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During an investigation of the etiology of an epidemic of a mild infectious 
disease, for convenience termed "epidemic myalgia," it was observed that  a 
heat labile component in serum obtained during convalescence neutralized 
Newcastle disease virus. I t  was noted that serum stored at 4°C. for more 
than 2 weeks was no longer able to protect chick embryos from infection with 
this virus, whereas serum held in the frozen state at  --28°C. retained such 
activity. The importance of this phenomenon seemed considerable on both a 
practical and theoretical level. 

A number of workers have observed that certain thermolabile components of serum, 
either alone or in conjunction with immune antibodies, may neutralize the infectivity 
of various viruses. Gordon (I) observed that the addition of fresh guinea pig serum to 
heated serum of a rabbit immunized with vaccinia virus increased the neutralization 
titer against vaccinia virus. Douglas and Smith (2) also noted a heat labile com- 
ponent in normal rabbit blood, plasma, and serum which inhibited infection of rabbits 
with vaccinia virus, and which was not active when sodium citrate was employed as 
an anticoagulant. That the activity of immune serum against Rous sarcoma virus 
could be enhanced by the addition of fresh guinea pig serum was pointed out by 
MueUer (3) who interpreted this to be an activity of complement. More recently 
Morgan (4) and Whitman (5) both demonstrated that unheated immune rabbit serum 
neutralized Western equine encephalomyelitis virus in higher dilutions than did the 
same serum heated at 56°C. for 30 minutes. The addition of fresh, unheated guinea 
pig serum (4, 5), monkey, or human serum (5) to inactivated immune serum increased 
neutralization. Morgan (4) believed the increased activity resulting from the addition 
of normal guinea pig serum to be the result of the enhancement of antibody activity 
by complement. Leymaster and Ward (6) have demonstrated higher mumps virus 
neutralization titers when immune sera were not heated. The addition of normal, 
unheated human or monkey serum also enhanced the neutralization titers of heat- 
inactivated human sera (7). It  has been pointed out recently by Smith and Westwood 
(8) that unheated sera of guinea pigs neutralized influenza A virus. 

I t  is the purpose of this paper to show that there is present in the serum of 
normal human beings, guinea pigs, rabbits, or mice a heat labile component 
which neutralizes the infectivity of a number of viruses and inhibits hemagglu- 
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t i na t ion  of chicken e ry th rocy te s  b y  these agents ;  t ha t  the  se rum c o m p o n e n t  

produces  these effects by  combin ing  wi th  the  viruses  s tudied;  t h a t  ca lc ium ions 

are  necessary  for se rum c o m p o n e n t - v i r u s  combina t ion  to t ake  place;  t h a t  the  

labile c o m p o n e n t  is p robab ly  a p ro te in  or  p ro te in  complex;  t h a t  the  t he rmo-  

labile c o m p o n e n t  is n o t  ident ical  w i th  hemoly t i c  complement .  

Materials and Methods 

Viruses.--The following viruses were employed: influenza A, PR8 strain; influenza B, Lee 
strain; Newcastle disease; and mumps which will be referred to as PR8, Lee, NDV, and MV, 
respectively. Each virus was propagated in the allantoic sac of chick embryos 7 to 12 days of 
age. The methods of cultivation and storage were identical to those previously described (9). 

Virus Infectivity and Hemagglutination Ti~rations.--The methods employed were identical 
to those used previously (9). Infectivity titrations were carried out with serial tenfold dilutions 
of infected aUantoic fluid inoculated into the allantoic sac of chick embryos of appropriate age. 
Hemagglutination titrations were performed with serial twofold dilutions in 0.85 per cent 
NaCI buffered at pH 7.2 (0.01 xr phosphate), hereafter referred to as saline, and an equal 
volume of a 1 per cent suspension of chicken RBC. The results of all titrations are expressed 
in terms of final concentrations. 

Virus Neutralization Titrations.--Twofold dilutions of serum were made in saline, and to 
each was added a constant quantity of virus (usually 102 to 103 embryo infectious doses, 
E.I.D.). After a period of incubation, 0.1 or 0.2 cc. of each mixture was injected intra-alian- 
toically into each of 4 embryos of appropriate age. The hemagglutination titer of each allantoic 
fluid was determined after incubation at 35°C. for a period dependent upon the virus employed. 

Hemagglutination-lnhibition Titrations.--Twofold dilutions of serum were prepared in 
saline, and to each was added a constant quantity of virus; 16 hemagghitinating units usually 
was employed. After incubation for 15 or 30 minutes in a water bath at 37°C., an equal volume 
of a 1 per cent suspension of chicken RBC was added. The titer was taken as the highest 
dilution in which there was complete inhibition of hemagglutination. 

Sera.--Human, guinea pig, rabbit, and mouse sera were employed. Guinea pig and mouse 
sera were obtained from groups of at least 4 animals and pooled. Blood was obtained from 
children 3 to 4 years of age with no history of mumps or influenza. All blood specimens were 
allowed to clot at 4°C. The serum was separated promptly, then stored in 1 to 2 cc. volumes 
in nitrose cellulose tubes at --28°C. 

Complement Titrations.--Titrations were carried out with various guinea pig serum frac- 
tions as well as fresh guinea pig serum by employing decreasing quantities of a 1:20 or 1:30 
dilution. Two units of anti-sheep hemolysin and a 3 per cent suspension of sheep RBC were 
employed. All suspensions and dilutions were made in 0.85 per cent NaC1 containing 0.1 gin. 
MgSO, per liter. Complement titers are expressed as the smallest quantity of serum in which 
complete hemolysis of the sensitized sheep RBC was brought about. 

]~XPERIMENTAL 

Prevention of Virus Infection of the Chick Embryo by a Heat Labile Component 
of Serum.--Sera ob ta ined  f rom pa t i en t s  ill w i th  a mUd infect ious disease were  

examined  for an t ibodies  aga ins t  va r ious  viruses.  P re l imina ry  tes ts  showed  

t h a t  unhea ted  sera ob ta ined  dur ing  the  acu te  phase  of the  illness d id  n o t  pre-  

v e n t  infect ion of chick embryos  wi th  Newcas t l e  disease v i rus  ( N D V ) ,  whereas  

unhea t ed  sera ob ta ined  dur ing  convalescence d id  p r e v e n t  such infect ion.  As 
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i t  happens, the acute phase sera had been stored a t  4°C. for 10 to 18 days  

before being frozen and  stored a t  - 2 8 ° C . ,  whereas the convalescent sera were 
stored a t  the lat ter  temperature immediately after separation. This question 
arose: was neutral izat ion of N D V  a result of the development of specific anti-  

bodies or was it due to the presence of an unstable component of serum other 
than an t ibody  which was capable of inactivating the virus? 

