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T™he ugs of Fegcnz.diried amellse® waceins of selible guality la
prerequizite Lo Lne succeds of the smallypox svedization srogranme.
Therefore, s the tezinning o7 the sradisstion vrograsmne in 1967,
particular effuris Were mude o Laprove the quelily @yl o Increasa the
guaniity o vaneine avalluble, THIE paper desoribss WHD ackivitiea
dealing with veetline quslicy and summarizes cevialin aspesla of the

present et4alos of vacaline production.

WHD SBurvey on Vacsine Prodastion Siatus

in 1967, when W), (2 cavperation with 1t member counsries, startsd
the eradicatisn progreamme o & worid-wite baxis, nur firet concerrs was
io snsurs an adegquate suppl; of polent, hast stable vaceine to the prograsins.
AL thml tlme, only limiited information on the status of veacaine production
in individuil iaboratories was sveilabie. Accordingly, aarly in 1967,
ausgtionnaires were sent to all membar states where ths produstion of

reoge-drizd vaenine was welisved te be wnder way. 'Une informatien

provided by the laboratories was sunmarised early in 1968 and since then
the data have been revised whenever additional informatlon has besn received.
The data presented 1n Tables 1, 2 and 3 are based or thiz information and
are belizved to reflect fulrly well the presert status of vaccins produatien.

At peasent, 50 countries are partisipating in the production of
freeze-dried vaccine (Table 1). In these countiriea, 51 laborsturies sre
aither producing or prapsring $¢6 produce vaccine. Sixty-four laboretories
e now in routine producticon.

Table 7 summarized the types of strains being used in the 64
isborateries currently in routine production. The dasignation of the
strains 12 provisional and respresents simply the names of strains as
reposied ©o us., Tha Lister strain 1s most frequently uvsed. OF 64
laboratoriss, 20 use the Lister strain. The New York Foard of Health stiaé
is used in 5 laboratories in the Amerdicas. In Eurups, more than [0 strelfis

care used 1o various laborateries, reflecting the very long ninbory of

spoving dovelopment io hig relss . The

Medinzal HfMesr, Smslipoz Ersdication Unit, World Health Ovganizgation, CGevwd
Chief, Seailpox Eradicatien Unit, World Health Organizatisn, Geneva.
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vhrae Ysborecoriss dvn Indiay The BMGT strain. devived fvomr the Douados

g vnin, we3 sslwbad Doy ouso A Bhe Soviedh alor aftsr cersivi comparative
graaiies o verlsuy vALOAna StLoins. T miwuld by onohed thai thore pee
L Vit Lasihes sored £ 38 el bk Daliggndi @F Gg SLTRLG Op Lhe byse ol sissin

s unby atan.

frons bhe andpsle andl wecis available for producticn of vegeine,
alrea are woenk e 42 antly iy iovsd {Table 3). Only three laborstorles

dega dp the Angricas and tun in Eupone] are produsing vaceins on other thas

iitaat akis.

The #P0 guestlameleas in 1207 reguested Infurmaticn rezarding potensy:
Wil gLetility of vaexing a9 teriled in Yne individual Jsberstoriss. Oniy 16

A 1

a7 45 faboraborios poooTds sanory reaults fovr boilk the pobency and

Dordng 1957, 16 istorsioriss in 16

mﬁ

samploes of vesging o WD Yor lodepordent testing. OF
“Vane, vescinn fres sly 7 lshowstonies (U3%) conzistently met WERD
A Temn L s, Tras, the quni oy af the veceslire was gerersily ur,,:.a islastory
ar rat des and is owag foln it L7 bhe eradicutlon nrogroime wore o be
greteas Pl urgent weamirss wavg senained fo lmprove vaoodre goelity,

Ty principel appyroaches were teken.  Flrst, & Serinsr on Yacoina }:v"zhiue'tinn
Wiy convensd in Hereh 1068 and, mroond, steps wers tuken to provide
mmmﬁamﬁ;’:, fellowship Tralning, and indepsdant teatlre of batches of

