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DRIED SMALLPOX VACCINE

Glycerinated smallpox lymph vaccine has for long proved highly effective
and dependable as an immunising sgent. The success encountered in using it in
cold countries prompted the health authorities to extehd systematic vacclnatlon
to warm countries and territories where smallpox still causos great havoc among
the pecple. It was found, however, that the glycerinated vaccine pulp loses its
potency when carried to remotc regions; hence came the idea of producing a
substitute that resists long transportation at a high tormperature without
loging much of its potency,

In many parts of this region conditions of transportation and storage
of vaccine lymph aro very unfavourable and the liability of lymph to becomeo
ineffective after exposurc to hot woathor in rem~te rural areas in the region
is woll knowr. Expert opinion scems to be that the succesasful production of a
dry vaccine will go a long way towards solving vaccination difficulties in
rural arcas, particularly in those tropical countries where smallpox epidemics
" are still frequent,

At its third session in Istanbul, tho Regional Committec for the Eastern
Moditorrancan adopted a rosolution (RCB/EM/BS Rev, 1, para 7,1,2,15 noting
tho posgibility of using dry vaccine, The Regional Offlce promised, in that
sesgion, to collect information on dried smallpox vaccine asnd the trials of
it. carrled out in difforont countries,

Since the discovery of the smallpox vaceine it has been réalized that
vacoino matter when dried romains potont for a long time.

Jemner himself (1798) sent specimens of his vaccino,dried on thread, to be
tried in other countries by foreign observersg.

In 1836, a law was issued in Austria prescribing the drying of the vaccine
on ivory spllntors. It is.claimed that this vaccine gave ‘positive results after
four to six months or even moroc.

Mucller (1869) claimed to have used with oxcellent results, vaccine lymphs
which he dried and preserved botween glass plates for ten years,

The Reissnor Vaccine (1881) aroused great interest. He dried in the
dessicator the vaccinal lymph of & hoifor, ground it into very fine powder and
kept 1t in small boxes, Rolssner claimed that his vaccine conséerved its
propertios for seven months,
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Formerly, it was a common practicc that physicians prescrved the dried crust
from a typical take,

Profcssor Wutz was able in 1897 to inoculate calves and prepare vaccine fro
them from some dried waccine which he took with him to Abyssinia and which was
originally propared by Chambon and St. Yves Ménard.

Since the beginning of this century many workoers have devised different
techniques for the preparation of dried lymph wvaccine. The results obtained by
using dried lymph vaccine proved, in general, according to these works, to be mom
favourable than those obtained through the usual glycerinated lymph.

hchalmo and Phisalix (1909) prepared a dried vaccine which, after storage
for onc yoar at a temperature of 37°C to 38°C, was still active. 4 tomperature
of 41°C to 42°C did not have any influence on the potency of their dried pulp,
a temperature of 45°C reduced it very slightly and a temperature of 57°C, a 1littl
more,

GCamus continued the researches on dried vaccine, and in 1909 deviged a
technique for its vwreparation, Joyeux tried Camus' vaccine in Kan-Kan with
71 - 98% positivo takos, In 1911 =~ 1912 a new type of dried vaccinc was
propared by Camus, ' :

The results claimed to have been obtained by a number of investigators are
shown in the following tabless
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:
Investigator s  Dried vaccine prepared by 3 Place and date ¢ Positive
X z _ of trial results
- :
Ringenbach t° Degive, Bruxeclles Belgian Congo, 32% after 4 months
- : 1913 under tropical
$ temperature
Kersten 3 Pondorf, Weimar New=Guinea, 60% after 2,5
. ¢ 1914 months
: s
Martin t+ Institute of animal vaccine: GCameroun 1917 85% after 4 months,
:
5
:
:
:
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Rosario and Rudigoer Philippines, 53¢ after one
Rizal 1913 month
0.Schobl Philippines, 65%
1918-19
lasnet ¢ Vaccinse Institute Academy French . Very satisfactory
¢ of Medicine, Paris Western Q{utgj
9346

Pasghon was able to have a positive result in a child vaccinated with
9 years old dried vaccine prepared at the Waccims Institute of Hamburg.

