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Summary. Susceptibility to lethal infection with the KT281/75 strain of the 
tick-borne nairovirus, Dugbe (DUG) virus, was similar in an outbred strain 
and several inbred strains of mice. For the outbred strain, both neural and 
extraneural routes of inoculation of virus resulted in lethal infection, but 
susceptibility decreased with age and only intracranial inoculation produced 
a lethal infection in adults. In newborn mice, subcutaneous (s.c.) inoculation 
of virus (analogous to a tick-bite) produced a slowly developing disseminated 
infection with virus not reaching maximum titres in the brain until 8 days 
after inoculation. In contrast, in intranasally (i.n.) inoculated animals virus 
spread rapidly from the upper respiratory tract to the brain by 2 days after 
inoculation, in the absence of a detectable viremia. No viremia was detected 
in s.c. or i.n. inoculated adults: in the former, virus replicated only at the site 
of inoculation; in the latter, virus replicated in the respiratory tract, later 
spreading to the brain. Immunosuppression ofi.n. inoculated adult mice with 
cyclophosphamide produced some mortality, indicating that host defenses 
are important in protecting the adult. Differences in virulence were exhibited 
between two tick isolates of Dugbe virus (strains ArD16095 and ArD44313), 
a human isolate (IbH11480) and the laboratory strain KT281/75. Virulence 
differences varied with the route of inoculation. The human isolate, unlike 
the other isolates, was lethal for adult mice by the intranasal route without 
immunosuppression. The similarity between the pattern of DUG virus 
infection in the mouse with that of other, more pathogenic, nairoviruses 
suggests that, although hemorrhagic disease was not observed, ours may be a 
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useful model for studying the genetic basis of nairovirus virulence and for 
testing vaccines and anti-viral drugs. 

Introduction 

Viruses from several families cause severe and often fatal hemorrhagic fevers 
[10]. However, because laboratory work with these agents presents particu
lar problems of safety, knowledge of their pathogenetic mechanisms is 
rudimentary. 

Crimean-Congo hemorrhagic fever virus (CCHF), a tick-borne arbovirus 
belonging to the genus N airovirus of the family Bunyaviridae, is found 
throughout most of sub-Saharan Africa, eastern Europe, the Middle East, 
and Asia [15J, and causes sporadic, but sometimes epidemic, outbreaks of 
severe human disease with mortality rates between 15 and 50%. In noso
comial outbreaks, the case fatality rate is often high, perhaps related to 
respiratory spread. Patients present with fever, chills and prostration, 
sometimes followed by severe hemorrhagic signs. The primary patho
physiological event appears to be erythrocyte and plasma leakage through 
vascular endothelium. Edema, focal necrosis, hemorrhage and vascular 
congestion are found in brain, liver, heart, and other organs, but inflamma
tion is minimal. Death may result from severe circulatory disturbances, 
extensive loss of blood and functional conduction defects in the myocardium 
due to necrosis. 

An animal model for CCHF would allow a more thorough investigation 
of the pathogenesis of the etiologic agent. Recently, a suckling mouse model 
infected with CCHF virus has been described [9J, but the hazards of working 
with this pathogen presents a problem in most laboratories. Consequently, 
we have investigated the pathogenesis of the related nairovirus, Dugbe 
(DUG) virus, in the mouse as an alternative. This virus, a member of the 
Nairobi sheep disease (NSD) serogroup [2J, produces only a moderately 
severe febrile illness in man [15]. It has been used previously as a representa
tive nairovirus in studies of structure and replication [3, 4]. 

