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be * I hl8 i y WaS t0 eXtend tht sPe{,truin of vaccines which are known to 
be interferon inducers in man. Five subjects, two of whom had low or undetectable po¬ 

lio type 2 neutralizing antibody levels were given the standard type 2 vaccine by 

mouth. Even though the two individuals with low initial titers experienced a fourfold 

neifr^th neUCra“zin8 a"tibody rise and one of them shed the virus in his stool, 
neither tbey nor the remaining three volunteers developed detectable levels of inter¬ 

feron in their sera. Fifteen subjects were given approximately 107*5 TCIDso of in¬ 
fluenza A/England/42/72 by nasal drops. Specimens consisting of sera and nasal wash- 

infi^Úni M mí C.l0Se]y timci intervals for 23 days, starting with day 3 follow¬ 
ing immunization. The interferon response occurred in 33.3% of the subjects with four- 

o or greater HI antibody response. No interferon was detected in nasal washings. 

It is concluded that polio is not an active interferon inducer in man. Live attenuated! 

influenza vaccine does produce an interferon response in subjects with initial low 

îiter!*„ ThiS !atter findlng als0 su88*sts that the attenuation of the 
vaccine strain is not due to its ability to produce interferon. 

An additional aspect of this study included evaluation of the possible induction of 

bV viral Tha result, indicate that noninfecîed nie" 
appear to possess an antagonist of interferon action in their sera and tissue ex- 

Ff DerÍnS xnfacti°n with coxsackie B3 when interferon is stimulated, the antago- 
ist effect appears to be no higher than in normal mice, and its effect is blunted by 

tlv presence of the induced interferon in the samples being assayed for antagonist. ' 
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INDUCTION OF INTERFERON IN MAN BY VACCINES 

D D C 

SEP 9 H74 ft yi r¿WE 
D 

Several vaccines have been reported in the literature as ha ing the po¬ 

tential of interferon induction (1-4). In view of the fact that no othet safe 

and effective interferon inducers are currently available, these vaccines re¬ 

main the only readily available agent» which could be employed foe possible 

prophylactic or therapeutic interferon induction in man. The purpose of this 

study was to attempt to extend the spectrum of vaccines with known interferon 

Inducing potential. Two vaccines were evaluated. One was a commercially 

available live, oral poliomyelitis vaccine, type 2, and the other a new live, 
attenuated Influenza A/England/42/72 (H3n2) vaccine which is currently under¬ 
going field trials. 

Respiratory viral infections constitute a major health problem in military 

recruits (5). The spectrum of the currently available vaccines effective 

against respiratory infections is narrow. Particularly Insofar as rhinoviral 

infections are concerned, the prospects for the development of effective 

specific vaccines are bleak owing to the great number of viral serotypes. In 

view of this. Interferon is potentially of great importance because of its 

broad spectrum of activity and its demonstrated efficacy in respiratory in¬ 
fections. 

Respiratory viral infections occur in the military recruits newly arrived 

in training camps in a very predictable mormer, with the highest incidence 

occurring during the first four weeks of trainin¡; (6). This is also the time 

when recruits receive most of their immunizations; however, the schedule of 

these is, of course, not based on the consideration of their possible inter¬ 

feron inducing potential. It was our hope that once the vaccines capable of 

interferon induction were identified, they could be administered to the re¬ 

cruits on a schedule (perhaps at weekly intervals) which could result in sus¬ 

tained interferonemia and hopefully, protection against respiratory infections. 

Materials and Methods. Poliomyelitis Vaccine. Poliovirus vaccine, live, 

oral, type 2, Sabin strain, Wyeth, Lot No. 17702 was given by mouth in a dose 

of approximately 10^*7 TCID50. The type 2 vaccine was chosen because of the 

three monovalent types available, it has been associated with the fewest com¬ 

plications (product information, Wyeth). Blood samples were obtained on days 

0, 2,5,10,1^20, and 25 from five volunteers. Rectal swabs were also obtained 

on day 5, as in previous studies this had been determined to be the time of 

maximal fecal excretion. Neutrrlizing antibody titers were performed in the 

standard manner employing 100 TCID50 of the type 2 vaccine strain of poliovirus. 
Serial serum dilutions in 27, E-MEM were incubated with the viral inoculum for 
one hour at room temperature and then 0.2 ml of the mixture was added to WI-38 

