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Nariva virus is an ether-sensitive agent, 
isolated exclusively from forest rodents, Zy- 
godontomys b. brevicauda, in Trinidad and 
found to be unrelated antigenically to a large 
number of recognized arboviruses. In  de- 
scribing the virus, Tikasingh et al. noted that 
‘(The demonstrated ether sensitivity war- 
rants consideration of this agent for inclusion 
as an arbovirus, but final resolution of this 
point must await further study” (1). 

The investigations reported here concern 
biological and physical properties of the vi- 
rus, and were prompted by the discovery that 
cell cultures infected with Nariva reacted 
positively in routine hemadsorption tests. 

Materials and Methods. Virus and cell c d -  
tures. Fourth suckling-mouse brain passage 
Nariva virus, strain Tr  42520, was used. Vi- 
rus stock was prepared as a 10% mouse brain 
suspension in phosphate-buffered saline 
(PBS), pH 7.2, containing 7.5% bovine al- 
bumin and was stored lyophilized at  -20”. 

The BHK-21 cell cultures were propa- 
gated, transferred, and maintained as de- 
scribed elsewhere (2) .  Stock cultures of 
Vero, HeLa, LLC-MK2, PS-Yl5, and MA- 
111 cells were grown in 90% Eagle’s basal 
medium with 10% calf serum. All tube cul- 
tures were prepared and maintained as de- 
scribed for BHK-21 cells ( 2 ) .  

Inhibition of virus multiplication. The 
effect of 5-iododeoxyuridine (IUDR) on virus 
multiplication was studied in BHK-2 1 tube 
cultures by procedures outlined previously 
(3). Vaccinia virus (DNA) and eastern 
encephalitis (EE) virus (RNA) were em- 
ployed as control viruses of known nucleic- 
acid composition. A M stock of IUDR 
was prepared in distilled water; to achieve 
solubility, 0.1 N NaOH was added to raise 

1 The Yale Arbovirus Research Unit is supported 
in part by The Rockefeller Foundation. 

the pH to 9.0 and the solution was heated 
briefly to 75”. Cultures were incubated for 
4-5 hr with maintenance medium containing 

M IUDR solution, drained free of this 
medium and inoculated with virus, and then 
refed with fresh maintenance medium con- 
taining IUDR. Fluids were changed daily. 
Non-IUDR-treated cultures served as con- 
trols. All cultures were harvested when the 
controls showed at  least a 3+ cytopathic 
effect (CPE); Nariva-, EE-, and vaccinia- 
infected cultures were harvested 6 days, 3 
days, and 24 hr postinoculation, respectively. 
The cells and fluid were frozen and thawed 
once and then assayed for virus in BHK-21 
tube cultures using 5 tubes/dilution. 

Antigens. Complement-fixing (CF) antigen 
for Nariva virus was prepared from infected 
mouse brains by sucrose-acetone extraction 
(4).  In  confirmation of the original report 
(1), this preparation did not agglutinate 
goose red blood cells (RBC) . Hemagglutinin 
(HA) was prepared from Vero tube cultures 
6-8 days after inoculation of a 10-1 or low2 
dilution of Nariva stock virus. Infective 
fluids from 3 or 4 tubes were added to the 
fluid and still-adhering infected cells in a 
fourth or fifth tube, and the latter was soni- 
cated with the Bronwill Biosonik 112 while 
immersed in an ice-water bath. Sonication 
was performed for 45-60 sec, with constant 
varying of the intensity between minimum 
and maximum. The mixture was then trans- 
ferred to one of the other tubes and again 
sonicated, and this process was repeated until 
all 4-5 tubes had been sonicated. The mate- 
rial was then sedimented in a Spinco ul- 
tracentrifuge at 35,000 rpm for 60 min, after 
which the pellets were resuspended in 8.5% 
sucrose containing 0.4% bovine albumin and 
the suspension was sonicated once again. The 
2 Bronwill Scientific, Rochester, N. Y. 
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specificity of each sonicated HA prepara- 
tion, and of those treated with Tween 80 and 
ether (TE) as described by Norrby ( S ) ,  
was checked in hemagglutination-inhibition 
(HI)  test with homologous Nariva an- 
tiserum. 

Immune reagents. Hyperimmune sera were 
prepared in adult mice given 3 injections of 
live virus at monthly intervals, the first dose 
consisting of 1% mouse brain suspension ad- 
ministered intracerebrally and the second and 
third of 10% mouse brain suspension given 
intraperitoneally (i.p.) . Mice were bled 10 
days after the last injection. 

