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Emulsifiers That Enhance Susceptibility to Virus Infection:
Increased Virus Penetration and Reduced Interferon Response
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Departments ofMicrobiology' and Pediatrics,2 Izaak Walton Killam Hospital for Children2 and Dalhousie
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An emulsifier which had an environmental relationship to Reye's syndrome,
when used to treated L-929 cultures, was shown to increase the rate of encepha-
lomyocarditis virus penetration and uncoating while having no effect on the
attachment of virus or on the replication of infectious ribonucleic acid. This
treatment also rendered L-929 cells unable to respond normally to interferon
inducers and reversed an already established interferon antiviral state. It is
proposed that one or more of these actions result in the cellular enhancement of
virus susceptibility.

In our previous publications (2, 3, 15), we
reported that exposure to certain commercial
spray emulsifiers, blends of dodecylbenzene sul-
fonate and polyoxyethylene ethers, altered the
outcome ofcertain experimental virus infections.
We proposed (12, 14) that commercial forest
pesticide sprays, having as part of their fonna-
tion emulsifiers that enhance virus susceptibil-
ity, might be involved in the etiology of an
outbreak of Reye's syndrome, a virus-induced
fatty visceral encephalopathy that was observed
to occur locally in sprayed areas (1). In our
experiments young mice exposed to spray emul-
sifiers responded with a significantly increased
mortality and "Reye's-like" pathology after in-
fection with encephalomyocarditis virus. In ad-
dition, the susceptibility of various mammalian
cell cultures to infection with several viruses was
greatly enhanced after emulsifier exposure.
To define this effect further, we have exam-

ined steps in the replicative cycle of encephalo-
myocarditis (EMC) virus in emulsifier-exposed
cells and the interferon response in these cells.
The enhancement effect was only measurable at
multiplicities of infection (MOIs) of <1, and
although the amount of virus adsorbed by ex-
posed and control cells was essentially the same,
the rates of penetration and uncoating appeared
to be increased by exposure. That penetration
and uncoating were the replicative steps en-
hanced by the emulsifier treatment of cells was
substantiated by finding that infectious ribonu-
cleic acid from EMC virus was as infective for
control cells as for treated cells. Cells exposed to
emulsifier were also less capable of producing
interferon when induced. Further, the antiviral
response to added interferon was significantly
compromised in these cells.

MATERIALS AND METHODS
L-929 cells were grown in 10% heat-inactivated fetal

bovine serum (Flow Laboratories) in Eagle miniimal
essential medium containing antibiotics as described
previously (10). Visible cell counts were performed on
trypsinized L-cell monolayer cultures, using trypan
blue. The cells were suspended in 1.0 ml of 0.04%
trypan blue in phosphate-buffered saline, pH 7.2, and
cells excluding dye were counted as viable cells in a
hemocytometer.
EMC virus was originally obtained from John Coul-

ter of the University of Alberta. Virus stocks were
grown in L-929 cell cultures, titrated, and stored at
-70°C in titers of 108 plaque-forming units per ml.

Neutral red-labeled EMC virus (NR-EMC) was pre-
pared by growing EMC in L-929 cell cultures "pre-
loaded" with NR as described by Mandel (13). L-cell
monolayer cultures in 1-liter bottles were pretreated
for 24 h with 10 ug of NR (Neutral Red Chloride,
British Drug Houses) per ml dissolved in growth me-
dium. Five milliliters of 107 plaque-forming units of
EMC virus per ml was then adsorbed to the cultures
for 1 h at 37°C. Maintenance medium (minimal essen-
tial medium plus 1% serum) containing 10 ,ug of NR
per ml was then added, and the culture was incubated
in the dark at 37°C for 24 h, when advanced cytopath-
ogenicity was evident. Cultures were then repeatedly
frozen and thawed in the dark, and the supernatant,
after centrifugation to remove debris, was centrifuged
for 3 h at 50,000 x g in the dark to pellet the virus.
The NR-EMC pellet was resuspended in a minimum
volume of maintenance medium and used to infect
fresh cultures of NR-preloaded L-929 cells. This pro-
cedure was repeated for a total of three passages. The
final preparation of NR-EMC virus was stored in the
dark at -70°C until used. This virus preparation had
a dark-assayed titer of 107 and was found to be totally
inactivated by 3-min exposure to two 15-W General
Electric fluorescent lights at a distance of 3 in. (7.62
cm).

