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INTRODUCTION

First apphed 1n French West Afica m 1934 and then 1 Brazilin 1937
systematic vaccination against yellow fever has since sesulted 1 the smms
mazation of tens of mitbons of persons and human vellow fever has become
a rare disease  'When vaccination was begun however not even the most

of 1ts advocates could have p the benefits of all kinds
and the and socral that would accrue to
those termtornes where {he dusease was nfe

The World Health Organization considered that it would be appropriate
at this stage w the development of yellow fever vaccination to publish a
monograph on the subject to which would contribute emunent specralists
whose names are hinked with the success of yellow fever control the world
over

The first of these contnbutions 1s that of K € Smithbura i which he
describes the basis on which yellow fever immunization now rests

In French West Africa and French Equatonal Aftica more than 56 mul
lion vacemations were performed between 1939 and 1953 with the scratch
vaccime prepar d by the Institut Pasteur at Dakar these have resu’ted in
a protection rate such that human vellow fever has practically disappeared
from the m which wag p C Dunevx
formerly Drrector of the Institut Pasteur at Dakar describes the varous
stages i the preparation and contro} of the vaccine produced by that Ins
titute the techmique used for tts admurustration and the system of mass
vacesnation apphied in French African ternitorres Together with R hoer
ber he also discusses the immunological results obtated

The wost wid ly used vacane in the rest of the world 15 17D vaceme
The Oswaldo Cruz Instrtute at Rio de Janewro is one of the most wmportant
establishments preparmg 1t H A Penna who directs the Institute s
yellow fever laboratory gves details of the methods of production and
admmstration of 17D vaccine  This vacerme Ike that of the Insutut
Pasteur at Dakar s used m mass vacciaation campaigns C de Souzz
Manso reports on what has been plshed with these pargns m
Latn Amenica

G Courtoss feports the resulis of numerous control experiments
designed to clarily previous knowkd,_e of the tune of appearance of immun
1ty 1o yellow fever after vactanation and of the duration of that immunity

—~T =



8 INTRODUCTION

Like all vaccimation that agaumst yellow fever has sometimes been
followed by more or less serious reactions 1115 necessary to know about
these aceidents and only proper to draw attention to them they 1 no way
detract from the value and efficacy of the method G Stuart gives a detailed

and complete account of observed to with both the
Dakar and the 17D vacomes
Each method of has its ad and its &

B
Vacesnation with 17D vacoine by the scanificatton method described by
G W A Duk however would seem to combine the advantages of both
Dakar and 17D vaccines without the possible disadvantages of the more
usual practices of admmstration of exther

Vaccinatian agamst yellow fever s officsally sanctsoned as a preventive
method by mternational health Jegsslation which aliows travellers holding
a vald ficate of to avord g isolation when passiag
from an area mfected with yellow fever to an area receptive tost P H
Bonnel describes the international regulations governing yellow fever
vacemations and the conditzons under which a vakd international certificate
may be ssued

The ph also contains 2 biblography of works on yellow fever
wnmunology and vacanation
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IMMUNOLOGY OF YELLOW FEVER

Kenngmt ¢ SMITHBURN BSe MD
The Rockef ller Fo ndaton New York » Y USA

Yellow fever was the fisst disease 1n man shown to be caused by an
ultra microscopic fijteable virns® ®' The workers who made this dis
covery were further successful in establishing yelfow fever as the first virus
diesease i man known to be tansautted by mosquitos  These epoch
malang discovenies had far reaching effects 1 the control of the diseasc
but further advancement of knowledge concerning at was delayed another
quarter century untd a susceptible ammal host was found # The great
strrdes made in research on this disease since 1927 Bave gone far m bring
ng 1t under control  They have also served as models for work on other
nsect borne diseases

A comprehensive review of the more sigmficant research on yellow
fever was pubhshed under the editorship of Strode m 1951 % The chapter
on immunology wn that volume covered the subject more extensively than
1s the purpose of ths publication 2nd included much matenal not pre
vroush 3 In this the subject wall be treated
especially in 118 relationship to vaceiration and the more sigmficant ongual
papess appeaning since 958 will be considered

Immumty 1o yellow fever may be sither active or paysve  Actrve
mamunity to the virus may sesult from natural ifection from expersmental
nfection of from vaconation Passie immunty sy be the result of
transfer of rmmumty {rom an wnmune mother 10 ber offspung o 1t may
sesult {rom the moculation of an atherwise susceptidble ndeaduat with
protectrve antibody detived from an immune mdividual

\ctive Immumty

Actng unmumty resulting from natural fection

Even before a susceptible host for yellow fever virus was known st
was recogmszed that a human berg who contracted yellow fever and
recovered became mmmuns as a result of this expenence and did not con
teget the disease a second time wt hus hie ™ M Soon alter the thesus

— 1 -



2 K C SMITHRURN

monkey was found to be susceptible to yellow fever virus & 1t was obsersed
that the serum of persons tecovered from the disease was effective 1n pre
venting infection 1 monkeys 8 when given along with or at about the
time of the noculation with the virus  Advantage was taken of this fact
particvlarly in the Jaboratories of the Yellow Fever Rescarch Institute at
Yaba Nigena to study the dstribution and frequency of yellow feser 10
vatious West African countries * % It was also observed that protection
tests with sera from persons i the acute phase of yeliow fever and with
convalescent sera from suspect cases conld be used for diagnostic purposes
The protection test ruvealed also that the yeHlow fever of the Afncan con
tmnent and that of South Amenca are the same disease ¥ % These uses
of immunological methods developed 1n 1927 and 1928 have now been
superseded by a method which 15 more convenrent largly by the fact

that 1t 15 fess and fess exp: 1y the performance
of the same type of test i Swiss muce  Nevertheless the eartv expenments
with monkeys revealed the scope of it 1 methods in diag:
and eprdemiological studies

Very httle 1s known about the b nspansible for y to
vetlow fever erther sn man or 1n the ammals wiich are susceptible to the
disease 1t 1s known that the devel of 1 d wit

the appearance 1n the serum of antibody which 15 capable of neutralizing
the virus but i 15 not known whether other defensive mechamsms than
the humoral are involved The moculation of virus 1nto an immune host
does not ehait a visble reactton even though the snoculanon be made
tradermally i a site where even a mild anflammatory reacuon would be
quite eastly detected  Nevertheless the virus 1s quite effectivelv dealt with
tn the tmmune host and can racely be recovered once it has been myjected

The antibody sesponse evoked m wan by natural infection with yellow
fever virus occurs faily rapidly 8 and even in fatal cases 1 which death
occurs as early as the fourth or fifth day the antibody can be detected
as a rule before death  Once this response has taken place 1n a human
bewng the mdividual apparently never foses bis immuntty  Neutrahzing
anttbody has been demonstrated as Jong as 75 years after an attack of
the disease ® Further evidence of the endunng nature of the immune
response 1s the fact that authenticated nstances of plural infection  the
same dividual with yellow fever virus are unknown

Certan wiid anumals which are naturat hosts of yellow fever in either
Afnica or Sovth Amenca n particutar the wild primates extubit an ant
body response to the infection which 15 10 all respects simifar to that
charactenstic of the human being  The duration of the response in monieys
1s prolonged as 3t 1s 1 man  This endunng character of the response
both 1n the human being and in the wild ammal (monkey) host 1s tahen
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of 1 epd 1 studies to the prcscncc and
density of mfection occumng under natural conditions? 33 2 0 4

Active immunity followmng experimental infection

Al the characterssties of the response whuch expenence has shown to

be typical 1 heman bcmgs nfected wath yellow fever can be detected
pnmates If a ptible monkey 15 %

wath & smali dose of yellow fever virus or 15 subjected to the bite of one
or mote mfected mosgutos of a vector speaies a 3ypical infecion resulty #¢
It the ansmal 1 of 2 tughly susceptible species such as the Iadian chesus
mornkzy (Macacs mutesia) and especially of the wfecting virss s an Afncan
strasm death 1s almost eertan to result  but af the antmal «s bled when st
15 1 extreons and the serum 3 macthated to destroy any virus which
ay be present newtrabzing anubody 55 almost ceniawm to be detectable
I the event of the survival of the anumal antibody 15 uswally detectable
thzee or four days after wieus was first demonstrable sn the serum  In
expertmentally moculated primates as ia human bengs amd sn monkeys
naturally infected the antibody once i has appeared 1 the serum 15
iskely 10 be present for the vemamder of the hfe of the ammeal A monkey
wiueh has exbubited such an antibody response is completely sefractory 1o
re moculation with yellow fever virus regardless of how susceptible 1t may
untiafly have buen

Both the human bemg naturally tafected ® and the monkey expenimen
tally moculated with yeBow fever virus thus exfubit the stage: of the disease
i which both the virus and the specific anubody are demasnstrable in the
blood At this stage of the disease the varus 15 of course  dummishing n
quantity and the antibody 1s on the increase  This phase of the infectian
m monkeys occurs over a 24 48 hour period  between the third and ffth
ar sixth days after inocifation with any but the very smatlest doses of the
vns Wil omanot doses of wites the enute chmead teaction may be
delayed as was shown by Bauer n expeniments 1a which yellow fever
virus was titrated o rhesus monheyst In those eypeniments ammals
receving rummal infective doses exhibited no response over a long pesiod
of time but when the infection began ta take place t was typreal in alt
tespects sncluding the anubody Tesponst of nfechon wath a sherter
sscubation penod

Actne ety widuced by vaccwation

The practieal sspeets of thas guestion are dealt wath by Courtoss in
his contributton to this monograph (se¢ page 105} and we shall concern
ourselves here with historcal and theoreucal aspects of the matter
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The first vaccme aganst yellow fever was developed by Sawyer katch n
& Lfovd & The method they proposed d i the i of a
measured dose of neuro adapted yeflow fever virus together with sufficient
spectfic mune serum to nulbfy any harmful effects which the virus m ht
otherwise have had  This method was tned ongnally m monkeys and
was found to be quite effective When the method was applied to human
bemngs the earliest recipsents of the vaccine were hospitalized and quaran
tined and kept under very close observation  Although some of them
developed mild chnical reachions none of these was senous  The antibody
sesponse was good and the sera of vacomated individuals showed high
protective powers 87 Faeld apphication of the method was greatly restricted
however owing o the profubitne amount of spearfic 1mmune serum
reqmired  Convalescent human bemngs or vaccmated persons were the
engmal sovrces of supply for immune serum but when this ource tecame

deg the hyper of monkeys® or of non suscepnble
hosts such as horses and goats was undertaken 1 order to meet the
demand  Even these sources would not have been adequate on the farge
scale to which the vaceme came to be used

Workers 1n vanous countries apphied themselves to the problem of
developing 2 vacome for yellow fever but the first vacaine to be used
widely 1 the fi 1d was the attenvated strain developed by Lloyd Therler
& Rice1 % A strain 17E4 was first used and then shortly replaced by the
17D strain % * which was apparently more nearly fixed mn its properties
This stran was extensyvely studied in the laboratory before its field apph
catian was undertaken ' The first large expenment i the field with 17D
vacaine was that of Smith Penna & Paoliellu in Brazil = © These workers
concerned themselves especiaily with the technical aspects of the problem
for mstance 1he transporsation of a thermolabile product and admims
tration of the matenal to significant population groups within the ume
which the fabihty of the matenal alloved Ongnally bio-assays were also
carnied out on each lot of vacane and sampling of vaccmated persons
w.s undertaken before and after the moculation to study the antibody
response 1t was found that demonstrable antibody was evoked in a targe
purcentage of cases by mocula which contamed 100 or more [ Dy, of the
17D saccme  With smaller doses the response of some mdividuals was
equally good but the percentage exhibiung a response was lower  Reac
nens to the vacoine were uncommon and muld when they did occur =
Accordingly the 17D vaceine was adopted for routme use in Brani and
other South American and Central Amenscan countries as well as 1a cet
1 parts of Afinca

With the outbreak of the Second World War the Rockefeller Founda
1ion undertook to supply yellow fever vacane 17D to the armed forces
of the Umited States of Amenica and ailied countnies * During the course
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of the war more than 25 muthon doses of this vacome were produced sn
the Foundation Jaboratories and dispunsed to Amenican and athed govern
mentat agencies  In the early years the vacemne was made with a component
of non ymmune human serum ongnally believed to be necessary to protect
the virus aganst detetsorabon  Vaccme prepared in such a manner was
responsiple for cawsing @ large number of cases of hepatiis ® espectally
ameng Amenican mihitary personned 0 ¥ owing to confamunation with
the relatively thermostable hepatiis virus contamed 1 the human serum
component Befose this Theifer had already carned out experiments which
showed that effective vacame could be prepared without the wse of serum
When this series of hepattis cases occurred the Jarge scale production of
vaccine prepared without serum was undertaken 1 the Untted States
Public Health Service Taboratones ® and the laboratonies of the Rocke
feller Foundation in New York  Stnce that time no cases of hepatitis
have been teported followng vacaination with the 17D stram

The antibody response te 17D vacane sn rhesus monkeys has bcen
studsed by Thetler & Smith * and by & Mahafly & T
monkeys seldom exhubet the vacane vieus i thewr arculation but they
respond by the formation of speafic antsbody which 15 demonstrable m
the dlood within about seven days following noculation  E
chalienge however reveals that monkeys vacoimated with 17D virus are
refractory to the pantropic virus within about three or four days from
the time they recene the 17D vacome  Thus the amimals are actoally
refractory to the noculation three to four days prior to the ume when
antthody may be demonstrated in the blood  Whether this ss due to the
presence of antbody 1 quantity too smalf to be detected by the avadable
methods or whether 5t 53 due to the fact that the developimg smmunity
becomes effective duning the tncubation penod which the pantropic virus
requires s not known

Admmstranon of the 17D vaccinie to man 1s followed within scven
to ten diys by the appearance i the serum of demonsteable specsfic aniy
body capable of neutrahzing yellow fever vicus ¥ # In field application
the percentage of persous respanding fe the vaceme ss very ish. - Occasional
farlures occur under field conditions but 1 the expertence of the writer
where yelow fever vaccine was admumistered 10 newly engaged employees
10 a ficld laboratory and where the responses wese studied by protection
tests no faluses were observed over a period of several years  Such
faures as do otcur w field expenience are probably due to vacoime of
wadhquiie patency of to faulty technique sn is adminstration

Acctdngto D F L 5 per producion of 17D msva o w thout a human serum

TOTOPON Nt WS be 4 d¢ st nda d pract e 5 rallyelfow £ oer an
B3 1afic Avgust {940 b A 1t the 1abo atofy of the Serv ce far Study and
e ‘efiow § v& mantan Shythe M tryof Healthof B 2 © nd¢he Rockaf lee

Found tor Thafact  of & ne ally known
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state with certainty that such efforts were successful 1n preventing mfec
tions but there 15 reason to suspect that they may have been

Demonstration of Immumty by Means of Protection Tests

The first method devised for the performance of yellow fever protection
tests imvolved the use of thesus monkeys ¥ In the early surveys m which
these ammals were used to study the distribution of yellow fever m the
human population of West Africa ® 35 two rhesus monkeys were used for
the tesing of each individual serum Thus the method was extremely
costly and 1ts application accordingly lrmited  However with the dis
covery 1n 1930 by Theiler # that yellow fever virus 1s pathogenic for Swiss
muce when 1noculated 1nto the brain of these animals the way was lad
open to more practical methods for the performance of protection tests
Theiler showed that yellow fever immune serum muxed with the virus and

lated brally had a trahzing action and p ted 1nfec
tion 1n mice 8 8 The view was held at this time however that immumty
could be more effectively demonstrated if relatively large quantities of
serum were admimstered  Sawyer & Lloyd ® developed the first extra
neural protection test techmque 1n order to effect the admimistration of as
much serum as possible  Accordmg to their method 15 ml quantitites of
concentrated mouse brain virus suspension were added to 3 0 ml quantities
of undiluted serum and the muxture was moculated mtrapentoneally n
amounts of 06 ml per individual 1nto mice p ly prepared by the
intracerebral injection of a small quantity of stenle soluble starch solution
The latter agent caused shght irritation mn the bran and brought about
the localization of the yellow fever virus which however had already been
exposed to the i vitro and 10 vivo action of the serum with which 1t was
muxed If the serum contamned the specific antibody the muce were pro
tected thereby 1f 1t did not fatal encephalitis resulted  This method was
used 1n the International Health Division laboratonies of the Rochefeller
Foundation 1n New York ® ! in the laboratones of the Yellow Fever
Service m South America ? 8 at the Yellow Fever Research Institutes at
Lagos® 7 and Entebbe 77 and elsewhere & % 1n the intensve world
wide surveys of immunity to this disease  Later when the protection test
came to be used more extensively for other purposes than immunity sut
veys more sensitive methods were requmred In varous studies of the
mmmune response evoked by vaccines against yellow fever it was found
that the antibody response 1n man 1s less mtense than that which follows
natural infection and sn order to detect the response to the vaccane with
certainty more sensitive methods were required  also 1n eprdenmiological
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studies of the tole of wild ammals m naturat cycles of infection st was
found that some ammal hosts respond 50 yeflow fever vicus kss intensnely
than does man and Iskewise required the use of more sensive methods
Consequently vauous modi of the yelfow fever protection test
ware proposed 1n particular by Whitman % Bugher ? %0 and Smuthburn *
1 order to meet one or more spetial needs for the fest  En prnople all
these modsfications have much 1 common and they differ from the
onginal methods praposed by Sawyer & Lloyd © prancipally m employing
a more Sensitsse balance between the amount of serum and the dose of
vrrus * or better standardized virus preparations ® or more sensitive expen
mental hosts 16 ¥ % Yt was found that a meshod which was sausfactory
in one laboratory® mght not necessanly be equally sahsfactory
another * owng to differences sn the susceptibifity of the mice wsed m
the different laboratories  Likewase some of the methods especially those
myvolving the use of lyop d virus prep * were not appheabl
everywhere owmg to lack of facilities for the preparaon of the standard
virus  As a result of these facts fnboratories 1 vanous parts of the world
came to wse not so much a standard techmigue for the yellow fever pro
tection test as 8 techmgue which was {ound to be sutable for 4 given
laboratory and for the particular mneshigations i progress there

There are a preat many vanables sn yeffow fever protection tests by
whatever methods they are carnied out  Micw of diffusent breeds are
euremely sarable in therr sesponse to this virus as was found years ago
by Thesder # Theer hkewise observed that mfant mice are much more
susceptible to yelow feser ssrus than adult mice % these varations m
susceptibiity were more entically expiored n later years by Whitman %
and Smuthbuen * Another wmportant vamabl. in the techmque of the
test 15 the route by which the animals are ioculated  In adult mce the
wres must be wtroduced mbtacerchrally  or if 1 45 noculated extra
neuraly an of 7 agent must by grven
Eren with the use of tracerebrtl tngections of starch sofotion howener
peripheral moculation of virus 35 much fess effective and multiple sntra
cerebrat infective doses are required 16 cause tness 1

The dosu of virus used in the yellow fever protection test 15 of the
utmost importance By whatever route the virus is introduced 1t 5s pos
ssbic o evercome the effectnencess of anubody by execsuve varus dosage ¢
The (fectne sisus dosage ss not myanably the same as the number of
wfective units ad d  muluple al fective doses are
sequured to produce tiness of the virus 15 inroduced proipherally—eren
with simullaneous brain smpctions of starch solution Also by one route
of inveulation the antibody may be more effective azamst the sirus than
by another route  higher antibody titres are obtamed with the same serum
w p 1 tests s muce than in bral tests
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When protection test are being done for the purpose of wentifying
newly 1solated strams of (pantropc) yellow fever virus the intracerebral
route of moculation 15 the one of choice since freshly 1solated virus may
be of fow wirulence on penpherat i n with prep
tracerebral amjection of starch solution (Strode # pp 226 227)

The strais of virus being used 1n the tests may also determine certam
techmecal featuses  For example J H § Gear B de Mellon and

H § Dawis ® used the 17D virus i protection test surveys 1 order to
avoid wmportation of the more potent neurotropie virus mnto South Afnca
The tests done with 1703 virus yield results comparable to those done with
standard neurotropic varus but require that the mice be observed for a
longer penod owing 1o the slower progress on mfection with this vanant

False posstive results are occasionally obtamed s yellow fever pro-
tection tests especially with certain animal sera 3 € Recogntion of this
fact and the sdoption of more severe eritenta for tesung such sera? are
essential if confuston 1s to be avaded i eprdemological studtes

The quality of the serum which 15 being tested also has an mfuence
on the outcome of the protection tests  The writer has repeatedly ttrated
yellow fever virus simultaneously sn the sera of diferent spectes and found
the titre to be significantly higher in one than it another Bugher® has
also posnted to the necessity of obtainng sound results with non immune
ndividuals of any species of which the sera are baing extensively studsed
by means of protection tests He emphasizes that the sera of one specses
may require to be tested by 2 somewhat different method (virus dosage)
from that uwsed for routine purposes Fusthermore the sera of certamn
ammal speaies have been found fo have toxic properties for Swiss mice
ang to require spectal methods  In our own experience the serum of the
ratel or honey badger (AMelfnora capensis Schreber) behaved in this
manner and could not be tested 1n the undiuted state  Dilution to 3 con
centratton of 1 10 ehimnated the touc action sufficiently to permut per
formance of tests with sera of this species

The distrsbution of virus m the suspension used 1s very mmportant and
the results will be poor whatever method 15 used if umiform dispession 18
not obtammed When fresh mouse bram varus is being used as in the case
of mirapentoneal mouse protection tests considerable care and potence
must be d i the prep of the susy In m
which preserved virus (frozen or lyophifized matersal) 1s used the suspen
sion prepared far stack must likewise be made carefully and certaw pre
cautions cxercised when thus matenal 1s re constituted for the performance
of the tests For instance Jyophihized virus which 1s rehydrated and

 Paper presented st the Afrcan semnar on yellow fever at Kampala Ugsads 2
September 1933
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nirated rmmediately 1s fkely to gne a fower titre than »f the rehydrated
matenal 1 alfowed to stand for 15 30 mmutes before the difutions are
prepared for titration This is probably due fo the fact that complete
disperston of virus pasticles 1 the hquid does not take place immediately

It s essential to employ a protemn contaimng divent for the virus owang
to us to 4 The most used for
this purpose are non mumune serum v 3/ of 10 4 concentration * ot
bovalbumin ¥ The concentranon of bowne albumm recommended by
Dick & Taylor 1845 however inadequate and should be wereased a0 75/

The techmque of moculation way bkewsse be a source of vapabdity s
the p of p tests especuatly if thesc be done by the
mteacerebral route  Individuals who are not practised in the techmque
of woculation may vary thew procedure suficiently fo influence signfi
cantly the ontcome of the tests Furthermore even if the techmaan s
fully experienced and practised the method which one uses may be suffi
ciently different from that employed by another to give migmficant differ
ences 1n titsations (Strode © p 191} It 1 therefore essential that all
oculations it 2 given test be done by one person and that the method in
successive tests b swited 1o the techmgue which the inoculator vses

The adeat for the performance of yeltow fever protection tests or any
other immunological tests woutd be to adopt a standard techmque of pro
cedure which would be ngidly followed in alf faboraiones where such
tests are done  In the case of the yehlow fever protection test however
an the opiion of the water thig is neither possible nor desirable  Mice
used 1n different & vary m thewr pubnlity esthes
wnarely or at different ages so that a techmque such as Whitman %
2} day mouse intrapesstoneal test mght be quite stitable w ane laboratory
and impossible 1w another ¢ The purposes for which the tests are being
done may also necessiate vanations in technique  When the fests are
for sutvey purposes and 1t is desired to learn whether yellow fever accurs
e given geographical area it is tmpostant that the test be made sufficiently
severe to chminate any possibiiity of ron specific or false positie reactions
w1s of considerably dess weportance 1n such stances to determine precsely
the percentage of persons who areimmane  In other mstances for example
10 studying the resulis of o how many mdividual
of 2 proup have extubited an antibady cespanse ot w studies (o determne
the duration of immunity induced by vactination 1t does scem desirable
to emplay hughly sensitive methods for the protection test sice the detee
ton of minimal amaunts of antthody ts wmportant  Therefore w may be
less important fo adopt a standard techmque for the protection test thag
#3510 be cettan of the compuienee of the individuals performing the
tests end thea permat yanatons of method accrding 1o the objectines
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Other Immunological Reachions 1 Yellow Fever

The other immunologrcal reactions which have been found to be useful
m yellow fever fie are the ple fixation test and the
haemagglutination mhibitton reaction A number of workers have studied
the complement fixation reaction n yellow fever 18 268 33 & 60 61 gnd 5
vanety of different antigens some of them highly nfectious have been
used 1n the complement fixatton tests It 1s clearly established that an
attack of yellow fever gives nise to the formation of complement fiing
antibody and 1t 1s ikewise clear that this antibody disappears from the
serum of the infected mndividual usually within about 6 months ® It has
also been clearly established that noculation with 17D vaccine does not
evake a resp of compl fixing anttbody ¥ Therefore an mndnidual
whose serum contains complement fixing antibody agamnst yellow fever
virus has not only expenienced mfection with that virus n ats virulent
form but has been infected within very recent months The failure of
the serum to give a complement fixing reaction may occur it an wndiidual
who 1s fully immune either as a result of having had the disease more
than six months previously or by virtue of having been successfully vac
cmated  Thus 1 medical or public health work the complement fisation
test could be employed for diagnostic purposes ¥ 8! but would be of no
value 1n survey work or in studying the effects of vaccination

Recently Casals & Brown have employed complement fixation (per
sonal ) and h 2l 10n 1nhib: t B
studymng the relationships of viruses which are known or presumed to be
transmtted by insects  Yellow fever virus was included among these
agents The pl fixatton btained by them with antizens
derved from yellow fever virus showed relatively Inttle cross reaction
Good haemagglutination was obtained at pH 7 0 after mcubation at 4°C
or 22°C employing antigens dernved from both pantropic and neurotropie
yellow fever virus  In the haemagglutination sahibition tests yellow fever
virus fell nto the group B in that 1ts antigen cross reacted with New Guine2
dengue Ilheus Japanese B Ntaya Russian Far Eastern St Lours and
West Nile antisera 1 In these tests homologous reaction was strongef
than any of the heterologous reactions and the yellow fever immune
serum did not react to the same extent as other antisera It 13 pot yet
clear however whether the haemagglutination snhibition reaction would
be useful 1n field eprdemiological studies

Hughes 37 conducted a senes of exp with a view to perfecting
a precipitin test for yeltow fever mvestigations He demonstrated the
occurrence of a p and the of a precip antt
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body but found that both these reagents were of evanescent character
and the test for thewr presence was therefore of hmited usefviness

Applcation of Immunologicat Methods

The most extenstve use of immunologicat methods n yelfow fever has
been 1 surveys to define the distrrbution and the prevalence of this disease
tnt vartous countries i the world  These surveys covered not only the
knawn zones of endemsenty in Africa® ¥ 3~ 7 and South America ™ ™
but also the remainder of both those continents as well as North America
Central America Europe and parts of Asta & The extent to which the
yellow fever protection test was used for sucvey purposes outstrps that
of immunelogical tests for maost other diseases  Extensive usc has been
made of protection tests tn studymg the responses to yellow fever vacene
1 particutar to determentag the duration of that response 3 3¢ 37 5
As a result of these appheations of immunological methods the distnbu
tion of the drsease throu hout the world is quite well defined as are areas
1 which the disease has not occurred 1n the past  And i regions m which
the susceptible human and animal hosts enst and m which vector species
of mosquitos also occus but 1n which the disease has not occurred epr
derniologists of the present dav are keeping an ever watchful eye for pos
stble introduction of this dsease

The studics on the reaction of human butngs to yellow fever vaceine
have shown that the respouse 15 as a rule quule effective within one week
of the yme of moculation of the vacoine ™ ¢ and that the mmumty
induced by vaccmation is well sustamed * Studies made srx 1 mne ' and
twelve  years after inoculation of 17D vaceme have shown a high per
centage of the P 10 have & b Since the
17D vaceine 18 bamg although attenuated virus it 15 posstble that the
immunity which i€ mduces wdl b found to be hfilong as 15 that induced
by an attack of the disease

1 Jogeal methods and 7 fixation tests
m partieular have further important use m the identification of viruses t 8
ard i studies of their mterrclationships ¥ 6 2 ¥ \When new straws of
wirus ase wsolated it 18 necessary to employ a vatwety of methods i order
to determune th 17 1d oty Those which are most wedcly accepted for
the wentfication of newly 1solated viruses are the immanotogrca) methods
Natable examples of thes are the studes of Smuthburn 3 ™ and kerr 3 on
the relationships of viruses ssolated an recent years in Afriea and South
Ameniea and the work of Macnamarz ® in wentfymg as neurotrope

See 3 0 the contabut n by Dt G Courto s page 105
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yellow fever virus the agems recovercd from the nervous systems of per
sons exhibiting acute p g with the Dakar
yellow fever vaccine

Immunological methods are also important 1n the diagnosis of yellow
fever When a virus 15 1sofated from blood or tn fatal cases from the
tissues of the deceased person the method of choice for 1dentification of
the agent 1s the protection test employing the newly isolated agent agamst
known immune and non immune sera

Immunological tests may also be of diagnostic value when the virus
has not been 1solated The tesung of paired serum samples one taken
early in the 1llness and the second drawn when convalescence 15 well under

way may be done either by lization or by fixation
tests 4 If the test shows that the illness has evoked the formation of
g or 1 fixing bodies against yellow fever wirus or

its speclﬁc antigen the diagnosss 15 firmly established
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PREPARATION OF YLLLOW FEVER VACCINE
AT THE INSTITUT PASTEUR DARAR

¢ DURIEUX

M dectn Gé éal (CR )
fone by Bievio Instou Paste  Dakar
Fen? Wet Af ca

One of the first stramns of yellow fever virus whose experimental trans
nussion 10 3 receplive animal opened the way to the mportant adiances
made in the study of the discase was ssolated at the Instaur Pasteur at
Dakar by Mathss Sellards & Laigret? during the yellow fever epdemic
which broke out m Senegal i 1927 This virus had begn transmatted 1o
Macgeus rhosus monkeys by the btes of Aedes acgrpn fod 24 and 34 days
earhier on a patient suffering from yellow fever  Early s 1928 the virulunt
organs from ont of the monkeys 1nfected w tws way were transporied n
2 frozen state 1o Furope and America where they were placed at the
disposal of varous laboratories pnder the name of  French strmin

Ther? studying the propurtics of s strain  showed tn 1930 that
the white mouse was P o oral tation whuch induced
2 yellow fiver encephalitss capable of bang transausted 1 semes  After
3 tertatn pumber of pssages i fhus ammal the properuies of the yellow
fever vsrus became modified so that when inoculited subcstancously tt ne
Tonper caused the death of the monkey but brou bt about a muld or asymp
tomats diness followed by Jastin, mroumty

The sdea then arose of using thus modificd yetfow fever virus for buman
vscomatton I 1931 Sawyer Kichen & Lloyd  carned out the first
inats on human beags by simultancows injection of 2 suspension of the
French stram (J05th fo §76th mouse passaze) and 2 certan quamigy of
human smmune serum

The followsng sear Seflacds & Lasgret ® suzeesizd a method smvolving

the subcutancous ioculation of the modified French straim afone without
wmmune serum

As soon as be had estabhshed 2 techmique for this method Lasgret
apphed ! for the fiest tme 3 §sench West Afca ! The procedure advo
cated consisted of three successne tnjections at antervals of 20 days of

3L
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The ampoules which are sealed under vacuum and kept at a temper
ature of ~25°C are then used as requred to inoculate batches of mice
intended either for maimtenance of the stram or for Ppreparation of vacoire

When the reserve of virus decreases the contents of an ampoule from
the oldest braw passage are made into @ suspenston and moculated into
some 50 mice The brams of the paralysed ammals are harvested m
medraicly frozen dmed at a low teraperature distributed into separate
tubes sealed under vacusm, and stosed at ~25°C They constitute a
new reserve batch

Vartous trals have shown that the average weight of the fresh brans
15 0 40 g which fails to 0 10 g on desiceation

A 10 dilution of the virus mamtamed 1 this way regulady kills
st mice out of six

Mace

The white msce used are bred 11 an experimental station established by
the Institut Pasteur 1n 1944 at an 1solated s1te 15 km from the city of Bakar
Animals imported from France were first used for breecing but 1 1947
the stock was entuely renewed from breeders supphied by the Yellow
Fever Research Institute at Lagos Nigerta

The total rumber of mice which includes an average of 2 000 breeders
sartes from 6 000 to § 000 The quantity supplied each year to the Jabor
atories of the Institute varses betwzen 18 000 and 20 000 muce the ammals
bemng wed when they have reached the age of 22 3 months  Therr weight
15 then approumately 17 g

No variation has been found at Dakar in the behaviour of muce tnocn
Tated with the French stratn  Paralysis regularly appears on the fourth o
£ifth day and death ensues withia the followsng 24 hours

Inoculation

On three mornings a week a batch of one hundred mice 15 noculated
sn order to meet the demand for vacane

Ten glass jars are prepared s advance Each of them is provided with
sufficient gram to feed the animals and given a label indicating the passage
number the number of the corresponding experment record sheet and
the date of moculation

An ampoule containmg ane fifth of 2 dned brawn 15 open d and emplied
mto a mortar  The fragments of nervous fissue ate ground Up with a
pestle while at the same time 4 ml of 15atonic salt sotution ate added
drop by drop
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‘The ammals are presented one after the other by an assistant who
shightly morstens the skull of each mouse with a tampon soaked 10 1odized
alcohol  The 1noculatton 15 administered 1 the right cerebral hemmsphere
by means of a syninge graduated 1n hundredths of a mitliddre  each mouse
recerves 0 03 ml of suspension  As the virus strain regulardy kills six mice
out of six m a2 dilution of 107 and as a I 50 suspenston 15 employed
the quantity injected represents about 20000 munmmum lethal doses
(MLD)

As each mouse 15 snoculated 1t 3 placed 1 a jar ten smice to each jar

Harvesting

The muce are examined daily up to the end of the fifth day after mocu
lation  All ammals dying during the observatton period are rejected

The brans are harvested on the fourth and fifth days only those from
lving but paralysed antmals being used During these two days the jars
are wisited morming and evening At each wistt muce which are clearly
paralysed are to an 1solated d room where the
temperature 1> mamtamed at 24°C and the relative humidity at 40% 507
(as agamst 80,4 90/ ebewhere in the laboratory)

The ammals are killed wath chloroform one aftec the other 2nd proned
to asheet of cork  The operator 1s provided with a set of dissceting forceps
and fine scissors for each mouse wrapped up separately and sterilized
by dry heat

The bared skull 1s rendered aseptic with a few drops of 1odized alcohol
Once the calvaria has been removed each brain resting on the flat of the
scissors 15 introduced nto a tube plusged with cotton wool  Fach tube
1s numbered accordiny, to the order 1o which the mice ate entered on (he
corresponding expertment record sheets and s immediately placed 1n 2
vacoum flask contaiming 1ce  The operator then removes a fragment of
the medulla oblongata with a plattnum loop and seeds 1t i a tube of broth
bearing the same number as the brain from which the sample has been
taken

At the end of each session the brams harvested are stored in a refnt
gerator at ~25 C and the tubes of seeded broth are placed 1n the incobator
a3rC

Desiceation

©On the srith day after moculation il the tubes contaimng frozen bratns
from the same batch are quickly placed in a Pyrex desiccator contaimng
Actrge) (silica gel) which has first been chilled to prevent meltng (fig 2
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FIG 2 DRYING OF MOUSE BRAING

The frozen b ains are pla ed in & ch tied desiccator eontaining sifica gel  The desiccator Is
kept at a temperature of ~25°C and conrected ta a vacoum purep

and 3) The apparatus ss then placed n the refig rator at —25°C and
connected 10 a rotary vane pump by means of a rubber tube passing
through the wall of the refrigerator  The appacatus 15 evacuated until the
Crookes datk space m a discharge tube used as a control 1s 20 mm long
epresenting a pressure of O { mm Hg  The pump 1s run for several hours
m the mornmg and evening in order to mamtain mnimum pressure tn
the desiceator
The bramns are completely desiccated at the end of three days

Grinding

©On the morning of the nunth day following moculation the tubes of
broth seeded on harvesting the brams are mspected and the numbers of
those grung a culiure noted  The desiceator 15 then removed from the
refrigerator and transferred to the ar-condwoned room where st 1§
opened  The tubes containing the dried brams are then exammed and
those bearmg a number corresponding to one on the list of contarmnated
broths are rejected
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FIG 3 CLOSE UP OF DESICCATOR

All the other brains are placed together 1 a mortar  They resemble
whitish hazet nuts 1n appearance and are foable 1n consistency  They are
easily ground with a pestle and grnnding 15 continued until the powder
1s quite uniform (In the near future this operation wifl be carried out
by a Wiley laboratory grinder dmen by an electric motor (fig 4))
A small quanuty of the powder s then seeded 1n broth and spread on
agar

Next a certamn amount of Celite (purtfied and dehydrated infusorial
¢arth) first filled into tubes holding 0 25 & 15 added 1o the powder One
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FIG 4 WILEY APRARATUS USED FOR GRINDING DRIED BRAINS

The braina a e placed in the hopper The powder oblained passes through a sie e In the
Sower part of the g } &y g chamber and falts ato the glass jar

tube of Celite 1s required for every three brams The tubes are emptied
1mto the mortar at regular wntenvals while grinding 15 contnued 50 as to
obtain 2 umform midtere  The Celite mcreases the volume of the peader
and reduces any tendency it may have to stick to the glass

This final op 1 the preg of the vacane  Afier
further seedings tn brath and on agar the powder 1s transferred to large
tubes plugged with cotton wool which are placed in a vacuurn-destecator

at —25°C

Fillng wnte ampoules

Twenty four hours later 1t on the tenth day after woculawon the
vacaine 15 disp snto ampoules  Thss op ts carned out 1t the
shelter of a Plexsglas cage mstalled 1 the air conditioned roony

One measure of vaceme corresponding to one tenth of a bran 15
nteoduced o each ampoule A final chek of the culture mediz 1 mate
before the end of dispensing and the ampoules plugged with cotton
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wool are placed m a vacuum desiccator at a temperatate of ~25C
On the following day they are sealed with a blowlamp under vacuum
{see fig 5)

FIG 5 SEALING VACCINE AMPOULES UNDER VACULM

Storage and dispatch

The seafed ampoules are packed m containers beaning the batch number
of the vacane and stored at 1°C (ste fig 6) At the Instaut Pasteur wself
thev can be used for vaccmation dunng a penod of one year  Ampoutes
10 be dispatched arc passed through an amomatic machine which prints
the batch number and the expiry date on cach  This date 15 set to ensure
that the period of vahdny of the vaceine does not exeeed two manths from
the day ¢f dispateh

The \aceine can withstand o temperature for a few days without
Tosing sts immumaing properties TUas sont owt w ordwnary parcels pro-
wided that it does not take more than about ten days to artnve or by nr
mall when us desynation 15 very distant On receipt the ampoules of
yacane should amun te plared W a refngerator at s temperature below
5°C and hept there unnl required for use  The expiry date should not be
exceeded if unsatisfactory resuits are 1o be avorded
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FIG 8 AMPOULES OF DRIED VACCINE AND AMPOULES
OF GUM ARABIC 5OLUTION

