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    Most primates carry their own  Herpesvirus  species, which 
normally do not cause clinical disease in their natural host. 
However, when these viruses infect a different primate species, 
they can cause signifi cant clinical disease or even death.  1   Clinical 
signs and lesions vary depending on the species of  Herpesvirus  
and primate involved. In the case of  α  herpesviruses, clinical 
signs commonly include localized vesicles and ulcers affect-
ing the skin, oral mucosa, conjunctiva, and external genitalia; 
encephalitis and disseminated fatal disease also have been 
observed in some cases.  1   Ocular lesions, mainly keratitis,  1,13   
have been described, and anisocoria has been reported recently.  8   
However, to our knowledge, dyscoria ascribed to herpesvirus 
infection in humans or nonhuman primates has not previously 
been reported. Here we describe dyscoria associated with a 
herpesviral infection in an owl monkey colony. 

 Case Study 
 An adult female owl monkey ( Aotus nancymae ) was received 

at our institution (the Center for Reproduction and Conserva-
tion of Nonhuman Primates, Iquitos, Peru) as a donation. No 
clinical history was provided with the animal except that the 
monkey was a former pet. Housing conditions and husbandry 
at the Center have been described elsewhere.  5   Briefl y, the owl 
monkeys were housed as breeding pairs with their offspring in 
2  ×  1  ×  1 m cages, were fed biscuit prepared inhouse, and were 
kept under natural temperature and photoperiod conditions 
(the Center is located in the tropical rainforest of Peru). All 
animal procedures were approved by the Universidad Nacional 
Mayor de San Marcos institutional guidelines on animal care 

and use. Quarantine procedures for newly arrived monkeys 
included a 30-d quarantine, during which the animals were 
physically examined, weighed, tattooed, tuberculin-tested, and 
dewormed with thiabendazole and underwent parasitologic 
evaluation by means of direct fecal exams and fecal fl otation 
methods. If diarrhea was noted, fecal samples were collected 
and cultured for pathogenic enterobacteria, and the animal was 
treated accordingly. 

 The index monkey was clinically healthy on arrival and, after 
an uneventful quarantine, was introduced into the colony and 
paired with an adult male  A. nancymae  (male 1). Six months 
later, the female monkey gave birth to a healthy newborn. Three 
months after that birth, the adult male monkey (male 1) was 
found dead; no gross lesions were present at necropsy. Because 
cardiac disease is common in owl monkeys, it was suspected as 
the cause of the sudden death.  4   After the newborn was weaned, 
the female monkey was paired with another adult male (male 
2), but they were separated the next day because of fi ghting. 

 The female monkey then was paired with a third male (male 
3) and gave birth again 7 months later. Male 3 was found dead 
shortly after the female gave birth. Weight loss and ulcera-
tive stomatitis affecting the hard palate were the main gross 
fi ndings at necropsy. Because owl monkeys are nocturnal and 
because several animals were in the same cage, decreased food 
consumption was not noted, and the animal may have died 
from inanition, as we suspect that the oral lesion was painful 
and prevented the animal from eating and possibly drinking. 
Tissue samples from the oral lesion and major organs were 
fi xed in 10% neutral-buffered formalin, embedded in paraffi n, 
sectioned at 5 μm, and stained with hematoxylin and eosin for 
light microscopy. In addition, samples from the hard palate were 
cultured in blood, nutrient, McConkey, and Saboureaud agars 
under aerophilic conditions, incubated at 37  ° C, and read at 24, 
48, 72, 96, and 120 h after plating. Colonies were identifi ed by 
using routine differential biochemical media. 

 The female monkey was paired with a fourth male (male 4), 
giving birth 6 mo later to a third offspring, which was found 
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disease characterized by focal necrosis and hemorrhage in all 
organs, usually with intranuclear inclusion body formation.  1,8,13   
Chimpanzees and gibbons can be infected with HSV, but the 
infection usually remains confi ned to skin, oral cavity, external 
genitalia, and conjunctiva.  1,12   Recently, however, encephalitis 
associated with HSV1 infection has been described in gibbons 
that had oral, lingual, labial, or genital vesicles and ulcers as-
sociated with conjunctivitis and keratitis.  7,14   Anisocoria was 
found recently in a 5-y-old male  Callithrix geoffroyi  that died 
during an HSV outbreak in a marmoset colony at a French 
zoo.  8   However, to our knowledge, dyscoria has not previously 
been ascribed to herpesviral infections in nonhuman primates. 
During systemic infections, chemical mediators of infl amma-
tion may affect ocular endothelial permeability and function, 
allowing infl ammatory cells to migrate from the iris vasculature 
into the aqueous humor. Proteins, particularly fi brin, can leak 
from the ciliary body and iris vasculature and predispose to the 
formation of posterior or peripheral anterior synechia.  6   In our 
cases, the monkeys might have had a herpesviral nonsuppura-
tive uveitis that resolved but resulted in formation of posterior 
synechia and the observed pupillary irregularity. 

