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LABORATORY STUDIES ON CHOLERA VACCINES
USED TN THE 1965 CALCUTTA FIRLD TRTIAL

A collaborative study

In a previous collaborative study of potcney assays of the 1964 Calcutta field
trial cholera vaccines, & comparison was made only of the outcome of two mouse
protection tests (Sckiey-Habbu and Feeley-Pitiman) with different experimental desig.
Because of the incomplete block design and failure of laboratoriss to complete and
report their results promptly, only a preliminary roport covering tesis in two
laboratories on the same two vaccines has been issued (3ee Spaun, WHO/B3/755.65).
Thaese results showed that the two mouse protection test methods gave contradictory
-estimates of relative poteney, with the Haffkine vaccine appearing more potent by the
Sokhey-Habbu method and the Walter Reed vaccine more potent by the Foecley-Pittman
method, Tt iz hoped that a final report can be issued scon which will provide data
on all vageines tested, but in view of the low statistical sienificance of the field
trizl results, the possibility of any meaningful comparison with the mouse protection
data is remote for the 1964 Caleutta vaccines. A report covering the mousc protection
assaye of the Division of Bioclogics Standards (DBS) on all four 1964 Caleubts vaccines
and the two fluid vaccings (classical and Bl Tof) cmployed in the 1964 Philippines
fiald trial was submitted to the Expert Ooﬁmittoe on Biolegical Standardization (sec
Fecley & Pittman, WHO/BS/TT4.65). The two fluid vaceines beohaved in a similar manner
in the fisld trial, with thoe E1 Tor vaceine appearing slightly more protective. The
El Tor wacelne appeared slightly, but insignificantly, more protective in the DBS

mouse nrotocetion tests.

1 .
, Report preparcd by J. €. Feeley, WHO Consultant {(Permanent address: Division
of Blologices Standards, National Institutes of Health, Bethesda, Maryland) after
consuitation with participants in the study listed on page 10,

Tha lssus of thls document does not constitute Ce document ne constiius pas une publication.
tforme! publicetion, # should not be rceviewed, Il nz doit falre V'obliet d'aucun comple rendu ou
abstracted or guoted wlthout tha agreement of . réauma nj d'aucune clitation sans Fautorisation de
the World Haalth Organization. Authors atone I'Organisation Mondisie de te Santé. Les cpinlens
are responsible for views sxpressed in signed expriméas dans les sriicles slgnés n'angagent

artteles, que laurs auieurs.
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At tne Informal mooting of Intovostod Loebovstory vorkory neld in Honolulu on

20 Jonuary 1905, it was aprovd tuat tno vacoling: ocnployed in the 1955 Caleutta Tield

1.

trinl vould be cvalustod by perticiponting Laboratorlos by o varicty of teoornigues, tho
coolcs of whilch warn to lae dicvatid by the oxporionec and intorest of tuc participants,

T present reoport sumnariscs data avoilable at e ting of the wiritoer's visit to tho

1
£

A

wrbicipoating laboratorics in Aosil 1986,

.
Not =1t the laborutorics wilen ogrecd to porticisocte woare akle to carry out tho

coudics planncd in Homolulu, out considoraplio doto wore obtained. One difficulty for

meny aboratorics wos o onormous taslk of studying 211 four vacoinog. Anotiwcr problom "

in ftrying to rolote tieos findings to nrovious ficld trials is thw lack of o commeon

rolereren vaselhe ., In Monolulu, it waz recommended that tae frecze-dried Walter Reod
vacoine used in Caleuttn (19G4) be umpioyed ns a reforcnec, but tihis proved unavailable.
Dctniicd rogults of tucdr studics were presontod in reports submitted by Dr Fecley,

Dr Joo, Dr Dutta and Dr Gallut. Thacse ronorts may be avallable from the participants.
Dutailed deseriptions of tac proeparation of cacli vaccine provided by the manufacturers
uere already sent to cachy participant by WHO, The cluaracturistices of tho vacelnes

omployed in the field trial are summarizod as follonns:

1.  Kasauli vaceine (Code YX") = agar grovm, piencl kiilled and prescrved,

manufactured from local Tndian Cgaws and Inabes steains of classic V., cnelerac,

2.  Haffkine vocedin: (Code "2") - grovm in cacein nydrolysate brotn, killed witn "w

formalin, proservoed with peonylmereuric nitrete, manufactured frowm local Indian Ogawa

1

and Inaba strains of classic V. cno.
5. Pnilippine Tl Tor vaccine {Codu "G") - agar grown, nceat-killed, phenol
preserved, manufactured from Pnilippine Ogawn and Inaba streinc of V. cnolerac biotypoe
wltor,
. Walter Reod Army fnstitute of Rescaren (WRAIR) vaceine (Code "J" or "N") -
aote grown, formalin killed, frecze-dricd, prescrved with phenel alter reconstitution,
menulfactured from U,5, Ogawa and Imaba vacedne strains of classic V. ghelerac.  Contains

wprorinatoly 3.5 times tne bactoerial eomtent of WIAIR vaccinc omployed in 1964 Calcutita