Excipient

When wanted for use the contents of an ampoule of vaccne are sus
pended m 2 mi of gum arabic solution prepared as follows

To t kg of powdered Sencgal gum weighed out into a glazed dsh are
added | 500 ml of tap water After strring the solution 15 poured 1to
2 flask and sterilized for 30 munules 1 an autoclave at 105°C

Two litres of the gum solution are measured out 1nto a 5 htee flask In
another flask 9506 g of dry disodium phosphate are dissohed wih
gentle warming 1n 1 332 ml of distrlled water

The phosphate solution 1s poured nto the gum solutton and the two
ate muxed sterilized for 20 minutes at 110°C and then filtered hot through
Chardin hlter paper

After cooling the pH 1s adjusted to 7274 with sedwm carbonate
solutton  The solutton 1s filled 1nto 2 ml ampoules under vacuum 1 2
bell jar and sterihized by tyndalhization
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Vaccine Steriaty and Potency Tests

As indicated above the vacoine undargoes four tests for sterility i the
course of its preparation

(1) test of each bram removed

{2) test of the powdered bran

(3} test of the bran Celte powndered nuxture

[4) test of the vacane at the time of filhng nto ampoutes

Each operation 18 undertaken only «f the preceding test has shown
bactenal contamination to be absent

Oceasionally tests ave performed to make sure that the virus stram 1s
pure  For this purpose 1 ml of a 1 10 suspension of wirus. 18 wyected
intraperioneally mnto each of two gunea pigs  The ammals are kept
under observauon for 15 davs during which they should not show any
appreciable chmeal symptoms

A few ampoules from each batch of vaccine are kept in resene at the
Tnstitut Pasteur for ttcatson and for any tests which may be required
The ampoules intended for tration are kept ot the dark at laboratory
temperature (an average of 28°C) the others are kept a1 4 C

Titsabion takes place st the begisting of each month at which time
three different batches of vaccine prepared at intervals of a month are
examined as follows

(1) a batch two months old and expased stace then to laboratory
temperature (thus datch will have already undergone an tnitzal tiranon
ummediately after fitting mnto ampotles and a second turation 2 manth
facer}

2} a batch one month ofd already titrated immediately after filling
wto ampoutes and kept since then at faboratory temperature

) a batch which has just been prepared

One ampoule from each batch 15 taken for ttration The ampoute
from the first batch 33 empned 1nto a mortar and the vaceirte 8 auved
by stitnng with a pestie with 4 mi of physiofogical sahine containing 16
of notmal serum  This amount of vacene cotresponds fo one tenth of &
bram ve 004 g of fresh tissbe  the ditution of the suspension abtained
'8 consequently § 100

From thes susperscon 07 187 10 and 10 difutions are prepared
i physiological saline contmnng 10 # of norms! serpm These dilunons
25¢ placed 1n a refnerator at $C unti) required for the snocutations  The
same operations are then repeated with the ampoule of vaceine from each
of the other two batches

=
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When all the ddutions are ready the moculations are carmed out
003 ml of each of the 10~ 10~ and 10+ dilutions beng admumistered
antracerebrally to six mice  Titration of each batch of vaceme 1s thus
done on 18 mice 1n three Jars of six each  The mce are kept under obser
vanon for 15 days

As a general rule the 10% difution of the freshly prepared vacoine kilfs
srx mice out of six  Consequently, 003 mi of this dilution contams at
least one mimmum lethal dose (MLD) 1e 33 MLD per md

At the tme of vaccination one ampoule of vaecine (representing
004 g of fresh bramn) 15 made 1nto a suspenston with 2 m} of gum arabic
solution giving a 1 50 dilunon I this vaceme kalls six mice out of six
m a 107 diution the vacamal suspension will contan 660 D00 MLD
per mi As the 2 ml of suspension serve to vacemate 100 persons each
separate dose of vaccine contamns at least 13 200 MLD

Apprecsably the same results are obtaned by using the method of
Reed & Muench ® The 2 ml of suspension prepared with one ampoule
of vacane are constdered 1 this case as the umt  They are dituted vt
18 ml of physiological saltne comtainng 107/ of normal serum  Stastng
with this 1 10 dilutron the surcessive tenfold drfutions are prepared with
10, of normal serum up to 10 and six muce are moculated intracerebrally
with 003 ml of each dilution The resulis show that the 505 end pomt
usually hes between 1 20000 and I 50 000 corresponding to & titre of
660 000 to 1650000 MLD per m! of vaccme suspenston  Smce 2 mi
serve to vaconate 100 persons each separate dose¢ contatns 13 200 to
33000 LDy

Titrations carned out on ampoules kept at 4°C give srmebar results
After a year no apprectable fall 1n potency 1s observed the vaceme always
contasmmng at least 13 200 MLD per dose of vacane

On the other hand tests carre=d out with batches hept at 28°C mducate
a small but gradual decrease m the potency of the vaccme  This decrease
15 not appreciable durmng the first three weeks whereas at the end of 2
menth the 50,, end pomnt may fall to 1 10000 the titre of the vactine
15 then 330 000 MLD or 6 600 LD, per dose  The fall 1 activity sub
sequently sncreases and at the end of the sccond month of exposvre 10 a
tempetature of 23°C  the titre of vaccine may be as low as 16 500 MLD
each dose will then contan onfy 330 LBy,

The World Health Qrgamzation has stated that for the satwstactory
(mmuaization of man each dose of 17D sacang should contam not less
than 500 LDy, This dose haweser 1s mgected subcutancously and thus
mitroduced sn tts enticety wto the orgamsm  As the Dakar vaceine 1s
admynsstered by scarfication ondy part of the dose 15 absorbed Cens’c“
quently 1t 15 essential for ths dose to be very much ticher 18 virus
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our opiton vaccine admumstered by scanficabion should have a titre of
at least 250 000 MLD per mt and the mdividual dose should contam a
mnmum of 5000 LDy

Stnct observation of the conditions indhcated earles for the teansport
and storage of the vaccine wall ensure that at the time of vacanatson the
dose adnumstered to each ndtndual ts sufficient for effecuve wmmum
zation

From 1939 untl 31 March 1954 the Institut Pasteur Dakar had
supphied over 84 milkon doses of yeliow fever vacome
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VACCINATION TECHNIQUE WITH YELLOW FEVER
VACCINE OF THE INSTITUT PASTEUR DARAR
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The yeifow fever vaccine of the Instiut Pasteur Dakar 1s 1n the (orm
of a powder distributed 1n tubes sealed under vacuum  Each tube bears
the number of the batch of vacaine as welt us the expiry date for 1ts use
and contams an amount sufficient to vacunate about one hundred persons
A 2 ml ampoute of gum arabic solution 15 sent out with each ampoule
of vacane

Every conssgnment 1s accompamed by a notice pwving the necessary
details for use of the vacone 3¢ concermng storage preparation of the
\acaine suspension  method of vaccination  reacuions  and contra
ndications

Treparation of Laccine Suspension

The following equipment 15 used at the fnstiut Pasteur Dakar for
Prepaning the vaccine suspension  (est tubes 15 Omm  glass rods
6 v 150mm  watch glasses 70 mm m diameter  Petrr doshes 100 mm i
dameter vacetnostyles  All these stems are first stenhzed

At the ume of vactination an ampoule of vaceine 1s removed from
the refngerator and a file 1s drawn across the upper part of the ampoute
which is then broken off  The contents are emptied 1nto a smal test tube
by wserting the ampoule and gently tapping the bottom

The two ponts at esther extremay of an ampoule of gum solution are
broken off and white the operatar blocks one end with a finger a fow
drops of solution are allowed 1o 2} on 1he vacaine while the miiuse 15
strted with a glass rcd so as to obtain a wmiform paste  The remainder
of the sofution 45 then added drop by drop the mixture beme strred con
i_m\ﬂy The suspeasion which should be free from tumps 15 then ready
or use

- 45
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It 15 transfesred to a watch glass which 1s placed in a Petnt dish fo
protect 1t from dust The suspenston should be used within one hour of
its preparation

Method of Inoculation

A vacoinostyle 1s taken with stenle forceps and mounted on a pen
holder 1t 1s then charged by immersing 1t honzontally m the vaceine
suspension  Three drops of suspension are placed a few centim tres
apart on the outer surtace of the upper arm

Three scanufications 8 10 mm in length are made through each of the
drops making certain that very shght bleeding occurs  The vacene sus
pension 1s then carefully mexed with the slhightly bloody serous flurd and
allowed to dry for five minutes

The gum arabic solution has the advantage of beawng less fnd than
glycerol It does not flow and soldifies farrly ramdly  In a few moments
1t forms a fine film which covers the scanficattons and thus keeps the
vacane w place (fig 1)

Muxed Vacanation agatast Yellow Fever and Smallpox

Tnoculation by scanfication makes 1t possible to combine yeliow fever
1

with p This muxed vaccimation by means
of which simultaneous smmumzation against both diseases can be carsied
out with the of 1 p larly 1nd. d when a large

quep
number of subjects 15 mvolved

For this purpose 1t 15 preferable to empioy a dued smaifpox vaccme
able Yo resist the action of the air temperature 1 hot countries

All that 1s necessary 1s to empty the contents of a 100-dose ampoule
of each vaccine mto a small test tube and then to grind them dry wth 2
glass rod muxing them well  The gum arabec solution 15 then added drop
by drop 50 as to obtamn 2 umform suspension  Inoculation 1s carried out
as radicated above for yellow fever vaccine alone

Vaccmnation Reactions

Yellow fever vaccmation alone does not cause any local ‘t:a'cnon
After a fow days the heal up and disapp p

After mux~d vaceination the local reaction 1s srmular to that caused by
smatlpox vaccinanon alone  Pustules develop within the same penrod of
time and follow the same course 1 both cases
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FIG 1 FILM OF GUM ARABIC COVERING SCARIFICATIONS

A general reaction may appear in a certan number of vactinated
subjects in such cases 1t regularly develops on the fourth or fifth day
after inoculation  The reaction takes the form of fever headache and
stiffness It wsually lasts only 12 24 hours but may continue for several
days with varying intensity  Although rare among young persons in good
health the general reaction becomes more frequent with age and the
gradual wearing out of the orgamsm and may then affect 30 7 of vace:
nated persons  Negroes appear to be less susceptible than white people
among whom women react less frequently than men

Expenience has shown that after inoculation by scanfication the yetlow
fever virus multiplies raprdly 1n the blood of the person saccinated ‘w
it can be detected on the third to the sisth day 1t . ths
that the gencral reaction appears  The presence of can
strated 1n about 60 70,7 of inoculated persons by

RN






POST VACCINATION IMMUNITY WITH YELLOW FEVER
VACCINE OF THE INSTITUT PASTEUR DARAR
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In 1931 Theiler ® showed that the antsbodres present 1 the serum of
pensons smmumzed against yeflow fever bave a protective effect when a
yellow fever wirug suspenston muxed with this serum 15 wyected ratracere
brally snto the winte mouse  The adaptation of this biological test to an
animal 1 routme use made 1t possible to develop mmmunological research
on yellaw fever to a very consderable extent

Two procedures have so far been very widely used for detectng the
presence of yellow fever antibody—the mtrapentoncal method of Sawyer
& Lloyd ¢ und Theiler s ¥ mtracercbral method  The second of these tho
has the advantage of requirtng only small amounts of serum

The mouse protection test was used as early as 1932 at the Instito
Pasteur at Dabar where th ongnal techmque consisted of adding the
scrum 1o be tested to o 1 100 suspension of newroiropic virus and in
eculating the mxture ntracerchrally ato six mice  This techmique has
smce undeegone various modifications 1 order 1o suit ot to local condt
tons 2ud to make the test more sensitine and hus buen very widely used
s modified 10 surveys of endenuc yellow fever in French West Afrea
nd a5 a check on yellow fever taceination

Neutralization Test Method at the fastitut Pastesr Dakar
The neutrahization test method employed at the fastitut Pasteus Dakar
consists of mrung the serum to be tested with varyinu diluuons of yellow

fever virus and snoculsting batches of whute muce wath these muxtures

—_ 8] -
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Virus

The French stran of virus adapted io the white mouse 1s vsed A
basch of 40 mmee 15 moculated intracerebrally with 2 3 50 suspension of
vicus from the 358th or 259th mouse passage The bramns of ammals
paralysed on the fourth ang fifin days ate hatvested smmedhately frozen
and dried m vacuo at a temperature of ~25°C They are then muxed and
pulvenzed an the mertar  The powder thus obtaimed 1s dispensed mto
ampaules Q 10 g being transferred to each ampaule  this weight corre
sponds approumately to that of one dned bram  The ampoules ate seafed
under vacoum and stored at ~25C

Mice

The wice come from breeding colonies which the Instut Pasteur
Dakar reorgamzed in 1947 from breeders seat from the Yellow Fever
Research Instetute at Lagos  The ammals used for the tests are 2t 3 months
old and weigh an average of 17 18 g

Before carrying out she test the number of mice pecessary 1s coliected
(9 for cach serum under lest and 23 for the Controls and tnahon) and
one third of them 1 matked on the back with a ved spot ane thied with
@ blue spat and one thrd swith a yellow spot

Prepuronon of Serwttt \rus emextures

An ampoale coatawmng 0 10 g of pawdered bram is empued ato 3
mortar The powder 15 ground vath a pestle while 2 mi of 10/ normat
serum 1n salne are added with a dropper  The suspension thus obtaned
33 at 5 didution smee the amount of virus added corresponds 100 40 g
of fresh bram

Thus suspension is centrifuged for 10 munates at 3 000 revolutians per
mopute after which 0 € m! of the supernatant hgnd ss sermaved and added
to 4 5 ml of 10,4 normal serum so as 1o gne 2} 5D dilunon  Fram 1his
1 50 dilution are prepared the requisite quantities of the followng dilv
tons L 500 I 5000 and 1 S0O00 didutins for the tests and
I 1000006 and { 2000000 difutrons for rtration of the wirus Al
these dilufions are made with §6% normat serom

A guantity of 05 mi of each dilution 15 placed 1a haemofyns fubes
arranged 1 racks holding three rows of 25 tbes each  The 1 50 000
dilution s placed sn the Pack row the 1 5000 ddution in the suddie
row and the I 500 dilutron mn the front sow

The sera under test ate then added  Each trapsverse hine of three tubcs
cotresponds fo on~ serury and bears @ seral pumber With o ppelte
£ 41l of the first serum arc taken up and € 5 ml 15 added to 23¢h b
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of ine No 1 beginning with the back tube (containing the highest virus
diution) The other sera are then dispensed 1n the same way mto the
three tubes of each successive hine always proceeding from the back to
the front row

When the quantity of serum to be tested 1s less than § 5 mi 0 25 ml of
each virus dilution 15 placed 1n each of the three tubes to cach of which
025 ml of serum 1s then added

The six tubes of the last two hines are reserved for the control sera
To each of the three penultimate tubes 1s added 0 5 ml of immune serum
from a donkey hyperimmumzed by massive inoculations of virulent mouse
bramn while 0 5 ml of normal monkey serum ts added to each of the last
three tubes

Once the mixtures have been completed all the tubes are shaken
separately by hand so as to ensure contact of the virus with the sera
and left for half an hour at laboratory temperature (25 30 C)

Inoculations

The serum virus mixture 1n each tubc 1s injected intracerebrally into
three mice 003 ml being admumstered to each ammal  The same syringe
15 used for the three muxtures of cach serum  The mixture from the back
tube (highest virus dilution) 1s tnoculated into three mice marked with
yellow spots the mixture from the middle tube into three mice with blue
spots and the mixture from the front tube (lowest virus diution) into
three mice with red spots  The nine mice inoculated with the three mixtures
of each serum are placed together 1n one jar marked with the number of
the expeniment the registration number of the serum and the date of
tnoculation

The procedure 13 repeated with the control sera (normal and immune)
which are the last to be injected

‘When these operations are finished the check on the virus 13 completed
by 1noculating threc mice marked with bluy spots witha 1 1 000 000 virus
dilution and threc mice with yellow spats with a | 2 000 000 dilution
These s1x ammals are placed 1n the same jar

Obsersation of woculated ammaly

The inoculated mice are examined every mormng for 10 days  The
results of the examination of cach Jr are entered daily on a printed form
of eleven columns for the days of observalion and nine horizontal rows
numbered for the mne mice (see fig 1 and 2)

The first mouse to fall 1ll or dic 11 cach of the threc groups ss assiened
No 1 for those with red spots No § for those with blue spats and No 7
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FIG § RECORD SHEET FOR MOUSE PROTECTION TiST
SHOWING GOQD PROTECTION

ol df2tataflsielrtsloln
i P+
Red 2 Pl
3 P P+
’ n
Bre 5 3
5 3
7 s
Yellow 5 t
s L
Result = ++ (goad p otectio ) R

P wgaratysed  Lwililng -+ = dead

for those with yelow spots and 50 on i numencal order  Death or th
anset of paralysis 1s entered 1n the row for the mouse concerned under
the day of occurrence Deaths before the fifth day are not taken sato
account

Interpretation of resulls

The use of different virus dilutions makes it possible to assess to 2
certatn cxtent the protective power of the serum being exantned  The
various possible resulls which can be obtamed after a 30 day penod of
observation are summarnized m table I

The muce used for virus control are regularly kifled by the 1 1 000 000
dilutton and sometimes by the 1 2 000 000 dilution It may therefore be
taken that each of the ammals has recerved at least 1 2 mmnmum lethal
doses (MLD) With the addition of an equal volume of serum the I $00
1 5000and ! 50000 virus dilutions used for the tests become 1 1000
1 10000 and 1 100 000 dil Coansequently rmice tated with
each of these three difutions have recened 10002000 100200 and
10-20 vunsmum lethal doses per ammal respecutvely
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FIG 2 RECORD SHEET FOR MOUSE PROTECTION TEST
SHOWING NO PROTECTION

o 1 2 3 4 5 L] 7 £ 2 10
1 P+
Red 2 P+
3 Pe
4 P4+
Blue 5 P+
] P+ N
b2 P +
Y llow s P+
% P +
Resuit = 0 ( o orotectt )

P = 0 alysed +-d ¢

Under these conditions the neutrahizing power of a scrum cxanuned
may fall within one of the following categories  In the case of a serum
protecuing agamnst a dilution of

1750000 1 ml neutralizes  600-1200 MLD
1/5000 1 ml neutrahizes 6000-12000 MLD
1/500 L ml neutralizes 60 000-120 000 MLD

Interval between Yaccnation and Immumity

Expenience has shown that the virus contained tn the Dakar vaceine
multiplies rapudly 1n the blood of the vacoinated subject  Its presence
may be demonstrated 1n 60 70 of cases by intracerebral inoculation of
the white mouse with the subject's blood  The virus usually appars on
the third day alter saccination persists for a few davs and disappears at
the latest by the seventh or eichth day It s probable that by the time
the vitus disappears small quantities of antibody have atready begun to
form in the blood
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TABLE 1 DEGREE OF PROTECTIVE POWER CONFERRED
BY YELLOW FEVER VACCINATION

Rato of mce surviving fo m ce
inocufated
Symbol
T T e ¥ Interpretat on
virus vlrus total
difuton dl ton d lution
3N 313 23 g
+ 4+ Ve
2 33 as . lery good protecton
1 a3 33 9
o 3 3 oo .+ Goad profecton
o 23 33 59
0/3 173 3/3 49 + P "
'0¢ rotection
o3 03 3 39 o protectio
03 0,3 23 2/9
? inco clusi e
013 03 113 1"
03 03 03 69 o Ne p otection

1t nconclus ve of contrad ctory results are obta ed the fest Is repeated

Certain very senstive methods for carrymng out the mouse protection
test have been suggested by Bugher ! Wiitman ™ and Smithburn? The
use of such methods makes 1t possible to determine with some degree of
accuracy the period between vaccination agamnst yellow fever and the
appearance of antibodies The Institut Pasteur at Dakar has investigated
whether this period can also be determined by the techmque 1t has been
using for many years and which has been described 1n detail above
account beng taken not only of the number of surviving muce but also
of the average survival time as advocated by Bugher *

Two expertments were carried out for this purpose

Leperiment 1

Three white persons aged about 20 years Ma Vi and Bo who had
recently arrived from France and had never been vaccinated agatnst yellow
fever agreed to undergo the first expenment A prelimunary mouse pro
tection test was negatsve 1 all three cases

Qn 2 February 1952 they were woculated with Dakar vaccine (batch
B8 Tt was adnumstered 1n three series of three scanfications 8 10 mm
long on the external surface of the left arm  There was no noticeable
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reaction during the next few days and none of the subjects interrupted
his normal activities

A blood sample was taken daily from each subject duning the period
following vacemation  The samples taken on the third to ei hth days
were injected ntracerebrally 1nto batches of mice for detection of virus
mn the arculatory system and a mouse protection test was carried out
with each of the sera collected from the fifth to the eighteenth day

TABLE Il RESULTS OF MOUSE PROTECTION TESTS ON SERA
OF 3 SURJECTS INOCULATED WITH DAKAR VACCINE (BATCH & B

R to of mic kiled t M se protect!  tan
mice | fated (& di
Tim of nood |2 £ 5,% $® &Y Iratio ot mico s v 1 g| ae ge s rvialtime
sampll g 10 mice | o¢ ! ted @ay)

Ma | v l Bo | Ma | vi | Bo | ma | v | Bo

Before accinatio | — | — [ —~ {09 | o0 ] oe | 55 s¢
3ddy 56 06 16 - - - = iy
i 55 | s¢ | se | — -~ | 27z oy
st 55 | es | 24 | 09 | 09 | o9 | 51 m
&in 66 | 66 | 26 ) 03 | 09 | 09 | 50 53
7t 36 | 66 | 06 [ 09 [ 09 [ 09 [ 53 H
B 06 | os | 06 | 03 | 13 | a9 | 31 s
sth 0% [ os [ o9 [ &0 .
10th 19 | os [ 29 [ 73 10
11h 39 | o9 | 19| 12 2
1216 39 1 29 | 29 | 13 T8
13th 29 | 89 | 29 | 78 7¢
sith 63 | as 87 %]
15t 9 | 39| g9 | 81 33
1t &9 39 T8 | 98 L]
17th 53| 79 | 19 | 80 54
fah 39 [ 89 $9 a1 20
st 69 i 39 | 69 | 90 2
¢ mo the 99 | 79 | 89 | w0 o8

The results of these tests arc shown in table 1F which indicates for
each serum the proportion of surviving ammals and the averace survial
ume  This is calculated by the method indicated by Bu her * duning
the 10-day puriod of the test the number of surviving mice tn cach batch
is noted daly these numbers are addud up and the total obtained s
divided by the number of mice aline on the fourth day  Mice which die
before the fifth day are not tihen 1nto account

Interpreting the results shown 1 table 11 accordin® to the scale of
Ptotection indicated 1n table 1 1e taking onlv the surviving mice 1nto
consideration the sera of Ma can be considered positne only from the
Hth day (3/9) of Vi from the 13th day (5,9) and of Bo from the 14th day
(4/9) However evamunation of the averare sumnal time shows that
after being low between the Sth and 7th days the averaee sunnal time
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begms to wcrease from the 9th day and then gradually nses until ot
approaches 10 The fall at the outset 1s probably related to the presence
of circulafing virus which adds to the effect of the virus 1n the dilotions
used for the mouse protection test

Experiment 2

Using a sensitive mouse protection test method Smithburn & Mahaffy 8
have shown that yellow fever antibodies can be detected on the tenth day
n most persons vaccinated with 17D vaceine  And the Expert Panel on
Yellow Fever of the World Health Organiziton stressed during ts first
sesston ! the fact that there was considerable evidence to show that
effective immunuty was established as early as the seventh day following
1noculation

The second experiment carried out by the Institut Pasteur Dakar was
a compuarative 1nvestigation of the appearance of yellow fever antibodies
m two groups of subjects mnoculated with Dakar vaccine and 17D vac
cmne respectively

Six white volunteers aged about 20 were used for this expenment
They had recently landed at Dakar none of them had been vaccinated
agamst yellow fever and their sera samples of which were taken before
the commencement of the expeniment were found to be without protective
power

On 15 July 1952 three of them Ch Sa and Ca were moculated with
Dakar vaccine (batch B 66) under the same conditions as the subjects of
the first experiment  On the same day the three other volunteers Cl
El and H1 were given a subcutaneous mjection of 17D vacemne (batch 52 2}
from the Institut Pasteur Pans There was no apparent reaction after
these vaccinations

Blood samples were taken from the third to the nineteenth day for
detection of circulating virus and then of antrbody Tables III and 1V
show the results obtained

According to the degrees of protection shown 1n table I the sera tested
can only be considered positive from the 10th day (3/9) and from the
11th day (4/9 and 5/9) for the subjects inoculated with Dakar vaccine
and from the 11th day (5/8) the 13th day (4/8) and the 15th day (4/9)
for those inoculated with 17D vacaine  Nevertheless 1t can be seen that
1n both groups the average survival time begins to increasc from the 7th day

The average survival time was also calculated by grouping together
the sera from the six subjects of experyments | and 2 who had receved
Dakar vacene and the sera of the three subjects moculated with 17D vac
cne  For this purpose all the surviving mice 1n each of these two groups
were counted daily The figures obtamned were added up for each sercs
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TABLE Ul RESULTS OF MOUSE PROTECTION TESTS OF SERA
OF 3 SUBJECTS INOCULATED WITH DAKAR VACCINE (BATCH B 86

Ratio of mice fled 1 Mous p ot cB naests
mice inoc lated ¢ ¢
Time of CIERANE S8 Y Leavo of mice surv nal w e age ¢ vial tim
blood sampli o 10 mice Inocuiated L)
ch ) safcafonlosa]ocs|oen ' s ’ <
Bet gwsccintion] ~ | ~ | ~ | o5 | oz ] 0e s 34 ) 53
20 cay TR TR TR R R R NS R ey
o ss | 45} 1¢ s P s
stn 35 0 28 | 13 <
& €5 0 as jos ) | 2} <} Z 0o
o4 ae L ts{o& ) 18 loe | toie6e|sa)s
Bh — 0 =t = liataelzaleal 2]
9in ] S| = fesj2ej2vfrafrz|n
10 =] = | = lzs )28 )39 ex} s
iy — T P 2 49l selis ) 7sloarove
1 S b S tavhzelam}ory)ose e
5 S S ) = tsefevioanioar]oer|oas
e S 2] S se ) se | oas{ a7 | a5} oas
s S T 2 yes | safse | 53| ef | a7
TABLE (V RESULTS OF MOUSE PROTECTION TESTS OF SERA
OF 3 SUBJECTS INOCULATED WITH 170 VACCINE
Ratio of mice ilied ¢ Mous  profection tests
mi e inoclstad 0 i
Time of e © lrtootmersriigl  ages vialtm
blood Samph g cuaing v ue) 1o mice § o wat d  y9
alalawfalalmlale ‘ "
Belo  gecination] ~ | -~ | — L es fos} os | ss i se 1 54
3d day 85 1 68 1 08 | - | ~ | = { — | = } ~
an 7 edlos eda) = {201 2 2=
an ce fostas | = 2 ¢ 2122t =
oin o fos Jos | ~ | = | 2 -0 <~ ) =
7 o8 [ o5 ) os joa | gs il sy |57 61
an — =1 = {detoef 18] a7 | s8] 32
3 S0P Z b2 dzatotafo19) 70l s0) a0
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3 = 39 ] 48 22 f 764 13} 21
5t = 33 4ot arteaf vy
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and cach of the two totals w1s dwvided by the total number of mce sur
stang on the fourth day 1 the coreesp group  The b of
the averages obtained 15 shown n fir 3

These experniments with Dakar and 17D vaceines both confirm previous
notions and show the simiarity between the results obtamed with the
two methods of saccination
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FIG 3 AVERAGE SURVIVAL TIME OF MICE INOCULATED
WITH SERA OF 8 SUBJEGTS VACCINATED WITH DAMAR VACCINE
OR {10 VACCINE
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The neutrabization test method as employed at the Institut Pasteur
Dahar thus makes it possible to get some idea of the inferval between
yellow fever and the apy of antebod With Dakar
vaceine the presence of antibodies on the Tth to the 9th day 15 revealed
by a progressise wncrease m the average survival trme and then from the
10th 10 the 14th day by the definste protection of ammals moculated with
the | $0000 vitus suspension The protective power then gradually

PP the towards the end of the thind week

It may be affirmed that Dakar vacesne ke 17D vacone confers
effective immunity before the 10th day

Efficacy of Vaccmation

Having established that the French strain adapted to the white mous¢
was able o penetrate mto the human orgamsm through shght cutancous
scanifications and to bring about the formation of antibodies  the Insuivl
Pasteur Dalac undertook the first large scale immunization campaign
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with this method of immunization 1n 19394 * More than 100 000 inhab-
itants of Senegal were moculated stmultaneously agatnst yellow fever and
smallpox  Only schoolchildren whose 1dentity had been carefully estab-
lished at the time of vacemnation were used for control purposis  Qut of
a total of | 387 subjects samples of whose serum taken before inoculation
had been found to be without protective power azanst the yellow fever
virus 1336 (96 3 /) gave a positive test 1 2 months later

The following year 35 000 Africans on the Ivory Coast and 29 000
the French Sudan were vaccinated under the same conditions by the
Instrtut Pasteur Dakar  Controls carried out after aninterval of 2 3 months
also on schoolchildren gave positine results in 912 of cases for the
Ivory Coast (400 sera tested) and 939 for the Sudan (198 sera tested)

In 1945 1n an experiment which took place in Frnce under the ausprees
of UNRRA * two groups of 200 white soldiers who had neser left France
were vaccinated by scanfication  Group A recenved only Dakar yellow
fever vacaine while group B recencd Dakar yellow feser vacvine com
bined with smallpox vaccine  Samples of sera taken a month later were
tested n three duffercnt laboratortes (Dakar Montant and Rio de Janeiro)
Of the group A sera 989 were found to bu posttive {188 sera tested)
and of the group B sera 979 (193 scra tested)

All thesc experiments the first two of which were carried out on large
rumbers of subjects under the most unf 1y ourable condittons ¢cleatly showed
that on inoculatton with Dakar vaccine immumty was conferred in an
averaze of 96/ of cases

The results obtained by the Institut Pasteur at Dakar were confirmed
by a test carnied out 1n 1949 n the Repubhc of Panama where Courtney *
inoculated 24 000 persons with the Dakar sacane by scanficaion  Of
150 sira slected at random s1x months after vaccmaton  all gave 1
positine test

Duration of Immunity Induced by Vaccination

The Institut Pasteur at Dakar has also carned out a certain number
of control tests to duterrmine the durstion of the immunity conferred by
nocylation with Dakae vacctne  The subjects testud were either selected
at random from among the mhabitants of vanous wrntoties of French
West Africa or were 1solated mdividuals

In the fiest case the aun was to chech the immunity rate among African
Populattons who had undergone systematic vactination acainst yvellow
fever a few years before dunng tours mad by heafth service teams
Table \ shows the results obtuncd among the tmhabitants of 14 small
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villages away from maun roads and lines of communication 1t should be
made clear that samples of sera were taken without there being any absolute
certamnty that they all came from definitely vaccmated subjects

TABLE V RESULTS OF YELLOW FEVER IMMUNITY TESTS IN ISOLATED
FRENCH AFRICAN VILLAGES

€ DURIEUX & R KOFRBER

Sombes of Fositi & reaults
years #ince Terrtoey Homber of
vaccination number
Senagst 25 2 %0
Guinea 53 52 298
o y Coast ol H w0
z Dahomey 1€ n &y
Upper Volta 1 7 838
jer 50 o g
Total 1% e .2
Senegat 25 25 1009
3 Suda 28 19 biE)
fsory Coast g 40 ma
Upper Vofta 25 25 wo
Total m 109 58
Senegal 108 £ 53
25 22 80
* DBM""I'?‘&‘ 131 LK 82
7 Senegat 7 59 20
The of was also d 1n 2 number of wolated

f
persons atmost all Europeans who had been vaccunated 1 vanous French
or Affican vacoination centres Al these persons were in possession of a
vacamaton certficate stating the date of vacowauon  The results of the

control tests were as follows

Number of years
seace vaccinayion

PERTE- T TN

w0

12

Number of
persons rested

Number of
perions i ¢

134
8t
8
17
16

—~ e

Percentage
et

943
90
213
1000
1000
500
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PRODLCTION OF 17D YELLOW FEVER VACCGINE

H A PENNA MD

In charge of the Neflow Fever Leboratore
Irsiise Qevasds Cra Ruo de Janews Brazt

Introdactson

Wh ot 1 1937 Theder & Smuth ™32 pobush~d thir seports on the
wodificaton of vellon fever wirus by culuvatiot @ »itr¢ and on the use
of this modified stran (17D) for buman mmumzaton it was ewd nt
bt a safe and cfficr-nt meass of vaoorauag humany sgunsy weliow forer
had becoss avalab!

foup-iia elv thereafier attention was concentsat«d om dmadopiog
methods for Jars~seale production amd appication of the pewlv dis-
covered vaoaice

Most of the il studiss were kaderiaken in Brazil and reported by
Seuth Penna & Pack-lfo m (9337

In & ongmal method the virus (17D} was grown w the developing
chuck embryo  Thenfc1ed embry os were tntursted into 2 pulp suspend-d
o normal human serum  and ceninfuged  th supernatant fud was
fifter~d thyongh Satz pads to ensure Bacteroloncal sty The Gltrat
was distnbuted 1 ampoul=s and dessceated from the fror-n sat= under
vacuum w glass d-uccators contaun ag corcentrsted sulfure and

Altbouh many thoasands of vacamanons were perfore=dd pang vacoms
wanyfictured by the m-thod fust deseribed 1 was fornd that in several
vavs there was roorn for umprovernent  The Sftration of th= matenal
through bactenologreal filters removed 3 lare~ quantny of vius resulng
1 mags lots havisg to be ducarded becansz of insuffior=nt titre - The taghly
hysroscopic desiceated vacome would absorb mosture frow the arr duneg
the short tum= that elapsed between the operiag of the deniceator and the
seatne of the ampouales Th~ addition of notmal human serum pecessary
to prot-ct 3k vwes dunng filtcation was expente Also 1 was facer
Tound that dus addition was respossible for miroduaisg sn many lots of
“Rocwms 3 ¢ontamusaton with a pathoerny virus then not well steded

67—






PRODUCTION OF 17D YELLOW FEVER VACCINE

H A PENNA MD

I cho g of th Yellow Fever Lobo atory
Ittt Osualds C« Rio & Jave 0 B adl

Introduchion

When sn 1937 Theiler & Smuth™ ** pubhshed thex reports on the
modification of yellow fever virus by cultivation in vitro and on the use
of this modified stran (1712) for human smmumzation 3t was ewident
that & safe and efficient means of vaceinating humans against yellow fever
had become avalable

Immediately thereafter attention was concentrated on developmg
methods for large scale production and apphication of the newly dis
covered vaccine

Most of the snstial studies were undertaken :n Brazil and reported by
Stuith Penna & Paolwlo 1 1938 %

In the onginal method the virus (17D) was grown m the developing
chick embryo  The infected embryos were tritueated into a puip suspended
mn normal human scrum  and centufuged  the supernatapt find was
filtered through Sewz pads to ensure bactemologeal sterihity  The filtrate
was d d m ampoufes and & from the frozen state under
vacuum 1o glass d sutfuric and

Although many thousands of vacunations were performed using vaccine
manufactured by the method just described 1t was found that m several
ways there was room for ymprovement The fltration of the material
through bacteriologucal filters removed a large quantity of virss resuling
nmany lots having 1o be discarded because of msufficsent ttre The ughly
hygroscapic desiceated vacoine would absorb mossture from the air dunng
the short tme that tlapsed between the openung of the desiceator and the
seating of the ampoules  The additton of normal human serum necessary
to protect the virus duning filtration was expensive  Also st was later
found that this addition was responsible for sntroduciag m many lots of
vaccine a vontanuoation with & pathogenie virus then not well studied

e BT
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which 1s now known as the viros of homologous serum hepatins  or
moculation jaundice

Asa 7 of the of a widespread eprd of this
jaundice produced by contaminated vaccmnes i 1939 n the State of
Espinito Santo * all vacamnations were discontinued m Braml and the
Yellow Fever Laboratory of the Instituto Oswalde Cruz 1 Rio de Janews
began studies with 2 view to changing the methods of vacane preparation
‘Work along the same hnes was being undertaken at about the same time
1 the iab 1es of the R fier Found n New York

The methods finally adopted 1n Rio de Janewo are a combmation of
the techmques developed 1 both these laboratonies and are anned chiefly
at the of the serum comp of the old vacaine

Since the addtion of serum was necessary for the Sltration of the virus
the first problem was to do away with the filtration altogether and re
search was directed towards devising 2 method of harvesting the wfected
embryos aseptically  This was achieved by opening the eggs along a hne
burnt thraugh the shell with the flame of a small blowtorch while they
spin slowly an 2 special apparatus designed by Penna ® and improved by
Prckels *

For the desiccation of the vacene the methods descnibed by Baver &
Prckels ¢ were adopted with sorae modifications  Mech 1 refrg
replaced the onigmal method using carbon dionide snow for obtaining low
temperatures  Dry ice was not avadable i Rio de Janewro at the tme
and 1t had to be made 1 the laboratory from cylnders of compressed CO,

4

Laboratory and field expernments d d that a
vacesne {made without the addition of water or any other fld and having
an adequate virus content) could stand at the tsme of moculatton higher
dituttons than the § 10 dilutron generally recommended witheut ympair
ment of its g effi 2 Ths technique greatly the
number of doses yielded per umt volume of the basie preparation and
resulted 1n a saving wn produchon and ifransporiation costs matertally
sedacing the cost per dose  Although there 15 a certars smount of waste
with vaccmes prepared in this manner the advantages far outweigh the
disadvantages

In 1945 the United Natwons Rehef and Rehabiltation Adaunistration
according ta Atticle X1 (10) of the Internatsonal Sanitary Convention for
Actial Navigation 1944 lad down standards for the manufacture and
control of yellow fever vacane (see page 205) These will simpty be referred
to as  the Standards  throughout this paper The methods adopted m
Rio de Janeiro depart 1 certain powts from the Standards which are

under review by the World Health Orgamzation
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Deseription of Methads

Eggs

Whife Leghorn eggs carefully transposted 1o the Jaboratory and not
more than one week old are to be prefersed  Whte shelled e ggs are easter
to candle Fertility should be not less than 70/ This ket was estab
lshed 1n order to save weubation space  The size of the eggs should be
such as gat to permut therr passage through a gauge having 2 orcular
aperture of 4 cmn dameter  smafier e2gs 6o not £it the subber ning sup-
ports of the Pickels apparatus for removal of embryos

Egg shipments are received 1w the laboratory once a week and ench
lot 15 gven a number  The eggs are washed with a 1/ solution of caleim
hypochlonte and a soft hand brush The bguid s then draned off by
settng the eggs out on trays where they are ysually feft overnght The
number of egas m each shipment recetved i the Rio de Jan o laboratory
2t the present tune s 2 000

Incubauon

Any good commercial egg ancubator wiit serve  The femperatore s
kept between 37 5°C and 380 C  The eggs ase turned dady shroughout
she meubation penod

The first candhng takes place on the fifth day of ancubation  Inferitle
eggs and those containng dead embryps are discarded

The second candhng takes place on th> eighth day Dead embryos are
discarded and a pencit marking 1s made over the shadow of the hiving
embryos  The egos are mamtaned with this marking face upwards untsd
the mormng of the niath day when they ste once agaa rapidly candled
0 elimnate any dead embryos  The total number of hvng embryos 1s
then ascertmned and the Jot 15 draded into several subdoss of about
100 embryos cach  These sub lots are processed idependendy untid the
bacteriologieal teots tndicate therr sterdity

Ingculanon (bg 1)

The eggs to be inoculated are placed 1 wooden blocks each holding
cight eggs mn an wpnpght position with 1he larger end uppermost A small
area of the shelt over this end 15 painted with uncture of merthiolate and
the wooden blocks are pushed thraagh a double doat opening at table
height e 2 dust proof roam

Vith 3 very small flame from a gas oxygen torch an area wot mote
than a few mullunetres i diameter 1s burat m the centre of the pauted
area A hole 13 made with a pomted mstrument through the burnt shelf
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FiG § INOCULATION OF EGGS IN DUSY PROOF ROOM

Waaden blocks hold ng 8 eqgs each enter the room thraugh the opening st the Tat end  The
f53t opersiar burns & small area on the shelf with 2 biowloreh the second pierces thiough this
area with a painted Insttument the third inorulates and the two operators In the farsy ound seat
ihe holes Another apecatar nat shown filta the synnges

This nstrument 15 dipped tn a beaker contaiming alcoho! and famed after
besng used on esght eges  The lating needle d on a tubercul
syringe 15 introduced through the hole i the direction of the embryo and
006 ml of the moculum 15 wmjected  One synnge 1s used for esght eggs
and then discarded  The hole 15 finally sealed with warm wax

Each of these operations 15 performed by a different person tn order
1o ensure a conttnuous flow of eggs  Duning moculation there are ¢
people workng ra the dust proof room  Qne burning the shell one pret
ang it one moculating two sealing and one filhng the syrimges

Tuberculin syringes of 035 mi capacity fitted with 11/ wnch 25 gange
(38 mm < 0 50 mm) needles are used  They are protected by glass tubes
and packed tn metal botes for dry sterlization

Inoculum

Virus of the 17D steatn onginally obtarned from the Rockefeller Foun
dation 1 New York should be used

The number of subcultures w embryo tissucs 1n witro should range
between 229 and 255 ¥ A moderate number of passages m the developing
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chick embryo does not sigmificantly slter the antigemerty of the virus  The
denvation of substratns of 17D wirus wsed in Brazd 15 gaven by For &
Penna ® In the Rio de Janewo Jaboratory the substramn despnated EP
(e passage) has been used for several years (g 2) This chowce was

FIG 2 DERIVATION OF SUBSTRAING OF 170 VIRUS USED IN BRAIN.