 Because the clinical signs and lesions of owl monkeys with 
HSV are indistinguishable from those caused by  Herpesvirus 
saimiri 1  (herpes T) infection and because ELISAs do not dis-
criminate between  α  herpesviruses, the cases we describe in this 
report might have been due to infection with  H. saimiri 1 .  2,9,15   
However, the history of the index case (the female monkey) 
suggests close contact with humans and possible exposure to 
HSV. Immunohistochemistry or PCR tests on DNA extracted 
from formalin-fi xed or paraffi n-embedded tissues using primers 
specifi c to the polymerase gene region can distinguish among 
various  α  herpesviruses that are indistinguishable by serology.  7   
The present cases occurred over a span of almost 2 y since the 
fi rst male owl monkey died, because the mortality was low, there 
was no clear indication of what might have been the cause of 
death or whether there were a connection between the deaths 
until we received the histology report for male 3 and until ani-
mals in the colony were tested for herpesviruses. As soon as the 
infection was confi rmed, the decision was made to euthanize 
the affected animals immediately and all those monkeys that 
had physical contact with the herpesvirus-positive cases to 
prevent further spread of the infection in the colony. Archived 
formalin-fi xed tissues or paraffi n-embedded blocks were not 
available from the owl monkey with oral ulcers. 

 As mentioned earlier, because ELISA does not distinguish 
between  α  herpesviruses, the infection in these animals could 
be due to any  α  herpesvirus. However, because of a history of 
close contact with humans, the characteristics of the lesions 
observed (oral ulcers and encephalitis) and serology results, the 
most likely agent was HSV. However,  H. saimiri 1  must also be 
included in the differential diagnosis because the clinical signs 
and pathologic lesions of both agents are indistinguishable in 
owl monkeys and because no detailed records were available 
for the index case (the female monkey), which might have 
been in close contact with other monkey species while held in 
captivity. 

 Other  α  herpesviruses, such as herpes zoster virus, can cause 
ocular lesions in humans.  10   However, herpes zoster virus is 
less likely to be the cause of the dyscoria in the owl monkeys 
in the present report in light of several considerations. First, 
herpes zoster infection presents with pruritus and a general-
ized pustular–vesicular rash that involves the deep dermis 
of the skin in contrast to herpes simplex, which is limited to 
the epidermis.  10   No skin pustular–vesicular rash was noted 

dead at 5 wk of age. At necropsy, necrohemorrhagic encephalitis 
affecting the frontal lobe was the main fi nding. However, severe 
autolysis precluded histologic examination. Histologic exami-
nation of the brain was not attempted because neural tissue is 
most sensitive to hypoxia manifesting marked cellular changes 
soon after death due to rapid autolysis. 6  The infant monkey 
most likely died late in the afternoon after working hours and 
was found the next morning. Because the primate colony is in 
the jungle and outdoors, the hot and humid weather leads to 
rapid decomposition of carcasses. 

 At approximately 1 y of age, both of the fi rst 2 offspring 
were found to have bilateral irregularly shaped pupils ( Figure 
1  ). On closer examination, the dam herself was found to have 
a mildly irregular left pupil; the abnormality in shape became 
more noticeable when the monkey was exposed to bright light 
( Figure 1 ). The tentative diagnosis for the abnormal pupil shape 
was iris coloboma. The female and her living offspring were 
anesthetized with ketamine hydrochloride (10 mg/kg body 
weight) and examined by a board-certifi ed ophthalmologist 
using a slit-lamp microscope. Examination revealed posterior 
synechia associated with the irregular pupil in all 3 animals, 
changing the diagnosis to dyscoria. Histologic examination of 
male 3, who died with ulcerative stomatitis, showed marked 
tissue necrosis with a mixed infl ammatory cell infi ltrate. Epi-
thelial cell syncytia, with margination of nuclear chromatin and 
irregular eosinophilic inclusion bodies extending to the borders 
of the nuclear membrane, was observed at the periphery of the 
lesion ( Figures 2 and 3  ). Other histologic fi ndings were mild 
interstitial myocardial fi brosis and chronic nephropathy, both 
common conditions in owl monkeys.  4   Microbiologic cultures 
revealed  Candida  spp.;  Candida  was not considered to be the 
main pathogen because no yeast cells were found on histologic 
examination of the ulcerated lesion. These results suggested a 
viral etiology compatible with herpesviral infection. 

