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Synonyms. Hemorrhagic fever in monkeys. 

Clinicopathologic Features 

Infection with simian hemorrhagic fever virus 
causes an acute febrile disease dominated by 
generalized impairment of hemostasis and co
agulation (Abildgaard et al. 1975). Measurable 
fibrin degradation products and elevated body 
temperature are the only abnormal parameters 
observed during the initial stage of infection, 
which may last several days. Subsequently, there 
is a transient period in which the concentrations 
of several serum enzymes begin to increase, 
including lactate dehydrogenase, aspartate 
aminotransferase, alanine aminotransferase, and 
creatine kinase. The terminal stage of the clinical 
syndrome is characterized by fever, anorexia, 
facial edema, depression, photophobia, ataxia, 
cyanosis, diarrhea, dehydration, epistaxis, 
ecchymotic and petechial hemorrhages, and 
abortions. A typical clinical pathology profile 
of a macaque in this stage of the disease is 
presented in Table 6. Hemostatic abnormalities 
indicate disseminated intravascular coagulation. 
Thrombocytopenia may be severe with platelet 
numbers reaching nadirs of less than 30000/Jll. 

Sota PJ, Deauville GA (1964) Spontaneous simian giant
cell pneumonia with coexistent B virus infection. Am J 
Vet Res 25:793-804 

Steel MD, Giddens WE Jr, Valerio M, Sumi SM, Stetzer 
ER (1982) Spontaneous paramyxoviral encephalitis 
in nonhuman primates (Macaca mulatta and M. 
nemestrina). Vet Pathol 19:132-139 

Suzuki M, Sasagawa A, Inayoshi T, Nakamura F, Honjo S 
(1981) Serological survey for SV5, measles and herpes 
simplex infections in newly imported cynomolgus 
monkeys. Jpn J Med Sci Bioi 34:69-80 

Taniguchi T, Kamahora J, Kato S, Hagiwara K (1954) 
Pathology in monkeys experimentally infected with 
measles virus. Med J Osaka Univ 5:367-396 

Weigler BJ (1992) Biology of B virus in macaque and 
human hosts: a review. Clin Infect Dis 14:555-567 

Yamanouchi K, Fukuda A, Kobune F, Hikita M, Shishido 
A (1969) Serologic survey with the sera of monkeys in 
regard to their natural infection with measles virus. Jpn 
J Med Sci Bioi 22:117-121 

Additionally, there is progressive total loss of 
platelet aggregation in response to adenosine 
diphosphate or collagen. In all animals the 
activated partial thromboplastin time is pro
longed three to four times control values. The 
prothrombin time, however, typically remains 
within normal limits. There is significant deple
tion of prothrombin; factors V, VIII, IX, and 
XI; and fibrinogen (to concentrations less than 
100mg/ml). In moribund animals, fibrin de
gradation products may be elevated extensively 
to levels exceeding 200 Jlg/ml, i.e., still de
tectable at serum dilutions greater than 11256 in 
a latex agglutination test (Thrombo Wellco Kit, 
Wellcome Reagents Ltd.). The protamine sulfate 
test for fibrin monomers and early, clottable, 
fibrin degradation products is consistently 
positive. Schistocytes are noted occasionally on 
peripheral blood smears from animals with high 
concentrations of fibrin degradation products. 
In the terminal stage of disease, lactate dehydro
genase values frequently may exceed 30000 IV II 
with proportional elevation of all isoenzyme 
fractions, while creatine kinase values may be 
elevated to more than 10000IV11. Alanine 
aminotransferase, aspartate aminotransferase, 
and y-glutamyltransferase levels are moderately 
increased. Proteinuria ranging from 100 to 
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Table 6. Typical clinical pathology profile in simian hemorrhagic fever 

Parameter 

Platelet count 
Platelet aggregation 
Activated partial thromboplastin tine 
Prothrombin time 
Fibrinogen 
Fibrin degradation products 
Protamine sulfate 
Lactate dehydrogenase 
Creatine kinase 
Alanine aminotransferase 
Aspartate aminotransferase 
y-Glutamyltransferase 

a lUll, International units per liter. 