tubes (Microbiological Associates [MBA] , Bethesda, Md.). The end point was 

taken as the highest dilution giving 507. suppression of the CPE. Viral iso¬ 

lation was carried out in both primary rhesus monkey kidney cells and in WI-3Í 

cells (M3A). 
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Influenza Vaccine. "Alice strain" of A/F.ngland/42/72 (H3N2) vaccine 
(Smith Kline and French Co., Philadelphia, Pa.) was givtn it; a dose of appro¬ 
ximately 107»5 TCID50 by nasal drops on day 0 and 14 of the study. Blood was 
obtained for interferon and HI antibody determinations on days 0, 3, 7, 16, 
23 and 30. Nasal washes were obtained on the same days utilizing Ringer's 
lactate solution. Viral isolation was performed on nasal washings in primary 
rhesus monkey kidney tubes (MBA) which were incubated on a roller drum at 33°C 
and 12 rev/hour. Hemadsorption was performed with 0.57, guinea pig erythro¬ 
cytes following incubation for 7 and 14 days and after one blind passage. 
Hemagglutination inhibition antibody titers were done according to standard 
techniques, employing four hemagglutinating units of influenza A/England/42/72 
(H3N2) (Smith Kline and French). All sera were treated with receptor destroy¬ 
ing enzyme (RDE) of Vibrio cholerae (MBA). Following overnight incubation at 
37°C, RDE and complement were inactivated by 2.57. sodium citrate and heating at 
56°C for 30 minutes. Microtiter "U"-plates were used in the procedure (MBA). 

Interferon Titration. Petri dishes (60 x 15 mm) (Falcon Plastics) were 
seeded with 2 x 10& human foreskin fibroblasts per plate. They were then in¬ 
cubated at 37°C in an atmosphere of about 5% CO2 for two to four days until 
completely sheeted out. The growth medium was removed and the monolayers 
washed one time with phosphate buffered saline (PBS). Twofold dilutions 
(1:10 to 1:10,240) of the samples assayed for interferon were made in main¬ 
tenance media (E-MEM with TL FCS, 100 units of penicillin-G, and 10 meg of 
gentamicin/ml). Two ml of each dilution was added in duplicate, and the plates 
were then incubated for 6 hr at 37°C and 57, C02. Afterwards, the samples were 
aspirated and the monolayers washed two times with PBS. Vesicular stomatitis 
virus (VSV-Indiana Strain), appropriately diluted te g .ve 100 PFU per plate, 
was added in a volume of 0.2 ml to each pinte. After 30 minutes incubation at 
37°C, the cell sheet was overlayed with 5 ml of nutrient agar. This is pre¬ 
pared in the following ratios per 100 ml of final solution: 50 ml of 27, Ion- 
agar (Oxoid Division, Consolidated Laboratories, Chicago Heights, Ill.), 50 ml 
of 2 x 199 containing 4 ml MEM (50X) amino acids, 2 ml (LO0X> vitamins. Twenty- 
four hours later, a second agar overlay was added, this time containing neutral 
red in a final concentration of 0.0057.. After an additional 24 hr of incuba¬ 
tion, the plaques were counted. The interferon titer (in "units") was ex¬ 
pressed as the reciprocal of the highest dilution suppressing plaque formation 
by 507. as compared to virus controls. Employing this assay system, British 
human research interferon standard A 69/19 was found to have a titer of 5990 
units. 

Results. Results of the attempted induction of interferon with the polio 
vaccine are summarized in Table 1. Even though one subject had undetectable 
neutralizing antibody titer and experienced a very satisfactory rise in neu¬ 
tralizing antibodies, and another subject who had been immunized ten years 
previously also exhibited a significant antibody rise, neither they nor any 
of the other volunteers showed interferon response. The sera were obtained on 
numerous occasions following attempted induction. The times were chosen based 
on the reports in the Russian literature on interferon induction following oral 
poliovirus vaccine (7). 
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With the live attenuated influenza virus vaccine, interferon was detected 

in three of 15 volunteers (20%); all three of these exhibited a fourfold HI 

antibody response (Table 2). The overall interferon response in the nine 

subjects who showed an equal to or greater than fourfold rise in HI antibodies 

was 33.3%. No interferon was detected, however, in the sera or the nasal 

washings of a subject (B.T.) who had shed the virus 3 days following th< first 

dose of the vaccine, nor in another subject (L.A.) from whom virus was also re 

covered. No interferon was detected in the nasal washings of any of the other 

subjects in the study, nor in the sera of subjects other than those alluded to 
above. 

