
‘AD~ AOle 1 951 ARMY MEDICAL RESEARCH INST OF INFECTIOUS DISEASES FR—ETC F/G 6/15/ PREPARATION OF ANTITOXIC AND ANTIMICROBIAL VACCINES BY USE OF G——ETC (U)
JUL 77 E H RELYVELD, J TREFOVEL

UNCLASSIFIED USAMRIID—MUL—053’e NL



i 0 ~~ 
II~ 8 

~I~
25

________ 

~32 IIIlI~
2

I I
IIIII~Hilt’ ~ IIIII~ ~

H ‘N



I

TRANSLATION NO.: MW- 0534 /

TITLE: Preparation de vaccins antitoxiques et antimicrobiens ~ l’aide
du glutaraldehyde (Preparation of antitoxic and antimicrobial
vaccines by use of glutaraldehyde)

AUTHOR(S): Relyveld , E. H. and J. Tr~ fove1

‘ . -~~\

REFERENCE: C. R. Acad. Sci. (Paris) 277:613—616, 1973 <~~
‘ 

~~
‘
~~ -~~~ :

“

~~~TRIBUT ION STATEM~~~

Approved for public release;
distribution unlimited

>-
U. S • ARMY MEDICAL RESEARCH INSTITUTE OF INFECTWUS DISEASES v

C...) Fort De’ rick , Frederick , Ma ryland 21701

•

____ - .  ~~~~~~ ~~~



—

~~~~~~~~~

-— - -

~~~~~~~~~~~~~~~~~~~

Unclassified
SCCUR1TY CLASS1FICAT ION OF THIS PAGF (1Th.n IMS.  ?~nf.red)

RE~~~
DT nAIIIHELITATIAbJ DA~~E READ INSTRUCTIONS

i ~~~~~~~ ~i I ~~ I u~~~I I BEFORE COMPLETING FORM
r~~ tPORT NUMBER — - - 

12. GOVT ACCESSION NO. 3. RECIPi ENT’S CATALOG NUMBER

~ ~(p re~~ i’ation de saccths .~~~~itoxiques et ~nt imicrob iens a~~
- l’aide du (üutaraidehyd e) ,  ______ -. . -

4. ‘fITI~E (~~ d Subi~~~.y ~~ - -
~~~

-
~~ —— —- )O COVERED

( i’reparatt~~ ~r ant it n micr obia l ,,,,. /
.~,accines by ,u se of ~ lut araldehyde ~~~~~~~~~~~ 

