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From numerous exper imental  investigatio~ts and c l in ica l  observations we lm0w that so-ca l led  passive 
immuni ty  reaches its maximum degree of intensity not immed ia t e ly  after injection of immune serum but 
after some t ime .  The existence of this characteris t ic  incubation period became known soon after the dis- 
covery of  the preventive properties of ant~toxic serum [19]. and different workers accounted for thls phmIo - 
rnenon in different ways. depending on their ideas of the mode of action of antitoxin [2, 8, 21, 22]. The 
existence o f  this period in the development  of passive immn,, i ty was regarded by ~ome workers as all indica-  
tion that passive immuni ty  arises as a result of the act ion of antibodies on the body of the recipient .  Despite 
the fact that i t  is now 70 )'ears since this discovery was made,  many aspects of  the conditions of production 
of passive immuni ty  ~:d of the action of antitoxin in vivo have received insufficient study. Recently a num- 
ber of  ~.'crks have appeared in which the significance of the act ion of tetanus antitoxin on the animal  in c rea t -  

ing specific resistance is once again examined [q. 11-14, 18]. 

Considering the prac t ica l  and theoret ical  importance of these problems,  we undertook the present in-  
vestigation with the a im of  explaining the features of development  of passive immunit),  to tetanus depending 

on the eonditio~ts of administration of tetanus antiserum. 

E X P E R I M E N T A L  M E T H O D S  

The experiments were based oll the production of exper imenta l  tetanus. This plan ~as  selected not 
only because of  the frequent interest in rite study of passive imm mit 7 to tetanus but also because since the 
work of E. Bering and his co-workers [2] exper imental  tetanus has become one of the main exper imental  
deviee~ for solving a number of general immunological  problems.  This has not lost its importance even to-  
day [16]. 

In the experiments we used tetanus antiserum purified and concentrated by the method Diaferm-3 IEM 
(series 1881). and dry tetanus toxin (series No. 580 IEM Akin SSSR). This lat ter  was first dissolved in different 
volume~ of ph)~iological  saline containing glycerin (pll = 6.9). The required dilutions of toxin were made 
just before each exper iment .  The investigations were carried out on white rats weighing 125-1't0 g. The 
severity of the disease was rated by mortal i ty ,  survival t ime of aqimal~ wl~o l : t e r  d ied,  and c l in ical  

p ic ture .  In order to describe the signs and s}~nptoms of local  tetanus we used special symbols; the degree of 
resistance of the animals to the toxiu was judged by the c l in ica l  courge of  tile disease, nz1,e resistance was 

conventionally expressed in points (Table 1). 

A lethal  dose of toxin was chosen as the dose which on inject ion sttbettraneously in a volume of 0.2 ml 
in the outer surface of the left  thigh, cau 'ed  death of all  the animals on the 4th and 5th day.  Ill the first 3 
series of  experimenfs tetanus antiserum was givc,z in a dose of 5 units; this dose correspo~ds roughly to that 
used in pract ice  for prophylaxis of tetam,s (calculated per 1 kg body wcight).  
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T A B L E  1 

S)anbols Used in Describing tile Clinical  Course of Local Tetanus and tile Degree of Resistance of file Animal* 

Clinical  picture Symbols Degree of resis- 
tance in points 

- 10  Absence of  any signs of disease .  

Barely percep t ib le  increase of extensor tonus (more readi ly  observed 
rats are l if ted up by their tails). 

C lea r ly  expressed increase of extensor tonus. This is mainly  ob-  
served when the animal move~ about. 

Considerable increase of extensor tonus. The paw is semif lexed,  
the springing joint does not l ie on the surface of the ground. 

Sharp increase of  extensor tonus. The paw is drawn backwards, 
and on walking only the phalanges touch the ground, and 
mo~'emcnt in the joints, especial ly the spr in#ng joint ,  
is restr icted.  