Teaine,

Jomlrar on Vaunsine Produehion

s Tropese of this Hem

in dha Inbtredueiony

purapRen of Lis

PR varisus vescine leborateries ewploy & wide wadety of produstisn

mathests gvolved over pany veava thregh trial snd oreer, emperineaiatlion,
piastallor engd eebiteary destaton. Althodgh the hesle pvnsiplos of
malioer vacolng predustion and tasting have wop aleberefod, a detailed

el s [ELE

A e &

gr rrg never bEen swihbtished. Aooardingiy, #WHO convonsui s yorking

syap, conpeacd of those with expsrt

ascgnaiive met Sm":z f’*ar thae produciion and teafing of i'rmmmdzﬁaa mllpﬂsg
seedine pod to recommend the simplest, most practizablis methods”,
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Stalf fran five labosratories participated in the Seminer: R Jke
Tnelitute voor ue Volksgezeondbeid, Nelhsriands; Wysth Laboratories, Ine.,
USA; Hessarch Institute of Virus Preparations, Moscow, USSR: Comnaugit
Medioal Heseavrsh Laboratoriss, Canada: and Research Irsiituate of Tumunclogy,
Pramue . Czachenslovekia. The seup, afler discussiosns in Geneva, visited
t#o labopatoriaes, the Resesroh Tnstibute of Virus Preparations in Mozecow and
wne Yyath Iabowatories, 84, 6 observe actusl produstion pirocesses and $o
digeuss furkhe: the pronused methods. A manuel termed "Methodology of
Frasze-drigd Sisllpox Yaceine Production™ was prepared during the Seminar
and tniz has bLeen mmds avaliabis o producers on request. It might be
ugefu? ie mention brisfly several imporiant points noted in this manual.
First, the group recommended the estzblishment of & seed virus system with
a high poiency seed let of moire Lthan mg“? p.fou. /ml. o ensure oonaistensy
In the vaccine stiein ‘and a- high conceniration of virme in the pidp. It
was noted that with good technique, the pulp should contain mm p.fou, Aul.
of virus. Conious sleansing of the animsls and aubseguent approrriate use
of phenol, in addition ve the usuel precautions te aveid sentawinstion,
should result n 2 very low or all bacierial count 1n the fined bulk material
Tha choies of fraeze-driers, problems of sealing, types of final containers
sush 8 ampoulas, vials, snd vampoules are dlsoussed and illustrated fn the
manusl. A vaogins £111 of £.2% ml. waz recommended in visw of the wniversal
use of the bifircated needle in the eradication programw. For diluent,
25% slyesrol wan suggested sines 1t is less vircoidal than the customarily
used higher conoentratimms. For egg Veating, the uvse of ¢ $.1 wl. incoulum -
on CAM wzs recommended &s being more sensiti-e than the uze of C.2 mi.

It was noted that some producers are notd certain sbout the hiatoery = thelr
sead virus snd gomz normally chaerve different movsdhwiogloesl types of pooks
from sved vivuy ipcouiebed on CANM, {ndizsting thet iheir seed virus nmay not
e homogenous. VWhils it is difficult 4o transiate ihe sigaificance of such
chservaitions inte practicsl termus of resctogeniecily and iwmmmogenicity, the
group was of the oplnion that it would be more practical asd reaiistic to
replace gusstionable strains with sirains such as the Lister or EME3, ‘which
mMmhg;thm with respect t6 immmogenicity and

el speniciny.
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Provision of Consultant Services, Fellowship Training and Vaceine Testing
by WHO.

It was felit most desirable to establish the closeat possible contact
betwaen producers and consultant laboratories. In the Americas, since 1967,
the Connaught Medical Research Laboratordies, Toronto, Canada, have assumed
responsibiiity, under contract with WHO, for the provision of consultation,
fellowship training and vaccine testing to vaceine producers in South and
Ceniral America. Thirteen South and Central American laboratorles have now
estaplished ciose communication with the Connaught laboratories, For
laboratories in other parts of the world, the National Institute of- ‘Pﬁbli.c
Health, Utrecht, Netherlands, has undertaken to provide & vaceine tesiing
service g= well &5 consultative assistance; additionsl hc;lp i3 provided also
by specls}l consultants from the United Kingdom, Czechoslavakia, the Soviet
Union, Austria, France and Sweden. Vaccine testing ineludes determination eof
ini+ial potency. heat stability (both at 100°C for 1 hour end at 37°C for
k weeks), bacteriological testing, phenol content, moisture content and de;sree‘

of racuum in the final containers.

These laboratories are also prepared to provide seed lot virus, ready
for incoulation, to producers who wish %o replace their current strain.

Puring the Seminar on Vaoceine Production, the avallability of reference vaccine
was of concern since aome laboratories in developing coumtries are not able
iniiially to produce & national reference vaccine for purpeses of routine
vacaine testing. ¥or such laboratories, the twoieating laboratorias agreed
to provide their own national reference preparation until producers could
devalop their ovm reference standsxd. Developmental studies, related to
vaerine production problems have also been carried out in these two
laboratories. In the Utrecht laboratory, a bank of vaccinie strazins has

zlao beer established. In 196G, these two laboratories were officlally
éaa:a;;n&ted a5 the WHO Regional Reference Centre for Smallpox Vaeolne

{Connauglt Msdical Research Laboratories) and the WHO International Reference
Centre for Smallpox Vaccine (RiJks Institute).