Immune ascitic fluid was prepared in adult 
mice by a modification of a previously de- 
scribed procedure (6) .  An i.p. injection of 
10% mouse brain suspension mixed in equal 
quantities with incomplete Freund's adjuvant 
was given on days 1 and 8, and a booster 
dose on day 36.  Sarcoma 180/TG (6) was 
given i.p. 1 week before the booster dose, and 
ascitic fluid was tapped 1 week after the 
booster dose. All serological studies per- 
formed with immune ascitic fluid could be 
referred to material from this single tapping 
interval. 
CF tests. Varying dilutions of antigen 

(only 2 dilutions in a few instances) were 
tested in micro CF system against varying 
dilutions of serum or ascitic fluid, using 2 
units of complement and overnight fixation at 
4'. 

Hemadsorption, hemagglutination, and H I  
tests. Hemadsorption testing (7) was done 
with freshly obtained guinea pig RBC. 
Unless otherwise specified, Nariva HA was 
assayed at  4' using 0.5% guinea pig RBC. 
Serial dilutions of the HA were made in 
0.2-ml volumes of PBS diluent containing 
0.4% bovine albumin, and the total volume of 
the test was 0.4 ml. 

Treatment of guinea pig RBC with trypsin 
or receptor-destroying enzyme ( RDE) was 
done as previously described (8), using 1 
mg/ml of crystalline trypsin3 and a 1:3 dilu- 
tion of commercial RDE.4 Untreated RBC 

3Mann Research Laboratories, New York, N. Y 
Berhingwerke, Marburg, Germany. 

were washed and kept as a stock 10% sus- 
pension in PBS. 

In  adsorption and elution experiments, 
Nariva HA and 2% guinea pig RBC were 
mixed in equal volumes and adsorption was 
allowed to occur for 90 min at 4'. The RBC 
were then sedimented in the cold, washed 
once with cold saline, resuspended to the 
original volume and held at 37". Samples 
were taken at 1 and 2 hr, and the RBC were 
centrifuged at room temperature. 

For H I  tests (4 ) ,  all sera and m i t i c  fluids 
were treated with kaolin to remove nonspe- 
cific inhibitors. Four HA units were mixed 
with serial dilutions of serum or ascitic fluid 
and incubated for 60 min at room tempera- 
ture before the addition of 0.5% guinea pig 
RBC. The highest dilution showing complete 
inhibition was taken as the end point. 

Results. CPE in cell lines. It was initially 
observed that Vero and BHK-21 cultures in- 
fected with stock Nariva virus developed 
syncytia and reacted positively in hemad- 
sorption test with guinea pig RBC both at 4' 
and at  room temperature. Syncytium forma- 
tion was especially pronounced in BHK-2 l 
cultures, eventually involving the entire cell 
sheet. 

When Nariva virus as first-passage BHK- 
21 harvest was inoculated into these and oth- 
er cell lines (Table I ) ,  syncytium formation 
was observed only in BHK-21 and Vero cul- 
tures. The CPE was minimal in HeLa and 
LLC-MK2 cells and absent from PS and 
MA-111 cells. Viral multiplication was not 
apparent in the PS cultures, and probably 
none occurred in the MA-111 cultures; the 
infectivity detected by subinoculation into 
BHK-2 1 cultures presumably represents re- 
sidual inoculum virus. With HeLa cells, hem- 
adsorption testing and subinmulation de- 
tected slightly more virus than was indicated 
by direct observation of CPE. 

Replication of Nariva virus in $he presence 
of I U D R .  The ability of halogenated 
deoxyuridine compounds to inhibit synthesis 
of DNA viruses (9-1 1) provides a means of 
differentiating the latter from RNA viruses. 
As l ~ o - ~  M IUDR did not reduce the yield of 
Nariva or of EE (the control RNA virus) 
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TABLE I, Susceptibility of Various Cell Lilies to Infection with Nariva Virus (first passage in BHK-21 
cultures). 

p H  of inoculated 
cultures in com- 
parison with con- 

Cell line trol cultures 

BHK-21 Acid 
Vero Acid 

HeLa 
LLC-MG - 
PS - 
MA-Ill  - 

CPE 

Day first 
Grade noted Description of lesion 

3-4+ 2 Syncytium 
2-3 + 3 Mostly necrosis, some 

ayncytia 
2+ 8 Necrosis 
2+ 3 Necrosis 
0 
0 

- - 
- - 

Ti terse 

TCD, HAD, IDm 

6.5 NDb ND 
4.5 4.5 ND 

4.5 5.7 6.0 
4.5 4.7 4.7 
0 0 1.5 
0 0 3.7 

a Titers expressed as negative log,,/nil; ID, t.iters determined by subinoculation int.0 BHK-21 cell cul- 
t,uros on day 7. 