TABLE I 
Neutralization of Newcastle Disease Virus by a Heat Labile Component of Human Serum 

Mixture* 0.2 cc. intra-allantoic 

HtllnD.n ~ ru lm  

S~or~ge Date obtained 

days 1948 

0¶ Aug. 8 

16 " " 

8 " 16 

0 Sept. 10 

1:2 
1:4 
1:8 
1:16 

1:2 
1:4 

1:2 
1:4 

1:2 
1:4 
1:8 
1:16 

NDV virus 
Dilution 

10 3 

cg 

Hemagglutination titer allantoic fluids$ 

A 

0 
0 

32 
64 

128 
>128 

4 
16 

0 
0 

64 
128 

I c 
0 0 
0 0 
2 64 

32 128 

64 >128 
L28 128 

16 
16 64 

0 
4 0 

32 32 
L28 128 

0 
16 
4 
8 

32 
64 

16 
16 

0 
0 

16 
64 

Serum 
neutraliza- 

tion 
titer 

1:5 

1:5 

* Held at room temperature for 30 minutes before inoculation. 
Expressed as the reciprocal. 

§ E.I.D. ffi embryo infectious doses. 
¶ Heparinized plasma stored at -28°C. 

Human sera and heparinized plasma stored at --28°C., as well as sera stored for varying 
periods at 4°C. before being frozen, were employed in virus neutralization experiments, per- 
formed as described above, with NDV, PR8, Lee, and MV. In each experiment unheated 
serum and serum heated at 56°C. for 30 minutes were used. 

The results of a typical experiment with human  serum or heparinized plasma 
and NDV are presented in detail in Table I. Serum stored a t  4°C. for 16 days 

did no t  prevent  infection with 108 E.I.D. of virus, whereas plasma obtained 
simultaneously and stored a t  --28°C. completely neutralized the agent. Se rum 
obtained later and stored a t  --28°C. also neutralized the virus. Serum stored 
a t  4°C. for only 8 days did not  prevent infection bu t  the hemagglutination 
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titers of the infected allantoic fluids were reduced. Unheated sera from 5 
other patients with a similar disease and from 3 healthy persons were studied 
with NDV, and corresponding results were obtained; the neutralization titers 
varied from 1:5 to 1:21 when 102 E.I.D. of virus was employed. In each in- 
stance serum heated at 56°C. for 30 minutes did not neutralize the virus. 

When dilutions of NDV were mixed with unheated human serum, it was 
found that  relatively large amounts of virus were neutralized. The results of 
one such experiment are presented in Table II ,  and show that as much as 104 
E.I.D. of NDV was neutralized by the unheated serum; i.e., the unheated serum 
had a neutralization index of 10,000 relative to the heated specimen. 

Because adult human sera commonly contain specific antibodies against the 
viruses of influenza A, B, and mumps, they were unsatisfactory for this study. 
However, sera were obtained 1 from 2 children, 3 and 4 years old, respectively, 
who had no history of infection with these agents, and studies were carried o u t  

TABLE II  
Inf~tivity Titer of Newcasffe Disease Virus in Presctwe of Unheated and Heat-Inactivated 

Human Serum 

Mixture* 

NDV Human serum 

0.3 ¢¢. 

Serial dilutions 
0.3 ¢C. 

56°C., 30 min. 
Unheated 

Incubation 
at 37°C. 

mln. 

Virus Neutralization 
infect ivity  index 

tlter 

10-7.s 
10 -s.7 10,000 

* 0.1 cc. intra-allantoic per embryo. 

in a manner identical to that  described above. The results of experiments with 
these sera and mumps virus are summarized in Table I I I .  The mean neutrali- 
zation titer of the children's unheated sera was 1:54 when 102 E.I.D. of mumps 
virus was used, whereas the heated sera did not neutralize the virus at a dilu- 
tion of 1:2. Unfortunately, the children's sera contained heat stable compo- 
nents, probably specific antibodies, which neutralized both influenza A and B 
viruses, and therefore it was not possible to test for a thermolabile component 
with these agents. 

Inactivation of Various Viruses by Serum of Normal Animals.--In order to 
learn more about the heat labile component of normal human serum which 
inactivates NDV and mumps, it seemed advisable to determine: (1) whether 
a similar component was present in the serum of various laboratory animals, 
and (2) whether such a component, if present, would inactivate viruses other 
than NDV and mumps. Serum was obtained from normal guinea pigs, rabbits 

1 The kindness of Professor S. Levine of Cornell University Medical College and New 
York Hospital is gratefully acknowledged. 
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and mice, and employed in experiments similar to those described above. The 
viruses of Newcastle disease, mumps, influenza A, and influenza B were used. 
The results of these experiments are summarized in Table I II ,  and expressed 
as the mean of the neutralization titers obtained in at least two experiments. 
I t  is evident that a heat labile neutralizing component is present in both guinea 
pig and rabbit sera. The unheated guinea pig sera neutralized Lee, PR8, and 
MV, as well as NDV; rabbit sera inactivated NDV in comparable dilutions, 
but Lee and PR8 were neutralized only in low dilutions of serum; mouse sera 
did not contain the heat labile component in sufficient quantity to neutralize 
either NDV or Lee. I t  should be emphasized that in every instance when nor- 
mal animal sera were heated at 56°C. for 30 minutes, the capacity to neutra- 
lize each of the viruses disappeared. 

TABLE III 
Neutralization of Newcastle Disease, Influenza A, B, and Mumps Viruses by a Heat Labile. 

Componen| of Human, Guinea Pig, and Rabbit Sera 

Serum 

H u m a n  . . . . . . . . . . . . . . . . . . . . . . . . .  

Guinea pig . . . . . . . . . . . . . . . . . . . . . .  
Rabbit . . . . . . . . . . . . . . . . . . . . . . . . .  
Mouse  . . . . . . . . . . . . . . . . . . . . . . . . .  

Mean neutralization tlters of unheated sera against 
indicated virus* 

NDV$ PRS~ Lees MV§ 

1:10 
1:19 
1:13 

<1:2 

Ab.¶ 
1:21 
1:2 

Ab.¶ 
1:13 
1:4  

<1:2 

1:54 
1:48 

<1:8 

* In every instance in which a titer is given the heated serum failed to cause any neu- 
tralization. 