Preparations of infectious EMC-ribonucleic acid
were prepared by mixing suspensions of stock EMC
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virus with an equal volume of phenol. Thirty minutes
later the mixture was centrifuged, and the upper

aqueous phase was removed and reextracted twice
with phenol and three times with 10 volumes of an-

hydrous ether. Nitrogen gas was bubbled through the
resulting extract to remove residual ether, and the
nucleic acid preparation was held on ice until used. All
steps were carried out at 40C, and infectious nucleic
acid was freshly prepared for each experiment.
The emulsifier, Toximul MP8, was obtained from

Charles Tennant & Co., Canada, Ltd., Toronto, On-
tario. Preliminary studies determined that the sub-
toxic concentration that would enhance virus suscep-
tibility of cells was 50 M/liter dissolved in maintenance
medium. Experiments on the effect of varying the
MOI were carried out with cell cultures that were

pretreated with Toximul MP8 for 22 h, whereas con-
trols were preincubated with maintenance medium.

Stock mouse interferon was prepared with L-929
cells grown in 2.5-liter cylindrical roller bottles, using
ultraviolet-inactivated Newcastle disease virus as the
inducer, as previously described (11).

Interferon assays were performed by a plaque re-
duction method in L-929 cell cultures, using vesicular
stomatitis virus as the challenge virus. Interferon titers
are expressed as 50% plaque reduction doses.
The effect of the emulsifier on interferon production

was evaluated in L-929 cell cultures prepared in 30-
mm plastic petri dishes or six-well dishes (Costar).
Ultraviolet-inactivated Newcastle disease virus was
used as interferon inducer. To stimulate L-929 cells to
produce interferon, either Toximul-treated or control
cultures were washed twice with phosphate-buffered
saline and exposed to ultraviolet-inactivated Newcas-
tle disease virus at a calculated MOI of 1.0 for 90 min
at 37°C. The cultures were then washed four times
with phosphate-buffered saline and incubated at 37°C
in maintenance medium. After an appropriate incu-
bation period, the culture fluid was collected, clarified
by low-speed centrifugation, and acidified to pH 2 with
HCI for 4 days at 4°C before neutralization with NaOH
and assay for interferon activity.

RESULTS

Relationship of MOI to enhancement of
susceptibility. L-929 cell monolayer cultures in

Costar 2-ml multiwell culture vessels were

treated for 20 to 22 h with 50 ,ul of Toximul MP8
per liter in maintenance medium. This amount
of Toximul MP8 was known to enhance the
susceptibility of cells to EMC virus two- to
threefold. An equal number of control cultures
was similarly incubated in maintenance medium
alone. After this treatment, increasing amounts
of EMC virus of known titer in 0.2 ml of main-
tenance medium were added to triplet sets of
cultures in incremental steps equivalent to input
MOIs of 0.005, 0.05, 0.5, 5.0, and 50 plaque-
forming units per cell. Suitable numbers of
treated and control cultures had been trypsin-
ized, and viable cell counts were performed to
preestablish these parameters.

After a 1-h adsorption period at 370C, cultures
were washed briefly with 0.25% trypsin in phos-
phate-buffered saline. A small volume, 0.5 ml, of
trypsin solution was allowed to stand over the
culture, and dispersion of cells from the mono-
layer was complete in 10 min. The infected cells
were removed by pipette and monodispersed in
maintenance medium. Dilutions were made, and
0.2 ml of a suitable dilution of each culture
suspension was added to new monolayer cultures
to assay for infectious centers. The infected cells
were well distributed by rocking and allowed to
sediment and adhere for 1 h at 370C. An agar
overlay (maintenance medium plus 0.6% aga-
rose) was placed on the cultures, and they were
incubated for 22 h at 370C. After removal of the
overlay, fixation, and staining of the monolayer
cultures with crystal violet, the number of infec-
tious centers as represented by plaques was
counted (Table 1). It is apparent that the en-
hancement effect is one which requires a low
MOI. This and other experiments established
that this requirement is for an MOI of <1.0.
Evaluation of EMC attachment by emul-

sifier-treated cells. To ascertain whether the
enhancement effect was due to an increase in

