti-
lage resulting in ongoing abnormal growth and shape of 
the skeleton. Chondrodysplasia with other skeletal 
abnormalities of unknown cause has been reported in cotton 
top tamarins (Saguinus oedipus)  [29]. A lethal ciliopathy 
resulting in abnormal bone formation and other congenital 
deformities has been seen in a rhesus macaque. The animal 
was homozygous for an early termination variant in the 
TAPT1 gene. Skeletal abnormalities included scoliosis, 
arthrogryposis, micrencephaly (depicted in Fig. 5.12) 
with abnormal skull shape, and misshapen long bones and 
thorax (Fig. 5.60). These findings are similar to those in 
humans with mutations in TAPT1 which causes complex 
lethal osteochondrodysplasia, featuring severe congenital 
abnormalities of multiple organs (flat cerebellum, 
ventriculomegaly of the brain, hypomineralization of bones, 
and misshapen thorax) [30].
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Fig. 5.60 Lethal osteochondrodysplasia-like disease, rhesus macaque. 
Multiple skeletal abnormalities in a fetus homozygous for a mutation in 
TAPT1. The brain from this animal is shown in Fig. 5.12 

Congenital Hyperostosis 
Congenital hyperostosis has been seen in a group of related 
rhesus macaques. All animals presented as third trimester 
fetuses or neonates and had similar radiographic, gross, and 
microscopic findings. The primary lesions are marked hyper-
ostosis, periosteal proliferation, and neutrophilic osteitis/peri-
ostitis affecting predominately long bones (Figs. 5.61, 5.62, 
5.63, and  5.64). No infectious agents have been identified. The 
lesions have marked similarities to infantile cortical hyperosto-
sis (ICH) or Caffey disease. Caffey disease is a rare autosomal-
dominant congenital or neonatal disorder in humans 

characterized by hyperostosis that targets the mandible, clavi-
cle, ribs, scapulae, and long bones. The bony lesions include 
periosteal bone proliferation affecting the diaphysis, with an 
acute inflammatory reaction in the early stage of the disease. 
The infantile form has been associated with a specific genetic  
defect (3040C > T) in Col1A1, a gene encoding a subunit of 
type 1 collagen [31, 32]. It is inherited as an autosomal-
dominant mutation with incomplete penetrance. A more severe 
prenatal form with more severe bone deformities, 
polyhydramnios, and fetal loss has also been reported in 
humans but is generally not associated with mutations in 
Col1A1 [31, 33]. The presentation in rhesus appears interme-
diate between the prenatal and infantile forms in humans. The 
genetic basis for this disease in macaques has not been 
established. Affected animals do not carry deleterious 
mutations in COL1A1. There is a case report describing a 
condition resembling ICH in a rhesus macaque dam and one 
stillborn male offspring [34, 35]. 

Fig. 5.61 Congenital hyperostosis, rhesus macaque. Hind limbs, gross 
and radiographic images. The thighs appear enlarged due to the exten-
sive expansion of the underlying femoral bones. Radiographs demon-
strate the extensive disruption of cortical architecture and periosteal 
bony proliferation in the femurs and to a lesser extent the tibias
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Fig. 5.62 Congenital hyperostosis, rhesus macaque. Femur, cross sec-
tion. There is marked periosteal new bone formation and disruption of 
the cortex affecting the diaphysis 

Fig. 5.63 Congenital hyperostosis, rhesus macaque. Femur, cross section, 
subgross, HE. The diaphyseal cortical bone and periosteum are diffusely, 
circumferentially, and severely disrupted, thickened up to four times normal 
width. There is a concentric periosteal proliferation, surrounded by loose 
connective tissue, interspersed with islands of osteoid and cartilage, and 
occasional foci of necrotizing inflammation and neutrophilic inflammation. 
The extra-periosteal connective tissue is markedly edematous, infiltrated by 
low numbers of lymphocytes, macrophages, neutrophils, and plasma cells. 
Skeletal myofibers are atrophic and edematous
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Fig. 5.64 Congenital 
hyperostosis, rhesus macaque. 
Femur, HE. Area of 
necrosuppurative periostitis 

5.5 Cardiovascular System 

A variety of cardiovascular malformations have been 
reported in NHP; they represent a relatively common group 
of congenital defects in several species of NHP. Those caus-
ing left-to-right shunts include atrial septal defects (ASD), 
ventricular septal defects (VSD), and patent ductus arteriosus 
(PDA). ASDs have been reported in a bonnet macaque 
(M. radiata) [36], baboons [3], cynomolgus macaque [2], 
stump-tailed macaque (M. arctoides)  [1], patent foramen 
ovale in a baboon [3], and ASD with PDA in a cynomolgus 
and a rhesus macaque [1]. PDA alone has been reported in 
rhesus [2] and stump-tailed [1] macaques and a baboon 
[3]. Atrial septal defects in two rhesus macaques are 
presented in Figs. 5.65 and 5.66. Ventricular septal defects 
have been reported in rhesus macaques [2, 37], cynomolgus 
macaques [1, 38], and an African green monkey 
(Cercopithecus aethiops) [1]. Shown here are two cases of 
VSD in rhesus macaques (Figs. 5.67 and 5.68). 

Fig. 5.65 Atrial septal defect, rhesus macaque. There is generalized 
cardiomegaly and right ventricular hypertrophy due to an atrial septal 
defect
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Fig. 5.66 Atrial septal defect, rhesus macaque 

Fig. 5.67 Ventricular septal defect, rhesus macaque. Heart. The left 
ventricular free wall, interventricular septum, and right ventricular free 
wall are markedly thickened with hypertrophic papillary muscles. There 
is a large (0.8 cm × 0.7 cm) defect high in the interventricular septum, 
beneath the mitral valve 

Fig. 5.68 Ventricular septal defect, rhesus macaque. Heart. There is a 
0.2 cm ventricular defect high in the interventricular septum shown here 
beneath the tricuspid valve leaflets 

Malformations of cardiac valves are relatively uncommon. 
Tetralogy of Fallot has been reported in a Japanese macaque 
[39]. Preductal aortic stenosis has been reported in concert with 
ASD and PDA in three cynomolgus and one stump-tailed 
macaque [1]. Bicuspid aortic valve with aortic dilatation in RM 
shown in Fig. 5.69. Mitral valve malformation with secondary 
endocardial fibrosis and left ventricular hypertrophy is shown in 
a rhesus macaque (Fig. 5.70). Various great vessel anomalies and 
complex cardiac malformations have been reported in rhesus 
macaques [2, 40, 41]. Several malformations involving the 
great vessels are illustrated here (Figs. 5.71, 5.72, and  5.73). 

Fig. 5.69 Aortic valve malformation, rhesus macaque. Heart. The aortic 
valve has only two leaflets (bicuspid) which are thickened and irregular. 
The base of the aorta is markedly dilated
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Fig. 5.70 Mitral valve malformation, rhesus macaque, heart. Mitral 
valve leaflets are hypoplastic and thickened. There is marked left atrial 
endocardial fibrosis secondary to valvular incompetence 

Fig. 5.71 Great vessel anomalies, rhesus macaque. Heart in situ. 
Marked biventricular hypertrophy is secondary to congenital partial 
transposition of the great vessels 

Fig. 5.72 Great vessel anomalies, rhesus macaque. Heart in situ. This 
is an alternate view of the heart depicted in Fig. 5.71. The aorta/major 
vessel arising from the left ventricular outflow supplies the coronary 
arteries and cranial vessels. The pulmonary trunk, arising from the right 
ventricular outflow tract, supplies the lungs and then continued on to 
provide the remainder of the aorta. The ductus arteriosus is patent in this 
one-day-old infant 

Fig. 5.73 Great vessel anomalies, rhesus macaque. Heart. There are 
multiple abnormalities including a persistent ductus arteriosus with 
ductal coarctation of the aorta and preductal aortic dilatation; and 
bicuspid aortic valve. There is resulting cardiomegaly and right-sided 
dilatated cardiomyopathy 

5.6 Respiratory System 

Respiratory tract anomalies are very uncommon in NHPs. 
Cystic adenomatoid-like malformation [42] and congenital 
pulmonary dysplasia (Fig. 5.74) have occurred in 
cynomolgus macaques. Congenital lung lobe fusion in a 
rhesus macaque is shown in Fig. 5.75.
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Fig. 5.74 Lung dysplasia, cynomolgus macaque. Thoracic cavity. Nor-
mal lung tissue is partially replaced by spongy mass composed of 
primitive pulmonary tissue 

Fig. 5.75 Lung lobe fusion, rhesus macaque. Lung. There is incom-
plete separation of the lung lobes bilaterally 

5.7 Gastrointestinal Tract and Accessory 
Organs 

5.7.1 Alimentary 

Relatively few defects of the alimentary tract have been 
described in NHP except for those involving the distal rectum 
and anus. Atresia ani can occur in a spectrum of anorectal 
malformations which may also involve the distal urogenital 
tract. Atresia ani or imperforate anus has been reported in 
several NHP species [1–3] (Fig. 5.76). More complex mal-
formation such as cloaca has been reported in the 
cynomolgus macaque [43] and an imperforate vulva in a 
stump-tailed macaque fetus, who also had atresia coli, imper-
forate anus, pulmonary hypoplasia, and right-sided 
hydronephrosis [44]. Megacolon is a common sequela of 
anorectal atresia (Fig. 5.77). 

Fig. 5.76 Atresia ani, baboon. Gastrointestinal tract. The anus and 
distal rectum are nonpatent 

Fig. 5.77 Megacolon, baboon. Abdomen. Failure of formation of a 
patent distal rectum and anus has resulted in marked dilation of the colon 

5.7.2 Liver 

A form of inherited iron storage disease, hemochromatosis 
type IVB, has been identified in rhesus macaques. It is caused 
by a mutation in SLC40A1, the gene encoding for ferroportin. 
The pattern of inheritance is autosomal dominant, as is true in 
humans. It causes a relatively mild phenotype in macaques. 
Affected animals have mild elevations in circulating liver 
enzyme, alanine transaminase (ALT). The livers appear 
grossly normal; the condition is typically an incidental 
finding during histologic examination of tissues. Iron storage, 
highlighted by Perl’s iron stain, occurs both in the 
hepatocytes and Kupffer cells (Fig. 5.78). 

Duplication of the gallbladder is a common incidental 
finding at necropsy in rhesus macaques (Fig. 5.79).
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Fig. 5.78 Type IVB hemochromatosis, rhesus macaque. Liver, HE and 
Perl’s iron stain. A mutation in the gene for ferroportin (SLC40A1) has 
resulted in marked iron storage within the liver. HE staining shows 
abundant brown pigmented material (hemosiderin) in both Kupffer 

cells and macrophages concentrated in portal regions as well as within 
individual hepatocytes. Perl’s iron stain confirms the iron composition 
with positive blue stain
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Fig. 5.79 Gallbladder duplication, rhesus macaque. Liver 

5.8 Genitourinary System 

5.8.1 Kidney 

Defects of renal formation are generally uncommon. Renal 
agenesis has been reported in a rhesus macaque [2] and 
unilateral aplasia in a cynomolgus macaque [45]. Renal 
ectopia has been described in a squirrel monkey (Saimiri 
sciureus) and an owl monkey (Aotus trivirgatus) 
[46]. Renal malformations involving the presence of multiple 
papillae have been seen in rhesus macaques (Figs. 5.80 and 
5.81). Both affected animals had additional congenital 
malformations (fibular hemimelia) (Figs. 5.41 and 5.42) and 
phocomelia, respectively (Figs. 5.38 and 5.39). 

Fig. 5.80 Renal malformation, rhesus macaque. Kidney. Multiple renal 
calyces create a multilobular appearing hilar region. This animal also had 
bilateral fibular hypoplasia (Figs. 5.41 and 5.42) 

Fig. 5.81 Renal malformation, rhesus macaque. The left kidney has 
multiple calyces. The right kidney is unaffected. This animal had multi-
ple abnormalities including phocomelia (Figs. 5.38 and 5.39) 

A number of the heritable ciliopathies affect the kidney; 
a classic example is autosomal-dominant polycystic kidney 
disease (ADPKD) in humans and cats, caused by mutations 
PKD1. The ciliopathic disease, Bardet–Biedl syndrome 
(BBS7) in rhesus macaques, causes both a retinopathy
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described earlier (Fig. 5.35) as well as renal disease 
characterized by renal scarring and cystic tubules lined by 
irregular hyperplastic epithelium and chronic interstitial 
inflammation with fibrosis and loss of nephrons 
(Figs. 5.82 and 5.83). Cystic renal disease of unknown 
cause has been reported in several NHP species including 
rhesus [47, 48] and cynomolgus [49] macaques. Polycystic 
kidney disease is depicted here in a common marmoset 
(Fig. 5.84). Multiple renal medullary cysts found in an 
infant rhesus macaque (Figs. 5.85 and 5.86) wer  
accompanied by other congenital abnormalities including 
ovarian dysplasia (Fig. 5.87); the findings are suggestive of 
an underlying genetic mutation. 
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Fig. 5.82 Bardet–Biedl syndrome, BBS7, rhesus macaque. Kidneys. 
The renal capsules are firmly adhered to the cortex and the contours of 
kidneys are severely and extensively distorted by depressed, fibrotic foci 

Fig. 5.83 Bardet–Biedl 
syndrome, BBS7, rhesus 
macaque. Kidney, HE. The renal 
cortex contains multiple small 
cysts with are lined by irregularly 
organized, multi-layered tubular 
epithelium which occasionally 
forms polypoid projections 

Fig. 5.84 Polycystic kidney, common marmoset. The kidneys are 
severely enlarged with normal parenchyma effaced by confluent fluid-
filled cysts 

Fig. 5.85 Medullary renal cysts, rhesus macaque. Kidneys. There are 
numerous ~0.1 cm cysts in the medulla clustered at the corticomedullary 
junction
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Fig. 5.86 Medullary renal cysts, 
rhesus macaque. Kidney, 
HE. Renal medullary cysts are 
lined by 1–2 layers of cuboidal 
epithelium 

Fig. 5.87 Ovarian dysplasia, 
rhesus macaque. Ovary, HE. In 
this 21-day old infant, there is a 
generalized paucity of oocytes 
and numerous immature sex cords 

5.8.2 Reproductive System 

Rare reproductive tract anomalies reported in NHP include 
uterus didelphys in a rhesus macaque [44] and ovotesticular 
disorder of sex development in a baboon [50]. Shown here is 
ovarian dysplasia associated with multiple renal medullary 
cysts observed in a rhesus macaque (Fig. 5.87). 

5.9 Endocrine System 

5.9.1 Thyroid Gland 

Congenital goiter is a rare finding in nonhuman primates. 
The general causes of congenital goiter in all species 
include maternal diets with deficient or excessive iodine, 

maternal ingestion of goitrogenic compounds, and genetic 
mutations. Familial goiter has been described in the rhesus 
macaque; a genetic cause was suspected but not identified 
[51]. Dyshormonogenetic goiter has been seen in related 
rhesus macaques which are homozygotic for a mutation in 
TG, the gene encoding for thyroglobulin [52]. Of five 
cases, three were stillborn or died within 2 weeks of 
birth. Two animals lived to 1 year of age; one exhibit 
bone lesions of epiphyseal immaturity and dysplasia, typ-
ical of congenital hypothyroidism. In the affected animals, 
the thyroids glands were enlarged and fleshy (Fig. 5.88). 
Microscopically, there was diffuse thyroid follicular 
hyperplasia and hypertrophy with diffuse colloid atrophy 
(Fig. 5.89).
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Fig. 5.88 Dyshormonogenetic goiter, rhesus macaque. Thyroid gland. 
The lobes of the thyroid gland are markedly enlarged in this animal with 
goiter due to a mutation in TG. The parenchyma appears fleshy 

Fig. 5.89 Dyshormonogenetic goiter, rhesus macaque. Thyroid gland, 
HE. Thyroid follicles are irregular, often angular and lined by diffusely 
hypertrophic and hyperplastic epithelium. There is diffuse paucity of 
normal colloid 

Thyroid dysplasia is an apparently benign condition seen 
in related Japanese macaques which features diffuse basilar 
cytoplasmic vacuolation of thyroid follicular cells 
(Figs. 5.90 and 5.91). It is similar to a syndrome described 
as thyroid gland dysplasia in Hannover Wistar GALAS rats 
[53]. In Japanese macaques, the condition is attributed to a 
defect in TG, as is true for the Wistar rats. A morphologi-
cally similar condition has been reported in cynomolgus 
macaques [54]. 

Fig. 5.90 Thyroid dysplasia, Japanese macaque. Thyroid. The gland is 
mildly enlarged and lobulated 

Fig. 5.91 Thyroid dysplasia, Japanese macaque. Thyroid, HE. Thyroid 
follicles are lined by enlarged columnar follicular epithelium with 
prominent basilar eosinophilic vacuoles which displace the nucleus 
apically. There is diffuse lack of colloid
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5.10 Integument 

Epidermolysis bullosa simplex has been identified in two 
fetal rhesus macaques [55]. The condition in macaques is 
due to an insertion variant mutation in KRT5. Loss of keratin 
5 protein results in cytoskeletal disruption of the basal 
keratinocytes leading to vesicle formation and epidermal 
loss. The affected stillborn fetuses were delivered naturally 
with extensive loss of the epidermis (Fig. 5.92). Microscopi-
cally, lesions were characterized by extensive ulceration and 
vesicle formation due to intraepidermal clefting (Fig. 5.93). 

Fig. 5.92 Epidermolysis bullosa simplex due to KRT 5 mutation, fetal 
rhesus macaque. There is generalized absence of the epidermis with 
multiple islands of regeneration, most prominent on the anterior surface 
of the thigh 

Fig. 5.93 Epidermolysis bullosa 
simplex due to KRT 5 mutation, 
fetal rhesus macaque. Skin, 
HE. There is focally extensive 
intraepidermal separation 
transitioning to ulceration 
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Age-Related Pathology in Nonhuman Primates 6 
Heather A. Simmons 

Abstract 

This chapter focuses on age-related pathologies in rhesus 
macaques (Macaca mulatta) and common marmosets 
(Callithrix jacchus), two nonhuman primate species 
often used as models for human disease and for longitudi-
nal studies on aging. Rhesus macaques are well-
established models for age-related conditions including 
hypertension, diabetes, visual accommodation, amyloid-
osis, osteopenia, osteoporosis, sarcopenia, and frailty. 
Investigations of age-associated pathologies in the com-
mon marmoset include amyloidosis, diabetes, chronic 
renal disease, osteopenia, vision, and cognitive decline. 