 Because the index case (the female monkey) was a former pet 
donated to the primate center, the fi rst rule out to be considered 
in the differential diagnosis was  Herpesvirus simplex  infection. 
Serum samples from the female monkey, her offspring, and 2 
unrelated clinically healthy  A. nancymae  (as negative controls) 
were submitted to a reference laboratory (Instituto Nacional de 
Salud, Lima, Peru) for ELISA testing for  H. simplex . The serum 
samples from the female monkey and her offspring were positive 
for  H. simplex  antibodies, whereas the 2 control animals were  H. 
simplex  antibody-negative. Because  H. simplex  is highly infectious 
and can cause high morbidity and high mortality in owl monkeys, 
a total of 7 animals including the female monkey, her 2 offspring, 
and 4 monkeys that had been in physical contact with the infected 
animals were euthanized. All animals were clinically healthy and, 
apart from dyscoria, no other lesions were noted at necropsy. No 
similar cases have since occurred in our owl monkey colony. 

 Discussion 
  Herpesvirus simplex  (HSV) is an  α  herpesvirus capable of caus-

ing latent or active infections in humans, which are the natural 
reservoir. Oral lesions and encephalitis occasionally occur with 
HSV1 infections, whereas genital lesions in adults and dissemi-
nated disease in children are more typical of HSV2 infection.  16   
Human-to-monkey and monkey-to-monkey transmission have 
been described.  1   Clinically, lesions in nonhuman primates can be 
local or generalized; oral vesicles and ulcers, conjunctivitis, en-
cephalitis, and death may occur.  1   Histologically, multinucleated 
cells, syncytia, and intranuclear inclusion bodies associated 
with the lesions can be found.  1,13   Owl monkeys, tree shrews, 
lemurs, marmosets, and tamarins are susceptible to generalized 
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 The likelihood of another herpesviruses, including Epstein–
Barr virus (EBV),  H. saimiri 2 ,  H. ateles , and human herpesvirus 
6 (HHV6), as the cause of the clinical signs observed in the owl 
monkeys in this report is small. EBV,  H. saimiri 2 , and  H. ateles  
have been well studied in nonhuman primates and are known to 
cause malignant lymphoma and leukemia in owl monkeys and 
other New World monkeys.  11   Further, HHV6 is an oncogenic 
herpesvirus that causes lymphoproliferative disorders in hu-
mans.  3   In the owl monkeys in the present report, no lymphoma 
or other lymphoproliferative disorders suggestive of EBV,  H. 
saimiri 2 ,  H. ateles , or HHV6 infection were observed. In addition, 
EBV,  H. saimiri 2 , and  H. ateles  are  γ  herpesviruses and HHV6 is 
a  β  herpesvirus and therefore were unlikely to cross-react with 
 α  herpesviruses antibodies in ELISAs. 

 Other nonherpesviruses that cause syncytia, such as measles, 
were considered unlikely because measles is a member of the Para-
myxoviridae. This family of viruses is known to cause giant cell 
pneumonia in owl monkeys,  1   but no pneumonia was diagnosed in 
any of the owl monkeys in the present report. In addition, measles 
does not cross-react with  α  herpesviruses antibodies in ELISAs. 