Sarane

Rd CHIBHAL 17D,

n -

».

. mm
Y o

o 700

i3

G,

o,

s20)

e

WEW TORK BAAZL i
ol [T [T svran v
i | A oenswaive TS
e | #osed monet migo
)

Am

Rpaduc 3f mFox & P ana slightly mooif @ by #0d permissio of the dto  of the
tawd o fHmon

based on the high ymmunogemoty of that substrain tts Jack of encepha
Itogenie properties and its freedom from assectation with the production
of scterus * The number of passages i the developing embryo 13 42 at
the present time

In order to masntain the seed virus as wmiform as possible the  seed
fot system  desenbed by Fox Kossobudeks & Fonseca® should be
adopted M conststs 1n prepanng & pumary sced lot and from 1t mocula
tng a number of secondary seed lots  These secondary lots are resersed
exclusively as & sovrce of virus for the vacome fots actually destined for
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human vaccination  Many secondary seed Jots can be prepared from one
primary fot  The virts 15 thus mamntamed at a fised passage Jevel for 3
long tume  Seed lots are prepared i the same manner as the routme
vacemne lots and stored at 2 temperature not lgher than ~ 250C

All secondary seed lots should i addition to the routine tests used
on other lots be submutted to the monkey test The mam purpose of
ths test 18 1o guard agamnst a possible modification of the seed virus—
namely mncrease in neurotropism Each of ¢ non smmune rhesus mon
keys should be inoculated sntracerebrally with © 5 mi of rehydrated seed
lot matersal

All monkeys should become mmune as determned by the mouse
nestralization test performed on samples of blood coflected 30 days after
moculation  Paralysts should not accur in more than two of the ammals
and death due to encephahtss 1 ot more than one

Dust proof room

All operations requiring i dly aseptic techmques should be
performed 1n a dust proof room {This room mn the Rio de Janeiro labora
tory measures 9 m X 3m and the walls are covered with glazed tsles)
Walls floor and tables should be washed with a solutson of Lysal before
the works begun  The air comung into the room should be filtered through
oled glass fibre or an equwvalent filler vefrgerated if necessary and
preferably srradiated by ultraviolet hight  Shght poswnve aw pressure
shonld be mantawned snside the room to prevent the entrance of dust when
the doar 13 occasionally apened At each end of the room there 15 a smalt
hatch—with two shding doors to allow for the passage of maternal mnto
and out of the room without the formation of air currents

Opertators should use stershized gowns caps and masks A contamer
with preces of gauze soahed in a weak solution of rwdine or simiar dis
mfectant showld be kept at hand for persodiwal dismfechon of arms and
hands during the course of operayons

Post noculation wmcubstion

b should be d at the same temperature as before
375350°C Not less than 5000 LD,, should be wmjected mto each eng
if the post mocolation sncubation pertod 1s three days  In some fabora
tories four days are allowed for this incubation penod 1a that case the
concentration of virus in the snoculum shonld be lower to avoid excessive
mortality and the pre moculation meubation period should not exceed
eight days 5o as to heep the age of the embryos at harsesting fime below
12 days
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Harvesting of embryos (fig 3)

On the morning of the day when the embryos are to be recovered the
eggs should be carefully candled and only living embryos retained  After
examination the eggs should be placed m a freezer (—20 C) where they
should remain for not less than half an hour When the eggs are to be
taken to the dust proof room for opemng they should be removed from
the freezer 1n the order 1n which they were put in

FIG 3 HARVESTING EMBRYOS
[ - ’{-'h~
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i
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e " e ™ er P b 4" Sebren fe e pe ngmad the tabl top

S0 diocps ctak 1 ommtmaine  tack 41 fro & fieop tor Ap otect
glas hetd | placed the t b

For the removal of the embryos the techmque described by Pickels?
has been adopted mn the Rio laboratory The eg.s are placed with the
larger end upwards m specral metal trays each having four rubber ring
supports which can be made to rotate by bringing them 1n contact with
a driving mechanuism (fig 4)  As the e,gs rotate one by one a very hot
fame from an oxy acetylene torch 1s apphed tangenually just below the
margin of the air sac A ning 1s bumnt at this level without significantly
heating the intertor of the egg  This operation once begun 1s kept going
continuously Another operator exposes the embryos by lifting the caps
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FIG 4 PICKELS MACHINE FOR OPENING EGGS

[ s i e

of the egg shells with the blade of a spatula sterized by flammng  The
next operator removes the embryos with sterile forceps and drops them
into the metal contamners of Wanng blendors

All the embryos from one sub lot (originally composed of one hundred
embryos) are placed in a separate After these are
filled they are placed in a refnigerator while awaiting the next procedure
grnding

All operations connected with the harvesting of the embryos are also
carried out 1n a dust proof room and the same aseptic precautions prevail
as for moculation A glass hood provided with an ultraviolet stenbzing
lamp 1s mounted on the table to provide added pratection in the actual
opening of the egg shells and removal of the embryos

Despite these precautions contamination does occur 1 a certain pro
portion of the embryo pulps It 1s probable that some contamination may
be derived from the egg shells or even from the intertor of the eggs  Gram
negatrve rods are the most he ge of
contamination 1 the last ten lots of eggs opened 1n the Rio de Janeiro
laboratory at the tme of wuting compnsing 112 sub-lots of embryos
was 109 The average number of embryos per sub lot was mnety

Grinding of embryos (fig 5)
Grnding s performed 1 Waring blendors for about stx minutes
However 1f the temperature of the matenal nises above room temperature

gnnding 15 terrupted for rechilling
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FIG 3 WARING BLENDOR METAL JARS FOR GRINDING EMBRYDS
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Stenlisy tests and free g of embryo pulps

A 1 0mi sample from cach blendor 15 taken for a stenhty test The
Temamder 15 transfecred to 1 liere Pyrex botdes whsch are hermetrcaliy
sealed wath ught fitting rubber caps  Over the caps a thin sheet of rubber
1s stretched and held by strong rubber bands  The bottles are numbered
and kept cold until therr contents are shelt frozen  Thus takes place
the mtestor of a boy prowided with rollers drven by an electnic motor
{fig 6) rotating them at 3 Jow sp ed  Cold alcohot from a special freezing
machine 15 pumpcd wio the box and flows back nto the freezer thus
A few nunutes rotatton of the
botile such a bath { 80°C) wall vesult m the formaton of a hollow
cyhnder of frozen pulp against the side of the bottle

The same freezer may be provided with a compartment where the
bottles wath the frozen pulp can be stored at 80°C  If there are many
asks a separate freezer may be used especratly for this purpose
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FIG 6 SHELL FREEZING THE EMBRYO PULP

A small moto d  es two ralle s Inside the box The flask contal ing e emb yo pulp rests.
on the rolfers and rotates slowly Cold alcohol {~80-C) { am the deep-S eeze is pumped into the
box thro gh the pipe at the side and fs ret ned through an outlet pipe | the bottom

Storage 1s mamntained for a minimum period of 48 hours while await
ng the results of the sterihity tests after which all contarmnated pulps are
discarded This pertod has occasionally been extended to 10 days without
deleterious effects on the virus content

Refrigeration

As dry ice (carbon dioxide snow) was not commerctally available in
Rio de Janerro an industral chilling machine was acquired from the

P 1 Corp Chicago 1)l The model selected
was the Cascade —120°F  which s capable of mantaiming a temperature
of —85°C (~120°F) and at that temperature removing 1 000 BTU (Brutish
thermal units) per hour Any other make having the same charactenstics
will serve (Throughout the text this machine will be referred to as the
deep freeze )

About 200 htres of alcohol as a convection flud are kept cold i the
chulling chamber of the deep freeze all the ime The following adapta
tions to this decp-freeze are necessary

A ¥ inch (13 mm) pipe 15 soldered to 1ts bottom to allow for the
drawing off of the cold alcoho!

A small efectric geared pump and a system of tubes are used (o distnbute
the alcohol to the various apparatuses needing refnigeration  The pump
and tubes are covered by a thick layer of insulation  The flow 1s governed
by hand valves convensently placed
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Two cucular opemings are made through the hid of the cold chamber
to pernut the wtroduction of the condensers 1nto the cold alcoho! When
not i use these openings are closed by msulated covers

The bulb of a h 15 kept ly i the ajcohol

3

Thawing of pulps and centrifugarion

The bottles contamung stenle embryo pulps are smmersed in water
mamtaned at about 30°C until the contents have melted

In the dust proof room the bottles are opened and a pool 1s made by
aspirating with 2 small vacuum pump all the pulps nto a Jarge fitering
flask

From a side tubule at the bottom of the flask the pool ts distubuted
1nto 250 mi centnifuge tubes  These are then capped and spun for 1 hour
at 2000 revolutions per munute 1 a refugerated centnfuge (27 50C)

The clear supernatant flusd (usuatly about half the volume of the pulp)
15 drawn off and constitutes the vactine

Ampoules

Ampoules are made of Pyrex or sumslar glass and have a cyhindrical
body 15 mm 10 diameter and 45 mm long jowned to a neck § mm 1 da
weter  The total length 15 140 mm  and the thickness of the glass 15 about
1 Omm  They are tested for leaks by subjecting them under water to an
mternat air pressure of § atmosphere  Leaks are Jocated by the escape of
ar bubbles and the defective ampoules are discarded  After washsng
they are dry sterdized s specal stands

The Standards recommend that a Jabel containing certam information
should be placed on each ampoule of vaccine  This was nof found prac
twal becanse when ampoules are stupped s containers with ice these labels
become damaged or come Joose  For this reason ampoules used in the
Rso de Janewro taboratory are stamped i the factory with the vaceme ot
number m groups of 1050 The marking 1s made permanent by the use
of special 1k and heating

Filling and plugging of ampoules

The flask the vacerne 15 1o an ppetung
machine  To the delisening end of this machune 15 attached a multsple jet
device making possible the simultancous filing of eight ampoules A
hood 15 provided to protect this operation (g 7 8 and 9)

B ewsr utomatc ppett g mach & 120 ar 40 (Balmo Bolog al Eaborstory
Inc Batmor Md USA)
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FIG 7 FILLING AMPOULES —1

=

Ampo les In the special sta ds a e filed from the m Itiple-Jet device (see fig %) co ected o
the automatic pipetting machine
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FIG ¥ FILING AMPOULES —~ Y

The 0ge ate watches thraugh a glass wi daw i tha fro 10f the haod  The injecting devica (s
made of stailegs 1 U Tha apent gy atthee dolth tubesa o & y¥mall 7¢ Vit ny in a refativaly

huhpr suebel gcested| side the tnstrume tatth moment of nject on and tonsequantty
In's distatiatl o ot equat of mes

The ampoules are arranged m specially made meral boxes or stends
that hold them 1n upright postion n erght raws of e1,ht ampovles per
row {fig 10) By pressng a foot ssich a predetermuned amount of
vaceine 18 injected mio the eight ampoules 1n one yow  When adl 64 am
poules w2 botare f frd 115 covered and moved on to the Rext operator

Another device has been developed to place stenile cotton plugs m the
ampoules (fig 11) This s an apparatus designed to fit the top of the
bo¥ contaimng the filled ampoules It has 64 upnght metal tubes of &
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- FIG 10
AMPOULES
N SPECIAL
METAL
STAND

The metal stand
at the right has
G been opened to

show the inte
nai s ange-
ment

drameter slightly larger than the necks of the ampoules and so spaced as to
fit these necks Like sleeves as they stick out of their holding box The metal
tubes contain other rimmed short glass tubes in which have been placed
rather loose cotton plugs The
FIG 11 glass tubes being shorter than the
‘PPARA:':ASP;SI’_‘E:WGG'"G metal tubes allow for the ups of
the ampoules to be introduced m
the metal tubes and to come in
contact end to end 1 perfect
alignment with the glass tubes
holding the plugs The whole 15
dry stenlized  After this appara
tus has been fitted to the box
contaiming the ampoules the plugs
1 each row are pushed with an
eight pointed comb-like anstru
ment (fig 12) down into the necks
of the ampoules to a depth of
1 em from the tp (fig 13) This
strument 15 Stenized by occa
stonal flammg
By the procedures just described
which may be better understood
by studying the Jlustrations two
operators can aseptically fill and
plug 1000 ampoules 1n less than
15 minutes
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Al these operations should
take plate in a dust proof room
under the most strict aseplic con
dhiions

Shell free ing

The ampoules contaming the
vacome ase rotated in a8 specmily
designed machine which 1s kept
partially submerged 1 cold alco
hot pumped from the deep Treeze
{fig 14) The alcohol orculates
wontinuously the correct level
bemng matatamed by an overflow
pipe theough which the excess 15
returned to the chlhng chamber
of the freezer

‘The ampoules votate hotizon
tally and the frozen vaceine forms
athin walled hoflow whate cylin
der accupying most of the body
of the ampoule

FG {2 PLUGGING ANMP OULES - §

Cotfon piuys being pu b d Int the n ke
of e ampo tes by ma ot 4 spetat
31 ument

FIG 13 PLUGGING AMPOULES ~ 1§

5
-

Th cotnplg ae hown

o8 ton i1 the Bmpole
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FIG 14 SHELL FREEZING OF VACCINE IN AMPOULES

Cold ateohot (—80 C) elrculat ng from the deep freeze keeps the
rsstt g 2ep treeze keeps the rotatng machine partally

Desiceation
A two stage method of destceatron has been devised

Fyrst stage 1n the first stage the ampoules contamng the shelf frozen
material are placed n a large metal desiccator A cold trap and a vacuum
pump complete the system Vacuum is measured by a McLeod gauge
(fig 15 16 and 17)

The destccator 1s a hollow tron cyhinder 18 inches (45 cm) in drameter
30 1nches (75 em) deep and Y mnch (3 mm) 1n wall thickness A nm half
an inch (J2 mm) wide 1s welded to the upper edge and then machined
flat A copper tubing cad around the outside of the desiccating chamber
through which cold alcohol from the deep freeze may be made to ar
culate provides the means for cooling it A layer of thermal ynsulation
3 nches (7 5 om) thick cavered by a thin metal sheet completes the wall
of the cylinder  Screws on the base provide a means for levelling

The id of the d siccator 1s mactuned from 2 1nch thick (2 5cm)
Duralunun plate It has a circular groove fitted with a rubber ning to
seal 1t agaiast the nim of the desiccator  Through an opening in the centre
of the Itd a metal tube 3 inches {7 5 em) 1n dameter connects the destc
cator to the cold trap Rubber washers smeared with a castor oil base
lubricant keep the system vacuum tight The cold trap or condenser 1s
essentially a hollow brass cylinder 8 inches (20 em) i dhameter and
28 inches (70 ¢m) 0 length  The thickness of the wall 1s about 34 1nch
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FIG 15 DESICCATING APPARATUS ~1

The des ¢ to (ot n se} I3 show
stands | in cent
biwe nth

t the left The chilll g chamber of th deep f ez
A syst m of m tal pip s wih ubber con e lons p 0 Ides commu I tion
oldt p Imme s dlnth alcohal of the § ep-feoze and th f ema foldsto d d

with ampo les of actoeinth 3 co d stage 1 desictatio

(15 mm) The cylinder ss closed
at the botiom and has two open
1ngs 1n the top one for connexion
with the desiccator the other
opening 15 soldered to a brass
pipe 1 mnch (25 cm) 1 drameter
extending almost to the bottom
of the condenser and leading to
the vacuym pump The vacuum
pumps used are Hypervac No 25
manufactured by the Central
Sctentific Co of Chicage M
Pumps of other makes having
smular characteristics wili serve

The temperature of the desic
cator s first set to —10°C  As
soon as a reasopable vacuum 1s
obtained there 1s no more nsk of
melting the vacane and the tem
purature 15 allowed to nise slowly
Deswecation  proceeds  overmight
the vacuum pump being kept

516 16
DESICCATING APPARATUS — 11

wolld idasic ator{t ) cond n e

e
Id t ap v ed with de iccate (right) 2
n (75 cm) ™ tal pip €0 n ctng the wo
e}
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FIG 17 GENERAL VIEW OF DESICCATING ROOM

One lot of vaccine Is in the fnal stage of deslceatian Another [ot Is being frozen In ampoul s
and being placed in the ch lied desiccator (hidden by the de p iree e}

runming continuously Thecold trapis dat~-80 Cby m
thealcohol of the deep freeze The vacuum obtained 1s usually around 5 p Hg

Second stage  On the next day the desiceator 1s opened and the second
stage of desiccation begins  The vaccine as 1t comes out of the desiceator
15 already dry and the purpose of the second stage 1s to remove whatever
moisture has been absorbed from the atmosphere when the desiccator
was opened and to make possible the sealing of the ampoules without
further exposure to atmospheric air In the second stage mamifolds are
used simlar to those described by Bauer & Pickels but of larger capaaity
The cold trap 1s the same as that described by Bauer & Pickels

The manfold also called tree 15 a copper tube 3 inches (7 5 cm)
1n diameter and 30 inches (75 ecm) long mounted on a heavy metal base to
give 1t stability when standing on end  There are 204 outlets arranged
radially around this vertical tube  Each outlet 1s a prece of copper tubing
1*/,1nch (32 mm) long with an outside dumeter of 3/, tnch (3 mm)
hard soldered to an opening drlled 1n the main tube

The ampoules are attached to the outlets of the mamfalds with short
pieces of rubber tubing lubricated with castor ol Five mamifolds will
take care of one lot of vaceine of the usual size consisting of approumately

1 000 ampoules



17D VACCINE  PRODUCTION 85

Theou h a system of metal tubes FIG 12 COLD TRAP OR counms:‘:
and rubber jomts sevral mamt 798 SSE M Tae unmeoles
folds can be connected to one
cold trap {fig 18) A vacuum
pump and 2 manomeier of the
McLeod type complete the sys
tem The pressure obtained varies
between 1y Hg and SpHg  The
cotton plugs are not removed
from the necks of the ampoules
desication taking place through
them

On the next day vacuum 15 bro
ken by mtroduung dry nmirogen
and the manifolds are clamped
off and removed to a conveniert
place where the ampoules are
sealed with a double flame gas
oxygen torch (fig 19)

To avoid ncrease 1n pressure
by the shight warmuing up of the
nitrogen during the sealing opera
tion an excape 1s provided through
one of the outlets by attachmg
2 flask contaming a chemmcal
desiccant  The sealed ampoules are checked for defects and proper num
bering counted and stored at —25 C

Sterihy test

Flud thioglycollate medium sn dehydrated form 1s used for the
stenility test  Srmteen culture tubes are mocutated from the detisery tps of
the automatic pipetting machme just before begiantng distribution and
16 at the end  Exght tubes from each group arc mcubated at 37°C and
the other eight are left at room temperature  The volume of vaccine moc
ulated mto each culture tub¢ s 0Sml Readings are made after one
week and the test 1s £ 'y of no appeats
If contamnation appears in several tubes the lot 1s discarded If con
famination appears In only one tube the test 1s repeated using the rehydrated
contents of ampoules  One tube of medium 15 vsed for cach ampoute

The number of ampoules to be tested depends on the size of the lot
and should be three for the first 100 ampoules and one for each addiional
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FIG 9 SEALING OFF AMPOULES FROM THE MANIFOLDS
WITH CROSS FLAME BLOWTORCHES

50 ampoules If the ongmal contarmnation shows up 1 any of the tubes
the vaceine lot is discarded

If a different orgamsm appears in only one of the tubes the test may
be repeated

Guinea pig test
An extra check oa the stertlity 1s provided by the gwinea pig fest
Each of two guinea pigs is inoculated mtrapentoneally with 4 mt of
reliydrated vaceme undiluted  The ammals are obsersed for 15 days and
their temperature is taken every day The Jot 1s discarded )f any sigmificant
reaction appears  Short perrods of fever are not uncommon and are not
considered sigmificant  The fest may be repeated sf necessary

Virus concentration and expsration date

One mouse umt or LD, 15 defined by the Standards as that quantity
of yelfow fever virus winch when ocufated introcerebrafly mto each of
an adequate number of yellow fever susceptible adult muce (16-20 g) will
kil 50/ of the ammals due to 3 specific yellow feser virus encephahius
within 21 days The 50/ end pownt 15 estimated by the method of Reed
& Muench ®
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The concentration of Vitus 1 2 suspension or titr¢ may be expressed
by a number corresponding to the difution contmmng { LD, 1 003 md
An alternative way of etpressing the titee 15 1o state the number of LDy,
in a speerfied valeme

TABLE ¢  TITRES OF 20 TYFICAL VALCINE LOTS
FREPARED AT THE YELLOW FEVER LABORATORY
INSTITUTO OSWALDO CRUX RSO DE JANEIRO

Lot o adtesaton doristo
wn 1m0 1 o
w - T onme
w 1 ST 1 arew
I ~ T owew
175 1 30N t Bamno
16 1 mow 1+ wow
w i a0 ¢ sow
v 1 Az 1 ero0
wy 1 2500 1 o
120 1 19t 000 120000
1’ At 208 000
82 - 1188 000
s + aza0n v 195 %0
184 219000 1 11000
s ) 202000 s B0
128 1+ wren 1 4500
387 a0 1 w:st00
18R 1 282000 1 262000
18 — 4 205000
120 1 30 1 250900

Maan § 220 | Mes 1 128000

M f s csiclotd fomthes i1 B s oondf
teent mpo fes

In wizating vacownes senal fourfold difutions are prepared i 08/
NaCl solution contaming 10,/ nonmmmune human or rhesus mankey
serum  Each difution 1s moeulated into & group of 12 mice each ammal
fecervng 003 ml antracercbrally  The titre e the diluton which kills
50/ of muce 15 thas determmed

The mynimum amount of acttve virus for the satisfactory smmonizatson
of man was sct by the Standards at 500 LDy,

In order o have a larger margi of safety when using vaccnes in cilu
fon of 1 100 {000 LD; was adopted w Brazit as the mmimum
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dose  Consequently vaccines should have a titre of at Teast

1 6000 at the time of ad ation which corresponds to app ty
200 000 LDg, p=r m! The virus concentrations obtained by the methods
described are however much hugher than the hmits proposed as 15 shown
im table I where the titres of twenty recent lots made 1n Rio de Janeiro
are presented

Vaceines are titrated immedsately after desiccation and at regular mter
vals thereafter At the time of shipping a vaccine to the field a few am
poules of the same lot are transferred from the cold storage (~25°C) to
an ice box {4-5°C) The conditions under which the vaccine 1s mam
tamed in the field are thus approumately duplicated 1n the laboratory
Monthly titrations are made from these ampoules By this procedure 1t
15 possible to follow the drop tn virus concentraton of all lots m the field
and to adwvise the vacemation teams when the use of anv lot should be
interrupted

The methods of 17D vaccine preparation described above were deve
loped having 1 mund the exigencies of mass vaccination of the rural
populations of the South American continent and especially of Brazil
Refrigeration 1s not available 1n many of the areas where demands for
vaccination are most pressing

Dafficulties m transport have been partially overcome by concentrating
the vaccine so that one or two hundred persons can be immumzed with
the contents of 2 single ampoule

Desiceation for preservation of the virus 1s carned to a poimt where
the residual morsture cannot be determined by the usual phosphorus
pentoxide vacuum method As 2 matter of fact the dry vaccine gamns
weight when placed in a desiccator m the presence of pentoide This
extreme degree of desiccation justifies the use of the vaccine even after it
has been kept without refrigeration for 15 days m places where no refnn
geration 1s available Such conditions prevail in the Amazon region
where several days travel by canoe are often necessary to reach the place
of vaceination  For this specal type of work lots of vaceme having high
virus titres are selected

Vaceine lots of high tatre are also selected 10 be sent to foreign countries
and an expiration date 1s set which corresponds to a period of six months
from the date of 1ssue provided the vaccine 15 kept at a temperature of
5°C or lower

Laborator)

A laboratory for the production of yellow fever vaccme should be
located 1n a building used exclusively for that purpose
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A rew yellow fever vaccine labotatory is now beng bustt in the Oswaldo

Cruz Institute which mught serve as a model for other interested mst
tatons

The Iayout of the upper floor where the vaccine xs to be prepared 15
shown m fig 20

£i6 28
PLAN OF UPPER FLOOR DF RID DE JANEIRO YELLOW FEVER LABORATORY
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goot o ) i mb yos 2 @ alse ha v sted and the v an Iy o ets 1 ampa tes
Tec' 01 iew hace - om " ndh Banedx cen 5%t dmice pain om7 Space
Wasl 8 pro g GA oom Tlo parki pth g6 o f
S amwi o s ome s e sout tas sty At 0 9 sire e f dton s wsned in
oomd peps dfo teftinato i 9 4t m mm m! & 10 The ste 1t ea
mat fisthe o din com ) p g QU2

The ground floor 1s to be occupied by a mousecolony room . snstrument
Tepast shop storeroom and other accessory setviees

This new laboratory was planned for & monthly production of three
mitlion doses of vactine  about doubdle of the present eapucity of the Rio
de Janeiro laboratory
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ADMINISTRATION OF 17D YELLOW FEVER VACCINE
With Specral Reference to Brand

H A PENNA MD

I ko g2 of the Yelow Fere Lobo oty
It wte Oswalde Cu Rio de Jan o Bodd

Vacaine 1s shipped 1 wide mouth vacuum bottles of ane three or five
galtons packed with cracked i After every 48 hours the water should
be dramed off and the container repacked with 1ce

A letter accompanying each shipment of vaccine contauns the secessary
mformation such as conditions of storage volume of embryo flud n the
ampoules before desiccation and mnstructions for making the dintions

The National Yettow Fever Service 5s 1n charge of the Jasge scale admin
stratton of vaccine s Brazsd

Vacemnsting unats usually composed of two tramed vaccumtors are
sent out w accordance with an oves all plan for a vaccinating campugn
Transport usually Jeeps 13 provided by the Seryice  Dhoctors are respon
sible for supervisig the activaties of these umits

Advance notices are posted advising the peaple to assemble at deter
samed places on a speerfic date for vaccination

The techmque of vaceine it the field modified
from §muth Penna & Paolello 15 as follows

Equipment for field umt

Except for the vacuum bottle 1 which the desiccated vaceine 15 packed
w e alf the matenal requited by a field vaccinating urat as hsted befow
18 packed 1 2 simple specially designed packing case (fig 1 2 and 3)

2 white laboratory coats

4 lmen towels

1 square piece of white od cioth

1 Prims stove

1 dlcohot tamp

Smuth HOH Fena H A &Palfio A (B9 dm J oo Mo i8 a7

U | e
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FIG 1 EQUIPMENT FOR FIELD VACCINATION PACKED IN SPECIAL CASE

.
{
{
t

T e s e o s

©n the feft is the vacuum bottle In which the desiceated vaccine is packed In ice

FIG 2 TABLE FOR GROUP 10N
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£(G 3 VIM FORSBECK NEEDLE RACK AND METAL BASE

2 metal stertlizers 16 16 10 ¢m (one for needle racks the ath 1 for
syringes}

1 sma$l flask (Erlenmeyer) 20 ml or 50 ml capacuy with plass tub
tor covenng,

1 metal contamer foc keeping vareine flask wed

1 diamond penest

15 metal tipped 1D mi syrages

4 needle racks and three bases for the Vun Forsbeck immuniing
outfit ¥

93 needles 25 gauge * inch (0 50mm x {3 mm) fittimg 1 a edle rack

3 needles 19 gauge ' mches () 10 mm 64 mo)

¥ glass rod

12 glas tubes 4 cm an length

6 glass tubes 10 cm in length

Metat covers for needle racks

10-mi ampoules of stert sahne (0 84, NaCh)

tltre 70 awchol

Serth. absorbent cotton

24 rubber bands

¥ forceps 12em

® Obla e fram MacGrepor Instrument Co. Nosdham Ma s USA
e ¢ s ons of wecti apec Beaé v #1¢ net 1 hematcally corect bt corees
spong m &c1val 4 mens ons used
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1 foreeps 20cm  with ends bent for removing needle racks from
Sterthizer

1 white enamelled tray 32 x 25 X 4 cm

1 white enamelled tray 25 x 20 X 3 em

Tect nrque

On arnival at the building where a group of persons 15 1o be vascinated
two tables should be arranged, one for the prepatation of the vacane and
one for makmg the records

Where large groups are fo be vacumated printed ships of paper are
distributed on which the destred mformation—name age sex—is entered
for each person At the moment of vaccination each persan presents s
ship afready filled out the ships are placed on a wire spike fife in the order
m which moculations are made and the names may then be copied at
leisure mfo the permanent record book 1n the same order

The matenals are unpacked and arranged on the table selected for the
preparation of the vacane which 15 fitst covered with a whate ol-cloth

One stenibizer contmming the 10 mi synnges three long needles the
short and long glass tubes and the vaccine flask s filled with water and
boded on the Pnmus stave When the water m the first stenhzer has
boiled for five nunutes the second stenlizer contaming three needle racks
with needles and cosers 1s fint on to bosl  In the meaqtime the other
necessary iems are (md out on the table  Ampoules containing the desic
cated vacaine are removed from the vacuum jar the number to be used
depending on the number of people to be vaccinated the volume of vacene
11 each ampoule and the dilution recommended

The three bases of the Vim Forsbeck outfit the fourth needle rack
and ampoules of NaCl sofution are placed on the table As soon as the
matenals 1n the second stenfizer have been boried sufficiently two need'e
racks wath need! s are removed placed on therr bases and covered  The
sterilizer 15 eft on the stove so that the needle racks can be boiled as the
needles are used  To open the ampoules 2 scrateh 15 made near the tip
with the diamond pencil and the tip of the heated glass rod 15 apphed
Wath a sterile 10 ml syringe with a Jong needle the saline 1s added to cach
ampoule 1 such amount a5 fo obtam a dilution of {10 If the ampoules
contan the desiccate of 05 mi of vacone the amouat of szlne to be
added should be 5ml The rehydration takes place almost urmeditely
and with the same svringe and long needle the contents of all the ampoules
are pooled and transferred to the smali Erlenmeyer flash  After bcl;"B
capped with the short glass tube the flask 1s hept chulled with ace 0 1 b:
metal dish designed for that purpose This first dilution should not
kept for mare than 3 hours
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‘When everything 1s 1n read: to begin the the final
diltution of the virus 18 made In order to make the ! 100 dilution of
vaccine 9 ml of saline are drawn into the syringe  Taking care to avoid
loss of any sahine through the needle exactly I ml of the 1 10 dilution
15 then sucked up 1nto the saline  The synnge 1s then rotated several times
untl the contents are thoroughly mixed This final I 100 dilution should
be used without delay The Jong needle 1s removed and a short one 15
taken from one of the needle racks for the first moculation An area of
the skin on the left arm of each person to be vaccinated 1s cleaned with
cotton mosstened with alcohol and 0 5 ml of the diluted 1 100 vaccine
1s mjected subcutancously near the insertion of the deltoid muscle  After
each noculation the used needle 1s placed m the non stenle needle rack
and a new one taken up from the sterile rack  Thus the needle 15 changed
for each person  When the needles of the first rack have been used the
second rack 1s brought 1nto use The third needle rack which was botling
1 the sterilizer 1s substituted for the non sterile rack on the third base
Before placing the rack with the used needles back into the sterthzer 1t 15
Becessary to wash the needles one by one by forcing clean water through
them with a syringe

Each rack holds 31 needles When the first synnge which contams
sufficient matertal for twenty persons 1s emptied a second one 1s filled 1n
the same manner The recommendation for final dilution (usually 1 100)
15 the maximum permissible drution but there 1s ne contra 1ndication to
use of the vaccine 1n a lower difution when small groups are to be vac
cinated However concentrattons greater than 1 10 should be avoided
because of the possibility of allergic occurning 10 persons
sensitized to chick protein
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cases of encephalitis have not been recorded sn French terntones after
the use of a virus which 15 so highly neurotropic 1 laboratory ammals
Since 1t 15 very difficult to make an accurate follow up of vaccnated
Africans 1t 15 possible that 1 the French ternitories where neurotropic
vaccine appeared harmless the methods of follow up employed were
msufficeent to bring to light the cases of encephaliis which actually
occurred

Because of the hazards assocrated with the Dakar method Hahn®
working in Nigerta and Dick ? sn Uganda mdependently investigated the
use of 17D vaccine admuasstered by scarfication  In the mvestigations
reported by Dick 17D chuck embryo vaceme prepared by the faboratones
of the International Health Division of the Rochefeller Foundation New
York was used Vaccinanons were made at the site of the insertion of
the deltod after the area had been rubbed dry with cotton wool but
without any other cleansing  The skin was stretched tightly bv grasping
the arm firmly Two drops of the vacane suspend d o gum acabe. ar
sdline were appind to the stretched area and two scanfications of about
10 mm 1n length were made through them  There was no difference in the
results whether gum arabic or saline was used to suspend the s Gum
arabic suspensions of the virus have however the adyantage that there
15 fess tendency for the vacaine to run down the arm than with water or
saltne susp nstons  The disadvantages of gum arabic suspenstons are that
they require constant ruxing and if care 1s not taken to scarify immedzately
after applymg the vacone a film 15 formed which prevents the vrus from
making contact with the broken shin  The scanfications were sunlar to
those used 1n smalipox and of sufficient depth to cause a shight oozing
‘The vaccinations were done 1 the shade and the vaccinated persons were
Fept n 1t for ten munutes after they were 103 d not to
wash the area for 24 hours I order to remind them ot to do so a small
Ioose dressmg was piaced over the area

Using this method Dick showed that of 91 adults with no demonstrable
yellow fever antibody who were d by through drops
of vaweme contamung App 8000 beal mouse LDy, of
virus 85 (93 47) developed sufficient antibodies n thewr sera to gne
postive results 1 neutralization tests made a month afterwards  He
further showed that § 008 LI, of virus was greatly w excess of the dose
which would effectvelv by

The results of an expenment i which a companson was made of the
immumazng power of small doses of 17D vaccine admimstesed by scanft
cation or by woculation are shown in the followng tabulation 1 which
the numerator 1s the number of persons vith antibody 28 days after vac
cination and the denomunator 15 the number with neganive prevaceina

tion sera
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Although the numbers are small it may be seen that wath tugh dilu
tions thete was one more positive 1n the scanfication group than m the
group woculated subeutancously with the same volame of vacemne as was
placed on the arm  In this conuexion st 15 of wterest (o vecalf that Fox
Kossobuszk & Fonseca da Cunha ® showed that man was more susceptible
1o viras tated by the & 1 youte than sub Although
1t would be valuable to have more figures on the susceptibitsty of human
‘bemngs te small amounts of virus moculated by scanfication the data
avatdadle show that under experumental condstions the virus 15 2n efficient
antigen even at high dilutions when adminsstered by scanfication

Hahn® carned ous a Jarge scale field trial of the seanification techmgue
using 170 chx:kxmbxyu vaccme suspended sn gum nrabxc soluon This
mxture was 4 amd coqid be for dzrma}
appheatien  He vaceinated 3 808 persons with his vaccme asing a tech
mque stmtlac to that already described and showed that of 41 persons
whose sera were negatne 38 (92 7/} became positive as a result of vaca
nation and that of 68 samples taken at random from those who were
vaceinated 65 (95 6, ) were posugve  Even allowing for the natural 1m
munity rale i the area where he was worlang the percentage of those
who mught be expected to have had negative prevaccinatton sera and of
those who became positve affer vaceimation would be abous the same

These findings of Hahn and of Dick have been confirmed by Cannon
& Dewhurst * both with regard o the pescentage of those with negatrve
prevaccinalion sera whose sera became posttive after vacemation and with
segard to the obsersation that gum arabwc 15 not an essential constiuent
of the vaccine  From Cannon & Dewhursts studies it would seem m
portant that the skin at the site of the vacanation should not be cleansed
with ether  This procedure undee cestamn conditions gave a lower per
centage of positines  Although ether inactates yallow fever virus 15
Afficult to understand how tus could have happened if the ether had been
aliowed to evaporate before applying the nacciee  In any event there s
10 need 1o do more than rub the area dry with a cotton wool swab unless
the vaceimation mife 15 grossly contarunated when cleansing with soap
and water could be performed
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In general the scanfication technique with 17D wirus has several
d ges over sub ! of vaccine quite apart from
the possibility that the vicus 15 more antigentc when adminstered by scant
ficatton  Fuest wn the preparation of vaccine for subcutaneous wjection
only the supernatant fimds of the infected embryo suspensions are used
and about one third of the volume of the embryo suspensions 15 discarded
Ths foss of potential vacaine virus would be avoided if the vaccme were
gven by scratch since the whols embryo extraut could then be employed
Secondly sinwe the use of a stenle synnge for each person 1 nsually 1m
P in large scale downg without synnges alto,ether
wonld prevent the transmission of disease by them A vaccine for scan
fication prepared by the method described by Hahn or by making a simple
crude suspension of infected decaprtated chick embryos would not require
the strict bactenal stenhity applicable 1o subcutaneons vacene and would
thus reduce costs 1 manufacture