Keywords 

Macaca mulatta · Callithrix jacchus · Common marmo-
set · Rhesus macaque · Aging · Frailty · Arthritis · 
Sarcopenia · Diabetes · Amyloid · Diverticulosis · Osteo-
arthritis · Arteriolosclerosis · Glomerulopathy · Chronic 
lymphocytic enteritis · Colitis · Cataract 

Rhesus macaques are an excellent and well-known model 
species for aging with a life span of approximately 40 years. 
Common marmosets have a shorter life span of approxi-
mately 16 years and are often considered easier to house 
and handle due to their smaller body size and the lack of 
serious zoonotic viruses such as macacine herpesvirus 1. This 
chapter focuses on the gross and histologic characteristics of 
the age-related pathologies of rhesus macaques (Macaca 
mulatta) and common marmosets (Callithrix jacchus), two 
nonhuman primate species often used as models for human 
disease and longitudinal studies on aging. 

Frailty is a clinical health assessment which often serves 
as a 3-year predictor of the incidence of adverse health-

related outcomes such as disability or death in humans 
[1]. In the USA it has been shown that frailty increases with 
age, affecting 7% of people ≥65 years old and 25–40% of 
those greater than 80 years of age [2]. The phenotype of 
frailty is defined as the presence of three or more of the 
following core elements: poor endurance, low levels of phys-
ical activity, tiredness, slow gait speed, weakness, and weight 
loss [1, 2]. A frail phenotype has been defined in the rhesus 
macaque [3]. Although frailty is a clinical assessment, the 
physical pathologies associated with this diagnosis will be 
described for both the rhesus macaque and common marmo-
set in this chapter. 
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6.1 Musculoskeletal 

The presence of apps recording gait and stability on cell 
phones is an indication of ever-increasing recognition of the 
serious consequences of diminished mobility due to 
sarcopenia and arthritis leading to falls that result in 
osteopenia and osteoporosis associated injuries. 

6.1.1 Osteopenia and Osteoporosis 

Humans, rhesus macaques, and common marmosets all have 
increasing bone mineral content between birth and skeletal 
maturity when there is epiphyseal closure and peak bone 
mass at the ages of 12–19 years, 7–10 years, and ~1 year, 
respectively [4–8]. There is subsequent bone loss with 
advancing age in both sexes of all three species [5, 6, 
8]. Osteopenia and osteoporosis are most evident in both 
sexes of rhesus macaques during gross necropsy when 
evaluating bone marrow or removing the brain from the 
calvarium. Bones are noted to be subjectively brittle, less 
dense, and more easily cut or incised. The female rhesus 
macaque has been used as a model for pre-, peri-, and post-
menopausal osteoporosis due to the marked similarities in



skeletal response to hormonal changes (diminished estrogen) 
during menopause [6]. The female marmoset has an estrus 
cycle rather than a menstrual cycle and thus does not undergo 
menopause although there is reproductive senescence with 
diminished ovarian cycles and greater interbirth periods. 
Interestingly, female marmosets do not develop osteopenia 
when ovariectomized nor when they have chronic low levels 
of estrogen, progesterone, and chorionic gonadotropin due to 
species specific long-term socially induced reproductive 
suppression [9]. 
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Death caused by the complications of hip fractures is 2–3 
times higher in men than women [10]. The orchiectomized 
male marmoset is a very important model for osteopenia 
caused by hypogonadism of aging [11]. Young and aged 
male marmosets lose 5–20% of cancellous density in the 
tibial metaphysis 6–12 months after castration, while loss of 
lumbar vertebral density was only observed in the aged 
marmosets after castration [11, 12]. 

6.1.2 Osteoarthritis 

Primary osteoarthritis otherwise known as degenerative joint 
disease is strongly associated with increasing age and 
mechanical wear especially in weight-bearing joints. Primary 
osteoarthritis consists of articular cartilage degeneration, 
eburnation of articular bone, and osteophyte formation 
[13]. Age-related osteoarthritis is documented in both the 
rhesus macaque and common marmoset and may affect any 
joint of the axial and abaxial skeleton [5, 6, 14–16]. The most 
commonly affected joints in the macaque are the stifles, 
coxofemoral joints, and intervertebral joints of the thoracic 
spine (Fig. 6.1)  [17]. Vertebral osteoarthritis in rhesus 
macaques and humans is very similar with cartilage degrada-
tion, concentric and radial tears in degenerating intervertebral 
discs, and osteophyte formation on articular facets and verte-
bral bodies [14]. Aged rhesus macaques can develop spec-
tacular thoracic kyphosis with bridging spondylosis on the 
anterior aspects of vertebrae due to osteophytosis (Fig. 6.2) 
[14, 17]. Scoliosis of the vertebral column may occur inde-
pendently or concurrently with kyphosis in the rhesus with a 
marked increase in the prevalence of both conditions in aged/ 
geriatric animals >20 years of age (Fig. 6.3)  [6, 17].
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Fig. 6.1 Osteoarthritis in rhesus 
macaques. (a) Osteoarthritis of the 
proximal humeral head with 
articular erosion, hemorrhage, 
osteophyte formation, and nodular 
thickening of the synovial 
membranes. (b) Scapular glenoid 
cavity with irregular osteophytes 
and fibrous thickening of synovial 
membranes. (c) Femoral head 
eburnation of the articular 
cartilage. (d) Eburnation and of 
the proximal tibial condyles. (e) 
Erosion, eburnation, and 
extensive osteophyte formation on 
the proximal tibia. Images (c, e) 
courtesy of Dr. Andres Mejia 

Fig. 6.2 Severe thoracic kyphosis in an aged rhesus macaque. Image courtesy of Abigail Bradford
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Fig. 6.3 Vertebral osteoarthritis, rhesus macaque. (a) Severe kyphosis 
and scoliosis and ankylosing vertebral spondylosis of the thoracic 
spine. (b) Severe scoliosis with ankylosing vertebral spondylosis 
characterized by nodular fusion of osteophytes bridging intervertebral 
joints of the thoracic spine 

6.1.3 Sarcopenia 

Age-related decrease in muscle mass, sarcopenia, begins in 
middle-aged humans (50+ years old) and macaques 
(14–16 years old), and becomes more pronounced over time 
[12, 18, 19]. The most significant clinical period is in the 
eighth decade in humas with a 50% loss of leg muscle area in 
humans and at about 23 years of age in the rhesus with >20% 
loss of leg muscle are in the legs (Fig. 6.4) [12, 18]. The 
marmoset differs significantly with humans and macaques by 

showing increased lean body mass and loss of fat mass with 
increasing age [20]. This is evident during gross examination 
with no discernable difference in the quadriceps of older and 
aged marmosets compared to younger animals. The loss of 
fat mass in the marmoset is reflected in the omentum, mesen-
tery, and peri-renal adipose. Marmosets have minimal subcu-
taneous adipose in contrast to humans and macaques, both of 
which often develop significant subcutaneous adipose in the 
abdominal regions and within the abdominal cavity with 
increased body condition scores and obesity. 

Fig. 6.4 Sarcopenia in an aged 
rhesus macaque. (a) Severe 
diffuse sarcopenia of the gluteus 
maximus, biceps femoris, 
semitendinosus, 
semimembranosus, and 
gastrocnemius and anterior tibialis 
with increased prominence of the 
underlying femur and tibias. (b) 
Severe diffuse sarcopenia of the 
deltoid, triceps, supraspinatus, 
and infraspinatus muscles 
overlying the scapula
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6.2 Cardiovascular 

Cardiovascular disease increases with age and is the leading 
cause of death in humans and great apes, as well as a signifi-
cant cause of morbidity and mortality in rhesus macaques and 
common marmosets [17, 21–24]. Common age-associated 
cardiac changes in rhesus macaques and marmosets include 
valvular endocardiosis, valvular mineralization, interstitial 
fibrosis with degeneration and hypertrophy of 
cardiomyocytes, and myocardial mineralization [15, 25– 
27]. It should be noted that myocardial mineralization has 
been noted as an incidental finding in marmosets of all ages, 
including infants, suggesting that cellular degeneration 

associated with aging may not be the only mechanism for 
this change [27]. 

Fig. 6.5 Valvular endocardiosis 
in the rhesus macaque. (a) Mild 
smooth nodular thickening within 
the margins of the atrioventricular 
valve leaflets. (b) 
Photomicrograph of valvular 
endocardiosis with irregular to 
nodular thickening of the 
atrioventricular valve. Stain: 
Masson's trichrome. (c) 
Photomicrograph of an irregularly 
thickened and mineralized 
atrioventricular valve. Stain: HE 

6.2.1 Valvular Endocardiosis 

Valvular endocardiosis is most often noted in the atrioven-
tricular valves and is characterized by chronic nodular 
thickening of valve leaflets, acid mucopolysaccharide depo-
sition, and in some cases mineralization (Fig. 6.5). This 
valvular change is occasionally noted at a younger age 
(~10 years in the rhesus macaque) than other age-associated 
conditions [17].
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6.2.2 Degenerative and Fibrosing 
Cardiomyopathy 

Idiopathic myocardial fibrosis otherwise described as degen-
erative and fibrosing cardiomyopathy is more prevalent and 
more extensive in older NHP and great apes with 56% of 
cases occurring in geriatric and aged rhesus macaques 
(≥20 years of age) and 80% of cases in geriatric and aged 
common marmosets (≥8 years of age) in the Wisconsin 
National Primate Research Center Colony [17, 23, 
28]. Degenerative and fibrosing cardiomyopathy is 
characterized by significant myocardial interstitial fibrosis 
separating degenerative myocardiocytes that exhibit loss of 
cytoplasmic cross-striations, sarcoplasmic vacuolization, and 
variation in nuclear size. Affected regions of myocardium 

often have individually hypertrophic myocardiocytes and 
perinuclear accumulations of lipofuscin within 
cardiomyocytes (Fig. 6.6). MRI studies of common 
marmosets indicate that, like humans, there is a decrease in 
ventricular volume with increasing age that is accompanied 
by an increase in ventricular density, interstitial fibrosis, and 
no significant change in cardiac weight [24]. Interstitial fibro-
sis may occur in any region (ventricles, interventricular sep-
tum, and/or atria) of the NHP heart. There is a tendency in the 
marmoset to develop fibrosis in the right ventricular free wall, 
while fibrosis in the left ventricular free wall is more common 
in the macaque. There is documentation of more collagen in 
the right ventricular myocardium than in the myocardium of 
left ventricle in the marmoset [29]. 

Fig. 6.6 Photomicrographs of 
degenerative and fibrosing 
cardiomyopathy. (a) Rhesus 
macaque, left ventricular 
myocardium with moderate to 
marked interstitial fibrosis 
extending between and replacing 
myocardiocytes with small 
aggregates of clear adipocytes. 
Hypertrophic cardiomyocytes 
have karyomegaly, anisocytosis, 
and occasionally multiple nuclei. 
Stain: HE. (b) Masson's trichrome 
stain of the same heart with blue 
staining of fibrotic regions. (c) 
Common marmoset, left 
ventricular myocardium with 
moderate multifocal interstitial 
fibrosis, myocardiocyte 
degeneration, and myocardiocyte 
loss. (d) Trichrome stain of the 
same heart emphasizing the 
extensive fibrosis (blue color) 
throughout the myocardium of the 
left ventricle and interventricular 
septum
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6.2.3 Vascular Fibrosis and Mineralization 

Structural changes in large blood vessels such as the aorta are 
associated with increasing age in humans and include fibrosis 
of the intima, fibrosis of the media, and calcification of large 
vascular walls with fragmentation of the intimal elastica 
[30]. These same changes are noted with increasing fre-
quency in wild-caught and purpose-bred rhesus macaques 
as they age [15, 17, 31, 32]. Fibrosis of the aorta is 
characterized by irregular roughening of the intima with 
patchy pallor and may be associated with age associated 

valvular pathology (Fig. 6.7a) or along the entire length of 
the thoracic and abdominal aorta (Fig. 6.7b). Vascular min-
eralization in the aged marmoset and macaque is quite vari-
able with prominent mineralization in grossly identified 
segments and very subtle mineralization only detected micro-
scopically in sections collected for routine screening. 
(Fig. 6.8). These changes may be, but are not always, 
associated with chronic renal disease in primates. Calcifica-
tion of the vascular media occurs years earlier in people with 
chronic kidney disease when compared to general 
population [33]. 

Fig. 6.7 Vascular fibrosis. (a) A  
29-year-old rhesus macaque with 
subaortic valve stenosis leading to 
roughening and fibrosis of the 
aortic endothelium and intima. (b) 
A 38.6-year-old rhesus macaque 
with pallor and fibrosis of the 
endothelium and intima of the 
thoracic aorta 

Fig. 6.8 Aortic mineralization. 
(a) Photomicrograph of focally 
severe mineralization (dark 
purple) of the aortic wall with 
vacuolization of cells within the 
tunica media in a common 
marmoset. (b) Photomicrograph 
of subtle dark purple 
mineralization of individual cells 
within the aortic tunica media of a 
rhesus macaque



182 H. A. Simmons

6.2.4 Atherosclerosis and Myocardial 
Infarction 

Free-ranging and laboratory-bred marmosets and macaques 
do not typically develop the atherosclerotic lesions in the 
coronary or great vessels, unless they are fed experimental 
high-fat or Western diets comparable to humans [26, 27, 31, 
32, 34–41]. In the macaque, lesions initially develop in the 
abdominal aorta with subsequent involvement of the thoracic 
aorta followed by the coronary arteries making them a good 
experimental model for the human condition [36]. Athero-
sclerotic lesions in marmosets have been documented in the 

thoracic aorta, abdominal aorta, and the iliac arteries 
[41]. Affected vessels may vary from grossly unremarkable 
with intimal pallor to thickened rigid tubular structures with 
severe luminal narrowing (Fig. 6.9a, b). Microscopically 
atherosclerotic vessels may have focal expansion of the 
subintimal layer with amphophilic material, histiocytic 
subintimal inflammation, and multifocal mineralization with 
or without cholesterol clefting (Fig. 6.9c–f). Myocardial 
infarction (MI) is not a common finding in research colonies 
of macaques or marmosets. Macaques fed high-fat diets will 
develop MI and strokes as an experimental model, when fed a 
high-fat diet [36–38].
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Fig. 6.9 Aortic atherosclerosis. (a) The aortic arch, left common 
carotid artery, and left subclavian artery of an 11-year-old cotton-top 
tamarin with atherosclerosis significant thickening of the vascular wall 
and severe luminal narrowing (*). (b) Cross-section of the distal thoracic 
aorta with significant bilateral irregular thickening of the vascular walls 
and luminal constriction (*). (c) Photomicrograph of B with bilateral 
subintimal plaque formation (p), histiocytic inflammation, and multiple 
dark purple foci of mineralization. (d) Photomicrograph of diffuse 
disruption and expansion of the subintimal layer of the aorta with 

abundant hyaline to slightly amphophilic material in a 29-year-old 
rhesus macaque. (e) Photomicrograph of focally extensive expansion 
of subintimal layer of the aorta with macrophages, lymphocytes, plasma 
cells, and eosinophilic amorphous material in a 13.3-year-old common 
marmoset. (f) Photomicrograph of a cross-section of the thoracic aorta 
of a 10.75-year-old common marmoset with histiocytic inflammation, 
marked multifocal mineralization, and cholesterol clefting (insert) 
within bilateral atherosclerotic plaques. Case material for (a–c) provided 
courtesy of Dr. Tracey L. Gilbert and the Northeastern Wisconsin Zoo
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6.2.5 Arteriosclerosis and Hypertensive 
Vascular Changes 

Arteriosclerosis and arteriolosclerosis both of which are 
described as vascular thickening with or without luminal 
narrowing in large and small arteries, respectively, are com-
mon spontaneous findings in rhesus macaques and increase 
with age, similar to humans [15, 31, 34]. The association 
between hypertension and diabetes, both age-associated and 
arteriosclerosis associated, is well defined in both the 
macaque and humans [26, 27, 34, 42, 43]. Rhesus macaques 
are good model for hypertension investigations and develop 
hyaline arteriolosclerosis (loss of structural detail and hyaline 
thickening of vascular walls) and hyperplastic 
arteriolosclerosis (concentric and/or eccentric lamellar 
fibrous and muscular thickening of vascular walls with vari-
able luminal narrowing) (Fig. 6.10a) [30, 34, 40, 44, 
45]. Although spontaneous hypertension is not well 
documented in the common marmoset, pulmonary and renal 
arteriopathy has been noted in several animals, one of which 
had concurrent hypertrophic cardiomyopathy suggesting pul-
monary hypertension (Fig 6.10b) [46]. There is an excellent 
study of spontaneous hypertension with renal and cardiovas-
cular sequelae in the Western pygmy marmoset (Cebuella 
pygmaea) [47]. Hyaline arteriolosclerosis is prevalent and 
more severe in diabetics than people without diabetes but is 
also diagnosed in elderly patients without hypertension or 
diabetes [34, 48]. 