Discussion. Interferon induction has been reported following administra¬ 

tion of a number of currently available vaccines (1-5, 7, 8). These are sum¬ 

marized in Table 3. In general, most of the vaccines which have been found to 

be good interferon inducers have been comprised of myxoviruses or paramyxo¬ 

viruses such as measles, mumps and rubella. It is well recognized that inter¬ 

feron response is more marked following induction by myxo than many other 

viruses(9). For example, in our previous studies, NDV produced high interferon 

serum titers in mice, whereas coxsackievirus B3 infection was associated with 
but a meager interferon response (10). It is thus perhaps not surprising that 

in this study, interferon was detected in 33.3% of subjects who developed a 

significant HI antibody response following intranasal administration of live 

attenuated influenza A/England/42/72 (H3N2) vaccine, but in none of the subjects 

following poliovirus administration. The latter finding is at variance with 

reports in the Russian literature where interferon response had been reported 

following both polio type 2 and "live enteroviral vaccines" comprising KCHO 

viruses (7, 8). The explanation for this is not readily apparent, but is un¬ 

likely to be due to the insensitivity of our interferon assay system because 

the British human interferon standard 69/19 which contains approximately 5000 
units was found to have 5990 units by our assay. 

The interferon response following immunization with our strain of in¬ 

fluenza virus occurred in fewer subjects, and the levels were lower than in a 

study reported by Jao, et al. in which Bethesda 10/63 strain of influenza A2 
was employed (11). Their strain, however, was less attenuated than ours. In 

a recent report by Murphy et al. where interferon response was studied follow¬ 

ing administration of two influenza virus strains, one a wild type influenza/ 

A/Bethesda/1968 (H3N2) and the other, a temperature*sensitive recombinant 

virus, influenza A (H3N2)-ts-l-[E], a consistently lower and less prolonged 

interferon response was found with the attenuated strain (12). Interferon was 

detected in 47% of the subjects infected with the latter strain, which is not 

significantly different from our figure of 33.3%. The peak of interferonemia 

occurred on day 2 with the attenuated, and day 3 with the wild strain. We 

have not commenced our sampling until day 3 following immunization (based on 

the previously reported results of Jao, et al. (11) who found maximal inter¬ 

feron response on day 4), and thus, we may have missed the time of peak 

response. Our data also suggests that the attenuation of the vaccine employed 

in this study was not due to its high interferon-inducing potential. 



4 

What then are the prospects for the possible use of vaccines as interferon 

inducers in man? Their role will probably be quite limited since the interferon 

response decreases following their repeat administration. Some vaccines (in¬ 

fluenza A2) appear to lose their interferon-inducing potential with attenuation. 
Enteroviral vaccines (polio) do not appear to be good interferon inducers, 

which correlates with the poor interferon response elicited by this group of 

viruses in experimental infections in mice. Finally, vaccines containing bac¬ 

terial antigens do not seem to induce interferon in man, even though various 

bacteria, and their products, are capable of interferon induction in experi¬ 

mental animals when given in doses disproportionately larger than those which 
could be safely given in man (13). 

Summary. The purpose of this study was to extend the spectrum of vaccines 

which are known to induce interferon in man. The vaccines selected for this 

study were the commercially available live attenuated poliomyelitis vaccine 

type 2 and a new live attenuated influenza A/England/42/72 (H3N2) vaccine. It 

was hoped that if these vaccines had proven themselves to be active in inter¬ 

feron induction, they could be employed as nonspecific inducers of interferon 

(along with the other vaccines known to be good interferon inducers). Five 

subjects, two of whom had low or undetectable polio type 2 neutralizing anti¬ 
body levels were given the standard type 2 vaccine by mouth. Even though the 

two individuals with low initial titer levels experienced a fourfold or greater 

neutralizing antibody rise and one of them shed the virus in his stool, neither 

they nor the remaining three volunteers developed detectable levels of inter¬ 

feron in their sera obtained at very closely spaced intervals from day 0 to _ 
day 25 following immunization. Fifteen subjects were given approximately 107*5 
TCID50 of influenza A/England/42/72 (H3N2) by nasal drops. Specimens consisting 

of sera and nasal washings were obtained at closely timed intervals for 23 days° 

starting with day 3 following immunization. Three of the 15 subjects (207.) de¬ 

veloped detectable serum interferon levels. All three of these subjects had a 

fourfold or greater HI antibody response. Interferon could be detected in 

33.37. of the subjects in the study who had fourfold or greater HI antibody 

rises. No interferon was detected in nasal washings, however, It is concluded 

that poliomyelitis is not an interferon inducer in man. Live attenuated in¬ 

fluenza vaccine does produce an interferon response in subjects with low initial 

serum antibody titers. This response is at best moderate. This latter finding 

also suggests that the attenuation of the strain of influenza vaccine is not 
due to interferon inducing potential. 
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Table 1. Induction of Interferon in Man by Live Poliovirus Type 2 Vaccina* 

