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Patients given daily injections of typhoid vaccine rapidly become tolerant 
to its pyrogenic effect unless increasing amounts are used (1, 2). Beeson (3) 
has shown that rabbits given daily injections of a bacterial pyrogen acquire 
tolerance to its fever-producing effect and that animals tolerant to the pyrogen 
of one bacterial species are also insensitive to those of other organisms. These 
findings have been confirmed (4, 5) and this cross-tolerance has been demon- 
strated in human subjects (6). Tolerance is of short duration, being lost in 3 
weeks when daily injections are stopped. I t  is unrelated to specific antibody 
formation (3, 5), but can be abolished by blockade of the reticulo-endothelial 
system with dyes or thorotrast (7). This acquired resistance to bacterial prod- 
ucts is not complete; animals continue to respond with low fevers of short 
duration and this minimal response remains though daily injections be con- 
tinued for as long as 6 weeks. 

In the preceding report (8) of fever production in rabbits with single inje c - 
tions of the viruses of influenza and Newcastle disease (NDV), differences were 
pointed out between viral fever and that caused by bacterial pyrogens. There 
is a longer lag period between injection and temperature rise with viruses and 
the ability of viruses to cause fever is abolished by specific immune serum. The 
fever-producing capacity of these viruses is destroyed at temperatures which 
leave bacterial pyrogens unaffected. Studies with heated virus indicated that 
the ability to produce fever is closely related to the capacity to cause hemag- 
glutination. 

Administration of influenzal vaccines to mice not only protects them against 
infection with homologous strains, but also renders them insusceptible to the 
so called toxic effect of intravenously injected virus (9). Presumably, this re- 
sistance to the toxic effect is due to specific antibody. In the present study, it 
is shown that rabbits become tolerant to the pyrogenic and lymphopenic effects 
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of influenza viruses, and evidence is presented that  this phenomenon is un- 
related to ant ibody formation. 

Materials and Methods 

Preparation of viruses, hemagglutinin determinations, and leucocyte counts were per- 
formed as outlined in the preceding paper. The method of recording temperatures has been 
described. 

Anlibody Tilratio~.--The level of serum antibody was determined by inhibition of virus 
hemagglutination. Serum was heated at 56°C. for 30 minutes and added to a series of tubes 
as follows: 0.5 ml. of a 1:10 dilution to the first tube, and 0.5 ml. of a 1:20 dilution to the 
remaining tubes. After the addition of 0.5 ml. of virus suspension to the first tube, serial 
twofold dilutions were made, the last 0.5 ml. being discarded. Five-tenths ml. of a 0.25 per 
cent suspension of washed chicken erythrocytes was then added and the tests were read 
after 90 minutes at room temperature. 

Typhoid Vacdne.--The typhoid vaccine employed in certain experiments contained 
2.0 billion heat-killed Salmonella typhosa organisms per ml.; no perservative was added. 

]EXPERIMENTAL RESULTS 

Effect of Homologous Virus on the 2nd Day.--Animals which had received 
1.0 ml. of an allantoic fluid suspension of PR8 virus on the 1st day  with attend- 
ant  febrile response were found to show no elevation of temperature after a 
repeated injection of this virus on the 2nd day. 

Tea animals were given aUantoic fluid containing PR8 virus (hemagglutinin titer 1 : 1024) 
in 1.0 ml. amounts intravenously. They responded with typical fevers. On the following 
day, they received 1.0 ml. of the same virus suspension and all 10 animals remained afebrile 
throughout the 6 hour observation period. This experiment was repeated twice with the 
same results. 

Similar 2nd day tolerance to the pyrogenic effect of Lee virus was found. 
Mte r  an injection of 1.0 ml. of an allantoic fluid suspension of this virus (hemag- 
glutinin titer 1:1024) on the 1st day, animals showed slight fever when chap 
lenged on day 2. However, when the initial injection was increased to 5.0 ml. 
of the virus suspension, all animals were completely tolerant to the pyrogenic 
effect of 1.0 ml. or 5.0 ml. of homologous virus on the 2nd day. Fig. 1 compares 
the temperature records of a group of 6 animals given 1.0 rrd. of Lee virus on 
day 1 followed by 1.0 ml. of the same virus on day 2 and a group given an 
initial injection of 5.0 ml. of virus and challenged with 1.0 ml. or 5.0 ml. on 
the following day. 