Fig. 6.10 Photomicrographs of 
hyperplastic arteriolosclerosis of 
renal arcuate arteries. (a) There is 
severe concentric lamellar fibrous 
and muscular thickening of the 
tunica media of a large artery with 
marked luminal constriction in a 
rhesus macaque. (b) A small renal 
artery in a common marmoset 
with moderate hypertrophy of the 
tunica media and tunica externa 
with severe luminal constriction 

6.3 Pulmonary Pathology 

6.3.1 Bronchiolar Metaplasia 

Aging and age-associated changes in structure and function 
are considered risk factors for developing chronic respiratory 
diseases in humans [49]. Alterations in pulmonary responses 
to injury in the aged lung may lead to aberrant repair with 
increased interstitial fibrosis and altered populations of alve-
olar epithelial cells. Epithelial cell senescence is theorized to 
be the cause of abnormal lung healing in aged individuals 
with progenitor alveolar epithelial type 2 cells failing to 
differentiate into type 1 pneumocytes in the lower lung dur-
ing tissue repair [49]. Aged macaques often have scattered 
small regions, in the periphery of one or multiple lung lobes, 
characterized by increased interstitial fibrosis involving ter-
minal bronchioles and adjacent peribronchiolar alveoli lined 
by low cuboidal bronchiolar epithelium (Fig. 6.11). These are 
usually considered incidental changes due to the lack of 
respiratory signs in macaques. In humans, this change is 
termed bronchiolization, bronchiolar metaplasia, or 
Lambertosis and may arise in association with small airway 
dysfunction and diseases such as constrictive bronchiolitis or 
hypersensitivity pneumonitis [50]. Atypical adenomatous 
hyperplasia and neoplasia should be ruled out through careful 
evaluation of cytologic features. Respiratory neoplasia is an 
uncommon diagnosis in both macaques and marmosets with 
only one published report of a pulmonary adenocarcinoma in 
a marmoset and a second case in the Wisconsin National 
Primate Research Center Colony (Fig. 6.12)  [51, 52].
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Fig. 6.11 Photomicrographs of 
bronchiolar metaplasia in a 
cynomolgus macaque. (a) The 
black circle encloses a region of 
terminal bronchioles with 
multiple foci of prominent 
basophilic epithelium. (b) Higher 
magnification emphasizes the low 
cuboidal bronchiolar epithelium 
lining terminal airways with and 
increased interstitial fibrosis 

Fig. 6.12 Photomicrograph of a pulmonary adenocarcinoma 
expanding and replacing the pulmonary parenchyma. Cuboidal to 
columnar neoplastic cells are arranged in winding cords and papillary 
projections supported by a fine fibrovascular stroma. Case material 
courtesy of Dr. Puja Basu 

6.3.2 Pleural Fibrosis, Mineralization, 
and Osseous Metaplasia 

Geriatric and aged common marmosets occasionally have 
areas of pleural pallor on the dorsal surfaces of the lung 
lobes, most often involving the caudal lobes, that consist of 
fibrosis and osseous metaplasia (Fig. 6.13a–c)  [16, 46]. Pleu-
ral fibrosis is noted in the geriatric macaque, but the presence 
of osseous metaplasia within these regions is not common. 
Mineralization and osseous metaplasia is commonly noted 
within cartilaginous tracheal and bronchiolar rings in both the 
marmoset and macaque (Fig. 6.14).
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Fig. 6.13 (a) Multifocal plural fibrosis (round pale foci) in a 10-year-
old common marmoset. (b) Photomicrograph of a lung section from (a) 
with a large focus of plural fibrosis. (c) Higher magnification of mild 

multifocal pleural fibrosis with focal mineralization (purple) from a 
12-year-old common marmoset 

Fig. 6.14 Photomicrographs of 
osseous metaplasia and 
mineralization. (a) Marmoset lung 
with osseous metaplasia and 
mineralization of bronchiolar 
cartilage. (b) Photomicrograph of 
a common marmoset trachea with 
osseous metaplasia with scattered 
osteoclasts and bone marrow 
formation (arrow) 

6.3.3 Alveoli, Pulmonary Emphysema, 
and Subpleural Bullae 

Humans and rhesus macaques both show increases in the 
number of alveoli between birth and adulthood with the 
greatest increase in alveolar numbers between birth and 
8 years and birth and ~1 year, respectively [53]. Pulmonary 
aging, especially in postmenopausal women and macaques, 
is associated with increased alveolar size and declining alve-
olar numbers [53, 54]. The diminution or loss of estrogen 

(due to ovariectomy or menopause) in rhesus macaques was 
shown to be associated with increased alveolar size 
(Fig. 6.15a, b) [53]. These changes may explain the increase 
prevalence of subpleural bullae and pleural emphysema in 
the periphery of lung lobes in geriatric and aged macaques 
(Fig. 6.15c, d) [15, 17]. Typically, these are noted as inciden-
tal findings during necropsy and are not associated with 
clinical respiratory signs [17]. These changes are not typi-
cally noted in the aged marmoset.
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Fig. 6.15 Lung, rhesus macaque. 
(a) Photomicrograph of the lung 
in an aged rhesus macaque with 
increased alveolar diameter with 
microscopic bullous formation 
(*). (b) Photomicrograph of the 
lung of a young rhesus macaque at 
the same magnification showing 
typical alveolar diameters for 
comparison. (c, d) Gross images 
of clear rounded subpleural bullae 

6.3.4 Pulmonary Siderophages 
(Hemosiderin-Laden Macrophages) 

Diminished cardiac function, especially of the left ventricle, 
is associated with the development of pulmonary edema, 
increased numbers of alveolar macrophages and 

siderophages (hemosiderin-laden macrophages or “heart fail-
ure cells”) within the pulmonary alveoli [17, 43]. Subclinical 
as well as clinically significant left-sided cardiac dysfunction 
are often confirmed by pathologists with the identification of 
alveolar siderophages in the macaque and marmoset 
(Fig. 6.16).
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Fig. 6.16 Photomicrograph of 
pulmonary siderophages (heart 
failure cells) in the lung of a 
rhesus macaque characterized by 
brown-gold pigment within the 
cytoplasm of alveolar 
macrophages 

6.4 Renal Pathology 

6.4.1 Chronic Interstitial Nephritis 

The aging phenotype in the kidney is considered to be multi-
focal nonsuppurative interstitial nephritis with 
tubulointerstitial fibrosis in most experimental models, 
including the rhesus macaques and common marmosets, 
with initial minimal to mild histologic changes noted at any 
age [42, 55, 56]. The incidence and severity of chronic renal 
interstitial inflammation with increased interstitial fibrosis 
(chronic interstitial nephritis) increases in both species with 
advancing age, as in humans [17, 56]. These cases have 

grossly pale, firm, kidneys with capsular contracture and 
often scattered cystic regions within the renal cortex 
(Fig. 6.17). Histologically there are variable numbers of 
lymphocytes and plasma cells within the rental interstitium 
with increased fibrous tissue surrounding and separating 
renal tubules and glomeruli (Fig. 6.18). Proximal renal tubu-
lar atrophy is common within areas of interstitial fibrosis with 
additional renal tubules exhibiting marked dilation (ectasia) 
with luminal eosinophilic material (protein). Renal tubules 
within areas of renal tubular atrophy, degeneration, and loss 
may have segmental tubular epithelial regeneration with 
hypertrophy and piling of tubular epithelial cells within 
lumina. Membranous thickening of Bowman’s capsules 
surrounding glomeruli is also observed. 

Fig. 6.17 Chronic age-associated renal changes. (a) Common marmo-
set with chronic end-stage kidneys which are pale and firm with rough-
ened surfaces. (b) Longitudinal section of a marmoset kidney on cut 
surface with uniformly pale parenchyma and several small cysts 

(arrows) within the cortex. (c) Longitudinal section of a macaque kidney 
with a pale cortex, dilated pelvis (P), and large cortical cyst (arrow). 
Image (c) courtesy of Dr. Andres Mejia
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Fig. 6.18 Photomicrograph of chronic interstitial nephritis in a rhesus 
macaque characterized by dark purple interstitial cellular infiltration, 
and ectatic (*) proximal renal tubules. Note the capsular undulation of 
the renal surface due to interstitial fibrosis and tubular atrophy 

6.4.2 Membranous Glomerulopathy 

Glomerular basement membrane thickness increases with age 
and plateaus at the age of 18 years in rhesus macaques [57]. It 
has also been noted that there is glomerular hypertrophy in 
prediabetic rhesus macaques with hyperinsulinemia 
[57]. Other causes of thickened glomerular basement 
membranes are typically inflammatory with fibrin, 
immunoglobulins, and amyloid causing similar histologic 
changes (Fig. 6.19) [19]. The incidence of membranous 
glomerulopathy, membranous thickening of Bowman’s 
capsules, multifocal segmental to global membranous 
thickening of glomerular capillary loops, synechiation, and 
glomerulosclerosis occur at a younger age in the rhesus and 
marmoset than most other age-related pathologies [17]. Glo-
merular senescence or glomerulosclerosis (severe global 
fibrosis with synechiation of the glomerulus) (Fig. 6.20) 
was noted in 64% of geriatric and aged rhesus macaques 
>20 years of age in one retrospective study [17]. When 
kidneys are objectively evaluated and scored, there is a sig-
nificant age-related increase in incidence and severity of renal 
and more specifically glomerular pathologies [17, 56, 58]. 

Diabetic nephropathy affects a significant number of both 
type 2 and type 1 diabetics [57]. The rhesus macaque is a 
good species for both drug-induced and spontaneous type 
2 diabetes [57, 59]. Diabetic nephropathy is histologically 
characterized by diffuse membranous glomerulopathy, dif-
fuse mesangial sclerosis, and hyaline arteriolosclerosis of 
both afferent and efferent arterioles [57, 60].
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Fig. 6.19 Photomicrographs of 
age-associated membranous 
glomerulopathy. (a) A macaque 
kidney with marked membranous 
thickening of glomerular capillary 
loops (arrows) and dilated ectatic 
tubules with luminal protein (*). 
(b) Marmoset kidney sectioned at 
3 microns and stained with PAS to 
emphasize membranous change 
within glomerular capillary loops. 
Note ectatic tubules with luminal 
protein (*). (c) Rhesus macaque 
kidney stained with Masson's 
trichrome to emphasize 
periglomerular and interstitial 
fibrosis as well as hypertrophy of 
the tunica media of a renal artery 
with severe luminal constriction 
(*) 

Fig. 6.20 Photomicrograph of membranous glomerulopathy with 
glomerulosclerosis in a common marmoset 

6.5 Alimentary 

6.5.1 Dental Disease 

A common age-associated change in all species is dental 
wear, damage, and tooth loss due to mastication, hard-object 
feeding, foraging, play, and stereotypic behaviors such as 
gouging (in common marmosets) (Fig. 6.21). Periodontal 
disease does occur spontaneously in both the macaque and 
marmoset and can lead to tooth loss as in humans 
[16, 61]. There may be familial susceptibility to periodontitis 
in some macaque populations allowing them to serve as 
excellent models [61, 62].
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Fig. 6.21 Dentition in young and aged animals. (a) Young marmoset 
dentition. (b) Aged marmoset with broken canines and missing upper 
incisors. (c) Aged marmoset with severe tooth wear and loss. (d) Aged 
female macaque with severe tooth wear. (e) Aged male macaque with 

wear on the occlusive surfaces of upper and lower incisors, wear on the 
anterior surfaces of the upper canines, yellow plaque accumulation, and 
gingival recession. (f) Aged rhesus with occlusive surface tooth wear, 
loss of upper incisors, and loss of canines 

6.5.2 Diverticulosis 

Diverticulosis may occur at any level of the gastrointestinal 
tract in humans and macaques but is not noted in the common 
marmoset [25, 63, 64]. Diverticula may be focal in one region 
of the intestine or affect the entire length of the cecum and 
colon (Fig. 6.22a–b). The gross and histologic appearance are 
similar in the macaque and human and consist of 
outpouchings of the mucosa and submucosa through the 
muscularis which often cause fecal material to become 

trapped (Fig. 6.22c, d) [25, 63–65]. Entrapped fecal material 
can cause irritation and secondary diverticulitis. Young 
macaques and humans (<5 years and <30 years, respec-
tively) have almost no diverticulosis [17, 65]. Diverticulosis 
increases with age to approximately 50% in people older than 
60 years of age in industrialized societies eating “Western-
type diets” [66, 67]. Similarly 18% of geriatric macaques and 
42% of aged (25+ years) macaques, in the Wisconsin 
National Primate Research Center population, have divertic-
ulosis of the colon or both the colon and cecum [17].
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Fig. 6.22 Diverticulosis in rhesus macaques. (a) Extensive diverticu-
losis characterized by numerous outpouchings on either side of the 
colonic taenia. (b) Diverticula after the mesentery has been dissected 
from a section of the colon. (c) Mucosa with numerous diverticula and 

inspissated fecal material. (d) photomicrograph of one section of a 
colonic diverticula with mucosal outpouching and discontinuity of the 
inner and outer muscular layers (arrows) 

6.5.3 Irritable Bowel Syndrome (IBS), 
Inflammatory Bowel Disease (IBD), 
Idiopathic Colitis and Diarrhea (ICD), 
Chronic Cicatrizing Ulcerative Colitis 
(CCUC), and Chronic Lymphocytic 
Enteritis (CLE) 

Many enteric disease paradigms involve the recognition that 
there is a spectrum of mild to severe symptoms and histologic 
lesions with overlapping and shared characteristics between 
specific diagnoses. Irritable bowel syndrome (IBS) and inflam-
matory bowel disease (IBD) are considered by some clinicians 
to be opposite ends of the same disease spectrum [68]. IBD 
which includes both Crohn’s disease (CD) and ulcerative colitis 
(CD) is increasingly associated with frailty in humans 
[69]. Although IBD is typically diagnosed in the third  to fourth  
decade in humans, there is a second peak IBD incidence in the 
seventh decade [69]. Geriatric IBD patients are living longer 
irrespective of the age of diagnosis and often experience geriat-
ric syndromes including osteoporosis, fractures, impaired 
neurocognitive and psychomotor functions, and increased frailty 
risk scores at earlier ages [69]. As with humans, enteric disease 
in the macaque manifests through a spectrum of clinical 
symptoms including recurrent to chronic diarrhea and progres-
sive weight loss. Diarrhea refractory to medical intervention is a 

major cause of morbidity and mortality in macaque colonies 
[70]. Idiopathic colitis and diarrhea (ICD) in rhesus macaques 
also called idiopathic enterocolitis or idiopathic chronic diarrhea 
is typically noted in juveniles with characteristic dysbiosis and 
an absence of typical enteric bacterial, viral, and parasitic 
pathogens [71, 72]. Histologic findings include 
lymphoplasmacytic colitis with mucosal hypertrophy, dimin-
ished numbers of goblet cells, and loss of normal adherent 
brush border bacteria [71, 73]. Some cases have crypt abscesses 
and or microscopic colonic ulcers as well [72, 73]. Chronic 
colitis with intermittent to chronic diarrhea occurs in adult and 
geriatric macaques at a lower incidence than juveniles leading to 
euthanasia due to progressive weight loss characterized by 
sarcopenia, chronic dehydration, and frailty despite ongoing 
and/or repeated medical interventions and supplemental diets. 
Although not a distinctly described syndrome in older animals, 
these cases are grossly and histologically similar to (ICD). Gross 
findings include mild to marked distention of the colon with 
fluid  to  loosely  formed  feces  (Fig.  6.23). Histologically there is 
prominent lymphoplasmacytic inflammation within the cecal 
and colonic lamina propria, increased numbers of lymphocytes 
within in the mucosal epithelium, loss of goblet cells in crypts, 
displacement and shortening of crypts within the lamina propria, 
and occasional dilated crypts with commensal protozoa such as 
Balantidium or Trichomonads within the lumina (Fig. 6.24).



Gut-associated lymphoid tissues are often hyperplastic and typ-
ical bacterial, and parasitic pathogens are not diagnosed. One 
distinct syndrome in the macaque is chronic cicatrizing ulcera-
tive colitis (CCUC) which occurs in both juvenile and adult 
macaques and is thought to represent a postinfectious syndrome 
[73]. CCUC is characterized by discrete constricting annular 
ulcers in the cecum and proximal colon (Fig. 6.25) [73]. Histo-
logic examination revels chronic ulcers with granulation tissue 
and superficial neutrophils and hyperplasia to dysplasia of the 
adjacent intact mucosal epithelium (Fig. 6.26) [73]. Secondary 
systemic amyloidosis is commonly associated with CCUC as 
well as other forms of chronic enteric disease in the adult and 
geriatric macaques [73, 74]. 

6 Age-Related Pathology in Nonhuman Primates 193

Fig. 6.23 A 17.9-year-old rhesus macaque with chronic colitis. The 
ascending, transverse, and descending colon are moderately to markedly 
distended with copious amounts of watery diarrhea. The duodenum, 
jejunum, and ileum, subjacent to the visible colon, are unaffected 

Fig. 6.24 Photomicrographs of 
chronic colitis in rhesus 
macaques. (a) Severe chronic 
colitis with marked expansion of 
the lamina propria with 
lymphocytes and plasma cells 
with displacement and shortening 
of crypts. (b) Moderate chronic 
colitis with loss of clear goblet 
cells within the crypt epithelium 
and a crypt abscess (arrow). (c) 
Chronic colitis with prominent 
lymphoid hyperplasia within the 
lamina propria (arrows). (d) 
Colonic mucosa with chronic 
colitis with numerous 
Balantidium (arrows) within 
colonic crypts
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Fig. 6.25 Chronic cicatrizing ulcerative colitis. (a) A chronic circumferential ulcer (arrows) 2 cm distal to the ileocecal junction of a macaque. (b) 
An annular ulcer denoted by arrows in the colon of a macaque. Images courtesy of Anne Lewis 

Fig. 6.26 Photomicrograph of chronic cicatrizing ulcerative colitis 
with chronic mucosal ulceration, granulation tissue, and partial 
re-epithelialization. There is mild dysplasia of the adjacent mucosa 
and abundant submucosal fibrosis with numerous lymphoid aggregates. 
Image and figure legend courtesy of Dr. Anne Lewis 

Common marmosets may develop chronic 
lymphoplasmacytic colitis similar to macaques, but chronic 
lymphocytic enteritis (CLE) of the small intestine is more 
commonly diagnosed in this species. CLE is a T-cell-rich 
enteritis that increases in prevalence with age, although it can 
occur in animals as young as 2 years of age. Marmosets 
present with intermittent diarrhea, progressive weight loss, 
sarcopenia, loss of body condition, and increased frailty. 
Some colonies report alopecia in CLE cases although this is 
not a consistent finding in the author’s experience 
[75, 76]. Marmosets with CLE may have hypoproteinemia, 
elevated liver enzymes, decreased serum calcium, decreased 
hemoglobin, and anemia with poor clinical outcomes most 
commonly associated with serum albumin levels of <3.5 g/dl 
and body weight reduced to <325 g [75–78]. Grossly the 
duodenum, jejunum, and ileum are segmentally or diffusely 
thickened with a pale mucosa (Fig. 6.27). The cecum and 
colon may be completely spared in some cases and moder-
ately to severely involved in other cases. Histologically there 
is infiltration of the lamina propria with CD3-positive 
(T) lymphocytes, crypt hyperplasia, and in severe cases vil-
lous blunting and fusion. T lymphocytes are noted within the 
enteric mucosal epithelium and often penetrate into and



through the muscularis mucosa (Fig. 6.28). The underlying 
etiology for this condition has not been definitively defined 
although associations with enteric parasites, dietary gluten, 
dysbiosis, stress, pro-inflammatory genes, and other factors 
have been investigated [75, 78, 79]. 
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Fig. 6.27 Chronic lymphocytic enteritis in the jejunum of a common 
marmoset characterized by markedly thickened pale mucosa 

