
Archives of Virology 57, 355--359 (1978) 
Archives of Virology 
© by Springer-Verlag 1978 

Virulence and Persistenee of Three Prototype Strains 
of Mumps Virus in Newborn Hamsters 

Brief Report 

By 

J. S. WoLI~S~Y and W. G. STROOr 
Department of Neurology, Veterans Administration Hospital, 

and University of California, San Francisco, 
San Francisco, U.S.A. 

With 2 Figures 

Accepted November 15, 1977 

Summary 

Neuroadapted mumps virus (1X~VIV) produces widespread central nervous 
system (CNS) disease and death after intracerebral (i. c.) inoculation of newborn 
hamsters. After intraperitoneal (i.p.) inoculation, NMV causes disseminated 
disease, moderate mortality and it persists in CNS tissues. Low tissue culture 
passage isolates of wild mumps virus do not establish CNS infection after i.p. 
inoculation; after i.c. inoculation they cause limited though persistent infection 
with little acute mortality. The biological behavior of a highly passaged vaccine 
strain of mumps virus (Jeryl-Lynn) is more similar to NMV than to the wild strain 
in its behavior in the newborn hamster. 

. 

Adaptation of mumps virus to growth in hamsters by serial passage in newborn 
hamster brain results in a virus strain (NMV) that  can disseminate systemically 
after parenteral inoculation, replicate widely in brain after intraperitoneal (i.p.) 
or intracerebral (i. c.) inoculation and cause a high mortali ty during the acute 
phase of infection (5, 8, 9, 11, 14, 16). Survivors of i.p. challenge with NMV harbor 
persistent virus in both renal and cerebral tissues (16). Freshly isolated, wild 
mumps virus strains (WMV) that  have been passaged only a limited number of 
times in tissue culture do not appear to disseminate to brain from parenteral sites 
and replication in brain after i.e. inoculation is limited to epend~mal and choroid 
plexus epithelial cells (2, 5--7, 9, •5). The mortality from acute infection after i. e. 
challenge with W~IV is low (2, 5), however, almost all animals develop aqueductal 
stenosis and hydrocephalus as a late sequalae (2, 6, 7, 9, 15). Viral persistence 
has not been previously sought with such strains. The virulence of highly egg 
passaged mumps virus (Jeryl-Lynn strain of mumps virus vaccine--VMV) (t) 
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has not been well studied in the newborn hamster. In  this study, these three 
prototype strains of mumps virus (NMV, WMV and VMV) were inoculated either 
i.p. or i.c. into newborn hamsters to compare their in vivo biologic activities. 
Specially sought were strain dependent differences in neuro-invasiveness (ability 
to disseminate to and establish infection in brain after i.p. inoculation), neuro- 
tropism (ability to spread from the cpendyma to infect- parencymal neurons), 
virulence (mortality during acute infection) and tendency to persist in brain tissue 
(virus recovery by co-cultivation or explant technics in the absence of virus 
recovery in cell free homogenates). 

Pregnant multiparous hamsters (Fairfield Animal Facilities, Fairfield, CA) 
were observed daily. Newborn hamsters, all under 24 hours old, were inoculated 
with 0.02 ml of virus i.c. or 0.05 ml of virus i.p. and returned to their cages. 
Animals were sacrificed randomly and organs taken for preparation as clarified 
10 per cent homogenates in Hanks '  balanced salt solution (HBSS), fractional 
trypsinization and culture as explants, fractional trypsinization and cocultivation 
with BSC-1 cell monolayers, or immediate freezing for immunofluorcseent (IFA) 
studies (16). Paired samples of clarified freeze-thawed homogenates of organs 
shown to contain virus in undiluted assay were thawed, decimally diluted in 
HBSS and t i t rated in microtiter wells containing BSC-1 cell monolayers using 
hemadsorption of guinea pig red blood cells at  6 days post inoculation (p.i.) 
as an end point of infectivity (16). Virus used in these studies consisted of either 
NMV with a titer of 105 tissue culture infectious dosages (TCIDs0) per ml, WMV 
with a t i ter of 105 TCIDs0 per ml, or VMV used as the vaccine (Merck, Sharpe and 
Dohme) with a titer of 103-3 TCIDs0 per ml. 

After i. c. inoculation, NMV replicated to high titer (105 TCIDs0/g on day 5 p. i.) 
and disseminated widely in brain as determined by  IFA (Fig. 1). By  day 7 p.i., 
all of the animals had died of the acute infection. After i.p. inoculation virus 
disseminated widely to multiple visceral organs and was distributed in both the 
ependyma and parenchyma of brain (16). Ten to 20 per cent, of these animals were 
alive at 14 days p.i. Virus persisted through day  50 p.i. in brain and kidney of 
animals surviving the acute infection. Virus appears to persist in ependymal 
cells of hydrocephalic animals as determined by  electron microscopic studies (15). 