In the present study, we compared the susceptibilities of outbred and 
inbred laboratory strains of mice to infection with a laboratory strain 
(KT281/75) of DUG virus by various routes of inoculation. Also, we 
examined the spread of virus in subcutaneously and intranasally inoculated 
adult and newborn outbred mice, the former route being taken as analogous 
to the route of infection after feeding by infected ticks, and the latter to 
aerosol spread, which may be important in nosocomial outbreaks of CCHF 
[10,16]. In addition, the relative importance of host defences in determining 
DUG virus pathogenesis was examined in immunosuppressed animals. 
Finally, the virulence of three other isolates of DUG virus for newborn and 
adult CDI mice was compared with that of strain KT281/75. The potential 
for the use of this model in future studies is discussed. 
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Materials and methods 
Cells and viruses 

BS-C-1 cells were grown at 37°C in Glasgow modification of Eagle's medium (GMEM) 
containing 10% heat-inactivated newborn bovine serum (NBS), single-strength non
essential amino acids supplement (NEAA), 4 mM L-glutamine, 100 IU/ml penicillin, 
100 Ilg/ml streptomycin and 1.125 mg/ml sodium bicarbonate as buffer (Flow Laboratories, 
Irvine, Scotland). Xenopus XTC cells (kindly supplied by Dr. P. A. Nuttall, NERC Institute 
of Virology and Environmental Microbiology, Oxford, England) were grown at 28°C 
in Leibovitz L-15 medium (Gibco, Paisley, Scotland) containing 10% heat-inactivated 
foetal bovine serum (FBS), 10% tryptose phosphate broth (TPB), 100 IU/ml penicillin 
and lOOllg/ml streptomycin (Flow Laboratories). Strain KT281/75, was supplied by 
Prof. N. Dimmock, University of Warwick, as a stock which had been plaque-purified twice 
in BS-C-1 cells. We passaged this plaque-purified virus twice in BS-C-1 cells and twice in 
suckling mouse brain to produce the final working stock, which was stored at - 70°C as 
0.5 ml aliquots of a 20% suckling mouse brain (SMB) preparation with a titre of 107 plaque 
forming units (pfu)/ml. Stocks of DUG virus isolates ArD16095, ArD44313 (both tick 
isolates from Senegal), and IbHl1480 (a human isolate) were prepared by single passage in 
5MB; these isolates were supplied by Dr. P. A. Nuttall as infected 5MB stocks at passage 
numbers 7, 6, and 7, respectively. 

Assay for irifectious virus 

Infectivity of the laboratory strain KT281/75 was assayed for most experiments by plaque 
formation in BS-C-1 cell mono layers. Samples were diluted in maintenance medium 
consisting of GMEM containing 2% NBS, NEAA, L-glutamine, penicillin, streptomycin, 
sodium bicarbonate buffer (concentrations as above for growth medium) and 200 Ilg/ml 
DEAE-dextran (Sigma Chemical Company, Poole, England), and 0.25 ml was inoculated 
per 35 mm diameter well (containing approximately 7 x 105 cells) of Nunclon (Gibco, 
Paisley, Scotland) 6 well multidishes. After adsorption at room temperature for 30 min, 
excess inoculum was removed and the cells overlaid with maintenance medium (containing 
DEAE-dextran) solidified with 0.9% (w/v) Noble agar (Difco, East Molesey, England). After 
incubation at 37°C for 4-5 days, plaques were visualised by staining with neutral red. As the 
human isolate of Dugbe virus did not plaque in BS-C-1 cells, for virulence comparisons the 
four isolates were assayed by plaque formation in XTC cell monolayers. Samples were 
diluted in maintenance medium (2% FBS) and 0.04 ml of each dilution placed in wells of a 
Nunclon 96-well flat-based microtitre plate; 0.04 ml of a suspension ofXTC cells (4 x 106/ml) 
was then added to each well and the plate incubated at 28°C for 3 h. An overlay of 0.08 ml of 
maintenance medium containing 1.5% carboxymethylcellulose (CMC) was then added to 
each well and plaques were visualised after 4 days incubation at 28°C by removing the 
overlay medium and staining the cells with crystal violet (20% (v/v) methanol, 10% (v/v) 
formalin and 1 % (v/v) of a 10% (w/v) preparation of crystal violet in methanol, in water). 