ND, not done. 

but did reduce that of vaccinia virus (Table 
11), Nariva may be an RNA virus. 

HA by Nariva virus. A hemagglutinin was 
not detected in the fluids of infected Vero 
and BHK-21 cultures or in these fluids plus 
the frozen-thawed cell extract of BHK-21 
cultures, and it was not until infected Vero 
cultures plus fluid were sonicatd that a satis- 
factory HA preparation was obtained. This 
preparation was active in agglutinating 
guinea pig RBC but did not agglutinate 
l-day chick or goose RBC suspended in 
saline. 
TABLE 11. Effect of 5-Iododeoxyuridine (IUDR) 
on Multiplication of Nariva Virus in BHK-21 

Cultures. 
~ ~~~~~~~ 

Virus yield 
(log10 TCDw/ml) 

Inoculum 
Virus (total loglo TCD,) No IUDR lo4  IUDR 

Nariva 2.8 7.4 7.4 
EE 4.5 10.2 10.5 
Vaccinia 5.5 8.2 2.5 

In a representative experiment on the 
effect of TE treatment on Nariva HA activity 
(Table 111), an &fold increase in HA titer 
was recorded for Nariva while T E  treatment 
of DA virus, a known myxovirus, resulted in 
a 32-fold increase of HA activity. Table I11 
shows that the RBC receptors utilized by 
Nariva HA were not susceptible to the action 
of trypsin or of RDE. The effectiveness of 

the RDE treatment in this experiment is 
demonstrated by the significantly lessened 
HA activity of DA virus when reacted with 
RDE-treated RBC. 

Temperature had a marked effect on HA 
by Nariva in reaction with guinea pig RBC; 
HA was greatest at 4O, 4-fold Iess at 23' and 
undetectable at 37" (Table IV).  With l-day 
chick RBC, no agglutination occurred at  
any of these temperatures. 

In experiments on the adsorption and elu- 
tion characteristics of Nariva HA in reaction 
with guinea pig RBC, 50-7596 of the avail- 
able HA was adsorbed in the 90-min period 
and the adsorbed HA was essentially quanti- 
tatively recovered in ,the 2-hr elution period 
(Table V).  Since these RBC were fully ag- 
glutinable by fresh Nariva HA, it is con- 
cluded that this was not enzymatic elution 

TABLE 111. Nariva HA Activity as Affected by 
Tween-Ether (TE) Treatment and by Treatment 
of Guinea Pig RBC with Receptor-Destroying En- 

zyme (RDE) and Trypain. 

Treatment of 
HA preparation guinea pig RBC - 

Virus Treatment None RDE Trypsin 

Nariva N O T E  64" 32 128 
T E  512 256 256 

DA No TE 128 8 64 
T E  4096 32 2048 

HA units/O.Z ml. 
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TABLE IV. Nariva HA Activity at Different 
Temperatures of Incubation. 

Nariva HA Guinea pig Chick 
preparation Temp ( " )  RBC RBC 

No TE treatment 37 2 2 
23 4 2 
4 16 2 

TE treated 37 4 . 4  
23 64 4 
4 256 4 

accompanied by an alteration of the recep- 
tors. A similar conclusion was reached by a 
slightly different experimental approach. 
When the guinea pig RBC from the 37 and 
23" tests shown in Table I V  were resuspend- 
ed and reincubated at 4O, the resultant end 
points were equal to that in the test original- 
ly incubated at  4". Any of the titrations were 
rapidly converted to negative at this point 
by incubation at 37" for at least 20 min; on 
resuspension of the RBC and reincubation of 
the test at 4O, however, a positive HA titra- 
tion to titer was reestablished. This pro- 
cedure was repeated for at least 4 cycles 
without the slightest loss in HA titer. 

Serological studies with Nariva virus. In 
H I  test, Nariva HA (4 units) was not inhib- 

TABLE V. Adsorption and Elution Characteristics 
of Nariva HA Interacting with 2% Guinea Pig 

RBC. 