TABLE 1. Variation in MOI as a factor in demonstrating an enhancement effect of emulsifier (Toximul
MP8) treatment of L-929 cells

Avg no. of infectious centersb Enhance-
ment fac-

Added MOI' Control cultures Toximul cultures" tor (Tox-
imul/

Expt 1 Expt 2 Expt 3 Avg Expt 1 Expt 2 Expt 3 Avg control)
0.005 5 7 3 5 10 9 5 8 1.6
0.05 34 22 24 27 78 51 65 65 2.5
0.5 308 110 230 216 685 270 510 488 2.3
5.0 2,050 1,600 3,500 2,383 1,370 2,400 2,000 1,923 0.8

50.0 10,300 7,860 4,300 7,487 11,500 6,840 4,300 7,547 1.0
a The indicated amount of virus was adsorbed to a known number of cells in monolayer culture for 1 h at

37°C. The cells were then washed, disaggregated, and assayed for infectious centers.
b Average of three assays.
'Cells were treated with 50 ,ul of Toximul MP8 per liter for 22 h before infection at the indicated MOI.
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the number of EMC virus attachment sites on
the surface of Toximul MP8-treated cells com-
pared with untreated control cells, the amount
of virus attached under the two conditions was
measured by assays of both cell-bound virus and
virus remaining in the supernatant.

L-929 cell cultures were exposed to 50,ul of
Toximul MP8 per liter, as above, for 20 to 22 h.
These cultures and their equivalent control cul-
tures were chilled to 4°C, and each culture was
exposed to prechilled EMC virus in maintenance
medium at an MOI of 0.05. The virus and cell
concentration parameters had been previously
determined by appropriate virus assays and vi-
able cell counts. After adsorption at 40C for 1 h,
the medium was removed from the infected cell
monolayer cultures, and they were washed care-
fully. They were then dispersed from the mono-
layer by exposure to 0.25% trypsin in phosphate-
buffered saline for 30 min at 4°C. The resulting
cell suspension was then sedimented by centrif-
ugation, washed, and resuspended in phosphate-
buffered saline.
A sample of this infected cell suspension from

Toximul MP8-treated and matched control cul-
tures was taken at this point and assayed for
infective centers as noted above, to ascertain the
extent of enhancement in each particular exper-
iment. The suspensions of cells were then frozen
at-70°C. The cell lysates were then thawed and
evaluated for adherent virus by LiCl or urea
analysis as described by Holland (8). Each lysate
received either 1 ml of 8 M urea or 1 ml of 6 M
LiCl in Hanks balanced salt solution. They were
mixed for 5 min and, after dilution in mainte-
nance medium, assayed for adsorbed virus.
The medium and washes of replicate cultures,

both Toximul treated and untreated, were as-
sayed to estimate the amount of unadsorbed
virus remaining in the medium after the adsorp-
tion period. The results for both adsorbed and

unadsorbed virus are given in Table 2, as is the
evaluation of enhancement factors for these par-
ticular experiments. As can be seen, treatment
with Toximul MP8 enhanced the susceptibility
of cultures compared with controls, yet the same
amount of virus was taken up by cells in both
treated and untreated circumstances as revealed
by both LiCl and urea analysis of adsorbed virus
and titration of virus remaining in the medium
after adsorption.
Analysis of EMC penetration in cells ex-

posed to Toximul. If one defines virus penetra-
tion as that step in the viral replicative cycle
which, when complete, renders virus non-neu-
tralizable by specific homologous antiviral anti-
body placed in the medium, then the rate with
which this replicative step proceeds, in any ex-
perimental situation, is determinable by the fol-
lowing simple protocol.
Antiserum to EMC virus was prepared in rab-