Animals 

Outbred adult mice and litters were taken from a colony ofCrl :CD-1 (ICR) BR mice (CD-I). 
Inbred strains were purchased as adults and pregnant females from Harlan Olac Ltd., 
Bicester, England (NIH/Ola, C57BL/6/0Ia, A2G/Ola) and Charles Rivers U.K. Ltd., 
Margate, England (BALB/cAnCrlBR, C3H/HeNCrlBR). After inoculation mice were 
maintained in an Isotec 12134 isolator (Bicester, England) under negative pressure, with 
HEPA-filtered incoming air. 
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Inoculation of mice and assay of susceptibility 

Groups of 10 newborn (12 to 24 hold), 1 week-old, and adult mice were inoculated 
intracranially (i.c.), intranasally (Ln.), intraperitoneally (i.p.) or subcutaneously (s.c.) with 10-
fold dilutions of virus stock, and deaths were recorded to 14 days post-inoculation (pj.); the 
50% lethal dose (LDso) was then calculated by the method of Spearman-Karber [18]. 
Volumes of inocula used with newborn, week-old and adult animals were, respectively, as 
follows: i.c., 10, 10, and 30 Ill; i.n., 10, 10, and 50 Ill; i.p., 10,50, and 100 Ill; and s.c., 10, 10, and 
50 Ill. Adult animals were anesthetised by inhalation of ether vapour before i.c., i.n., and s.c. 
inoculations. Subcutaneous inoculation was at a site at the back of the neck. Intranasal 
inoculation consisted of instillation of portions of the inoculum into alternate nostrils [5]. 

Measurement of virus replication in infected mice 

Newborn CD-1 mice were inoculated either s.c. or i.n. with 4.310g1 0 pfu (measured in BS-C-
1 cells) of strain KT281/75 (approximately 250 LDso) and killed by i.p. administration of 
sodium pentobarbitone (Sagatal, May & Baker Ltd., Dagenham, England) on days 1 to 9 pj. 
Tissues were dissected and stored at - 70°C prior to homogenisation for 30 s, on ice, in a 
final volume of 3 ml medium/tissue, using a Sorvall Omni-Mixer (Camlab Ltd., Cambridge, 
England). Homogenate supernatant fluids were stored at - 70°C before assay for infectious 
virus. Adult CD-1 mice were treated similarly except that they were inoculated with 
5.710g1o pfu of strain KT281/75 and killed daily on days 1 to 8 pj. 

Immunosuppression of adult mice 

Young adult CD-l mice (15 to 20 g body weight) were immunosuppressed by i.p. inoculation 
of a single dose of 0.3 ml Endoxana (WB Pharmaceuticals Ltd., Bracknell, England), 
reconstituted with water, containing 6 mg cyclophosphamide [14], either as controls or at 
various times pre- or post-inoculation, i.n. or s.c., with 5.710g1o pfu (measured in BS-C-1 
cells) of DUG KT281/75 virus. Deaths were recorded up to 4 weeks pj., and mice killed to 
determine the level of infectious virus in their tissues at various times pj. 

Histopathology 

Organs and tissues from DUG virus-infected and control mice were fixed in neutral formal
saline for at least 48 h at room temperature before sectioning and staining with hematoxylin 
and eosin. 

Results 

Comparative susceptibility of different strains and ages of mice 
to Dugbe virus 

The susceptibilities of different mouse strains to infection with strain 
KT281/75 was assessed in terms ofpfu/LDso in newborn mice inoculated i.p. 
The inbred mouse strains tested were representative of five different H-2 
haplotypes but they were not much less susceptible than outbred CD-1 mice 
(Table 1). Consequently, subsequent studies concentrated on CD-1 mice. 