Fig. 6.28 Photomicrographs of 
chronic lymphocytic enteritis in a 
common marmoset. (a) A section 
of jejunum with marked 
lymphoplasmacytic expansion of 
the lamina propria, villous 
blunting, and villous fusion. 
Inflammatory infiltrates are noted 
within the submucosa at this 
magnification. (b) CD3 
immunohistochemistry of the 
same section illustrating the 
predominance of T cells. (c) 
Higher magnification of the 
superficial mucosa demonstrating 
the infiltration of T cells into the 
mucosal and glandular 
epithelium. (d) Normal jejunum 
from a common marmoset for 
comparison to panel a. (e) CD20 
immunohistochemistry 
demonstrating the paucity of B 
cells in the lamina propria. Note 
the normal distribution of B cells 
within the Peyer’s patch. (f) CD3 
illustrating the presence of T cells 
subjacent to jejunal glands, within 
the muscularis mucosa, 
submucosa, inner and outer 
muscular layers, and serosa of 
affected sections of jejunum 

6.6 Systemic and Metabolic Age-Associated 
Pathologies 

6.6.1 Thymus 

The thymus is quite large at the time of birth in most verte-
brate species because it is the site of thymus-dependent 
(T) lymphocyte maturation, positive and negative selection, 
and export to tissues throughout the body (Fig. 6.29) 
[80, 81]. Age-related thymic atrophy or involution in humans 
and NHP is characterized by gross reduction in size with 
decreased numbers of thymocytes (thymic epithelial cells), 
loss of cortical and medullary organization within lobules, 
increased perivascular space, and adipose deposition 
[80, 81]. Involution in humans begins in childhood with 
effective cessation of thymic function after the fourth or



fifth decade [82]. Age-related thymic changes are similar in 
both macaques and marmosets with visible thymic tissue on 
the pericardium and within the thoracic mediastinum in 
infants and young animals and little thymic tissue noted in 
older and aged animals. The rate of thymic involution was 
found to be quite variable both for overall size and histologic 
characteristics in cynomolgus macaques involved in research 

[83]. Marmosets on study for ~7 years were reported to have 
no thymic tissue at necropsy [84]. There is documented 
persistence of residual thymic tissue in some older humans 
as well as a slower age-associated decline of naïve T cells 
within lymph nodes compared to other tissue compartments 
which is theorized to assist with maintenance of immune 
function during aging (Fig. 6.30) [82]. 
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Fig. 6.29 The thymus (T) in an 
infant rhesus macaque extends 
from the thoracic inlet to cover the 
pericardium and majority of the 
heart (H) 

Fig. 6.30 Photomicrographs of 
thymic tissue. (a) Thymic tissue in 
a 7.9-year-old male macaque with 
normal cortical and medullary 
(M) organization within lobules. 
(b) Thymic tissue in an aged 33.9-
year-old female macaque with few 
lymphocytes surrounding a pink 
Hassal’s corpuscle. (c) Thymic 
tissue in a 5-day-old common 
marmoset with prominent cortical 
and medullary (M) organization. 
(d) Thymic tissue in an aged 13.5-
year-old male common marmoset 
with loss of defined 
corticomedullary regions
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6.6.2 Amyloidosis 

Amyloidosis may occur at any age in the marmoset, 
macaque, and human, but the incidence of systemic or sec-
ondary amyloidosis increases with advancing age [16, 17, 
85–88]. 

Secondary (AA) amyloidosis is associated with 
generalized persistent inflammation, termed inflammaging 
in humans, which leads to the production of serum amyloid 
A by the liver, and the deposition of converted AA amyloid 

within tissues. Amyloid deposition may occur in a single 
tissue or multiple locations including the spleen, liver, pan-
creas, lymph nodes, adrenal glands, kidneys (both glomeruli 
and renal interstitium), and segmentally within the lamina 
propria of the stomach, duodenum, jejunum, ileum, cecum 
(appendix), and/or colon in all three species (Fig. 6.31) 
[16, 17, 28, 85–87]. The incidence of extensive or severe 
amyloidosis is much greater in aged marmosets and 
macaques [17]. 

Fig. 6.31 Photomicrographs of systemic amyloidosis. (a) Adrenal 
gland in a common marmoset with amyloidosis (*) of the medulla and 
extramedullary hematopoiesis. (b) Interstitial amyloid surrounding 
atrophied proximal renal tubules in a common marmoset. (c) Hepatic 
amyloid (*) in a rhesus macaque linearly expanding the space of Disse 

and causing compression and loss of hepatic cords. (d) Splenic amyloid 
(*) expanding the periarteriolar lymphoid sheath. (e) Amyloid in the 
superficial and deep lamina propria of the duodenum of a rhesus 
macaque. (f) Mesenteric lymph node with moderate amyloid 
(*) expanding follicular parenchyma



198 H. A. Simmons

6.6.3 Obesity and Diabetes 

Decreased glucoregulatory function is noted with increasing 
age and obesity in humans, marmosets, and rhesus macaques 
[40, 48, 57, 89–94]. Disorders associated with diabetes 
include hypertension, platelet dysfunction, macrovascular 
disease of the coronary arteries, aorta, and cerebral circula-
tion, myocardial infarction, renal vascular insufficiency, cere-
brovascular accidents, diabetic neuropathy, dyslipidemia, 
microalbuminuria, diabetic retinopathy, glaucoma, cataracts, 
and enhanced susceptibility to infections [65]. Rhesus 
macaques are a model for diabetic neuropathy and retinopa-
thy [95]. The distribution of delta and beta cells within 
pancreatic islets and the ultrastructure secretory granules in 
the alpha, beta, and delta cells of the common marmoset 
pancreas have been shown to be very similar to those of 
humans [96]. 

Marmosets fed high-fat or high-glucose diets will become 
obese with dyslipidemia [41, 94]. The high-glucose diet 
marmoset model causes obesity with dyslipidemia impaired 
glucose tolerance, increased circulating A1C levels, and pan-
creatic islet hyperplasia [41]. 

Amyloid accumulation within pancreatic islets is well 
described in both diabetic rhesus macaques and approxi-
mately 90% of human type 2 diabetics [48, 91, 93, 
97]. This deposition is often independent of amyloid deposi-
tion in other tissues (Fig. 6.32) [48, 91, 97, 98]. 

Fig. 6.32 Photomicrograph of amyloid (*) effacing and replacing the 
majority of endocrine cells within the pancreatic islet in a 24.9-year-old 
rhesus macaque. The surrounding exocrine pancreas is spared 

6.6.4 Adrenal Mineralization 

Mineral accumulation within the adrenal gland may occur at 
any age in both the rhesus macaque and common marmoset 
(Fig. 6.33). These deposits tend to be larger and more promi-
nent in geriatric and aged animals, although they are not 
consistently present in all aged animals.
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Fig. 6.33 Photomicrographs of 
adrenal mineralization. (a) 
Normal adrenal gland in a 
common marmoset. (b) Minimal 
focal mineralization (arrow) in a 
rhesus macaque. (c) Moderate 
multifocal adrenal mineralization 
(arrows) in a rhesus macaque. (d) 
Severe multifocal mineralization 
in the adrenal medulla of an aged 
rhesus macaque characterized by 
voids (V) where the shattered 
mineral material has been 
displaced as well as intact mineral 
foci (arrows) are noted 

6.6.5 Age-Associated Bone Marrow Changes 

The proportions of hematopoietic bone marrow and adipose 
within the medullary cavities of long bones change with age 
with hematopoietic cells occupying 90% of the medullary 
cavity at birth and diminishing to 30% by the seventh decade 
[99]. In macaques this age-associated change is visible during 
postmortem examination and corresponds to histologic 
findings (Fig. 6.34a, d). Obesity appears to influence the 

rate of adipose acquisition within medullary cavities in the 
macaque as well. Proportional age-associated changes bone 
marrow hematopoiesis and adiposity are much more subtle in 
the common marmoset (Fig. 6.34b, e). Marmosets have pro-
pensity to develop EMH throughout the life span which is 
significantly different from humans and macaques which 
both shift from EMH in the fetal liver and fetal spleen to 
intramedullary hematopoiesis at birth (Fig. 6.34c, f) [42, 99].



200 H. A. Simmons

Fig. 6.34 Photomicrographs of age associated bone marrow changes. 
(a) Bone marrow from a 5-year-old rhesus macaque with numerous 
clear adipocytes. (b) Bone marrow from a 1-year-old common marmo-
set. (c) Liver from a common marmoset with periportal extramedullary 
hematopoiesis (EMH) and a distinct megakaryocyte (arrow). (d) Bone 
marrow from a 20-year-old rhesus macaque with abundant adipose and 

scant hematopoiesis. (e) Bone marrow from a 12-year-old common 
marmoset with abundant hematopoiesis and scant clear adipocytes. (f) 
Adrenal gland from a common marmoset with abundant EMH (*) within 
the medulla, mild pale pink amyloid accumulation (arrows) at the 
corticomedullary junction, and normal cortical parenchyma (f) 

6.7 Age-Associated Neuropathology 

6.7.1 Iron Accumulation 

Age-related changes in iron metabolism are very important to 
brain health due to its high metabolic activity and oxygen 
consumption [100]. Iron is the most abundant metal within the 
CNS and is essential for oxidative metabolism, myelination, and 
the synthesis of neurotransmitters. The CSF has a lower iron-
buffering capacity than peripheral serum, and iron deposits are 
associated with inflammation, neurodegeneration, abnormal pro-
tein aggregations, cognitive impairment, and dementia 
[100]. Iron deposits have been identified using MRI and con-
firmed histologically in the caudate nucleus, putamen, globus 
pallidus, and substantia nigra of humans and macaques [15, 100, 
101] Additional sites of iron accumulation include the basal 
nuclei, the red nucleus, and the perirhinal, parietal, and temporal 
cortices [64, 102]. Macaques fed a calorie-restricted diet exhibit 
less iron accumulation within the brain than age-matched 
controls [103]. Evaluation of iron- and ferritin-positive microglia 
within the brains of common marmosets demonstrated increas-
ing iron content in the hippocampus and cerebral cortices with 
increased ferritin positive microglia in old marmosets with a 
decrease in ferritin-positive microglia in very aged>16-year-old 
marmosets (Fig. 6.35) [104]. 

Fig. 6.35 Photomicrograph of the cerebrum of a 10-year-old common 
marmoset stained with Perls Prussian blue histochemical stain to identify 
iron within the neuropil
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6.7.2 Neuromelanin 

Neuromelanin is a dark brown pigment that accumulates in 
the neurons of the catecholamine-producing regions of the 
human and macaque brain but not in New World monkeys 

[105–107]. It is a byproduct of catecholamine metabolism, 
and the loss of this pigment is associated with spontaneous 
Parkinson’s disease in humans and in chemically induced 
models of Parkinson’s in NHP (Fig. 6.36) [105, 108, 109]. 

Fig. 6.36 Neuromelanin in the rhesus macaque. (a) Photomicrograph 
of the substantia nigra of an aged (24 years old) rhesus macaque. Brown-
gold granular neuromelanin (arrows) is found within the cytoplasm of 
dopamine producing neurons as well as between axons IHC stained for 
tyrosine hydroxylase (TH—a marker for dopamine producing neurons 
and associated axons). The nuclei of neurons (*) do not stain. 

(b) Neuromelanin in the cytoplasm of a dopaminergic neuron of the 
substantia nigra of an aged rhesus macaque stained with TH. Note the 
granularity of the brown-gold neuromelanin and pallor of the underling 
nucleus, 60x magnification. Slides courtesy of Marina Emborg; imaging 
by Heather Simmons
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6.7.3 Cerebral Volume 

Cerebral volume diminishes with age in rhesus, human, and 
marmoset [110–112]. Changes in sulci and gyri are evident 
grossly in humans and macaques, while changes in the mar-
moset brain are less obvious due to normal cerebral 
lissencephaly. The rhesus macaque has diminution of gray 
matter in the prefrontal, orbitofrontal, and superior temporal 
sulci with increasing age in MRI studies 
[113, 114]. Age-associated diminution of both gray and 
white matter, especially in the corpus callosum, has also 
been noted in the marmoset, although this is more subtle 
due to the lissencephalic structure of the marmoset cerebrum 
(Fig. 6.37) [115, 116]. 

Fig. 6.37 Gross images of 
changes in cerebral volume. (a) A  
fixed brain of a young 3-year-old 
rhesus macaque with rounded gyri 
and narrow sulci. (b) A fresh brain 
of an aged 29-year-old macaque 
with slightly flattened gyri and 
widened sulci. (c) A fresh brain of 
a 35-year-old rhesus macaque 
with atrophy of the superior 
parietal lobule and medial parietal 
cortex with marked widening of 
the parieto-occipital 
sulcus (arrow). (d) Common 
marmoset brain with normal 
lissencephalic cerebral 
hemispheres 

6.7.4 Cerebral Plaques 

Natural or spontaneous accumulation of age-associated cere-
bral plaques composed of amyloid-beta have been described 
in humans, rhesus macaques, and common marmosets [117– 
122]. Plaque accumulation has not been noted in common 
marmosets <7 years of age and rhesus macaques <19 years 
of age [119, 121, 122]. Tau is a major component of neurofi-
brillary tangles (a feature of Alzheimer’s disease), when 
hyperphosphorylated. Although Tau is expressed in both 
the marmoset and the rhesus macaque brain, neurofibrillary 
tangles have not been noted in either species. [120, 121, 123]



6 Age-Related Pathology in Nonhuman Primates 203

6.7.5 Cerebral Infarcts 

Spontaneous cerebral infarcts have been demonstrated by 
MRI (magnetic resonance imaging) in the parietal and tem-
poral lobes of geriatric and aged rhesus macaques [15]. One 
retrospective study documented gross evidence of cerebral 
infarction with focal regions of atrophy and loss of the 
cerebral neuropil in five rhesus macaques (mean age, 
25.7 years) at necropsy [17]. Spontaneous infarctions are 
not reported in common marmosets, but this species has 
been proven to be a good model for ischemic brain 
injury [124]. 

Fig. 6.38 Photomicrographs of 
vascular calcification. (a) There is 
dark purple mineralization of 
capillary walls within the 
temporal lobe of a 10-year-old 
common marmoset. (b) Higher 
magnification of the eccentric 
“bead-like” calcification of three 
cerebral capillaries 

6.7.6 Cerebral Vascular Calcification 

Cerebral vascular calcifications are viewed as part of the 
normal aging process with increasing prevalence in aging 
humans [125]. Cerebral vascular calcifications may also be 
considered a predictor of heart attack, stroke, Parkinson’s 
disease, and Alzheimer’s disease [125–127]. Calcifications 
may affect both large arteries and the capillaries that occur 
throughout the neuroparenchyma [127]. These changes have 
also been documented in nonhuman primates (Fig. 6.38)  [128].
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6.8 Ocular 

6.8.1 Cataracts 

Cataracts in humans and macaques are age-related with the 
majority of cases in older humans and aged and geriatric 
macaques [15, 17, 129]. Lens opacity generally begins to 
develop in the rhesus at ~20 years of age (Fig. 6.39) 
[15]. There are no mentions of cataracts in common 
marmosets in the literature, nor in the Wisconsin National 
Primate Research Center records, although there is one case 
of phacoemulsification of bilateral cataracts in pygmy mar-
moset (Callithrix pygmaea) [130]. 

Fig. 6.39 Cataract in a rhesus 
macaque. (a) A hyper-mature 
cataract in a 37-year-old female 
with complete opacity of the lens. 
(b) Photomicrograph of a mature 
cataract with moderate 
degeneration and fragmentation of 
lens fibers with spherical protein 
aggregates (Morgagnian globules) 
(M). Cuboidal epithelial cells of 
the lens have cytoplasmic 
vacuolization (oval) with 
segmental epithelial hyperplasia 
(arrow) 

6.8.2 Visual Accommodation and Presbyopia 

Age-associated changes in visual accommodation and pres-
byopia are well documented in the rhesus macaque and 
diminish at a similar rate relative to age as humans 
[131, 132]. 

6.9 Reproductive 

6.9.1 Prostatic Hyperplasia 

Benign basal cell hyperplasia is the most commonly noted 
change in the aged rhesus macaque prostate gland, although 
squamous metaplasia, focal glandular pleomorphism, and



stromal hyperplasia have also been noted [133–136]. The 
rhesus macaque does have the gene to express prostatic-
specific antigen (PSA), making it an excellent model for 
prostatic disease [137]. The common marmoset has not 
been found to express a PSA that cross-reacts with human 
assays [137]. Changes in older and aged marmoset prostate 
glands include interstitial fibrosis, ectasia of glandular acini, 
cysts, and inspissation of secretory material. Prostatitis may 
occur in both species at any age. 
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6.9.2 Testicular Atrophy 

Aged humans, macaques, and marmosets may have testicular 
atrophy characterized by seminiferous tubules with partial or 
complete loss of mature spermatids, disorganization of germ 
cells layers, multinucleate germ cells, lipid droplets within 
Sertoli cells, and maturation arrest leading to diminished or 
absence of spermatocytes within the epididymis (Fig. 6.40a) 
[138]. As in humans, productive seminiferous tubules may be 
noted adjacent to those with hypospermatogenesis or fully 
sclerotic tubules. In humans, this is postulated to be due to 
age-associated vascular change, which is supported by the 
fact that comparable changes are noted after experimental 
ischemia [138]. A cryopreservation study of sperm collected 
postmortem from the vas deferens demonstrated that older 
(19 year macaques) have reduced sperm motility in frozen-
thawed samples compared to younger males [139]. Severe 
testicular atrophy or aspermatogenesis is most often 
associated with severe chronic systemic disease, unless the 
animal has a retained (intra-abdominal) testicle (Fig. 6.40b). 

Fig. 6.40 Testicular atrophy in a common marmoset. (a) Moderate 
diffuse testicular atrophy in an aged 12-year-old common marmoset 
characterized by loss of mature spermatids and disorganization of 
germ cell layers within seminiferous tubules. (b) Severely hypoplastic 

intra-abdominal testicle in a common marmoset with 
hypospermatogenesis and sclerotic-dilated tubules separated by intersti-
tial adipose. The adjacent epididymis has no sperm within tubular 
lumina (*) 

6.9.3 Mammary 

Mammary (breast) tissue changes associated with aging 
include diminished glandular tissue due to loss of acinar 
epithelium (glandular involution), increased adipose, and 
increased collagenous stroma, often associated with meno-
pause [140]. Age-associated and menopause-associated 
mammary changes in the rhesus macaque have been well 
documented due to the many similarities in anatomy and 
developmental physiology with atrophy of lobules, ductular 
and lobular hyperplasia, and cystic dilation of ducts, carci-
noma in situ of ductus and lobules, and invasive ductal 
carcinoma [141]. [142] Less information is published on the 
marmoset mammary gland, although this species has had 
successful characterization of age-associated changes within 
mammary stem/progenitor cells [143]. 