Normal range 

230-650 x 103/J.lI 
100% 
20-30s 
1O-13s 
180-400 mglml 
2 J.lg/ml « 118) 
Negative 
42-426 IU Iia 

24-645 lUll 
5-61 lUll 

12-63 lUll 
22-53 lUll 

1000 mg/ml is present with a slight increase in 
blood urea nitrogen (e.g., 50mg/dl). The serum 
creatmme concentration is typically within 
normal limits. Blood cultures are usually nega-
tive, but when septicemia is identified there are 
typically ulcers of the lower intestinal tract 
and other associated clinical and pathological 
changes, including prolonged prothrombin times. 

Gross Appearance 

Gross lesions associated with simian hemorrhagic 
fever virus infection generally are observed only 
in the final 24 h before death and, even then, their 
presence can be species-dependent. Southeast 
Asian macaques appear to die more quickly after 
infection and in many of these primates, gross 
lesions may be totally absent regardless of their 
clinicopathologic profile. In one epizootic, 50 im
ported cynomolgus monkeys (Macacafascicularis) 
died or were euthanatized without significant 
gross lesions, even though rhesus monkeys in
fected while residing in the facility displayed more 
typical macroscopic changes (DM Renquist, 
personal communication). Although gross lesions 
of simian hemorrhagic fever are not patho
gnomonic, they are (and have been) critical in 
determining a differential diagnosis, establishing 
proper safety measures, and preventing con
tinued transmission during the early stages of an 
epizootic. The most prominent and important 
gross lesions are congestion, hemorrhage, and 
necrosis of the proximal duodenal mucosa, starting 
abruptly at the pylorus and extending distally for 
5-lOcm (Fig. 122) (Allen et al. 1968; Abildgaard 

End-stage infected 
macaque 

<100 x 103/J.l1 
0% 
60- > 100s 
12-15 s 
<90mg/ml 
>200 J.lg/ml (1/256) 
Positive 
>15 000 lU l l 
>5000 lU l l 
100-500 lUll 
> 1000 lUll 
>100 lUll 

Fig. 122 (above) . Stomach and duodenum, Macaca 
mulalta, simian hemorrhagic fever. Hemorrhage and 
necrosis of the proximal duodenal mucosa beginning 
abruptly at the pyloric valve. This lesion may be seen in 
other hemorrhagic fevers and probably indicates dis
seminated intravascular coagulation in macaques . 
(Photograph courtesy of Anton M. Allen) 

Fig. 123 (below) . Spleen, Macaca mulalta, simian hemor
rhagic fever. After fixation, hemorrhage into the marginal 
sinuses around the white pulp (perifollicular hemorrhage) 
is more easily visualized. This lesion may be seen in other 
hemorrhagic fevers and probably indicates disseminated 
intravascular coagulation in macaques. (Photograph 
courtesy of Anton M. Allen) 
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et al. 1975). Other large foci of mucosal hemor
rhage and necrosis may be present randomly 
throughout the gastrointestinal tract. Discrete 
ulcers occasionally are observed. Splenic lesions 
are consistently present but are more difficult to 
interpret in fresh tissues. Spleens are enlarged 
and their weights are increased two to three times 
normal (15-30 g). The cut surface usually is 
a homogenous dark purple-red without visible 
white pulp, although, occasionally, faint red 
perifollicular haloes may be present, producing a 
mottled appearance. The red pulp is often dry 
and does not contain much free blood. After 
fixation dark red rims of hemorrhage within the 
marginal sinuses around the white pulp may be 
seen easily due to more efficient leaching of 
hemoglobin from the red pulp (Fig. 123). Hemor
rhages throughout the body are a consistent 
finding. Typically, epistaxis and hematomas after 
venipuncture identify animals entering the final 
stage of disease. Petechiae usually are present in 
the skin and throughout the mucosa and serosa of 
thoracic and abdominal viscera. Periocular, nasal, 
perirenal, pulmonary, and retroperitoneal 
hemorrhages have been described. In many 
animals lymph nodes are enlarged two or four 
times normal and have a granular appearance 
along the surface of the capsule. The synovial 
membranes are often extremely congested with
out evidence of hemorrhage into the synovial 
fluid. In cases with meningoencephalitis, brain 
weights may be increased one and a half to twice 
normal, although grossly visible evidence of in
flammation is absent. 

