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HY NOIPSES

Ciropps ol adult bumans, previowsly unespased o rabiss and
with no Listory of rabics vaccinniion, were inoculnted with different
schedules of phenolized  inactivated  vaocine and Flury  sirain
chicken-cmbryo vacgine, with or without one ineculation of hyper-
InEune serum,  Serumo spacimens of dhe inoculated  individuals
were stiudied for antibody up do the 38ith day following dbe brst
Imoculntion af the viccines amd serune. The resolls an e cunk-
marized ns Follows:

1. Passive anfthady appeared in the blood-siream withio ons
day following inoceldion of hyperimmuns seoon. The antibody
persisted nf 3 good level for ol least 10 days, but doopped ighly
by the [4th day amd was present in most individuals at the 2151 day.

2, There was o tendency for the antibody levels 3t 21 and 28
days o be lower in the phenolized vaccine plus anlsenun grouaps
thoan i those proops which receivel  phesdliced vactone aloms,

X, Seven o1 12 doily noveluions of phenoloaed vaccine alone
praddiesd antibody in minst instinces by the 10Lh day and pessisied
generally throogh dbhe X8th day.

* Tk articke will ales bo paklished, in Epanish, an the Boletie de fo Gfaia Sani Sein Padssireironn
U Irgtingy Paspius, Pasd, Fiompes
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4. Thily inoculations of phenolized vaccine prodoced a SURECiGr
anfibody response 10 that derved fram (ue szme tatal wnount aof
Vi given a3 & single incculation,

5. A single inooulation intrumysoulacdy of Flary slruin chickem.
wcnbryo vaccine of high cpp-passape did not rreduce dedectable
anlibady,

B, The group which received hypesisimuns serum followed Ly
LZ daily inoculations of phenolized vaceine showed warly ond por-
sistent unitbody throughoul the entire poricd of fest, The antibsods
levels were compurable 1o those recently ehserved i man treared
cllioctively with amserum-vaceine cambinalion afesr SEVEIE EXPOEI
10 gabies ¥

Inteoduction

The vse of biological products for the prevention of rubies in mitn ha
vensisted principally of a series of invculations with vacomes prepared f
nervols tissues. This procedure, although differing in detail with res
to prepariation and composition of the vaccine, is well known 1o
several serious drawbacks, of which the more prominent are: {20 faihig
to prevent death, especially following severe exposures where the ineuha i
pericd is short; %% (2} paralytic actidents, apparently resulling from |
reaction to the nervous tissue in the Vaccine; W% 2 and (1) the necessi

to undergo & prolonged and unpleasant course of treatment (usuall
14 to 21 daily inoculations).
In an altempt 1o overcome these drawbacks a seriss of CHperiments
were umlertaken to obtwin information on the possibilitics of increas: I
the cfficiency of prolwction and of redecing the number of inoculationd
and amount of nervous tissue involved.
Evaluation of any proposed modifications of standard schedules
rabies prophvlaxis under field conditions is impracticable because of he
large number of cxposed persons requiring treatment belore statisiica
significant numbers of cases can be accumulated. Furthéermare, there i3
great reluctance to try any new procedure for the prevention of 3 dises
45 uniformly fatal as rabics, and obviously it is impossikle to include an
untrealed control group in any such study. Therefore, the quantitati
determinations of neutraliving antibody in the hlood in Tesponse (o passive
and aetive immunization of human beings was selected as 1he mast logic
indireet approach to this problem, despite certain limitations of the Les
involved and incomplete knowledge of the significance of neutralizing
antibody in preventing rabies in man {sec * Discussion ™ on page a1y, Some
of the preliminary results of this work were summarized in the sevond renort
of the Expert Committee on Rabics.® The detail and subsequent ohaerva-
tions are given in the present e,
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Nlaterials and Nethods

Inpendation and bleeding oofefes
Aduft human volunigers with no previnus his.m:g.'.-:-.f c.\.pn-mrf iy mhlr:?
of J.I.-ﬂ.-emh-.: inceulations for the dissese were divided mto 11 groups
g:— [0 individuals each, and were incculated as follows:
Group A - Hyperimmune serum (0.5 ml per ki uﬂl: |‘::-:'|L‘|.'_-.'-‘.I~"-:‘:Ig'|5tll .]:-lus
1 daily inoculations of phenolized vaccine (0.5 ml of 20750 lissuc .*tusp_ns.u.:uu}.
"_I'h;lfl.ri-l noculation of vaoeine wis siaried 24 hours after serun inoculation.
T } Ry
Grogp B> Seven daily inoculations of phenolized vaccine. . .
Grey C 2 Hyperimmune serum plus 7 daily 11u=.c11Iain:-:r=5. of .p]'.tm:-hleed
Arcing d The first inoeulation of vaccine was starled T davs after inoculation
WMRCCIEG. -
f the serum. - .
y Group 13 Hyperimmune serum plus one large dose of _P-'h'fﬁﬂll?':d
vaceine (3.5 ml of 20%, tissue suspension) given: 7 days aller inoculation
af #he serum, _ ; it
Group E: One large dose of phenohzed vaccine (3.5 ml of 207 tissue
suspension : ; 2 .
Grosp F @ Hyperimmune serum plus 3 ml Flury vaccine (705 tissue
up 5 Hyperi
conceniration) given 24 hours after the scrum. .
Group G ; One inoculation of 3 ml Flury vaccine. . : o
Growp §f - Hyperimmune serum plus 3 ml Flury vaccine given YA
after scrum inoculation,
Gropp 10 Hyperimmune serom alone. Py, \ . :
{rroup ;- Hyperimmune serum plus 12 daily mm-ul:-.uc.:-ns: ol |m-:1?-:|1:|zcd.
vaceine (0,5 ml of 20% tizsue concentration). The first inoculation of

Growp K - Twelve daily incculations of phenolized vicoine.