~; I0* E.I.D. employed. 
§ 10 ~ . . . .  
¶ Specific antibodies present. 

I t  was found that neutralization of virus infectivity was demonstrable with 
unheated normal serum when mixtures were injected without preliminary in- 
cubation, and the titers obtained were as high as when mixtures were incubated 
at room temperature for 30 minutes. A twofold increase in titer occurred when 
serum-virus mixtures were incubated for 30 minutes in a water bath at 37°C. 
There was no further increase when the period of incubation was increased to 
120 minutes at room temperature. 

Inhibition of Viral Hemagglutination by a Heat Labile Component of Serum.-- 
In order to investigate more thoroughly neutralization of viruses by a heat 
labile component of normal serum, it was of importance to attempt to extend 
the studies by in vitro methods. The capacity of unheated serum to inhibit 
hemagglutination of the viruses used in neutralization experiments was deter- 
mined. 



480 VIRUS INACTIVATION BY LABILE COMPONENT 0]~ SERUM 

The experiments were carried out with two different methods: (1) the hemago 
glutination-inhibition technique with dilutions of serum, as described above, 
and (2) undiluted serum and virus were mixed, incubated for 15 or 30 min- 
utes at 37°C., and then the hemagglutination titer of the mixture was deter- 
mined. Most experiments in  vitro were carried out with Lee virus, but PR8, 
MV, and NDV were also employed. 

For purposes of clarity the results of experiments with each of the in  vitro 
inhibition methods are presented in Tables IV and V. Table IV shows the 

TABLE IV 
Inhibition of Hemagglutination with Lee Virus by a Heat Labile Component in Guinea 

Pig Serum 

Mixture* 

Guinea pig serum dilutions Lee virus 

Unheated . . . . . . . .  4 units~ 
560C., 30 min . . . . . . . . . . . . . . . .  " " 

Hemagglutlnation with 
serum dilutions 

4 8 16 32 64 128 256 

0 0 0 0 ± 2 3  
2 2 3 3 3 3 3  

Hemaggluttna- 
tion-inhibitioa 

titer 

1:64 
0 

* Incubated at 37°C. for 30 minutes before addition of 1 per cent RBC. 
Final concentration. 

TABLE V 
Combination of Lee Virus and a Thermolabile Component in Guinea Pig Serum 

Mixture* Hcmagglutination with dilutions 
of mixture H . e m ~ w  

tinatlon 
titer of 

Lee vlms ~ ~ .~ ~ ~ .~ e~ ~¢q ~. ~ mixture Guinea pig serum undilut__________~ 

U n h e a t e d  . . . . . . . . . . . . . .  I 
56°C., 30 min . . . . . . . . . . .  [ 

1024 units 0 0 0 0 0 0 0 0 0 0  
4 4 4 3 3 3 3 3 2 0  

0 
1:1024 

* Incubated for 30 minutes at 37°C. before dilution and addition of 1 per cent RBC. 

inhibition of hemagglutination of chicken RBC by a small amount of Lee virus 
in the presence of dilutions of unheated guinea pig serum. The same serum 
heated at 56°C. for 30 minutes showed no inhibition. Table V points out the 
extent of inhibition obtained with undiluted guinea pig serum and a large 
amount of Lee virus. The unheated serum completely inhibited hemagglutina- 
tion on dilution of the mixture, whereas the heated serum did not. 

Table VI shows a summary of the results obtained in similar in  vitro inlfi- 
bition experiments with normal human, guinea pig, and mouse sera and four 
viruses: NDV, Lee, PRS, and MV. Because of the presence of heat stable inhib- 
itors, rabbit sera were unsatisfactory in these experiments and human sera 
could only be employed with NDV. I t  will be noted that both guinea pig and 
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mouse sera contain a heat labile component which inhibits hemagglutination 
of each of the viruses tested, and that unheated human serum inhibits hemag- 
glutination of NDV, whereas heated serum does not. Certain guinea pig and 
mouse sera in low dilutions also contain a stable inhibitor of viral hemagglutina- 
tion which is not inactivated by heating at 56°C. The stable inhibitor is most 
readily demonstrated when Lee or PR8 which has been heated at 56°C. for 
30 minutes is employed (10). 

I t  was found that inhibition was demonstrable immediately after mixing 
virus and unheated serum; that the extent of inhibition increased to a maxi- 
mum value after incubation of the mixture for 15 minutes at 37°C.; that incu- 
bation for as long as 3 hours at 37°C. neither increased the degree of inhibition 

T A B L E  VI 

Iskibition of Hemaggtutination with Newcastle Disease, Influenza A, B, and Mumps Viruses 
by a Heat Labile Component of Human, Guinea Pig, and Mouse Sera 

Serum 

H u m a n - - u n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
" --heated~/ . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Guinea p ig - -unhea ted  . . . . . . . . . . . . . . . . . . . . . . . .  
" " - -hea ted~  . . . . . . . . . . . . . . . . . . . . . . . . .  

M o u s e - - u n h e a t e d  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
" - -hea ted~  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hemagglutination-inhibition tlter es. 

NDV* 

1:16 
< 1 : 4  

1:64 
< 1 : 8  

1:64 
< 1 : 8  

PRfi* Lee* 

1:128 I 1:64 
1:8 1 < 1 : 4  

1:64 
< 1 : 8  

1 
<1 

! 1:256 
! < 1 : 8  

M V  $ 

1:128 
1:8 

1:64 
< 1 : 8  

* Final  concentrat ion of 4 hemagglu t ina t ing  uni t s  employed. 
$ 56°C. for 30 minutes .  

nor brought about separation of the heat labile serum component and virus. 
I t  is of interest that not only does virus combine with serum component so 
that hemagglutination is not brought about by virus, but also virus inactivated 
by this component does not alter "virus receptors" of erythrocytes; fresh 
virus is adsorbed by cells treated for long periods with the virus-serum com- 
ponent combination. 

Quantitative Factors Concerned with Neutralization and Hemagglutination- 
Inhibition Titrations.--The relationship between the quantities of virus and 
serum employed in in vivo and in vitro titrations of the heat labile serum com- 
ponent was studied. 

T he  experiments  were carried ou t  with the Lee virus and a fresh pool of normal  guinea pig 
serum.  Hemagglut inat ion-inhibi t ion tit.rations were carried out  with varying quant i t ies  of 
virus.  In  order to reduce dilution errors to a min imum,  a single series of serum dilutions was 
prepared and  aliquots of each dilution were tested against  different quanti t ies  of virus to give 
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final concentrations of 1, 2, 4, and 8 hemagglut inat ing units.  Following incubation of the 
mixtures a t  37°C. for 30 minutes ,  a 1 per cent  suspension of chicken R B C  was added. 