Poteney end Heali Stability of Vaccines Presemtly in Use

WELH R FYBISTARCe PATUICULEFLY OF The TWo Wi Referance Laboraltories,
closer contact vith producers throushout the world haz been established.
Reaent results of vaceine testing, as perforued by these Reference
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Iarorglories sugzgest that substaniial luoprovements in vaceine qualiiy

asve besn zade slithough further improvemants would hs d&siﬁablen

Tasle 4 presents the results of 201 lets testsd during 1968 and
1M so date, ﬁ:enty»two producers submitted samplen. OF the 201 lois
tagted, 150 jota mei WHO recommended sitandards for pobency, heat stability
and puriSy. ©Of 51 lots whlch showesd unsatisfactory resulis, 45 lots were
rmatizfagtors with vespeel o heat stability., mly four lots revesled
wmatizfacteorr hacterial counts. OF the lots with setisfactery resuvlis,

anout 40% bhad nll becteria by plate count azaay,

Since the hest stability of vaccine remains the most signifieant
prablern, & fuither anzlysis was made of the results of heat stability
Zegcing subained In tests of up to flve successive lots from 20 different
producers (Table 5}. ¥ith the excspiicn of twe producers {ome in Africa
and oue in Austrazlasia}, the aversge loss of titre after inocubation of the
vaceins or b waeks zt 37°C was less than 0.67 log. Ir 10 labarstories
whe average loss of tlire was lessz than 0.3 log.

o
Rapid bsat Stebility Test (after 1 hour at 100 C)

in some endemic countries, the pressing demands for vaacine supply
ami the lack of siorage space recommended the evaluation of s test for
veeeine stablliiy which would take less time than the cenventional 4 week
slabliity test. During the Seminar on Vaccine Produstion, further

evaluation of the teat requiring inecubation at 1be°c far 1 hour was propossd.
Since 1968, tte WHO Vaocine Reference Laboratory in Utrecht, has conducted
in parellel tiis repid heat stabllity test and the conventionsl heat
alebiiity teat.

Table 5 shows = comparison of the average loss of titre between the
conventional and rapld heat stability tests for several successive zample
lets produced in 12 lsboratoriss. With the rapld heat stebility test, the
legs in titre 1 greater; vaceine producel by € of 12 producers showed &
titre reducticn of more then 1.0 log afier incubatlien. The correlation in
resuliz obiained with these two -test:s is at bhest mpproximais: resylis

¥ predycer gy v

e wmgem e Ben
SELRINST WITR ~eemina oY ts

with the others.
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A further examinetion of the data was made to determine the poasille
application of the rapid heat stability teast as a scrsening test for lots
of vaccine - in other words, to ascertain if vaccine which contained a
defined minimm titre of virus and lost nor wore than a defined maximum
amourt of virus after ineubation at 100°C for 1 hour, could be assured of
passing the conventiopal stability test involving inoubation for 4 wesks
at 57°C. A somparison of results obtained for 1739 lots from 2%
producers tested during 1968 and 1969 i{s shown in Ta.bie 7(2). 0Of the
130 lots exemined, 106 passed the usual heat stability test. As can be
seen in the figure, all lots except one, which passed the conventional
heet stahility test had an initial titre of 108' p.f.u./ml. or more and

retained a titre of 107'5 or more after incubstion st 100°C for one hour

With rezerd to the exceptisnal lot, it should be noted thst there
was & substantial difference betwesn titres obtained before incubation
when this lot was tested on two oeccasions, suggesting thaﬁ the lot of
vaceine itself may not have been homgm. 7

{n the basis of these observations, it is proposed To acoept as
setigfactorily stable, without further testing, lota of 'vacéine which have
an initial titre of 1D8°5 p.f.u./ml. and which retain a potency of 1072
p.f.u./ul. or move after incubation for 1 hour at 100°C. Of the 106 lots whier
wore satisfeotorily steble by the eam:éntiom stability test, 68 (64%)
eonmrmd with theses oriteris, and could be immedistely released for use

without furihsr stability testing.

. In swmary, conslderable overall improvement in vaceine quality has
been noted rince the beginning of the fntensified globel eradieaticn
programse. Further improvement is certainly necessary: Close
esoperation &3 eéﬁnmﬁcaﬁi&m among all the laboratories concorned will
be most imprichamb.
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Mothodcloxy of Freeze=Dried Smallpex Vaccine Froduction,
World Heaith Jrganization, SE/8.3 Rev. L.