Mate, Theare was an insulliczant quantity of vaosing o make 14 inoculuions for
Groups Joand K, as ocpinadly phanned.

] g e e e slv in 2
Tnoculations of the phenolized vaccine wens lfnadlf mﬂ:uuh’uw:n?-'l'| ity

lincar arrangerment on the abdominal wall as is usually ‘3'3'“'3_“ g

vaciing inoculations, The hyperimmune serum and Flury strim vace

were inoculated mEmamuscalary. ' =, e
Venatis blood, in 10-ml 1o 20-mi quantities, was withdrawn inte sterile

vircuwim venles as follows: «
Groups A and F: days 0,1, 3, 7, 10, 14, 21, 38 1
Groups C. D, H, and K: days U, 3, 7, 10, 14, 21, 24
Groups B, E. G, and J; days 0, 7, 10, 14, 21, 28
Group I days 0, 1, 3, T, 10, 14

T [y (= prsinoculacos speoimen; des 1= spocimen crawn | day aller inpenlimen; ric.
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Forumt speciveny

The blood was allowed |o clol, and the serum wias separated uspg]
the same dav, Aliquots of the serum were divided into severa] all-
ampaules which were then flame-scaled and held aL 4°C, The serum 5
mens were shipped by air in refrigerated cases to the

various laborators
and in most instances wers received in a cool state within 30 hours folln Vi
shipment,

Fuoeing

The phenolized vaccine was g 207 suspension of foat bramn infeog
with fixed rabics virus, inactivaled with phenol)" 0.5 mi per inoculdte
Was given, except for
on the vageine,®

3 months before its use in these cxperiments} showed
value of 70470, Unformenately, no vaccine was lefl
following the completion of the series of mnoculations, |

The Flury vactine was o 709 suspension of whole chick-embryo §
lected with the high cgg-pussage Flury striin of rabies vipys 125 [he
Preparation was kept frecze-dried and reconstituted in saling just befor
mjection. The vaccine had satisfac :

lorily pussed the HUINER-DIE poteng
tesls used for this type of vaceipe 11,2

an LI, protectig
for potency testin

Hyperimnnne serum

This was a refined hyperirmmune horse serum,”

of which 0.5 ml pes
ke of body-weight wus adminis|

ered intramuscularly, The level of et
izing antibeddy in the serum was determined immediately hefore and afte

its Use in these experiments. No significant difference was revealed, Serig
dilutions of between |- 1000 and 1z 2300 neatralized 400 o 1200 LD, o
virus in the neatralizasion esl In mics {ses below), This potency is appr .-:_

mately equal o e polency of the International Etandard r‘mtira'
Serum_ =

Servm-virug fevfralizarlon tesr

The serum specimens of the imcculated individuals were divided among
& different laboratonies, so that each Ig boratory tesied all the spaciines
from at least ene individual in each of the groups.” The tesy emploved was

4 Tle phenolicsd vaocine wag rrapared and donssed by Filinan-Mfecry Labaraiorizy, Siomaville, 1
PR

& The Flury vaocine and liypenmmun: seroe we
siam, Astcrican Crananid T, Peurd Biver, MY,

T The cight lebvrasories wers i3 fallows: Meparimme ol Trepical Molicing and Publis Healih,
Linfeereity, New Orlearse Lg. USA: Governiment Virng Lakarawery, [Taif, leraedy Lederle Laka .
Wirel exd Rickertobil Sootion, Fearl Ribver, WY LA National Tnsiicetes of Bizalth, Busic frpdie:
Baiheada, M, USa; P limnnal S bl f Puirlie Flealls, M, Spaing [aaEtul Pasicer de U'Iran, Telzrang
Indtilul Pamzor, Service dis Mirus, PReis, France; Cinsd Sarer Departisend off Healis, 1
Walare, Communicaiie Diamss Center, ¥irun Laboraceery, Monipomery, Ala., UK,
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cation of the one described in the WHO monograph, Labong-
l‘i?-l"_l-' Technigues in Rabics,'® as follows:

. .p.-x.-. Each of the par-
saration and titeation of siandard fioed vinis f f]{:x'xndrité CVS-20,
e laboratories was supplied with umpoules ]ctu" -l
mi}ahniaéﬂ US National Institutes of Huu.ll._]l cha J:E': = .i,r'|lra1:ct‘r.‘hﬁ'|]
ﬂ"'-"smfl train of the original Pasteur fixed WIS, -:’d £L m-;;lalcd B
o ge of this virus a large group of mice were m-:lﬂ} i super-
: 552l L] : ; . T 2 c
muﬁitp;- :hn.-ir brains a standard virus Tl'-'!"-‘I] ?’“T EI%::;EE This poal was
IETVE A2 8 s crerencinn of the rabics-infocls :

a 0% suspensio T ; —70°C, Al least
HEH"L!';’; in l":ﬂ K qULﬂ-frﬂm“i E:“d.rmw‘jl-fﬂaruiJ their conlents
i ' =i poal were thawed rupidly "

ules of this frowen poo Eigin P, R
EWIIal|:1”]|:‘:'ln-lr vach test. For the virus poal to be "‘”"’t]ilgm;[ 7 -:lll:Jai-::-n A
pul:-l ctl."l'ﬁl'-“ robral virus titration in mice had 1o show an 5
ET R