The chief ab made to the fi hmque are {a) that
one s less certan that virus will make contact with the cells than when
virus 15 noculated subcutaneously and (b) that the vacene may be washed
off by uncooperative reciprents  There appears to be no reason why mul
tiple scanfications should not be made over each drop of vaccine such a
prowedure would render more susceptiMe cells available for infection
and the multiple puncture methed as apphied to vacemation with vaccini
virus might ensure with even greater reliability infection with the virus

Vaccination by scartfication with crude whole chich embryo suspen
stons would seem to be admnstranvely and financially practcable on a
mass scale 1n endemic zones  Simce 1t 15 possible that smaller amounts of
virus are antigemc when admunistered by scarifivation than by subcutaneous
1noculation of the same volume of vaccine 1t would seem important that
a large scale study of the y produced b; i using about
100 mouse intracerebral LD, of virus should be 1nvestigated  If this dose
were found to be adequate then 1t would be possible to use a § il ampoute
of tracerebral titre as low 2s 103 per 003 ! to vacanate more than
1000 people with 100 LD 4 for each scarfication This would produce
a further tenfold reduction n the cost of mass vaccination

11t 1s found that the production of crude chuck embryo vaccitie 15 more
expensive than mouse bramn vaccine attempts should be made to investigate
the antigemcity of 17D mouse bram vivus as a scartfication vacomne This
might be expected to be much less dangetous than French neurotropic
motse brain vacome but expensments are required to establish this i man
Two objections to the use of mouse bram vaccines are generally saised

Since the preparat on of th s manuscnpt D A Cannon
Med Patasw 1955 49 174) have described @ metbod of prepsning
cine in mouse brain and the resyits of a tuman trial with their yacone

and F Dewhurst (dnn 1 00
37D wirus yeltow fever ¥a
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First the vaccine may be contaminated with a latent mouse virus which
15 pnlhogemc for man  The only virus of this group which requires con
ytic chor (LCM) virus  There would seem
to be no dlfﬁculty in keeping a stock of mice which are to be used for
vaccine production free from LCM virus  Sccondly Smuthburn!® has
suggested that there 15 a potential hazard of allergic demyehinating ence
phalomyelitis when mammalian tissue 1s used for vaccne It 1s very doubt
ful whether this could ever occur with the amount of nervous tissue which
would be placed on the skin surface for vaccination by scarification  These
objections to the use of 17D mouse brain vaccine are more academic than
real If 17D mouse brain vaccine 18 antigenic when administered by scan
fication—which 15 likely—and 1f 1t does not produce encephalitis 1n man
then mouse brain infected with 17D virus miht be used with advantage
for vaccination by scarification
The use of a combined 17D yellow fever and vacctmia vaccme was
mnvestigated by Hahn ® and by Dick & Horgan # Hahn found that 12 out of
12 persons vacemated with a yellow fever and vacetma vaccine had deve
loped yellow fever antibody by the sixth week after vaccmation  Dick &
Horgan however 1n a small completely controlled experniment found that
only 14 out of 21 of those with negative prevaccination sera who were
scarified with a mixed vaceine had developed antibody by that time It 1s
possible that the differences 1n the results of Hahn and of Dick & Horgan
using a2 combined vaccine were due to the relative titre of yellow fever
and vaccima viruses mn their preparations  While there 1s no evidence that
vaceinia interferes with 17D yellow fever virus when the vaccines are given
separately the results of Dick & Horgan suggest that there 1s a local mht
bitton whereby the presence of vaccima prevents mvasion by 17D virus
Quite apart from this finding 1t 15 doubtful whether 1t 1s advisable to
adminster the two vaccines at the same time 1n view of the danger of
severe reactions  Peltier ¥ 1% states that when French neurotropic yellow
fever and vaccimia vaccines are admimistered by scanfication the reactions
are of the same magnitude as those observed after the use of French neuro
tropic vaccine by atself but that reactions are observed less frequently in
the coloured than in the white races While Hahn and Dick & Horgan
observed no reactions after the use of combined 17D yellow fever and
vacenia vaccines it should be noted that their studies were made 1o
Afficans and 1t may be that in other races the reaction to a combined or
double vaccination might be severe  Thus two mushaps have been recorded
1 Great Batam 1n association with the use of a combined 17D yellow
fever and vaccima vacone and 1t would appear wise to follow the recom
mendations of the Mimistry of Health London with regard to the peniod
which should elapse between smallpox and yellow fever vaccination to
eosure the maumum immumzation and freedom from sequelac  These

are given m Annex 1
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Annex 1%

INOCULATION AND VACCINATION OF TRAVELLERS

Many ountries tssst that travellers before entering their ferntories should produce
sausfactory evidence of having been recently mmunized against certam diseases par
tcularly smallpox and vellow fever Inoculation aganst yellaw fever s reqused of
travellers who have come from or passed through an  endenmc yellow fever arta
when they arrive by air 1a 2 country where although the discase does not ewist there
may be conditions which permit of its dervelopment

In order to avord detention ot delays at the fronuers of countries requinng these
measures fravelless must prowide with of tion or noculs
uon on the appropriate presenbed mlemallonal forms

The Ministry of Health 1s often asked for advice as to the penod which should
clapse between smallpox vacemation and yellow fever moculation te ensure maxmunt
womunizaton and frecdom from sequelas A meching of experts [**) was therefore
Tecently consened 10 resiew this subject and the fotlowing 15 a brief summary of thar
conclusions which should be constdered as the official advice to those cancerned viz

(1) That whenever possible yeffow feser mmocufation should precede primary
yaceinabion against smalipox

(2) That there should be an interval of at least four days between yellow fever
noculation (when gven first) and primary vaconation again t smallpox (when given
subsequently}

(3 That 1f pnimary vaccination against smalipox 13 done first there should be
aninterval of 71 days from the date of the vaccinaton before the yellow feser moculation
1s ghen  [When infants under the age of 9 months are 1o he vaccinated aganst both
yeHlow fever apd smallpox therc should be an interval of 21 days between the two vac
cinatons no matter which 13 performed first 11

(4) That where there 15 evidence of previous successful saccmation agamst smallpoy
yellow fever immunization and re vaccination against smalipox may be catmied out at
he same sessinn but of fime pesmits yellow fever immumization shoufd atways precede
e vacamation by at least four days

Reproduced fsom the Monshl Bulles n of the M wstry of Health and she Publc H alth

Labommn ?e vice 1949 8 3637 by kind permission of the editors M MRCE

1 ) The composit on of m: panel of experts was W H Bradley DM
(Ch:uman) Mustry of Heaith J C Broom OBE MD Weltcome Research Jnsis-
won BT Conybere MB FRCP  Mistey of Healih Hag u T Fmdl:y MB
Dr ector of szhalozy War Office A Cmdre 3 Kilpatnek OBE M8 ctoe
Nygeoe A Mo ad—z:}uné 1\)\14 D Vkuuzl%:ferzl}\c‘euubnrl( Y MR
D MeCican M B Lister Tastute ¥ ayead
Service Mumstry of Health Suré Cmdr £ o kier M B Medical D:xv:,r:-z_w“
Admrty . H Murrsy OBE MD Mmmryonmlm 3T Pansh M FRE
Wellcoma Researsh Laboratories Brig A E Richmond O ] %sr el m
Director of Hygiene War Office P G Stock C 8 MG BE F TR
Adwviser on International Quarantine Mmmryume.xm A s Roon &
Director Publ < Health Laboratosy Serace MR C

t Ths amendment to the offinal advice 10 traveliers will shottly be lnlmdu«?’l,!:"m
Nonge 10 Trovel] 753530 by the M stey of Health London and the Department o
for Scotland Ed nburg)
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TIME OF APPEARANCE AND DURATION OF IVMUNITY
CONFERRED BY 17D VACCINE

G COURTOIS

Mdect: Dir cteur & Laba atoire médical
Stanlevvile Belg an Cong

Time of Appearance of Immumity

In 1931 Berry & Kitchen  described thesr observations on seven patients
who had accidentally contracted yellow fever in the laboratory and all of
whem recover d from nuld or evere infection By wntracerebrat mocuta
son of mue they were able to demonstrate virus in the blood durng the
first four days of tiiness and even on the fifth day (107 hours after onset)
Dunng the first four days 24 mice were woculated wuth the patients blood
and 12 mice on the fifth doy and the mortahty rate among the mce felt
from 100}, with fiest day blood to 0 with fifth day blood In the second
Part of theie study these authors iavestigated the appearance and produc
tion of antsbody 10 their patients serum  Previous research by Hudson
had shown that the serum of pabents proterted monkeys agamst a fest
dosc of virus from the hfth day of mfection on  Verth the mouse as test
anumal and using the test of Sawyer & Lloyd ¥ Berry & Kitchen demon
strated virus neutrabizing antibody m the serum of their patents from the
fourth day of mfection  The proportion of muce protected rose from 0 on
the third day to 100, on the hfth 1t was thus shovn that yetlow fever
vitus and the corresponding antibody could be present simultaneously m
the blood on the fourth and fifth day Ths co eustence of virus and
antibody had afready been observed with accine vitts  Smuth ™ using 4
special techmque had shown that antibody could be present in rabbit serum
as early as the second day and virus as late as the exphth day  Berry &
Kit hen used a technsque simslar to Smuth s to demonstrate this co extsteace
 yellow fever The difficulties met by Smuthbarn Haddow & Lursden
who were unable to afect one monkey from another natusally infected
Tonkey but whe did succeed 1 ssolating virus 1n mice were no doubt due
{0 the co-cuistence of virus and antibody i the mankey s blood

Theiler & Smuth 2 1n 1937 studsed the appearance of antbody s esght
thesus monkeys Two monkeys were gnen suboutancous moculanons

— 105 —
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with mfective mouse brains prepared from mice inoculated wath the 216tk
subculture of 17D vieus (73 (00 000 mouse mmmum lethal doses {MLD)
the six other monkeys receved decimal dilutions of the supernatant fmd
of the 2{7th subcuitute corresponding to 13 000 013 MLD  From the
results of these expeniments it appeared that even mimmal quantities of
virus could produce nfection and consequently the production of anubody
and y 1 bral 1 of a test dose of French neuro-
troptc virus showed that effective immumty was built up an the rhesas
monkey as early as five days afier mocufation {one monkey moculated
five days after the first mjection had a febnle reaction but survined) Fhe
four monkeys which were given test moculations 7 14 days after the first
inoculauon survived and therr blood contaned no virus dunng the six
days following the test moculation

Before using the rhesus tested virus for human vacomation the respoas
was tested of four ymmune persons to subcutan ous moculation of virus
denved from the 227th subculture on chick-embrve tissue  One of the
tested persons had had natural mfection and the others had previousiv
been vaccinated  the fiest had an antibodv titre of 1 32 before moculstion
while the antibodies had almost disappeared from the sera of the three
others  All four showed marked serological response after wnoculation
Six non ymmune persons were fater wmoculated wih a SO 000-3 000 000
mouse MLD of 17D vaceine  After one week three sera showed no antt
body but two weeks after vactination demonstrable 2ntbody was present
10 4l six sera The antibody tise was generally very low

I a study published 1n 1938 Smith Penna & Paohello* descnbed
the early use of vellow fever vacomation sn Brazmd  Human yacomanon
with 17D vaccine was first undertaken on groups of volunteers in February
1937 Virus was most commonly found 1 the blood on the fifth sith
and seventh days after vacoination Durng the first 28 days after vac
cnation body was d d by the mous. protecnon
test n alf vacainated pursons  None of the persons fested was smumuae
7 days after vaceation and 9 persons out of 23 showed no demonstrable
antibody after 14 days The anubody titre was generally tughest between
the 21st and 28th day but 1n certamn persons 1t contimued to ncrease uatit
the 70th day  The serological response vaned from one person 1o :not‘hcr
and the titres were generallv low compared with those 1n rhesus
monkevs of 1n persons recovering from naturally acquired vellow fever

In June 1937 after more than 100 persons had been vacemat-d m the

v was undertaken in the coffee plantations of 1he

Municipio of Varginha (State of Minas Germs)  For the first vaccmauon:
only persons over 12 vears of age were inoculated but the age dimit ::d
tater lowered to 8 and then to 2 years Antibody appeared in the bl
between the Tth and Ztst davs  The percentage of mmune persans afier
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vaccmation was 97 (622 positive results out of 641 sera examned) As
a result of vacemation undertaken later on an even larger scale 1n rural
areas that number rose to 95/

In a study published 1n 1943 on the use of varous strains of 17D virus
as vacane  Fox & Penna !9 examined the correlation between the dose of
wirus 1noculated the presence of virus 1n blood and the immunological
response 1n monkeys subcutaneously moculated  With the highest doses
there was virtually no circulating virus while antibody was demonstrable
by the 7th day With lower doses virus did not appear 1n the blood untit
the 6th or 7th day and antibody was only demonstrable after the 11th day
With the smaller inoculum the antibody Ievel was higher than with the
larger  Although this relation between the dose of virns mnoculated and
the level of antibody obtained was not confirmed by a second series of
tests with a different virus stramn  the results do indicate that there 15 a
direct relationship between a virtual absence of virus m the circulation
and a poor immune response  These experiments also showed that tra
cerebral moculation of the monkey produces more circulating virus and a
tigher antibody level than subcutaneous mnoculation

Carrymg out mass vaccination m Brazil on some 500 000 persons
between September 1937 and July 1938 Soper & Smith 2 observed that
the vaccination became effective after one week

Smuthbuen & Mahaffy ¥ systematically reviewed these experiments with
a view 10 ds the ime of develop t of m d
monkeys and published their results m 1945 They carned out over
16 000 tests using the Sawyer & Lloyd technique but found that that tech
mque was not so swtable to the conditions prevailing 1 Uganda as to
those sn Brazl They obtamed too great a proportion of inconclusive
tesults with sera from zones where yellow fever occurred and with sera
from vaccinated population groups Smithburn'? devised a more sen
sttive method which made use of 1,/ mouse virus and which did not require
more than 0 5 ml of serum and could be used either 1n adult mice prevs
ously prepared by an injection of starch solution or 1 normal 14 day old
mice This technique which was better adapted to conditions in Uganda
1s as specific as the standard technique

It was using this test that Smithburn & Mahaffy conducted their study
on the time of development of antibody after vaccination  Twelve rhesus
monkeys were given the standard dose of vaccme for man 05 ml of
1 10 dilution of rehydrated virus  Protective antibody was demonstrable
m the serum six to seven days after vaccnation It is mteresting to note
that one monkey which received a test moculation of pantrophic virus
five days after vaccmation survived A resistance had thus been acquired
belore arculating antibody could be demonstrated serologically It 7
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possible that other protective factors take effect before antibody becomes
demenstrable

The same method was used for the study of development of antibody
m man after vacemation  Ten African volunteers were vacoinated with
10 000 mouse MLD and were then bled 7 10 14 and 21 days after vac
anaton  One person showed antibody on the 7th day nine on the 10th day
and all the sera wete protectne by the 14th day

Thus man seems unable to form antibodies so early as the rhesus but
by the 10th day fus serum has a verv hugh degree of protectvity Judging
from the studies carred out on monkeys 1t seems probable that a pro-
tective mechamsm begins to operate i man by the 8th or 9th day

Duration of Immumty

With the mtroduction of various methods of vacemation the question
arose of the duratton of the immunity induced  $mith Penna & Paolello
in 1938 demonstrated the efficacy of 17D vaccine one vear after moculation
and noted a fall 1n antibody level dunng that time and a considerable
vanation between individuals

Several years later sn 1945 Southburn & Mahaffy 2 m post vacanz
tion studies 1n a coastal region of kenya and 1n Bwamba County in westers
Uganda showed that the period of effectiveness might be as high as three
years In the first mentionsd zone 355000 persons were vaccmated
between April 1941 a1nd May 1942 while in the second some 145 000 per
sons were vaccinated between May and August 1941  Serological exams
nations carred out two ot three years after vaccination on representative
groups of the vaccmated population showed that at least 90,4 were sull
immune  The madence of immunity had not declined durning the thrd

year The p of children d was generally as lugh as that
of adults and the anubody level was mumntuined equally well m both
Detarled results showed that adults and chiidren

shawed the higher percentage of immumty Thus 1n the Bubandi area
of Bwamba County 86 7% of vacanated chidren were immune after
three years and 93 3% of adults while 1n the Hakitengya arex the figures
were 100/ and 943/ respectively

On the basss of large scale studies Fox & Cabral concluded tn 1943
that children could not be so easily immunized as adults and that they
gave a lower antibody level which fell more pdly In the course oflihenr
studies on post vaccination nmunity with different straras of wmgl
17D witus these authors examned 926 persons compased of several
groups vaccmated dunng a penod of four years Sera were collected at
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different 1atervals after vacciration and were examwed by the mouse
protection test  The results obtamed showed that there were marked
differences in the duration of immunity which were due not to vanations
m the anugematy of different virus strains but to the age composition of
the vacunated groups Thus only 2/ (4 sera) of the sera collected four
years after vacenation sa the groups composed mainly of adults showed
any sign of protectron  On the other hand 1n sera collected three years
after vacoination 16 groups composed cheefly of young persons approxs
mately 10, (36 sera) showed no protecuve power The detarled analysis
of resulls by age group showed with one exceptton a clear relationship
between age and the immune Jevel both one month after vacaination and
at Jater ntervals In therr first conclusions the authors considered that
ag was an smportant factor i1n determuming both the degree of serological
response and the duration of rmmumty tn vaccinated persons  Although
the examiration of negative sera with a more sensitive technrque showed
dete table antibody 1n 61 8, of 139 sera tesied 1t seems that 1n certmin
persons immuntty could disappear altogether The work of these authors
showed that a virus of known antigenicsty conferred an immunmity which
was 'y from the group o for four years and probably for
longer smce the antibody fevel decreases very slowly

In earbier studies Sawyer! had noted that vaccmated persons showed
their hughest antibody level during the six weeks following vaccination and
that that level decreased gradually followmng a curve which tended to
become horzontal approximately four years afier vacomation  The leve!
of immunity acquired by vaccnation was however lower than that con
ferred by natural contraction of the disease

Bugh r & Gast-Galwis? showed 1 1944 that the vacanaton could
continue effective for four years that the percentage of positive results
“as as tugh in children as in adults and that the immunity acquired fasted
2s long in chddten as in adults  Anderson & Gast Galvis 2 i 1947 con
sulered that the percentage of persons with postiive results was the same
five years after vacemation as aftet a few months whatever their age  The
Pereentage postve however increased with age from 91/ at 6-9 years of
2g¢ 10 96/, 1n persons over 30 yeass

In 1943 Fox Kossabudzki & Fonseca d2 Cunha ® calculated the efficacy
of vaccnation en groups of fifteen chrldren 5 20 years old  Stx muce were
used for each serum te ted or 90 ruce for 15 tests w each group The
numbers of surviving mee 1n each group of minety were compared and
2 percertage for each year of age was thus cakeudated  Comparison of the
Percentages obtamed 1 this manner for the different groups led to the
conclusion that the tmmune response increased with age up to 14 years
However thuis method of collection based as 1t 1s on relatively small
differences 15 not convinemng  Using more sensiive tests the same authors ®
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revised thetr conclustons several years later and considered the age differ
ences not to be statisucally sigmificant  They found that with the more
sensitive test oniv 4 of the 46 sera considered negatne at the first examna
tion m fact contained no anubody

Dick & Smuthburn,® 1z 1949 did not confiem the results of Fox &
Cabral according to which the 1mmune response to vaccmation and the
duration of immunity were lesser 10 chuldren than m adults The results
of theic own expeniments were tather closer to those of Anderson & Gast
Galvis  In thewr opmion no distinetion should be made between children
and adults in the regulations regarding yellow fever vaccimation  They
also showed that a hugh percentage of vacrnated persons retained humorat
mmunity more than six years after vaccmation and they suggested that
the vahidity of vacemation certificates should be extended from fovr to
six years after vawcination with a vacemne of recogmzed potency

In 1952 Dick & Gee ¥ published the results of a post vaccination survey
carried out 11 the Toro distnct of Ugand1 Three of the pfaces chosen
for this study lay within the irea m which systematic vacemation had pr
viously been carmed out and the fourth lay in 2 zone where no vaccration
had been done  n the first three places 77 2/ of the perscns tested were
mmune after nne years and over wiule 17 374 were tmmune tn the umac
cinated zone Their results mdicated that the pertod of vahdity of vacar
nation could be extended to mme vears for persons over seven years of
age at the tme of vaccination

Courtors & in 1954 published the results of a post vaccination study of
the durayon of ferred be of Afncan papents
from Ango (Uele Belman Congo) and neighbounng willages  In July 1953
sample sera were collected from 79 men whom adminstrative documents
showed 1o have been vaccinated m 1941 The protection test was carned
out by the Srmthburmn technique ¥ using mice 5 6 weehs old prepared with
an 1ntracerebral injection of starch sofution given afmost mmedtately
before the strapentoneal moculation  These mice were given o6miofa
mixture of 15 ml of a 1,/ suspension of virulent mouse bram and 3 mi
of the serum under test  The following resuits were obtaned

Sera tested Positi ¢ Doubtful Mgt e
616 516 5[5 46 16
79
69 3 4 1 2z

he
The derominator 1nd cates the fumber of mice wmoculated and the umerator ¢
number of ms & Lving & days after mocutaton and survving unt  the 14ih day
Qf which otie had been dduted by balf
59,

Trmmunity was thus mawntaned m 76 of 79 patients tested ot 96 2% h?;
nearly 12 vears Thus finding confirms those of Dick & Gee whoﬁ "
proposed that the duratson of the validiv of the vaccination certifica
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should be extended to nine years It should be poted that at the First
Inter Am nican Congress of Pubhe Health held in Havana Cuba n 1952
de Souza Manso ¥ stated without camment that among the sera of 117 vac
cinated persons tested 93/ rematned positive 12 years later

As Mahaffey stated at the Afncan Semmar on Yel'ow Feser b Id i

hampala Ugarda 1n 1953 It s perhaps not too much to hope that
tt will eveatually be found that the smmumty followsng vaccimation 1s
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MASS YELLOW FEVER VACCINATION IN FRENCH AFRICA
SOUTH OF THE SAHARA

C DURIEUX

Médectn G néral (CR )
Director Inst tut Pasteur Dakar
Fre ch West Africa

Historical Bachground

The first expenments 1 large scale vaccination aganst yellow fever m
French Aftica south of the Sahara date back to 1934 when Laigret 2
came to the West African ternitories to try out an immumization process
which he had just developed at the Institut Pasteur at Tums

This method 1nvolved the use of the French strain of yellow fever virus
modified by adaptation to the white mouse Three different batches of
virulent brams after exposure to laboratory temperature for four days
two days and one day respectively were ground up with sodium phosphate
and then dnied  Vacemation mvolved the subcutaneous njection of each
of the three batches at intervals of three weeks Duning 1934 and 1935
5699 persons i French West Africa were guen the three successive
wmoculitions

This 1mmunization process requining the bringing together of the
subjects to be vaccmated on three different occastons was difficult to
apply tn large commumittes  Nicolle & Laigret # therefore simphfied the
method 1n 1935 using a single mjection of virus exposed for 24 hours to
a temperature of 20 C and then coated with a layer of egg yolk and dried
This new method was adopted at the begmning of 1936 by the Institut
Pasteur at Dakar which up to the end of 1939 prepared and supplied
sufficient vaccine to immunize about 15 000 persons

In 1939 Piltier et al ® trying to find 2 stmple and practical method of
snoculation observed that when a drop of virulunt mouse brain suspension
was deposited on scinfications made m the skin of fresh Afacacus rhesus
monkeys the yellow fever virus multiplted tn the blood of the animals and
that immunity to yellow fever took the same time to develop as 1n the
case of subcutaneous injection By using the same method to carry out
noculations with a muxture of mouse adapted ycllow fever wirus and
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smallpox vaccine these workers also showed that 1t was possible to vac-
cinate simultancously against yellow fever and smatlpox

The first trials on human beings were carmed out shortly afterwards
on a few volunteers and confirmed the results obtamed with monkeys
Subsequently after successfully applying thus m thod to several hundred
ndividuals from readily supervised commumties (soldwers and school
children) Peltier et al ® in agreement with the authonties applied this
muxed vaccmation technique on 103 600 Afncans in Senegal

These op rations were carried out 1 1939 1 three successne penods
lasting 36 days s all during, the months of May June and July the
hottest months of the vear In each locabty wisited vacemation sessions
took place as deseribed below

Three folding tables were set up in the open air 1n the shade of a tree
or of a shelter of millet stalks rapidly erected by the villagers or where
they existed 1n premuses better protected against the rays of the sun such
as schools dispensanes or markets The session began with the collection
of blood samples for prevacaination tests from the schoolchildren a Ist
of whose names had been drawn up m advance The moculations were
then carried out

At one of the tables one operator was engaged solely 1 the preparation
of the vaccme suspensions while the teams responsible for the actual
vaccination were seated at the other two tables One hundred doses each
of yellow fever and smallpox vaccne were ground up and mumed while
dry and then made mto a suspension with gum arabic soluton  The sus
penston thus obtained was poured into a watch glass and handed to the
vaccinators {three per table) who were provided with several thousand
vaccinostyles  The time necessary to prepare two suspenstons of 100 doses
each was about the same as that required for each team to vacanale
100 persons Thus the were kept ly supphed with
vacane and no interruptions were necessary  In this way it was possible
to carry out some 5 000 vaccinations per day at the rate of 800 per hour

Blood samples for testng the effectiveness of the yellow fever vacer
nation were collect 4 one to two months later  Using the hsts of names
most of the subjects who had supplied the first samples before vacaination
could easily be found agam Of a total of 1 387 schoolchuidren whose
serum was shown to give no protection betore inoculation 1 33636 5
later had a posmive sero protechon test

The possibihity of the mass application of the yellow fever vaccination
method suggested by the Insutut Pasteur at Dakar having thus been
demonstrated the Governor General of French West Afnica laid down
that this method should be systematically employed in active endemic
foct and 1n densely populated areas from the b gmning of 1940 Detailed
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nstructions on the use of the vacame the method of moculation and the
precavtions o be observed to ensure the success of the operations were
sent to alt medical posts

The Tollowing year a departmentat ozder made yellow fever vacanation
by scanfication compulsory for the whote civil and mulitary population of
French West Aftica Since then mobife health service teams have appled
ths techmguie over an ever spereasing area and despite matersal diffienltses
encountered duning a penod deeply disturbed by mternational events more
than 15 000 OO0 1noculations had been carned out by the end of 1343 1
the vatious teeritorigs of Freach West Africa

ARer the end of hostsltties the progress made i mass vaccmation
agamst yetlow fyver was made known to the imternational heaith organiza
tyons meeting 1 New York The Quarantine Commussion of the Umted
Nations Rebef and Rehabilitation Admimistratton (UNRRA) then dectded
to have expenments carsed out to assess the value of the Dakar vaccmne
and tud down the manner 1 which thus study was to be conducted

The etperment took place i 1945 at Frejus 1n the depaztment of Var
France on 600 European soldiers divided mto three groups of 200 each
as foliows

{13 Grosp A moculation by scavfication with Dakar yeilow fever
vacane only

{2} Group B inoculation by scanfication with Dakar yefiow fever
vaceine combied with smalipox vaccine

(3) Growp € noculation by subcutsncous injection of 17D vaccme

Blood samples cotlected a month later from the subgects moculated
were exanuned by three defferent laboratonies (Dakar Montaca and Rio
de Janeira) The sesults of the sero protection tests showed that immunity
agumnst yelfow fever had been soquired 1n 98 9/ of cases in grosp A
979, mgoup B and 63 2/ m group €1

In view of these wsults the UNRRA Ssanding Technicai Commmitee on
Healhh decided 10 recogmze the vahdsty of the yellow fever vacome of the
Institut Pastews Dakar

Yellow fever vactination by scanfication  whether simple or mixed
has steadily meteased i French Afnta south of the Sahara since then
The health services of French Equatorial Afrca and of Cameroon which
adopted the Dakar method i 1934 angd 1945 respectnely have since then
carried on p i agamst yellow
fever By 31 December 1953 the total numbsr of 1moculations performed
throughont the terntonies of French Africa south of the Sahara exceeded
36000 000 or more than double the population which may be assessed
a1 epprovimately 25 500 000 Thus each whatutant 15 assumed to have
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been vaccrnated twice  Table I shows the annual distbution of these
moculations

TABLE | YELLOW FEVER OR COMBINED YELLOW FEVER
AND SMALLPOX VACCINATIONS CARRIED OUT VN FRENCH AFRICA 19351

French Fench
Year ‘West Togoland Cameroon Eqguatorial Total

Alrca Afrca
1999 1 — - - 101 633
1935 3 15054 - - e
fay 1433549 235 600 - - 1544 689
1842 2719984 133130 -~ - 2913 114
1983 2858312 100 037 - - 2958 143
1944 3475 21 43 - 85 224 agnwos
1945 750 834 234 999 83 90 226 2446872
1946 2863M % 293700 4350 3084002
7 7 0505 238932 843 651 835 438 4644536
1948 2470930 533387 <33 494 7951t s 87
949 4131953 236 710 138 %08 83 282 037
950 3578003 289877 49 840 1017 643 §005,303
1951 2361 802 397193 819 326 S 8019478
195 5 099 607 228 241 464 37 481 6285 780
1953 4671,533 2090 327 05 120 844 538 878
Tota) 43154'804 3236 778 3450 117 6235 317 86 077 016
Poputaton | 12,300 000 1 1000 000 3000 060 4200 000 5 500 000

Vaconation Results i French West Afnica and Togoland

Int order to determine the influence of mass vaccmation on the presalence
of yellow fever in French West Africa a comparative list of the cases
notificd throughout the Affican conbment dunng the last 20 years bas
been drawn up  This list 1 reproduced in table 11 which shows the annua
number of vellow fever cases recorded 1n the French West Afncan ter
nitories and 1n the rematnder of the continent  Figures showng the increase
1 the number of yellow fever vaccinations since 1939 when they were
started are also shown

An appreeciable decrease 11 the prevalence of the discase in French West
Africa after 1943 15 at once apparent despite the fact that at that tme
mass vaccmation had not yet covered half the population  But (t must be
boene 10 mund that it was apphed 1n the first place to the mhabifants of
arcas suspected of hatbourmy, the yellow fever virus 1n ordet 1o preent
the spread of the virus to neighbounng regions

The majonty of yellow fever cases recorded since 1944 have ;)m:frfd
i small asolated  bush such as pl
camps and ralway construction camps thesr appearance h:
comncided with the introduction of the Virus by maa but s certa)

s 1 po wav
inly dicectly
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TABLE Il YELLOW FEVER VACCINATIONS AND CASES
F YELLOW FEVER IN AFRICA 193453

Cases of yeliow fe  ofifed
mber of yellow fover
vaecinatlons by sca | Fo ch
var | BESRURTE 2 et West ther tot |
Afica and Togola o Alrica T
2 torito1 8 Afica
Togotand
1934 2 a o
1935 12 18 28
193 24 19
1937 s 122 170
2 49 .
1939 101 633 5 5] 53
1840 372 632 4 . 2
1361 2018 95¢ 1 13 ES
1982 a932 068 1 3 18
1843 7830 417 12 ES =
1904 11877 289 2 7 "
1945 1 11 1
1948 17178 812 1 E 52
1947 20289 243 3 1 4
1948 24293 762 2 4 6
1549 28662214 0 a
1956 32530124 ] 17 17
1951 8 789 119 2 a
1952 095 854 1 56
1953 3] 2 2 »

€ esocc fgd §gthe 1940 epldemic of yellow { ¢ | the S danaen t!clud ¢

related to the presence of reservours of sylvatic virus n the immediate
nei hbourhood

Yellow fever cascs have been classified 1n table III accordmg to their
‘vanety urban or rural It will be seen that there was first a progressive
decrease t the number of urban yellow fever cases and that no cases have
been recorded 1n the last six years It may thus be assumed that the first
result of mass vaccination combined with Aedes aegypit control has been
the disappearance of this vanety of yellow fever

In order to show up still more clearly the diffirence between the posi
tion of yellow fever 1 French West Affica and Togoland and that m the
other Afncan ternitortes the data given in Tabl 11 are shown in condensed
form m table IV The 20-year anterval between 1934 and 1953 has been
divaded 1nto four equal periods for each of which the prevalence of yellow
fever 1n French West Aftica and Togeland has been compared with the
prevalence over the whole contment
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TABLE Ut CASES OF URBAN AND RURAL
YELLOW FEVER IN FRENCH WEST AFRICA It wall be seen that the an
AND TOGOLAND 198453 nmal average of yellow feser
cases in Aftica fell dunng the
Ca es of yellow fever ’ second and third pertods and
Year subsequently increased appre
urban rueal totat
ciably whereas m French West
934 % R = Affea the average has steadly
1935 [ 8 2 decreased falling finalivto one
::g: ;;' ‘9 2 case only during the last five
1038 ” ; "; year peniod  Furthermore the
1939 1 4 15 percentage of cases sn Freach
o N : o West Africa and Togoland
1942 2 8 0 among the total nuraber of ca
1943 2 ® ” ses throughout Afnca which
. . ! H was 35 1% before mass vacein
1388 0 1 1 ation has subs quently fallen
187 3 o a t027%
1948 ° 2 2
1349 o ° ° By 1951 there had been
1350 o [ @ twice as many tnoculations
::g; : 5 f agamnst yellow fever carried
1953 o H 2 outn French West Afniea and
‘Togoland as there were inhabt

TABLE IV COMPARATIVE PREVALENCE OF YELLOW FEVER
IN ALL AFRICA AND IN FRENCH WEST AFRICA AND TDGOLAND 193453

French West Africa and
Al Atitca e f French West Afnca
Five yea snd Togoland as
period pcentage ot al
pumbe of | annusl | number of | annual Afrcs
cases 2 erage cases average
193428 38 62 134 %8 359
193943 150 00 58 1ns 386
104628 o 136 ° 18 86
194353 o) 358 s 10 21

Cases accur ng Quring the 1940 epidemic of yellow fever In the S dan are not included

tants Thus sn principle every inhabitant had been vaccinated twice How
ever the five cases of yeflow fever observed since then have proved that
some persons escaped systematic vacaination despite the efforts of the mobile
teams for whom the absence of prease census figures makes it very
difficult to gather together all the mhabants of villages scattered through
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the African bush  Swnee 1950 mass yettow fever vacoingtion iy French West
Africa has been organrzed 1n such 2 way a5 io ¢over 3 quarter of the
population of each of the terntones every year with the am of maintaw
sng the 1 vel of protection already acqusred and of safeguacding babes
born tn the mtenvemng pensd 1t 15 hoped 1n this manser 1o reduce the
wumber of defanlters 1o a miinmuss,
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Rio de Janeiro B a il

General

After the discovery of the jungle form of yellow fever m Brazil 1n
1932 1t became clear that this disease could not be fought stmply by
destroying the vector mosquitos or other carreers of the virus

Even before that date—in 1931—attempts had been made usmng an
effective vacone 3 2 to ymmunize all laboratory staff exposed to the nsk
of contracting yellow fever as a result of handling highly infective
matersal

We shall not go into the details of the various types of virus vaccine
and thetr methods of use but shall restrict ourselves to a few remarks
on the use of 17D virus vaceine for mass inoculation partreularty in the
control of the violent epidemic outbreaks of yellow fever 1n Brazil

The first samples of 17D wirus arnived m Brazil from New York m
Jaruary 1937 and rescarch with this type of virus began one month later
In March of the same year production of the vaccine was begun in the
Jaboratorses of the Nationa) Yellow Fever Service  The vaccine was first
tried out on a small number of laboratory staff but was subsequently
tested on a large scale wn the southern part of the State of Minas
Gerais ¢

Vaccination of 59 000 persons showed () that mild feactions occurred
five to e1_ht days after vaccination n 10 7 15 of the persons vaccinated
with more mtense reactions o only 1 72 and (6) that the vaccine was
harmless even for children and for women at any stage of pregnancy

Laboratory studies ndicated that the protective antibody generally
appears 1n the blood towards the fourteenth day aRer vaccination  The
results of protection tests carrsed out with a group of 882 vacamnated
persons showed that about 95 of them had acquired immunity

~ 123 —
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Research carned out in the field showed that the protective ation
of the vaccine begins a week after moculation even though laboratary
tests may not yet reveal the presence of antibody  Although the vaccmne
was employed at that tune in areas where there was no doubt of the presence
of jungle yeliow fever only esght cases of the disease were observed alf
n persons thought 1o have been nfected before vaccination ®

Observations of less importance were also made on the hehaviour of
persons vaccinated tn large numbers making 1t possible 1 1938 to vaccinate
more than a nullion persons with 17D vaccine and to formulate the general
prnciple of the techmques for prepatng vacemes t the field and of the
m vaccination methods as described an the following pages

Organization of Yellow Fever Service

The Vacainanon Sechon of the Nowonal Yellow Fever Servce used
to have a number of area orf { sec
tors } directly answerable to 1t each of them operating 1 a speaific
area of the country These seutors were made up of vaccination umts
varyimg m number according to the extent and papulation densty of
the areas These sectors were essentially mobile travellmg esther in the
same direction as the epidemic waves they were called upon to combat
ar tn the opposite direction  or to regions where yellow fever was
expecied 1o appear  They were principally responsible for the techmeal
and admmistrative gmdance of the work of the umits and were directed 1n
ait cases by an expenienced physician

Taday the wark of the Vaccination Section has been sntegrated with the
routine work of the sector offices of the Nanonal Yellow Fever Service
(SNFA) and 1s carried out by the same doctors who are responsible for the
ants gegyptr actwvites and the viscerotomy service

As far as possible the vacoination work ss carned oug within the geo-
graphical hmats of the county ( mumeipio ) which 15 the basic pohtical
and admmstrative unit of the country

In normat umes an effort 15 made 1o mmumize the majonty of the
population directly exposed to the nsk of infection pasticularly 1 the
rural areas

In Brazil there are both fixed and mobifle vaccination units The fixed
units are of two kinds (a) those 1n the State capitals dealing marnly with
persons gomg abroad who must have themselyes vaccnated so as 1o obtam
the vacemation certificates required by certamn countnes and (8) those
established at strategic pomts { barreiras ) in the intenor of the country
and which are responstble for vaccmating the masses of mugraats meving
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chiefly from the north east towards the south The importance ot this
work should be stressed for since 1934 there has been no yellow fever
1 the north east of the country and all persons born there since that date
are therefore susceptible to the disease  Moreover these are precisely the
people who because of economuc difficulties brought about by the periodic
droughts m the north-east leave their homes in search of better living
condiions and descend 1 continuous waves towards the south of the coun
try known to be a yellow fever epizootic zone or—what 1s just as dan
gerous—towards the Amazon region where enzootic yellow fever 1s the
most widespread It 1s our estimate that 70/ of these persons enter the
infected regtons duly protected by the vaccine admunsstered to them n
the vacunation posts  In the ports there are also umits for the vaceina
tion on board of immigrants arnving by sea

The mobile vaccination umts m‘e responsible for the most 1mportant
part of jungle yellow fever p 1 the routine m the
counties which are considered adcqua!ely protected only when 70/ of
their population has been vaccinated

The sector officers are responsible for the planning and operation of
programmes in the States but the heads of the vaccimation umts are
responsible for carrying out the work mn the counties mcluded n those
programmes

The heads of the vaccination units get in touch with the prefects and
the local health authorittes 1n order to nterest them 1n the immunization
campaign which they propose to carry out 1 the county and to obtain
their support  With the assistance of persons famuliar with the region—
usually secretanies of prefectures—and using maps of the counties they
then prepare the ttinerary which includes the chief towns of the dis
tricts as well as all the villages

Large plantations and farms and other places where more than 50 people
may be concentrated are also included where possible 1 such a way that
people to be vaccinated will not have to travel more than six kilometres
1o the immunization centres

There are places an which it 1s necessary to repeat the vaccination cam
Ppaign 1n order to obtain adequate coverage of the population  While there
15 no doubt of the great value of publicity provided by the parsh preest and
the school teacher and by the radio the press leaflets etc  the very best
Ppubliaty of all 15 that given by the vaccnated persons themselves  Thus
1t 1s not unusual for a greater number of persons to be vaccinated 1n a
second campaign than were reached 1n the first

Well planned ttineraries based on a perfect hnowledee of the roads
and means of communications frequently make 1t possible to carry out
vacainations in two or three different places in one day thus saving both




126 C DE SOUZA MANSO

time and work as well as making the vaccine more readily avaulable to the
people

Expertence has shown that 1t 15 not essentiat that a physician be m
charge of each vacamation umit  Specually trained lay mspectors an carry
out a rigotous supervision of all work in the field inchuding the vaccinaton
utself the orgamzation of the iuneranes the propaganda etc

In general the umts consist of trustworthy men selected from the por
sonnel of the ant1 aggypt service and known as guardas  assisted by
tramed drivers These units are provided wath Jeeps in order to enable
them to reach the more remote parts of the counties they have to visit
Certamn patticularly sutable dinvers can be trained as assistants and
EVEN 1IN SOME CASES as VACCINALOLS

The violent outbreaks of the disease occurnng 1 1950 1951 1952 and
1953 1n the southern parts of the country made clear the advantages of each
seetor having 1ts own group of vaccinators Dunng those four vears of

f against eprd breaks the 120 vaccination vrats
of the States of Mato Grosso Goids Mmas Gerais Sao Paulo Parand
Santa Catanina and Rio Grande do Sul were able to vaccinate about
twelve mithon people

All the techmcal and admimistrative mstructions are contmwned w a
92 page Vaccination Manual  thefifth revised edition of which was pub-
Tished 1n 1946  [his manual 15 one of exght volumes by means of which
the routine activities of the Natonal Yellow Fever Service are standard
tzed throughout Brazil

We believe that apart from a fon mnor modifications of 4 technical
npature the methods described as well as the general orgamzation of the
vacemnation work are the same as those adopted by the other Latm Amen
can repubhes for the use of 17D yellow fever vaccine

Preparation of Vaccine m the Field

Each vacanation uny consisting of & vaccinator and an assistant
— although one man can perform the work in exceptional circumstanc s—
15 provided with certam dard equip as hsted by H A Penma
on page 91 In the field they prepure the vactine In two stages f:l;;l
the sterbization of the equipment and then the actunf rehydration The
vizbility of the virus also nsed to be tested m the held by moculating mue
mtracerebrally with the last portion of each preparation and a (arfc
quantity of spectalized equipment had to be carned to the place ofv\\u‘r‘ﬂ
this practice, however has been discontinued for some time  being co

dered superfluous
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Stertls ation of equipment

The equipment 1s stenhzed by boiling for a peniod which should never
be less than 20 minutes To ensure maxumum speed and efficiency the
followng points are observed whenever possible

(a) Two stenilizers are used one for stenlization proper and the other

for storing and p the sterilized equip to be used cool for
vaccination

(B) If possible the equipment 1s replaced 1n the stenlizer after use
1n the following order so as to factlitate 1ts removal 1n the reverse order
needle rack covers needle racks with used needles synmges tubes small
tubes empty ampoules and long needles

(¢) The trays contaiming the sterthzed matenal are flamed as are
the teps of the forceps

(d) Thorough general stenhity 1s maintained particularly since the
vaceme atself 1s an excellent culture medwm for micro orgamisms and
each preparation will be used to noculate hundreds of people

(¢) The bailed water 15 changed from time to time

Rehydranion of vaceme

Rehydration 1s carried out after all the stenlized equipment has been
placed on the tray and allowed to cool completely since the vaccine 1s
extremely thermolabile

At present the Instituto Oswaldo Cruz i Rio de Janewo prepares
only vaceine ready for dilution at 1 100 in the field and each tube contains
only 10 cm® of dry vaccine  Consequently the first rehydration 1s to a
dilution of 1 10 To do this 10 ml of physiological saline are introduced
mto an ampoule of vaccine with 1 sterilized synnge fitted with a long
needle the saline and vaceine being thoroughly mixed tn the actual tubes
by means of the synnge When perfectly rehydrated the vaccine torms
a homogeneous sofution and the ampoule contamning 1t 1s hept 1n 1ce water
tn a special contminer 1t 15 always used within three hours

Final dilution of the vaccine ready for wnoculation 1s done with 10-ml
syringes  Each 15 charged with 9 0 ml of physiological saline and then
10 ml of previously rehydrated vaccine 1s drawn 1 from an ampoule
gning a final dilution of 1 100 Thus the materal n cach ampoule 15
sufficient for charging 10 syringes each holding 100 m!  The volume
administered to each person 15 05 ml so that the dned matersal in each
tube on dilution to 1 100 1s suffictent to vaccmate 200 persons

Batches from different sertes are never mixed
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Effect of 17D Vaccme

v Con mass vaccination halt an gutbreak of Jungle sellow feser once
begun?