Microscopic Features 

There is no pathognomonic lesion in simian 
hemorrhagic fever virus-infected macaques and 
not all the changes described are seen in every 
case of the disease. Additionally, most of the 
following lesions may be observed in other 
hemorrhagic fevers and it is the lack of histologic 
changes in selected organs that allows differen
tiation. A definitive diagnosis can be made his
tologically but requires examination of tissues 
from more than one animal. Lesions are seen only 
in animals during the final stage of disease when 
selected serum enzyme levels and· the activated 
partial thromboplastin time are elevated. 
Microscopic changes are present most consis
tently in lymphoid tissues including the spleen, 
lymph nodes, thymus, and mucosa-associated 

lymphoid tissue. Typical histologic changes in the 
spleen from a moribund animal are illustrated in 
Figs. 124-127. There is severe necrosis of fol
licular center cells and marked depletion of 
lymphocytes in follicular mantles and in the peri
arteriolar lymphoid sheaths (Figs. 124-125). This 
change accounts for the inability to visualize 
white pulp on gross examination. However, if 
animals are not in extremis, most cells of the 
white pulp appear unaffected and prominent 
numbers of tingible body macrophages are 
present. Severe lymphocytic depletion is not ob
served in other lymphatic tissues and its presence 
in the spleen terminally may be due to ischemia. 
A characteristic feature in spleens is severe 
hemorrhage within the marginal sinuses around 
the white pulp, a change often described as peri
follicular hemorrhage (Figs. 124-125) (Allen 
et al. 1968). This change, however, is not unique 
to simian hemorrhagic fever and may be observed 
in macaques infected with other hemorrhagic 
fever viruses or dying from endotoxic shock or 
disseminated intravascular coagulation. In the 
macrophage-lined cords of the red pulp, there is 
massive fibrin deposition and karyorrhectic debris 
associated with severe necrosis of the cord-lining 
cells. The venous sinusoids, however, lack fibrin 
thrombi, remain patent and congested, and are 
lined by hypertrophied endothelial cells (Fig. 

Fig. 124 (above). Spleen, Macaca mulatta, simian hemor- ~ 
rhagic fever. Note the necrosis of follicular center cells 
and depletion of follicular mantle lymphocytes (arrow
heads). The marginal sinus is filled with hemorrhage 
(arrows). The red pulp is pale due to fibrin deposition. 
This lesion is present uniformly during the final stage of 
infection. Bar, 100 11m; Hand E, xlOO 

Fig. 125 (lower left). Spleen, Macaca mulatta, simian 
hemorrhagic fever. Higher magnification of Fig. 124. 
Karyorrhectic debris is extensive within the follicular 
center and extends into the mantle. Note that not all 
follicular center cells are affected and that a monomor
phic population of cells with vesicular nuclei remain 
viable. Bar, 50llm; Hand E, x200 

Fig. 126 (lower right top). Splenic red pulp, Macaca 
mulatta, simian hemorrhagic fever. The red cords are 
filled with fibrin, karyorrhectic debris, and trapped eryth
rocyte and white blood cells. Red pulp cord lining cells 
are necrotic. The sinusoids (astrisks) remain patent and 
congested and are lined by hypertrophied endothelium. 
Bar, 101lm; Hand E, x300 

Fig. 127 (lower right bottom). Splenic red pulp, Macaca 
mulatta, simian hemorrhagic fever. Fibrin strands (dark 
fibrillar material) form concentric layers around the 
sinusoidal vessel walls (S) and surround and trap cells 
within the cord spaces. Bar, 10 11m; PTAH, x400 
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Fig. 128 (above) . Lymph node, Macaca mulatta, simian 
hemorrhagic fever. Cortex; severe necrosis of follicular 
center cells. The mantle appears normal. Bar, 50 ~m; 
Hand E, x150 

Fig. 129 (below) . Lymph node, Macaca mulatta, simian 
hemorrhagic fever . Medulla; karyorrhectic debris and 
degenerating cells are present within the sinusoidal 
spaces. Notice that cord cells and sinusoidal lining cells 
appear normal. Bar, 50~m; Hand E, x150 