lawer than 10-E,

lirative @ guantiteiive nentrolizofion fesis. lem't}in._—:.;nil;bf\fﬁ
Erm-fl human serum specimens {fest scra) were carne s
2 -1-h'= ualitati.x:-: sereening test to delect the presence of anti 'i:lh‘.'l::.
hl:ﬁiiur?::ihn :]Lluaﬁ:i!atiw test Mo antibody conlent on Specimens pos
“ -
i 'fhf‘- hl.:ll\_"'lll.'l:li.|'|:..g m:.:g;q on the tesl sera were arcanged 50 l_:hul al_l_ i-l‘::;;l;
B Al ok U time. Controls
S frane ?E:: hurman serum, and litrations of known ﬁﬂilt_w': hm?hc
m“'“f.“ﬁa“ﬂfﬁu|1eny virns, were always carried oul am every test.
il i Trom one source wers supplisd 1o a!l_ Lnbnruttchrlir;:l- e
mm[rl?I T:?tl sera in the undiluted state were inactivated for 3 ‘EE i
56°C :|r| : water-bath. For the f[u;fﬁmti'-.'l: Lisl .Ju“dlf:::?a:;r?s_ﬁﬂ S
with equal volumes of & virus 4.1_:|tul_u:m -:;alcuiitg 1[%51&-::1 N
virus, since preliminary lests using 300-3000 LDk,
i ﬁpzmrr;?tl;ma were shaken thoroughly aller ﬂ?c virhuf ';*r':ﬁ
All &enu]];n.zlf‘;l 2 _{ 17°C incubator for 114 hnun-i: F‘U!I.D“:'Ing‘i EH] 1':"1“5.:
i.::-]:d:d- f:::ifi?ﬁ., pan-i:n-jnia,in:-lzlﬂ pec-water and held in o IFI‘“RE;?::T‘II&HJ
i Ir' f uai into the mice. (Whene a large number of ﬁ-:ru:.-:xﬁ e e
'“““-“t_ : dilutions were made the day before and he ¥
:EF?;{:TEEﬂ:,ﬂiI:;?;Eu Virus dilotions were always made the same day
[1g2eTat N
el i o 05 02 s
] i r : 1 belaciar L PETIOL:
;ﬁfrf-tf; Jmﬂi‘mflfwﬂﬁﬁﬂfﬁj:EE;HS? inmnnnm'::E lstr;;mcgglll‘::r:mwrﬁi
= amil Nally the
: i 151, then each of the test EFFH-,_ ATl A il e
::E:hézitzﬁ;ng the challenge virus :.*flluu-:nns Ffl_rr ll;:?;;f_lﬂ:g;l:—:ﬂmrdti
Mice were ohserved dailv and ull rabies S%rnlp‘;:i'l!rr:]ﬁ i
The test was terminated at the end of 14 days. zaths
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whether preceded by symptoms or not, were considered rabics deail
Any rmiee siill alive but paralysed at the end of the observation pericd e
lso considered rabies deaths.

Posilive serum specimens were then selected for quintitative anal
on the basis of their giving the most information for pozsible future mod .
tion of treatment schedules inman. This selection Witk necessary becanss
the sredat requirements in work and makerial For these tosts, Preli
sereme titeations against low LDs of virus revealed that low: ant
titres were 10 be expected, A maxirmum of 3 fivelold dilutions (I ; 5,
and 17125 [insl dilations) was therefore considered sufficient to il
the end-point of most of the serum specimens, and these dilutions were i
in the 1es1s againat approximatcly 30060 LI¥ of virus. |

Qualitutive and quantitative lests were performed 6-12 monlhs g
2 years, respectively, after scrum spocimens were taken,

The numerical results given in the tables represent the work of i
laboratory = after preliminary screening tests on |

the serum specimens §
been done in the 8 collaboruiing laberulorics.®

Resulis
Araiysis of Table I [Gropp §): Hyperinumne serum slone 105
Per kg ol bady-vaelehr )

The purpose of Group | was to establish a baseline for antibody 1 i
resulting from the administration of hyvperimmune serum alone, Lnfor il
ately, specimens were not taken (rom this group after the [4th day. Haol
ever; some indication as to the decline of antibody levels following # g8
of untiserum ¢an be obtained (rom the resulls in Groups I and H (Tyblg
IL und TIT}. In those groups serum was given along with o dose of vaco
which, when used alone (Group () gave no antibady response. In Groop
detectable antibody was present in all serum spocimens up tooand includ _:"-;
the 14th day. Tt is inferesting o note that antibody levels were slightly
although not significantly, higher in most instances on the 3rd day tlsal
they were on the first day following inoculation of the serum. The ant
body level held well in general until the 10k day, but by the [4th doyl
decline in serum titre was apparent in 7 out of 10 individuats.

Analysls of Gronp (G Chie  Insculation  intramusenlarly

2 ol Flury vacoine
One inceulation of Flury vaceine intramuscularly had no antigenic effedl

@ Eervie dex Vinus, Instrot Faclour, Panis
= s fpolndic e prae B16

Hﬁafﬂiﬁ of Tabie IT (Group £):

._.imml'mﬂ SETINNI.

as representing for the
and extend, from

RAEIES MEUTRALIZING AMTIRODY RESPONSE 599

Hyperimmune serm plis 3l Fffrar}l-
ppccine (0% ssue  concentration )
given 24 howrs after the serum

7 indi itatively, Flury vaceine does not atfect the
g l[ ﬁﬁiﬂ;ﬁ;hﬁhﬂﬁ%lu;i.ag the administration of h}:p-:r-
T 1n consideration of the lack of antigenic effect ':'.f thie Flury
own by Ciroup G, the results of Group F ean be mlemr-:tcl-:
maost part the effect of serum :n.lm'-r.r._and l:fun-,:-l:n:-ara ;
qualitative viewpoinl, the resulls 'imdt!}qd.mﬁi?lihc
: i i <isted 1o moat of the individuals
ﬁ':ﬂﬁu]%mp:ﬂi::: 2;1jlgnfgdiﬂﬁuals had no detectable antihody by the

5 3 .