Virus neutralization ti trafions were carried out  as described above. A single series of serum 
dilutions was used, and  an equal volume of Lee virus varying in quan t i ty  from 10 ~ to l0  s 
E.I .D. was added to an  aliquot of each dilution. 

7.0 

6.0 

5.0 

ai 4.0 

"6 

3.0 

2.0 

1.0 

He, nafglutlnatio,~ - Inhi6itio~ 

Net~raliza~ior~ 

- - 8  

4 
--9. 
- - 1  

.I 

o I I I 
-1.0 -2.0 -3.0 
I ~  seruu~ cL~.~tiorL 

Fro. 1. Linear relationship between the quantity of Lee virus and the neutralization titer 
as well as the hemagglufination-inhibition titer of unheated guinea pig serum. In neutraliza- 
tion t i trat ions 50 per cent  end points  were determined with a t  least 5 serum dilutions. Each  
serum-virus mixture was inoculated in a group of 4 chick embryos.  

The results of these experiments are presented graphically in Fig. 1. There 
is a linear relationship between the quantity of virus used and the dilution of 
unheated serum required to inactivate it both in vivo and in vitro. However, it 
is important to note that for hemagglutination-inhibition the slope of the line 
is 1, i.e. a twofold decrease in the quantity of virus employed causes a twofold 
increase in the serum dilution end point, whereas for virus neutralization the 
slope of the line is much steeper, i.e. 3.8, indicating that comparatively large 
variations in the quantity of virus are required to alter significantly the neu- 
tralization titer. These quantitative virus-serum component relationships are 
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not remarkably different from those which have been found in similar experi- 
ments with virus and specific antibody (11, 12). 

Inactivation of Serum Component.---One of the distinguishing properties of 
the normal serum component under study is its lability to heat and upon 
storage at 4°C. The rate of inactivation of the component during storage at 
4°C. and on heating at 56°C. was investigated. 

The results of an experiment on heat inactivation of the component in guinea 
pig serum are presented in Fig. 2. The time of heating in a 56°C. water bath is 
plotted against the hemagglutination-inhibition titer determined with Lee 
virus. About 75 per cent of the component was inactivated in 10 minutes, and 
complete inactivation had occurred after 30 minutes at this temperature. 

I: 128 

'~ I: 64 

~3 I:8 

~a 1:4 

0 10 20 ~0 

~linuXe~ 55°C. 
FIo. 2. Relation between the time of heating at  56°C. and the degree of inactivation of 

guinea pig serum component. Hemagglutination-inhibition fitrations were carried out with 
4 units of Lee virus. 

When guinea pig serum was stored at 4°C., the capacity to neutral,.'ze Lee 
virus in the chick embryo was completely inactivated in 18 hours, but the ca- 
pacity to inhibit hemagglutinafion by this virus did not begin to diminish un- 
til 7 days of storage, and the inhibitory property was still present, although in 
very low titer, after 3 weeks. As was pointed out above, the component in 
human serum which prevents the infection of chick embryos with NDV is 
inactivated slowly at 4°C. When human serum was tested at regular intervals 
after storage at 4°C., it was found that inactivation of the neutralizing com- 
ponent commenced after 7 days and was complete after 15 days. 

Mechanism of Inactivation of Virus by Serum Component.--The data pre- 
sented above suggested that virus inactivation by the heat labile serum com- 
ponent was a result of either: (1) stable combination between serum coinpo- 
nent and virus, or (2) destruction of virus by the serum component, perhaps 
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enzymatical ly.  T h a t  the component  ac ted direct ly on the virus and  not  on 
the host  cells was indicated by  the finding tha t  a mixture of virus  and serum 
showed no hemagglut inat ion when diluted, and  tha t  there was a quant i ta t ive  
relat ionship between virus and  serum component  in both  neutral izat ion and 
hemagglut inat ion-inhibi t ion experiments.  A t t empt s  were made to obta in  fur- 
ther  da t a  concerning the mechanism of viral  inact ivat ion b y  the component .  

Undiluted fresh guinea pig serum was mixed with an equal volume of NDV dihted 10-1 
in sterile normal horse serum. A similar mixture of serum which had been heated at 56°C. 
for 30 minutes and NDV was prepared. Following incubation of the mixtures at 37°C. for 
30 minutes each was initially diluted 1:5 following which serial tenfold dilutions were made 
in broth, and infectivity titrations were carried out in embryos as described above. 

TABLE VII 
Inactivation of Newcasge Disease Virus by a Thermolabile Component of Guinea Pig Serum 

Mixture held at 37°C., 30 min. 

Guinea pig serum 

Heated* 

Unheated 

I NDV dilution 

I0-I 

Constituents of 
inoculum final dilutions 

Serum NDV 

10-~ lO-S 

I0-6 10-~ 
I0-~ 10-s 
lO-S lO-S 

lO-S 10--4 
10-4 lO-S 
10 ~ 10-8 
10 ~ 10-7 

Embryo 
infectivity 

score 

posltlvt/total 

4/4 
4/4 
4/4 
0/4 

4/4 
3/4 
1/4 
o/4 

Virus in- 
fectivity 
titration 
end point 
E.I.D.H 

lO-S.s 

1 0 ~  

* 56°C. for 30 minutes. 

The  results of this experiment  are shown in Table  VII .  The  infect ivi ty t i ter  
of N D V  which had  been mixed with unheated  serum was 1,000 times less than 
tha t  of the virus which had  been mixed with heated serum. I t  will be noted 
tha t  a t  a virus dilution of 10 -7 the serum dilution was 10 -'e, and  y e t  each em- 
bryo  was pro tec ted  from infection with the  mixture containing unheated serum. 
These results indicate tha t  inact ivat ion of N D V  by  the hea t  labile component  
is a result  of an effect of the component  on the virus itself, and  serve to sub- 
s tan t ia te  the  results obta ined with unheated serum-virus mixtures b y  the he- 
magglut ina t ion  technique. 

In  order  to obta in  more direct  evidence bearing on the quest ion:  is virus 
inact ivat ion a result  of combinat ion with the serum component  or a result  of 
enzymat ic  inact ivat ion b y  it, the following experiment  was carried out. 