Iogendre had excellent results with dried vaccine in 1928 in tropical Africa
in the High-Volta far districts,

Dried smallpox lymph_ﬁacéine was used with satisfactory resuvlts in
Belgian Congo, Mozambique, Kenya, Angolay French Somaliland, French India, Dutch
Eest Indies, Indonesia, French Indochina (Vietnam), the Philippine Islands and
China,

Otten (1927) roviewed the history of dried lymph vaccine production and
reported on its successful use in Batavia. He insists more particularly on the
use of dried glycerinated lymph which is far weaker and the duration of its

ebtivity is limited, .

Through the dessication of the vacecine and its conservation in vacuum, Otten
obtained a very resistant virus: under a2 temporature of 36° it resisted for
several months; under 41° = 459, for many weeks; under 589, it could still resist
for some days. Thig dried vaccine, kept at robtm temperature for 9 months and a
half, including 4 months &t Samarang (Java) and one month incubated at 369, gave
-oneé hundred per cent positive. According to Otten, vacuum is an indispensable
condition for the conservation and efficacy of the virus., 4n inconvenience
of this dried lymph is the necessity, once the tube is open, to use it on the same
day or a few days later, as it rapidly loses its efficacy,

Lccording to Gaide and Bodet (1931), dry vaccine for thirty or forty thousand
persons is prepared every year in Indochina, for Cambodia and Laos; laos also
roaceives dry vaccine sent directly from France.

In 1932~1933, Otten summarized the results of 16,000 vaccinations performed
with dried vaccine. The vaccine remained stable for days at 58°C, for months at
379C - 42°C and for s year at average temperature in the tropics.

In 1932 -~ 33, during a smallpox epidemic in Karikal, French Indies, 8400
vaceinations were made with dry vaccine with 95.5% positive results.
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4 purifiédidfied,véccine containing few sécondary germs was tested in 1939
by Prof. Henri Bornard and was later used jin Dakar, giving successful resgults,

¢Otﬁor-w0rkers have achleved a fair measure of success using.dried lymph
and it pay maintain potency for over a year if dried in vacuo from the frozon
state (Boulnois, 1936, 1937; Kaiser, 1938; Morosov et al, 1943).

The dried vaccine made by Ctten's mothod at the Ingtitute Pasteur, Bandung,
has becn used in Indonesia sinco 1931, - The number of doses of vaccine supplicd
rose from 147,000 in 1931 to 801,700 In 1941 and to more than 26 million in 1949,
The wusc of this vaccine rapidly bocame goneral throughout Indonesia,. even in tho
. mogt distant islands of the archipelago. During the 1948-50 epidemic, the
vaccine was of grost sorvico.

TECHNIQUES OF PREPARATION

Blaxgll (190}

The pustulos are collocted from heifcr at the onc hundred and twentieth
hour, thon placed in a sterilized porcelain box and dried in vacuum -over sulfuric
acid (H2 804), 4fter twenty-four-twenty-cight hours, the pulp derived from the
pustule is completely dry, and it is thon put in small scaled glass tubes,

Carini (1906)

Dogiccation over sulfuric acid or potassium hydroxide (KOH), in vacuum
at room tcmperature (18° = 20°C), After twenty-four-forty-sight hours, the
vaccine, which has lost two-thirds of its initial woight, is pulverised in a
sterilizod mortar. It is then kopt inside vacuum:glass tubesge

Lichalme and Phisalix (1909)

Dosiccation in vacuum over sulfuric acid, Preservation inside sealed glass
tubos, air-empticd or not. The virulence is maintained longer if the pulp is
kept in vacuum and not pulverised.

Carme (1909)
Desiccation in vacuum under 15°C temperature, the pulp being laid down in

thin layer. Prescrvation in vacuums. In orde. to increase the stability of the
emulsion, & solution of 10% of gum-arabic is added to the pulp.

Degive (1913)
Desiccation in draught., Iounding by means of a special mill, then fil-

tration and preservation inside cork-stopped tubes placed in another tube filled
with glass flakes and air-tight sealed, No vacuum is made in the tubos,

Wurtz and Camus (1919)

.. Before deslccatlon, the pulp is congealed in order to facilitate dehydration,
Thus prepared, it is pulverised and clcarod of forolgn substancess It is dried
by means of the air-pump, at the ro n tempcrature, using sulfuric -acid or
phogphoric acid,” Thc f£illing of the tubes takes placc under a tent-shaped
apparatus (thus cnabling the operator to be in tho open air, with his arms inside)
containing an atmosphore dried by mecans of 'sulfuric or phosphoric meid, The
main idea is to obtain dryness quickly and to maintain it. '
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Schibl (1920)

Tho pulp obtained from animals is pounded in a sterilized mortar, laid
on o wide surface under perfectly aseptic corditions, quickly dried in
vacuum over a hygroscopical chemical product, pulverised, then kept in a
desiccater, under the room~temperature,

The dry vaccine is put insidec glass phials provided with rubber plugs,
paraffin sealed., Another vhial of the same type contains the glycerine to be
mlxed with the pulvorised vaccine immediately before use.