At dny,

yucoine alone ah

Hyperimmurne seron plas 3 mil Fliry
vaceime piven T days after serum
inacaiion

Analysis af Tuble I (L H )2

These results corroberate those of Table 1L (Group F), and the same
general comments hold.

One Jarge dose of phenofized voceing

wig o T IV iroup B :
R e S (3.5 mi of 20% tivwe suspension)

i ' | in total quantity fo that

One large duse of phenolized vaccng, equi _ ;

adminiat—:mdbin Group B (Table V1), provided detectable antibody m (rly
4 out af 10 individuals.

Hyvperimmune  serum plus one large
doge of phenolized vaccine (3.3 ml
aff 20" Hiesue swsprasion ) given 7 days
after inocularion af the ferumm

Arnalysis of Table ¥ (Group D)

The effieet of hyperimmune Scrum Wis rvfguln apparent here (::L- E;];E
Tabies 1, 11, and [0, Passive antibody was still present al 111;.215%:.3’. e
perhaps persisted in some individuals w the 28th day, il the effect of vacone
alune as given in Table 1V was approximately the sume,

Analysis af Table VI (Group Bi: 7 daily inocufuions of phenolized
| o

Compure with Table IV, Group E. The udminisuat_lﬂn u!’ lhr:]su_md

Quaniily n-l-‘ antigen in 7 daily incculations instend of & single incculation
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exerted a markedly superior antigenic effact.
most instanees by the 1L day,
the 21st day and persisted m 9

Antibody began 1o appeas
the titre increased by the 14th day th 3l
out of 1 individuals through the 28tk g

Anulvsis af Table VI ¢ Group A):  Hyperinwnine  serum oz F

toculations  af  phenolized  voo

First Inocwlattan of vaccine s
2 howrs after sorum fnoculation,
Compare with Table VI, Group B. The effect of serum is secn here in
uniformly positive specimens hefore the Ith dav. Subssquent antibog
levels through the 28th day are inferior, on the whole. .

i those encoup e
in Group B. which received the same coyrse of vaeein

& Withoul serun,

Anafvsiz of Tabla VI 1 Growp C): Hyperimeume  serum Mus T ol

invcularions  of  phenoifapd Vel

Firss inocudation af vacvine  sigrieg

7 duys after inaceiarion of the

This group corroborates qualitatively the results Tor Group A
Table VIT. Administration of the vaccime was delayed until the 7th d
after serum inoculution, in case i marked interfering elect of serum il
vaceine should be encountered in Group A. Note that no antibody W

detected on the 141h day specimens of €3 and CY. followed by the res
ance af antibody,

Analvsis of Table TV (Group K} : 12 dwil ¥ inocawluiions of  phenoiizag
VIO

With 12 daily inoculations of vaecine, antibody began to appear af
Wth day (sce also Table VI, Group B). incrensed slightly, and persis e
Lhrough the 25th day. Quantitatively, the results do nol Appear to be superiol
to those in Table YT {(Group B}, where only 7 inoculalions were s,

Analysis af Table XT Group f):  Hyperimmune  serum Flhar 12 daily

maculations  of phenolized  vaceine

fiest Ineculation o vecging miven

24 foonirs afier inocudation o The serins

The addition of serum to the 12 inocl
(compire with Talble EX, Group K) resyl
individuals: antibody levels fluctuated s

the 21st day, but a definite declin
by the 28th day,

ations of phenolized vaecine
ted in early antibody in all
ightly from the 1tth throush,
& was observed in 5 oul of 10 individuals:

Driscnssion

; AT Ui
Limitarions of experimental arrangee

e : the significance to he gven to _”":
LA ;.:pm-duﬂi_iﬂ:i}' c:i'r l.lli::uf[ial::::atiw fests: are ab--imlal_f }'1:;:;:1:;:}
pupnericil mld_iinfn:. study designed to compare 1 etficacy o
fue unization based on antibody response. 1o check on the
gourses of imm of this study thers was an -a:q‘.q:_mrhmlf_:r et
During the 1 in the aualitative tests carriod out in the cight b i
gesults ”h.[ﬂm‘v-d i 4::-:?; originally positive scra were Eutﬁcqt::ﬂ }'m found
fabioeatories, SHzs T litatively in o single laboratory and aga f-poiits
Either qualitbively, of -q“u'l: hecamcfappm'cm thut serum dikution f.:m.-l!:u.:yu‘.ih
o Tz ;m:lsil.n_'c. Hivoves e.;,da wury depending on the number of LDHW_S Em_‘- E_M
3 q“mm;.m:::ztmﬁh;c:m ounl of virus mixed with .“‘* strt: ": :.E;f;:;w];:rﬁnﬁ
d 1 the TEEL. : litative Tests ;
:f:n found to i.r.LI‘lugl'-'Eﬂ. mﬁ;j;::iil 1‘11: |Ii:EcT[1 as a fivefold 1'1:r.‘r':'ll‘-'l‘-t!:t’-1;':
amounts of antibo Eq;T¢u1d make  positive serum become negall
pumber ol LD::-I:'!: .'l_nn end-point in a ,.-ll_-lamimﬂ‘-'\i:..!':ﬂ- el i
recduce the m::.lmtl Il.m Iadt to keep this Important varlslhhla at & minim o
" S ‘;'ubtj':: tests showing negative rcstﬂls_'ﬁ'IEh a lzirﬂ%,?:?; Tin
iz study. Qua ;t:.:;i A in tests with less vires; qunnt!tulwr: tv::ﬂ.:;r S
?J- x-ilzssjj;rmﬁi;f ant-;] against 30-60 LD, In:-l' ﬂru;@‘;mjg;f;s Enclud&ﬂ
LIRS cirictly compars
i i!n:ll‘r'j-:iilﬂl i I?il:elddu:\-li: ;:::Ti;;ﬁliluiiiivc and negative mn"::-la Tr.as
i s 1'I:$L ﬂnI:IJ'-".'- 1:;\.' l-:s.t-.l [ lpwever, in E»F'i”-' oF hisec pregaut. .t;a]i.-
¥ere quantitatod ;.[ll :1;_,: that the namerical end-poiat of the sr,rlun]l I:;u-;;c:-m-
i'mr."'”m.”t_ tl:_’ Empm[:]::d in the tables musl not be lE]-H:T.! tl:.n-c‘l SEEL-.’::i]i i
Dt resuls i individusls or geoups, since slight variation in the amoont
E:T;n?::ﬁ ]:est to fest may have mum?: ?D“Fm;ﬁr:itﬂl; individuals
i i A ac :
e Pmb-ﬂbﬂ gﬁqtc];z::dp{i:t;:::tr;;ﬂ ;Ti':m one level at one bleeding 0
g ﬂ-lmh A '-t ample, and to rise agin s.ul:_lsﬂf‘aﬂ?m_h'-_ i
& v leve th'_: ﬁﬂ':‘ af timyr. inherant h':l.}h:lgi':-é']_i”mtmmﬁ .w ! of
‘:E.:.vtr_theiu“: m. SI[“LI{W (est Tesults, thers is an -::-'i:-?-'lm_ls._ -:unsmt:iﬂ‘:em
SRALLLANE. as]:—:cta_i;:lum beiween serial specimans in. ]]'I.-L]:I?.'1E!.L1£'I|$, at:ﬁn:-
?M:H-‘ﬂ 1-:*w:.] ul'. :3::‘:!] ll—I" and between groups recelving 5!111:;2}&11:;:“““:&['
mdw:ltd:ua]s ;E:?:_iq E-l?th:ﬂ COHTPArisons nt'th-.e efficacy of the differ
futl: :zlﬁumi are valid on the following busis:

: : ihoditss
{1} time of appearance am disappearance el antibath

o] iz I & I.I.T (4] e !Eﬁd E ﬂ‘lt
I. g’:ﬂﬁ'h
ROLTSE lili llﬂﬁll‘l‘lclll

ey intervils.
3} d of antibady fevels up or down At cerlain time inLery:
{3y tren
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Although the tesis were performed in batehes over u period of alm [
e Years, there was no evidence of & change in antibody kevels due to storag
of the s, 1

Relationsfan and sgnificance of nentralizing aniihody fo prefection aging,
Fabies infeciion :

I s difficult to evaluate conflicting reports based on work up fo a
years ago concerning the correlation of neutralizing antibody to protec
in man and animals -7 13, 18, &2, =, e Much of this difficulty lies in the va g
pracedures used for detecting antibody, and the consequent incomparabilify
of the results obtained, In the past few years, however, more uailorg
lechniques have been wsed and Lhis recent work will b cited. i

In caitle there scems o be g good corrclation belween 2 mediem (8

antibedy le
are quite low.? In dogs, while the prescace of antibody usually indica
resislunce, absence of antibody  docs  not necessarily signily  susceps
tibility. #. = Tn wuines.pigs there is a direct corralution betwern antibody
levels, cven of Tow titre, and resistance o challenge with strect virus, 15
this was found o Be generally frue in mice alzp 150

Only recently has there become available uny informalion on thia
question with respect to man. Huabel & Koprowski® analysed  serum
specimens of 17 individuals severcly bitten by 2 single rabid wolf, Th -z
individuals were divided inta three groups: which received. respectively
one inoculation of serum Plus & course of vaccine, two inoculitions o
serum five days apurt and a course of vaeoing, ond a course of VACCIE
alone. Apart from a single blood specimen showing = 5047 end-point at
A seruem dilution of 13191, no titre exceeded 1- 1 12; in fact, only a very,
few were higher than 1:50. Fight to 46 mouse LDy, were used in the seruma
neutralization Lest, which was carried out actording to the technique and
using the materizls given earlier in this paper i dhe section Materials
and Methods * fsee page 595} Although the authors could nor draw con-
clusions correlating the level of antibody with protection of any exposed
individual, it was possible for them to shitke it

- is upparent thai antibedy demonstrable eardy and thigughout the treaiment
penad, and obtzined by the combingd use of serumo and vaesing, is mooe efective in
preventing rabies after wevere exposire than B course of vacoine alone”

Thus, iF we take the presence of eirly and eontineed antibody levels
s an indicator of protection dgainsl rabies exposure in man. only Group I
{(serum ples 12 daily inoculations of phenolized vaceine} fulfilled this
requirement completely in the groups tested, although nothing ¢an be zaid