To~al loca l  tetanus. The paw is extended backwards and takes 
part  in no movements; muscular r i #d i ty ;  the sole and 
phalanges are extended; movement in the springing 
joint  is absent, while occasional ly a trace of movement  
may  be preserved in the other  joints.  

e 

t 

+4. 

4.+4- 

6 

4 

Estimation of antitoxin in the b!ood of thera t s  was made by the usual method of titration in mice .  In 
control tests normal rat serum was used. 

The  exper imental  results were treated by stat ist ical  variance analysis. 

E X P E R I M E N T A L  R E S U L T S  

The p~rpose of tile first series of experiments was to discover bow quickly the maximum degree of re -  
sistance of animals arises after intramuscular inject ion of tetanus antiserum. 

In these experiments tetanus antiserum was injected (5 units in a volume of 0.2 ml) into the posterior 
group of muscles of the right thigh, and tetanus toxin (1 le thal  dose) - into the posterior group of muscles of 
gle lef t  thigh. 

As seen from Table 2 after injection of serum i m m e d i a t e l y  before injection of toxin, none of the animals 
showed any protection against the disease: in a l l  file rats total  local  tetanus developed,  with characteris t ic  
muscular r ig idi ty  and restriction of  movements at  the joints. Three hours after inject ion of the serum the 
resistance of the animals was increased (local  tetanus did not reach its maximum development) ,  after 6 hours 
further increase could be observed0 and after 12 hours the  resistance of the animals was at its highest. Differ- 
ences in the degree of resistance of the animals of each successive group compared with the resistance of the 
animals  of  the preceding groups were significant tn every case.  The resistance of the animals to tetanus 24 
hours after inject ion of serum was p rac t i ca l ly  the same as that after 12 hours (variations in tile degree of re-  
sistance are s ta t is t ical ly  not significant).  

Thus by  intramuscular injection of  tetanus antiserum and tetanus toxin in different places ,  passive 
immuni ty  reaches its maximum development not at once after injection of tile serum, but after a definite 
period o f  t ime .  This result is in accordance with the reports in the li terature on the subject.  

The next series of experiments were intended to explain the rate of accumulat ion of antitoxin in the 
blood of the :~nimal~ under the conditions of the exper iment .  

The rats wer e exsangulnated by section of the cervical  vessels. From the blot~d, serum was prepared 



and tested for Its antitoxlc properties on the day after it was drawn. Each test was carrlcd out with a mixture 
of equal quantities of sera from ,I rats (0.4 nil of each serum). The entire experiment was repeated 3 t imes.  
In file whole experiment 60 rats were used. 

As seen from Table 3, as the Interval after injection of serum intramuscularly increases, so also does 
the amount of antitoxin in the blood, and it reaches its maximum ill 1~ to 24 hours (variations in the antitoxin 
content after 3. 6 and 12 hours from the injection of serum are s tat is t ical ly significant). After 2,1 hours the 
content of antitoxin in die blood was roughly the same as after 12 hours. 

TABLE 2 
Prophylactic Effect of Tetanus Antiserum Injected at VariotLs Intervals Before 
Injection of T o x i n  

Time between in-  ] 
jections of serum [ 
and toxin (inhours)j 

0 ! 

Number of ani-  
mals in the ex-  
periment 

i0 

3 ] ,5 

Clinical  Course of 
the local tetanus 

Resistance in points 

(M i m) 

+ + +  [ o 
+ +  [ 2• 

Note_. Intermediate degrees of development of the disease are signified by the 
addit ional  signs > or <. 

The results obtained agree with those of other investigators [20, 21]. Any differences consist in file fact 
that in the opinion of other workers c i ted ,  tile maximum level  of the antitoxin content of the blood may be 
observed in some cases on the 2nd-3rd day after subcutaneous or intramuscular injection of tetanus antiserum. 
This difference "may be explained by the fact that we used purified serum, tlie size of file immune globulin 
of which reduced by enzyme digestion at the t ime of purification [ t ] .  Thanks to this purification by the Dia-  
ferm-3 IEM method the serum is more rapidly absorbed than the native serum [1]. 