1. . -
Por lizt of participants, sec p. 10,
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Ti21d trial. Vaceine J-1, viieh was distributcd to some laboratorics by WRAIR was
provared bY renydrating 50-mi bottles of vacecine J, and refreceze~drying in 5 ml anounts.
Sinec vaceline J-1 was not actually used in tie Tield trial, it was omitted from this

roport.
RESULTS OF LARCRATORY S7TUDIES
1. Cacmical datas - Nitivopon Contont

Table 1 shows the results of nitrogen dotormineations on the vaceines as perforned
by the DBS and the "Humen" Tnotitute for Sop actericlogical Production and Rescarch,
Values for nondialyzaile nitrogon and accelons proeipitated nitrogoen arc folt ﬁolruf10¢t
more accurately tiw actual bacterial content of the vaceine, sinec total nitrogen
valucs on whole vaceine aroe greatly influcenced by constituonts dorived from culturs
modia, Tois iz pavticularly true for tne Haffkine vaccine, waich contains the cascin
nyarolysate broth in winjeh tiw Grganisms arc grown, It would appeoar that thiz amount
of macromolceular material-aszsoeizted nitrogen is highest with the WRAIR and GRLl

vaccinos,

2. Toxieity tests on veogincs

Takble 2 gives tine results of welght-cnange toxicity tests poerformed in mico
injected intraperitoncally withs ope-iall or one-guarter of a single humen dosc of the
vaccines as employed in tue £izld trials. Thne WRATR wvaccine is more toxic for mice
based on woelight chianges tnan fthe other tnree Caleutta ficld triazl vaceincs winieh were
similer to onc anotiicr in mouse.toxicity.‘ Thwe WRATR vacecilne was only =lignhtly and
nrobably insignificantly less toxic than the CRL vaceine at the test level of onc-half
the single numan dose,  Tac nigner toxicitics of % WRAIR and CRL vaceince arc
provably related to their nignor bacterial content, sincc the weight loss in micc iz

belicved to be chiofly a function of gram-nogetive bacterial ondotoxin content.

* CRL - vaceine used in Pakistan-SEATO Cholora Rosoareh Laboratory (CRL) ficld

trial.
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3. Regults of mowgse prelestion tests

Dots derdved frow onousc peotoetion tests Derforned by the Division of Biologlos
Stoandards using the Feeley-Pittman method {(see Anncx ITT, WHO/ED/Cn.2) are given in
Toole 3. T relative potcnéius of tine Caleutts: Ticld trisl vaccines cxprosszoed in
toras of the raspeotivs Ulh, Ogewn znd Tnaba monovelent roforeneo vaccines and the CRL
vaecing are shown in Table 4, Potoney cetimates rolative to tiie CRL vaceine are givon
Lotil on & por millilitrs bacis and on the basis of tie 0.4 ml human dosc cmployed in
e ORL ficld trials. Ralative to both U.Z. referonce vaceines, wne Calculta vaccines
ars ranked in the following ordor of decrcasing poetoncy: WRALR, Kasouli, Haffkine, and
Pﬂiiippinu. Tne WRAIR veccin. was signilicantly mora potont than tho othner tnroee
voeoines, oxcept in e case of Inaba serotype cunllonge, whiere its differonee from
b Kosauld vaceine is not quite significant at tie five por coent. loval. Differonces
in Ui relative potency cstimates Tor Kasouli, HMaffkine, and Pnilippine vaceines aro
roneially not stotisticnlly significent at thie five per cont. level, alltnough the
differonce botweon thne Kasauli and Mnilippine veceincs is of borderline significance for

Quevn chinllenge.

Tt 1z of intercst to nole that, relative to thw (RL vaccine, the WRATR vaccine was
sligatly but not significantly more potent on a uwsan dese basis, while the other
vocoines are not dramatically lass potent; only the Haffkine and Frilippine vaeelnes
were ocignificantly leos potont. Of course, tic vaccines relative to the CRL vaceinc

are loos pobtent by o factor of 2.5 if potencics are compared on a per milliiitre basis.

Mouse protection date submitted by the "Humen" Institute for Serobactericlogical
Produetlion and Roscarci are sﬁmmarizcd in Tablz 5 (for details of individual tests, sce
Dr Joo's report). Tae Pnillipine vaeceine was not tosted. Tha WRAIR aﬁd Kasauli
vaccines appearcd casentially similar in poltoncey and both were moré potont Than
HaffTlcin: wvacoine,

Tue DR data were rocaleulated in torms of Halffkine vaccine for comparison with
rocnits from tiie "Human” Inotitute and the rosults. are snown in Tablu 6.  Results from
botn laboratorics would rank the vaceincs testod in common in the same order of relative

potoncy.
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e Qentral Rescarchh Tnstitute, Kasauli, nas provided thoe results of a single tost
for cach sorotype cuallonge in which Kasauli and VRAIR vaccines werec toested concurrently,
and thiis is shown in Table 7. They found thosc voceines similar in potoney against
Omawa challenge, butlunlikc e results from DBS and "Human" Institute, they found

Kesaull vaccine muen mora potent than WRAIR vaccine against Inaba challengo.