To 0.8 cc. of fresh guinea pig serum was added 0.8 cc. of Lee-infected allantoic fluid. After 
incubation at 37°C. for 30 minutes, an aliquot of 0.8 cc. was removed, and to the remainder 
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of" the mixture was added another 0.8 cc. of Lee virus. The mixture was incubated for 30 
minutes. This procedure was repeated a third time, and with each aliquot obtained the amount 
of residual serum component was determined in the following manner: twofold dilutions of 
each aliquot were made in saline, to each dilution was added an equal volume of Lee virus, 
and mixtures were incubated at 37°C. for 30 minutes. The hemagglutination titer of each 
mixture then was determined in the usual manner. Appropriate unheated and heated serum 
controls were included. 

The  results of this experiment  are presented graphical ly in Fig. 3 in which 
the hemagglut inat ion t i ter  of each mixture is p lo t ted  against  the final concen- 
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5 ¢ r u m  d i l u t i o n  

FIo. 3. Effect of adding increasing quantities of Lee virus to unheated guinea pig serum 
upon the capacity of the serum to cause inhibition of hemagglutination by Lee virus. After 
the serum had been mixed with the amounts of virus indicated, serial dilutions of the mixtures 
were prepared, and 512 units of fresh Lee virus was added to each dilution. The hemagglutina- 
tJon titer of each mixture is plotted against the dilution of serum present. 

t ra t ion of serum present.  The  control unheated serum and the serum to which 
only 1 volume of virus  had  been added  completely inhibi ted 512 hemagglut i-  
na t ing  units  of Lee virus  a t  a dilution of 1:16, whereas the serum to which 2 
volumes of virus had  been added  inhibi ted hemagglut inat ion b y  128 units  of 
virus  a t  an equivalent  dilution. Serum which had  been mixed with 3 volumes 
of virus  inhibited only 4 hemagglut inat ing units of virus a t  a di lut ion of 1:16. 

These results d e a r l y  indicate tha t  Lee virus combines with the hea t  labile 
serum component ,  and  prevents  the component  from combining with viral  
part icles which are added  subsequently.  When  sufficient virus is added  to un- 
hea ted  serum, the combining capaci ty  of the component  is saturated.  
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Effect of Various Flectrolytes on Serum Component-Virus Combination.-- 
Certain electrolytes have been shown to play an important  r61e in various virus. 
R B C  (13-15) and virus-tissue component combinations (15) as well as in 
many  serological reactions (16, 17). The effect of some electrolytes upon heat 
labile serum component-virus combination was studied. 

The electrolyte sohtions employed were: 0.85 per cent NaCI buffered at pH 7.2 (0.0i 
phosphate), 0.85 per cent NaC1, 0.1 per cent CaCh in 0.85 per cent NaC1, 0.01 per cent MgSO4 
in 0.85 per cent NaCI, 2.5 per cent sodinm citrate, and 1.0 per cent sodium oxalate. Hemag- 
glutination-inhibition titrations were carried out using each of these solutions as diluent with 
guinea pig serum. A final concentration of 4 units of Lee virus was employed. 

The results of typical experiments are summarized in Table VII I .  Sodium 
citrate or oxalate completely prevented virus-serum component combination, 

TABLE VHI 
Effect of Various Electrolytes on Serum Component-Virus Combination 

Cminea pig 
serum dilutions 

Unheated 
IC 

44 

cc  

~4 

H 

Heated~ 

Diluent 

0.85 per cent NaC1; 0.01 ~r phosphate 

2.5 t, " sodium citrate 
1.0 " " " oxalate 
0.1 . . . .  CaCh in 0.85 per cent NaCI 
0.01 " " MgSO4" " ,, ,4 ,, 
0.85 " " NaC1; 0.01 ~r phosphate 

Lee virus 

4 units 
c~ cc 

¢c ~C 

~ cC 

¢~ cc 

¢¢ H 

inhibition 
titer* 

64 
64 

<8 
<8 
64 
64 

<8 

* Expressed as the reciprocal. 
~: 56°C. for 30 minutes. 

which suggested that  calcium or magnesium ions were necessary for serum 
component-virus combination to take place. I t  will be noted that  there was 
no difference in the hemagglutination-inhibition titers when 0.85 per cent 
NaC1 was the diluent and phosphate, calcium, or magnesium ions were pres- 

ent. 
To determine whether calcium or magnesium ions were necessary for the 

reaction, guinea pig serum was dialyzed at  4°C. for 16 hours against 1500 
volumes of either 0.85 per cent NaCl or 0.1 per cent CaC12 in 0.85 per cent NaCl. 
Following dialysis the hemagglutination-inhibition titers of the serum speci- 
mens were determined. The dialyzed serum was diluted in CaCh and MgSO~ 
solutions as well as phosphate-buffered saline. The results are summarized in 
Table IX~ Serum dialyzed against saline appeared to lose 75 per cent of its 
inhibitory activity, but  full activity was restored upon the addition of calcium 
ions although not  upon the addition of magnesium ions. Dialysis against a 
0.1 per cent CaCh solution caused no loss of inhibitory activity. 
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Dissociation of Serum Component-Virus Combination.--Combination of the 
viruses of influenza A and B, mumps,  and  Newcastle disease with heat-resist-  
an t  inhibitors present  in human,  rabbi t ,  or ferret  sera (18) as well as normal  
al lantoic fluid (19) or egg white (20) is not  stab]e, and spontaneous dissocia- 
t ion with inact ivat ion of such inhibitors occurs af ter  re la t ively short  periods 
of incubat ion (21). However,  dissociation of virus and the heat  labile serum 
component  does not  occur on incubation;  24 hours after  preparing a mixture,  
virus was still not  demonstrable  by  the hemagglut inat ion technique. 

Because calcium ions appear  necessary for combinat ion between the hea t  
labile serum component  and virus, i t  seemed possible tha t  the addi t ion of so- 
dium ci t ra te  to a serum component-vi rus  mixture would remove the avai lable 

E gect of Dialysis and Addition 

Serum dialyzed against* 

None 
0.85 per cent NaC1 

0.1 . . . .  CaCI2 in 
0.85 per cent NaCI 

Period 
dialysis 
at 4~C. 

hrs. 

~c 

TABLE IX 
' Calcium on Activity of Thermolabile Serum Corn Oonent 

Dialyzed serum diluted in 

Phosphate buffered 0.85 per cent NaCI 

0.01 per cent MgS04 in 0.85 per cent NaC1 
0.1 " " CaCh " " " " " 

Phosphate buffered " " " " 

Hemagglu- 
tination- 

inhibition 
titer~ 

64 
16 
16 

128 

64 

* Dialyzed against 1500 volumes. 
~: 4 hemagglutinating units of Lee virus employed. 

calcium ions and release the virus from combination.  To test  this hypothesis  
the following experiments were carried out. 

