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I s o l a t i o n o f Herpesvirus hominis f r d j r f L e m u r s : 

A N a t u r a l l y O c c u r r i n g E p i z o o t i c at a Z o o l o g i c a l G a r d e n 

in N i g e r i a o 

G R A H A M E . K E M P , * G E O R G E L . L o s o s , f O T T I S R . C A U S E Y , * R I C H A R D W . 
E M M O N S J A N D R O B E R T R . G O L D I N G § 

(Rcccived 28 June 1971) 

Summary. Dur ing the period January-August 1968, a fatal illness occurred in a 
small colony o f lemurs (Lemur cat to) established at the University of Ibadan 
Zoological Garden in late 1962. Herpesvirus hominis was isolated from the brain 
and saliva o f one lemur and f rom the brain o f another. Histopathologic examina-
t ion showed lesions compatible wi th herpesvirus infection in tissues of lemurs and 
in mice inoculated with lemur material. Identity of the virus was established by 
neutralization tests in mice and tissue culture systems util izing human foetal 
kidney diploid cells and pr imary rhesus monkey kidney cells in conjunction with 
known Herpesvirus hominis hyperimmune serum; and in fluorescent antibody tests 
done with infected mouse brain material and specific hyperimmune sera conjugated 
to fluorescein-isothiocyanate. 

Resume. Entre Janvier et Aout 1968 un maladie mortelle s'est repandue dans une 
petite colonic de lemurs (Lemur cotta) etablie au jardin zoologique de PUniversite 
d'Ibadan vers la fin de 1962. Herpes hominis a ete isole de la cervelle et de la salivc 
d'un lemur et de la cervelle d 'un second. L'examen histopathologique a montre, 
dans Ies tissus des lemurs et des souris inoculees avec du material provenant de 
lemurs, des lesions qui ressemblent a celles de Tinfection avec le virus de Pherpes. 
^ident i f icat ion du virus a ete faite par les tests de neutralisation chez la souris et en 
culture sur des cellules diploidcs de rain fetal humain et les cultures primaire de 
cellules de singe rhesus avec du serum hyperimmune specific pour Herpes hominis; 
et par les anticorps fiuorescents sur des preparations de cervelle de souris infectees, 
avec le serum hyperimmune conjuge a la fluorescein isothiocyanate. 

* Virus Research Laboratory, Faculty o f Medicine, University of Ibadan, Ibadan. 
t Department of Veterinary Medicine, Faculty o f Agriculture, Forestry and Veterinary Science, University 

ofIbadan,Ibadan. 
X Viral and Rickettsial Disease Laboratory, California State Department o f Public Health. 
5 Department of Zoology, Faculty o f Science, University of Ibadan, Ibadan. 

Correspondence: Dr G. E. Kemp, Virus Research Laboratory, Faculty of Medicine, University of Ibadan, 
Ibadan, Nigeria. 
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178 Graham E. Kemp et al. 

I N T R O D U C T I O N 

Man historically has had the desire to harbour animals for beauty, u t i l i t y and amusement 
More recently man has made increasing use o f subhuman primates and other exotic animals 
for purposes o f medical research and the product ion o f beneficial b io logic products. 
Transmission o f disease f rom animals to man is well known. Less f requent ly reported are 
those occasions when man infects the animals under his care w i t h his o w n parasites. As 
animals are maintained in increasingly large numbers under relatively crowded condi t ions, 
the potential for epizootic disease amongst them increases. A number o f recent reports 
suggest that natural, fatal infections o f subhuman primates and other vertebrates w i th 
Herpesvirus hominis may be more common than previously supposed (Emmons & Lennette, 
1968, 1970; Smith et «/., 1969; Melendez et al1969; Hun t & Melendez, 1969). 

This paper reports a fatal illness in a small co lony o f r ingtai led lemurs (Lemur catta) at 
the University of Ibadan Zoological Garden, and the isolat ion o f Herpesvirus hominis f r om 
the animals. Lemurs as a genus have not h i therto been known to be susceptible to infect ion 
with this virus. 