Because of the long duration of the fever following a single injection of N D V  
(which often lasted 48 hours) and because of the severity of the injury pro- 
duced by  this strain,, it was never possible to demonstrate complete tolerance 
to its effect. Several experiments indicated, however, that  animals rapidly 
became less responsive to repeated injections. Fig. 2 illustrates two of these 
experiments in which groups of animals given 4.0 ml. or 8.0 ml. of an allan- 
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toic fluid suspension of this  v i rus  (hemagglu t in in  t i ter  1:1024) da i ly  showed 

decreasing febrile responses wi th  each successive inject ion.  
Duration of the Tolerance and Its Relation to Specific Antibody Formation.- 

T h e  following exper iment  was designed to de te rmine  the  du ra t ion  of this period 

of tolerance to the  fever-producing effect of inf luenza virus.  
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Fig. 1. Fever curves of animals given Lee virus in allantoic fluid (hemagglutinin titer 
1:1024) on 2 successive days. The initial injection of 1.0 ml. of virus conferred partial pro- 
tection on animals against a similar dose on the following day. With an initial injection of 
5.0 ml., however, animals were completely tolerant when challenged on the 2rid day with 1.0 
or 5.0 ml. of virus. 

Nine animals were given 1.0 ml. of PR8 virus in allantoic fluid (hemagglutinin titer 1:1024) 
and were reinjected in groups of three with the same material on the 4th, 7th, and 11th ex- 
perimental days. There was slight fever on the 4th day, a greater one on the 7th day, and by 
the 11th day, the temperature responses were of nearly the same magnitude as at the initial 
injection. Comparison of the temperature responses of these animals with those of other 
groups given virus on days 1 and 2 was presented graphically in a previous report (10). Anti- 
body titrations were performed on each of these 9 animals. Blood was obtained by cardiac 
puncture just prior to the initial injection of virus and again before the injection of virus 
on the 4th, 7th, and 11th days. These paired specimens were titrated simultaneously and 
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Fig. 2. Temperature records of two groups of animals given repeated injections of an al- 

]antoic fluid suspension of Newcastle disease virus (hemagglutinin titer 1:1024). Note the 
decrease in febrile response with successive injections. 

TABLE I 

Antibody "liters of Animals Given a Single Injection of PR8 in Allantoic fluld 

Day 4 

Day 7 

Day 11 

Inhibition titer 
Animal Preiniection* Postiniection* Tube difference of undiluted 

s e r u n l  

1:256 
1:32 
1:128 

1:128 
1:128 
1:128 

1:256 
1:512 
1:256 

1:32 
1:4 
1:16 

1:2 
< 1:2 
< 1 : 2  

1:8 
1:8 
1:4 

1:160 
1:160 
1:160 

1:1280 
1:2560 
1:2560 

1:640 
1:1280 
1:1280 

* 1:20 dilution of serum titered against falling twofold dilutions of virus. 
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differences in hemagglutination inhibition recorded. The fiters of the individual animals at 
each interval varied no more than one tube; results are presented in Table I. The levels of 
circulating antibody gradually rose over the 11 day period during which tolerance to the 
febrile reaction was progressively lost. 
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Fio. 3. Temperature curves of two groups of animals after 1.0 ml. of PR8 virus on the 

second experimental day. Animals given 0.05 ml. of PR8 virus in allantoic fluid (hemag. 
giutinin titer 1:1024) on the 1st day were tolerant to the fever-producing effect of the second 
injection. The group given only 0.025 ml. on the 1st day, however, were not protected against 
the 2nd day challenge. 

This  indicates tha t  the 2nd day  tolerance is not  a result  of the neutraIizing 
effect of circulating ant ibody.  In  spite of the re la t ively  high ant ihemagglut inin 
t i ters shown by  the 11 day  animals,  they exhibited l i t t le tolerance. 

Minimal Protective Dose of Virus on Initial Injection.--In an a t t e mp t  to de- 
termine the minimum amount  of virus which on initial injection would protect  
against  the pyrogenic effect of 1.0 ml. of an allantoic fluid suspension of PR8 
virus on the 2rid day,  a series of experiments was performed in which decreasing 
doses of virus were given initially. 