In general, newborn mice were more susceptible than week-old mice, and 
much more susceptible than adults (Table 2). At all ages, animals were more 
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Table 1. Susceptibility of different strains of newborn mice 
to lethal infection with Dugbe virus (strain KT281/75) 

following intraperitoneal inoculation 

Mouse strain H-2 haplotype pfu/LD so' 

CD-l outbred 71 (34-153)b 
NIH q 17 (6-44) 
C57BL b 54 (13-222) 
BALB/c d 83 (16-417) 
C3H/He k 77 (5-1179) 
A2G a 111 (52-240) 

• Amount of infectious virus (in terms of pfu measured in 
BS-C-l cells) required to produce 50% mortality 

b 95% confidence limits 

Table 2. Susceptibility of different ages of outbred CD-l 
mIce to lethal infection with Dugbe virus (strain 

KT281/75) inoculated via different routes 

Age Route of inoculation pfu/LD so' 

Newborn i.c. 0.3 
i.p. 71 
i.n. 43 
s.c. 1522 

Week-old i.c. 0.6 
i.p. 4870 
i.n. 570 
s.c. >3.4 x 104 

Adult i.c. 3340 
i.p. >8.4 x 104 

i.n. > 1.0 X 106 

s.c. > 1.0 X 106 

a Amount of infectious virus (in terms of pfu measured 
in BS-C-l cells) required to produce 50% mortality 

> No deaths occurred at the lowest dilution of virus 
tested 
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susceptible by the intracranial route of inoculation, although i.p., i.n., and s.c. 
routes with newborns, and i.p. and i.n. routes with week-oIds, also produced 
lethal infection. 

Infection in newborn CD-1 mice inoculated with DUG strain 
KT281/75 virus by subcutaneous and intranasal routes 

Most newborn CD-! mice, inoculated either s.c. or i.n. with 4.3 loglo pfu of 
strain KT281/75 (approximately 250 LD5o), died between 7 and 9 days p.i. 
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Fig. 1. Mean infectious virus titres, 
in loglo pfu per g (or ml, for blood) of 
wet tissue, in a blood, b upper respir
atory tract, c brain, d heart, e lower 
respiratory tract, f liver, g spleen, h 
kidneys, i gut, and j carcass of new
born CD-l mice 1 to 9 days after 
subcutaneous (.) or intranasal (.A) 
inoculation with. 4.310g1o pfu of 
suckling mouse brain-grown DUG 
strain KT 281/75. Titres below 
210g10 pfu/g were undetectable in 

BS-C-l cells. Bars represent SEM 

Infection patterns (Fig. 1), however, differed markedly between the two 
routes of inoculation. In s.c. inoculated animals, virus was not isolated 
consistently from the upper respiratory tract (URT), liver, kidney, blood or 
spleen until 4 days p.i. Virus appeared in brain, lower respiratory tract (LRT) 
and heart on day 5 p.i., the carcass on day 7 and gut on day 8. While virus 
titres were greater in the URT, spleen and liver on day 5 p.i. (3.4, 3.4 and 
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3.310g1o pfu/g wet tissue, respectively), and by 7 days p.l., III the heart 
(5.0 10glo pfu/g), subsequently, however, virus titres increased more rapidly 
in the brain to reach 7.110g1o pfu/g by day 8. 

In contrast, with neonates inoculated i.n., virus was present in moderately 
high titres in URT and LRT on day 1 pj. (4.1 and 4.610g1o pfu/g, respect
ively), reaching similar titres, by day 2, in brain (4.5 10glo pfu/g), in which it 
continued to replicate, reaching 6.3 IOg10 pfu/g by day 4 and 7.8 10glo pfu/g 
by day 9 (Fig. 1). Virus was first detected in liver on day 2 (2.2log1o pfu/g), 
heart on day 3 (2.910g1o pfu/g), and kidney on day 4 (3.510g10 pfu/g), but 
viraemia was not detected until 6 days p.i. In general, the course of infection 
in i.n. inoculated animals was more rapid than in those inoculated s.c., and 
virus titres were higher. 

Histopathological examination of tissue sections from sick s.c. inoculated 
mice at 10 days p.i. revealed areas of neuronal necrosis in the hippocampus 
and cerebral cortex of the brain (Fig. 2a and b), mild abnormalities (consis
tent with virus infection) in the bronchiolar epithelium of the lung (Fig. 2c), 
and mild myocarditis in the heart (Fig. 2d). The liver, spleen, kidney, and gut 
did not show pathological changes. 