Testing eaulte provided bty Dr A. Hekker, Ki)ks Tnstibute,

WHO Imiernational Reference Centre for Smailpox Vaczcine,

Ueranht, Netherlands,



Table 1. Geographiesl Distributicn of Troducers of Freeze-dried

Smallpox Vaeoine
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Tahls P, Vascinde Stralns Usad in laborsiories Praswmiiy in
— Reutine Production I
; | ' waw l ‘
i . i b ; !
i Neo. . York { i
I ot | Board %
! Labore- | of Tnstitut | Patum: |
Lo gff.fisi:fer Health | Pasteur fanm dangayr j Fit 63 | Other® | Unknawn
AFRICA g b3 0 1 0 9 0 2 3
AMERTCAS < .2 5 0 v} 3 o 1 j
Austroalaiis 15 T 0 1 0 500 n 7 1
Burepe 27 & 0 i 2 g bk 10 2
e ' . ‘ e ey :
| Total o4 20 5 ¢+ 3 2 -
¥ - -~
¥ Tneludes Tnstdtut Chambon (Paris), Ikecw, Zusaepest,
Bobeiniz, Hawburg, Bordeaux, Aosta, Minsk.
Table 3. Medium Used for Production of Vaselnle Virus in Laboratories
Presentiy 1n Routine Production of Freeze-Dsied Vaccine
i vy, of ‘
aboratories i Calves Sheep i Eegs Mesus Dulture Unknown ‘
AFRICA g 4 5 0 & 0
| AMERICAS 9 8 0 L1 0 1
Australesia 19 i3 5 0 G 1
I Europe ' 7 21 & ¢ e 1
Total &4 4% 16 1 2 3
¥ Uue laboratory uses bhoth calves and aheep
- "o laboratories use bovine embryo musciea tisnuve cell oultwres,

in addition to animals
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Mt e PegulhLz oF Viacoines foon 8 Producers by Wil Reference

Leborataries - 1908 and 1U09 {to Jung?
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Producer ’; { :
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8] s 5 L. - - -
bt 6 b . 3 - ) -
6 1 11 ! 10 i 1 - - 1
T < : 2 | = - - -
81 16 I U - - - -
Eurone ; ;
- Producesr !
No. 1 : B 2 P - - -
2 2 2 |- - - -
3 22 14 i 8 1 T -
TUPAL 291 150 i 51 15 45 4 |
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maintalring over 1 x L7 p.fou./md efter U weeks at 37 C and with -
sscterisl gount leas than SO0 1. ‘
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Tabie 6. Oomparizon of Loss of Titres between Heat Stabllity Tests

after © > ab 100°C and £77-- 4 weeks at 37°C
A T Average loss
Avernge 1loas et titre
of titre alfter 1 hour ’
Serdsl Mo. fo, of atter b wesks at 100°C
_of Producsrs Test lots at 37 C -
1 5 0.15 0.9
2 5 o.21 2.61
3 & 1 0.21 o.46
4 i 0.21 0.5
5 5 | 0.25 3,56
6 5 0.26 . 0.68
7 5 0.26 1.39
g8 1 0.27 1.04
9 2 0.5 1.63
1¢ 5 0.39 3.89
11 % .35 1.19
19 5 1.21 R




Conventionfiffand Rapid Heat Stability Tests
{Titre of p.f.u./ml. expressed as Log)

Dy

Titre after 1 hour at 100°C

o: Lot passed conventional test

ol
e

(4 weeks at BTOC).
Lot failed conventﬁannal test
(4 weeks at 37 C).

w';]:n:_lﬁtial gtre 9..00 or greater - 8.50 - 8.99 B.oo - 8.49 7.50 « 7.99 7.00 - T.%9 6.50 - 6.99 6.49 or less
!
9.éo er %greater 8J°cloaoo §8520000 00000 o 00X0
8.§0 - 499 o DOO0000 o
8.80 - ?’.89 8890000 o 0 00 0
8.70 - §.79 000000 o o o 000
8.60 - 8.69 990000 800 X0 X0
8.50 o0 o Xo o x
8.40 ) 0000X o
8.}0 o OOXXOX XOX0 x
8.20 ox LR Xox
&.10 o 00XX ~ X00 - XX0X
8.00 - 889 XXX xox XX xx
100°% 1 hour | 37% 4 veeks
'Tme titre of tnts vacetne 1s: B;f b e o ‘3";2 Bsef?;e A'ﬁg; iog;