Otten (1927)

a) "Room lymph™ The freshly obtained pulp is pounded in a "Chalybaus"
nill, thon it is laid in a thin laycr on a glass slide and dried in vacuun, over
sulfuric acid, After forty-eight hours, the vaccine is poundod in a mortar,
then kept in vacwuum, with or without phosphoric anhydride (P205) under the roon-

temperature.

b) "Frigilo-lymph" - Vacuum is made under ro3m-temporaturo, but desiceation
is obtained at-25°C.

¢) M"Congealed lymph" = The lymph is congealed under-15°C; one hour
later, vacuum is made and dosiccation is carried out, both operstions taking
place at—15°C temperatura,.

- The loss of weight resulting from the desiccation of the pulp is about
80%., When using the dried lymph for vaceination, and in order to ‘'obtain the
same dilution as for the glycerinated lymph (i.6. one part of pulp for two
parts of glycerlne), Y4 zre of glycerine should bo added for 100 milligr. of
dried pulp.

Institut Pashour, Saigon {1929)

The vaccine is dried in vacuum as soon ag obtaineds 4 mercury steam pump
whe.ch is able to crestc a vacuum at 1/1000 mm, Hge is used for desiceation,
Furthor, by using liquid air refrigerators, desiccation 1s much quicker than
previous techniques.

Offico National do Iutte contre les Epidémies (1929) - (National Office for the
Control of Epidemicgyo

Once gathered fron h01fors, the pulp is pounded three times in a vaccine
vartical grinder, then it is collccted in a sterilized glass container., ‘The
pasty substance thus ‘obtained is laid in thin layers in sterilized Petri ‘dishes.

The dishes are then put in the desiccator, after which their 1lids are
taken off. The désiccator has the shape of a small horizontal autoclave ‘provided
on each face with an aperture, one of which is connected by meansrof rubber
tubes to two bottles of sulfuric acid and one bottle of caleium chloride, and
the other to an aspiration pipe. The dessicator is then closed and a slight dry
draught is continuously riaintained in it.  The next morning, the vaccine, thus
dried, ig hand~pounded in a porcelain mortar, The powder is then put in
another gsterilized Petri dish, and kept in the dessicator during the following
night »

The next morning, the pulverised vaccine is put in sterilized glass
phials, approximately one gram in each phial, The phials, thus filled, are
kapt uncovered in the dessicator during the next night. They are taken out
of the dessicator the next morning in order to be provided with cork-stoppers
and sealed with sealing waxe To each phial containing this pulverised vaccim
is joined a similar phial containing about 1 cm3 of 70% glycerine water (withw
out phenol).
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For tho bacteriological tcst, onc tekes throo phials of pulverised vaccine
ond pours in cach of them the contonts of a phial of glyccrine; after a caroful
mixing, ocach of the threo nixturos is pourcd in a formentation Smith tube
contnining glucose brothe Tho tubes arc incubatoed during nino dayse If no
gas is fomcd, the vaccine is considered utilizable. 1If, on the contrary, gas
is formed in one of the threoo tubes, 4 em3 of the broth containod in this tube
arc subcutancously injccted into a guinca-pige If the animal shows symptoms
of totanus or gas gangronc, the vaccinc 1s turned down; otheorwise, it is
considored utilizables. No counting of bacterias is carried out.

For tho virulonce tost, a snmall quantity of the contonts of a phial of
glycerine is poured into a phial of pulveriscd vaccinej after carcful nixing,
tho nixture is laid on snall scarification fields proparcd on rabbite and also
on partially Irmunised heiforse. If woll~devoloped pustules are formed, the
vaccine is considered utilizablo. '

_Ip_@ituﬁ du Vacein (Vaccine Institutc), Lourcngo-Marquds (3929)

The vaccine to be drioed is collected on a sterilised gauzo drum, so that
tho pustulos, when exposod to a draught, get quickly dry. The drum is then put
over sulfuric or phosphoric acid in a dessicator which is Xopt in a refrigerator
until the pulp is congoalcd. The dossicator is then connceted o an air-pump,
and as soon as vacuum 1s made Insido, 1t is roplaced in the refrigerator; the
vaccine which, thus, bocomos dry and fr:Lablo, is thon casy to pound.