bits and was freed of anti-L-929 cell antibodies
by adsorbing the serum with suspensions of L-
929 cells. Virus, diluted to give a countable num-
ber of plaques, was added at 40C to L-cell mono-
layer cultures pretreated with Toximul MP8 and
to untreated control cultures. The virus was
adsorbed for 1 h at 40C, and the cultures were
rinsed twice at 4°C with Hanks balanced salt
solution to remove free virus. One milliliter of
maintenance medium at 370C was then added,
and both treated and control cultures were
transferred to 370C. At 0, 2.5, 5, 7.5, 10, and 15
min after transfer, the maintenance medium was
removed and replaced with 2% rabbit anti-EMC
serum diluted in minimal essential medium at
40C for both treated and matched control cul-
tures. The cells were held at 40C for 30 min and
then placed at 370C for 30 min. They were then
washed twice with Hanks balanced salt solution
to remove surplus antibody, free virus, and virus-
antibody complexes. The amount of antiserum

TABLE 2. EMC virus attached to L-929 cells and remaining in the supernatant fluid and the number of
successfully infected L-929 cells, expressed as infectious centers, after adsorption ofEMC virus at an MOI of

0.05 at 40C

Avg no. of plaques ± SE' Infectious centers
Avgno.ofplaques± SE" (avg no. ± SE)"

Cultures
Attached virus Supematant virus

Expt 1 Expt 2
Expt I' Expt 2' Expt 1 Expt 2

Toximul treated 16.7 ± 5.8 34.2 ± 4.8 59.9 ± 6.2 65.7 ± 9.5 32.3 ± 6.0 40.0 ± 3.8
Control, 15.2 ± 5.1 36.5 ± 7.2 60.6 ± 9.6 62.4 ± 6.1 21.6 ± 3.3 18.4 ± 5.9

untreated
Ratio (Toximul/ 1.09 0.94 0.99 1.05 1.50 2.17

control)
a Average of six plaque assays; SD, standard deviation.
bCells disrupted with 6 M LiCl to determine attached virus.
' Cells disrupted with 8 M urea to determine attached virus.
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used had been shown by previous experiments
to effectively reduce infections by EMC virus at
4°C by 80% when added at zero time. The
washed cultures were then incubated, overlaid
with 0.6% agarose at 37°C for 22 h. After fixation
and staining, any plaques which had developed
were counted. The results are given in Table 3,
in which it may be seen that EMC virus becomes
more rapidly inaccessible to antiviral antibody
if it infects Toximul MP8-treated cells rather
than untreated control cells.
Analysis of NR-EMC virus uncoating in

Toximul MP8-treated and control cells. The
method using NR-EMC virus for the analysis of
uncoating was taken from Mandel (13) and mod-
ified to our purposes.

Cultures of L-929 cells, pretreated for 22 h
with Toximul MP8 (50 Al/liter), and their un-

treated control cultures were infected at 4°C in
the dark with a dilution of NR-EMC known
from previous assays to give about 50 plaques
per culture. Attachment was allowed to proceed
for 1 h at 4°C with frequent rocking. After
attachment, excess virus was removed by wash-
ing twice with Hanks balanced salt solution, and
the cultures were then overlaid with 1% agar in
maintenance medium. The cultures were incu-
bated at 370C in the dark. At various time
intervals, 0 to 75 min, sextuplicate cultures of
treated and untreated groups were removed and
exposed, inverted for 3 min, to two 15-W flu-
orescent bulbs at a distance of 3 in. This expo-
sure was known by previous experiments to com-
pletely inactivate NR-EMC. The cultures were

then returned to the C02 incubator for 22 h,
after which time they were fixed and stained and
the plaques that had developed were counted
and recorded. The data for these experiments
are given in Table 4 and demonstrate that rep-
licative processing of NR-EMC to a light-insen-
sitive stage occurs more rapidly in Toximul
MP8-treated cells than in the controls.