Previous Polio Neutralizing Interferon 

No. Subject Vaccine History Antibody Responset Responsei 

Day Titer 

1 

2 

3 

4 

5 

R. M. Live, trivalent 0 

1 yr prior 25 

D.D. Live, trivalent 0 

10 yrs prior 25 

M.N. Live, trivalent 0 

7 yrs prior 25 

D.D.** Never received 0 

oral 25 

S. R. Unknown 0 

25 

48 

32 

12 
>256 

32 

26 

<4 

256 

54 

44 

None 

None 

None 

None 

None 

♦Given by mouth in dose of approximately 10^*7 TCID50 on day 0 (polio 
vaccine monovalent, type 2, Sabin strain, Wyeth, Lot. No.17702). 

tAgainst 100 TCID50 of homologous strain, in WI-38 cells. 

♦Tested on days 0, 2, 5, 10, 15, 20 and 25. 

**Virus recovered from rectal swab on day 5. 



1 B.T.** 0 

31 

2 D.W. 0 

30 

3 D.B. 0 

30 

4 C.S. 0 
30 

5 L.A.** 0 

30 

6 L.L. 0 

30 

7 H.M. 0 

30 

8 P.J. 0 

30 

9 P.C. 0 
30 

10 H.P. 0 

30 

11 T.M. 0 

30 

12 D.D. 0 

30 

13 B.D. 0 
30 

14 K.G. 0 

30 

15 P.G. 0 

30 

8 None None 
32 

16 None None 

16 

<8 2 u. None 

16 day 3 

256 None None 
128 

< 8 None None 

16 

8 None None 

128 

8 None None 

16 

8 None None 

8 
<8 4 u. None 

32 day 3 

32 None None 

32 

<8 2 u. None 

16 day 3 

64 None None 
64 

8 None None 
32 

8 None None 
32 

< 8 None None 
16 

7 5 
♦Given intranasally by drops in dose of approximately 10 TCIDcq on day 

0 and 14 (Influenza A/England/42/72, Alice Strain, Smith Kline 3 
and French). 

tAgainst 4 hemagglutinating units of homologous strain. 

^Tested on days 3, 7, 16 and 23. No response unless otherwise 
stated. 

♦♦Virus recovered in nasal wash on day 3 and 16 respectively. 



Table 3. Interferon Inducing Potential of Various Vaccines in Man 

Interferon Induction 

Vaccine Systemic Local Reference 

Vaccinia ND + (dermal crusts) 

Yellow fever (17-D) + (serum) N.D. 

Measles 

Measles 

+ (serum) N.D. 

+ (serum) 

(urine) 

N.D. 

Live enteroviral 

vaccines 

Polio 

+ (serum) N.D. 

+ (serum) n.D. 

Mumps + (serum) + (nasal wash) 

Influenza Aq, and B + (serum) + (nasal wash) 

Influenza A2 + (serum) + (nasal wash) 

Influenza A<, 

Mixed bacterial 

vaccine 

+ (serum) + (nasal wash) 

N.D. 

Wheelock, Proc. Soc. Exp. 

Biol. Med. 117:650, 1964. 

Wheelock & Sibley, New Eng. 

J. Med. 273:194, 1965. 

Petralli, et al., New Eng. J. 

Med. 273:198, 1965. 

Desmyter, et al., J. Immunol. 

99:771, 1967. 

Voroshilova, PAHO Scientific 

Publ. #226, p. 133, 1970. 

Smorodinstsev, et al., Ann 

N.Y. Acad. Sei. 173:811, 1970 

Ibid. 

Ibid. 

Jao, et al., J. Infect. Pis. 

121:419, 1970. 

Murphy, et al., J. Infect. 

Pis. 128:988, 1973. 

Rytel, et al., Amer. J. Epldem 

99:347, 1974. 



STUDIES OF INTERFERON ANTAGONIST(S) 

An additional aspect of this study included evaluation of the possible 

induction of interferon antagonists by viral agents. The rationale for this 

was to assess whether some of the vaccines given to naval recruits could lead 

to release of interferon antagonists which might impair the interferon ac¬ 

tivity induced by other vaccines or in response to the naturally acquired 

respiratory viral infections. 

Certain viruses, such as Newcastle disease virus (NDV) are excellent 

interferon inducers in mice; others like coxsackie B3 produce a more meager 
response in the same animal species (6). It is noteworthy that NDV appears 

to be avirulent in mice (5), whereas coxsackieviruses B produce a severe in¬ 

fection associated with cytolysis (6). A number of viral infections are known 

to be accompanied by release of factors which inhibit interferon activity. 