HA uNts/0.2 ml of 
TE-treated Nariva HA 

+ Saline + 2% RBC 
Reaction sequence 

sampling A" B" A B 

0 min 128 
Supernatant after 90-min 128 

Cold saline wash of RBC - 
Supernatant after 60-min 128 

Supernatant after 120- 128 

adsorption at 4" 

elution at 370 

min elution at 370 

32 128 
32 32 

2 
32 64 

- 

32 64 

~ ~~ 

a A and B represent duplicate experiments. 

- 
32 
16 

2 
8 

8 

ited by antisera to the following viruses: 
parainfluenza types 1, 2, 3, and 4, Willow- 
brook, mumps, DA, Newcastle disease 
(ND) , measles, rubella, and peromyscus 
(12), but was inhibited by its homologous 
antiserum to a titer of 1:320-1:640. Normal 
rabbit, mouse, and guinea pig sera were in- 
cluded as controls, and homologous HI activ- 
ity of the antisera was verified in prior or 
simultaneous testing. A Nariva antiserum 
likewise failed to inhibit hemagglutination by 
peromyscus virus. 

In CF test, Nariva antigen did not react 
with antisera to respiratory syncytial, influ- 
enza A, and influenza B viruses, and results 
were also negative in reciprocal cross-CF 
tests with Nariva, rabies, lymphocytic chorio- 
meningitis, ectromelia and ND viruses. 

Attempted propagation in mosquito larval 
cells. Evidence being lacking that Nariva 
fulfills the definition of an arbovirus in terms 
of ability to multiply in and be biologically 
transmitted by arthropods ( 13), propagation 
of the virus was attempted in continuous 
lines of Aedes aegypti and A .  albopictus lar- 
val cells (14). CPE was not observed, nor 
was viral multiplication detected by subinoc- 
ulation of culture fluid into infant mice and 
BHK-2 1 cell cultures. 

Discussion. Although the negative results 
in mosquito larval cell cultures are sugges- 
tive, they do not answer conclusively the 
paramount question of whether Nariva virus 
multiplies in insects and thus qualifies as an 
arbovirus. Nonetheless, other experimental 
results do show that Nariva has certain bio- 
logical and physical properties that are not 
shared by any of the well-studied arboviruses 
and bear some resemblance to those of 
my xovir uses. 

The marked capacity of INariva to induce 
syncytia in BHK-21 cell cultures and, to a 
lesser extent, in Vero cultures is a character- 
istic most frequently associated with the 
mumps-NDV-parainfluenza group of myxovi- 
ruses (15). The reported insensitivity to 
RDE and trypsin of RBC receptors for 
Nariva HA is, admittedly, shared by the re- 
ceptors for hemagglutinins of certain recog- 
nized arboviruses. On the other hand, al- 
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though an active elution mechanism has been 
demonstrated for many of the myxoviruses, 
measles virus is an exception and the recep- 
tors it utilizes are not sensitive to neuramini- 
dase or the action of influenza virus ( 16, 17). 

Serological studies by both HI and CF 
tests have provided no evidence of an anti- 
genic relation of Nariva virus to any of the 
better known myxoviruses or a limited num- 
ber of other nonarboviruses. Studies on the 
morphology of this virus particle and on the 
morphogenesis of the virus during replication 
should help clarify its nature. 

Summary. Nariva virus induced syncytium 
formation in BHK-21 and Vero cultures. 
Such infected cultures showed positive hem- 
adsorption for guinea pig red blood cells 
(RBC). A hemagglutinin for guinea pig RBC 
was extracted from infected Vero cells by 
sonication. The hemagglutinin did not act on 
1-day chick or goose RBC, and it showed an 
enhancement in titer upon treatment with 
Tween-ether. The hemagglutination reaction 
was highly temperature-dependent, with opti- 
mal titers being obtained at 4’ and no activi- 
ty manifested at 37”. Serological studies by 
hemagglutination-inhibition and complement- 
fixation indicated no antigenic relation to the 
better known myxoviruses or to a number of 
other viruses. The nucleic acid component 
of Nariva virus is probably RNA. 

The HeLa cell line was kindly supplied by Dr. B. 
Mandel of New York, N. Y. The hemagglutinating 
preparation of DA virus was generously donated by 
Dr. G. D. Hsiung of Yale University and the West 

Haven VA Hospital. The competent technical assis- 
tance of Miss C. Mongillo is gratefully acknowl- 
edgd. 
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