126). This pattern is demonstrated readily with a 
phosphotungstic acid - hematoxylin (PT AH) stain 
for fibrin (Fig. 127). 
Fibrin typically forms concentric layers around 
the sinusoidal walls and extends out into the cord 
spaces, trapping red and white cells and karyorr
hectic debris . Some of the homogenous eosino-

philic material deposited in the cords does not 
stain positively with PTAH and has been inter
preted as trapped plasma. In other lymphatic 
tissues, including lymph nodes and mucosa
associated lymphoid tissue, there is severe ne
crosis of follicular center cells (Fig. 128). Tingible 
body macrophages may be scattered throughout 
the cortex and medulla, but necrosis of lymphoid 
cells, reticular cells, or sinusoidal lining cells is 
not observed. The sinuses, however, are filled 
with degenerating and necrotic cells and cellular 
debris (Fig. 129). The lesion in the thymus is 
unique. The thymic cortex undergoes complete 
necrosis while the medulla is spared and con
tains scattered tingible body macrophages (Fig. 
130). This lesion has not been observed in other 
hemorrhagic fevers. 
Microscopic changes in the proximal duodenum 
include severe congestion and hemorrhage in the 
villi, often accompanied by necrosis of villus 
epithelium (Fig. 131). There is edema in the 
submucosa and lamina propria. Vessels in the 
submucosa are congested; usually the large veins 
are distended with plasma and frequently contain 
strands of fibrin or even fibrin thrombi. Mild to 
moderate mucosal hemorrhages are observed 
sporadically elsewhere in the gastrointestinal tract 
and occasionally are accompanied by necrosis and 
ulceration. Other lesions include multifocal dis
tention and necrosis of the villus tip lamina 
propria (Fig. 132) and deposition of karyorrhectic 
debris within intact, viable, mucosal epithelial 
cells. The latter change is noted most frequently 
along the villi and may represent necrosis of intra
epithelial lymphocytes which are notably absent 
in affected regions (Fig. 133). 
Fibrin thrombi may be observed within the 
capillaries of many organs, although fibrin de
position often is limited to the splenic red pulp. 
The most common location for fibrin thrombi is 
within the peritubular capillaries of the proximal 
renal medulla (Figs. 134-135). 
Other sites of thrombosis include renal glomeruli, 
chorioid plexuses, hepatic sinusoids, adrenal 
medullae, venous plexuses of the nasal septum, 
episcleral vasculature, and placental vessels. 
Infarcts occasionally accompany thrombosed 
vessels and are often numerous in the kidney. 
Meningoencephalitis is not present in all ma
caques infected with simian hemorrhagic fever 
but is an important lesion seen in animals sur
viving for longer periods and reaching the final 
stage of disease . Changes consist of lympho
histiocytic and neutrophilic infiltrates within the 
meninges, choroid plexus, and around vessels in 
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Fig. 130. Thymus , Macaca muiatta, simian hemorrhagic fever. The cortex (C) has undergone complete necrosis 
while the medulla (M) is spared. This lesion is not observed in other hemorrhagic disease viral infections. Bar, 50 11m; 
Hand E , x200 

the neural parenchyma (Figs. 136-138) . Focal 
glial nodules and perivascular foci of malacia 
may occasionally be observed. In some cases 
there is necrosis of selected cells, possibly macro
phages, within a perivascular infiltrate, while 
lymphocytes appear to be spared. 
Other lesions sporadically seen include lympho
histiocytic epididymitis, blepharitis , placental 
necrosis, and retinitis . Retinal lesions are located 
in the nerve fiber layer and appear identical to 
those seen in the central nervous system. They 
are present only in animals with meningoence
phalitis. The absence of inflammation and 
necrosis (other than occasional infarcts) in the 
liver, adrenal glands, and lung is extremely 
important to rule out other hemorrhagic fever 
viral infections. 

Ultrastructure 

Even through moribund animals have high 
serum viral titers, identifying cells containing 
replicating virus in tissues is not rewarding and 
is not useful diagnostically . Ultrastructural 
examination of spleen from a macaque entering 
the terminal stage of infection revealed viral 
growth within rare macrophages of the red 
pulp cords (T.W. Geisbert, unpublished data). 
This replication pattern is duplicated in cell 
cultures in which virions are visualized primarily 
during a limited period shortly after inoculation, 
even though concentrations of intracellular 
viral antigens continue to increase until cell 
death. All strains of simian hemorrhagic fever 
virus grow extremely well in primary macaque 
macrophage cultures, while some strains may be 
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Fig. 131. Duodenum, Macaca mulatta, simian hemorrhagic fever. Note severe hemorrhage within the lamina propria of 
the villus and necrosis of villus epithelial cells. Other vessels in the mucosa and submucosa (S) are congested. Bar, 
100 ~m; Hand E, x40 