The reply must be in the negatne or at any rate it must be ddmuted
that 3t has not been possible to halt such an outbreak by this means for
many reasons the chief bemng the following

{a} the speed with which the disease spreads

(6) the hgh morbwdity rate

(c) the mpossibibity of ob g d P with the
vaceine even of the number of susceptible subjects is small and

(d) the fact that with jungle yellow fever vacenation does not break
the chawn of mfection

With jungle yellow fever the monkey and not man constitutes the
reservorr of virus quently of ptible persons does
not prevent the movement of the virus from one region to another since
traastusston. occurs from anmmal to anmal  To prevent the appearance
of human cases 1t wonld be necessary 1o vacamate the entire population
exposed to the sk of wmfecnon  tfus 15 not feasibfe 1n practice 1 Brazl
because of the conditions prevating 10 the reyrons where outbreaks of the
disease occur

As to the first pownt the reason for the speed of spread 1s not hnown
The disease has been observed to break out tn places whih are very
far from one another under conditions which suggest that the foe are
interdependent rather than mdepend Since there 1s no sound basis on
whnch to forecast the course followed by the epidemic wave 1t s practt
cafiv imposstble to organze efficient and adequate protection of rurtl
populations at short notice

Mention should be made hete of the information available on the high
morbidity rate of the disease  The most sterking fact comiag to our notice
was recorded 10 1950 at Coloma de Ceres i the State of Gosds where
29 000 persons out of a population of 30 000 were vaccnated starting
on the day foffowng the first fataf case of yeffow fever m the lovality
Subsequently two other cases both fatal were recorded 1a the group of
some thousangd persons who had not been vaccinated  Other more or lesy
similar cases have been confirmed n other States whese the persons attacked
by the disease formed part of smail nan vaccuiated groaps—less than

When € meal cases cannot be fully investigated the morbidity eate can be cal-ufated
bv assuming a case fatal ty rate of 107
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30/ of the total population Moreover careful analysis of the statistics
avalable makes 1t clear that greater p of the rural popul

13 necessary 1f the occurrence of jungle yellow fever 15 to be completely
prevented dunng epidemic periods 11 regions which are without satisfactory
protection 1n normal times

TABLE | NUMBER OF PERSONS VACCINATED AGAINST YELLOW FEVER
IN BRAZIL 193754

Stt or Co ta fcted Number of pe 50 8 vacc at d
€0 ntry of
orlgin 193749 | 195056 | tor1 | 109749 | 1e5056 | tota
Bail

Amazo as " at 16 | 1s7am 9848 | 255967
1 s 7 26968 EXCI A

Ro B anc ~ - - — — -
G aporé 2 - 2 8313 - 8313
Pard 3% 12 3 310795 101069 [ 411684
Amaps 3 1 E] 562 5971 1598
M anhio 3 0 2 1743 63213 | 64856
VT 1 2 2 1792 19007 | 20799
c & i i “ 0w 197254 {20789
Ro G a de do Note 1 " 15 1s36e | asr2 | vz
Pacalba a 4 5 9632 52857 62159
Pe namb co 1 25 27 a3z | sesan | e
Al goas 1 5 5 2152 84368 6518
Fe  da do Noronha 1 1 1 2483 8 2587
Serglp 1 2 2 2872 301083 [ 303855
Bahia 12 a 43 | 125709 | eeser7| 1012328
Espi to § nto 3 35 35 | ses20s | aszeat | 1os7am
Rod J elo 33 8 58 [ 22183 | vi1e3e7 | 1358530
Federal D t Ict 1 1 1| s 19420 | 292556
Mi a8 Ger is 183 389 30 | 130 | 334201 | 5114660
u o 61 | zouss | amrzss| i
M106 o 2 32 3 99154 | 262060 | 362922
S Pauto 188 208 a06 | reezcer | aorzies | 4ees150
Pa 3 13 "9 s 52927 | 1733578 | 1788505
SataCuia 19 50 s0 [ 120315 [ w2same] roaszee
Rl Grand do S 1 s o e | wwses | 1365153 155798
Totat for 8 1 63 | 1204 | 1350 | s7mesr |1smsa1m | 21661658
Agetia - - - 38313 - 3313
Boll la - - - 438 - aste
P oagay - - - 4238 1099 sass
~ - 125 -~ 125
Gadtotal 68 | 1204 | t3%0 | sE24” (15684 30 [ 21706759

Duning epidemic periods the number of persons vaccinated i certam
counties frequently exceeds the census or resident population  This 1s
due to the presence of mrerants and often results m the fieures for persons
racaimited apparently exceeding 100 of the county populaton It 1s
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FIG 1 VELLOW FEVER VACCINATION IN BRAZIL 1927 3¢
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Total number of peryons vaccinated ag inst yellow fever 1937 54
170679

[0~ Aveas in which yeliow fever vaccinat oh has bean carrled sut

e~~ = Numbe of persons va ¢ nated sgainst yeffow t ar

thus 1mpossible to calculate with any accurawy the protectson afforded
to the wmhabatants of such places Moreover it should not be forgotten
that these vacanation figures wclude revaccmated persons and that the
aggregate population figures tnclude children und r one year of age most
of whom have not been vaccinated  they represent an appreciable p reentage
of the rural population Other groups which must not be overlooked
are persony who, through neghigence or fack of interest have not had
themselves vaccinated and sick persons who are unable to travel Table {
and fig 13 show the extent of yellow fever vaccmation 1n Brazl over
the persod 1937 54 and more particularly over the period 1950-54
Observation of severa} obtbresks has shown that there 1s defimte
correlation between the decline of an epidemu. and the decrease tn the
number of mosquitos in the forest areas The number of human cases
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FIG 2 AREAS OF BRATIL IN WHICH CASES OF YELLOW FEVER WERE
RECORDED TN 135054

Allogethe 323 casss of | gley low fa twereco fimdin M3 ¢ o

of jungle yellow fever decreases with the Jowered densny of mfected
mosquitas 1n the forests following the end of the rauns ang the rainfall
Curves ace paraflel to those for yellow fever cases

The foregowng 1n no way detracts from the protective value of vaccinatian
but it must be repeated that vaccimation can only be completely effectine
m an epidermc period when it 1s apphied o the entire population Jt esk
and tns 15 generally a practical impossibilty

Studies carned out i SJo Panlo clearly show that this extreme protection
1S ot economrcal even wn counties whose geographicat stiwation and veg
ctation pamcnlmy favour the occurrence of folure eprzootic gutbreaks
of yellow fever  Vacomaton of 70 of the population offers a good
securty masgn parieularly when ot covers mostly a rural population
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FIG 3 AREAS OF BRAZIIL IN WHICH YELLOW FEVER VACCINATIONS
WERE CARRIED OUT IN 1350.54

Aftog ther 15884280 persons were vatclnated apa nst yellow fever
In 1,204 countles

2 Does 17D gne diate 7 against yellon ferer
nfection ?

It bas already been pomnted out that Judging from experiments i the
field the protective effect of the vaccine begins towards the seventh day
after snoculation ? aithough the presence of antibodies i the blood
at this time caunot be demonstrated bv the present faboratory methods
Furthermore Iaboratory experiments® & indrcate that seven days after
17D vaccination monkeys have acquired a strong immunity agm?,sﬁ
virulent pantropic virus  although dy may not be d
1 their blood

Sec al o the contrbution by G Courtars page 105
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Only very rare cases are known 1 which the disease has occurred 1n
human subjects shortly after vaccination and in these cases 1t may be
supposed that the persons concerned were already nfected at the ime of
vacunation  On the other hand it must be remembered that in view of
the huge numbers of persons vacemated over very wide areas of the country
1t may well be that cases of yullow fever have occurred atter vaccination
of which nothing 1s known It should be pointed out however that the
public nowadays has fuli confidence 1n yellow fever vaccine and that such
cases would almost certainly be mmediately brought to the notice of the
health authoriies This bappened 1n 1939 tn the southern part of the
State of Espurito Santo where batches with little or no antigenic potericy
were snadvertently used with the result that cases of yellow fever occurred
among recently vacunated persons

It may therefore be supposed that a relausve degree of protection is
established within a short time of vacctnation with 17D vaccine  This
sew ts supported by abservations made wn the field

3 Is 17D raccine harmless?*®

An affirmatne wnswer 1s now given to this question although cases of
Jaundice and encephaluts have b en recorded 10 the past the first of them
n Brazid being observed m 1940 In August of that year the practice of
adding 10,, normal human serum to the vaccine was gnen up and cases
of this type ceased to be observed The practice had resulted in the trans
misston of the virus of mnfectious hepatitts which for many years conta
mnated yellow fever vacaine At the ime a very thorough study of the
problem was mad n the State of Espinito Santo where 1t was found that
the av rage merdenc  of the disease amony, persons vacemated with sctero
gemic batches was 5, The av rage incubttion p nod of th ds ase was
four months and the symptoms were very similtr to those of what used
to be called catarthal jaundice  The severity of the disese covered the
whole range from mild to extremely scrious and there were some fatal
cases

Cases of encephahnis attrtbuted to an unusual icrease i the virulence
of the virus tsell wece also reparted n 1948 These cases occurred n
only 05/ of vaccinated persons and the meubation puriod was vacable
ranging from 8 to 15 days  The disease w 1s ac.ompanied by severe nervous
symptoms lasting on the aserare 11 days but there were no deaths

1t should b~ noted that not a sincle case of jaundice ar encephlitis
has been observed in Brazil since 1940 and 194! respectnely aod that
althou_h Inving virus 1s used 1n yellow feser vaccine the possibulay of
any kind of accident must be considered evremely remote

4 Sce also the co tnb ton by G St at p e 143
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Statistical Data and Reporting

The data relating to vacemnated persons—name address age sex
cofour urban or rural d fe 1nital or
w re formerly entered m special registers but this practice was given up
when the number exc.eded one million Todav the identity shps fiied
out At the time of vaccination (sce Annex i) are grouped by preparation
and kept on file 1 the sector offices for a penod of not more than one
year afier which they are destroyed For each peparation of vaccine m
the field the special form shown in Annex 215 filled out and attached 1o
the identity stip of the fast person to receive that preparation  alternatrsely
4 stamp may be used to enter the same mformation on the back of the
fast ship

The umts send a weekly summary form {shown 1n Annex 3) to the
sector office hsting all the preparations made during the period the
dates of vacoination places at which vaccination was done number of
persons vaccinated the batch numbers of vaccne used the quantattes {ml)
moculated  and the dilution given as well as a statement of the equip-
ment avatlable to the umt for work 1 the coming week The sector office
1 turn compiles 2 weekly report to the central office {(Annex 4} grouping
together on a speciat form all the data of nterest contaned mn the weekly
summanes submitted by the umits for which 1t 1s responsible

It will be clear from the foregoing that the admmstrative part of
vaccination work ta the field as well as wm the office has been redveed
toa The 1 data colls are d to those essentral
for gmding and following up vaccmation in the field
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ANNEX |}

VACCINATION IDENTITY SLIP (FORM FA 80}

NATIONAL YELLOW FEVER SERVICE

(Please wile clearly)
Name
Address
Urban? Rural?
Age Sex Colour

Revactinated against yellow fever ?

ANNEX 2

VACCINE PREPARATION RECORD

NATIONAL YELLOW FEVER SERVICE
VACCINE PREPARATION RECORD

State

County

District

Place

Date Preparation No

Time Last Inoculation
Batch No Quantity (m))

D fution Totat vaccinated

No of days without Ice

Signature
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ANNEX 3

WEFBLY SUVMARY OF VACCINATIONS SUBMITTED BY UNITS

NATIONAL YELLOW FEVER SERVICE

WEEKLY SUMMARY OF VACCINATIONS
1at week of 1954

State Hinals Gerals County Hrsl From 3/1/s to 9/A/5k
Use eloel ahpoprto)
‘Number of pe 3 ns
secn b Vac v
Localy Date
we forot fono Rl agay g con
Bori 4 Vito L N Sund y
Al Yam T lw faw ] os | e
[ 5 [ [ | 05 1100
)l 28 jaus | 05 | 10
Ao 197 i Jak | o5 1100
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REACTIONS FOLLOWING YACCINATION
AGAINST YELLOW FEVER

Groroe STUART OBE MA MD DPH

Jom ly Secvesary Yeilow Feser Fanel
o 4 I alth O gam.ar on

1 INTRODUCTION

Development of Immumizing Strams of Yellow Fever ¥yus

Until 1930 efforts at securing active immunation against yellow fever
were ditected largely towards the mactination by chemueal or physeal
means of the virus miended for use 23 vacane  All such efforts proved
unsuccessful no chemical or physical method having been found capable
of chmnatbing the pathogeric and at the same tme reiarmng the antigenic
properties of the virus

Inconsequence attent:ion was concentrated on discoventag a liviag virus
adaptable to human use and 1n the years subsequent to 1930 several
methods of smmumization with such 3 modified virus as the antizenic
chment were devised

Frinch nevrotrome virex

Of these methods mvolving the use of active modificd vicus the first
was based on the work of Thesler  who n his scasch for susceptidl
laboratory armmals addisonal to the monkey had discovered that the
shite mouse was receptive 10 n sntracerebral but not 1o an intrapentoncal
wnoculation with the French vrvient pantropie stran of sirus—3 stram
previowsly shown by Mathus Sciiards & Laeret ! to have been transnus
sible 2nd nfectine o shesus mosheys by the syection of these ammals
with blood then early mn the disease from a human case of yellow fever
a Dakar Moreover protonged senal brawn 10 brain passage in puce was
found by Thestur ™ to hase esented so profound 3 modificatan in the
behaviour of the orimmal pantropic stram that whik os the one hand it
showed an mercased newrotromsm for muce and  as first reporud by

— 149 -
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Sellards 57 for keys—a result evidenced by us producing in these
ammals when injected intracercbrally a rapdly developmg fatal ence
phalttis—it had on the other hand lost 1ts viscerotropism for monkeys
1e uts ability to produce visceral yellow fever m these ammals when
jected ex fy B myected (v with this modified
strain developed as a rule only 2 mild non fatal systemic wfection (but
see below) and fater possessed an active solid immunity to unmodified
hughly virulent strams of yellow fever virus

This mouse bram virus known as the French neurotropic vellow fever
vitus was although p an enh d P dered 10
be capable of use 1n human vaceination because of the marked dumnution
of 1ts viscerotropic affinity and was therefore emplayed at ats 105th to
176th passage level as the antigeme element in the first vaceine ever used
to immunize man agamnst yellow fever that prepared by Sawyer hatchen
& Lloyd % % Because honever in the view of these workers th~increas d
neurotropism of this virus rendered st potentially dangerous for human
vaceimation they employed m addition to the virus vacon  sufficr 2t
specific immune serum to prevent the virus from entenng the crculabin.
blood of the mocufated person thus affording protection aganst any
pathogenic activity present in the virus  Immumzation by this means was
effected by a single mjection of a muxture of dned lving virus fived for
mice and of human immune serum with separate mjections of enough adds
tronal immune serum to make up the amount required for protestion—the
amount of virus and immune serum being orgmatly 0003 g and 03 ml
per kg of body weight respectively

The view expressed above that the increased neurotropism of the mouse
adapted virus rendered it p ty d for human vaccination
unluss a pamed deq unts of specific immune serum Was
soon endorsed by Findlay 3% and by Therler & Whitman 7 Moreover
support 10 this yiew was shortly lent by the results of experimental work
wiich showed that a significant percentage of rhesus monkeys wmoculsted
extranenrally with the virus—sub ly ntrap lly by scan
fication of the skan {Theiler & Hughes ™) or by nasal mshlfation (Findlay
& Clarke ¥)—d=velops fatal encephaliis Ia this connexson Theiler &
Stuth ¥ reported that among monkeys after subcutaneous or (atrapent
toneal moculation or the application of the virus to the scanfied skan
fataf encephahiis had been observed so approxmatsly 207, of cases Tfh”:
of 21 key lated ly eight died from thus cause fou
among, 10 noculated subcutaneously with the virus at sts 119th mlbl::
passage (3) or at its 293rd (1) two among eight 1noculated intrapento! .
ally with the wirus at us 227th mouse passage and two among three of
which the virus at its 293rd passage had been apphed by scatification
the skn
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In the experience of Theder & Whitman ™ such a result occurred par
ticularly among younger ammals of ammals receiving either small doses
of virus alone or g mocula of p g mmmune
sesum  These authors emphasized the potential hazards attendant on the
use of neurotropic virus slone particularly for children

Nevertheless the immumzation of human bemngs by the administration
of this same neurotropie yitus unaccompamed by speafic immune serum
has been continuously and extensively practised mostly by French worhers
since 1932

The first method of immumization by the use of the mouse adapied
virus alone was that propesed by Selfards & Lagret ™ w consisted n the
saocutation of the virus at its 134th serl passage in mouse bram each
person inocutated reevny, b oml subcutaneously of a difutsen (1 1 000
}OI0000 or even i 100) of the wfected bram in nacwal sakne solution
contaneng 107 rabbit serum  The occustence of 2 pumber of unroward
rerctians folowing atterepted tramumzation by this means fed Laigret 2 %
1 prapote o sexond type of vacone consisung of the mouse brain wiris
attenuated by exposure n glyeerol to a temperatute of 20 C and dncd
in the presence of sodtum phosphate  Three myections of visus expesed
1o this temperature for four days two days and ome day respectively
were prven at 20 day tntervals  In order to reduc the number of mjections
and thereby to make smmumzation more widely applicable Nicolle &
Lagret ¥ introduced & single dose method of sacamation  employing
mouse braa vieus whach after one day s exposure 1n glycero! to 20 € and
subsequent desiceation was with the abject of retasding the diffuston of
the matenal from 1he site of moculatson coated with a iayer of eeg yolk
ot of oine ol or with o double envelope of both these agents  Later
MNicolte & Largret ¢ siated that the w thod sclectud for immumizagion i
French West Afrea Cameroons and the Lake Chad Rezion was a single
noculaton of this drsed virys coated smply with eeg yolk

As regards the method of attenuation of the virus descrded by Laagret ®
and referred to above according to Laigret dryng at 20 C for one day
resulted in 2 reduction of the virus content from for example an orgwal
32000 mouse umis to 3200 a prog: and prog
occurred after further exposure until after four days dsying there remamed
only traces of vyrus insufficient to kit ruee @ 5t was shown by Theiker
& Whrtman 7 however that treotment of the virus so effected resulted
not 11 altenuation but only m 2 propressive dochne i the amouat of
hang fully virulent virus present w the prepation ond that the method
of mmunizabion conusied  therefore 1 the admimistration of praded
doses of fulfy virulent neurolfope virus

The Lasgret mouse adapted sirus prepared from the French stram at
25 130th 10 185th mouse passate by one of other of the tha bst mentoned

i
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methods was however the first to be used on a wide scale Thus m
French West Africa between June 1934 and December 1935 the three
myection method was used on 9 592 persons of whom 5 699 recerved the
full immumizing course of three njections

But subcutaneous inoculation with such virus did not for varous
reasons adequately meet the req of the French authorities who
confronted with the problem of yellow fever control 1n their vast tetntories
m tropreal Afnica recogmized as of prime importance the need for mass

of the mndig popul then so much at risk  Search

for a vaceine which would be at once safe effective eastly admunsstered
and mnexpensive was therefore pursued particularly at the Instrtut Pasteur
Dakar and finally resulted mn the development by Peltier et al # % of 2
preparation of the neurotropre yellow fever virus at aits 238th passae
through mouse brans which could be applied to the skin by muld scarnt
fication thereby repl. b 1 and such
magor difficulties tnherent 11 mass 1mmunization programmes as the pro
viston i adequate number of syninges and needles thoroughly sterilized
Smee 1940 this scratch or topical method of immumzation has
been adopted for use manly by the French authonties and parttcularly
m French tropical Africa where some 56 nulfion vaccations have been
so performed

The techmque of preparing and admmstering the vaccine 1n question
was fully described by Peltier 71n 1946 when 1t was stated that the vaccine
was made from the bramns of mice moculated with the French strain of
virus at 1ts 256th to 258th passage m mice There can be no doubt about
the high immunizing property possessed by this mouse brain vaccine appled
by scanfication erther alone or as 1s commonly practised 10 French
troprcal Afnica m combination with smallpox vaccime M Tt was
felt that by the use m thrs new Dakar vaccine of the virus at its 256th
to 258th passage there might be avoided those untoward reactions which
on occasion had been observed to follow the moculation of former vac
cines containig the neurotropic virus when at a lower passage Jevel and when
probably not so  fixed as 1t had become with later ammal passage

Asibi virus dernatnes

J7E  Reference has been made cather 1n the text however to the
view held by several workers that the creased neurotroptsm for ml]ft
and monkeys of the mouse adapted French strain rendered 1t poter;]m a)s’
dangerous for human immumzation Because of this yiew a searc h“ds
made to discover further methods of modifyng yellow fever virus—met] oh
which would not only reduce 1ts viscerotropism but would :ilso qlmn“:ns
or at least not augment 1ts P The desired
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eventually achicved by the profonged caltivatson in tissue1a witro by Lioyd

Thetter & Ricct® and by Theder & Smuth ¢ % of the highly virulent
p pc Asibr st stran onig derved from and named after
an Afnean suffersng from yellow fever at Kpeve Gold Coast and trans
mutted by the snoculation of the blood of that patient to a rhesus monkey
on 30 June 1927 by Mahaffy and Bauer The senies of cultures with the
Astbr strasn which was estabhished by Lloyd Theiler & Ricer ¥ represented
the 17th set of ussee cultuse expeniments by these workers and wn order
to distisguish between the various senies of cultures Theer & Suuth #
added mstials to the experment numbers  The Asibr stramn was first
established and mamtaised 1n Gssue culture confaiming wunced mouse

embsyome hissue plus 10/ normal monkey serum n Tyrode s soluton

and the serses cultivated in (hus medium was desigaated {7E This vanant
17E was found to have Jost to a greal extent its visceratropic affinty for
monkeys without acquiting increased neurotropsstn for ruee and as @
result was substituted by Lloyd * for the mouse brawm virus i the serum

vsrus method of human The redi of n
the cultured vrus was not however considured sufficient to warrant st
use without the protection of tremune serum  the virus was stilt capable
of producing in monkeys a fawly severe systemic infection Lloyd s method
consisted 10 the wmoculation of known quantitias {between 25000 and
170 000 minimum lethal doses (MLD) for ruce} of the virus at s 130th
passage 10 mouse embryonic tissue  topether wath amownts of specific
mmune serum ranging from 0 5 ml to 0 6 mt per kg of body weight—
provious expenence having shown that such amounts were sufficient to
prevent the cireulation of virus in the peripheral blood  This method was
cfficient but i common wath other serum virus methods was cumber

some mpracticable for ficld application and not adapted to mass vae

cination

17D Further cultivaion of the Asibs virus by Lioyd anef his cotlabora
1013 usg y munced drye with Tyrodes solution
medium (18 passages) whole chick-embryo with Tyrode s solution (53 gene
ratonsy and thereafter s medim m which the tissue component was
minced cluck embryo  from which the brasn and spimal cord bad been
removed before wmunting then fod to the development of the branch Anown
25 17D—a vanant which showed not onfy g loss ok' sesrotropism for mice
and monkeys ahike but also a markedly g for the
latter ammals  Thus o muce although the strasa could stlt produce
encephalins 3t could do se only afier a somewhat ncreased sncubation
period s monkeys 1t had altogether lost uts abulity when woculated
mteacesebrally 1o produce fatal encephains  Monkeys moculated extra
neuratly with this 17D varus had no fever or other srons of aftness  ther
Blood contamned but minmal amounts of wirus  they were shown to have




146 G STUART

methods was however the first to be used on a wide scale Thus
French West Africa between June 1934 and December 1935 the three
tajection method was used on 9 592 persons of whom 5 699 recened the
full smmumzing course of three mections

But subcutaneous moculation with sach virus did not for vanous
reasons adequatelv meet the req of the French who
confronted with the problem of yellow fever control 1n their vast terntones
m tropeat Aftica d as of prime amp the need for mass

of the indsgs popul then so much at nsk  Search
for a vacome which would be at once safe effective easily admunstered
and snexpensive was therefore pursued particutarly at the Institut Pasteur
Dakar and finally resulted in the development by Peltier et al# ® of 2
preparation of the neurotropic yellow fever virus at ity 238th passa e
through mouse brains which could be applied to the skin by mild scan
fication thereby b 1 and such
major difficulties imherent 1 mass ymmumzation programmes as the pro-
vision m adequate number of synnges and needles thoroughty stenlized
Since 1940 this  scratth  of ‘tomeal methed of immunization has
been adopted for use marmly by the French authorities and particulatly
1n French tropical Africa where some 56 mullion vacainations have been
so performed

The technigue of prepaning and admimstenng the vactine 0 gueston
was fully described by Peltter 47 1n 1946 when 1t was stated that the vaceme
was ade from the brams of mice ynoculated with the French strain of
virhs at its 256th to 258th passage n mice  There can be no doubt about
the hugh iamunizing property possessed by this mouse brain vaceine applied
by scanification erther alone or as 1s commonly practised i French
tropical Afnca 1 b with smallpox vaceine M Tt was
felt that by the use 1n Vs new Dakar vacome of the wirus at its 256th
10 258th passage there m1, ht be avoided those untoward reactions which
on occastion had been observed to folfow the snoculation of former vac
cines containing the neurotropic virus when at a lower passage tevel and when
probably not so fixed as 1t had become wath fater animal passage

Astbs virus dernatives

17E  Reference has been made earlier 1n the text howeser to the
view held by several workers that the imcreased neuroteopism  for ﬂ"“;
and monkeys of the mouse adapted French stran rendered 1t polentid) a{
dang for human Because of this view a search :d :
made 1o discover further methods of modifyms yellow fever vrus—meth h
which would not only reduce its viscerotropism but would also duum:: s
or at Jeast not augment 1ts neurotropism  The desired modification ¥
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eventually achieved by the prolonged cultivation 1n tissue in vitro by Lloyd

Theller & Ricct ¥ and by Theder & Smith * 5 of the highly virulent
pantropic Asib1 stramn—a stram ongnally derived from and named after
an African suffering from yellow fever at Kpeve Gold Coast and trans
mutted by the moculation of the blood of that patient to a rhesus monkey
on 30 June 1927 by Mahafly and Bauer The series of cultures with the
Asibr strain which was established by Lloyd Theiler & Ricer * represented
the 17th set of tissue culture experiments by these workers and 1n order
to distingish between the various semes of cultures Therler & Srmth ™
added mmtials to the experiment numbers The Asibi stramn was first
estabhshed and mamtaned 1n tissue culture contaimng minced mouse

embryonic tissue plus 10,/ normal monkey serum in Tyrode s solution

and the series cultivated 1n this medium was designated 17E  This vanant
17E was found to have lost to a great extent 1ts viscerotropic affimity for
monkeys without acquiring increased neurotropism for mice and as a
result was substituted by Lloyd ¥ for the mouse brain virus mn the serum

virus method of human vaccination The reduction of viscerotroptsm tn
the cultured virus was not however constdered sufficient to warrant its
use without the protection of immune serum  the virus was still capable
of producing 1n monkeys a fairly severe systemic infection  Lloyd s method
consisted 1 the moculation of known quantities (between 25000 and
170 000 minimum lethal doses (MLD) for mice) of the virus at its 130th
passage 1n mouse embryonic tissue together with amounts of specific
immune serum rangmg from 0 5ml to 0 6 mt per kg of body weight—
previous experience having shown that such amounts were sufficient to
prevent the airculatton of virus m the penipheral blood This method was
efficient but 1n common with other serum virus methods was cumber

some mpracticable for field application and not adapted to mass vac

cnation

17D Further cultivation of the Asibi virus by Lloyd and hus collabora
tors using successively minced mouse embryo with Tyrodes solution
medium (18 passages) whole chick embryo with Tyrode s solutton (58 gene
rations) and thereafter a medum in which the tissue component was
munced chick embryo from which the brain and spin2l cord had been
removed before muncing then led to the development of the branch known
as 17D—a vanant which showed not only a loss of neurotroptsm for mice
and monkeys alike but also a markedly dimunmished viscerotropism for the
latter ammals Thus i mice although the stram could stll produce
encephalitis 1t could do so only after a somewhat increased ncubation
period in monkeys 1t had altogether lost its abiity when moculated
intracerebrally to produce fatal encephalitts Monkeys wnoculated extra
neurally with this 17D virus had no fever or other signs of illness ther
blood contaned but rinimal amounts of virus they were shown to have
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developed spenfic antibodies and were solidly ymmune to highly virulent
pantropie steams  The loss of both wiscerotropic and neurotropic affinines
as demonstrated 1n monkeys made this vanant n the opiion of Amenican
and English workers the virus of choice for human vacomanon i akso
bemg free from the nisk of extraneous snfections from fatent viruses of
mice which might be pathogemic for man  As regards the manufacture
of 17D vaccme mnasmich as the ire of virus produced n tissue evlture
18 fow vaceine 15 prepared from developing chick embryos moculated with
cultute virus—fresh fertile hens eggs alter seven to nine davs ncubation
beng moculated with 0 05 mi of the 200th to 300th subpassage maternal
The vaccine 15 and has been since 1942 of the aqueous base (serum free)
type the techmque of is prod 15 d d by Hargett Burruss &
Donovan 2
For human immonization 17D saceine has since 1937 been admun
1stered by subcutaneous inoculation and to this end some SO millson doses
have been distnibuted
With a view however to devefoping a vacane which would be not
only safe and efficeent but atso comparable with the Dakac vacemne i is
sutability for mass vaccination and 1 s low cost of production and
ppt i mio the possibiity of employag 17D wieus
vacoine by scratch were commenced 1n 1947 at the Yellow Fever Rescarch
Institute 1n Lagos Nigena Hahn = desenbed the mode of preparation
of the vaccine and the results obtained from ats use  The vactne produced
by gnnding the whole virus mfected chick-embryos with gum arabie solt
tion and desiccating the homogenized mixture to powder form proved
when reconstituted s stenle distified water at the time of use easy of

TABLE ! DIFFERENCES IN PATHOGENICITY BETWEEN FRENCH
NEUROTROPIC VIRUS AND 17D VIRUS

Mice Rhesus monkeys
L sags fime of death
e R ofter intracereb at o ira_eural
intracerebral Ingculation noculat on
Indeuation (days)
410 fatal fever in approximately 50
. i3
ammals | cus p esen
bR enceshaliuy | Bt A euiat g bioad for 9
ays 12 encepnalis (0
20gro Imately 30 of an
rals
!
"0 n fatal occaslonal fever min sl
Hgsue * encrpha) s amount of irusin e rc i
caiture on o deaths

Based on Theler & Smith  Table ¥
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admymstration by the scratch technique  From results obtaned both 1n
the laboratory and in a field tnal at Aumba Fiango Bntish Cameroons
where 3 808 of the inhabitants were vaccinated by this method Hahn
concluded that the 17D stram of yellow fever virus could be applted by
scratch  with the production of 2 level of immunity of the same order
as that resulting from subcutancous inoculation of the virus  Further
evidence tm this sense was adduced by Horgan at the Virus Research
Instutute Entebbe ® ¥ and by Dick 7 in respect of groups of ndividuals
so immunized 1n Uganda

To summarize the foregomg there are in current use for the ymmunt
2ation of man agamst yellow fever the French neurotropic virus and the
17D wvirus  the main differences between these have been shown by Theiler
& Smuth ™ and are reproduced n table I

Methods of Immunization Involving Use of French Neurotropre Virus
and 17E and 17D Viruses

The methods of immunization devised since 1930 may be summarized
thus

A Using French neurotropic virus

(1) By woculation together with smmune serum
(a) Sawyer Kkatchen & Lloyd® 53 (1931 1932)
(5) Aragdo! 2(193%) prelmunary sotramuscular mjection of 3 ml
of human immune serum into deltord followed 6 hours later by
2 ml of tamune serum + 0 001 g of fresh virulent brain of camon
dongo {Braziian house rat)

(2) By moculation without immune serum
(a) Sellards & Largret ® (1932) single tjection of fresh virus
(6) Laagret ® 2 (1934) 3 injections at 20 day intervals of dned
virus attenuated by exposure to 20°C for 4 days 2days and I day
respectively (Laigret s three njection method)
() Nicolle & Latgret 45 (1935) smgle imjection of dried virus
attenuated by exposure to 20°C for 1 day and incorporated in egg
yolk (Lasgret s single dose method}

[€)

By scanficatton of the skin
{a) Peltier et al @ # (1939 1940)
(5) Peluert (1946)
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B Using dernatves of Asibs strain

17K
(1) By moculauon together with immune serum
{g) Lloyd® (1915)
17D
(1) By moculation without ymmune serum
() Theiler & Smith  (1937)
(b)Y Hargett Burruss & Donovan 21 (1943) vaccine of the agueous
base (serum free) type
(2} By scanfication of the skin
{@) Hahn < (1951)

Il POST VACCINATION REACTIONS

Reactions have 1n varymg number type and degree of severity fol
fowed the use of all except perhaps the last mentioned (Hahn ) of the
immunizing methods listed above  According to whether or not they have
involved the central nervous system and because therefore of their relatnve
importance these reactions are dealt with here under two separate cate
gones  Their occurrence 1n each of these categores 1s considered under
the several methods of immunization histed abave and 1n the order there
shown the etiology of reactions involving the central nervous systern 15
discussed 1 part 111 (see page 174) under a separate heading immediately
after the account of their occurrence while that of reactions not imvoling
the central pervous system 13 ncluded within the narrative of ther
occutrence