Infection in adult CD-J mice inoculated by subcutaneous and 
intranasal routes 

In contrast to newborn animals, no deaths occurred in adult CD-1 mice 
inoculated s.c. or i.n. with 5.710g1o pfu of strain KT281/75. No virus was 
detectable in blood or other tissues of s.c.-inoculated adults up to 8 days pj., 
except in subcutaneous tissue at the site of inoculation, where virus was 
detected (2.1log1o pfu/g) on day 4 pj. but not on days 1 to 3 or 5 to 8 p.i. 

In i.n. inoculated adult mice, virus was detected in the LRT on day 1 pj., 
the URT on day 2 and the brain on day 3, with titres in all three tissues 
peaking at 2.7, 2.6 and 2.4log1o pfu/g wet tissue, respectively, on day 4 pj. 
(Fig. 3). Virus was cleared from these tissues by 7 days p.i., and remained 
undetected in any other tissue, again suggesting that spread of virus from the 
URT to the brain, in i.n.-inoculated animals, is via the olfactory nerve. 

Infection in immunosuppressed adult CD-J mice 

To determine whether immunosuppression would increase susceptibility of 
adult mice to infection with DUG virus, s.c. and i.n. inoculated mice were 
inoculated i.p. with a single dose of 6 mg cyclophosphamide 3-4 h pre
inoculation or 2-3 h, 24 h, 48 h, and 72 h after inoculation with strain 
KT281/75. Deaths were monitored up to 40 days pj. No deaths occurred in 
adult CD-1 mice given cyclophosphamide alone, or in those inoculated s.c. 
with virus, but mortality was as high as 80% in i.n. inoculated animals when 
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cyclophosphamide was administered at 24 hpj. and 60% when cyclophos
phamide was given 2-3 h, 48 h, or 72 hpj. No deaths occurred when 
cyclophosphamide was given 3-4 h prior to intranasal inoculation of virus. 

Virus isolations on days 2, 5, 8, 12, and 16 pj. from blood and organs 
of i.n.-inoculated mice, administered with cyclophosphamide at 24 hpj., 
showed some variation in individual mice (Table 3) probably because not all 
mice died or became sick. In some mice, cyclophosphamide treatment lead to 

a 

b 
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c 

d 

Fig. 2. Sections of tissue from 11 day old CD-1 mice s.c. inoculated when 1 day old with 
DUG strain KT281 /75, showing neuronal necrosis in a the hippocampus and b cerebral 
cortex of the brain, c mild abnormalities in the bronchiolar epithelium of the lung, and d mild 

myocarditis in the heart. x 156 

a more disseminated infection compared with normal mice (see Fig. 3), with 
virus persisting in the brain for at least 16 days. Histopathological exam
ination of brain and lung tissue from a mouse showing moderate levels of 
infectious virus in these organs at 8 days p.i. (as well as lower levels in the 
URT, liver and spleen) revealed areas of neuronal damage in the hippocam-
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Fig. 3. Mean infectious virus titres, in loglo pfu per g 
of wet tissue, in a upper respiratory tract, b brain, and 
c lower respiratory tract of adult CD-l mice on days 
1 to 8 following intranasal ( ... ) inoculation with 
5.71og1o pfu of suckling mouse brain-grown DUG 

__ ................. r-j strain KT281/75. Titres below 1.5log1o pfu/g were 
1.5 -

L....I..---I_.1..-...J....~---L---J'--~ undetectable in BS-C-l cells. Infectious virus was not 
2 6 8 detected in the blood or other organs tested. Bars 

Time post - inoculation (days) represent SEM 

pus of the brain and pulmonary edema and atypical bronchiolar epithelium 
in the lung (Fig. 4). 