Finally, the Caiba Scrum Institute provided data based on duplicate tests for cash
gerotype challenge by wodenr to compare tiae Pallappine Bl Tor vaecines witich weore
amployed in the Caleoutta and Philippine field trials respectively. 2l Tor ztrains were
uscd for onallonge. Tue vaceines were not significantly different in potoney against
Incha enallange, but the Caleutta vaceine appearcd approximately one-nalf as notent
(zsignificance of differcnce is borderline) against Opova challenge, It is perhaps
vortiy noting that, altitough thoese twe Pnilippine veccines were not comparcd dircetly,
DB3 tests for these vaccines (using classical V. cuolerac challenge) yiclded potuncy
ratios of 1.3 and 1.0 times U.3. Ogawa Referenca, and 3.9 and 3.1 times U.5. Inaba
Referenes, for the vaccines cmployed in the Pailippincs and Caleuttz, respoctively.
Heneo, e Fodlippine vaccines cmployed in the tTwo ficld trials do not appear to be

approcilably different based on comparisons Crom bhe Caiba Serum Institute and TBES data.

Data from the Haffliinc Institute on passive protecetion of intra-intestinally
ciialicongod infant rabbkits which nad recclved a total of 3.0 il antiscrum from adult
ravbits hyperimmunived with the four Caleutta ficld trial vaceines, the ORL ficld trial
vacelng and TAB vaceine, are shown in Table 9. Wierr the 985 per cent. eonfidence
intorvals fqr tne mean survival time betwoon two groups of animals do not overlap, thweir
moan survival time is isken oz significantly different. Tne mean survival time of all
tiwz groups of amtlscra troated animaols was comparod with untreated contf@l Froups Wiosoc
survival time was kopt within definite narrow limitﬁ, irrespoctive of thoe ehallenge
dose or type of vibrios (elassic or EL Tor). fnimals roeceiving classical chiiolers
antiscra were challongod with classical vibrios, hut tiwse receiving the Philippine
L Tor antiserum were cuollenged witn Bl Tor strains. Wnile fow animals survived, all
of tnw scera cxeopt TAB produccd o signdlicant increase in mean survival time between
somum treated and untreated rebbits. Based on survival time, thnere is some suggoestion
tuat tie WRAIR vaceine may be more protective against Ogawa challenge, and tne CRL
vacrine agsinst Inaba chinllonge, tnan the othwr vaceines, None of tihcse antiscra,
noever, offered the type of abscolute protoction against death seen in carlicr Haffkine

Tnatitute studies with live cnteric Immmizing antigens.
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Efforts Lo demonstrate punasive protoection of orally chnallenged infant rabbits wore
alno nmado ot tha DBS. antisorum nools reproscnting 14th and 56tn day {after start of
irrmnicotion) bleedings Orom rabbits nyporimmunised witi the CRL, WRAIR and Haffkine

vaceineg were admindstorod in 2 1.0 ml/lOO g oof body-vdigat dose,

Teblo 10 unows oo rooults of passive protoction studics apainet Ogawa chnalloenge
Nene of the antisers offored significant protoction against deothy whoen comparced with
T conteol group. It iz obviouz tiat o muen larcor numbor of amimals would be roquired
to pive statistionlly sinificant deta based on survival with the low cr negligible level
ot smoboobion nvolved, Tneluded in the table of eomperison sre prosults from protoetion
ghtudios conducted gsarlicr using seran pools prezarcd from animals lmmunirsced with Living ‘I;H
vibhirios. In this instones, thore was an apparent inersase in protoctive activity witn
snols reprozenting soguential stages of the Immune responsc. T 14~ and 56-day
bluecdings from rabbits, Immmized with the ficld trial vaccings arc rougnly comparable
in ropured to immunization scucdule to pools 2 and 10, but no similar significant

imerciog in protoctive powor was obzorved.

An otiompt was alse sade to demonstrate protective aetivity based on a possible
swtonsion of survival time in antiscrum treated animals vaien eventually succumbed to
cunlera, The vardiations in survivel time observed in both serum treated and control
animelo were ratner great, nonce no significaent inercaszc in survival time aould be
SOV . Variations im survivsl time following intra-intostinal challenge appear to be

Lo,

Nunults off o similar offort to snow protoction ageinst Inabe enallenge are shown
in Taple 11, Fower nurvivors wors obtained in sorum-treated groups than wita Ogawa-

enellenge, and ne significant inereaszcs in survival times ware obscrvaed.
5. Immmnologic lests on sera Lrom immundzed animole