Replication of infectious ribonucleic acid
from EMC virus in Toximul-treated cells.
Infectious ribonucleic acid was prepared from
EMC virus as described and was assayed in
Toximul MP8-treated cultures and their control
untreated cultures. A suitable number of L-929
cell monolayers from treated and untreated
groups were depleted of calcium for 15 min by
placing them in phosphate-buffered saline lack-
ing calcium. The freshly prepared EMC-ribo-
nucleic acid was then mixed 1:1 with 0.25 g of
CaHPO4 per 100 g in 2x minimal essential me-

dium after the assay method of Dubes and Klin-
gler (4). The mixture in 0.2-ml amounts was then
added to both types of cultures and rocked at
4°C for 1 h. The replicate cultures were then
overlaid, and plaques were recorded after 24 h.
The results are given in Table 5, where it can be
seen that emulsifier-treated and control cultures
are equally able to process EMC-ribonucleic acid
and the same numbers of plaques were initiated
by both treated and control cultures.
Toximul MP8 treatment and the inter-

feron response. Cultures of L-929 cells were

exposed to 25 and 50 jd of Toximul MP8 per

liter, and their ability to respond to interferon
induction was measured. Table 6 shows that the
yield of interferon 16 h after induction with
ultraviolet-inactivated Newcastle disease virus
was substantially reduced in L-929 cultures ex-

posed to emulsifier during induction compared
with unexposed controls.
The inhibitory effect of Toximul MP8 on in-

terferon production was reversible. In experi-
ments in which cells were pretreated with 25 and
50 ,u of Toximul per liter for 24 h and then
washed before induction with ultraviolet-inacti-
vated Newcastle disease virus, we observed that
Toximul-treated cells recovered and eventually
produced an amount of interferon not signifi-
cantly different from that produced by control
cultures. There was, however, a delay period of

TABLE 3. Effect of adding anti-EMC antibody (Ab) to Toximul MP8-treated and untreated L-929 cultures
at various times after infection with EMC at 20 to 30 plaque-forming units per culture (<1.0 MOI)

No. of plaques' developing in 48 h at time (min) postattachment when Ab was added:
Culture group

0-1 2.5 5.0 7.5 10.0

Untreated, no Ab 29.6 ± 7.9 26.2 ± 5.7 27.3 ± 6.1 26.3 ± 6.9 20.0 ± 1.8
(control)

Untreated + Ab 8.5 ± 2.8 10.2 ± 3.3 12.3 ± 3.3 17.8 ± 2.3 19.0 ± 2.1
(28.6)b (38.9) (45.1) (67.7) (95.0)

Toximul treated, no 67.7 ± 8.7 62.8 ± 5.2 62.6 ± 9.6 61.7 + 1.4 52.2 ± 5.9
Ab (control)

Toximul treated + 19.8 ± 2.2 28.5 ± 10.6 58.5 ± 8.8 57.2 ± 8.3 59.8 ± 7.6
Ab (29.3) (45.4) (93.3) (92.7) (112.8)
' Average of six assays ± standard deviation.
'Percentage of control is given in parentheses. By 5 min, penetration is complete in Toximul-treated cells

compared to 10 min for controls.

790 LEE ET AL.



ENHANCEMENT OF VIRUS SUSCEPTIBILITY 791

TABLE 4. Plaque assays ofNR-EMC in Toximul MP8-treated and untreated L-929 cell cultures"
No. of plaques + standard deviation

Culture infeCted Control assays Time (min) postinfection when cultures exposed to white lightwith NR-EMC (no light expo-
sure) 0 7.5 15 30 45 60

Exp 1
Toximul treated 97.3 ± 3.5 10.9 ± 4.2 8.2 ± 4.6 13.3 + 3.3 46.2 + 3.7 59.2 ± 8.8 62.3 ± 10.0

(11.2)b (8.4) (13.7) (47.5) (60.8) (64.0)
Untreated culture 48.6 ± 5.8 6.3 ± 2.3 4.8 + 2.2 7.5 ± 2.3 17.8 ± 5.5 24.2 ± 3.9 27.3 ± 4.6

(13.0) (9.9) (15.4) (36.6) (49.8) (56.2)
Ratio (Toximul/ 2.00 1.73 1.70 1.77 2.59 2.45 2.28

control)
Exp 2
Toximul treated 105.2 ± 2.7 3.8 ± 3.6 5.8 ± 3.1 21.2 ± 2.9 67.0 ± 11.3 94.0 ± 4.8