propagated successfully in MA-104 embryonic, 
African green monkey kidney cell line, producing 
characteristic ultrastructural changes (Gravell 
et al. 1980a; Tauraso et al. 1971a,b; Wood et al. 
1970). These are useful diagnostically. 
Using MA -104 cells with the L VR strain of 
simian hemorrhagic fever virus, the earliest 
changes occur as early as 24 h after inoculation, 
at which time there are multifocal condensation 
of poly ribosomes within the cytoplasm (Wood 
et al. 1970). During the next 24h, double mem
brane lamellar structures form, ranging from 
50 to 1000 nm in diameter, which are conical in 
three dimensions and contain clusters of poly
ribosomes centrally. The membranes eventually 
fuse to form long, circular, double-layered, 
filamentous ribbons 50-60 nm in diameter and 
several microns in circumference in cross-section 
(Fig. 139). These replicative structures are 
unique among viruses pathogenic for primates 
and are diagnostic in cell culture. By 72 h post
inoculation, mature virions are observed budding 
into dilated cisternae of the rough endoplasmic 

reticulum. Virions of simian hemorrhagic fever 
virus average 40-45 nm in diameter, are enve
loped, and contain 22-25 nm cores with electron 
lucent centers (Fig. 140). 

Differential Diagnosis 

Since naturally occurring SImIan hemorrhagic 
fever infections are associated with epizootics, 
the differential diagnoses include all rapidly 
transmissible etiologic agents that produce dis
seminated intravascular coagulation in primates. 
Although macaques are susceptible to a number 
of viral hemorrhagic fevers experimentally, there 
are four agents that are associated with natural 
disease, and each represents a significant human 
health hazard. They include: Ebola, Marburg, 
yellow fever, and Kyasanur Forest disease 
viruses. Ebola and Marburg viruses produce 
both disseminated intravascular coagulation 
uniformly in macaques and many of the same 
lesions seen in simian hemorrhagic fever, includ-



Fig. 132 (upper left). Small intestine, Macaca mulatta, 
simian hemorrhagic fever. The lamina propria at the 
villus tip is distended and filled with cellular debris and an 
eosinophilic coagulum that is not fibrin. This lesion may 
be seen in other hemorrhagic fevers. Bar, 50 11m; Hand E, 
x150 

Fig. 133 (upper right) . Small intestine, Macaca mulatta, 
simian hemorrhagic fever . Karyorrhectic debris is present 
within intact, normal-appearing villus epithelial cells 
(arrowheads). Its deposition may be due to necrosis of 
intraepitheliallymphocytes. Bar, 50 11m ; Hand E, x150 
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Fig. 134 (lower left). Kidney, Macaca mulatta, simian 
hemorrhagic fever. Fibrin thrombi (arrows) occlude 
distended peri tubular capillaries in the proximal renal 
medulla. This is a common location for thrombi in 
primates infected with simian hemorrhagic fever and 
other hemorrhagic disease viruses. Bar, 100 11m; Hand E, 
x40 

Fig. 135 (lower right). Kidney , Macaca mulatta, simian 
hemorrhagic fever. High magnification of peri tubular 
capillary thrombus. Bar, 100 11m; Hand E, x300 
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Fig. 136. Cerebrum, Macaca mulatta, simian hemorrhagic fever. Lymphohistiocytic infiltrates are present in the 
meninges and around vessels in the neural parenchyma. This lesion is not observed in other hemorrhagic viral infec
tions. Bar, 100 Ilm; Hand E, x50 

ing those involving the spleen and duodenum. 
Several major features allow differentiation 
between simian hemorrhagic fever and other 
viral hemorrhagic fevers. Prothrombin times re 
prolonged in Marburg, but not Ebola, viral 
infections. Hepatic necrosis with Councilman's 
bodies (apoptotic bodies) and higher levels of 
alanine aminotransferase are features of all the 
hemorrhagic fevers except simian hemorrhagic 
fever. 
The alanine aminotransferase typically exceeds 
the aspartate aminotransferase in these infections 

while the reverse occurs in simian hemorrhagic 
fever. Necrosis of adrenal cortical cells and of 
pulmonary alveolar and bronchiolar epithelium 
occurs in cases of Marburg and Ebola viral hemorr, 
hagic fevers. Ebola viral infections are pantropic 
and produce large, amphophilic, intracytoplas
mic, inclusion bodies in many different tissues 
including the liver, adrenal gland , and spleen. 
There are differences in the epidemiology of the 
various hemorrhagic fevers . Yellow fever and 
Kyasanur Forest disease are less likely to occur 
in epizootics in a laboratory setting because they 