M A T E R I A L S A N D M E T H O D S 

Laboratory techniques used at the Ibadan Laboratory and at the V i ra l and Ricket ts ia l 
Disease Laboratory, Cal i fornia State Department o f Public Heal th , Berkeley, U .S .A . , have 
been reported elsewhere (Causey et al., 1970; Lennette & Schmidt , 1969) and are on ly br ief ly 
related here. 

Blood samples were allowed to stand at room temperature un t i l the c lot had retracted, 
usually within 1-2 hr, and then were centrifuged to obta in serum. Tissues were t r i tu ra ted as 
a 20% suspension in 0-75% bovine plasma a lbumin ( f ract ion V ) in phosphate-buf fered 
saline containing 2000 units o f penici l l in and 0-6 mg o f s t reptomyc in /ml . F o l l o w i n g cent r i fu -
gation at 3000 rpm for 5 min, the supernatant f lu id was used as inocu lum. Sal iva samples 
were prepared as a 10% solution wi th bovine a lbumin as described fo r tissues. A l l samples 
were inoculated intracerebrally (ic) into 1- or 2-day-old mice (a lb ino Swiss mice, Webster 
strain, originally obtained f rom The Rockefeller Foundat ion) , and the mice were observed 
for 14 days for signs o f illness. 

Tests o f virus isolates for filtrability and sensitivity to c h l o r o f o r m or ether were conducted 
when indicated. Identification o f virus was made by complement - f ixa t ion (CF) and netura l i -
zation (N) tests wi th a hyperimmune mouse ascitic f lu id ( M A F ) f o r Herpesvirus hominis, 
strain HF , supplied by the Yale Arbov i rus Research U n i t , N e w Haven, Connec t i cu t , o r 
with hyperimmune rabbit serum for Herpesvirus hominis. M a c l n t y r e strain. Passage at tempts 
and virus titrations in suckling (2-3 days old) and adul t mice and in human foetal k idney 
diploid ( H F D K ) cell cultures and pr imary rhesus monkey k idney ( M K ) cell cul tures were 
performed according to standard methods. For N tests in suckl ing mice, the constant serum, 
varying decimal d i lut ion o f virus method was used. Immune sera were inact ivated at 56°C 
for 30 min, and serum-virus mixtures were held at 37°C for 1 hr before i nocu la t i on ic. L D 5 0 

titres were calculated by the method o f Reed & Muench (1938). F o r N tests in H F D K cell 
culture systems, also done wi th heat-inactivated serum, 10and 100 infect ious doses ( T C I D 5 0 ) 
o f virus were incubated for 1 hr at 37°C wi th two- fo ld d i lu t ions o f serum; af ter inocu la t ion 
o f the serum-virus mixtures, the cell cultures were observed for 10 days. 

Fluorescent antibody (FA) staining methods were as described fo r rabies F A sta in ing by 
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Isolation 0 /Herpesv i rus hominis from lemurs 179 
Lcnnette et at. (1965). In the direct method, specific hyper immune sera conjugated to 
fluorescein-isothiocyanate were used to stain infected mouse brain or cell cultures. 

Lemur tissues were examined grossly for lesions dur ing autopsy, and brain, l iver, kidney, 
lung, spleen, heart and small and large intestine were placed in 10% formal in. Suckl ing 
mice that became obviously i l l after inoculat ion w i th lemur material were sacrificed, the 
cranium, abdomen and thorax opened and the entire carcass fixed in Bouin's f lu id ; seven 
transverse sections o f the body were made at approximately equal intervals f rom head to 
pelvis. Standard paraffin sections o f both lemur and mouse tissues were cut at 4 -6 / im (n) 
and stained wi th haematoxyl in and eosin. 