To unheated guinea pig serum was added an equal volume of Lee virus-infected allantoic 
fluid, and the mixture was incubated at 37°C. for 30 minutes. An aliquot was diluted in saline, 
and a second aliquot was diluted in 2.5 per cent sodium citrate. The dilutions were held for 
15 minutes at 37°C. and the hemagglutination titers were then determined. Heated serum 
was treated in an identical manner. 

The  results of three experiments with different Lee virus preparat ions  are 
shown in Table  X. I t  will be noted tha t  release of virus from combinat ion with 
the heat  labile serum component  in the presence of sodium ci t ra te  was not  
consistent,  and  was of vary ing  degree. The  largest amount  of virus tha t  was 
released was only about  25 per  cent of tha t  added  to the serum. In  many  ex- 
per iments  i t  was not  possible to show tha t  any  virus was released from combi- 
nat ion by  citrate.  In  no instance in which PR8 was used was i t  possible to 
demonst ra te  release of virus once combinat ion had  taken place, bu t  with 
mumps  virus release of about  1 per  cent was demonstrable.  
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The effect of prolonged incubation of mixtures of unheated serum and virus 
was investigated to determine whether this would cause more complete release 
of virus. 

Mixtures of unheated guinea pig serum and Lee vires were heated at 56"C. for 30 minutes, 
and also kept at room temperature for 24 hours, and the hemagglutination titers determined 
before and after heating at 56"C. The mixtures were diluted in either saline or 2.5 per cent 
sodium citrate solutions. 

The results of a typical experiment are shown in Table XI .  When mixtures 
were heated at  56°C. for 30 minutes in order to inactivate the heat labile corn- 

TABLE X 

Effect of Removal of Calcium Ions by Citrate on Serum Component-Virus ComblnaHon 

'Mixture 

Guinea pig serum* 

Unheated 
tl 

56°C., 30 rain. 
Unheated 

It 

56"C., 30 rain. 
Unheated 

tc 

?  '01 

56°C., 30 min. 

D i l u e n t  

NaCI 
2.5 per cent sodium citrate 

NaCI 
2.5 per cent sodium citrate 
~ c~ ct tt t¢ 

NaCi 
2.5 per cent sodium citrate 
~t it tt ~| t~ 

t lemagglu- 
tination 
t i ter  o[ 
mixture 

0 
0 

1024 
0 

128 
1024 

0 
1024 
4096 

* Undiluted. 
:[: Undiluted allantoic fluid. 

ponent, virus was not demonstrable even when the mixture was diluted in 
sodium citrate solution. However, after the mixture had remained at room 
temperature for 24 hours and was diluted in citrate, about  6 per cent of the 
virus was released; when heated at  56°C. and diluted in stline, less than 1 per 
cent was released; but,  on dilution in citrate, more dissociation occurred and 
about  12 per cent of the virus was demonstrable. These results indicate that  
sponteneous dissociation of virus-serum component combination does not 
occur; that  some release of virus can be accomplished by appropriate proce- 
dures; that  virus is not irreversibly inactivated by  the serum component. 

Effect of Various Chemical Reagents on the Heat Labile Serum Component.-  
To obtain some idea as to the nature of the serum component, the effect of 
various chemical reagents was studied. 
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T A B L E  XI  

Partial DissociatDn of Combination betu'eeen Serum Component and Virus upon Prolonged 
Incubation and Removal of Calcium Ions by Citrate , 

Mixture Mixture held at 

Guinea pig 
serum 

Unheated 

56"C.," 30"rr.ln. 

Virus 

6L 

l 

6L L6 ~$ 

t 4  L$ f~ 

EL I J  6L 

LL 6 1  L I  

U ~ S~ 

2 I 
m 

m 

56°C. 30 rain. 

2s:c., 2.4 h.,s. 

u ~1 66 

c6 u • 

~4 L* U 

H 

m 

m 

56"C.1 30 rain. 
6J °S * l  

Mixture diluted in 

NaC! 
2.5 per cent sodium 

citrate 
NaCI 

2.5 per cent sodium 
citrate 

NaCI 
2.5 per cent sodium 

citrate 
NaCI 

2.5 per cent sodium 
citrate 

6L s l  

Hemag- 
glutina- 

tion 
titer of 
mixture 

• 0 

0 

0 

0 

0 

128 

16 
256 

2018 

T A B L E  X I I  

E f f ~ t ~  VariousProcMuresontheActiv~y ~ t h e H e a t L a b i l e C o m p o n ~ t i n G u i n e a P i g S e r u m  

Guinea pig serum treated with: 

Boiled t rypsin 2 mg. per cc . . . . . . . . . . . . . . . . . . . . . .  
Tryps in  2 mg. per cc . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L i th ium periodate 0.I M . . . . . . . . . . . . . . . . . . . . . . . .  
30 per cent  methyl  alcohol . . . . . . . . . . . . . . . . . . . . . .  
90 " " ethyl  " . . . . . . . . . . . . . . . . . . . . . .  
(NI-~)2SO4, 1/2 sa tura ted  (globulin) . . . . . . . . . . . . . .  

" sa tura ted  (albumin) .  
" globulin + a l b u m i n . .  3 . . . . . . . . . . . . . . .  

Conditions of 
treatment 

37°C., 120 min. 

4°C., 60 min. 
23°C., 15 rain. 

23°C. 

[ e m a l  

:inati 
nhibi 
titer' 

s e r u  

1:( 

1:( 

0 
0 
0 
0 

~u- F - Embryo 

i n in[ectlvlty 
f score~ 

positire/ 
total 

0/4 
4/4 
o/4 

4/4 
4/4 
4/4 

* 4 hemagglut ina t ing  uni t s  of Lee virus employed. 
:~ 103 E.I .D.  Lee virus used. 

Fresh guinea pig serum was treated with:  (1) crystalline trypsin, ~ 2 mg. per cc.; (2) 0.1 
l i thium periodate; (3) sa turated and half-saturated ammon ium sulfate; (4) 30 per cent  me thy l  
alcohol in the cold; and (5) 90 per cent  e thyl  alcohol. Virus hemagglut inat ion-inhibi t ion and 
neutralization ti trations were then carried ou t  with the various serum preparat ions and  frac- 
tions. 