(3.6) (5.5) (20.2) (63.7) (89.4)
Untreated culture 46.2 ± 4.3 2.6 ± 1.6 4.2 ± 1.7 4.7 ± 2.9 24.6 + 9.4 29.2 ± 4.7

(5.6) (9.1) (10.2) (53.2) (63.2)
Ratio (Toximul/ 2.27 1.46 1.38 4.51 2.72 3.22

control)
Expt 3
Toximul treated 108.3 ± 11.1 1.7 ± 1.6 2.3 ± 1.0 15.0 ± 4.7 58.7 ± 6.5 71.7 ± 7.9 85.8 ± 15.7

(1.6) (2.1) (13.9) (54.2) (66.2) (79.2)
Untreated culture 68.3 ± 6.5 1.5 ± 1.8 1.2 ± 1.0 6.2 ± 2.6 30.2 ± 7.2 37.8 ± 5.9 50.0 ± 20.4

(2.2) (1.8) (9.1) (44.2) (55.3) (73.2)
Ratio (Toximul/ 1.58 1.13 1.9 2.42 1.94 1.90 1.72

control)

aInfected cultures were exposed to 3 min of white light at intervals up to 60 min postinfection.
b Percentage of control is given in parentheses.

TABLE 5. Plaquing efficiency ofEMC virus-
ribonucleic acid complexed with CaHPO4 on Ca`-
depleted L-929 cell cultures, treated with Toximul

MP8 and untreated
Plaques developing at 24 h after 1-h

adsorption 4°C (avg ± SD)'
Culture

Expt 1 Expt 2 Expt 3
(n =3) (n =6) (n =5)

Untreated, control 73.7 ± 18.7 85.5 ± 15.5 47.0 ± 7.6
Toximul treated 71.0 ± 6.6 72.7 ± 6.8 44.0 i 6.1
Ratio (Toximul/ 0.95 0.85 0.94

control)
a SD, Standard deviation.

TABLE 6. Production of interferon in the presence
of Toximul MP8 after stimulation with ultraviolet-
inactivated Newcastle disease virus at an MOI

equivalent to 1.0
Interferon yield at 16 h (PRD,n/ml) in the

Expt presence of Toximul at:

50 p1/liter 25 p1/liter None (control)
1 10 90 650
2 <10 90 570

aPRDr,, 50% plaque-reducing doses.

6 to 8 h after the removal of Toximul before cells

began to produce interferon. Interestingly, this
period coincided with that during which the cell

returned progressively to the control state of
lower sensitivity to vesicular stomatitis virus
infection.

The responsiveness ofL-929 cells to exogenous
mouse interferon was also found to be compro-
mised by exposure of cells to Toximul MP8. L-
929 cells were exposed to various concentrations
of Toximul MP8, and at each concentration,
including the untreated control, the cultures
were used without delay to titrate an interferon
pool. The data are given in Table 7. It can be
seen that simultaneous exposure of cells to Tox-
inul MP8 and interferon results in a signifi-
cantly reduced expression of antiviral activity in
a dose-dependent manner.
We next tested the effect of the emulsifier on

cultures prepared for assays in which exogenous
interferon had been used to establish the anti-
viral state. A series of L-929 cell cultures was
incubated with various dilutions of mouse inter-
feron for 16 h as in our usual assay to establish
a measure of antiviral potency for that prepa-
ration. The cultures were washed four times
with minimal essential medium and then divided
into three sets, each with a control. One set was
exposed to Toximul MP8 at 50,ul/liter for 2, 4,
and 6 h, respectively, before challenge with ve-
sicular stomatitis virus. The results (Table 8)
indicated that exposure of interferon-induced
cells to emulsifier reversed the nonpermissive
state in a time-dependent manner. Six hours of
exposure was sufficient to almost completely
reverse the antiviral state already established in
the cells, whereas assays treated with emulsifier
for 4 and 2 h were progressively less reversed
compared with control assays.
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TABLE 7. Influence of the presence of Toxinul MP8
on assay in L-929 cells ofantiviral activity of a

preparation ofmouse interferon
Interferon activity

Concn of Toximul in assay (PRDro/ml)
medium (jd/liter)

Expt 1 Expt 2

0 (control assay) 776 648
6 457 269
12 302 174
25 35 35
50 35 30

PRD50, 50% plaque-reducing doses. The challenge
virus was vesicular stomatitis virus at 100 plaque-
forming units per culture.