Fig. 137 (upper left) . Cerebrum , Macaca mulatta, simian 
hemorrhagic fever. Meningeal infiltrate consisting of 
lymphocytes, histiocytes , and neutrophils. Bar , 20 11m ; 
Hand E, x300 

Fig. 138 (lower left). Cerebrum, Macaca mulatta, simian 
hemorrhagic fever. Perivascular cuff containing lympho
cytes, histiocytes, neutrophils and karyorrhectic debris. 
Bar, 20 11m; Hand E , x400 

Fig. 139 (upper right) . MA-104 cells infected with simian 
hemorrhagic fever virus . Note double membrane lamellar 
structures containing central condensations of ribosomes 
(arrowheads) and long, circular, electron-dense, fila
mentous ribbons (arrows). Bar, 500nm; TEM, xI9175 . 
(Electron micrograph courtesy of Thomas W. Geisbert) 

Fig. 140 (lower right). MA-104 cells infected with simian 
hemorrhagic fever virus. Virions replicate by budding 
into the cisternae of the rough endoplasmic reticulum. 
Viral particles average 40-45 nm in diameter, are en
veloped, and contain 22-25 nm cores with electron-lucent 
centers (arrowheads) . Bar, 100 nm; TEM, x75900. (Elec
tron micrograph courtesy of Thomas W. Geisbert) 
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usually require biological or mechanical vectors 
for transmission. However, there has been at 
least one unreported epizootic of yellow fever 
attributed to aerosol transmission of virus 
between monkeys, some of which were originally 
infected from contaminated mouse cages. 
Additional differential histopathologic features 
include midzonal hepatic necrosis and nephrosis 
in yellow fever, and intestinal villus blunting with 
crypt necrosis and atrophy in Kyasanur Forest 
disease. Meningoencephalitis occasionally may 
be seen in either of these two viral infections. 
Electron microscopic examination of tissues or 
cell cultures easily differentiates the filoviruses 
from the agent of simian hemorrhagic fever. 
However, experience and/or immunoelectron 
microscopy are required to distinguish Ebola 
virus from Marburg virus. Finally, immuno
histochemistry assays, which may be performed 
on paraffin-embedded tissues, exist for all the 
hemorrhagic fever viruses except simian hemor
rhagic fever (Pathology Division, US Army 
Medical Institute of Infectious Disease, Ft. 
Dietrick, MD). Unfortunately, none of these 
assays is commercially available. 

Biologic Features 

Viral Characteristics 

Simian hemorrhagic fever virus is currently 
classified as a Flavivirus. Recent studies of its 
genome have demonstrated that it has genetic 
structural similarities with some members of 
the coronavirus family (M. Brinton, personal 
communication). Interestingly, it shares homo
logy with two other unclassified togaviruses, 
lactate dehydrogenase-elevating virus of mice 
and equine viral arteritis virus. The extensive 
elevation of several serum enzymes, including 
lactate dehydrogenase, observed in simian 
hemorrhagic fever, has also been described in 
lactate dehydrogenase-elevating virus (Brinton 
1982). Simian hemorrhagic fever virus may be 
propagated in vitro in either macaque peritoneal 
macrophages or in the African green monkey 
kidney cell line MA-104 (Gravell et al. 1980a). 