2 Obtained through the courtesy of Dr. M. Kunitz, The Rockefeller Institute, Princeton, 
New Jersey. 



490 VIRUS INACTIVATION BY LABILE COMPONENT. OF SERUM 

The results of a number of experiments are summarized in Table XII. I t  is 
of interest that neither the precipitates obtained with one-h~lf saturated or 
saturated ammonium sulfate, nor a mixture of the two, contained demonstra- 
ble serum component. Trypsin inactivated the capacity of the serum compo- 
nent to prevent viral infection, but caused only a twofold reduction in the 
hemagglutination-inhibition tlter. The greater quantity of serum necessary to 
neutralize virus infectivity as compared with the serum dilution which inhibits 
hemagglutination by virus, as illustrated in Fig. 1, serves as an explanation 
of this apparent discrepancy. Periodate did not alter the capacity of the serum 
component to combine with virus, and thus inhibition of both infection and 
hemagglutination was obtained. It  will be noted that the component was not 
inactivated by precipitation with 30 per cent methyl alcohol in the cold, but 
following precipitation with ethyl alcohol at room temperature, the activity 
of the component was destroyed. 

Relationship of Heat Labile Serum Component to Complement.--Th~t the 
heat labile component of serum might be identical to complement or one of 
its components appeared possible. As has been pointed out, others (1, 3, 4, 6, 
7) have suggested that complement may play a r61e in the neutralization of 
some viruses by specific antibodies. Evidence bearing on this possibility was 
sought by three different procedures: (a) the study of serum from which single 
components of complement had been removed by chemical treatment; (b) 
the study of serum from which complement had been removed by an antigen- 
antibody precipitate; and (c) the study of serum from which m~st of the heat 
labile component had been removed by combination with virus. 

1. Effect of "Incomplete" Complement on Lee Virus.-- 

Different fractions of guinea pig serum obtained through the courtesy of Dr. Michael 
Heidelberger, College of Physicians and Surgeons, Columbia University, were employed: 
(a) "endpiece" represented a fraction from which midpiece (CO had been removed as well as 
some of Ca, but all of C~ and most of C4 were present; and (b) "midpiece" consisted of a 
fraction from which endpiece (C2) and some of C4 had been removed, but all of Cl and most 
of C3 remained. In addition, similar endpiece and midpiece fractions were prepared from 
guinea pig serum in this laboratory in the following manner. Six cc. of guinea pig serum was 
dialyzed in a rocker against 750 cc. of phosphate buffer pH 5.4, ionic strength 0.02, for 6 
hours at 4°C.; a change of buffer was made after 3 hours. The material was then centrifuged 
at 8,000 R.P.m for 10 minutes. The supemate was decanted, neutralized immediately, and 
brought to isotonicity with NaCI. This fraction is termed "endpiece." The precipitate was 
broken up and well mixed with 6 cc. of phosphate buffer, and then was recentrifuged. The 
final precipitate was resuspended in 6 cc. 0.85 per cent NaC1 Containing 0.1 per cent CaCI~. 
This fraction is termed "midpiece." 

The results of an experiment with endpiece and midpiece fractions and Lee 
virus are presented in Table XIII.  I t  will be noted that neither endpiece nor 
midpiece prevented viral infection, whereas a mixture of the two fractions neu- 
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tralized virus infectivity in 3 of 4 embryos. I t  should be emphasized that these 
fractions contain numerous constituents in addition to components  of coin- 

TABLE XIII 

E~ect of Guinea Pig Complement Fractions on Infectivity of Lee Virus 

M ~ t u ~  

Guinea pig serum fraction 

Whole serum 
" " 56°C., 30 min. 

"Endpiece" (C~, Cs, C,) 
"Midpiece" (Cl, Ca, C4) 
"Endpiece + midpiece" fractions 

56°C., 30 rain. 

Lee 
virus 

E2.D. 

102 

~c 

lc 

I n c u -  
b a t i o n  

37°C. 

m/.. 

3O 
cc 

cc 

cc 

cc 

cc 

Hemagglutinafion titers allantoic 
fluids* 

0 
> 128 

tc 

tc 

0 
>128 

B C D 

0 0 0 
>128 >128 >128 

0 32 0 
>128 >128 >128 

Embryo 
infectivity 

score 

posili~e/ 
tolal 

0/4 
4/4 
4/4 
4/4 
1/4 
4/4 

* Removed after incubation of embryos for 2 days at 35°C. 

TABLE XIV 
E.ffect of Removal of Complement by an Antigen-Antibody Precipitate on the Serum Componen# 

Mixture 

Guinea vlg 
senlln 

CC. 

0.45 

0.45 

Strepto- Strepto- 
coccus coccus 

MG MG 
immune poly~c-  
rabbit charide 
serum* 

¢:¢. •g. 

0.1 0 

0.1 0.035 

NaC[ 

CG. 

0.35 

Incuba- 
tion at  
37°C. 

mln. 

3O 

30 

Results of serum fitrafions 

Comple- Hema[gglu- 
tinatlon- 

merit inhibition 
titer:[: titer§ 

CC. 

<0.004 1:64 

>0.20 1:32 

Virus neutralization¶ 

Embryo 
Serum infectivity 

dilution score 

poslti~e/ 
Sotal 

1:4 0/4 
1 : 8 1/4 
1:16 4/4 

1:4 4/4 

* Diluted 1:2 and heated 65°C. for 30 minutes. 
:~ Quantity of guinea pig serum required to hemolyze completely a 3 per cent suspension of 

sensitized sheep RBC. 
§ 4 hemagglutinating units of Lee virus used. 
¶ 102 E.I.D. Lee virus employed. 

plement,  and that a mixture of endpiece and midpiece fractions is in effect a 
reconstituted serum. Neither the endpiece nor the midpiece fraction alone had 
complementary activity,  but a mixture of the two was effective in lysing sen- 
sit ized sheep RBC.  Results  of hemagglutination-inhibition titrations with 
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these preparations were irregular, and could not be interpreted satisfactorily 
due to the fact that heat stable inhibitors were present. 

2. Effect of Removing Complement with an Antigen-Antibody Precipitate o n  

the Heat Labile Serum Component.-- 

To fresh guinea pig serum were added inactivated antistreptococcus MG rabbit serum and 
capsular polysaccharide of streptococcus MG. I t  is known that  the polysaccharide-antibody 
precipitate which forms in such a mixture binds complement (22). The mixture was held at  
37°C. for 30 minutes, following which it  was centrifuged. The precipitate was discarded, and 
the supernate employed in hemaggintination-inhibition, neutralization, and complement ti- 
trations. 