TABLE 8. Reversal of an interferon-induced
antiviral state by Toximul MP8'

Length (h) of
Toximul expo- Residual antiviral
sure after inter- state (PRDrfo>
feron treatment

6 Toximul treated 52
Untreated control 455

4 Toximul treated 128
Untreated control 461

2 Toximul treated 268
Untreated control 458

a L-929 cultures were reduced nonperniissve to ve-
sicular stomatitis virus by a 16-h exposure to mouse
interferon.

5The challenge dose of vesicular stomatitis viru
was 50 plaque-forming units per culture after emulsi-
fier treatment. PRD50, 50% plaque-reducing doses.

We were concerned to eliminate the possibil-
ity that Toximul MP8, at levels which induced
enhanced susceptibility to viruses, was directly
destroying interferon. We showed that incuba-
tion of interferon (8,000 50% plaque-reducing
doses/ml) and Toxirnul (100 pld/liter) for 1 h at
37°C caused no loss of the antivinl activity
when examined by subsequent assay.

DISCUSSION
It is apparent from our results that two effects

of the emulsifier Toximul MP8 are to signifi-
cantly increase the rate at which EMC virus
penetrates the cell and, less significantly, to
more efficiently process the entered virion past
the uncoating phase of virus replication. The
result is a marked and significant increase in the
effectiveness of any particular cell infection as
long as the cell is not multiply infected. There
are negative data which suggest that the en-
hancement effect is not related to an increase in
the number of available receptor sites on the cell
surface in spite of evidence that other changes
in cell membrane function (virus penetration

and uncoating) are induced by emulsifier treat-
ment. That the effect is only demonstrable at
MOIs of <1 probably means that multiply in-
fected cells are usually successfully infected, un-
like cells having only one infective viru attached
and in which one failure ofany step in replication
leads to an abortive infection.
Whether these mechanims are operative in

the pathogenesis of Reye's syndrome is not an-
swered by these experiments. It may be that an
enhanced penetration step is sufficient to explain
the in vitro susceptibility enhancement pheom-
enon but may not be relevant to the in vivo
situation. More pertinent, perhaps, are the re-
sults dealing with the interferon response.
There is ample evidence (5, 7, 9) that inter-

feron plays a major role in moderating many
virus infections. Inhibition of interferon, by the
use of interferon antiserum in vivo in the case of
EMC virus in mice, results in both an increase
in lethality of the viu and a profound change
in the pathogenesis of the infection (6). Not only
did antiserm-treated, EMC virus-infected mice
die earlier, with less virus, but the highest viu
titer was found in the liver rather than in the
brain as was the case for dying control mice.
Death in treated mice followed a very atypical
course characterized by its shortness and viral
visceropathy and was not the viral encephalitis
death characteristic of control EMC virus infec-
tions.

In experiments reported here, we have dem-
onstrated an inhibitory effect of certain emulsi-
fiers in vitro on both the induction and utiliza-
tion of interferon. We have previously demon-
strated that these same emuLsifiers cause an
increase in the lethality of EMC viu in mouse
infections and a change in the pathogenesis of
such infections (2, 3). In addition, we have re-
cently reported (16) that mice that have been
exposed to these emuliers are not protected
by interferon from the lethal effects of EMC
virus infection as are unexposd mice. We pro-
pose that these actions are compatible with the
hypothesis that these emulsifiers are acting to
inhibit the interferon mechanism in exposed
mice. Indeed, as an extension of this hypothesis,
we suggest that Reye's syndrome may have, as
one etiological factor, an environmental intoxi-
cant which has the capacity to compromise the
interferon response. One such class of intoxi-
cants may be found in the spray emulsifiers
which we have proposed as being involved in the
causation of a local outbreak of Reye's syn-
drome.
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