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Interferon in Dermal Crusts of Human Vaccinia Virus Vaccinations 
Possible Explanation of Relative Benignity of Variolation Smallpox." 

(29659) 

E. FREDERICK WHEELOCK 
Departments of Preventive Medicine and Medicine, School of Medicine, Western Reserve University, 

and University Hospitds, Cleveland, Ohio 

Interferon, a protein with virus inhibitory 
properties synthesized in cells in response 
to viral infection, has been detected in a 
variety of cell culture and animal systems 
infected with vaccinia virus ( 1-4). Further, 
recent reports have revealed the presence of 
interferon-like substances in acute pharyn- 
geal washings of patients with influenza(S), 
in human cerebrospinal fluid(6), in sera of 
patients with clinical viral infections( 7) and 
in sera and organ extracts following intra- 
venous administration of viruses to a patient 
with acute myelogenous leukemia( 8). 

This project on detection of interferon in 
dermal crusts of vaccinia virus vaccinations 
of man was conceived in an attempt to pro- 
vide an explanation of the relative benignity 
of variolation smallpox. 

Variolation, a method of vaccination 
against smallpox, was utilized in ancient 

*This investigation was conducted under the 
sponsorship of Commission on Acute Respiratory 
Diseases, Armed Forces Epidemiological Board, and 
wa6 supported in part by Office of The Surgeon 
General, Dept. of the Army, and in part by 0 grant 
from Rotbert Hamilton Bishop, Jr. Endowment 
Fund. 

China and is still in use in primitive areas 
of the world today. This method consists of 
the intradermal inoculation of crusts from the 
skin lesions of patients with smallpox. Al- 
though variolation usually produces a mild 
form of smallpox, occasionally severe or even 
fatal disease occurs. 

The mechanism responsible for the mild- 
ness of variolation smallpox is unknown. 
However, the recent discovery of interferon 
suggested the possibility that this substance 
might be present, together with variola virus, 
in the crusts of smallpox skin lesions and 
thus influence initial virus multiplication at  
the vaccination site. 

Since smallpox dermal crusts were not 
available for the present investigation, crusts 
from vaccinia virus vaccinations were exam- 
ined for interferon. In  this communication 
the detection of interferon in 4 of 5 vaccinia 
vaccination crusts is reported and the pos- 
sible role of interferon in limiting the spread 
of vaccinia virus in vaccinations and in at- 
tenuating the clinical course of variolation 
smallpox is discussed. 

Materials and methods. Dermal crusts from 
vaccinia virus vaccinations were groand to 
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TABLE I. Properties of Substance in Extracts of 
Vaccinia Virus Vaccination Dermal Crusts Capable 

of Inhibiting Sindbis Virus CPE." 

Effect om inhibi- 
tory property t Treatment of extracts 

Trypsin, 0.1 mg/ml for 1 hr, 37°C 
Acidification at p H  2,24  hr 
Centrifugation 105,0010 g, 3 hr 
Desoxyribonuclease 0.5 mg/ml, 1 hr, 

Ribonuclease 0.5 mg/ml, 1 hr, 37°C 

+ - 
- 
- 

37°C 
- 

* Cytopathic effects i n  human fetal lung cells. 
t Destroyed (+), Preserved (-). 

a fine powder in a mortar and suspended in 
phosphate buffered saline (PBS) at  pH 7.2 a t  
a concentration of 0.5%. The pH was ad- 
justed to 2 for 24 hours at  4OC and then re- 
adjusted to 7.2 and the extracts centrifuged 
at 8000 g for 30 minutes at 4°C. The super- 
nates were then assayed for interferon and 
subjected to further studies as indicated in 
Table I. 

Virus. Sindbis virus (Egypt AR 339 strain) 
and Simliki Forest virus (obtained from Dr. 
Delphine Clark) were grown in 12-day-old 
chick embryos inoculated intravenously. , 

Interferon assay. Crust extracts were first 
tested for interferon in tube culture mono- 
layers of established human fetal lung cells 
and those which significantly protected cul- 
tures against Sindbis virus challenge were 
further studied by the plaque reduction 
technique. 

One ml of a 10% dilution of crust extract 
in growth medium was added to' one-day-old 
subcultures of human fetal lung cells in in- 
complete monolayers grown in screw cap cul- 
ture tubes. After 24 hours of stationary in- 
cubation at 37"C, the medium was aspirated 
and the cultures washed once with 4 ml of 
PBS. One milliliter of growth media con- 
taining 50,0010 TCID50 of Sindbis virus was 
then inoculated into each tube. After 24 
hours of incubation at  37°C the cytopathic 
effects in the extract-treated cultures were 
compared with virus controls. Significant pro- 
tection of cultures against virus multiplica- 
tion was considered to have occurred when 
there was less than an estimated 25% cyto- 
pathic effect (CPE) at a time when control 

cultures exhibited an estimate of more than 
75% CPE. 