TABLE XV 

Effect of Removal of Swum Component by Virus on Complement Titw 

Mixture 

Guinea pig 
serunl 

$$. 

0.7 

0.3 
0.7 
0.3 

Lee virus 
allantoic 

fluid 
heated 

65°C. for 
30 rain. 

0 

0 
0.7 
1.2 

~nt 
kui, 

CG. 

).~ 

to: 
0 

Incubation 
al at 37°C. 
)ic 

rain. 

15 

Results of serum titrstions 

H ~ g g l u -  
Complement tination- 

titer* inhibition 
titer$ 

co. 

0.004 1:320 

0.005 1:320 
0.004 1:80 

" < 1 : 2 0  

Virus neutrslizstlon| 

Serum Embryo 
dilution infectivity 

s c o r e  

positive/ 
total 

1:4 0/4 
1: 8 2/4 
1:16 3/4 

1: 4 4/4 

* Quantity of serum which completely lysed sensitized sheep RBC. 
4 hemagglutinating units of Lee virus used. 

§ 10 2 E.I.D. Lee virus employed. 

The results of a typical experiment are presented in Table XIV. The pre- 
cipitate resulting from the interaction of streptococcus MG polys~ccharide 
and specific antibodies against it not only removed complement but also re- 
moved the serum component which neutralized Lee virus infectivity. However, 
as indicated by the results of hemagglutination-inhibition titrations, all the 
serum component was not removed. On this basis the reduction in the concen- 
tration of the component was only twofold, whereas the reduction in comple- 
ment concentration was at least 50-fold. 

3. Effect of Virus-Serum Component Combination upon Complement Titer.-- 

One and 4 volumes,respectively, of Lee virus-infected alla~toic fluid heated at  65°C. for 
30 minutes were added to aliquots of guinea pig serum. Such treated virus is not infectious, 
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and does not cause hemagglutination. Similar mixtures of serum and normal aUantoic fluid 
were prepared. Each mixture was held at 37°C. for 30 minutes, and then complement, hem- 
agglutination-inhibition, and neutralization titrations were carried out. 

The results of two experiments are summarized in Table XV. The concen- 
tration of complement was undiminished even when 4 volumes of virus was 
mixed with serum, but the concentration of the serum component, as deter- 
mined by hemagglutination-inhibition, was below the amount which could be 
measured by this technique representing at least a 16-fold reduction. Similarly, 
when equal volumes of serum and virus were mixed, there was a definite reduc- 
tion in the concentration of the serum component as determined both by neu- 
tralization and hemagglutinationoinhibition without any reduction in the com- 
plement titer. These results indicate that the heat labile serum component is 
not identical to complement. 

DISCUSSION 

That the serum of human beings, guinea pigs, rabbits, and mice contains 
a thermolabile component which inactivates influenza A and B, mumps, and 
Newcastle disease viruses on combining with them is indicated clearly by the 
evidence presented. The lability of this component when stored at 4°C. and on 
heating, in addition to the finding that its activity is diminished by crystalline 
trypsin and destroyed by ethyl alcohol, suggests that it may be an unstable 
protein or protein complex. The serum component-virus combination is stable 
and dissimilar to that which occurs between heat-resistant inhibitors of viral 
hemagglutination present in the serum of rabbits and ferrets (18) as well as 
in normal allantoic fluid (19) and egg white (20). The latter inhibitors are 
partially or completely inacitvated by virus and the virus is then released~ 
whereas with the heat labile serum component spontaneous release of virus 
does not occur. Some release of virus may be achieved by the addition of 
sodium citrate to the mixture which probably is a result of the removal of 
calcium ions necessary for combination. A further and most important dif- 
ference lies in the fact that with but rare exceptions (23, 24) inactivated serum 
of normal animals does not neutralize the infectivity of the viruses employed 
in this study. 

Certain properties of the heat labile serum component are similar to those 
of complement, and certain workers (1, 3, 4, 6, 7) have attributed their re- 
sults with other viruses as due to complement activity. Because the thermola- 
bile component is not removed with complement in like amount by an antigen- 
antibody precipitate, and because complement is not removed by a quantity 
of virus sufficient to combine with all demonstrable serum component, it is 
unlikely that the two are identical. 

The fact that there is present in human and animal serum a thermolabile 
component which can combine with any of the four viruses studied, and 
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can neutralize the infectivity of these agents, makes it hazardous to employ 
unheated sera in virus neutralization tests. Differences in the manner in which 
sera are handled as to separation from the clot, as well as temperature and du- 
ration of storage, may markedly affect the results. As example, sera stored at 
4°C. for 2 to 4 weeks will usually not contain active component, whereas sera 
stored for only a few days at this temperature or held for long periods at 
-28°C. may neutralize 103 to 104 E.I.D. of virus. Under such circumstances 
the results might be taken as evidence that specific neutralizing antibodies 
had developed when this was not the case. Likewise, the addition of unheated 
normal serum to heat-inactivated immune serum may yield peculiar results 
which may be difficult to interpret. 

It  may be that the serum component affects attempts to recover certain 
viruses from the blood. For example, only rarely has mumps virus been re- 
covered from the blood of a patient (25), despite the evidence that viremia 
is present in a considerable proportion of patients. It seems probable that un- 
less the quantity of virus present in the blood were relatively large, 104 to 106 
E.I.D. per cc., the heat labile component would prevent infection of suscep- 
tible animals. Brooksby (26) has pointed out that the virus of hoof-and-mouth 
disease is inactivated much more rapidly in defibrinated than in citrated guinea 
pig blood because calcium ions are needed for inactivation. Such inactivation 
may be a result of combination of virus with the serum component. 

SUMMARY 

A labile component present in the serum of human beings, guinea pigs, and 
rabbits neutralizes the infectivity of mumps, Newcastle disease, influenza A 
and B viruses. The labile component of these sera and of mouse serum also 
inhibits hemagglutination of chicken RBC by these viruses. The component 
is inactivated by heating at 56°C. for 30 minutes and upon storage at 4°C. for 
periods longer than 2 weeks. The virus-neutralizing and hemagglutination- 
inhibiting properties result from serum component-virus combination in the 
presence of calcium. The combination is stable, and does not undergo spon- 
taneous dissociation. Partial separation of virus can be brought about by heat- 
ing mixtures held for 24 hours or by removal of calcium ions with sodium 
citrate. The labile serum component appears to be distinct from hemolytic 
complement. 
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