A suspension of PR8 virus in allantoic fluid with a hemagglutinin titer of 1:1024 was.used. 
Five animals were given 0.05 ml. of this suspension intravenously and 5 others received 0.025 
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ml. Both groups responded with fevers to this initial injection, the temperature curves differing 
little in extent. When 1.0 ml. of the virus suspension was given on the 2nd experimental day, 
their responses contrasted sharply. The animals injected initially with 0.05 ml. showed com- 
plete tolerance to the pyrogenic effect of the challenge dose while all the animals in the group 
which had received only 0.025 ml. initially had fever after the challenge injection. Fig. 3 shows 
the temperature curves of these two groups after the 2nd day injection of virus. 
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FIO. 4. Changes in circulating lymphocytes of animals given 1.0 ml. of PR8 virus in allantoie 
fluid (hemagglutinin titer 1:1024) on the first experimental day and then reinjected on the 
2nd, 4th, 7th, or llth day. Note the relative unresponsiveness to the virus on the 2nd day 
followed by progressive return of lymphopenie responses toward ist day levels during the 
next 10 days. 

Effect of Repeated Injection of Homologous Virus on Circulating Lympho. 
cytes.--Hourly total and differential leucocyte counts were performed on several 
groups of animals following initial injection of PR8 virus and after a challenge 
dose on the 2nd, 4th, 7th, and l l t h  days. Typical lymphopenia (11) occurred 
on the 1st day, but  on the 2nd day, no significant decrease in lymphocytes was 
found. 

Animals reinjected on day 4 showed mild lymphopenia and by  the l l t h  day, 
as with the fever, this response approached that  seen on the 1st day. Fig. 4 
shows the effect on circulating lymphocytes of repeated injections of PR8 virus. 

Effect of Heterologaus Virus on the 2nd Day.--Immunity to infection with 
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influenza viruses can be correlated with serum antibody levels. This immunity 
is specific. Although some cross-protection exists within the A and B groups 
(12), antibodies for influenza A confer no protection against B strains and vice 
?)srsa. 
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Fzc. 5. Temperature records demonstrating the effect of initial injections of PR8 or Lee 
virus in allantoic fluid upon fever production by heterologous virus on the second experimental 
day. Animals given PR8 virus on day 1 were tolerant to Newcastle disease virus, but  had 
fever when given Lee virus. Injection of Lee virus on the 1st day protected animals against 
the pyrogenic effect of both PR8 and Newcastle disease virus on the 2nd day. All virus sus- 
pensions used in these experiments had hemagglutinin titers of 1:1024. 

Animals given initial injections of 1.0 ml. of allantoic fluid containing PR8 
virus responded with fever to an injection of Lee virus on the 2nd day. How- 
ever, the injection of NDV on day 2 after PR8 virus on day 1 produced no 
febrile response. Rabbits given 1.0 ml. of Lee virus in allantoic fluid on the 1st 
day had no fever when challenged with either PR8 or NDV on the 2nd day. 
Fig. 5 shows the temperature curves of groups of animals challenged with 
heterologous viruses after initial injections of PR8 or Lee viruses. 

I t  was never possible to demonstrate any protective effect of initial injection 
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FIG. 6. Temperature responses of rabbits to injections of PR8 or Lee virus after prior 

administration of varying amounts of Newcastle disease virus. I t  was not possible to demon- 
strate a protective effect of Newcastle disease virus against fever production by influenza 
viruses. 

TABLE I I  

Summary o/Results of Experiments with Heterologous Virus on the 2nd Day 

Inital injection 

NDV 
PR8 
Lee 

NDV 
+ 
+ 
+ 

Challenge injection 

PR8 

+ 
+ 

Lee 

+ 

-}- indicates protection against pyrogenic effect of challenge injection. 
--  no protection. 

of allantoic fluid suspensions of NDV against the pyrogenic effect of either 
Lee or PR8 viruses (Fig. 6). 

Table II  summarizes the results of experiments with heterologous viruses. 
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I t  can be seen that the viruses tested fall into a definite order of protective ef- 
fect: NDV, PR8, and Lee. 

Effect of Modified Virus.--Several experiments were performed in which 
animals were given initial injections of virus treated in various ways and chal- 
lenged with allantoic fluid suspensions on the 2nd day. 
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FIG. 7. Temperature records of a group of 6 animals demonstrating that  an initial injection 
of heated virus will protect against the fever-producing effect of unheated virus given on the 
following day. 

The initial injection of saline suspensions of PR8 virus prepared either by 
high-speed centrifugation or by erythrocyte adsorption and elution protected 
animals against the pyrogenic action of allantoic fluid preparations on the 2nd 
day. 