T pesulbs of agslutinating and vibiceidal ~ntibody tects ond ambitoxin titrations
(morformed by Craig's skin test metaod - Nature (Lond.), 207, 614=615, 1905) on Gt swrum
nools employed in tuc DB infant rabbit studics are given in Table 12, For serum
soolos from rabbits receiving Tiecld trial vaccines, agzlutinating and vibrioeidal titres
Wl somownat algner withh 14— than with Bh-day bleedings; and thoy arc similar to
Litros of the sora against live vibrios (Pools 1, 2, O and 10}. Henew, it is apparcnt
taat tae protective astivity of antizerum Lfor e infant rabblit is not dircetly

corvolated with cither agglutineting or vibriocidal antibody titre.
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Tuere is ne ovidenee of a rise in antitoxin hoticen 14- and 56-day scrum pools
Trom enimals immmnized with field 4risl vaceines and thcse scera are only slightly and
probably insignificantly higher in antitoxin tnan pooled normal rabbit BEUM, By
contrast tasre iz a demonstrable incrcase in antitoxin lovels with segquential pools,
2, &, and 10, which corvelatos witi increasing infant rabbit passive protective

activity ol the pools.

doerum pools employed in these DB3 studies werc also titrated at tho University
of Cuicage for antitexin content by the rabbit ilial locp method and thoe State University
of New York by the skin test procedure, and tie results are snown in Table 13, The
Tantitoxin units" in widen thic results are cxpressed aire not dirvetly comparzsble. As
witiy The Division of Biologics Standards studios (Table 12), a diffurence of antitoxin
lovel was found with pools L and 10 (anti-live vibrio) by both methods. Witn the skin
test procodurs no antitoxin was deteeted with the thoues field trial vaceins serum pools,
Antitoxin was deteeted in these anti-vaceino scra Wy the 1lial loop, but there is no
evidence of an inereasc in titre between blecdings, and it is of interest to note that
the antitoxin level in the asera from animals recoiving Haffkine Vaccinu was lowest,
Tz compariscon sugge5t¢ that theras may be some Giffepence either in the lower threshold
gensitivity levels of thc twe titration systems, or that possibly difforent toxic

meenlanisms apre involved.

Tie Pasteur Institute has provided data on the agglutin and vibriceidin response
of rabbits to a single 0.25 ml subcutancous dosz of cach vaceine. Ton rabbits. wero
immunized withh caca vaccine and were bled at intorvals as shown in Table 1%, For
agelutinins there was no significant difference in the response to the different
vacgines at the time 1ptur als btested. Howover, with WRAIR and Fnilippine vacecines,
& significant delay in appearance of maximum vibriocidal aniibody titres was observed
(ef, 14- and ES-day tests) as compared with Hafflkine and Kasauli vaceins., Hawever;
tell tltres wape commaraile for all four vaccines at subsequent test intorvels.
Differonces in Ogawa and Inaba titros woepe gcnerally insignificant,  The Pasteur
Insuituts is alse poerforming passive mousc protuotlon tests on some of thoese sera, but

reeults are ingomplete.
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Of the four ficld trial vaccines invelved, it is apparcont that the WRAIR vaccine
wan digmicst in bactorial combent sz Judged from nitrogen and toxicity asszays. of
courns, this vaceine was inteontionally crepared in this fasnlion, and tnlz scems also

reflected in dits mouse protective activily, partioularly in the data from DBS.

In view of the weossible correlation of rmouse tosielity and uwntoward roactions in
man reperted carlior (Pocloy & Pittman, Lencet, 1, 449-450, 1965), it iz interosting
thiat T HHAIR yaccinc apparontly did not produce any unusual ineidonee of roactions
the field, At the one=ualf single human dose lovel (0.5 ml) in the mousc, this

vasoeine approaches tiwe btoniclity of the CRL vaccine at thds test Llaevel (i.e. 0.2 ml),

totie 0.4 ml human dosz, the C(RL vaceine waz just below the level of non-acecephability.

since 0.5 ml doses and above produced freguent roactions, By comparison, tnde WRAIR
vageine at the 1.0 ml numan dese lovel snould be near the thresheold of the maxdimun

toleratoed dosoe.

As was the casc with the 1964 Calcutta ficld trial, a meaningful correlation of

in

the wesults of laboratory oesays with propaylactic officacy in man will not be possible

duce to the low statistical simnificance of the fizld trial data causcd by a low incidence

of clioicora among vacelnos, Proliminary data for the first phase of the ficld trial show

the Tollowing inecidencu rates (inm cases per 10 000): Kasauli 10.2; Haffkine 13.6;

TAR 17.0. On thiz basis, tue Kesauli vaccine would appear about 40 per cent, sffeetive

and the Haffkinc about 20 ner ocent, However, statistically speaking, protection from

neliiner enolera vaceine is significantly differcnt from TAB.

On the basils of mousc protcection tests in the DBS and the "Human" Tnstitute for

Serobacturiclogie Rescarch, tho Kasaulil vaceins appears of somewnat higher poteney than

tie Haffiine vaccine, but o valid comparison with ficld trial date iz imposzible,

None of the otier studics (infant rabbit or inmunclogic tasts) reveal any suggestion

of differcnees botwoen those two vaceines.