,~~~~~~ -
- Trans la t ion

— 6; - Pf~~FORMtW ~ G..*~~~ORT NUMBER

~~~~ 
p\ ~~<1~~j MUL ”O534~~

~/ 7 . M $ O~~(p )  - — — B~-
-wu u ,~~ CT O~~ GRANT NUMBER(.)

.~E . ~4./Re1yve1d~~L_H. ~~~~~~~~ Trefovel -

9. PER PORMING ORGANIZATION NAM E AND ADDRESS $0. PROGRA M ELEMENT . PROJECT , TASK
j  AR EA 6 WORK UNIT NUMNERS

USAMRIID Lth’re-ry
For t_D~.t.~4ck
Frederick ,_Md, 21701 

____________________________

I I. CaNT ~~~~~~~~~~~~~ 12. REP.~ W - ~~AT~~ 
— ..-.

~~ .- /~) 12 Ju1y_~~~7
~~C. R. Acad~ Sc4~ (Paris) ,~277I6 13-616..,~- 1973. T~ . N U M B E R O F  PAGES ~~~~; 

4 P ç f .~~~~~ 5
‘4.\MONITORING AGEW CY M.AII& ‘AD l tdff r,nt-J.e~i Cc,UraLJM~~-~~~*~e) IS. SECURITY CLASS. (of thi.

— Unclassified
~ . - ,,~~~~- ~~~~~~~~~ ~~~~~~~

- - •-~~~

- .~~“ $5.. DECLASS IFICATION /OOW NGRA DING
- SCHEDULE

$6. DISTRIBUTION STATEMENT (of thu. Report)

Approved for public release: distribution unlimited

17. DISTRIBUTION S T A T E M E N T  (of the obafr.ct entered In flIoclc 20 . If dtffcrenI Iron, Rcport)

\~\\ ~~
IS. SUPPLEMENTARY NOTES \t’~ ~~~~

4 19. KEY WORDS (Continue on r.v.re. aide II nac..aary ~ ,d Ic r n t I fy  by blc.ck numb.r)

An t i tox ic  vacci nes
An t i microbi a l vaccines
G lu tar a ldeh y de

20. ABSTRAC T (Continua on rev.,.. .id. If nec...ary .nd identity by block numbar)

DD J N ? 3  ~~73 EDITION OF I NOV 65 IS OIJ5OLCt E ( /
IECur.ITY CLA ~ SIFIC*TION OF 11415 PAG1 (When I) ela l:nI.red)

-~



(Preparation of Antitoxic and Antimicrobial Vaccines by use

of glutaraidehyde)

E. H. Relyveld’ and J. Tr~ fove1

Pr~ paration de vaccins antitoxiques et antimicrobiens ~ l’aide 
- -

du glu taraldeh yde .“ 
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C. R. Acad . Sci. (Paris) 277: 613-616, 1973 - 
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.~~~~Descript ion of a procedure to obtain charac terized vaccines in \ ~\ \ 
-“

which one places toxins or microorganisils with glutaraldehyde at a -

concentration and for a period sufficiently long to de tox if y or
inactivate.

Transfo>~ation of di ph theria toxin to anti toxin us ing formol
and hea t simu 1~~ neous 1y was pre sen ted ~by Raison in 1923 (2). This,
procedure , al tho’t~~h app licable to prepara tion some excellent quali t y
vaccines, particularly against diph theria and tetanus , has no t given
comple te satisfaction for all known toxins , espec iall y against venins.
Bacteria and viruses which are used in vaccine preparations are
generally inactivated by hea t , phenol , formol , f3—propiolactone ,
UV ligh t, etc., or a combina tion of these . These me thods of
inactivation have also given good results for per tussis , poi io , rabies ,
etc., but one cannot generalize for all infectious disease agents
for man and animals. The efficacy of some preparations Is doubtful
or of short duration. The results presented here give pr inci ples
of a procedure using glutaraldehyde , app licable equally to other
toxins and microorganisms. The examples concerned arc : dip hthcria ,
t e t anus , and st ap h y lococcal a and ~ toxins and staphylococcal and
pertussis organisms . Some application to the venins and viruses under
the same c o n d i t i o n s  and with comparable results wi l l  be the aubject
of other papers (3).
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Techniques. Toxin preparations were incubated at 37°C or at
ambient temperature with glutaraldehyde at various concentratIons.*
Samples were removed after progressive times of incubation for
de te rmina t ion  of residual tox ic i ty  and an t i g e nic i t y .  The reaction
was stopped by e l iminat ion of glu ta ra idc i iy de excess chemically by
adding to the reaction mil ieu  agents capab]e of r eac t ing  with
aldehydes such as amino acids (e .g . ,  lysine or glyc ine) ,  or sodium
b i su l f it e  and also by dialysis .  The bacter ia l  cu l tu res  of varying
opacities treated by glutaraldeliydc (GLUT), were centr i fuged and
washed to e l iminate  excess reactant . Bacterial  concentrat ion was
expressed by comparison to the re fe rence  standard for opaci ty
provided by NI H , Bethesda , Md.  Measurements  were carr ied out
fol lowing direc tions for  “Ni nuaim Requl rcmcnts: Per tussis  Vaccine ,”
t reatment  wi th  glu tara ldehy de was carried ou t und er controlled
conditions and according to a fundamen tal  prodecures , i .e . ,  one