A B alea e article by K. Hakel on gagpe 813 of i Eumtler aof the Bufels,

i i * beyound the 28-dav period
“eoncerning the level of antibody beyomn \
Eﬁfﬁup 1 was algo satisfactory up to the 1dih day. when

RABIES NEUTRALIZING ANTIRODY RECPONSE 603
of observation,
the last scrum
epepimen Was taken For the group, but the resulis obtained witly Croups F
;a“ﬂ'x-j indicate that antibody obtained from the single dose of serum alane
‘i not consisiently: retained beyond the 21st day. _Ml;]nuugh. a5 stated
previously, there i# insuffcient information to make mfn:ml-::cs.mm:e:r!mg
jl'i,.mtituti-.@ levels of unu_l:--:.dy HECESSATY o afford pmtm_lnnlngauﬁ_t
spyens exposiee T mabies, it may be of Lntt'rv_:st o nole that in The wolf-
bite series already referred to the serum specimens of Both SUFVivors and
eventual fafalities penerally showed lower antlhn,:u;l_:.- lzvels tl.mn Ciroup J.
Thas indiciates that the dosages of serom z2nd vaocine uq-:d it the prosent
experiment would perhaps be adequate in severe field exposure.

The question arises of possible interference between the antigen, in the
form of vacoine, and antibedy o the antiserum. TI.n:rn: wWaz no evidence
that phenolized vaccine antigen reduced the early unnh-::-d:r.lwc!s prroduged
by the antiserum. With respect to the early presence aof antibody From
il antiscrum possibly affecting the laler antlhr_nfl;.' response causrd_h_','
the phenolized vaccine, the data in these experiments are inconclusive,
There appears to be o dendency for the antibody levels at 21 and 28 days
o be lower in the vaccine plos antiserum groups (A and I) t_h;m in :_he
similar groups (B and K) receiving vaceine alone. However, if partial
micrference of antiserum with antigen astion by phenolized vaccine 'Eljd
in fact cccor, the paramount role Mayved by antiserum as 4 life-saving
factor in severs human exposures to rabies & © outweighs any consideration
Which may be given 1o the possihle imerference. ;

Witlh respect to possible interaction of Flury vaccine and antiserum,
e clicel was discernible in the present experiments. Other workers have
observed no interference between Flury vaceine and antiserum: from the
standpoint of effective protection conferred in guinea-pigs and dogs
sibjected to challenge with street virus.1s =

Although nuo serum specimens in the present experiments were taken
bevond the 281h day, long persistence of antibody has been demanstrated
by Leliell and his co-workers * in an investication on persnns comparable
0 Groups B and K in our series, They tested serum specimens of 18
mdividusls who received 7 daily inocolations of phenolized vaccine as in
Group B, and of 69 individuals who received 14 duily inoculations of the
Yiccine (us compared with 12 incculations in Group K).  Detectable
2tibody was present in most individuals of both groups 8-12 months
rﬂll"""'-:flg the first inoculation of the vaccine.

% It shiraid Be =eted thar although ihere was 3 failure lhe presen; expétimenis o pooduce aniTtedy
#n man with ane intramosculer fnjection of Flory 5lrain vaceane, mgoms hes kern :I':h!l:l:.'qlth-l!“
iere winen Peiror mofe inanrslar or Inrddeemel meculations wene wol m spoced [nbereals b
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TABLES |-X. EXPLAMATORY NOTE

Guantitative delerminations are given as whale numbers reprasenting
sarum dilution (caleulated according to the method of Reed & Muench *) w
protcted 500% of the inoculated mice. Threa fivefold serum dilulions:
1:5 1:25 and 1:125) were used in these tasts afier prefiminary soreaniy
lestz on the sarum specimens had been dong wsing a 102 final dilutionss
gerum,. Thus, <& indicates that the end-point lies betwean 1:2, tha
dilution wsed for the screaning test, and 1:5, the lowest dilufion usa
subsequent quaniitative analysis; =128 indicates that the proteclive g
point was not reached with the final 1153 dilution of serum i i

All guantitative tests recorded in the tables ware carried oul with 30-60°LE
of virus.

Qranlitative lests & recorded as <4 gpn.':i.li'.rﬁ}, — l[ne?alive_:l. or = {doi
or frace), Positive indicates survival of at leest 4 out of § mice used far
sorum specimen; the survival of & or 5 of the 3 mice iz interpreted as dou
ar trace, and survvals below B oare inferpreted as negafive.

Fre-inoculation serum specimens were axamined in all instances and
negative, These data are not included in the tables. ]

TADLE 1. VIRUS MEUTRALIZING AMTIBODIES IM SERUM SPECIMENS TES
WITH 20-60 LD, OF VIRUE — GROQUF | * 1

Hyparisnmune serum 2one (03 m per kg o ibodyswcight]

Days 1ollowiryg ecsilation

| Individual. [————
1 ] 7
I- |—
I Fr £ t 1
Iz ' g 55 + £
13 | 1% b2 | - =5
| £] H i ! 3 |
3 14 55 | |
i 0 [ 12 |
I7 18 ¥ +
B 3 ' 12 +
B} 7 11 }
10 14 a 1

" Saw Cxglroatery Nefd abava,

RAEIES MEUTEALIZING ANTLEOLDY RESPUNSE (il 1]

GROUF & : ONE INDCULATION OF ¥ ML FLURY WACZCIME

I Group G, whe recey i mnwe inkan 1 ] af & ml od Figs LT ¥ I
wees abtalnsd im il 10 iadividunls with serum specimena drawn 7, 10, 14 2, and 23 daga lellewing
Ireculasio.