In the sceond phasc of the ficld trial, preliminary data show the followlng ineidencc

rates (cases per 10 000): WRAIR 7.91; Pnilippines 9.40; TAB 8.66. Wnile the incildence

of cuolera is cven lowey than in the first phase, thoere is nardly cven a suggestion of

nrotecticon from these twro vaeccines.
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Baszed on thesc socond phase ficld trial results, one can oniy note that thoe
WRATR vaccine was morc potent in the mousc assay than the similar WRAIR vaccine of
lowver bacterial content which gave at least somc protecticn in the 1964 Caléuﬁfa
ficld trial (scc WHO/BS/T74.65). Further, it is worth noting that the WRAIR vaceine
was ot least equal in npotenay, on a comparabls hunan dosoe basis, to tne vacaine
cmployed in the CRL ficid trial, Also, the Philippine vaccine seems teo be similar in
nouse potency to tho vageinc used in the 1964 Fnilippine field trial. The NRﬁIR and
Pailtippine vaceines used in Caleutta in 1965 zcom to be significantly different in

mouse potency.

The antibody rosponsc date from the Pastour Institute {(sec Table 14) should be
noted in rolation to the apperent lack of protcetion of the second phasc vaceines.
Roth tue WRATR 2nd Philippine vacelines gave a significantly delayed vibTiocidai
antibody response as comparcd with the Haffkin;”and Kassull vacoines, The significance

of thiiz obscrvation is wnknown, but perhaps further study 1s indicated.

On the basis of tho proesent data it doos not scom possible to conclude at this
time wiethor any of thw laboratory studices reperied can reliably reflcei the propmy-
lactic efficacy of vaccines for man. This question ean bo answered only by futurc
laboratory studies of vaceines which are employed in field trials giving results

of adoquate statistical significance.
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II5T OF PARTICIPATING LABORATORIRES
FROVIDING DATA USED TN THI3 REPORT

o J. . Peolly ond D M. Pittsen, Diviwsion of Bicologics Standards, National
Triztitutes of Healtn, Botnosds, Maryland

D J. P, Oraig, Stote Undversity of Now York Medical Centre, Brooklyn,
New York : :

Pr W. Bureows, University of Chieage, Cniecase, Tilinoisz

Ly H. ngnuki,lChiba Sorum Institute, Iendkawa City, Japan
D A. K. Tnomas, C.ntral Rescaren Institute, Kasauli, India
P N. K. Dutta, Hafflkine Institutc, Bombay, India

D L. Joo, "Human" Institutc for Serobaetoriological Producticn and Rescarch,
Budapost, Hungary

Dr J. Gallut, Paustouwy Imstitute, Paris, Frdncu
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TABLE 1.  NITROGEN CONTENT OF FIELD TRIAL VACCINES
Total nitrogen, me/ml of vaceine
Vaccinc — el A e —— __._:_..-_,"—.-,.4—...7.-.--“_.._....“" LN SO T N * " d: - *
L _¥Whole vacecine ] LAfter disdysis i Acectone proeipitable™
ok i
Kasanli 0.33 (0.41) | 0,080 0.045
Haffling 1.27 (1.25) i 0.050 0.025
Ppilivpine E1 Tor 0.12 0.050 0.030
VRAIR 0.64 (0.70) 0.250 ‘ 0,250
. He e
Yo 1.72 0,095 : 0.10

®
Nitrogon content of material precipitated from I ml 2T vaceine hy 1.5 ml of acctone.

Wk '

Values in parcntheses arc data supplicd by "Human" Institute for Serobacteriolog-
ical Production and Resoarci, Budapost, Otheor data arce from Diviszion of Biologics
Standards. :

¥ : :
Vaccine usced in Pakistan - SEATO Cholera Rescarch Laboratory (CRL) Pizld Trial.

TABLE 2,  FREEDOM-FROM~TOXICLTY TESTS IN MICE ON FIELD TRIAL VACOINES

i. - o = = . - ._._____‘,._._,T_.__T.,..,..\--...—-‘-.--—-‘-.- - ,.----..‘,-..‘.-..E---.. B ———— e mub—d—_—r e L = e = e B = m mean T T . [ ————
| g oy v e ! o) o
Vaceine ;Doso ml h_‘_mﬁﬁhh_mw_“HEYE}?F?LfFlgnt cnange ngf;f .
R S 1 — B 81T
” EX¥ | i i
_ Kagauli 0.5 ‘ -0.8 +0.5 ! +1.2 +5.5 10
Q 0.25 1 =0.7 +0.9 | 42,1 +6.8 10
e
Haffkine 0.5 -1.0 +0.6 +1.8 45,9 10
0.25 -0.7 +0.7 +1.8 6.1 10
*H
Fhilippine EL Tor 0.5 0.5 +1.0 +1.8 +5 .8 10
0.25 ~0.% +0.9 +1.9 +5.6 10
W
VIATR 0.5 -1.3 -0.3 +0.8 5,2 10
0.25 -1.% +0.3 +1.6 +5.8 18
cRL 0.2 -1.4 -0.3 | +0.1 +4.,7 10
|
Selinc 0.5 +1.0 +2.0 | +3.0 +5.8 10

*
Data from Division of Biologics Standards.