6.9.4 Ovarian Senescence 

Ovarian senescence is described in humans and macaques 
with diminished numbers of oocytes, decreased oocyte qual-
ity, and loss ovarian stroma with fibrosis leading to meno-
pause [144, 145]. The marmoset does not undergo 
menopause although there are age-associated reductions in 
litter size and ovarian cycles may become intermittent to 
absent despite the fact that ovaries are shown to be hormon-
ally active [146].
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6.10 Conclusion 

Both macaques and marmosets are excellent nonhuman pri-
mate models for studies on aging. Efforts to expand access to 
research resources are in progress through aged nonhuman 
primate tissue banks; tissue-sharing programs at the National 
Primate Research Centers, Primate Aging Databases with 
physiologic data; and the publication of peer-reviewed 
research. Typical age-related pathologies in these two 
model species are reviewed and illustrated with gross and 
histologic examples in this chapter with the expectation that 
numerous new discoveries will result from many ongoing 
studies on aging in nonhuman primates. 
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There are several disease entities in nonhuman primates that 
primarily manifest as inflammatory, degenerative, and/or 
proliferative processes and are not assumed or currently 
known to be caused by infectious agents. Despite 
uncertainties in etiology and pathogenesis, a number of 
these entities such as endometriosis, marmoset wasting syn-
drome, and chronic segmental lymphocytic enteritis are 
prominent within colonies with a high degree of morbidity 
and mortality. Endometriosis is a proliferative disease of 
unidentified etiology that affects several Old World monkey 
species with a menstrual cycle, while gluten-sensitive enter-
opathy of macaques is an inflammatory disease, for which an 
immune-mediated pathogenesis has been established. Given 
the similarities of these entities in humans, they have been 
established as an important translational models of disease. 
Other entities such as diffuse idiopathic skeletal hyperostosis 
(DISH) and noninfectious alopecia are less debilitating but 
remain important entities to further try and understand. DISH 
presents as a chronic degenerative disorder affecting both Old 
and New World monkeys, and noninfectious alopecia is a 
recognized health issue in macaque colonies with poorly 
understood etiology. 

7.1 Chronic Glomerulonephritis 
of Marmosets 

Chronic glomerulonephritis, also known as spontaneous pro-
gressive glomerulonephropathy, is frequently observed in 
male and female common marmosets (Callithrix jacchus) of  
all age groups [1]. It is characterized by mesangial expansion, 
interstitial inflammation, regenerative tubules, and 
intratubular proteinaceous casts [2, 3]. Clinical symptoms 
and macroscopic changes are typically not evident until dis-
ease has reached the advanced stages. In such advanced 
cases, the kidneys are pale pink and firm and have a coarsely 
granular surface with an associated proteinuria (Fig. 7.1) 
[1, 4, 5].
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Fig. 7.1 Chronic glomerulonephritis in a 6-year-old male common 
marmoset (Callithrix jacchus). Both kidneys are slightly enlarged and 
have a pale tan parenchyma and an irregular granular surface. Macro-
scopic observation of chronic glomerulonephritis is only possible in 
late-stage disease, when there is prominent tubulointerstitial inflamma-
tion and fibrosis and clinically apparent renal insufficiency 

Fig. 7.2 Chronic 
glomerulonephritis in a 14-year-
old male common marmoset 
(Callithrix jacchus) with both 
glomerular and tubulointerstitial 
lesions (a). The interstitium 
reveals scattered lymphocytic 
inflammatory cell foci and 
moderate fibrosis. There is tubular 
atrophy and regeneration and 
occasional hyaline casts (b). 
Glomerular changes are 
characterized by mesangial 
expansion affecting almost all 
glomeruli (diffuse) (c). Some 
glomeruli have global sclerosis 
(d). Paraffin-embedded H&E-
stained sections 

For the histological evaluation of renal lesions in 
marmosets, Yamada et al. (2013) suggested a scoring system 
with four grades of increasing severity. Grade 1 consist of 
tubulointerstitial lesions including hyaline cast, regenerative 
tubules, scattered perivascular foci of interstitial lymphocytic 
infiltration, and mild interstitial fibrosis. In grade 2, advanced 
tubulointerstitial changes as previously described are 
accompanied by glomerular changes characterized by a 
focal or multifocal increase of mesangial matrix, predomi-
nantly in the hilar area, and/or segmental mesangial cell 
hyperplasia. In grade 3, the glomerular changes involving 
the mesangial matrix and cell proliferation is global and 
diffuse, and tubulointerstitial lesions are more pronounced. 
In grade 4, there is more severe matrix proliferation, collapse 
of capillaries, dilation of the Bowman’s capsule with 
thickening of its basement membrane, and widespread inter-
stitial fibrosis, and atypical tubular regeneration. With 
progressing glomerular disease, adhesions develop between 
Bowman’s capsules and glomerular tufts (synechiae), and 
glomeruli may become sclerotic (Fig. 7.2)  [1, 3, 6–8]. In



addition to a hematoxylin and eosin (H&E) stain, special 
stains like methenamine-silver impregnations and periodic 
acid-Schiff (PAS) reaction are diagnostically useful to 
visualize and classify structural changes of the mesangium 
and the basement membranes (Fig. 7.3) [8]. Electron-dense 
deposits in the mesangial matrix on transmission electron 
microscopy is a hallmark lesion (Fig. 7.4) [9]. Immunohisto-
chemical investigations have shown that the electron-dense 
mesangial particles correspond to accumulations of both IgM 
and IgA and that there is concurrent glomerular complement 
factor 3 (C3) deposition indicating activation of the comple-
ment pathway (Fig. 7.5). Marmoset glomerulonephritis is, 

therefore, suspected to have an immune-mediated pathogen-
esis associated with circulating immune complexes. Specific 
antigens responsible for immune complex formation have not 
yet been conclusively identified, but diet components are 
suspected of being involved [1, 7, 10]. Although glomerular 
and tubulointerstitial alterations are also regularly observed 
in kidneys of marmosets clinically diagnosed with “marmo-
set wasting syndrome,” chronic glomerulonephritis of 
marmosets represents an unrelated spontaneous disease entity 
in this nonhuman primate species [5]. 
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Fig. 7.3 Chronic glomerulonephritis of marmosets in a 4-year-old 
female common marmoset (Callithrix jacchus). (a) Methenamine silver 
stain highlights segmental increase of mesangial matrix and mesangial 
cell hyperplasia. Plastic-embedded modified Movat-stained section. 

(b) PAS reaction visualizes thickening of the Bowman’s capsule and 
diffuse synechiae. The distinct increase of mesangial matrix is 
accentuated in the hilar region. Paraffin-embedded PAS-stained section 

Fig. 7.4 Chronic glomerulonephritis in a 4-year-old male common 
marmoset (Callithrix jacchus). The main ultrastructural feature of mar-
moset glomerulonephritis is cloudy electron dense material in the 
mesangial matrix that corresponds to immunoglobulin depositions. 
Additionally, there is a noticeable overall increase in mesangial matrix. 
Transmission electron microscopy with uranyl acetate and lead citrate
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Fig. 7.5 Chronic glomerulonephritis of marmosets in a 7-year-old 
female (a, b) and in a 3-year-old female (c) common marmoset 
(Callithrix jacchus). (a) By immunohistochemistry, immunoglobulin A 
accumulations are demonstrated in the mesangial matrix. (b) B  

immunohistochemistry, immunoglobulin M accumulations are 
demonstrated in the mesangial matrix. (c) Immune complex 
precipitations are regularly accompanied by complement factor 3 (C3) 
depositions. 

7.2 Endometriosis 

Endometriosis occurs in several Old World monkey species 
with a menstrual cycle and is defined by the presence of 
ectopic endometrial glandular and stromal tissue outside the 
uterine cavity. Endometriosis has principally been studied in 
rhesus macaques and baboons, but spontaneous disease has 
also been reported in cynomolgus and pig-tailed macaques, 
African green monkeys, a DeBrazza’s monkey, a gray-
cheeked mangabey, and a gorilla [11–18]. In captive colonies 
of rhesus macaques, the prevalence may be as high as 30% in 
sexually mature females [19]. Clinical symptoms vary with 
the location of ectopic endometrial tissue and include dys-
menorrhea, pelvic pain, abdominal distension, depression, 
and infertility [15, 20, 21]. Macroscopically, endometriosis 
presents as cysts or cystic masses on the ovary and/or 
attached to the uterus as well as fibrous peritoneal adhesions 
or peritoneal plaques affecting the uterus, ovaries, urinary 

bladder, and terminal parts of the colon. As cysts often 
contain a sero-hemorrhagic to bloody fluid, they are also 
referred to as “chocolate cysts” (Fig. 7.6)  [12, 15, 17, 22, 
23]. Endometriosis is most frequently observed in the pelvic 
cavity but may also extend to the serosal surfaces of abdomi-
nal organs, like the small intestine, diaphragm, and, rarely, 
liver, spleen, and stomach [22]. Complications of endometri-
osis include malignant transformation, hemoperitoneum, 
suppurative peritonitis, septicemia, intestinal perforation, 
and hydronephrosis/hydroureter [22, 23] Histologically, 
endometriotic lesions can be grouped into four different 
types depending on the degree of ectopic endometrial gland 
and stromal differentiation: well differentiated, purely stro-
mal, mixed differentiation, and poorly differentiated. In well-
differentiated endometriosis, the glandular epithelium is sim-
ple to pseudostratified and columnar resembling the epithe-
lium of normal endometrium, while in poorly differentiated 
endometriosis, the glandular epithelium is simple and cuboi-
dal to flattened. A mixed differentiation refers to an epithelial



component composed of both endometrial-like cells and 
undifferentiated cells. The stromal component in well-
differentiated forms is typically highly cellular and matrix-
poor, sometimes accompanied by distinct spiral arterioles, 
but other stromal types of differentiation, e.g., fibrotic, 
myxoid, fibroangioblastic, or myogenic phenotypes, can be 
identified in all four histological types [23–25]. Occasionally, 
endometriotic stroma undergoes decidualization 
[26]. Endometriotic lesions may also contain cystic 
structures, either in the form of dilated glands with serous 
or mucinous secretions or as blood-filled cavities with des-
quamation of glandular epithelium, stromal inflammatory cell 
infiltrates, hemorrhages, and necrotic debris in terms of men-
strual activity (Figs. 7.7 and 7.8) [23]. Immunohistochemical 
studies have demonstrated steroid receptor expression in both 
normal and ectopic endometrium (Fig. 7.8) but have also 
indicated a decline of estrogen and progesterone receptor 
expression in less differentiated endometriotic tissue 
[12, 23, 27]. Although several theories have been proposed 
to explain the etiopathogenesis of endometriosis, including 
retrograde menstruation, coelomic metaplasia, and embry-
onic rest theory, the exact pathogenetic pathways of initial 
development, growth, and maintenance of endometriotic 
lesions are still unclear [28–31].
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Fig. 7.6 Endometriosis in a 10-year-old female rhesus macaque 
(Macaca mulatta). (a) The uterus is surrounded by a multicystic mass 
encompassing the ovaries. Serosal fibrous adhesions are present 
between the mass, the urinary bladder, and the greater omentum. 
There is unilateral hydroureter. (b) The multicystic mass surrounding 
the uterus* contains a brown fluid (chocolate cyst). 

Fig. 7.7 Endometriosis in a 19-
year-old female rhesus macaque 
(Macaca mulatta). (a) The 
subserosal endometriotic lesion 
consists of a highly cellular and 
vascularized stroma and well-
differentiated glands. (b) The 
colonic serosa is expanded by a 
moderately cellular endometriotic 
stroma covered by a 
fibrinohemorrhagic exudate. (c) 
This predominantly stromal 
endometriotic lesion is attached to 
the diaphragm and reveals an 
infiltrative growth pattern. (d) 
Glands may contain erythrocytes 
and proteinaceous fluid as well as 
desquamated epithelial cells 
reflecting secretory and menstrual 
activity of the endometriotic tissue
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Fig. 7.8 Endometriosis in a 10-year-old female rhesus macaque 
(Macaca mulatta). (a) In poorly differentiated endometriosis, the glan-
dular epithelium is cuboidal to flat. The stroma is loosely arranged, 
characterized by a myxoid differentiation and reveals multifocal 
hemorrhages. (b) Numerous decidual cells (“deciduosis”) of epithelioid 

shape are present in an endometriotic lesion in the serosa of the urinary 
bladder. (c) The cytoplasm of decidual cells can be highlighted with 
PAS reaction. (d) Estrogen receptor labeling in stromal and epithelial 
cells in the endometriotic tissue. (e) Progesterone labeling in the stromal 
and epithelial cells in the endometriotic tissue. 

7.3 Gluten Sensitive-Like Enteropathy 
in Macaques 

Celiac disease (CD) in humans, also known as celiac sprue, is 
defined as an inherited enteropathy induced by the intoler-
ance to dietary gluten from wheat (gliadin), rye (secalins), 

and barley (hordeins) [32, 33]. The first known documented 
nonhuman primate (NHP) case of a celiac-like enteropathy 
based on clinical signs, characteristic histology, and response 
to a gluten free diet (GFD) was reported by the Wake Forest 
School of Medicine in 1988 in a cynomolgus macaque 
received from a commercial importer [34]. Since then, a 
NHP model of naturally occurring gluten sensitive-like



enteropathy (GSE) has been established in a predominantly 
juvenile (≤4 years old) population of Indian rhesus macaques 
at the Tulane National Primate Research Center (TNPRC). 
Although this condition has been well characterized at the 
TNPRC, cases resembling this GSE are rarely identified at 
other primate centers and often lack diagnostics other than 
histology. The animals investigated at TNPRC with GSE 
present with chronic diarrhea, weight loss, dehydration, and 
abdominal distension [32]. Enteropathy is the most common 
presentation, but disease can be systemic due to 
transglutaminase (TG) isotopes within other tissues 
[35]. One example of a rare concurrent manifestation in 
humans is a pruritic vesicular skin rash known as dermatitis 
herpetiformis (DH) [32, 36]. Although rare, DH-like skin 
lesions have been documented in two rhesus macaques in a 
single case report from the GSE cohort at the TNPRC [37]. 
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Histology has been considered the “gold standard” for 
diagnosis, but histologic features are nonspecific and shared 
with a variety of intestinal disorders [38, 39]. Therefore, for 
an accurate diagnosis, biopsy should be paired with serology 
for anti-TG2 or anti-gliadins, and lesions should resolve in 
the absence of dietary gluten. Most severe lesions are within 
the proximal jejunum, but the distal duodenum is considered 
the most practical tissue to evaluate based on the accessibility 
by endoscope. Lesions can be patchy, so multiple biopsies 
are recommended. Similar to CD, lesions can consist of 
intraepithelial lymphocytes, mononuclear inflammation 
within the lamina propria, shortening of the villi, and crypt 
hyperplasia [40]. Proper tissue orientation is crucial to prop-
erly evaluate the villous height (Fig. 7.9). 

It is important to differentiate GSE from idiopathic 
chronic diarrhea (ICD), which is a common aliment affecting



captive rhesus macaques at multiple primate centers. ICD is 
also a diagnosis of exclusion based on persistence of clinical 
signs despite supportive therapy and failure to identify infec-
tious agents. In contrast to GSE, ICD clinical signs and 

lesions should not resolve on a gluten-free diet, and lesions 
are primarily within the large intestine, although there can 
also be a concurrent increase in intraepithelial lymphocytes 
within the small intestine and sometimes villus blunting [42]. 
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Fig. 7.9 Histopathological evaluation of H&E-stained duodenum (a) 
and jejunum (b) biopsy samples from control (left column) and gluten-
sensitive rhesus macaques (two right columns). (a) Duodenum from a 
representative healthy control animal did not show any histopathology 
while on gluten diet (GD). Duodenum from a representative gluten-
sensitive macaque on GFD showed, despite being in clinical and immu-
nological remission, some lymphocytic and plasmacytic infiltration of 
lamina propria. Moderate enteropathy with shortened, fused, and 
blunted villi appeared within 3 weeks after introduction of GD in the 
same animal. (b) Jejunum from the control animal did not show any 

histopathological responses to GD. Jejunum from this gluten-sensitive 
animal shows mild villous atrophy (VA) despite of being on GFD for 
almost a year. Upon introduction of dietary gluten in the same animal, 
rapid progression toward severe GSE characterized by disrupted epithe-
lial layer, marked VA, and lymphoplasmacytic enteritis took place. (c) 
AGA and TG2 plasma antibody levels in different cohorts are shown. In 
contrast to the control group, introduction of dietary gluten to gluten-
sensitive group was associated with rise ( p < 0.05) of AGA and TG2 
plasma antibodies. (From Xu et al. [41]; with permission)
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7.4 Marmoset Wasting Syndrome 

Marmoset wasting syndrome (MWS) is a term used to 
describe a clinical presentation of varied clinical signs, 
which most consistently involve weight loss accompanied 
by decreased muscle mass (Fig. 7.10) and often subsequent 
death in colonies of captive common marmosets (Callithrix 
jacchus) and cotton-top tamarins (Saguinus oedipus). Other 
reported clinical signs include diarrhea, hindlimb paresis/ 
paralysis [7, 43], tail base alopecia, and anemia [44]. Lesions 
associated with MWS are numerous and connected with 
multiple etiologies; therefore, the term MWS is discouraged 
as it encompasses more than one entity. Associated patho-
logic lesions include nonspecific lymphoplasmacytic 
tubulointerstitial nephritis (Fig. 7.11), systemic AA amyloid 
deposition that can often occur in the renal glomeruli and 
interstitium, liver space of Disse, and lamina propria of the 
intestinal tract, pancreatitis, parasitism, enteropathogenic 
E. coli, Campylobacter infections, and some forms of inflam-
matory bowel disease (IBD) [44–46]. Inflammatory bowel 
disease (IBD) is a consistent finding among marmosets 
diagnosed with marmoset wasting syndrome [45, 47–50]. In 
retrospective studies done at the New England Primate 
Research Center and Southwest National Primate Research 
Center, approximately 60.5% and 31–44% of marmosets, 
respectively, had some degree of IBD associated with 
MWS [49, 51]. Specific entities, such as lymphocytic enteri-
tis, of MWS will be discussed later in this chapter. 