Comparing the results of the two series of experiments a paral le l  may be observed between the change 
in the level  of the blood antitoxin and the degree of resistance of the animals,  As can be seen from the fig- 
ure, the curve of growth of resistance of the animals corresponds to the curve of growth of antitoxic properties 
of the blood. 

The results obtained enable the conclusion to be drawn that the degree of resistance of the animals to 
tetanus toxin in passive immuni ty  is determined by the level of the blood antitoxin content,  derived from the 
site of inject ion.  This conclusion was confirmed by the results Of an experiment in which tetanus antiserum 
was injected in the same doze (5 units) direct ly into the blood :stream (into file vein of the rigllt calf) .  In 
these conditions, the simultaneous inject ion of toxin into the l imb muscles produced in the major i ty  of an i -  
mals mere ly  an insignificant rise in ttle extensor tonUs (from - to i ; i t  reached i in only 1 rats out of 20). 
At the same t ime .  al l  of 20 rats receiving serum into the muscles of the right flfigh developed total local  
tetanus (§247 with characteris t ic  extensor r igidi ty  and restricted movement in the joints. 

Thus on inject ing tetanus antiserfim direct ly  into the blood stream with the object  of creating the re -  
qulred colleentration of antitoxin ill tile minimum t ime,  We el)served the same degree of resistance In the 
animals which develops roughly O to 12 ]lotirs ,after intran'lt~sctfl,~r iujeetion of the ~ame dose of sertml, 

q r  , . ,9 



TABLE 3, 

Content of Antitoxin in the Blood of Rat, at Various Intervals After Injection of  
Tetanus Antizerum i i i to  tlle Limb, Mu~clei 

Interval between [ _ _ S..ede s o[.exper.iment$ 
taking blood and I ! I n I ill I mean 
injection of teta-[  - -  
nus antlscrum [ content of anthoxla tn units 

(in houtQ [ 

0 
3 
6 

12 
~4 

0 
0.09 

-.:0.14 
0.18 

;~0.2 

0 
0.09 
0.13 
0 .19 

< 0 . 1 8  

0 
;..0.08 

0 .15  
0.17 
0.17 

0 
0.09 
0 .1t  
0.18 
ft.18 

TABLE 4 

Prophylactic Effect of  Tetanm Antiserum, Injected into the Blood as a Mixture 
widi Toxin or Separately at  Variouz Interval~ Before Intravenous Injection of 
the Toxin 

Group 
No. 

3 

4 

5 

6 

7 

Conditions for ii;jection 
Of SC[HIH 

As a mixture with toxin 
Just before injection of 
toxhi (into another 
vein) 

3 hours before injection 
of toxin 

6 hours before injection 
of toxin 

t2hours before injection 
of toxin 

24 hours before injection 
of toxin 

tox in  control (serum not 
injected 

Dose of s e rum-  0.02 units 

.5 

5 

5 

5 

5 

5 

Dose of serum -- 0.01 units 

--"~ I.,= "~ 
o ~  ~o ~ "~ 

0 

0 

0 

4 

5 

5 

6 

! .2 

5 

5 

5 

5 

5 

0 

0 - -  

I 9 

4* 5.8 

5 3 

5 9,~ 

�9 One rat died with the appearance of exhaustion, 

The next series of experiments were for file purpose of discovering die form of the passive immuni ty  
appearing in response to injection of both toxin and serum into the blood stream. 