*#3%
8/10 = Survivors/10 mics injected.

R :
= 1/2 single human dosc.
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TABLE 3.

Cﬂmllcnéé : IDS0, ml | 3lope
ctendn | Vacelfhe L it el T S
Do Elog 8D mL 30 LD Xk T 5D
Kaswull ~5.,917 1 0.0891 | ©0.326 3 §0-123 | 1.04 ! 0,170
haffkine  -h.070 | 0.0900 i 1.17 | 81-123 | 0.944 { 0.157
Opania iPhilippin& ] =179 0.,0953 | 1.51 30-125 % 0.852 E 0.150
NTH 41 !WRAIR -5.526 0.0949 0.336 go-124 | 0.852 | 0.150
ECRL 5 -5.345 0. 0847 o201 Bo-120 i 1.0 | 0.165
U.s. Ogawe Ref.|  -h.178 | 0.0717 | 151 85-118 | 1.23 |'0.178
S A U R A ]
Kasauli t ~5.928 0.115 C.547 77-130 | 0,778 | 0.152
Haffking 14080 0.115 1.20 77-130 | 0.720 | 0.145
Inabs  |Philippine -4.19% 0.0979 1.56 50-125 ; 0.621 | 0.14B
NI 5A3 [WRATR -5 6473 0.12 0. 40 75— 152 ; 1.6458 | 0,140
CRL =5.,301 0.0736 0,200 84-119 | 1.26 0.187
U.S. Inaba Ref.]  -4,G87 0.0865 1,86 Bo-122 1 0.952 | 0.156

1965 CALCUTTA FIELD THIAL VACCINES

(Datn basod on 4 replicate tosts)

#
Limits of 4 &.D., sxpreszed in per coent.

HeiRgL,

= slope confficicnl of dese rusponsc.

DIVISION OF BIOLOGICS STANDARDS MOUSE PROTECTION TE3T DATA
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TABLE 4. ?“LATEVE POTENCY OF 1965 CALCU”TA VAGGINB&
BY THE MOUSE PROTECTION TEST
(Data from Division of Biclogics Standards)
Cnallensy  aocine et e ot e e e n e g e = b_ T F :._.,y —— - —_—
siesin L ’ h;;-;._--,,&__.h Per. mlllllLLﬁk L . Psr 0.4 w1 numdn dose”
e _] B8, Referomee = 1. .00 CRL Vasedne = 1.00 | CRI L.!‘.f...l:lf.. Z4.00
L TR | P T , ’
| Kasauli !1*a§ (1.08u3 o ) 268 (o.15ﬂ—o 427y 10.670  (0.381-1.18)
| - e Ex
| Haffkine ’1 20 (0.760-2.19) | 0.18%  (C.107-0.335) |0.472  (0.267-0.835)
i i - e - . s )
o E%i'il Pailippine |l 00 (0.5878-1.73) 1 0.1i8" 7 (0.0812-0.263)'0,355  (0.203-0.657)
: e )
WRAIR ’4 B4 (2.60-7.77) ] 0.050 (0.366-1.18) li.ok (0.913-2.95)
CRL- - j 6.85  (4.10-11.4) 1.00. . ... = . .li.00 -
SRR NI Sy TP : —
ERTE . . R
Kasauli & 74 (2.9@-11.1) {0230 (0.126-0,44%) 0,590  (0.314-1.11)
w4 Kkl
Haffking ; L, 05 (2.09—7.86) ) 0.167 (0.089o~o.§1h)|o 418 (0.223-0,786)
et ' RHH S 2% :
£;;D;5ﬂ;r Pailippines 3,12~ (1.7175.71) 0.120° " (0.0728-0.225) 0. 520 *(0.182-0.563)
NI 354 PRRIR o bl et SR e
WRATR LL o (5.54-21.9) 0. h5g (0.237-0. 874) |1 W {0.593-2.19)
L CRL an.J (14.4-%1.1) 1,00 - 11.00 -
Sy S —— e e a e mrtmm L n i i ko ke W = = m et S —-—

*
CRL vaccine was cmployed in ficld 4risl mainly in 0.4 ml human dose; others were

given In 1.0 ml dosc

HH

« Signifieantly differcnt from referance vaceine at 5% level or loss.