A modification of the plaque reduction 
method described by Wagner (9) was em- 
ployed. Complete monolayers of established 
human fetal lung cells in 25 ml plastic flasks 
(Falcon Plastic) were treated for 20 hours 
with 2 ml of dilutions of crust extracts in 
growth medium. The cultures were then 
washed with PBS and challenged with ap- 
proximately 50 plaque-forming units ( PFU) 
of Sindbis virus. 

Interferon titers, expressed as units per 2 
ml were determined as reciprocals of the 
dilution of the extracts required to reduce 
the plaque counts to 50% of those of virus 
controls. 

ResuEts. The extracts from 4 dermal crusts 
from vaccinia virus vaccinations were assayed 
for interferon by the plaque reduction tech- 
nique as described in materials and methods. 
Extracts No. 1, 3, 4, and 5 had interferon 
titers of 20, 42, 40, and 35, respectively. 
Extract No. 2 contained no interferon. The 
plaques produced in the extract-treated cul- 
tures were reduced in size as well as in 
number when compared with virus controls, 
a phenomenon characteristic of interferon 
action ( lo). 

As controls for the vaccinia virus vaccina- 
tion dermal crust extracts, the crusts of 5 
traumatic skin lesions were obtained. Ex- 
tracts from these traumatic crusts were made 
and found to contain no, interferon. 

The nature of the virus inhibitory prop- 
erty in the crust extracts was studied (Table 
I). Treatment of extracts with crystalline 
trypsin, 0.1 mg/ml, a t  37°C for 1 hour 
destroyed the inhibitory property. Acidifica- 
tion at  pH 2 and restoration to pH 7.2 did 
not destroy the ability of the extracts to pro- 
tect cultures against Sindbis virus challenge, 
nor did high speed centrifugation remove the 
inhibitory substance. Strong evidence that 
the inhibitory property of these extracts is 
not due to virus is provided by the results 
of the procedures described in Table I as 
well as by failure to isolate a virus from any 
of the extracts in either the chorioallantoic 
membranes of embryonated chicken eggs or 
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in “L” cell cultures (derived from mouse 
fibroblasts), whereas vaccinia virus was 
readily isolated from the 5 nonacidified crusts 
in both of these host systems. The virus in- 
hibitor is not a nucleic acid, as indicated by 
the fact that it was unaffected by treatment 
with either desoxyribonuclease or ribonucle- 
ase. That the inhibitor in the extracts did 
not affect the virus directly was demons- 
strated by an experiment in which the ex- 
tracts were incubated with lo5 PFU of Sind- 
bis virus for 1 hour with no resultant de- 
crease in virus titer. Hence it is evident that 
these extracts exerted their protective effect 
by acting upon the cells rather than upon 
the virus. The specificity of the virus in- 
hibitor for cells of human origin was shown 
by the failure of the extracts to protect “L” 
cell cultures against challenge with Semliki 
Forest virus. These properties of the virus 
inhibitor are similar to those previously de- 
scribed for interferon ( 1 1 ) . 

Discussion and summary. The presence of 
interferon in dermal cells of vaccinia vaccina- 
tions of man is not unexpected since this sub- 
stance has been detected in a variety of host 
systems infected with vaccinia virus ( 1-4). 
Interferon in vaccination crusts could be 
either a nonfunctional response to vaccinia 
virus multiplication or could serve to sup- 
press virus multiplication until immune 
mechanisms are mobilized. Thus in man, as 
has been suggested in animal systems( 12), 
interferon may be associated with recovery 
from infection with vaccinia virus. 