Fig. 7.10 Marmoset diagnosed 
with marmoset wasting syndrome. 
There is generalized muscle 
atrophy, poor haircoat, and 
alopecia of the tail 

Fig. 7.11 Nonspecific lymphoplasmacytic interstitial nephritis. (a) The 
capsular surface is irregular, and the cortex is diffusely mottled pale tan 
to red. (b) Histologically there is an interstitial nephritis characterized by 
lymphocytes and plasma cells in the interstitium accompanied by small 
amounts of fibrosis. Tubules are variably dilated lined by attenuated 
epithelial cells and contain intraluminal eosinophilic material.
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7.5 Chronic Segmental Lymphocytic 
Enteritis (CLE) 

Inflammatory bowel disease (IBD) is one of the most com-
mon causes of death in captive marmosets and is often 
diagnosed clinically as marmoset wasting syndrome. How-
ever, IBD in marmosets exist as a spectrum of disorders 
[52]. In particular, a distinct form of IBD diagnosed in 
marmosets is further classified as chronic segmental lympho-
cytic enteritis (CLE) which is often associated with low 
serum albumin [47]. Affected animals clinically present 
with weight loss in adults, and failure to thrive in juveniles 
[49]. Diarrhea is only occasionally observed. The pathogene-
sis of CLE is currently unknown, but there is speculation in 
an association with viruses, gluten sensitivity, dietary protein 
deficiency, and pancreatic duct parasitism [49, 53, 54]. 

A definitive diagnosis is made in combination of clinical 
signs, low albumin, and biopsy results. Lesions have been 
described in the small intestine as segmental to diffuse 
consisting of thickening intestinal wall (Fig. 7.12) 
[49, 54]. Histologic lesions are characterized by villous 
blunting, crypt hyperplasia, increase in lymphocytes and 
plasma cells in the lamina propria, and occasional 
intraepithelial CD3- and CD8-positive lymphocytes 
(Fig. 7.13) [49]. In severe cases there can be complete loss 
of villus architecture. These lesions are nonspecific but does 
resemble gluten-sensitive enteropathy in macaques [49]. 

Fig. 7.12 Chronic lymphocytic enteritis in a marmoset. The small 
intestinal loops are pale tan and dramatically dilated and thickened 
with a sharp demarcation from the more normal sections of large 
intestine. Image courtesy of Heather Simmons 

Fig. 7.13 Chronic lymphocytic enteritis (CLE) in common marmosets. 
(a) A section of jejunum with villous blunting and fusion. The lamina 
propria is expanded by an increased number of lymphocytes and plasma 
cells that separate and raise the crypts. (b) Inflammatory cells in the 
lamina propria are predominantly CD3 labeled T lymphocytes. Image 
courtesy of Dr. Heather Simmons. 

7.6 Diffuse Idiopathic Skeletal Hyperostosis 
(DISH) 

Diffuse idiopathic skeletal hyperostosis (DISH) is a systemic 
disease that affects the axial as well as the appendicular 
skeleton and is characterized by new bone formation at 
entheseal sites [55]. Although the cause is unknown, DISH



in humans has been shown to have an increased prevalence 
associated with diabetes mellitus, hyperuricemia, 
dyslipidemia, and glucose intolerance [43] or a complication 
of long-term treatment with vitamin A analogs such as 
retinoids [56]. The clinical presentation occurs in older 
individuals and is often mild considering the severity of the 
bony lesions. Clinical signs can include tendonitis, back pain, 
spinal stiffness, and dysphagia secondary to cervical 
osteophytes [57–59]. Cases of vertebral hyperostosis meeting 
the criteria of DISH have infrequently been reported in 
gorillas, rhesus macaques, barbary macaques, and spider 
monkeys [60–64]. 
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Criteria needed to make a diagnosis requires imaging 
which reveals the characteristic hyperostotic spondylosis 
involving at least four adjacent vertebral bodies. The thoracic 
spine is the most common region affected, but lesions can 
also occur in other spinal segments as well as in peripheral 
joints. Excessive calcification and ossification mainly involve 
the entheses, i.e., the bony attachments of tendons, ligaments, 
and joint capsules, resulting in anterolateral bridging 
(“flowing”) enthesophytes (Fig. 7.14) in the absence of inter-
vertebral disc abnormalities, apophyseal joint degeneration, 
or sacroiliac inflammatory changes [55, 65, 66]. Extraspinal 
entheseal hyperostosis commonly affects periarticular 
ligaments and tendons of the tibiofibular and 
metacarpophalangeal joints, shoulder, elbow, knee, and pel-
vis [61, 67, 68]. 

Histopathology is nonspecific and largely depends on the 
age of the lesion. Enthesophytes consist of fibrocartilage, 
woven bone, or mature lamellar bone with variable degrees 
of calcification and vascularization (Fig. 7.15), and some-
times inflammatory cell infiltration and degeneration of the 
peripheral annulus fibrosus [63, 69, 70]. 

The main differential diagnoses include spinal osteoarthri-
tis and inflammatory spondyloarthropathy (primarily 
ankylosing spondylitis) [68]. In contrast to DISH, major 
characteristic findings of spinal osteoarthritis (spondylosis 
deformans) include the primary involvement of the 

lumbosacral vertebrae, circumferential osteophytes of the 
vertebral articular plate, and bone sclerosis across articular 
surfaces with reduced disc height [55, 68]. In 
spondyloarthropathy, there typically is early and major sacro-
iliac joint involvement, lateral osteophytosis of vertebrae 
progressing to vertical oriented ankylosis, accompanied by 
erosive arthritis [63, 68, 71]. Differentiation between these 
disease entities is impeded by the observation that they may 
coexist, exhibit overlaps, or have specific variations in their 
anatomical distribution [58, 71]. 

Fig. 7.14 Diffuse skeletal idiopathic hyperostosis (DISH) in a 27-year-
old male collared mangabey (Cercocebus torquatus). There are several 
anterolateral osteophytes and anteroventral “flowing” bony spurs 
throughout the thoracic spine. Severe bridging hyperostosis involving 
the anterior longitudinal ligament affects several lower thoracic 
vertebrae 

Fig. 7.15 Histology of DISH in the lower spinal cord of a 27-year-old 
male collared mangabey (Cercocebus torquatus). There is noninflam-
matory metaplastic ossification with presence of hematopoietic bone 
marrow in the anterior longitudinal ligament. Decalcified, paraffin-
embedded H&E-stained section 

7.7 Alopecia 

Alopecia is a common problem in captive nonhuman primate 
populations. Reported incidences of hair loss in rhesus 
macaque colonies range from less than 30% to more than 
80% [72–76]. Alopecia is regarded as a multifactorial condi-
tion with many contributing extrinsic and intrinsic factors 
including seasonal variations, aging, rank, sex, housing con-
dition, reproductive state, skin disorders, nutritional 
deficiencies, behavioral abnormalities, and stress [72, 74, 
75, 77, 78]. As part of the health and welfare management 
for laboratory-housed primate colonies, different scoring 
systems have been established to monitor hair coat quality; 
to differentiate between pathological, physiological, and psy-
chological conditions; and to identify animals in need of 
further diagnosis or treatment [73, 79]. The extent of hair 
loss can range from small focal spots to large areas of missing 
hair, often in a bilateral symmetric pattern [72, 76, 79]. All 
body parts can be affected, but lesions are most common on 
the back, followed by the extremities (Fig. 7.16)  [78]. Skin



underlying the alopecic areas do generally not reveal distinct 
pathological changes, expect for mild lichenification, ery-
thema, and scaling in some cases [74, 80]. Histological 
changes consist of mild epidermal orthokeratotic hyperkera-
tosis and mild lymphocytic or lymphohistiocytic perivascular 
dermatitis that may be accompanied by follicular keratosis, 
acanthosis, and dermal edema (Fig. 7.17) [74, 78, 81]. There 
are no differences in the number of anagen, catagen, and 
telogen follicles [80]. 
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Fig. 7.16 Alopecia in a nursing 
female outdoor-housed rhesus 
macaque (Macaca mulatta). Hair 
coat thinning and circumscribed 
total hair loss is present on the 
dorsum, the lateral abdomen, and 
the thigh 

Fig. 7.17 Alopecia in a 4-year-old male rhesus macaque (Macaca 
mulatta). (a) Skin biopsy reveals mild lamellar orthokeratotic hyper-
keratosis and infundibular keratosis. (b) Minimal perivascular lympho-
cytic dermatitis and superficial dermal edema is present.
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7.8 Idiopathic Chronic Diarrhea 

Idiopathic chronic diarrhea (ICD) is an apparent noninfec-
tious diarrhea syndrome that is a major cause of morbidity 
and mortality of rhesus macaques. ICD most often affects 
juvenile macaques aged 2–4 years old. At the California 
National Primate Research Center (CNPRC), up to ~5% of 
annual diarrhea cases are diagnosed as ICD [82]. The diag-
nosis is by exclusion based on the lack of identifiable infec-
tious diarrheagenic agents [42]. Clinical signs consist of a 
reoccurring watery diarrhea often linked to weight loss and 
dehydration. ICD is a large intestinal disease primarily 
involving the cecum and proximal ascending colon [42, 82]. 

The pathogenesis is unknown. Although several viruses 
and bacterial agents have been associated, there is currently 
no evidence of causation [82]. Given the overrepresentation 
of nonsignificant Campylobacter species isolated from ICD 
animals, increased numbers of commensal parasite burdens, 
and loss of surface associated Helicobacter macacae (seen as 
a blue brush border), dysbiosis likely plays a significant role 
in the pathogenesis [42]. 

Gross lesions consist of watery non-bloody diarrhea with 
a mild to moderately thickened and nonulcerated mucosa 
(Fig. 7.18). Colonic lymph nodes are often enlarged. Histo-
logic lesions are nonspecific and variable primarily involving 
the large intestine. Lesions can include crypt hyperplasia, 
crypt abscesses with mucus plugs or neutrophil infiltrations, 
loss of goblet cells, increased lymphocytes, and plasma cells 
in the lamina propria or sometimes intraepithelial, superficial 
mucosal attenuation or tufting, and a loss of the surface 
associated blue brush border (Fig. 7.19). Paneth cell metapla-
sia in the colon can also be rarely seen. There is often an 
associated increase in abundance of trichomonad-like and 
Balantidium parasites within the lumen and sometimes 
crypts. Although this is a disease of the large intestine, 
there can be very mild subtle changes in the small intestine 
consisting of rare intraepithelial lymphocytes and rare villus 
blunting. Fibrosis is not a feature of this entity [42, 82]. 

Fig. 7.18 Cecum and colon of a rhesus macaque (Macaca mulatta). (a) 
Normal large intestine should have a thin mucosa in which you are able 
to see through. (b) Chronic idiopathic colitis present with a thick, rugose 
mucosa that is not see-through. There should be no blood or areas of 
ulceration
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Fig. 7.19 Chronic idiopathic colitis in rhesus macaques. (a) In normal 
sections of cecum and colon goblet cells are prominent, crypt abscesses 
are absent, and their height is less than a 40× field as a general marker. 
The lamina propria has few lymphocytes and plasma cells, but the crypts 
are fairly close together. The mucosal surface is lined by intact columnar 
enterocytes intermittently lined by a healthy blue brush border. (b) 

Animals with chronic idiopathic colitis have decreased numbers of 
goblet cells; the crypts are hyperplastic with increased numbers of 
mitotic figures and increased crypt height that often exceeds a 40× 
field. (c) Crypt abscesses are common. (d) The mucosal surface lacks 
a blue brush border can be attenuated. (e) The mucosa can be arranged in 
a lattice work of tufted surface epithelium in more chronic changes.
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Abstract 

Increased emphasis has been put on the incidence and 
occurrence of neoplasia in nonhuman primates especially 
for those naturally occurring cancers that are comparable 
to the human equivalent. Macaques, mostly rhesus 
macaques, remain the predominant species at many pri-
mate research centers, and much of the literature base is 
focused on that species grouping. More recently, select 
tumors of New World primates have received more atten-
tion, both from primate research centers and zoologic 
collections. While many tumors remain uncommon to 
rare, certain tumors are seen with increased frequency in 
aging or immunosuppressed animals. This chapter will 
focus on the diagnostic gross features of select nonhuman 
primate neoplasms complemented by histology and a 
basic overview of each neoplastic entity. Since a detailed 
overview of all nonhuman primate neoplasia is outside of 
the scope of this chapter, we refer the reader to other 
resources for more comprehensive overviews (Miller, 
Nonhuman primates in biomedical research. 2: diseases, 
2nd edn. Elsevier, London, 2012). 
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8.1 Musculoskeletal 

8.1.1 Osteosarcoma 

Tumors arising from the bone are rarely described in nonhu-
man primates. Osteosarcoma is the most common and 
detailed most frequently in rhesus macaques, however, is 
reported in a wide variety of other nonhuman primate spe-
cies. Osteosarcomas can arise in multiple locations including 
central, periosteal, and parosteal. Central osteosarcomas pre-
dominate in the nonhuman primate case reports. Tumors are 
expansile, destructive, and widely replace bone and 
surrounding soft tissues (Figs. 8.1 and 8.2). Metastases are 
frequently recorded, most commonly affecting the lung. 

8.2 The Nervous System 

8.2.1 Meningioma 

Meningioma is an uncommon tumor in nonhuman primates, 
with the vast majority of literature published focusing on 
rhesus macaques. These tumors can occur spontaneously or



arise as part of radiation-induced oncogenesis. They are 
extra axial, causing a variety of compression and invasion 
into the underlying nervous tissue (Fig. 8.3). True to their 
mixed embryologic origin, the histologic pattern of these 
tumors is incredibly diverse with subtypes ranging from 
meningothelial, fibrous, microcystic, and papillary among 
many others. Mineral concretions, either as psammoma 
bodies or linear deposits, are common in these tumors 
(Fig. 8.4). 
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Fig. 8.1 Osteosarcoma, rhesus macaque. A large, expansile mass 
replaces and destroys the preexisting humeral bone 

Fig. 8.2 Osteosarcoma, rhesus macaque. Osteosarcomas are composed 
of a highly variable population of cells. Here, interlacing lobules and 
vague streams of neoplastic mesenchymal cells surround and produce 
neoplastic osteoid (arrow). Multinucleated neoplastic cells are 
frequently seen 

8.2.2 Glioma 

Gliomas arise occasionally in nonhuman primates. Reports of 
astrocytomas predominate over oligodendrogliomas. 
Astrocytomas may occur spontaneously, following exposure 
to radiation, or in association with a variety of viruses 
[2, 3]. Astrocytomas are tan to white, intraaxial tumors that 
may blend with the surrounding neuroparenchyma or form a 
bulging mass that causes asymmetry (Fig. 8.5). Histologi-
cally, well differentiated (low-grade) astrocytomas have a 
relatively uniform population of neoplastic cells with small 
oval nuclei surrounded by a background of astrocytic pro-
cesses (Fig. 8.6). Secondary structures, including 
perineuronal satellitosis and perivascular aggregation of neo-
plastic cells, are features of some tumors (Figs. 8.7 and 8.8). 
High-grade astrocytomas (glioblastoma) are characterized as 
such by the presence of necrosis, which often forms serpigi-
nous tracts with nuclear pseudopalisading, increased mitotic 
activity, microvascular proliferation, nuclear atypia, and mul-
tinucleated cells. 

Fig. 8.3 Meningioma, rhesus macaque. A tan, intracranial, extra axial, 
multilobular tumor is firmly adhered to the ventral aspect of the brain. 
The tumor compresses the optic chiasm and midbrain. This animal had a 
history of blindness. By courtesy of Dr. Sanjeev Gumber, Emory 
National Primate Research Center
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Fig. 8.4 Meningioma, rhesus macaque. An extraaxial mass arising in 
the parietal lobe is composed of interlacing streams and whorls of 
neoplastic meningothelial cells that occasionally surround mineral 
concretions (arrow) 

Fig. 8.5 Glioma, rhesus macaque. A pale tan, intraaxial mass expands 
the ventromedial prefrontal cortex and bulges from the ventral surface of 
the brain 

Fig. 8.6 Astrocytoma, rhesus macaque. A moderately cellular, 
unencapsulated, intraaxial neoplasm focally effaces the internal capsule, 
obscures the gray and white matter junction, and blends into the 
overlying cerebral cortex 

Fig. 8.7 Astrocytoma, rhesus macaque. Higher-magnification image of 
the same neoplasm shows a uniform population of neoplastic cells with 
small angular to oval nuclei and a background of astrocytic processes. 
Secondary structures were observed throughout this tumor. Here, neo-
plastic cells exhibit perivascular aggregation
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Fig. 8.8 Astrocytoma, rhesus macaque. High-magnification image of 
the same tumor showing perineuronal satellitosis 

8.3 Integument 

Benign skin tumors such as lipomas and squamous 
papillomas are sporadically encountered in nonhuman 
primates in the diagnostic setting. Malignant tumors of the 
skin, while rare, are more often reported; these include squa-
mous cell carcinoma (SCC), basal cell carcinoma, melanoma, 
adnexal gland carcinomas, fibrosarcoma, liposarcoma, and 
leiomyosarcoma [4, 5]. Squamous cell carcinoma and basal 
cell carcinoma are further described in the sections that 
follow. 

8.3.1 Squamous Cell Carcinoma 

Squamous cell carcinomas (SCCs) occur in a variety of 
locations in nonhuman primates; reported locations include 
the digits, face (Fig. 8.9), oral cavity, stomach, cervix, vulva, 
perineum, and penis. The development of SCCs in NHPs has 
been associated with a variety of risk factors, including 
advanced age, viral-induced oncogenesis (papilloma 
viruses), prolonged sunlight exposure (skin tumors), chronic 
inflammation, and repetitive trauma [6, 7]. Grossly, cutane-
ous SCCs begin as plaque-like or nodular to irregular masses, 
often progressing to ulceration, invasion, and local destruc-
tion of tissues (Figs. 8.10 and 8.11). They can present as 
chronic, nonhealing wounds. Squamous cell carcinomas 
occasionally metastasize to regional lymph nodes or the 

lungs. Histologically, well-differentiated SCCs consist of 
polygonal cells with abundant eosinophilic cytoplasm, inter-
cellular bridges, and variable degrees of keratinization 
(Figs. 8.12 and 8.13). Poorly differentiated neoplasms may 
present a diagnostic challenge. Local invasion by tumor cells 
often incites robust inflammatory cell and scirrhous 
responses. 