Doses of 0.02 and 0,01 uniu of serum in a volume of 0.2 ml were injected into the vein of file r i~ l t  calf; 
toxin (3,5 lethal doses in a volume of 0.15 ml) was injected into the vein of the left  ca l f  at  different inter-  
vals after injection of the sezum. Ill adJit ion a portion of  the animals received a mixture of  toxin and serum 
which had been prepared just before injection i , t o  die vein 0mr kept in the incubator).  The results of the 
experiments are sho-~n in "Fable 4. 
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T ime after injection of serum (in h o m o  

13 

- d a i s  

0 .~ a12 

�9 .- . .~ c.F~ 

~ aoz 

U Time after injection of scrnm (in hours) 

Change in the resistance (A) and blood antitoxin 
content (13) of  rats at  various intervals after in-  
tramuscular inject ion of tetanus antiserum. 

As seen from Table 4, ht this experlmcnt  die best 
prophylactic effect was observed i~t those cases where 
the serum ~r injected either as a ntixture with toxin 
or shnultaneously with i t .  As the lellgth of dmc between 
Injection of scram and injection of toxin increased,  so  

the prophylact ic  effect of the tetanus antiserum de-  
creased,  and reached its minimum after 12 to 24 hours. 

The results of this exper iment  are thus d i ame t r i -  
ca l ly  opposed to those which 4core obtaiJied in the e x -  
per iment  in whidt toxin and serum were injected into 
the muscles of different l imbs.  In this present exper i -  
ment no incubation period could be observed in the 
development  of passive immuni ty  after inject ion of 
tetanus antiserum. 

The results obtained suggest that die incubation 
period in passive immunity  is the period of resorpOon 
of antitoxin and the t ime  for its distribution fllrough- 
out the body, thereby creat ing opt imal  conditions for 
fixation of  the toxin at the site of its inject ion (or 
formation) and of its ac t i on .  Of great importance in 

�9 this respect is a necessary concentrat ion of antitoxin 
in file blood,  permit t ing not only blockage of the humo- 
rai route of  spread of  toxin but  also access of antitoxin 
to the appropriate sections of the nervous system on 
which file toxin acts.  The possibi l i ty  of access of t e t a -  
nus antitoxin from the blood to die central  nervous sys- 
tem may now be considered to be proved [3, 4 . 9 .  10].  
For this reason the dnration0 presence or absence of the 
time required to produce the maximum prophylact ic  
effect of anti toxic serum will  be determined not only 

by  amount and site of inject ion but  also by conditions of inject ion and spread of the toxin.  

These facts wtrich have been presented suggest that the prophylact ic  action of  tetanus zntitoxin is connect-  
ed p r imar i ly  with i ts  power to fix toxin. If the prophylact ic  effect of tetanus antiserum were due to its act ion 
on tile macroorganism, the existence of an incubation period would be observed in a l l  cases of passive immunity ,  
just as occurs in any reaction of file body to any stimulus. This natural ly does not dismiss die importance o f  
the action of  rile serum proteins,  including immune protein,  on the body as an addit ional  stimulus modifying 
the react ive  basis of the an imal .  The importance of this mechanism~ like file importance of changes in r eac -  

t iv i ty  due to other s t imul i ,  may  vary in different conditions. 

From the foregoing i t  will b e  understood why in the usual conditions of passive immuni ty  (in the absence 
of special  stimuli modifying the reac t iv i ty  of the body) a direct  relationship is par t icu lar ly  c lear ly  observed 
between the degree of resistance of animals and their blood antitoxin leve l .  As may  be seen from the results 
presented,  even compara t ive ly  fine differences in the c l in ica l  pattern of local  tetanus correspond to changes 
in the content of  antitoxin in the blood. In active immuni ty  such a relationship may  not alway~ be present 
or  so c lear ly  expressed [5. 6, 15]. 

S U M M . ~ R Y  

It was established ilt experiments on white rats that the t ime of the maximal  immuni ty  against tetanus 
depends on the met:hod of introduction of antitetanus serum and tetanus toxit~. The resistance of tile animals 
to the toxin depends direct ly  on the content of the antitoxin in their blood. The mechanism of action of t e t a -  
nHs antitoxin at~d conditions of appearance of the passive immunity  are discussed. 
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