TAELE 1l. WIRUS NEUTRALIZING ANTIBODIES IN SERUN SFPECIMENS TESTED

WITH 2B LD, OF VIERUS — GRQUF F "

Hyaermmiung seoam (05 ml par kg ol Body-waightl plus 3 ml Flurg waccina
[0 % tissue corcondrailon) glven 24 hours afler sorum

Dy following finst Incculabon

| Individual

e 2 7 o 1 o M
F + + + l - + T T
Pz ¥ + 3 | T + ¥ ¥
() e " " | it + + =
F4 I + + + + i ¥ | L
P ¥ + ¥ | ¥ 3 £ i
<] k | f = - - —_— |
FT i i i I ' - - +
F& - - + + - » -+
Fa ¥ + + + | + + |
Fie F ' * + O | e

|

! Bag Exglaatiory Male on oppasile page. MT = not tested (nsuffklent senem)
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F4 I + + + + i ¥ | L
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TAELE 1Il. WIRUS HEUTRALIZING AMTIEGDIES IM SERUM SPECIMENS TE _'
WITH .20 LD,, OF VIRUS — GRCUP H * i

Hypademme aarum (05 ml pee kg of Dody-maight) plua 8 mil Flory saccing given T deye aftes g
Imoculation

AELE V. VIRUS NEUTRALIZING ANTIBODILS IN SERUM SPECIMENS TESTED
WITH 20-60 LD., OF VIRUS — GROUF D *

A mann kA {05 ol per kg of body-ewighd) plasoee lenge desc ol phendlized vaccines
ﬁ‘?nﬂlm (35 ml oot 203 Hemn gumpenisan) ginen T days aftes incoulatian of semm

Days tellowing dirst inoculaticn il | Days iollosing finst inaculalicn I
| - Individisal gidual |
| 1 T # 18 1 25 7 7 1x] 14 o b |
—_ | . [
| |

s e [ + + + + | oi | - - + 1 |

(- R + + + + - o | s - = -

Hi + | + i 1 =+ — s | g | 2 =

A £ § | i + A o | ¥+ i i : + i

HE - t + + + Ti5 | + I + + |

Hi - = - + + T % i + I + + + 1

H? § 1 = | . -+ oy + | | } -+ +

K - | - o - ¥ & o} + 1 ! | =

[ 5 | =+ T H- —+ + o I | £ X EE =% | +

| Mo =+ -~ = — = 5415 i | = A% + + 5

| i ’

* See Capirsatory Mol on pags EH. * Sag Exgleaslony Male on poge 604,

TABLE 1V, WIRUS NEUTRALIZING ANTIBODIES IN SERUM SPECIMENS TESTI
WITH 58-60 LD, OF VIRUS — GROUP E *

neclarge doso ot phenciced wacoine {33 ml of 20 % Siecue suspension)

TAELE V1. VIRUS MEUTRALIZING ANTIRODIES IN SERUM SPECIMENS TESTED
WITH 1080 LD, OF VIRUS — GROUP B *

Siwen alnily inoculations ol phenobred waccine (03 ml of 205 taaud suspandion)

| Days {following |r-n:-c-u!.'.|.l:.n.'| Davs dolkowing first Foculalion
Individual lnnitivilmal ————— =
) o 1 ) w 7 10 1 H B
i ' ' i
£1 | - - - - - 81 - o 15 [
E - = H + + R + | | 23 5 =185
£a g - L | o + 2] == = | s a4 i 3
EA & i I [ i Bs - <5 [ 15 | oy 1
EA = - | — | — HT BE = | < =h w5 —_
EG — - Ba — o i 1 3
EV - - | = -- ok = =1 e o =185
E& = | = | = = = Bn =5 14 71 | L
£ = [ = & = 5 B4 - = ! g5 [ T
Eld - - - + + i . Lo g : . 22 | =5
" Bpe Evphanalary Mol on page G, NT = nat Sested (inauflicient serum)

* Sen Mrplanwlory Male oo pags M.
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TABLE VIl. VIRUS MEUTRALIZING AHTIABCDIES IN SERUM SPICIMENS TESTED
WITH 3060 LD,, OF VIRUE — GROUM A * ]

WIRWS HEUTRALIZING ANTIBODIES I SERUM SPECIMEMS TLGTED
WITH 381 LB, OF VIRU%S — GROUP K *

naculnions of phenolized voooing (5 B0 of 205 Hans aliapension)

JBLE 1.

Hyparimmurs semem (05 mil per by of body-weaghl) Elu.; 1 daly inoculglions ol ﬁlhﬂn\:ﬁ“ﬂ Tesdvn daily |

(3 mi of 2005 Hesuo susponsion). First dnoculabion of vaceing alartad @4 hours afer s A
& G Inaculation. e Days tollosng fist inccutation
pm— (== .
Cays Aolkraing feel noculalion " jpalidunl -
]| Fi
Inalvidual —_ 1 1y e 5
1 3 7 10 14 2 g i | | | |
| |
= P L= !
K = = ik |
Al 1 1z | <5 10 =5 ke | =2 | = a7 2 1 ™
&l 17 15 + 11 n <5 1 | | T + = =15 =
] N r |
A3 1 17 F | mE e B - | = : e | = : it =
ad =5 | ] + 15 @ & e = - = 3 T . |
a5 iri [ o f s 13 =5 el — i, <5 ¥ 25 peT
A6 g (| s 4 05 11 1% r il = - 2 } o
AT 11 14 - | 13 i[r] 13 HKE I i a | w5 17 | - 2
Al ] Tt + | = = 1t Ki = | - =h | = | 2 k)
] ] ]
ey | L : L . 195 i
6 L | e O B <4 K10 = = =& A Vol |
Al ] - 1 1% -
I =Th L T
| + Spp Explanslary Mole on pagn B, HT=nod teated (insuf clenl serum]

* Coa Evplanalary Mofe on pope 60S.