Fig. 8.9 Squamous cell carcinoma, rhesus macaque. There is irregular 
thickening of the periocular skin and soft tissues overlying the orbital 
bone and bordering a central focus of deep, crater-like ulceration and 
cavitation affecting the lateral canthus 

Fig. 8.10 Squamous cell carcinoma, rhesus macaque. Sheets of neo-
plastic epithelial cells invade and replace the periocular soft tissues to 
the level of the orbital bone (*). A prominent, mixed inflammatory cell 
infiltrate surrounds tumor cells multifocally
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Fig. 8.11 Squamous cell carcinoma, rhesus macaque. Neoplastic cells 
are polygonal with variably distinct cell borders, abundant eosinophilic 
cytoplasm, and exhibit moderate anisokaryosis with occasional 
multinucleation. Occasional mitotic figures are present 

Fig. 8.12 Squamous cell carcinoma, sooty mangabey. A spontaneous, 
invasive epithelial neoplasm is present within the skin of a forelimb 
digit. Neoplastic squamous cells replace and expand the dermis 

Fig. 8.13 Squamous cell carcinoma, sooty mangabey. A high-
magnification image demonstrates polygonal tumor cells with abundant 
eosinophilic cytoplasm and distinct cell borders. Neoplastic 
keratinocytes exhibit disorderly maturation. Cells exhibit multifocal 
dyskeratosis. Anisocytosis and anisokaryosis are moderate to marked 

8.3.2 Basal Cell Carcinoma 

While basal cell carcinoma (BCC) is a common tumor of 
humans, this tumor is rarely encountered in nonhuman 
primates. Histologically, neoplastic basal epithelial cells 
form invasive nests and trabeculae (Figs. 8.14 and 8.15). 
Neoplastic cells have higher nucleus-to-cytoplasmic ratios 
and scant amounts of eosinophilic cytoplasm, which imparts 
a more basophilic appearance to these tumors at low magni-
fication on the hematoxylin and eosin-stained sections. 

Fig. 8.14 Basal cell carcinoma, rhesus macaque. Neoplastic basal cells 
form a well demarcated, unencapsulated nodule within the dermis 
(arrowhead)
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Fig. 8.15 Basal cell carcinoma, rhesus macaque. High-magnification 
image at the junction of the nodular mass with the dermis showing tumor 
cell invasion between mature dermal collagen fibers. Islands of neoplas-
tic cells are surrounded by reactive fibroblastic tissue. Neoplastic cells 
have indistinct cell borders, small amounts of eosinophilic cytoplasm, 
and densely packed round nuclei 

8.4 Alimentary System Including 
Hepatobiliary and Pancreatic 

8.4.1 Large Intestinal Carcinoma of Rhesus 
Macaques 

By far one of the most common spontaneously arising tumors 
in the aged rhesus macaque with no sex predilection, these 
tumors predominate in the ileocecal region or colon. They can 
be associated with melena. Highly invasive, these tumors will 
commonly extend transmurally through the intestinal wall and 
are associated with a marked scirrhous response [8]. This 
scirrhous response often correlates to a napkin ring-like struc-
ture at the site of the tumor (Figs. 8.16, 8.17, and  8.18). Prone 
to spreading widely, these tumors can progress to carcinoma-
tosis and metastatic spread to a number of organs including 
mesenteric lymph nodes, liver, and lung. Histologically, vari-
ous growth patterns including tubules, acini, and sheets of 
neoplastic cells can be seen, often admixed with abundant 
mucin and mucin-lakes (Fig. 8.18) and embedded in the afore-
mentioned scirrhous response (Fig. 8.19). 

Fig. 8.16 Large intestinal adenocarcinoma, rhesus macaque. The 
ileocecal junction is thickened by a firm, white, napkin-ring-like mass. 
The distal ileum is markedly dilated due to stricture at the tumor site and 
the serosal surface coated by ill-defined, glistening white plaques 
(carcinomatosis) 

Fig. 8.17 Large intestinal adenocarcinoma, rhesus macaque. The colon 
is opened longitudinally along a napkin-ring-like stricture to reveal 
transmural thickening and mucosal ulceration at the tumor site 
(arrow). By courtesy of Dr. Sanjeev Gumber, Emory National Primate 
Research Center
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Fig. 8.18 Large intestinal 
adenocarcinoma, rhesus macaque. 
Extending transmurally are acini 
and glandular-like aggregates of 
neoplastic epithelial cells that 
often produce and surround large 
lakes of mucin. Similar lakes fill 
serosal lymphatics and carpet the 
serosal layer (arrow; 
lymphovascular invasion and 
carcinomatosis) 

Fig. 8.19 Large intestinal adenocarcinoma, rhesus macaque. Neoplas-
tic cells form small acinar-like structures that are embedded in a dense 
scirrhous response. This robust fibrous connective tissue matrix helps 
create the focal stricture that is commonly seen in these tumors 

8.4.2 Small Intestinal Adenocarcinoma 
of Common Marmosets 

Contrary to the rhesus macaque, intestinal adenocarcinomas 
in common marmosets predominate in the proximal small 
intestine, close to the junction with the duodenum [9]. Most 
commonly these animals present with a partial to complete 
obstruction due to marked stricture leading to aboral luminal 
dilation. These tumors start with regions of dysplasia and 
carcinoma in situ along the crypt zone before invading 

transmurally, serosally, and to draining lymph nodes. Older 
animals are predisposed, and there may be a genetic link as 
incidences have been higher in some closed colonies. Histo-
logically, there is disordered growth around the crypt region 
with invasive tubules and acinar-like structures accompanied 
by a scirrhous response and a variable amount of mucin 
production (Fig. 8.20). Due to the specific location of this 
development, care should be taken to process this region in 
aged common marmosets so that the lesion is not missed. 

Fig. 8.20 Small intestinal adenocarcinoma, common marmoset. 
Replacing the crypt region is an expansive neoplasm composed of 
rudimentary tubules and sheets of neoplastic epithelial cells, many of 
which have signet ring morphology (arrows)
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8.4.3 Colonic Carcinoma of Cotton-Top 
Tamarins 

Cotton-top tamarins were historically used to study sponta-
neous ulcerative colitis, and up to 40% of animals progressed 
to develop colonic adenocarcinomas. Current studies on this 
species are limited to their protected status as an endangered 
species; however, this lesion remains prevalent in aging 
populations. Similar to the situation in rhesus macaques and 
common marmosets, these are invasive neoplasms associated 
with stricture, sometimes with the presence of melena 
(Figs. 8.21 and 8.22). This tumor does not progress through 
adenomatous polypoid changes, but rather is associated with 
invasion and spread, both locally and distant to liver and 
lung. Histologic patterns are similar to that in other species 
with sheets, acini, and tubular structures that invade 
transmurally and can be associated with variable mucin pro-
duction (Figs. 8.23 and 8.24). 

Fig. 8.21 Colonic carcinoma, cotton-top tamarin. A focal stricture 
(arrow) is present in the mid-colon, and the adjacent colon is markedly 
dilated and thickened with irregular white serosal plaques 

Fig. 8.22 Colonic carcinoma, cotton-top tamarin. The same case as 
above opened to reveal marked melena and profound thickening of the 
colon wall 

Fig. 8.23 Colonic carcinoma, cotton-top tamarin. The surface mucosa 
is completely lost with underlying muscle layers invaded by loose 
clusters, acini, and vague aggregates of neoplastic epithelial cells 

Fig. 8.24 Colonic carcinoma, cotton-top tamarin. Invading a colonic 
lymph node are numerous epithelial cells admixed with mucin. Similar 
lakes of mucin and neoplastic epithelial cells are present in nearby 
lymphatics 

8.4.4 Gastrointestinal Stromal Tumor 

Gastrointestinal stromal tumors (GISTs) are mesenchymal 
tumors thought to arise from the intestinal pacemaker cells 
(interstitial cells of Cajal). Grossly, GISTs vary in appearance 
from a small intramural nodule to an exophytic, expansile 
intramural mass that protrudes into the lumen or peritoneal 
cavity (Figs. 8.25 and 8.26). GISTs may arise anywhere 
along in the gastrointestinal tract, although tumors of the 
stomach predominate in the nonhuman primate literature



[10, 11]. Histologically, GISTs are composed of spindle cells 
with indistinct cell borders, abundant eosinophilic cytoplasm, 
and elongated nuclei arranged in interlacing bundles and 
whorls (Fig. 8.27). Strong, diffuse cytoplasmic immunoreac-
tivity for CD117 (c-KIT) is helpful in differentiating GISTs 
from other spindle cell tumors, particularly leiomyomas, 
arising in the gastrointestinal tract (Fig. 8.28). 
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Fig. 8.25 Gastrointestinal stromal tumor (GIST), rhesus macaque. A 
dark red, broad-based, intramural, exophytic mass projects into the 
peritoneal cavity from the wall of the distal colon. On the serosal 
surface, the center of the mass is yellow to white and slightly depressed. 
This animal presented with hematochezia due to ulceration of the 
colorectal mucosa overlying the mass 

Fig. 8.26 GIST, rhesus macaque. A well-demarcated, unencapsulated, 
intramural tumor marked expands the colonic wall. The neoplasm is 
moderately cellular and composed of spindle cells arranged in short, 
interwoven bundles. The colonic mucosa is focally ulcerated 

Fig. 8.27 GIST, rhesus macaque. Neoplastic cells are spindle shaped 
with elongated nuclei, indistinct cell borders and abundant eosinophilic, 
fibrillar cytoplasm 

Fig. 8.28 GIST, rhesus macaque. Immunohistochemical stain for 
CD177 (c-KIT) demonstrates diffuse, strong, cytoplasmic 
immunopositivity throughout the tumor 

8.4.5 Gastric Adenocarcinoma 

Primary gastric neoplasia is rare in nonhuman primates. A 
variety of benign and malignant tumors have been reported, 
with epithelial-origin predominating over mesenchymal-
origin neoplasms [5, 12]. Grossly, epithelial neoplasms may 
be evident as single or multiple, occasionally polypoid 
masses (Fig. 8.29), or as regions of gastric wall thickening, 
often with mucosal ulceration (Fig. 8.30). In macaques, 
spontaneous gastric carcinomas arise occasionally, and 
malignant tumors have also been reported following oral 
administration of a carcinogen [13, 14]. In a closed colony



of sooty mangabeys, adenocarcinomas occur sporadically in 
association with non-H. pylori gastric Helicobacteriosis 
[15, 16]. In mangabeys, these aggressive spontaneous 
neoplasms occur predominantly in the pyloric region; 
transmural invasion, mucosal ulceration, and local lymphatic 
metastasis are common features (Figs. 8.30 and 8.33). Histo-
logically, adenocarcinomas form tubuloacinar structures 
(Figs. 8.31, 8.32, 8.33, and 8.34). In chemically induced 
carcinomas of macaques, signet ring cell morphology is a 
feature of some tumors [13]. 
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Fig. 8.29 Multiple gastric tumors, rhesus macaque. The gastric pyloric 
region contains three well-demarcated, tan to red, broad-based, polypoid 
masses (arrowheads) 

Fig. 8.30 Gastric adenocarcinoma, sooty mangabey. The gastric pylo-
rus is severely thickened (arrow) with a focally extensive area of muco-
sal ulceration. This animal was euthanized for clinical reasons 

Fig. 8.31 Gastric adenocarcinoma, rhesus macaque. The gastric 
mucosa is thickened by a proliferation of epithelial cells. Neoplastic 
cells multifocally invade through the muscularis mucosa into the sub-
mucosa (arrows). The mucosal surface is focally necrotic and infiltrated 
by neutrophils 

Fig. 8.32 Gastric adenocarcinoma, rhesus macaque. Neoplastic cells 
form tubules and invade between smooth muscle fibers of the 
gastric wall
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Fig. 8.33 Gastric adenocarcinoma, sooty mangabey. A spontaneous 
epithelial neoplasm (same tumor as Fig. 8.30) invades the gastric wall in 
the pyloric region. The mucosa and submucosa are extensively 
ulcerated. Neoplastic tubules efface much of the local lymph node 
(arrow). Fibrous connective tissue expands the serosal surface and 
encapsulates the affected lymph node 

Fig. 8.34 Gastric adenocarcinoma, sooty mangabey. Neoplastic cells 
form irregular branching tubules and are occasionally individualized or 
in small clusters 

8.4.6 Pancreatic Carcinoma 

Tumors of the exocrine pancreatic tissue occur less com-
monly than those of the neuroendocrine pancreas in nonhu-
man primates. Epithelial neoplasms may arise from the acinar 
or duct cells. Histologically, carcinomas form tubules, acini, 
or sheets; they are unencapsulated and locally invasive 
(Figs. 8.35 and 8.36). 

Immunohistochemistry may be useful in classifying 
poorly differentiated epithelial neoplasms as well as mixed 
acinar-neuroendocrine tumors [17]. In humans, cytokeratin 
7 is a marker for epithelial cells of ductal origin [18]. 

Fig. 8.35 Pancreatic carcinoma, common chimpanzee. An 
unencapsulated aggressive neoplasm expands a pancreatic lobule, 
compressing two ducts and preexisting lobular tissue to the periphery. 
A focus of necrosis is present at the center of the image. This spontane-
ous tumor was diagnosed in an animal that was euthanized for clinical 
reasons 

Fig. 8.36 Pancreatic carcinoma, common chimpanzee. Higher magni-
fication of the same tumor. Neoplastic cells are round to polygonal with 
variably distinct cell borders, abundant eosinophilic cytoplasm, and 
form sheets. Neoplastic cells exhibit marked anisocytosis and 
anisokaryosis with multifocal karyomegaly and multinucleation. 
Numerous mitotic figures are present in this image
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8.5 Urogenital 

8.5.1 Ovarian Tumors 

Ovarian tumors occur occasionally in nonhuman primates. 
The major types include tumors of the surface epithelium 
(adenocarcinoma, adenoma), tumors of the germ cells 
(dysgerminoma, teratoma), and sex cord stromal tumors 
(granulosa and theca cell tumors). Granulosa cell tumors are 
the most commonly reported ovarian neoplasms in macaques 
(Fig. 8.37), followed by teratomas (Fig. 8.38) [19–21]. Con-
trary to what is n in humans, ovarian adenocarcinoma is rare in 
nonhuman primates. Benign epithelial ovarian neoplasms 
(adenomas or cystadenomas) are occasionally diagnosed. 
Ovarian tumors are usually identified at necropsy as incidental 
findings and are typically unilateral. Histologically, granulosa 
cell tumors are solid to cystic tumors composed of sheets of 
round to polygonal cells with abundant eosinophilic cytoplasm 
often arranged in follicle-like structures (Fig. 8.39). Neoplastic 
granulosa cells often surround concretions of extracellular 
eosinophilic material (Call-Exner bodies) (Fig. 8.40). 

Clinicopathologic data are required to determine if these 
tumors are estrogen-secreting, which can produce secondary 
lesions such as endometrial hyperplasia, endometrial polyps, 
and vaginal keratinization [19]. Teratomas are benign tumors 
composed of tissue deriving from at least two primordial 
germ layers (ectoderm, mesoderm, or endoderm). The gross 
and histological features of this tumor vary according to its 
composition. Tumors may contain haired skin, bone, and 
teeth (Figs. 8.41 and 8.42). 

Fig. 8.37 Ovarian granulosa cell tumor, rhesus macaque. The left 
ovary is replaced by an expansile mass, which on the cut surface is 
firm, white to tan, and solid with multiple ill-defined lobules and small 
foci of hemorrhage. The contralateral ovary, oviducts, uterus, cervix, 
and vagina are grossly normal 

Fig. 8.38 Ovarian teratoma, rhesus macaque. The left ovary is replaced 
by a round, encapsulated tumor, the surface of which is covered by 
haired skin. On the cut surface, the mass is composed of white to tan and 
red soft tissues with few small, centrally located white irregularly shaped 
foci of firm to hard tissue (bone and cartilage) 

Fig. 8.39 Ovarian granulosa cell tumor, rhesus macaque. 
Low-magnification image of the same tumor from Fig. 8.37 reveals a 
neoplasm composed of numerous follicle-like structures separated by 
thin connective tissue septa. The follicle-like structures are lined by 
several layers of polygonal cells with scant eosinophilic cytoplasm and 
frequently surround an irregularly shaped empty space
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Fig. 8.40 Ovarian granulosa cell tumor, rhesus macaque. High-
magnification image of the same tumor demonstrating the follicle-like 
arrangements of neoplastic granulosa cells separated by fibrous connec-
tive tissue septa. Neoplastic cells frequently surround amorphous extra-
cellular accumulations of eosinophilic material (Call-Exner bodies; 
arrowheads) 

Fig. 8.41 Ovarian teratoma, rhesus macaque. This solid, round tumor 
is circumferentially covered by haired skin (ectoderm). The solid core of 
the mass is composed of various mesodermal connective tissue elements 
including adipose tissue, loose fibrovascular tissue, and a focus of the 
cartilage and bone 

Fig. 8.42 Ovarian teratoma, rhesus macaque. Multiple mesodermal 
cell lineages are present in this teratoma, including haphazardly 
arranged striated muscle fibers (arrowheads) and adipocytes (*) 

8.5.2 Uterine Leiomyoma/Myosarcoma 

Leiomyoma is the most common uterine tumor of nonhuman 
primates. These benign tumors arise from the myometrium 
and are pink to tan, firm, nodular, well demarcated, and 
variably encapsulated. Uterine leiomyomas range from soli-
tary, well-demarcated intramural nodules (Fig. 8.43 and 8.44) 
to massive, multinodular tumors that enlarge and distort the 
uterus. Massive tumors can cause clinical signs related to 
bleeding or compression of adjacent structures. Histologi-
cally, leiomyomas are composed of monomorphic spindle 
cells arranged in bundles and streams (Fig. 8.45). They 
have a low mitotic rate. Leiomyosarcomas of the female 
reproductive tract are rarely diagnosed in nonhuman primates 
(Fig. 8.46). Histologically, they are distinguished from their 
benign counterparts by higher nuclear-to-cytoplasmic ratios 
and mitotic rates, local invasion, and necrosis (Figs. 8.47 and 
8.48). True to their smooth muscle origin, leiomyosarcomas 
typically express α-smooth muscle actin (Fig. 8.49).
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Fig. 8.43 Uterine leiomyoma, sooty mangabey. This image shows the 
female reproductive tract from an aged mangabey euthanized for unre-
lated clinical reasons. The uterine body contains a focal, nodular, pale 
tan, intramural mass (white arrow). By courtesy of Dr. Christopher 
Pinelli, Emory National Primate Research Center 

Fig. 8.44 Uterine leiomyoma, sooty mangabey. Photomicrograph of 
the uterine tumor from the previous image. The uterine wall is focally 
expanded by an intramural nodule (arrow). The nodule is well 
demarcated and thinly encapsulated and compresses the adjacent 
myometrium and elevates the serosal surface. The endometrium is 
hyperplastic 

Fig. 8.45 Uterine leiomyoma, sooty mangabey. This high-
magnification image of the benign uterine mass demonstrates smooth 
muscle fibers in longitudinal and cross sections 

Fig. 8.46 Leiomyosarcoma, rhesus macaque. A malignant neoplasm 
enlarges and distorts the entire female reproductive tract from the uterus 
(left of the image) to the vagina (right of the image). The uterine wall is 
thickened by a red to purple, bosselated neoplasm (arrow). A second 
broad-based, exophytic mass arises from the vaginal wall (arrowhead). 
By courtesy of Dr. Christopher Pinelli, Emory National Primate 
Research Center
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Fig. 8.47 Leiomyosarcoma, rhesus macaque. There is marked expan-
sion and effacement of the uterine wall by an unencapsulated, infiltrative 
neoplasm composed of densely packed spindle cells 

Fig. 8.48 Leiomyosarcoma, rhesus macaque. Neoplastic cells are 
densely packed with indistinct cell borders, moderate amounts of eosin-
ophilic cytoplasm, irregularly oval to elongate nuclei, and finely stippled 
chromatin. There are numerous mitotic figures present 

Fig. 8.49 Leiomyosarcoma, rhesus macaque. Neoplastic cells exhibit 
strong, diffuse cytoplasmic immunoreactivity for alpha smooth muscle actin 

8.5.3 Testicular Tumors 

Testicular tumors are rare in all nonhuman primate species. 
The predominant types are broken down into tumors of the 
germ cells (seminoma), tumors of Sertoli cells (Sertoli cell 
tumors), and tumors of the interstitial cells (Leydig or inter-
stitial cell tumor). Seminomas are characterized by a bulging, 
white to tan mass. Sertoli cell tumors are firmer, whiter on 
cross section, and do not tend to bulge. Leydig cell tumors are 
tan, may bulge on section, and often contain regions of 
hemorrhage. Histologically seminomas are composed of 
sheets of neoplastic germ cells that have enlarged nuclei 
and a single, prominent nucleolus (Figs. 8.50 and 8.51). 
Sertoli cell tumors are associated with abundant fibrous 
bands that dissect the neoplastic cells into rudimentary 
tubules. Neoplastic Leydig cells have abundant, often vacuo-
lated, eosinophilic cytoplasm (Figs. 8.52 and 8.53). 