After i.c. inoculation, ~%IV replicated to lower titer than NMV (103.7 vs. 
105 TCIDs0/g), viral antigens were almost exclusively limited to the ependyma 
and choroid plexus, only 50 per cent of the animals had died of acute infection by  
day 10 p.i. and viral persistence was readily demonstrated for as long as day  
33 p.i. by  co-cultivation and explant of brain tissue from hydrocephalic animals 
(Fig. 1). After i.p. inoculation of WMV, transient viral replication occurred in a 
number of visceral organs including kidney (maximum recoverable virus 105 TCID 
per gram on day 5 p.i.), liver and spleen, but virus was never recovered from brain 
and viral antigens were not seen in CNS by  IFA (Fig. 2). Mortality aRer i.p. 
WMV did not exceed that  in control animals inoculated with HBSS (30 per cent 
control mortal i ty reached by  day 10 p.i. after either i.e. or i.p. inoculation). 
Hydrocephalus was observed in only 1 of 97 survivors of i.p. WMV infection. 

After i. c. inoculation of VMV, virus was transiently replicated in brain (Fig. 1). 
Viral antigens were primarily found in ependymal cells but  were also frequently 
seen in hippocampal neurons and by day 10 p.i. 80 per cent of the animals had 
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died of acute infection. The distribution of parenchymal antigens was less wide- 
spread in VMV than NMV infected animals. Virus could be recovered by co- 
cultivation or explant techniques from hydrocephalic survivors of i.e. VMV 
through day 20 p.i. Following i.p. inoculation of VMV, transient viral replication 
was demonstrated in multiple visceral organs though maximum titers never 
exceeded 10 s.7 TCID50/g of tissue and viral dissemination to brain, transient 
replication of free virus and persistence of virus in hydrocephalic survivors through 
day 20 p.i. were documented (Fig. 2). 

6 -  

4-  

2-  

Z 6- 
< 

< 

~'- 2- 2 

o 

O 
o 6- 

4- 

N M V  
po 

o ! 

I I I I I I I  

V M V  

0 

I I i I I i 

WMV 

o 

2J\ 
0 

; lb 1; 2'o ~s ~o ~s 
DAYS POST IC INOCULATION 

Fig. 1. Growth of neuroadapted (xNMV), vaccine (VMV) and low passage (WMV) mumps 
virus in newborn hamster brain after intracerebral inoculation (i.e.). Open circles 
represent viral titers in clarified brain homogenates of four animals from each time 
period. Asterisks represent positive isolations from brain explant or co-cultivation in 

the absence of virus in clarified homogenates of the same brain 

These studies show that persistence of virus in brain cells of hamsters for 
intervals up to two months appears to be a general characteristic of several 
strains of mmnps virus. Persistence for over three months of a low passage 
isolate of mumps v:irus has also been demonstrated in mouse brain by IFA (3). 
The establishment of persistent mumps virus infections in  vitro has been reported 
by several investigators and occurs independently of a requirement for antibody 
in tissue culture media, of the persistently infected cell lines (4, 12, 13). The 
mechanism of mumps virus persistence both in  rive and in  vitro remains to be 
elucidated. 
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In  this s tudy,  virulence, neuroinvasiveness and neurotropism, as defined 
above, all appear to be strain-dependent properties. NMV highly adapted to 
hamster  brain was capable of causing CNS infection after i.p. inoculation, wide 
dissemination into brain parenchyma and high mor ta l i ty  from acute encephalitis. 
The low passage isolate, grMV, is almost  completely devoid of these in vivo 
biotogie properties. I n  these regards, VMV most  closely resembles NMV. Studies 
of these p ro to type  strains in vitro show tha t  NMV and VMV produce a syneytial  
type  eytopathic  effect in BSC-1 cell monolayers tha t  is not  seen with WMT" 
(Wolinsky, unpublished observations). This suggests a possible correlation between 
the tissue culture characteristics of these strains and their in vivo biologic activity,  
possibly in a manner  similar to t ha t  reported for strains of Newcastle disease 
virus (10). 

6- 

4- 

2- 

# 6. 
z 
< 

4 
< 

o 

O 6- 
2 

4- 

2- 

o. o 

I I I 

N M V  

I I I I I I I 

O O  

I I I I 

V M V  

I I I I I I  

W M V  

gg~ gg 

' ' ' 2' 2; 3'o . . . .  5 l0 15 0 35 40 45 50 

DAYS POST IP INOCULATION 

Fig. 2. Growth of neuroadapted (NMV) vaccine (VMV) and tow passage (WMV) mumps 
virus in newborn hamster brain after intraperitoneal (i.p.) inoculation. Open circles 
represent viral titers in clarified brain homogenates of four animals from each time 
period. Asterisks represent positive isolations by brain explant or co-cultivation in the 

absence of virus in clarified homogenates of the same brain 
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