D E S C R I P T I O N O F T H E E P I Z O O T I C 

The lemur colony was established at the Zoological Garden in late 1962 w i th four animals, 
and during succeeding years a number o f lemurs were born and reared at the Zoo. Unt i l 
December 1967 the colony was housed in cage F (see Fig. 1) in the general primate section, 
within arm's-length reach o f an adjacent cage containing six Cercopithecus mono and two 
C. aethiops. Cage F is separated f rom the publ ic by a high hedge. As part o f a modernizing 

A — EMPTY 
B — WART HOG n. 
C — CHIMPANZEE Pan (roqlodytr t 
0 — SPOTTED HYENA Cr<Xirfo croculQ 
E — Mbivd ccrcoplth«ck}o« 
F — RING TAILED LEMUR U m u r eal la 
G — CAPUCHIN MONKEY Ctbu* a lb l f rons 
H — DRILL Mondrl l lut Imcoohacus 
| — MANGABEY MONKEY Qrcocetxa t<xoix*us 
J — RING TAILED LEMUR Lftn-jr catto 

E—CONCRETE WALL 
| METAL WALL 

1 ARROWS INOlCATE MAIN MOVEMENT OF 
J VISITORS 

MAIN ENTRANCE Z o o 
Office 

KITCHEN 

Concw»-
Ion 
Stand 

SNAKE 
PIT 

FIG. I . Diagram of a port ion of university of Ibadan Zoological Garden. 

programme at the Zoo, a new cage (J) was bui l t to show the lemurs to better advantage, and 
to this new cage, never before occupied, the colony was moved 011 12 December 1967. 
Cage J is situated about 30 m f rom cage F and has direct exposure to the public since it is 
on the main thoroughfare through the Zoo. A special feature o f its construct ion was a 
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182 Graham E. Kemp et al. 

partially enclosed portion in which pregnant lemurs or lemurs with their young could be 
separated from the main cage and gain better protection from the elements. 

In cage J, the lemurs were 10-15 ft distant from cages containing Manclrillus leucophaeus 
and Cebits albifrons, and theoretically, at least, had no direct contact even with Cercocebus 
torquatus in the adjacent cage, although they could have touched hands with the last by 
reaching around the end of a solid wall. 

Illness in a lemur was first noted in January 1968; case history data are given in Table I. 
On 20 January, Lemur 1, a male born prior to 1962, was observed to be listless and sitting 
with an kodd posture.' He was thought to have a middle ear infection and was treated with 
antimicrobials on the third and fourth days of his illness. On 25 January, Lemur 1 died. 

Eleven days later (5 February) Lemur 2, a female born at the Zoo in 1967, was noticed 
to be salivating heavily and showing extreme weakness. Poisoning was suspected. Lemur 2 
died on 6 February. 

In an attempt to prevent further losses, the remaining lemurs were moved back to cage F 
on 11 February. Following this move, Lemur 3, an adult female, was noted to be salivating 
copiously. On 15 February an aborted foetus (Lemur 4) was found in the cage with her. At 
this time Lemur 3 was also observed to be carrying her head to one side. As lemurs are 
considered valuable zoological specimens, she was given 0*5 ml of human gamma-globulin 
intramuscularly on the 15 February and, by way of separating her from Lemur 6 who was 
thought to be pregnant, was isolated in new cage J. In Apr i l , Lemur 3 was still moving slowly 
and with great care; she would jump only a very short distance. On 8 May she was still dull 
and appeared thin. Lemur 3 was found dead on 21 August. 

Lemur 5, a male born at the Zoo in 1964, seemed lethargic and unsteady at the time of 
Lemur 2's illness and death (5-6 February), but showed no excess salivation. Within 2 days 
of the return to cage F on 11 February, his behaviour appeared to be normal. On 27 March, 
however, he was found lying on the ground, and his movements were lethargic. The next day 
he was put back in cage J with Lemur 3. Lemur 5 now held his head to one side, and his 
equilibrium was noticeably affected. In May he was still weak and unable to jump. He died 
on 11 June. 

As already mentioned, Lemur 6, born at the Zoo in 1963, was believed to be pregnant in 
February 1968. On the 15th of that month, along with Lemur 3, she was given human 
gamma-globulin. 0*9 ml intramuscularly. On 29 February she gave birth to a normal 
offspring (Lemur 7). At this time she became aggressive, but by 29 March her actions were 
lethargic. On 6 May she was noticed to be very listless. Lemur 6 died on 26 May. 