Heated virus appeared to confer tolerance as readily as did unheated prepara- 
tions with comparable hemagglutinin titers. The protective effect of heated 
virus was lost when its hemagglutinin was destroyed. The following examples 
illustrate this. 
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AUantoic fluid containing PR8 virus was heated at 56°C. for 30 minutes, destroying in- 
fectivity and eluting capacity and reducing its hemaggiutinin titer from 1:1024 to 1:64. Six 
animals received 2.0 ml. of this material and responded with typical fevers. They were com- 
pletely tolerant when challenged on the following day with 1.0 ml. of the unheated virus 
(Fig. 7). Four animals were given an initial injection of PR8 virus in allantoic fluid which 
had been heated at 70°C. for 30 minutes, reducing its hemaggiutinin titer to less than 1:2. 
Theae animals had no fever and when given 1.0 ml. of unheated virus on day 2 showed febrile 
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FIG. 8. Fever curves demonstrating the failure of tolerance to bacterial pyrogens (typhoid 

vaccine) to modify fever production by PR8 virus. 

responses. The injection of unheated virus was repeated on day 3 and all animals remained 
afebrile. 

Animals given an initial injection of PR8 virus, the hemagglutinin of which 
had been neutralized by incubation with homologous immune serum, were not 
protected against the pyrogenic effect of an allantoic fluid suspension of the 
virus on the following day. 

Effect of Bacterial Pyrogens.--No cross-tolerance with bacterial pyrogens was 
found in animals given influenza virus. 

Four rabbits were given 1.0 ml. of PR8 virus in allantoic fluid on day 1 and challenged on 
day 2 with 0.1 ml. of typhoid vaccine intravenously. They responded with brisk fevers. An- 
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other group of 6 animals received daily intravenous injections of 0.1 ml. of typhoid vaccine 
for 8 days, with progressive diminution in fevers until a "minimal response" was obtained. 
When challenged with 1.0 ml. of PR8 virus on the 9th day, these animals showed febrile 
responses which were of the order expected from an initial injection of the virus (Fig. 8). 

Effect of Reticulo-Endothelial Blockade.--It has been shown (7) tha t  the 
tolerance for bacter ia l  pyrogens can be abolished by  reticulo-endothelial  block- 
ade. This  procedure was found to have no effect upon the tolerance for the 
pyrogenic effect of influenza virus. 

Six animals received 1.0 ml. of PR8 virus in allantoic fluid (hemagglutinin titer 1:1024) 
initially and responded with typical fever. At the end of the observation period on the 1st 
day, each animal was given 8.0 ml. of thorotrast intravenously. Sixteen hours later, the in- 
jection of virus was repeated. All animals remained afebrile, indication that blockade of the 
reticulo-endothelial cells had no effect upon the development of tolerance to the pyrogenic 
effect of influenza virus. 

Effect of Antipyrine upon Development of Tolerance.--The prevention of the 
fever following an initial  injection of influenza virus b y  ant ipyr ine  did not  inter- 
fere wi th  the  development  of tolerance. 

Five animals received an initial injection of 1.0 ml. of PR8 virus in allantoic fluid. One 
hour before the administration of the virus, each animal was given 0.2 gin. of antipyrine per 
kilo of body weight. This drug was injected subcutaneously as a solution containing 200 mg. 
per ml. This dose of antipyrine was repeated 3 hours after injection of the virus. None of the 
animals showed any elevation of temperature after the initial injection of virus and when 
challenged on the following day with the same amount of homologous virus, they also re- 
mained afebrile. This indicated that the development of tolerance to the pyrogenic effect of 
influenza virus is independent of the temperature rise. 

DISCUSSION 

I t  was shown in the previous report  (8) tha t  the abi l i ty  of influenzal viruses 
to produce fever when injected into rabbi ts  is appa ran t ly  closely asociated 
with their  hemagglut inat ing capacity.  The evidence for this m a y  be summa- 
rized briefly. Differential ly heated virus preparat ions  are pyrogenic unt i l  hemag- 
glutinin is destroyed and the febrile response is roughly proport ional  to  the 
amount  of injected hemagglutinin.  The heat- labi l i ty  of the virus fever-produc- 
ing factor varies between strains as does tha t  of the hemagglutinin.  Hea ted  
virus adsorbed onto erythrocytes  from which i t  cannot  elute in detectable  
amounts  causes no fever when injected and homologous ant iserum neutralizes 
the febrile response. 