These have been referred to as "stimulons" (1), "enhancers" (4) and "anti¬ 

interferons" (3). The last one of these appears to be of particular interest 

because it was isolated from Hela cells infected with the Mahoney strain of 

poliovirus, a poor inducer of interferon, whereas a mutant ML/15 derived from 

the same polio strain was a good interferon inducer and produced no "anti¬ 
interferon". Vilcek suggested that this dichotomy of effects could be due to 

the fact that the Mahoney strain produced enough anti-interferon to mask the 

presence of interferon, if any had been induced (9). 

The purpose of this study was to determine whether the generally low 

interferon titers found in sera and organ extracts of coxsackie B3 infected 
mice could be due to release during cytolysis of an interferon antagonist. ^ 

Adult, random-bred Swiss mice were used. They were infected with 104 to 10 
TCID50 of coxsackie B3 (Nancy strain) given intraperitoneally. Mice were 

sacrificed on day 2 and 5. Organ extracts were obtained either by the method 

of Fournier, et al. (2) or as supernates of homogenates of 50% weight by volume 

suspensions of organs in E-BME MM (Microbiological Associates, Bethesda, Mary¬ 

land). Suspensions were clarified by centrifugation at 10,000 RPM's on a 

Sorvall RC-2 centrifuge with SM-889 head. Virus was inactivated by ultraviolet 

irradiation in samples studied for antagonist employing a GE germicidal lamp 

(G8 T5) at a distance of 7 inches for 15 minutes. Samples assayed for antago¬ 

nist were added to L-929 monolayers in petri plates (Falcon Plastics) 4 hours 

after pretreatment with NDV-induced mouse (L-929) interferon, at which time 

antiviral effect of interferon had been fully established. Following an 

additional 18 hour incubation, monolayers were washed with phosphate buffered 

saline (PBS) and challenged with 100 PFU or vesicular stomatitis virus (VSV- 

Indiana strain). Monolayers were overlaid with 5 ml of enriched agar, reincu¬ 

bated for A8 hours, stained directly with 0.02% neutral red and the plaques 
counted. The method for assaying for antagonist activity was similar to that 

employed by Sheaff and Stewart in their studies of an interferon antagonist 

obtained in a hamster cell line (BIIK-21) infected with sindbis virus (7). 



It was ^ound that an antagonist was detectable In spleen extract (obtained 

by either method) and sera of normal mice. Spleen extracts from Infected mice 

also contained an antagonist provided they were free of Interferon activity* 

No antagonist was present, however, in sf»ra from Infected mice which contained 

measurable amounts of interferon. Results from representative experiments are 

depleted in Table 1. It will be seen that there was an inverse relationship 

between the interferon activity ("percent reduction in V"V plaque number") and 
the effect of the antagonist. 

We conclude that because normal mouse tissues and sera contain an interferon 

antagonist, the low interferon levels observed in coxsackie B3 infected mice can* 
not be accounted for simply by the induction of an antagonist during the infectious 

process* The antagonist found in the normal mouse sera and tissue extracts could 

be similar to the "tissue antagonist of interferon" described by Fournier, et al. 

in extracts of human chorionic or amniotlc membranes (2) or to the antagonist 
reported in normal fetal calf serum by Vilcek and Lowy (8). 
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Table 1. Reversal of Interferon Effect 

by Mouse Spleen Extracts and Sera 

Treatment 

Interferon* + Antagonistf 

Percent Plaque Reduction from VSV 

Control Plaque Number 

Exp. 1 Exp. 2 Exp. 3 Exp. A 

Interferon + None 

Interferon + Infected Spleen* 

Extract 

50.0 70.2 93.A 

19.2 49.6 76.6 

93.8 

N.D.** 

Interferon + 

Interferon + 

Interferon + 

Normal Spleen 

Extract 

Infected Scrum 
Pool 

Normal Serum 
Pool 

20.5 44.0 

56.2 64.9 

9.4 47.4 

N.D.** 81.5 

90.6 N.D.** 

N.D.** 51.0 

★Mouse Interferon Induced ln L-929 cells by NDV was added to L-929 
plates 4 hours before antagonist. Plates were then Incubated for 18 

hours and challenged with VSV (Indiana Strain) approximately 100 PFU. 

tPooled preparations from 5 mice. 

*507. w/v suspension made in BME MM; clarified by centrifugation 10,000 

RFM/20 min.; UV irradiated (as was infected serum) 7" distance/15 min. 

**Not done 