TARELE X. VIRUS NEUTRALIZING AMTIOGCIES IN SERUM SFPECIMENS TESTED
WITH 5068 LO,. OF VIRUS — GHOUF J*

Hyputimmene sensm (05 ml per kg of bodg-weighil olus 12 daily ingculatiana ef phanolized vacting
M5 mi

TAALE Will, VIRUS NEUTRALIZING ANTIEQOIES IM SERUM SPECIMENS TESTED
WITH 380 LO,, OF VIRUS — GROUP < *

lsaue sussenEian). First inaculalion of yacgine storled 24 houre sflae aeram
it inacEiatian,

Hyoordmenune sarue (35 ml per kg of body-welght) plus 7 dally inecuiations of phenclized wnodns
05 ml ol 80 3 lissun xllullullall‘-‘ﬂ]-uFlrul Inm.nhiﬁ:;m l:lﬁ'mln-r mhartad T days after :-Ierumlrmnulﬂl .

s

Dpys folfowing Ticsh IReeiiation Dyays - followizg firsl inoculabcn
Individual e Indiviideszs
i i a0 e e ga 7 10 E L =
i | |

&1 +. -+ -+, : e th i It =+ 13 I 17 £a =5

1 ==

= i i SR + - iz - [ ANE o = ¥
cs ¥ ¥ + = + - 4z 4 15 & £5 =
e + f] + + i ¥ Ja + Vs ] =12k 5
& | t } i + : + s F g I fd kT %
o & o i % 2 - 1 X =5 ! = =155 =125
o] + + + - + i ir} h 3 | 1% o | L
cn + - - - = 3 o] | + 11 1 1 =k
o i i i £ 5 Ja i 3 16 | B3 =5
1 1 -
[aq [] E 3 | 2 i + i Jia + ] S &5 =2

| |
I -

® Zee Ecnlntalery Mule oa popge B, * Gpe Evplanslay Mals an pags S04, HT = not teabed finsutficlent aarum)
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RESLIME

Llinoculation de vaocing prépasés sur tissy nrveux, & laquelle on a recourn jusg :
nizinlenant pour prodéger conbie la rage bes sijor mordus, prézeats plusisen ineg
nients: elle n'smpiche pas i coup i Finfection, surtout dans les ¢as de mnrsiies
o0 12 periode d'incubaiion est courie; elle provoque parfss des accidents para
duz au tsu nepveux hédérabegue; e iczitement, qui <eod sur une perode
21 jours, est fostidicus.

Loz auteuts 'ont chesché & melire au point un schéma de fraitemen prophyla
oJui ASEUbrail une protection elficice foatco réduisint s nomlire e MHECIEns Hboe
et o quantité de tissy ncceux inocolfs, O proupes composés chacnn de dix
adulies nayund jomais éé mondes par un animal entogd ni viccinés contme Iy
regursnt des injections soit de vaccin phéniqué, soit de vaccin souche Flury culti
embryan de powlet, =ait de séium 3 haute feneur dlunticorps (sérum hyvperimm
doit e vaccin + strum, en diverses posologics, Le fitrage des anticarps rewt
dhans lesérnm des sujels soumis & élude a paru Gioc 2o méthads la plos adsquate 0l
Teation de In profection, hien que en ne connakse qulimparfalicrment encone
protecleur de cos anbicorps chex homme infecté par & virs rabque. Des échan
dic sirem ont 6 prdleves sur b suiens des divers Broupss jusquau 28 jour
I'ingculalion et soumis aux épresves de neutralisation dans huit InboRtoises. [es
imiE pouvent ére résuniis comme sui i

Dz anticorps passifs oul €16 mis en dvidence dans ke sang cirenlann des Te jonr gl
a siivi Pinoculation dé stram 3 hawle femeur danticorps, Ik s soni mainlenos il
miveny satisfaisant pendant I jours an moins el malgré un fléchissemenl i paciind
14 jour, ils oot pu étre déeels chez la plupart des sajets jusquan 200 jour,

Les sérnms des sujets avant reqn vaccin phéniqué 4 sérom, examinds ks 218
ZET jours, semblaient moins riches e anticorps que les sérums des sroupss o'
recu gue le vaccio. i

Des inncelations gustidiennes de vaccin phéniqud acul, dchelorbes ser 7o 12 foun
O suscité des anticornms trmbles dés e e jonar, que persisinient encare Je 250

La répanse sérplogigue i une quantité dpnnée de vassn phémgue a éeé plus
lorsgue Ba dase Srain répartie on plusisues injochions quudidiennes plotil guadmin
en dose unigue, )

Ling injeclion intmmusculzire unique de saocin souche Flury {noimbre dlzvd e
passngss sur euf) n'a pas produit d'nnceorps décelnbles,

Sl bes sujuts du groupe ayant regu b strum 2 haute feneur d'nnticorss puis
inorulntions quotidiennes de vaccin phéniqué ont présentd des anticomps dés le
et jusqu'h la fin ce la pdriode dEude,

T zemble que ceite derniées posologie, combinant immunlstion passive Gl immuanis
sation active, permette d'nssurer la protection des fndividus acns de MIOISET0E T
telle quielle & i préciste dam une dtude. pratique récents, 7
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