Category 1
Local and General Reactions not Tnvolnng the Central Nertous System

French neurotropic virus

(1} By moculation together with immune serum

Sawyer Kitchen & Lloyd % reported three types of reactton :me “é’)”
the same day as the vaccimation with shight nise of temperatuce (370 3% "
tenderness tedness and swelling near the sites of mocufation aching lh
1imbs headache and backache lastung one to three days 2 second !\V)ms
onset between the 6th and 12th post vacanation days and with stlI’;m"
as above Jasting two or three days considered to be due to the (oow
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of foreign tissue or fo the immunizing virus atsell kept o check by the
mmune serum  and a third appeartng on the 13tk day after moculation
and showmg ) of serum & of temy swelling
of the yomnts etc  Findlay ¥ desenbed three types of reaction followsng
the moculation of 200 persons with varying amounts of serum and vsrus

one within 48 hours of woculationt with nhise of temperature to 102 F
(38 9°C) or mote froatal headache postorbatal pam photophobia aching
m museles of back and shoulders and lassitude lasting for one or two days

asecond wath strular symptoms and time of onset but after a return to
normal showing an exacerbation of these symptoms plus nauses lasting
for one or two days and a thurd 1n 35 {21 9 /) of 160 vaccnated persons

with onset between the fourth and seventh post vaccnation dags and with
simlar symptoms plas hyperaesthessa of the skin lasting two to three days

Anpdo}  noted onty occasonal nisc of temperature with mataise on the
seventh or exghth post vacasation day  Stefanopouio © reported among
103 persons vacanated with wirus together with horse hypenmmune
serum o reactson apart from the febrile reaction followang any scrum
fhxrapy except sn one case which was described by Darre & Mollarer #
and 15 referred to undr category 2 {see page 159)

{2) By moculation wsshout mmmune Serm

Single mpecnon of fresh virus Laigret ™ recordud the occurrence of
uadice haemorrhages and albumununa w three porsons whe bad been
wnoculated 13 15 days previously with freshvirus ma | 10 000 suspension
{See also wnder category 2 page 159 )

Lagrer 5 three myection method (attenuared virws)  Mathis Largret &
Dunieax® reported that among 3 196 Eurcpeans vacomated i French
West Africa by this method there Wwas no local reaction but that i a
certain proportion of cases there occurred on the sixth day after inocula
500 areaction ek dotate fever headache postorbaat pun
and backache lasting from 12 to 30 houts  Sruh day reactions were also
described by Sorel ® who bawng tus observations on the results of the
immunization of over 9 000 persons ta French West Africa stated that such
reactions typrcally presented as symploms  mederate fever frontat head
ache backache and rmld jownt patns together with some degree of asthema
and anorewsa  These reactions were ordmanly of short duravon (one to
twa daysy but m about one thurd of the cases symptoms wchuding 1
2dditson pawsea and vormnng were more pronounced and lasted from
three to nine days  In Sorels wiew these general reactions classfied
wpectnely a5 mid  and  of moderale seventy  were of 2 systemie
nature evidencine the viscerotropic activity of the neurolropic stramn of
wris wed  Occasionally howeser as easly 2s the sith post vacamation




152 G STUART

day reactions indicating involvement of the central nervous system were
observed (see under category 2 page 158) conversely the general reactions
were frequently delayed in their appearance unul the mnth day or later
Martin Rouesse & Bonnefor® noted onlv a febrile reaction about three davs
after vaccination

Largret s smgle dose method (attenuated wirus) Mathss Durieux &
Mathis 1 reported that among 376 Buropeans observed after vacaination
at Dakar by thus method 150 showed reactions of which 67 were classified
as muld 49 as  moderately severe  and 34 as  prolonged  mild
with onset five to six days after vaccination with headache malmse
lassitude but no fever moderately severe with onset on the sixth to
eighth post vaccination day with headache backache and fever (37 5°
39 5°C) up to 3 days and prolonged with onset 16 to 24 days after vac
cinition and with symptoms and signs of central nervous system involve
ment (see under category 2 page 161) Of 50 Negroes simlarly vaccinated
none showed any reaction Jadin & Arnaldi® found that among
2 257 persons—37 Europeans and 2 220 Africans—so vactinated 1n Zongo
Belgian Congo three different types of reaction occurred muld moderately
severe and prolonged Among the 29 reactions observed among the
Europeans 12 were mild with onset on the fifth to sixth day fer to
38°C and lassitude 14 moderately severe with onset on the fifth to srth day
fever to 39°C 1ntense headache and backach g stay i bed
and 3 prolonged with onset on the 14th day and with symptoms of central
nervous system mnvolvement (see under category 2 page 161) All three
types were also noted among the Africans

(3) By scanfication of the skin

Peltier ¥ summarizing the results of over 20 million vaccinations by
this method in French West Ainea described 1o fypes of reation which
had been observed to occur  an early one 1n 10, 154 of those vaccinated
with onset on the fifth or sixth post vaconation day characterzed by
fever headache and backache lasting for a day or two and 2 delayed
one of rare occurrence 12 to 15 days after vacomation consisting of 2
senous memngo-encephalitic syndrome lasting five or six days The
former type was held to be a systemic response to the invasion of th=
blood by the virus the latter 1o be due to an invasion of the nervous system
by the virus (see under category 2 page 162) Macnamara * classified the
reactions which followed vacemanion by this method of the Afnican popu
lation 1n a himited area of southern Nigena as  mild viscerotroptc
and neurotropic  The first two types had no sharp distinguistung
features between them  the last type was distinct both in symp(umnmlog)"
and 1n mcubation period and 1s considered in detar! under categoty &
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(see page 166) Muld reactrons occurred four to five days after vaccina
ton  the temperature rose sometimes teachung 1020 103°F (392 39 50C)
within the next 24 hours  thereafter 1t fell to normal mn one or two days
in some cases there was headache less often and abd,

were exf p persisted one or
two days after the temperature had returned to normal The few viscero
tropic reactions which were observed commenced several days after vac
anation and showed 1n addition to fever headache backache and
abdominal pain vomuting albumnuna and jaundice by the end of the
tenth post vaccmation day no abnormal signs or symptoms were noted
except for sl ht jrundice Dunieux reviewang the results of twelve years
experience with this method in French West Africa (see page 47) states
that the general reaction when 1t did occur appeared regularly on the
fourth or fifth post vaccination day Ths reaction was charactertzed by
fever headache and stiffness—symptoms which occurred during the
pertod when the vaccme virus was multiplying 10 the blood of the sac
cmated person st was ordinanly of short duration (24 hours) but might
b prolonged for several days and be of greater or lesser mtensity lts
p reentage of incidence varied with the age and state of health of those
vaccinated  being low among the young and healthy and high (up to 50 )
among the old and debirtated A second type of reaction delayed unul
after the tenth post vacunation day and of rare occurrence 15 also
described 1t 15 constdered under category 2 (see page 163}

Dervatives of the Asibt stram  17E

By inoculation  together with vmmune serum

Lloyd 2 reporting on the moculation of this strarn m a dosage varying
between 25 000 and 170 000 MLD for muce together with humar immune
serum in amounts of 0 50 6 mt per kg of bady weight stated that this
quantity of serum was sufficient to prevent the circulation of virus m the
pertpheral blood and that no reactions of any mportance sesulted  Thus
©of 20 persons sa 1mmunized 13 had no reaction while only 3 had fever
Upto 377 C and 4 a nse of temperature of 1 °C or Jess  Soper & Smith %
reviewing in 1938 the results of vaccination m Brazil with 17E  together
with human immupe serum with hypenmmune goat serum and with
hypermmune monkey serum severally observed that reactions occurred
as follows

With 7€ + human immune serum of 44 persons so moculated
4 had headache grippe like sy p with low fever ( 3830
commencing on the fourth to sicth post vacairation day and some soreness
and pain at the site of the serum 1noculation drsappearing after a few hours
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With 17E 4 hyperimmune goat serum 1n a dosage equivalent to twice
the aatibady coatent of standard human mmmune serum  reactions attn
buted 1o the serum ocourred between the thitd and tenth past vacanation
days 1n 176 of 207 persons 1noculated Jocal vrticana was most freguent
but i 6 cases there was fized urticana panted m 3 cases by
serum sickness  Reactions with onset between the 4th and §7th post
vacaiation days mostly between the 30th and 13th and conmdersed to be
due ta the virus stself were discovered n 44 persons  of these 28 had
headache body pmns and shght fuvet for one or two davs 13 had sumlar
symptoms but severe enough 10 necessitate their staving mn bed for one
day or more and 3 had symptoms of short duratton very suegestng of
rodd yellow fever  These reacttons were attnibuted to the early chmmnanon
of the heterologous serum which resulted 1n the disappearance of the
a=tehady content of sucht serum before sufficrent tmmumity had developed
10 prevent the appearance of chmeat symptams due to the virus infection

With 17E + hyperimmune monkey (rhesus) serum  among 79§ persons
50 vactnated there was no serious reaction but there was a high percentage
of farture to which was d to the amounts of
antibody m the serum component resplting m a (omplese mnbibtion of
the actvity of the virus

Denvatives of the Asitn strmn 17D

(1) By moculation wrthout tmmune serum

Therter & Smuth * the first (o use this method reported that of 8 per
sons mmoculated 5 had a febnle reachion (33°C) slsght headache and bnc};
ache but no absence from work was cavsed thereby In 1937 Soper
stated that of 5000 persons vaccmated 1 Branl 5/ 8/ showed on the
sixth or seventh post day shght headache and e
febrile reacions lasting one or two days Srnh Pennz & Paolello *¥ m
there teview of §9 532 vaccmations carned out 10 Brazl m the 12 month
penod ending 31 January 1938 recorded that no Jocal reactions oeeurred
at the site of inoculation except shght redness n @ few Cases and lh;x
no evidence of allergic reaction 1o the chick-embryo protun Was not
General reactions wilk omset between the fifth and eighth post \accnd
non days and affeching from 10,/ 15Y of those yacainated were rid 8
type ordinanly consisting of headache backache low grade feser grg}’;
fike patas and malasse and lasting from a few hours 1o 4 {aw days [“s’i'
69 (0 18,/) of 32000 vaccinated had reactions severe enough 10 cavse 3060
of time from work  ‘Thus m one group of 2 457 persons vac:u;)atc)% i)
(14 6%) had headache of from one to two days ducation --; (:n d—:y
developed headache and body pams 34 (14/) smussed work for
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and 4 (0 16,4) spent one day or more 1 bed In a few instances among
the total vaccinated symptoms which mught have been aseribed to the
wirus appeared as early as the thurd and as late as the tenth post vacemation
day There were no  delayed reactions

Fox et al * however reported the occurrence of reactions of three
degrees of seventy following routine immumization 1n Brazil duning 1941
with a series of vaccine fots denved 1n particalar from a single substram
of 17D virus which on laler exammnation proved 10 have developed a
marked ncrease 1n 1ts neurotropism dunng a very smafl number of sub-
cultures away from the parent strain  Among a total of 69 843 persons
vaccinated—55 073 1n the Guanhdes area and 14 770 1n the Guaxupe
area~539 uffered reactions

128 persons had muld reactions with moderate headache body aches
fever often accompaned by chilis and mld asthema  some [oss of appetne
was common nausea and vomiting, were nfrequent the average total
duration of sllness was two days

157 persons had morc pronounced reacions with fever more mtense
headache and a greater degree and frequency of anorexia pausea vorut
g and asthema  delinum mostly 1n ctuldren sometimes occurred at the
peak of the febnle reaction  symptoms persisted for five or more days
confinement to bed for two or more days was not uncommon The 285
reactions just deseribed had their peak of occurrence si¢ to eight days after
vacenation and represented  the syst muc reactions usually provoked by
the i7D stean It must be mentioned however that cases with the more

d d to occur 1n relatvely large num
bets up to the 17th post vacamation day and

254 persons had serious reactions with symptoms particularly referablc
to the nervous system  these are considered under category 2 (sce page 168)

More recent reference to the reactions which may follow the sub
cutaneous 1nocufation of 17D wirus vaccme as now prepared has been
made by Soper ® and by herr ® 1n this connexion Soper states that inoc
ulation may be followed by shght symptoms of malasse five to seven days
fater while kerr obscrves that the normal reaction to such inoculation

1s perhaps the mildest reaction te any known vacaine

(2} By scarification of the skin

Following the application of this method to 3 808 Afticans 1n the British
Cameroons and to 153 African volunteers dunng two controlied expen
ments m Uganda no reactions of note were reported either by Habn 2 or
by Dick 7 respectively
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Allergic reactions

Thus review of the hiterature dealing with systemuc reactions to 17D vac
cme would 1t 1s felt be incomplete without some reference betng made to
foreign protein reactions to that vaccine and to hepatitis which as will be
seen below at one time complicated the use not only of 17D vaccme but
also of certan other yeflow fever vaccines

Allergic reactions to 17D vaccine have apparently been very infrequent
despite the fuct that the vaccine consists of the tissue yuices of chick em
bryos Such as have occurred have ordinanly been rmld developun. a
few hours after inoculation and consisting of urticaria or of vague malaise
lasting from a few hours to a day or two  More senous reactions of thn
nature have however been reported Thus Sulzberger & Asher ™ reporied
three cases of urticanial and erythema multiform like skin eruptions i
men of the United States Navy who had recerved imections of differeat
lots of the vaccine Swartz ™ published the record of a man who developed
a violent allerpic reaction—angioneurotic oedema marked urticara
gastro mtestinal symptoms and severe dyspnoea—a few minutes aft ¢
receving a single Injection of cholera vaccine and one of yellow fever
vaceine  on subsequent inveshgation this man was found to be extremely
sensitne to egg and chicken muscle protems  Sprague & Barnard ®
described the case of a man who wathin 15 munutes after recetving his
noculation developed severe asthma oedema of the face and generalized
urticania  this man gave a history of eczema and asthms and of lon,
standing sensitivity to white of egg  More recently n connexion with this
subject 1t has been stated by Kouwenaar % that the nisk of allergic reaction

! g yellow fever particularly 1n allergic tndividuals 15
by no means mconsiderable Thus among ! 130 persons moculated with
aqueous base 17D vaccne 4 showed a recrudescence of a pre existing
allergy (asthma hay fever or eczema) early urlicaria waxs seen 1 2 allergic
persons and late Teactions resembling serum sickness were obs rved
9 individuals most of whom had a history of allergy In Kouwenaar §
view this risk will be obwated only when the scanfication technique 18

H
for )

Hepaiitis

The occurrence of acute hepatiis as a complication of yellow f;‘ﬂ'
immunization was first reported by Findlay & MacCallum 1 In 1933; e‘s’:‘
authors 7 reviewed their 4}_ years experience with various methods
such immunization  human immune serum plus neurotropic $1rus 2”:::
immune horse serum plus neurdtropic virus —in both these meihz[s o
virus component was made up n normal human serum—and thudly
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altenuated pantropic strain of virus grown in tissue culture chicken embryo
being substituted for mouse embrvo 1n the culture and the amounts of
mmmune serum being gradually reduced until only the chick grown wirus
suspended 1n normal human serum was employed Of 2 206 persons
immumzed by 6ne or other of these methods 48 (2 2/) had attacks of
acute hepatitis with symptoms resemblng those of common nfectious
hepatic jaundice coming on at itervals of from two to seven months
after smmunization  after 2 months 26 cases after 2 3 months 12 after
34 months 8 over 4 months and just under 7 months 2 Hepatss
occurred 1n those who had received immune serum plus virus and also
those who had recewved virus alone  In a later review of their five years
experience (1932 37) with these methods the same authors ! stated that
among 3 100 persons immunized 89 (2 9/) developed jaundice the aver

age period between moculation and onset of symptoms having been two
to three months (mnimum 36 days maximum Just under seven months)

Of the total vacctnated 1 000 received only attenuated virus made up with
normal human serum to ensure its preservation the amount of such serum
injected never exceeded 0 275 mi Between | August and 31 October 1937

all sera used were heated at 56°C for 30 minutes but among the 627 1m

mumzed during that pertod 13 cases (207/) of jaundice occurred In
1938 also Soper & Smith ® reported that of 795 persons immumized n
Brazit during 1936 37 with 17E plus hypenmmune monkey (thesus) serum

20/ 30/ developed hepatitis from two to esght months after vaccmation

In connexton with the use of immune serum in sero virus methods of
vacemation Findlay & MacCallum ¥ had already drawn attention to the
fact that cases of yaundice had followed the myection of human mmune
serum prepared m London and 1n Brazil (10 cases) of hyperimmune horse
secum prepared tn Pans (13 casesj and of hyperimmune monkey serum
prepared in London (2 cases) the smallest amout of immune serom which
had been followed by jaundice having been 10ml  Two extensive out

breaks of hepatius following the use of 17D vaccine have been reported

One occurred 1n Brazil where accordmg to Fox et al * among 19 000 per

sons vaceinated with two fots of this vaceine prepared at Rio de Janerro

886 developed hepatiis three to four months later and of these 22 died
from hiver atrophy The other by far the more senous occurred earfy m
1532 among Unuted States Atmy troops who had been vacemated with
vanous lots of 17D vacane prepared 1n New York 1n this outbreak

according to Sawyer et al ¥ * there occurred some 28 000 cases with
62 deaths from acute or subacute yellow fever atrophy

As regurds the etiology of hepatis following yellow fever immumza
tion alf available evidence 1n the opituon of Findlay & Martin ¥ indicates
that n methods the genic agent—in thermo-
stable filtrable virus—was mtroduced esther 1n the pooled human immune
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sesum compornent or in the normal human serum snvanably used fas
stated by Findlay & MacCallum ¥7) to make up the virus component of
the prophylactic while sn 17D vaccmmation the cterogeme agent was
introduced via the human blood serum wsed as 2 medmum wa the prepaca
tion of the vaceme up to 1942 In this latter connexson it 1s noteworthy
that since 1942 when w: the preparation of 17D vacce the wse of human
serunt as a menstruum for the chick-embryo virus was discontimued and
stersle distilled water was employed m 1ts stead there has been no case
of hepantis among the millions of persons smmunized with 17D vacane
of the aqueous base (sexum free) type

Category 2 Reactions Involving the Central Nervous System

The senous or delayed reactions now to be considered oceur typrealiy
m from 12 to 15 days after tmmunization and present many charac
teristics of 2 menmmgo encephaliic syndrome  They may or may not be
preceded by moderately severe general reactions which appeanng on the
fifth or suh post vacoination day and Jasting two to four days have for
symptoms some degree of fever (38° 38 5°C} headache mamly frontal
of varymng wteosity bachache pam ia the hmbs nausea anoreva and
gesnteral weakness  According to Sorel % i hss study of reactrons following
the use of Lasgret s attenuated neurotropic virus vacane (three mjection
method) there ordinanly occurs on the sixth post vacaisation day a first

1 vidence of the pic activaty of the virus strain employed
—which clears up more or less rapidly Then on the 15th day when all
appears to have returned to normal there 15 a recurrence of fever the
temperature nising to 39°C accompanied by a particularly wtense fronta!
headache kermig s sigm 1s present and there 15 markedly paraful shiffoess
of the neck and vertebral column  Lumbar puncture confirms these 5118
of a meningitic teaction the cerebrospinal flusd shows an ancrease st
pressure and 1n albumen content and contawns a hundred or several hundred
cells per mm®  These acute symptoms last five to six days then d:snppmh
feaving belund only a feeling of weakness more of less marhed whic!
may 1f pronounced persist for a cansiderable time  In short the symp-
toms at once most canstant and nearly always predomunating are those
of o mennguc reaction mare or less senous  But m addmon there 1:;!
signs that the central nervous system has been attacked although frequently
the memngiie tend to mask the p symp In this "
Sorel recognizes besides the Ji
four types of reaction 1t which such signs of encephal
predomunate

fornres
i as the followng



POST VACCINATION REACTIONS 159

(a) transient motor paraly \ serzures luntary move
ments (formes motrices)

{6) hyperaesthesia (generalized or focalized 1n certawnt regions} hypo
aesthesia (along the area of distribution of certain nerves) sensation of
cold 1 the extremities neutalgas (particularly facial and sciatic) (formes
senstines)

(¢) mental confusion disonentation amnesta 1nsomna ( formes psy chs
ques et mentales) and

(d) lethargic mamfestations rresishible desire 1o sleep (formes letha
giquesy—a very tare type of which ounly two cases are recorded

A review of the relevant hterature published dunng the twenty years
period 1931 50 shows the reactions of the meningo encephalinic type to
have been comparatively rare Their occurrence duting that period and
thereafter until 1954 15 d 1n the g P phs under
the several methods of ymmumzation hsted earlier m the text and 1n
that order

French neurotropie virus

(1) By moculation ftogether with ymmune serum

Sawyer 3! reported the occurrence among 88 persons treated with
mouse adapted virus (at its 105th passage m mice) plus human immune
serum of one case of probable encephalitis 1n a male aged 45 years
22 days after vaccination and one week after humoral smmumty had been
estabhished  The patient d but ! was
Darré & Mollaret 3 reported the occurrence m a female aged 25 years
immumzed with horse immune serum plus virus at us 148th passage
mouse brain of )2 11 days after 1 acute
epilepsy lepsy mental | hyp The
Patient recovered after three or four weeks This case was elassified by
Sorel ® as forme psy chugue et mentale  No untoward reaction was shown
by 102 other persons simifarly smmumzed &

(2) By moculation wthout immune serum

Single wyection of fresh vieus Lawgret™ reported that of 7 persons
inoculated each with 1 10 000 suspension of fresh virus atats 134th mouse
bram passage 3 developed untoward reactions 13 15 and 15 days
tespeciively after moculation and of these 2 had marked nervous symp-
tons qaundice haemorrhages and afbuminuna

Lagret s three syection method (attenuated virus)  Of 900 persons
tmmunized by this method in Senegal two at Dakar expenenced nervous
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reactions  Accordmg 10 Lasgret® one of these reactions oceurred 5
male aged 32 yeats on the 17th day after hus first mjection and duning the
ten days of diness from which he recovered the patsent presented the
classical signs of a menngitic syndrome {Sorel s forme memngee) the
second reaction was in a male aged 40 years who on the 16th day afier
tus second developed nat only a d but also
presented signs charactenstic of Sotel s forme motrice. From observations
made 1n French West Africa Nicolle & Latgret ¢ stated that of 10 000 per
sons mmmunized by theee mjections of dried virus two developed memn
phs and one myeltis  while it the experience of Mathis Lagret &
Dunicux ¥ of 3 196 Europeans so immunized one suffered later from 2
meningitic syndrome and one from a myeltis with transitory paraplegia
Largret * then stated that among 12 000 persons immunszed by this method
there had been observed four cases with symptoms of menmgis two 15
Dakar one in Niger and one m Paris  In recosding the results of immu
mzation by the three imjection method practised at the Pasteur Hospital
Pars Martin Rouesse & Bonnefo1® noted that of 38 persons who had
recerved moculations 24 were followed up and that among these 24
two showed serious reactions One occurred in a §-year ofd chiid who
on the 14th day after recetving tus first and only injection (0 2 m! mnstead
of the ordwnary 0 5 ml) developed a d which lasted
one week untdl Ius recovery the second reaction was 1 a male aced
S8 years who from the [dth day followsng his first wmjection shaved

p o phalites of the type ek by Sore} as forme psyehigue
et mentale convalescence was protracted

A case reported by Lhermitte & Frsbourg Blanc % and by Barraut
Montel & Bosdes > 15 of special mterest m that the indiidual immunized
died from disseminated encephalomyelstis 14 months after having recened
hss first and only wjection  Ths case was in a male aged 52 years whose
toculation had shortly been followed by fever headache and gidduness
A few days later nervous symptoms appeared 1n the lower extremsiies—
fatigue with loss of power cramps a feehng of cold zad formcabion
These symptoms cleared up afier three weeks but three months fater
following an attack of dysentery the former condstion sn the legs reap-
peared walking became difficult these was a loss of sensaiion begiamng
1 the legs and extending to thighs and forearms  difficulty 1 pilSS“"B!
utme and facces was experienced  From then untih hus death the pallC;
showed prog & ding 1o Sorels we
condimon was one of the formes matrices pathological examnabos con
firmed the dragnosts of encephalomyelitis

I Is study of thus Largret method particularly m ats apphcnh\;ﬂu::
French West Aftica where between June 1934 and December 193 ;
number of myjecttons given had totalled 23 890 representing the prophy
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facuc treatment of 9 532 persons of whom 5 699 had recewved the fuil
course of three wmjections Sorel ® noted inter ahia that of the 721 post
vacoination reactions for which the date of appearance was available
31 {430/ occurred between the first and fourth day after inoculation
637 (88 35,/) between the fifth and seventh 20 (2 77/) between the 8th
and 11th 24 (3 33/) between the 12th and 15th and 9 (1 25/) between
the 16th and 2Ist  As regards those untoward reactions delayed m their
appearance untdl the 12th post vaccination day or fater Sorel fromaccounts

P or to him p ly—gt all necessary
chnical data classified the memingo encephalitic types of reaction in the
manner previously indicated and 1n the 27 cases aited 1 fus paper pro-
vided typical examples of reactions falling within the following categornes
Jormes méningees 6 cases formes motrices T formes sensunes 7 and
Jormes psichiques et mentales 7 Of the 27 cases at least 18 accurred
among persons vaccinated in French West Afnica  Sorel therefore felt
himself unable to agree with the statement made by Laigret ** that among
12000 vacanations against yellow fever there had been observid only
four nervous reactions An explanation of this disparity was offercd by
Sorel—namely that many such reactions were probably never recorded
because observations on moculated persons were terminated by most
workers on the seventh or eighth day after vaccination

Lagret 5 smgle dose method (attenuated wrusj Vaccine of this type
was admmstered by Mathis Duneux & Mathis & to 450 persons 1n French
West Africa—400 Europeans and S0 Afncans Among the htter there
were no reactions  of the 376 Europeans observed 226 showed no reaction
but reactions occurred in 150 cases classified by the authors as nuld (67)
moderate (49) and prolon_ed (34) These prolonged reactions appeared
1 from 16 to 24 davs after without a p \
febnle period and were charactenized by elevation of tempertature (39 5°
40°C) 1ntense headache pains in the joints and muscles photophobia
hyperaesthesia stchung stiffne s of neck and sometimes jaundice  The
symptomatology was regarded as wndicating involvement of the central
nervous system but not to an alarming degree allcases recovered  Details
of another case showing involvement of the central nervous system were
provided by Mathis Duncux & Mathis ¢ 1n this case symptoms first
appeared on the fourth post vaccination day (temperature 38 7°C head
ache pams in limbs and back) lasted three days disappeared for a week
then reappeared on the 14th day and petsisted unbil the 26th day  Stiffness
of the neck insommia hyperaesthesia maim en prffe photophobia for
six days and insupportable headache were the most pronounced features
Jadin & Arnaldi® described reactions following the application of this
method to 37 Europeans and to 2 220 Afncans 1a the Belpaa Coneoe  Tn
each of these eroups there occurred three very serious delayed reactions

n
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said by the authors to have been of the memingo encephalitic type and
comparable with those described by Sorel ® and by Martm Rouesse &
Bonnefor ® In 1937 Dezest ® gave a clinteal account of the reaction he
personally expertenced after recetving his immumazing dose  On the eighth
Ppost vaceination day appeared symptoms—headache backache stiffness
of neck and vertebral column—which lasted 48 hours Thereafter for
16 days he suffered fugitive lumbar pains and then commencing on the
32nd day after moculation and persisting for a month prior to convales
cence there developed a condition 1 which fever (39 50 41 5°C) mtense
headache anorexta signs of menmngitis fyperaesthesia  prostration
delinum loss of consciousness bladder and rectal troubles and loss of
cancentration were present at one tune ar other

In 1937 Lasgret 3 reported that among 24 000 persons 1mmunized m
French West Africa only eight expertenced really serious nervous reactions
These reactions were mostly of the meningitic type but three developed
myelitis one with transitory paraplegia  Unfortunately Laigret in this
paper did not indicate what propottion of the 24 000 was smmunszed by
the three ijection method and what by the single dose method uor what
proportion of the eight reactions followed the apphcation of each Clan
fication on this point was however provided in 1953 by Laigret i a paper
presented at the African serminar on yeltow fever held at Kampala Uganda
In this paper he stated that of a total of 25 000 persons vaceinated there
were 12 cases of meningo encephabitis (0 50 per 1000) and that of these
12 cases 5 occurred among the 9 000 persons vaccmated by the three
injection method (0 55 per 1000) and 7 among the 16 000 vaccinated by
the single dose method (0 44 per 1000) As regards the age ncidence of
these cases 3 oceurred among 2! 000 mdviduals over 15 years old at the
time of thewr vaccimation (0 4 per 1000) and 9 among 4 000 cluldren
under the age of 15 years (2 25 per 1 000) imcidence was therefore 16 times
hugher tn the children than m the adults

(3) By scarification of the skin

Peltier # reviewing the expenience wath this method 1 French West
Afnca where by 1948 over 20 milhon vacainations had been performed
stated that two types of reaction had been observed an early one 1(55&;
category 1 page 152) on the fifth or sixth post vacanation day 1n 102d /s
of persons vaccinated and a delayed one of rare occurrence 1210 15 day
affer vacanation consisting of a serious menmingo encephalitic syndrame—~
indicating 1nvasion of the nervous system by the vacame virus—and cl:::
ing up usually 1n from five to six days Recovery from these stnO,u‘S ;mes
tions appeared to have been complete and without sequelae o a} a" “
were reported In with the Just
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of interest to note that in approximately 17 million of the total 20 mullion
a muxture of yellow fever and smallpox vacanes was employed

A case of meningo encephalitis following application of Dakar vaccine
by seratch has also been recorded by haplan & Gluck ¥ The patient a

41, year old chiid developed typical p 11 days after

vacemation with high fever head crisis
and a state bordering on coma  after two or three days there was sudden
mprovement leading to complete recovery

Agam 1n 1947 Lartigaut & Moulies * published an account of further
cases assoclated with the use of Dakar vaccine  Of four children belonging
1o the same family who had been vaccinated on 5 December 1946 three
expertenced reactions The first an 8 months old baby gifl developed a
feveush condiion on the 12th post vacenation day The second a
2 year old boy exhibited also on the 12th post vaccination day signs and
symptoms of a very severe attack of meningiis with mvolvement of the
ocular nerves  The third an older bov suffered from headache on the
fifth and sixth post days and thereaft d normal untit
the 17th post vacemation day when there appeared signs of memingitis
accompanied by the vomiting of blackish matersal and by convulsions of
a fleeting nature  Recovery was complete 1n all three cases

Duneux (see page 46) refers to the reactions which have been observed
10 follow the use of Dakar vaccne m French West Africa and 1 French
Equatonal Afnca  In the former terntory where during the past 12 years
some 45 million vaceinations or revaccinations have been carred out
reactions have been of two types one a general reaction appeanng regularly
on the fourth or fifth day after vaceimation (sce under category 1 page 153)
the other a delaved reaction with onset on or after the tenth post vaccina
\mn day Of rare occurrence such delayed reactions took the form of 2

mostly of ntensity ch d by fever
hcndache Stffness of the neck kermgs sign present convulsions 1n
chuldren n the spinal fluid  with the

albumen content and the number of cellular elements in that flid higher
than normal  Aceidents of this type occurred singly and never constituted
foct mall they numbered but a fow score  they usually ended in recovery
without sequalac fatal cases were exceptional Noteworthy however
with respect (o0 this terntory 1s the fact that early 1n 1950 about twenty
¢ases of meningo encephalitts occurred among children 1n the Dakar area

and among these there were two deaths  These cases were seattered through
several districts 1n the town were spread over a peniod of several months
and appeared a short time after group vaccmahon agunst yellow fever
had been petformed  Half the cases howerer had not been vaccinated

and all attempts to 1sokate the vaccine virus by meculation of laboratory
ammals with nervous tissue taken from fatal cases proved unsuccessful
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It was concluded therefore that the yellow fever vaccination had activated
some encephalomyelstogentc virus fatent sn the affected children In French
West Aftica 1 general 1t had been somettmes possible to ascnbe the
occurrence of such d to the of

affections such as malana trypanosomuass or relapsing fever 1 other
cases the etiology could not be ascertaned but although the research
undertaken to detect the virus had had 2 negatise result 3t appeared reason
able to accept the mmmumazing virus as the causatne factor (see under
part Y1 page 182)

From the foregong 1t emerges that the nervovs reactions observed 1n
French West Africa have tvariably appeared as solated cases and have
never constituted foar In French Equatorial Afnica however duning
September 1944 there occurred tn the Brazzaville area where 102 000 vac
cmations had been carried out with combined yellow fever and smalipox
vaceines 102 cases of ph with 18 deaths—the over alt
case vate having been therefore 1 per 1000 and the mortality rate ¢ 1§
per 1000 These reactons with onses from 10 to 20 days after vaccma
tion occurred over a peniod of three weeks and appeared 1n the form of
foct confined to a particular area  OF those affected 62 (60%/) were under
6 years of age  Appropriate investigations failed to yrld any results on
which conclusions as to the precise etiology of these nersous compliations
could be based  Inoculation of test aumals did not reveal the presence of
the yeflow feser vacone virus and masmuch as a large number of the
vaccine batches nsed 1n Brazzavifle had been utihized for vaccmation m
other terntonies without untoward effects 3t was agreed that certain vac
awnated individuals had been harbouring Jatent viruses the pathogemcity
of which had been remforced by the yellow fever vactnation (but see
under part 3II page 182)

In 1951 and i early 1952 two serious outbreaks of encephalits were
also reported to have followed the use of Dakar vaccine mn Costa Rica
and 1 Nigeria resp ctively

in Costa Ruca this vacune was employed in 1951 to assist i copiag
with the wave of jungle yellow fever which 1 June of that year had
crossed from Panama and was proceeding 1n a north westerly direction
Contrary to ¢xpectation and previous expenence a large number of reac
troms of all grades of seventy resulted from the wse of wwo of the vacanie
lots employed and among these reactions there were 12 cases of ence
phalttis m children with three fatalities  From an unpublished prelimensty
repart by Eklund 1 1952 1t transpires that all 12 cases developed wtha
amune dav period and 1n from & to 22 days after vaccination Symplo!‘fﬂ“:'
Jogv was compatible with an acute encephalitis severs headache high =’<‘; "
vomiting convulsions drowsiness stupor or loss of 00"5“0“5"‘5; Pt
spmal flwd examined 1 five of the cases showed an merease 1n the
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count  As ndicated 1n table II the ages of the cases were unsformly dis
tributed between the two extremes of 13 years and of mine months and
among them there was an unusual preponderance of females

TRBLE It CASES OF POST VACCINATION ENCEPHALITIS
1N COSTA RICA 31 AUGUSYT —# SEPTEMBER 1351

Case o oo, So ?,'rﬁpfgn'.}‘:l-jcf' el Res It
1 L] m1 -9 teco o d
2 3 tem le 13 d d
3 10 fem lo " ded
‘ s [ 2 eco s od
5 912 fem lo 12 eco e ed
L) 13 fem le 812 tove d
7 2 femate 12 15 dled
L] 8 fem le 10-13 tove d
9 7 m 10 13 econ d
10 10 m 17215 reco ¢ ed
1t RLL TS fam to 1215 reco ered
12 3 fem lo 15 re o eed

1t 1s noteworthy that ! of the above cases followed the use of one par
ucular lot of vaceine  of that number six were inhabstants of an area (La
Fortuna) which had not been reached by the yellow fever wave The
twelfth case on the list was immunized (at Los Chiles near the Nicaraguan
border) with a different lot of Dakar vaccine 10 this instance the chid
showed on recovery from the encephaliis a completely changed per
sonality

In addition to the 12 cases n Costa Rica there occurred a case of
probable encephalitis 1n Honduras where 1 200 persons had been immu
nized with yet another different lot of Dakar vacame In thus nstance a
3 year old boy had slight fever on the seventh and erchth days after vac
omation  on the ninth day the temperature rose to 40°C  there were two
convulsions and the patient became stuporous for the next five days he
remained stuporous with a temperature of about 395 C  In a further
report Eklund I' mentioned that within the same nine day period a thir
teenth case had occurred in Costa Rica and that there had been 2 second
—this tume a well defined case—m Honduras

In Nigenia according to the Annual General Report for 1951 52 of the
West African Virus Research Instutute Lagos ™ there occurred towards
the end of 1951 an outbreak of yeliow fever 1n the Udi Diviston Omitsha



166 G STUART

Province—part of the Eastern Province 1n which the town of Enugy 15
situated The affected area some 20 miles (30 km) square 1s centred
about 20 miles west of Enugu town  Protection of the threatened popula
tion was effected with Dakar vaccine  Among the first 20 000 persons so

d two cases of phalits were stated to have occurred 1 boys
aged Sand 7 years 12 and 14 days respectively after vacaination  Among
a further 80 000 vacemations then performed no case of encephalitis was
reported  Thereafter between 14 Januarv and 7 February 1952 mass
vaccinaton was carried out in Enugu where of 42 400 persons tmmunized
19 358 were under the age of 10 years  Between 28 January and 21 February
that 15 within a 24 day period 83 cases of encephalitis were admtted to
Enugu General Hospital and of that number 32 died~—73 cases with
29 deaths among children under 10 years of age 10 cases wath 3 deaths
1n persons over that age

The age incidence of cases and deaths 1s shown in the followng
tabulation

Cases Deaths Case fatal ty
{years) ©)
o1 33 13 39
24 25 12 43
59 15 4 66
10 and over 10 3 30
Total 83 32 385

The over all case rate an vaconated children under 10 years was 377
per 1000 and the death rate 1n this group was 1498 per 1000 1n those
over 10 years of age these rates were respectively 0434 and 013

The time 1nterval between and onset of symp 1n respect
of 54 out of the 83 cases of encephalihs may be summanzed a5 follows

Interval 1n days 7 8 9 10 11 12 33 14 15 16 17
Numberofcases 1 1 3 4 9 13 T 6
Medan 117 days

The symptomatology 1s described thus  Onset sudden w:(hf fever
headache and convulsions  Conyulsions continued and signs of ence

ly Patrents became irmtable stuporous delinous
phalitis developed rapidly Pattents b o e

and 1ncoherent  Spasms of muscles and choreiform moveme! Tugh and

head was not a consy feature  Temp Wy wﬁhaul
d

usually R rate was 5 typieat

P
however abnormal signs n the chest  In some cases the tongue wa



POST VACCINATION REACTIONS 167

of that described in yellow fever  About one week from onset the fem
peratwee fell  copvulsions ceased and the patient gradually recovered
When death oceurred 3t was usually within she st week sometimes
within the fitst two or three days

Inn regard te these cases of encephalitts most occurred 1n ageas which
had not been touched or had been affected but bite by the outbreak of
yetfow fever prevartimg at the tme and cases followed the use of three
different lats of Dakar vaceme although one lot way pariicalarly assoctated
with thew appearance

I connevion with she nervous reactions which followed the systematse
application of Dakar vaccsne 1t the Brazzaviih area of French Equatoniat
Afnca m Costa Rica and 1 the Enugu Town area of Migenra 1t s of
interest to observe that in each of these ternitonies they commaonly appeared
i the form of foc: confined to a particular area  Moreover alf 102 ence
phalitis cases 1n the Brazzavitle area developed within 8 21 day pertod and
i from 18 to 20 days after vaccination alt 13 cases in Costa Rica developed
withina @ day penod and in from 8 to 22 days after vacetsatson  alf 83 cases
m Enugu Town devefoped within a 24 day period and wath respect to the
54 cases for which the precise date of onset could be geven n from 7 to
23 days after vacctnation I all three ternitonies the number and sevenity
of these reactions led 10 a of the empl, of Dakar
vaccine as a measure of prophylaxs 1n French Equatonial Africa however
routine smmunzatson with that vaceine was resuted tn 1945 since when
20 untoward resctions have been observed o follow sts use