 No retrospective seroconversion studies were possible in 
the owl monkeys in this report because sequential archived 

before or after death in the owl monkeys in the present 
report. In addition, in the owl monkey that showed oral ulcers, 
these lesions were confi ned to the epithelial lining. Second, in 
humans, herpes zoster ophthalmicus (HZO) manifests in the 
early stages of the disease with episcleritis or scleritis that may 
become persistent. All of the corneal infl ammatory conditions 
in HZO can give rise to lipid keratopathy and facet formation. 
Interstitial keratitis can result from any long-term herpes zoster 
corneal infl ammation condition and usually results in extensive 
corneal vascularization that subsequently leads to lipid deposi-
tion, scarring, and possible perforation.  10   In contrast to what 
is reported in HZO, no corneal lesions were found in the owl 
monkeys in the present report. Third, in HZO, unilateral anterior 
uveitis in association with a specifi c vascular occlusive sectoral 
iris atrophy and no evidence of prior or concurrent epithelial 
or stromal keratitis is a common presentation.  10   Although this 
lesion might clinically resemble the dyscoria observed in the 
owl monkeys in the present report, their dyscoria was not due 
to iris atrophy (as in HZO) but to posterior synechia. Fourth, 
other lesions reported in HZO that were not observed in the 
owl monkeys in this report are retinal perivasculitis, ischemic 
optic neuritis, and necrotizing retinopathy.  10   Finally, herpes 
virus zoster has previously been reported to occur in apes but 
not in monkeys.  11   

  Figure 1.  (A)  A. nancymae.  First offspring showing bilateral dyscoria. The posterior synechia impedes normal response of the iris to bright light, 
resulting in irregular pupil shape. (B)  A. nancymae.  Second offspring showing marked bilateral dyscoria at approximately 1 y of age. (C)  A. nan-
cymae.  Index case. Adult female monkey showing mild dyscoria in the left eye, which was much more noticeable when exposed to bright light. 
Note the healed nose lesion due to fi ghting with male 2.   

  Figure 2.   A. nancymae.  Adult male 3. Hard palate ulcer. Note cell necro-
sis and epithelial cell syncytia at the periphery of the lesion (arrow). 
Hematoxylin and eosin; magnifi cation,  × 100.   

  Figure 3.   A. nancymae.  Adult male 3. Hard palate ulcer. High-magnifi -
cation image showing epithelial cell syncytia. Note the margination of 
nuclear chromatin and irregular eosinophilic inclusion bodies extend-
ing to the borders of the nuclear membrane. Hematoxylin and eosin; 
magnifi cation,  × 1000.   
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serum samples were unavailable. At the time of the outbreak, 
the colony contained approximately 1700 monkeys, and routine 
sequential serum banking for all animals in the colony was not 
performed due to logistical limitations. However, because no 
clinical cases compatible with herpesviral infection had occurred 
in the colony before the arrival of the female monkey, we believe 
that she arrived already infected and that the offspring were 
infected either in utero or shortly after birth. 

 In the present report, the clinical history, gross and micro-
scopic lesions, and serology results are compatible with  α  
herpesviral infection, possibly  H. simplex  or  H. saimiri 1 . Other 
 α  herpesviruses, although possible, were less likely to be the 
cause of the clinical signs in the presented owl monkeys, as 
discussed earlier. A search of the scientifi c literature failed to 
reveal any previous report of dyscoria associated with  Herpes-
virus  infection in nonhuman primates. This report underscores 
the risks associated with introducing animals into breeding or 
research colonies that were previously kept as pets or those 
from unknown origin that could carry asymptomatic pathogenic 
herpesviral infections. In addition, herpesviral infection should 
be considered among the differential diagnoses if dyscoria is 
observed in nonhuman primates. 

 Acknowledgments 
 This study was conducted as part of the activities of the Peruvian 

Primatological Project, supported by the Peruvian Government and 
the Pan American Health Organization (ICF/ZNS/010), and by the 
Intramural Research Program of the National Institutes of Health, 
National Institute of Allergy and Infectious Diseases (NIAID), Com-
parative Medicine Branch, the Offi ce of Research Support, and a NIAID 
contract to SoBran Inc. We want to thank Dr Hugo Samame, Dr Gerald 
Dagle, Mr Arnulfo Romaina, and Mr Jarvel Lopez for laboratory and 
diagnostic support and Dr Jerrold Ward, Dr Lily Cheng, and Dr Car-
men Michaud for photographic assistance. This study was presented 
at the 30 th  annual workshop of the Association of Primate Veterinarians 
in Boerne, Texas, 2002. 

 References 
    1 .   Brack     M   .   1987 . Agents transmissible from simians to man. Berlin 

Heidelberg: Springer-Verlag.  
    2 .   Emmons     RW   ,    Gribble     DH   ,    Lennette     EH   .   1968 .  Natural fatal in-

fection of an owl monkey ( Aotus trivirgatus ) with herpes T virus.  
 J Infect Dis    118   :  153 – 159 .  