Tha t  the mechanism of tolerance to viral  fever differs from tha t  for bac- 
terial  pyrogens is i l lustrated b y  the complete lack of cross-tolerance between 
the two and the failure of reticulo-endothelial  blockade to modify the tolerance 
for viruses. As has been shown for bacterial  pyrogens (3), the protect ive effect 
of an initial injection of virus is not  dependent  upon the temperature  elevation, 
since the prevention of fever b y  ant ipyr ine  on the 1st day  did not  interfere with 
the development of tolerance. 
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The progressive increase in responsiveness of animals during a time of in- 
creasing antibody production argues against any r61e of specific immunity 
in tolerance despite the fact that incubation of virus with homologous immune 
serum prevents the production of fever. The protective effect of heterologous 
virus also makes it unlikely that specific immune mechanisms are involved. 

The elution of adsorbed influenza virus from erythrocytes is apparently the 
result of an enzymatic reaction which destroys the receptor substance (13). 
Thus, cells from which virus has eluted are no longer capable of adsorbing the 
homologous strain, although the virus is unchanged and will readily be adsorbed 
onto fresh cells. The complete unresponsiveness of animals to the fever-produc- 
ing effect of 2nd day injections of homologous virus suggests another correla- 
tion between the fever-promoting capacity of the virus and its hemagglutinin. 
It may be postulated that union of the virus with receptor plays some part in 
the production of fever. Possibly, the initial injection destroys or inactivates 
supplies of a receptor substance that is necessary for the febrile reaction. Re- 
turn of an animal's capacity to react with fever could be due to restoration of 
this receptor material. The fact that most of the cells of the animal contain 
receptor material (14) and that relatively small amunts of virus exert a protec- 
tive effect makes it difficult to believe that the tolerance is dependent upon de- 
struction of all receptor substance present in the body. The protective effect of 
heated virus suspensions also argues against complete destruction of receptor 
as the mechanism of tolerance. 

Burnet and his coworkers (15) have described a "receptor gradient" for the 
viruses of the mumps-Newcastle-influenza group in this order: mumps, NDV, 
most strains of influenza A, most strains of influenza B, and swine influenza. 
Erythrocytes from which any given strain has eluted will not adsorb the ho- 
mologous strain but will adsorb strains below it. For example, red cells from which 
NDV has eluted will adsorb neither NDV nor mumps virus, but will adsorb 
influenza virus. The order in which the viruses employed in this study confer 
tolerance to the pyrogenic effect of heterologous strains conforms to their po- 
sitions in this in vilro gradient. Lee protects against the homologous strain, 
PR8, and NDV; PR8 protects against the homologous strain and NDV; and 
NDV confers tolerance for the homologous strain only. This would seem to 
afford additional evidence that the production of fever by these viruses may 
be the result of union between the virus particle and a receptor substance. 

S ~ R Y  

The mechanism of the fever caused by the intravenous injection of viruses 
of the influenza group in rabbits has been studied by observing the effect of 
repeated injections of the same or heterologous viruses. 

An initial injection of the PR8 strain of influenza A, the Lee strain of influ- 
enza B, or the "B" strain of NDV conferred tolerance to the pyrogenic effect 
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of homologous virus administered on the following day. The period of tolerance 
lasted approximately 11 days. 

Prior injection of virus appeared also to protect against the lymphopenic 
action of homologous strains. 

These viruses were found to confer tolerance to the fever-producing effect 
of heterologous strains in an order corresponding to their positions in the 
receptor gradient of Burnet. 

Heated virus preparations appeared to confer tolerance in proportion to 
survival of hemagglutinin. 

Tolerance is probably unrelated to specific antibody formation since it is 
lost during a period of rapid immune response and heterologous strains exert 
a protective effect. 

No cross-tolerance was demonstrable between viruses and bacterial pyro- 
gens and reticulo-endothelial blockade with thorotrast failed to modify the 
unresponsiveness of animals to 2nd day injections of homologous virus. 

Prevention of fever with antipyrine did not interfere with the protective 
effect of initial injections of virus. 

Arguments for and against a hypothesis that union of the virus particle with 
a receptor substance may play a part in the production of fever by these viruses 
are discussed. 

The authors are grateful for the technical assistance of I. B. Stacy and P. K. Schork, Chief 
Hospitalmen, United States Navy, and H. P. Cordova, Hospitalman First Class, United 
States Navy. 
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