stops the reaction to remove the in i t ia l  toxicity of the  product ,
but w i t h o u t  dena tu r izat ion , and retaining the antigen ici ty . Study
of residua .l t ox ic i ty  of the p repara t ions  was carried out in rabbi ts ,
guinea p igs and m ice , or w i t h  the  hel.p of sensit ized RBC ( for  staph
tox ins) .  A toxic i ty  to GLUT has been shown , but is e l iminated by
chemical ac t ion  or dialysis .  I n a c tiv a t i o n  of bac ter ia l  prepara tions
has been v e r i f i e d  a f t e r  seeding in appropriate  media . A l imi ted
time of contact for  a GLU T concentrat ion as weak as possible was
chosen for  vaccine preparat ion.  The immunizing power of the
prepara t ion  was stud ied in f l u i d  form or a f t e r  absorption on Ca 3

(P0 4
)

Molar concent ra t ions  of glutaraldehyde ar a as follows : 0.00263M = 1.0
milL (25% solution); 0.0052GM; 0.0263M ; 0.5 26M. Some dif fe ren t
concentrations , going to 0.00131M, were chosen , for some preparations
studied .

RESULTS — Pure diph ther ia  toxin — -
Action of glu taraldehyde at a concentration of 0.0263N, whi ch is

equal to the quan t i t y  of I orinol usually employed to detoxify this toxin
at 500 UF’/ml for a period of 2 weeks at 37°C, caused loss of f loccu la tion
after 1 hr contact at the the same temperature . At a concentration
of 0.00263r-1 GLUT. One obtains  a less pronounced lowering of flocculation
titer. Stud y in guinea pigs and rabbit-s for residual toxicity showed
that after 1 hr of contact the detoxification is almost complete.
A f t e r  3 hr  contact  the preparat ion t i . tering /~20 h F/nil is comp letely
detoxi f ied  (Table Ia) .  The immunizing power of the anatox in  obtained
a f t e r  3 hr was s tudied a f t e r  stopp ing the reaction wi th  lysine and
dialysis, or by dialysis alone . Table lb shows the circulating
antibody titer in International Antitoxic Units/mi ( U A [/ u i l ) .  The
adsorbed vaccines have immun gen ic  power greater than li quid vaccines ;
adsorbed ana toxin obtained by stopping the reaction with lys lnc  g ives
a better immune response.

*Toxjn tttc -rs have been expressed in international floeculatfons units
(UF) , combined hemolyt Ic doses (DCII) or minimal hemo l yt  Ic  doses (DMII )/ m l



Table Ia. Detoxification of pure diphtheria toxin at 500 UF/ml in
1% sodium bicarbonate solution by action of glutaraldehyde at a
final concentration of 0.00263 M. -

Contact Time 1 mm 1 h 3 h 6 h 24 h 48 h 1 wk 2 wk

UF/mi 500 450 420 400 350 330 325 225
Kf (*) m m  6 m n 9 mn l6 mn 1 h 2 0 2 h 0 5  ) 3 h  ) 7 h
Toxicity Toxic Detoxified (verified in rabbit and guinea pig)

(*)Flocculation time is 45 ° C.

Table lb. Circula ting Antidiphthe r i a  Antibod y Titers in Guinea Pigs in
UAI/ml.

Incubation time at 37°C Fluid Vaccines Absorbed Vaccines

3 h 0.75 2
3 h + lysine 15 mm 0.75 2.5

(*) After 2 injections 15 days apart of 1 ml of vaccine at 30 UF/rnl .
Titers were determined on the mixture of equal volumes of blood taken
15 days after the 2nd injection .

Crude diph theria toxin ultr a f i l tra te and p~~~t1a~~~~ p~~ if ied ~~pc
P, (4). One can obtain complete detoxification without denaturation
o~- the to~~in a f t e r  1 — 3 hr contact  at a condition with respect to
GLUT connentra t ions .  compared to the degree of p u r i f i c a t i o n  of the
prepara tion used. Examination of the antigenicity of the anatoxins
was equally effective after various times of contact without taking
account of the loss of flocculant titer and depending on its starting
titer. It was found tha t  the immunogenic power decreased gradual ly
as the time of contact increased and the titer decreased .

Purified tetanus toxin. Table II shows results of experiments
carried out with a final concentration of GLUT of 0.00263 N. Complete
detoxification was attained after 1 mm contact. Immunizing power of
the anatoxins was studied after 5 mm and 1 hr of contact using as
control the same anatoxin detoxified with 2% formol in the usual
cond i t ions  (2 wk at 37°C). Table lIb shows the c i r cu la t ing  ant i l)ody
t i ters  in UAT / ml .  Vaccines obtained by glutaraldehyde action and in
particular those obtained a f t e r  5 mm contact  have iminuni r . lng  power
higher than those obtained wi th  fo rn i al in .  Fluid or adsorbed ar tatox ins