Comparative virulence of Dugbe virus isolates in newborn and adult mice 

The virulence of different isolates of DUG virus in mice was assessed in terms 
of amount of infectious virus, assayed in XTC cells, required to produce 50% 
mortality (pfu/LDso) in newborn mice inoculated i.c., i.n., or s.c., and adult 
mice inoculated i.n. and s.c. (Table 4). In newborn mice, virulence was 
greatest for all four isolates when inoculated via the i.c. route, although there 
were significant differences in their comparative neurovirulence: strain 
ArD16095 was eightfold more neurovirulent than strain ArD44313, 63-fold 
more neurovirulent than the human isolate strain IbH11480 and 197-fold 
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Table 3. Virus isolation from organs of adult CD-l mice immunosuppressed with cyclo
phosphamide and inoculated intranasally with Dugbe virus strain KT281/75 

Tissue Time pj. (days) 

2 5 8 12 16 

aa b c a b c a b a b a b 

Blood 
URT 2.6 3.4 2.4 3.8 
Brain 3.1 4.7 1.4 6.5 - 3.8 1.4 
Heart 
LRT 2.9b - 3.6 2.9 5.1 3.7 1.5 
Liver 1.3 - 4.8 2.7 -

Spleen 6.0 2.8 -

Kidneys 2.8 

a Results for two or three mice (a, b, or c) tested at each time point. Individual results, 
rather than means, are given due to variation in the pattern of infection between individual 
mice 

b Infectious virus titres expressed in terms oflog1o pfu (assayed in BS-C-l cells) per g of 
wet tissue. Titres less than 1.210g1o pfu/g were below the level of detectability of the assay 

more neurovirulent than strain KT281/75. Strain ArD16095 was also more 
virulent via extraneural routes of inoculation than the other isolates (Table 4) 
but the relative differences in virulence of the latter varied with route of 
inoculation. Thus, isolate strain KT281/75, the least neurovirulent isolate, 
was as virulent by the intranasal route as isolate strain IbH11480 and five
fold more virulent than strain ArD44313. However, strain KT281/75 was of 
low virulence when inoculated subcutaneously. Similarly, while strain 
ARD44313 was only eightfold less neurovirulent than strain ArD16095, it 
was avirulent via the subcutaneous route (Table 4). 

Adult mice did not suffer a lethal infection when inoculated sub
cutaneously with any isolate. However, strain IbH11480, the human isolate, 
was virulent for adult mice by the i.n. route, the level of virulence being 
comparable with newborn mice inoculated i.n. with strain ArD44313 
(Table 4). 

No evidence was obtained either from histological or macroscopic 
examination of tissues that any of these isolates inoculated by any route 
produced hemorrhagic manifestations in any of the mice. 

Discussion 

These results show that the laboratory mouse is susceptible to infection with 
the nairovirus, DUG virus. This susceptibility is age-related, young animals 
being more susceptible than adults. Although mice in each age group were 
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a 

b 

Fig. 4. Sections of tissue from an adult CD-1 mouse i.n.-inoculated with DUG strain 
KT281/75 and immunosuppressed by i.p. inoculation of a single dose of cyclophosphamide 
at 24 hpj., showing a neuronal damage in the hippocampus of the brain and b pulmonary 

edema and atypical bronchiolar epithelium in the lung. x 156 

most susceptible following intracranial inoculation, infection also occurred 
via peripheral routes, deaths occurring in young mice at higher doses. In 
young mice inoculated subcutaneously (a route of inoculation taken as being 
analogous to infection after feeding by infected ticks) with strain KT281/75, 
virus was detectable in most organs, including the blood, by 4 to 5 days pj., 
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Table 4. Virulence of four strains of Dugbe virus for newborn and adult mice 

Strain pfu/LDso (range") 

Newborn Adult 

I.c. Ln. s.c. Ln. s.c. 