The role of interferon in ameliorating the 
clinical course of smallpox is conjectural. 
However, several observations tend to sup- 
port such a relationship. First, it has been 
found that vaccination with vaccinia virus 
shortly after exposure to smallpox virus re- 
sults in a milder subsequent clinical course 
of smallpox ( 13 ) . These beneficial effects 
occur too soon after vaccination to be attrib- 
utable to antibody production and may be 
due to interferon. Secondly, although variola 
virus can be isolated from both the upper 
respiratory tract and dermal crusts of pa- 
tients with smallpox, it is believed that the 
respiratory tract virus produces the charac- 

teristic virulent disease, whereas it has been 
observed that dermal crust virus preparations 
produce a milder form of smallpox irrespec- 
tive of route of inoculation( 14). These facts 
can be reconciled if one postulates the pres- 
ence in dermal crusts of a factor other than 
virus which has virus inhibitory properties 
such as interferon, although the possibility 
does exist that such a factor may also be 
present in respiratory droplets. That occa- 
sional fatal cases of variolation smallpox 
occur may be due to the absence of interferon 
in a small percentage of crusts as was found 
in the present investigation with vaccinia 
dermal crusts. An alternative explanation for 
the relatively mild clinical course of variola- 
tion smallpox is that the variola virus be- 
comes modified during its dermal passage 
( 15). However, no differences between 
viruses derived from respiratory and dermal 
cells have been demonstrated. 

Finally, special attention should be given 
to the experiments reported by Isaacs et al 
(1 6) who showed that the vaccinia vaccina- 
tion reaction can be completely suppressed 
in man by prior subcutaneous administration 
of interferon. The close antigenic and struc- 
tural relationships between variola and vac- 
cinia viruses make it probable that virus- 
interferon relationships are also similar al- 
though it  has been shown that virulent 
strains of a given virus type often induce 
less interferon( 17,18). If interferon is pres- 
ent in variola dermal crusts as it is in vac- 
cinia crusts, then the inoculation of inter- 
feron together with variola virus in variola- 
tion could similarly ’ temporarily suppress 
virus multiplication, permit host defense 
mechanisms to mobilize and result in a rela- 
tively benign clinical course of smallpox. 

The technical assistance of Mrs. Juanita. Ruffier is 
gratefully acknowledged. The author wishes t o  thank 
Dr. William Staples for cooperation in ob’hining 
the dermal crusts employed in these experiments. 
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Compartments of Chicks Fed Different Fatty Acids. (29660) 
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Numerous studies have been concerned 
with the influence of dietary lipids on serum 
cholesterol levels in man and other animals 
( 1-7). Most of these studies have indicated 
that the hypocholesterolemic effect of certain 
dietary fats is related to their unsaturated 
fatty acid content. However, other reports 
have shown that unsaturation per se cannot 
account for the hypocholesterolemic effect of 
dietary lipids. Hegsted et aZ(8) have shown 
serum cholesterol levels to be positively cor- 
related to the intake of unessential polyun- 
saturated and monounsaturated fatty acids in 
cholesterol-fed rats. Also, recent reports have 
shown medium chain triglycerides (a liquid 
fat  composed of C8 and Clo triglycerides 
having an iodine number of 0.2) to be hypo- 
cholesterolemic (9-10). 

In a previous report(l l) ,  it was shown 
that dietary fats can influence the distribut- 
tion of cholesterol between serum and liver. 
This effect of dietary fat was attributed to 
its fatty acid composition, The data pre- 
sented here support this conclusion in chicks 
fed free fatty acids. 

Materials and methods.  Male Hy-line 
White Leghorn chicks were fed a commercial 
diet for 10 days. Ten chicks were then as- 
signed to each of various experimental groups 
on the basis of body weight in such a manner 
as to have similar initial mean weights (105- 

108 g )  , The chicks were reared in heated 
cages having raised wire floors. Food and 
water were supplied ad Eibitum. Food con- 
sumption and body weights were determined 
at weekly intervals throughout the 3-week 
experimental period. 

The basal diet employed had the following 
composition in g/lOO g of diet: Assay pro- 
tein C- 1 ,* 29.4 ; glycine, 0.4 ; DL-methionine, 
0.3; salt mix,t 5.31; vitamin mix,t 4.0; 
glucose to 10101. Fatty acids and cholesterol 
were added at  a level of 10% and 2% of 
the diet, respectively, as indicated in the 
Tables. All additions to the basal diet were 
made at  the expense of glucose. The purity 
of the fatty acids used was determined by 
gas chromatography. The stearic acid used 
was essentially pure, the oleic and lineoleic 
acids were 68 and 77% pure, respectively. 

At  termination of the experimental period, 
the chicks were bled by cardiac puncture, 
then sacrificed by cervical fracture. The 
livers were excised, blotted to remove excess 
blood, weighed, frozen and stored at -2OOC 
until analyzed. Plasma cholesterol and lipid 
phosphorus were determined as previously 
described( 13). Liver fat and cholesterol were 
determined as described earlier ( 1 1 ) . 

* Archer-Daniels Corp., Midland, Mich. 
t See Leveille et al.( 12). 