Fig. 8.50 Seminoma, rhesus macaque: The adjacent testicular tissue is 
compressed and atrophic. The compression is caused by a large, 
expansile mass composed of sheets of neoplastic germ cells
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Fig. 8.51 Seminoma, rhesus macaque. Higher magnification of the 
neoplastic germ cells reveals the stereotypical sheeting pattern with 
greatly enlarged nuclei, prominent nucleoli, and abundant mitoses 

Fig. 8.52 Interstitial cell tumor, squirrel monkey. The testis is focally 
expanded by an encapsulated, well-demarcated tumor composed of 
neoplastic interstitial (Leydig) cells that compresses the surrounding 
seminiferous tubules 

Fig. 8.53 Interstitial cell tumor, squirrel monkey. Neoplastic interstitial 
cells have distinct cell borders and abundant vacuolated eosinophilic 
cytoplasm 

8.5.4 Renal Tumors 

Primary tumors of the kidney occur sporadically in a variety 
of nonhuman primate species. Tumors of the renal tubular 
epithelium (adenomas and carcinomas) are more common 
than nephroblastomas and urothelial neoplasms. Adenomas 
are typically small, solitary, well demarcated but 
unencapsulated, tan to white tumors located in the renal 
cortex (Fig. 8.54); these are often diagnosed incidentally at 
necropsy. Histologically, adenomas form tubules and papil-
lary proliferations (Fig. 8.55). Renal carcinomas may exhibit 
a variety of growth pattern(s), including tubular, papillary, 
solid and cystic, or any combination thereof (Figs. 8.56, 8.57, 
and 8.58). In humans, carcinomas are classified as such by 
their size (>1.5 cm), increased pleomorphism, and/or higher 
mitotic rates compared to adenomas [22]. The rarity of renal 
carcinomas in nonhuman primates has precluded classifica-
tion by cell type. 

Nephroblastomas are malignant renal tumors of juvenile 
animals, as in other species. These tumors grow rapidly and 
replace much of the preexisting renal tissue. Histologically, 
these embryonal tumors are composed of three elements: 
epithelium forming tubules and glomerular buds, undifferen-
tiated blastemal cells, and mesenchyme (Figs. 8.59 and 8.60). 
The composition of individual tumors varies widely; the 
presence of embryonic epithelium is key to differentiating 
this tumor from other poorly differentiated neoplasms. In 
cases where little to no embryonic epithelium is present, 
immunoreactivity of blastemal cells for the transcription fac-
tor Wilms tumor 1 (WT-1) can assist in confirming the 
diagnosis (Figs. 8.61 and 8.62).



8 Nonhuman Primate Neoplasia 245

Fig. 8.54 Renal adenoma, southern pig-tailed macaque. The renal 
cortex contains a well-demarcated, unencapsulated, nodular mass, 
which slightly elevates the renal capsule and compresses the adjacent 
cortical parenchyma. This spontaneous tumor was an incidental finding 
at necropsy 

Fig. 8.55 Renal adenoma, southern pig-tailed macaque. Tumor cells 
exhibit a tubulopapillary growth pattern along the wall of a fluid-filled 
cyst. Neoplastic cells have abundant, vacuolated to fibrillar eosinophilic 
cytoplasm, and a small, basally oriented nucleus 

Fig. 8.56 Renal carcinoma, rhesus macaque. A multilobulated, well-
demarcated, unencapsulated neoplasm enlarges the kidney and distorts 
the renal capsule. The tumor is friable, tan to brown and red with 
numerous small cystic spaces and depressions



246 A. D. Miller and S. G. M. Kirejczyk

Fig. 8.57 Renal carcinoma, 
rhesus macaque. A poorly 
demarcated, malignant renal 
tubular epithelial neoplasm 
effaces the majority of the renal 
cortex and exhibits a variety of 
growth patterns; neoplastic cells 
form sheets and ectatic, fluid-
filled tubules some of which 
contain papillary proliferations of 
tumor cells (arrowheads). There is 
extensive tumoral hemorrhage 
and necrosis at the top right of the 
image 

Fig. 8.58 Renal carcinoma, rhesus macaque. Neoplastic renal tubular 
epithelial cells form nests, sheets, and tubule-like structures, some with 
small papillary projections. Cells are polygonal with distinct cell borders 
and abundant cytoplasm that is mostly clear with scant, wispy to granu-
lar material. Neoplastic tubules are multifocally ectatic and contain scant 
fluid, sloughed cells and hemorrhage 

Fig. 8.59 Nephroblastoma, baboon. Low-magnification image of a 
renal nephroblastoma from a 3-year-old baboon demonstrates the 
triphasic mixture of embryonic epithelium (arrow heads), undifferenti-
ated blastemal cells, and mesenchyme (*) 

Fig. 8.60 Nephroblastoma, baboon. Embryonic epithelial structures 
include two glomerular buds on the left and multiple tubules on the 
right. Blastemal cells occupy the space between the embryonic epithelial 
structures and mesenchyme is present in the lower left and right corners 
of the image
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Fig. 8.61 Nephroblastoma, baboon. Immunohistochemical stain 
targeting the transcription factor Wilms tumor 1 (WT-1) demonstrates 
strong immunoreactivity within the epithelial and blastemal components 
and immunonegativity within the mesenchyme 

Fig. 8.62 Nephroblastoma, baboon. Higher magnification of the WT-1 
immunostain showing mild to strong nuclear immunoreactivity in the 
majority of epithelial and blastemal cells 

8.6 Respiratory 

Neoplasia of the respiratory tract is exceedingly uncommon 
in nonhuman primates. The area of bronchioloalveolar hyper-
plasia and adenoma formation can be found sporadically in 
aged nonhuman primates, especially macaques. 

8.7 Cardiovascular 

Cardiovascular neoplasia is similarly rare and is a sporadic 
finding in aged nonhuman primates with cardiac sarcomas 
and vascular neoplasms like hemangioma and 
hemangiosarcoma rarely reported. 

8.8 Hematopoietic 

8.8.1 Lymphoma 

Lymphoma is one of the most common neoplasms of nonhu-
man primate, predominately owing to the presence of a 
number of oncogenic viruses that cause malignant transfor-
mation of lymphocytes, especially in animals that are 
immunosuppressed. This includes lymphocryptovirus 
(macaques), simian T-lymphotropic virus (baboons), 
rhadinovirus (macaques), and various oncogenic herpesvirus 
(wide range of species) [1]. Regardless of the underlying 
etiology, lymphoma often presents as multicentric disease 
affecting hematopoietic tissue and a variety of visceral organs 
including, but not limited to, the kidney, liver, heart, and 
central nervous system. Lymphoma presents as a space 
occupying mass that is reddish tan to white, bulges on sec-
tion, and is relatively soft on palpation (Figs. 8.63 and 8.64). 
Histology is typified by sheets of neoplastic lymphocytes 
(round cells) that replace tissue parenchyma (Figs. 8.65 
and 8.66).
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Fig. 8.63 Lymphoma, rhesus macaque. The popliteal lymph node is 
greatly enlarged and replaced by a tan mass that bulges on cross section. 
This animal was chronically simian immunodeficiency virus-infected 

Fig. 8.64 Lymphoma, rhesus macaque. The greater omentum is 
replaced by hundreds of coalescing tan to white nodules representing 
widespread omental spread of lymphoma. This animal was chronically 
simian immunodeficiency virus-infected 

Fig. 8.65 Lymphoma, rhesus macaque. The cranial pole of the kidney 
is replaced by lymphoma. The adrenal gland is visualized compressed to 
the upper portion of the mass. This animal was chronically simian 
immunodeficiency virus-infected 

Fig. 8.66 Lymphoma, rhesus macaque. The smooth muscle of the 
uterus is replaced by sheets of neoplastic lymphocytes 

8.9 Endocrine 

8.9.1 Pheochromocytoma 

Tumors of the enterochromaffin cells of the adrenal medulla 
are relatively common in a number of nonhuman primate 
species, namely, cotton-top tamarins and rhesus macaques. 
These tumors, like their counterparts in other species, cause 
marked enlargement of the adrenal gland (Fig. 8.67) with 
abundant intravascular invasion, often into the adjacent cau-
dal vena cava, from where hepatic metastases commonly 
arise [23]. These tumors form nests, pseudorosettes, and 
packets of neoplastic cells that have abundant eosinophilic 
cytoplasm, large round to ovoid nuclei, and a variably appar-
ent nucleolus (Figs. 8.68 and 8.69).



8 Nonhuman Primate Neoplasia 249

Fig. 8.67 Pheochromocytoma, cotton-top tamarin: The adrenal gland 
is replaced by a large, hemorrhagic mass that compressed the cranial 
pole of the kidney 

Fig. 8.68 Pheochromocytoma, cotton-top tamarin. The remnant adre-
nal gland (asterisk) is compressed by a large, unencapsulated neoplasm 
composed of nests and pseudorosettes of neoplastic enterochromaffin 
cells 

Fig. 8.69 Pheochromocytoma, cotton-top tamarin. Higher magnifica-
tion of nests and pseudorosettes in a pheochromocytoma 

8.9.2 Pituitary Tumors 

The majority of pituitary tumors in nonhuman primates are 
benign tumors (adenomas) of the adenohypophysis (pars 
distalis). Tumors have been reported spontaneously and fol-
lowing exposure to radiation. Pituitary adenomas are intra-
cranial, extraaxial masses arising in the sellar or suprasellar 
region (Figs. 8.70 and 8.71). Grossly, these tumors are soft, 
tan to red, solid to cystic and are typically well demarcated 
from the surrounding neuroparenchyma although they may 
exhibit microscopic invasion. Large tumors can cause a mass 
effect. Histologically, neoplastic cells have variable amounts 
of granular eosinophilic to basophilic cytoplasm and form 
nests, packets, or sheets supported by a delicate highly 
vascularized fibrous connective tissue stroma. Perivascular 
pseudorosettes and acini formation are features of some 
tumors (Figs. 8.72, 8.73, 8.74, and 8.75). Pituitary 
carcinomas, categorized as such by leptomeningeal or sys-
temic spread, are rare in nonhuman primates. Pituitary tumors 
are subclassified by immunohistochemistry based on their 
hormonal expression profile using antibodies targeting 
thyroid-stimulating hormone (TSH) (Fig. 8.76), 
adrenocorticotropic hormone (ACTH), growth hormone 
(GH), luteinizing hormone (LH), follicle-stimulating hor-
mone (FSH), and prolactin (PL). A high incidence of 
lactotroph adenomas has been previously reported in 
cynomolgus macaques [24]. Hormonally active pituitary 
adenomas may cause galactorrhea and thyroid or adrenal 
gland atrophy [25].
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Fig. 8.70 Pituitary adenoma, rhesus macaque. An expansile, tan, intra-
cranial, extraaxial mass effaces the pituitary gland and bulges from the 
sella turcica. This tumor was an incidental finding at necropsy in a 
7-year-old female. It was immunohistochemically determined to be of 
thyrotroph origin 

Fig. 8.71 Pituitary adenoma, rhesus macaque. A transverse section of a 
fixed brain specimen reveals a well-demarcated, dark red tumor, which 
replaces the pituitary gland and extends dorsally into the hypothalamic 
region. This tumor was an incidental finding at necropsy in a > 26-year-
old animal who was exposed to radiation. It was 
immunohistochemically determined to be of thyrotroph origin 

Fig. 8.72 Pituitary adenoma, rhesus macaque. Low-magnification 
image demonstrates a sheet of closely packed neoplastic cells supported 
by a delicate, highly vascular stroma 

Fig. 8.73 Pituitary adenoma, rhesus macaque. Neoplastic cells have 
moderate amounts of granular eosinophilic cytoplasm. Cells palisade 
around a blood vessel forming a pseudorosette 

Fig. 8.74 Pituitary adenoma, rhesus macaque. Neoplastic cells form 
closely packed tubules and acini
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Fig. 8.75 Pituitary adenoma, rhesus macaque. Higher-magnification 
image of closely packed acini, which occasionally contain eosinophilic 
secretory material (arrowheads) 

Fig. 8.76 Pituitary adenoma, rhesus macaque. An immunohistochemi-
cal stain demonstrates moderate to intense, granular cytoplasmic 
immunopositivity for thyroid-stimulating hormone (TSH), consistent 
with a thyrotroph origin 

8.9.3 Thyroid Tumors 

Thyroid tumors may originate from the follicular cells or C 
cells, with follicular cell tumors being more common in 
nonhuman primates. Follicular cell adenomas predominate 
over malignant tumors and are typically unilateral, solid, 
nodular, white to tan or brown encapsulated masses that 
compress the adjacent normal thyroid tissue and may be 
cystic. Carcinomas have ill-defined margins, often exhibit 
local tissue invasion and/or metastasis and may have foci of 
necrosis or hemorrhage. Histologically, follicular cell tumors 
may exhibit a variety of growth patterns including papillary, 
follicular and solid (Figs. 8.77, 8.78, 8.79, 8.80, and 8.81). 

Fig. 8.77 Thyroid cystadenoma, rhesus macaque. A nodular, thinly 
encapsulated tumor is composed of variably sized follicles filled with 
colloid. The tumor was contained within a cystic space (*) 

Fig. 8.78 Thyroid cystadenoma, rhesus macaque. High magnification 
of the benign thyroid tumor showing variably sized colloid-filled 
follicles lined by a single layer of cuboidal epithelial cells (arrowhead) 
with abundant, granular to globular cytoplasm
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Fig. 8.79 Thyroid carcinoma, rhesus macaque. An unencapsulated, 
malignant neoplasm (arrowheads) multifocally invades the soft tissues 
surrounding the trachea 

Fig. 8.80 Thyroid carcinoma, rhesus macaque. Neoplastic thyroid 
follicular cells have a papillary growth pattern with variably sized 
follicles and colloid production (*) 

Fig. 8.81 Thyroid carcinoma, rhesus macaque. Papillary projections 
are lined by a single layer of densely packed cuboidal to columnar 
follicular cells and supported by a thin fibrovascular core. Numerous 
follicles contain colloid (*) 

8.9.4 Islet Tumors 

The majority of pancreatic islet tumors are benign in nonhu-
man primates. As in other species, many of these tumors arise 
from the insulin-producing beta cells. Adenomas are tan to 
red, variably encapsulated, nodular tumors that compress the 
surrounding tissue (Fig. 8.82). Neoplastic cells form packets, 
nests, trabeculae, and sheets of monomorphic cells with 
abundant, granular cytoplasm, and little to no mitotic activity 
(Fig. 8.83). Malignant islet cell neoplasms, which occur 
rarely, are characterized by local invasion and/or metastasis. 
Immunohistochemistry may assist in determining the cell 
type of origin using antibodies targeting the islet cell 
hormones insulin (Figs. 8.84 and 8.85), glucagon, somato-
statin, gastrin, pancreatic polypeptide, and vasoactive intesti-
nal peptide. Antemortem blood hormone levels are necessary 
to determine the functionality of these tumors; animals with 
functional (insulin-secreting) insulinomas are often 
hypoglycemic.
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Fig. 8.82 Islet adenoma, rhesus macaque. A nodular, well-demarcated 
islet cell tumor expands the pancreatic lobule and compresses the 
surrounding tissue 

Fig. 8.83 Islet adenoma, rhesus macaque. Higher magnification of islet 
cell adenoma showing arrangement of neoplastic cells in trabeculae and 
nests supported by a fibrovascular stroma. Neoplastic cells are mono-
morphic with abundant eosinophilic, finely granular to vacuolated 
cytoplasm 

Fig. 8.84 Beta cell adenoma, rhesus macaque. Immunohistochemistry 
using an antibody directed against insulin demonstrates strong diffuse 
cytoplasmic immunopositivity for this beta cell marker. The 
surrounding preexisting islets of Langerhans are also diffusely 
immunopositive, serving as an internal positive control 

Fig. 8.85 Beta cell adenoma, rhesus macaque. Higher magnification of 
the insulin immunohistochemical stain demonstrates the strong, diffuse 
cytoplasmic immunopositivity of neoplastic cells confirms beta cell 
origin for this tumor
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