prepared wi th  GLUT g ive p rac t i ca l ly  the same immune response , whereas
adsorbed a nat o x in  prepared wi th  formal in  give a be t t e r  response than
the same f l u i d  preparat ion .

- ---~--~—---—-



Table h a .  Detoxification of Tetanus Toxin Purified at 500 UF/ml
in Na 2HPO4 Solution.

Contact Time 1 inn 1 h 3 ii 6 h 24 h 48 h 1 wk 2 wk

UF/mi 430 330 330 330 300 300 300 300
Kf - 2 0 m m  4O mn 6O mn 6O mn i b l O  1h 1 5  1h 15  l h l 5
Toxicity Detoxified after 1 minute  ( inj ec t ion  with 1 ml

of 1/10)

Table hIb . Ci rcu la t ing  Ant i te tanus  Antibodies  in the Guinea Pig in
UAI/ml*.

Anatoxins obtained Fluid Vaccines Adsorbed Vaccines

Clutaroldeh yde a f t e r  5 mn contact  25 27 .5
Glutaraldehyde a f t e r  1 Ii contact 20 20
Formol at 2% 2 8

(*) See Table lb.

eSt~phylococcal toxin . Table ITI shows that a concentration of
0.0263 M Ci.UT is sufficient to detoxify crude toxin in 5 mm at a m b i e n t

4 temperature. The effect of different concentrations of GLUT added to
pur i f ied  c~— stap h y 1ococcal toxin at 137 DC 1I/ml has shown that the
concent r at ion  of 0.00526 N is the best. Detoxification is complete
a f t e r  1 h contact  wi th  a y ield of 100%. Stud y of immunogen ic ity  of
crude toxin de toxi f ied  wi th  GLUT or formol and then purified has
shown tha t the ra te of developmen t of the an t ihemolysin in the rabb it
Is the same. Immunogenicity is decreased if detoxification is carried
out in an excess of GLUT.

Table III. Detoxification of crude staphylococcal toxin at ambient
temperature  by action of GLU T

Concentra t ion  Tin-ic of contact DM11/mi DC 1I/ml

Toxin w i t h o u t  GLUT —— 2048 10
0. 0131 N S mm 64 10

l h r  32 10
0.026 3 H 5 mm 0 10

l h r  0 8

BSrap I~y1ococcai tox in . The d e t o x i f i cat i o n  of crude tox in  at
10 DC11/ni l t i s in g  a c on c e n t rat i o n  of 0.0789 N Is comp le t e  in approxima tel y
5 miii w i t h  a y ield of 100% , by c o n t r a s t  a c o n c e n t r a t i on  of 0 .052( 1 N does
not deto x i f y t o x i n  be fo re  24 h of c o n tac t .  R e s u l t s  of the  e x p e r i m e n t s

L _____________ ~~~~~~~~~~~~~



have presented evidence of a close relation between toxin t i ter ,
degree of purification , concentration of glutaraldehyde and contact
time to obtain complete detoxification with eleva t ed yield.

Staphylococci. A concent ra t ion  of GLU T equal to 0.0131 H
and 5 mm contac t su f f i ces  to i nac t iva t e  a cu l tu re  of n s t r a in
(Wood—46) to 5 units of opacity in ph ysiological solution . The rate
of agglutinins of rabbits vaccinated with organisms , inactivated ,
washed and readjusted to 15 opacity units increases regularly. This
vaccination induced the same increased antibody titer that is effected
with organisms killed by heat . Inact ivation of a cul ture of s train ~
by GLUT has been studied as a function of: concentration , time of
contact and opacity of the suspension . A concentration of 0.0131 H
GLUT for 5 mm or 0.00263 M for 1/2 h at 37°C suf f i ce s  to inac tiva te
a culture at 30 units of opac i ty. Study of the in act iva tion of a
cul ture of 10 units of opacity at ambient t empera tu re  in r e l a t ion  to
contact time and concentration has given these results: 0.0131 N,
< 5 ma in. ,  0.0065 N , 30 mm , 0.001 N , 2 h , 0 .0065 M , 24 h . The ac t ion
of a concentrat ion of 0.0131 H on suspensions of d i f f e r e n t  opacities
has shown that 15 main suffices to inactivate at 300 units. Vaccination
of rabbits with organisms inactivated with glu taraldeh yde gives a
rap id increase in an t ibod y level.

Bacill us pertussis. Giutaraidehyde ac t ion has been studied on
a culture of strain 134 at 200 opacity units. One obtains comp le te
inactivation after 1 mm of contact at a concentration of 0.0131 N
GLUT. The titer in units of protection determined in mice was 4
international units for a vaccine at 16 units. A series of experiments
was cond ucted to stud y glu taraldehyde action at less elevated concentrations.
A culture of strain 509 at 84 units was equally inactivated after 1 main
at the same final concentration of 0.0131 M; by con tras t, 0.000131 N
did not inactivate. Trials of immunizing potency in comparison to
cul tures  inacLivated by heat under  the usual condi t ions  are in pr ogress .
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