Epidemiology 

Simian hemorrhagic fever virus is only lethal for 
macaques. Wild populations of patas monkeys 

are enzootically infected with the virus (an 
incidence of 48.6% in one study) and serve as 
the main reservoir host (Gravell et al. 1980b). 
Many of these animals carry the virus for life and 
experience persistent viremia without associated 
disease (London 1977). Asymptomatic infection 
in a small number of African green monkeys 
and baboons has also been reported. As some 
African primates are viremic without demon
strable circulating antibody, they cannot be 
screened or separated on this basis and represent 
a hidden threat as a virus reservoir (Gravell 
et al. 1980b).· Other laboratory animals and 
human beings are not susceptible to this disease. 
Parenteral exposure to blood or tissue fluids 
appears to be required for the initial transfer 
of virus from patas monkeys to macaques. 
Common housing of patas monkeys and ma
caques, or employment of the same personnel to 
care without adequate decontamination for both 
species, has proved to predispose colonies to the 
disease. One epizootic was traced to a multidose 
vial used for animals of both species without 
changing the injection needle. Once infected, 
macaques shed the virus and transmission may 
occur via direct contact, fomites, droplets, or 
aerosol (London 1977). Epizootics of simian 
hemorrhagic fever in laboratories are charac
terized by explosive outbreaks of disease in 
colonies of macaques, with nearly 100% mor
tality. This disease was first reported in 1964 at 
NIH, Bethesda, Maryland, USA, and at the 
Sukhumi Institute, U.S.S.R. These two out
breaks occurred within weeks of each other after 
importation of animals from a common source. 
Subsequent to these reports, epizootics have 
occurred sporadically in the U.S., most recently 
at a colony in New Mexico in 1988 (Espana 1971; 
London 1977; Shelokov et al. 1971; Zack et al. 
1989). 

Pathogenesis 

Limited information is available on the patho
genesis of simian hemorrhagic fever. Experi
mental studies have been performed and the 
clinicopathologic and pathologic lesions of the 
disease syndrome characterized (Abildgaard 
et al. 1975; Palmer et al. 1968). However, 
several key questions remain unanswered. For 
example, the incubation period ranges from 3-7 
days, but most deaths occur 7-13 days after 
inoculation. This delay between inoculation and 



onset of clinical signs is unexplained. Even 
though macaques are viremic and have mea
surable levels of fibrin degradation products 
within 24 h after inoculation, several days elapse 
until serum enzymes become elevated, and 
there is evidence of disseminated intravascular 
clotting. Gross and histologic changes are not 
present until the final stage of disease, suggesting 
that lesions are largely sequelae of the coagulo
pathy. This interpretation is supported by the 
identification of essentially similar changes, 
including proximal duodenal hemorrhage and 
red pulp fibrin deposition, in macaques ex
periencing fatal disseminated intravascular 
coagulation due to various causes, including other 
hemorrhagic disease viruses. The target cells for 
simian hemorrhagic fever infection in vivo are 
unknown. Current data suggest that cells of the 
mononuclear phagocyte system are capable of 
supporting viral replication. In vitro studies 
indicate that primary rhesus peritoneal macro
phages are highly sensitive to infection. Limited 
evidence also supports macrophage infection 
in vivo, including ultrastructural data on viral 
replication in a single macaque in splenic red 
pulp cord cells and in circulating monocytes 
within the liver (T.W. Geisbert, unpublished 
data). Antigen has been identified in impression 
smears from various organs by using immune 
sera from an African green monkey in an in
direct fluorescent antibody assay (Shevtsova 
et al. 1975). In this study, virus-specific antigen 
was interpreted to be present within capillary 
endothelium, neurons, and glial cells of the brain 
and in the reticuloendothelial cells and macro
phages of the spleen and liver. 
The virus is lytic for macrophages in culture 
and there is histologic evidence for macrophage 
lysis within lymphatic tissues and even within 
lymphohistiocytic infiltrates in other organs, such 
as the gastrointestinal tract and brain. However, 
necrosis is not seen during the early stage of 
disease and is never observed in certain sub
populations of the mononuclear phagocytic 
system, such as Kupffer's cells or alveolar 
macrophages. The related lactate dehydrogenase 
elevating virus of mice may provide clues to the 
pathogenesis of lesions of simian hemorrhagic 
fever. Tropism for selected cells of the mono
nuclear phagocytic system is described for this 
murine virus (M. Brinton, personal communi
cation). Increased concentrations of all lactate 
dehydrogenase isoenzymes, creatine kinase, and 
all liver enzymes occur in both viral infections. 
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The elevation of these enzymes has been inter
preted to result from reduced clearance by the 
mononuclear phagocytic systems (Brinton 1982). 
Marked necrosis of thymic lymphocytes is 
also evident in murine lactate dehydrogenase 
elevating virus infection and has been ascribed 
to an increase in the levels of circulating adrenal 
cortical hormones. Similarly, necrosis of cortical 
thymic lymphocytes in simian hemorrhagic fever 
could be the result of the extensive increase 
in serum glucocorticoids observed in all but 
moribund animals (Goncharov et al. 1971). This 
change, however, is not seen in any other viral 
infections or conditions associated with severe 
stress. 
Limited published information is available 
characterizing the immune response to simian 
hemorrhagic fever. Serum antibodies are present 
in monkeys dying later in the course of disease 
and are high in the few animals that survive after 
intensive supportive treatment (Tauraso et al. 
1968, 1971a). Antibodies have also been de
tected in a few asymptomatic macaques exposed 
to sick animals during an epizootic. Antibodies 
could be an important contributing factor in 
disease pathogenesis. The time required for 
antibody production could explain the delay 
between initial viremia and onset of the co
agulopathy. Immune complex activation of the 
intrinsic coagulation pathway would prolong 
the activated partial thromboplastin time but 
not the prothrombin time. Additionally, the 
presence of meningoencephalitis in animals 
surviving longer suggests that antibody may be 
necessary for viral transit across the blood-brain 
barrier. 