Denvatiwes of the Asiht stram  17E
By woculanon together with wmmune serum

No reactions tnvolving the centsal nenvous system fave been reported
to follow the apphcation of this methad

Derivatwves of the Asite stram 17D

{1} By woculation without immune serum

Thearetically the use of a strain which on laboratory demonstration
has been rendered Hy avirlent P as well as viseero-
tropieally winle sl retmmng s large measure s antgeme potency
should precfude the occurrence of casts of severe Feastions rmvolving the
nervous system  The alidity of 1his assumption appeared to have been
confitmed by the tesults of the first Jarge scafe ficld trial undertaken 1
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Brazd with this virus as vacane duning 1937 when 59 532 carefully ob-
served vactnations were carned out and reported on by Smith Penma &
Paoliello ® As these results failed to show any contra indication 10 s use
mass vaccination with 17D was therealter performed particularly 1 Bran!
where by 1938 according to Soper & Srith % over haif a million persons
had been so ymmunized and where by 1940 over two milhon hag been
protected by this means  Between 1937 and 1940 no nervous reaction
following ymmumzation with 17D vacone had been recorded 1 the ltera
ture other than one referred to by Soper & Smuth S as having occurred
one month after vaccmation, with definete menmngeal signs the relateon
of which to vaccination was however considered o be very doubtful

In 1941 however there appeared 1n vanous localities 1 Brazd cases
of urdoubted phalibs after with certan fots of vacone
prepared from several substramns of the ongnal 17D virus - The results of
an ivestigation made 1nto this unexpected oucurrence were reported by
Fox et al#? These authors classified as encephalits those cases which
P the following signs ot symp onset market by violeat head
ache often not Jocalized and not refieved by any medication of by spinal
puncture temperature nsing rapidly 10 40°C or over persistmg without
and subnding gradually anorewsa usvally complete and
accompanied by nausea and vomuting Of the mantestations more par
ticularly referable to the central nervous system the most common sug
gested memingeal wntation  nuchal pam and npdity  positne hernigs
sign  Other mansfestations included marked drowsmess or somnolence
often leading i children to deep forpor transient convulsive serzurts
mdrvidual muscle spasms and tremors—particularly 1n cluldeen  other
disturbances m motor function  transient focafized weakness ot spasticity
of an 1 d laryngeal poratvsis  delrrum
calm or excited alternating with pertods of somnolence insomuia

In the area most extensively studied where 1n the immumzation of
55073 persons there had been emploved seven lots af vaccme denving
from one or other of two sister seed lots  and contawnng therefose
pracucally 1dentical varus components 199 cases (0 36/) af encephalitis
occurred after an average mcubation peniod of (27 days The averige
total duration of nlness was 12 days mine of which were spent bed
n a greatly weakened condition the patients began thesr n:onvaksccnccs
which was usually protracted In only two cases however did scno:n
disabibities persist two children 3 and 7 years of age when fast see'n
1he 49th and 7§t davs of siiness still extubited umfateral brachual para ys:c
an uncoordinated gait and evidence of mental retardaion There via?’g“
fatality—in a chuld of 2 years who died on the fourth day of iiness fo
g a peniod of alternating coma and convulstve seizures
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of the probable rel. of the encephalitss to the entire
senes of vaceme lots used 1n lhe area suncyed—far all seven lots secmed
to have been equaily din the p of the 199
apparent the n:cd for choosing a new 17D substrain one which would bc
free from P properties of this could
of course be demonstrated only by the results obtained from an adequately
confrolled field tnal Four new substramns were therefore selected and
corresponding, lots of vaccine prepared for use 1 an area different from
the first For purposes of control one vaccine lot which had previously
been used in the first area and another lot prepared from uninfected chick
embryos were included int the trial These six lots of vaccine were then
cmployed simultaneously over a three week period to noculate some
19000 persons

Among the 14 770 persons examuned for post vaccination reactions
there were 55 (0 38,4) cases of encephalitis and of these 49 (134,)
occurred among the 3 644 persons inoculated with the vaccine lot which
had been already used 1n the first area  of these 49 cases 36 were
children between one and 14 years of age

As regards the time of appearance after vacemation cases of ence
phalitis did not occur at all before the sixth day did not reach their peak
of nctdence unul the 9th to the 11th day and contmued to occur with
sigificant frequency up to the 20th day the average incubation period
was 123 days In detall the imes of appearance of these 55 cases are
6-8 days after vaccination 6 cases 9 11 days 23 cases 1214 days
ldcases 1517 days 6cases 18 20days 5cases and 21 23 days 1 case

As regards age 1t will be seen from the following figures that cases of
encephaliis were more frequent m the younger age groups 1-4 years
Jcases 59 years 20 cases 10 14 years 17 cases 15 19 years 6 cases
2079 years 5 cases 30-39 years 1case and 40 years and over 3 cases

In with the f thorough by Fox and
his collaborators 1 idicated that the vaceine virus itself was responsible
for the outbreak and not any extrinsic agent The sudden alteration in
character of the 17D virus scemed to have occurred during a very small
number of subcultures away from the parent stramm  The technique of
vaceine production was therefore altered 1n 1942 so that all the vaceines
10 be used for immumzation were mitiated from primary and secondary
seed lots of known character only

The standardization of 17D vacene preparation consequent on the
adoption of this  seed lot system  seemed to have achieved the desired
fesult for during the next 10 years no case of encephalus following the
use of 17D vaccine alone as a prophylactic was recorded in the literature
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In a personal commumcation dated 22 June 1953 however Dr P
Lepime reporting on the results of 17D vaccination at the Institut Pasteur
Pans stated that during 1952 53 there had occurred among 1 800 chidren
less than one year of age at the time of thewr vaccination five cases of
memingo encepbalitis (0 278%)  Of these five cases four occurred amons
1000 1nfants under 6 months of age (0 40) while one occurred amon.,
800 infants between 7 months and 12 months old (0 125/) Al five cases
recovered  No case of meningo encephalitis was observed among 40 000
adults immumized during the same period with the same vaceme used to
vaceinate the 1 800 mfants

The main particulars of the five cases are summanzed in table 111

TABLE Il SUMMARY OF OBSERVATIONS
ON 5§ MENINGO ENCEPHALITIC REACTIONS FOLLOWING VACCINATION
WITH 17D VACCINE AT THE INSTITUT PASTEUR PARIS IN 135258

Incu
it 0! ser
Coseno | (a5 Sex | PHSL [ Chinicat poture | Duration | Bemudolsne
{days}
1 7 | femate 19 | convutsi e seiz +4+
ures the hem( = 250 tB4
pl gia CSF 12
celfs per mm
2 1/ | male i repeated convul [ 48 hours | not test d
slve selz res (6
per dayl  feft
sided
3 1| male 12 | repeated con uf | 48 hou s | negatve
stea suizures = less than
2510
0 6 | male 12 | certain sgns of |5 days [ not tested
encephal ts
tmpeatue 33
9 omt
CSF_ 120 cells
per
1st test (16th day
I e B - Ml Ey
{atube e O
umbar puncty
nt 20d test (27th day
3 e atons
fo%ia ‘elle) CSF = 203 LD
150 cells pe mm
set 7 to normal
on 16th day

In these cases the period between vaccination and the onset of symp-

toms vaned from 10 to 19 days the duration of iliness from 48 hourss ;a
5 days One a 7 months old African child with onset of symptom o
the 19th post vaccination day had by then developed a satisfactory

mumnity respanse to the vaccination
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Agan the oceurrence of 2 stuh case at the end of 1953 was reported
from France by Lartigaut & Couteay ¥ This case followed the vaccination
of 24 months old baby boy on 10 Dicember  The baby remained w perfect
heatih untl the aighth post vaceination day when he showed 2 disinchina
ton far food developed 2 high temperature (39 4 39 8 €} had an attack
of vorting and continved drowsy throvghout the day  On the nmth
post vacamation day s temperature was sult gh and 1w the mormng of
that day he kad a shivening fit after ks breast feed m b~ earfy afternoon
he had 3 generalized convulsion lastng three to four minntes  thereafter
he rernained rigd for nearly one hour  at the end of that Lme he was very
pale and exhausted and s respirations were wregular  later 17 the after
noon be was admitted to hospital  Two hours after admisston s tem
pesature was 38 7°C  he was of good colour and desirous of food s
respirations aad reactions were nosmal  there was no suffness of the ned!
Kernig s sign was absent  physical revealed no !
sn ¢hest abdomen or fomtanefle on lumbar puncture the cercbrospimal
flwd was found to contam 0 80/ atbumen and 238 cells per mm? (lym
phoeytes 63/ polymorp oelfs 23 yies 8,) On ahe
tenth post vacamation day the temperature feil to normal and from that
time the child s recovery was uneventful

Three further cases followang 1713 vaccination w&re reported tn 1933 54
~thss time sp England  The fisst case followed the vacainatzon on 10 No-
vember 1953 of a baby gir} aged § wecks  Ont the tith post \accmation
day the child who for two days previously had been disinclined for food
extubated murked twitching on the nght side of the body and a rolng
upwards of the eyes The twitehings occurnng throughout that day at
S to 10 minute ntervals gradually became more viofent and of longer
duration and occasioned the child s admission 1o hospitat on the §3th post
vacemation day  On admission the child had a temperature of 0L & F
(388°C) a pulse rate of 152 and a respiration rate of 66 Several fits at
about 10 mimute intervals were observed—fits which ordwmanly storted on
the nght side nvolving the face mouth and eysbrows and the nght am
and ke bt fly were more generatized nvolving both arms and
both legs  Physical examinatian tevealed nothng abnormal an heart
tungs abdomen throat eyet or cars knee jerks present and equal no
papill s funds fulf mhmbs  Blood ¢ showed
4 whte celf count of 31 000 per mm? (polymotphonuclear cclls 52 7 Iym
phocytes 29)  The cerebrospinat flmd was clear colourless and wot
under pressuge  contamed proters 90 mg o suzar 60 mg  and chlondes
60 mg / showed a famt werease i globshn a white-cell count of
117 per mm® (potymorphonuclear cells 40/ lymphocytes 60/} no aad
fast bacill no bacteua m gram film and no growth on <cutture X ray
examunation of the shult showed no evidence of any bone mpury  The
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progress of this case to complete recovery was as follows the temperature
fell to normal two days after the child s admussion to hospital  the twitch
ing after being controlled by far parafdehyde and 1
sodium amytal soon decreased and was only present when the child was
moved by the end of her stay 1 hospital (19 days after admission) the
child was not twitching at all although on occasion athetord movements
were observed One month after discharge from hospital the chuld was
found to be perfectly well without any sequelae  Thus case which occutred
at Bath was reported by Smith 6@

The second case occurred early in 1954—this time followng the vac
cmnation of 2 13 weeks old baby boy On the minth and tenth post vacema
tion days the child was irntable and disinclined for food  he was fevensh
for 18 hours and drowsy for si¢ hours before admission to hospital on the
11th post vaccnation day  On admussion he was found 10 have a tem
perature of 102 6°F (39 2°C) a bulging fontanelle rigidity of the neck and
aposiive hermg s sign there were no other abnormat physical signs Blood
examnation showed a white cell count of 18 800 per mm? (lymphocytes
60,/ polymorg cells 34,4 ‘yles 6,45) there was no growth
on blood culture  The cerebrospinal fluid showed a pressure of 205 mm Hg
contamned proten 120 mg % and sugar 60 mg¥ had a cell count of
460 per mm?® (lymphocytes 504 polymorph Jear cells 50/) and
revealed no orgamsms an film and no growth on culture  Treatment was
10 000 umts of penicill hecally on adi systemic pemcillin
streptomyen and Gantnsin for 10 days  The nfant made an uneventful
recovery the signs of menmgeal irntation dsappeared after 24 hours
by the fourth day in hospital he was apyrexial and by the sixth day without
abnormal physical signs  This case which occurred m London was
reported by Haas

The third case followed the vaceination of an § weeks old baby boy
The chuld wha had been mocutated 1t Nigeta on 11 September 1954 and
had returned to England one week later was admitted to hospital on
30 September He had been histless for five days prior to admussion had
a slight convulsion the evemng before admission and two serious convul
stans the dav of adaussion  On chmeal examnation the child was drowsy
his rectal temperature was 101°F (38 30C) the anterior fontanelle was
normal  On lumbar puncture the cerebrospinal flud was found to ccin
tan 133 leucocytes per mm® (mostly lymphocytes) protemn 140 mé; v
sugar 55 58 mg 4 and chlondes 70 mg / no growth was obtaine or’l
culture  Blood exammation showed a white-ceil count of 13 500 per 2“"‘
(lymphocytes 544 polymorphonuclear cells 42/ hyaline bodies ] re/at’
X ray exammation of the chest revealed no abnormality The ma;_n horal
ment was 50 mg of Aurcomycn orally every 6 hours and 0 13 g 0 bcr and
hydrate every 6 hours The temperature fell to normal on 3 Octobe
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remasned so until the chald s discharge from hospital on 12 Ocrober when
wecovery was complete  This case which occurred at Bexhil on Sea
Susses was reported by Scott 4

Both in France and in England the vacomnes associated with the ocenr
rence of the mine cas s pust described were prepared from lots of  seed
wrus  procoged in 1946 from the Yellow Fever Laboratery of the Roche
feller Foundation New York —lots which 10 accordance wath th provi
sions of Article XI {10} of the International Sanrtary Convention for Aenat
Navigauon 1944 had satsfactonly passed the moshey safety and sm
munity tests presenibed by the Unsted Nations Rebef and Rehatihtation
Ad wn Standards for the and Controf of Yellon
Fever Vaceme {see page 205) Morcover both at the Insuiut Pasteur
Pars and at the Wellcome Research Laboratorses Beckenkam Kemt the
vaceines concerned were prepured salely from the first paysage 1 eges
from these tested seed lots and not as was the case with the vaccine which
cccasioned the 1941 outbreak of erc phabtis tn Brazd from virus which
had gone through senat passages m eggs

It has been mentioned previousty that n the ten year persod following
1941 no case of encephahitis assomated with the use of 17D vacane
when admustered alone had been recorded in the bterature  According
to Dick & Horgan ® there had on the other hard been two cases reported
s the United Kingdom dunng that period to follow vacomation with o
combyned prophyla tic—vacaination with yellow fever and smallpox vae
anres The first of these cases was m an adult male who moculated with
yellow feser vaceine 13 days after primary vacomation developed cace
phalitis the foliowing day and died five days Tater  The second case was
machidd a ed 6 years who was gren a yellow fever mnoculation theee days
after primary yacemation  definite encephalitis diveloped on the esghth day
after va cination but the child recovered  In the words of the authors

1t cannot be stated whether the above reactions might not have oceurred
i no yellow fever vacoine had been given  Seven cases of post saccimal
encephalitss were veported duning the same year

{2) By scanfication of the sken

Tollowing the appheation of this method to 3 961 Afocans no unto-
%ard reactions were observed by Hahn® or by Dick

A ze 3t wall be evident from the foregoing that i proportion {0 the tatal aumbes
O persons raccinated agatast yellow ferer 1he ancidence of 50U renowy reactions
has Been extremely fow  The fact that they hase occurred af all bowe er serves as
¥ ¥huader that ro method of #ct ve ammun 21t on Aot pien one 5o sucessfil gy yellow
frer sagaanaion has proved 10 be 13 & er gmtsrely free from fish
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0l ETIOLOGY OF REACTIONS INVOLVING THE CENTRAL
NERVOUS SYSTEM

Views on Enology of Encephabtis Followmng Use of Different Virmses

French neuratropic sirus

Cases of encephalits in man have followed the use of this virus both
when admmstered together with specsfic immune serum and when adsmn
istered alone and explanation of their occurrence has primanly been sourkt
1 an enologieal factor present 15 the vacane matersal stself  Thus was
much as virus vacanes Of this type derve from wfected mouse bran the
possibility of a filtrable virus accdentally present 1 the mouse bram being

duced nto the vaccne and proving pethogenc to man
was suggested by Darre & Mollaret ® as the causal agent  Sawger 5 review
g theones of causation also mentioned this possibality  Sorel ® con
sidered the encephalitis to be of uncertam ongin 1t might be due to 2
spontancous mouse virus ot to the immuniznng virus iself  On the other
hand Barraux Montel & Bordes® suggested that snstead of a mouse
varos of the yellow fever wvirus one of the ultra viruses capable of producing
encephatomyelitis in man~—e g Jap B phalitis virus ht well
play the causal role such a virus pre exssting in the human subyect might
be stimulated mto actwvity by the yellow fever vacanation  In 1937
Laygret 3 assessing the posion at that time referred to the suggestion
that the condition might be attnbuted to the Traub Armstrong vinus
which sometimes mfected the breedmg-cages of mice and might therefore
contaminate the vaccine virus  He considered that the hypothesis was of
uiterest but that research had not yet led to any conclusie findings an ats
support It had to be observed that the Traub-Armstrong virus—prabable
causal agent of certmn lymphocy des of m howed 1tsell
w mice by sigas particularly paralyss which would be easy
No infectson of this pature had d w fus lab
memngo encephnlmc reactions did Dot appear 1 seres among persons
vacesnated with the same mouse brain  He believed then that the most
Irkely expl of posty p Iay m an exceptiosal
attack on the central nervous system by the yellow fever virus adapted 10
mouse bran  Martn  Roucsse & Bonnefor 3 also considered thetr cases
to have been due to the immumzing virus rather than to a spontancous
mouse virps  Peltser 48 summanzing the results of over 20 matlion !sx;x
nations 1n French West Afnca by the Dakac rethod ascnbed the s;r;::h
number of delayed reactions which occurred between the 12th and "
post vacaination days 1o an mvasion of the nervous systes: by the m"lnn:u .
mzing virus  Mathus 9 in defending the use of the French neurotropic

to detect
Mi r
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0 immunization suggested that the few cases of encephatitis which fol
lowed the admmstration of the mouse bran sellow fever virus vacae
were due to an actual miection with the vacosmating stram and not to a
demychintzation from the mjection of heterologous bram tissue

These views appottiomng responstbility to the immuntzing virus stself
‘harmonze with those of ather workers who have on laboratory evidence
at vartous tsmes expressed the belief that the mereased neurotropism of
the mouse adapted French stram renders 1t potentally dangerous for
human vacomation  Thus Findlay * observmg the correlation of the
development of immunsty 1 monheys with the errculation of bving neuro-
tropic wirus n the perspheral blood stream  emphosized this danger
beeause of the possibisty that the barrer between the blood stream and
the brain may be broken down and the central nervous system mvaded
by the vicus  In 1935 Theder & Whitman ® found that when admimistered
extraneurally to rhesus monkeys small doses of neurotropie wirus wath
wmadequate smmune serum were more hkely to give nise to encephalis than
was 2 farge dose and that encephatitis did not develop if the amount of
ammune serum was suffictent to prevent the virus from entering the circu
latien Al three monkeys myected subcutancously with a 1 10 000 000
dilution of neurotropic virus (the mmmum nfectine dose for monkeys
and sepresenting 2 ML for muce) and which showed cirenlating virus even
1 the presence of smalt quantities of immune scrum-~0 02 mt 0 004 mi
and 0 008 mt per kg body weight respectively—dicd of encephalitis while
alt three monkeys mjected with the same guantities of serum but with
1100 dilutson of virus survived and duveloped active immuntty  Mon
keys mjected with © 1 ml of rmmunc serum per b of body wewht together
withenker 1 10000000 or T 100 ddutson of vitus survived and became
sohidly immune  These authors 77 reported alse 1 1935 that fatal ence
phalitis s thesus monkeys noculated extraneurally with neurotropic virus
oceurred particularly among younger ammals and that such occurrence
mchined them 1o the view that the blood brain barrier of young ammals
i more permeable to cestmin agents than that of adults  fn this respect
they pointed out that wheseas young muce repeatedly develop encephatitis
after the z of French e verus the sncy
deace of encephalitrs following this route of admmstration decreases with
age and encephahilis 1s rarc among adult mice after evtrancurat inocnlation
of the virus I 1937 Therler & Smuth $ stated that w rhesus mankeys

phatis foltowed the of very farge as welt as of very
small doses of French newroropic virus but was more apt to follow
infeetion with extremely small doses In thesr cypentments one monkey
moculated subcutancously with 001 g of mouse bramn wirus died of ence
Phalins on the 11th day while three rhesus inoculated by the same route
cach with 0 000 001 g died of encephaliis on the 10th ¥ith and 24th day
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In Nigena where following the smmumization of 42 000 Africans with
Dakar vaccine 83 cases of encephaliis had occurred within a 24 day
period—with a time lapse of 7 to 23 (mostly 10 to 13) days after vaccina
tion—the findings of 1nvestigations made to discover the cause of the
outbreak were published in the annual report for 1951 52 of the West
Afnican Virus Research Institute ® and elsewhere 1n greater detatl by
Macnamara 3 These findings included the results obtaned from the
laboratory examination of the brains of five cases of encephalitis broucht
for autopsy within one hour of death

Sections of brain tissue were triturated and 1noculated intracerebrally
mto mice muce noculated with bram tissue from four of the five cases
became sick between the sixth and eighth day after moculation showing
rapidly developing paralysis and enswing death  Further passages of bram
matenial from sick muce were made and specificity tests performed on the
four strams of virus isolated these tests showed that the virus was yellow
fever virus that 1t was a neurotropic stram and that 1t was uncontaminated
by any other virus pathogenic for mice by the intracercbral route To
quote Macnamara % The virus recovered from mice becoming sick was
shown to be that of the yellow fever vacane by the moculatton of rhesus
monkeys and by speaificity tests  Yellow fever vaccine virus was there
fore shown to have been 1solated from the brain sections of four persons
who had died of encephalitis 14 14 18 and 19 days respectively after
their immunization by the Dakar method These deaths occurred m
children aged respectively 11 months 2% months 7 months and 7 years
In further connexion with this inquiry into the cause of the encephalitis
cases m Nigena Macnamara * smd

Epidemiological and virological evidence does not pomt to the presence of 2
concomitant or contaminating viral infection and the histological picture excludes
pernascular myelinoclasis  Moreover the minute amount of mouse bran scratched
1nto the skin could hardly be considered to be the cause of an allergic demyelmization
and encephalitis following yellow fever when a chick-embryo prep
©of 17D was employed  U% sull further indicates that the encephalitis 15 a result of
the direct action of the yellow fever virus on the host

17D wirus

Between 1937 and 1951 inclusive the only references 1n literature 10
reactions with involvement of the nervous system following smmunization
with 17D vaccine were one made by Soper & Smith i 1938 on a reac
tion with definite meningeal signs  the relation of which to vaccination \\a:
considered very doubtful and one made by Foxetal ¥1n their 1942 reporr
on the occurrence of encephalitis 1n a small proportion (©36/038/) 0
persons immunized with one or other of certain Iots of 7D vaccine it

Brazil during 1941
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In so far as the 1931 1 4 thorough
by Fox and lus collaborators indicated that the xmmumzmg vicus atself
was responsibhe and not any exinnsic agent  The yellow fever virus was
alone demonstrated 1n the mocula  moreover the sera of comalesient
cases were shown 1o contain neutralzng antibodses agamst yellow fever
virus but none agawst the viruses of St Louwts encephaliis Japanese B
encephalitys Eastern and Western equine encephalomyelitrs lymphocytie
choriom minyiis and West Nile disease  During 1his mvestigation it was
found with respect to one substram used for the vaccimation of 3644 p r
sons among whom 49 (1 34/} cases of encephatitis had later developed
that a small number of passages away from the 17D parent stram had
brought about an in the path ty of that par
ticular substrain~—namely an 1ncrease n neurotroplsm evidenced by ats
producing 1n thesus monkeys when mowulated intracerebrally an unuspally
high incidence of encephalitrs  Frank encephahitis in three nstances fatal
was observed w 7 (12,,) of 60 animals in the series  and when all possible
eases meludimg monkeys with vorce changes and transient weakness were
considered 1he number was rased to 17 monkeys or 28, of the serics
For comparatne purposes 1t should be stated that after the intracerebral
smoculation of 245 monkeys wih the 17D substramn used prior to 1940 for
aceine preparation n Beazit only fram 4 L7 to § 7/ developud encepha
hitis Further studies by Fox & Penna * confirmed the findsay, that at certan
passage levels vatatron t the pathogesic properties of the 17D virus may
1ake place as a resull of altered cultural environment  Such \anation m

b of different subst of the 17D virus and the conscquent
\anauan of the response m man moeculated wath these substrawns led o
the standardization of the manufacture of 17D virus vaceme  This stan
dardizatson entaled the preparation of a large seed ot of virus wiich
after having been thoroughly tested 1 monkeys was stored i the refrige
ralor from this seed lot successtve batches of vacune were made  Sirce
the establishment of the seed lot system in the production of 17D vaccine
there had been no fucther occurrence of enc phahitts following 17D vac
cmation untit 1952 54 when between Avgust 1952 and December 1953
Si1x cases were observed 10 France and  between Nosember 1953 and
October 1953 three 1 England—all mac n children under one year of
2ge of whom esght were luss than 6 months old

Views and comments on the etiology of these uacxpected cases follow
Smuh ® sugbc:ls o possible cxplanations of their occurrence  either a
ty to the prophyl. ta small faat h ty not

shartd by adults~or ‘an ncreased nevrotropee affinity of the virus in
spite of timited senal passage  Neurotropee affiaity of the yellow fevers
sirus appears 1o Haas 3 to have been a very hikely cause of the asepuc
mensago encephalites w the case he desceibed I ceetan rdiaduals par
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nticularly 1n young chidren hypersensivity to 17 vacome 1§ considered
by Lartigaut & Couteau ™ to be responstble for such nervous reachions
these authors stress the need for keeping close watch on the 17D substratns
used for vaceine preparation in order to ensure the freedom of such sm
b from any undesitable ncrease 1n therr neurotropism

&
As regards the suggestion that an mncrease m nevrotropism may have
been the responsible factor however 1t can be stated that all nine cases
followed noculation with vaccine prepared from fiest passage in eggs from
tots of seed virus  which had satisfactonly passed the prescribed monkey
safety fest their etiology in contrast with that of cases 1 the 1941 out
break of eacephalitis in Brand could hardly be ascnibed therefore fo an
merease In the neurotropism of the vaccine virus
In further connexion with the possible etiology of the nune cases under
1t has been ded that a very law dosa,e of the vaccme
virus may result 1 tardy and that geal or cerebral
mvolvement may occur before antibodies have deseloped st has been
ascertamned however that the dosage emplayed 1n the inoculation of
those cases for which precise data are avatlable contamed an amount of
active virus 1n excess of 500 MLD—the munimum requirement for the
satisfactory immunszation of man

The hypothesis has also been advanced that in mfants less than one
year old—and all nine cases belong to that age grovp—the antibody
re ponse to yellow fever vacomation may be negligible and in certar
1nstances madequate therefore 1o prevent the vacane virus from entenng
the central nervaus system and by us multiphcation there guving n15¢ to
encephabiis  In this regard however 3t has been stated by Stuart 10 3
paver presented at the Afncan semunar on yellow fever held mn 1953 at
hampala Uganda that while 1t 1s quite possible that the fesponse of a
very voung tafant & a yellow fever vacamation may be nsghgible such
data as are to be found m the relevant hterature are sosufficrent either 10
confirm or to refute the hypothess

Again 10 view of the possible beanng primary smallpot vacemation
rught have had on the euology of these cases inquines were made as (o
whether 1n fact such vaccination had been carned out at about the same
tume as the yellow fever vacamation and ¥ so as to what the hime mtervals
had been between the admumstration of these two lve vtug vacones
Results of these mquines showed that with respect to the three cbcutei
occurnng n Lugland  primary smallpox vacctaation (a) had ot :";
carned out 1n the case reported by Scott 2 (4) had indeed besn perform <
i the case reported by Stth ¢ but niot until 25 days after the baby %‘!‘ "
had left hospital cured of her menmingo encephalitts and (2} haxd "l,‘evtr
case teported by Haas 2 been carried out one week after the yellaw
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raccination and two days before the onset of nervous symptoms  With
respect to the s cases occurning 1 France comparable data were not
available at the ume whea the mqutnes were made 1t 15 tearned however
that bad smalipex vaccinatien been performed ot would nos have deen
withsn 21 days of the yellow fever vaccination

Finally nasmuch as memngo encephalitis has been known to occur sn
mfants who have not been subjected to any d the
posssbility that the encephalitis 1n the mne cases now descrabed was comr
dental and not the result of yellow fever vacemation cannot be overlooked

Viens on Enolegy of Encephalitss Following Yellow Fever Vaccination
in Generat

On the etiology of encephalius m general after yellow fever vaccinauon
the {oll VIEWS Were exp at the WHO Afncan semnar
on yellow feser held at Kampala Uganda durmg September 1953

Lasgret regarded the febnle reathion on the 6th post vaconation day
and the nervous reaction on the Hth to 15th day as two phenomend inde
pendent of each other  The febrile reaction was certainly due to the vaccine
wirus for such a reaction had never been observed m the case of persans
revacainated  The nervous reaction nught on the other hand be caused
by the virus constituting the vaccine by a viras contaminating the vaceine
of by a virus pre ewstent 1w the body of the vactinated persan With
regard to the Jast mentioned possibility 1 was known for example that
the wirus of fymphocytic chonomeningitis could be already presemt swmee

eases of ch mman and p wn children
tiad been reported  This wirus as well as other wviruses wath encephalito
Fene propetties could undoubtedly eust1n man as
and might by association with the yellow fever vaccine virus couse acc
dents of vaccinabion  Differences in the npature of these other viruses could
iplun the varymg degrees of seventy of post vacomation encephafinss
expenenced 10 countrics in which such viruses were prevalant or cndcmnc
His bebief that viruses in d the principal
factor wis strengthened by the fack that nersous reactons could develop
when the blood already contmned neutralizing antbodies agamst yellow
fever \irus He cated two silustrating examples  one recorded by Sawyer ®
and one from his own experience  In this connevion however 1t may be
stated that Macramars ® found the serz af four humae cases dead of
encephabus foliowing vaccmation with French neurotrapie sres and
reveshng on autopsy the presence of the yellow fever vacetae wirus in
their brawn fissues 1o contawmn pratecine antibodies and 10 be virus free
moreover there was no conclusne beineen the k
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indices of the sera of these four encephalitis cases and of sera taken from
Ppatients who showed but 2 muld reaction to the vacune Further st had
been demonstrated by Theiler & Hughes 2 that the scra of thesus monkeys
which had developed a fatal phalitts following their I: with
fieurotropic Virus by extraneural routes invariably contained protective
antibodies and that 1n spite of 3 high concentration of virs 1 the animals
brains blood taken at the time of death was virus free the virus bemg
confined almost entirely 10 nervous tissue

Durieux (see also page 163) drew attention to the marked dispanty
between the various results obtained after mass application of the Dakar
method  Foct of encephalitis had appeared in three territories~—French
Equatonial Africa (Brazzaville) Costa Rica (La Fortuna Villa Quesada
Los Chulesy and Nigeria (Enugw)—where a maxmum of 250 000 vace
nations had been performed while 1n other countries where at least
25 mullion persons had received their first vaccination against yellow fever
cases of post vaccination encephalitis had been of rare occurrence and of
scattered distribution  Such occurrence had been variously aseribed to the
effect of concomtant affections 1o the action of some latent encephalo

litog virus the path y of which had been reinforced by the
yellow fever vaccination or to the action of the immurizing varus selt
even though snoculation of laboratory anmmals with nervous tissue faken
from fatal cases had mvariably failed to reveal the presence of the vacuine
virus  The 1solation however by Maenamara ® of the vacaine s from
the brains of four fatal cases m Nigerta—a finding corroborated at the
Institut Pasteur Dakar—confirmed the belief that the use of the French
neurotropic vitus for human vaccination could 1 certain cases be con
sidered a direct cause of meningo encephalitis  On tins basis 1t was possible
0 suggest a hypothests which ymght explam the occurrence of encephafitic
reactions partieularly when they appeared in the form of focy confined to
a particular area and during a relatively short period of time  Expenence
gamed 1n French West Africa had shown that the general reaction follow
ing immumzation with Dakar vaccine appeared regulatly on the fourth
or fifth day  Observations made elsewhere dunng the occurrence of foer
of encephalitts however had proved that this general reaction took place
only after a certain delay namely from the fifth to the esghth day some

times indeed the reaction occurred towards the end of the temth day
ly before of phat ppeated A sumlar delay
P

had been observed after the use of Lagret s attenuated vaceme (from t::
6th to the 11th dav) and also after the inoculation of the 17D vacct
which d the ks of encephalitis mn Braait duning 1941 whtr{
the average penod between noculation and the appearance of the gencfa
reaction was from 9 2 to 11 5 days 1n one area a

nd was 12 3 days 1 ¢he
other Tnasmuch as the general reachon occurre

d during the period of



POST VACCINATION RFACTIONS 183

multiplication of the vaceine virus in the circulatory system a delay in its
pp a stower I of the virus was the result
of the moculation of an nadequate amount of vaccine virus It was con
stdered that the noculation of a very small quantity of vaceine virus and
1ts slow development 1n the blood were factors which favoured the occur
rence of encephaliis  When an adequate amount of vaccine virus was
moculated the virus multiplied rapsdly in the blood and antibodies began
to form 1n man on about the seventh post vacaination day 1t was probable
that these antibodies gradually destroyed the circulating virus which had
completely disappeared from the blood by the tenth day If on the other
hand the amount of vaccine virus inoculated was too small multiphication
of the virus took place slowly and the formation of antibodies was retarded
i this case st was contended that since the amount of antibody was
ssufficient to neutrakize the wirus in the time requmired the virus persisted
n the orgamsm after the tenth day and was then able to penetrate the
central nervous system and multiply there  On this reasoming  therefore
the occurrence of encephalitis would n certain cases be the result of the
moculation of very small doses—a state of affawrs which could be brought
about when the vaccine had been stored under unfavourable conditions
prior to use and its potency thereby constderably reduced In Durieux's
opnion 1t was 1n the use of a vaceine thus modified that the cause of the
untoward occurrences reported 1n certamn countries had to be sought—
in French Equatonal Afnca Costa Rica and Nigera after the use of
Dakar vaccine 1n Brazil after the use of 17D vaccine in 1941 Wath respect
to the outbreaksin Brazil for example 1t had been shown that the frequency
of encephalitrs cases 1ncreased with the age of the vacane  would it not
be loical to assume that as the potency of the 17D vacaine gradually
decreased probably owing to unsatisfactory conditions of preservation
the quantity of wvirus inoculated also gradually dicreased and approached
the mumimal infectine dose ?