Lemur 7, the baby of Lemur 6, was small at birth and developed slowly, but seemed well 
at all times. On 18 March it began to climb on the wire and on 23 March moved to its 
mother's back (a normal pattern of development in this species). During the night of 16 
May, Lemur 7 disappeared. 

At the beginning of the preceding March, Lemur 8, born at the Zoo in 1965, was thought 
to be pregnant and on 2 March she was given 0-5 ml of gamma-globulin; Lemur 6 apparently 
having benefited from her injection. The next day, Lemur 8 appeared normal, but on 4 
March her abdomen was less distended and she was assumed to have aborted. On 26 March 
she became extremely lethargic, lying on the ground a great deal. On the 27th she was very 
weak, and died that day. 
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Isolation of Herpesvirus hominis from lemurs 183 

R E S U L T S 

(/J) Virus isolation 
Of the five lemurs tested for virus, isolat ions were made only f rom Lemurs I and 2 

(Table 1). 
Lemur 1. Mice groups inoculated w i th l iver and spleen suspensions remained well 

through 14 days, but in the group inoculated wi th brain suspension ( I b A n 24400) one 
mouse died on day 4 post- inoculat ion (PI) and by day 5 PI the others had died or were il l . 
Smears made f rom the brain o f one o f these mice was checked for bacterial contaminat ion, 
with negative results. 

Most o f the 12 second-passage mice were i l l on day 2 PI. N o bacteria were detected when 
impression smears prepared f rom the surface o f the brain o f one o f these mice was stained 
with Seller's stain and examined by light microscopy. 

IbAn 24400 virus was reisolated f rom a por t ion o f the or ig inal material stored at — 60°C 
for about 9 months. 

A Herpesvirus hominis (strain HF) M A F had a neutral iz ing index (N I ) o f 2-2 dex (Hal -
dane, 1960) against the virus in N test. 

Addi t ional studies at the V i ra l and Rickettsial Disease Laboratory , Cal i fornia State 
Department o f Health, conf i rmed the ident i ty o f I b A n 24400 virus as Herpesvirus hominis. 
The virus titre by ic inoculat ion o f suckl ing mice was 6-9 dex/ml, and the mice died in 3-5 
days; the titre in 3- to 4-week-old mice was 7-7 dex/ml, and the mice died in 4-6 days. In 
MK. cell cultures inoculated wi th infected mouse brain (mouse passage 3, H F D K 
passage 2), no cytopathic effect (CPE) was visible through day 10 PI. In contrast, H F D K 
cell cultures inoculated wi th mouse brain stock virus showed Herpesvirus-iypc CPE (graded 
3 + ) with rounded, refractile cells by day 7 on ini t ial passage and by day 3 on subsequent 
passages. The virus t i tre in H F D K cells was 6 dex/ml, and CPE was completely inhibi ted 
through day 10 (10 and 100 T C I D 5 0 ) by Herpesvirus hominis (Mac ln ty re) rabbit serum to 
a titre of 1 : 32. The homologous t i tre o f the serum, determined simultaneously, was 1 : 64. 

FA staining o f the infected mouse brains and H F D K cell cultures was unequivocally 
positive for Herpesvirus hominis, whi le FA tests for rabies, vaccinia and varicella viruses 
were negative. 

Lemur 2. O f the three specimens secured on 5 February, virus was isolated only f rom 
saliva ( IbAn 24664). This isolate reacted in C F test w i th a Herpesvirus hominis M A F . 
Re-isolation was not attempted. 

Of the tissues collected f rom Lemur 2 at autopsy on 6 February, only brain material 
(IbAn 24668) yielded virus. A Herpesvirus hominis M A F had a N I o f 1*9 dex against this 
isolate in N test. 