KT281/75 l.97 248 8798 >6 x 106 >6 X 106 

(0.65-6) (93-665) (3694-2 x 104) 

ArD16095 0.01 16 65 >4 x 104 >4 X 104 

(0.01-0.03) (8-32) (24-178) 
ArD44313 0.08 1320 >3 x 104 > 1 X 105 > 1 X 105 

(0.04-0.2) (622-2801) 
IbH11480 0.63 125 44 2488 > 5 x 107 

(0.34-1.1) (59-264) (12-165) (510-1 x 104 ) 

a 95% confidence limits 

and by 8 to 9 days p.i. virus titres were greatest in the brain, with moderate 
titres also present in upper respiratory tract, lower respiratory tract, heart, 
liver, spleen, and kidney. In contrast, in intranasally-inoculated newborn 
mice, moderately high titres were present in the upper and lower respiratory 
tracts from 1 day p.i., with virus spreading to the brain by 2 days p.i.; a 
viremia was not detected until 6 days pj., suggesting that virus may spread 
directly from the upper respiratory tract to the brain, probably via the 
olfactory nerve as occurs with rabies [6], Mount Elgon bat [12], herpes 
simplex type 1 [1], Semliki Forest [8], mouse hepatitis strain JHM [13], and 
St. Louis encephalitis viruses [11]. Intranasal infection of adult mice with 
strain KT281/75 and strain IbH11480 also supports this conclusion, as 
viremia was again not detected and yet virus spread from the upper 
respiratory tract to the brain. The susceptibility of mice to infection by the 
intranasal route supports the suggestion that other nairoviruses, such as 
CCHF virus, may infect by this route in hospital and laboratory situations 
[10, 16], and has implications for the management of CCHF (and DUG) 
patients and the safety procedures employed when working with nairo
viruses in the laboratory. 

Lack of viremia in adult mice may not represent an unnatural situation, 
because another tick-borne arbovirus, Thogoto virus, is transmitted to co
feeding ticks in the absence of detectable viremia in the host [7]. 

The pattern of DUG virus infection in mice bears similarities to the few 
descriptions of infection of mice with other nairoviruses. Nairobi sheep 
disease virus (NSD) produces a lethal infection of newborn mice following 
inoculation via the i.p. and i.c. routes (the latter being the most effective), but 
only produces deaths in adult mice when inoculated i.c. (i.n. route not tested) 
[17]. In adults infected with NSD, highest virus titres were in the brain (with 
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little or none detectable in liver or blood) producing an encephalitis with 
marked neuronal necrosis in the hippocampus. CCHF virus also produces a 
lethal infection of young mice, following i.p. inoculation, with virus predom
inantly in the liver, lung and, later, brain [9]. The only adult strain of mouse 
found to suffer a lethal infection with CCHF virus following i.p. inoculation 
was the severe combined immune deficient (SCID) derivative of BALB/c.17 
mice, but, as with the cyclophosphamide-treated CD-l mice inoculated with 
DUG virus, mortality was less than 100%. The DUG virus-mouse model 
may thus provide an alternative or complimentary system for the study of 
factors important in virulence of nairoviruses and the use of various 
techniques of immunosuppression may aid elucidation of factors important 
in resistance in the adult. 

Although the pulmonary edema seen in immunosuppressed adult mice 
infected with DUG virus is a feature of both NSD in sheep and CCHF in 
man, hemorrhage (an important feature ofthese latter two diseases) was not 
observed in mice infected with the KT281/75 strain of Dugbe virus. Neither 
was it observed with three other isolates of DUG virus, although the human 
isolate (strain IbH11480) was lethal for nonimmunosuppressed adult mice 
inoculated i.n. It may be possible to genetically analyze the virulence 
difference observed between the isolates by using genetic reassortment 
between virulent and attenuated strains to indicate important virulence 
properties of DUG virus and perhaps of other members of the nairovirus 
genus. This model may also be useful for identifying immunogens of DUG 
virus and for examining putative antiviral compounds. Whereas none of the 
isolates we used produced a hemorrhagic disease, it is possible that other 
nairoviruses may differ in mouse virulence and may produce a more suitable 
model for the hemorrhagic diseases. 
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