On the hypothesis suggested by Durteux comments were made by
Soper and by Macnamara

Soper agreed that an explanation of 1he Costa Rican cases was 10 be
found 1 the greatly lowered virus content of the Dakar vaccine at the
time of 1ts application 1n that terntory  He personally had scen some of
the encephalitic reactions there and had also seen classical and fatal cases
of yelfow fever 1n persons nfected some four or five weeks after vaccina
tion with the same vaceine lot as that used for the saccination of those
who had developed encephahitis  This latter obsersation provided 1a his
opmion mportant confirmatory cvidence of the very fow concentration
of virus 1 (even of 1ts absence from) the vaccine applied  He refused
however 1o accept the sueeestion that low virus content of the 17D vac
cine used in Brazil duning 1931 could have occasioned the outbreaks of
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encephalitis there at that ime  An increase 1n the neurotropism of the
17D substrains used in the preparation of the vaccine Jots concerned had
been proved to be the etiological factor responsible for the outbreaks
Moreover in marked contrast with French neurotropic virus there was
no laboratory evidence to suggest that 17D sirus was more dangerous
when administered extraneurally in very small dosage

Macnamara found himself unable to subscribe to the small dose
theory of causation The contents of some ampoules from one lot of
Dakar vaccine which had been used for most of the vaccinations mcnimt
nated n producing the encephalins cases 1n Fnugu had been shown
on lfater potency titration to be above the munimum standard of the
Institut Pasteur Dakar Moreover a follow up survey of Enugu school
children who had been vaccmated with this same vaccme lot proved
954 to be immune The untenabihty of the theory as regards 17D vac
cination was evidenced by Macnamara n his reference to the results of
2 large scale vaccination campasgn carried out with 17D vaccine at a town
60 mufes (100 k) from Enugu At the end of the campaign less than
50, of the sera collected from those who had been vaccinated were found
to have become protective and 1t was presumed that due either to some
factor in storage or to delay m vaccmnation the virus dosage must have
been unduly low yet 1n that town no cases of encephahitis were reported

*
- -

Stnce this paper was written accounts of further cases of encephalts
following 17D vaccination 1n recent years have been published

One reported by M Lartigaut and D Lartigaut (J Med Bordecus
1954 131 1388) followed the mnoculation of a 3 months old mfant in
France on 12 May 1954 On the eighth post vacemnation day the mnfant
became Testless and fevensh By the Hth post vacemation day the tem
perature had nisen to 38 20 39 9°C and four or five tumes a day there were
shight convulsive attacks with tnsmus deviation of the eyes to the o ht
and transient muscle spasms in the upper and lower extremities Chimeat
examination 1n the evenmg of the 1ith post vaccination day revealed
shight myosis marked ngdity of the neck presence of kemigs and
Brudzninska s signs bl t no other ab-
normal physical signs no bulging of the antenor fonanciie O tumbar
puncture the cerebrosptaal flud was clear and under mcreased prcSSur]E]
1t contained 40 cells per mm® (fymphocytes 90,4 polymorphonucear c:‘ s
104) 1t had albumen sugar and chlonde contents of respectively
60 mg 4 70mg 4 and 750 mg 4 it was free from mcro orgamsm;
On the 12th post vaccmation day the temperature remained at 40°C throug!
out and there occurred another convulsive attack  Thercalter defervescence
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was Tapsd and progressne no further convulsne attacks occurred  alf
signs of memngeal terstation disappeared By 27 May one week after
the onset of tliness the child had completely recovered

Axother case seported by £ A Beet (Brr med J 1955 1 220)
occurred in 2 3 months old baby boy who while in the United kangdom
s 1954 had been vaccinated against smallpox on 30 Octobers and agasnst
yeltow fever on 22 November and who had arrived wish fus parems at
Rano Nigera on 30 November On 3 December he was admutted fo
hospital as he refused to take hus feeds On 4 December 1 12 days
after Ins yellow fever vacanation his rectal temperature was 103 F
39 5°C) he developed a attack wmvobving the left hmbs 2l
was accompanied by # Jeft facral palsy and deviation of the eyes to the
kft No mention 15 made of treatment or of duranon of tliness but th
child 15 stated 10 have done well and 10 have been restored to norma
bealth

& thid case reported by L de Castro Frewe {Rev port Pediar (955
18 65) accurred in Portugal and fatlowed the vaceination of a 6 weeks old
baby gl on 25 September 1954 The 17D wvirus vacoine used 1 this
mstance had been prepared 1n Brazt and ssued by the Tustitute of Tropseal
Mediane Lasbon  On 6 October 1 ¢ on the tith post vacomaton day
the chuld suddenly became fevenst and restless  Clinseal Aamwatan wa
hours after onset of symptoms revealed a rectal temperature of 395 C
2nd same redness of the fauces but no abnormal signs in the nerious
system abdomen thorax or ears Dunng the might of 6-7 October the
uid had two convulsions and on the matnming of 7 October suffered a
third although a less severe convulsive attack  On 7 October the con
Oition was as follows the temperature vaned between 40 2 C and 39C
perods of were by of hyp
there was evidence of meningeal irntanon  Brudziaskt § s1gn was positive
the reflexes wete overbnsk  ankie clonus was well marked 3 the nzht
lower extremyty less so i the left the cerebrospmal flnd contaned
albumen §5 mg / sugar 75mg/ and 350 cellular elements per mm*
among wiich the pol P cells p d the flud was
found to be bacteniologically negative  there was nio further convulsion
Treatment consisted 1 the admimstration of Auteomyain and | ampoute
of gamma globulin  October 8 and 9 brought Itle change 1 the child s
condition  treatment was wath 2 smpoutes of gamma globulin foliowed
by Temamyein and fater by quimne suppostonies On 9 Oclober the
Gerchrospinal faud contamed atbumen S0 mp / sugar 0 mg / and
332 cellutar elements pes mmi—olements which tncluded & number of red
ctlis and revealed as on 7 October a preponderance of polymerpho
nuclear cefls over iymphocytes  the fluid was agan bacterolosically
vegatve Convalescence began on 10 October the child took her food
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encephalitis there at that time  An increase in the neurotropssm of the
17D substrains used 1n the preparation of the vaccine Iots concerned had
been proved to be the etiol 1 factor responsible for the
Moreover 1n marked contrast with French neurotropic virus there was
no laboratory evidence to suggest that 17D virus was more dangerous
when admimstered extraneurally 1n very small dosage

Macnamara found himself unable to subscnibe to the small dose
theory  of causation The contents of some ampoules from one lot of
Dakar vaccine which had been used for most of the vaccinations incnimt
nated 1n producing the encephaliis cases 1n Enugu had been shown
on later potency titration to be above the mymmum standard of the
Institut Pasteur Dakar Morcover a follow up survey of Enugu school
children who had been vaccinated with this same vaccine lot proved
95/ to be immune The untenabihity of the theory as regards 17D vac
cination was evidenced by Macnamara mn his reference to the results of
a large scale vaccmation campaign carned out with 17D vaccine at a town
60 mules (100 km) from Enugu At the end of the campaign less than
50, of the sera collected from those who had been vaccinated were found
to have become protective and 1t was presumed that due erther to some
factor m storage or to delay m vaccnation the virus dosage must have
been unduly low  yet 1n that town no cases of encephalitis were reported

-
. *

Since this paper was wnitten accounts of further cases of encephalttis
following 17D vaccination 1n recent years have been published

One reported by M Larugaut and D Lartigaut (J Med Bordiaux
1954 131 1388) d the I of a3 hs-0ld nfant 1
France on 12 May 1954 On the eighth post vaccnation day the nfant
became restless and feversh By the 11th post vaccination day the tem
perature had nisen to 38 22 39 9°C and four or five tumes a day there were
slight convulsive attacks with trismus deviation of the eyes to the nght
and transtent muscle spasms mn the upper and lower extremities Chncal
examnatson 1n the evening of the 11th post vacemanon day revealed
shght myosts marked ngidity of the neck presence of hernigs ar;f_
Brudzinski s stgns derabl disturb no olher:
normal physical signs  no bulging of the antenor fontanelle On lumbar
punctute the cerebrospmal flud was clear and under increased prcssut‘lf‘s
1t contamed 40 cells per mm?® (lymph 90/ polymorphonuclear c¢
10/4) 1t had albumen sugar and chloride contents of resPCC‘“"{
60mg / 70mg 4 and 750mg ¥ it was free from mxcro—orgﬂf"smh
On the 12th post vaccination day the temperature rematned at 40°C througl
out and there occurred another convulsnve attack  Thereafter defer escence
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was rapd and prog; no further Isive attacks occurred  all
signs of meningeal irntation disappeared By 27 May one week after
the onset of llness the child had completely recovered

Another case reported by E A Beet (Brit med J 1955 1 226)
oceutred 2 3 months old baby boy who while in the United Kingdom
1 1954 had been vaccinated against smallpox on 30 October and aganst
yellow fever on 22 November and who had arrived with his parents at
Kano Nigeria on 30 November On 3 December he was admitted to
hospital as he refused to take his feeds On 4 December 1e 12 days
after s yellow fever his rectal P was 103°F
(39 5°C) he developed a Jacksonan attack mvolving the left imbs thus
was accompanied by a left facial palsy and deviation of the eyes to the
left No mention 15 made of treatment or of duration of illness but the
child 1s stated to have done well and to have been festored to normal
health

A third case teported by L de Castro Freice (Rev port Pediat 195>
18 65) occurred 1n Portugal and followed the vaccination of a 6 weeks old
baby girl on 25 September 1954 The 17D wirus vaccne used in this
instance had been prepared 1n Brazil and 1ssued by the Institute of Tropicat
Medicine Lisbon  On 6 October 1¢ on the 11th post vacemation day
the child suddenly became feverish and restless Clinical examnation two
houts after onset of sysmptoms revealed a rectal temperature of 39 5eC
and some redness of the fauces but no abnormal signs in the nervous
system abdomen thorax or ears During the night of 6 7 October the
chuld had two convulsions and on the morning of 7 October suffered a
third although a less severe convulsive attack On 7 October the con
ditton was as follows the temperature vared between 402 C and 39°C
peniods of somnolence were succeeded by moments of hyperexcitability
there was evidence of menngeal rrrtation  Brudzmski s sign was positive
the reflexes were overbrisk ankle clonus was well marked In the r.ht
Tower extremity less so 1n the left the cerebrospinal fluid contaned
albumen 55 mg / sugar 75 mg / and 360 cellular elements per mm®
among which the polymorpk lear cells p d the flud was
found to be bacteriologically negative there was no further convulsion
Treatment conststed 1n the admumstration of Aurcomycin and 1 ampoule
of gimma globultn  October 8 and 9 brought hittle change 1n the child s
conditton  treatment was with 2 ampoules of gamma globulin followed
by Terramycin and later by quinme suppositories  On 9 October the
cerebrospinal fld contained albumen 80 mg 4 sugar 70mg 4 and
332 cellular elements per mmi—elements which sncluded a number of red
cells and revealed as on 7 October a prepondirance of polymorpho
nuclear cells over lymphocytes the flud was agam bacteniologically
negative  Convalescence began on 10 October the child took her food
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well and her reflexes were less brsh.  she was however stll somewhat
excitable if disturbed

Duning her comvalescence which was uneveniful and was not com
pheated by any nervous sequelae she was given mjections of vatamns €
and B When examined one month fater on 8 November she was found
to have made a complete recovery  The electro encephalographc findings
were 1 every respect normal for a 6 weeks old infant

A fourth case, reparted by W O Thomson (Brit med J 1955 2
182) foliowed the 1noculanon with 17D virus vacame of a 7 weeks old
baby boy on 24 July 1953 at the Immunizatron Chinic Glasgow Scottand
Seventeen days after his inowulation the chuld became cross and feversh
and remained 10 that state for the next two days e had no bowel or
feeding disorders  He became increasingly drowsy however and on the
20th post 1noculation day s eyes began to rofl Ins limbs started to twitch
and he had a frank convulsion on that day huis temperature was 102 F
(38 9°C} and he was admitted to hospital  On admussion he was restless
and srmtable and had a temperature of 100 8oF (38 2°C) but showed
apart from exaggerated tendon refiexes no other abnormalhtv shortly
after admusstont he deseloped three further convulsive seizures  Blood

reveated a | count of 13 000 per mm® The cesebro
spinial flud was clear and not under increased pressure  contamed protein
100 mg % with an increase 1n globubin sugar 372 mg¥ and chiondes
738 mg% hod a cell count of 55 per mm® (0% lymphocytes 10, poly
morphonuelear cells) and showed no acid fast bacdlt m film and ro
growth on culture Two days after admussion the temperature retura d
to normat but further examination of the cerebrospimal flud on the second
fifth and eighth days after admussion revealed a raised protem content
reaching a maximum of 140 mg % but falling to 30 mg % Wwith anncrease
1n globuhin  The cell counts remained efevated reaching 3 maximunm of
88 per mm® but falling to 11 in the final sample with the Jymphocvtes
always 1n the majonty  There was at no time any growth on culture and
no acid fast hacilh were ever demonstrated The Mantout fest was
negauve and a radiograph of the chest revealed no abnormality The
mfant made a rapid recovery without antibiotic therapy and was discharged
from hospital 16 days after admussion At a follow up examination three
weeks later the mfant was found to be well without any sequela

1n connexion with this case 1t has to be noted that two days before
the onset of the signs of illness the anfant bad been vacemated ag:ur;‘s(
smalipox but this was unsuccessful there was no reaction either #1 4 :
site of the smallpox vacanation or at the site of the noculation agains

vellow fever



POST VACCINATION REACTIONS 187

A fifth case which followed the moculation on 9 August 1952 of a
5 weeks old baby boy n South Africa has been reported by S Swift
(Brit med J 1955 2 677) Three weeks after his wnoculation the boy
who 1 the meantime had arnived with his parents in London became
lethargic and took his feeds drowsily falling asleep 1n the middle of the
feed Examination 1t the time 1¢  on 30 Auyust revealed an elevation
of the temperature and a bulging of the fontanelle In the afterncon of
that day the boy was admutted to hospital where a lumbar puncture was
performed  This showed the cerebrospinal fld to be under slightly
ereased pressure and to contain 70 cells per mm? 75 mg , protern and
64 mg / sugar A diagnosis of meningo encephalitis was made  Over
the six days the p fell dually to normal The
cerebrospinal flurd one week later was normal except for the presence of
55 mg / protein  The boys convalescence was uneventful and uncom
plicated by any nervous sequelae

With respect to this cse 1t 15 of interest to observe that the infant was
vacainated against smallpox and inoculated with yellow fever vacene on
the same day and that the vaccination was unsuccessful
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INTERNATIONAL REGULATION
OF YELLO\t FEVER VACCINATION

P H BONNEL MD

Chuef Inveenational @ @ ann Se non
Wo id H alth © gam.at n

Introduction

The fact that yellow fever 15 no Jong 1 the fearful scourge that rina «d
parts of the world in the nmeteenth century 1s due 10 the effective preventsve
measures which have been and are wnll taken on the natonal kel by the

possid and on the tevel through regu
lations designed to prevent the spread of the disease throughout the world
Tothis end Jand sea and ar transport s subjected to the vasious requure
ments contawed W snternational sanrtary regulattons  The baws how
&ver 15 10 be found 1n one general measure which ts camputsory 1w certamn
cleardy defined cases and the efficacy of which 1s 1o tonger quest@ned ~
yellow fever vacernauon

The International Samtary Regulanons (World Health Organtzanon
Regulatrans No 2} which came tnto force on 1 Oclober 1542 state m
Attcle 72 ¢

1 Vaccination agamnst yellow fever shall be requ zed of any pesson leaving an
infected Iocal area on an Interoational voyage and proceeding 0§ How [ er  cepty
arey

2

3 A person 1 possession of & vahd cerfrate of accmation against yelfow
:m: $hafl a0t be treated as & suspact ¢ en if he has come from an infected foeat ares
page 8)

The problem connected with wfected logal aseas with yellow fever
Tecepuve areas ar endemuc zanes or with dsmsectizanon of arports and
of the varrous means of transpact which are covered by mternatonal
health fegsslation are beyond the scope of 8 monageaph on yellow fever
vacoination  But st may be useful to recall the pravisions of the Inter
fational Sanitary Rep yellow feser and to
depict the role played in this field by the World Health Orgamzation

® —~ 193 -



194 P H BONNEL

It 15 provided that the certificate of vaccmation or reyaccmation against
yellow fever 1n order to be considered valid 1n international traffic must
conform to the rules Iard down and to the model given n the International
Samtary Regulations (see Annex 1 page 204)

These rules are as follows °

This cestificate 1s valid only if the va cine used has been approved by the World
Health Organtzation and if the vaccinating centre has been designated by the health
admunustration for the territory i which that centre 1s situated

The validity of this certificate shall extend for a period of six years beginming
ten days after the date of vaccination of 1n the event of 2 revaccination within such
period of six years from the date of that revacaimation (page 48)

Bachground

When the Fourth World Health Assembly on 25 May 1951 adopted
the text of the Internatronal Samtary Regulations 1t refamed with slight
modificatton a provision which appeared 1n Article 1 paragraph X of
the International Santtary Convention for Aenal Navigation of 12 Apnl
1933 as amended by the International Samitary Convention for Aerat
Navigation 1944 The part of this Convention to which reference 15
made reads as follows

Article 1 [Arucle I of the Amendment]

X A sald antr vellow fever inoculation certificare is one certifying that the bearer
has been mmoculated agamst yellow fever with a vaccine and by a method approved
by UNRRA

In addition the International Samtary Convention for Aenal Naw
gation 1933/1944 specifies

Article 36 TArtcle XI of the Amendment]

(10) That UNRRA shall lay down standards witb which yellow fever vaccmne shall
conform

(11) That they will make arrangements (o test at frequent intervals the actwity
of the yellow fever immumizing vaceme 1t use 1 order to ensure that its umMUmMZING
properie are satsfactory and fof this purpose agree that UNRRA m consultauon
with the governments concerned and as regards the Western Hemtsphere with 112
Pan American Satstary Butezu shall designate from ume to ime institutes which are
approved for the carrying out of such tests

The abo ¢ texts were nserted 1n the amended International Samtary
C for Aemal 1944 No previous international
samitary conventions or treaties contained any such provisions
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The internationat regulations with regard to yeltow fever thus recogmzed
the prnaiple folfowed m the United States of America whereby persons
arving by aw and bearsng a recognized sactmnation certificate were not
subject to any festrictinve quatanting measures ® After the punerple had
buen adopted 1t was subsequently decided that the certificate of saccma
tion agamst yellow fever would be considered valid 10 days after the
myecion of the varcne provided that the vaconated pesson had con
tmually ressded 1 @ non endemsc zone f the contrary was the case the
cerhficate was o be vahd only after 15 days  The durauon of vahdity was
four years only

The standards to winch sellaw fever vacetne was ta conform were
speaified by UNRRA and the rules tard doan were based on the methods
of manufacture of 170 vaccane purfected in the United States of Amersea
and w Brazil by Rockefeller Foundanon experts  These standards speafy
g the manner of preparation presenvation and adnunistration of the
vaceme were pubhished in 1935 i the UNRRA Epidimiological nforma
won Bufferen under the ttle  Standards for the Manufacture and Control
of Yellow Fever Vaceme They were subsequently adopted by WHO
and are suBl 1 force The full text of the standards walt ke found 1
Antes 2 (sez page 205)

For testing the achivity of the yellow fever vacane as provided for 1
Amcle 36 of the 1933/1944 International Samtary Convention for Acnal
UNRRA m with the government:
dcsxgn:ucd a certaly sumber of institutes which were approved for carry
mg out control tests  These mstitutes were required to deede whether
the yelow fever vaccme satended for snternational use could recenve

UNRRA s approvat

When the WHO Interim Commussion tooh. over UNRRA s fuactions
on | Dicember 1946 UNRRA had approved the followng mnstitutes and
faborataries for performmng the control tests on yellow fesver vaceines

Bogota {Colomba) Yettow Fever Laboratory Nationat Yeflaw Fever
Service

Dakar {Senegal]  Insttut Pasteus
Eutebte (Uganda) Yelfow Fever fnstitute

Hamsiton (Montana USA) Rocky Mountamn Laboratory US Public
Health Service

Johanpesburg (Union of South Afnca) South African Instuute for
Medical Research

Lazos (Nigersa)  Yellow Fever Research Instrtute
London (England) Wellcome Rescarch Institute
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New York (USA) International Health Laboratortes Rockefeller
Foundatson Division

Pans (France) Instrtut Pasteur

Rio de Janerro (Brazil) Yellow Fever Research Insurtute

The foltow.ing laboratortes were also approved for the manufacture of
yellow fever vaccines

International Health Division of the Rochefeller Foundation #

National Institutes of Health US Publtc Health Service ©

South African Institute for Medical Research Johannesburg

Institut Pastenr Dakar ®

Wellcome Research Institute London

Yellow Fever Laboratory of the Brazhan National Yellow Fever
Service Rio de Janeifo ©

Yellow Fever Laboratory of the Colombtan National Yellow Fever
Service Bogota

At ats fourth sesston w1947 1 the WHO Iaterim Comnussron decided
to have tests of vaccine actiity carried out by two or more approved
control laboratories on all yellow fever vaccine for which sts approvat was
ashed 1n accordance with the provisions of Article 36 (11} of the 1933/1944
Internattonal Sanitary C ntton for Aenal N: ‘That proced
has been retamed by WHO and has been followed since the entry mto
force of the International Samitary Regulations on I October 1952 on
each occasion on wiuch the Organization s approsal has been requested

Present Procedure for Granting WHO Approval to Yellow Fever Saccine

WHO constders only applicatrons for its approval transmulted through
the health admunistration of the country in which the mstitute or labora
tory prepanng the yellow fever vaccine 1s situated  Applications are to be
accompamied by a report giving detatled mformation with regard 1o

() the personnel responsible for the preparation of the vaccine {such
personnel must not engage wn any work on other viruses or bactera for
the period of the preparation of the vaccine)

(5) the premises and matenial used (which muost not be used for any

other purpose)

Fully approved
» Approved on cond ion that the vaccing 15 admin stered by the scarficat on method
of the Institut Pasiewr Dakar
¢ Provisionally approved fot auarantine purposcs (full approval was subseguently
accorded by WHO)
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(c) the ( i} and b of egps
harvesting and grnindmng of :mbryos filling of ampoules and desiccation
must all be carned out 10 conformity with the approved standardsys-

(d) the control tests (which must give satisfactory reslts)

The activity of the vaccine 1s then tested This testing ts done by three
laboratories selected from the hist of wstitutes and laboratartes appeoved
for the purpose by WHO

The required number of ampoules (generally si¢) of a single batch of
vacane packed 1n dry ice are sent by air to the three control laboratorres
A copy of the protocol established by the institute manufacturing the
vaccine  giving the details of the preparation and the results of the
titration are sent direct to the World Health Organization but not to the
control laboratonies which titrate the vacane independently and com
municate the results to WHO

The results of the titrations made by the control laboratones and by
the wstitute which prepared the vaccine are then compared and commu
nicated to certan members of the WHO Expert Advisory Panel on Yellow
Fever together with a summary of the report accompanymg the application
for approval  The experts are tequested to give an opion as to whether
WHO can accord its approval to the vaccine tested They may call for
further information and 1f they deem st necessary a second control test

The replies of the experts are centralized by the secretary to the Expert
Aduisory Panel on Yellow Fever and until 1953 they were submmutted to
the Executive Board of WHO If they were all favourable the Board
adopted a resolution approving the yellow fever vaccine prepared by the
institute or laboratory for the 1ssue of mternational vaccmation certificates

Since 1954 the Director General has been authorized by the Executive
Board  subject 1n each case to the satisfactory completion of the technical
procedure now established to grant approval to yellow fever vaccines for
the 1ssue of the international certificates of vaccination and revaccination  ®

The dectsion 15 communicated 1o the health admimistration concerned
and published 10 the WHO ¥ eekly Epidemiological Record

Approved Institutes and Laboratories

The mstitutes at present approved by WHO for the prcpamuon of
vaceines for use prior 1o the 1ssue of
tion certificates are as follows (sec also fig 1)

Austeaha Melbourae The Commonwealth Serum
Labo ator es
Brazl Rio de Ja e 1o Yetlow Fever Laboratory

Instituto Oswaldo Cruz
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Colombia Bogots Instituto de Estudios Especrales
Carlos Finlay

France Pans Insutut Pasteur

French West Aftica Dakar Senegal fasttut Pasteur de | Afnque
Ouadentale Fr ngaise

Netherlands Amsterdam Komnkiyh In ttout oor de

topen A Instituut voor
Tropische Hygiene en
Geographische Pathologie
(Instutute of Tropical Hygiene
and Geographt 1 Pathology)

Unton of South Johannesburg South Afncan lnstiute for
Africa Mcdical Research

United hungdom of Beckingham kent  The Wetlcome Research
Great Brtan and Laborateries.
Northern Treland.

United States of Swiftwater Pa The Natonai Drug Company
Amenca

The laboratories approved by WHO for testing the activity of yellow
fever vaccine are as follows (see also nig 1}

Austrat a Meibourne The Commonwealth Serum
Laboratory

Bra Rio de Janeito Yellow Fever Laboratory
tastituto Oswaldo Cruz

Colombia Bogot Instituto de Estudios Espeuiales
Carlos Pinlay

France Pans Institut Pasteor

Frenct West Afnica Dakar Senega) Institut Pasteur de ) Afr que
0 ad nt lc Franga se

Tnda Bombay H ffkine In tute

Malaya (Federat on of} Kuala Lumpur Tnstitute for Mud cal Research

Netherlands Amsterdam koninkiyk Inst tuut voor de

Tropen Afd Insttunt oor
Trop sche Hygiene en
Geogr phische Pathologic
(Institute of Trop ¢l Hygi ne
and Geoeraph cal Pathologv)

N geny Lagos Virus Research Umt West
Al an Counc for Med cal
Rescarch Laboratones Yaba

Uganda Entebbe Virus Research Instaute

Union of South Johannesburg South Afric n Insutute for
Med a1 Research
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Untted Kingdom of Beckingham  Kent The Wellcome Research
Great Brtamn and Laboratories
Northern Ireland

United States of Bethesda Md Laboratory of Brologics Control
America National Institutes of Health

The International Sanitary Regul contan no p, covering

the yellow fever immumty certificate mentioned in the 1933/1944 [uter
natronal Sanitary Convention for Aertal Navigation  WHO therefore no
longer keeps a list of Jaboratories and mstitutes approved for the isstance
of such certificates

Vaccination Centres

A list of 3l the centres authonzed by health admunustrations to issue
snternatronal yellow fever vaccination or revaccination certificates 1s
published once a year by WHO  The most recent of these hists appuared
in a supplement to the Weekly Epidermological Record of 11 February
1955 * and contamns the names of 1 003 vaccination centres distributed as

folfows Europe 140
Asta 57
Afnea 543
Americas 2284
Oceania 35
‘WHO does not participate 1n the d by health ad
of centres for vaccination aganst yellow fever 1t confines stself to recet
ving notification of such d and to the 1nft

to other health authorities by means of the Weekly Epidemological Record
Nevertheless the Orgamzation may request particulars as to the ongin of
the vaccine employed and assure itself that the centre ss provided with
factlities for refngeration at between 09 and 4°C 1n order to guarantee
proper storage of the vaccine

These centres are naturally entitled to 1ssue yellow fever vaccmation or
revaccination certificates i accordance with the model shown 1n the Inter
national Samtary Regulations (see Annex I)

Vaccmnation Certificates
A number of detarls must be ndicated on the international certificate
of vaccination or revaccination agamst yellow fever the vaccinated pef

son's name date of birth sex and signature The vaccinator must msert

d Not mcluding centres 1n Mexico
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the date 1n the following order day month year the month being tndicated
1n letters and not by a figure In the appropriate secons he must note
the ongin of the vaccine employed and the batch number the certificate
must be signed 1n his own handwnting and stamped with the centre s
offical stamp

Every effort must be made to avoid corrections erasures or omissions
as they might affect the validity of the certificate

1t will be seen from Annex 1 that the certificate 15 printed mn Enghsh
and French The addition of a thurd language 15 however authornized
provided that 1t 15 one of the official languages of the tertitory 1ssuing the
certificate  The certificate must be completed tn exther En,lish or French
the addition of another language being optional

The certificate 15 vahd for six years beginming 10 days after the date
of vaccination  or n the event of revaccination within such pertod of
six years from the date of that revaccination It has however often been
proved that effective immunity commences from the seventh day after
vaccination and that 1t persists for several years beyond the six year limit
recommended (see page 105)

The Regul make no pi for contra o vaccina
tion on medical grounds or for exemption from vaccination under a certain
ommum age Nevertheless 1f a ders that s

contra indicated on medical grounds he 1ssues to the person concerned a
certificate stating the medieal facts he has observed and his reasons for
having considered vaccination undesirable  The health authorities i the
place of arrival may accept such a certificate but remamn entirely free to
adopt quarantine measures with respect to a person holding 1t

With regard to yellow fever vaccination of infants under one year old
the WHO Commuttec on International Quarantine expressed the opimson
that each country must make 1ts own decision on this pont weighing
the nisk of importing yellow fever through non vaccinated infants agamnst
the nsk such infants run 1n The Ci
recommended that 1n any case the dose of vaccine employed should be
the same for wnfants as for adults and that 1n no circumstances shoutd 1t
be reduced ¢

The practical considerations concerming yellow fever vaccination thus
create certain problems for WHO  Those concerning the approval of
yellow fever vaccines are even more complex

Ceylon 1 ¢ adPak sunar serat on applc wh reby lnlheasgol’awrw
¥ cc ated in a yellow fe 1 ¢ dem or of a person who b _entered 70 wiha
10Gays of "5 st on the fore enb O pertod of 10 davs  shallbe ¢ (endtd w01 dys
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Problems Connected with the Control of Yellow Fever Vacane

There 15 no doubt that the provision 1n the International Sanutary Regu
fations whereby WHO 15 made responsible for approval of yellow fever
vacune 15 2 wise one  1f there were no such approval trayell rs would be
at the mercy of health admimstrations who might or mght not admut the
vahdity of a certificate and might 1nsist on the use of a particular vaceme
Moreover all countries and 1n particvlar those which are recepuve to
yelfow fever are entitled to benefit from the pratective measures for which
the Regulations provide

WHO thereft bemg responsible for the appl of the Inter
natonal Samtary Regulations 15 obliged to provide itself with every
possible guarantee before approving yellow fever vaccme  It1s afso evident
that once a vacone has been approved by WHO 1t must mantam the
qualities 1t had when st was fested before receiving offical recogmtion
This 15 one of WHO s problems but there are severa) others which await
solution

For example tests to ascertan that there 15 no bacterial or virus con
tamnation and 1o wdentify the virus as well as innocmnty tests are naturally
made by the institute prepanng the vacaine but would 1t not be desirable
to have such tests niade by other mstitutes as welf 7

In the course of time there mav be changes 1n the personnel premises
equipment and methods used  Should WHO not be anformed of any such
changes” Should it not ensure that the quality of the vaccine femains
satisfactory and in conformity with the required standards?

As was seen carlier the standards for the manufacture and conteol of
yellow fever vaccine were establishsd by UNRRA 1n 1945 These stant
dards are still 1n force 1n their onginal text  Are the minimum of 150 000
LD, {mouse umits) of 17D wirus per ml of vaccme and the 500 LDy
which each dose of wirus imjected must contain—as prescribed by these
standards—sull sausfactorv?

Ts 1t not time to take account of the progress which has been mad:
1 culture techriques methods of d ang storage of Iise vaccines
Yellow fever vaccines admimstered by scanfication arg now 1 ust on &
large scale but the UNRRA standards make no mention of such methods

The methods employed by the control laboratories for testing the
potency of Yellow fever vaceine also vary considerably from one faboratory
10 another To take one example only the difuent used by the vanous
yellow fever faboratomes 1n their virus titration techniques may be depen
ding on the laboratory bovine alburun (Cohn fraction V) human serwm
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or horse rhesus monkey or rabbit serum 1t may be suspended n distilled
water or 1n 8%y, 8 5%y, or 9%, physiological saling  the serum us d may
be from a single subject or from a serum pool It 1s iewitable that such
diverse technigues give results that are not always strctly comparable

All these guestions are b ing studied under the auspices of WHO
The Expert Commuttee on Yeilow Fever at ats second session in Sep-
tember 1953 at Kampala Uganda made recommendations to this end 3
Surveys and nvestigation  are in progress and althouch 1t 1s as yet too
carly to give the fesults they demonstrate the fict that WHO 1s well aware
of 1ts respongibilities 1 the field of yellow fever vaccination

REFERENCES
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ANNEX |

INTERNATIONAL CERTIFICATE OF VACCINATION OR REVACCINATION
AGAINST YELLOW FFVER

CERTIFICAT LVTERNATIOML DE VACCNA'HO‘I ou DE REYACCINATION
NTRE LA FIEVRE J.
This s 10 eectily that date of b rth sex
Je soussigné(c) certific que nefe) Je eze
whose signature follows
dont Ia 5 gnature swt

bas on the date nd cated beert vactwated of rovace nrated agamst yellow fover
3 €€ vacciné(c) ou revacciné{c) contre 1 fiévee yaune A Iz date indiquee

O & wndbich
Son. 1ot gt
o o, o e S ot ot st g

5 0 e et ouah professionsetiel DOPmed w0 | Cocher Mol § oot s asio
& Neane e

— ] -

s ovaidonl [ hevacins med bas bezs gprovet by he W AGH K001 o [iha oot
o hat T o s ey W bea hsare moon € Do cen e 15 4 uat
m-au:yo" e e endl penodoly s be g 40 o be due o teouon ot
o e " o from & e pf that pevazematy «
o mentment i . s, 8 s o s e A . ok €

Bedet Samecuiecr ™
Cx cert fea e guw si e dowt e fot€ &d pyround pa Orgensiaon Mond
d il o] ol e vaton eoware § oot dos et o pemre 15

Lo andit decx coune o pinods de, e commencan o four s o et sinaiod om, Hom
1end nere cun d oe iz p ode 8¢ ix s, K jour da cein
oute correcyo g FawEw ur ke ou T omeie 2t g pramne o I oy gest St
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ANNEX 2

STANDARDS FOR THE MANUFACTURE AND CONTROL
OF YELLOW FEVER VACCINE

Min mum Requirements
I Typeof acae

The vaccine shall be of the aqueous base (serum free) type  The production method
employed shall be essentrally as describ d 1 the reports referred to below  * A rpnd
aseptic technique must be employed dunng all stages of production The finished vitus
suspension contains only wirus infected ch ckembryo pulp suspended 1n distilled water
and must be free of all other viable micro orgamsms as determined by suitable tests
The finished vaccine shall be dried 1n the final container from the frozen state under
hegh vacuum by an acceptable method The dried product shall contain not more than
10° of maisture (preferably not more than 0 § ) as determ ned by the phosphorous-
pentoxide—vacyum method The finished vaccine shall be flame sealed 1n an ampoule
of su table s1z¢ and prepared from glass of not less than USP type I quality Prior to
sealing the ampoule shall be filled to atmosphenc pressure with pure moisture free
n trogen

2 Hemtyand p 1y fthe i sira

The acceptable primary seed virus 1s known as the 17D strain of yellow fever virus
and shall be of the 00th 300th subculture * It shalt be satsfactory with regard 1o the
folloving characteristics 1n the monkey (these are discus ed tn detait n references 3
and 4)

(a} The degree of viscerotrop sm as ndicated by the amount of circulat ng  1eus
following intracerebral inoculation

(%) The onsct and durauon of a typical febrile reaction

1€) The degree of neurotropism as indicated by the 1 cidence of clinical man festa
tion of encephal s and death

{d) The development of an immune response as measured by the abilty of the
serum to prevent infection in the mouse

The virus must be £ ec of all other viable micro-organisms as determ ned by suitable
tests The seed ot system * shall be employed in prepaning and ma ntayming the
stock of sccondary sced virus

3 M nkev safety test 0 the seco da > Seed iu

The object of this test 15 to evatuate the behaviour characteristt s of the virus in a
susceplible animal as determined by tests on the sccondary seed rus using ol less
than 6 rhesus monkeys The test dose 18 imected antracercbrally 3 to healthy fhesus
mankeys (Macaca m fatr ) which have proved to be non immune 1o yellow fever by
Mrus neutral zation tests of blood specimens drawn fram each monhey Just prior o
Injecting the seed 1rus The monkeys $ bsequently shall be observed for a miimum
Peniod of 30 days  Not more than one (16 ) of the ansm 13 shall fa 1 to become immune

Rep d TAuteert nedtor 1 modfeatons Com the £pdm Te 11f mar n
Bl 1945 1 365
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10 yellow fever as determined by virus neutralization tests of blood (Gerum) deawn 14 of
more days subsequent to moculation of the vaccine  Not more than 2 (33 1) of the
monkeys undet test shall develop encephalitis which may be manifested by paralvsis
or inabifity to stand and which may or may not result in the death of the znimal Blood
serum obtained from each of these test monheys on the 2nd 4th and 6th day when
injected m tenfold dilutions intracerebrally into suitable mice shall cause deaths 1
lower dilutions but not more than LDy, death rate 1 dilution 10~ due to a specific
yelfow fever virus encephalitis duning an observation period of 21 days Not less than
6 mice shall be used at each dilution  Each lot of seed virus must pass satisfactory monkey
safety and tmmuonuty tests ¢

4 Chichen embryos

Only lving typical chick embryos from virus inoculated eggs shall be harvested
The age of the embryo shall be computed from the hour of mitial 1ntroduction nto
the 1ncubator  Although the age of the harvested embryo 1s not inflexibly defined 1t
preferably should be not more than 11 days  The inclusion of the heads of the embryos
m prepanng the pulp 15 opttonal

5 Potency of the fimshed raccine

The fimshed dned chick embryo pulp when rehydrated to ats onginal volume shalt
contain not less than 150 000 MLD of 17D virus per millihtre of vaccire at the time
of passing final potency test Present information indicates that for the satisfactory
immunization of man not less than 500 MLD of active virus should be contaned
the iImmunmizing dose Injected an excess betng preferred

(One MLD [LDy,) 15 defined as that quantity of yellow fever virus which when
mocutated 1ntracerebrally 1mnto each of an adequate number of yellow feser susceptible
adult mrce (16 .0 g} will kill 50, of the ammals due to a specific yellow fever virus
encephalitis within *1 days  See reference 6 for method of determining 50 end point )

6 Gumnea pig safety tests

A safety test 1n the guinea pig shall be made on each lot of finished vaccine using
rehydrated chick embryo pulp from ampoules selected at random from the filing Four
to 5 ml shall be imjected intraperitoneally into each of 2 or more normal guinea pigs
weightng 300 g to 500 g The animals shall b observed for 7 or more days dunng which
tume no sigmificant clincal mamfestations shall occur  1f both of the ammals show
sigmificant reactions the entire ot shall be regarded as unsatisfactory 1f one ammal
shows sigmificant chinical reaction the test shall be repeated using 3 test ammals I
1n the repeated test more than one of the three ammals show sigmificant reactions the
product 15 unsatisfactory

7 Sterhity of the vaccine

Stenility of the product must be maintained at 2il times wiule processing :sﬂ
final check the finished vaceime shall be sterile as indicated by tests on not less than Idrtﬂ
final contaners selected at random when the total filled 15 100 ot less plus onc a d;‘
tional contatner for each additional 50 contasners filled Not less than 1 ml from e
contamner ot the entire contents 1f less thaa 1 ml of the chick-embryo pulp v.;:
rehydrated as directed on the label shall be tested Duphcate cultures snage M]:r'xud
with incubation at 37 C and »? C I contarmination appears 10 any of the tubes p"d‘d
the test may be repcated with the same number of contamers and a lot shall be discz
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f the same type of OTRamIsT™ Appears in MOTE than one 1est but no lot shall be passed
until the final test shows no growth throughout

8 e ity test

The potency test on the finished vaccine shall be considered a satisfactory identity
test

9 Lab ling

The outside label on eash contaner shall show
(@) the official name of the product mamely  Yellow Fever Vaccine
{6} thestatement Lt ing dried cultute of 17D virus prepared from infected chicken
embryo
(c) the volume and kind of dituent to add
{d) dose
the lot number and expirat on date
() the licence number name and address of manufacturer
(2) a statement of the conditions of storage (sec section 10)
(%) a statement of the volume of chick embryo pulp before drying 1s optionat
() the statement No U S Standard of Potency shall ¢ appear

8

10 Expirati n date

The dating perod of yellow fe er va Gine 18 divided mio three per ods

(a) Perod of very low temperature storage between harvest ng and the tme of
passing a satisfuctory potency test (the Jatter date 15 destgnated the  date of manu
facturc ) This 15 a varable period dependent upon the manufactuning conditions
demands for vaccine and storage temperature

(%) Perod between date of manufacture and date of beg nming distrbution (the
latter 15 designated the  date of 1ssve ) This per od shall be not more than } year
after date of ma ufactare and durtag th's time the product must be kept constantly
at & temperature below —5 € (23 F) preferably below — 0 C

(e} Pendd of distnbution  This penod (ending with the  exp ration date ) shail
be not more than t year after the date of 1sue and during this time the product must
be kept constantly at a temperature below 5°C (41 F) and the label must bear the st 1€
ment followt g the e p ation date  If kept below 5 € (41 1) Keep preferably below
*ca P

11 Adm st aton of the acar e

Yellow fever vaccine processed 1n accordance with these min mum requ rements
15 prepared for buman mycction 1n the following manncr  draw into a stente ncedle
and syt nge of suitable size the diluent (sterrle physiological sodsum chloride sofution)
on the basis of 10 ml of ¢ fuent for cach 1 mt of dned  ccire as shown on label of
ampoule then open the vaccine conta 1 § smpoule and carefully mix the vacc ne and
the d luent unt | &1l has been drawn Into the syr nge and 15 In @ un form susfens on
Because of the volume n casc of the larger ampoules the | quefy ng and dilot g w 11
neet to be accomplshed w th a scparate bottle of d luent and a suitable synnge
Admmster the single tmm n 1 g d  of 05 ml subcutancou ly ar ¢ Children
reces e the same dose as adults
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12 Shipprng requirements

Yellow fever vaceine shall be shipped in a swtable contamer adequately pz ked
n carbon dioxide 1c¢ or provided with other means of refngeration so as 1o ensure
a temperature constantly befow 0 C

13 General requirements

Al other requirements as to methods of manufacture and the mamtenance of ade
quate ptocessing and distribution records which are required by governmental regulations
shall apply

14 Requiremenss for release

Where required by governmental regulations as in the Unued States distribution
of each lot shall be withheld pending officsal release  For this release there shall be
subnutted the following

{0} A protowal of the potency and stenbity tests

(b) Nofess than 3vial o not fess than the equivalent of 50 em® of finished vacane
shipped as durected 1n section 17

DIRECTIONS FOR PRESERVATION OF SEED VIRUS

The prinary secd virus shall be preserved 1 the dried state under mtrogen and
stored contimuously at —70 C or colder The virus contaming maienal 13 distnboted
nto ampoules of USP tvpe 1 glass or better shel frozen quickly Fallowsng which the
material 15 dned from the frozen state under hagh vacuum until the moisture content
of the vitus costainng matemal 1s fess than 05 7 The ampoules are then filled with
dry murogen flame staled inspected fabefled and immediately stored at —70 C or
colder If properly prepared and stored the virus wifi remam viable for an indefinite
aumber of years

The secondary seed virus 1s prepared as chick-¢mbryo pufp by the method desenbed
for the preparation of the pulp for vaccine production  The pulp 1s ampouled drred
and stored in the manner described for the preparation of the prunary seed virus
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