    3 .   Engelmann     I   ,    Petzold     DR   ,    Kosinska     A   ,    Hepkema     BG   ,    Schulz     TF   ,  
  Heim     A   .   2008 .  Rapid quantitative PCR assays for the simultaneous 
detection of herpes simplex virus, varicella zoster virus, cytome-
galovirus, Epstein-Barr virus, and human herpesvirus 6 DNA in 
blood and other clinical specimens.   J Med Virol    80   :  467 – 477 .   

    4 .   Gozalo     A   ,    Dagle     GE   ,    Montoya     E   ,    Weller     RE   ,    Malaga     CA   .   1992 . 
 Spontaneous cardiomyopathy and nephropathy in the owl monkey 
( Aotus  spp.) in captivity.   J Med Primatol    21   :  279 – 284 .  

    5 .   Gozalo     A   ,    Montoya     E   .   1990 .  Reproduction of the owl monkey 
( Aotus nancymai ) (Primates: Cebidae) in captivity.   Am J Primatol  
  21   :  61 – 68 .   

    6 .   Jones     TC   ,    Hunt     RD   ,    King     NW   .   1997 . Veterinary pathology, 6th 
ed. Philadelphia: Lippincott, Williams, and Wilkins.  

    7 .   Landolfi      JA   ,    Wellehan     JF   ,    Johnson     AJ   ,    Kinsel     MJ   .   2005 .  Fatal 
human herpesvirus type 1 infection in a white-handed gibbon 
( Hylobates lar ).   J Vet Diagn Invest    17   :  369 – 371 .  

    8 .   Lefaux     B   ,    Duprez     R   ,    Tanguy     M   ,    Longeart     L   ,    Gessain     A   ,    Boul-
anger     E   .   2004 .  Nonhuman primates might be highly susceptible 
to cross-species infectivity by human  α  herpesviruses.   Vet Pathol  
  41   :  302 – 304 .   

    9 .   Leib     DA   ,    Hart     CA   ,    McCarthy     K   .   1987 .  Characterization of four 
herpesviruses isolated from owl monkeys and their comparison 
with  Herpesvirus saimiri  type 1 ( Herpesvirus tamarinus ) and herpes 
simplex virus type 1.   J Comp Pathol    97   :  159 – 169 .   

    10 .   Liesegang     TJ   .   2008 .  Herpes zoster ophthalmicus. Natural history, 
risk factors, clinical presentation, and morbidity.   Ophthalmology  
  115   :  S3 – S12 .   

    11 .   Mansfi eld     K   ,    King     N   .   1998 . Viral diseases. In: Bennett BT, Abee CR, 
Henrickson R, editors. Nonhuman primates in biomedical research: 
diseases. American College of Laboratory Animal Medicine Series. 
San Diego: Academic Press. p. 1–57.  

    12 .   McClure     HM   ,    Swenson     RB   ,    Kalter     SS   ,    Lester     TL   .   1980 .  Natural 
genital herpesvirus hominis infection in chimpanzees ( Pan troglo-
dytes  and  Pan paniscus ).   Lab Anim Sci    30   :  895 – 901 .  

    13 .   Melendez     LV   ,    Espana     C   ,    Hunt     RD   ,    Daniel     MD   ,    Garcia     FG   .  
 1969 .  Natural herpes simplex infection in the owl monkey ( Aotus 
trivirgatus ).   Lab Anim Care    19   :  38 – 45 .  

    14 .   Mootnick     AR   ,    Reingold     M   ,    Holshuh     HJ   ,    Mirkovic     RR   .   1998 .  Isola-
tion of a herpes simplex virus type 1-like agent from the brain of 
a mountain agile gibbon ( Hylobates agilis agilis ) with encephalitis.  
 J Zoo Wildl Med    29   :  61 – 64 .  

    15 .   Tate     CL   ,    Lewis     JC   ,    Huxsoll     DL   ,    Hildebrandt     PK   .   1971 .  Her-
pesvirus T as the cause of encephalitis in an owl monkey ( Aotus 
trivirgatus ).   Lab Anim Sci    21   :  743 – 745 .  

    16 .   White     DO   ,    Fenner     FJ   .   1994 . Herpesviridae. In: White DO, Fenner 
FJ, editors. Medical virology, 4th ed. San Diego: Academic Press. 
p 318–347.  

   

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-25