¥ M
Numerals in parcentincscs arce 99% confidencs limits.
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TABLE 5. SUMMARY OF RESULTS OF MOUSE FROTECTION TESTS PERFORMED BY
"HUMANT TNSTITUTE FOR SERCBACTERIOLOGICAT, PRODUCTION AND
RESEARCH

Challenge Vaccine Relative Potency
T Btrain 0 Haffkine = 1.0

WRATR . o6
- Ogawa
NIH 41

Kasaull 2.0

Haffkine S, . . 1.0

WRAIR 2,9
Kasauli 2.72

Haffkine 6.65

% ‘ .
Based on goemetric mean value from four replicate tests performed.
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TABLE 6, COMPARISON OF MOUSE PROTECTION DATA FROM DIVISION CF
BIOLOGICS STANDARDS AND "HUMAN" INSTITUTE OF SERO-
TACTERTOLOGTEAL, PROTECTION AND RESEARCH

Challenge : Vaceine ' Relative Pbtency%(ﬁaffkine z,l.O)‘
| Straln i | "DES" ’ " Human ",
? , - ‘ ‘ . ' .

; Ogawa, | . WRAIR : 3.5 i 2.6
NTE 1 | Rasauli. 1.4 | 2.0
§ . -+ Philippine c.78 - N
| | Haffleine 1.0 : 1.0
i T SIS
!‘ L e = W’RAE —a [ W ee 2_'7 P - . 2 '.9. ———— e
|
Tnaba : RS L
| 3543 ; Kasauli 1.4 2.5
i " “philippine 0T NT
: ' Haffkine 1.0 1.0
H . ‘ -] . e
*
NT = Not t;sted,
TABLE 7. COMPARISON CF WALTER REED AND KASAULI VACCINE
BY THE MOUSE FROTECTION TEST*
z N
Shellenges . Vaceine ED SO*K | Rel. Potency
Strain : mlx10 - | (WRAIR = 1.0)
. ' 1
Qzawa |
NI 41 Kasauli 0.413 (67-150) ‘ 0.81
] WRATR 0,33 (62-162) | 1.0
: |
Inaba Kasauli 0.462 (H6-151)** 7.2
NI 2543 1 WRATR 3.63 (58-171) 1.0

W
Data from Central Research Institute, Kasauli,

Data based on a single test of each serciype In whileh vascelnes
were tested concurrently.
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TARLE ‘8. COMPARISCN OF FHILIPPINE EL TOR VACCINE USED IN
- © PHILIPPINE FIELD TRIAL (1964) AND CAICUTTA FIELD
TRIAL (1865), BY MOUSE PROTECTION TEST &
Challenge Vaceine ED5D f Rel. Potency
Strain ! used in : w1 10~ | (Pilippine = 1.0)
| ‘ a
Ogawa E1 Tor ' Caleutta ; 0,954 (7§-l38)9 | 0.7
17 Philippines E 0.448 (79.127) ! 1.0
Inaba El Top Caleutta | 2467 (72-139) 1.4
V86 o Pmiltpptmes——3.81°(68-148) | oo xio

Data from Chiba Serum Institute

I

o

Calculated from Combined Data based on two tests (Total 32
animals per dose).

i1e

Lo ) = range of 1 S.D. in per cent.

P

Difference from 1.0 is of borderline significance at 5% level,
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TABLE G. HAFFKINE INSTITUTE STUDIES ON
EFFECTIVENESS OF ANTTSERA AGAINST DIFFERENT VACCINES IN
FROTECTING INFANT RABRITS AGATNST INTESTTNAL CHATIENGE
. OF HOMOLOGOOS VIBRIOS
@_s¢rum ‘ Challgngé .&“‘ _O5% Confidence Limits for Significance®
| Against 1 Strain i Mean Survival Time (Hours) (Treated vs.
. Vaceine ; 3 i i Untreated).
i_ % Serum Treated ? Untreated |
i : | i
!!5 i Haffkine | Tnaba L 39.8-435.2 (0/8)9124.9u29.% {(0/7) i 3
U B . 427 OmRoes O) N
' Ogawa. 36.6-42.8 (0/10)24.6-26.9 (C/10) 3
Kasauli Tnaba Lo.e-b42.% (0/9) 126.8-29.8 (0/7) S o
o ogawa | 38.8-42.2 (4/8) 25 1L28l0 (6/8) g
| WRATR Tnaba 40.3-56.2 (0/9) |26.1-29.3 (0/8) 5
o Ogawa 52.4-89.8 (1/10)24.5-27.5 (0/8) | - S
Philippine Inaba E1 Tori 34.4-44.3 (0/13)26.2-28.2 (0/10)} 8
| (BT Por) | Ogawa Fl TorB8Te-UTLE (6/%0)|554.57.8 {(¢/idy - 8
CRL Inabea 56.3-90.0 (2/12)128.1-29.6 (0/3) S
Opawa 31.4-39.8 (0/10)]2%.1-27.4 (0/8)
TAB Tnaba %25.2f28.o (0/10)124.8-27.4 (0/10) NS |
Ogawa 126.1:32.7 (0/10){24.6-27.4 (0/10Y1" NS ' L
|
Inaba Bl Tor:23.9-29.7 (0/5 :23.3-29.1 (0/5) N5 5
OE&WEI:IEI‘”TOI"?.22..'.'91—128.'33' (0/5) . 125.3-28. (o/=) 1‘.‘:;:'.‘ NS
% 5 - significant. NS = Not Significant
b { ) = Survivors/No. Challenged
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Sequential bleedings from same rabbits.