(B) Pathological and histopathological findings in lemurs 

The findings on gross examinat ion are summarized in Table 1. 
On histopathological examinat ion, Lemur 1 showed evidence o f a fa i r ly extensive diffuse 

encephalitis characterized by neuronal necrosis and gl ial nodules. Perivascular in f i l t ra t ion 
by mononuclear cells was common. The endothelial cells were hyperplastic and hypertro-
phied. Inclusion bodies were not observed. There was a meningit is characterized by mono-
nuclear infi l tration. There were no visible lesions in other tissues examined. 

Lemur 2 had a localized encephalitis in the dicnccphalon characterized by perivascular 
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184 Graham E. Kemp et al. 

cuffing with mononuclear cells, swelling and proliferation of endothelial cells, and the 
presence of glial nodules near blood vessels. In areas of malacia, there were numerous glial 
astrocytes with well-defined eosinophilic intranuclear inclusions surrounded by a halo 
Bronchopneumonia was evident, and neutrophils were present in the lumen of some bron-
chioles. The surrounding interalveolar septae were collapsed and thickened owing to 
infiltration with neutrophils and swelling of septal cells. There were no other lesions pre-
sent. 

In Lemur 5, the only microscopic lesion observed was hypertrophy and hyperplasia of 
bile duct epithelium. There were no abnormal findings in Lemur 8. 

(C) Histopathological findings in mice 

A second-passage mouse inoculated ic with isolate IbAn 24400 showed evidence of an 
acute necrotizing encephalitis and meningitis. The lesion, located in the parenchyma adjacent 
to the meninges, was one of malacia with extensive necrosis o f cells. Intranuclear eosino-
philic inclusion bodies were present in astrocytes. There was also evidence of a peritonitis 
and hepatitis. 

A third-passage mouse inoculated ic with IbAn 24400 virus had lesions in the brain and 
skin. There was a generalized meningitis, encephalitis, and a necrotizing myelitis confined 
to the submeningeal white matter. Numerous extensive local areas of necrosis of the 
epidermis and dermis were present. Inclusions were evident in the nuclei of the squamous 
epithelial cells. 

D I S C U S S I O N 

Herpesvirus hominis was isolated from the two adult lemur brains available lor testing. The 
brain of the aborted foetus Lemur 4 did not yield virus. 

The combination of the histopathologic findings, FA staining, CF test results, presence of 
CI E in HFDK. cell cultures, and animal pathogenicity showed that the virus was a member 
ol the herpesvirus group. Specific neutralization wi th Herpesvirus hominis M A F plus the 
virus's growth in human cells but not in monkey cells and its pathogenicity for adult as 
well as suckling mice, indicated that the virus was Herpesvirus hominis and not H. simiae or 
some other primate herpesvirus. 

Since the other lemurs each showed some feature(s) of the clinical illness observed in 
Lemurs 1 and 2, it is assumed that all the lemurs were infected with herpesvirus. 

Discovery of the actual source and time of introduction o f the virus to these animals 
appears virtually impossible. Ever since the colony's establishment, the lemurs' diet had 
consisted of Iruits and vegetables purchased on the open market, with occasional supple-
ments of a boiled egg and bread scraps from the university kitchens. A l l primate diets were 
prepared in the same kitchen (see Fig. I), and food handlers there gave no history ofrecent 
herpesvirus lesions, although they were not tested for antibody conversion. I f one of the 

eepers had been excreting virus at the time of the move from cage F to cage J, Lemur 1 
could have been exposed when handled during the move; dates of onset in the other animals 
suggest subsequent lemur-to-lemur transmission. Alternatively, after being relocated in 
cage J on the main thoroughfare through the Zoo, Lemur 1 may have contracted the virus 
from some member of the public. Since lemurs become quite excited when handled, it 
seems possi e that the combination of the move to cage J and the continued proximity 
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Isolation of Herpesvirus hominis from lemurs 185 
there to c r o w d s o f peop le c rea ted a s t ress fu l c o n d i t i o n i n t he a n i m a l s t ha t inc reased t h e i r 
suscept ib i l i t y t o i n f e c t i o n . 

A C K N O W L E D G M E N T S 
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