Treatment 

Polyriboinosinic-polyribocytidylic acid-polY-L
lysine is effective in preventing death when 
administered before experimental inoculation of 
the L VR strain of simian hemorrhagic fever virus 
(Levy et al. 1976). Heparin treatment was not 
apparently efficacious but the dose and method 
of administration in the reported trials might 
not have been adequate (Tauraso et al. 1971b). 
Similarly, prophylactic ribavirin therapy was not 
effective in preventing death in experimental 
monkeys infected with the LVR strain (P.B. 
Jahrling, personal communication). 
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Recommended Diagnostic and Safety Procedures 

Although epizootics of viral hemorrhagic fever 
occur infrequently, they represent a potential 
human health threat, so that pathologists and 
laboratory animal veterinarians need to be 
familiar with the most efficient methods for 
identification and containment of the agent. The 
maximum biohazard safety level possible should 
be instituted any time there is high mortality 
associated with signs of hemorrhagic diathesis 
in a primate colony. Such action is not only 
important for human safety but also helps to 
limit spread of the agent within the colony. 
Access should be restricted immediately, and 
personnel entering the facility should use re
spirators fit with HEPA filters. If possible, a 
room for changing clothes and decontaminating 
personnel leaving animal areas needs to be 
identified. The exterior of all containers, as well 
as bags, sample boxes, clothing, etc., must be 
decontaminated before removing them from the 
facility. Necropsies should be performed with 
safety in mind at all times. A dedicated post
mortem area located within the contaminated 
arealbuilding that can be decontaminated is 
ideal. if necessary to restrict transmission and 
spread, necropsies may need to be performed in 
the affected animal room. Constant emphasis 
must be placed upon avoiding puncture wounds 
and cuts. Scalpels and/or sharp instruments are 
not recommended. Two pairs of gloves should be 
used and the outer pair changed as necessary. A 
virucidal solution must be available to disinfect 
cuts or needle-sticks, and respirators are nec
essary. Gross lesions are particularly important 
and close attention should be given to the 
duodenum, spleen, and liver. Initially, sample 
collection may be limited to serum, spleen, liver, 
adrenal gland, kidney, and lung. Tissues should 
be sampled for both virus isolation (frozen) and 
pathology (formalin). Clinical pathology poses a 
biohazard problem and can be instituted safely 
when human pathogens have been excluded as 
etiologic agents. Carcasses must be incinerated 
and all medical waste autoclaved or sterilized by 
incineration. 
A reliable diagnosis may be made by histo
pathology and this method is safe as complete 
fixation will inactivate the viruses of concern. 
For this reason tissue samples should be no more 
than 3-4 mm thick and fixed by immersion 
for several days before processing. Particular 
attention to the identification of any hepatic and 

adrenal lesions is critical. If present, the agent 
may represent a significant human health threat. 
Any primate epizootic of hemorrhagic disease 
with high mortality should be reported to the 
special pathogens branch at the Centers for 
Disease Control, Atlanta, GA. Investigators 
there will be able to provide guidance and 
assistance to arrive at a specific diagnosis. 
Current CDC requirements should be followed 
for animals under quarantine (Centers for 
Disease Control 1990). 
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