For this purpose, a SpC’Cial spparatus is usedj 1t consists of a bell
containing a glass flasks Tho apparatus is driven by a motor and works in
vacuime Anong othor advantages, this apparatus allows the opcrators to avoid
inhaling the pulverised vaccines A storilised mortar, cooled in a refrigorator,
may also be used. Beforo being put in tubes, the pulveriscd vaccine must be dricd
again, as dampnoss facilitatos putrofaction.

The dry vaccine nay alse be preparod in tablets. It 18 hygroscopic enough
to be mado into pills, cven without adding gum or other excipients; howover, in
order to avold compression or any othor manipulation which might roduce its
virulencey it is preforable to producc it as a powder, if possible, in opaque
vacuwa containors.

Driocd vaccineos in usc at presont

At prosent, thore arc four nothods for the proparation of dried lymph vaccine
namoly ¢

le Otton?s method at the Pasteur Institute, Bandoong 3
2+ Kaisor’s method at the Lymph Institutae, Vienna }
3 Fasquolle S+t. Yvos Ménard at the Institute of Animal Vaccirc, Paris ;
and
be Lyophilisation mothod at the Division of Laboratordos at the Michigan
State Dopartnont of Hoalth.

According to ithe technigue cmployod at tho Institut Pastour, Bandoeng, the
pulp collected from the buffalo is ground, driod in vagio at laboratory tamperatura,
pulverized in a mortar, and then £illod into ampoules, which’ aro sealed aficr
ovacuation of air.
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The Iyophilisat,ion nethod which appoars to be very efficiont in maintaining
the viability of virus strains is cgsentially a nmothod of rapid froczing at a
very low tcmperaturc and repid dehydration fram tho frozen state under high
vacwum; the process is continuous and conductod in the final containcr in which
the matorial is to be scoled under the original vacuun, atored and distributod.

The eryochem proccss 1s a now procoss for the preservation and dessicatlon
in vacuum from thce frozen stotce It is said to be more ccononmical than the |
yophile procosse. It is simplor to carry outy, faster in drying and requircs no
storngo of dry-icc.

Difficultics experiencod

Threo major difficultics have beon meountorod in the preoparation and use of
dricd smallpox vaccinc, and these probably account for its not being widely used:s

1. It has beon difficult to obtain preparations in which the number of
‘contaninating bactcria have been reduced to an acceptablo lovel;

2« It is morc cxpcnsivo to produce dricd vaccine than to produce glycerinated
Lyrph

3¢ It 1= morc diffiecult to reconstitute a dried waccine at the time of use
than to opon a capillary liguid vaccinc.

A najor problem in the usc of dried vaccine is a convenilent and safo method
to be followod by the unqualified vaccinators who usually administor the vaccine
in remote districts in the tropicse A dofinitc hazard is involved in oponing
tho vials of vaccine becauso there is a tendency for a small amowmnt of the
powdered pulp to be blown from the ovacuated tube when it is brokens . This pulp
may cause ocular or rospiratory infection, or a deop wvaccinia infection may be
produced from aceidental cutse

It was found that rigid attention to the dotails of sanitation during the
quarantine and handling of animals, togethor with the troatment of operative
surface with Roceal solution, made possible the production of vaccine containing
very low numbors of viable organisms.

J M« Homibrock and.Wee Gerhard worc able to produce smallpox vaccine with
only 600 organisms per mla, well below the maxirmm mumber alloved - (US4) .
Thoy obtainoed this result by adding ponicillin 4o tho carefully preparcd vaccine
before drying.

Kreshnamurthy, in trying tho effocts of penlceillin and streptomycin on
vaccine lymph found that whilc both antibiotics do not affect the potoney of
vaccino 1ymph, only stroptonyein successfully brings dowmn the bactorial flora of
the vaceine Iymph to the required axtonte Or the other hand ponicill:.n was found
to be :anffoctlvo in rodu¢ing tho bactorial contaminants of wvaccine lymph.