paze 18
TABIE 10, DIVISION OF BIOLOGICS STANDARDS STUDIES ON
PASSIVE PROTECTION OF INFANT RABRITS AGATNST OGAWA VC12 CHALLENGE
i Pooled | | i Burvival time (hours) of
P serum 1 Pool | "Bleeding ! ‘ dying animals
against No. ' day | 5 /qg. :
. | l , ; ) Medlum . Range ] Mean
| E f g ! !
R |14 b9 (a8 L 23 1 ey |29 (7-50)°
Vaccine ) 56 i 0/8 (0.32) 26 o 20-46 31 (10-52)
!
WRATR 154 14 i 0/9 (0.29) 2h | 23-70 | 37 (0-77)
- Vaccine 158 56 L 3/9 (0.30) 22 . 19-41 | 27 (5-48)
| ,
' !
Haffkine 168 14 . 1/9 (0.43) 4o L 21-70 | 42 (3-81)
Vaceine 168 56 | 3/9 (0.30) 25 23-20 | 26 (21-31)
(Controls) | « - L2 - 29 21-45 | 29 (13-45)
J
Iive 1 ! iz | /12 {(0.68) - - -
=3 i :
Ogawz 2= l 14 E 4/20 (0.10) - - -
vele*® 6% 27 ély@o(ﬁuTS) - - -
. -8
10 &l 119/21 (107°) - . -
! 1
| {Controls) | - f - 11/25 - - -
| | | |
2 8/n = Survivors/number challenged:
2 () = Probapility of significant difference from controls.
¢ ( ) = 95% confidence limits of mean.
d Data from passive protection studies reported by Fesley (1565).
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PASSTVE PROTHCTION OF INFANT RAEBITS AGAINST INABA VC13 CHALLENGE

Suprvival time (Cours) of

H
| Pooted: S T -
serum . Pool Bleeding S/hg dying animals
i spainst’y Nos 1""uay Mﬂdium Rangé ; Mean
1 i
- ¢
CRL 144 14 1/6 (o.h7)? 29 17-25 i 28 (15-40)-
Yeoeine 14RB 56 2/9 (0.34) an 23.30 ¢ 26 (20-31)
| WRATR 154 1 0/9 (0-40) 29 17-35 | 27 (15-39)
Vaesine 158 50 0/9 {C.40) 1 29 . 1 23-3 | 29 (18-39)
i Haffkine | 16A 14 0/9 (0.40) 25 2130 | 26 (20-32)
' Vaccine 168 56 1/9 (0.47) 27 2570 | i (2-63)
Control - - 216 - 25 18-72 | 26 (18-734)
' | i % _
2 5/m = Survivors/mumber challenged.
P ( } = Probability of significant difference5from controlsa.
"8 ¥ = 5% confidence {imité of mean.
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TABLE 12, DIVISION OF BIOLOGICS STANDARDS STUDIES ON
AGGLUTINATING, VIERIOCIDAL AND SKIN TOXIN NEUTRALIZING TITRES (F SERUM POOLS

o !
Serum pool Pool | PBleeding | Titre (log 2)
against No. day T !
Agzlutinating iVibriocidal| Antitoxin
]
o ‘ }
CRL - o S - 14A ! 14. . e 13 18 i A
Vaccline 14p ! 56 O T &t |15 .k
WRAIR . 15A T A R & A 19
Vaceine 158 . 56 12 17
! |
AN E— ‘ T e e L .
Hafflkine 16A ; 14 . 13 § 18 3
Vaccine 168 56 S - T 3
Live’ 1 ! 12 15 .19 3
o . AT T L . : . . .
Ogawa o ; 14 E A1 A 2
ve12? 62 } 27 | 13 g 6
o i t
1= | 64 i 13 17 8
; T : :
Normal rabbit, - ! - . gl < ! 2

2 Used in passive protection studies reported by Feeley (1965).

iz

Sequential bieedings from same rabbits during immunization.
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TARLE 13, UNIVERSITY OF CHICAGO AND STATE UNIVERSITY CF o YCHK ZTUDIES ON
ANTTTOXIN CONTENT OF RABBIT ANTISERA - SUPPLIRD BY DIVIZION OF
BICLOGICT ZTANDARDS

fntigen “opum Antitoxin Units/wl

Fool Nao.

Skin Test® | Tleal loop:

2 (approxt)‘ L 95

114 o Re
-

CRL | <0.3 a2
Vaceine i 148 =03

WRAIR 15A =0.3

Vaceine | 158 ~0.3

Haffkine | 164 0.3

t
i
-
1
i
i
|
1

Vacecine j 168 =03
: |

Data from Dr J. P. Craig, State University of Vew Yorl (Based on '
two Determinations).

5 Data from Dr W. Burrows, University of Chicago {Preliminary Results).
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