LABORATORY INVESTIGATIONS AND FIELD TRIALS OF DRIED SMALIPOX
VACCINE SPONSORED BY WHO

In 1948 a joint OIHP/WHO Study-Group on Smallpox recommended that further
studies and observations be made on the moans of preparing an active but pure
dry vaccinces This work progressed during 1949 at the Animal Vaccine Instituto,
Parig, wherc it was found possihle, through treatmont with an entiscptic YRoceall,
to dmprove the purlty of the dry vaccine’fomorly produced at the Institute,
The purc lymph vaceino eppearod to bo somowhat loss potent when obtained in this
Woy, and mothods for ranoving the antisoptic and thercby enhancing. its potoney
had to be studicds The vaccine was tricd out in the ficld in India with satisfac-
tory  Whakes".
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In sccordancc with the rosolution of the World Health Assambly (Rosolution
WHA3418 Qffe Rec. World Health Orpanization 28) the WHO Export Committoc on
Biological Standardization (1950)recommendedthat an investigation be mede of the
valua of dried smallpox vaccinec.

It suggested that the dried vaccinos to be investigated should be nmade from
lynph of a poteney which, on vaceination of childron over six months of age who
have not proviously beoen vaccinatod nor recently oxposed to infection with. variola
or vaccinia, will produce a typical primary vaccinal rcactions ~The material
should be froc from anacrobic and aorobic pathogenic bacteria’ and should contain
not morce than 1,000 non-pathogenic bacteria por ml. If the dricd nmaterial is
intendod for injcetion it must before drying be bacteriologically storiloe.

: During 1951, WHO continuod to cncourage rcscerch on the immunizing properties
of dried smallpox vaccince Soveral outstanding spocialists in the preparation of
dricd snallpox wvaccine wers requestoed to subnmit descriptions of thelr respeetive
nethods and reports on the reosults obtained with dried smallpox vaccinec.

Exporincnts were begun at the Vaccine Institute in Belgaum, Bembay Province
to dotomine, in monkoys, the protoctive potoney against virulent smallpox. virus
of dricd vaccinocs preparcd from various strains of vacciniae Tho Indonesian dried
vaccine in ondomo~opidaaic conditions was testod in fleld trials in Indiaj; similer
triaiswere conductod in Peru by tho Pan Amcrican Sanitary Burcau with vaccine
produced by the Michipgen Departnont of Health.

To obtain infornation on the kecping qualitics of driocd smallpox vaccino undor
ficld conditions, WHO sponsored a sorios of detailod laboratory cxporinonts to
dotermine tho rate of loss of poteoncy of four dricd smollpox veccines kept at
different tenperatures.

. The four "producing" leboratorics suppliocd semplos of their dried vaceino
for testing, togethor with a “wet! proparation from tho same strein of vaccinia
viruss '

le Institut do Vaccine Animole, Paris 3

2« Division of Laboratorics, Department of Hoalth, Michigan (USA) ;
3. . Stastlichc Impfanstalt und Staatliche Sermprufungsinstitut, Vienna
4e Institut Pasteur, Bandoeng (Jave).

The dircctors of five loboratorics in Copenhagen, Michigan, Paris, London
and New York met in Goncwva In Junc 1952 and agrecd upon a standardized procedure
for tosting the four dried vaccinose

Early, in 1953, threc laboratories = onc in Copenhagen, ono in Paris and
ong in London = started subjocting to standardized tests the four dricd smallpox
vaccines proparcd in Parid, Michigan, Vionna and Bandoonge The purpose of those
laboratory tosts was:to detormine the rate of loss of potency of dried smallpox
vaccings whon storod at adversc temperaturcs, such as arc likely to be met under
field comditions,

The long sorics of tosts arc not yot sufficiemtly complete to allow
9tatimtical esnalysis of the final results to be carricd oute

The vaccinc which proves by _laboré;borj‘invostigaltic;ns Yo bo the best of the
fours choson Will be used in human ficld trials both in cndanic arcasg and in non-

and,anic aroass

Plens arc alrcady woll advanced to cormcnce the ficld trials on man in a non=
Ohdmic erca at an carly datcs It is cnvisaged that a ficld trial in an endemic
‘snallpox arca will cormeonce somctinme latore
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Corrigenda

delete "French Africa" and substitute "Indochina"
insert "Africa,1926" after "Western"

delete "glycerinated" and insert after "lymph"
the following ¢  "™in tropical countrieg, due

to its saperlority to glycerinated lymph"

"Frigilo lymph" should read "Frigololymph'"

 m159GN should Tead "-150 CF



